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IMPORTANCE The mode of death in patients with heart failure with mildly reduced ejection
fraction (HFmrEF) or heart failure with preserved ejection fraction (HFpEF) remains poorly
understood and may vary by EF.

OBJECTIVE To evaluate the mode of death according to EF and the treatment effect of
finerenone on cause-specific mortality in patients with HFmrEF/HFpEF.

DESIGN, SETTING, AND PARTICIPANTS This was a prespecified secondary analysis of the
Finerenone Trial to Investigate Efficacy and Safety Superior to Placebo in Patients With Heart
Failure (FINEARTS-HF) randomized clinical trial, which evaluated clinical outcomes in 6001
patients with HF and EF greater than or equal to 40% randomly assigned to finerenone or
placebo. The mode of death in relation to baseline EF categories (<50%, =50-<60%, and
=60%) was examined, and the effect of randomized treatment on cause-specific death in
Cox regression models was assessed. Data analysis was conducted between September 2024
and January 2025.

INTERVENTIONS Finerenone vs placebo.

MAIN OUTCOMES AND MEASURES Mode of death as centrally adjudicated by a clinical end
points committee.

RESULTS Of 1013 patients (16.9%; median [IQR] age, 76 [69-82] years; 594 male [58.6%])
who died during median (IQR) follow-up of 32 (23-36) months, mode of death was ascribed
to cardiovascular causes in 502 (49.6%), noncardiovascular causes in 368 (36.3%), and
undetermined cause in 143 (14.1%). Of cardiovascular deaths, 215 (42.8%) were due to
sudden death, 163 (32.4%) to HF, 48 (9.6%) to stroke, 25 (5.0%) to myocardial infarction,
and 51 (10.2%) to other cardiovascular causes. The proportion of all-cause, cardiovascular,
and sudden death was higher in those with EF less than 50%. The proportion of deaths
related to HF was similar across EF categories, and the proportion of deaths due to
myocardial infarction, stroke, and other cardiovascular causes was low regardless of EF.
Randomization to finerenone did not significantly reduce death or cause-specific death
compared with placebo in any EF category.

CONCLUSIONS AND RELEVANCE Among patients with HFmrEF/HFpEF in the FINEARTS-HF
randomized clinical trial, higher proportions of cardiovascular and overall mortality in those
with EF less than 50% were related principally to higher proportions of sudden death. A clear
treatment effect of finerenone on cardiovascular or cause-specific mortality was not
identified, although the trial was likely underpowered for these outcomes.
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espite recent advances in the development of effec-
tive pharmacologic treatment for patients with heart
failure and mildly reduced ejection fraction (HFm-
TEF) or heart failure with preserved ejection fraction (HFpEF),
rates of morbidity and mortality in this population remain
high.? Although novel therapies including angiotensin re-
ceptor neprilysin inhibitors,® sodium-glucose cotransporter 2
inhibitors,* and glucagonlike peptide 1 receptor agonists® may
reduce the burden of symptoms and HF hospitalization in se-
lected patients with HFmrEF/HFpEF, none of these has been
shown to influence overall rates of death, perhaps in part due
to the large proportionate contribution of noncardiovascular
causes of death to mortality in this population.? Mechanisms
of cardiovascular death in this population remain unclear, par-
ticularly for the relatively understudied subset of patients with
ongoing HF symptoms despite improvement in left ventricu-
lar EF (LVEF) to greater than 40% (HFimpEF).®
Treatment with the nonsteroidal mineralocorticoid recep-
tor antagonist (MRA) finerenone was recently shown to re-
duce therisk of total worsening HF events and death from car-
diovascular causes compared with placebo in patients with
HFmrEF/HFpEF (inclusive of HFimpEF) enrolled in the Fi-
nerenone Trial to Investigate Efficacy and Safety Superior to
Placebo in Patients With Heart Failure (FINEARTS-HF) ran-
domized clinical trial.” In this prespecified secondary analy-
sis, we examined the mode of death according to baseline EF
and assessed the effect of finerenone treatment on the inci-
dence of cause-specific death.

Methods

As previously reported,”® the FINEARTS-HF trial was a pro-
spective, double-blind, randomized comparison of finere-
none vs placebo in patients with symptomatic (New York
Heart Association grade II-IV) HF, LVEF of 40% or greater,
elevated natriuretic peptide levels, and evidence of struc-
tural heart disease. The trial protocol and statistical analysis
plan are available in Supplement 1. Patients with prior LVEF
of less than 40% (HFimpEF) were eligible for participation.
Patients self-identified with the following races and ethnici-
ties: Asian, Black, White, and other, which included Ameri-
can Indian, Alaska Native, Native Hawaiian, Other Pacific
Islander, or unreported. Race and ethnicity information was
included in this analysis to inform the generalizability of the
study results. The primary study outcome was a composite
of total worsening HF events (defined as first or recurrent
unplanned hospitalizations or urgent visits for HF) and
death from cardiovascular causes. Mode of death was cen-
trally adjudicated according to standardized criteria
(eMethods in Supplement 2) by a clinical end points commit-
tee (CEC) blinded to randomized treatment assignment. The
study protocol was approved by institutional review boards
or ethics committees at each participating site prior to
enrollment of the first patient. All patients provided written
informed consent for participation. This study followed the
Consolidated Standards of Reporting Trials (CONSORT)
reporting guidelines.
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Key Points

Question What is the breakdown of cause-specific mortality in
patients with heart failure and mildly reduced ejection fraction
(HFmrEF) or heart failure with preserved ejection fraction (HFpEF)
and is cause-specific mortality modified by finerenone?

Findings In this prespecified secondary analysis of the Finerenone
Trial to Investigate Efficacy and Safety Superior to Placebo in
Patients With Heart Failure (FINEARTS-HF) randomized clinical
trial of HFmrEF/HFpEF, roughly one-half of deaths were ascribed
to cardiovascular causes, principally sudden death or HF
progression. The proportion of all-cause, cardiovascular, and
sudden death was higher in those with EF less than 50%, and
regardless of EF, randomization to finerenone did not significantly
reduce death or cause-specific death.

Meaning Results suggest that among patients with
HFmrEF/HFpEF, sudden death and death from HF accounted for
the majority of cardiovascular deaths; finerenone did not modify
cause-specific mortality.

The CEC classified all deaths as cardiovascular, noncar-
diovascular, or undetermined, and further subclassified car-
diovascular deaths as sudden deaths or non-sudden deaths
due to acute myocardial infarction (MI), HF, stroke, or other
cardiovascular causes (eMethods in Supplement 2). Death
due to acute MI was defined as a cardiovascular death
within 30 days of a clinical MI. Sudden death was defined as
unexpected death in an otherwise stable patient, not within
30 days of an MI. Death due to HF was defined as death in
the context of clinically worsening symptoms and/or signs
of HF with no other apparent cause. Death due to stroke
was assigned for deaths due to complications of ischemic or
hemorrhagic stroke.

Statistical Analysis

In this prespecified analysis, we examined the adjudicated
mode of death in subgroups defined by categories of base-
line LVEF (<50%, >50-<60%, and >60%) and separately
among patients with HFimpEF.'° Baseline characteristics
were summarized for patients who died according to mode
of death (cardiovascular, noncardiovascular, undetermined)
using standard parametric and nonparametric tests. Inci-
dence rates for cause-specific death were calculated as
number of events per 100 patient-years of follow-up. Asso-
ciations between continuous variables (age, estimated glo-
merular filtration rate [eGFR], EF) and incidence rates for
cause-specific mortality were estimated using Poisson
regression, with potential nonlinearity accommodated by
using polynomial (eg, quadratic, cubic) terms. The effect of
randomized treatment on cause-specific death was evalu-
ated in Cox regression models, stratified by geographic
region and baseline LVEF (<60% or >60%), All analyses
were conducted in Stata, version 17.0 (StataCorp) with
2-sided P < .05 used as the threshold for statistical signifi-
cance. Data analysis was conducted between September
2024 and January 2025.
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Table 1. Baseline Characteristics by Mode of Death Among Patients Who Died

No. (%)
CV death Non-CV death Undetermined P value

Characteristic (n=502) (n =368) (n=143) (all groups)
Age, mean (SD), y 73.43 (9.82) 76.23 (8.67) 75.76 (9.41) <.001
Sex

Female 203 (40.4) 149 (40.5) 67 (46.9)

Male 299 (59.6) 219 (59.5) 76 (53.1) 36
Race

Asian 78 (15.5) 45 (12.2) 33(23.1)

Black 4(0.8) 5(1.4) 2(1.4)

White 410 (81.7) 311 (84.5) 106 (74.1) 14

Other? 10 (2.0) 7(1.9) 2(1.4)
Region

Asia 78 (15.5) 45(12.2) 32(22.4)

Eastern Europe 222 (44.2) 137 (37.2) 64 (44.8)

Latin America 61(12.2) 40 (10.9) 12 (8.4) <001

North America 34(6.8) 42 (11.4) 19(13.3)

Western Europe, Oceania, 107 (21.3) 104 (28.3) 16 (11.2)

and others
Any prior HF hospitalization 346 (68.9) 239 (64.9) 104 (72.7) .20
Recency of HF event

<7 d From randomization 127 (25.3) 91 (24.7) 32(22.4)

>7 dto <3 mo 164 (32.7) 104 (28.3) 44 (30.8) .54

>3 mo or No index HF event 211 (42.0) 173 (47.0) 67 (46.9)
Systolic blood pressure, 127.73 (15.68) 129.28 (15.57) 127.12 (17.41) .25
mean (SD), mm Hg
Body mass index, mean (SD)® 29.84 (6.49) 29.39 (6.40) 29.41 (7.53) .56
Creatinine, mean (SD), mg/dL 1.23 (0.39) 1.27 (0.41) 1.24 (0.37) .40

- Abbreviations: ACEI,

eGFR, mean (SD), mL/min/1.73 m? 56.59 (19.16) 54.13 (19.02) 53.77 (19.06) .10 angiotensin-converting enzyme;
UACR, median (IQR), mg/g 38 (11-145) 27 (9-131) 40 (14-180) .80 ARB, Angiotensin receptor blockers;
Potassium, mean (SD), mmol/L  4.34 (0.52) 4.34(0.50) 4.40 (0.51) 37 ARNI, angiotensin receptor/neprilysin
LVEF, mean (SD), % 51.57 (8.00) 53.46 (8.08) 51.49 (7.38) <.001 inhibitor; CV, cardiovascular; eGFR,

NT-proBNP, median (IQR), pg/mL
NYHA class
NYHA class 11
NYHA class 11
NYHA class IV
History of hypertension
Diabetes

Atrial fibrillation on baseline
electrocardiogram

History of stroke

History of myocardial infarction
Prior LVEF <40% (HFimpEF)
B-Blocker use

ACEI/ARB/ARNI use

SGLT-2 inhibitor use

Loop diuretic

1773 (950-3329)

291 (58.0)
202 (40.2)
9(1.8)

447 (89.0)
255 (50.8)
225 (44.8)

68 (13.5)
159 (31.7)
24 (4.8)
414 (82.5)
380(75.7)
77 (15.3)
464 (92.4)

1533 (746-2974)

217 (59.0)
145 (39.4)
6 (1.6)

331(89.9)
199 (54.1)
152 (41.3)

48 (13.0)
104 (28.3)
13 (3.5)
312 (84.8)
275 (74.7)
44 (12.0)
331(89.9)

1865 (873-3574)

86 (60.1)
57 (39.9)
0

128 (89.5)
68 (47.6)
62 (43.4)

22 (15.4)
33(23.1)
4(2.8)
110 (76.9)
98 (68.5)
16 (11.2)
138 (96.5)

estimated glomerular filtration rate;

.03 HF, heart failure; HFimpEF, heart
failure with improved ejection
fraction; LVEF, left ventricular
ejection fraction; NT-proBNP,

.62 N-terminal pro-brain natriuretic

peptide; NYHA, New York Heart

Association; SGLT-2, sodium-glucose

S cotransporter 2; UACR, urine

.37 albumin-creatinine ratio.

.59 Sl conversion factor: To convert

creatinine to micromoles per liter,

.78 multiply by 88.4; potassium to

12 milliequivalents per liter, divide by 1.

47 2 Other race includes American
Indian, Alaska Native, Native

11 Hawaiian, Other Pacific Islander, or

22 unreported.

24 b Calculated as weight in kilograms
divided by height in meters

.04
squared.

Results

Among 6001 validly randomized participants in the
FINEARTS-HF randomized clinical trial, there were 1013 pa-
tients (16.9%; median [IQR] age, 76 [69-82] years; 419 female
[41.4%]; 594 male [58.6%]) who died during median (IQR) fol-
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low-up of 32 (23-36) months. Patients who died had self-
identified with the following races and ethnicities: 156 Asian
(15.4%), 11 Black (1.1%), 827 White (81.6%), and 19 other (1.9%).
Of those who died, death was attributed to cardiovascular
causes in 502 (49.6%), noncardiovascular causes in 368
(36.3%), and undetermined cause in 143 (14.1%). Of the car-
diovascular deaths, 215 (42.8%) were due to sudden death, 163
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Table 2. Incidence and Proportion of Deaths by Cause According to Left Ventricular Ejection Fraction (LVEF) at Baseline and Prior LVEF

Less Than 40% (HFimpEF) Among Patients Who Died

LVEF <50% (n = 2172)

LVEF 250-<60% (n = 2674)

LVEF 260% (n = 1147) P value for trend

No. (% of No. (% of Rate/100 No. (% of Proportions Incidence

Variable deaths) Rate/100 p-y  deaths) p-y deaths) Rate/100 p-y (incidence rates) rates
Total deaths 393(100.0) 7.5 430 (100.0) 6.8 189 (100.0) 6.3 NA .04
CV death 222 (56.5) 4.2 189 (44.0) 3.0 91 (48.1) 3.0 .01 .001
Heart failure 60 (15.3) 1.1 67 (15.6) 1.1 36 (19.0) 1.2 .30 91
Sudden death 105 (26.7) 2.0 75(17.4) 1.2 35(18.5) 1.2 .005 <.001
Stroke 21(5.3) 0.4 17 (4.0) 0.3 10 (5.3) 0.3 .79 .48
MI 13 (3.3) 0.2 10 (2.3) 0.2 10 (2.3) 0.1 .10 .05
Other CV death 23(5.9) 0.4 20(4.7) 0.3 8(4.2) 0.3 .35 17
Non-CV death 110(28.0) 2.1 178 (41.4) 2.8 79 (41.8) 2.6 <.001 .07
Undetermined 61 (15.5) 1.2 63 (14.7) 1.0 19 (10.1) 0.6 .10 .02

Prior EF <40% (HFimpEF, n = 273)

No prior EF <40% (n = 5728)

P value

Variable No. Deaths, % Rate/100 p-y No. Deaths, % Rate/100 p-y Proportions Incidence rates
Total deaths 41 100 6.3 972 100 7.0 NA .55
CV death 24 58.5 3.7 478 49.2 3.4 24 71
Heart failure 11 26.8 1.7 152 15.6 1.1 .06 .15
Sudden death 6 14.6 0.9 209 21.5 1.5 .29 24
Stroke 2 49 0.3 46 4.7 0.3 .97 .93
MI 3 7.3 0.5 22 2.3 0.2 .04 .07
Other CV death 2 4.9 0.3 49 5.0 0.4 .96 .86
Non-CV death 13 31.7 2.0 355 36.5 2.6 .53 .40
Undetermined 4 9.8 0.6 139 14.3 1.0 41 .34

Abbreviations: CV, cardiovascular; HFimpEF, heart failure with improved ejection fraction; MI, myocardial infarction; p-y, patient-year.

Figure 1. Adjudicated Mode of Death According to Left Ventricular Ejection Fraction (LVEF)

10+
[l Heart failure
[ Sudden death
84 [ Other CV death
B [ stroke
- 1 [ Acute myocardial
v . .
= 6+ infarction
a [INon-cv
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o [ = T
LVEF <50% LVEF 250%-<60% LVEF 260%
(n=2172) (n=2674) (n=1147) CV indicates cardiovascular; p-y,

(32.4%) to HF, 48 (9.6%) to stroke, 25 (5.0%) to MI, and 51
(10.2%) to other cardiovascular causes (eFigure in Supple-
ment 2). Clinical characteristics at baseline for the 1013 pa-
tients who died are summarized by cause of death in Table 1.

The breakdown of cause-specific mortality according to
baseline LVEF categories is shown in Table 2 and Figure 1. The
incidence of all-cause, cardiovascular, and sudden death was
highest in those with LVEF less than 50%. The proportion of
deaths related to HF was similar across LVEF categories, and
that due to MI, stroke, and other cardiovascular causes was low
regardless of LVEF. Across the full range of continuous LVEF,
higher rates of overall cardiovascular mortality with lower LVEF
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patient-year.

appeared to be contributed principally by higher rates of sud-
den death. Rates of noncardiovascular death did not vary sig-
nificantly by LVEF but did increase steeply in relation to older
age and lower eGFR. Rates of both cardiovascular and non-
cardiovascular mortality appeared to increase in relation to
higher N-terminal pro-brain natriuretic peptide level, particu-
larly death to worsening HF (Figure 2). The incidence of death
from any cause and the distribution of cause-specific mortal-
ity were similar in the 273 patients (4.5%) with HFimpEF and
the residual population with no history of LVEF less than 40%
(overall mortality: 15% [41 of 273] vs 17% [972 of 5728]; pro-
portion of cardiovascular, noncardiovascular, undetermined
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Figure 2. Variation in Incidence of Adjudicated Mode of Death by Continuous Left Ventricular Ejection Fraction (LVEF), N-Terminal Pro-Brain
Natriuretic Peptide (NT-proBNP), Age, and Estimated Glomerular Filtration Rate (eGFR)
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Sl conversion factor: To convert NT-proBNP to nanograms per liter, multiply by 1. CV indicates cardiovascular.

deaths: 58.5%[24 of 411, 31.7% [13 0f 41], 9.8% [4 0of 41] vs 49.2%
[478 of 972], 36.5% [355 of 9721, 14.3% [139 of 972], respec-
tively) (Table 2).

The effects of assignment to finerenone compared with pla-
cebo on cause-specific mortality are displayed in Figure 3. Al-
though rates of overall death and cardiovascular death were
numerically lower in patients allocated to finerenone, treat-
ment with finerenone did not significantly reduce all-cause
death or any specific mode of death relative to placebo. There
was no detectable variation in the effects of finerenone treat-
ment on cardiovascular mortality by LVEF or in those with
HFimpEF (interaction P = .40 and 0.52, respectively).

.|
Discussion

In this prespecified analysis of adjudicated mode of death in
patients with HF and LVEF of 40% or higher enrolled in the
FINEARTS-HF randomized clinical trial, we noted that roughly
one-half of deaths during a median follow-up of 32 months
were related to cardiovascular causes. Although the overall in-
cidence of CV death was low (3.5 per 100 patient-years), three-
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Figure 3. Effect of Finerenone Compared With Placebo
on Cause-Specific Mortality

Hazard ratio

(finerenone vs Favors | Favors
Mode of death placebo) 95% CI finerenone : placebo
All-cause death 0.93 (0.83-1.06) —a—
Cardiovascular death 0.93(0.78-1.11) ——

Sudden death 0.87 (0.67-1.14) —_—

Heart failure death 0.89 (0.65-1.21) —_—

Other CV death 1.10(0.77-1.56) —_—
Non-CV death 1.00(0.82-1.23) ——
Undetermined death 0.80(0.57-1.11) —_——

05 1 2

Hazard ratio (95% CI)

CV indicates cardiovascular.

fourths of cardiovascular deaths were attributed to sudden
death or HF progression, with few deaths ascribed to inci-
dent MI, stroke, or other cardiovascular causes. Higher rates
of cardiovascular death in those with LVEF less than 50% ap-
peared to be principally driven higher rates of sudden cardiac
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death in this group. The proportionate contribution of non-
cardiovascular death did not appear to vary by LVEF but was
higher in those with older age and lower eGFR. Overall mor-
tality rates and the distribution of mode of death were similar
in the 4.5% of enrolled patients who had history of LVEF less
than 40% (HFimpEF) and those with LVEF consistently 40%
or greater. Assignment to finerenone did not appear to re-
duce overall mortality or cause-specific mortality in any LVEF
subgroup.

These data add to the growing body of literature highlight-
ing that as in patients with HFrEF, sudden death and HF pro-
gression are the primary drivers of cardiovascular mortality in
patients with HFmrEF/HFpEF.>* Because patients with HF and
higher LVEF are generally at lower risk for ventricular arrhyth-
mias or pump failure than those with lower LVEF, alternate
mechanisms of terminal disease progression including elec-
tromechanical dissociation, kidney failure, and right ventricu-
lar failure may be more important in HFpEF.! Higher rates of
overall mortality in those with HFmrEF (LVEF >40-<50%) com-
pared with residual population with HFpEF (LVEF >50%) in
the FINEARTS-HF trial were driven by higher rates of sudden
death, underscoring the similarities between HFmrEF and
HFTEF and lending support to the growing consensus that these
patients may respond similarly to guideline-directed
treatment.'?

Prior observational data have suggested lower rates of over-
all mortality in those with HFimpEF compared with those with
HFIEF and HFpEF.!® Although the number of enrolled pa-
tients with HFimpEF was small, we observed similar rates of
all modes of death in these patients and in those with LVEF
consistently greater than 40%, as was observed in the Dapa-
gliflozin Evaluation to Improve the Lives of Patients With Pre-
served Ejection Fraction Heart Failure (DELIVER) trial,® which
used similar eligibility criteria. Although this difference could
be related to the deliberate inclusion of higher-risk patients
with HF in clinical trials, it emphasizes that despite improve-
ment in LVEF, symptomatic patients with HFimpEF remain at
risk for cardiovascular mortality and sudden death. Because
the evidence base for treatment of HFimpEF remains lim-
ited, these data support continued inclusion of these patients
in future trials of HFmrEF/HFpEF.

Although rates of all-cause death, cardiovascular death,
sudden death, and HF death were lower among patients as-
signed to finerenone, we did not observe a statistically signifi-
cant reduction in any specific mode of death with finerenone
compared with placebo; however, the FINEARTS-HF trial was
not prospectively designed to detect a treatment effect on over-
all mortality or cause specific-death and was likely underpow-
ered for these outcomes. In a recent individual patient
meta-analysis'* pooling data across trials of MRAs in HF, the
pooled hazard ratios (HRs) for cardiovascular mortality (HR,
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0.92;95% CI, 0.80-1.05) and all-cause mortality (HR, 0.94; 95%
CI, 0.85-1.03) also favored MRA treatment but failed to con-
firm a treatment benefit. Ongoing challenges in developing ef-
fective treatments to reduce the risk of cardiovascular mor-
tality in HFpEF likely reflect the inability of cardiovascular
treatments to favorably modulate the competing risk of death
from noncardiovascular causes in this population.'® Our data
highlight that noncardiovascular death accounts for an even
greater proportion of total mortality in older patients and those
with more advanced chronic kidney disease who are at high
risk for development of HFmrEF/HFpEF. Additional studies of
finerenone being conducted as part of the MOONRAKER pro-
gram including A Study to Determine the Efficacy and Safety
of Finerenone on Morbidity and Mortality Among Hospital-
ized Heart Failure Patients (REDEFINE-HF) trial,'® A Study to
Evaluate Finerenone on Clinical Efficacy and Safety in Pa-
tients With Heart Failure Who Are Intolerant or Not Eligible for
Treatment With Steroidal Mineralocorticoid Receptor Antago-
nists (FINALITY-HF) trial,'” and A Study to Determine the Ef-
ficacy and Safety of Finerenone and SGLT2i in Combination
in Hospitalized Patients With Heart Failure (CONFIRMATION-
HF) trial'® will complement these data from the FINEARTS-HF
trial and provide additional insight into the effects of finere-
none on cardiovascular death.

Limitations

This study should be viewed in the context of important
limitations. Even with centralized adjudication, it is chal-
lenging to accurately determine the cause of death from
clinical record review, particularly when autopsy data are
not available. As well, mode of death among patients
enrolled in clinical trials (even international trials as broadly
representative as FINEARTS-HF) may not accurately repre-
sent the distribution of mode of death among unselected
patients in clinical practice.

. |
Conclusions

In this prespecified secondary analysis from the randomized
FINEARTS-HF trial, we found that sudden cardiac death is a
leading contributor to cardiovascular death in patients with HF
and EF of 40% or greater, particularly in those with mildly re-
duced EF. As well, noncardiovascular death accounts for more
than half of total mortality in this population, with particu-
larly high incidence in those who are older or have worse kid-
ney function. Although finerenone reduces composite cardio-
vascular events in patients with HFmrEF/HFpEF, we did not
identify a treatment effect on any specific mode of death, un-
derscoring the need for further study to identify strategies to
reduce mortality in this population.
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