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Effect of Dapagliflozin on Health Status m
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Pardeep S. Jhund, MBCHB, MSc, PuD, Akshay S. Desai, MD, MPH," James C. Fang, MD,* Yaling Han, MD, PxD,’
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Olof Bengtsson, PuLic,° John J.V. McMurray, MD,’ Scott D. Solomon, MD"

ABSTRACT

BACKGROUND Patients with heart failure with mildly reduced ejection fraction (HFmrEF) and heart failure with
preserved ejection fraction (HFpEF) experience a high burden of symptoms, physical limitations, and poor quality of life;
improving health status is a key goal of management.

OBJECTIVES In a prespecified analysis of the DELIVER (Dapagliflozin Evaluation to Improve the Lives of Patients With
Preserved Ejection Fraction Heart Failure) trial, we examine effects of dapagliflozin on health status using the Kansas City
Cardiomyopathy Questionnaire (KCCQ).

METHODS The DELIVER trial randomized patients with symptomatic HFmrEF/HFpEF to dapagliflozin 10 mg or placebo.
KCCQ was evaluated at randomization, 1, 4, and 8 months; KCCQ Total Symptom Score (TSS) was a key secondary
endpoint. Patients were stratified by KCCQ-TSS tertiles; Cox models examined effects of dapagliflozin on clinical out-
comes. We evaluated the effects of dapagliflozin on KCCQ-TSS, Physical Limitations (PLS), Clinical Summary (CSS), and
Overall Summary (0OSS) domains. Responder analyses compared proportions of dapagliflozin vs placebo-treated patients
with clinically meaningful changes in KCCQ.

RESULTS A total of 5,795 patients had baseline KCCQ (median KCCQ-TSS 72.9). The effects of dapagliflozin on
reducing cardiovascular death/worsening HF appeared more pronounced in patients with greater baseline symptom burden
(lLowest-to-highest KCCQ-TSS tertile: HR: 0.70 [95% Cl: 0.58-0.84]; 0.81[95% Cl: 0.65-1.01]; 1.07 [95% Cl: 0.83-1.37];
Pinteraction = 0.026). Dapagliflozin improved KCCQ-TSS, -PLS, -CSS, and -0SS at 8 months (2.4, 1.9, 2.3, and 2.1 points higher
vs placebo; P < 0.001 for all). Dapagliflozin-treated patients experienced improvements in KCCQ-TSS regardless of EF
(Pinteraction = 0.85). Fewer dapagliflozin-treated patients had deterioration, and more had improvements in all KCCQ
domains at 8 months.

CONCLUSIONS The clinical benefits of dapagliflozin in HFmrEF/HFpEF appear especially pronounced in those with
greater baseline symptom impairment. Dapagliflozin improved all KCCQ domains and the proportion of patients
experiencing clinically meaningful changes in health status. (Dapagliflozin Evaluation to Improve the LIVEs of Patients
With PReserved Ejection Fraction Heart Failure [DELIVER]; NCT03619213) (J Am Coll Cardiol 2023;81:460-473)

© 2023 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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eart failure (HF) with mildly reduced and
preserved ejection fraction (EF) now repre-
sents the majority of all HF in the commu-
nity, and its prevalence is continuing to increase." In
addition to the risk of death and hospitalizations, pa-
tients with HF and mildly reduced or preserved EF
also experience an especially high burden of symp-
toms, physical limitations, and a poor quality of
life.> Improving health status is, therefore, a key
goal of management in this patient group, and its
importance is increasingly recognized by the regula-
tors, practice guidelines, and clinicians.®>
Sodium-glucose cotransporter-2 (SGLT2) inhibitors
have been shown to improve health status in patients
with HF and mildly reduced or preserved EF in
several randomized controlled trials.® However,
most of these trials were relatively modest in size,®®
were limited geographically®” or in terms of a clinical
setting,”® were not specifically focused on in-
dividuals with mildly reduced or preserved EF,”-® or
had relatively short follow-up.®® One large global
clinical trial (EMPEROR-Preserved [Empagliflozin
Outcome Trial in Patients with Chronic Heart Failure
with Preserved Ejection Fraction]),” which specif-
ically evaluated patients with mildly reduced or pre-
served EF, demonstrated a modest improvement in
KCCQ with empagliflozin vs placebo but suggested an
attenuation of this effect in individuals with EF
>60%'°; however, such heterogeneity was not
observed in other trials.® Therefore, there remains
uncertainty about the magnitude and consistency of
the effects of SGLT2 inhibitors on health status,
especially in individuals with HF and truly normal EF.

SEE PAGE 474

In the placebo-controlled DELIVER (Dapagliflozin
Evaluation to Improve the Lives of Patients With
Preserved Ejection Fraction Heart Failure) trial,
dapagliflozin reduced the risk of cardiovascular (CV)
death and worsening HF." These data expand the
evidence of clinical benefit of this therapy to a more
comprehensive HF population.”” In this prespecified
analysis of DELIVER, we sought to address
the following 2 objectives: 1) to evaluate whether the
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effects of dapagliflozin on clinical outcomes
in the DELIVER trial varied according to the
degree of symptomatic impairment at base-
line; and 2) to examine the effects of dapa-
gliflozin on the broad range of health status
outcomes as measured by the various do-
mains of the Kansas City Cardiomyopathy
Questionnaire (KCCQ)—a validated, self-
administered instrument that quantifies HF-
related symptoms, function, and quality of
life—and the consistency of these effects
across patient subgroups, including EF
categories.”

Score

METHODS

Data underlying the findings described in this paper
may be obtained in accordance with AstraZeneca’s
data sharing policy.

TRIAL DESIGN AND PATIENTS. The design and
primary results of the DELIVER trial have been
described previously.'* DELIVER was an interna-
tional, prospective, randomized, double-blind, pla-
cebo-controlled trial testing the efficacy and safety of
dapagliflozin compared with placebo in patients with
HF and mildly reduced or preserved EF. The study
enrolled patients age 40 years or older with symp-
tomatic HF (New York Heart Association [NYHA]
functional class II-1V), left ventricular ejection frac-
tion (LVEF) >40% (within 12 months of enrollment),
elevated natriuretic peptides (N-terminal pro-B-type
natriuretic peptide [NT-proBNP] of at least 300 pg/mL
among those without atrial fibrillation or flutter, or at
least 600 pg/mL in those in atrial fibrillation or
flutter), and evidence of structural heart disease (left
atrial enlargement or left ventricular hypertrophy).
Participants were randomized in a 1:1 fashion to
dapagliflozin 10 mg or matched placebo daily, strati-
fied by type 2 diabetes status. The protocol was
approved by local ethics committees at each partici-
pating site.

OUTCOMES. The primary outcome was a composite
of CV death or worsening HF event (defined as un-
planned HF hospitalization or urgent HF visit
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KCCaQ = Kansas City
Cardiomyopathy Questionnaire

PLS = Physical Limitations

SGLT2 = sodium-glucose
cotransporter 2
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CSS = Clinical Summary Score

OSS = Overall Summary Score

TSS = Total Symptom Score
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TABLE 1 Baseline Characteristics for Tertiles of KCCQ-Total Symptom Score
Tertile 1: <63 Tertile 2: 63-84 Tertile 3: >84
(n =2,040) (n =1,955) (n =1,800) P Value
Age, y 71.5 £ 9.5 719 £ 9.5 71.0 £ 9.6 0.024
Age group 0.16
=65y 510 (25.0) 456 (23.3) 455 (25.3)
>65-75y 783 (38.4) 742 (38.0) 718 (39.9)
>75y 747 (36.6) 757 (38.7) 627 (34.8)
Men 1,022 (50.1) 1,109 (56.7) 1,213 (67.4) <0.001
Race <0.001
White 1,631 (80.0) 1,456 (74.5) 1,101 (61.2)
Asian 192 (9.4) 330 (16.9) 604 (33.6)
Black or African American 66 (3.2) 46 (2.4) 28 (1.6)
American Indian or Alaska Native 72 (3.5) 70 (3.6) 28 (1.6)
Other 79 3.9) 53 (2.7) 39 (2.2)
Geographic region <0.001
Europe and Saudi Arabia 1,072 (52.5) 993 (50.8) 753 (41.8)
Asia 178 (8.7) 316 (16.2) 595 (33.1)
Latin America 443 (21.7) 357 (18.3) 281 (15.6)
North America 347 (17.0) 289 (14.8) 171 (9.5)
Comorbidities
Atrial fibrillation/flutter 1,183 (58.0) 1,108 (56.7) 1,007 (55.9) 0.43
Stroke 202 (9.9) 179 (9.2) 163 (9.1) 0.61
Dyslipidemia 1,337 (65.5) 1,240 (63.4) 1,111 (61.7) 0.048
Type 2 diabetes mellitus 992 (48.6) 815 (41.7) 754 (41.9) <0.001
Chronic obstructive pulmonary disease 289 (14.2) 219 (11.2) 145 (8.1) <0.001
Peripheral vascular intervention 46 (2.3) 57 (2.9) 33(1.8) 0.09
Sleep apnea 228 (11.2) 152 (7.8) 84 (4.7) <0.001
Myocardial infarction 535 (26.2) 526 (26.9) 471 (26.2) 0.85
Prior HF hospitalization 884 (43.3) 767 (39.2) 743 (41.3) 0.031
History of atherosclerotic cardiovascular disease 1,186 (58.1) 1,097 (56.1) 1,010 (56.1) 0.33
Smoking status 0.009
Current 153 (7.5) 151 (7.7) 167 (9.3)
Former 716 (35.1) 747 (38.2) 696 (38.7)
Never 1171 (57.4) 1,057 (54.1) 937 (52.1)
Baseline body mass index, kg/m? 314 +£6.5 29.9 £5.8 282 +5.4 <0.001
Duration of HF 0.003
0-3 mo 158 (7.8) 181 (9.3) 176 (9.8)
>3-6 mo 195 (9.6) 165 (8.4) 200 (11.1)
>6-12 mo 244 (12.0) 290 (14.8) 260 (14.5)
>1-2y 336 (16.5) 305 (15.6) 282 (15.7)
>2-5y 514 (25.2) 500 (25.6) 414 (23.0)
>5y 590 (29.0) 513 (26.3) 467 (26.0)
NYHA functional class at baseline <0.001
| 0 (0.0) 1(0.1) 0 (0.0)
1] 1,241 (60.8) 1,542 (78.9) 1,594 (88.6)
1] 790 (38.7) 407 (20.8) 204 (11.3)
\% 9 (0.4) 5(0.3) 2(0.0)
Baseline LVEF, % 543 + 8.5 539 + 8.7 53.9 +£ 9.1 0.27
LVEF grouping, % 0.10
=40 2(0.1) 0(0.0) 2(0.)
=41-49 660 (32.4) 665 (34.0) 658 (36.6)
50-59 769 (37.7) 703 (36.0) 613 (34.1)
=60 609 (29.9) 587 (30.0) 527 (29.3)
Baseline NT-proBNP, ng/L 1,104 (652-2,027) 977 (615-1,687) 965 (607-1,606) <0.001
NT-proBNP in AFF 1,484 (996-2,484) 1,400 (955-2,118) 1,309 (934-1,992) <0.001
NT-proBNP when not in AFF 768 (477-1,452) 699 (471-1,210) 696 (460-1,227) 0.002
Atrial fibrillation/flutter on screening ECG 906 (44.4) 818 (41.8) 734 (40.8) 0.06

Continued on the next page
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TABLE 1 Continued
Tertile 1: <63 Tertile 2: 63-84 Tertile 3: >84
(n = 2,040) (n =1,955) (n =1,800) P Value

Baseline systolic blood pressure, mm Hg 128.8 £ 14.8 127.8 £15.1 128.0 + 15.6 0.07
Baseline diastolic blood pressure, mm Hg 74.5 +10.2 741 +10.1 73.9+£10.3 0.18
Baseline HbAlc, % 6.7 £15 6.5+13 6.5+13 <0.001
Baseline pulse rate, beats/min 721 +£12.0 711+ 13 71.0 £ 11.6 0.008
Baseline creatinine, pmol/L 102.8 + 31.2 101.7 + 30.3 103.1 + 31.0 0.38
Baseline eGFR, mL/min/1.73 m? 60.0 +19.0 613 £19.0 62.5+19.3 <0.001
Baseline medication use

Loop diuretics 1,672 (82.0) 1,484 (75.9) 1,301 (72.3) <0.001

ACE inhibitor 776 (38.0) 726 (37.2) 658 (36.6) 0.63

Angiotensin receptor blocker 748 (36.7) 715 (36.6) 612 (34.0) 0.15

Angiotensin receptor neprilysin inhibitor 59 (2.9) 98 (5.0) 126 (7.0) <0.001

Beta-blocker 1,701 (83.4) 1,639 (83.9) 1,473 (81.8) 0.22

Mineralocorticoid receptor antagonist 884 (43.3) 810 (41.5) 796 (44.2) 0.21

Pacemaker 231 (11.3) 227 (11.6) 171 (9.5) 0.08

ICD 39 (1.9) 33(1.7) 36 (2.0) 0.76
Values are mean + SD, n (%), or median (IQR).

ACE = angiotensin-converting enzyme; eGFR = estimated glomerular filtration rate; ICD = implantable cardioverter-defibrillator.

requiring intravenous therapy). Change in KCCQ-
Total Symptom Score (TSS) from baseline to month
8 was a prespecified secondary endpoint of DELIVER.
Additional analyses based on multiple KCCQ domains
at 1, 4, and 8 months were prespecified in the Aca-
demic SAP that was finalized before database lock and
unblinding. In addition, the Academic SAP pre-
specified responder analyses based on clinically
meaningful deterioration and small, moderate, or
large improvements in these domains over time.

STUDY PROCEDURES. After randomization, follow-
up study visits took place at or around 1, 4, 8, 12,
and 16 months, and then every 4 months thereafter.
KCCQ was completed by patients, without assistance
from site study staff (as validated), and evaluated at
randomization, 1, 4, and 8 months. KCCQ is a 23-item,
self-administered HF-specific instrument that quan-
tifies symptoms (frequency, severity, and recent
change), physical function, quality of life, and social
function over the prior 2 weeks. In the KCCQ, the TSS
quantifies the symptom frequency and severity,
Physical Limitation Score (PLS) evaluates the physical
function, Clinical Summary Score (CSS) includes the
symptoms and physical function domains, and
Overall Summary Score (0OSS) summarizes all key
domains (TSS, physical function, quality of life, and
social function). For each domain, the validity,
reproducibility, responsiveness, and interpretability
have been independently established. Scores are
transformed to a range of 0 to 100, in which higher
scores reflect better health status.’

STATISTICAL ANALYSIS. Patients were divided into
3 subgroups based on the tertiles of baseline KCCQ-
TSS (which was the KCCQ domain prespecified as
the secondary endpoint): 1) <63 points; 2) 63 to 84
points; and 3) >84 points. Baseline characteristics
were summarized as mean + SD, median (IQR), or
percentages. Analysis of variance, Kruskal-Wallis,
and chi-square tests were used to test for differ-
ences in baseline characteristics across KCCQ-TSS
tertiles. The relative risks of time-to-first event out-
comes (CV death and worsening HF, worsening HF
events, CV death) were obtained from Cox propor-
tional hazards models and recurrent-event outcomes
(total HF events or CV death) were analyzed using the
semiparametric proportional rates method of Lin
et al.’>'® Cox models were adjusted for age, sex, race,
geographic region, history of type 2 diabetes, chronic
obstructive pulmonary disease, sleep apnea, prior HF
hospitalization, smoking, body mass index (BMI), HF
duration, pro-B-type natriuretic peptide, history of
atrial fibrillation/flutter, hemoglobin Aic, estimated
glomerular filtration rate, and baseline use of loop
diuretic agents and angiotensin receptor neprilysin
inhibitor. Schoenfeld residuals were used to assess
the proportional hazards assumptions in Cox models
used to estimate the covariate-adjusted associations
between KCCQ-TSS tertiles and clinical outcomes.
The event rates of clinical outcomes as a function of
KCCQ as a continuous variable were estimated
using Poisson and negative binomial regression
models, adjusted for the same variables as previously
mentioned, with KCCQ values expressed using
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Tertile 1: TSS <63

Tertile 2: TSS 63-84

Tertile 3: TSS >84

TABLE 2 Treatment Effect Estimates (Dapagliflozin vs Placebo): Primary and Secondary Outcomes, by Tertiles of the Kansas City Cardiomyopathy
Questionnaire-Total Symptom Score at Baseline

P < 0.001

P =0.08

P=0.78

(n = 2,040) (n =1,955) (n =1,800) Interaction
Dapagliflozin Placebo Dapagliflozin Placebo Dapagliflozin Placebo P Value
Primary composite” 9.0 per 100 py 13.1 per 100 py 6.9 per 100 py 8.5 per 100 py 6.7 per 100 py 6.3 per 100 py 0.026
HR: 0.70 (95% Cl: 0.58-0.84) HR: 0.81 (95% Cl: 0.65-1.01) HR: 1.07 (95% Cl: 0.83-1.37)
P < 0.001 P =0.06 P =0.62
CV death 4.2 per 100 py 5.0 per 100 py 3.2 per 100 py 3.6 per 100 py 2.4 per 100 py 2.5 per 100 py 0.81
HR: 0.83 (95% Cl: 0.63-1.09) HR: 0.87 (95% Cl: 0.63-1.20) HR: 0.97 (95% Cl: 0.65-1.45)
P=0.7 P=041 P =0.89
Worsening 6.1 per 100 py 9.6 per 100 py 4.8 per 100 py 6.4 per 100 py 5.1 per 100 py 4.5 per 100 py 0.032
HF Events® HR: 0.59 (95% Cl: 0.45-0.78) HR: 0.76 (95% CI: 0.56-1.04) HR: 1.07 (95% Cl: 0.75-1.53)
P < 0.001 P =0.08 P =0.70
Composite of CV 13.1 per 100 py 20.3 per 100 py 10.6 per 100 py 13.4 per 100 py 10.0 per 100 py 9.6 per 100 py 0.046
death and RR: 0.65 (95% Cl: 0.52-0.81) RR: 0.79 (95% Cl: 0.61-1.03) RR: 1.04 (95% Cl: 0.77-1.41)
Total HF events

2Primary endpoint = Time to first cardiovascular (CV) death or heart failure (HF) event. "HF event = HF hospitalization or urgent HF visit requiring intravenous diuretic therapy.
py = person-years; TSS = Total Symptom Score.

restricted cubic splines with 3 knots, placed at the
10th, 50th, and 9oth percentiles of the data.”

To compare the effects of dapagliflozin vs placebo
on clinical outcomes across the KCCQ-TSS tertiles, we
evaluated time-to-event data using Cox proportional-
hazards models and the semiparametric proportional
rates method of Lin et al,’® as appropriate, stratified
according to diabetes status to calculate HRs,
95% Cls, and 2-sided P values. The effects of dapa-
gliflozin on clinical events were then assessed across
the entire range of KCCQ, modeling it as a continuous
variable using restricted cubic splines.

As prespecified in the regulatory statistical analysis
plan and previously described,”” the KCCQ-TSS was
first assessed using the rank analysis of covariance
method and win ratio, stratified for type 2 diabetes
status at randomization, adjusted for baseline KCCQ-
TSS, and using multiple imputation for missing data.
We also estimated the differences between treatment
groups in mean KCCQ-TSS, -PLS, -CSS, and -0SS at 1,
4, and 8 months in surviving patients, using a
repeated measures mixed-effects model, with base-
line KCCQ values as a fixed effect and random
patient-level intercept terms. Responder analyses
were conducted, comparing the proportions of
patients with a deterioration (worsening of 5 points
or more), as well as clinically important improve-
ments in KCCQ-TSS, -PLS, -CSS, and -0SS at 8 months
(=5-point [at least small]l, =10-point [moderatel,
and =15-point [large] change) using logistic regres-
sion models. We also estimated the numbers needed
to treat for these thresholds of KCCQ-TSS as the in-
verse of the difference in proportions.

We examined the effects of dapagliflozin vs pla-
cebo on KCCQ-TSS at 8 months across relevant sub-
groups, which stratified participants according to
several demographic and clinical characteristics,
including LVEF; these models included the interac-
tion terms for the appropriate variables. For each
subgroup, a linear regression model was fit using the
month 8 TSS value as the outcome, baseline TSS value
as a covariate, as well as the treatment indicator, the
categorical subgroup variable, and the corresponding
treatment-by-subgroup interaction terms. Interaction
P values are obtained from a global test of the
treatment-subgroup interaction terms.

All analyses were performed in Stata version 16
(StataCorp, LLC).

RESULTS

PATIENT CHARACTERISTICS. Overall, 5,795 patients
(92.5% of the overall trial population) had available
KCCQ data at baseline. Baseline characteristics
of patients with recorded vs missing KCCQ-TSS
at randomization are presented in Supplemental
Table 1. Randomization to dapagliflozin vs placebo
was equally distributed among those with recorded
and missing KCCQ-TSS at baseline. Of these, 5,278
patients (91% of surviving patients remaining in the
study) had KCCQ evaluated at 1 month, 4,808 (84% of
surviving patients remaining in the study) had KCCQ
evaluated at 4 months, and 4,411 (79% of surviving
patients remaining in the study) had KCCQ evaluated
at 8 months. The median KCCQ-TSS was 72.9 (IQR:
55.2-87.5).
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FIGURE 1 Effects of Dapagliflozin vs Placebo on Clinical Events According to the Baseline Kansas City Cardiomyopathy Questionnaire-Total Symptom Score
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Separate curves indicated for the primary composite endpoint (A), cardiovascular (CV) death (B), heart failure (HF) events (C), and CV death and total HF events (D).
HF events include HF hospitalization or urgent HF visit requiring intravenous therapy. Treatment Effect represents rate ratio with corresponding 95% Cl for dapa-

The baseline characteristics of patients according
to the KCCQ-TSS tertiles are shown in Table 1.
Compared with participants with higher KCCQ-TSS
scores at baseline, those with lower scores were
more often women, White, and enrolled in Europe
and the Americas (and less likely to be enrolled in
Asia). Participants with lower baseline KCCQ-TSS also
had a higher proportion of comorbidities, such as type
2 diabetes, chronic obstructive pulmonary disease,
and sleep apnea; had a longer duration of HF and
higher likelihood of being previously hospitalized for
HF; had higher body mass index and natriuretic
peptide levels; had a lower estimated glomerular
filtration rate (Table 1); and were more likely to be in
NYHA functional class III/IV than in class II. With

respect to background HF medications, patients with
lower baseline KCCQ-TSS were more frequently
treated with diuretic agents and less frequently with
angiotensin receptor neprilysin inhibitors. The use of
beta-blockers, ACE inhibitors and angiotensin recep-
tor blockers, and mineralocorticoid receptor antago-
nists was similar across KCCQ tertiles.

CLINICAL OUTCOMES. Patients with lower baseline
KCCQ-TSS experienced higher rates of CV death or
worsening HF (7.8, 5.6, and 4.8 per 100 patient-years
in patients across KCCQ-TSS tertiles of <63, 63-84,
>84, respectively; P < 0.001). In the adjusted Cox
proportional hazards models, patients with lower
baseline KCCQ-TSS had a higher risk of CV death or
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CENTRAL ILLUSTRATION Mean Changes in KCCQ Domains Over Time by Treatment Allocation
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Individual graphs for Kansas City Cardiomyopathy Questionnaire (KCCQ) domains including Total Symptom Score (TSS) (A), Physical Limitations Score (PLS) (B), Clinical
Summary Score (CSS) (C), and Overall Summary Score (0SS) (D). Change in KCCQ parameters (dapagliflozin vs placebo): Month 1: TSS: +1.8 (0.9-2.7); PLS: +1.5
(0.6-2.5); CSS: +1.8 (1.0-2.5); 0SS: +1.6 (0.9-2.4). Month 4: TSS: +1.9 (1.0-2.8); PLS: +1.7 (0.7-2.7); CSS: +1.9 (1.1-2.7); 0SS: +1.5 (0.8-2.3). Month 8: TSS: +2.4
(1.5-3.3); PLS: +1.9 (0.9-3.3); CSS: +2.3 (1.5-3.2); 0SS: +2.1 (1.3-2.9). TSS quantifies the symptom frequency/severity, physical limitation score (PLS) evaluates
physical function, clinical summary score (CSS) includes the symptoms and physical function, and overall summary score (OSS) summarizes all key domains (total
symptom score, physical function, quality of life and social function). Scores are transformed to a range of 0-100; higher scores reflect better health status. Values
represent change in KCCQ (in points) from baseline to 8 months with dapagliflozin vs placebo, with 95% Cls.
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worsening HF (tertile >84: referent; tertile <63: HR:
1.42 [95% CI: 1.20-1.69]; tertile 63-84: HR: 1.16
[95% CI: 0.98-1.38]; overall P < 0.001). Similar results
were observed with other clinical outcomes,
including CV death, worsening HF events, and

the total (first and recurrent) events of HF hospitali-
zations and CV death (Supplemental Table 2).
Covariate-adjusted models were not found to signif-
icantly violate the assumption of proportional haz-
ards (global P > 0.30). When examined as a


https://doi.org/10.1016/j.jacc.2022.11.006

JACC VOL. 81, NO. 5, 2023
FEBRUARY 7, 2023:460-473

Kosiborod et al

Dapagliflozin and Heart Failure Symptoms

467

>5 Worse 5+ 10+

10+

>5 Worse 5+
Improvement Improvement Improvement

FIGURE 2 Responder Analyses Across KCCQ Domains at 8 Months

A Total Symptom Score B

15+
Improvement Improvement Improvement

C Clinical Summary Score

15+

70% A 70% A
OR=1.16

60% (1.03-1.30) 60% - OR=1.20
a 51% OR=115 @ (1.06-1.35)
5 50% - 48% (1.02:1.30) 5 50% - 46%  OR=124
E 2% OR=112 E 42% (1.09-1.41)
gaon ] ono g O Loy oncom
g (0.66-0.88) 2ot 1% g (0.82-1.08)
£ 30% 9 26% ? £ 30% 4 8% 26%
(] [
o o
3 20% A 3 20% A

10% A 10% A

0% - 0% -

10+

>5 Worse 5+
Improvement Improvement Improvement

70% - 70%
- OR=1.12
o OR=1.17 o (0.99-1.26)

60% - (1.04-1.31) 60% A
2 51%  OR=120 g a2 OR=1.16
@ 50% o 47% (1.06-1.36) 8 50% o (1.03-1.31)
- -
g 39% OR =115 g 40%
%5 40% - OR=0.75 359% (1.01-1.31) % 40% 4  or=078 36%
o @) @ (0.68-0.90)
=) 29% 2 BE
£ 30% 1 26% 26% £ 30% 1 550
8 ] 21%
S 20% - S 20% -

10% - 10% -

0% - 0% -

10+

>5 Worse 5+
Improvement Improvement Improvement

m Placebo m Dapagliflozin

Physical Limitation Score

OR=1.19
(1.03-1.36)

28%

25%

15+

D Overall Summary Score

OR=1.19
(1.04-1.36)

28%

25%

15+

Responder analyses of clinically meaningful changes (dapagliflozin vs placebo) in Kansas City Cardiomyopathy Questionnaire (KCCQ)-total symptom score (A),
KCCQ-physical limitation score (B), KCCQ-clinical summary score (C), and KCCQ-overall summary score (D).

continuous variable, there were significant relation-
ships between lower KCCQ-TSS and higher risk of
all clinical outcomes examined (Supplemental
Figures 1A to 1D).

The effects of dapagliflozin on the range of clinical
outcomes across KCCQ-TSS tertiles are summarized in
Table 2. The effects of dapagliflozin vs placebo on
reducing CV death or worsening HF appeared more
pronounced in patients who had a greater burden of
symptoms at baseline (lowest to highest KCCQ-TSS
tertile: HR: 0.70 [95% CI: 0.58-0.84]; 0.81 [95% CI:
0.65-1.01]; 1.07 [95% CI: 0.83-1.37]; P for
interaction = 0.026). Similar results were observed
for worsening HF events and total (first and recur-
rent) hospitalizations for HF or CV death but not CV

death, which was not reduced with dapagliflozin vs
placebo regardless of KCCQ-TSS at baseline. When
examined as a continuous variable, there was a
graded relationship between lower KCCQ-TSS at
baseline and greater reduction in the primary
endpoint of CV death or worsening HF, worsening HF
events and total (first and recurrent) hospitalizations,
and CV death, with dapagliflozin vs placebo
(Figures 1A, 1C, and 1D). Although the directionality
was similar for the effects of dapagliflozin vs placebo
on CV death, these were not statistically significant
across the range of KCCQ-TSS (Figure 1B).

Serious adverse events occurred infrequently but
were more common in patients with lower baseline
KCCQ-TSS (tertile 1) (Supplemental Table 3). Within
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FIGURE 3 Effects of Dapagliflozin vs Placebo on KCCQ-TSS Across Key Patient Subgroups
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Forest plot of effects of dapagliflozin vs placebo on Kansas City Cardiomyopathy Questionnaire (KCCQ)-Total Symptom Score (TSS) at 8 months across various
demographic and clinical subgroups (A) and across the spectrum of EF (B). Treatment effect refers to placebo-adjusted change in KCCQ-TSS from baseline to
8 months. P values for interaction are presented.

Continued on the next page
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FIGURE 3 Continued
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each tertile, adverse events were similarly distributed
in those randomized to placebo vs dapagliflozin
(Supplemental Tables 4A to 4C).

HEALTH STATUS OUTCOMES. As previously reported,
the change in the KCCQ-TSS indicated symptom
benefit in the dapagliflozin group compared with the
placebo group (win ratio 1.11; 95% CI: 1.03-1.21;
P = 0.009). The mean changes in KCCQ-TSS, -PLS,
-CSS, and -0SS over time using the repeated mea-
surements models are presented in the Central
Illustration (panels A, B, C, and D, respectively).
Patients treated with dapagliflozin had a significant
improvement in mean KCCQ-TSS, -PLS, -CSS and -0SS
at 8 months (2.4, 1.9, 2.3, and 2.1 points higher vs
placebo; P < 0.001, for all). These improvements were
observed at 1 month and became more amplified
over time.

The results of the responder analysis are shown in
Figures 2A to 2D. Fewer patients treated with
dapagliflozin had a clinically significant deterioration
(=5-point decline), and more patients treated with
dapagliflozin had at least small, moderate, and large
improvements in KCCQ-TSS, PLS, CSS, and OSS (all
comparisons statistically significant, except 5-point or
greater improvement in KCCQ-0OSS and 15-point or
greater improvement in KCCQ-TSS) (Figures 2A to 2D).
The numbers needed to treat to prevent a 5-point
deterioration, as well as produce at least small, mod-
erate, and large improvements in KCCQ-TSS at
8 months with dapagliflozin vs placebo, were 20, 28,
29, and 42, respectively.

The effects of dapagliflozin vs placebo on KCCQ-
TSS at 8 months across various demographic and
clinical subgroups are shown in Figure 3A. The treat-
ment effects of dapagliflozin were generally consis-
tent across most subgroups, including LVEF =49%,
50% to 59%, and =60% (P for interaction = 0.85).
There was also no significant interaction between the
effects of dapagliflozin vs placebo on KCCQ-TSS at
8 months across the range of LVEF when it
was analyzed as a continuous variable (P for
interaction = 0.16) (Figure 3B). Patients with higher
NYHA functional class III-IV appeared to derive a
greater symptomatic benefit than those with NYHA
functional class II (4.8 points vs 1.8 points; P for
interaction = 0.01). A similar directionality was
observed for tertiles of baseline KCCQ-TSS, although
this was not significant (P for interaction = 0.21). In
addition, patients with vs without diabetes appeared
to have a greater KCCQ-TSS improvement with
dapagliflozin (3.8 points vs 1.3 points; P for
interaction = 0.014).

DISCUSSION

In this study, which included prespecified assess-
ments of health status using KCCQ in the DELIVER
trial, we observed that dapagliflozin reduced
the primary endpoint of CV death and worsening
HF to a greater extent in patients with mildly
reduced and preserved EF who had a higher burden
of symptomatic impairment at baseline. Dapagli-
flozin improved KCCQ-TSS, -PLS, -CSS, and -OSS as
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early as 1 month, with benefits sustained at
8 months. Significantly fewer patients treated with
dapagliflozin experienced clinically meaningful
deterioration, and more experienced clinically
meaningful improvements in symptoms. Finally, the
benefits of dapagliflozin on symptomatic improve-
ment at 8 months were generally consistent across
key demographic and clinical subgroups, including
baseline LVEF, with no evidence of effect attenua-
tion in those with LVEF =60%.

Our results have several important implications.
First, we found that dapagliflozin significantly
improved symptoms, physical limitations, and quality
of life, as measured by KCCQ across all key domains.
Of note, KCCQ was not a prespecified secondary
endpoint nor was it included in the hierarchical
testing sequence in EMPEROR-PRESERVED'* or in
PARAGON-HF (Prospective Comparison of ARNI
[angiotensin receptor-neprilysin inhibitor] with ARB
[angiotensin-receptor blockers] Global Outcomes in
HF with Preserved Ejection Fraction)'® with sacubitril-
valsartan. In DELIVER, KCCQ-TSS was a prespecified
secondary endpoint and was included in the hierar-
chical testing sequence, demonstrating benefits at
8 months and additional time points, and with
consistent findings when analyzed using a win ratio
approach, assessing mean changes over time, and in a
responder analysis. Thus, to our knowledge, this is the
first report of a convincing benefit for any agent
(including SGLT2 inhibitors) on symptom burden from
a large, global outcomes trial in patients with mildly
reduced or preserved EF.

Second, our analyses of the clinical outcomes
across the subgroups of baseline KCCQ-TSS suggest
that the benefits of dapagliflozin on important clinical
events appear to be more pronounced in patients
with mildly reduced or preserved LVEF who have a
greater burden of symptoms at baseline. To our
knowledge, this is a novel observation. Although pa-
tients with greater symptom burden are at a higher
absolute risk of clinical events, and therefore would
be expected to derive the greatest absolute benefit
with dapagliflozin (or other SGLT2 inhibitors), the
relationship between the greater relative risk reduc-
tion in clinical events with greater symptom burden
at baseline has not been observed in previous SGLT2
inhibitor trials in HF, regardless of EF criteria. Given
the fact that individuals with mildly reduced and
preserved EF experience especially poor health sta-
tus,>'® these findings should prompt clinicians to
prioritize the use of this therapy even more among
those individuals with HF and mildly reduced and
preserved EF with substantial symptom burden.
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Third, our findings expand on the previously re-
ported effects of dapagliflozin on health status, as
measured by KCCQ, in patients with mildly reduced
or preserved EF. In PRESERVED-HF, a multicenter,
randomized, placebo-controlled trial performed in
the United States, dapagliflozin was also shown to
have favorable effects on multiple domains of KCCQ
with quantitatively higher mean differences with
dapagliflozin vs placebo (ie, 5.8 points for KCCQ-TSS)
than those observed in DELIVER after 12 weeks of
treatment—and with no heterogeneity of treatment
benefit in individuals with LVEF either below or
above 60%.° Our findings confirm these beneficial
effects of dapagliflozin on symptoms, function, and
quality of life in a larger, global trial, with a longer
duration of follow-up and the ability to assess the
effects of dapagliflozin on clinical outcomes across
the range of baseline KCCQ. Collectively, these com-
plementary findings from both the PRESERVED-HF
and DELIVER trials indicate that dapagliflozin signif-
icantly improves HF-related health status, as
measured by KCCQ, in individuals with mildly
reduced or preserved EF, with the benefits emerging
early and being sustained long term. Given the
dearth of efficacious therapies that have been
demonstrated to improve symptoms, function, and
quality of life in this group,'>'® and that many pa-
tients value their symptoms and physical function at
least equally with avoidance of death,'® these results
are of clinical relevance.

Fourth, we observed no difference in the benefits
of dapagliflozin on KCCQ-TSS regardless of baseline
LVEF. These results are highly consistent with
those of PRESERVED-HF but differ from a previously
reported pooled patient-level analysis of the EM-
PEROR program (EMPEROR-Reduced and EMPEROR-
Preserved), which showed modest but statistically
significant KCCQ improvements with empagliflozin vs
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.'® Given the fact that the benefits
of dapagliflozin on clinical events were also consis-
tent regardless of LVEF, we believe that the sug-
gested attenuation of health status benefits of LVEF
>65% observed in the EMPEROR Program may
represent a chance finding. However, we cannot
conclude this definitively, and our findings may not
necessarily be generalized to other SGLT2 inhibitors.

The magnitude of KCCQ benefit observed with
dapagliflozin in DELIVER was modestly higher than
that seen with empagliflozin in the EMPEROR-
PRESERVED trial,?° but less pronounced than in the
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PRESERVED-HF.® One explanation for these varia-
tions between DELIVER, EMPEROR-PRESERVED,
and PRESERVED-HF are differences in patient pop-
ulations. Patients in PRESERVED-HF were exclusively
recruited in the United States and had a greater pro-
portion of under-represented minorities and sub-
stantially higher BMI (with BMI being the strongest
correlate of patient-reported health status in HF with
preserved EF). More importantly, patients in
PRESERVED-HF were more symptomatic at baseline,
with lower baseline KCCQ values, and the proportion
of those with NYHA functional class III-IV being
nearly twice as high when compared with DELIVER
and EMPEROR-PRESERVED. Although patients in
DELIVER (and EMPEROR-PRESERVED) were required
to have symptoms of HF as reflected by NYHA func-
tional class, the baseline KCCQ scores were only
modestly reduced; these discrepancies between the
KCCQ scores and NYHA functional class have been
well documented previously®* and reflect the fact that
KCCQ is reported by the patients, whereas NYHA
functional class is documented by clinicians. Of
importance, we found that patients in DELIVER who
had NYHA functional class III-IV functional class
derived a significantly greater KCCQ benefit (which
was quantitatively similar to that seen in
PRESERVED-HF) than those with NYHA functional
class II.

STUDY LIMITATIONS. Similar to other outcome trials,
some patients had missing KCCQ values, although
these were equally distributed between dapagliflozin
and placebo. KCCQ was collected at randomization
and at 1, 4, and 8 months; the impact of treatment
with dapagliflozin on longer-term health status was
not assessed in the context of this study. Although
DELIVER is one of the largest trials of individuals
with HF and mildly reduced or preserved EF, some of
the subgroups were modest in size, and subgroup
analyses were not adjusted for multiple comparisons.
As in other trials, the prespecified inclusion and
exclusion criteria may have limited the enrollment of
some very high-risk patients, which could affect the
generalizability of our results.

CONCLUSIONS

The benefits of dapagliflozin on CV death and wors-
ening HF in patients with mildly reduced or pre-
served EF appeared especially pronounced in those
with greater degree of symptomatic impairment at
baseline. Dapagliflozin improved symptom burden,
physical limitations, and quality of life as measured
by KCCQ, which was consistent across the range of

Kosiborod et al
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LVEF, and increased the proportion of patients
experiencing at least small, moderate, and large im-
provements in health status.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND
PROCEDURAL SKILLS: In patients with HF and
mildly reduced or preserved EF, dapagliflozin im-
proves symptoms, functional status, and quality-of-
life consistently across categories of LVEF.

TRANSLATIONAL OUTLOOK: Further efforts are
needed to encourage early initiation of dapagliflozin
in symptomatic patients with HF regardless of LVEF.
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