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Abstract

Purpose: To report a randomized study that investigated the safety (risk of major bleeds) and potential efficacy of
edoxaban, an oral anticoagulant that targets the major components of arterial thrombi, to prevent loss of patency
following endovascular treatment (EVT). Methods: Between February 2012 and June 2014, 203 patients who underwent
femoropopliteal EVT were randomized to receive aspirin plus edoxaban or aspirin plus clopidogrel for 3 months in the
Edoxaban in Peripheral Arterial Disease (ePAD) study (ClinicalTrials.gov identifier NCTO01802775). Randomization assigned
101 patients (mean age 68.0+10.4 years; 67 men) to the edoxaban group and 102 patients (mean age 66.7+8.6 years;
78 men) to the clopidogrel group. The primary safety endpoint was bleeding as classified by the TIMI (Thrombolysis
in Myocardial Infarction) criteria and ISTH (International Society of Thrombosis and Hemostasis) criteria; the efficacy
endpoint was the rate of restenosis/reocclusion. Results: There were no major or life-threatening bleeding events in the
edoxaban group, while there were 2 major and 2 life-threatening bleeding events in the clopidogrel group by the TIMI
criteria. By the ISTH classification, there was | major and | life-threatening bleeding event vs 5 major and 2 life-threatening
bleeding events, respectively [relative risk (RR) 0.20, 95% confidence interval (Cl) 0.02 to 1.70]. The bleeding risk was
not statistically different with either treatment when assessed by TIMI or ISTH. Following 6 months of observation, there
was a lower incidence of restenosis/reocclusion with edoxaban compared with clopidogrel (30.9% vs 34.7%; RR 0.89, 95%
Cl10.59 to 1.34, p=0.643). Conclusion: These results suggest that patients who have undergone EVT have similar risks for
major and life-threatening bleeding events with edoxaban and aspirin compared with clopidogrel and aspirin. The incidence
of restenosis/reocclusion events, while not statistically different, was lower with edoxaban and aspirin, but an adequately
sized trial will be needed to confirm these findings.
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Introduction

In contrast to percutaneous coronary intervention (PCI),
evidence for medical therapy following peripheral endovas-
cular treatment (EVT) from randomized controlled studies
is sparse. Consequently, medical management of patients
with peripheral artery disease (PAD) who have undergone
EVT is not evidence-based but extrapolated from the PCI
literature. Pharmacological management after EVT is based
on guideline recommendations and varies from aspirin only

to dual antiplatelet therapy (DAPT; clopidogrel + aspirin)
for 1 to 3 months followed by long-term use of aspirin;
these recommendations are controversial.'”

Restenosis rates following EVT in the femoropopliteal
region with conventional treatment (DAPT) range from 17%
to more than 40% and increase with longer lesion length.*®
Compared with PCI, these rates are disappointingly high,
frustrating for the patients, vexing for the interventionists, and
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economically burdensome for society. Restenosis and loss of
patency following EVT is largely a consequence of catheter-
induced damage to the endothelium resulting in the eventual
activation of both platelets and coagulation factors.”"

Attempts have been made in the past to target both plate-
lets and fibrin with limited or no success; treatment with
2500 units of dalteparin given subcutanecously for 3 months
after femoropopliteal angioplasty failed to reduce restenosis/
reocclusion at 12 months."" Additionally, the Warfarin Anti-
platelet Vascular Evaluation (WAVE) trial conducted in
patients with stable PAD demonstrated an increased risk of
bleeding without increased benefit regarding ischemic events
using a regimen that combined an antiplatelet (aspirin, ticlop-
idine, or clopidogrel) and oral anticoagulant (OAC; warfarin
or acenocoumarol) compared with antiplatelet alone. '

Progress in targeting both platelet and fibrin was impeded
due, in part, to the inconvenience associated with the use of
OACs and concern for an excessive risk of bleeding.'*'*
However, non—vitamin K antagonist OACs (NOACs) offer
reliable levels of anticoagulation and lower rates of intra-
cranial hemorrhage and life-threatening or fatal bleeding
compared with vitamin K antagonists,'””'” along with a
greater convenience of use. Therefore, it is now more fea-
sible to conduct clinical studies with regimens that address
the major components of the thrombus without concern for
monitoring and perhaps more acceptable risk of bleeding.

With this background, a proof-of-concept study was
devised to test the combined use of a direct factor Xa inhibi-
tor NOAC (edoxaban) and the mainstay antiplatelet therapy
(aspirin) vs conventional treatment using DAPT (clopidogrel
and aspirin). The aim was to observe safety with regard to
bleeding and potential efficacy with regard to maintenance of
vessel patency in PAD patients following femoropopliteal
EVT. To our knowledge, no other study has used a NOAC in
a dual antithrombotic regimen in the PAD setting.

Methods

Study Design

The edoxaban in patients with PAD (ePAD) study was
a prospective, randomized, open-label, blinded-endpoint
proof-of-concept trial involving 40 sites from Europe,
Israel, and the United States. The study was registered on the

National Institutes of Health website (ClinicalTrials.gov;
identifier NCT01802775). Health authorities in every coun-
try in which the study was conducted reviewed and approved
the study protocol and subsequent amendments prior to ini-
tiation of the study. Similarly, respective ethics committees
and institutional review boards reviewed and approved the
protocol. The details of the design and a full list of inclusion
and exclusion criteria have been previously published.'® In
brief, eligible patients were those with symptomatic PAD
(Rutherford categories 2—5) who underwent successful EVT
(residual stenosis <30%'’) of the superficial femoral or
above-knee popliteal arteries. At least 1 patent runoff vessel
to the foot was required, and this could be achieved with
additional EVT during the index intervention. Major exclu-
sion criteria included severe renal impairment defined as
creatinine clearance (CrCl) <30 mL/min, active bleeding or
known high risk for bleeding, and an ongoing other indica-
tion for DAPT or anticoagulant treatment. All patients pro-
vided written informed consent to participate.

The Steering Committee was composed of academic
investigators and representatives of Daiichi Sankyo, the
study sponsor. Data and safety oversight was provided by an
independent Data Monitoring Committee made up of aca-
demic physicians/scientists not associated with the study
sponsor. Blinded adjudication of bleeding and clinical events
was carried out by a Clinical Events Committee comprised
of experts located at University Medical Center Utrecht (the
Netherlands). The efficacy endpoints were acquired by
duplex ultrasonography and read independently by experts
at the core laboratory (VasCore; Massachusetts General
Hospital, Boston, MA, USA) who were blinded to the treat-
ment assignment. Study data were collected, managed, and
analyzed by Medpace, Inc (Cincinnati, OH, USA). The
steering committee members and 2 additional study site
investigators formed the writing group and contributed to
iterative drafting, review, and subsequent finalization of the
manuscript. All authors assure completeness and accuracy
of the data and the conformity of the study protocol.

Randomization and Treatment Protocol

After successful EVT, patients were randomized within 4
hours of hemostasis to receive either edoxaban (60 mg/d) in
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Figure |. Diagram of patient flow and treatment to 6 months for the modified intent-to-treat (mITT) set including all randomized
subjects who received at least | dose of the study drug. AE, adverse event; f/u, follow-up.

conjunction with aspirin (100 mg/d) or -clopidogrel
(a 300-mg mg loading dose followed by 75 mg/d) and aspirin
(100 mg/d) for 3 months. Treatment group allocation was
1:1 via a 24-hour interactive computer response system. For
patients randomized to the edoxaban group, the dose was
reduced by 50% (30 mg) if the patients had low body weight
(260 kg), moderate renal impairment (CrCl 230 mL/min and
<50 mL/min Cockcroft-Gault formula), and/or concomitant
use of select P-glycoprotein inhibitors (verapamil, quini-
dine, or dronedarone) at the time of randomization or inter-
currently during the 3 months of active treatment. Patients in
both treatment arms continued on aspirin (100 mg/d) for >6
months. Follow-up assessments were required at 1, 2, 3, 4,
and 6 months following randomization, during which end-
points and drug compliance measures were ascertained.

Patient Population

Between February 2012 and June 2014, 275 symptomatic
PAD patients (Rutherford category 2—5) were screened for
eligibility to participate in the study; of these, 72 did not
meet criteria for inclusion. Of the 203 patients who met eli-
gibility criteria and had successful EVT, 101 patients (mean
age 68.0£10.4 years; 67 men) were randomized to edoxa-
ban and 102 (mean age 66.7+8.6 years; 78 men) were
assigned to clopidogrel as illustrated in Figure 1. One
patient in each group did not take any study drug. Baseline
patient characteristics are presented in Table 1.

Endpoints

The primary study endpoint was safety with regard to bleed-
ing as assessed by blinded adjudication using both the

International Society on Thrombosis and Hemostasis
(ISTH) criteria and the Thrombolysis in Myocardial
Infarction (TIMI) criteria for bleeding.”**' The efficacy
endpoint was restenosis or reocclusion at 6 months, defined
by a peak systolic velocity ratio (PSVR) >2.4 measured at
the treated segment using duplex ultrasonography' and
read centrally without awareness of treatment assignment.
Other endpoints of interest were deterioration in extrem-
ity hemodynamics assessed by the ankle-brachial index
(ABI), Rutherford category of ischemia, symptomatic acute
thrombosis, target lesion revascularization (TLR; percutane-
ous or surgical), amputation, myocardial infarction (MI),
systemic embolic events, cardiovascular death, all-cause
mortality, and major adverse cardiovascular events (MACEs;
nonfatal MI, nonfatal stroke, and cardiovascular death).

Statistical Analysis

Assuming a 6% incidence of major and clinically relevant
nonmajor (CRNM) bleeding in both groups, 100 subjects in
each treatment group would provide a 95% confidence inter-
val (CI) within 6.6% of the point estimate, which was consid-
ered adequate precision to estimate bleeding event rates in
this proof-of-concept study. All safety analyses were per-
formed using the safety analysis set, which included all
patients who underwent randomization and received at least
1 dose of the study drug. Bleeding events during the 3-month
on-treatment period were adjudicated and compared using a
normal approximation to the binomial distribution. Time-to-
event curves were calculated using the Kaplan-Meier method.

A modified intent-to-treat (mITT) analysis, including all
randomized subjects who received at least 1 dose of the
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Table |I. Demographics of All Patients Randomized in the Study.”

Variable Clopidogrel (n=102) Edoxaban (n=101)
Age,y 66.7+8.6 68.0+10.4
265 69 (67.6) 71 (70.3)
275 16 (15.7) 23 (22.8)
Women 24 (23.5) 34 (33.7)
Race
White 95 (93.1) 94 (93.1)
Not Hispanic or Latino 84 (90.3) 79 (89.8)
Height, cm 171.4+9.0 170.0+9.2
Weight, kg 81.9+17.2 78.6x15.4
Body mass index, kg/m® 27.7+4.9 27.1+4.6
Low body weight (<60 kg) 10 (9.8) 11 (10.9)
Diabetes 40 (39.2) 41 (40.6)
HbAlc, % 8.1+1.8 7.9+1.8
Smoking
Never 10 (9.8) 19 (18.8)
Current 36 (35.3) 35(34.7)
Former 56 (54.9) 47 (46.5)
Alcohol use
None or rarely 62 (60.8) 58 (57.4)
Currently consumes 40 (39.2) 43 (42.6)
Moderate renal impairment” 15 (14.7) 19 (18.8)
Baseline CrCl, mg/dL
<50 6/97 (6.2) 12/97 (12.4)
>50 and <80 23/97 (23.7) 30/97 (30.9)
>80 68/97 (70.1) 55/97 (56.7)
>95 43/97 (44.3) 37/97 (38.1)
P-glycoprotein inhibitor use at randomization I (1.0) 3 (3.0
Dose adjustment status at randomization 22 (21.6) 23 (22.8)
Country
United States 47 (46.1) 42 (41.6)
Austria 13 (12.7) 15 (14.9)
Belgium 6 (5.9 9 (8.9
Germany 11 (10.8) 10 (9.9)
Netherlands 5(4.9) 8(7.9)
Switzerland 13 (12.7) 12 (11.9)
Israel 7 (6.9) 5(5.0)
Hypertension 85 (83.3) 83 (82.2)
Cholesterol, mmol/L 4.3%1.4 (n=97) 4.4%1.0 (n=96)
HDL cholesterol, mmol/L 1.2£0.3 (n=97) 0.3£0.4 (n=96)
LDL cholesterol, mmol/L 2.5£1.2 (n=95) 2.6£0.9 (n=95)
Triglycerides, mmol/L 1.3x1.1 (n=97) 1.3+£0.8 (n=96)

Abbreviations: CrCl, creatinine clearance; HbA ¢, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density cholesterol.
*Continuous data are presented as the means + standard deviation; categorical data are given as the counts (percentage). Percentages were based on
the number of subjects in the column heading as the denominator unless specified otherwise.

®Creatinine clearance >30 to <50 mL/min.

study drug and had at least 1 duplex scan, was conducted
for the primary efficacy measure and other clinical outcome
events. The primary analysis included all efficacy measures
from randomization through the end-of-study visit, regard-
less of the duration of the subject’s study treatment. The
proportion of patients with restenosis or reocclusion was

summarized for each treatment group. The difference and
relative risk (RR) between treatment groups were calcu-
lated using the normal approximation to binomial distribu-
tion, as well as a logistic regression model adjusting for
treatment, dose adjustment status at randomization, and
stent placement.
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Table 2. Baseline Disease Characteristics and Procedure Details of All Patients Randomized in the Study.”

Variable

Clopidogrel (n=102)

Edoxaban (n=101)

Rutherford category
2
3
4
5
Runoff vessels (<50% stenosis)
|
2
3
Lesion location
SFA
Popliteal
Lesion length, cm
Lesion severity
Stenosis
Occlusion
Baseline ABI
Routinely taking aspirin
Baseline antithrombotic treatment
Aspirin
Heparin (intravenous)
Heparin (subcutaneous)
Other
None
Intraprocedural antithrombotic treatment
Heparin
Other
None
Treated lesion length, cm
Residual stenosis, %
Vessel diameter, mm
Inflow/outflow lesions treated
Inflow/outflow lesions revascularized
Stent placement
Bare metal
Drug-eluting
Vascular access site hemostasis
Manual compression
Closure device
Procedure success
Distal embolization
ABI at | month

30 (29.4)

56 (54.9)
11(108)
5 (4.9)

24/102 (23.5)
34/102 (33.3)
44/102 (43.1)

94/102 (92.2)
8/102 (7.8)
12.0+10.0 (n=102)

66/102 (64.7)
36/102 (35.3)
0.69+0.27 (n=100)
90 (88.2)

51/102 (50.0)
12/102 (11.8)
0/102 (0.0)
3/102 (2.9)
36/102 (35.3)

94/102 (92.2)
5/102 (4.9)
3/102 (2.9)

13.5+11.0 (n=102)
6.4£8.8 (n=102)
5.4£0.8 (n=101)
31/99 (31.3)
30/31 (96.8)

55/102 (53.9)

41102 (40.2)

14/102 (13.7)

102/102 (100.0)
57/102 (55.9)
45/102 (44.1)

102/102 (100.0)

8/102 (7.8)
0.9740.19 (n=93)

29 (28.7)
59 (58.4)
5 (5.0)
8 (7.9)

22/100 (22.0)
40/100 (40.0)
38/100 (38.0)

92/99 (92.9)
7/99 (7.1)
12.5+10.1 (n=100)

64/100 (64.0)
36/100 (36.0)
0.67+0.28 (n=94)
85 (84.2)

54/100 (54.0)
11/100 (11.0)
1/100 (1.0)
0/100 (0.0)
34/100 (34.0)

90/100 (90.0)
7/100 (7.0)
3/100 (3.0)

14.2+10.6 (n=100)
8.2+9.8 (n=100)
5.7+1.0 (n=100)

32/100 (32.0)
31/32 (96.9)

53/100 (53.0)

41/100 (41.0)

12/100 (12.0)

100/100 (100.0)
53/100 (53.0)
47/100 (47.0)

100/100 (100.0)
11/100 (11.0)

0.930.19 (n=93)

Abbreviations: ABI, ankle-brachial index; SFA, superficial femoral artery.
*Continuous data are presented as the means + standard deviation; categorical data are given as the counts (percentage). Percentages were based on
the number of subjects in the column heading as the denominator unless specified otherwise.

Results group (16/102). There were more men than women in both
treatment groups (66.3% edoxaban and 76.5% clopidogrel,
Study Groups respectively). The duration of PAD was similar in both

groups (Table 2). Nearly 86% of the patients were classified
in Rutherford categories 2 or 3 (~14% in categories 4 or 5).
Mean lesion lengths in both groups were similar (12.5 cm in
the edoxaban group vs 12.0 cm in the clopidogrel groups)

With a few numerical differences, baseline characteristics
were comparable and not significantly different (Table 1).
Among patients >75 years of age, 22.8% were in the edoxa-
ban group (23/101) compared with 15.7% in the clopidogrel
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Table 3. Treatment Compliance and Adherence in the mITT-1 Safety Set.”

Variable

Clopidogrel (n=101)

Edoxaban (n=100)

Time from randomization to first dose, h
Study drug interrupted

Study drug permanently discontinued
Treatment duration, d

Total patient-years

13422 1.7+2.4
15 (14.9) 27 (27.0)
7 (6.9) 22 (22.0)
86.3+20.7 79.3428
23.9 21.7

Abbreviations: mITT, modified intention-to-treat set including all randomized subjects who received at least | dose of the study drug.
*Continuous data are presented as the means + standard deviation; categorical data are given as the counts (percentage).

Table 4. Adjudicated Bleeding Events in the On-Treatment Period for the mITT-1 Safety Set.

Bleeding Clopidogrel (n=101)*

Edoxaban (n=100)"

Treatment Difference, %°  Edoxaban/Clopidogrel RR®

TIMI criteria including access site bleeding
Major 2 (2.0) [0.2 to 7.0]
Life-threatening* 2 (2.0) [0.2 to 7.0]
Any 9 (8.9) [42to 16.2]

TIMI criteria excluding access site bleeding
Major 2 (2.0) [0.2to 7.0]
Life-threatening" 2 (2.0) [0.2 to 7.0]
Any 7 (6.9) [2.8 to 13.8]

ISTH criteria including access site bleeding
Major/CRNM 8(7.9) [3.5to 15.0]
Major 50G.0)[l.6to I1.2]
Life-threatening* 2 (2.0) [0.2 to 7.0]
Any 28 (27.7) [19.3 to 37.5]

ISTH criteria including access site bleeding
Major/CRNM 6 (5.9) [2.2 to 12.5]
Major 4 (4.0) 1.1 t0 9.8]
Life-threatening® 2 (2.0) [0.2 to 7.0]
Any 23 (22.8) [15.0 to 32.2]

0(0.0) []
0(0.0) [—]

0(0.0) []
0(0.0) []

5 (5.0) [1.6 to 11.3]

2 (2.0) [0.2 to 7.0]

11 (11.0) [5.6 to 18.8]
I (1.0) [0.0 to 5.4]
I (1.0) [0.0 to 5.4] — —
30 (30.0) [21.2 to 40.0]

6 (6.0) [22 to 12.6]
| (1.0) [0.0 to 5.4] — —
| (1.0) [0.0 to 5.4] — —

25 (25.0) [16.9 to 34.7]

-39 [-10.9 t0 3.1] 0.56 [0.19 to 1.62]

-49[-10.6 t0 0.7] 0.29 [0.06 to 1.36]

3.1 [-5.0 to 11.2]
~40[-8.6 to 0.7]

139 [0.58 to 3.31]
0.20 [0.02 to 1.70]
23[-102 to 14.8] 1.08 [0.70 to 1.67]

0.1 [-6.5 to 6.6] 1.01 [0.34 to 3.03]

2.2 [-9.6 to 14.0] 1.10 [0.67 to 1.80]

Abbreviations: Cl, confidence interval; CRNM, clinically relevant nonmajor; ISTH, International Society of Thrombosis and Hemostasis; mITT, modified
intention-to-treat set including all randomized subjects who received at least | dose of the study drug; RR, relative risk; TIMI, Thrombolysis in

Myocardial Infarction.
Data are presented as the count (percentage) [exact binomial 95% ClI].

®The 95% Cl in brackets is calculated using a normal approximation to the binomial distribution.
“Defined as bleeding at an intracranial site or that leads to hemodynamic compromise.

with ranges from 1 to 42 cm. In all, 92% of the index lesions
were in the femoral segment and 8% in the popliteal seg-
ment. Slightly more patients with moderate renal disease
were randomized to the edoxaban group (18.8% vs 14.7%).
Initiation of treatment and compliance with treatment are
shown in Table 3. The mean time from randomization to first
dose was longer in the edoxaban group (1.7 hours) than in
the clopidogrel group (1.3 hours). More patients in the edox-
aban group discontinued the study than in the clopidogrel
group (11 vs 5) primarily due to withdrawal of consent. In
all, 42 patients (27 edoxaban and 15 clopidogrel) interrupted
the study drug, of which 29 discontinued treatment perma-
nently (22 edoxaban and 7 clopidogrel). The cumulative
patient years of treatment were fewer in the edoxaban group
(21.7 years) than in the clopidogrel group (23.9 years).

Safety

The on-treatment bleeding results according to the 2 bleed-
ing classifications used in the study are presented in Table 4.
According to the TIMI classification, there were no major or
life-threatening bleeding events and 5 bleeding events clas-
sified as “any” in the edoxaban group vs 2 major and 2 life-
threatening bleeding events along with 9 bleeding events
classified as “any” in the clopidogrel group (Figure 2A), but
these differences were not statistically significant. Excluding
vascular access bleeding events did not significantly change
the TIMI bleeding assessment results.

Using the ISTH bleeding classification (Figure 2B),
there were 11 major or CRNM bleeds in the edoxaban group
vs 8 major or CRNM bleeds in the clopidogrel arm (RR
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Figure 2. Kaplan-Meier estimates for (A) adjudicated bleeding
events per the TIMI (Thrombolysis in Myocardial Infarction)
criteria, (B) adjudicated major and clinically relevant nonmajor
bleeding (CRNM) events per the ISTH (International Society of
Thrombosis and Hemostasis) criteria, and (C) adjudicated major
bleeding events per the ISTH criteria. The standard error did
not exceed 10% for either treatment group at any time point in
any analysis.

1.39, 95% CI 0.58 to 3.31, p=0.481); again, these were not
statistically significant. When vascular access site events
were excluded there were no differences between the groups
in terms of major or CRNM bleeding events (6 vs 6;
p>0.99). Comparing major/life-threatening bleeding events
only, there were 2 in the edoxaban group compared with 7
in the clopidogrel group (RR 0.20, 95% CI 0.02 to 1.70;
Figure 2C). Censoring vascular access bleeding did not sig-
nificantly change the result. Three patients died during the
study, all of which were off treatment and were in the edox-
aban group.

Efficacy

Among the patients who had duplex, there were 62 resteno-
sis/reocclusion lesions recorded within 6 months (Table 5);
the incidence was lower in the edoxaban group (30.9%)
than in the clopidogrel group (34.7%; RR 0.89, 95% CI
0.59 to 1.34, p=0.643; Figure 3A). Additionally, there were
71 first occurrences of the composite of restenosis/reocclu-
sion and TLR endpoint [33.7% in the edoxaban group and
40.2% in the clopidogrel group (RR 0.82, 95% CI 0.53 to
1.18, p=0.373)]. Additional analysis of the composite of
restenosis/reocclusion, TLR, and amputation endpoint also
showed a lower rate in the edoxaban group than in the clopi-
dogrel group (33.7% vs 41.2%; RR 0.82, 95% CI 0.56 to
1.18, p=0.3). Similarly, when MACEs were included in the
composite, the incidence of events in the edoxaban group
remained lower (33.7% vs 42.3%; RR 0.80, 95% CI 0.55 to
1.15, p=0.237). None of these differences reached statistical
significance. A comparison of RR values based on sex,
lesion length, age, and geographic region are presented in
Figure 3B. The ABI after EVT remained similar in both
groups, and there were no important shifts in the Rutherford
category in either group.

Discussion

In this initial head-to-head study designed to assess the
safety and efficacy of a NOAC (edoxaban) + aspirin as a
dual antithrombotic treatment vs an antiplatelet (clopido-
grel) + aspirin as DAPT after successful femoropopliteal
EVT, the investigational regimen was at least as safe as the
standard DAPT. Based on the TIMI classification, the more
commonly used bleeding definition in the trials of guide-
line-recommended treatment (clopidogrel) vs other P2Y12
class antiplatelet agents,”**** there were no major or life-
threatening bleeding events in the edoxaban group vs 4
(4%) in the clopidogrel group, although this difference was
not statistically significant.

Using the ISTH bleeding definition, which is more com-
monly used in contemporary atrial fibrillation or venous
thrombosis trials of OACs,'>!®?%?7 there was an excess of
major bleeding events in the clopidogrel arm, but higher



Moll et al

165

Table 5. Efficacy for the mITT-2 Set.

Variable

Clopidogrel (n=101)*

Edoxaban (n=100)" Relative Risk®

Restenosis/reocclusion®
Restenosis/reocclusion/TLR®
Restenosis/reocclusion/TLR/amputation®
Restenosis/reocclusion/TLR/amputation/MACE®

33/95 (34.7) [25.3 to 45.2]
39/97 (40.2) [30.4 to 50.7]
40/97 (41.2) [31.3 to 51.7]
41/97 (42.3) [32.3 to 52.7]

0.89 [0.59 to 1.34]
0.82 [0.53 to 1.18]°
0.82 [0.56 to 1.18]
0.80 [0.55 to 1.15]

29/94 (30.9) [21.7 to 41.2]
32/95 (33.7) [24.3 to 44.1]
32/95 (33.7) [24.3 to 44.1]
32/95 (33.7) [24.3 to 44.1]

TLR 10/101 (9.9) [4.8 to 17.5] 11/100 (11.0) [5.6 to 18.8] I.11 [0.49 to 2.50]
Amputation 4/101 (4.0) 1/100 (1.0)
MACE 1/101 (1.0) 3/100 (3.0)
Myocardial infarction 17101 (1.0) 2/100 (2.0)
Stoke 0 1/100 (1.0)
Cardiovascular death 0 2/100 (2.0)
All-cause mortality 0 3/100 (3.0)

Abbreviations: Cl, confidence interval; MACE, major adverse cardiovascular events; mITT, modified intention-to-treat set including all randomized
subjects who received at least | dose of study drug and had at least | post-dose duplex ultrasound; TLR, target lesion revascularization.

Data are presented as the count (percentage) [exact binomial 95% Cl as appropriate].

®The 95% Cl in brackets is calculated using a normal approximation to the binomial distribution unless specified otherwise.

“Based on patients who had duplex assessment.

9Relative risk and Cl are calculated from logistic analysis with treatment, dose adjustment status at baseline, and stent placement as factors.

CRNM in the edoxaban arm; these were not statistically
significant. Censoring vascular access bleeding events did
not change the results.

There are no previously performed trials of dual anti-
thrombotic agents with a NOAC in a similar peripheral EVT
setting with which to compare the bleeding observations
from this study. However, 2 trials in the PCI literature have
used apixaban (APPRAISE-2) and rivaroxaban (ATLAS
ACS 2-TIMI 51) as triple antithrombotic regimens; both are
NOACs in the factor Xa inhibitor drug class.”®** In addition,
the recently completed COMPASS trial compared rivaroxa-
ban in combination with aspirin or given alone with aspirin
monotherapy in patients in with stable atherosclerotic vascu-
lar disease.”® The APPRAISE-2 trial was stopped due to
unacceptable risk of bleeding in patients treated with apixa-
ban plus DAPT compared with those treated with DAPT
alone.”® Using TIMI bleeding criteria, the ATLAS ACS
2-TIMI 51 trial reported a statistically significantly greater
risk of major bleeding in the rivaroxaban plus DAPT arm
(2.1%) compared with the DAPT arm (0.6%).” The
COMPASS trial reported that ISTH-defined major bleeding
events occurred more frequently in patients in the rivaroxa-
ban + aspirin group vs the aspirin group (3.1% vs 1.9%,
p<0.001).*° Based on the observations with apixaban from
APPRAISE-2 (the discontinued study) and the completed
trials with rivaroxaban, which reported greater risk of bleed-
ing complications, it is reasonable to conclude that the regi-
men of dual antithrombotic regimen (edoxaban + aspirin)
has shown comparable bleeding risk with DAPT (clopido-
grel + aspirin) and perhaps a signal for a lower bleeding risk,
especially relative to major and life-threatening bleeding
events by either TIMI or the more sensitive ISTH classifica-
tions. These results suggest that the concern over use of

anticoagulants in the post-EVT setting because the risk of
excess bleeding did not actualize in this study, which used an
anticoagulant in a regimen with aspirin.

Duplex was used to evaluate restenosis/reocclusion
(defined as PSVR >2.4") at the treated segment to assess
potential efficacy signals of edoxaban compared with con-
ventional DAPT. All duplex evaluations were performed by
readers who were blinded to treatment assignment. By 6
months, patients in the edoxaban treatment group had a
lower relative risk of restenosis/reocclusion compared with
the clopidogrel group. When the first occurrence of major
amputation and major adverse cardiovascular events are
considered along with restenosis/reocclusion or TLR, the
relative risk reduction increased to 20% in favor of edoxa-
ban, but these differences did not reach statistical signifi-
cance. Of 5 major amputations in the study, 4 occurred in
patients treated with clopidogrel vs one reported in the
edoxaban group. The wide CIs seen in the measures of effi-
cacy are a consequence of the small sample size. However,
it is reassuring to note that all the point estimates suggest a
likely better efficacy for a regimen with a NOAC.

It should be noted that the average lesion length observed
in this study was, in general, slightly longer than those reported
in the stent development studies for PAD. For instance, the
average lesion length was about 7.5 cm in the THUNDER
study (Local Taxane with Short Exposure for Reduction of
Restenosis in Distal Arteries)® and 9.7 cm in the Vienna
Absolute Trial.>! In this study, the average lesion length was
~25% to 70% greater than observed in those studies.
Nevertheless, the combined restenosis/reocclusion rate with
clopidogrel reported here at 6 months (34.7%) is consistent
with the rates reported in previous studies (eg, 43% in the
THUNDER study and 33.5% in the Vienna Absolute Trial).**'
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Figure 3. (A) Six-month event rates of the composite
endpoints from the modified intent-to-treat analysis set,
including all randomized subjects who received at least | dose
of study drug and had at least | duplex ultrasound in follow-up.
(B) A comparison of relative risks (RR) based on sex, lesion
length, age, and geographic region. Cl, confidence interval;
MACE, major adverse cardiovascular events; TLR, target lesion
revascularization.

Limitations

Our study has some methodological limitations that
warrant discussion. Although p values are given, this
study was not sized for formal statistical testing of safety
or efficacy as this was a proof-of-concept study designed
to reveal a signal for bleeding complications compared
with conventional therapy. Therefore, an adequately
sized trial will be needed to confirm the observations
reported here.

Another limitation of the study is that it was open label,
albeit randomized with central allocation and blinded end-
point adjudication; yet, the design may have accounted for
greater propensity for patients and investigators to interrupt
and/or discontinue the edoxaban treatment, which resulted
in fewer cumulative patient years of exposure in that group.
It is possible that this influenced the bleeding profile
observed and minimized the efficacy signal being reported
for edoxaban. In addition, thrombotic reocclusion and reste-
nosis were not differentiated in this study.

Finally, the prevalence for higher-risk baseline charac-
teristics is statistically similar; however, randomization is

usually imperfect when the sample is small, as was the case
in our study, and the study did not stratify patients based on
bleeding risk. The consequence was numerical imbalances
in some important covariates, such as more patients >75
years old, more women (greater risk of bleeding), fewer
patients who used aspirin routinely, fewer patients who rou-
tinely used lipid-lowering treatment, more patients with a
history of stroke, more patients with a history of atrial fibril-
lation, and more patients with renal disease in the edoxaban
group. When viewed collectively, this suggests that the
patients in the edoxaban group may have been at a greater
risk of events.

Conclusion

The results from ePAD suggest that the combination of a
NOAC (edoxaban) and aspirin may indeed be the optimal
regimen for managing the major components of thrombosis
and to minimize the risk of loss of patency following EVT
in patients with PAD. An adequately sized randomized trial
is needed to confirm these findings.

Authors’ Note

This study was presented at the 2016 Leipzig Interventional Course
(January 26-27, 2017; Leipzig, Germany).

Acknowledgments

The authors thank the members of the Study Steering Committee:
Frans Moll, Iris Baumgartner, Michael Jaff, Erich Minar, Gary
Ansel, George Adams, Chuke Nwachuku, Marco Tangelder,
Michael Grosso, Hans Lanz; the Data Monitoring Committee:
Jeff Lawson, Brian Annex, and John Angle; the members of the
Clinical Events Committee: Frank Visseren, Sefanja Achterberg,
Folkert Asselbergs, Eric Duckers, Karel van Erpecum, Karin
Klijn, Gerard de Kort, Raechel Toorop, and Jan Westerink;
VasCore: Michael Jaff and Gail Hadley; and Clinical Site and
Data Management (Medpace): Laura Omoboni, Laura Heinichen,
and Jennifer Haggard. The authors also extend their appreciation
to Rong Zhou for contributions as an independent statistician and
Mei Chen for data analysis; Anil Duggal and Thomas Todaro for
study oversight, monitoring, and manuscript review; and Shannon
Winters for editorial support and manuscript preparation. Special
thanks go to the ePAD study investigators for their contributions
for this study: Austria: Ernst Pilger, Medizinische Universitdt
Graz; Erich Minar, Universitdtsklinik fir Innere Medizin II,
Wien; Gustav Fraedrich, Universitétsklinik fiir Gefa3chirurgie,
Innsbruck. Belgium: Jeroen Hendriks, Antwerp University
Hospital, Edegem; Sabrina Houthoofd, UZ Leuven, Dienst
Vaatheelkunde, Leuven; Frank Vermassen, Ghent University
Hospital, Ghent. Germany: Dierk Scheinert, Park Hospital
Leipzig; Thomas Zeller, Universitéts-Herzzentrum Freiburg Bad
Krozingen. Israel: Moshe Halak, Sheba Medical Center, Tel-
Hashomer; Asaf Levanon, Ha-Emek Medical Center, Afula; Igor
Manevych, Rabin Medical Center and Beilinson Hospital, Petah-
Tiqva; David Zeltser, Tel-Aviv Sourasky Medical Center, Tel



Moll et al

167

Aviv; Yoseph Caraco, Hadassah Clinical Research Center,
Jerusalem. Netherlands: Gert Jan de Borst, University Medical
Center Utrecht; André de Smet, Maasstadziekenhuis, Rotterdam.
Switzerland: Iris Baumgartner, University Hospital Bern;
Beatrice Amann-Vesti, UniversititsSpital Zurich. United States:
Yazan Khatib, First Coast Cardiovascular Institute, Jacksonville,
FL; Juhana Karha, Austin Heart, Austin, TX; George Adams,
Wake Heart and Vascular, Raleigh, NC; Carlos Mena-Hurtado,
Yale-New Haven Hospital, New Haven, CT; John Phillips, Ohio
Health Research Institute, Columbus, OH; Olusegun Osinbowale,
Ochsner Medical Center, New Orleans, LA; Mahmood Razavi,
Vascular and Interventional Specialties of Orange County, Inc.,
Orange, CA; Guy Mayeda, Los Angeles Cardiology Associates,
Los Angeles, CA; Mushtaq Qureshi, Michigan Heart, Ypsilanti,
MI; Bruce Gray, Vascular Health Alliance, Greenville, SC;
Farrell Mendelsohn, Center for Therapeutic Angiogenesis,
Birmingham, AL; Sahil Parikh, University Hospitals Case
Medical Center, Cleveland, OH; Juan Pastor-Cervantes, Infinity
Research Group, LLC, Hollywood, FL; John Rundback, Holy
Name Hospital Medical Center, Teaneck, NJ; Ageliki Vouyouka,
Mount Sinai Medical Center, New York, NY; Venkatesh
Ramaiah, Arizona Heart Institute, Phoenix, AZ; Sean Lyden,
Cleveland Clinic, Cleveland, OH; Danielle Bajakian, Columbia
University Medical Center, New York, NY; April Nedeau,
Central Maine Cardiovascular Surgery, Lewiston, ME; Luigi
Pascarella, University of lowa Hospitals and Clinics, Iowa City,
IA; Roger Laham, Beth Israel Deaconess Medical Center, Boston,
MA; Nitin Malhotra, Michigan Vascular Center, Flint, MI;
Patrick Hall, South Carolina Heart Center, Columbia, SC; Santosh
Gill, Fox Valley Research Center, LLC, Aurora, IL; Seth Fritcher,
Clinical Trials of Texas, Inc., San Antonio, TX; Kevin Cannon,
PMG Research of Wilmington, LLC, Wilmington, NC; Venkatesh
Nadar, Capital Area Research, LLC, Camp Hill, PA; Suhail
Dohad, Cardiovascular Medical Group of Southern California,
Beverly Hills, CA.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: Chuke Nwachuku, Michael Grosso, Min Lin, and Michele
F. Mercuri are employees of Daiichi Sankyo Pharma Development.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
work was supported by Daiichi Sankyo.

References
1. Alonso-Coello P, Bellmunt S, McGorrian C, et al.
Antithrombotic therapy in peripheral artery disease:

Antithrombotic Therapy and Prevention of Thrombosis, 9th
ed: American College of Chest Physicians Evidence-Based
Clinical Practice Guidelines. Chest. 2012;141:¢669S—
€690S.

2. Anderson JL, Halperin JL, Albert NM, et al. Management of
patients with peripheral artery disease (compilation of 2005
and 2011 ACCF/AHA guideline recommendations): a report

10.

11.

12.

13.

14.

15.

16.

of the American College of Cardiology Foundation/American
Heart Association Task Force on Practice Guidelines.
Circulation. 2013;127:1425-1443.

. European Stroke Organisation, Tendera M, Aboyans

V, et al; ESC Committee for Practice Guidelines. ESC
Guidelines on the diagnosis and treatment of peripheral
artery diseases: Document covering atherosclerotic disease
of extracranial carotid and vertebral, mesenteric, renal,
upper and lower extremity arteries: the Task Force on the
Diagnosis and Treatment of Peripheral Artery Diseases of
the European Society of Cardiology (ESC). Eur Heart J.
2011;32:2851-2906.

. Dake MD, Ansel GM, Jaff MR, et al. Paclitaxel-cluting

stents show superiority to balloon angioplasty and bare
metal stents in femoropopliteal disease: twelve-month Zilver
PTX randomized study results. Circ Cardiovasc Interv.
2011;4:495-504.

. Laird JR, Katzen BT, Scheinert D, et al. Nitinol stent implan-

tation versus balloon angioplasty for lesions in the superficial
femoral artery and proximal popliteal artery: twelve-month
results from the RESILIENT randomized trial. Circ Cardiovasc
Interv. 2010;3:267-276.

. Liistro F, Grotti S, Porto I, et al. Drug-eluting balloon in

peripheral intervention for the superficial femoral artery:
the DEBATE-SFA randomized trial (drug eluting balloon
in peripheral intervention for the superficial femoral artery).
JACC Cardiovasc Interv. 2013;6:1295-1302.

. Rosenfield K, Jaff MR, White CJ, et al. Trial of a paclitaxel-

coated balloon for femoropopliteal artery disease. N Engl J
Med. 2015;373:145-153.

. Tepe G, Zeller T, Albrecht T, et al. Local delivery of pacli-

taxel to inhibit restenosis during angioplasty of the leg. N
Engl J Med. 2008;358:689-699.

. Furie B, Furie BC. Mechanisms of thrombus formation. N

Engl J Med. 2008;359:938-949.

Kearney M, Pieczek A, Haley L, et al. Histopathology of
in-stent restenosis in patients with peripheral artery disease.
Circulation. 1997;95:1998-2002.

Koppensteiner R, Spring S, Amann-Vesti BR, et al. Low-
molecular-weight heparin for prevention of restenosis after
femoropopliteal percutaneous transluminal angioplasty: a ran-
domized controlled trial. J Vasc Surg. 2006;44:1247-1253.
Warfarin Antiplatelet Vascular Evaluation Trial Investigators,
Anand S, Yusuf S, et al. Oral anticoagulant and antiplate-
let therapy and peripheral arterial disease. N Engl J Med.
2007;357:217-227.

Anand SS, Yusuf'S. Oral anticoagulant therapy in patients with
coronary artery disease: a meta-analysis. JAMA. 1999;282:
2058-2067.

Hirsh J, Anand SS, Halperin JL, et al. AHA Scientific
Statement: Guide to anticoagulant therapy: heparin: a state-
ment for healthcare professionals from the American Heart
Association. Arterioscler Thromb Vasc Biol. 2001;21:¢e9.
Giugliano RP, Ruff CT, Braunwald E, et al. Edoxaban ver-
sus warfarin in patients with atrial fibrillation. N Engl J Med.
2013;369:2093-2104.

Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban ver-
sus warfarin in nonvalvular atrial fibrillation. N Engl J Med.
2011;365:883-891.



168

Journal of Endovascular Therapy 25(2)

17.

18.

19.

20.

21.

22.

Larsen TB, Skjoth F, Nielsen PB, et al. Comparative
effectiveness and safety of non-vitamin K antagonist oral
anticoagulants and warfarin in patients with atrial fibrilla-
tion: propensity weighted nationwide cohort study. BMJ.
2016;353:13189.

Tangelder MJ, Nwachuku CE, Jaff M, et al. A review of anti-
thrombotic therapy and the rationale and design of the ran-
domized edoxaban in patients with peripheral artery disease
(ePAD) trial adding edoxaban or clopidogrel to aspirin after
femoropopliteal endovascular intervention. J Endovasc Ther.
2015;22:261-268.

Diehm N, Baumgartner I, Jaff M, et al. A call for uniform
reporting standards in studies assessing endovascular treat-
ment for chronic ischaemia of lower limb arteries. Eur Heart
J.2007;28:798-805.

Chin CT, Roe MT, Fox KA, et al. Study design and rationale
of a comparison of prasugrel and clopidogrel in medically
managed patients with unstable angina/non-ST-segment ele-
vation myocardial infarction: the TaRgeted platelet Inhibition
to cLarify the Optimal strateGy to medicallY manage Acute
Coronary Syndromes (TRILOGY ACS) trial. Am Heart J.
2010;160:16-22.¢el.

van Gogh I, Buller HR, Cohen AT, et al. Idraparinux versus
standard therapy for venous thromboembolic disease. N Engl
J Med. 2007;357:1094—1104.

Bhatt DL, Fox KA, Hacke W, et al. Clopidogrel and aspirin
versus aspirin alone for the prevention of atherothrombotic
events. N Engl J Med. 2006;354:1706-1717.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus
clopidogrel in patients with acute coronary syndromes. N
Engl J Med. 2009;361:1045-1057.

Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel ver-
sus clopidogrel in patients with acute coronary syndromes. N
Engl J Med. 2007;357:2001-2015.

Yusuf S, Zhao F, Mehta SR, et al. Effects of clopidogrel in
addition to aspirin in patients with acute coronary syndromes
without ST-segment elevation. N Engl J Med. 2001;345:494—
502.

Einstein Investigators, Bauersachs R, Berkowitz SD, et al.
Oral rivaroxaban for symptomatic venous thromboembolism.
N Engl J Med. 2010;363:2499-2510.

Hokusai-VTE Investigators, Buller HR, Decousus H, et al.
Edoxaban versus warfarin for the treatment of symptomatic
venous thromboembolism. N Engl J Med. 2013;369:1406—
1415.

Alexander JH, Lopes RD, James S, et al. Apixaban with anti-
platelet therapy after acute coronary syndrome. N Engl J Med.
2011;365:699-708.

Mega JL, Braunwald E, Wiviott SD, et al. Rivaroxaban in
patients with a recent acute coronary syndrome. N Engl J
Med. 2012;366:9-19.

Eikelboom JW, Connolly SJ, Bosch J, et al. Rivaroxaban with
or without aspirin in stable cardiovascular disease. N Engl J
Med. 2017;377:1319-1330.

Schillinger M, Sabeti S, Loewe C, et al. Balloon angioplasty
versus implantation of nitinol stents in the superficial femoral
artery. N Engl J Med. 2006;354:1879—1888.



