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Abstract

Background Both the angiotensin receptor neprilysin-inhibitor sacubitril/valsartan and the
sodium glucose co-transporter 2 inhibitor dapagliflozin reduced cardiovascular death and
heart failure hospitalization in patients with heart failure and reduced ejection fraction.
Whether either of these classes of drugs influences the effectiveness or safety of the other
remains unknown.

Methods We assessed the efficacy and safety of dapagliflozin in patients who were or
were not taking sacubitril/valsartan at baseline in the DAPA-HF trial, a 4744 patient trial
comparing dapagliflozin to placebo in patients with heart failure and reduced ejection
fraction. We evaluated whether treatment with sacubitril/valsartan at baseline modified the
efficacy and safety of dapagliflozin, examining the primary and secondary efficacy endpoints
and predefined safety assessments.

Results 508 patients (10.9%) enrolled in DAPA-HF were treated with
sacubitril/valsartan at baseline. Patients prescribed sacubitril/valsartan were more likely to
be from North America or Europe, to have lower ejection fraction, systolic and diastolic
blood pressure, but were similar with respect to age, NYHA class, history of diabetes and use
of other evidence-based heart failure therapies. The benefit of dapagliflozin compared with
placebo was similar in patients taking sacubitril/valsartan (HR 0.75, 95% Cl, 0.50, 1.13),
compared with those not taking sacubitril/valsartan (HR 0.74, 95% Cl, 0.65 to 0.86) for the
primary endpoint of cardiovascular death or worsening heart failure; similar findings were

observed for secondary endpoints. All measures of safety, including episodes related to



hypovolemia, were similar among patients randomized to dapagliflozin or placebo, whether
receiving background sacubitril/valsartan or not.

Conclusions Dapagliflozin was similarly efficacious and safe in patients who were and
were not taking sacubitril/valsartan in the DAPA-HF trial suggesting that the use of both
agents together could further lower morbidity and mortality in patients with heart failure

with reduced ejection fraction. Clinicaltrials.gov NCT03036124



Despite a plethora of evidence-based therapies for the treatment of heart failure
with reduced ejection fraction (HFrEF), morbidity and mortality remains high®. While ACE
inhibitors or angiotensin receptor blockers, beta blockers and mineralocorticoid receptor
antagonists have been the mainstay of therapy in HFrEF over the past several decades,
sacubitril/valsartan, which reduced cardiovascular death or heart failure hospitalization
compared with enalapril in the PARADIGM-HF trial®, is the only new pharmacologic therapy
that has been approved in the past 10 years for reduction of both morbidity and mortality in

HFrEF, and has received a Class | indication in most international guidelines.

Sodium-glucose transporter-2 inhibitors have been shown to prevent incident heart failure
hospitalization in patients with diabetes®*>, and recently dapagliflozin was shown to reduce
a composite of cardiovascular death or worsening heart failure in patients with heart failure
and reduced ejection fraction in the DAPA-HF trial®. While dapagliflozin was efficacious for
the primary outcome in the subset of 508 (11%) patients receiving sacubitril/valsartan at
baseline, the safety of combined therapy with dapagliflozin and sacubitril/valsartan is
unknown. Here we report in detail the efficacy and safety of dapagliflozin in patients who

were and were not on sacubitril/valsartan.

Methods

Study design and patients
The design of DAPA-HF has been previously published’. Briefly, DAPA-HF was a randomized

double-blind placebo-controlled study comparing dapagliflozin 10mg to placebo in patients



with heart failure with reduced ejection fraction with or without diabetes. Patients were
eligible if they were at least 18 years of age, with a left ventricular ejection fraction of 40%
or less, and symptoms of heart failure (NYHA class lI-1V). Patients were required to have
elevation in natriuretic peptides that depended on whether they had been hospitalized for
heart failure within the prior 12 months, and whether they were in atrial fibrillation or
flutter at the time of enrollment. Patients were recommended to be on guideline-directed
medical and device therapy for heart failure. Patients with type 2 diabetes continued their
glucose lowering therapy. Patients with Type 1 diabetes mellitus, a history of intolerance to
SGLT-2 inhibitors, hypotension (SBP < 95 mm Hg) or estimated glomerular filtration rate of

less than 30 ml/min/1.73 m? were excluded.

After a 14 day screening period during which time eligibility was confirmed, patients were
randomized to dapagliflozin 10mg gd or matching placebo. Dose reduction to dapagliflozin
5mg or equivalent placebo, or temporary discontinuation was permitted with subsequent

increase in dose or restarting of therapy permitted.

The trial was approved at each study center by a local or central ethics committee, and all
patients provided written informed consent. All authors had access to data and have

approved this manuscript.

Outcomes
The primary outcome of the study was a composite of worsening heart failure, defined as
either an unplanned heart failure hospitalization or an urgent heart failure visit requiring

intravenous diuretic therapy, or cardiovascular death. Secondary outcomes included the



composite of cardiovascular death or heart failure hospitalization, the total number of
hospitalizations for heart failure and cardiovascular death, change in the Kansas City
Cardiomyopathy Questionnaire Clinical Total Symptom Score (KCCQ-TSS), worsening renal
function, and death from any cause. The pre-specified safety analyses included: 1) serious
adverse events; 2) adverse events associated with discontinuation of study treatment; and
3) “adverse events of interest” i.e. volume depletion, renal events, major hypoglycemia,
bone fractures, diabetic ketoacidosis, amputations; Fournier’s gangrene; and laboratory
findings of note. Other adverse events were not routinely collected in view of the extensive
prior reporting of safety data for dapaglifiozin. The safety analyses were performed in

patients who were randomized and received at least one dose of dapagliflozin or placebo.

Statistical Analyses

We compared baseline characteristics between those who were and were not receiving
sacubitril/valsartan at baseline with t-tests if continuous and chi-square or Fischer Exact
tests if categorical. Clinical outcomes were analyzed using Cox proportional hazards models
in an intention-to-treat analysis, and interaction terms used to assess effect modification by
baseline sacubitril/valsartan use. The proportion of patients with specific safety outcomes
were compared between those who were and were not taking sacubitril/valsartan at

baseline using Fisher’s exact test.

Results



A total of 508 patients (10.9%) were taking sacubitril/valsartan at baseline. Compared to
those not taking sacubitril/valsartan, those taking this combination treatment were more
likely to be from Europe or North America, had lower systolic and diastolic blood pressure,
heart rate, were less likely to have a prior HF hospitalization, had lower left ventricular
ejection fraction, slightly lower NT-proBNP, and were more likely to have received CRT or
ICD therapy (Table 1). Patients who were or were not taking sacubitril/valsartan were
similar with respect to age, KCCQ-TSS, NYHA class, history of diabetes or atrial fibrillation,

and use of diuretics, beta-blockers, MRAs, and anti-diabetic medications.

Crude event rates for the primary composite and for worsening heart failure (heart failure
hospitalization or urgent visit) were higher in patients receiving sacubitril/valsartan, while
cardiovascular death rates were similar between those who were and were not receiving

sacubitril/valsartan (Figure 1).

The benefit of dapagliflozin was similar in those who were and were not receiving
sacubitril/valsartan with respect to the primary endpoint, with a hazard ratio for the
comparison of dapagliflozin and placebo for the primary outcome of 0.75 (95% Cl, 0.50,
1.13), compared with 0.74 (95% Cl, 0.65 to 0.86) among those not taking sacubitril/valsartan
(Table 2). Similarly, there was no difference in the benefit of dapagliflozin, compared to
placebo, with respect to cardiovascular death, worsening heart failure (heart failure
hospitalization or urgent heart failure visit), recurrent heart failure hospitalization and
cardiovascular death, and all-cause mortality (interaction p > 0.6 for all; Table 2). Likewise,
the benefit observed in KCCQ-total symptom score due to dapagliflozin was similar in those

taking and not taking sacubitril/valsartan.



There were no differences between randomized treatment groups based on
sacubitril/valsartan use in the percentage of patients who discontinued study therapy for
any reason or for an adverse event, and in the percentage of patients with adverse events
due to volume depletion (including hypotension), renal causes, fractures, amputation or
major hypoglycemic events (Table 3). Similarly, there was no difference in the magnitude of
systolic blood pressure lowering, change in serum creatinine, or change in serum potassium

due to dapagliflozin in those taking or not taking sacubitril/valsartan (Table 4).

Discussion

We found that in patients with heart failure with reduced ejection fraction, the benefit of
dapagliflozin for the primary and key secondary endpoints was similar in patients who were
or were not taking sacubitril/valsartan at baseline. Moreover, all safety endpoints, including
adverse events related to volume depletion, were similar in both groups despite the fact
that blood pressure was significantly lower in those taking sacubitril/valsartan. That the
benefit of dapagliflozin was almost identical, regardless of baseline sacubitril/valsartan use,

suggests that these two therapies have complementary biologic mechanisms of action.

A large body of evidence supports the notion that SGLT-2 inhibitors such as

dapagliflozin, and the angiotensin receptor neprilysin sacubitril/valsartan, have substantially



distinct effects in heart failure. The exact mechanism for the cardiovascular benefit of SGLT-
2 inhibitors, which reduce sodium and glucose reabsorption in the proximal tubule of the
kidneys, remains unknown, though diuretic properties, and favorable alterations in cardiac
metabolism by altering cardiac substrate utilization have been postulated®.
Sacubitril/valsartan simultaneously blocks the renin-angiotensin system by blocking the
angiotensin type 1 receptor and augments endogenous vasoactive peptide systems by
inhibiting the breakdown of the biologically active natriuretic peptides and other vasoactive
peptides’. While both therapies probably reduce preload and afterload and have potential
natriuretic properties, if the mechanisms of action of these drugs overlapped substantially
we might expect some degree of attenuation of treatment effect in those patients on
sacubitril/valsartan at baseline. The lack of any interaction between randomized treatment
and sacubitril/valsartan use at baseline in DAPA-HF suggests that these mechanisms may be
either wholly distinct or additive.

Because both of these agents may have diuretic properties, and can lower blood
pressure, the use of both agents together raised potential concerns in the cardiovascular
community. No prior studies of SGLT-2 inhibitors have had sufficient numbers of patients on
sacubitril/valsartan, and no prior studies of sacubitril/valsartan have had sufficient number
of patients on SGLT-2 inhibitors to evaluate either whether either class of drugs modified
the efficacy or safety of the other. In DAPA-HF all measures of safety, including adverse
events related to volume depletion, which were remarkably similar in patients receiving
dapagliflozin or placebo, were also similar in the dapagliflozin group whether or not patients
were taking sacubitril/valsartan. These findings provide substantial reassurance that these
drugs can indeed be used together in patients with heart failure and reduced ejection

fraction without compromising safety.



As use sacubitril/valsartan was not randomized in DAPA-HF, we cannot directly assess the
potential incremental value of treatment with both dapagliflozin and sacubitril/valsartan in
this trial. However, because we observed no evidence of interaction, we can estimate this
indirectly by assuming that the benefits are likely to be incremental and would likely be
observed on top of other standard of care therapy, since the benefit observed in both the
PARADIGM-HF and DAPA-HF trials was on top of substantial optimized use of beta-blockers

and substantial use of mineralocorticoid receptor antagonists.

Some limitations of this analysis should be noted. The overall number of patients receiving
sacubitril/valsartan in this trial was relatively small, and there was substantial regional
variation in its use. Several of the baseline differences observed based on
sacubitril/valsartan baseline use, such as far greater use of CRT and ICD in the
sacubitril/valsartan group, were also likely related to regional differences. The relatively
small number of patients receiving sacubitril/valsartan limits the precision of the confidence
intervals around the point estimate for the effectiveness of dapagliflozin in the
sacubitril/valsartan group. While the lack of a treatment interaction between baseline
sacubitril/valsartan use and randomized dapagliflozin therapy is strongly suggestive of a
distinct mechanism of action, and thus suggest that benefit of these agents would be

incremental, this hypothesis was not directly tested in the DAPA-HF trial.

In conclusion, we found that in patients with heart failure and reduced ejection fraction, the
benefit of dapagliflozin was similar in patients who were or were not taking

sacubitril/valsartan at baseline. Furthermore, we observed similar safety in the two groups,
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including with respect to volume depletion, a concern with the combined use of these
agents. These data suggest that the biologic effects of these therapies are indeed distinct,
and that use of both agents could result in substantial and clinically meaningful reductions
in cardiovascular death, heart failure hospitalization and all-cause mortality in patients with

heart failure and reduced ejection fraction.

CLINICAL PERSPECTIVES

In the DAPA-HF trial, comparing dapagliflozin with placebo in patients with heart failure and
reduced ejection fraction, dapagliflozin was shown to substantially reduce cardiovascular
morbidity and mortality in patients with heart failure and reduced ejection fraction.
Previously, in the PARADIGM-HF trial, sacubitril/valsartan had also been shown to reduce
morbidity and mortality in patients with heart failure, compared with enalapril. We assessed
the efficacy and safety of dapagliflozin in those patients who were and were not taking
sacubitril/valsartan at baseline in the DAPA-HF trial, and found that the benefit of
dapagliflozin was similar regardless of baseline sacubitril/valsartan use. Moreover, the
safety of dapagliflozin was similar regardless of baseline sacubitril/valsartan use. These data
suggest that the combined use of these agents is safe and we speculate that combined use

would be associated with incremental benefits.

TRANSLATIONAL OUTLOOK

While the exact mechanisms by which SGLT-2 inhibitors and sacubitril/valsartan benefit
patients with heart failure and reduced ejection fraction, these data from DAPA-HF
assessing the efficacy and safety of dapagliflozin in patients already taking

sacubitril/valsartan strongly suggest that the mechanism of action of these drugs are likely
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to be distinct and potentially complementary. Further research will help elucidate the

specific mechanisms of action of these agents.
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Table 1: Baseline characteristic in patients taking and not taking sacubitril/valsartan

Patients Taking Patients Not Taking
Sacubitril/Valsartan Sacubitril/Valsartan p-value
(n=508) (n=4236)
Age (years) - mean = SD 66.2+11.0 66.4 +10.9 0.72
Women 96 (18.9) 1013 (23.9) 0.012
Region
<0.001
Europe
177 (34.8) 1977 (46.7)
Asia/Pacific 57 (11.2) 1039 (24.5)
North America 219 (43.1) 458 (10.8)
Latin America 55 (10.8) 762 (18.0)
Race
White 397 (78.1) 2936 (69.3)
Black 45 (8.9) 181 (4.3)
Asian 63 (12.4) 1053 (24.9)
Other 3(0.6) 66 (1.6)
Heart rate (bpm) - mean * SD 70.0+11.7 71.7 +11.7 0.003
SBP (mmHg) - mean * SD 115.1+16.2 122.6 £ 16.2 <0.001
DBP (mmHg) - mean + SD 70.1+10.7 73.9+10.4 <0.001
BMI (kg/mz) - mean = SD 29.8+6.5 28.0+5.9 <0.001
Medical history
Hypertension 358 (70.5) 3165 (74.7) 0.040
Diabetes 212 (41.7) 1771 (41.8) 0.97
Atrial Fibrillation 208 (40.9) 1610 (38.0) 0.20
Features of HF
HF etiology 0.025
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Ischemic
Non-Ischemic
Unknown
Prior HF hospitalization
KCCQTSS - median (IQR)
LVEF (%) - mean = SD

NYHA class

/v
NT-proBNP (pmol/L) - median (IQR)
eGFR (mL/min/1.73 mz)- mean * SD
Creatinine (umol/L) - mean + SD
Hemoglobin (g/L) - mean = SD
Treatment
Diuretics
ACEI
ARB
Beta-blockers
MRAs
Digoxin
Ivabradine
CRT
ICD

Diabetes medications

Biguanides
DPP-4 inhibitors
GLP-1 analogues

Sulfonylyureas

260 (51.2)
208 (40.9)
40 (7.9)
210 (41.3)
78 (58, 93)

284+7.3

353 (69.5)
155 (30.5)
1309 (836, 2335)
64.1+18.8
108.8 +30.4

135.8+16.1

472 (92.9)
4(0.8)
15 (3.0)

485 (95.5)

342 (67.3)

88 (17.3)
33(6.5)

75 (14.8)

198 (39.0)

100 (47.2)
41 (19.3)
2(0.9)

42 (19.8)

2414 (57.0)
1479 (34.9)
343 (8.1)
2041 (48.2)
77 (58, 92)

314+6.7

2850 (67.3)

1386 (32.7)

1457 (863, 2694)

66.0 £19.5
103.9+30.4

135.5+16.2

3961 (93.5)
2657 (62.7)
1292 (30.5)
4073 (96.2)
3028 (71.5)
799 (18.9)
195 (4.6)
279 (6.6)

755 (17.8)

916 (51.7)
269 (15.2)
19 (1.1)

396 (22.4)

0.004

0.90

<0.001

0.32

0.020

0.038

<0.001

0.67

0.61

<0.001

<0.001

0.46

0.051

0.40

0.059

<0.001

<0.001

0.210

0.116

0.862

0.398
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Insulin 60 (28.3) 480 (27.1) 0.711

All values shown as number (%) unless otherwise indicated.

SD - standard deviation, SBP systolic blood pressure, DBP — diastolic blood pressure, BMI — body mass index, HF — heart failure, - KCCQ TSS — Kansas city
cardiomyopathy questionnaire total symptom score, NYHA — New York heart association, LVEF — left ventricular ejection fraction, NT-proBNP — N terminal pro
brain natriuretic peptide, IQR — interquartile range, eGFR — estimated glomerular filtration rate, ACEl — angiotensin converting enzyme inhibitor, ARB —
angiotensin receptor blocker, ARNI — angiotensin receptor neprilysin inhibitor, MRA — mineralocorticoid receptor antagonist, CRT — cardiac resynchronization
therapy, ICD —implantable cardioverter defibrillator, DPP - Dipeptidyl peptidase, GLP - glucagon-like peptide.

*Only in patients with a medical history of diabetes (1983)
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Table 2: Clinical outcomes

Primary outcome

Events (%)

Event rate per 100 pt.
yrs.

Unadjusted hazard ratio
Cardiovascular death
Events (%)

Event rate per 100 pt.
yrs.

Unadjusted hazard ratio
HF hosp./urgent visit
Events (%)

Event rate per 100 pt.
yrs.

Unadjusted hazard ratio
Recurrent HF hosp./CV
death

Events

Event rate per 100 pt.
yrs.

Unadjusted hazard ratio

Patients Taking Sacubitril/Valsartan

Placebo Dapagliflozin
(n=258) (n=250)
56 (21.7) 41 (16.4)

17.8 (13.7 - 23.1) 13.1(9.6-17.7)

0.75(0.50-1.13)

21(8.1) 18(7.2)

6.1(4.0-9.3) 5.4 (3.4-8.5)

0.90 (0.48 - 1.69)

48 (18.6) 30(12.0)

15.2 (11.5-20.2) 9.6 (6.7 - 13.7)

0.64 (0.41-1.02)

93 64
27.0(20.0-37.3) 19.3(13.9-27.7)

0.74 (0.47 - 1.16)

Patients not Taking

Sacubitril/Valsartan

Placebo Dapagliflozin
(n=2113) (n=2123)
446 (21.1) 345 (16.3)

15.6 (14.2-17.1) 11.6(10.4- 12.9)

0.74 (0.65-0.86)

252 (11.9) 209 (9.8)

8.2(7.3-9.3) 6.7 (5.9-7.7)

0.82 (0.68-0.98)

278 (13.2) 207 (9.8)

9.7 (8.6 —10.9) 7.0(6.1-8.0)

0.71 (0.60 - 0.85)

649 503
21.3(19.7-23.7) 16.2(14.4-18.3)

0.76 (0.65-0.89)

p-value for

interaction

0.9967

0.8292

0.6503

0.8476
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KCCQ — Total

symptom score

Mean change £ SD at 8
months
Proportion with
increase in score >5 at 8
months

0dds ratio
Proportion with
decrease in score >5 at
8 months

Odds ratio

Composite renal

outcome

Events

Event rate per 100 pt.
yrs.

Unadjusted hazard ratio
All-cause death

Events (%)

Event rate per 100 pt.
yrs.

Unadjusted hazard ratio

3.2+204 4.2+18.7

51.9 60.6

1.18(0.98-1.42)

31.7 26.4

0.89(0.73-1.09)

1.5(0.6-3.7) 1.9(0.8-4.2)

1.35(0.41 - 4.48)

27 (10.5) 24 (9.6)
7.8(5.4-11.4) 7.1(4.8-10.7)

0.91(0.52-1.57)

3.3+19.1 6.3+18.6

50.8 58.0

1.15(1.08-1.23)

33.0 25.2

0.83(0.77-0.89)

34 22
1.2(0.8-1.6) 0.7(0.5-1.1)

0.64 (0.37 - 1.09)

302 (14.3) 252 (11.9)
9.9 (8.8-11.0) 8.1(7.1-9.2)

0.82(0.70-0.97)

0.78

0.54

0.3658

0.7420

Hazard ratio represents comparison of dapagliflozin against placebo.

Hazard ratios adjusted for previous heart failure hospitalization at baseline (except all-cause death) and stratified by diabetes status.

*Adjusted for baseline eGFR and stratified by diabetes status.
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Table 3: Discontinuation and safety outcomes in patients who were and were not taking

sacubitril/valsartan.*

Any
discontinuation
Events — no.
Discontinuation
due to AE
Events — no. (%)
Volume depletion
Events — no. (%)
Renal AE

Events — no. (%)
Fracture

Events — no. (%)
Amputation
Events — no. (%)
Major
hypoglycemia

Events — no. (%)

Patients not taking
Patients taking Sacubitril/Valsartan
Sacubitril/valsartan
P value
Placebo Dapagliflozin P value Placebo Dapagliflozin
(n=258) (n=250) (n=2110) (n=2118)
40/258 32/250 0.45 218/2113 217/2123 0.96
19 (7.4) 15 (6.0) 0.60 97 (4.6) 96 (4.5) 0.94
31(12.0) 27 (10.8) 0.60 131 (6.2) 151 (7.1) 0.24
25(9.7) 25 (10.0) 1.0 145 (6.9) 128 (6.0) 0.29
7 (2.7) 6(2.4) 1.0 43 (2.0) 43 (2.0) 1.0
1(0.4) 2(0.8) 1.0 11 (0.5) 11 (0.5) 1.0
0(0.0) 0(0.0) - 4(0.2) 4(0.2) 1.0
*Only in the safety set except for discontinuation due to any cause
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Table 4: Changes in systolic blood pressure, serum creatinine and potassium in patients who were and were not

taking sacubitril/valsartan

Systolic BP
Change from baseline at

8 months

Difference’

Creatinine
Change from baseline at

8 months

Difference’

Potassium
Change from baseline at

8 months

Difference’

Patients taking Sacubitril/Valsartan

Placebo Dapagliflozin
(n=258) (n=250)
-1.09 £ 15.1 -2.87 £13.9

-1.44 (-4.01 to 1.13)
0.272
0.08+0.3

0.09+0.2

(0.02 (-0.04 to 0.07)
0.566
0.06+0.5

0.003+0.5

-0.06 (-0.15 to 0.03)

0.201

Patients not taking Sacubitril/valsartan

Placebo Dapagliflozin
(n=2113) (n=2123)
-0.29+15.3 -1.81+15.0

-1.40 (-2.33 t0 -0.47)
0.003
0.04+0.2

0.06 £0.2

0.02 (0.01 to 0.04)
0.010
0.10+0.5

0.08+0.5

-0.01 (-0.04 to 0.02)

0.450

* Difference between placebo and dapagliflozin at 8 months with 95% confidence interval, and p-value
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Figure 1. Event rates in patients taking and not-taking sacubitril/valsartan at baseline in both

placebo and dapagliflozin groups. CENTRAL ILLUSTRATION
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