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ABSTRACT

BACKGROUND
Large clinical trials established the benefits of SGLT2 inhibitors in patients with diabetes and
with heart failure with reduced ejection fraction (HFrEF). The early and significant improvement

in clinical outcomes is likely explained by effects beyond a reduction in hyperglycemia

OBJECTIVES
To investigate the safety and efficacy of empagliflozin versus placebo on top of optimal medical

therapy in non-diabetic HFrEF patients

METHODS

In this double-blind, placebo-controlled trial, non-diabetic HFrEF patients (n=84) were
randomized to empagliflozin or placebo for six months. The primary endpoint was change in left
ventricle end-diastolic volume (LVEDV) and left ventricle end-systolic volume (LVESV)
assessed by cardiac magnetic resonance. Secondary endpoints included changes in LV mass,
LVEF, peak oxygen consumption in the cardiopulmonary exercise test, 6-minute walk test, and

quality of life

RESULTS
Empagliflozin was associated with a significant reduction of LVEDV (-25.1+26.0 vs -
1.5£25.4mL for empagliflozin vs placebo, respectively, p<0.001) and LVESV (-26.6+20.5 vs -

0.5+21.9 mL for empagliflozin vs placebo, p<0.001). Empagliflozin was associated with



reductions in LV mass (-17.8+31.9 vs 4.1+£13.4 g, for empagliflozin vs placebo, respectively,
p<0.001) and improvements in LVEF (6+4.2 vs -0.1+3.9 p<0.001). Patients who received
empagliflozin had significant improvements in peak O2 consumption (1.1£2.6 vs -
0.5+1.9mL/min/kg for empagliflozin vs placebo, respectively, p=0.017), oxygen uptake
efficiency slope (111+267 vs -146+318, p<0.001), as well as in 6-minute walk test (81+64 vs -

35+68 meters, p<0.001) and quality of life (KCCQ-12: 21+18 vs 2+15, p<0.001).

CONCLUSIONS

Empagliflozin administration to non-diabetic HFrEF patients significantly improves LV
volumes, LV mass, LV systolic function, functional capacity, and quality of life when compared
with placebo. Our observations strongly support a role for SGLT2 inhibitors in the treatment of

HFrEF patients independently of their glycemic status.

(www.clinicaltrials.gov NCT 03485222 )



http://www.clinicaltrials.gov/

CONDENSED ABSTRACT

In this double-blind, placebo-controlled, randomized EMPATROPISM clinical trial,
empagliflozin administration to non-diabetic HFrEF patients on top of optimal medical treatment
ameliorated cardiac remodeling, reduced LV volumes, decreased LV mass, increased LV systolic
function, enhanced functional capacity (both peak oxygen consumption and 6-minute walk test),
and improved quality of life when compared with placebo. The results of the EMPATROPISM
trial support the use of SGLT2 inhibitors in the treatment of HFrEF patients independently of

their diabetic status.

TWEET
The SGLT2i Empagliflozin in HFrEF patients without diabetes significantly improves LV
volumes, LV mass, LVEF, peak oxygen consumption, 6-minute walk test, and quality of life

when compared with placebo



COMPETENCY IN MEDICAL KNOWLEDGE:

In the double-blind, placebo-controlled EMPATROPISM trial, non-diabetic HFrEF patients were
randomized to empagliflozin (10mg/day) or placebo for 6-months. Empagliflozin administration
resulted in consistent and significant improvements in cardiac volumes, hypertrophy, LVEF,
exercise capacity, functional capacity, and quality of life when compared with placebo. Our data
endorse SGLT2 inhibitors as attractive candidates in the treatment of non-diabetic HFrEF

patients.

TRANSLATIONAL OUTLOOK:
Previous RCT have demonstrated the benefits of SGLT-2 inhibitors on T2DM patients. Our
mechanistic observation and data from the DAPA-HF strongly suggest the benefits of SGLT2

inhibition in heart failure patients independent of their diabetic status.



ABBREVIATIONS USED WITHIN THE TEXT

CMR Cardiac Magnetic Resonance

CPET Cardiopulmonary Exercise Test

HFrEF Heart failure with reduced Ejection Fraction
KCCQ-12 Kansas City Cardiomyopathy Questionnaire
LV Left Ventricle

LV Left Ventricle LVEDV Left Ventricle end diastolic volume
LVESV Left Ventricle end systolic volume

LVEF Left Ventricle Ejection Fraction

OUES Oxygen Uptake Efficiency Slope

RCT Randomized Clinical Trial

SGLT2i Inhibitors of the Sodium-glucose cotransporter-2
VO, Oxygen Consumption

6MWT 6-minute walk test



INTRODUCTION

In patients with type-2 diabetes, sodium-glucose co-transporter 2 inhibitors (SGLT2i) reduce the
risk of hospitalization for heart failure by 30-35% and improve cardiac outcomes(1-3). The
recent clinical trials DAPA-HF(4) and EMPEROR-Reduced(5) have expanded these heart failure
benefits of SGLT2i to the realm of patients with heart failure with reduced ejection fraction
(HFrEF). Of the utmost importance, these benefits in outcomes occur both in diabetic and non-

diabetic patients(6).

These benefits of SGLT2i cannot be explained exclusively by their glucose-lowering effects
because the modest hypoglycemic activity of SGLT2i is comparable to other glucose-lowering
drugs which do not show improvements in heart failure; the differences in diabetic control were
(by design) minimal (equipoise); the benefits would have taken years (while event curves
separate in the first month); it would have also reduced atherothrombotic events; and glycemic

control has previously failed to reduce heart failure(7).

Based on these observations, we hypothesized that SGLT2i would mitigate adverse left
ventricular (LV) remodeling independently of diabetic status, which could explain their benefits
in heart failure. This hypothesis was initially approached in our non-diabetic porcine model of
heart failure. Empagliflozin significantly ameliorated adverse LV remodeling, decreased LV
volumes and LV hypertrophy, reduced neurohormonal activation, and improved cardiac systolic
function compared with the control group(8). Moreover, empagliflozin also improved diastolic
function in this HFrEF model(9). Based on these experimental results, we designed the
EMPATROPISM-trial to translate these preclinical data to human patients(10). This is a

randomized, double-blind, placebo-controlled trial to assess the effect of empagliflozin on LV



function and volumes, functional capacity and quality of life (QoL) in non-diabetic HFrEF

patients.



METHODS

Trial Design

The EMPATROPISM (NCT 03485222) is a single-site, double-blind, randomized placebo-
controlled trial to determine whether empagliflozin improves cardiac function, exercise
performance and QoL in non-diabetic HFrEF. The study design and protocol have been approved
by the Institutional Review Board of the Icahn School of Medicine at Mount Sinai. All
participants signed an informed consent form prior study entry. Study design is presented in

Figure 1.

A more detailed protocol has been previously reported(10). Briefly, all participants met the
following inclusion criteria: 1) age>18 years; 2) diagnosis of heart failure (NYHA 1I-111); 3)

LVEF<50%; 4) stable symptoms and medical therapy within the last 3 months.

Major exclusion criteria were: 1) History of diabetes by medical history or any of the established
criteria by the American Diabetes Association (including history of diabetes in remission); 2)
acute coronary syndrome or cardiac surgery within the last 3 months; 3) Glomerular Filtration
Rate<30ml/Kg/min; 4) use of continuous parental inotropic agents; 5) systolic blood
pressure<90mmHg; 6) non-MRI compatible cardiac devices; 7) pregnant or lactating women;

and 8) any other medical condition considered unappropriated by a study physician.

Clinical visits and randomization

The study included 5 visits over a 6-month period. At baseline (pre-treatment) visit, all
participants underwent clinical assessment, anthropometric measurements, 6-minute walk test

(6MWT) and the Kansas City Cardiomyopathy Questionnaire (KCCQ-12). Cardiac function was
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assessed by cardiac magnetic resonance (CMR); maximal exercise capacity was measured by
cardiopulmonary exercise testing (CPET). Thereafter, patients were randomized to receive either
empagliflozin or matching placebo for a period of 6-months. Randomization was performed with
a secure web-based system stratified with block sizes of 4. Two additional visits at 1- and 3-
months post-randomization involved interview, drug dispensation, blood and urine collection for

safety and tolerability. At the final visit, the procedures performed at baseline were repeated.

End points

The primary end-point was between-groups change in LV end-diastolic volume (LVEDV) and
LV end-systolic volume (LVESV) from baseline to 6-months as compared to placebo. LV
volumes are the strongest predictor of adverse cardiovascular outcomes even after adjusting for
LVEF and extent of myocardial infarction (11-14). CMR is the gold standard for quantifying
cardiac volume and function; the reproducibility of CMR allows for a smaller sample size as

compared with echocardiography(12)

Secondary endpoints include the between-groups changes in peak VO,. CPET with incremental
workload and symptoms limited exercise is the gold standard for studying cardiac and
pulmonary adaptations to exercise in heart failure patients(15). Other end-points also analyzed
included changes in LV Mass, LV ejection fraction (LVEF), LV sphericity index, oxygen uptake

efficiency slope (OUES), VE/VCO,, distance in the 6BMWT, and QoL (KCCQ-12).

Safety and Adverse Events
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Safety and tolerability issues (eg. hypoglycemia, urinary infections, medication changes, etc.)
were monitored. Adverse events were monitored by a data safety monitoring board who

adjudicated events.

Procedures involved in the study

Cardiac Magnetic Resonance Imaging (CMR) was performed on a 1.5T magnet (Magnetom

Avanto FIT, Siemens) using phased-array surface coils as receivers. Retrospectively ECG-gated
cine images were acquired with a steady-state free precession sequence (typical parameters TR
2.8 ms, TE 1.2 ms, 12-15 lines per segment, flip angle 45 degrees, typical voxel size 1.5x1.5x6
mm, 4-mm gap, number of averages 1, bandwidth 930 Hz). Short-axis cine images covering both
ventricles from base to apex were obtained during end-expiratory breath-holds. LV volumes, LV
mass, and LVEF were quantified as previously reported(8,16) using dedicated analysis software
(CMR42, version 5.6.3, Circle Cardiovascular Imaging, Calgary, Canada). Epicardial and
endocardial contours were traced in each SSFP cine image to obtain LVEDV, LVESV, LVEF
and LV mass; per protocol, the papillary muscles were included in the LV cavity. Sphericity
Index was calculated by dividing CMR-calculated LVEDV by the volume of a sphere whose
diameter was derived from the major end-diastolic LV long axis, as previously described(17).
The LV long-axis was obtained from the CMR dataset as the longest distance between the center
of the mitral annulus and the endocardial apex. All CMR assessments were performed in a blind
and randomized fashion at the end of the study. The observers were completely blinded to the

order of the study, to allocation group, and to any clinical data.

Cardiopulmonary exercise test (CPET).- Patients in fasting state underwent upright

incremental bicycle exercise on a cycle ergometer (Lode, Netherlands) with respiratory gas
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analysis (Med Graphics Ultima O,). The patient was connected to the metabolic cart using a
disposable mouthpiece and with the nares occluded. Exercise began with unloaded exercise and
increased by 25 Watts every 3 minutes. Oxygen consumption (VOy), carbon dioxide production
(VCOy), minute ventilation (VE), perceived level of exertion (Borg Scale 6-20), pulse oximetry,
heart rate and blood pressure measurements were recorded during exercise. Patients were
encouraged to exercise until the respiratory exchange ratio was at least 1.1 or the level of
perceived exertion was at least 15. The reason the patient stopped exercise was recorded. One
investigator (DM) supervised and analyzed the exercise tests. Peak VO, was defined as the
highest 30sec average of oxygen consumption. The ventilatory threshold was identified as the
point at which the ventilatory equivalent for O, (VE/VOy) is minimal, followed by a progressive
increase. Ventilation was assessed by correlation of VE and VCO,; throughout exercise. OUES
was determined using the following equation: VO, =a log;oVE+B. VO, in ml/min was plotted
on the y axis and minute ventilation in L/min was plotted on the semilog transformed x axis. The

slope of this linear relationship, “a”, represents the OUES(18,19).

6 _minute walk test (6MWT) was performed according to the guidelines from the American

Thoracic Society(20). Patients were instructed to walk as fast and perform as many laps as
possible between the distance markers over a 6-minutes period. An un-encouraged test was
performed. To minimize variability it is critical to conduct the test at the same time each visit and

supervised by the same personnel. The total walked distance was recorded.

Kansas City Cardiac Questionnaire-12 (KCCQ-12) was administered and evaluated according

to the questionnaire’s instructions(19). The KCCQ-12 was completed by the patients, without
assistance by study staff, at randomization and the end of the trial. The KCCQ-12 is a valid,

reproducible, responsive tool for assessing disease-specific health status among HF patients. It
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quantifies symptoms (frequency, severity, and recent change), physical function, QoL, and social
function over the previous 2 weeks. Scores are transformed to a range of 0 to 100 in which

higher scores reflect better health status(21).

Statistical Analysis

Our primary endpoint is the between-groups change in LV end-diastolic volume (LVEDV) and
LV end-systolic volume (LVESV) from baseline to 6-months. The difference in change is
computed between the empagliflozin and placebo arms. It is generally accepted that a 10mL
change in LVEDV is clinically significant(22). An internal CMR study at our hospital showed a
variation of 12mL for the mean difference of LVEDV. Thus, in order to detect a 10mL
difference in LVEDV between the arms with a power of 0.9 and a type-l error of 0.05, a
minimum of 72 patients (36/arm) would be required. We estimated a 15% of losses during
follow-up or incomplete examinations. Therefore, the final sample size was 84 HFrEF patients

without diabetes.

Categorical data are reported as frequencies and percentages; continuous variables are
summarized as mean and standard deviation. Data were analyzed on an intention-to-treat basis.
No data imputation was performed. Pre/post changes were compared between study groups using
a linear mixed model with the group covariate, the binary (pre and post) time covariate, and the
group X time interaction term. Differences were considered statistically significant when the p-
value of the log-likelihood ratio test on the significance of the interaction term is >0.05. All

statistical calculations have been performed with Stata 16.1.
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RESULTS

Demographic of study participants

A total of 84 patients provided informed consent form and were randomized 1:1 to empagliflozin
or placebo. Table 1 presents demographic characteristics, co-morbidities and medications for all
the participants. A high percentage of minorities was enrolled (50% Latinos and 19% African-
American). The patients are representative of the typical HFrEF phenotype, with reduced LVEF
(36+8%) and dilated LV (Table 2), and were receiving optimal medical treatment. There were no
major differences at baseline between both groups. During follow-up, the empagliflolzin group
showed reduction in body weight and increase in hematocrit as compared with placebo. During
the trial, six patients in the empagliflozin group had their diuretic dose decreased or completely
removed by their physicians. Conversely, three patients in the placebo group had their diuretic

dosage increased and only one reduced (Table 3).

Safety

During the trial, four patients (two from each group) were lost to follow up (Figure 2), hence
eighty patients completed the study (forty patients per arm). In the placebo group, one patient
died from ventricular arrhythmia and another did not report to the final visit. In the empagliflozin
group no patient died, but 2 patients voluntarily withdrew from the study. Two patients from the
placebo group were hospitalized for heart failure worsening compared to none in the treated
group. There were no reports of hypoglycemia, ketoacidosis, urinary/genital infections or

amputations in any of the groups (Table 1 supplemental data).

CMR data
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There were no significant differences at baseline between the groups. Four patients could not be
analyzed due to artifact induced by ICD. From baseline to 6 months, the primary endpoint of
LVEDV exhibited greater reduction in the empagliflozin group compared with those assigned to
placebo (-25.1+£26.0 vs -1.5+25.4mL, for empagliflozin vs placebo, respectively; p<0.001; Table
4, Figure 3 and Central Illustration). Furthermore, from baseline to 6 months, LVESV also
exhibited greater reduction in the empagliflozin group compared with the placebo arm (-
26.6£20.5 vs -0.5+21.9 mL; for empagliflozin vs placebo, respectively; p<0.001). Importantly,
the group assigned to empagliflozin experienced greater reduction in LV mass (-17.8£31.9 vs
4.1+13.4q, for empagliflozin vs placebo, p<0.001) and in LV sphericity (Asphericity index: -
0.1+0.08 vs 0.01+0.08g, for empagliflozin vs placebo, p<0.001). Moreover, the empagliflozin
arm was associated with a more pronounced increase in LVEF as compared with placebo (6+4.2

vs -0.1£3.9 for empagliflozin vs placebo, p<0.001).

The reductions in LV volumes determined by CMR were paralleled by changes in the plasma
concentrations of NT-proBNP; the empagliflozin group showed a 11.5% decrease vs a 8.5%

increase in the placebo group (p=0.01).

CPET Data

There were no significant differences in at baseline between the groups. Fifty three patients
performed the maximal level of exercise at CPET, while 27 could not reach maximal effort (due
to patient refusal, technical problems or sub-optimal test). At the end of the study, empagliflozin
was associated with significant improvements in peak VO, (1.1+2.6 vs -0.5+£1.9mL/min/kg, for
empagliflozin vs placebo, p=0.017; Table 4, Figure 4 and Central Illustration) and oxygen uptake

efficiency slope (111+£267 vs -145+318, for empagliflozin vs placebo, p<0.01) Furthermore,
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there was a trend towards improvement in the VE/VCO; in the empagliflozin vs placebo group (-

1.2+3.4 vs 0.5+3.9, respectively, p=0.09).

6-Minute walk test

There were no significant differences at baseline between groups. All eighty participants
completed the baseline and 6-month 6MWT. At the end of the treatment period, the
empagliflozin arm was associated with significant improvements in 6MWT as compared with
placebo (81t64meters vs -35£68 meters; for empagliflozin and placebo respectively; p<0.001;

Table 4 and Figure 4).

Quiality of life

There were no significant differences at baseline between groups. All eighty participants
completed the baseline and 6-month questionnaires. From baseline to six months, the
empagliflozin group exhibited greater improvement in in the overall QoL from baseline as

compared with placebo (Table 4 and Figure 4).
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DISCUSSION

The main findings of the EMPATROPISM trial are that empagliflozin administration to
nondiabetic HFrEF patients is associated with amelioration in adverse LV remodeling, with
reduction in LV volume, decrease in LV hypertrophy, improvement in LVEF, and a less
spherical left ventricle with less pronounced architectural remodeling, as compared with placebo.
Of utmost importance, empagliflozin-treated patients exhibited improvement in functional
capacity (using both maximal exercise in CPET and submaximal exercise in 6MWT) and
increase in QoL as compared with the placebo arm. Our observations suggest that SGLT2i could
become a new therapeutic strategy for the treatment of HFrEF patients independently of their
diabetic status.

The prevalence of heart failure is increasing due to rising age and increased cardiovascular risk
factors in the overall population, is associated with high morbidity and mortality, and is the
leading cause of hospitalization of patients over 65 years of age (23). Heart failure is highly
prevalent in T2DM patients; however, approximately half of all heart failure patients do not have
diabetes(23). Despite optimal medical treatment, mortality of heart failure is still high(23).
SGLT2i initially demonstrated to reduce heart failure hospitalizations in diabetic patients(1-3).
These initial benefits have been recently expanded to the field of HFrEF(4,5). However, the
effects of SGLT2i on cardiac structure and function as well as in functional capacity remain
undetermined.

Adverse LV remodeling in heart failure is characterized by LV dilatation, sphericity and
hypertrophy(24), which worsens heart failure and begets a vicious circle. The main finding of
EMPATROPISM is that empagliflozin significantly reverses and ameliorates LV remodeling as

demonstrated by reduced LV volumes, mitigated LV hypertrophy, less spherical LV, and
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increased LVEF. Reversing LV remodeling is an important factor in reducing mortality and
morbidity in patients with heart failure(24,25). In fact, short-term benefits on LV remodeling are
associated with longer-term outcome improvements(14). Importantly, the ameliorated LV
remodeling demonstrated in EMPATROPISM parallels the improvement in outcomes observed
with DAPA-HF and EMPEROR-Reduced(4,5).

Change in LV volumes was chosen as major-end point because of its strong prognostic value for
adverse CV outcomes even after adjusting for LVEF and infarct size(11-14). We want to
highlight that both LVEDV and LVESV were significantly reduced by empagliflozin as
compared with placebo. This decrease in LV volumes in the empagliflozin-treated patients is
supported by a reduction in the plasma levels of NT-ProBNP in the treatment arm. Empagliflozin
treatment resulted in a significant regression of LV hypertrophy and LV mass with
empagliflozin; this is important because previous studies have associated LV mass regression
with better outcomes in HF patients(13). We want to highlight that empagliflozin treatment
significantly increased LVEF while no change was seen in the placebo. The between-group
difference of 6 absolute points in LVEF is of considerable clinical relevance; especially since
sacubitril-valsartan did not improved in the EVALUATE-HF study(26), although we have to
note that treatment duration was shorter (3 months) in EVALUATE(26). During heart failure
progression, the LV loses its elongated, bullet-like, geometry and acquires a more spherical,
balloon-like, conformation; of note, empagliflozin reduces the sphericity and geometrical
remodeling of the LV, which is important given that greater sphericity is associated with worse
outcomes(17).

This is the first study demonstrating that empagliflozin ameliorates LV remodeling in non-

diabetic HF patients. The EMPA-HEART reported LV mass regression but was restricted to a
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diabetic population without HF(27). The DEFINE trial investigated HFrEF but focused
exclusively on systemic biomarkers and the majority of the patients were diabetic (28). The
REFORM trial did not find any improvement in LV remodeling with dapagliflozin on diabetic
heart failure patients(29). The contrasting results between REFORM and EMPATROPISM can
be explained by the different patients characteristics; REFORM enrolled less advanced patients
(50% were in NYHA |, while EMPATROPISM exclusively enrolled NYHA 11-111), with higher
LVEF (46% in REFORM vs 36% in EMPATROPISM) and with less dilated LV (LVEDV
180mL in REFORM vs 220mL in EMPATROPISM).

CPET provides information on the functional capacity, treatment efficacy and outcome
prediction in heart failure(30). PeakVVO; is a more sensitive parameter of exercise capacity than
6MWT(19), hence its use to determine cardiac transplantation. Furthermore, peakVO, allows to
investigate the determinants of exercise intolerance, while 6MWT distance does not(31).
Importantly, the peak VO, in EMPATROPISM significantly increased in the empagliflozin-
patients by 1.1 ml/kg/min versus a 0.5 ml/kg/min decline in the placebo, thus demonstrating
improvement in functional capacity with SGLT2i. Furthermore, OUES was significantly
improved in the treated arm; this is relevant because a higher OUES value reflects improved
adaptation of the cardiopulmonary circuit to deliver oxygen for a given amount of
ventilation(19). There was also a trend towards improvement of VE/VCO, ratio in the
empagliflozin group but did not achieve statistical significance (p=0.09). Finally, the 6MWT
showed a consistent improvement in treated patients versus a decline in placebo-controls.
Noteworthy, both peak VO2, and submaximal measures of exercise performance (6MWT and
OEUS) were all concordant in showing improvements in the treated cohort. These data show

improved functional capacity after treatment with SGLT2i in HFrEF.
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The KCCQ-12 questionnaire is used to evaluate the health status of heart failure patients, and
shows a strong association with outcomes (32). A 5-point change in KCCQ-12 overall summary
score is considered to be the minimal noticeable clinical difference experienced by patients(33)
and also detected by the treating cardiologist as a small deterioration or improvement in heart
failure(34). At the end of the study, empagliflozin administration was associated with an increase
in the overall QoL from baseline vs placebo. Using this 5-point cut-off parameter, 30 patients in
the empagliflozin group showed QoL improvement; conversely, in the placebo group, only 14
patients showed improvements while 10 experienced QoL worsening. This benefit in QoL is
supported by the parallel recovery in QoL observed in DAPA-HF, thus confirming the benefits
of SGLT2i in HFrEF.

An important observation is the short follow up needed in EMPATROPISM (6 months) to detect
significant improvements associated with SGLT2i. This observation coincides with the early
separation of the event curves observed in large trials(1,4,5) and the benefits in our animal model
(two months)(8).

Our data on amelioration of adverse LV remodeling, improved LVEF, and enhanced
cardiopulmonary capacity confirm our previous findings in an experimental model(8). We
demonstrated less LV remodeling, boosted LV systolic function (LVEF, contractile reserve, and
LV strains), reduced sympathetic overdrive(8) and better diastolic function(9) in non-diabetic
pigs with HFrEF. This improvement in LV remodeling with SGLT2i has been independently
confirmed in a similar rat model of HFrEF(35). Both the animal and the human data point
towards enhanced LV performance in HFrEF after SGLT2i treatment.

The mechanism(s) of the cardiac benefits of SGLT2i remain incompletely understood. Our

porcine study suggested that SGLT2i induce a switch in the myocardial metabolism away from
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glucose utilization into consumption of fatty acids, ketone bodies and branched-chain
aminoacids, which enhances myocardial energetics. This metabolic shift has also been
independently confirmed by other groups (35). This hypothesis is further supported by the fact
that infusion of ketones in HFrEF patients improve myocardial contractility(36). Therefore, it
seems rational to think that this recovery in myocardial energetics will improve heart failure.
However, alternative/ mechanisms to explain the benefits of SGLT2i have also been postulated
(37,38). An improvement in ventricular loading conditions secondary to a reduction in preload
due to the diuretic and natriuretic effect of SGLT2i might decrease congestion and potentially
explain the decrease in LV volumes observed in our study. In fact, a previous mediation analysis
of the EMPAREG-Outcome trial(39) concluded that changes in markers of plasma volume were
the most important mediators of the improvement in prognosis. This is also supported by the
finding of reduced pulmonary artery pressure in patients with SGLT2i (40). Additionally, by
lowering arterial stiffness(41), SGLT2i may reduce cardiac afterload, with resultant
improvement in ventricular arterial coupling and cardiac efficiency. Other hypotheses include the
anti-inflammatory/anti-oxidant effects of SGLT2i(42), the increase in erythropoietin with

subsequent enhancement of oxygenation(38), and the inhibition of the Na/H exchanger(43).

Limitations

First, the number of patients enrolled in our study is relatively small; however, the high
reproducibility of CMR allows for the utilization of reduced sample sizes(22). A second
limitation is the relatively high number of dropouts in the CPET. Third, we have exclusively
studied HFrEF patietns; whether patients with heart failure with preserved ejection fraction can

benefit from SGLT2i cannot be answered by our study and remains to be determined.
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Conclusions
The EMPATROPISM trial Our trial, using different but complementary techniques to assess
cardio-pulmonary function and activity as well as patients’ quality of life; demonstrates the
benefits of empagliflozin when administered to non-diabetic HFrEF patients. Therefore, these
data suggest the benefits of SGLT2i in the treatment of HFrEF patients independently of their

diabetic status.
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FIGURE LEGENDS

Figure 1: Design of the EMPATROPISM trial

Figure 2: Flow of participants in the trial: enrollment and follow up

Figure 3: Changes in LV volumes, LV hypertrophy and LV systolic function in the
empagliflozin vs placebo arms as determined by cardiac magnetic resonance.
Empagliflozin is associated with greater reduction in both left ventricle end diastolic volume
(LVEDV) and left ventricle end systolic volume (LVESV), more intense regression in LV mass,
and higher improvement in LV ejection fraction (LVEF) between baseline and 6-month time-

point as compared with placebo. Graphs represent mean and 95% confidence interval

Figure 4: Changes on exercise capacity, functional capacity and quality of life in the
empagliflozin vs placebo arms. Empagliflozin is associated with larger improvement in peak
VO2 and OUES as determined by CPET; more pronounced increase in 6-mimute walk test
(6MWT) and more enhancement in quality of life (using KCCQ-12) between baseline and 6-

month timepoint as compared with placebo. Graphs represent mean and 95% confidence interval
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TABLE 1: Demographic and clinical characteristics of all participants and of each study

group
Parameter All Empagliflozin Placebo
Gender N % N % N %
All 84 100 42 100 42 100
Female 30 36 15 36 15 35.7
Male 54 64 27 63 27 64
Ethnicity
Caucasian 23 27 16 38 7 17
Hispanic/Latino 42 50 19 45 23 55
African American 16 19 7 16 9 20
Asian 3 4 0 0 3 7
Age (years)
Mean £ SD 62 £12.1 64.2 +10.9 59.9 £+ 13.1
<65 52 61 24 57 28 66
>65 32 38 18 43 14 33
CVRFs
Hypertension 62 74 34 81 28 67
Hyperlipidemia 62 74 32 76 30 71
Cigarette Smoking (past or
present) 30 36 18 43 12 29
Diabetes 0 0 0 0 0 0
Atrial Fibrillation 18 21 10 24 8 19
Cause of HF
Ischemic 42 50 23 55 19 45




Non-Ischemic 41 49 19 45 22 51

Devices (ICD/CRT/Pacemaker)
17 20 9 21 8 19

Medications

Statin 63 75 33 79 30 71
ACEi/ARB (Alone) 35 42 16 38 19 45
ARNi 36 43 21 50 15 36
B-Blockers 74 88 36 86 38 90
Loop Diuretics 46 55 22 52 24 57
Thiazide Diuretics 5 6 3 7 2 5
Mineralocorticoid antagonists 28 33 13 31 15 36
Ca-Blockers 10 12 5 12 5 12
Antiplatelet 55 65 29 69 26 62
Anticoagulants 19 23 10 24 9 21




TABLE 2: Patient characteristics at baseline and at study end. Data expressed as Mean +

SD
—— Empagliflozin Placebo A p value
Characteristics Baseline 6-month A from Bas Baseline 6-month A from Bas
Body Weight (Kg) 84.1+20 82.8 +19.9 -1.3+3.3 84.1+21.6 85.6 + 22.6 155 <0.01
BMI (Kg/m2) 29.3+6 28.8 +5.9 -0.5+1.2 306 316 0.5+1.9 <0.01
HR (bpm) 74 17 68 * 11 -6 13 78 £ 15 79 +10 1+13 <0.05
Total-Cho (mg/dL) 179 + 61 175+ 54 1+27 163 + 42 166 + 44 3+29 n.s.
LDL-Cho (mg/dL) 105 + 53 101 + 45 0+21 94 +39 96 + 41 2+24 n.s.
HDL-Cho (mg/dL) 53+18 51+18 -1+6 48 11 49 £15 1+10 n.s.
TGL (mg/dL) 107 + 51 110 + 60 7+43 104 + 50 102 + 48 -2+32 n.s.
eGFR (mL/min/1.73m2) 80 + 21 76 £19 -4+10 83+23 86 + 22 3+9 <0.01
Creatinine (mg/dL) 0.97 +0.3 1.01+0.32 | 0.04+0.14 0.95 + 0.28 0.91 +0.29 -0.04 £ 0.12 <0.01
Glucose (mg/dL) 95 +12 93 * 11 -3+13 100 + 15 96 + 15 -4 +14 n.s.
HbA1c (%) 5.8+0.3 59+04 0.1+0.3 5.8+0.5 5.9+0.5 0.1+04 n.s.
Haemoglobin (g/dL) 13.2+1.6 13.7+1.8 04+141 13.411.6 13.5+1.7 0.1+0.9 n.s.
Haematocrit (%) 40 + 4.6 42 +5.4 2+34 41+5 41+5 0+29 <0.05




TABLE 3: Evolution of the number of patients on diuretics and also of the diuretic doses

both at baseline and study end.

Empagliflozin Placebo
Baseline 6 Months Baseline 6 Months
Diuretics (Any) 26 24 27 28
Increase Decrease Increase Decrease
dose dose dose dose

Loop Diuretics 21 0 5 23 0 0

Thiazide Diuretics 3 0 1 2 0 1
Mineralocorticoid

Antagonists 11 0 1 14 3 0




TABLE 4: Changes in parameters of CMR, CPET, 6MWT and Quality of Life from
baseline to study-end for both arms. LVEDV .- Left ventricle end diastolic volume, LVESV .-
Left ventricle end systolic volume, LVEF.- Left ventricle Ejection Fraction , LV Mass.- Left
Ventricle Mass , OUES.- Oxygen Uptake Efficiency Slope. Data expressed as Mean + SD.

Empagliflozin Placebo
Baseline 6-month A from Bas Baseline 6-month A from Bas A p value
CMR
LVEDV (mL) | 219.8 +75.8 194.7 £ 69.7 -25.1 £ 26 210.4 £68.9 | 208.9 +72.8 -1.5+25.4 <0.001
LVESV (mL) | 143.6 £ 66.3 117.0 £ 60 -26.6 + 20.5 135.1 £+54.8 | 134.5+58.9 -0.5+21.9 <0.001
LVEF (%) 36.2+8.2 42,2 9.2 6.0 £4.2 36.5+8 36.3+85 -0.1+£3.9 <0.001
LVMass (g) | 135.2 +45.2 117.4 +41.7 -17.8 £31.9 131.8 +54.4 135.8 + 61 41+134 <0.001
Sphericity Index 0.62 +0.16 0.52 £ 0.11 -0.10 £ 0.08 0.58 +0.12 0.59 +0.13 0.01 £ 0.08 <0.001
CPET
Peak VO2 (mL/min/kg) 153143 16444 1.1+26 145139 14.0+4.2 -0.5%1.9 0.017
VE/VCO2 29.5%+4.6 28.6 £ 4.8 -1.2+3.4 27.4+54 28.0 +6.7 0.5%+3.9 0.09
OUES 1522 + 425 1633 £ 510 111 + 267 1630 * 506 1485 + 570 -145 + 318 <0.001
6-Minute Walk (meters)
420 +93.4 501 £ 100 81+64 452 + 101 417 £ 113 -35 + 68 <0.001
KCCQ-12
67.7 £25.4 88.3 +13.3 21118 71.8 £22 73.6 +23.3 19+15 <0.001
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ABSTRACT

BACKGROUND
Large clinical trials established the benefits of SGLT2 inhibitors in patients with diabetes and
with heart failure with reduced ejection fraction (HFrEF). The early and significant improvement

in clinical outcomes is likely explained by effects beyond a reduction in hyperglycemia

OBJECTIVES
To investigate the safety and efficacy of empagliflozin versus placebo on top of optimal medical

therapy in non-diabetic HFrEF patients

METHODS

In this double-blind, placebo-controlled trial, non-diabetic HFrEF patients (n=84) were
randomized to empagliflozin or placebo for six months. The primary endpoint was change in left
ventricle end-diastolic volume (LVEDV) and left ventricle end-systolic volume (LVESV)
assessed by cardiac magnetic resonance. Secondary endpoints included changes in LV mass,
LVEF, peak oxygen consumption in the cardiopulmonary exercise test, 6-minute walk test, and

quality of life

RESULTS
Empagliflozin was associated with a significant reduction of LVEDV (-25.1+26.0 vs -
1.54£25.4mL for empagliflozin vs placebo, respectively, p<0.001) and LVESV (-26.6+20.5 vs -

0.5+21.9 mL for empagliflozin vs placebo, p<0.001). Empagliflozin was associated with



reductions in LV mass (-17.8+31.9 vs 4.1+13.4 g, for empagliflozin vs placebo, respectively,
p<0.001) and improvements in LVEF (6+4.2 vs -0.1£3.9 p<0.001). Patients who received
empagliflozin had significant improvements in peak 02 consumption (1.1+2.6 vs -
0.5+1.9mL/min/kg for empagliflozin vs placebo, respectively, p=0.017), oxygen uptake
efficiency slope (111+267 vs -146+318, p<0.001), as well as in 6-minute walk test (8164 vs -

35+68 meters, p<0.001) and quality of life (KCCQ-12: 21+18 vs 2415, p<0.001).

CONCLUSIONS

Empagliflozin administration to non-diabetic HFrEF patients significantly improves LV
volumes, LV mass, LV systolic function, functional capacity, and quality of life when compared
with placebo. Our observations strongly support a role for SGLT2 inhibitors in the treatment of

HFrEF patients independently of their glycemic status.

(www.clinicaltrials.gov NCT 03485222 )



http://www.clinicaltrials.gov/

CONDENSED ABSTRACT

In this double-blind, placebo-controlled, randomized EMPATROPISM clinical trial,
empagliflozin administration to non-diabetic HFrEF patients on top of optimal medical treatment
ameliorated cardiac remodeling, reduced LV volumes, decreased LV mass, increased LV systolic
function, enhanced functional capacity (both peak oxygen consumption and 6-minute walk test),
and improved quality of life when compared with placebo. The results of the EMPATROPISM
trial support the use of SGLT2 inhibitors in the treatment of HFrEF patients independently of

their diabetic status.

TWEET

The SGLT2i Empagliflozin in HFrEF patients without diabetes significantly improves LV

volumes, LV mass, LVEF, peak oxygen consumption, 6-minute walk test, and quality of life

when compared with placebo




COMPETENCY IN MEDICAL KNOWLEDGE:

In the double-blind, placebo-controlled EMPATROPISM trial, non-diabetic HFrEF patients were
randomized to empagliflozin (10mg/day) or placebo for 6-months. Empagliflozin administration
resulted in consistent and significant improvements in cardiac volumes, hypertrophy, LVEF,
exercise capacity, functional capacity, and quality of life when compared with placebo. Our data
endorse SGLT2 inhibitors as attractive candidates in the treatment of non-diabetic HFrEF

patients.

TRANSLATIONAL OUTLOOK:
Previous RCT have demonstrated the benefits of SGLT-2 inhibitors on T2DM patients. Our
mechanistic observation and data from the DAPA-HF strongly suggest the benefits of SGLT2

inhibition in heart failure patients independent of their diabetic status.



ABBREVIATIONS USED WITHIN THE TEXT

CMR Cardiac Magnetic Resonance

CPET Cardiopulmonary Exercise Test

HFrEF Heart failure with reduced Ejection Fraction
KCCQ-12 Kansas City Cardiomyopathy Questionnaire
LV Left Ventricle

LV Left Ventricle LVEDV Left Ventricle end diastolic volume
LVESV Left Ventricle end systolic volume

LVEF Left Ventricle Ejection Fraction

OUES Oxygen Uptake Efficiency Slope

RCT Randomized Clinical Trial

SGLT?2i Inhibitors of the Sodium-glucose cotransporter-2
VO, Oxygen Consumption

6MWT 6-minute walk test



INTRODUCTION

In patients with type-2 diabetes, sodium-glucose co-transporter 2 inhibitors (SGLT2i) reduce the
risk of hospitalization for heart failure by 30-35% and improve cardiac outcomes(1-3). The
recent clinical trials DAPA-HF(4) and EMPEROR-Reduced(5) have expanded these heart failure
benefits of SGLT2i to the realm of patients with heart failure with reduced ejection fraction
(HFrEF). Of the utmost importance, these benefits in outcomes occur both in diabetic and non-

diabetic patients(6).

These benefits of SGLT2i cannot be explained exclusively by their glucose-lowering effects
because the modest hypoglycemic activity of SGLT2i is comparable to other glucose-lowering
drugs which do not show improvements in heart failure; the differences in diabetic control were
(by design) minimal (equipoise); the benefits would have taken years (while event curves
separate in the first month); it would have also reduced atherothrombotic events; and glycemic

control has previously failed to reduce heart failure(7).

Based on these observations, we hypothesized that SGLT2i would mitigate adverse left
ventricular (LV) remodeling independently of diabetic status, which could explatin their benefits
in heart failure. This hypothesis was initially approached in our weH-characterized--non-diabetic
porcine model of heart failure. Empagliflozin administratien-significantly ameliorated adverse
LV remodeling, decreased LV volumes and LV hypertrophy, reduced neurohormonal activation,
and improved cardiac systolic function as-compared with the control group(8). Moreover,
empagliflozin also improved diastolic function in this HFrEF model(9). Based on these
experimental results, we designed the EMPATROPISM-trial to translate these preclinical data to

human patients(10). This is a randomized, double-blind, placebo-controlled trial to assess the



effect of empagliflozin on LV function and volumes, functional capacity and quality of life

(QolL) in non-diabetic HFrEF patients.



METHODS

Trial Design

The EMPATROPISM (NCT 03485222) is a single-—site, double-blind, randomized placebo-
controlled trial; to determine whether empagliflozin improves cardiac function, exercise
performance and guatity—of-life{QoL)} in non-diabetic HFrEF. The study design and protocol
have been approved by the Institutional Review Board of the Icahn School of Medicine at Mount
Sinai. All participants signed an informed consent form prior study entry. Study design is

presented in Figure 1.

A more detailed protocol has been previously reported(10). Briefly, all participants met the
following inclusion criteria: 1) age>18 years; 2) diagnosis of heart failure (NYHA I1I-I11); 3)

LVEF<50%; 4) stable symptoms and medical therapy within the last 3 months.

Major exclusion criteria were: 1) History of diabetes by medical history or by-any of the
established criteria by the American Diabetes Association (alse-including history of diabetes in
remission); 2) acute coronary syndrome or cardiac surgery within the last 3 months; 3)
Glomerular Filtration Rate-<30ml/Kg/min; 4) use of continuous parental inotropic agents; 5)
systolic blood pressure<-90mmHg; 6) non-MRI compatible pacemakers-orimplantable-cardiac
defibrillaterscardiac devices; 7) pregnant or lactating women; and 8) any other medical e

physieal-condition considered unappropriated by a study physician.

Clinical visits and randomization

The study included 5 visits over a 6-month period. At baseline (pre-treatment) visit, all

participants underwent clinical assessment, anthropometric measurements, 6-minute walk test
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‘ (6MWT) and the Kansas City Cardiomyopathy Questionnaire (KCCQ-12). Cardiac function was
assessed by cardiac magnetic resonance (CMR); maximal exercise capacity was measured by
cardiopulmonary exercise testing (CPET). Thereafter, patients were randomized to receive either

‘ empagliflozin or matching placebo-contrel for a period of 6-months. Randomization was
performed with a secure web-based system stratified with block sizes of 4. Two additional visits
at 1- and 3-months post-randomization involved interview, drug dispensation, blood and urine
collection for safety and tolerability. At the final visit, the procedures performed at baseline were

repeated.
End points:

The primary end-point was between-groups change in LV end-diastolic volume (LVEDV) and
LV end-systolic volume (LVESV) from baseline to 6-months as compared to placebo. LV
volumes are the strongest predictor of adverse S\/-cardiovascular outcomes even after adjusting
for LVEF and extent of myocardial infarction (11-14). CMR is considered-the gold standard for

assessing—quantifying ehanges—in—cardiac volume and function; the reproducibility of CMR

allows for a smaller sample size as compared with echocardiography(12)

Secondary endpoints include the between-groups changes in peak VO,. CPET with incremental
workload and symptoms limited exercise is the gold standard for studying cardiac and
pulmonary adaptations to exercise in heart failure patients(15). Other end-points also analyzed
included changes in LV Mass, LV ejection fraction (LVEF), LV sphericity index, oxygen uptake

efficiency slope (OUES), VE/VCO,, distance in the 6MWT, and QoL (KCCQ-12).

Safety and Adverse Events
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Safety and tolerability issues (eg. hypoglycemia, urinary infections, medication changes, etc.)
were monitored. Adverse events were monitored by a data safety monitoring board who

adjudicated events.

Procedures involved in the study

Cardiac Magnetic Resonance Imaging (CMR) was performed on a 1.5T magnet (Magnetom

Avanto FIT, Siemens) using phased-array surface coils as receivers. Retrospectively ECG-gated
cine images were acquired with a steady-state free precession sequence (typical parameters TR
2.8 ms, TE 1.2 ms, 12-15 lines per segment, flip angle 45 degrees, typical voxel size 1.5x1.5x6
mm, 4-mm gap, number of averages 1, bandwidth 930 Hz). Short-axis cine images covering both
ventricles from base to apex were obtained during end-expiratory breath-holds. LV volumes, LV
mass, and LVEF were quantified as previously reported(8,16) using dedicated analysis software
(CMR42, version 5.6.3, Circle Cardiovascular Imaging, Calgary, Canada). Epicardial and
endocardial contours were traced in each SSFP cine image to obtain LVEDV, LVESV, LVEF
and LV mass; per protocol, the papillary muscles were included in the LV cavity. Sphericity
Index was calculated by dividing CMR-calculated LVEDV by the volume of a sphere whose
diameter was derived from the major end-diastolic LV long axis, as previously described(17).
The LV long-axis was obtained from the CMR dataset as the longest distance between the center
of the mitral annulus and the endocardial apex. All CMR assessments were performed in a blind
and randomized fashion at the end of the study. The observers were completely blinded to the

order of the study, to allocation group, and to any clinical data.

Cardiopulmonary exercise test (CPET).-  Patients in fasting state underwent upright

incremental bicycle exercise on a cycle ergometer (Lode, Netherlands) with respiratory gas
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analysis (Med Graphics Ultima Oy). The patient was connected to the metabolic cart using a
disposable mouthpiece and with the nares occluded. Exercise began with unloaded exercise and
increased by 25 Watts every 3 minutes. Oxygen consumption (VO), carbon dioxide production
(VCO,), minute ventilation (VE), perceived level of exertion (Borg Scale 6-20), pulse oximetry,
heart rate and blood pressure measurements were recorded during exercise. Patients were
encouraged to exercise until the respiratory exchange ratio was at least 1.1 or the level of
perceived exertion was at least 15. The reason the patient stopped exercise was recorded. One
investigator (DM) supervised and analyzed the exercise tests. Peak VO, was defined as the
highest 30sec average of oxygen consumption. The ventilatory threshold was identified as the
point at which the ventilatory equivalent for O, (VE/VO,) is minimal, followed by a progressive
increase. Ventilation was assessed by correlation of VE and VCO, throughout exercise. OUES
was determined using the following equation: VO, =a logioVE+B. VO, in ml/min was plotted
on the y axis and minute ventilation in L/min was plotted on the semilog transformed x axis. -The

slope of this linear relationship, “a”, represents the OUES(18,19).

6 _minute walk test (6MWT) was performed according to the guidelines from the American

Thoracic Society(20). Patients were instructed to walk as fast and perform as many laps as
possible between the distance markers over a 6-minutes period. An un-encouraged test was
performed. To minimize variability it is critical to conduct the test at the same time each visit and

supervised by the same personnel. The total walked distance was recorded.

Kansas City Cardiac Questionnaire-12 (KCCQ-12) was administered and evaluated according

to the questionnaire’s instructions(19). The KCCQ-12 was completed by the patients, without
assistance by study staff, at randomization and the end of the trial. The KCCQ-12 is a valid,

reproducible, responsive tool for assessing disease-specific health status among HF patients. It
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quantifies symptoms (frequency, severity, and recent change), physical function, QoL, and social
function over the previous 2 weeks. Scores are transformed to a range of 0 to 100 in which

higher scores reflect better health status(21).

Statistical Analysis

Our primary endpoint is the between-groups change in LV end-diastolic volume (LVEDV) and
LV end-systolic volume (LVESV) from baseline to 6-months. The difference in change is
computed between the empagliflozin and placebo arms. It is generally accepted that a 10mL
change in LVEDV is clinically significant(22). An internal CMR study at our hospital showed a
variation of 12mL for the mean difference of LVEDV. Thus, in order to detect a 10mL
difference in LVEDV between the arms with a power of 0.9 and a type-l error of 0.05, a
minimum of 72 patients (36/arm) would be required. We estimated a 15% of losses during
follow-up or incomplete examinations. Therefore, the final sample size was 84 HFrEF patients

without diabetes.

Categorical data are reported as frequencies and percentages; continuous variables are
summarized as mean and standard deviation. Data were analyzed on an intention-to-treat basis.
No data imputation was performed. Pre/post changes were compared between study groups using
a linear mixed model with the group covariate, the binary (pre and post) time covariate, and the
group X time interaction term. Differences were considered statistically significant when the p-
value of the log-likelihood ratio test on the significance of the interaction term is >0.05. All

statistical calculations have been performed with Stata 16.1.
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RESULTS

Demographic of study participants

A total of 84 patients provided informed consent form and were randomized 1:1 to empagliflozin
or placebo. Table 1 presents demographic characteristics, co-morbidities and medications for all
the participants. A high percentage of minorities was enrolled (50% Latinos and 19% African-
American). The patients are representative of the typical HFrEF phenotype, with reduced LVEF
(36+8%) and dilated LV (Table 2), and were receiving optimal medical treatment. There were no
major differences at baseline between both groups. During follow-up, the empagliflolzin group
showed reduction in body weight and increase in hematocrit as compared with placebo. During
the trial, six patients in the empagliflozin group had their diuretic dose decreased or completely
removed by their physicians. Conversely, three patients in the placebo group had their diuretic

dosage increased and only one reduced (Table 3).

Safety

During the trial, four patients (two from each group) were lost to follow up (Figure 2), hence
eighty patients completed the study (forty patients per arm). In the placebo group, one patient
died from ventricular arrhythmia and another did not report to the final visit. In the empagliflozin
group no patient died, but 2 patients voluntarily withdrew from the study. Two patients from the
placebo group were hospitalized for heart failure worsening compared to none in the treated
group. There were no reports of hypoglycemia, ketoacidosis, urinary/genital infections or

amputations in any of the groups (Table 1 supplemental data).

CMR data



15

There were no significant differences in-any-ef-the-measured-parameters-at baseline between the

groups. Four patients could not be analyzed due to artifact induced by ICD. From baseline to 6
months, the primary endpoint of LVEDV exhibited greater reduction in the empagliflozin group
compared with those assigned to placebo (-25.1+£26.0 vs -1.5+25.4mL, for empagliflozin vs
placebo, respectively; p<0.001; Table 4, Figure 3 and Central Illustration). Furthermore, from
baseline to 6 months, LVESV also exhibited greater reduction in the empagliflozin group
compared with the placebo arm (-26.6+20.5 vs -0.5+21.9 mL; for empagliflozin vs placebo,
respectively; p<0.001). Importantly, the group assigned to empagliflozin experienced greater
reduction in LV mass (-17.8+31.9 vs 4.1+13.4g, for empagliflozin vs placebo, p<0.001) and in
LV sphericity (Asphericity index: -0.1+0.08 vs 0.01+0.08g, for empagliflozin vs placebo,
p<0.001). Moreover, the empagliflozin arm was associated with a more pronounced increase in

LVEF as compared with placebo (6+4.2 vs -0.1+3.9 for empagliflozin vs placebo, p<0.001).

The reductions in LV volumes determined by CMR were paralleled by changes in the plasma
concentrations of NT-proBNP; the empagliflozin group showed a 11.5% decrease vs a 8.5%

increase in the placebo group (p=0.01).

CPET Data

There were no significant differences in any-ofthe-measured-parameters-at baseline between the

groups. Fifty three patients performed the maximal level of exercise at CPET, while 27 could not
reach eemplete maximal effort GREF(due to patient refusal, technical problems or sub-optimal
test). At the end of the study, empagliflozin was associated with significant improvements in
peak VO, (1.1£2.6 vs -0.5+£1.9mL/min/kg, for empagliflozin vs placebo, p=0.017; Table 4,

Figure 4 and Central Illustration) and oxygen uptake efficiency slope (1114267 vs -145+318, for
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empagliflozin vs placebo, p<0.01) Furthermore, there was a trend towards improvement in the

VE/VCO; in the empagliflozin vs placebo group (-1.2+3.4 vs 0.5£3.9, respectively, p=0.09).

6-Minute walk test

There were no significant differences in-the-parameters-at baseline between groups. All eighty
participants completed the baseline and 6-month 6MWT. At the end of the treatment period, the
empagliflozin arm was associated with significant improvements in 6MWT as compared with
placebo (81t64meters vs -35£68 meters; for empagliflozin and placebo respectively; p<0.001;

Table 4 and Figure 4).

Quality of life

There were no significant differences in-the-parameters-at baseline between groups. All eighty
participants completed the baseline and 6-month questionnaires. From baseline to six months, the
empagliflozin group exhibited greater improvement in in the overall QoL from baseline as

compared with placebo (Table 4 and Figure 4).
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DISCUSSION

The main findings of the EMPATROPISM trial are that empagliflozin administration to
nondiabetic HFrEF patients is associated with amelioration in adverse LV remodeling, with
reduction in LV volume, decrease in LV hypertrophy, improvement in LVEF, and a less
spherical left ventricle with less pronounced architectural remodeling, as compared with placebo.
Of utmost importance, empagliflozin-treated patients exhibited improvement in functional
capacity (using both maximal exercise in CPET and submaximal exercise in 6MWT) and
increase in QoL as compared with the placebo arm.: Our observations suggest that SGLT2i could
become a new therapeutic strategy for the treatment of HFrEF patients independently of their
diabetic status.

The prevalence of heart failure is increasing due to rising age and increased cardiovascular-&
risk factors in the overall population, is associated with high morbidity and mortality, and is the
leading cause of hospitalization of patients over 65 years of age (23). Heart failure is highly
prevalent in T2DM patients; however, approximately half of all heart failure patients do not have
diabetes(23). Despite optimal medical treatment, mortality of heart failure is still high(23).
SGLT?2i initially demonstrated to reduce heart failure hospitalizations in diabetic patients(1-3).
These initial benefits have been recently expanded to the field of HFrEF(4,5). However, the
effects of SGLT2i on cardiac structure and function as well as in functional capacity remain
undetermined.

Adverse LV remodeling in heart failure is characterized by LV dilatation, sphericity and
hypertrophy(24), which worsens heart failure and begets a vicious circle. The main finding of
EMPATROPISM is that empagliflozin significantly reverses and ameliorates LV remodeling as

demonstrated by reduced LV volumes, mitigated LV hypertrophy, less spherical LV, and
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increased LVEF. Reversing LV remodeling is an important factor in reducing mortality and
morbidity in patients with heart failure(24,25). In fact, short-term benefits on LV remodeling are
associated with longer-term outcome improvements(14). Importantly, the ameliorated LV
remodeling demonstrated in EMPATROPISM parallels the improvement in outcomes observed
with DAPA-HF and EMPEROR-Reduced(4,5).

Change in LV volumes was chosen as major-end point because of its strong prognostic value for
adverse CV outcomes even after adjusting for LVEF and infarct size(11-14). We want to
highlight that both LVEDV and LVESV were significantly reduced by empagliflozin as
compared with placebo. This decrease in LV volumes in the empagliflozin-treated patients is
supported by a reduction in the plasma levels of NT-ProBNP in the treatment arm. Empagliflozin
treatment resulted in a significant regression of LV hypertrophy and LV mass with
empagliflozin; this is important because previous studies have associated LV mass regression
with better outcomes in HF patients(13). We want to highlight that empagliflozin treatment
significantly increased LVEF while no change was seen in the placebo. The between-group
difference of 6 absolute points in LVEF is of considerable clinical relevance; especially since
sacubitril-valsartan did not improved in the EVALUATE-HF study(26), although we have to
note that treatment duration was shorter (3 months) in EVALUATE(26). During heart failure
progression, the LV loses its elongated, bullet-like, geometry and acquires a more spherical,
balloon-like, conformation; of note, empagliflozin reduces the sphericity and geometrical
remodeling of the LV, which is important given that greater sphericity is associated with worse
outcomes(17).

This is the first study demonstrating that empagliflozin ameliorates LV remodeling in non-

diabetic HF patients. The EMPA-HEART reported LV mass regression but was restricted to a
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diabetic population without HF(27). The DEFINE trial investigated HFrEF but focused
exclusively on systemic biomarkers and the majority of the patients were diabetic (28). The
REFORM trial did not find any improvement in LV remodeling with dapagliflozin on diabetic
heart failure patients(29). The contrasting results between REFORM and EMPATROPISM can
be explained by the different patients characteristics; REFORM enrolled less advanced patients
(50% were in NYHA I, while EMPATROPISM exclusively enrolled NYHA I1I-111), with higher
LVEF (46% in REFORM vs 36% in EMPATROPISM) and with less dilated LV (LVEDV
180mL in REFORM vs 220mL in EMPATROPISM).

CPET provides information on the functional capacity, treatment efficacy and outcome
prediction in heart failure(30). PeakVO; is a more sensitive parameter of exercise capacity than
6-MWT-distance(19), hence its use to determine cardiac transplantation. Furthermore, peak\VO,
allows to investigate the determinants of exercise intolerance, while 6MWT distance does
not(31). Importantly, the peak VO, in EMPATROPISM significantly increased in the
empagliflozin-patients by 1.1 ml/kg/min versus a 0.5 ml/kg/min decline in the placebo, thus
demonstrating improvement in functional capacity with SGLT2i. Furthermore, OUES was
significantly improved in the treated arm; this is relevant because a higher OUES value reflects
improved adaptation of the cardiopulmonary circuit to deliver oxygen for a given amount of
ventilation(19). There was also a trend towards improvement of VE/VCO, ratio in the
empagliflozin group but did not achieve statistical significance (p=0.09). Finally, the 6MWT
showed a consistent— improvement in treated patients versus a decline in placebo-controls.
Noteworthy, both peak VO2, and submaximal measures of exercise performance (6MWT and
OEUS) were all concordant in showing improvements in the treated cohort. These data show

improved functional capacity after treatment with SGLT2i in HFrEF.
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The KCCQ-12 questionnaire is used to evaluate the health status of heart failure patients, and
shows a strong association with outcomes (32). A 5-point change in KCCQ-12 overall summary
score is considered to be the minimal noticeable clinical difference experienced by patients(33)
and also detected by the treating cardiologist as a small deterioration or improvement in heart
failure(34). At the end of the study, empagliflozin administration was associated with an increase
in the overall QoL from baseline vs placebo. Using this 5-point cut-off parameter, 30 patients in
the empagliflozin group showed QoL improvement; conversely, in the placebo group, only 14
patients showed improvements while 10 experienced QoL worsening. This benefit in QoL is
supported by the parallel recovery in QoL observed in DAPA-HF, thus confirming the benefits
of SGLT2i in HFrEF.

An important observation is the short follow up needed in EMPATROPISM (6 months) to detect
significant improvements associated with SGLT2i. This observation coincides with the early
separation of the event curves observed in large trials(1,4,5) and the benefits in our animal model
(two months)(8).

Our data on amelioration of adverse LV remodeling, improved LVEF, and enhanced
cardiopulmonary capacity confirm our previous findings in an experimental model(8). We
demonstrated less LV remodeling, boosted LV systolic function (LVEF, contractile reserve, and
LV strains), reduced sympathetic overdrive(8) and better diastolic function(9) in non-diabetic
pigs with HFrEF. This improvement in LV remodeling with SGLT2i has been independently
confirmed in a similar rat model of HFrEF(35). Both the animal and the human data point
towards enhanced LV performance in HFrEF after SGLT2i treatment.

The mechanism(s) of the cardiac benefits of SGLT2i remain incompletely understood. Our

porcine study suggested that SGLT2i induce a switch in the myocardial metabolism away from
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glucose utilization into consumption of fatty acids, ketone bodies and branched-chain
aminoacids, which enhances myocardial energetics. This metabolic shift has also been
independently confirmed by other groups (35). This hypothesis is further supported by the fact
that infusion of ketones in HFrEF patients improve myocardial contractility(36). Therefore, it
seems rational to think that this recovery in myocardial energetics will improve heart failure.
However, alternative/ mechanisms to explain the benefits of SGLT2i have also been postulated
(37,38). An improvement in ventricular loading conditions secondary to a reduction in preload
due to the diuretic and natriuretic effect of SGLT2i might decrease congestion and potentially
explain the decrease in LV volumes observed in our study. In fact, a previous mediation analysis
of the EMPAREG-Outcome trial(39) concluded that changes in markers of plasma volume were
the most important mediators of the improvement in prognosis. This is also supported by the
finding of reduced pulmonary artery pressure in patients with SGLT2i (40). Additionally, by
lowering arterial stiffness(41), SGLT2i may reduce cardiac afterload, with resultant
improvement in ventricular arterial coupling and cardiac efficiency. Other hypotheses include the
anti-inflammatory/anti-oxidant effects tof SGLT2i-(42), the increase in erythropoietin with

subsequent enhancement of oxygenation(38), and the inhibition of the Na/H exchanger(43).

Limitations
First, the number of patients enrolled in our study is relatively small; however, the high
reproducibility of CMR allows for the utilization of reduced sample sizes(22). A sSecond

limitation is the relatively high number of dropouts in the CPET. Third, we have exclusively

studied HFrEF patietns; whether patients with heart failure with preserved ejection fraction can

benefit from SGLT2i cannot be answered by our study and remains to be determined.
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Conclusions
The EMPATROPISM trial Our trial, using different but complementary techniques to assess
cardio-pulmonary function and activity as well as patients’ quality of life; demonstrates the
benefits of empagliflozin when administered to non-diabetic HFrEF patients. Therefore, these
data suggest the benefits of SGLT2i in the treatment of HFrEF patients independently of their

diabetic status.
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FIGURE LEGENDS

Figure 1: Design of the EMPATROPISM trial

Figure 2: Flow of participants in the trial: enrollment and follow up
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Figure 3: Changes in LV volumes, LV hypertrophy and LV systolic function in the< [Formatted:Font: Bold
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empagliflozin vs placebo arms as determined by cardiac magnetic resonance. Please-note
that-eEmpagliflozin is associated with a-greater reduction in both left ventricle end diastolic
volume (LVEDV) and left ventricle end systolic volume (LVESV), with—a—more intense
regression in LV mass, and with-higher improvement in LV Left-ventricle eEjection fFraction
(LVEF) between baseline and 6-month time-point as compared with placebo. Graphs represent

mean and 95% confidence interval
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Figure 4: Changes on exercise capacity, functional capacity and quality of life in the “  Formatted: Line spacing: Double

empagliflozin vs placebo arms. Please-nete-thateEmpagliflozin is associated with larger
improvement in peak VO2 and OUES as determined by CPET; more pronounced increase in 6-

mimute walk test (6MWT) and more enhancement in quality of life (using KCCQ-12) between

baseline and 6-month timepoint as compared with placebo. Graphs represent mean and 95%

confidence interval
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