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ABSTRACT

Objectives This study aimed to evaluate the efficacy

and safety of finerenone, a selective, non-steroidal
mineralocorticoid receptor antagonist, on cardiovascular
and kidney outcomes by age and/or sex.

Design FIDELITY post hoc analysis; median follow-up of
3 years.

Setting FIDELITY: a prespecified analysis of the
FIDELIO-DKD and FIGARO-DKD trials.

Participants Adults with type 2 diabetes and chronic
kidney disease receiving optimised renin—angiotensin
system inhibitors (N=13 026).

Interventions Randomised 1:1; finerenone or placebo.
Primary and secondary outcome

measures Cardiovascular (cardiovascular death, non-fatal
myocardial infarction, non-fatal stroke or hospitalisation for
heart failure (HHF)) and kidney (kidney failure, sustained
>57% estimated glomerular filtration rate (eGFR) decline or
renal death) composite outcomes.

Results Mean age was 64.8 years; 45.2%, 40.1%

and 14.7% were aged <65, 65—74 and >75 years,
respectively; 69.8% were male. Cardiovascular benefits
of finerenone versus placebo were consistent across age
(HR 0.94 (95% C1 0.81 to 1.10) (<65 years), HR 0.84 (95%
Cl1 0.73 to 0.98) (65—74 years), HR 0.80 (95% Cl 0.65 to
0.99) (>75 years), P, ... =0.42) and sex categories (HR
0.86 (95% Cl 0.77 to 0.96) (male), HR 0.89 (95% Cl 0.35
t0 2.27) (premenopausal female), HR 0.87 (95% Cl 0.73 to
1.05) (postmenopausal female); P, ... =0.99). Effects on
HHF reduction were not modified by age (P, ..;=0-70)
but appeared more pronounced in males (P, .. . =0.02).
Kidney events were reduced with finerenone versus
placebo in age groups <65 and 65-74 but not >75;

no heterogeneity in treatment effect was observed

(P, eraction=0-91)- In s€x subgroups, finerenone consistently
reduced kidney events (P, . ....=0.85). Finerenone
reduced albuminuria and eGFR decline regardless of

age and sex. Hyperkalaemia increased with finerenone,
but discontinuation rates were <3% across subgroups.
Gynaecomastia in males was uncommon across age
subgroups and identical between treatment groups.
Conclusions Finerenone improved cardiovascular

and kidney composite outcomes with no significant
heterogeneity between age and sex subgroups; however,
the effect on HHF appeared more pronounced in males.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= An advantage of this study was the use of combined
individual-level data from the FIDELIO-DKD and
FIGARO-DKD phase 3 clinical trials, resulting in a
large number of patients included in the full analysis
set.

= This study did not use predefined age categories, as
it was a post hoc analysis, which may have resulted
in some of the tests performed being underpowered.

= Limitations present in FIDELITY are present in this
analysis, such as the small proportion of Black pa-
tients and exclusion of patients with non-albuminuric
chronic kidney disease.

Finerenone demonstrated a similar safety profile across
age and sex subgroups.

Trial registration numbers NCT02540993,
NCT02545049.

INTRODUCTION

In patients with diabetes, the risk of cardio-
vascular (CV) disease and chronic kidney
disease (CKD) increases with age.1 Likewise,
vascular complications are affected by sex
and are increased in females more than males
in patients with diabetes.”

Among individuals aged 50-75 vyears
without baseline diabetes, CKD or CV disease,
males have a steeper decline in glomerular
filtration rate (GFR) than females.” However,
reported effects of sex on risk of incidental
and progressive CKD in patients with type
2 diabetes (T2D) have been inconsistent.™
In trials including patients with CKD, female
representation varies (25%—-40%), ™M
whereas in real-world studies, females make
up over half of patients.'* ?

Overactivation of the mineralocorti-
coid receptor (MR) is associated with CV
and kidney diseases.'* 1% In epithelial cells,
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the 11 B-hydroxysteroid dehydrogenase type 2 (11B-
HSD2) enzyme prevents inappropriate MR activation
by cortisol.'™"® The activity of 11B-HSD2 decreases with
age, resulting in MR overactivation in the elderly despite
low circulating aldosterone levels.'® Sex also influences
11B-HSD2 activity, particularly in patients with hyperten-
sion, where 113-HSD2 activity is reduced in males versus
females.'” The MR is also expressed in non-epithelial
cells, including endothelial cells, vascular smooth muscle
cells, adipocytes and immune cells."” In many of these,
the MR may be activated by cortisol because of a lack of
protection by 113-HSD2." %

Despite management with recommended treatments
for CKD in T2D, 10%-13% of patients experience CKD
progression or kidney failure and are at high risk of CV
events, including CV death, within 2-3 years following
treatment initiation.'? 2 2 Finerenone, a selective, non-
steroidal MR antagonist (MRA), reduced the risk of
CKD progression and CV outcomes compared with
placebo in patients with CKD and T2D in FIDELITY
(The FInerenone in chronic kiDney diseasE and type 2
diabetes: Combined FIDELIO-DKD and FIGARO-DKD
Trial programme analYsis), a prespecified pooled analysis
of the FIDELIO-DKD (FInerenone in reducing kiDnEy
faiLure and dIsease prOgression in Diabetic Kidney
Disease; NCT02540993) and FIGARO-DKD (FInerenone
in reducinG cArdiovascular moRtality and mOrbidity in
Diabetic Kidney Disease; NCT02545049) phase $ trials.”'
However, the influence of age and sex on outcomes with
finerenone is unknown. This post hoc analysis evaluated
whether the CV and kidney benefits and safety profile
of finerenone observed in FIDELITY are consistent in
patients with CKD and T2D across ages and in both sexes.

METHODS

Study design and patients

FIDELITY combined individual patient-level data from
the FIDELIO-DKD and FIGARO-DKD phase 3 clinical
trials. The study design, procedures and outcomes for the
trials have been previously published.** These studies
were reported following the Consolidated Standards of
Reporting Trials reporting guideline.

Eligible patients were aged 218 years with CKD and T2D,
receiving maximum tolerated renin-angiotensin system
inhibitor, and with serum potassium levels <4.8 mmol/L
at screening. Patients had either a urine albumin-to-
creatinine ratio (UACR) 230 to <300mg/g and an esti-
mated GFR (eGFR) >25 to <90mL/min/1.73 m? or
UACR 2300 to <5000mg/g and eGFR >25mL/min/1.73
m® Patients with symptomatic heart failure (HF) with
reduced ejection fraction were excluded because this
implies an indication for a steroidal MRA.

Standard-of-care therapy with a renin—angiotensin
system inhibitor was optimised during the run-in period.
Patients were randomly assigned (1:1) to receive finere-
none at titrated doses (10 or 20mg) once-daily oral treat-
ment or matching placebo.

Key outcomes

Efficacy outcomes included a CV composite outcome
of CV death, non-fatal myocardial infarction, non-
fatal stroke or hospitalisation for HF (HHF), and a
kidney composite outcome of kidney failure, sustained
>57% eGFR decline or renal death. Additional outcomes
included HHF and change in UACR and eGFR over
time.

Safety outcomes included incidence of investigator-
reported adverse events (AEs), including those leading
to treatment discontinuation, central laboratory assess-
ment of serum potassium levels >5.5 and >6.0mmol/L,
and other safety events of interest, such as hypotension,
hyperkalaemia and gynaecomastia in males.

Outcomes were analysed according to patient age at
baseline (<65, 65-74 and 275 years) and sex. Females
were categorised as either premenopausal or postmeno-
pausal if they were aged <51.4or 251.4 years at baseline,
respectively (based on the median age of menopause
onset from the Massachusetts Women’s Health Study).

Statistical analysis

Statistical analyses were performed as described in
FIDELITY.” The full analysis set comprised all randomised
patients (except those with critical Good Clinical Practice
violations, who were prospectively excluded). Safety anal-
yses were performed in the safety analysis set (randomised
patients without critical Good Clinical Practice viola-
tions who took >ldose of study drug). The analyses
were prespecified exploratory evaluations of outcomes
according to age and sex, with events reported from
randomisation up to the end-of-study visit. Stratified Cox
proportional hazards models,?” * including stratification
factors: geographical region, eGFR and albuminuria cate-
gory at screening, history of CV disease and study, were
used for the analysis of time-to-event clinical outcomes.
The p values for interaction between the treatment group
(finerenone or placebo) and each baseline subgroup
(age or sex) were based on stratified Cox proportional
hazards models, accounting for the treatment effect, the
subgroup effect and their interaction.

Changes in UACR and eGFR over time were assessed
using a linear mixed-model analysis accounting for
repeated measurements over time. The leastsquares
mean ratio and absolute change from baseline were esti-
mated from the models for changes in UACR and eGFR,
respectively. The two-slope, linear spline, mixed-model,
repeated measure method® was used to estimate the rate
of change in eGFR across time, specifically total (annu-
alised rate of change in eGFR from baseline to perma-
nent discontinuation or end of study) and chronic (from
month 4 to permanent discontinuation or end of study)
eGFR slopes. To account for possible non-linear effects
of age on clinical outcomes, age was modelled with cubic
splines with three knots in Cox proportional hazards
models, to produce plots of the HRs and 95% CI as func-
tions of age and sex.
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Patients and public involvement
No patient or public involvement in the current study.

RESULTS

Patients

FIDELITY included 18 026 patients.”> Median follow-up
was 3 years (IQR 2.3-3.8).” Mean age at baseline was 64.8
years (SD 9.5), with 45.2%, 40.1% and 14.7% of patients
aged <65, 65—74 and 275 years at baseline, respectively.
Most patients (69.8%) were male; 2.5% were premeno-
pausal females and 27.8% were postmenopausal females.
Patients were distributed evenly between treatment arms
within age and sex subgroups (online supplemental
etable 1).

Baseline characteristics
Baseline characteristics were similar across age subgroups
except for some key differences (table 1). The overall
FIDELITY population was predominantly White (68.1%),
the proportion of which increased with age. Mean eGFR
was 64, 54 and 48 mL,/min/1.73 m? in patients aged <65,
65-74 and 275 years, respectively. Median UACR was
650, 439 and 332mg/g in patients aged <65, 65-74 and
275 years, respectively. History of CV disease was more
common in the 275 years group; this trend was also
observed for atrial fibrillation /atrial flutter.

Baseline characteristics in sex subgroups are shown in
table 1.

Efficacy
CV composite outcome by age
CV composite event rates, including the compo-
nents of the composite outcome, increased with
patient age in both treatment arms (figure 1A and
online supplemental efigure 1A). Treatment with
finerenone resulted in a numerical reduction in CV
composite event rates versus placebo in all age groups
(figure 1A); however, no significant heterogeneity was
observed for the effect of finerenone across categor-
ical age subgroups (P, . =(.42). There was also no
evidence of treatment effect modification when age
was modelled as a continuous variable (P, . =(.10).
The trend of HR as a function of age was modelled
with cubic splines (online supplemental efigure 2A).
HHF event rates were numerically lower with finere-
none than placebo in all age subgroups (figure 1A).
The effect of finerenone on HHF risk reduction was
consistent across age subgroups, with no significant
heterogeneity observed (P, . =0.70).
CV composite outcome by sex
CV composite event rates were numerically lower with
finerenone than placebo for males, premenopausal
females and postmenopausal females (figure 1B
and online supplemental efigure 1B). There was no
significant heterogeneity in the effect of finerenone
on reducing the risk of the CV composite outcome

across sex subgroups (P, ... =0.99). When age
was modelled with cubic splines by sex, the effect
of finerenone was consistent with advancing age in
males; however, a trend towards a stronger effect
in older versus younger females was noted (online
supplemental efigure 2B and C). Age distribution by
sex is demonstrated in online supplemental efigure
2D.

No heterogeneity was observed in the effect of
finerenone on reducing the risk of the CV death,
non-fatal myocardial infarction and non-fatal stroke
components of the CV composite outcome (online
supplemental efigure 1B). However, statistical hetero-
geneity was observed in the reduction of HHF with
finerenone versus placebo (P, . =(.02) and the
effect appeared to be more pronounced in males than
premenopausal/postmenopausal females (figure 1B).
These results persisted after adjustment for differ-
ences in baseline age, body mass index, systolic
blood pressure, haemoglobin, eGFR, UACR, smoking
history and history of atrial fibrillation between sex
subgroups (P, . =0.02).

Kidney composite outcome by age

Kidney composite event rates were lower with finere-
none than placebo in the <65 years and the 65-74
years groups but were similar in the 275 years group
(figure 2A). The effect of finerenone on reducing the
risk of the kidney composite outcome was consistent
across age subgroups, with no significant heteroge-
neity detected (P, . . =0.51) and no evidence of
treatment effect modification when age was modelled
as a continuous variable (P, - -()77). The trend
of HR as a function of age was modelled with cubic
splines (online supplemental efigure 3A).

Kidney composite outcome by sex

Kidney composite event rates were lower with
finerenone than placebo in males but were similar
in premenopausal and postmenopausal females
(figure 2B). There was no significant heterogeneity
in the effect of finerenone on reducing the risk of
the kidney composite outcome across sex subgroups
(P, eraciion=0-85). When age was modelled with cubic
splines by sex subgroups, the effect of finerenone
suggests trends similar to overall results in males and
females across all age groups (online supplemental
efigure 3B and C). Age distribution by sex is demon-
strated in online supplemental efigure 3D.

Effect of finerenone on markers of kidney function and damage by
age and sex

Finerenone significantly attenuated the least-
squares mean change in eGFR from month four to
end of treatment (chronic eGFR slope) compared
with placebo across all age (p<0.0001 for all three
subgroups) (figure 3) and sex subgroups (online
supplemental efigure 4). Finerenone reduced UACR
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Figure 1 Analysis of CV composite outcome and HHF according to (A) age and (B) sex. CV composite outcome includes CV
death, non-fatal myocardial infarction, non-fatal stroke or HHF. CV, cardiovascular; HHF, hospitalisation for heart failure; PY,

patient-years.

over time compared with placebo regardless of age
and sex (online supplemental efigure 5).

Safety
The incidence of any AE was similar between treatment
groups irrespective of age or sex (online supplemental
etable 2). There were more drug-related AEs with finere-
none than placebo in age and sex subgroups except
premenopausal females, where the incidence was similar.
AEs leading to drug discontinuation were more frequent
in patients given finerenone than placebo (6.4% and
5.4%, respectively), with higher incidences in the 65-74
and 275 years groups than the <65 years group; there
were more AEs leading to drug discontinuation with
finerenone than placebo in males and premenopausal
females but not in postmenopausal females.

Although the incidences of any serious AEs (SAEs),
study drugrelated SAEs or SAEs leading to drug

discontinuation were similar between treatment arms
across all age and sex subgroups, the overall incidences
of SAEs increased with age and were highest in males,
followed by postmenopausal females, then premeno-
pausal females.

In all age and sex subgroups, the incidences of
treatment-emergent hypotension AEs were higher with
finerenone than placebo but did not have a substan-
tial impact on related clinical outcomes, including falls,
dizziness and fatigue. A trend of increased incidence of
hypotension with increasing age was observed in patients
treated with finerenone; however, the incidence of hypo-
tension was generally low across all age subgroups (<6%;
online supplemental etable 2).

In FIDELITY, finerenone increased the risk of any
hyperkalaemia event versus placebo; similar findings
were observed in all age and sex subgroups, except
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Figure 2 Analysis of kidney composite outcome according to (A) age and (B) sex. Kidney composite outcome includes kidney
failure, sustained >57% eGFR decline or renal death. eGFR, estimated glomerular filtration rate; PY, patient-years.

premenopausal females (online supplemental etable
2). The incidences of any hyperkalaemia AEs leading
to discontinuation of study drug and any serious hyper-
kalaemia AEs leading to hospitalisation were low across
all age and sex subgroups (<3%and <2%, respectively).
However, the relative risk of treatment discontinuation
because of hyperkalaemia with finerenone versus placebo
increased with advancing age (relative risk (95% CI) for
ages 45—64, 65—74 and 275 years: 2.2 (1.2 to 4.3), 2.8 (1.7
to 4.7) and 4.4 (1.8 to 10.8), respectively; online supple-
mental efigure 6). Treatment-emergent serum potas-
sium levels >5.5mmol/L and >6.0 mmol/L were more
frequent with finerenone than placebo, being consistent
across all age and sex subgroups. The incidence of gynae-
comastia in males was the same with finerenone (0.2%)
and placebo (0.2%) across all ages.

DISCUSSION

The findings of this post hoc analysis suggest that finere-
none reduced the risk of CV and kidney composite
outcomes versus placebo across all age and sex subcatego-
ries. In FIDELITY, HHF was the main driver of CV benefit
with ﬁnerenone%; lower incidences of HHF with finere-
none versus placebo were observed in this analysis across
all age subgroups, with some differences noted between
sex subgroups. Moreover, the incidences of any AEs or
SAEs were similar between the treatment groups regard-
less of age and sex.

The current results are supported by findings from a
pharmacokinetics (PK) analysis based on FIDELIO-DKD
and FIGARO-DKD data, in which both age and sex were
tested as covariates for a population PK model, and
their effect on finerenone exposure was not significant,
suggesting a lack of influence of these factors on the PK
of the drug.” Additionally, the results for the CV outcome
in this analysis are similar to findings from other studies of
MRAs in HF. In TOPCAT (Treatment of Preserved Cardiac
Function Heart Failure with an Aldosterone Antago-
nist), age did not affect the efficacy of spironolactone in
patients with HF with reduced ejection fraction (primary
composite outcome: CV death, aborted cardiac arrest and
HHF; secondary outcomes included CV death, all-cause
death and HHF).” Moreover, in analyses of HF studies
(RALES (Effect of Spironolactone on Morbidity and
Mortality in Patients with Severe Heart Failure), EMPHA-
SIS-HF (Eplerenone in Patients with Systolic Heart Failure
and Mild Symptoms), and TOPCAT), MRAs reduced
morbidity and mortality in elderly patients,” demon-
strating a consistent benefit regardless of sex.” In contrast
to our results, female sex was associated with poorer kidney
outcomes versus male sex in patients receiving a steroidal
MRA for bilateral primary aldosteronism.* The MR can
be activated by different drivers in different diseases; MR
activation in diabetes is driven by additional factors other
than high aldosterone in comparison with primary aldo-
steronism, which may account for differences in outcomes
observed across different indications.”
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A <65 Years
24
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LS mean total eGFR slope,
-2 mL/min/1.73 m?/year (95% CI):
Finerenone: -4.11 (—4.32, -3.90)
—41 Placebo: —4.34 (-4.55, —4.13)
-6 LS mean difference: 0.23 (-0.07, 0.53)
P=.1354
-8

-101 LS mean chronic eGFR slope,
mL/min/1.73 m?/year (95% CI):
Finerenone: —3.34 (-3.54, -3.14)
—14 1 Placebo: —4.44 (—4.65, —4.24)

LS mean difference: 1.10 (0.82, 1.39)
=161 p<0001

LS Mean Change From Baseline

-18 Months Since Baseline
Number of Subjects at Visit

Finerenone 2921 2849 2778 2730 2656 2505 2281 1918 1541 1246 962 716 409
Placebo 2892 2829 2779 2719 2649 2491 2226 1952 1566 1271 1006 731 417

B 65 to 74 Years

2 -
1 4 8 12 16 20 24 28 32 36 40 44 48

0 LS mean total eGFR slope,

-24 mL/min/1.73 m?/year (95% CI):

Finerenone: -3.32 (-3.49, -3.15)

-4 Placebo: —3.16 (-3.34, —2.99)

—6 LS mean difference: -0.16 (-0.41, 0.09)
. P=2014

=101 LS mean chronic eGFR slope,
mL/min/1.73 m?/year (95% CI):
Finerenone: —2.39 (-2.55, -2.23)
-141 Placebo: -3.39 (-3.55, -3.22)

LS mean difference: 0.99 (0.76, 1.22)
-161  p<0001

LS Mean Change From Baseline

-18- Months Since Baseline

Number of Subjects at Visit
Finerenone 2597 2536 2474 2460 2388 2220 1995 1732 1462 1158 935 663 387

Placebo 2539 2481 2429 2376 2326 2163 1951 1674 1360 1097 876 637 346
C 275 Years
2 -
5 1 4 8 12 16 20 24 28 32 36 40 44 48
LS mean total eGFR slope,
-2 mL/min/1.73 m?year (95% CI):
Finerenone: -3.03 (-3.29, —-2.78)
—41 Placebo: —2.67 (-2.92, -2.43)
64 LS mean difference: -0.36 (-0.71, —-0.01)
P=.0452
-8

-101 LS mean chronic eGFR slope,
mL/min/1.73 m?/year (95% CI):
Finerenone: —2.03 (-2.26, —-1.79)
-144 Placebo: -2.80 (-3.03, -2.57)

LS mean difference: 0.77 (0.45, 1.10)
=161 p<0001

LS Mean Change From Baseline

=18+ Months Since Baseline

Number of Subjects at Visit
Finerenone 910 877 848 825 792 732 647 567 447 363 277 210 115
Placebo 975 934 919 896 850 780 695 578 481 359 281 204 117

M Finerenone [l Placebo

Figure 3 LS mean change in eGFR from baseline, chronic and total slopes over time by age. Chronic eGFR slope from month
four to end-of-study visit. eGFR, estimated glomerular filtration rate; LS, least squares.
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In this study, the elderly population had higher risk
of certain AEs including hypotension, AEs leading to
discontinuation, and death. Hypotension occurred more
frequently in the finerenone group but did not seem
to substantially affect related clinical outcomes. Hyper-
kalaemia was more prevalent with finerenone but was
generally similar across age and sex. In a FIDELIO-DKD
subanalysis, younger age and female sex were indepen-
dent risk factors for hyperkalaemia (>6.0mmol/L).*
Similar findings for age were observed in TOPCAT post
hoc data for patients with HE.”' Steroidal MRAs have been
associated with gynaecomastia in males,”” * which was not
observed in this study, most likely because finerenone has
no detectable affinity for androgen receptors.”

Preclinical data suggest that different molecular mech-
anisms drive endothelial dysfunction in male and female
mice™ *” and that increased age and male sex are associ-
ated with MR overactivation, which is linked to vascular
stiffness and endothelial dysfunction.* ** In human aortic
smooth muscle cells, MR expression increased with age,
leading to epigenetic changes associated with increased
vascular stiffness. These effects were reversed with MR
inhibition.* In vitro, MR expression in the whole aortae
and early passage aortic vascular smooth muscle cells was
increased in aged (30 months) versus adult (8 months)
rat cells.*' In a preclinical mouse model, aortic stiffness
occurred earlier in male than female mice and correlated
with the timing of increased aortic MR expression; vascular
stiffness was prevented in smooth muscle cell MR-deficient
mice.” These data suggest that elderly males may derive
the greatest benefit from finerenone; indeed, in this anal-
ysis, finerenone-treated males had lower risk of the CV
composite outcome and HHF versus placebo across age
groups, including >75 years. Moreover, statistical hetero-
geneity was observed for HHF by sex, persisting after
adjustment for differences in baseline characteristics,
which might suggest a more pronounced effect of finere-
none on HHF reduction in the male subgroup compared
with the two female subgroups. However, because of the
small sample size of the sex subgroups (especially that of
the premenopausal female subgroup), definitive conclu-
sions cannot be reached based on this finding.

In this study, markers of kidney damage (eGFR decline
and UACR) were reduced with finerenone in age
subgroups; however, no benefit on kidney outcomes was
observed in the 275 years age group. The small sample
size of this subgroup precluded definitive conclusions,
which may be accounted for by the slowing rate of CKD
progression with advancing age.** **

Limitations include the study being a post hoc analysis
and the chosen age categories not being predefined. In
addition, patients may have initiated other treatments
during the study. Sample size and number of events for
females, particularly premenopausal females, were small.
Therefore, there is uncertainty around the estimates
and the analysis was underpowered to draw meaningful
conclusions in this subgroup. Results for premenopausal
females versus postmenopausal females/males should be

interpreted with caution because age may partly account
for differences observed; the average age of premeno-
pausal females was ~45 years compared with postmeno-
pausal females (~66 years) and males (~65 years). As
such, these groups had different baseline characteristics.
Higher baseline mean eGFR and median UACR, and
lower history of CV comorbidities and hypotension were
observed in premenopausal females versus males and
postmenopausal females. Additionally, the study design
and tests performed may have been underpowered to
address the research questions. Furthermore, FIDELITY
limitations, mainly the small proportion of Black patients
and exclusion of patients with non-albuminuric CKD,
were present in this analysis.

In conclusion, this post hoc FIDELITY analysis suggests
that finerenone effectively lowers the risk of clinically
important CV and kidney outcomes in patients with CKD
and T2D across ages and sexes, with a potentially more
pronounced effect on HHF in males than in females. No
new safety concerns were identified in those aged =65
years or by sex.
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