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W Check for updates

With modern treatments for heart failure with reduced ejection fraction
(EF), indicative of impaired cardiac systolic function, patients may exhibit an
increasein EF. Limited data are available regarding the clinical management
of this growing population, categorized as heart failure withimproved EF

(HFimpEF), which has ahigh event rate and has been excluded fromvirtually
all prior heart failure outcomes trials. In a prespecified analysis of the DELIVER
trial (NCT03619213), of a total of 6,263 participants with symptomatic heart
failure and aleft ventricular EF >40%, 1,151 (18%) had HFimpEF, defined

as patients whose EF improved from <40% to >40%. Participants were
randomized to 10 mg dapagliflozin or placebo daily and the primary outcome
of the trial was acomposite of cardiovascular death or worsening heart failure
(heart failure hospitalization or an urgent heart failure visit). Participants

with HFimpEF had similar event rates to those with an EF consistently >40%.

In participants with HFimpEF, dapagliflozin reduced the primary composite
outcome (hazardratio (HR) = 0.74, 95% confidence interval (Cl) = 0.56-

0.97), first worsening heart failure events (HR = 0.84, 95% Cl = 0.61-1.14),
cardiovascular death (HR =0.62, 95% Cl = 0.41-0.96) and total worsening heart
failure events (rate ratio = 0.68, 95% Cl = 0.50-0.94) to a similar extent as for
individuals with an EF consistently >40%. These data suggest that patients with
HFimpEF who are symptomatic may benefit from the addition of a sodium/
glucose cotransporter 2 inhibitor to previously instituted guideline-directed
medical therapy to further reduce morbidity and mortality.

Heart failure with improved ejection fraction (HFimpEF), formerly
referred to as heart failure (HF) with recovered ejection fraction, has
been defined as HF with previously reduced left ventricular EF (LVEF) of
40%or less and asubsequent measurement of LVEF that hasincreased to
>40%, often as aresult of guideline-directed medical therapy (GDMT)".
Although patients with HFimpEF may exhibit a better prognosis than
patients with a persistently reduced EF (HFrEF), they still experience
clinical events, including HF hospitalizations and cardiovascular mor-
tality, as well as impaired quality of life’>. The 2022 American Heart
Association, American College of Cardiology, Heart Failure Society

of America (AHA/ACC/HFSA) Guidelines for the Management of Heart
Failure provide little guidance regarding the appropriate pharmaco-
logical treatment of this population but recommend that patients with
HFimpEF should continue treatment with GDMT to avoid relapse and
worsening of left ventricular function®. Whether initiation of specific
new pharmacological therapies might improve clinical outcomes in
these patients is unknown.

Sodium/glucose cotransporter 2 (SGLT2) inhibitors have been
shown to reduce the risk of both cardiovascular death and hospitali-
zation for HF in patients with HF, regardless of diabetes mellitus’ ™.
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10,418 assessed for eligibility

4,155 excluded
3,955 not meeting eligibility criteria
170 declined to participate

8 died
8 adverse events
14 other reasons

6,263 patients randomized

3,131 randomized to receive dapagliflozin
3,126 received allocated intervention
5 did not receive allocated intervention

i 1]
572 with i
vaF SZ;ZZIOUS | 2,559 with EF consistently >40% |

367 discontinued intervention

77 discontinued intervention

6 incomplete follow-up for primary

end point 23 incomplete follow-up for

primary end point
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0 lost to follow-up
0 withdrawal of consent

2 survival status unknown
0 lost to follow-up
2 withdrawal of consent

3,132 randomized to receive placebo
3,127 received allocated intervention
5 did not receive allocated intervention

| 579 with previous | |

2,553 with previous
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I

81 discontinued intervention
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18 incomplete follow-up for
primary end point

5 incomplete follow-up for primary
end point
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0 withdrawal of consent

2 survival status unknown
1 lost to follow-up
1 withdrawal of consent

Fig.1| CONSORT diagram. Enrollment, randomization and follow-up of participants in those with HF withimproved EF and those with HF with an EF consistently over 40%.

However, previous HF trials, including those testing an SGLT2 inhibitor,
have explicitly excluded individuals with HFimpEF. The Dapagliflozin
Evaluation to Improve the Lives of Patients With Preserved Ejection
Fraction Heart Failure (DELIVER) trial demonstrated that the SGLT2
inhibitor dapagliflozin reduced the risk of cardiovascular death, HF
hospitalization or urgent HF visits in patients with HF and an LVEF
>40% (HR =0.82,95% Cl=0.73-0.92)"*. DELIVER deliberately permitted
enrollment of patients with previous LVEF <40%"*"* and thus provided
a unique opportunity to examine the efficacy of dapagliflozin in this
previously understudied group of patients with HF. The objective of
this analysis was to determine the efficacy and safety of dapagliflozin
in patients with HFimpEF. We hypothesized that patients with HFimpEF
would benefit from dapagliflozin to a similar extent as patients with
LVEF consistently over 40%, regardless of achieved EF.

Results

Patients by HFimpEF status

Between 1September 2018 and 18 January 2021, 3,131 patients were
assigned to dapagliflozin and 3,132 patients were assigned to placebo
(Fig.1). Ofthese, 1,151 participants (18%) had a history of previous LVEF
of 40% or less (572 were assigned to dapagliflozin and 579 to placebo).
Vital status was known in all patients with HF and improved EF at the
end of the study; complete follow-up was available for the primary
end point in all but six patients in the dapagliflozin group and five
patients in the placebo group. Compared to those with LVEF consist-
ently >40% (Table 1, left three columns), those with HFimpEF were
younger, more likely to be male, less likely to be White and had alower
LVEF at baseline (50.5 £ 8.3% versus 55.0 £ 8.7%, P < 0.001). Baseline
N-terminal (NT)-pro hormone BNP (NT-proBNP) levels were similar
between groups. A higher percentage of participants with HFimpEF
compared with those with LVEF consistently over 40% had a history of
coronary artery disease, myocardial infarctionand were more likely to
be previously hospitalized for HF or had implantable cardioverter defi-
brillators (ICDs). Those with HFimpEF generally carried a diagnosis of
HF for longer and were more likely to have New York Heart Association
(NYHA) functional class Il (versus Ill and IV) compared to those with
LVEF consistently over 40%. Participants with HFimpEF, compared with
those with LVEF consistently over 40%, were more likely to be treated
at baseline with angiotensin-converting enzyme (ACE) inhibitor or
angiotensin receptor neprilysin inhibitor, beta blockers or mineralo-
corticoid receptor antagonists. The proportion of patients who were

on full guideline-directed medical therapy for HFrEF was higher in
those with HFimpEF than in those with LVEF consistently over 40%.

Among patients with HFimpEF, the groups assigned to dapagli-
flozin and placebo were well balanced (Table 1, right three columns).
Among patients with HFimpEF, 77 patients discontinued study treat-
mentand 6 had incomplete follow-up for the primary end pointin the
dapagliflozin group; 81 patients discontinued study treatment and 5
had incomplete follow-up for the primary end point in the placebo
group. Vital status was known in all patients with HFimpEF in both
treatment groups.

Outcomes by HFimpEF status
Thetrialended onreachingthe prespecified number of events (at least
1,117). The rates of worsening HF or cardiovascular death were similar
among those with HFimpEF and those with LVEF consistently over 40%
(8.8 per100 patient years versus 8.7 per 100 patient years, respectively)
(Table 2). Results were consistent after adjustment for age, sex and geo-
graphicalregion (adjusted HR = 0.99,95% Cl = 0.85-1.15, P= 0.92). Rates
of cardiovascular death, first HF events (HF hospitalizations or urgent
HF visits), all-cause death and total HF events were also similar between
those with HFimpEF and those with LVEF consistently over 40%.
Dapagliflozinreduced the primary composite end point compared
to placebo in participants with HFimpEF (HR = 0.74, 95% Cl = 0.56—
0.97) to a similar extent as patients with LVEF consistently over 40%
(HR =0.84, 95% CI 0.73-0.95; interaction P= 0.43) (Fig. 2a,b). Among
those with HFimpEF, the benefit of dapagliflozin relative to placebo was
consistentacross prespecified subgroups, including LVEF at enrollment
(LVEF <49%:HR = 0.84,95% Cl = 0.59-1.20; LVEF = 50-59%: HR = 0.73,
95% Cl=0.41-1.29; LVEF 2 60%: HR = 0.55,95% Cl = 0.28-1.07; interac-
tion P=0.24; Fig. 3). The effect of dapagliflozin on HF outcomes was
also similar in those with HFimpEF (HR = 0.84, 95% Cl = 0.61-1.14) and
those with LVEF consistently over 40% (HR = 0.78,95% Cl = 0.67-0.91;
interaction P=0.69), as it was for cardiovascular death among indi-
viduals with HFimpEF (HR = 0.62, 95% Cl = 0.41-0.96) and in those
with LVEF consistently over 40% (HR = 0.95, 95% Cl = 0.78-1.15; inter-
action P=0.09). The composite of total HF events and cardiovascular
events was also similarly reduced in patients with HFimpEF (rate ratio
(RR) =0.68, 95% Cl = 0.50-0.94) as in patients with LVEF consistently
over 40% (RR=0.79, 95% Cl = 0.67-0.93; interaction P= 0.43). These
findings were similar irrespective of age (primary end point, interac-
tion P=0.43 for age as a continuous variable and interaction P=0.28
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Table 1| Baseline characteristics by HFimpEF status and treatment group in those with HFimpEF

Patients with HFimpEF versus those with EF

consistently over 40%

Treatment groups in patients with HFimpEF

HFimpEF EF consistently >40% P Dapagliflozin Placebo P
n=1151 n=5,112

Age (years) 70.1+10.0 72.0+9.4 <0.001 69.9+10.3 70.3+9.8 0.58

Male sex 774 (67.2%) 2,742 (53.6%) <0.001 387 (67.7%) 387 (66.8%) 0.77

Race <0.001 0.10
White 774 (67.2%) 3,665 (71.7%) 382 (66.8%) 392 (67.7%)

Asian 290 (25.2%) 984 (19.2%) 140 (24.5%) 150 (25.9%)
Black or African American 36 (3.1%) 123 (2.4%) 16 (2.8%) 20 (3.5%)
American Indian or Alaska Native 21(1.8%) 168 (3.3%) 12 (21%) 9 (1.6%)
Other 30 (2.6%) 172 (3.4%) 22 (3.8%) 8 (1.4%)

Geographical region <0.001 0.64

Europe and Saudi Arabia 482 (41.9%) 2,523 (49.4%) 236 (41.3%) 246 (42.5%)
Asia 284 (24.7%) 942 (18.4%) 136 (23.8%) 148 (25.6%)
Latin America 198 (17.2%) 983 (19.2%) 106 (18.5%) 92 (15.9%)

North America 187 (16.2%) 664 (13.0%) 94 (16.4%) 93 (16.1%)

History of atrial fibrillation or flutter 593 (51.5%) 2,959 (57.9%) <0.001 279 (48.8%) 314 (54.2%) 0.06
Type 2 diabetes mellitus 529 (46.0%) 2,277 (44.5%) 0.38 285 (49.8%) 244 (421%) 0.009
History of myocardial infarction 400 (34.8%) 1,239 (24.2%) <0.001 197 (34.4%) 203 (351%) 0.83
History of HF hospitalization 560 (48.7%) 1,979 (38.7%) <0.001 270 (47.2%) 290 (50.1%) 0.33
Any coronary artery disease 676 (58.7%) 2,488 (48.7%) <0.001 338 (59.1%) 338 (58.4%) 0.81
Any atherosclerotic cardiovascular disease 729 (63.3%) 2,823 (55.2%) <0.001 367 (64.2%) 362 (62.5%) 0.56
Current smoker 118 (10.3%) 366 (7.2%) 49 (8.6%) 69 (11.9%) 017

Baseline body mass index (kg m™) 29.4+6.0 29.9+6.1 0.008 29.7+6.2 29.2+57 0.16

Time from diagnosis of HF to baseline <0.001 0.62
0-3 months 61(5.3%) 507 (9.9%) 31(5.4%) 30 (5.2%)
>3-6 months 70 (61%) 522 (10.2%) 36 (6.3%) 34 (5.9%)
>6-12 months 14 (9.9%) 728 (14.3%) 63 (11.0%) 51(8.8%)
>1-2 years 149 (12.9%) 846 (16.6%) 80 (14.0%) 69 (11.9%)
>2-5 years 350 (30.4%) 1,219 (23.9%) 168 (29.4%) 182 (31.4%)
>5 years 407 (35.4%) 1,285 (25.2%) 194 (33.9%) 213 (36.8%)

NYHA class at baseline 0.001 0.89
| 0 (0%) 1(0%)

1l 918 (79.8%) 3,795 (74.2%) 453 (79.2%) 465 (80.3%)

1l 229 (19.9%) 1,302 (25.5%) 117 (20.5%) 112 (19.3%)

v 4(0.3%) 14.(0.3%) 2(0.3%) 2(0.3%)

Baseline LVEF (%) 50.5+8.3 55.0+8.7 <0.001 50.3+7.9 50.8+8.7 0.29

LVEF group <0.001 0.47
<40 1(01%) 3(01%) 1(0.2%) 0 (0%)
>41-49 623 (54.1%) 1,489 (291%) 313 (54.7%) 310 (53.5%)

50-59 328 (28.5%) 1,928 (37.7%) 167 (29.2%) 161(27.8%)
260 199 (17.3%) 1,692 (33.1%) 91(15.9%) 108 (18.7%)

Baseline NT-proBNP (pgml™) 1,009 (623-1,728) 1,012 (623-1,753) 0.96 1,010 (627-1,812) 1,007 (614-1,688) 0.40

Baseline ECG atrial fibrillation/flutter 424 (36.8%) 2,220 (43.4%) <0.001 208 (36.4%) 216 (37.3%) 0.74

Baseline systolic blood pressure (mm Hg) 127.2+16.6 128.5+15.0 0.016 127.3+16.8 127.2+16.5 0.87

Baseline eGFR (mlmin™'per 1.73m?) 61.9+19.2 60.8+19.1 0.10 61.9+19.0 61.8+19.3 0.90

Medications
Loop diuretics 883 (76.8%) 3,928 (76.9%) 0.96 446 (78.0%) 437 (75.6%) 0.34
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Table 1| Baseline characteristics by HFimpEF status and treatment group in those with HFimpEF (continued)

Patients with HFimpEF versus those with EF

consistently over 40%

Treatment groups in patients with HFimpEF

HFimpEF EF consistently >40% P Dapagliflozin Placebo P
n=1151 n=5112
ACE inhibitor 458 (39.8%) 1,837 (35.9%) 0.014 224 (39.2%) 234 (40.5%) 0.65
ARB 337 (29.3%) 1,935 (37.9%) <0.001 166 (29.0%) 171(29.6%) 0.83
Neprilysin inhibitor/ARB (ARNI) 152 (13.2%) 149 (2.9%) <0.001 73 (12.8%) 79 (13.7%) 0.65
Beta blocker 991 (86.2%) 4,186 (81.9%) <0.001 486 (85.0%) 505 (87.4%) 0.24
Mineralocorticoid receptor antagonist 580 (50.4%) 2,087 (40.8%) <0.001 290 (50.7%) 290 (50.2%) 0.86
ICD 59 (5.1%) 54 (1.1%) <0.001 36 (6.3%) 23 (4.0%) 0.07
ACE inhibitor, ARB, ARNI and beta blocker 826 (72%) 3,233 (63%) <0.001 399 (69.8%) 427 (73.9%) 012
ACE inhibitor, ARB, ARNI, beta blocker and 425 (37%) 1,406 (28%) <0.001 208 (36.4%) 217 (37.5%) 0.68
mineralocorticoid receptor antagonist
Table 2 | Primary and secondary outcomes according to HFimpEF status
Previous EF<40% Prior EF>40% P
Outcome n=1151 n=5112
Primary composite (cardiovascular death or 211 events 911 events 0.92
worsening HF) (8.8 per 100 patient years) (8.7 per 100 patient years)
HR=0.99 (0.85-1.15) (REF)
Cardiovascular death 87 events 405 events 0.63
(3.4 per 100 patient years) (3.6 per 100 patient years)
HR=0.94 (0.75,1.19) (REF)
HF event 161 events 662 events 0.74
(6.7 per 100 patient years) (6.3 per 100 patient years)
HR=1.03 (0.86-1.23) (REF)
HF hospitalization 144 events 603 events 0.94
(6.0 per 100 patient years) (5.7 per 100 patient years)
HR=1.01(0.84-1.21) (REF)
Urgent HF visit 34 events 104 events 010
(1.3 per 100 patient years) (0.9 per 100 patient years)
HR=1.39 (0.94-2.06) (REF)
All-cause death 190 events 833 events 0.76
(7.4 per 100 patient years) (7.4 per 100 patient years)
HR=1.03 (0.87-1.20) (REF)
Composite of cardiovascular death and recurrent HF 351 events 1521 events 0.80

events

(13.7 per 100 patient years)

(13.5 per 100 patient years)

RR=0.98 (0.82-117)

(REF)

for age >75 versus <75 years and for cardiovascular death, interaction
P=0.71for age as a continuous variable and interaction P= 0.42 for
age >75 versus <75years).

Symptom burden by HFimpEF status

At baseline, participants with HFimpEF had higher Cardiomyopathy
Questionnaire (Kansas City) (KCCQ) total symptom scores compared
tothose with LVEF consistently over 40% (73.5 + 21.3 versus 69.3 + 22.3,
P<0.001). Overall, participants randomized to dapagliflozin experi-
encedanincreasein KCCQ summary scores compared to baseline rela-
tivetoplacebo, irrespective of HFimpEF status, although the magnitude
of change in KCCQ was numerically smaller in those with HFimpEF
compared to those with LVEF consistently over 40% (HFimpEF mean

difference = +0.90, 95% Cl = -1.32 to +3.11 versus without HFimpEF mean
difference = +2.8, 95% Cl =1.70-3.90, interaction P = 0.14). Sensitiv-
ity analyses using KCCQ data from months 1, 4 and 8 via longitudinal
mixed effects models with random patient intercepts and treatment,
study visit and treatment-visit interaction terms as fixed effects pro-
duced similar results (HFimpEF mean difference = +0.80,95% Cl = -1.28
to +2.88 versus those with LVEF consistently over 40% (mean differ-
ence =+2.78,95% Cl =1.75-3.81, interaction P= 0.10).

Safety and tolerability by HFimpEF status

Frequencies of study medication discontinuation were similar between
participants with HFimpEF compared to those with LVEF consist-
ently over 40% (13.8 versus 14.3%, P= 0.65) regardless of treatment
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Fig.2|Primary and secondary end points. a, Incidence of the primary outcome
(upper left), worsening HF (upper right), cardiovascular death (lower left) and
all-cause death (lower right) by treatment assignment in patients with HF with
improved EF. Participants randomized to dapagliflozin are indicated in blue and
those randomized to placeboinred. Each of the graphs shows Kaplan-Meier
curves with an HRand 95% Cl estimated from a Cox’s model with two-sided P
values. No adjustment for multiple comparisons was made. b, Primary and

b @ Previous EF <40% (n =1,151)

HR or RR . P for_
M Previous EF >40% (n = 5,112) (95% CI) interaction
X i 0.74(0.56-0.97) —e—
Primary composite 0.426
0.84 (0.73-0.95) HH
X 0.62 (0.41-0.96) —e—
Cardiovascular death 0.088
0.95 (0.78-1.15) -
0.84 (0.61-1.14) A 0667
Worsening HF event . (0.67-081) -
0.77 (0.55-1.07) e
HF hospitalization K 0.991
0.77 (0.66-0.90) i
0.88 (0.66-1.18) —e—
All-cause death 0.628
0.96 (0.83-1.10) -
Composite of ¢ g6 (0.48-0.91) —eo—
cardiovascular death 0.334
and recurrent HF events 079 (0.68-0.93) HH
T T 1
0.25 0.50 1.0 2.0

Favors dapagliflozin ~ Favors placebo

secondary end points by treatment assignment in patients with previous EF

of 40% or less and in those with EF consistently over 40%. Estimates are HRs

or RRs; 95% Cls were estimated from Cox models with two-sided Pvalues

and are displayed as error bars. The RR was calculated for the assessment

of cardiovascular death and total HF events using the method of Lin et al.>.
Interaction Pvalues refer to the treatment by subgroup interaction and represent
atwo-sided Pvalue for interaction from the Wald test of the Cox model.

assignment (Table 3). Diabetic ketoacidosis and major hypoglycemia
were infrequent and did not differ by HFimpEF status or treatment
assignment. Serious adverse events or events leading to study drug
discontinuation suggestive of volume depletion occurred in 18 par-
ticipants in the HFimpEF group (10 (1.7%) in the dapagliflozin group
and 8 (1.4%) in the placebo group) and in 56 individuals in those with
LVEF consistently over 40% (32 (1.3%) in the dapagliflozin group and
24 (0.9%) in the placebo group).

Discussion

We found that in patients with HFimpEF enrolled in the DELIVER trial,
dapagliflozinreduced the composite of cardiovascular death or wors-
ening HF events, and other outcomes, to a similar extent as in those
with LVEF consistently over 40%. The benefit in patients with HFimpEF
did not differ by the achieved LVEF at baseline. Similarly, the rates of
adverse events were comparable between groups. These datasuggest
that patients with HF who previously had reduced LVEF but whose LV
function has improved above 40% yet remain symptomatic benefit
from the addition of dapagliflozin.

Individuals with HFimpEF comprised 18% of the total patients in
DELIVER, the only cohort of patients with HFimpEF enrolled in a ran-
domized outcome trial of any therapeutic agent. Clinical guidelines
have largely been limited on recommendations for this population
because of the lack of high-quality evidence. This phenotype rep-
resents a distinct group, as evidenced by the striking differences in
baseline characteristicsin HFimpEF patientsin DELIVER compared with
those withan LVEF consistently over 40%. In particular, these patients
had baseline characteristics that more resembled those of the HFrEF
population from which they emerged, including younger age, male
sex, longer duration of HF and the more frequent treatment with ACE
inhibitors, ARBs, ARNI, betablockers and ICDs. Thelower burden of HF
symptoms (albeit with similar natriuretic peptide levels) in this group
may reflect the higher use of GDMT compared with those with an LVEF
consistently >40%. Nevertheless, event rates in this group were similar

tothose with LVEF consistently >40%, reinforcing the notion that this
phenotype does not signify ‘recovery’, or normalization of LV function,
but that these patients are at substantial risk for adverse outcomes.
The event rates of this cohort in DELIVER may have even been higher
than reported in previous observational studies*"* ™, potentially in
part because of the elevated natriuretic peptide levels and persistent
symptoms required by DELIVER.

Data on the management of patients with HFimpEF are sparse. In
the 51-patient, open-label randomized TRED-HF trial, withdrawal of
GDMT in patients with asymptomatic dilated cardiomyopathy who
had had a previously reduced LVEF, but whose LVEF increased to 50%
or higher, resulted in deterioration of EF within 6 months in nearly half
of the patients studied®. A recent scientific statement? and the most
recent AHA/ACC/HFSA HF guidelines recommended the continu-
ation of GDMT in patients with HFimpEF as a consequence of these
data? Virtually all previous outcome trials in patients with HF and
an LVEF >40%, including those testing candesartan, spironolactone
and sacubitril/valsartan and empagliflozin excluded patients with
previous LVEF <40%°'%%°. Thus, these data from DELIVER are the first
toinforminitiation of GDMT in patients with HFimpEF. This isa grow-
ing population of patients with HF and it is estimated that between 10
and 40% of those with previous HFrEF have HFimpEF. Since patients
with HFimpEF are more likely to be cared for by general practitioners
once GDMT has been optimized and have more frequent encounters
with these practitioners compared to cardiologists, these findings are
applicable to the broader medical community.

We noted that patients with HFimpEF enrolled in DELIVER had a
lower symptom burden (as indicated by higher baseline KCCQ total
symptom score) than those with LVEF consistently over 40%. This
may in part be due to symptomatic improvement before enrollment,
potentially from GDMT. While there was no heterogeneity in the treat-
ment response with respect to improvement in total symptom score
in patients with HFimpEF compared with those without HFimpEF, the
numerically lower magnitude of the benefit with dapagliflozin may
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Dapagliflozin Placebo |
All patients 92/572 19/579 +| 0.74 (0.56-0.97)
Age (years)
<Median 48/326 75/327 —_—l— | 0.61(0.42-0.87) P=0.1
>Median 44/246 44/252 0.97 (0.64-1.48)
Sex |
Female 24/185 38/192 —I:I-_ 0.63 (0.38-1.06) P=0.51
Male 68/387 81/387 0.79 (0.57-1.09)
Race |
Asian 21/140 32/150 —— 0.64 (0.37-1.12) P=0.73
Black or African American 5/16 6/20 P 1.03(0.31-3.40)
Other 6/34 117 L 2.85(0.34-23.87)
White 60/382 80/392 +|- 0.73 (0.53-1.03)
Geographical region
Europe and Saudi Arabia 38/236 47/246 —I—I— 0.81(0.53-1.25) P=0.90
Asia 21/136 31/148 _._I_ 0.68 (0.39-1.19)
Latin America 13/106 18/92 L - 0.60 (0.29-1.22)
North America 20/94 23/93 —ll— 0.81(0.44-1.47)
NYHA class
1l 72/453 87/465 _.—_.—l- 0.80 (0.58-1.09) P=0.27
lor IV 20/119 32/14 0.57 (0.33-1.00)
LVEF (%) |
<49 58/314 67/310 _.—:': 0.83(0.58-1.18) P=0.27
50-59 21/167 27/161 0.71(0.40-1.26)
>60 13/91 25/108 _I—l 0.56 (0.29-1.11)
NT-proBNP (pg ml™)
<Median 30/288 44/292 —I—'- 0.66 (0.42-1.05) P=0.63
>Median 62/284 75/287 —_—l— 0.77 (0.55-1.08)
HF hospitalization within 30 d |
No 83/532 104/542 —I—I- 0.77 (0.58-1.03) P=0.32
Yes 9/40 15/37 L 0.52 (0.23-1.19)
Type 2 diabetes mellitus at enrollment |
No 42/287 62/335 e ] 0.76 (0.52-1.13) P= 0.83
Yes 50/285 57/244 —I—I- 0.71(0.48-1.03)
Atrial fibrillation or flutter on enrollment ECG |
No 57/364 73/363 0.73 (0.52-1.04) P= 0.91
Yes 35/208 46/216 —I—I— 0.76 (0.49-1.18)
Body mass index (kg m™)
<30 50/321 63/345 —.—I— 0.79 (0.54-1.15) P=0.60
>30 42/251 56/233 —I—l 0.68 (0.45-1.01)
Baseline eGFR (ml min™ per 1.73 m?)
<60 55/266 63/278 —-|— 0.87 (0.61-1.25) P = 0.20
>60 37/306 56/301 s ] 0.61(0.40-0.93)

Systolic blood pressure at randomization (mm Hg)

<Median 55/300
>Median 37/272

63/303
56/276

S —

Favors dapagliflozin

0.85(0.59-1.22) P=0.24
0.62 (0.41-0.93)
Favors placebo

T
0.50

0.75 1.00

T T T
1.50 2.00

HR

Fig.3|Primary end point in prespecified subgroups in patients with HF with improved EF. Estimates are HRs with the error bars representing the 95% Cls from the
Coxmodel and a two-sided Pvalue for interaction from the Wald test of the Cox model. No adjustment for multiple comparisons was made.

reflect that these patients started with fewer symptoms and may have
less potential forimprovement.

While formal interaction testing did not show significant het-
erogeneity between the HFimpEF group or those with LVEF consist-
ently over 40% for either the primary end point or cardiovascular
death, the lower point estimate for cardiovascular deathin the group
with HFimpEF raise the possibility that the ability of dapagliflozin
to modify disease progression may even be greater in the improved
group than in those with LVEF consistently over 40%, as it may in
patients with HFrEF.

This analysis has several limitations. Data on previous LVEF was
investigator-reported and we did not collect the exact previous LVEF
value; nevertheless, the baseline characteristics of the HFimpEF
cohortwere substantially different from those with LVEF consistently

over 40%, signifying that this cohort represents a distinct pheno-
type. While the recent AHA/ACC/HFSA guidelines have designated
HFimpEF as HF with LVEF < 40%, with a subsequent measurement of
LVEF that has increased to >40%; other definitions have varied. The
2021 European Society of Cardiology Guidelines for the diagnosis
and treatment of acute and chronic heart failure define HFimpEF as
patients with a history of LVEF < 40% who present with a follow-up
LVEF of >50%; the universal definition position paper characterizes
HFimpEF as at least a 10-point increase in LVEF from a baseline that
is <40%*"*. While we were not able to determine if patients had a
10-pointincrease, the magnitude of the benefit was consistent, if not
better, in HFimpEF patients with an achieved LVEF of 50% or higher
(primary end point HR = 0.63, 95% CI = 0.41-0.97; cardiovascular
death HR = 0.38, 95% CI = 0.17-0.87). Similarly, the DELIVER trial
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Table 3 | Safety outcomes by HFimpEF status

Previous LVEF<40%, n=1,151 Previous EF>40%, n=5,112

Safety outcome Dapa, n=572 Placebo, n=579 Dapa, n=2,559 Placebo, n=2,553
Discontinuation of study drug 77 (13%) 81(14%) 367 (14%) 361(14%)
Any serious adverse event 247 (43.2%) 273 (47.3%) 1114 (43.6%) 1150 (45.1%)
Any adverse event leading to discontinuation of IP 36 (6.3%) 38 (6.6%) 146 (5.7%) 143 (5.6%)
Any adverse event leading to interruption of IP 79 (13.8%) 92 (15.9%) 357 (14.0%) 402 (15.8%)
Any amputation 5(0.9%) 7(1.2%) 14 (0.5%) 18 (0.7%)
Any potential risk factor adverse event for amputation affecting lower limbs 38 (6.6%) 56 (9.7%) 150 (5.9%) 143 (5.6%)
Any definite or probable diabetic ketoacidosis 0 (0%) 0 (0%) 2(0.1%) 0 (0%)

Any major hypoglycemic event 1(0.2%) 1(0.2%) 5(0.2%) 6(0.2%)
Any serious adverse event or adverse event leading to study drug 10 (1.7%) 8 (1.4%) 32 (1.3%) 24 (0.9%)
discontinuation suggestive of volume depletion

Any renal serious adverse event or adverse event leading to study drug 14 (2.4%) 16 (2.8%) 59 (2.3%) 63 (2.5%)

discontinuation

did not collect data on the duration of medical or device therapies
that may have allowed improvement in LVEF. Also, improvement
in LVEF varies substantially by specific etiologies of HF, which were
not captured as part of the trial. Previous trials in heart failure with
mid-range EF and heart failure with preserved EF excluded patients
with improved EF; the DAPA-HF study did not collect longitudinal
measures of LVEF, thus precluding the ability to perform pooled analy-
ses with other outcome studies. While this analysis was prespecified
inthe academic statistical analysis plan, it is one of many subgroups
and DELIVER was not powered specifically to assess a treatment effect
inthis cohort. Nevertheless, given that we observed no heterogeneity
in the treatment benefit by HFimpEF status, and that these patients
have been excluded from nearly all other trials in this population,
these datashould inform clinical decision-making and forthcoming
clinical practice guidelines on the contemporary management of
patients with HFimpEF.

In summary, in patients enrolled in the DELIVER study who
had HFimpEF, dapagliflozin compared with placebo reduced the
composite of cardiovascular death or worsening HF, and other out-
comes, toasimilarextent as patients with LVEF consistently over 40%.
Despite previous improvement in LVEF, patients with HFimpEF in
DELIVER faced heightened risks of disease progression including
worsening HF events and death, which were comparable to those
who had LVEF consistently over 40%. These data serve as the largest
randomized data of this population and suggest that patients with
HFimpEF who are symptomatic may benefit from the addition of
dapagliflozin.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
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Methods

Trial design and oversight

DELIVER was aninternational, prospective, randomized, double-blind,
placebo-controlled trial conducted at 353 sites across 20 countries
testing the efficacy and safety of dapagliflozin compared to placebo
inpatients with HF and mildly reduced, preserved orimproved EF. The
trial design and conduct of this trial was previously published else-
where”. The protocol was approved by the local ethics committees at
each participatingsite and each patient provided writteninformed con-
sentinaccordance with established guidelines. The trial was reviewed
byanindependent monitoring committee. See Supplementary Appen-
dix for the listing of the sites and investigators.

Trial patients

The study enrolled patients aged 40 or older with symptomatic HF
(NYHA functional class II-1V) and a LVEF >40% (within 12 months of
enrollment), elevated levels of natriuretic peptides (NT-proBNP of
at least 300 pg ml™ in 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). Patients with or without type 2 diabetes mellitus, either
anoutpatient or hospitalized for worsening HF were eligible for enroll-
ment. Patients were also eligible if they previously had an LVEF < 40%
but had an LVEF > 40% on their qualifying echocardiogram (ECG) at
enrollment. The main exclusion criteria were the use of SGLT2 inhibi-
tors within 4 weeks of randomization, previous intolerance to SGLT2
inhibitors, type 1 diabetes mellitus, estimated glomerular filtration
rate (eGFR) <25 ml per min per 1.73 m?at screening and systolic blood
pressure 2160 mm Hg if not using 3 or more blood pressure-lowering
medications or =180 mm Hg regardless of the number of antihyper-
tensives. Patients were also excluded if they had diagnoses that could
alternatively account for their HF symptoms (for example, anemia,
primary pulmonary hypertension). Participants were randomized in
al:1fashionto dapagliflozin 10 mgor matched placebo daily, stratified
by type 2 diabetes status.

Baseline categorization ofimproved EF status

Identification of participants with HFimpEF was based on the case
report form question: Does the patient have amedical history of symp-
tomatic heart failure with reduced ejection fraction (LVEF < 40%)?
The timing of previous low EF assessment and severity of previous LV
dysfunction were not collected. The most recent EF before randomi-
zation was also recorded and was required to fulfill the entry criteria.

Randomization

Participants were centrally assigned to a randomized investigational
product (IP) using aninteractive voice/Web response system (IxRS). Rand-
omization toIPwas performedinbalanced blocks to ensure approximate
balance betweenthe treatment groups (1:1). The blocks were not revealed
to the investigators. Randomization was stratified in the IXRS system
based onwhether the patient was or was not knownto havetype 2 diabetes
at the time of randomization (based on either an established diagnosis
orglycated hemoglobin >6.5% at enrollment). Patients were randomized
inal:1fashion to dapagliflozin 10 mg or matching placebo once daily.

Study interventions and procedures

After randomization, study visits occurred at approximately days 30,
120,240,360 and 480 after randomization and then every 120 d there-
after. Unscheduled visits could also be performed at the discretion of
theinvestigator. Treatment adherence was assessed by asking patients
toreturnall unused IPs and empty packages to the clinic at site visits.

Outcomes
The primary outcome of the DELIVER trial was the composite of car-
diovascular death or worsening HF (defined as either an unplanned

hospitalization or urgent HF visit requiring intravenous therapy).
Secondary outcomesincluded totalnumber of HF events (for example,
bothfirstand recurrent hospitalizations for HF or urgent visits for HF)
and cardiovascular death, quality of life assessed by the KCCQ total
symptom score (range = 0-100; higher scores indicate fewer symp-
toms; >5-point individual change considered clinically meaningful),
cardiovascular death and all-cause mortality. Clinical outcomes were
adjudicated by anindependent, blinded adjudication committee. The
analysis of the HFimpEF subgroup was prespecified in the academic
statistical analysis plan before database lock.

Statistical analysis

Data from all randomized patients were included in this analysis (see
protocol and statistical analysis plans in Supplementary Appendix).
The trial was event-driven and the statistical assumptions underlying
DELIVER have been published elsewhere®. Details of the DELIVER
Statistical Analysis Plan (SAP) have been published previously. Pri-
mary and secondary time-to-event outcomes from the DELIVER SAP
were compared between treatment arms using the intention-to-treat
approach, utilizing data from all randomized patients according to
their randomized assignment without censoring for discontinuation
of study drug. The analysis of participants with HFimpEF was pre-
specified. Baseline characteristics in participants with HFimpEF and
those with LVEF consistently over 40% were summarized as means and
s.d., medians and interquartile ranges or percentages and compared
by chi-squared test for categorical variables and Wilcoxon test and
two-sample Student’s ¢t-test for nonnormal and normally distributed
continuous variables, respectively. Sex and race were determined by
self-report. Time-to-event datafor the primary outcome and secondary
clinical outcomes according to HFimpEF status, regardless of treat-
ment allocation, were evaluated using the Kaplan-Meier estimator
and Cox proportional-hazards models, stratified by diabetes status at
randomization. Analysis of total HF events and cardiovascular death
was carried out with a semiparametric Cox model utilizing a robust
variance estimator. Interactions between HFimpEF status and treat-
ment were evaluated. In patients with HFimpEF, the treatment effect
for the primary outcome was evaluated in prespecified subgroups. The
composite of total (recurrent) HF events and cardiovascular death was
assessed using the method by Lin et al.”>. KCCQ change from baseline
atmonth 8 was analyzed in patients with available paired data. Change
inthe KCCQ total symptom score was assessed using analysis of covari-
ance adjusting for baseline measure and treatment. All analyses were
performed in Statav.17 (StataCorp).

Reporting summary
Furtherinformation onresearch designisavailable inthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

The data underlying the findings described in this manuscript may be
obtained by following the AstraZeneca’s data sharing policy described
at https://astrazenecagrouptrials.pharmacm.com/ST/Submission/
Disclosure.
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Patients enrolled in the DELIVER trial were age 40 or older with symptomatic heart failure (New York Heart Association
[NYHA] functional class 1I-1V) and a left ventricular ejection fraction >40% (within 12 months of enroliment), elevated levels of
natriuretic peptides (N-terminal pro-B-type natriuretic peptide [NT-proBNP] of at least 300pg/ml in those without atrial
fibrillation or flutter, or at least 600pg/ml in those in atrial fibrillation or flutter) and evidence of structural heart disease (left
atrial enlargement or left ventricular hypertrophy). Patients with or without type 2 diabetes mellitus, either an outpatient or
hospitalized for worsening heart failure were eligible for enrollment. Patients were also eligible if they previously had LVEF <
40% but had LVEF > 40% on their qualifying echocardiogram at enrollment. The main exclusion criteria were the use of
SGLT2i within 4 weeks of randomization, prior intolerance to SGLT2i, type 1 diabetes mellitus, estimated glomerular filtration
rate (eGFR) <25ml/min1.73m?2 at screening, and systolic blood pressure >160mmHg if not using 3 or more blood pressure
lowering medications or 2180mmHg regardless of the number of antihypertensives. Patients were also excluded if they had
diagnoses that could alternatively account for their HF symptoms (e.g. anemia, primary pulmonary hypertension).

Participants were recruited from 353 performance sites across 20 countries. Participants were enrolled as part of an
outpatient visit or during a hospitalization for heart failure. All participants had to fulfill inclusion and exclusion criteria and
there was no self-selection. The effects of any selection bias on the outcomes were minimal given the randomized design.

The protocol was approved by local ethics committees at each participating site, and each patient provided written informed
consent in accordance with established guidelines. The complete list of investigators and institutions is listed in the
supplementary appendix.
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Data exclusions  No data were excluded

Replication This is a prospectively designed clinical trial. The data analyses were performed independently by the sponsor and by the academic
statistician at Brigham and Women's Hospital.

Randomization  The study was randomized, double blind, and placebo controlled

Blinding The trial was double blind
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Clinical trial registration  clinicaltrials.gov NCT03619213

Study protocol The study protocol was submitted with the manuscript in the supplementary material and is also available at https://www.nejm.org/
doi/suppl/10.1056/NEJM0a2206286/suppl_file/nejmoa2206286_protocol.pdf,

Data collection Data were collected at study sites by investigators and by AstraZeneca during the trial, but were analyzed independently at the
Brigham and Women's Hospital. Enrollment in DELIVER began on 27 August 2018 and the last patient was randomized on 18 January
2021, with patients enrolled at 353 sites, in 20 countries . See also:
1: Solomon SD, de Boer RA, DeMets D, Hernandez AF, Inzucchi SE, Kosiborod MN, Lam CSP, Martinez F, Shah SJ, Lindholm D,
Wilderang U, Ohrn F, Claggett B, Langkilde AM, Petersson M, McMurray JJV. Dapagliflozin in heart failure with preserved and mildly
reduced ejection fraction: rationale and design of the DELIVER trial. Eur J Heart Fail. 2021 Jul;23(7):1217-1225. doi: 10.1002/
ejhf.2249.

Outcomes The DELIVER trial was event-driven and the primary endpoint was a composite of the time to the first occurrence of worsening heart
failure or death from a cardiovascular cause. Worsening heart failure was defined as unplanned hospital admission for heart failure
or an urgent visit for worsening heart failure resulting in the administration of an intravenous diuretic.

An independent Cardiovascular Endpoint Committee (CEC), blinded to treatment allocation, adjudicated all deaths and non-fatal
cardiovascular events submitted by investigators (or otherwise identified) as possible endpoints using a charter reflecting the 2017
Cardiovascular and Stroke Endpoint Definitions for Clinical Trials developed by the Standardized Data Collection for Cardiovascular
Trials Initiative:

1.Hicks KA, Mahaffey KW, Mehran R, Nissen SE, Wiviott SD, Dunn B, Solomon SD, Marler JR, Teerlink JR, Farb A, Morrow DA, Targum
SL, Sila CA, Hai MT, Jaff MR, Joffe HV, Cutlip DE, Desai AS, Lewis EF, Gibson CM, Landray MJ, Lincoff AM, White CJ, Brooks SS,
Rosenfield K, Domanski MJ, Lansky AJ, McMurray JJ, Tcheng JE, Steinhubl SR, Burton P, Mauri L, O'Connor CM, Pfeffer MA, Hung HM,
Stockbridge NL, Chaitman BR, Temple RJ; Standardized Data Collection for Cardiovascular Trials Initiative (SCTI) . 2017 Cardiovascular
and stroke endpoint definitions for clinical trials. Circulation 2018;137:961-972
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