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The recently reported Dapagliflozin And Prevention of Adverse out-
comes in Heart Failure trial (DAPA-HF) showed the sodium-glucose
cotransporter 2 (SGLT2) inhibitor dapagliflozin reduced the risk of
hospital admission for worsening heart failure, increased survival and
improved symptoms in patients with heart failure with reduced ejec-
tion fraction (HFrEF).1–3 Although SGLT2 inhibitors had been devel-
oped as glucose-lowering treatments for patients with type 2
diabetes, approximately half the patients in DAPA-HF did not have
type 2 diabetes.1–3 The benefits of dapagliflozin in DAPA-HF were of
a similar magnitude in participants without diabetes to the benefits
obtained in individuals with diabetes. Importantly, in both groups of
patients, dapagliflozin in patients with HFrEF were observed when
dapagliflozin was added to excellent background disease-modifying
therapy for heart failure.

In this brief commentary, we wish to put these findings into per-
spective. There are two principal contextual considerations—how
the patients randomized in DAPA-HF and their event rates compare
with those in the prior SGLT2 inhibitor trials and, second, how the
effects of dapagliflozin compare with those of other pharmacological
treatments for HFrEF.

DAPA-HF compared with prior
sodium-glucose cotransporter 2
inhibitor trials

Table 1 compares the rates of heart failure hospitalization and the
composite of heart failure hospitalization or cardiovascular death in
the large randomized trials with SGLT2 inhibitors conducted before
DAPA-HF and the rates of those outcomes in DAPA-HF.4–7 The

prior trials included few patients with known heart failure and in
those patients, the heart failure phenotype was not characterized
prospectively.8,9 The rates of heart failure hospitalization (and the
composite of heart failure hospitalization or cardiovascular death)
were much lower in the prior trials with SGLT2 inhibitors, compared
with DAPA-HF. Indeed, there was more than 10-fold difference be-
tween the rate of heart failure hospitalization in DAPA-HF and the
Dapagliflozin Effect on Cardiovascular Events–Thrombolysis in
Myocardial Infarction 58 trial (DECLARE–TIMI 58), the trial with the
largest proportion of ‘primary prevention’ patients, also comparing
dapaglifozin to placebo.3,6 Moreover, the earlier trials included only
patients with type 2 diabetes, whereas DAPA-HF also included
patients without diabetes. If only the diabetes subgroup in DAPA-HF
is examined, the rates of the events of interest are even higher still
than in the prior SGLT2 inhibitor trials (Table 1). In summary, the
patients in DAPA-HF were quite distinct and at much higher cardio-
vascular risk than patients in the prior SGLT2 inhibitor trials.

Effects of dapagliflozin compared
with other pharmacological
therapies for heart failure with
reduced ejection fraction

It is also of interest to compare the benefits of dapagliflozin to
those seen with other therapies. Table 2 summarizes the effects of
all pharmacological treatments shown to be effective over the last
decade.10–12 Because of the substantial and consistent benefit of
a mineralocorticoid receptor antagonist (MRA) added to an angio-
tensin-converting enzyme inhibitor (ACEi) or angiotensin receptor
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..blocker (ARB) and beta-blocker, use of these drugs had become the
optimum combination in patients who could tolerate them
(Table 2).10,13 Therefore, it is important that dapagliflozin was added
to background treatment with an MRA in most (71%) patients
randomized in DAPA-HF. Despite this, the benefits of dapagliflozin
compared favourably with all the other treatments described, includ-
ing the only other novel therapy for HFrEF shown to reduce mortal-
ity, neprilysin inhibition.12 As with dapagliflozin, a neprilysin inhibitor
was beneficial even when added to an ACEi or ARB, beta-blocker,
and an MRA. The incremental absolute, as well as relative, risk

reductions with both treatments are substantial as shown in Table 3.
As can be seen, the absolute risk reduction with dapagliflozin in
DAPA-HF was at least as large as with neprilysin inhibition in
PARADIGM-HF. Although only a small proportion (around 11%) of
patients were treated with sacubitril/valsartan at baseline in DAPA-
HF, a non-prespecified subgroup analysis showed an almost identical
reduction in risk of the primary composite outcome with dapagliflo-
zin in patients treated with a neprilysin inhibitor compared to those
not treated with a neprilysin inhibitor.3 Specifically, the hazard ratio
for the comparison of dapagliflozin and placebo for the primary

....................................................................................................................................................................................................................

Table 1 Event rates in SGLT2 inhibitor trials

Trial (year of

publication)

SGLT2

inhibitor

Number of

patients/

follow-up

Patients

characteristics

Annual rate

HFh per 1000

patient-yearsa

HR (95% CI) Annual rate

CV death/HFh

per 1000

patient-yearsa

HR (95% CI)

DECLARE-TIMI 58 (2019)6 Dapagliflozin 17 160 T2D 8.5 0.73 (0.61–0.88) 14.7 0.83 (0.73–0.95)

4.2 years ASCVD/RFs

CANVAS (2017)5 Canagliflozin 10 142 T2D 8.7 0.67 (0.52–0.87) 20.8 0.78 (0.67–0.91)

2.4 years ASCVD/RFs

EMPA-REG (2015)b4 Empagliflozin 7020 T2D 14.5 0.65 (0.50–0.85) 30.1 0.66 (0.55–0.79)

3.1 years ASCVD

CREDENCE (2019)7 Canagliflozin 4401 T2D 25.3 0.61 (0.47–0.80) 45.4 0.69 (0.57–0.83)

2.6 years albuminuric CKD

DAPA-HF (2019)3 Dapagliflozin 4744 No T2D/T2D Overall: 98.3 0.70 (0.59–0.83) 153.0 0.75 (0.65–0.85)

1.8 years HFrEF No T2D: 79.7 0.63 (0.48–0.81) 124.0 0.73 (0.60–0.89)

T2D: 122.5 0.76 (0.61–0.95) 190.9 0.75 (0.63–0.90)

ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval; CKD, chronic kidney disease; CV, cardiovascular; HFh, heart failure hospitalization; HFrEF, heart failure
with reduced ejection fraction; HR, hazard ratio (for SGLT2 inhibitor vs. placebo); RFs, risk factors; SGLT2, sodium glucose co-transporter 2; T2D, type 2 diabetes mellitus.
aPlacebo group.
bExcluding death from stroke.

....................................................................................................................................................................................................................

Table 2 Recent positive trials with pharmacological therapy in patients with heart failure and reduced ejection
fraction

Background

therapy

CV death/HF

hospitalization

HF

hospitalization

CV death All-cause death

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

EMPHASIS-HF (n = 2737)10 placebo vs. eplerenone ACEi/ARB 94% 0.66 (0.56–0.78) 0.61 (0.50–0.75) 0.77 (0.62–0.96) 0.78 (0.64–0.95)

BB 87%

MRA NA

SHIFT (n = 6558)11 placebo vs. ivabradine ACEi/ARB 93% 0.82 (0.75–0.90) 0.74 (0.66–0.83) 0.91 (0.80–1.03) 0.90 (0.80–1.02)

BB 90%

MRA 60%

PARADIGM-HF (n = 8399)12 enalapril vs.

sacubitril/valsartan (control vs. neprilysin inhib.)

ACEi/ARB 100% 0.80 (0.73–0.87) 0.79 (0.71–0.89) 0.80 (0.71–0.89) 0.84 (0.76–0.93)

BB 93%

MRA 56%

DAPA-HF (n = 4744)3 placebo vs. dapagliflozin ACEi/ARBa 94% 0.75 (0.65–0.85) 0.70 (0.59–0.83) 0.82 (0.69–0.98) 0.83 (0.71–0.97)

BB 96%

MRA 71%

ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, beta-blocker; CI, confidence interval; CV, cardiovascular; HF, heart failure; HR, hazard
ratio; MRA, mineralocorticoid receptor antagonist; NA, not applicable.
aIncluding sacubitril/valsartan.
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outcome in patients talking sacubitril/valsartan was 0.75 (95% confi-
dence interval 0.50–1.13), compared to 0.74 (0.65–0.86) among
those not taking sacubitril/valsartan (P for interaction 1.00).3 From
first principles, it is not surprising that these two treatments have in-
dependent, additive, benefits.14,15 The goal of therapeutic inhibition
of the enzyme neprilysin is to reduce the breakdown of a variety of
vasoactive peptides, particularly the natriuretic peptides.14 Sodium-
glucose cotransporter 2 inhibitors target a sodium-glucose cotrans-
porter in the proximal renal tubule and although the precise ways in
which these drugs bring about their benefits in HFrEF are unknown,
there is no suggestion that the possible mechanisms involved include
augmentation of natriuretic peptides; indeed, the evidence to date
suggests that SGLT2 inhibitors actually reduce levels of these pepti-
des.3,15,16 The crucial message for patients is that in the past 5 years
two complementary, life-saving therapies have been identified and
these should be added to the existing three already known to be of
benefit. Although the thought of having to use five life-saving thera-
pies in HFrEF will inevitably raise questions about polypharmacy, two
of these treatments are already combined in a single pill (an ARB and
neprilysin inhibitor in sacubitril/valsartan) and the fields of hyperten-
sion and preventive Cardiology (with the ‘polypill’) have already
embraced the idea of combination therapy.17–21 Arguably, dapagliflo-
zin as a single dose, once-daily, remarkably well-tolerated treatment
lends itself to such combination therapy. Even if combination thera-
pies are to be developed, this will take time and there will also need
to be discussion, in the interim, about how best to sequence the var-
iety of treatments now available for our patients with HFrEF. Two
critical considerations will be blood pressure (little effect from an
MRA and SGLT2 inhibitor) and renal function (no worsening, or
even improvement, with a neprilysin inhibitor and SGLT2 inhibitor).
It is clear, however, that using all these drugs together is eminently
feasible, as evidenced by DAPA-HF, and that the best chance of a pa-
tient with HFrEF feeling well, avoiding hospitalization and staying alive
is to receive treatment with a renin–angiotensin system blocker, a
neprilysin inhibitor, a beta-blocker, an MRA, and a SGLT2 inhibitor.
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