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ABSTRACT

BACKGROUND
Finerenone, a nonsteroidal, selective mineralocorticoid receptor antagonist, re-
duced albuminuria in short-term trials involving patients with chronic kidney
disease (CKD) and type 2 diabetes. However, its long-term effects on kidney and
cardiovascular outcomes are unknown.

METHODS

In this double-blind trial, we randomly assigned 5734 patients with CKD and type 2
diabetes in a 1:1 ratio to receive finerenone or placebo. Eligible patients had a
urinary albumin-to-creatinine ratio (with albumin measured in milligrams and
creatinine measured in grams) of 30 to less than 300, an estimated glomerular
filtration rate (eGFR) of 25 to less than 60 ml per minute per 1.73 m? of body-
surface area, and diabetic retinopathy, or they had a urinary albumin-to-creatinine
ratio of 300 to 5000 and an eGFR of 25 to less than 75 ml per minute per 1.73 m?
All the patients were treated with renin—-angiotensin system blockade that had
been adjusted before randomization to the maximum dose on the manufacturer’s
label that did not cause unacceptable side effects. The primary composite outcome,
assessed in a time-to-event analysis, was kidney failure, a sustained decrease of at
least 40% in the eGFR from baseline, or death from renal causes. The key second-
ary composite outcome, also assessed in a time-to-event analysis, was death from
cardiovascular causes, nonfatal myocardial infarction, nonfatal stroke, or hospi-
talization for heart failure.

RESULTS

During a median follow-up of 2.6 years, a primary outcome event occurred in 504
of 2833 patients (17.8%) in the finerenone group and 600 of 2841 patients (21.1%)
in the placebo group (hazard ratio, 0.82; 95% confidence interval [CI], 0.73 to 0.93;
P=0.001). A key secondary outcome event occurred in 367 patients (13.0%) and
420 patients (14.8%) in the respective groups (hazard ratio, 0.86; 95% CI, 0.75 to
0.99; P=0.03). Overall, the frequency of adverse events was similar in the two
groups. The incidence of hyperkalemia-related discontinuation of the trial regimen
was higher with finerenone than with placebo (2.3% and 0.9%, respectively).

CONCLUSIONS
In patients with CKD and type 2 diabetes, treatment with finerenone resulted in
lower risks of CKD progression and cardiovascular events than placebo. (Funded
by Bayer; FIDELIO-DKD ClinicalTrials.gov number, NCT02540993.)
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YPE 2 DIABETES IS THE LEADING CAUSE

of chronic kidney disease (CKD) world-

wide.! International guidelines for the
management of CKD in patients with type 2
diabetes recommend control of hypertension
and hyperglycemia, as well as the use of a renin—
angiotensin system (RAS) blocker (an angioten-
sin-converting—enzyme [ACE] inhibitor or angio-
tensin-receptor blocker [ARB]) and, more recently,
a sodium-glucose cotransporter 2 (SGLT2) inhibi-
tor.2® Nonetheless, despite recommended treat-
ment, a risk of CKD progression remains,* and
newer therapies are needed.

Evidence supports a pathophysiological role for
overactivation of the mineralocorticoid receptor
in cardiorenal diseases, including CKD and dia-
betes, through inflammation and fibrosis that
lead to progressive kidney and cardiovascular
dysfunction.>® Although a meta-analysis showed
a 31% reduction in urinary protein or albumin
excretion after treatment with a steroidal miner-
alocorticoid receptor antagonist in patients with
CKD, data on hard clinical outcomes are lack-
ing.’ Finerenone, a nonsteroidal, selective miner-
alocorticoid receptor antagonist, had more potent
antiinflammatory and antifibrotic effects than
steroidal mineralocorticoid receptor antagonists
in preclinical models.® Finerenone has been
shown to reduce the urinary albumin-to-creati-
nine ratio in patients with CKD treated with an
RAS blocker, while having smaller effects on
serum potassium levels than spironolactone.'*?
The Finerenone in Reducing Kidney Failure and
Disease Progression in Diabetic Kidney Disease
(FIDELIO-DKD) trial was designed to test the
hypothesis that finerenone slows CKD progres-
sion and reduces cardiovascular morbidity and
mortality among patients with advanced CKD
and type 2 diabetes.

METHODS

TRIAL DESIGN AND OVERSIGHT

Our trial was a phase 3, randomized, double-
blind, placebo-controlled, multicenter clinical
trial. Details of the trial design have been pub-
lished previously,'® and the protocol is available
with the full text of this article at NEJM.org. The
executive committee in collaboration with the
sponsor, Bayer, designed and amended the trial
protocol and supervised the conduct of the trial;
an independent data monitoring committee con-
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ducted one planned interim efficacy analysis and
oversaw patient safety. The trial was performed
in accordance with the principles of the Declara-
tion of Helsinki. The sponsor conducted the
analyses, and all the authors had access to the
data and participated in the interpretation of
the data. The first draft of the manuscript was
prepared by the first author and was reviewed
and edited by all the authors. Medical writing
assistance was funded by Bayer. All the authors
made the decision to submit the manuscript for
publication and vouch for the completeness and
accuracy of the data; the sponsor and the inves-
tigators vouch for the fidelity of the trial to the
protocol.

PATIENTS

Eligible patients were adults (218 years of age)
with type 2 diabetes and CKD treated with an
ACE inhibitor or ARB at the maximum dose on
the manufacturer’s label that did not cause un-
acceptable side effects. For the purposes of the
trial, CKD was defined according to one of two
sets of criteria. The first set included persistent,
moderately elevated albuminuria (urinary albumin-
to-creatinine ratio [with albumin measured in
milligrams and creatinine measured in grams],
30 to <300), an estimated glomerular filtration
rate (eGFR, calculated with the use of the
Chronic Kidney Disease Epidemiology Collabo-
ration formula, with adjustment for race in Black
patients') of 25 to less than 60 ml per minute
per 1.73 m? of body-surface area, and a history
of diabetic retinopathy. The second set of criteria
included persistent, severely elevated albumin-
uria (urinary albumin-to-creatinine ratio, 300 to
5000) and an eGFR of 25 to less than 75 ml per
minute per 1.73 m? Patients were required to
have a serum potassium level of 4.8 mmol per
liter or less at the time of screening. Full inclu-
sion and exclusion criteria are provided in the
Supplementary Appendix, available at NEJM.org.

TRIAL PROCEDURES

The trial consisted of run-in, screening, and
double-blind treatment periods (Fig. S1 in the
Supplementary Appendix). The run-in period al-
lowed background medical therapies to be ad-
justed, including adjustment of ACE inhibitor or
ARB therapy to a maximum labeled dose that
did not cause unacceptable side effects. At the
end of the run-in period, patients were reassessed
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for eligibility. Eligible patients were then ran-
domly assigned in a 1:1 ratio to receive oral fi-
nerenone or placebo; patients with an eGFR of
25 to less than 60 ml per minute per 1.73 m? at the
screening visit received an initial dose of 10 mg
once daily, and those with an eGFR of 60 ml per
minute per 1.73 m? or more at the screening
visit received an initial dose of 20 mg once daily.
An increase in the dose from 10 to 20 mg once
daily was encouraged after 1 month, provided the
serum potassium level was 4.8 mmol per liter or
less and the eGFR was stable; a decrease in the
dose from 20 to 10 mg once daily was allowed
any time after the initiation of finerenone or
placebo. Patients in the placebo group underwent
sham adjustment of the dose. After randomiza-
tion, trial visits were conducted at month 1,
month 4, then every 4 months until trial comple-
tion. Finerenone or placebo was withheld if po-
tassium concentrations exceeded 5.5 mmol per
liter and restarted when potassium levels fell to
5.0 mmol per liter or less. Further details are
provided in the Supplementary Appendix and the
trial protocol.

OUTCOMES
The primary outcome, assessed in a time-to-event
analysis, was a composite of kidney failure, a
sustained decrease of at least 40% in the eGFR
from baseline over a period of at least 4 weeks,
or death from renal causes. Kidney failure was
defined as end-stage kidney disease or an eGFR
of less than 15 ml per minute per 1.73 m?; end-
stage kidney disease was defined as the initia-
tion of long-term dialysis (for 290 days) or kid-
ney transplantation. All eGFR outcome events
required confirmation with a second consecutive
central laboratory measurement at least 4 weeks
after the initial measurement.

The key secondary outcome, assessed in a
time-to-event analysis, was a composite of death
from cardiovascular causes, nonfatal myocardial
infarction, nonfatal stroke, or hospitalization for
heart failure. Other secondary outcomes (in order
of sequential hierarchical testing) were death
from any cause, hospitalization for any cause,
the change in the urinary albumin-to-creatinine
ratio from baseline to month 4, and a composite
of kidney failure, a sustained decrease of at least
57% in the eGFR from baseline (equivalent to a
doubling of the serum creatinine level) main-
tained for at least 4 weeks, or death from renal

causes (secondary composite kidney outcome). A
clinical event committee whose members were
unaware of the trial-group assignments inde-
pendently reviewed and adjudicated all reported
outcome events. Additional information, including
outcome definitions, is provided in the Supple-
mentary Appendix and the trial protocol.

Safety analyses included assessment of ad-
verse events and central laboratory testing; serum
potassium and creatinine levels were also mea-
sured at local laboratories at all trial visits. Ad-
verse events that occurred during the treatment
period were defined as those that started or
worsened during finerenone or placebo intake
or up to 3 days after any temporary or perma-
nent interruption.

STATISTICAL ANALYSIS

This event-driven trial was designed to have 90%
power to detect a 20% lower risk of a primary
outcome event with finerenone than with place-
bo, on the basis of 1068 patients with a primary
outcome event. Efficacy analyses were performed
in the full analysis set (all randomly assigned
patients without critical Good Clinical Practice
violations). In time-to-event analyses, the superi-
ority of finerenone over placebo was tested by
means of a stratified log-rank test; stratification
factors were geographic region (North America,
Latin America, Europe, Asia, or other), eGFR
category (25 to <45, 45 to <60, or 260 ml per
minute per 1.73 m?) at screening, and albumin-
uria category (moderately or severely elevated) at
screening. Treatment effects are expressed as
hazard ratios with corresponding confidence in-
tervals from stratified Cox proportional-hazards
models. Events were counted from randomiza-
tion to the end-of-trial visit, and data on patients
without an event were censored at the date of
their last contact with complete information on
all components of the respective outcome.

To account for multiple testing, the weighted
Bonferroni-Holm procedure was used for the
primary outcome and the key secondary out-
come, followed by a hierarchical testing proce-
dure of additional secondary outcomes, as de-
scribed previously.!® Because of the formal interim
analysis, significance levels for the multiple-
testing procedure in the final analysis were
adjusted from 1.6667%, 3.3333%, and 5% to
1.5762%, 3.2827%, and 4.9674%, respectively.
Additional statistical methods are described in
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the Supplementary Appendix. Safety analyses
were performed in the safety analysis set (all
randomly assigned patients without critical Good
Clinical Practice violations who received at least
one dose of finerenone or placebo). Additional
details on efficacy and safety analyses are provided
in the trial protocol and the statistical analysis
plan. All analyses were performed with the use
of SAS software, version 9.4 (SAS Institute).

RESULTS

PATIENTS

From September 2015 through June 2018, a total
of 13,911 patients in 48 countries underwent
screening, and 5734 patients underwent ran-
domization (Fig. S2). Owing to critical Good
Clinical Practice violations (including violations
that led to the closure of one site and other viola-
tions related to patient misconduct), 60 patients
were prospectively excluded from all analyses
(further details are provided in the Supplemen-
tary Appendix), leaving 5674 patients who were
included in the statistical analyses.

Baseline characteristics and concomitant med-
ications were balanced between the two groups
(Table 1 and Table S1). A total of 98.1% and
98.8% of the patients were treated with an ACE
inhibitor or ARB, respectively, at a maximum
labeled dose that did not cause unacceptable side
effects (Table S2). Table S3 lists details of con-
comitant medications initiated after the start of
finerenone or placebo administration.

At the trial conclusion, after a median follow-
up of 2.6 years, 822 patients (29.0%) in the fi-
nerenone group and 801 patients (28.2%) in the
placebo group had discontinued the trial regi-
men; vital status was ascertained for all but 18
patients (5656 patients [99.7%]) (Fig. S2). The
mean adherence to the trial regimen (the per-
centage of administered doses relative to the
number of planned doses) was 92.1% in the fi-
nerenone group and 92.6% in the placebo group,
and the mean daily dose was 15.1 mg and 16.5 mg
in the respective groups.

PRIMARY AND KEY SECONDARY OUTCOMES

The incidence of the primary composite outcome
of kidney failure, a sustained decrease of at least
40% in the eGFR from baseline, or death from
renal causes was significantly lower in the finere-
none group than in the placebo group, occurring
in 504 patients (17.8%) and 600 patients (21.1%),

respectively (hazard ratio, 0.82; 95% confidence
interval [CI], 0.73 to 0.93; P=0.001) (Fig. 1A and
Fig. 2). The incidences of the primary outcome
components were consistently lower with finere-
none than with placebo (Fig. 1B, Fig. 1C, and
Fig. 2). On the basis of an absolute between-
group difference of 3.4 percentage points (95%
CI, 0.6 to 6.2) after 3 years, the number of pa-
tients who needed to be treated with finerenone
to prevent one primary outcome event was 29
(95% CI, 16 to 166). The effects of finerenone on
the primary outcome were generally consistent
across prespecified subgroups (Fig. S3).

Patients in the finerenone group also had a
significantly lower risk of a key secondary out-
come event (death from cardiovascular causes,
nonfatal myocardial infarction, nonfatal stroke,
or hospitalization for heart failure), which oc-
curred in 367 patients (13.0%) in the finerenone
group and 420 patients (14.8%) in the placebo
group (hazard ratio, 0.86; 95% CI, 0.75 to 0.99;
P=0.03) (Fig. 2 and Fig. S4A). The incidences of
the components were lower with finerenone than
with placebo except for nonfatal stroke, which
had a similar incidence in the two groups (Fig. 2).
On the basis of an absolute between-group dif-
ference of 2.4 percentage points (95% CI, 0.3 to
4.5) after 3 years, the number of patients who
needed to be treated with finerenone to prevent
one key secondary outcome event was 42 (95%
Cl, 22 to 397).

In prespecified “on-treatment” sensitivity analy-
ses that included all events from randomization
to 30 days after the last dose of finerenone or
placebo, the risk of a primary outcome event and
the risk of a key secondary outcome event were
both lower by 22% with finerenone than with
placebo (Table S4). The number of patients
with missing data was low, and a prespecified
tipping-point analysis of the primary outcome
supported the robustness of the results (Table S5
and Fig. S5).

OTHER SECONDARY AND EXPLORATORY OUTCOMES

There was no significant between-group differ-
ence in the risk of death from any cause (Fig. 2
and Fig. S4B); analyses of subsequent prespeci-
fied outcomes are, therefore, exploratory. The in-
cidence of hospitalization for any cause is shown
in Figure 2 and Figure S4C. Finerenone was as-
sociated with a 31% greater reduction in the
urinary albumin-to-creatinine ratio from baseline
to month 4 than placebo (ratio of least-squares

N ENGL J MED 383;23 NEJM.ORG DECEMBER 3, 2020

The New England Journal of Medicine

Copyright © 2020 Massachusetts Medical Society. All rights reserved.



EFFECT OF FINERENONE ON CKD OUTCOMES

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*
Finerenone Placebo Total
Characteristic (N=2833) (N=2841) (N=5674)
Age —yr 65.4+8.9 65.7+9.2 65.6+9.1
Male sex— no. (%) 1953 (68.9) 2030 (71.5) 3983 (70.2)
Race — no. (%) T
White 1777 (62.7) 1815 (63.9) 3592 (63.3)
Black 140 (4.9) 124 (4.4) 264 (4.7)
Asian 717 (25.3) 723 (25.4) 1440 (25.4)
Other 199 (7.0) 179 (6.3) 378 (6.7)
Duration of diabetes — yr 16.6+8.8 16.6+8.8 16.6+8.8
Glycated hemoglobin — % 7.7+1.3 7.7+1.4 7.7£1.3
Systolic blood pressure — mm Hg 138.1+14.3 138.0+14.4 138.0+14.4
Estimated glomerular filtration rate
Mean 44.4+12.5 44.3+12.6 44.3+12.6
Distribution — no. (%)
260 ml/min/1.73 m? 318 (11.2) 338 (11.9) 656 (11.6)
45 to <60 ml/min/1.73 m2 972 (34.3) 928 (32.7) 1900 (33.5)
25 to <45 ml/min/1.73 m? 1476 (52.1) 1505 (53.0) 2981 (52.5)
<25 ml/min/1.73 m? 66 (2.3) 69 (2.4) 135 (2.4)
Missing data 1(<0.1) 1 (<0.1) 2 (<0.1)
Urinary albumin-to-creatinine ratioi:
Median (IQR) 833 (441-1628) 867 (453-1645) 852 (446-1634)
Distribution — no. (%)
<30 1(0.4) 2(04) 3(04)
30 to <300 350 (12.4) 335 (11.8) 685 (12.1)
=300 2470 (87.2) 2493 (87.8) 4963 (87.5)
Missing data 2 (<0.1) 1 (<0.1) 3 (<0.1)
Serum potassium — mmol/liter 4.37+0.46 4.38+0.46 4.37+0.46
Baseline medications — no. (%)
ACE inhibitor§ 950 (33.5) 992 (34.9) 1942 (34.2)
Angiotensin-receptor blocker( 1879 (66.3) 1846 (65.0) 3725 (65.7)
Diuretic 1577 (55.7) 1637 (57.6) 3214 (56.6)
Statin 2105 (74.3) 2110 (74.3) 4215 (74.3)
Potassium-lowering agent9| 70 (2.5) 66 (2.3) 136 (2.4)
Glucose-lowering therapy 2747 (97.0) 2777 (97.7) 5524 (97.4)
Insulin 1843 (65.1) 1794 (63.1) 3637 (64.1)
GLP-1 receptor agonist 189 (6.7) 205 (7.2) 394 (6.9)
SGLT2 inhibitor 124 (4.4) 135 (4.8) 259 (4.6)

* Plus—minus values indicate means +SD. Patients in the finerenone group received 10 or 20 mg once daily. Percentages
may not total 100 because of rounding. ACE denotes angiotensin-converting enzyme, GLP-1 glucagon-like peptide 1,
IQR interquartile range, and SGLT2 sodium—glucose cotransporter 2.

T Race was reported by the patients.

I The ratio was calculated with albumin measured in milligrams and creatinine measured in grams.

§ A total of 14 patients were not treated with either an ACE inhibitor or an angiotensin-receptor blocker at baseline; 7 pa-
tients received treatment with both an ACE inhibitor and an angiotensin-receptor blocker

9§ These agents included sodium polystyrene sulfonate, calcium polystyrene sulfonate, and potassium-binding agents.
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A Primary Composite Outcome B Sustained Decrease of 240% in the eGFR from Baseline

100~ 40 Hazard ratio, 0.82 (95% Cl, 0.73-0.93) 100 40+ Hazard ratio, 0.81 (95% Cl, 0.72-0.92)
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0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48
Months to First Event Months to First Event
No. at Risk No. at Risk
Placebo 2841 2724 2586 2379 1758 1248 792 453 82 Placebo 2841 2722 2588 2379 1758 1249 793 453 82
Finerenone 2833 2705 2607 2397 1808 1274 787 441 83 Finerenone 2833 2703 2606 2396 1808 1275 788 442 83

C Kidney Failure D Secondary Composite Outcome

100~ 40 Hazard ratio, 0.87 (95% Cl, 0.72-1.05) 100~ 40+ Hazard ratio, 0.76 (95% Cl, 0.65-0.90)
90 " 90 "
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0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48
Months to First Event Months to First Event
No. at Risk No. at Risk
Placebo 2841 2741 2645 2508 1911 1390 892 513 103 Placebo 2841 2740 2636 2490 1887 1364 873 499 98
Finerenone 2833 2733 2658 2506 1932 1393 897 510 104 Finerenone 2833 2732 2655 2492 1915 1377 883 501 101

Figure 1. Kidney Outcomes.

Outcomes were assessed in time-to-event analyses. Panel A shows the primary composite outcome of kidney failure, a sustained de-
crease of at least 40% in the estimated glomerular filtration rate (eGFR) from baseline, or death from renal causes in the finerenone and
placebo groups. Panel B shows a sustained decrease of at least 40% in the eGFR from baseline maintained for at least 4 weeks (a com-
ponent of the primary composite outcome). Panel C shows kidney failure (defined as end-stage kidney disease or a sustained eGFR of
<15 ml per minute per 1.73 m? of body-surface area, confirmed by a second measurement >4 weeks after the initial measurement); end-
stage kidney disease was defined as the initiation of long-term dialysis or kidney transplantation. Panel D shows the secondary compos-
ite kidney outcome of kidney failure, a sustained decrease of at least 57% in the eGFR from baseline (equivalent to a doubling of the se-
rum creatinine level) maintained for at least 4 weeks, or death from renal causes. Insets show the same data on an enlarged y axis. Cl
denotes confidence interval.

2224

mean change from baseline [finerenone vs. pla-
cebo], 0.69; 95% CI, 0.66 to 0.71), and a lower
mean urinary albumin-to-creatinine ratio with
finerenone than with placebo was maintained
thereafter (Fig. 3A). A total of 252 patients
(8.9%) who received finerenone and 326 patients
(11.5%) who received placebo had a secondary
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composite kidney outcome event (kidney failure,
a sustained decrease of >57% in the eGFR from
baseline, or death from renal causes) (hazard ra-
tio, 0.76; 95% CI, 0.65 to 0.90) (Fig. 1D, Fig. 2, and
Fig. S4D). The effects on finerenone and placebo
on the least-squares mean change from baseline
in the eGFR slope are shown in Figure SO.
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P Value

0.001

Finerenone Placebo Finerenone Placebo

Outcome (N=2833) (N=2841) (N=2833) (N=2841) Hazard Ratio (95% Cl)

no. of patients with no. of patients with event
event (%) per 100 patient-yr

Primary composite outcome 504 (17.8) 600 (21.1) 7.59 9.08 —l— 0.82 (0.73-0.93)

Kidney failure 208 (7.3) 235 (8.3) 2.99 3.39 —— 0.87 (0.72-1.05)
End-stage kidney disease 119 (4.2) 139 (4.9) 1.60 1.87 —— 0.86 (0.67-1.10)
Sustained decrease in eGFR 167 (5.9) 199 (7.0) 2.40 2.87 —l— 0.82 (0.67-1.01)

to <15 ml/min/1.73 m?

Sustained decrease of 240% in eGFR 479 (16.9) 577 (20.3) 7.21 8.73 —— 0.81 (0.72-0.92)
from baseline

Death from renal causes 2 (<0.1) 2 (<0.1) — — —

Key secondary composite outcome 367 (13.0) 420 (14.8) 5.11 5.92 —— 0.86 (0.75-0.99)
Death from cardiovascular causes 128 (4.5) 150 (5.3) 1.69 1.99 —a— 0.86 (0.68—1.08)
Nonfatal myocardial infarction 70 (2.5) 87 (3.1) 0.94 117 —a— 0.80 (0.58-1.09)
Nonfatal stroke 90(32) 87(3.1) 121 118 — 1.03 (0.76-1.38)
Hospitalization for heart failure 139 (4.9) 162 (5.7) 1.89 221 —a— 0.86 (0.68-1.08)

Death from any cause 219 (7.7) 244 (8.6) 2.90 3.23 —— 0.90 (0.75-1.07)

Hospitalization for any cause 1263 (44.6) 1321 (46.5) 22.56 23.87 il 0.95 (0.88-1.02)

Secondary composite kidney outcome 252 (8.9) 326 (11.5) 3.64 4.74 —a— 0.76 (0.65-0.90)
Sustained decrease of =57% in eGFR 167 (5.9) 245 (8.6) 2.41 354 —— 0.68 (0.55-0.82)

from baseline
O.ISO 1.00 2.60
Finerenone Better  Placebo Better
Figure 2. Efficacy Outcomes.
Shown are the hierarchical prespecified efficacy outcomes of the trial, including the components of the composite outcomes. Outcomes
were assessed in time-to-event analyses. The key secondary outcome was a composite of death from cardiovascular causes, nonfatal
myocardial infarction, nonfatal stroke, or hospitalization for heart failure.

SAFETY OUTCOMES AND VITAL SIGNS
The incidence of adverse events that occurred
during the treatment period was similar in the
finerenone and placebo groups; serious adverse
events occurred in 31.9% of the patients in the
finerenone group and 34.3% of those in the
placebo group (Table 2 and Table S6). Acute
kidney injury-related adverse events and serious
adverse events were balanced between the two
groups (Table 2). Overall hyperkalemia-related
adverse events were twice as frequent with fi-
nerenone as with placebo (18.3% and 9.0%, re-
spectively), and the frequency of hyperkalemia
leading to discontinuation of the trial regimen
was also higher with finerenone (2.3% and 0.9%
in the respective groups) (Table 2). No fatal hy-
perkalemia adverse events were reported. Patients
who received finerenone had a higher mean se-
rum potassium level than those who received
placebo; a maximal difference of 0.23 mmol per
liter was observed at month 4, and the difference
remained largely stable thereafter (Fig. 3B). The
incidences of serum potassium levels of more
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than 5.5 mmol per liter and more than 6.0 mmol
per liter were 21.7% and 4.5%, respectively, in
the finerenone group and 9.8% and 1.4%, re-
spectively, in the placebo group. Hypokalemia
was less common among patients who received
finerenone than among those who received pla-
cebo (1.0% and 2.2%, respectively).

Finerenone had modest effects on blood pres-
sure: the changes in mean systolic blood pres-
sure from baseline to month 1 and to month 12
were —3.0 and —2.1 mm Hg, respectively, with
finerenone and —0.1 and 0.9 mm Hg, respectively,
with placebo (Fig. S7). Glycated hemoglobin
levels (Fig. S8) and body weight (Fig. S9) were
similar in the two groups.

DISCUSSION

In the present trial, patients with CKD and type 2
diabetes who received finerenone had a lower
risk of a primary outcome event (kidney failure,
a sustained decrease of 240% in the eGFR from
baseline, or death from renal causes) than those
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who received placebo. Patients in the finerenone

A Urinary Albumin-to-Creatinine Ratio .
group also had a lower risk of a key secondary

o H outcome event (death from cardiovascular causes,
T 124 nonfatal myocardial infarction, nonfatal stroke,
‘:':i Lod Placebo or hospitalization for heart failure). These re-
2 sults suggest that in patients with CKD and type
£ 038 2 diabetes, finerenone may be an effective treat-
é 06 ment for kidney and cardiovascular protection.
o ’ Finerenone The observed benefits of finerenone were
g 049 Geometric mean albumin-to-creatinine ratio at baseline: clinically s1gn1flcant and' were obtaineq on a
2 . E;Ziﬁ?;ﬁ;ﬁf{; égne:tr:ftsrié SzDé72)-65) background of guideline-directed therapy, includ-
§ T o ing RAS blockade at a maximum labeled dose
0.0 ; ; ; ; ; ; ; ; . that did not cause unacceptable side effects plus

o 4 & 1z 16 20 24 28 3236 well-controlled glycated hemoglobin and blood-

Months since Randomization pressure levels. The present long-term phase 3

No. of Patients trial examined the effects of the nonsteroidal
Finerenone 2831 2725 2582 1841 856 . . . .
Placebo 2840 2726 2508 1825 834 mineralocorticoid receptor antagonist finere-
Mean Change none on maJ:0r kidpey and cardiovascul.ar out-
from Baseline comes in patients with CKD and type 2 diabetes.
(percent) . . . . C L.
el Qe 347 s 399 93 | INA Pgtlent population with multiple coexisting
Placebo Ref. -4.7 3.0 20 41 | conditions and advanced CKD (almost 55% of
the patients had a baseline eGFR of <45 ml per
B Mean Serum Potassium minute per 1.73 m? who were at high risk for
= 807 kidney and cardiovascular events, the benefits of
é 5.5 Finerenone finerenone were observed after 12 months for the
Ei kidney outcome and as early as 1 month for the
£ 507 cardiovascular outcome, and these benefits per-
§ 45 sisted throughout the trial.
wn . .
& 0 The magnitude of the between-group differ-
ﬁg ’ ence in the risk of a primary outcome event was
g 359 Placebo smaller than that shown for the SGLT2 inhibitor
0 Mean serum potassium at baseline: : CI : :
S 30 Finerenone, 4.37:0.46 canagh_ﬂom.n in the. Canagh'ﬂozm and Renal
e Placebo, 4.38+0.46 Events in Diabetes with Established Nephropathy
00t+—T—T——T—T T T T T T T Clinical Evaluation (CREDENCE) trial.* The rea-
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sons for this difference are unknown and may

relate to several factors. First, the patient popu-
lations differed in the two trials, since we in-

Months since Randomization

No. of Patients

Finerenone 2827 2708 2600 1872 882 344 R .

Placebo 2831 2709 2596 1865 862 348 cluded patients with an eGFR of less than 30 ml

Mean Change per minute per 1.73 m? and patients with a uri-
{mm ?;?e";'e nary albumin-to-creatinine ratio of 30 to less
mmol/liter . . .

Finerenone Ref 025 024 021 021 020 | than _300 and exclud.ed patients .Wlth heart fail-

Placebo Ref. 0.02 0.04 0.05 0.07 0.07 ure with a reduced ejection fraction. Second, the

trial designs differed: our trial allowed SGLT2
Panel A shows the effects of finerenone and placebo on the urinary albumin- m'hlbltor treatm_ent’ whereas ,the _CREDENCF
to-creatinine ratio in the full analysis set. The urinary albumin-to-creatinine trial excluded patients treated with mineralocorti-
ratio was calculated with albumin measured in milligrams and creatinine coid receptor antagonists; our trial had a run-in
measured in grams. Shown is the ratio of the urinary albumin-to-creatinine period that allowed background medical thera-
ratio at specific time points to the urinary albumin-to-creatinine ratio at pies to be adjusted, including adjustment of ACE

baseline. Panel B shows the effects of finerenone and placebo on serum inhibit ARB th f . labeled
potassium levels in the safety analysis set. Plus—minus values are means 1nhibitor or e€rapy to a maximum labele

+SD. The I bars indicate 95% confidence intervals. dose that did not cause unacceptable side effects.
Third, the primary outcomes differed: there was

Figure 3. Effects on Albuminuria and Serum Potassium over Time.
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Table 2. Safety Outcomes.*
Finerenone Placebo
Event (N=2827) (N=2831)
no. of patients (%)
Any adverse event 2468 (87.3) 2478 (87.5)
Adverse event related to trial regimen 646 (22.9) 449 (15.9)
Adverse event leading to discontinuation of trial regimen 207 (7.3) 168 (5.9)
Any serious adverse eventy 902 (31.9) 971 (34.3)
Serious adverse event related to trial regimeny 48 (1.7) 34 (1.2)
Serious adverse event leading to discontinuation of trial regiment 75 (2.7) 78 (2.8)
Investigator-reported hyperkalemiaz: 516 (18.3) 255 (9.0)
Hyperkalemia related to trial regimen 333 (11.8) 135 (4.8)
Serious hyperkalemia 44 (1.6) 12 (0.4)
Hospitalization due to hyperkalemia 40 (1.4) 8 (0.3)
Permanent discontinuation of trial regimen due to hyperkalemia 64 (2.3) 25 (0.9)
Investigator-reported hypokalemia 28 (1.0) 61 (2.2)
Investigator-reported renal-related adverse events
Acute kidney injury§ 129 (4.6) 136 (4.8)
Hospitalization due to acute kidney injury§ 53 (1.9) 47 (1.7)
Discontinuation of trial regimen due to acute kidney injury§ 5(0.2) 7 (0.2)
Hospitalization due to acute renal failure€| 70 (2.5) 71 (2.5)
Discontinuation of trial regimen due to acute renal failure€ 31(1.1) 36 (1.3)
Adverse events affecting =5% of patients in either group§
Hyperkalemia 446 (15.8) 221 (7.8)
Nasopharyngitis 241 (8.5) 250 (8.8)
Hypertension 212 (7.5) 273 (9.6)
Anemia 209 (7.4) 191 (6.7)
Peripheral edema 186 (6.6) 304 (10.7)
Diarrhea 184 (6.5) 189 (6.7)
Upper respiratory tract infection 181 (6.4) 189 (6.7)
Glomerular filtration rate decreased 179 (6.3) 133 (4.7)
Urinary tract infection 179 (6.3) 192 (6.8)
Back pain 175 (6.2) 175 (6.2)
Hypoglycemia 151 (5.3) 194 (6.9)
Dizziness 146 (5.2) 153 (5.4)
Arthralgia 142 (5.0) 149 (5.3)
Bronchitis 134 (4.7) 151 (5.3)
Constipation 131 (4.6) 163 (5.8)
Pneumonia 128 (4.5) 181 (6.4)

* Shown are adverse events that occurred during the treatment period, defined as those that started or worsened during
finerenone or placebo intake or up to 3 days after any temporary or permanent interruption. A causal relationship be-
tween any adverse event and administration of finerenone or placebo was based on the opinion of the reporting inves-
tigator.

7 An adverse event was considered to be a serious adverse event if it resulted in death, was life-threatening, resulted in
inpatient hospitalization (or prolongation of existing hospitalization), caused persistent or clinically significant disability
or incapacity, was a congenital abnormality or birth defect, or was judged by the investigator to be a serious or impor-
tant medical event.

i Shown are adverse events that were reported by investigators with the use of the Medical Dictionary for Regulatory Activities
(MedDRA) preferred terms “hyperkalemia” and “blood potassium increased.”

§ These events were classified according to the MedDRA preferred term.

9§ These events were classified according to the standardized MedDRA Query term.
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a kidney-specific composite in our trial and a
cardiorenal composite in the CREDENCE trial.
Fourth, the mechanisms of action differ between
drug classes, including different effects on meta-
bolic, hemodynamic, and diuretic factors and on
inflammation and fibrosis.*3181

Previous kidney-outcome trials that involved
patients with CKD and type 2 diabetes targeting
dual RAS blockade have shown a lack of efficacy
and increased risk (including increased inci-
dences of acute kidney injury, hypotension, and
hyperkalemia)*2?; such adverse events may be
due to the inhibition of two proximal targets in
the RAS cascade. In our trial, which combined a
single RAS blocker with a drug, finerenone, tar-
geting the mineralocorticoid receptor, patients in
the finerenone and placebo groups had a similar
risk of acute kidney injury-related adverse events.
Furthermore, although finerenone was associ-
ated with a higher overall risk of hyperkalemia
than placebo, discontinuation of the trial regi-
men due to hyperkalemia was infrequent in pa-
tients who received finerenone (2.3%) and mark-
edly lower than in trials of dual RAS blockade
(4.8% with combination therapy with a direct
renin inhibitor and an ACE inhibitor or ARB*
and 9.2% with dual ACE inhibitor and ARB
therapy??). Such differences occurred despite the
fact that the present trial had no protocol recom-
mendations to restrict dietary potassium or po-
tassium supplements, including in patients with
hyperkalemia (in contrast to studies of dual RAS
blockade?*?h).

In this trial, the early reduction in albumin-
uria, early separation of the Kaplan—-Meier curves
for the key secondary outcome, and modest
blood-pressure reduction (in the absence of ef-
fects on glycated hemoglobin levels and body
weight) suggest that some benefits of finerenone
may partly be mediated by natriuretic mecha-
nisms. However, hemodynamic effects were also
seen in trials of dual RAS blockade that did not
show efficacy,®?? which implicates other mecha-
nisms. Preclinical data showed that the kidney
and cardiovascular benefits of finerenone were
associated with potent antiinflammatory and
antifibrotic effects through inhibition of overac-
tivation of the mineralocorticoid receptor.®101323
The delayed separation of the Kaplan—Meier
curves for the primary outcome and persistent
benefit over the trial duration provide evidence
to support the hypothesis that finerenone may

slow CKD progression by influencing tissue re-
modeling.

Our trial had certain limitations. Most pa-
tients had advanced CKD, we excluded patients
with nonalbuminuric CKD and CKD not due to
type 2 diabetes, and only 4.7% of the participat-
ing patients identified themselves as Black. These
factors may restrict the generalizability of the
findings. Further insight into the cardiorenal
efficacy and safety of finerenone in patients with
type 2 diabetes and less advanced CKD will be
provided by the ongoing Finerenone in Reducing
Cardiovascular Mortality and Morbidity in Dia-
betic Kidney Disease (FIGARO-DKD) trial.*

In our trial involving patients with type 2
diabetes and advanced CKD, finerenone resulted
in lower risks of CKD progression and cardio-
vascular events than placebo. Overall, adverse
events that occurred during the treatment period
were balanced between the two groups.
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