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Dapagliflozin Improves Heart Failure Symptoms
and Physical Limitations Across the Full Range of
Ejection Fraction: Pooled Patient-Level Analysis

From DEFINE-HF and PRESERVED-HF Trials
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BACKGROUND: Patients with heart failure (HF) have a high burden of symptoms and physical limitations, regardless of ejection
fraction (EF). Whether the benefits of SGLT2 (sodium-glucose cotransporter-2) inhibitors on these outcomes vary across
the full range of EF remains unclear.

METHODS: Patient-level data were pooled from the DEFINE-HF trial (Dapagliflozin Effects on Biomarkers, Symptoms, and
Functional Status in Patients With Heart Failure With Reduced Ejection Fraction) of 263 participants with reduced EF
(£40%), and PRESERVED-HF trial (Effects of Dapagliflozin on Biomarkers, Symptoms and Functional Status in Patients
With Preserved Ejection Fraction Heart Failure) of 324 participants with preserved EF (>45%). Both were randomized,
double-blind 12-week trials of dapagliflozin versus placebo, recruiting participants with New York Heart Association class
[l or higher and elevated natriuretic peptides. The effect of dapagliflozin on the change in the Kansas City Cardiomyopathy
Questionnaire (KCCQ) Clinical Summary Score (CSS) at 12 weeks was tested with ANCOVA adjusted for sex, baseline
KCCQ, ER atrial fibrillation, estimated glomerular filtration rate, and type 2 diabetes. Interaction of dapagliflozin effects on
KCCQ-CSS by EF was assessed using EF both categorically and continuously with restricted cubic spline. Responder
analyses, examining proportions of patients with deterioration, and clinically meaningful improvements in KCCQ-CSS were
conducted using logistic regression.

RESULTS: Of 587 patients randomized (293 dapagliflozin, 294 placebo), EF was <40, >40-<60, and >60% in 262 (45%), 199
(349%), and 126 (21%), respectively. Dapagliflozin improved KCCQ-CSS at 12 weeks (placebo-adjusted difference 5.0 points
[95% Cl, 2.6-75]; ”<0.001). This was consistent in participants with EF<40 (4.6 points [95% Cl, 1.0-8.1]; ~=0.01), >40 to
<60 (4.9 points [95% Cl, 0.8-9.0]; ~=0.02) and >60% (6.8 points [95% Cl, 1.5=12.1]; P=0.01; P, cactni=0.79). Benefits of
dapagliflozin on KCCQ-CSS were also consistent when analyzing EF continuously (P, . =0.94). In responder analyses,
fewer dapagliflozin-treated patients had deterioration and more had small, moderate, and large KCCQ-CSS improvements

versus placebo; these results were also consistent regardless of EF (all P values nonsignificant).

interaction

CONCLUSIONS: In patients with HF, dapagliflozin significantly improves symptoms and physical limitations after 12 weeks of
treatment, with consistent and clinically meaningful benefits across the full range of EF.
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Nassif et al

Dapagliflozin and KCCQ Across Full Range of EF

WHAT IS NEW?

* Reducing the burden of heart failure (HF)-related
symptoms and physical limitations is a key goal of
management.

* Whether SGLT2 (sodium-glucose cotransporter-2)
inhibitors improve these outcomes in individuals
with HF across the full range of ejection fraction
(EF) remains unclear.

* Using a pooled analysis from 2 randomized trials
of patients with HF, we demonstrate that SGLT2
inhibitor dapagliflozin produced significant and
clinically meaningful improvements in symptoms
and physical limitations across the full range of EF.
There was no attenuation of these benefits among
participants with EF in the normal range.

WHAT ARE THE CLINICAL IMPLICATIONS?

* There is a dearth of efficacious therapies that
improve health status (symptoms, physical limi-
tations, and quality of life) in individuals with HF
regardless of EF.

* These findings address an important unmet clinical
need, and provide a compelling additional ratio-
nale for using SGLT2 inhibitors in patients with
HF across the full range of EF, in addition to their
proven effects on reducing cardiovascular death
and worsening HF events.

health status, with a high burden of symptoms and

physical limitations, and poor quality of life, regard-
less of whether they have reduced, mid-range, or pre-
served left ventricular ejection fraction (EF)."® Improving
symptoms and physical limitations is a key goal of HF
management across the full range of EF and is being
increasingly emphasized by practice guidelines* and
regulatory agencies,® and incorporated as a valuable out-
come in clinical trials of HF therapies.® Importantly, many
HF treatments (including renin-angiotensin blockers,
mineralocorticoid receptor antagonists, and angiotensin
receptor—neprilysin inhibitors) do not improve symptoms
and physical limitations in patients with HF with pre-
served EF (HFpEF),® a cohort that fundamentally differs
from patients with reduced EF (HFrEF)° and in whom
obesity and cardiometabolic stress are more strongly tied
to health status.'® As such, development of therapies that
have consistent benefits on symptoms, physical limita-
tions, and quality of life in patients with HF across the full
range of EF remains a critical unmet need.

SGLT2 (sodium-glucose cotransporter-2) inhibitors are
now considered foundational therapy for individuals with
HFrEF, where, in addition to reducing the risk of cardio-
vascular death and hospitalization for HF, they consistently
improve HF-related health status.''~'* Although results
from randomized clinical trials indicate that SGLT2 inhibi-
tors improve HF-related symptoms and physical limitations

Patients with heart failure (HF) experience impaired
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Nonstandard Abbreviations and Acronyms

ACE angiotensin-converting
enzyme

AF atrial fibrillation

BNP B-type natriuretic peptide

DEFINE-HF Dapagliflozin Effects on
Biomarkers, Symptoms, and
Functional Status in Patients
With Heart Failure With
Reduced Ejection Fraction

EF ejection fraction

eGFR estimated glomerular filtration
rate

HF heart failure

HFpEF HF with preserved ejection
fraction

HFrEF HF with reduced ejection
fraction

IQR interquartile range

KCCcaQ Kansas City Cardiomyopathy
Questionnaire

KCCQ-CSS KCCAQ Clinical Summary
Score

KCCQ-0SS KCCQ Overall Summary
Score

NT-proBNP N-terminal pro-B-type natri-
uretic peptide

NYHA New York Heart Association

OR odds ratio

PRESERVED-HF Effects of Dapagliflozin on
Biomarkers, Symptoms, and
Functional Status in Patients
With Preserved Ejection
Fraction Heart Failure

SGLT2 sodium-glucose
cotransporter-2

T2D type 2 diabetes

in those with HFpEF,'*"'® the magnitude of these estimated
effects has varied across studies. Results from pooled
patient-level data analyses from the EMPEROR program
(Empagliflozin Outcome Trial in Patients With Chronic
Heart Failure) suggest that the benefits of SGLT2 inhibi-
tors on health status may be attenuated in patients with EF
of 65% and above.'® However, the degree of symptomatic
and functional impairment at baseline was relatively mild
in those studies, especially among those with preserved
EF, thus limiting the likelihood of detecting the benefits of
any therapeutic intervention, including those from SGLT2
inhibitors. Consequently, it remains unclear whether these
agents provide meaningful health status benefits among
highly symptomatic and functionally impaired individuals
with HF across the full range of EF.
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In DEFINE-HF (Dapagliflozin Effects on Biomarkers,
Symptoms, and Functional Status in Patients With Heart
Failure With Reduced Ejection Fraction) and PRESERVED-
HF (Effects of Dapagliflozin on Biomarkers, Symptoms
and Functional Status in Patients With Preserved Ejection
Fraction Heart Failure) trials, dapagliflozin has been previ-
ously reported to significantly improve symptoms, physical
limitations and quality of life in individuals with HFrEF'3
and HFpEFR'" Both trials included populations of patients
with  marked symptomatic and functional impairment
due to HF. We performed post hoc, pooled patient-level
analyses of the DEFINE-HF and PRESERVED-HF ftrials,
enabling the opportunity to examine, in a granular fashion,
the nature of the relationship between initiation of SGLT2
inhibitor dapagliflozin and its effects on HF-related health
status across the full range of EF.

METHODS

The DEFINE-HF and PRESERVED-HF trials were investigator-
initiated, multicenter, randomized, double-blind, placebo-con-
trolled, parallel-group trials, with the concepts developed, and
studies sponsored and executed by the national coordinating
center at Saint Luke’s Mid America Heart Institute in collaboration
with the respective Executive Committees. Both trials evaluated
the efficacy of the SGLT2 inhibitor dapagliflozin versus placebo
on HF-related health status over 12 weeks of treatment, as mea-
sured by the Kansas City Cardiomyopathy Questionnaire (KCCQ)
in patients with HF. Both trials were carried out in the United
States using similar eligibility criteria and similar case report forms.
The data that support the findings of these studies are available
from the corresponding author upon reasonable request.

Institutional review boards approved the study for all sites
in both trials, and all patients provided written informed con-
sent for research participation. Both trials were conducted in
accordance with the ICH EB(R1) (International Council for
Harmonisation of Technical Requirements for Pharmaceuticals
for Human Use, topic EB, revision R1) Guidelines of Good
Clinical Practice and the Declaration of Helsinki.

The primary difference between the 2 trials was the inclu-
sion of patients with an EF of <40% in DEFINE-HF and
>45% in PRESERVED-HF. The first and senior authors had
unrestricted access to the patient-level data, prepared the first
draft of the article, and edited it after review and input from all
authors. The authors made the decision to submit the article for
publication and assume full responsibility for the accuracy and
completeness of the analyses.

Patient Populations

The inclusion and exclusion criteria for DEFINE-HF and
PRESERVED-HF have been published.®'” Both trials enrolled
adult ambulatory patients (with or without type 2 diabetes [T2D]),
clinical diagnosis of HF, and New York Heart Association (NYHA)
class -l (DEFINE-HF) or II-V (PRESERVED-HF) symptoms.
Patients were required to have elevated natriuretic peptides
(NT-proBNP [N-terminal pro-B-type natriuretic peptide]) =400 or
BNP (B-type natriuretic peptide) 2100 pg/mL in DEFINE-HF;
NT-proBNP > 225 or BNP > 75 pg/mL in PRESERVED-HF
for patients in sinus rhythm). In the setting of atrial fibrillation
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(AF), NT-proBNP had to be >600 or BNP >400 pg/mL in
DEFINE-HF and >375 or 2100 pg/mL in PRESERVED-HF. In
the latter trial, patients also had to be on diuretic therapy and have
either HF hospitalization or urgent HF visit requiring intravenous
diuretic treatment during the previous 12 months, documented
elevated filling pressures on right or left heart catheterization, or
echocardiographic evidence of structural heart abnormalities.

Key exclusion criteria were recent hospitalization for decom-
pensated HF, estimated glomerular filtration rate (eGFR) <30
(DEFINE-HF) or <20 mL/min per 1.73m? (PRESERVED-HF),
type 1 diabetes, or history of diabetic ketoacidosis.

Trial Designs

For both ftrials, patients considered potentially eligible who
agreed to participate and provided informed consent entered a
2-week screening phase, during which their eligibility was con-
firmed. Eligible patients were randomized in a double-blind fash-
ion, 1:1 to oral dapagliflozin 10 mg or matching placebo once
daily. Before administration of the first dose of dapagliflozin or
placebo, patients underwent a physical exam, trial-related labo-
ratory assessments, and completed the KCCQ. Patients then
entered a 12-week treatment period, during which they were
followed via 4 phone call visits, as well as 2 in-person study
visits (at 6 and 12 weeks). Postrandomization assessments of
KCCQ were obtained at 6- and 12-week visits in DEFINE-HF
and at the 12-week visitin PRESERVED-HF. At week 12, study
medication was discontinued, and patients were followed for 1
additional week to assess for any intercurrent safety events.

Outcomes

For the purposes of these post hoc, pooled patient-level
analyses, the main outcome of interest was change in the
KCCQ-CSS at 12 weeks, which was a secondary outcome in
DEFINE-HF, and the primary outcome in PRESERVED-HF
The KCCQ is a standardized 23-item, self-administered instru-
ment that quantifies HF-related symptoms (frequency, sever-
ity, and recent change), physical function, quality of life, and
social function.?° For each domain, the validity, reproducibility,
responsiveness, and interpretability have been independently
established for both HFrEF and HFpEF populations.?' Scores
are transformed to a range of O to 100, in which higher scores
reflect better health status.?? KCCQ-CSS includes the symp-
tom and physical function domains of the KCCQ (considered
most likely to be modified by SGLT2 inhibitors).

Additional outcomes examined were individual components
of KCCQ-CSS, including change in the KCCQ—-Total Symptom
Score (which summarizes symptom burden and frequency) and
KCCQ-Physical Limitations Score (which summarizes physical
function); as well as KCCQ—Overall Summary Score (KCCQ-
OSS, which includes symptoms, physical limitations, quality
of life and social function) at 12 weeks. Responder analyses
were also performed, in which the proportions of patients with
deterioration, as well as clinically meaningful improvement in
KCCQ-CSS, were assessed.

Statistical Analysis

All outcomes were evaluated using the modified intention to
treat data sets in both trials, which included all randomized
patients who received at least 1 dose of study medication and
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had an evaluable KCCQ follow-up measurement. Continuous
measures were summarized by mean+SD or median and inter-
quartile range and compared using Student £ test or Wilcoxon
rank-sum test, as appropriate. Categorical variables were sum-
marized by frequency and percent and compared using 2 or
Fisher exact tests, as appropriate.

For the main outcome of interest, an ANCOVA model was
used to estimate the effect of dapagliflozin relative to placebo
on the 12-week KCCQ-CSS, adjusting for baseline KCCQ-
CSSvalue, sex, eGFR, T2D status, AF status, and left ventricular
EF. Restricted cubic splines were included for continuous vari-
ables to accommodate nonlinear effects. The effects of dapa-
gliflozin versus placebo on the KCCQ-CSS at 12 weeks were
also examined across several key subgroups analyses, including
baseline EF (stratified into 3 categories: <40%; >40 and <60%;
and >60%); as well as age (<70, >70 years), sex (male, female),
race, T2D status, body mass index (<median, >median), AF sta-
tus, baseline KCCQ-0SS (<median, >median), baseline eGFR
(<60, >60 mL/[min-1.73 m?]), baseline loop diuretic dose (furo-
semide equivalent mean daily dose: <40 mg, >40 mg), NYHA
class, NT-proBNP (N-terminal pro-B-type natriuretic peptide;
<median, >median), and baseline use of HF therapies (beta
blockers, ACE (angiotensin-converting enzyme) inhibitors/
angiotensin receptor blockers/angiotensin receptor—neprilysin
inhibitors and mineralocorticoid receptor antagonists).

The relationship between the effects of dapagliflozin versus
placebo on the 12-week KCCQ-CSS across the full range of
baseline EF was examined in a more granular fashion, testing
the dapagliflozinxEF interaction with EF modeled continuously
with a restricted cubic spline, using the previously referenced
ANCOVA model, and adjusting for baseline KCCQ-CSS value,
sex, eGFR, T2D status, and AF status.

Finally, given the suggestion from the EMPEROR program
that the benefits of SGLT2 inhibitors on health status may be
attenuated in patients with EF of 65% and above,'® we per-
formed an additional subgroup analysis, specifically examining
the effects of dapagliflozin versus placebo on KCCQ-CSS at
12 weeks specifically in patients with EF of >65%.

The effects of dapagliflozin versus placebo on 12-week
KCCQ-Total Symptom Score, KCCQ-Physical Limitations
Score, and KCCQ-OSS were examined in a manner analo-
gous to that used for KCCQ-CSS; this included evaluating
these effects across the full range of baseline EF modeled as a
continuous variable with a restricted cubic spline as previously
described.

In the responder analyses, the proportions of dapagliflozin-
and placebo-treated participants that had deterioration (greater
than 5-point worsening), no change, as well as small-moderate
(5—<10 point), moderate-large (10-<20 point), and very large
(=20 point) improvements in KCCQ-CSS at 12 weeks were
calculated. Logistic regression models, adjusted for baseline
KCCQ-CSS value, as well as sex, eGFR, T2D status, AF status,
and EF, were used to compare the proportion of dapagliflozin-
and placebo-treated patients who had deterioration, as well
as at least small (=5 point), at least moderate (>10 point),
and large (>20 point) improvements in KCCQ-CSS. These
analyses were then repeated to test whether these effects of
dapagliflozin versus placebo on the proportion of patients with
worsening versus various improvements in KCCQ-CSS at 12
weeks differed according to baseline EF (modeled in 3 catego-
ries: <40%; >40 and <60%; and >60%).
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RESULTS

In total, 587 participants were included (263 from
DEFINE-HF, 324 from PRESERVED-HF). Baseline
characteristics of participants randomized to dapagliflozin
or placebo are listed in the Table. Median age was 67
years (interquartile range [IQR], 58-74), 43% of partici-
pants were women, one-third (33%) were Black, most
(66%) were previously hospitalized for HF, 59% had T2D,
and 47% had AF. There was a high prevalence of obesity,
with median body mass index of 33 kg/m? (IQR, 29-39).
Median NT-proBNP was elevated at baseline (844 pg/
mL, IOR, 447-1692), whereas median eGFR was 59
mL/min per 1.73m? (IQR, 46-77). Most patients were
treated with loops diuretics (87%), ACE inhibitors—angio-
tensin receptor blocker/angiotensin receptor—neprilysin
inhibitor (72%), and beta blockers (83%), whereas 47%
were receiving mineralocorticoid receptor antagonists;
37% had NYHA class Ill to IV symptoms, and median
baseline KCCQ-CSS was 67 points (IOR, 50-83).

Median EF was 50% (IQR, 29-60), with 262 (44.6%),
199 (83.9%), and 126 (21.5%) patients having EF
<40%, >40 and <60%, and >60%, respectively.

Main Outcome of Interest

Dapagliflozin improved KCCQ-CSS at 12 weeks (pla-
cebo-adjusted difference 5.0 points [95% ClI, 2.6-7.5];
P<0.001; Figure 1A). This was consistent in participants
with EF <40 (4.6 points [95% CI, 1.0-8.1]; ~=0.01),
>40 to <60 (4.9 points [95% ClI, 0.8-9.0]; ~=0.02) and
>60% (6.8 points [95% ClI, 1.6-12.1]; ~=0.01; P .-
=0.79; Figure 2A). The benefits of dapagliflozin on
KCCQ-CSS were also consistent when analyzing EF
as a continuous variable, with no evidence of treat-
ment effect attenuation with higher EF values (Pmteradion
=0.94; Figure 2B). There was no evidence of treat-
ment effect heterogeneity when examining the effects
of dapagliflozin on KCCQ-CSS at 12 weeks across
all other demographic and clinical subgroups, with all

o ValUES being nonsignificant (Figure 2A). Further-
more, dapagliflozin significantly improved KCCQ-CSS in
patients with EF of 65% or greater (n=98) by 7.5 points
(95% Cl, 0.6-14.5; P=0.04).

Dapagliflozin also significantly improved other KCCQ
domains at 12 weeks, including Total Symptom Score
(placebo-adjusted difference 5.0 points [95% ClI, 2.3—
7.7]; P<0.001; Figure 1B); Physical Limitations Score
(placebo-adjusted difference, 5.0 points (95% CI, 1.8—
8.2]; ~=0.002; Figure 1C); and OSS (placebo-adjusted
difference, 3.7 points [95% CI, 1.3-6.1]; P=0.003;
Figure 1D). Similar to the effects on KCCQ-CSS, the
benefits of dapagliflozin on these KCCQ domains were
consistent across the entire range of EF with no evidence
of attenuation at higher EF values (Figure 3A through
3C for KCCQ-Total Symptom Score, KCCQ—Physical
Limitations Score and KCCQ-OSS, respectively).
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Table. Baseline Characteristics
Total; n=587 Dapaglifiozin; n=293 Placebo; n=294 P value
Demographics
Age,y 67 (58-74) 67 (59-74) 68 (58-75) 0.92
Women 254 (43%) 128 (44%) 126 (43%) 0.84
White 361 (62%) 182 (62%) 179 (61%) 0.98
Black 196 (33%) 97 (33%) 99 (34%)
Medical history
HF duration, y 3.9 (1.4-8.7) 3.9 (1.4-8.8) 3.9 (1.3-8.6) 0.93
Prior HF hospitalization 390 (66%) 199 (68%) 191 (65%) 0.45
Ejection fraction (%) 50 (29-60) 50 (30-60) 50 (25-60) 0.57
Ischemic heart disease 202 (34%) 102 (35%) 100 (34%) 0.84
Type 2 diabetes 347 (569%) 171 (58%) 176 (60%) 0.71
Atrial fibrillation 277 (47%) 139 (47%) 138 (47%) 0.90
History of ICD 179 (31%) 95 (32%) 84 (29%) 0.31
Baseline HF/CV medications
ACE inhibitor/ARB 337 (57%) 165 (56%) 172 (58%) 0.59
ARNI 90 (15%) 9 (17%) 41 (14%) 0.62
Beta-blockers 489 (83%) 249 (85%) 240 (82%) 0.28
MRA 278 (47%) 126 (43%) 152 (52%) 0.03
Loop diuretics 511 (87%) 265 (90%) 246 (84%) 0.01
Lipid-lowering agents 470 (80%) 239 (82%) 231 (79%) 0.36
Anticoagulants 255 (43%) 129 (44%) 126 (43%) 0.77
Physical examination
BMI, kg/m? 33 (29-39) 33 (29-39) 33 (29-39) 0.85
Pulse* 68.3 (61.7-76.0) 69.3 (62.0-76.3) 68.0 (61.0-75.7) 0.34
Systolic BP, mmHg* 125.3 (112.7-143.3) | 126.0 (113.0-145.0) | 125.0 (112.0-142.7) | 0.79
Baseline laboratory studies
NT-proBNP, pg/mL 844 (447-1692) 865 (476-1674) 820 (415-1696) 0.63
BNP, pg/mL 179.0 (107.0-347.0) 179.0 (106.0-378.0) 179.0 (111.0-318.0) 0.85
eGFR 59 (46-77) 59 (46-74) 59 (46-79) 0.64
HbA1c, % 6.3 (5.6-7.6) 6.2 (5.6-7.7) 6.3 (5.6-7.6) 0.55
Hemoglobin, g/dL 13.0 (11.8-14.2) 13.0 (11.8-14.2) 13.1 (11.9-14.0) 0.59
Functional measures
NYHA class Il 369 (63%) 190 (65%) 179 (61%) 0.67
NYHA class Ill to IV 216 (37%) 102 (35%) 114 (39%)
KCCQ-0SS 66 (49-82) 6 (50-82) 6 (48-82) 0.65
KCCQ-CSS 67 (50-83) 9 (50-84) 5 (50-82) 0.53
KCCQ-TSS 71 (52-80) 2 (54-90) 0 (50-89) 0.43
KCCQ-PLS 65 (46-83) 7 (46-83) 3 (46-83) 0.53
6-min walk test, m 274.3 (194.6-348.2) 274.3 (198.1-355.1) 271.3 (182.9-340.2) 0.48

Continuous variables were compared using Wilcoxon rank-sum test. Categorical variables were compared using %2 or
Fisher exact test. Values are shown as absolute numbers (percentages) and median (25th—75th percentiles). ACE indi-
cates angiotensin-converting enzyme; ARB, angiotensin Il receptor blocker; ARNI, angiotensin receptor—neprilysin inhibitor;
BMI, body mass index; BNP, B-type natriuretic peptide; BP, blood pressure; CV, cardiovascular; eGFR, estimated glomerular
filtration rate; HbA1c, hemoglobin Alc; HF, heart failure; ICD, internal cardiac defibrillator; KCCQ-CSS, Kansas City Cardio-
myopathy Questionnaire=Clinical Summary Score; KCCQ-0SS, Kansas City Cardiomyopathy Questionnaire—Overall Sum-
mary Score; KCCQ-PLS, Kansas City Cardiomyopathy Questionnaire—Physical Limitations Score; KCCQ-TSS, Kansas City
Cardiomyopathy Questionnaire—Total Symptom Score; MRA, mineralocorticoid receptor antagonist; NT-proBNF, N-terminal
pro-B-type natriuretic peptide; and NYHA, New York Heart Association.

“Blood pressure and pulse were measured from noninvasive cuff measurements for patients in sinus rhythm and manual
pulse and blood pressure for patients in atrial fibrillation.
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A KccQ-Clinical Summary Score C KccCQ-Physical Limitation Score
754 754
-+~ Placebo -+ Placeho
-+~ Dapagliflozin T -s-Dapagliflozin Effect Size =
5.0 (1.8-8.2) points
70 p=0.0023
- 1 70 -
7 A
Q - .
o 3
0 0
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Effect size = T
5.0 (2.6-7.5) points
p<0.0001 T
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B KCCQ-Total Symptom Score D KCCQ-Overall Symptom Score P=0.003
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g 5.0 (2.3-7.7) points (:Z)
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Effect Size =
3.7 (1.3-6.1) points
p=0.003
60 T 60 T )
Baseline Week 12 Baseline Week 12
- N= 294 277 -~ N= 294 277
- N= 293 279 - N= 293 279

Figure 1. Effects of dapagliflozin vs placebo at 12 weeks on the Kansas City Cardiomyopathy Questionnaire (KCCQ) domains.
KCCQ-Clinical Summary Score (KCCQ-CSS; A), KCCQ-Total Symptom Score (KCCQ-TSS; B), KCCQ-Physical Limitations Score (KCCQ-
PLS; C), and KCCQ-Overall Summary Score (KCCQ-OSS; D). Data are presented as mean values with 95% Cls (adjusted for baseline
KCCQ, sex, type 2 diabetes status, atrial fibrillation type, estimated glomerular filtration rate, and ejection fraction; models include patients with

complete KCCQ data at baseline and 12 weeks).

The results of the responder analyses are shown in
Figure 4A and 4B. Fewer dapagliflozin- versus placebo-
treated patients experienced worsening of KCCQ-CSS
at 12 weeks (odds ratio, 0.66 [95% ClI, 0.38-0.84];
P=0.004); and greater proportions of dapagliflozin-
treated patients had at least small (odds ratio, 1.94
[95% CI, 1.34-2.82]; ”<0.001), at least moderate (odds
ratio, 2.26 [95% Cl, 1.48-3.44]; £<0.001), and large
improvements (odds ratio, 2.79 [95% CI, 1.50-5.20];
P=0.001). All of these results were consistent when
stratified by EF categories, with all P___ . values being
nonsignificant.

DISCUSSION

In these pooled patient-level analyses of the DEFINE-
HF and PRESERVED-HF trials, the SGLT2 inhibitor
dapagliflozin significantly improved symptoms and physi-
cal limitations in patients with chronic HF, with consistent

Circ Heart Fail. 2023;16:¢009837. DOI: 10.1161/CIRCHEARTFAILURE.122.009837

benefits across the full range of EF, as well as across
other demographic and clinical subgroups analyzed.
There was no attenuation of the treatment benefit when
EF was analyzed both continuously and categorically,
including among those participants with EF of 60% and
higher. Similar results were also seen with other key
KCCQ domains. Dapagliflozin reduced the proportion of
patients with deterioration and increased the proportion
of patients with small, moderate, and large improvements
in health status at 12 weeks, and these effects were also
highly consistent across the full range of EF. Of note,
the proportion of dapagliflozin-treated patients who had
large KCCQ-CSS improvements was more than double
when compared with placebo. Collectively, these data
support treatment with dapagliflozin to improve symp-
toms and physical limitations in patients with HF regard-
less of baseline EF.

The present findings are of clinical relevance given
that improving symptoms and physical limitations is a key
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A Change in KCCQ-CSS Mean Effect p-value for
N (%) (95% Cl) (95% CI)  Interaction

LVEF 0.79
<40 262 (44.6%) ——— 4.57 (1.04, 8.10)
> 40 to <60 199 (33.9%) —_— 4.91(0.78, 9.03)

260 126 (21.5%) —————  6.77(1.48, 12.06)

A SRR SRR
<70 355 (60.5%) — 4.50 (1.42, 7.60)
=70 232 (39.5%) —_— 5.95 (2.10, 9.80)

Sex 0.85
Male 333 (56.7%) — 5.31(2.15, 8.47)
Female 254 (43.3%) — 4.86 (1.20, 8.51)

Race, White 09
No 221 (38.0%) —_— 4.88 (0.96, 8.79)

Yes 361 (62.0%) — 5.18 (2.13, 8.23)

History of Diabetes 06
No 246 (41.9%) —_— 4.35 (0.62, 8.07)

Yes 347 (59.1%) — 5.66 (2.54, 8.77)

BMI 0.43
< Median 289 (49.9%) —_— 5.97 (2.55, 9.40)
= Median 290 (50.1%) — 4.03 (0.63, 7.43)

AF Type 03
None 246 (41.9%)  —— 6.52 (3.21, 9.83)
Paroxysmal 277 (47.2%) ——e—o 2.22 (-2.24,6.68)
Persistent/Permanent 64 (10.9%) —_— 5.86 (0.35, 11.37)

KCCQ-CSS 0.46
< Median 287 (48.9%) —— 6.39 (2.86, 9.92)
= Median 300 (51.1%) —— 4,55 (1.18, 7.93)

eGFR 0.38
=60 287 (49.2%) _— 6.24 (2.83, 9.64)
<60 206 (50.8%) —_— 4.07 (0.70, 7.43)

Loop-Diuretic Dose 01
> 40 199 (33.9%) ——e—o 2.23 (-1.87, 6.34)
<40 388 (66.1%) —— 6.50 (3.57, 9.43)

NYHA 0.28
Class Il 369 (62.9%) — 4.12 (1.13, 7.10)

Class Ill-IV 216 (36.8%) ————  6.89(2.87, 10.90)

NT-proBNP 0.45
< Median 292 (50.0%) —_— 6.05 (2.64, 9.46)
= Median 292 (50.0%) e 417 (0.74, 7.60)

Beta Blocker 0.56
No 98 (16.7%) — 478 (2.18,7.38)

Yes 489 (83.3%) ————e——— 6.76 (0.67, 12.86)

ACE-I/ARB/ARNI 0.78
No 162 (27.6%) —_— 5.69 (1.10, 10.27)

Yes 425 (72.4%) —— 492 (2.11,7.72)

MRA 0.63
No 309 (52.6%) — 4.83 (1.51,8.15)

Yes 278 (47.4%) —_— 5.99 ( 2.53, 9.45)
| A B B E. |
5 0 5 10 15
Favors Placebo €«—  — Favors Dapaglifiozin

B

p for interaction = 0.94

Effect of Dapaglifiozin vs. Placebo on Change in KCCQ-CS

-30 A4 100 ) L 01 s

TEE T LTI TSN T

10 20 30 40 50 60 70 80
LVEF (%)

Figure 2. Effects of dapagliflozin vs placebo at 12 weeks on the Kansas City Cardiomyopathy Questionnaire-Clinical Summary
Score (KCCQ-CSS) across demographic and clinical subgroups of interest.

A, Effects on KCCQ-CSS across demographic and clinical subgroups of interest. B, Effects on KCCQ-CSS across the range of ejection
fraction (ejection fraction modeled continuously with a restricted cubic spline; adjusted for baseline KCCQ-CSS, sex, type 2 diabetes status,
atrial fibrillation [AF] type, and estimated glomerular filtration rate). LVEF indicates left ventricular ejection fraction; MRA, mineralocorticoid
receptor antagonist; NT-proBNP, N-terminal pro-B-type natriuretic peptide; and NYHA, New York Heart Association.

goal of management in individuals with HF regardless
of EF, and because other therapies previously evaluated
in patients with HF across the range of EF have not
demonstrated compelling benefits on these outcomes
in those with preserved EF. Specifically, meta-analyses
of prior trials show no significant effects of ACE inhibi-
tors, angiotensin receptor blocker, or mineralocorticoid
receptor antagonist therapies on symptoms and physical
limitations in patients with HFpEF® Furthermore, while
sacubitril-valsartan significantly improved KCCQ-0SS
in patients with HFrEF? it had no effect on symptoms
and physical limitations when tested in a large dedicated
randomized trial of individuals with HFpEF.'® Thus, iden-
tifying treatments that can improve HF-related symp-
toms and physical limitations across the full range of EF
remains a significant unmet clinical need.

The present results differ from a previously reported
pooled patient-level analysis of the EMPEROR program
(EMPEROR-REDUCED [Empagliflozin Outcome Trial
in Patients With Chronic Heart Failure With Reduced

Circ Heart Fail. 2023;16:¢009837. DOI: 10.1161/CIRCHEARTFAILURE.122.009837

Ejection Fraction] and EMPEROR-PRESERVED [Empa-
gliflozin Outcome Trial in Patients With Chronic Heart Fail-
ure With Preserved Ejection Fraction]), which showed a
modest, but statistically significant KCCQ improvements
with empagliflozin versus placebo across the range of
EF, except for individuals with EF > 65%, in whom there
was an attenuation of this effect, and no significant
placebo-adjusted KCCQ increase was noted.” A likely
explanation for discrepancies between the EMPEROR
program, several other SGLT2 inhibitor trial programs
of similar size and duration as DEFINE-HF and PRE-
SERVED-HF trials,24-26 and the present observations are
differences in patient populations. These include a higher
proportion of women and underrepresented minorities,
and much higher body mass index in PRESERVED-
HF which enrolled patients exclusively in the United
States, versus the global EMPEROR-PRESERVED
study.”™'” Obesity is a stronger risk factor for HFpEF
than HFrEF%?" and body mass is the strongest correlate
of patient-reported health status in HFpEF. Importantly,
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Figure 3. Effects of dapagliflozin vs placebo on the 12-week Kansas City Cardiomyopathy Questionnaire (KCCQ) domains
across the range of ejection fraction (ejection fraction modeled continuously with a restricted cubic spline; adjusted for
baseline KCCQ, sex, type 2 diabetes status, atrial fibrillation [AF] type, and estimated glomerular filtration rate).
KCCQ-Total Symptom Score (KCCQ-TSS; A), KCCQ-Physical Limitations Score (KCCQ-PLS; B), and KCCQ-Overall Summary Score

(KCCQ-0SS; C). LVEF indicates left ventricular ejection fraction.

patients in PRESERVED-HF were more symptomatic at
baseline, with KCCQ-CSS values nearly 10 points lower,
and the proportion of those with NYHA class Il to IV
being twice as high when compared with EMPEROR-
PRESERVED. The higher burden of symptoms at base-
line likely made the present patient population more
likely to experience a large symptomatic improvement
after a beneficial intervention, such as the initiation of
SGLT2 inhibition. A recent analysis from the DELIVER
(Dapagliflozin Evaluation to Improve the Lives of Patients
With Preserved Ejection Fraction Heart Failure) trial also
suggests that patients with HFpEF and a higher burden
of symptomatic impairment at baseline (such as worse
NYHA class) may experience a greater degree of symp-
tomatic improvement with dapagliflozin versus placebo.?®
However, we cannot conclude this definitively, and other
potential explanations for the differences between the
trial findings may exist.

Circ Heart Fail. 2023;16:¢009837. DOI: 10.1161/CIRCHEARTFAILURE.122.009837

The results of this study are highly complementary
to the pooled analyses of DAPA-HF (Study to Evaluate
the Effect of Dapagliflozin on the Incidence of Worsen-
ing Heart Failure or Cardiovascular Death in Patients
With Chronic Heart Failure) and DELIVER trials,?® which
showed highly consistent benefits of dapagliflozin on
clinical events in individuals with HF across the entire
range of EF Collectively, these findings establish the
efficacy of dapagliflozin on all key HF outcomes—cardio-
vascular death, worsening HF events, as well as patients’
symptoms, physical limitations, and quality of life—a con-
clusion of substantial importance to practicing clinicians.

The results of this study should be considered in the
context of several potential limitations. First, although
both DEFINE-HF and PRESERVED-HF trials had
a similar design and were carried out using the same
organizational infrastructure, these pooled patient-level
analyses were planned post hoc. Second, the relatively
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EF > 60 1 = 2.52 (0.65, 8.71)
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Figure 4. Responder analyses.

A, Proportions of dapagliflozin- and placebo-treated participants that had deterioration (>5-point worsening), no change, as well as
small-moderate (5-<10 point), moderate-large (10-<20 point), and very large (=20 point) improvements in Kansas City Cardiomyopathy
Questionnaire-Clinical Summary Score (KCCQ-CSS) at 12 weeks. B, Forest plot demonstrating the results of logistic regression models
(adjusted for baseline KCCQ-CSS value, sex, estimated glomerular filtration rate, type 2 diabetes status, atrial fibrillation status, and ejection
fraction [EF]), which compare the proportion of dapagliflozin- and placebo-treated patients who had deterioration, as well as at least small (>5
point), at least moderate (=10 point), and large (>20 point) improvements in KCCQ-CSS (overall and stratified by EF).

short duration of follow-up (12 weeks) precludes con-
clusions regarding the durability of the observed ben-
efit on HF disease-specific health status longer-term.
Third, due to the inclusion and exclusion criteria of indi-
vidual trials, those individuals with HF and EF between
41% and 44% were not included. Finally, the DEFINE-
HF and PRESERVED-HF trials were not designed to
evaluate clinical events (such as cardiovascular death,

Circ Heart Fail. 2023;16:¢009837. DOI: 10.1161/CIRCHEARTFAILURE.122.009837

HF hospitalizations, and urgent visits), and this pooled
analysis does not have the statistical power to examine
these outcomes.

In conclusion, initiation of dapagliflozin in patients
with HF significantly improved symptoms and physical
limitations after 12 weeks of treatment, with consistent
and clinically meaningful benefits across the full range
of ER
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