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Abstract

Dapagliflozin [Farxiga® (USA); Forxiga® (EU)], a sodium—glucose cotransporter 2 (SGLT?2) inhibitor, was recently approved
in the USA and the EU for the treatment of adults with symptomatic heart failure with reduced ejection fraction (HFrEF).
The cardiovascular (CV) benefits of dapaglifiozin were first observed in the DECLARE-TIMI 58 trial, in which dapagliflo-
zin 10 mg/day significantly reduced the risk of CV death or hospitalization for HF in patients with type 2 diabetes mellitus
(T2DM) who had or were at risk for atherosclerotic CV disease. In the subsequent DAPA-HF trial, dapagliflozin 10 mg/day
in addition to standard of care was associated with a significantly lower risk of worsening HF or CV death than placebo in
patients with HFrEF, regardless of the presence or absence of T2DM. The benefits of dapagliflozin also remained consistent
regardless of background HF therapies. Dapagliflozin was generally well tolerated, with an overall safety profile consistent
with its known safety profile in other indications. In conclusion, dapagliflozin is an effective and generally well-tolerated
treatment that represents a valuable new addition to the options available for symptomatic HFrEF.

Plain Language Summary

Heart failure (HF) is a major cause of death and disability. HFrEF occurs when the left ventricular ejection fraction is
<40%. Conventional treatments for HFrEF include angiotensin-converting enzyme inhibitors, angiotensin receptor block-
ers, angiotensin receptor-neprilysin inhibitors, f-blockers, mineralocorticoid receptor antagonists, hydralazine/isosorbide
dinitrate, and ivabradine. Dapagliflozin [Farxiga® (USA); Forxiga® (EU)] is an SGLT2 inhibitor originally developed
for the treatment of T2DM. It was the first SGLT2 inhibitor to be approved for the treatment of adults with symptomatic
HFrEF. When added to standard therapy, dapagliflozin significantly reduced the risk of worsening HF or CV death in
patients with HFTEF, regardless of whether or not they had T2DM. Moreover, the beneficial effects of dapagliflozin were
seen regardless of patients’ usual HF medications. Dapagliflozin was generally well tolerated and is a valuable option for
the treatment of symptomatic HFrEF.
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1 Introduction

Heart failure (HF), a complex clinical syndrome charac-
terized by dyspnea, fatigue, exercise intolerance, and fluid
retention, is associated with significant morbidity and mor-
tality [1, 2]. HF can be broadly classified according to left
ventricular (LV) ejection fraction (EF), and is therefore com-
monly referred to as HF with reduced EF (HFrEF; LVEF
<40%), HF with mid-range or mildly reduced EF (LVEF
41-49%), or HF with preserved EF (LVEF >50%) [3, 4].
HFrEF accounts for approximately 50% of all cases of HF
worldwide [2].

Angiotensin-converting enzyme (ACE) inhibitors, angi-
otensin receptor blockers (ARBs), angiotensin receptor-
neprilysin inhibitors (ARNIs), f-blockers, mineralocorticoid

receptor antagonists (MRAs), hydralazine/isosorbide dini-
trate, and ivabradine have long been the backbone of therapy
for HFEF due to their beneficial effects on symptoms, rates
of hospitalization, and mortality in randomized controlled
trials [2, 5]. More recently, sodium-glucose cotransporter 2
(SGLT?2) inhibitors have been shown to reduce the risk of
hospitalization for HF (HHF) in patients with type 2 diabetes
mellitus (T2DM) and a high risk of cardiovascular (CV)
disease [6, 7].

Dapagliflozin [Farxiga® (USA); Forxiga® (EU)], an
SGLT?2 inhibitor, has been approved in several countries,
including the USA [8] and those of the EU [9], for the treat-
ment of adults with symptomatic HFrEF. The pharmaco-
logical properties of dapaglifiozin have been reviewed in
detail previously [10—12] and are summarized in Table 1.

Table 1 Overview of key pharmacologic properties of dapaglifiozin [ , ]

Pharmacodynamic properties

Highly potent (Ki 0.55 nM) and reversible inhibitor of SGLT2; > 1400-fold more selective for SGLT2 than for SGLT1 (the prime intestinal

glucose transporter)

Reduces renal glucose reabsorption, thereby increasing urinary glucose excretion and lowering plasma glucose levels

Concomitantly reduces sodium reabsorption and increases delivery of sodium to the distal tubule, which is believed to increase tubuloglomeru-

lar feedback and reduce intraglomerular pressure

SGLT2-induced diuresis and natriuresis reduces blood volume and interstitial fluid volume and lowers preload and afterload on the heart (con-
sistent with BP reduction); reduces left ventricular end-diastolic volume and pressure [69]

Increases hematocrit and reduces bodyweight

No clinically meaningful effect on QTc interval at supratherapeutic doses (up to 500 mg)

Pharmacokinetic properties

Dose-proportional exposure over dose range of 0.1-500 mg; no change in pharmacokinetics after repeated daily administration for up to

24 weeks

Rapidly absorbed following oral administration; C,,,

is reached within 2 h (fasted state); absolute oral bioavailability is 78% following a single

10 mg dose; ~91% protein bound; mean steady-state volume of distribution is 118 L

Extensively metabolized by UGT1A9 in the liver and kidney to its major inactive metabolite (dapaglifiozin 3-O-glucuronide); CYP-mediated

metabolism is a minor clearance pathway

Mainly eliminated via urinary excretion; 75% of radiolabeled dose recovered in urine (<2% as unchanged parent drug) and 21% in feces
(=~ 15% as unchanged parent drug); mean plasma terminal half-life is 12.9 h following a single 10 mg dose

Special populations®

No clinically relevant differences in DAP pharmacokinetics based on age, race (white, black, Asian), or bodyweight;

mean steady-state AUC is estimated to be ~22% higher in females than males

Mean C,,,, and AUC are up to 40 and 67% higher in pts with severe hepatic impairment than healthy matched controls

At steady state, mean systemic exposures of DAP are higher in pts with mild, moderate, or severe abnormal kidney
function than pts with normal kidney function

Does not inhibit CYP1A2, CYP2A6, CYP2B6, CYP2CS8, CYP2C9, CYP2C19, CYP2D6, or CYP3A4; does not induce
CYP1A2, CYP2B6, or CYP3A4; weak substrate of P-gp; does not meaningfully inhibit P-gp, OAT1, OAT3, or OCT2

DAP did not meaningfully alter the pharmacokinetics of, and its pharmacokinetics were unaltered by, bumetanide,
glimepiride, hydrochlorothiazide, metformin, pioglitazone, simvastatin, sitagliptin, or valsartan

Drug interactions®

DAP did not alter the pharmacokinetics of digoxin or warfarin (including its anticoagulant effects)

Rifampicin decreased DAP exposure by 22%, and mefenamic acid (UGT1A9 inhibitor) increased DAP exposure by
55%, but with no clinically meaningful effect on 24-h urinary glucose

DAP may potentiate the diuretic effect of thiazide and loop diuretics (— increased risk of dehydration and hypotension)

AUC area under the plasma concentration-time curve, C,,, maximum plasma concentration, DAP dapagliflozin, Ki inhibitory constant, P-gp
P-glycoprotein, pts patients, SGLT sodium-glucose cotransporter, — leading to

#Consult local prescribing information for detailed information
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This review focuses on the use of dapagliflozin in patients
with symptomatic HFrEF. Dapagliflozin is also approved
for the treatment of T2DM [10, 11], type 1 diabetes mellitus
(T1DM) [12], and chronic kidney disease (CKD); however,
discussion of these indications is beyond the scope of this
review.

2 Therapeutic Efficacy of Dapagliflozin

The efficacy of dapagliflozin for the treatment of symp-
tomatic HFrEF was primarily investigated in the pivotal,
randomized, double-blind, multinational, phase III DAPA-
HF trial [13], which is the main focus of discussion in this
section. These data are supported by the earlier phase III
DECLARE-TIMI 58 trial [14], as well as the DEFINE-HF
[15], DETERMINE-Reduced [16], and DAPA-CKD [17],
trials, which are briefly discussed in Sect. 2.2.

2.1 DAPA-HF

The DAPA-HF trial included patients aged > 18 years
with New York Heart Association (NYHA) class II-IV

symptoms, LVEF of <40%, and a plasma N-terminal pro-
B-type natriuretic peptide (NT-proBNP) level of > 600 pg/
mL (or >400 pg/mL if they had been hospitalized for HF
within the previous 12 months); patients with atrial fibril-
lation or atrial flutter at baseline had to have a plasma NT-
proBNP level of >900 pg/mL, regardless of their history
of HHF [13]. Patients were required to receive standard HF
device therapy (implantable cardioverter-defibrillator, car-
diac resynchronization therapy, or both) and standard drug
therapy (including an ACE inhibitor, or an ARB, or sacubi-
tril/valsartan plus a p-blocker). MRA use was encouraged.
Glucose-lowering medications were permitted in patients
with T2DM. Patients with TIDM and patients with an
estimated glomerular filtration rate (eGFR) of <30 mL/
min/1.73 m? were excluded from the trial [13].

Following a 14-day screening period, eligible patients
were randomized to receive oral dapagliflozin 10 mg or
placebo once daily [13]. Randomization was stratified by
T2DM diagnosis (i.e., an established diagnosis or a gly-
cated hemoglobin level of >6.5%); 42% of patients had a
history of T2DM at screening and 3% of patients received
a new diagnosis of T2DM. At baseline, the mean age of
patients was 66 years, 68% of patients had NYHA class 11

Table 2 Efficacy of dapagliflozin in patients with symptomatic heart failure with reduced ejection fraction in the phase III DAPA-H

trial [ ]
Endpoints
Primary composite endpoint (% of pts)

Worsening HF* or CV death 16.3
Primary composite endpoint components (% of pts)

Hospitalization or urgent visit for HF 10.0
HHF 9.7
Urgent HF visit 0.4
CV death 9.6
Secondary endpoints

HHF or CV death (% of pts) 16.1
Total no. of HHFs and CV deaths 567
Change from BL in KCCQ-TSS at 8 months® +6.1
Worsening kidney function? (% of pts) 1.2
All-cause death (% of pts) 11.6

DAP (1 = 2373)

PL (n =2371) HR/RR/TE (95% CI)
212 HR 0.74 (0.65-0.85)*
13.7 HR 0.70 (0.59-0.83)
13.4 HR 0.70 (0.59-0.83)
1.0 HR 0.43 (0.20-0.90)
11.5 HR 0.82 (0.69-0.98)
20.9 HR 0.75 (0.65-0.85)*
742 RR 0.75 (0.65-0.88)*
+33 TE® 1.18 (1.11-1.26)*
1.6 HR 0.71 (0.44-1.16)
13.9 HR 0.83 (0.71-0.97)

The primary composite endpoint and secondary endpoints were assessed using a prespecified hierarchical testing strategy; p-values are not appli-

cable for outcomes not included in the hierarchical testing strategy

BL baseline, CV cardiovascular, DAP dapagliflozin, eGFR estimated glomerular filtration rate, ESRD end-stage renal disease, HF heart failure,
HHF(s) hospitalization(s) for HF, HR hazard ratio, KCCQ-TSS Kansas City Cardiomyopathy Questionnaire total symptom score, PL placebo, pts

patients, RR rate ratio, TE treatment effect
*p < 0.001

#Hospitalization or an urgent visit resulting in intravenous therapy for HF

bScores range from 0 to 100, with higher scores indicating fewer HF-associated symptoms and physical limitations

“The TE is shown as a win ratio, in which a value > 1 indicates superiority

dComposite outcome of >50% reduction in eGFR sustained for > 28 days, ESRD, or death from renal causes; ESRD defined as eGFR <15 mL/
min/1.73 m? sustained for > 28 days, long-term dialysis treatment (sustained for >28 days), or kidney transplantation
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HF, mean LVEF was ~31%, and median NT-proBNP level
was = 1400 pg/mL. The primary endpoint was a composite
of worsening HF (hospitalization or an urgent visit resulting
in intravenous therapy for HF) or death from CV causes [13].

2.1.1 Worsening Heart Failure or Cardiovascular Death

Dapagliflozin, in addition to standard of care (SOC),
reduced the risk of worsening HF or CV death in patients
with HFTEF [13]. Over a median of 18.2 months, the risk
of worsening HF or death from CV causes was significantly
reduced by 26% with dapagliflozin versus placebo (Table 2).
Event rates for all components of the primary composite
endpoint favored dapagliflozin over placebo (Table 2). The
number of patients needed to have been treated with dapagli-
flozin in order to prevent one primary endpoint event was 21
[13]. A secondary analysis demonstrated an early benefit of
dapaglifiozin on the primary composite endpoint, with sta-
tistical significance achieved by 28 days after randomization
[hazard ratio (HR) 0.51; 95% CI 0.28-0.94; p = 0.03] [18].
Similar results were seen for all components of the primary
composite endpoint [18].

In general, the effect of dapagliflozin on the primary
composite endpoint was consistent across numerous
prespecified patient subgroups, including age (<65 vs
> 65 years), body mass index (BMI; <30 vs >30 kg/
m?), LVEF (< vs > median), and NT-proBNP level (< vs
>median) [13]. In prespecified analyses, dapagliflozin sig-
nificantly reduced the risk of worsening HF or CV death
regardless of gender [19], presence of T2DM [20], MRA
use [21], etiology (ischemic vs non-ischemic HF) [22], and
eGFR (<60 vs > 60 mL/min/1.73 m2) [23]. In an explora-
tory analysis, dapagliflozin increased event-free survival
from a primary composite event by 2.1 years for a patient
aged 65 years [24]. Post hoc analyses confirmed that dapa-
gliflozin reduced the risk of worsening HF and CV death
across the broad spectrums of age (<55, 55-64, 65-74,
and >75 years) [25], BMI (< 18.5, 18.5-24.9, 25.0-29.9,
30.0-34.9, 35.0-39.9, and >40.0 kg/m?) [26], LVEF (< 26,
26-30, 31-35, and >35%) [27], and NT-proBNP level
(< 857, 857-1437, 1438-2649, and > 2650 pg/mL) [28]
studied in DAPA-HF. Additional post hoc analyses dem-
onstrated that the benefit of dapaglifiozin on the primary
composite endpoint was independent of race (black vs
white) [29], mortality risk score [30], duration of HF [31],
prior HHF [18], anemia status [32], presence of chronic
obstructive pulmonary disease [33], Kansas City Cardio-
myopathy Questionnaire (KCCQ) total symptom score
(TSS) [34], systolic BP [35], background glucose-lowering
therapy [36], and background HF therapy [37-39], includ-
ing sacubitril/valsartan [37] and diuretics [38].
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2.1.2 Other Endpoints

In terms of secondary endpoints, dapagliflozin significantly
reduced the risk of HHF or CV death, and the total number
of hospitalizations for HF and CV deaths, compared with
placebo (Table 2) [13]. In prespecified analyses of DAPA-
HF, dapagliflozin significantly reduced the risk of total
(first and recurrent) HHF and CV death events (rate ratio
0.75; 95% CI 0.65-0.88; p = 0.0002) [40] and outpatient
episodes of HF worsening (HR 0.73; 95% CI 0.65-0.82;
p < 0.0001) [41] compared with placebo. There was no sig-
nificant between-group difference in the incidence of the
prespecified renal composite endpoint (Table 2); however,
the rate of eGFR decline was attenuated with dapagliflozin
[23]. The risk of death from any cause is shown in Table 2.
The change from baseline in NT-proBNP level at 8 months
was —196 pg/mL with dapaglifiozin versus +101 pg/mL with
placebo (p < 0.001) [13].

The KCCQ-TSS increased to a significantly greater extent
with dapagliflozin versus placebo (Table 2) [13]. The pro-
portion of patients with an increase of >5 points (i.e., the
minimally important difference) in KCCQ-TSS was signifi-
cantly (p < 0.001) higher with dapagliflozin than placebo
[58.3 vs 50.9%; odds ratio (OR) 1.15; 95% CI 1.08-1.23],
while significantly (p < 0.001) fewer dapagliflozin than
placebo recipients had clinically significant deteriora-
tion in total KCCQ-TSS (25.3 vs 32.9%; OR 0.84; 95% CI
0.78-0.90) [13]. Dapaglifiozin also improved the degree
of physical and social activity limitation in patients with
HFrEF [42]. At 8 months, KCCQ scores in all physical and
social limitation domains except sexual relationships were
significantly (p < 0.05) improved from baseline with dapa-
gliflozin versus placebo. The greatest improvements were
seen in doing gardening or housework or carrying groceries,
hobbies and recreational activities, and walking 100 yards
on level ground [42].

In (exploratory [43]) analyses of DAPA-HF, dapagliflo-
zin significantly reduced the risk of ventricular arrhythmia,
resuscitated cardiac arrest, or sudden death by 21% com-
pared with placebo [44] and reduced the incidence of new-
onset diabetes by 32% in patients who did not have T2DM
at baseline [43].

2.2 Supportive Trials
2.2.1 DECLARE-TIMI 58

The effects of dapagliflozin on CV outcomes (including
HF outcomes) in patients with T2DM were first evaluated
in the randomized, double-blind, multinational, phase III
DECLARE-TIMI 58 trial [14]. Briefly, the trial enrolled
17,160 patients aged >40 years with T2DM and a glycated
hemoglobin level of >6.5% but < 12.0% who had or were at
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risk for atherosclerotic CV disease. Of these, 1724 patients
(10%) had a history of HF at baseline. Patients were rand-
omized to receive dapagliflozin 10 mg or placebo once daily,
and were followed for a median of 4.2 years. The initial
trial design included a primary safety endpoint of major
adverse cardiac events (MACE; defined as CV death, myo-
cardial infarction, or ischemic stroke), and was subsequently
amended to include two primary efficacy endpoints: MACE
and a composite of CV death or HHF [14].

Dapagliflozin significantly reduced the risk of CV death
or HHF in patients with T2DM who had or were at risk for
atherosclerotic CV disease [14]. Dapaglifiozin was non-infe-
rior to placebo for the primary safety (and efficacy) endpoint
of MACE (p < 0.001). The rate of CV death or HHF was
4.9% with dapagliflozin versus 5.8% with placebo (HR 0.83;
95% CI 0.73-0.95; p = 0.005); this was due to a signifi-
cantly lower rate of HHF with dapagliflozin versus placebo
(2.5 vs 3.3%; HR 0.73; 95% CI 0.61-0.88). In the subgroup
of patients with a history of HF, dapagliflozin significantly
reduced the risk of CV death or HHF (HR 0.79; 95% CI
0.63-0.99) [14]. In a prespecified subgroup analysis, dapa-
gliflozin significantly reduced the risk of HHF in patients
with (HR 0.64; 95% CI 0.43-0.95) and without (HR 0.76;
95% CI1 0.62-0.92) HFrEF at baseline [45].

2.2.2 DEFINE-HF

The effects of dapagliflozin on biomarkers, symptoms, and
functional status in patients with HFrEF were assessed in
the randomized, multicentre, double-blind DEFINE-HF
trial [15]. This study enrolled patients with an established
diagnosis of HF for > 16 weeks, LVEF of <40%, NYHA
class II-1II symptoms, and an elevated NT-proBNP or BNP
level. Patients were randomized to receive oral dapagliflo-
zin 10 mg (n = 131) or placebo (n = 132) once daily for
12 weeks, in addition to guideline-directed SOC therapy.
The primary endpoints were the average of 6- and 12-week
mean NT-proBNP levels, and a composite of the proportion
of patients with a meaningful improvement in health sta-
tus [> 5-point increase in average of 6- and 12-week KCCQ
overall summary score (KCCQ-OS)] or NT-proBNP level
(>20% reduction in average of 6- and 12-week NT-proBNP
levels) [15].

Dapagliflozin, in addition to SOC therapy, did not affect
NT-proBNP levels in patients with HFrEF, but increased the
proportion of patients with clinically meaningful improve-
ments in HF-related health status or natriuretic peptides [15].
The average 6- and 12-week adjusted mean NT-proBNP
level was not significantly different between dapagliflozin
(1133 pg/dL) and placebo (1191 pg/dL). However, signifi-
cantly more dapagliflozin than placebo recipients achieved a
clinically meaningful improvement of > 5 points in KCCQ-
OS or >20% reduction in NT-proBNP level (61.5 vs 50.4%;

adjusted OR 1.8; 95% CI 1.03-3.06; nominal p = 0.039).
This was attributed to numerically higher proportions of
dapagliflozin versus placebo recipients with a clinically
meaningful > 5-point improvement in KCCQ-OS (43 vs
33%) and a >20% reduction in NT-proBNP level (44 vs
29%). Results were consistent across all prespecified sub-
groups, including T2DM status [15].

2.2.3 DETERMINE-Reduced

The effects of dapagliflozin on symptoms and functional
capacity in patients with HFrEF were investigated in the
randomized, multicentre, double-blind, phase III DETER-
MINE-Reduced trial [16]. The trial enrolled 313 patients
with LVEF of <40%, an NT-proBNP level of >400 pg/
mL (or >300 pg/mL if they had HF during the previous
12 months or > 800 pg/mL if they had atrial fibrillation),
an eGFR of >25 mL/min/1.73 m?, and a 6-min walk dis-
tance (6MWD) of > 100 m and <452 m. Patients were ran-
domized to receive oral dapagliflozin 10 mg (n = 156) or
placebo (n = 157) once daily for 16 weeks. The primary
endpoints were the change from baseline in KCCQ-TSS,
the change from baseline in KCCQ physical limitation score
(KCCQ-PLS), and the change from baseline in 6MWD at
week 16 [16].

Dapagliflozin improved HF symptoms but had no effect
on physical limitation or exercise capacity in patients with
HFrEF [16]. At week 16, KCCQ-TSS increased to a sig-
nificantly greater extent with dapagliflozin versus placebo
(median +2.08 vs 0.00; p = 0.022). However, the median
change from baseline in KCCQ-PLS (+4.17 vs 0.00) and
6MWD (+20.0 vs +13.5 m) was not significantly different
between dapagliflozin and placebo [16].

2.2.4 DAPA-CKD

The beneficial effects of dapaglifiozin on HF outcomes
were confirmed in the randomized, double-blind, multi-
national, phase III DAPA-CKD trial [17]. Briefly, the trial
enrolled 4304 adult CKD patients with or without T2DM.
All patients had an eGFR of 25-75 mL/min/1.73 m? and
a urinary albumin-to-creatinine ratio of 200-5000 mg/g.
Overall, 468 patients (11%) had HF at baseline. Patients
were randomized to receive dapaglifiozin 10 mg or placebo
once daily, and were followed for a median of 2.4 years. The
primary endpoint was a composite of a sustained decline in
eGFR of >50%, end-stage kidney disease, or death from
renal or CV causes. A composite of HHF or CV death was
a secondary endpoint [17].

Dapagliflozin significantly reduced the risk of HHF or
CV death in patients with CKD [17]. The primary endpoint
occurred in 9.2% of dapagliflozin and 14.5% of placebo
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recipients (p < 0.001). The rate of HHF or CV death was
significantly (p = 0.009) lower with dapagliflozin versus
placebo (4.6 vs 6.4%; HR 0.71; 95% CI 0.55-0.92) [17]. In
a prespecified subgroup analysis, dapagliflozin reduced the
risk of HHF or CV death in patients with (HR 0.68; 95%
CI 0.44-1.05) and without (HR 0.70; 95% CI1 0.51-0.97) a
history of HF at baseline [46].

3 Tolerability of Dapagliflozin

Dapagliflozin was generally well tolerated, and its overall
safety profile in patients with HF was consistent with its
known safety profile in other indications [8, 9]. In DAPA-
HF, adverse events (AEs) of special interest (AESIs)
included volume depletion (7.5% with dapagliflozin vs
6.8% with placebo), renal AEs (6.5 vs 7.2%), fracture (2.1
vs 2.1%), and amputation (0.5 vs 0.5%) [13]. Few patients
(4.7% in the dapaglifiozin group and 4.9% in the placebo
group) discontinued treatment because of AEs [13]. In
DEFINE-HF, AESIs included volume depletion (9.2%
with dapagliflozin vs 5.3% with placebo) and acute kidney
injury (0.8 vs 0.8%) [15]. AEs led to treatment discontinu-
ation in 8.4% of dapagliflozin and 9.1% of placebo recipi-
ents [15].

Due to its mechanism of action (induction of diuresis) [8],
dapaglifiozin can cause volume depletion, which may pre-
sent as hypotension [8, 9]. The risk may be higher in elderly
patients, patients receiving antihypertensives (including loop
diuretics), and patients with abnormal kidney function [8,
9]. In DAPA-HF, serious AEs related to volume depletion
occurred in 1.2% of dapagliflozin and 1.7% of placebo recip-
ients [13]. Rates of volume depletion (p = 0.004) and renal
AEs (p = 0.024) were significantly lower with dapagliflozin
versus placebo in patients not taking diuretics at baseline,
while the incidence of volume depletion was slightly higher
with dapagliflozin than placebo in patients taking higher-
dose diuretics at baseline [38]. In elderly patients, patients
with abnormal kidney function, and in patients receiving
loop diuretics, volume status and kidney function should
be monitored before starting dapagliflozin and during treat-
ment [8]. If patients develop volume depletion, dapaglifio-
zin should be temporarily interrupted until the depletion is
corrected [9].

When coadministered with insulin or an insulin secreta-
gogue, dapagliflozin may increase the risk of hypoglycemia
[8]. In DAPA-HF, major hypoglycemic events were reported
in 0.2% of dapagliflozin and 0.2% of placebo recipients [13]. In
DEFINE-HF, the incidence of severe hypoglycemia was 0.8%
with dapagliflozin and 0.8% with placebo [15]. All hypoglyce-
mic events occurred in patients with T2DM [13, 15].
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SGLT2 inhibitors, including dapagliflozin, have been
associated with cases of diabetic ketoacidosis (DKA),
including life-threatening and fatal cases [8, 9]. However,
in DAPA-HF, the incidence of DKA was 0.1% with dapa-
gliflozin and 0% with placebo; all cases of DKA occurred in
patients with T2DM [13]. There were no reports of DKA in
DEFINE-HF [15]. Before initiating dapagliflozin, patients
with T2DM should be assessed for DKA risk factors [8, 9].
DKA should be considered if patients develop non-specific
symptoms of DKA, regardless of glucose level. If DKA is
suspected or diagnosed, dapagliflozin should be discontin-
ued immediately [8, 9].

Dapagliflozin may increase the risk of urinary tract infec-
tions (UTIs; including urosepsis and pyelonephritis) and
genital infections [8, 9]. There have also been reports of
Fournier’s gangrene (necrotizing fasciitis of the perineum, a
rare but serious and potentially life-threatening infection) in
patients receiving SGLT2 inhibitors, including dapaglifiozin
[8, 9]. In DAPA-HF, serious UTIs were reported in 0.6% of
dapagliflozin and 0.7% of placebo recipients, and the UTI-
related discontinuation rate was 0.2% in both groups [9].
Genital infections led to treatment discontinuation in 0.3%
of dapaglifiozin and 0% of placebo recipients [9]. Fournier’s
gangrene occurred in 0% of dapagliflozin and <0.1% of pla-
cebo recipients [13]. Patients should seek medical attention
if they develop symptoms of Fournier’s gangrene; if it is sus-
pected, dapagliflozin should be discontinued and treatment
of Fournier’s gangrene should be started promptly [8, 9].

4 Dosage and Administration
of Dapagliflozin

Dapaglifiozin is approved for the treatment of symptomatic
HFrEF in several countries, including the USA [8] and those
of the EU [9]. In the USA, dapagliflozin is indicated to reduce
the risk of CV death and HHF in adults with NYHA class [I-IV
HFrEF [8]. In the EU, dapagliflozin is indicated in adults for
the treatment of symptomatic chronic HFrEF [9]. The recom-
mended dosage of dapaglifiozin is 10 mg once daily adminis-
tered orally, with or without food [8, 9]. No dosage adjustment
is required in patients with mild or moderate hepatic impair-
ment [8, 9]. However, in the EU, the recommended starting
dosage of dapagliflozin in patients with severe hepatic impair-
ment is 5 mg once daily [9]. No dosage adjustment is required
based on kidney function [8, 9]. In the USA, dapagliflozin is
contraindicated in patients on dialysis [8].

Local prescribing information should be consulted for
further details regarding contraindications, warnings and
precautions, drug interactions, and use in special patient
populations.
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5 Place of Dapagliflozin in the Management
of Symptomatic HFrEF

Traditionally, pharmacologic therapy for HF has focused on
targeting the renin-angiotensin-aldosterone system (via ACE
inhibitors, ARBs, and MRAs) and the sympathetic nerv-
ous system (via p-blockers) [47]. A recent update to the
American College of Cardiology expert consensus decision
pathway for optimization of HF treatment (based on earlier
guidelines [48]) highlights significant new advances in the
treatment of HFrEF and provides interim guidance [5]. Evi-
dence-based guideline-directed medical therapy (GDMT)
for HFrEF now includes the SGLT?2 inhibitors dapagliflozin
and empagliflozin along with established therapies [5]. In a
recent consensus document of the Heart Failure Associa-
tion, ACE inhibitors, ARBs, ARNIs, p-blockers, MRAs, and
SGLT?2 inhibitors are recommended as ‘core treatment’ for
all patients with HF (tailored according to clinical patient
profiles) [49]. Newly updated European Society of Cardiol-
ogy guidelines now include dapagliflozin and empaglifio-
zin as a (class I, level of evidence A) recommendation for
patients with HFrEF to reduce the risk of HHF and death,
alongside previously recommended classes (ACE inhibi-
tors/ARNISs, p-blockers, and MRAs) [4]. The UK National
Institute for Health and Care Excellence (NICE) also recom-
mends dapagliflozin as an option for treating symptomatic
chronic HFrEF in adults, only if it is used as an add-on to
optimized SOC [50].

Evidence for the benefits of dapagliflozin on HF was first
demonstrated in the DECLARE-TIMI 58 trial, in which
dapagliflozin significantly reduced the risk of CV death
or HHF in patients with T2DM (Sect. 2.2.1). DECLARE-
TIMI 58 paved the way for additional phase III trials,
including DAPA-HF. In this trial, dapagliflozin was asso-
ciated with a significantly lower risk of worsening HF or
CV death than placebo in patients with HFrEF, regardless
of the presence or absence of T2DM (Sect. 2.1.1). Of note,
patients in DAPA-HF were at much higher risk for HHF or
CV death than patients in DECLARE-TIMI 58 and other
previous SGLT?2 inhibitor trials [13, 51]. The effect of dapa-
gliflozin on the primary composite endpoint was consistent
across many patient subgroups, including patients who were
already receiving background HF therapies such as sacubi-
tril/valsartan (Sect. 2.1.1).

NT-proBNP is a measure correlated with cardiac dysfunc-
tion [52]. In the DEFINE-HF trial, which was designed, in
part, to assess the effects of dapagliflozin on biomarkers,
dapagliflozin did not significantly reduce NT-proBNP levels
at 6 or 12 weeks compared with placebo (Sect. 2.2.2). How-
ever, a higher proportion of dapagliflozin than placebo recip-
ients experienced a clinically meaningful improvement in
NT-proBNP levels (Sect. 2.2.2). Longer-term, dapagliflozin

significantly reduced NT-proBNP levels at 8 months in an
exploratory analysis of DAPA-HF (Sect. 2.1.2).

The CV benefits of dapagliflozin in patients with HF have
been confirmed in systematic reviews and meta-analyses, in
which dapagliflozin significantly reduced the risk of HHF
[53-55] and CV death [54, 55] compared with placebo.
Dapagliflozin also significantly reduced the risk of HHF or
CV death compared with placebo in patients with CKD in
the DAPA-CKD trial, regardless of HF history at baseline
(Sect. 2.2.4).

To date, no randomized controlled trials have directly
compared dapagliflozin with other pharmacological agents
in patients with HFrEF. Indirect comparisons have dem-
onstrated no apparent differences in efficacy (in terms of
HHF and/or CV death) between dapagliflozin and other
SGLT?2 inhibitors [56-58], between dapagliflozin and
sacubitril/valsartan [59], or between SGLT?2 inhibitors
and sacubitril/valsartan or vericiguat [60] in patients
with HFrEF. However, given the limitations of indirect
comparisons, these results should be treated with caution.
Clinical trials comparing dapagliflozin with other agents
(particularly SGLT2 inhibitors) in patients with HFrEF
would be of interest. Randomized, multicentre trials are
currently underway to evaluate the effects of in-hospital
initiation of dapagliflozin on CV death or worsening HF
in patients with HFrEF (DAPA ACT HF-TIMI 68), the
effects of dapagliflozin on short-term functional capac-
ity in patients with HFrEF (DAPA-VO2), the efficacy and
safety of dapagliflozin in patients hospitalized with acute
HF (DICTATE-HF), and the effects of dapagliflozin on the
incidence of HF or CV death in patients with myocardial
infarction (DAPA-MI) [61].

Consistent with its known safety profile in other indi-
cations, dapagliflozin was generally well tolerated in
patients with HF (Sect. 3). Rates of AESIs such as DKA,
major hypoglycemia, and serious UTIs were generally
low (> 1%) in patients receiving dapagliflozin. Of note,
all cases of DKA and major hypoglycemia occurred in
patients with T2DM (Sect. 3).

HF is a leading cause of hospitalization and is associ-
ated with substantial healthcare costs [62]. In the NICE
guidance, dapagliflozin plus optimized SOC (based on
ACE inhibitors or ARBs) is reported to be less costly and
at least equally effective as optimized sacubitril/valsartan
with pB-blockers and, if tolerated, MRAs [50]. According
to the committee, dapagliflozin is cost effective as an add-
on to optimized SOC and represents an acceptable use of
health system resources [50]. Modeled pharmacoeconomic
studies in the UK, Germany and Spain [62], Australia [63],
Thailand [64], the Philippines [65], and the USA [66] sug-
gest that dapagliflozin added to SOC/GDMT is cost effec-
tive for the treatment of HFrEF over a lifetime horizon.
Results of another Markov model from the perspective of
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the UK National Health Service suggest that dapaglifio-
zin plus an ACE inhibitor is cost effective compared with
sacubitril/valsartan plus SOC in patients with HFrEF [67].
A budget impact analysis demonstrated that dapagliflo-
zin was cost saving when prescribed as an alternative to
sacubitril/valsartan across a range of displacement values
(30-50%) [68].

In conclusion, dapagliflozin 10 mg/day in addition to
SOC reduces the risk of worsening HF or CV death in
patients with HFrEF, regardless of the presence or absence
of T2DM. Dapagliflozin is an effective and generally well-
tolerated treatment that represents a valuable new addition
to the options available for symptomatic HFrEF.

Data Selection Dapagliflozin: 687 records

identified

Duplicates removed 235

Excluded during initial screening (e.g., press releases; 329
news reports; not relevant drug/indication; preclinical
study; reviews; case reports; not randomized trial)

Excluded during writing (e.g., reviews; duplicate data; 54
small patient number; nonrandomized/phase I/I1 trials)

Cited efficacy/tolerability articles 36
Cited articles not efficacy/tolerability 33

Search Strategy: EMBASE, MEDLINE and PubMed from 1946
to present. Clinical trial registries/databases and websites were
also searched for relevant data. Key words were dapaglifiozin,
Farxiga, type 2 diabetes, heart failure. Records were limited to
those in English language. Searches last updated 13 September
2021.
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tary material available at https://doi.org/10.1007/s40256-021-00503-8.
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