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Empagliflozin in the treatment of heart failure with reduced
ejection fraction in addition to background therapies and
therapeutic combinations (EMPEROR-Reduced): a post-hoc
analysis of a randomised, double-blind trial

Subodh Verma, Nitish K Dhingra, Javed Butler, Stefan D Anker, Joao Pedro Ferreira, Gerasimos Filippatos, James L Januzzi, Carolyn S P Lam,
Naveed Sattar, Barbara Peil, Matias Nordaby, Martina Brueckmann, Stuart J Pocock, Faiez Zannad, Milton Packer, on behalf of the EMPEROR-
Reduced trial committees and investigators*

Summary

Background It is important to evaluate whether a new treatment for heart failure with reduced ejection fraction
(HFrEF) provides additive benefit to background foundational treatments. As such, we aimed to evaluate the efficacy
and safety of empagliflozin in patients with HFrEF in addition to baseline treatment with specific doses and
combinations of disease-modifying therapies.

Methods We performed a post-hoc analysis of the EMPEROR-Reduced randomised, double-blind, parallel-group trial,
which took place in 520 centres (hospitals and medical clinics) in 20 countries in Asia, Australia, Europe, North America,
and South America. Patients with New York Heart Association (NYHA) classification II-IV with an ejection fraction of
40% or less were randomly assigned (1:1) to receive the addition of either oral empagliflozin 10 mg per day or placebo to
background therapy. The primary composite outcome was cardiovascular death and heart failure hospitalisation; the
secondary outcome was total heart failure hospital admissions. An extended composite outcome consisted of inpatient
and outpatient HFrEF events was also evaluated. Outcomes were analysed according to background use of angiotensin-
converting enzyme (ACE) inhibitors, angiotensin II receptor blockers (ARBs) or angiotensin receptor neprilysin
inhibitors (ARNIs), as well as 3 blockers and mineralocorticoid receptor antagonists (MRAs) at less than 50% or 50% or
more of target doses and in various combinations. This study is registered with ClinicalTrials.gov, NCT03057977.

Findings In this post-hoc analysis of 3730 patients (mean age 66-8 years [SD 11-0], 893 [23-9%] women; 1863 [49-9%)] in
the empagliflozin group, 1867 [50-1%] in the placebo group) assessed between March 6, 2017, and May 28, 2020,
empagliflozin reduced the risk of the primary outcome (361 in 1863 participants in the empagliflozin group and 462 of
1867 in the placebo group; HR 0-75 [95% CI 0-65-0-86]) regardless of background therapy or its target doses for ACE
inhibitors or ARBs at doses of less than 50% of the target dose (HR 0-85 [0-69-1-06]) and for doses of 50% or more of
the target dose (HR 0-67 [0-52-0-88]; P, crcion=0+18). A similar result was seen for  blockers at doses of less than 50% of
the target dose (HR 0- 66 [0 - 54—0- 80]) and for doses of 50% or more of the target dose (HR 0-81[0- 66-1-00]; P,,.cracion=015).
Empagliflozin also reduced the risk of the primary outcome irrespective of background use of triple therapy with an ACE
inhibitor, ARB, or ARNI plus B blocker plus MRA (given combination HR 0-73 [0-61-0-88]; not given combination
HR0-76[0-62-0-94]; P,encion=0-77). Similar patterns of benefit were observed for the secondary and extended composite
outcomes. Empagliflozin was well tolerated and rates of hypotension, symptomatic hypotension, and hyperkalaemia
were similar across all subgroups.

Interpretation Empagliflozin reduced serious heart failure outcomes across doses and combinations of disease-
modifying therapies for HFrEF. Clinically, these data suggest that empagliflozin might be considered as a foundational
therapy in patients with HFrEF regardless of their existing background therapy.

Funding Boehringer Ingelheim and Eli Lilly and Company.

Introduction
A common scenario in the medical treatment of heart

their doses to the target, ambiguity remains about the
benefit of prescribing new therapies to individuals not

failure with reduced ejection fraction (HFrEF) is the
inability to achieve target doses of guideline-directed
medical therapy,"” which results in therapeutic regimens
of varying doses of each life-saving therapy. As each trial
assessing treatments thus far has focused on optimising

receiving target doses of the background treatments.’ In
the EMPEROR-Reduced trial, empagliflozin reduced the
incidence of cardiovascular death or heart failure
hospitalisation in patients with HFrEF compared with
placebo.* In addition, empaglifiozin reduced total
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Research in context

Evidence before this study

It isimportant to evaluate whether a new therapy for heart failure
with reduced ejection fraction (HFrEF) affords clinically
meaningful benefits in addition to established disease-modifying
therapies. We searched MEDLINE from database inception up
until July 12,2021, using a string of key words including “sodium-
glucose transporter 2 inhibitors”, “heart failure”, and "HFrEF” to
identify articles that assessed cardiovascular outcomes with
SGLT2 inhibitors stratified by background therapy, using data
from randomised trials. The search was not limited to articles in
English. We identified one such analysis from the DAPA-HF trial,
showing dapagliflozin’s efficacy, and none regarding
empagliflozin. In the EMPEROR-Reduced trial, empagliflozin
reduced the incidence of cardiovascular death or heart failure
hospitalisations in patients with HFrEF compared with placebo.
The trial did not mandate specific doses or specific drugs of
background heart failure therapies and hence there is an
opportunity to determine if the benefits of empagliflozin are
influenced by established disease-modifying therapies, when
used in combination and when prescribed at target or sub-target
doses.

Added value of this study
The present study extends similar analyses previously
conducted on dapagliflozin in DAPA-HF through the inclusion

hospitalisation for heart failure and serious adverse renal
outcomes, while improving functional class and health
status, effects that were seen in patients with and without
diabetes.*”

The EMPEROR-Reduced trial required patients to be
treated for heart failure, but did not mandate specific
doses or specific drugs. Consequently, the trial provided
an opportunity to determine if the Dbenefits of
empagliflozin are influenced by established disease-
modifying therapies when used in combination and
when prescribed at target or sub-target doses, as
similarly evaluated with dapagliflozin in the DAPA-HF
trial.** Conventional inhibitors of the renin-angiotensin
system (angiotensin-converting enzyme [ACE] inhi-
bitors, angiotensin II receptor Dblockers [ARBs],
angiotensin receptor neprilysin inhibitors [ARNIs]),
f blockers, and mineralocorticoid receptor antagonists
(MRAS) are established treatments for HFrEF. As such,
in this post-hoc analysis, we aimed to evaluate the
efficacy and safety of empagliflozin in patients given
these foundational drug classes, used alone or in
combination or prescribed at 50% or greater or at less
than 50% of target dose.

Methods

Study design and participants

In brief, in EMPEROR-Reduced, patients with heart
failure and left ventricular ejection fraction (LVEF) of

of additional clinically relevant subgroups, and the evaluation
of the key secondary and extended composite outcomes. In
particular, we studied the efficacy of empagliflozin versus
placebo in patients given less than 50% and 50% or more of
target doses of angiotensin-converting enzyme inhibitors or
angiotensin Il receptor blockers, B blockers, and
mineralocorticoid receptor antagonists. In addition,

the treatment effect was evaluated according to whether or
not patients were receiving one of five therapeutic
combinations at baseline. We found that empagliflozin
reduced the primary outcome regardless of background
therapy or its target doses, and irrespective of background use
of dual and triple therapy combinations. Similar patterns of
benefit were observed for the secondary and extended
composite outcomes.

Implications of all the available evidence

These data indicate that empagliflozin provides clinically
important benefits in HFrEF in addition to existing disease-
modifying therapies, regardless of breadth or intensity of use.
This observation points to a complementary mechanism of
action in HFrEF and suggests that four-drug treatment is
associated with benefit, even if sub-target doses of each
therapy are used.

40% or less and NYHA functional class II-IV symptoms
were randomly assigned (1:1) to double-blind oral
treatment with either placebo or empagliflozin 10 mg
daily, which was added to background therapy.*”
520 centres (hospitals and medical clinics) in
20 countries in Asia, Australia, Europe, North America,
and South America were involved in the trial.* To
prioritise the recruitment of patients at high risk,
participants were required to have markedly elevated
N-terminal pro B-type natriuretic peptide (NT-proBNP),
the exact threshold for which depended on ejection
fraction. The NT-proBNP inclusion criteria were
600 pg/mL or greater in patients with a LVEF of 30% or
less, 1000 pg/mL or greater in patients with a LVEF
of 31-35%, and 2500 pg/mL or greater in patients with
a LVEF of 36-40%; patients could also participate with
an NT-proBNP of 600 pg/mL or greater if they had an
LVEF of 40% or less and been hospitalised for heart
failure within the past 12 months. These NT-proBNP
thresholds were doubled in patients with atrial
fibrillation. Treatments for heart failure could be added,
withdrawn, or modified during follow-up, according to
the discretion of individual physicians. The key
exclusion criteria were symptomatic hypotension or a
systolic blood pressure of less than 100 mm Hg and
estimated glomerular filtration rate (eGFR) less than
20 mL/min per 1-73m2. Each trial centre’s respective
ethics committee approved the trial, and written



informed consent was provided by all patients. Further
details are available in the design® and primary
publications.*

Outcomes

The primary endpoint of EMPEROR-Reduced was the
composite of time-to-first of hospitalisation for heart
failure or cardiovascular death. The main secondary

outcome was the occurrence of total (first and recurrent)
hospitalisations for heart failure. To capture out-of
hospital worsening heart failure events, we defined an
extended composite of cardiovascular death, hospitali-
sation for heart failure, urgent visits for worsening heart
failure requiring intravenous therapy, and interval
outpatient intensification of oral diuretic therapy for
treatment of worsening heart failure.

filtration rate, mL/min
per1.73 m*

+Defined as investigator reported or pretreatment HbA, of 6-5% or greater.

ACE inhibitors or ARBs B blockers MRAs
250% of target dose <50% of target dose 250% of target dose <50% of target dose 250% of target dose <50% of target dose
(n=1191) (n=1375) (n=1825) (n=1708) (n=2601) (n=60)
Age, years 65:9 (10:7) 67-4 (10-9) 65-9 (10:9) 67-8 (11-0) 65-7 (11-1) 67-2(9-8)
Sex
Male 884 (74-2%) 1060 (77-1%) 1378 (75-5%) 1300 (76-1%) 1956 (75-2%) 50 (83:3%)
Female 307 (25-8%) 315 (22:9%) 447 (24-5%) 408 (23:9%) 645 (24-8%) 10 (167%)
Race*
American Indian or 9 (0-8%) 20 (1-5%) 11 (0-6%) 24 (1-4%) 30 (1-2%) 0
Native Alaskan
Asian 57 (4-8%) 367 (26:7%) 116 (6-4%) 486 (28-5%) 429 (16:5%) 23 (38:3%)
Black or African 143 (12:0%) 70 (51%) 203 (11-1%) 100 (5-9%) 222 (8:5%) 0
American
Hawaiian or Pacific 5 (0-4%) 5(0-4%) 5(0-3%) 8 (0-5%) 9(0-3%) 0
Islander
White 995 (83-5%) 928 (67-5%) 1496 (82:0%) 1091 (63-9%) 1920 (73-8%) 36 (60-0%)
Missing 7(0-6%) 9 (07%) 35 (1:9%) 19 (1-1%) 43 (17%) 1(17%)
Ethnicity
Hispanic or Latino 575 (48:3%) 369 (26-8%) 733 (40-2%) 446 (26-1%) 974 (37-4%) 7 (11-7%)
Not Hispanicor Latino 557 (46-8%) 957 (69-6%) 988 (54-1%) 1217 (71:3%) 1508 (58-0%) 51 (85-0%)
Missing 59 (5-0%) 49 (3-6%) 104 (57%) 45 (2:6%) 119 (4-6%) 2 (3:3%)
New York Heart Association functional classification
Il 910 (76-4%) 1056 (76-8%) 1367 (74-9%) 1288 (75-4%) 1939 (74-5%) 46 (76:7%)
Il 272 (22:8%) 315 (22:9%) 447 (245%) 412 (24-1%) 648 (24-9%) 13 (21.7%)
\Y 9(0-8%) 4(0:3%) 11 (0-6%) 8 (0-5%) 14 (0-5%) 1(17%)
Baseline KCCQ-CSS 68-3(22.0) 730 (213) 693 (223) 722 (21:5) 701 (22:2) 74-4.(19-5)
Heart rate, beats per 70-4 (11-4) 724 (12:0) 70-7 (11.8) 715 (11:5) 712 (117) 714 (12:3)
minute
Systolic blood pressure, 1259 (16-4) 121-4 (151) 122:2 (15-8) 1217 (15-5) 120-7 (15-2) 122:2 (17-4)
mm Hg
Left ventricular ejection 277 (57) 27-4(62) 27-4 (6-1) 27-6 (6:0) 27-1(6-0) 27-4 (5-9)
fraction
Median NT-proBNP, 1828-0 (1059-0-3125:0) 19375 (1131.0-3612:0) 18650 (1070-5-3357:0) 19310 (1142:5-3569:0)  1866-0 (1074-0-3349-0) 1989-0 (1210-0-3414-5)
pg/mL
Cardiovascular history
Hospitalisation for 302 (25-4%) 444 (32-3%) 501 (27-5%) 590 (34-5%) 842 (32-4%) 25 (41-7%)
heart failure in the
past 12 months
Atrial fibrillationt 377 31-7%) 548 (39-9%) 705 (38:6%) 590 (34:5%) 918 (35:3%) 21 (35-0%)
Diabetes 608 (51-0%) 664 (48-3%) 936 (51-3%) 822 (48-1%) 1271 (48-9%) 29 (483%)
Estimated glomerular 634 (21-2) 62-4(217) 615 (21-6) 62-5(21-6) 63-9 (21-6) 62-3(20-1)

Data are mean (SD), n (%), or median (IQR). ACE=angiotensin-converting enzyme. ARB=angiotensin Il receptor blocker. MRA=mineralocorticoid receptor antagonist. KCCQ-CSS=Kansas City Cardiomyopathy
Questionnaire Clinical Summary Score. NT-proBNP=N-terminal pro-brain natriuretic peptide. *For each race category, all respondents are counted, including those who marked multiple race categories;
therefore, the total percentage might be more than 100%. tDefined as atrial fibrillation reported in any electrocardiogram before treatment intake or history of atrial fibrillation reported in medical history.

Table 1: Baseline characteristics by target dose
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We studied the efficacy of empagliflozin versus placebo
in patients given less than 50% and 50% or more of target
doses of ACE inhibitors, ARBs, 3 blockers, and MRAs. The
dose of ARNI was not captured consistently in the trial.
The target doses for the various therapies are listed in
appendix 2 (p 1), and were established on the basis of
updated guidelines."* In addition, the treatment effect was
evaluated according to whether or not patients were
receiving the following therapeutic combinations at
baseline: (1) ACE inhibitor, ARB, or ARNI plus 8 blocker
all at any dose; (2) ACE inhibitor or ARB plus 3 blocker,
both at 50% or more of target dose; (3) ACE inhibitor, ARB,
or ARNI plus B blocker plus MRA all at any dose; (4) ACE
inhibitor or ARB plus 3 blocker plus MRA, all at 50% or
more of target dose, and (5) ARNI plus 3 blocker plus
MRA all at any dose.

Statistical analysis

The sample size for EMPEROR-Reduced was calculated
for detection of a 20% reduction in the relative risk of
the primary outcome with a power of 90%; the trial was
not powered for this post-hoc analysis. Baseline
characteristics were summarised as means with SDs,
medians with IQRs, or frequencies and percentages. For

the primary endpoint and the extended composite,
hazard ratios (HRs) with 95% CIs and two-sided p values
were calculated using a Cox proportional hazards model
with adjustment for prespecified covariates of age,
eGFR, region, diabetes status, sex, and LVEF. For total
(first and recurrent) hospitalisations for heart failure,
between-group differences were assessed using a joint
frailty model, with cardiovascular death as a competing
risk. The inclusion of interaction terms into the Cox
models enabled for the evaluation of subgroup effect
modification on the analysed outcomes. No correction
for multiple comparisons was made. An independent
data and safety monitoring committee was enlisted to
review an interim analysis of safety data and results.
Prespecified stopping boundaries were used in this
analysis. All analyses were performed using SAS,
version 9-4. This study is registered with ClinicalTrials.
gov, NCT03057977.

Role of the funding source

Representatives of Boehringer Ingelheim (BP and MN)
were involved in the study design, data collection, data
analysis, data interpretation, and the preparation, review,
and approval of the manuscript.

Empagliflozin Placebo Hazard ratio Interaction
(n/N) (n/N) (95% Cl) p value
ACE inhibitor or ARB
250% of target dose 96/602 132/589 —— 0-67 (0-52-0-88) 018
<50% of target dose 156/699 171/676 — @ 0-85 (0-69-1.06)
B blocker
>50% of target dose 165/893 204/932 —— 0-81(0-66-1-00) 015
<50% of target dose 168/872 229/836 —@— 0-66 (0-54-0-80)
MRA
>50% of target dose 239/1279 323/1322 —— 075(063-088)
<50% of target dose 4127 7/33 0-77 (0-22-2-63)
ACE inhibitor, ARB, or ARNI plus B blocker (all at any dose)
Yes 281/1564 373/1574 —0— 073(062:085) .
No 80/299 89/293 e 0-84(0-62-1-13)
ACE inhibitor or ARB plus B blocker (both 250% target dose)
Yes 63/372 83/383 — 074(054103) o
No 298/1491 379/1484 —@— 0-75 (0-64-0-87)
ACE inhibitor, ARB, or ARNI plus B blocker plus MRA (all at any dose)
Yes 194/1117 272/1163 —— 0-73 (0-61-0-88) 077
No 167/746 190/704 —— 076 (0-62-0-94)
ACE inhibitor or ARB plus B blocker plus MRA (all 250% target dose)
Yes 47/289 60/301 —_ 0-80(0-55-117) 071
No 314/1574 402/1566 —@— 074 (0-64-0-86)
ARNI plus B blocker plus MRA (all at any dose)
Yes 28/227 64/274 _ 0-55 (0-35-0-86) 015
No 333/1636 398/1593 —@— 077 (0-67-0-89)
Overall 361/1863 462/1867 —@— 075 (0-65-0-86)
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Figure 1: Empagliflozin treatment effect on time to first event of adjudicated hospitalisations for heart failure or cardiovascular death by background therapy subgroups
ACE=angiotensin-converting enzyme. ARB=angiotensin Il receptor blocker. ARNI=angiotensin receptor neprilysin inhibitor. MRA=mineralocorticoid receptor antagonist.




Results

Between March 6, 2017, and May 28, 2020, of the
3730 patients (mean age 66 -8 years [SD 11-0], 893 [23-9%]
women) with HFrEF who were randomly assigned in
the EMPEROR-Reduced trial, 1863 (49-9%) were
assigned to receive empagliflozin and 1867 (50-1%) to
receive placebo. Full details regarding patient
recruitment and characteristics are available in the
primary publication of the trial.* Most patients were
receiving an ACE inhibitor, ARB, or ARNI (3293 [88-3%)]
of 3730). Of the patients receiving an ACE inhibitor or
ARB, 1191 (46-4%) of 2566 patients were given 50% or
more of the target dose. 3533 (94-7%) of 3730 patients
were taking a {3 blocker, of whom 1825 (51-7%) patients
received 50% or more of the target dose. Overall, 2661
(71-3%) of 3730 patients were given an MRA, of whom
nearly all (2601 [97-7%] of 2661) received 50% or more
of the target dose.

With respect to combination therapy, most patients
(3138 [84-1%)] of 3730) were given an ACE inhibitor, ARB,
or ARNI plus f3 blocker; however, only 20-2% (755 of 3730)
of the overall population were given an ACE inhibitor or
ARB plus B blockers with both at 50% or more of the

target dose. Triple therapy with an ACE inhibitor, ARB, or
ARNI plus B blocker plus MRA was prescribed in
2280 (61-1%) patients. 501 (13-4%) patients received the
triple combination of ARNI, B blocker, and MRA. Further
details on the proportion of patients in the various
subgroups and corresponding baseline characteristics are
listed in tables 1 and 2.

Empagliflozin reduced the risk of the composite of
hospitalisations for heart failure or cardiovascular death
consistently across baseline drug doses evaluated
(figure 1). Specifically, for patients given ACE inhibitors
or ARBs at doses of less than 50% of the target dose, the
hazard ratio (HR) for the primary outcome was 0-85
(95% CI 0-69-1-06) and for doses of 50% or more of the
target dose, the HR for the primary outcome was 0-67
(0-52-0-88; Pierscion=0+18). Similarly, for patients given
B blockers at doses of less than 50% of the target dose,
the HR for the primary outcome was 0-66 (0-54-0-80)
and for doses of 50% or more of the target dose, the HR
for the primary outcome was 0-81 (0-66-1-00;
Prntersction=0+15). Cumulative incidence curves displaying
the time-to-first adjudicated hospitalisations for heart
failure or cardiovascular death based on target dose
subgroups are provided in appendix 2 (pp 2-4).

Empagliflozin Placebo Hazard ratio Interaction
(n/N) (n/N) (95% Cl) p value
ACE inhibitor or ARB
>50% of target dose 75/602 143/589 ———— 0-46 (0-32-0-67) 0.019
<50% of target dose 163/699 214/676 —— 0-83(0-61-1-13)
B blocker
>50% of target dose 149/893 229/932 —— 0-73(0-54-0-97) 053
<50% of target dose 212/872 283/836 —— 0-64 (0-49-0-84)
MRA
>50% of target dose 256/1279 377/1322 — 073(057-092) o
<50% of target dose 6/27 11/33 0-65 (0-14-3-15)
ACE inhibitor, ARB, or ARNI plus B blocker (all at any dose)
Yes 289/1564 440/1574 —Q@— 0-66 (0-54-0-82) -
No 99/299 113/293 —_— 0-82 (0-53-1-29)
ACE inhibitor or ARB plus B blocker (both =50% target dose)
Yes 49/372 84/383 — 0-61(0-38-0-97) 054
No 339/1491 469/1484 —@— 071(0-58-0-88)
ACE inhibitor, ARB, or ARNI plus B blocker plus MRA (all at any dose)
Yes 203/1117 322/1163 —— 0-70 (0-54-0-90) -~
No 185/746 231/704 —— 070 (0-52-0-94)
ACE inhibitor or ARB plus B blocker plus MRA (all 250% target dose)
Yes 38/289 56/301 o 0-68 (0-40-1-18) 094
No 350/1574 497/1566 —@— 070 (0-57-0-86)
ARNI plus B blocker plus MRA (all at any dose)
Yes 42/227 85/274 0-59 (0-35-1-01) 052
No 346/1636 468/1593 —@— 0-72 (0-58-0-88)
Overall 388/1863 553/1867 —@— 0-70 (0-58-0-85)
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Figure 2: Empagliflozin treatment effect on total hospitalisations for heart failure by background therapy subgroups
ACE=angiotensin-converting enzyme. ARB=angiotensin Il receptor blocker. ARNI=angiotensin receptor neprilysin inhibitor. MRA=mineralocorticoid receptor antagonist.



Empagliflozin  Placebo Hazard ratio Interaction
(n/N) (n/N) (95% Cl) p value
ACE inhibitor or ARB
>50% of target dose 152/602 201/589 —— 0-67 (0-54-0-83) 054
<50% of target dose 202/699 246/676 —— 0-73 (0-61-0-88)
B blocker
>50% of target dose 240/893 315/932 —— 0-74(0-63-0-88) 0097
<50% of target dose 236/872 330/836 —— 0-61(0-51-0-72)
MRA
>50% of target dose 338/1279 479/1322 —— 0-68 (0-59-0-79) 071
<50% of target dose 5/27 11/33 0-56 (0-19-1-61)
ACE inhibitor, ARB, or ARNI plus B blocker (all at any dose)
Yes 407/1564 556/1574 —@— 068(060-077) g4
No 107/299 132/293 L 0-73 (0-56-0-94)
ACE inhibitor or ARB plus B blocker (both 250% target dose)
Yes 96/372 127/383 — 072(0:56-094) (68
No 418/1491 561/1484 —@— 0-68 (0-60-0.77)
ACE inhibitor, ARB, or ARNI plus B blocker plus MRA (all at any dose)
Yes 279/1117 406/1163 —@— 0-68 (0-58-0-79) 073
No 235/746 282/704 —@— 070 (0-59-0-84)
ACE inhibitor or ARB plus B blocker plus MRA (all 250% target dose)
Yes 73/289 93/301 T 078(058-1:06) (38
No 441/1574 595/1566 —@— 0-67 (0-60-0-76)
ARNI plus B blocker plus MRA (all at any dose)
Yes 49/227 100/274 e 058(0-41-081) 559
No 465/1636 588/1593 0-70 (0-62-0-80)
overall 514/1863 688/1867 @ 0-69 (0-61-0.77)
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Favours empagliflozin  Favours placebo

Figure 3: Empagliflozin treatment effect on time to first event of extended composite outcome by background therapy subgroups

ACE=angiotensin-converting enzyme. ARB=angiotensin Il receptor blocker. ARNI=angiotensin receptor neprilysin inhibitor. MRA=mineralocorticoid receptor antagonist.

For the secondary endpoint of total hospitalisations for
heart failure, there was a nominally significant
interaction in patients given ACE inhibitors or ARBs at
less than 50% of target dose (HR 0-83 [95% CI
0-61-1-13]) or 50% or more of target dose (HR 0-46
[0-32-067]; Piersciion=0-019; figure 2). Consistent benefits
were observed for total hospitalisations for heart failure
in those prescribed 3 blockers at less than 50% of target
dose (HR 0-64 [0-49-0-84]) and 50% or more of target
dose (HR 0-73 [0-54-0-97]; Pierncion=0"53; figure 2). For
the extended composite outcome, as shown in figure 3,
empagliflozin’s efficacy was observed regardless of the
dose of ACE inhibitor, ARB, or {3 blocker.

The effect of empagliflozin on the primary outcome
also extended to those patients given clinically relevant
dual and triple combinations (figure 1). Of note, in
patients given dual therapy with an ACE inhibitor, ARB,
or ARNI plus B blocker, the HR was 0-73 (95% CI
0-62-0-85) favouring empagliflozin, whereas the HR
among the remaining patients was 0-84 (0-62-1-13); as
such, no evidence of heterogeneity was observed
between these subgroups (Piecion=0:42). Moreover,
analysis of patients according to baseline treatment with
triple therapy with ACE inhibitor, ARB, or ARNI plus

B blocker plus MRA yielded a consistent benefit of
empagliflozin irrespective of whether patients were
given this combination therapy or not (given combina-
tion HR 0-73 [0-61-0-88]; not given combination
HR 0:76 [0-62-0-94]; Piienain=0-77). Notably, no
treatment interaction was observed when comparing
patients given triple therapy of ACE inhibitor or ARB
plus B blocker plus MRA all at 50% or more of target
doses against those that were not (given combination
HR 0-80 [0-55-1-17]; not given combination HR 0-74
[0-64-0-86]; Pinerscion=0-71). Finally, a consistent benefit
favouring empaglifiozin was also observed among
patients given triple therapy of ARNI plus f3 blocker plus
MRA compared with those who were not (given
combination HR 0-55 [0-35-0-86]; not given
combination HR 0-77 [0-67-0-89]; Piercion=0-15). The
other combinations evaluated also showed a consistent
benefit of empaglifiozin on the primary outcome
(figure 1). The cumulative incidence curves for time-to-
first adjudicated hospitalisations for heart failure or
cardiovascular death based on combination therapy
subgroups are shown in appendix 2 (pp 5-9).

For the secondary outcome of total hospitalisations for
heart failure, empagliflozin’s efficacy was observed




Hypotension* Symptomatic Hyperkalaemia$

hypotensiont

Hypotension* Symptomatic Hyperkalaemia#

hypotensiont

Overall

Empagliflozin - 176/1863 (9-4%) 106/1863 (57%) 101/1863 (5-4%)
10 mg

Placebo 163/1863 (8-7%) 103/1863(5:5%) 115/1863 (6-2%)
ACE inhibitor or ARB 250% of target dose

Empagliflozin ~ 55/602 (9-1%) 33/602 (5-5%) 47/602 (7-8%)
10 mg

Placebo 55/589(9-3%)  34/589 (5-8%)  47/589 (8-0%)
ACE inhibitor or ARB <50% of target dose

Empagliflozin ~ 52/699 (7-4%)  29/699 (41%)  29/699 (4-1%)
10 mg

Placebo 50/672 (7-4%)  28/672(42%)  40/672 (6:0%)
B blocker 250% of target dose

Empagliflozin ~ 81/893 (9-1%) 54/893 (6-0%) 59/893 (6:6%)
10 mg

Placebo 81/929 (87%)  54/929 (5:8%)  61/929 (6-6%)
B blocker <50% of target dose

Empagliflozin =~ 86/872(9:9%)  45/872 (5-2%) 43/872 (4-9%)
10 mg

Placebo 73/835 (8:7%) 43/835 (5-1%) 63/835 (7:5%)
MRA =50% of target dose

Empagliflozin  123/1279 (9-6%)  75/1279 (5-9%)  76/1279 (5-9%)
10 mg

Placebo 109/1319 (8:3%)  69/1319 (52%)  91/1319 (6:9%)
MRA <50% of target dose

Empagliflozin 4/27 (14-8%) 3/27 (11-1%) 2/27 (7-4%)
10 mg

Placebo 3/32(9-4%) 2/32(63%) 4/32 (12:5%)

Received ACE inhibitor, ARB, or ARNI plus B blocker (all at any dose)

Empagliflozin - 145/1564 (9-3%)  88/1564 (5-6%)  89/1564 (5-7%)
10 mg
Placebo 135/1570 (8-6%)  84/1570 (5-4%)  115/1570 (7-3%)

Did not receive ACE inhibitor, ARB, or ARNI plus B blocker (all at any
dose)

Empagliflozin =~ 31/299 (10-4%)  18/299 (6-0%) 20/299 (6-7%)
10 mg
Placebo 28/293 (9-6%) 19/293 (6-5%) 12/293 (4-1%)

Received ACE inhibitor or ARB plus B blocker (both 250% of target
dose)

Empagliflozin ~ 37/372 (9-9%) 24/372 (6:5%) 29/372(7-8%)
10 mg
Placebo 29/383 (7:6%) 21/383 (5-5%) 30/383(7-8%)

Did not receive ACE inhibitor or ARB plus B blocker (both 250% of
target dose)

Empagliflozin  139/1491(9-3%) ~ 82/1491(5-5%)  80/1491 (5-4%)
10 mg
Placebo 134/1480(9-1%)  82/1480(5:5%)  97/1480 (6-6%)

(Table 3 continues in next column)

regardless of combination therapy (figure 2). Specifically,
the HR for patients given dual therapy with an ACE
inhibitor, ARB, or ARNI plus 3 blocker was 0-66 (95% CI
0-54-0-82) and 0-82 (0-53-1-29) for those not given
dual therapy (piecion=0-39). Similarly, patients given
triple therapy with an ACE inhibitor, ARB, or ARNI plus
B blocker plus MRA had an HR of 0-70 (0-54-0-90),

(Continued from previous column)

Received ACE inhibitor, ARB, or ARNi plus B blocker plus MRA (all at
any dose)

Empagliflozin  109/1117 (9-8%)  67/1117 (6-0%)  66/1117 (5-9%)
10 mg
Placebo 93/1159 (8:0%)  58/1159 (5:0%)  89/1159 (7-7%)

Did not receive ACE inhibitor, ARB, or ARNi plus B blocker plus MRA
(all at any dose)

Empaglifiozin  67/746 (9-0%)  39/746 (52%)  43/746 (5-8%)
10 mg
Placebo 70/704(9:9%)  45/704(6:4%)  38/704 (5-4%)

Received ACE inhibitor or ARB plus B blocker plus MRA (all 250% of
target dose)

Empagliflozin =~ 33/289 (11:4%)  22/289 (7-6%) 25/289 (8-7%)
10 mg
Placebo 22/301(7-3%) 16/301 (5:3%) 22/301 (7-3%)

Did not receive ACE inhibitor or ARB plus B blocker plus MRA (all 250%
of target dose)

Empagliflozin - 143/1574(9-1%) ~ 84/1574 (53%)  84/1574 (5-3%)
10 mg

Placebo 141/1562 (9-0%)  87/1562 (5-6%) 105/1562 (6:7%)
Received ARNI plus B blocker plus MRA (all at any dose)

Empagliflozin ~ 31/227 (13-7%) 21/227 (9:3%) 12/227 (5-3%)
10 mg

Placebo 27274 (9-9%)  19/274 (6:9%)  22/274 (8-0%)

Did not receive ARNI plus B blocker plus MRA (all at any dose)

Empagliflozin  145/1636 (8-9%)  85/1636 (52%)  97/1636 (5:9%)
10 mg
Placebo 136/1589 (8:6%)  84/1589 (53%) 105/1589 (6:6%)

Data are n/N (%). ACE=angiotensin-converting enzyme. ARB=angiotensin |
receptor blocker. ARNI=angiotensin receptor neprilysin inhibitor.
MRA=mineralocorticoid receptor antagonist. *Hypotension includes the
following preferred terms: blood pressure ambulatory decreased, blood pressure
decreased, blood pressure diastolic decreased, blood pressure orthostatic
decreased, blood pressure systolic decreased, circulatory collapse, dialysis
hypotension, diastolic hypotension, hypotension, hypotensive crisis,
hypovolaemic shock, mean arterial pressure decreased, orthostatic hypotension,
presyncope, and syncope. tSymptomatic hypotension was investigator-defined
via a tick box in the case report form. $Hyperkalaemia includes the following
preferred terms: hyperkalaemia and blood potassium increased.

Table 3: Summary of adverse events

while those that were not had an HR of 0-70 (0-52-0-94;
Pintersction=0-99). As shown in figure 3, a consistent benefit
on the rates of the extended composite outcome was also
noted regardless of treatment with the combination
therapy of ACE inhibitor, ARB, or ARNI plus B blocker
or ACE inhibitor, ARB, or ARNI plus 3 blocker plus
MRA.

Occurrences of select adverse events are shown in
table 3. Details of adverse events in the EMPEROR-
Reduced trial have Dbeen published elsewhere.*
Uncomplicated genital tract infections were reported
more frequently in the empagliflozin versus placebo
treatment groups. The frequency of bone fracture,
hypoglycaemia, and lower limb amputation did not differ
between the two groups. Safety concerns that have been



reported with other drugs for heart failure were not
observed with empagliflozin in this trial.* As documented
in table 3, rates of hypotension, symptomatic hypo-
tension, and hyperkalaemia appeared largely similar in
all subgroups studied, regardless of randomisation to
empagliflozin or placebo.

Discussion

The current analyses were conducted to ascertain whether
the classes and dosage of background therapies influenced
the efficacy of empagliflozin on heart failure outcomes in
patients with HFrEF. We focused on disease-modifying
heart failure therapies, namely, ACE inhibitors, ARBs,
ARNISs, B blockers, and MRAs. We report a consistent
benefit of empagliflozin on the primary outcome of
hospitalisations for heart failure or cardiovascular death
irrespective of background use of these therapies at less
than 50% or 50% or more of target dose, and in various
clinically relevant dual and triple combinations. Similarly,
the efficacy of empagliflozin for the key secondary
outcome of total heart failure hospitalisations and for the
extended composite consisting of inpatient and outpatient
worsening heart failure events, was consistent across the
analysed subgroups. Lastly, regardless of treatment with
combination therapy or doses of 50% or greater or less
than 50% of target dose, empagliflozin was well tolerated.
Taken together, these data indicate that empaglifiozin
provides clinically important benefits in HFrEF in addition
to existing disease-modifying therapies, regardless of
breadth or intensity of use.

Our data extend the observations made in the DAPA-HF
trial® A few important subgroups, not reported in
DAPA-HF, have been included in the current analyses.
These include the very commonly used dual combination
of an ACE inhibitor, ARB, or ARNI plus 3 blocker, wherein
we show a consistent benefit of empagliflozin. In addition,
we also report on the subgroup of patients given triple
therapy of ACE inhibitor or ARB plus a 3 blocker plus
MRA, all at 50% or more of target doses. Here, too, we
found no evidence of heterogeneity with respect to the
primary, secondary, or exploratory outcomes. Triple
therapy with an ARNI plus 3 blocker plus MRA is
considered to be the most beneficial pharmacotherapeutic
combination in HFrEF. Therefore, understanding
whether SGLT2 inhibitors are effective in addition to this
combination is of clinical importance. In DAPA-HF, only
a small proportion of patients (6-9%) were given this
triple therapy combination, compared with 15% in
EMPEROR-Reduced. Analysis of patients stratified by
baseline treatment with this therapeutic combination
once again yielded no evidence of heterogeneity in any of
the investigated outcomes and the four-treatment regimen
was well tolerated. The current analyses also report on the
key secondary outcome of total hospitalisations for heart
failure, and the extended composite outcome (of
worsening inpatient or outpatient heart failure events),
which were not reported in DAPA-HF.

The current analyses have important clinical
implications. First, they emphasise that background
therapy does not influence the response to empagliflozin
in HFrEF. This observation points to a complementary
mechanism of action in HFrEF and is reassuring, as in
clinical practice, patients frequently have a heterogeneous
mixture of doses for their guideline-directed medical
therapy. Our results suggest that achieving four-drug
treatment is associated with benefit, even if sub-target
doses of each therapy are necessary due to hypotension
or other challenges. Although several mechanisms of
SGLTI2 inhibitors have been proposed,*™ it is clear that
the benefit is independent of glycaemic status and is
maintained even at low eGFR concentrations (down to
20 mL/min per 1-73m?2 in EMPEROR-Reduced). Studies
from the past few years have also shown that
empagliflozin is effective at promoting reverse cardiac
remodelling in patients with and without diabetes or
heart failure when added to background therapies.”™
Although ACE inhibitors, ARBs, or ARNIs, 8 blockers,
and MRAs exert their benefits through inhibition of
angiotensin-II signalling, noradrenaline, and aldosterone
activation, respectively, SGLI2 inhibitors have been
suggested to favourably affect remodelling via
augmenting nutrient deprivation signalling, which in
turn might improve cardiomyocyte function and
survival.»#*¥

These data also suggest that empagliflozin can be
added irrespective of other therapies in HFrEF—the
benefits are neither dependent upon treatment greater or
less than 50% of target dose, nor modulated by any
combination of disease-modifying therapies. A growing
body of evidence suggests that patients with HFrEF
derive the bulk of their cardiovascular benefit at starting
or lower doses of therapy, and that further dose escalation
serves to primarily reduce non-fatal outcomes only.?#*
Thus, understanding the effect of empagliflozin among
patients treated at these sub-target doses is of particular
clinical relevance.

The analyses should be interpreted in light of the
following limitations. First, the subanalyses were post
hoc; therefore, the results presented herein should be
considered exploratory and hypothesis-generating.
Second, multiplicity of comparisons might inflate the
false positive error rate. Third, the absence of available
data for prescribed ARNI doses prevented analysis of
patients on the basis of this parameter. Fourth, rates of
adherence and therapeutic changes are not available in
these analyses. Fifth, the relatively few patients included
in some of the presently analysed subgroups prevent
firm conclusions from being drawn. Finally, the
background therapies investigated herein were not
randomised and were thus prescribed based on patient-
specific characteristics, prescriber patterns, and
regional guidelines and recommendations. As such,
important differences could exist between the studied
subgroups.



To conclude, in the EMPEROR-Reduced randomised
trial, we found that empagliflozin’s efficacy in HFrEF
was maintained regardless of background therapy doses
and combinations of heart failure medications. As such,
empagliflozin should be considered as a potential therapy
in patients with HFrEF irrespective of their existing
background therapy.
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