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Abstract

Aims Because an increased risk of amputation with canagliflozin was reported in the CANVAS trials, there has been a concern
about the safety of sodium—glucose cotransporter 2 inhibitors in patients with peripheral artery disease (PAD) who are
at higher risk of amputation.

Methods A patient-level pooled analysis of the DAPA-HF and DELIVER trials, which evaluated the efficacy and safety of dapagliflozin in

and results

Conclusion

patients with heart failure (HF) with reduced, mildly reduced/preserved ejection fraction, respectively, was conducted. In both
trials, the primary outcome was the composite of worsening HF or cardiovascular death, and amputation was a prespecified safety
outcome. Peripheral artery disease history was available for 11 005 of the total 11 007 patients. Peripheral artery disease was
reported in 809 of the 11 005 patients (7.4%). Median follow-up was 22 months (interquartile range 17-30). The rate of the pri-
mary outcome (per 100 person-years) was higher in PAD patients than that in non-PAD patients: 15.1 [95% confidence interval
(CI) 13.1-17.3) vs. 10.6 (10.2-11.1]; adjusted hazard ratio 1.23 (95% Cl 1.06—1.43). The benefit of dapagliflozin on the primary
outcome was consistent in patients with [hazard ratio 0.71 (95% Cl 0.54-0.94)] and without PAD [0.80 (95% CI 0.73-0.88)]
(Pinteraction = 0-39). Amputations, while more frequent in PAD patients, were not more common with dapagliflozin, compared
with placebo, irrespective of PAD status (PAD, placebo 4.2% vs. dapagliflozin 3.7%; no PAD, placebo 0.4% vs. dapaglifiozin
0.4%) (Piteraction = 1.00). Infection rather than ischaemia was the main trigger for amputation, even in patients with PAD.

The risk of worsening HF or cardiovascular death was higher in patients with PAD, as was the risk of amputation. The benefits of
dapagliflozin were consistent in patients with and without PAD, and dapagliflozin did not increase the risk of amputation.
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Structured Graphical Abstract

Key Question
Is dapagliflozin, a sodium-glucose cotransporter 2 inhibitor, a safe and effective therapy in patients with heart failure (HF) and
peripheral artery disease (PAD)?

Key Finding

In a patient-level pooled analysis of more than 11,000 patients with HF enrolled in the DAPA-HF and DELIVER trials, the benefit of
dapagliflozin, compared with placebo, on the primary outcome, and key secondary outcomes, was consistent in patients with and
without PAD. While amputations, and other adverse events, were more frequent in PAD patients, they were not more common with
dapagliflozin, compared with placebo, irrespective of PAD status.

Take Home Message
Dapagliflozin is a safe and effective therapy in patients with HF and PAD.

Dapagliflozin, heart failure, peripheral artery disease, and amputation
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The upper part of the figure shows the incidence rate, cumulative incidence, and the risk of the primary outcome (worsening HF or cardiovascular
death) with dapagliflozin compared with placebo according to PAD status. The lower part of the figure shows the incidence rate, cumulative inci-
dence, and the risk of amputations with dapagliflozin compared with placebo according to PAD status. eGFR, estimated glomerular filtration rate;
HF, heart failure; HR, hazard ratio; LVEF, left ventricular ejection fraction; PAD, peripheral artery disease.

Keywords Heart failure with reduced ejection fraction ¢ Heart failure with preserved ejection fraction * Peripheral artery disease ©
Amputation ¢ Clinical trial

IntrOduction canagliflozin group, compared to the placebo group, there has been a

concern about the safety of sodium-glucose cotransporter 2
Since the Canagliflozin Cardiovascular Assessment Study (CANVAS) (SGLT?2) inhibitors in patients with peripheral artery disease (PAD)
trials reported a higher rate of lower extremity amputations in the who have an inherently higher risk of amputation compared to



2172 Butt et al.
Table 1 Baseline characteristics according to a history of PAD
No PAD PAD P-value
n=10196 n =809
Age(years)mean(SD)6931106 ................................. 707__,_88 ............................. <0001
Sex, n (%) <0.001
Women 3663 (35.9) 193 (23.9)
Men 6533 (64.1) 616 (76.1)
Race, n (%) <0.001
White 7126 (69.9) 644 (79.6)
Asian 2273 (22.3) 117 (14.5)
Black or African American 358 (3.5) 27 (3.3)
Other 439 (4.3) 21 (2.6)
Geographic region, n (%) <0.001
Europe and Saudi Arabia 4743 (46.5) 414 (51.2)
North America 1350 (13.2) 178 (22.0)
South America 1892 (18.6) 106 (13.1)
Asia/Pacific 2211 (21.7) 111 (13.7)
Physiological measures
Systolic blood pressure (mmHg), mean (SD) 1252 +16.1 1282 +16.1 <0.001
Diastolic blood pressure (mmHg), mean (SD) 738 +104 734 +101 0.30
Heart rate (b.p.m.), mean (SD) 71.6+118 700+11.2 <0.001
Body mass index (kg/m?), mean (SD) 292+ 6.1 28.6+55 0.017
Body mass index (kg/mz), n (%) 0.041
<185 133 (1.3) 8 (1.0)
18.5-249 2410 (23.7) 194 (24.0)
25.0-29.9 3482 (34.2) 312 (38.6)
30-34.9 2404 (23.6) 182 (22.5)
>35.0 1759 (17.3) 113 (14.0)
NT-proBNP (pg/mL), median (IQR) 1172 (703-2107) 1269 (683-2336) 0.12
Atrial fibrillation/flutter on ECG 1531 (1025-2484) 1710 (1135-3056) 0.006
No atrial fibrillation/flutter on ECG 959 (564-1815) 1077 (578-2060) 0.073
Haemoglobin Alc (%), mean (SD) 65+14 68+15 <0.001
Creatinine (umol/L), mean (SD) 102.8 +30.6 1104 + 320 <0.001
eGFR (mL/min/1.73m?), mean (SD) 634195 59.4+183 <0.001
Smoking status, n (%) <0.001
Current 1042 (10.2) 135 (16.7)
Former 3939 (38.6) 413 (51.1)
Never 5215 (51.1) 261 (32.3)
Duration of HF, n (%) 0.008
0-3 months 680 (6.7) 38 (4.7)
>3-6 months 916 (9.0) 69 (8.5)
>6-12 months 1301 (12.8) 94 (11.6)

Continued
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Table 1 Continued

No PAD
n=10196

P-value

>2-5 years

>5 years
LVEF (%), mean (SD)
LVEF (%), n (%)

<40

4149

>50
NYHA class, n (%)

Il

117\
KCCQ-TSS, mean (SD)
KCCQ-CSS, mean (SD)
KCCQ-OSS, mean (SD)
Medical history, n (%)

Hospitalization for HF

Time from last HF hospitalization, n (%)

No prior HF hospitalization
0-3 months
3—-6 months
6-12 months
>1 year
Atrial fibrillation
Stroke
Myocardial infarction
PCl or CABG
Angina
Hypertension
Type 2 diabetes
Treatment, n (%)
ACEi
ARB
ACEiI/ARB
ARNI
Beta-blocker
MRA
Loop diuretic
Any diuretic

Digoxin

1571 (15.4)
2482 (24.4)
3241 (31.8)
442 £140

4375 (42.9)
1947 (19.1)
3874 (38.0)

7353 (72.1)°
2843 (27.9)
718220
69.8+20.7
67.5 +20.4

4430 (43.4)

5767 (56.6)
1286 (12.6)
655 (6.4)
782 (7.7)
1706 (16.7)
4936 (48.4)
924 (9.1)
3318 (32.5)
3678 (36.1)
2327 (22.8)
8343 (81.8)
4345 (42.6)

4559 (44.7)
3338 32.7)
7860 (77.1)
746 (7.3)
9010 (88.4)
5634 (55.3)
7985 (78.3)
9775 (95.9)
1118 (11.0)

110 (13.6)
192 (23.7)
306 (37.8)
436 £13.1

372 (46.0)
166 (20.5)
271 (33.5)

562 (69.5)
247 (30.5)
69.0+225
66.8+212
64.9 +209

359 (44.4)

450 (55.6)
84 (10.4)
62 (7.7)
65 (8.0)

148 (18.3)

347 (42.9)

139 (17.2)

413 (51.1)

512 (63.3)

283 (35.0)

731 (90.4)

444 (54.9)

396 (489)
240 (29.7)
633 (78.2)
63 (7.8)
724 (89.5)
402 (49.7)
649 (80.2)
779 (96.3)
65 (8.0)

0.23
0.040

0.11

<0.001
<0.001
<0.001

0.61
0.19

0.002
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.020
0.073
0.45
0.62
0.34
0.002
0.20
0.56
0.010

Continued
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Table 1 Continued
No PAD PAD P-value
n=10196 n=_809
Statin 6559 (64.3) 656 (81.1) <0.001
Antiplatelet 4656 (45.7) 566 (70.0) <0.001
Anticoagulant 4990 (48.9) 361 (44.6) 0.018
CRT-P/CRT-D 424 (4.2) 30 (3.7) 0.54
ICD/CRT-D 1279 (12.5) 131 (16.2) 0.003

ACE;, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; CABG, coronary artery bypass graft; CSS, clinical
summary score; CRT, cardiac resynchronization therapy; eGFR, estimated glomerular filtration rate; HF, heart failure; ICD, implantable cardioverter-defibrillator; IQR, interquartile
range; KCCQ, Kansas City Cardiomyopathy Questionnaire; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart
Association; NT-proBNP, N-terminal pro-B-type natriuretic peptide; OSS, overall summary score; PAD, peripheral artery disease; PCl, percutaneous coronary intervention; SD,

standard deviation; TSS, total symptom score.
1 additional patient was NYHA Class I.

individuals without PAD."~ Although the findings in CANVAS have not
been replicated with other SGLT?2 inhibitors or in other populations,*"*
some believe that this concern remains, including in people with heart
failure (HF). This concern may, in part, be influenced by the notion that
diuretics, ubiquitous in patients with HF,15 have also been associated
with a heightened risk of amputation, possibly because these agents
cause volume depletion and increased blood viscosity, thereby further
impairing perfusion through an already compromised circulation.'® "8 If
this hypothesis is correct, then adding an SGLT2 inhibitor to a conven-
tional diuretic could exacerbate this risk, since an SGLT?2 inhibitor also
causes diuresis (at least initially) and raises haematocrit. However, if
these safety concerns were ill-founded, withholding SGLT2 inhibitors
in HF patients with concomitant PAD would deprive a particularly high-
risk group of patients of beneficial therapy. We and others have previ-
ously reported that HF patients with PAD are at up to a two-fold higher
risk of death and a higher risk of hospital admission than HF patients
without PAD." % To address this question further, we examined
the safety and efficacy of the SGLT2 inhibitor dapagliflozin in over 11

000 patients with HF, 809 of whom had a history of PAD, enrolled in
two placebo-controlled randomized trials, Dapagliflozin and
Prevention of Adverse Outcomes in Heart Failure (DAPA-HF) and
Dapagliflozin  Evaluation to Improve the Lives of Patients with
Preserved Ejection Fraction Heart Failure trial (DELIVER).””

Methods

This was a post hoc analysis of two Phase 3 clinical trials. DAPA-HF and
DELIVER were randomized, double-blind, controlled trials in patients
with symptomatic HF and elevated natriuretic peptides, comparing the ef-
ficacy and safety of dapagliflozin 10 mg once daily with a matching placebo.
The principal difference between the trials was that patients with a left ven-
tricular ejection fraction (LVEF) <40% were randomized in DAPA-HF and
those with a LVEF >40% in DELIVER. The design and primary results of
both trials are published.”*?¢™*? The trial protocols were approved by
Ethics Committees at all participating institutions, and all patients provided
written informed consent.

Trial patients

Ambulatory patients in New York Heart Association (NYHA) functional
Classes Il to IV, with a LVEF <40% and elevated N-terminal pro-B-type
natriuretic peptide (NT-proBNP), were eligible for DAPA-HF.2

Participants were required to receive guideline-recommended treatments
for HF with a reduced ejection fraction (HFrEF). Key exclusion criteria
were a history of Type 1 diabetes, symptomatic hypotension or a systolic
blood pressure <95 mmHg, and an estimated glomerular filtration rate
(eGFR) <30 mL/min/1.73m?.2

Ambulatory and hospitalized patients in NYHA functional Classes Il-IV,
with a LVEF >40% and elevated NT-proBNP, were eligible for
DELIVER % Participants were required to have evidence of structural heart
disease (left atrial enlargement or left ventricular hypertrophy). All patients
had to be receiving at least intermittent diuretic therapy. The main exclu-
sion criteria were similar to those in DAPA-HF, although the eGFR thresh-
old was lower in DELIVER (25 mL/min/1.73 m?).%8

History of peripheral artery disease

In both trials, data on medical and surgical history were investigator-
reported and retrieved from the trial electronic case report forms
(eCRF). The following eCRF variables were used to identify PAD: history
of peripheral arterial occlusive disease, prior revascularization of a periph-
eral artery, and prior stent insertion in a peripheral artery. In a sensitivity
analysis, the definition of PAD was expanded to include prior surgical am-
putation (any).

Trial outcomes

The primary outcome in both trials was the composite of a worsening HF
event or cardiovascular death. In the present study, we also examined each
of the components of the primary outcome; the composite of HF hospital-
ization or cardiovascular death; total HF hospitalizations (first and repeat
HF hospitalizations) and cardiovascular death; the composite of myocardial
infarction, stroke, or cardiovascular death; all-cause death; and change from
baseline to 8 months in the Kansas City Cardiomyopathy Questionnaire
(KCCQ) total symptom score (KCCQ-TSS), overall symptom score
(KCCQ-OSS), and clinical summary score (KCCQ-CSS). The definition of
death from cardiovascular causes included deaths of undetermined causes,
following the prespecified statistical analysis plan. Worsening HF events and
cause of death were adjudicated by an independent clinical events commit-
tee in both trials. Data on myocardial infarction and stroke during follow-up
were collected systemically in both trials, although these were only adjudi-
cated in DAPA-HF and not in DELIVER. In both trials, amputation was a
prespecified safety outcome.

All the efficacy analyses were performed according to the intention-
to-treat principle. The safety analysis was performed in patients who had
undergone randomization and received at least one dose of dapagliflozin
or placebo. A total of 18 randomized patients were excluded from the safety
analysis.
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Figure 1 Outcomes in patients with and without a history of peripheral artery disease. This figure shows the cumulative incidence of outcomes
according to peripheral artery disease status at baseline. The Cox models were stratified according to Type 2 diabetes status and trial and adjusted
for treatment assignment, a history of heart failure hospitalization, age, sex, geographical region, systolic blood pressure, heart rate, body mass index,
log of N-terminal pro-B-type natriuretic peptide, estimated glomerular filtration rate, left ventricular ejection fraction, New York Heart Association
functional class, a history of myocardial infarction, stroke, atrial fibrillation, and hypertension. Cl, confidence interval; eGFR, estimated glomerular fil-
tration rate; HF, heart failure; HR, hazard ratio; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA,

New York Heart Association; PAD, peripheral artery disease.

Statistical analyses

Baseline characteristics according to PAD status were summarized as fre-
quencies with percentages, means with standard deviation, or medians
with interquartile ranges (IQRs). Differences in baseline characteristics
were tested using the chi-square test for binary or categorical variables
and the Wilcoxon test and two-sample t-test for nonnormal and normally
distributed continuous variables, respectively.

Regardless of treatment allocation, time-to-event data were evaluated
using the Kaplan—Meier estimator (all-cause death), the Aalen-Johansen esti-
mator (all outcomes except all-cause death), and Cox proportional hazard
models, stratified according to Type 2 diabetes status and trial and adjusted
for treatment assignment and history of HF hospitalization (except in the ana-
lysis of all-cause death), and hazard ratios (HRs) with 95% confidence intervals

(Cls) were reported. Total events were evaluated with semiparametric pro-
portional rate models,*° stratified according to Type 2 diabetes status and
trial and adjusted for treatment assignment and history of HF hospitalization,
and rate ratios (RRs) with 95% Cls were reported. In addition, HRs and RRs,
stratified according to Type 2 diabetes status and trial and adjusted for treat-
ment assignment, a history of HF hospitalization, age, sex, geographical region,
systolic blood pressure, heart rate, body mass index, log of NT-proBNP,
eGFR, LVEF, NYHA functional class, a history of myocardial infarction, stroke,
atrial fibrillation, and hypertension, were reported.

To compare the effects of dapagliflozin vs. placebo on clinical outcomes,
time-to-event data and total events were evaluated with Cox proportional
hazard models and semiparametric proportional rate models, respectively,
and these models were stratified according to Type 2 diabetes status and
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Table 2 Outcomes according to a history of PAD
No PAD PAD
n=10196 n=809
Worsening HF or cardiovascular death
No. of events (%) 1918 (18.8) 202 (25.0)

Event rate per 100 person-years (95% Cl)

106 (102-11.1)

151 (13.1-17.3)

HR (95% Cl)* Reference 1.34 (1.16-1.55)

HR (95% ClI)® Reference 1.23 (1.06-1.43)
Worsening HF

No. of events (%) 1.258 (12.3) 127 (15.7)

Event rate per 100 person-years (95% Cl) 7.0 (6.6-74) 9.5 (8.0-11.3)

HR (95% Cl)* Reference 1.28 (1.06-1.53)

HR (95% CI)° Reference 1.20 (1.00-1.45)
HF hospitalization

No. of events (%) 1173 (11.5) 123 (15.2)

Event rate per 100 person-years (95% Cl) 6.5 (6.1-6.8) 9.1 (7.6-10.9)

HR (95% ClI)* Reference 1.32 (1.10-1.59)

HR (95% ClI)® Reference 1.24 (1.03-1.50)
Cardiovascular death

No. of events (%) 1018 (10.0) 114 (14.1)

Event rate per 100 person-years (95% Cl) 5.3 (5.0-5.6) 7.8 (6.5-9.3)

HR (95% Cl)* Reference 141 (1.16-1.71)

HR (95% CI)° Reference 1.22 (1.00-1.48)
Myocardial infarction, stroke, or cardiovascular death

No. of events (%) 1353 (13.3) 150 (18.5)

Event rate per 100 person-years (95% Cl) 7.2 (6.8-7.6) 10.6 (9.0-12.4)

HR (95% CI)* Reference 1.42 (1.20-1.68)

HR (95% CI)® Reference 1.21 (1.02-1.44)
All-cause death

No. of events (%) 1460 (14.3) 168 (20.8)

Event rate per 100 person-years (95% Cl) 7.6 (7.2-8.0) 11.4 (9.8-13.3)

HR (95% Cl)* Reference 146 (1.25-1.72)

HR (95% CI)® Reference 1.25 (1.06-1.47)
Total HF hospitalizations and cardiovascular death

No. of events 2854 302

RR (95% Cl)* Reference 1.32 (1.11-1.56)

RR (95% Cl)° Reference 1.17 (0.98-1.38)

Cl, confidence interval; HF, heart failure; HR, hazard ratio; RR, rate ratio.

?Models were stratified by Type 2 diabetes status and trial and adjusted for treatment assignment and heart failure hospitalization (except in the analysis of all-cause death).

®Models were stratified by Type 2 diabetes status and trial and adjusted for treatment assignment, a history of heart failure hospitalization (except in the analysis of all-cause death), age,
sex, geographical region, systolic blood pressure, heart rate, body mass index, log of n-terminal pro-B-type natriuretic peptide, estimated glomerular filtration rate, left ventricular ejection
fraction, New York Heart Association, a history or myocardial infarction, stroke, atrial fibrillation, and hypertension.
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Table 3 Effects of dapagliflozin compared with placebo on outcomes according to a history of PAD

No PAD PAD P-value for
n=10196 n=2809 interaction
© Placebo  Dapaglifiozin  Placebo  Dapagliflozin
n=5074 n=>5122 n=428 n=381
. Wor S e nmg H F or Cardlovascmar . death ........................................................................................................................... 0 39 .......
No. of events (%) 1045 (20.6) 873 (17.0) 121 (28.3) 81 (21.3)
Event rate per 100 person-years (95% Cl) 11.8 (11.1-12.6) 9.5 (8.9-10.2) 174 (145-20.8)  12.6 (10.1-15.7)
HR (95% CI)? 0.80 (0.73-0.88) 0.71 (0.54-0.94)

Worsening HF 0.02
No. of events (%) 694 (13.7) 564 (11.0) 86 (20.1) 41 (10.8)

Event rate per 100 person-years (95% Cl) 7.8 (7.3-85) 6.1 (5.7-6.6) 12.4 (10.0-15.3) 6.4 (4.7-8.7)
HR (95% CI)? 0.78 (0.70-0.87) 0.50 (0.34-0.72)

HF hospitalization 0.01
No. of events (%) 651 (12.8) 522 (10.2) 85 (19.9) 38 (10.0)

Event rate per 100 person-years (95% Cl) 7.3 (6.8-7.9) 5.7 (52-6.2) 12.1 (9.8-15.0) 5.9 (4.3-8.1)
HR (95% CI)? 0.77 (0.69-0.87) 0.47 (0.32-0.68)

Cardiovascular death 0.38
No. of events (%) 547 (10.8) 471 (9.2) 60 (14.0) 54 (14.2)

Event rate per 100 person-years (95% Cl) 5.7 (5.3-6.2) 4.9 (44-5.3) 7.6 (5.9-9.8) 7.9 (6.1-10.4)
HR (95% CI)? 0.85 (0.75-0.96) 1.01 (0.70-1.47)

Myocardial infarction, stroke, or cardiovascular death 0.31
No. of events (%) 710 (14.0) 643 (12.6) 78 (18.2) 72 (18.9)

Event rate per 100 person-years (95% Cl) 7.6 (7.1-8.2) 6.8 (6.3-7.3) 10.2 (8.2-12.8) 11.0 (8.8-13.9)
HR (95% CI)? 0.89 (0.80-0.99) 1.06 (0.77-1.47)

All-cause death 0.26
No. of events (%) 768 (15.1) 692 (13.5) 87 (20.3) 81 (21.3)

Event rate per 100 person-years (95% Cl) 8.0 (7.5-8.6) 7.1 (6.6-7.7) 11.1 (9.0-13.6) 11.9 (9.5-14.7)
HR (95% CI)? 0.89 (0.80-0.98) 1.06 (0.78-1.44)

Total HF hospitalizations and cardiovascular death 0.21
No. of events 1590 1264 193 109
Event rate per 100 person-years (95% Cl) 16.7 (155-18.0)  13.1 (121-14.1) 247 (20.1-30.7)  16.1 (12.6-20.8)

RR (95% Cl)? 0.78 (0.70-0.87) 0.63 (0.46-0.87)

KCCQ-TSS 0.78
Change from baseline to 8 months (95% CI)° 4.6 (4.1-5.1) 7.0 (6.5-7.6) 3.9 (1.9-5.9) 6.7 (4.7-8.8)
Placebo-corrected change at 8 months (95% CI)° 24 (1.7-3.1) 2.8 (0.0-5.7)

KCCQ-OSS 0.61
Change from baseline to 8 months (95% Cl)® 4.5 (4.1-5.0) 6.6 (6.1-7.1) 3.9 (21-5.6) 6.8 (5.0-8.7)
Placebo-corrected change at 8 months (95% CI)° 21 (1.4-27) 3.0 (0.4-5.5)

KCCQ-CSS 0.70
Change from baseline to 8 months (95% Cl)® 3.9 (3.544) 6.2 (5.8-6.7) 3.1 (1.3-5.0) 6.1 (42-8.0)
Placebo-corrected change at 8 months (95% CI)° 2.3 (1.6-3.0) 2.9 (0.3-5.6)

Cl, confidence interval; HF, heart failure; HR, hazard ratio; RR, rate ratio.

*Models were stratified by Type 2 diabetes status and trial and adjusted for a history of HF hospitalization (except in the analysis of all-cause death).

®Mixed-effect models for repeated measurements adjusted for baseline value, visit (months 4 and 8), randomized treatment, interaction of treatment and visit, and trial.
Cardiovascular death includes undetermined deaths.
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trial and adjusted for a history of HF hospitalization (except in the analysis of
all-cause death and amputation). The difference between treatment groups
in the change in KCCQ scores from baseline to 8 months was analysed
using mixed-effect models for repeated measurements, adjusted for base-
line value, visit (months 4 and 8), treatment assignment, interaction of treat-
ment and visit, and trial. The least-squares mean differences with 95% ClI
between treatment groups were reported.

The Wald test was used to test for interaction between the treatment
effect of dapagliflozin and PAD status for all efficacy endpoints and for am-
putation, and the respective models included treatment assignment, PAD
status, and their interaction as covariates, in addition to those described
above. For the other safety outcomes, the Wald test was used to test for
interaction between the treatment effect of dapagliflozin and PAD status
in a logistic regression model, which included treatment assignment, PAD
status, and their interaction as covariates.

All analyses were conducted using SAS version 9.4 (SAS Institute, Cary,
NC, USA) and STATA version 17.0 (College Station, TX, USA).

Results

Of the 11 007 patients randomized in DAPA-HF and DELIVER, 2 were
excluded due to missing history related to PAD. Median follow-up was
22 months (IQR 17-30 months).

Patient characteristics

A total of 809 patients (7.4%) had a history of PAD at baseline. The
prevalence was 7.8% and 7.0% in patients with a LVEF <40% and
>40%, respectively. The prevalence in men was 8.6% compared with
5.0% in women and 9.3% in patients with Type 2 diabetes compared
to 5.9% in those without.

Patients with PAD were more often men and White and slightly old-
er than patients without PAD (Table 7). They were more likely to have a
history of smoking, hypertension, Type 2 diabetes, coronary heart dis-
ease, and a prior stroke but less likely to have a history of atrial fibrilla-
tion. Patients with PAD also had lower eGFR and body mass index.
Although patients with PAD had a longer duration of HF, they had a
similar average LVEF and NYHA class distribution, no difference in
the rate of prior HF hospitalization, and only marginal differences in
KCCQ scores and NT-proBNP levels. Patients with PAD more often
had HFrEF compared to patients without PAD.

Regarding pharmacological therapy, patients with PAD were more
frequently treated with a statin and antiplatelet therapy but less likely
to receive an MRA, than those without PAD. They were also more
likely to have a cardiac defibrillator.

Outcomes according to a history of
peripheral artery disease

Patients with PAD had a higher risk of all clinical outcomes, compared
to individuals without PAD (Figure 1 and Table 2). After adjustment for
prognostic variables, including NT-proBNP, the relative risk in patients
with PAD, compared to those without, was attenuated but remained
significantly higher for all clinical outcomes, except the composite of to-
tal HF hospitalizations and cardiovascular death where the risk was nu-
merically but not significantly higher (Table 2). For example, the
unadjusted HR for the primary outcome in patients with PAD, com-
pared to those without, was 1.34 (95% CI 1.16—1.55), and the adjusted
HR was 1.23 (1.06—1.43). The corresponding HRs for all-cause mortal-
ity were 1.46 (1.25-1.72) and 1.25 (1.06-1.47), respectively.

Efficacy of dapagliflozin on clinical
outcomes according to a history of

peripheral artery disease

Dapagliflozin, compared with placebo, reduced the risk of worsening HF
or cardiovascular death to the same extent in patients with [HR 0.71
(95% Cl 0.54-0.94)] and without [0.80 (0.73-0.88)] PAD, with no inter-
action between PAD and effect of treatment (Pjyteraction = 0.39) (Table 3
and Figure 2). The effect of dapagliflozin on the primary outcome was
consistent in both LVEF groups (LVEF <40% vs. >40%) according to his-
tory of PAD (see Supplementary material online, Table ST).

The effect of dapagliflozin was also consistent, regardless of PAD his-
tory, for all the other clinical outcomes examined, except for worsening
HF and HF hospitalization; dapagliflozin significantly reduced the risk of
these outcomes in both patients with and without PAD, but the reduc-
tion appeared to be larger in those with PAD, with nominally significant
interactions between PAD status and the effect of dapagliflozin on
these outcomes (Table 3, Figure 2).

The mean increase in KCCQ scores from baseline to 8 months was
greater with dapagliflozin compared with placebo in both patients with
and without PAD (Pinteraction = 0.61).

Absolute risk reduction according to the
presence or absence of peripheral artery

disease

Because the absolute risk was higher in patients with PAD, the absolute
benefit was also greatest in those patients. Assuming a constant treat-
ment effect size in each subgroup, the number of patients needed to
treat (NNT) over the trial duration to prevent one participant from ex-
periencing the primary endpoint was 17 (95% CI 13-26) for patients
with PAD and 24 (18-36) for patients without PAD.

Safety and tolerability of dapagliflozin on
clinical outcomes according to a history of

peripheral artery disease

Examination of the placebo groups showed that adverse events were
more common among patients with PAD compared to those without.
However, there was no difference in the rate of these events between
dapaglifiozin and placebo among patients with or without PAD
(Table 4). In particular, the number and rate of amputations were small
and did not differ between treatments in patients with [HR 0.87 (95%
Cl 0.43-1.75)] or without PAD [0.87 (0.46-1.64)] (Table 5 and
Figure 3). Infection rather than ischaemia was the main trigger for am-
putation, even in patients with PAD (see Supplementary material
online, Table S2).

In high-risk subgroups (i.e. those with diuretic use at baseline and
Type 2 diabetes), there was also no difference in the risk of amputation
between dapagliflozin and placebo among patients with or without
PAD (Table 5).

Sensitivity analysis including patients with
a history of amputation

In a sensitivity analysis, the definition of PAD was expanded to include
prior surgical amputation. With the expanded definition, 70 patients
were reclassified from the no PAD group to the PAD group. Data
on outcomes according to a history of PAD are shown in
Supplementary material online, Table $3, and data on the effects of da-
pagliflozin, compared with placebo, on clinical outcomes and adverse
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Placebo Dapagliflozin Placebo Dapaglifiozin Hazard Ratio Interaction
n (%) n (%) Events per 100 person-years (95% CI) P-value
Worsening HF or cardiovascular death
No PAD 1045 (20.6) 873 (17.0) 11.8 (11.1-12.6) 9.5(8.9-10.2) b 0.80 (0.73,0.88) 0.39
PAD 121(28.3) 81(21.3) 17.4 (14.5-20.8) 12,6 (10.1-15.7) —a— 0.71(0.54, 0.94)
Worsening HF
No PAD 694 (13.7) 564 (11.0) 7.8(7.3-8.5) 6.1 (5.7-6.6) - 0.78 (0.70, 0.87) 0.02
PAD 86 (20.1) 41(10.8) 12.4 (10.0-15.3) 6.4 (4.7-8.7) —a— 0.50 (0.34, 0.72)
HF hospitalization
No PAD 651 (12.8) 522 (10.2) 7.3(6.8-7.9) 57(52-6.2) -+ 0.77 (0.69, 0.87) 0.01
PAD 85(19.9) 38(10.0) 12.1(9.8-15.0) 5.9(4.3-8.1) —a— 0.47 (0.32, 0.68)
Cardiovascular death
No PAD 547 (10.8) 471(9.2) 5.7 (5.3-6.2) 4.9(44-53) E 0.85 (0.75, 0.96) 0.38
PAD 60 (14.0) 54 (14.2) 7.6 (5.9-9.8) 7.9(6.1-10.4) —— 1.01(0.70, 1.47)
Myocardial infarction, stroke, or cardiovascular death
No PAD 710 (14.0) 643 (12.6) 76(7.1-8.2) 6.8(6.3-7.3) - 0.89 (0.80, 0.99) 0.31
PAD 78(18.2) 72 (18.9) 10.2 (8.2-12.8) 11.0 (8.8-13.9) —l— 1.06(0.77,1.47)
All-cause death
No PAD 768 (15.1) 692 (13.5) 8.0 (7.5-8.6) 7.1(66-7.7) - 0.89 (0.80, 0.98) 026
PAD 87 (20.3) 81(21.3) 11.1 (9.0-13.6) 11.9 (9.5-14.7) —l— 1.06(0.78 1.44)
Total HF hospitalizations and cardiovascular death
No PAD 1590 1264 16.7 (15.5-18.0) 13.1 (12.1-14.1) - 0.78 (0.70, 0.87) 021
PAD 193 109 247 (20.1-30.7) 16.1 (12.6-20.8) —a— 0.63 (0.46, 0.87)
I I T
0.3 0.6 1.0 1.5

Dapagliflozin better

Placebo better

Figure 2 Effects of dapagliflozin compared with placebo on outcomes in patients with and without a history of peripheral artery disease. This figure
shows the effect of dapagliflozin, compared with placebo, on outcomes according to peripheral artery disease status at baseline. The models were
stratified according to Type 2 diabetes status and trial and adjusted for treatment assignment and history of heart failure hospitalization (except in

the analysis of all-cause death). Cl, confidence interval; HF, heart failure; PAD, peripheral artery disease.

Table 4 Adverse events of dapagliflozin compared with placebo according to a history of PAD

Discontinuation of study drug for any reason, n (%)

Discontinuation of study drug due to an adverse event, n (%)

Volume depletion®, n (%)
Renal adverse event®, n (%)
Major hypoglycaemia, n (%)

Diabetic ketoacidosis, n (%)

No PAD

n=10179

Placebo Dapaglifiozin
n=5067 n=5112

623 (123) 629 (123)

256 (5.1) 262 (5.1)

178 (3.5) 199 (3.9)

226 (4.5) 202 (4.0)
9(02) 12 (0.2)
0 (0.0) 3(0.1)

Placebo
n=427

76 (17.8)
40 (9.4)
21 (49)
35 (8.2)
2 (05)
0 (0.0)

PAD
n =808

Dapagliflozin
n=381

64 (16.8)
32 (8.4)
28 (7.3)
35 (9.2)
0(0.0)
2 (05)

P-value for interaction

N/A, not applicable.

A total of 18 randomized patients were excluded from the safety analysis, as these were performed in patients who had undergone randomization and received at least one dose of

dapagliflozin or placebo.

*Any serious adverse event or adverse event that led to discontinuation of dapagliflozin or placebo that was suggestive of volume depletion in DELIVER.
PAny renal serious adverse event or adverse event that led to discontinuation of dapagliflozin or placebo in DELIVER.
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Table 5 Amputations in patients randomized to dapagliflozin or placebo according to a history of PAD, overall and

according to diuretic use at baseline and Type 2 diabetes

No PAD PAD P-value for interaction
Placebo | Dapaglifiozin ~ Placebo  Dapagliflozin
. Fu“ Popuhﬂon ............................................................................................................................................. 100 ..............
No. of events (%) 20 (0.39) 18 (0.35) 18 (4.22) 14 (3.67)
Event rate per 100 person-years (95% Cl)  0.23 (0.15-0.35) 0.20 (0.12-0.31)  2.62 (1.65-4.16)  2.23 (1.32-3.76)
HR (95% Cl)* 0.87 (0.46-1.64) 0.87 (0.43-1.75)
No diuretics N/A
No. of events (%) 0(0) 0(0) 0(0)
Event rate per 100 person-years (95% Cl) N/A N/A N/A
HR (95% CI)* N/A N/A
Diuretics 0.98
No. of events (%) 20 (0.41) 18 (0.37) 18 (4.37) 14 (3.83)
Event rate per 100 person-years (95% Cl)  0.24 (0.15-0.37)  0.20 (0.13-0.32)  2.70 (1.70-4.29)  2.31 (1.37-3.91)
HR (95% ClI)* 0.86 (0.46-1.63) 0.86 (0.43-1.73)
No Type 2 diabetes 0.60
No. of events (%) 3(0.10) 3(0.10) 4 (2.13) 2(1.14)
Event rate per 100 person-years (95% Cl)  0.06 (0.02-0.18)  0.06 (0.02-0.18)  1.28 (0.48-3.42)  0.69 (0.17-2.76)
HR (95% CI)* 0.96 (0.19-4.77) 0.52 (0.09-2.83)
Type 2 diabetes 0.81

No. of events (%) 17 (0.79)
Event rate per 100 person-years (95% Cl)

HR (95% CI)*

0.46 (0.29-0.74)

15 (0.69)
039 (0.23-0.64)
0.85 (0.42-1.69)

14 (5.86) 12 (5.85)

373 (221-629)  3.55 (2.01-6.24)

097 (0.45-2.11)

Cl, confidence interval; HR, hazard ratio; N/A, not applicable.

A total of 18 randomized patients were excluded from the safety analysis, as these were performed in patients who had undergone randomization and received at least one dose of

dapagliflozin or placebo.

*Models were stratified by Type 2 diabetes status (except in the subgroup analysis of patients with and without Type 2 diabetes) and trial.

events, are presented in Supplementary material online, Tables $4 and
S5, respectively. These analyses yielded similar findings.

Discussion

There are three key findings of this post hoc analysis of the DAPA-HF and
DELIVER trials. First, although relatively uncommon in patients with HF,
concomitant PAD was associated with a higher risk of poor clinical out-
comes, even after adjustment for known prognostic variables. Second, da-
pagliflozin had similar beneficial effects on clinical outcomes in patients with
and without PAD. This was also the case in our sensitivity analysis which
included patients with a history of amputation. Third, while patients
with PAD experienced more adverse events, including amputations, the
rates of these events were similar between dapagliflozin and placebo-
treated patients with and without PAD (Structured Graphical Abstract).
The prevalence of clinically reported PAD among patients with HF in
large registries is typically around 11% to 13%, whereas in prior trials, it
ranged from 5% to 16% (e.g. ATMOSPHERE 5.1%, PARAGON-HF 5.4%,
PARADIGM-HF 5.9%, HF-ACTION 6.8%, and BEST 16.4%),'%*%31-37
the variation likely reflecting the proportion of men, smokers, and

geographical regions included.*®? There are few reports of the preva-
lence according to LVEF phenotype, but one large German study docu-
mented a prevalence of 10.5% in patients with HFrEF compared to 7.6%
in patients with HFpEF.** In the two trials described here, we found an
overall prevalence of 7.4%, with a prevalence of 7.8% and 7.0% in patients
with a LVEF <40% and >40%, respectively, consistent with the afore-
mentioned reports. It should be noted, however, that studies measuring
ankle brachial arterial pressure index report a prevalence of PAD two to
three times higher, although it is not clear how the haemodynamic de-
rangement in HF affects the interpretation of this index 8374142

Also consistent with prior trials, we found that patients with PAD were
more likely to be smokers, have Type 2 diabetes, and have other manifes-
tations of atherosclerotic cardiovascular disease. Interestingly, the overall
severity of HF, as reflected by NYHA class, LVEF, NT-proBNP level, his-
tory of HF hospitalization, etc,, did not differ greatly between patients
with and without PAD. However, patients with PAD were at greater
risk of worsening HF than those without, although the elevation in risk
was not as substantial as that for mortality. VWe were able to describe a
broader range of outcomes than in prior studies and to adjust more com-
prehensively for other prognostic variables, including NT-proBNP.“'43
Despite covariate adjustment, PAD remained an independent predictor


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad276#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehad276#supplementary-data

Dapagliflozin and PAD in HF

2181

= === No PAD: Placebo
No PAD: Dapagliflozin

89 e PAD: Placeb
——— PAD: Dapagliflozin = = = -

30

25 No PAD: HR 0.87 (95% Cl 0.46-1.64)
2 PAD:  HR 0.87 (95% Cl 0.43-1.75)
3
c 204
=
@
2
& 15+
= ;
£
3
o

10 4

Number at Risk

PAD: Placebo 427 402 arr 351 319
PAD: Dapagliflozin 381 361 348 328 306

No PAD: Placebo
No PAD: Dapaglifiozin

5067
5112

4846
4965

4665
4802

4506
4681

4291
4479

Months since randomization

283 247 199 148 110 74 51 24
266 223 169 133 89 62 45 19
3782 3147 2456 1972 1441 1059 77 356
3988 3305 2570 2042 1505 1111 751 368

Figure 3 Amputations in patients randomized to dapagliflozin or placebo according to a history of peripheral artery disease. This figure shows the
cumulative incidence of amputations according to peripheral artery disease status at baseline. The Cox models were stratified according to Type 2
diabetes status and trial and adjusted for treatment assignment. Cl, confidence interval; HF, heart failure; PAD, peripheral artery disease.

of a higher risk of most outcomes examined. Therefore, it was important
to show that dapagliflozin was at least as effective in reducing the risk of
worsening HF or cardiovascular death in these high-risk patients as it
was in participants without PAD. Indeed, because patients with PAD
were at higher absolute risk, their absolute benefit was greater, reflected
in a smaller NNT (17 in patients with vs. 24 in those without PAD) even
when conservatively calculated by applying the overall trial relative risk re-
duction to each subgroup. Similarly, dapagliflozin was as well tolerated in
patients with PAD as in those without, although patients with PAD
were more likely to experience adverse events overall (whether on dapa-
gliflozin or placebo). While relatively few patients overall (n =70) had an
amputation, the rate was similar to that reported in other trials and sub-
stantially more common among patients with PAD (3.96%) than those
without (0.37%).** However, amputations were not more common
with dapagliflozin than with placebo. Indeed, among patients with PAD,
there were numerically fewer amputations in the dapagliflozin group.
Interestingly, as reported in DECLARE-TIMI 58, infection rather than
limb ischaemia was reported as the principal triggering event associated
with amputation,™ emphasizing the importance of foot care in patients
with HF and PAD, Type 2 diabetes, or both.

Study limitations

There are several limitations to this study. Patients enrolled in clinical trials
are selected according to specific inclusion and exclusion criteria, and our
results may not be generalizable to all patients with HF in the general popu-
lation, including those with a systolic blood pressure <95 mmHg or an
eGFR <30 mL/min/1.73 m?. Patients enrolled in trials are also usually bet-
ter treated than those who are not. Although PAD and amputation were
not exclusion criteria, investigators may have under-enrolled patients with

these problems. Some degree of misclassification of PAD status cannot be
precluded as PAD was investigator-reported, and no specific instructions
as to how to define PAD were provided. Measurement of ankle brachial
material pressure index was not required, and the prevalence of PAD re-
ported in studies using this index is much higher than in studies based on a
clinical diagnosis. It is also possible that functional limitations due to PAD
may have influenced patient answers to the KCCQ. Finally, the large num-
ber of endpoints assessed and the post hoc nature of the present study may
increase the risk of Type 1 errors.

Conclusions

In this post hoc analysis of two Phase 3 clinical trials, the risk of worsen-
ing HF or cardiovascular death was higher in HF patients with PAD
compared to those without PAD. The benefit of dapagliflozin was con-
sistent in patients with and without PAD, and dapagliflozin was safe and
well tolerated in HF patients with PAD.
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