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Aim In the EMPEROR-Preserved trial, empagliflozin improved clinical outcomes of patients with heart failure (HF) with
preserved ejection fraction. In this pre-specified analysis, we aim to study the effect of empagliflozin on cardiovascular
and kidney outcomes across the spectrum of kidney function.

Methods Patients were categorized by the presence or absence of chronic kidney disease (CKD) at baseline (CKD defined by an

and results estimated glomerular filtration rate [eGFR] <60 ml/min/1.73 m? or urine albumin to creatinine ratio >300 mg/g). The
primary and key secondary outcomes were (i) a composite of cardiovascular death or first HF hospitalization (primary
outcome); (ii) total number of HF hospitalization, (iii) eGFR slope; and a pre-specified exploratory composite kidney
outcome including a sustained >40% decline in eGFR, chronic dialysis or renal transplant. The median follow-up
was 26.2 months. A total of 5988 patients were randomized to empagliflozin or placebo, of whom 3198 (53.5%) had
CKD. Irrespective of CKD status, empagliflozin reduced the primary outcome (with CKD: hazard ratio [HR] 0.80, 95%
confidence interval [CI] 0.69—-0.94; without CKD: HR 0.75, 95% CI 0.60—0.95; interaction p = 0.67) and total (firstand
recurrent) hospitalizations for HF (with CKD: HR 0.68, 95% Cl 0.54—0.86; without CKD: HR 0.89, 95% C1 0.66—1.21;
interaction p=0.17). Empagliflozin slowed the slope of eGFR decline by 1.43 (1.01-1.85) ml/min/1.73 m?/year
in patients with CKD and 1.31 (0.88—1.74) ml/min/1.73 m?/year in patients without CKD (interaction p = 0.70).
Empagliflozin did not reduce the pre-specified kidney outcome in patients with or without CKD (with CKD: HR
0.97, 95% Cl1 0.71-1.34; without CKD: HR 0.92, 95% Cl 0.58—1.48; interaction p = 0.86) but slowed progression to
macroalbuminuria and reduced the risk of acute kidney injury. The effect of empagliflozin on the primary composite
outcome and the key secondary outcomes was consistent across five baseline eGFR categories (all interaction p
>0.05). Empagliflozin was well tolerated independent of CKD status.
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Conclusions

In EMPEROR-Preserved, empagliflozin had a beneficial effect on the key efficacy outcomes in patients with and without

CKD. Overall, the benefit and safety of empagliflozin was consistent across a wide range of kidney function spectrum,

down to a baseline eGFR of 20 ml/min/1.73 m?.

Empaglifiozin @ Glomerular filtration rate
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Introduction

Randomized trials have shown that sodium—glucose cotransporter
2 inhibitors (SGLT2i) prevent hospitalizations for heart failure (HF)
and slow the decline of renal function in patients with type 2
diabetes (T2D),"~® chronic kidney disease (CKD),”'® and HF with
reduced ejection fraction.!"1?

While pharmacologic therapies to improve cardiovascular out-
comes have been demonstrated across multiple therapeutic classes
in patients with HF and reduced ejection fraction, there has been
few therapeutic options for those with a preserved ejection frac-
tion.” Recently, in the EMPEROR-Preserved (Empagliflozin Out-
come Trial in Patients with Chronic Heart Failure with Preserved
Ejection Fraction) trial, empagliflozin versus placebo reduced the
composite of cardiovascular death or HF hospitalization and total
(first and recurrent) hospitalizations for HF, and slowed the pro-
gressive decline in kidney function. For the first time, a thera-
peutic option is now available for patients with HF and preserved
ejection fraction.

Among those with HF and preserved ejection fraction, CKD
is one of the most common comorbidities being present in up
to 50% of patients.”> "7 Reduced renal function, as measured
by estimated glomerular filtration rate (eGFR), portends worse
prognosis in patients with HF and preserved ejection fraction.'®'”
Furthermore, the high prevalence of CKD potentially limits the
therapeutic options for patients with HF and preserved ejection
fraction.’®'® Within EMPEROR-Reduced (Empagliflozin Outcome
Trial in Patients with Chronic Heart Failure with Reduced Ejection
Fraction), empagliflozin reduced the risk of the primary outcome
of time to cardiovascular death or first hospitalization for HF and
the decline in eGFR slope in patients with and without CKD.%°

Within EMPEROR-Preserved, patients with an eGFR as low
as 20 ml/min/1.73 m? were eligible for enrolment; as more than
half of the patients had prevalent CKD at baseline, a robust
assessment could be conducted regarding the efficacy and safety
of empagliflozin on cardiac and kidney outcomes according to the
presence of CKD and across a wide range of baseline kidney
function. The present analysis reports the pre-specified analysis
of EMPEROR-Preserved on cardiovascular and kidney outcomes
among patients with and without CKD.

Methods

The design and rationale of the EMPEROR-Preserved trial have been
previously published.’*?! To summarize, EMPEROR-Preserved was a
double-blind, placebo-controlled trial that randomized 5988 patients
with symptomatic HF (New York Heart Association [NYHA] class >II)
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and a left ventricular ejection fraction (LVEF) of >40% to receive
empagliflozin (10 mg orally once daily) or matching placebo.
Randomization was performed with a permuted block design and
was stratified by geographic region, diabetes status, eGFR <60 or
>60ml/min/1.73m?, and a LVEF <50% or >50% (all measured at
screening). The primary outcome and the first two secondary out-
comes were included in a hierarchical testing procedure. The primary
outcome was analysed as the time to the first event of the composite
of adjudicated cardiovascular death or hospitalization for HFE. The first
secondary outcome was the occurrence of all adjudicated hospitaliza-
tions for HF, including first and recurrent events. The second secondary
outcome was the rate of decline in the eGFR during double-blind treat-
ment. In the main trial, empagliflozin, versus placebo, reduced the risk
of the primary composite outcome (13.8% in the empagliflozin group
vs. 17.1% in the placebo group; hazard ratio [HR] 0.79; 95% confidence
interval [CI] 0.69—-0.90). Ethics approval was obtained at each study
site, and all patients provided informed consent to participate in the
study; the registration identifier at ClinicalTrials.gov is NCT03057951.

Baseline categorization of kidney
impairment

For the pre-specified subgroup analyses, patients were categorized
by the presence or absence of CKD at baseline. Prevalent CKD at
baseline was defined by the presence of an eGFR <60 ml/min/1.73 m?
(as measured by the CKD Epidemiology Collaboration equation)
or urine albumin-to-creatine ratio (UACR) >300 mg/g. Conversely,
no CKD was defined by an eGFR >60ml/min/1.73 m? and UACR
<300 mg/g. We evaluated the treatment effect on all three of the
hierarchically-ranked outcomes and on several cardio-kidney out-
comes within the following patients: (i) presence or absence of baseline
CKD; and (ii) five baseline eGFR categories (<30, 30—<45, 45—<60,
60-<90, and >90 ml/min/1.73 mz).

Kidney endpoint definition

The pre-specified composite kidney outcome was defined as time
to first occurrence of chronic dialysis, kidney transplant, sustained
reduction of >40% eGFR or sustained eGFR <15ml/min/1.73 m? if
baseline eGFR was >30ml/min/1.73m? or <10ml/min/1.73 m? for
patients with baseline eGFR <30 ml/min/1.73 m2.

Further, to better align with definitions used in other trials, we
explored alternative definitions. These include (i) sustained reduction
of >40% eGFR, end-stage kidney disease (ESKD) or renal death, (ii)
sustained reduction of >50% eGFR or ESKD, (iii) sustained reduc-
tion of >50% eGFR, ESKD or renal death, (iv) sustained reduction of
57% eGFR or ESKD, and (v) sustained reduction of 57% eGFR, ESKD
or renal death. A blinded independent external Clinical Event Com-
mittee (CEC) adjudicated all fatal events. Non-cardiovascular deaths
were categorized into several categories (i.e. infections, malignancies,
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other non-cardiovascular causes, trauma, gastrointestinal, pulmonary,
neurological, haemorrhage, non-cardiovascular procedure or surgery,
hepatobiliary causes, suicide, pancreatic causes). The category ‘renal
cause’ was used for ‘renal death’.

Statistical analyses

Patient characteristics and adverse events were analysed descrip-
tively. Time-to-first event analyses were performed with a Cox
proportional-hazards model, adjusted for age, sex, region, dia-
betes status, and ejection fraction at baseline. These analyses
were performed according to the intention-to-treat principle for
all randomized patients, and included data up to the end of the
planned treatment period. Total (first and recurrent) hospitaliza-
tions for HF were evaluated accordingly with a joint frailty model
that accounted for cardiovascular death, adjusted for the same
covariates as the Cox model. As pre-specified, the slope of eGFR
decline was analysed based on on-treatment data (baseline and
other off-treatment data were not included in the model) by a ran-
dom coefficient model allowing for random intercept and random
slope per patient. Continuous endpoints were analysed in a mixed
model with repeated measures (MMRM). An ANCOVA analysis was
used to compare eGFR change from baseline to follow-up (planned
30 days after treatment discontinuation) between the two treatment
groups.

The slope model, the MMRM, and the ANCOVA model included
baseline eGFR and the covariates of the Cox model. To assess the
consistency of effects across CKD subgroups, subgroup-by-treatment
interaction terms were added to the models. Adverse event analyses
were based on patients with events occurring during the on-treatment
period (including 7 days after last drug consumption by the patient).
SAS® version 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all
analyses.

Results

Patient characteristics

Among the 5976 patients in the trial, who could be classified
according to CKD categories (99.8% of the trial population),
3198 (53.5%) had prevalent CKD at baseline (Table 7). Com-
pared with patients without CKD, those with CKD were older
(74.2 vs. 69.2years), had a longer duration of HF (mean time
since diagnosis: 4.6 vs. 4.1years), were more likely to have a
hospitalization for HF in the past 12months (24.9 vs. 20.5%),
and were more likely to have diabetes (52.3 vs. 45.3%). Further-
more, compared to those without CKD, those with CKD were
less likely to be treated with an angiotensin-converting enzyme
inhibitor or angiotensin receptor blocker (76.9 vs. 80.5%). Com-
pared to those without CKD, as expected and reflective of the
subgroup definition for prevalent CKD, baseline eGFR was lower
for patients with CKD (mean: 46.3 vs. 77.1 ml/min/1.73 m?), and
UACR was higher (median: 32 vs. 15mg/g). The baseline char-
acteristics in the placebo and empagliflozin groups were well
balanced in patients with and without CKD as described in
online supplementary Table S7. The patient characteristics across
the five eGFR categories are presented in online supplementary
Table S2.

Table 1 Baseline characteristics of the patients by
chronic kidney disease status at baseline

No CKD CKD p-value
(n=2778) (n=3198)
Age, years 69.2+9.6 742+87 <0.0001
Female sex 1119 (40.3) 1555 (48.6)  <0.0001
Race 0.0150
White 2053 (73.9) 2478 (77.5)
Black 128 (4.6) 129 (4.0)
Asian 418 (15.0) 406 (12.7)
Other 177 (6.4) 185 (5.8)
Missing 2 (0.1) 0
Region <0.0001
North America 271 (9.8) 446 (13.9)
Latin America 747 (26.9) 768 (24.0)
Europe 1237 (44.5) 1443 (45.1)
Asia 344 (124) 342 (10.7)
Other 179 (6.4) 199 (6.2)
Time since diagnosis of heart 41+50 46+52 0.0001
failure, years
NYHA functional class <0.0001

[ 2378 (85.6) 2497 (78.1)
Il 394 (142) 685 (21.4)

v 4(0.1) 14 (0.4)
BMI, kg/m?2 29.55+594 30.08+580 0.0004
Heart rate, bpm 704+11.6 704 +12.1 0.9387

Systolic blood pressure, mmHg 131.5+151 132.1+16.1 0.1503
Diastolic blood pressure, mmHg 76.6+10.2 75.0+108 <0.0001
LVEF, % 53.7+87 549+88 <0.0001
NT-proBNP, pg/ml 1085+1213 1789+2379  <0.0001
Principal cause of heart failure

Ischaemic 1005 (36.2) 1106 (34.6)  0.1952
Medical history

HHF in last 12 months 570 (20.5) 796 (24.9) 0.0003

Atrial fibrillation/flutter® 1312 (47.2) 1818 (56.8)  <0.0001

Hypertension 2454 (88.3) 2960 (92.6) <0.0001

Diabetes 1259 (45.3) 1671 (52.3)  <0.0001
eGFR (CKD-EPI), ml/min/1.73m?  77.1+12.0 46.3+12.9 <0.0001
eGFR (CKD-EPI) NA 2988 (93.4) NA

<60 ml/min/1.73 m?
UACR, mg/g, median (IQR) 15 (6-38) 32 (9-168) <0.0001
UACR, >300 mg/g NA 629 (19.7) NA
Device therapy

Implantable cardioverter- 95 (3.4) 126 (3.9) 0.2878

defibrillator®
Heart failure medication

ACE inhibitor 1212 (43.6) 1192 (37.3)  <0.0001
ARB* 1030 (37.1) 1282 (40.1)  0.0172
ARNI 65 (2.3) 68 (2.1) 0.5768
Diuretics? 2085 (75.1) 2714 (84.9)  <0.0001
MRA 1018 (36.6) 1223 (382)  0.2032
Beta-blocker 2409 (86.7) 2748 (85.9) 0.3768
Cardiac glycosides 285 (10.3) 270 (8.4) 0.0158
Nitrates 282 (10.2) 464 (14.5) <0.0001
Ivabradine 45 (1.6) 26 (0.8) 0.0041
Hydralazine 25 (0.9) 131 (4.1) <0.0001
Other medication
Lipid-lowering drugs 1929 (69.4) 2305 (72.1) 0.0252
Anti-thrombotic drugs 2375 (85.5) 2853 (89.2) <0.0001

Data are mean + SD or n (%) for randomized patients, unless otherwise stated.

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin
receptor—neprilysin inhibitor; BMI, body mass index; CKD, chronic kidney disease; CKD-EPI,
Chronic Kidney Disease Epidemiology Collaboration equation; eGFR, estimated glomerular
filtration rate; HHF, hospitalization for heart failure; IQR, interquartile range; LVEF, left
ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NA, not available;
NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association;
UACR, urine albumin-to-creatinine ratio.

2 Atrial fibrillation/flutter reported in any electrocardiogram before treatment intake or history
of atrial fibrillation/flutter reported as medical history.

bImplantable cardioverter defibrillator with or without cardiac resynchronization therapy.
€Excluding valsartan when taken with sacubitril.

9dDiuretics other than MRAs.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 2 Event rates by chronic kidney disease status at baseline

Empagliflozin

n (%) Rate per n (%)

100 patient-

years
Adjudicated HHF or CV death 292 (18.1) 9.24 123 (8.9)
First HHF 189 (11.7) 5.98 70 (5.1)
CV death 151 (9.3) 446 68 (4.9)
First and recurrent HHF 284 - 123
All-cause hospitalization 795 (49.2) 3345 474 (34.4)
All-cause mortality 281 (17.4) 8.30 140 (10.2)
Composite kidney endpoint? 75 (4.6) 2.82 33 (24)

Rate per n (%) Rate per n (%) Rate per
100 patient- 100 patient- 100 patient-
years years years
4.27 344 (21.7) 11.52 165 (11.8) 5.71
243 254 (16.0) 8.51 97 (6.9) 336
2.26 152 (9.6) 4.54 91 (6.5) 3.0
395 - 144 -
20.15 807 (51.0) 35.70 528 (37.7) 22.74
4.66 273 (17.2) 8.15 153 (10.9) 5.04
1.37 74 (4.7) 2.87 37 (2.6) 1.52

Data for randomized patients.

CKD, chronic kidney disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration equation; CV, cardiovascular; eGFR, estimated glomerular filtration rate

(ml/min/1.73 m?2 by CKD-EPI); HHF, hospitalization for heart failure.

2Composite exploratory endpoint included chronic dialysis or renal transplant or sustained reduction of >40% in eGFR or sustained eGFR <15 ml/min/1.73 m? (for patients

with baseline eGFR >30) or sustained eGFR <10 (for patients with baseline eGFR <30).

Primary and key secondary endpoints

Compared to patients without CKD, those with CKD had a higher
rate of the primary composite outcome, first and recurrent hos-
pitalizations for HF, composite kidney outcome, all-cause hospital-
izations, cardiovascular and all-cause death (Table 2).

Compared to placebo, empagliflozin reduced the primary out-
come of time-to-first cardiovascular death or hospitalization for
HF irrespective of CKD status (Figure 7 and online supplementary
Figure S7): HR 0.80 (95% CI 0.69—-0.94) in patients with CKD and
HR 0.75 (95% CIl 0.60—0.95) in patients without CKD (interac-
tion p =0.67). Empagliflozin reduced the key secondary endpoint
of total (first and recurrent) HF hospitalizations irrespective of
CKD status: HR 0.68 (95% CI 0.54—0.86) in patients with CKD
and HR 0.89 (95% CIl 0.66—1.21) in patients without CKD (inter-
action p =0.17) (Figure 7). Empagliflozin reduced the absolute dif-
ference in the slope of decline in eGFR irrespective of CKD: 1.43
(95% CI 1.01-1.85) mlI/min/1.73 m?/year in patients with CKD and
1.31 (95% Cl 0.88—1.74) ml/min/1.73 m?/year in patients with-
out CKD; (interaction p =0.70) (Table 3). Results were consis-
tent across eGFR and UACR categories (Table 3). The change of
eGFR over time for patients with and without CKD is shown
in Figure 2. An early eGFR decrease (‘dip’) was only observed in
the empagliflozin-treated arms. Following this ‘dip’, stabilization of
the eGFR trajectories was observed in the empagliflozin-treated
groups; in patients with CKD, eGFR was similar after week 76 in
empagliflozin versus placebo; in patients without CKD, the placebo
arm had a greater decline in eGFR until the end of the study
(Figure 2).

In a subset of 3170 patients (1573 with CKD and 1597 with-
out CKD) that had CKD categorization and measurements of
eGFR at baseline and 30 days after discontinuation of treatment,
empagliflozin reduced the decline in eGFR from baseline to 30 days
after drug discontinuation by 2.4 (95% Cl 1.3—3.5) ml/min/1.73 m?

in patients with CKD and by 2.4 (95% Cl 1.2—3.5) ml/min/1.73 m?
in patients without CKD (interaction p =0.97) (Table 4).

Event rates by eGFR categories across outcomes are presented
in Figure 3. The effect of empagliflozin on the primary composite
outcome and the key secondary outcomes across the five eGFR
categories, is shown in Figure 3. Overall, baseline kidney function
did not influence the impact of empaglifiozin on the primary
endpoint, total hospitalizations for HF, or other outcomes (all trend
p-values >0.05; Figure 3).

Additional kidney outcomes

The pre-specified composite kidney outcome (of a greater than
40% sustained decline in eGFR, chronic dialysis or kidney transplant
or sustained eGFR <15 ml/min/1.73 m? [for patients with baseline
eGFR >30] or sustained eGFR <10 [for patients with baseline
eGFR <30]) was not reduced in patients with and without CKD:
HR 0.97 (95% Cl 0.71-1.34) in patients with CKD and HR 0.92
(95% Cl 0.58—1.48) in patients without CKD (interaction p = 0.86)
(Figure 4). The results were consistent across eGFR categories
(Figure 5) and across alternative definitions of kidney outcomes
(online supplementary Figure S2).

Investigator-reported acute kidney injury was less frequent
in the empagliflozin group (HR 0.73, 95% CI 0.56-0.95;
p=0.0193), both in patients with CKD and without CKD:
HR 0.76 (95% Cl 0.56—1.02) with CKD and HR 0.66 (95%
Cl 0.38-1.15) without CKD (interaction p=0.67). Further-
more, empagliflozin reduced progression to macroalbuminuria
(HR 0.82, 95% Cl 0.68-0.98], p=0.0264) in patients who
at baseline were normo/microalbuminuric: HR 0.80 (95% ClI
0.63—1.01) with CKD and HR 0.84 (95% CI 0.64—1.10) without
CKD (interaction p=0.77) (Figure 4 and online supplementary
Figure S3).

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Empagliflozin 10 mg Placebo
n with event/  Rate per 100 n with event/  Rate per 100 P value for
N analyzed (%) patient-years N analyzed (%) patient-years Hazard ratio (95% Cl) interaction
Primary endpoint
All patients 415/2997 (13.8) 6.9 511/2991 (17.1) 8.7 0.79 (0.69, 0.90) —— 0.6682
No prevalent CKD 123/1378 (8.9) 4.3 165/1400 (11.8) 57 0.75 (0.60, 0.95) —_—
Prevalent CKD* 292/1615 (18.1) 9.2 344/1583 (21.7) 11.5 0.80 (0.69, 0.94) —_—
First HHF
All patients 259/2997 (8.6) 4.3 352/2991 (11.8) 6.0 0.71(0.60, 0.83) — 0.7879
No prevalent CKD 70/1378 (5.1) 24 97/1400 (6.9) 34 0.73 (0.54, 1.00) +——a——rl
Prevalent CKD* 189/1615 (11.7) 6.0 254/1583 (16.0) 8.5 0.70 (0.58, 0.84) —
CV death
All patients 219/2997 (7.3) 34 244/2991 (8.2) 3.8 0.91(0.76, 1.09) —— 0.1667
No prevalent CKD 68/1378 (4.9) 23 91/1400 (6.5) 3.0 0.76 (0.55, 1.04) +———a—n
Prevalent CKD* 151/1615 (9.3) 45 152/1583 (9.6) 45 0.99 (0.79, 1.25)
First and recurrent HHF?
All patients 407 - 541 - 0.73 (0.61, 0.88) —— 0.1677
No prevalent CKD 123 - 144 - 0.89 (0.66, 1.21) ———t
Prevalent CKD* 284 - 395 - 0.68(0.54,0.86) +r—a——
All-cause hospitalization
All patients 1271/2997 (42.4) 26.9 1340/2991 (44.8) 29.2 0.92 (0.85, 0.99) - 0.6653
No prevalent CKD 474/1378 (34.4) 20.2 528/1400 (37.7) 227 0.90 (0.79, 1.02) —
Prevalent CKD* 795/1615 (49.2) 335 807/1583 (51.0) 35.7 0.93 (0.84, 1.03) ——
All-cause mortality
All patients 422/2997 (14.1) 6.6 427/2991 (14.3) 6.7 1.00 (0.87, 1.15) —a— 0.5118
No prevalent CKD 140/1378 (10.2) 47 153/1400 (10.9) 5.0 0.94 (0.74, 1.18) ol ]
Prevalent CKD* 281/1615 (17.4) 8.3 273/1583 (17.2) 8.2 1.03 (0.87, 1.21) —
0.50 1.00 2.00
- —_—

Favors empagliflozin Favors placebo

Figure 1 Primary and key secondary outcomes by chronic kidney disease (CKD) status at baseline. Data for randomized patients; hazard ratio
and 95% confidence interval (Cl) from Cox proportional-hazards model unless otherwise noted. CV, cardiovascular; HHF, hospitalization for
heart failure. *Prevalent CKD defined as estimated glomerular filtration rate (CKD Epidemiology Collaboration equation) <60 ml/min/1.73 m?
or urine albumin-to-creatinine ratio >300 mg/g. TEvaluated using a joint frailty model together with CV death.

Table 3 Estimated glomerular filtration rate slope analyses by chronic kidney disease status at baseline

Slope of change in eGFR, Empagliflozin Placebo Absolute p-value p-value for
ml/min/1.73 m? per year® (mean + SE) (mean + SE) difference interaction/
(95% ClI) trend*
All patients (n =5836)? -1.25+0.11 -2.62+0.11 1.36 (1.06—1.66) <0.001
By prevalent CKD status®
No prevalent CKD (n=2707) -1.87+£0.16 -3.19+0.15 1.31 (0.88-1.74) <0.0001 0.7045
Prevalent CKD (n=3120) -0.70+0.15 -2.13+0.15 1.43 (1.01-1.85) <0.0001
By eGFR (CKD-EPI) category, ml/min/1.73 m?
>90 (n=457) —2.84+0.38 -3.98+0.38 1.14 (0.09-2.19) 0.0327 0.4892
60 to <90 (n=2465) -1.82+0.16 -3.25+0.16 1.44 (0.98-1.89) <0.0001
45 to <60 (n=1529) -0.94+0.21 —2.50+0.21 1.56 (0.98-2.14) <0.0001
30 to <45 (n=1090) —0.00+0.26 -1.26 +£0.26 1.26 (0.54-1.97) 0.0006
<30 (n=295) —0.46 +0.55 —0.68+0.55 0.22 (—1.30 to 1.75) 0.7733
By UACR category, mg/g
<30 (normoalbuminuria) (n=3393) -0.97+0.14 -240+0.14 1.43 (1.05-1.81) <0.0001 0.9711
30-300 (microalbuminuria) (n=1810) -1.45+£0.20 -2.58+0.19 1.13 (0.59-1.67) <0.0001
>300 (macroalbuminuria (n=610) —-2.44+0.34 —4.28+0.36 1.84 (0.86-2.81) 0.0002

Cl, confidence interval; CKD, chronic kidney disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration equation; eGFR, estimated glomerular filtration rate;
UACR, urine albumin-to-creatinine ratio; SE, standard error.

2Data for the treated set of patients from random coefficient model; intercept and slope allowed to vary randomly between patients.

bPrevalent CKD defined as eGFR (CKD-EPI) <60 ml/min/1.73 m? or UACR >300 mg/g.

*Interaction test for prevalent CKD, trend test for eGFR and UACR subgroups.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 2 Estimated glomerular filtration rate change from baseline over time by chronic kidney disease (CKD) status at baseline. Data for
treated patients from a mixed model for repeated measures based on on-treatment data. CKD defined as estimated glomerular filtration rate
(CKD Epidemiology Collaboration equation) <60 ml/min/1.73 m? or urine albumin-to-creatinine ratio >300 mg/g.

Table 4 Change in estimated glomerular filtration rate (eGFR) from baseline to follow-up (30 days after treatment
discontinuation) by chronic kidney disease status and eGFR and urine albumin-to-creatinine ratio categories at

baseline

Total change in eGFR from baseline to Empagliflozin

Placebo
(mean + SE)

Absolute
difference
(95% ClI)

p-value for
interaction/
trend*

follow-up (30 days after treatment (mean + SE)
discontinuation)?, ml/min/1.73 m?
All patients (n=3176) -33+03
By prevalent CKD status®
No prevalent CKD (n=1597) —-57+04
Prevalent CKD (n=1573) -0.9+04

By eGFR (CKD-EPI) category, ml/min/1.73 m?
>90 (n=274) -78+10

60 to <90 (n=1432) —-54+04
45 to <60 (n=828) -1.0+06
30 to <45 (n=535) 02+07
<30 (n=107) 28+15
By UACR category, mg/g
<30 (normoalbuminuria) (n =1987) -27+04
30-300 (microalbuminuria) (n=913) -3.7+05
>300 (macroalbuminuria) (n=263) -5.6+1.0

-10.8+1.0
-79+04
—41+06
—-0.9+0.7
09+1.6

—-55+04
-53+05
-93+1.0

2.4 (1.6-32)

2.4 (1.2-3.5)
2.4 (13-3.5)

3.0 (0.3-5.7)
2.5 (13-3.6)
3.1 (1.6-47)
1.1 (0.8 to 3.0)
19 (240 62)

2.7 (18-37)
1.6 (0.1-3.0)
3.8 (1.1-6.5)

<0.0001

<0.0001
<0.0001

0.0282
<0.0001
<0.0001
0.2583
0.3856

<0.0001
0.0317
0.0065

0.9748

0.3295

0.7385

Cl, confidence interval; CKD, chronic kidney disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration equation; SE, standard error; UACR, urine

albumin-to-creatinine ratio.

2Data for patients with baseline data, on-treatment and data of approximately 30 days after treatment discontinuation, without open label sodium—glucose cotransporter

inhibitor use between treatment discontinuation and follow-up measurement.

bPrevalent CKD defined as eGFR (CKD-EPI) <60 ml/min/1.73 m? or UACR >300 mg/g.

*Interaction test for prevalent CKD, trend test for eGFR and UACR subgroups.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Insights from the EMPEROR-Preserved trial

Empagliflozin 10 mg Placebo
n with event/  Rate per 100 n with event/ Rate per 100 P value for

N analyzed (%) patient-years N analyzed (%) patient-years Hazard ratio (95% ClI) trend
Primary endpoint 0.9406
eGFR 290 22/231 (9.5) 46 28/237 (11.8) 57 0.83 (0.48, 1.46) —=r
eGFR 60-<90 130/1262 (10.3) 50 161/1268 (12.7) 6.2 0.80 (0.64, 1.01) il
eGFR 45-<60 112/792 (14.1) 7.0 143/773 (18.5) 95 0.73(0.57,0.93) ——
eGFR 30-<45 106/564 (18.8) 9.7 123/550 (22.4) 12.0 0.82 (0.64, 1.07) —
eGFR <30 45/148 (30.4) 174 55/161 (34.2) 213 0.81(0.55, 1.21) ==
First HHF 0.7464
eGFR 290 15/231 (6.5) 32 21/237 (8.9) 43 0.78 (0.40, 1.51) L —
eGFR 60-<90 77/1262 (6.1) 29 95/1268 (7.5) 37 0.81 (0.60, 1.09) —
eGFR 45-<60 61/792 (7.7) 38 94/773 (12.2) 6.2 0.61(0.44, 0.84) —a—
eGFR 30-<45 70/564 (12.4) 6.4 99/550 (18.0) 9.6 0.67 (0.49, 0.91) ——
eGFR <30 36/148 (24.3) 13.9 43/161 (26.7) 16.6 0.80 (0.51, 1.25) ——
CV death 0.4449
eGFR 290 10/231 (4.3) 20 10/237 (4.2) 19 1.03 (0.43,2.48)
eGFR 60-<90 71/1262 (5.6) 26 92/1268 (7.3) 34 0.78 (0.57, 1.06) —i—
eGFR 45-<60 67/792 (8.5) 40 721773 (9.3) 44 0.90 (0.64, 1.25) —aH—
eGFR 30-<45 54/564 (9.6) 46 43/550 (7.8) 37 1.30 (0.87, 1.94) ——
eGFR <30 17/148 (11.5) 57 26/161 (16.1) 85 0.72 (0.39, 1.32) e e —{
First and recurrent HHF* 0.4654
eGFR 290 19 - 31 - 0.79 (0.38, 1.64) —_—
eGFR 60-<90 131 - 147 - 0.90 (0.66, 1.22) —
eGFR 45-<60 94 - 157 - 0.56 (0.39, 0.81) ——
eGFR 30-<45 112 - 134 - 0.82 (0.56, 1.21) ——
eGFR <30 51 - 72 - 063(0.33,123) Fr—a—ryu —
All-cause hospitalization 0.7976
eGFR 290 77/231 (33.3) 19.7 82/237 (34.6) 20.2 1.00 (0.73, 1.36) —e—
eGFR 60-<90 446/1262 (35.3) 20.8 502/1268 (39.6) 243 0.87 (0.76, 0.98) HIH
eGFR 45-<60 368/792 (46.5) 30.1 348/773 (45.0) 29.2 1.01 (0.87, 1.17) i
eGFR 30-<45 289/564 (51.2) 36.4 311/550 (56.5) 427 0.87 (0.74, 1.02) i
eGFR <30 91/148 (61.5) 498 96/161 (59.6) 49.0 0.98 (0.74, 1.31) —
All-cause mortality 0.7052
eGFR 290 22/231 (9.5) 44 22/237 (9.3) 42 1.04 (0.58, 1.88) —_—
eGFR 60-<90 139/1262 (11.0) 5.1 150/1268 (11.8) 55 0.94 (0.75, 1.18) i
eGFR 45-<60 127/792 (16.0) 76 109/773 (14.1) 6.6 1.11(0.86, 1.43) —Hl—
eGFR 30-<45 97/564 (17.2) 82 89/550 (16.2) 76 1.16 (0.87, 1.54) ——
eGFR <30 37/148 (25.0) 124 56/161 (34.8) 18.2 0.70 (0.46, 1.07) P

0.25 0.50 1.00 2.00 4.00
B e

Favors empagliflozin Favors placebo

Figure 3 Primary and key secondary outcomes by estimated glomerular filtration rate (eGFR) categories. Data for randomized patients;
hazard ratio and 95% confidence interval (Cl) from Cox proportional-hazards model unless otherwise noted. CV, cardiovascular; HHF,
hospitalization for heart failure. *Evaluated using a joint frailty model together with CV death.

Adverse events by chronic kidney disease
status at baseline

Compared to those without CKD, patients with CKD were more
likely to have adverse events including symptomatic hypotension
(8.1% vs. 4.8%), hyperkalaemia (9.1% vs. 4.1%), volume depletion
(14.4% vs. 9.0%), and urinary tract infection (11.0% vs. 8.6%) (%
with event in CKD vs. without CKD within empagliflozin group;
Table 5). However, empagliflozin appeared to be well-tolerated
and frequencies of adverse events were similar between those
randomized to empagliflozin versus placebo regardless of CKD
status (Table 5).

Discussion

This pre-specified study of the EMPEROR-Preserved trial evalu-
ated the effect of empagliflozin versus placebo in HF patients with
prevalent CKD at baseline on the primary outcome, key secondary
outcomes, and kidney outcomes. Our study has the following key

findings: (i) empagliflozin reduced the risk of the primary composite
outcome of cardiovascular death or hospitalization for HF, the key
secondary outcome of total hospitalizations for HF, and of eGFR
slope, in patients with and without CKD; (ii) the benefit across
the primary and key secondary outcomes was consistent across
the spectrum of eGFR; (iii) empagliflozin reduced the reporting of
acute kidney injury and slowed progression to macroalbuminuria
overall and across CKD and eGFR categories; and (iv) empagliflozin
was well-tolerated in patients with and without CKD.

Overall, among patients with T2D, HF across the range of ejec-
tion fraction, CKD, and acute HF, SGLT2i have demonstrated
broad clinical benefit."14?2-2° These findings also extended to sub-
groups of those with CKD among patients with T2D? or in HF
with reduced ejection fraction.?%?” A pooled meta-analysis of the
DAPA-HF (Dapagliflozin and Adverse Events in Chronic Heart Fail-
ure and a Reduced Ejection Fraction) and EMPEROR-Reduced trial
have demonstrated efficacy of the empagliflozin dapagliflozin and
empagliflozin to reduce the risk of the composite of cardiovascular
death or first hospitalization for HF in patients with eGFR

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Empagliflozin 10 mg Placebo
n with event/  Rate per 100 n with event/ Rate per 100 P value for
N analyzed (%) patient-years N analyzed (%) patient-years Hazard ratio (95% CI) interaction
Composite kidney outcome
All patients 108/2997 (3.6) 21 112/2991 (3.7) 22 0.95 (0.73, 1.24)
No prevalent CKD 33/1378 (2.4) 1.37 37/1400 (2.6) 1.52 0.92 (0.58, 1.48) 0.8572
Prevalent CKD 75/1615 (4.6) 2.82 74/1583 (4.7) 2.87 0.97 (0.71, 1.34)
Acute kidney injury?
All patients 97/2997 (3.2) 1.6 131/2991 (4.4) 2.1 0.73 (0.56, 0.95)* —il—
No prevalent CKD 21/1378 (1.5) 0.71 32/1400 (2.3) 1.08 0.66 (0.38, 1.15) =il 0.6726
Prevalent CKD 76/1615 (4.7) 2.32 98/1583 (6.2) 3.07 0.76 (0.56, 1.02) ——
Progression to macroalbuminuria*
All patients 220/2666 (8.3) 54 267/2668 (10.0) 6.3 0.82 (0.68, 0.98)% il
No prevalent CKD 99/1378 (7.2) 4.28 118/1400 (8.4) 5.14 0.84 (0.64, 1.10) —— 0.7736
Prevalent CKD 121/1288 (9.4) 6.00 148/1267 (11.7) 7.63 0.80 (0.63, 1.01) ——
0.25 0.50 1.00 2.00
— —_—

Favors empagliflozin Favors placebo

Figure 4 Kidney outcomes by chronic kidney disease (CKD) status at baseline. Data for randomized patients; hazard ratio and 95%
confidence interval (Cl) from Cox proportional-hazards model. Prevalent CKD defined as estimated glomerular filtration rate (eGFR) (CKD
Epidemiology Collaboration equation) <60 ml/min/1.73 m? or urine albumin-to-creatinine ratio >300 mg/g. The composite kidney outcome
was an exploratory endpoint that included chronic dialysis or kidney transplant or sustained reduction of >40% in eGFR or sustained eGFR
<15 ml/min/1.73 m? (for patients with baseline eGFR >30) or sustained eGFR <10 (for patients with baseline eGFR <30). *p =0.0193. fAcute
kidney injury based on Medical Dictionary for Regulatory Activities (MedDRA) preferred term based on investigator-reported adverse events.
Urine albumin-to-creatinine ratio (UACR) >300 mg/g in patients with baseline UACR <300 mg/g. §p = 0.0264.

Empagliflozin 10 mg Placebo
n with event/  Rate per 100 n with event/  Rate per 100 P value for
N analyzed (%) patient-years N analyzed (%) patient-years Hazard ratio (95% ClI) trend

Composite kidney outcome 0.9869
All patients 108/2997 (3.6) 2.1 112/2991 (3.7) 2:2 0.95 (0.73, 1.24)

eGFR 290 5/231 (2.2) 1.2 8/237 (3.4) 2.0 NC

eGFR 60-<90 36/1262 (2.9) 1.6 37/1268 (2.9) 1.7 0.98 (0.62, 1.55)

eGFR 45-<60 271792 (3.4) 2.0 29/773 (3.8) 2.3 0.94 (0.55, 1.58) —a—

eGFR 30-<45 271564 (4.8) 3.0 20/550 (3.6) 22 1.32(0.74, 2.36) —T

eGFR <30 13/148 (8.8) 5.9 18/161 (11.2) 8.1 0.62 (0.30, 1.27) +———71—
Acute kidney injury* 0.3692
All patients 97/2997 (3.2) 1.6 131/2991 (4.4) 21 0.73 (0.56, 0.95)" —l—

eGFR 290 5/231 (2.2) 1.0 6/237 (2.5) 1.2 NC

eGFR 60-<90 20/1262 (1.6) 0.7 32/1268 (2.5) 1.2 0.61 (0.35, 1.07) —a—

eGFR 45-<60 23/792 (2.9) 14 34/773 (4.4) 241 0.63 (0.37, 1.06) —a—

eGFR 30-<45 32/564 (5.7) 2.8 40/550 (7.3) 3.6 0.83 (0.52, 1.32) ——

eGFR <30 17/148 (11.5) 6.0 19/161 (11.8) 6.7 0.92 (0.48, 1.78) —_—
Progression to macroalbuminuria*
All patients with 0.6188
normo/microalbuminuria  220/2666 (8.3) 5.1 267/2668 (10.0) 6.3 0.82 (0.68, 0.98)% il

eGFR 290 20/213 (9.4) 5.8 23/218 (10.6) 6.7 0.90 (0.50, 1.65) ——

eGFR 60-<90 79/1165 (6.8) 4.0 95/1182 (8.0) 4.9 0.82 (0.61, 1.11) ——

eGFR 45-<60 54/715 (7.6) 4.6 77/689 (11.2) T 0.66 (0.46, 0.93) ——

eGFR 30-<45 49/477 (10.3) 6.7 55/475 (11.6) 75 0.93 (0.63, 1.36) —a—

eGFR <30 18/96 (18.8) 14.4 16/103 (15.5) 12.3 1.07 (0.55, 2.11) L —

0.25 0.50 1.00 2.00 4.00
-— —

Favors empagliflozin Favors placebo

Figure 5 Kidney outcomes by estimated glomerular filtration rate (eGFR) categories. Data for randomized patients; hazard ratio and 95%
confidence interval (Cl) from Cox proportional-hazards model. The composite kidney outcome was an exploratory endpoint that included
chronic dialysis or kidney transplant or sustained reduction of >40% in eGFR or sustained eGFR (Chronic Kidney Disease Epidemiology
Collaboration equation) <15 ml/min/1.73 m? (for patients with baseline eGFR >30) or sustained eGFR <10 (for patients with baseline eGFR
<30). NC: not calculated due to <14 patients with event in a subgroup category. *Acute kidney injury based on Medical Dictionary for
Regulatory Activities (MedDRA) preferred term based on investigator-reported adverse events. 'p =0.0193. ¥Urine albumin-to-creatinine
ratio (UACR) >300 mg/g in patients with baseline UACR <300 mg/g. §p =0.0264.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Insights from the EMPEROR-Preserved trial

Table 5 Adverse events by chronic kidney disease status at baseline

Empagliflozin

Rate per 100
patient-years

Rate per 100
patient-years

Any AE
No prevalent CKD
Prevalent CKD
Serious AE
No prevalent CKD
Prevalent CKD

1135/1378 (82.4)
1436/1614 (89.0)

555/1378 (40.3)
879/1614 (54.5)

AE leading to discontinuation of trial drug

No prevalent CKD

Prevalent CKD
Symptomatic hypotension

No prevalent CKD

Prevalent CKD
Hyperkalaemia

No prevalent CKD

Prevalent CKD
Volume depletion

No prevalent CKD

Prevalent CKD
Urinary tract infection

No prevalent CKD

Prevalent CKD
Confirmed hypoglycaemia

No prevalent CKD

Prevalent CKD
Genital infection

No prevalent CKD

Prevalent CKD
Bone fracture

No prevalent CKD

Prevalent CKD

a

210/1378 (15.2)
359/1614 (22.2)

66/1378 (4.9)
131/1614 (8.1)

56/1378 (4.1)
130/1614 (8.1)

124/1378 (9.0)
232/1614 (14.4)

118/1378 (8.6)
178/1614 (11.0)

16/1378 (1.2)
57/1614 (3.5)

34/1378 (2.5)
33/1614 (2.0)

56/1378 (4.1)
78/1614 (4.8)

113.17 1167/1400 (83.4) 125.03
160.47 1411/1581 (89.2) 175.78
26.54 612/1400 (43.7) 29.87
42.09 928/1581 (58.7) 49.52
7.86 196/1400 (14.0) 7.24
12.24 353/1581 (22.3) 12.32
2.54 66/1400 (4.7) 2.50
4.64 90/1581 (5.7) 3.21
2.14 56/1400 (4.0) 2.1
4.61 164/1581 (10.4) 6.08
4.92 113/1400 (8.1) 4.36
8.52 172/1581 (10.9) 6.35
4.62 87/1400 (6.2) 3.31
6.40 154/1581 (9.7) 5.64
0.60 26/1400 (1.9) 0.97
1.97 52/1581 (3.3) 1.84
1.28 11/1400 (0.8) 0.41
1.13 11/1581 (0.7) 0.38
2.13 46/1400 (3.3) 1.72
2.71 79/1581 (5.0) 2.82

Data are AEs in the treated set of patients classified using MedDRA version 23.0. Prevalent CKD defined as eGFR (CKD-EPI) <60 ml/min/1.73 m? or UACR >300 mg/g.

AE, adverse event; CKD, chronic kidney disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration equation; eGFR, estimated glomerular filtration rate; MedDRA,

Medical Dictionary for Regulatory Activities; UACR, urine albumin-to-creatinine ratio.
2Plasma glucose <70 mg/dl or requiring assistance.

<60 ml/min/1.73 m? (HR 0.77, 95% Cl 0.86—0.88) and those with
eGFR >60 ml/min/1.73 m? (HR 0.72, 95% CI 0.62—0.82).22 How-
ever, a detailed analysis of the benefit of empagliflozin across CKD
populations in patients with HF and preserved ejection fraction,
including evaluation of eGFR slopes, has not been conducted.
The present findings further expand on the existing literature by
demonstrating that among patients with HF with LVEF >40%, in
those with and without CKD, empagliflozin reduces the risk of car-
diovascular death or hospitalization for HF and reduces the decline
in eGFR slopes.

Real-world registries clearly indicate an increase in the risk
of cardiovascular outcomes in patients with HF and preserved
ejection fraction associated with worse baseline eGFR.'®'” Until
recently, there were limited therapeutic options for patients with
HF and preserved ejection fraction with reduced eGFR. The
EMPEROR-Preserved trial recruited patients with eGFR as low as

20 ml/min/1.73 m? aligning with the EMPEROR-Reduced trial eGFR
exclusion criteria."’ The DAPA-HF trial excluded patients with
eGFR <30 ml/min/1.73 m? while the DELIVER trial (Dapagliflozin
Evaluation to Improve the Lives of Patients With Preserved
Ejection Fraction Heart Failure) excluded patients with eGFR
<25 ml/min/1.73 m?. The EMPEROR-Preserved trial had a similar
proportion of patients with eGFR <60 ml/min/1.73 m? (50%) when
compared to EMPEROR-Reduced (48%),2° DAPA-HF (41%),2¢ and
DELIVER (49.9%).2” The present results highlight the efficacy of
empagliflozin in reducing the risk of the primary and key sec-
ondary outcomes across the spectrum of eGFR categories, even
in those with baseline eGFR ranging from 20 to 30 ml/min/1.73 m2.
Given the large proportion of patients with reduced eGFR in those
with HF and preserved ejection fraction, our results support a
treatment strategy with empagliflozin in patients who would have
limited therapeutic options.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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The kidney-protective effects of SGLT2i have previously been
shown in patients with T2D and CKD in the CREDENCE trial’ and
in patients irrespective of diabetic status in the DAPA-CKD'® and
EMPA-KIDNEY? trials. The EMPEROR-Preserved trial demon-
strated that empagliflozin significantly reduced the rate of decline
in eGFR — a pre-specified outcome that was explored within the
hierarchical testing model for the trial — and slowed the progres-
sion to macroalbuminuria. Such results align with the data from
previously published randomized trials of SGLT2i in patients with
T2D? and HF2%% However, empagliflozin did not reduce the risk
of major renal outcomes in those with or without CKD, consis-
tent with the findings from the overall trial. This is in contrast to
the effect in EMPEROR-Reduced, whereby empagliflozin reduced
the risk of major renal outcomes (which was defined in the same
way in EMPEROR-Preserved) in patients with and without CKD
(HR 0.53, 95% CI 0.31-0.91 with CKD and HR 0.46, 95% ClI
0.22-0.99 without CKD).2° There was a greater eGFR decline
in participants without baseline CKD (Figure 2, Table 3), a finding
noted also within the EMPEROR-Reduced trial. With lower base-
line values for eGFR in patients with prevalent CKD, the magnitude
of benefit on eGFR slope with empagliflozin was proportionally
similar in patients with and without CKD. In EMPEROR-Preserved,
there was no significant difference in the effect of empagliflozin
versus placebo on the eGFR slope by prevalent baseline CKD.
Whilst in both treatment arms, participants with higher baseline
eGFR have larger absolute decline, loss in eGFR is likely to be
more clinically meaningful in patients with CKD in whom even
smaller decline in eGFR indicates more earlier progression towards
ESKD. Overall, the incidence of renal events was relatively small and
lower in EMPEROR-Preserved than EMPEROR-Reduced in patients
with CKD (2.87 vs. 3.77 per 100 patient-years, respectively) and
without CKD (1.52 vs. 2.27 per 100 patient-years, respectively).
The manuscript evaluating data from EMPROR-Reduced identified
a (nominally) significant treatment effect when evaluating base-
line eGFR interaction for the effect of empagliflozin on eGFR
slope. This was identified whether the analysis categorized patients
by CKD or by five eGFR subgroups. However, these analyses
are model-dependent and are based on absolute differences. Our
analysis did not indicate a significant interaction of the treat-
ment effect with baseline eGFR. The differences between the
two trials may have arisen due to differences in trial inclusion
criteria, duration of follow-up, comorbidity burden which may
influence risk of progression of CKD, or chance (due to multiple
hypothesis testing). Longer follow-up may have uncovered whether
slowing both, the eGFR decline and progression to macroalbumin-
uria, would have translated into a difference in renal outcomes
over time.

The proposed mechanisms of action of SGLT2i on glomeru-
lar function remain unclear. Potentially, the initial drop in eGFR
with initiation of SGLT2i is related to the haemodynamic effect
of diminishment of proximal nephron sodium reabsorption result-
ing in a restoration of tubuloglomerular feedback and a decrease
in intraglomerular hydrostatic pressures.”’¥® However, animal
models evaluating gene knock out of SGLT2 suggests that the
haemodynamic effect may not be related to longer term renal pro-
tection.3"32 Emerging evidence suggests that a critical determinant

of injury in the diabetic kidney is through oxidative and endoplas-
mic reticulum stress; such stress impacts glomerular podocytes and
renal tubules by dysregulating autophagy processes which increases
susceptibility to injury.3>34 SGLT2i may be able to reduce oxidative
stress by inducing a state of nutrient and oxygen deprivation by
increasing sirtuin-1 (SIRT 1), AMP-activated protein kinase (AMPK),
and hypoxia-inducible factors (HIF-1a and HIF-2a) which can exert
renoprotective effects through the promotion of autophagic flux
in addition to direct effects on sodium transport and inflamma-
some activation.}*=3 The impact of SGLT2i on albuminuria has
been extensively described and may be related to a variety of
mechanisms.3”3¥ Animal models suggest that SGLT2i may reduce
albuminuria through direct effects on the kidney; for instance, in
diabetic mice, SGLT2i reduced albuminuria by ameliorating intra-
glomerular hypertension in addition to tubulointerstitial fibrosis,
which are the major contributors to chronic kidney damage.3*~*'
Whether such mechanisms are dominant among patients with HF
and preserved ejection fraction warrants further exploration. The
results of the DELIVER trial will provide further insights into the
intersection of kidney outcomes with SGLT2i in HF with preserved
ejection fraction populations.

Overall, the likelihood of serious adverse events was numer-
ically lower in the EMPEROR-Preserved trial compared to the
EMPEROR-Reduced trial as reflected by the placebo event rate
of serious adverse events in patients with and without CKD
(49.5 vs. 61.2 per 100 patient-years with CKD and 29.9 vs.
48.6 per 100 patient-years without CKD). Consistent with the
result of the EMPEROR-Reduced trial, patients with CKD in
EMPEROR-Preserved had a greater likelihood of adverse events
compared to those without CKD. This likely represents a frail
physiologic phenotype that increases the risk of adverse outcomes
even among placebo-treated patients with CKD compared to those
without CKD. Of note, in totality serious adverse events were
lower in the empagliflozin-treated groups in both patients with and
without CKD; furthermore, adverse events leading to drug dis-
continuation were balanced between treatment groups in those
with and without CKD. And acute kidney injury was reported less
frequently in the empagliflozin group, regardless of baseline CKD
status. These results highlight the overall safety and tolerability of
empagliflozin across the spectrum of HE

Limitations

Several limitations of this analysis warrant noting. While this was a
pre-specified analysis, the EMPEROR-Preserved trial was not pow-
ered to assess the effect of empagliflozin in subgroups such as
CKD. In addition, the trial was not sufficiently powered to evalu-
ate adverse renal outcomes across subgroups of patients with and
without CKD, nor primary and key secondary outcomes in further
CKD subgroups such as the five categories of eGFR. The definition
of acute kidney injury was based on Medical Dictionary for Regula-
tory Activities (MedRA) coded reporting of investigator-reported
adverse events and therefore may have some heterogeneity in
reporting across trial sites. Our results must be kept within context
that our statistical analysis plan had pre-specified that the slope of
eGFR decline was analysed based on on-treatment data whereby

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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baseline and other off-treatment data were not included in the
model.

Conclusion

In the EMPEROR-Preserved trial, empagliflozin reduced the key
efficacy outcomes of time-to-first cardiovascular death or hospi-
talization HF, total (first and recurrent) HF hospitalizations, and
slowed the rate of eGFR decline and the progression to macroal-
buminuria, in patients with and without CKD. These results were
consistent across a broad kidney function spectrum. These ben-
efits on clinical outcomes in addition to the well-tolerated and
consistent safety profile provide further evidence for the benefit
of empagliflozin in patients with HF and preserved ejection frac-
tion independent of CKD. These results are consistent across the
broad spectrum of eGFR including those with severe kidney func-
tion impairment down to an eGFR of 20 ml/min/1.73 m2. Further
studies are needed to explore the potential reasons why limited
benefit was observed with regard to the risk of renal outcomes in
patients with or without CKD.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Acknowledgements

Graphical assistance was provided by 7.4 Limited and techni-
cal/submission assistance was provided by Elevate Scientific Solu-
tions, both supported financially by Boehringer Ingelheim. E. Pfarr
(an employee of Boehringer Ingelheim) did the statistical analysis.
Drs Sharma, Ferreira, and Zannad (not employees of the sponsor)
drafted the first version of the manuscript and subsequent revi-
sions. All other authors read and edited the manuscript. All the
authors approved the final version and the decision to submit the
manuscript.

Funding

The EMPEROR-Preserved trial was funded by Boehringer Ingelheim and Eli
Lilly and Company Diabetes Alliance.

Conflict of interest: AS. reports receiving research and/or personal
support from Roche Diagnostics, Boehringer Ingelheim, Novartis, Janssen,
AstraZeneca, Novo Nordisk, Servier, Boston Scientific, and Takeda. ).PF.
reports personal fees from Boehringer Ingelheim, during the conduct of
the study; personal fees from Boehringer Ingelheim, outside the submitted
work. FZ. reports personal fees from Boehringer Ingelheim, during the con-
duct of the study; personal fees from Janssen, Novartis, Boston Scientific,
Amgen, CVRx, AstraZeneca, Vifor Fresenius, Cardior, Cereno Pharmaceu-
tical, Applied Therapeutics, Merck, Bayer and, Cellprothera, other from
CVCT, and Cardiorenal, outside the submitted work. S.J.P. reports con-
sulting fees and payment or honoraria for lectures, presentations, speak-
ers’ bureaus, manuscript writing or educational events from Boehringer
Ingelheim. G.F. reports personal fees from Boehringer Ingelheim, during
the conduct of the study; personal fees from Medtronic, Vifor, Servier,
Novartis, Bayer;, Amgen and Boehringer Ingelheim, outside the submitted

work. E.P. and M.P. are employees of Boehringer Ingelheim International.
B.J.K. is an employee of Boehringer Ingelheim International and the Uni-
versity Hospital of Wiirzburg, Germany. C.W. reports personal fees from
Boehringer Ingelheim during the conduct of the study; personal fees from
Akebia, AstraZeneca, Bayer, Eli Lilly and Company, GSK, Gilead, MSD,
Mundipharma, Sanofi-Genzyme, and Vifor Fresenius. M.P. reports personal
fees from Boehringer Ingelheim, during the conduct of the study; personal
fees from Abbvie, Actavis, Amgen, Amarin, AstraZeneca, Boehringer Ingel-
heim, Bristol Myers Squibb, CSL Behring, Cytokinetics, Johnson & Johnson,
Eli Lily & Company, Moderna, Novartis, ParatusRx, Pfizer, Relypsa, Salaman-
dra, Synthetic Biologics, Theravance, and Casana, outside the submitted
work. ].B. reports personal fees from Boehringer Ingelheim, during the
conduct of the study; personal fees from Boehringer Ingelheim, Cardior,
CVRx, Foundry, G3 Pharma, Imbria, Impulse Dynamics, Innolife, Janssen,
LivaNova, Luitpold, Medtronic, Merck, Novartis, NovoNordisk, Relypsa,
Roche, Sanofi, Sequana Medical, V-Wave and Vifor, outside the submitted
work. S.D.A. reports grants and personal fees from Vifor Int. and Abbott
Vascular, and personal fees from AstraZeneca, Bayer, Brahms, Boehringer
Ingelheim, Cardiac Dimensions, Novartis, Occlutech, Servier, and Vifor Int.,
and personal fees from Boehringer Ingelheim during the conduct of the
study.

References

1. Sharma A, Butler J, Zieroth S, Giannetti N, Verma S. Treatment of heart
failure with sodium glucose co-transporter-2 inhibitors in people with type 2
diabetes mellitus: current evidence and future directions. Diabet Med. 2019;36:
1550-61.

2. Neuen BL, Young T, Heerspink HJL, Neal B, Perkovic V, Billot L, et al. SGLT2
inhibitors for the prevention of kidney failure in patients with type 2 dia-
betes: a systematic review and meta-analysis. Lancet Diabetes Endocrinol. 2019;7:
845-54.

3. Wanner C, Inzucchi SE, Lachin JM, Fitchett D, von Eynatten M, Mattheus M, et al.;
EMPA-REG OUTCOME Investigators. Empagliflozin and progression of kidney
disease in type 2 diabetes. N Engl | Med. 2016;375:323-34.

4. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al.; EMPA-REG
OUTCOME Investigators. Empagliflozin, cardiovascular outcomes, and mortality
in type 2 diabetes. N Engl | Med. 2015;373:2117-28.

5. Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, et al;
CANVAS Program Collaborative Group. Canagliflozin and cardiovascular and
renal events in type 2 diabetes. N Engl | Med. 2017;377:644-57.

6. Wiviott SD, Raz |, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al;
DECLARE-TIMI 58 Investigators. Dapagliflozin and cardiovascular outcomes in
type 2 diabetes. N Engl | Med. 2018;380:347-57.

7. Cannon CP, Pratley R, Dagogo-Jack S, Mancuso J, Huyck S, Masiukiewicz U, et al.;
VERTIS CV Investigators. Cardiovascular outcomes with ertugliflozin in type 2
diabetes. N Engl | Med. 2020;383:1425-35.

8. Sharma A, Pagidipati NJ, Califf RM, McGuire DK, Green |B, Demets D,
et al. Impact of regulatory guidance on evaluating cardiovascular risk of new
glucose-lowering therapies to treat type 2 diabetes mellitus: lessons learned and
future directions. Circulation. 2020;141:843-62.

9. Perkovic V, Jardine M), Neal B, Bompoint S, Heerspink HJL, Charytan DM,
et al.; CREDENCE Trial Investigators. Canagliflozin and renal outcomes in type 2
diabetes and nephropathy. N Engl | Med. 2019;380:2295—-306.

10. Heerspink HJL, Stefinsson B, Correa-Rotter R, Chertow GM, Greene T, Hou FF,
et al.; DAPA-CKD Trial Committees and Investigators. Dapagliflozin in patients
with chronic kidney disease. N Engl | Med. 2020;383:1436—46.

11. Packer M, Anker SD, Butler ], Filippatos G, Pocock SJ, Carson P, et al;
EMPEROR-Reduced Trial Investigators. Cardiovascular and renal outcomes with
empagliflozin in heart failure. N Engl | Med. 2020;383:1413-24.

12. McMurray ]}V, Solomon SD, Inzucchi SE, Kgber L, Kosiborod MN, Martinez FA,
et al; DAPA-HF Trial Committees and Investigators. Dapagliflozin in patients
with heart failure and reduced ejection fraction. N Engl | Med. 2019;381:
1995-2008.

13. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun J], Colvin MM, et al. 2022
AHA/ACC/HFSA Guideline for the management of heart failure: a report of the
American College of Cardiology/American Heart Association Joint Committee
on Clinical Practice Guidelines. Circulation. 2022;145:e876—-94.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

95U8017 SUOLIWOD SAES1D) 3l |dde ay) Ag paueAoB a8 S991Le O ‘8SN JO'S3INJ U0} Akelq 1 8UIUO AS|IA UO (SUONIPUOD-PUE-SULLIB) 0D AB 1M A1 1)BUIUO//:SANY) SUONIPUOD pUe SWe | 84} S *[£202/20/T0] Uo Aiqiaulluo AS1IM ‘891 Aq 2582 1U/200T 0T/I0p/W0d A3 1M Aelq 1 |Bul|uo//:Sdxy Wiy pepeojumod ‘0 ‘7806.8T



12

A. Sharma et al.

14.

20.

21.

22.

23.

24.

25.

26.

27.

Anker SD, Butler ], Filippatos G, Ferreira JP, Bocchi E, Bohm M, et al;
EMPEROR-Preserved Trial Investigators. Empagliflozin in heart failure with a pre-
served ejection fraction. N Engl | Med. 2021;385:1451-61.

. Sharma A, Zhao X, Hammill BG, Hernandez AF, Fonarow GC, Felker GM, et al.

Trends in noncardiovascular comorbidities among patients hospitalized for heart
failure: insights from the Get With The Guidelines-Heart Failure Registry. Circ
Heart Fail. 2018;11:e004646.

. Smith DH, Thorp ML, Gurwitz JH, McManus DD, Goldberg R|, Allen LA, et al.

Chronic kidney disease and outcomes in heart failure with preserved versus
reduced ejection fraction: the Cardiovascular Research Network PRESERVE
Study. Circ Cardiovasc Qual Outcomes. 2013;6:333—-42.

. Patel RB, Fonarow GC, Greene §), Zhang S, Alhanti B, DeVore AD, et al. Kidney

function and outcomes in patients hospitalized with heart failure. | Am Coll Cardiol.
2021;78:330-43.

. Angelini G, Albanese M, Ursi R, Lisi F, Bellino MC, Amato L, et al. Eligibility

of outpatients with chronic heart failure for sodium-glucose co-transporter-2
inhibitors. ESC Heart Fail. 2021;8:2951-8.

. Sharma A, Wu ], Ezekowitz JA, Felker GM, Udell JA, Heidenreich PA, et al.

Eligibility of sodium-glucose co-transporter-2 inhibitors among patients
with diabetes mellitus admitted for heart failure. ESC Heart Fail. 2020;7:
274-8.

Zannad F, Ferreira JP, Pocock §J, Zeller C, Anker SD, Butler ], et al. Car-
diac and kidney benefits of empagliflozin in heart failure across the spectrum
of kidney function: insights from EMPEROR-Reduced. Circulation. 2021;143:
310-21.

Anker SD, Butler |, Filippatos GS, Jamal W, Salsali A, Schnee ], et al;
EMPEROR-Preserved Trial Committees and Investigators. Evaluation of the
effects of sodium-glucose co-transporter 2 inhibition with empagliflozin on mor-
bidity and mortality in patients with chronic heart failure and a preserved ejection
fraction: rationale for and design of the EMPEROR-Preserved trial. Eur | Heart Fail.
2019;21:1279-87.

Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Bonaca MP, et al. SGLT2
inhibitors for primary and secondary prevention of cardiovascular and renal out-
comes in type 2 diabetes: a systematic review and meta-analysis of cardiovascular
outcome trials. Lancet. 2019;393:31-9.

Zannad F, Ferreira JP, Pocock S), Anker SD, Butler J, Filippatos G, et al.
SGLT2 inhibitors in patients with heart failure with reduced ejection frac-
tion: a meta-analysis of the EMPEROR-Reduced and DAPA-HF trials. Lancet.
2020;396:819-29.

Voors AA, Angermann CE, Teerlink JR, Collins SP, Kosiborod M, Biegus ), et al.
The SGLT2 inhibitor empagliflozin in patients hospitalized for acute heart failure:
a multinational randomized trial. Nat Med. 2022;28:568—74.

Solomon SD, Vaduganathan M, Claggett BL, de Boer RA, DeMets D, Hernandez
AF, et al. Baseline characteristics of patients with HF with mildly reduced and
preserved ejection fraction: DELIVER trial. JACC Heart Fail. 2022;10:184—-97.
Kaze AD, Zhuo M, Kim SC, Patorno E, Paik JM. Association of SGLT?2 inhibitors
with cardiovascular, kidney, and safety outcomes among patients with diabetic
kidney disease: a meta-analysis. Cardiovasc Diabetol. 2022;21:47.

Jhund PS, Solomon SD, Docherty KF, Heerspink HJL, Anand IS, Bohm M,
et al. Efficacy of dapagliflozin on renal function and outcomes in patients with
heart failure with reduced ejection fraction: results of DAPA-HF. Circulation.
2021;143:298-309.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

The EMPA-KIDNEY Collaborative Groupa. Empagliflozin in Patients with Chronic
Kidney Disease. New England Journal of Medicine. 2023;388(2):117-27. https://doi
.org/10.1056/nejmoa2204233

Mullens W, Martens P, Testani |JM, Tang WHW, Skouri H, Verbrugge FH,
et al. Renal effects of guideline-directed medical therapies in heart failure: a
consensus document from the Heart Failure Association of the European Society
of Cardiology. Eur | Heart Fail. 2022;24:603-19.

Zannad F, Ferreira JP, Gregson ], Kraus BJ, Mattheus M, Hauske S), et al;
EMPEROR-Reduced Trial Committees and Investigators. Early changes
in estimated glomerular filtration rate post-initiation of empagliflozin in
EMPEROR-Reduced. Eur | Heart Fail. 2022;16:1829-39.

Nespoux ], Patel R, Zhang H, Huang W, Freeman B, Sanders PW, et al.
Gene knockout of the Na*-glucose cotransporter SGLT?2 in a murine model of
acute kidney injury induced by ischemia-reperfusion. Am | Physiol Renal Physiol.
2020;318:F1100-12.

Vallon V, Rose M, Gerasimova M, Satriano J, Platt KA, Koepsell H, et al. Knockout
of Na-glucose transporter SGLT2 attenuates hyperglycemia and glomerular
hyperfiltration but not kidney growth or injury in diabetes mellitus. Am J Physiol
Renal Physiol. 2013;304:F156—67.

Giacco F, Brownlee M. Oxidative stress and diabetic complications. Circ Res.
2010;107:1058-70.

Packer M. Role of impaired nutrient and oxygen deprivation signaling and deficient
autophagic flux in diabetic CKD development: implications for understanding
the effects of sodium-glucose cotransporter 2-inhibitors. | Am Soc Nephrol.
2020;31:907-19.

Sasaki M, Sasako T, Kubota N, Sakurai Y, Takamoto |, Kubota T, et al. Dual
regulation of gluconeogenesis by insulin and glucose in the proximal tubules of
the kidney. Diabetes. 2017;66:2339-50.

Umino H, Hasegawa K, Minakuchi H, Muraoka H, Kawaguchi T, Kanda T, et al.
High basolateral glucose increases sodium-glucose cotransporter 2 and reduces
sirtuin-1 in renal tubules through glucose transporter-2 detection. Sci Rep.
2018;8:6791.

Cherney DZI, Dekkers CCJ, Barbour §), Cattran D, Abdul Gafor AH, Greasley
PJ, et al; DIAMOND Investigators. Effects of the SGLT2 inhibitor dapagliflozin
on proteinuria in non-diabetic patients with chronic kidney disease (DIA-
MOND): a randomised, double-blind, crossover trial. Lancet Diabetes Endocrinol.
2020;8:582-93.

Sternlicht HK, Bakris GL. Reductions in albuminuria with SGLT2 inhibitors: a
marker for improved renal outcomes in patients without diabetes? Lancet Diabetes
Endocrinol. 2020,8:553-5.

Terami N, Ogawa D, Tachibana H, Hatanaka T, Wada J, Nakatsuka A, et al.
Long-term treatment with the sodium glucose cotransporter 2 inhibitor,
dapagliflozin, ameliorates glucose homeostasis and diabetic nephropathy in db/db
mice. PLoS One. 2014;9:e100777.

Vallon V, Gerasimova M, Rose MA, Masuda T, Satriano ], Mayoux E, et al. SGLT2
inhibitor empagliflozin reduces renal growth and albuminuria in proportion to
hyperglycemia and prevents glomerular hyperfiltration in diabetic Akita mice. Am
| Physiol Renal Physiol. 2014;306:F194—204.

Gembardt F, Bartaun C, Jarzebska N, Mayoux E, Todorov VT, Hohenstein B,
et al. The SGLT2 inhibitor empagliflozin ameliorates early features of diabetic
nephropathy in BTBR Ob/Ob type 2 diabetic mice with and without hypertension.
Am | Physiol Renal Physiol. 2014;307:F317-25.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

95U8017 SUOLIWOD SAES1D) 3l |dde ay) Ag paueAoB a8 S991Le O ‘8SN JO'S3INJ U0} Akelq 1 8UIUO AS|IA UO (SUONIPUOD-PUE-SULLIB) 0D AB 1M A1 1)BUIUO//:SANY) SUONIPUOD pUe SWe | 84} S *[£202/20/T0] Uo Aiqiaulluo AS1IM ‘891 Aq 2582 1U/200T 0T/I0p/W0d A3 1M Aelq 1 |Bul|uo//:Sdxy Wiy pepeojumod ‘0 ‘7806.8T


https://doi.org/10.1056/nejmoa2204233
https://doi.org/10.1056/nejmoa2204233

	Cardiac and kidney benefits of empagliflozin in heart failure across the spectrum of kidney function: insights from the EMPEROR-Preserved trial
	Introduction
	Methods
	Baseline categorization of kidney impairment
	Kidney endpoint definition
	Statistical analyses
	Results
	Patient characteristics
	Primary and key secondary endpoints
	Additional kidney outcomes
	Adverse events by chronic kidney disease status at baseline
	Discussion
	Limitations
	Conclusion
	Supplementary Information
	Acknowledgements
	Funding
	References

