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Abstract

Background: Data on direct comparison between various drug-eluting stents with short duration dual anti-

KEYWORDS

platelet therapy (DAPT) are limited, especially in patients with acute coronary syndrome (ACS).
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Aims: We sought to compare biodegradable polymer biolimus-eluting stents (BP-BES) with durable poly-
mer everolimus-eluting (DP-EES) and zotarolimus-eluting stents (DP-ZES) in patients with ACS according
to different durations of DAPT.

Methods: In the SMART-DATE trial, 2,712 patients with ACS underwent randomisation for allocation
of DAPT (6 months [n=1,357] or 12 months or longer [n=1,355]) and type of stent (BP-BES [n=901]),
DP-EES [n=904], or DP-ZES [n=907]). The primary endpoint was a composite of cardiac death, myocar-
dial infarction, or stent thrombosis.

Results: At 18 months, the primary endpoint was attained by 2.6% with BP-BES, 2.0% with DP-EES, and
2.1% with DP-ZES (HR 1.29, 95% CI: 0.70-2.39, p=0.42 for BP-BES vs DP-EES and HR 1.23, 95% CI:
0.67-2.26, p=0.50 for BP-BES vs DP-ZES). The treatment effect of BP-BES for the primary endpoint was
consistent among patients receiving 6-month DAPT as well as those receiving 12-month or longer DAPT
(BP-BES vs. DP-EES, p =0.48 and BP-BES vs DP-ZES, p =0.87). After excluding 179 patients
(101 in the BP-BES group) who did not receive allocated DES, the per-protocol analysis showed similar

interaction interaction

results.

Conclusions: The risk of a composite of cardiac death, myocardial infarction, or stent thrombosis was not
significantly different between patients receiving BP-BES versus DP-EES or DP-ZES across a short or pro-
longed duration of DAPT after ACS.
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Abbreviations

ACS acute coronary syndrome

BP-BES biodegradable polymer biolimus-eluting stent
DAPT dual antiplatelet therapy

DES drug-eluting stent(s)

DP-EES durable polymer everolimus-eluting stent
DP-ZES durable polymer zotarolimus-eluting stent

Mi myocardial infarction

PCI percutaneous coronary intervention

Introduction

Current major guidelines recommend dual antiplatelet therapy
(DAPT) of aspirin plus a P2Y , inhibitor for six months in patients
with stable ischaemic heart disease and 12 months or longer in
patients with an acute coronary syndrome (ACS) after implan-
tation of drug-eluting stents (DES)'. However, prolonged DAPT
increases the risk of bleeding that is associated with mortality?.
Given the advances which have been made in stent technology
in terms of alloy, strut thickness, and polymer, a case for short-
ening the duration of DAPT has been made. Therefore, several
recent studies sought to investigate the safety of a short duration
of DAPT in patients undergoing percutaneous coronary interven-
tion (PCI) with current-generation DES*°. However, data on direct
comparison between various DES with a short duration of DAPT
are very limited, especially in patients with ACS.

The Smart Angioplasty Research Team: safety of six-month
duration of Dual Antiplatelet Therapy after Percutaneous
Coronary Intervention in Patients with Acute Coronary Syndromes
(SMART-DATE) trial was conducted to test the non-inferior-
ity of six-month DAPT compared to 12-month or longer DAPT
for major adverse cardiac and cerebrovascular events (MACCE)
after ACS in patients undergoing PCI®. In this trial, patients with
ACS underwent randomisation for allocation of antiplatelet ther-
apy (6-month DAPT or 12-month or longer DAPT) and type of
stent: stainless steel biodegradable polymer biolimus-eluting stent
(BP-BES) (BioMatrix Flex™; Biosensors, Singapore); cobalt-
chromium durable polymer everolimus-eluting stent (DP-EES)
(XIENCE PRIME®; Abbott Vascular, Santa Clara, CA, USA);
and cobalt-chromium durable polymer zotarolimus-eluting stent
(DP-ZES) (Resolute Integrity®; Medtronic Vascular, Santa Rosa,
CA, USA). The three types of DES used in the SMART-DATE
trial have unique characteristics in terms of polymer as well as
stent alloy and drugs. Therefore, this study sought to compare the
outcomes of BP-BES with DP-EES and DP-ZES in patients with
ACS according to different durations of DAPT. We also investi-
gated the safety of a short duration of DAPT in each type of stent.

Editorial, see page 360

Methods

STUDY DESIGN AND PATIENTS

The SMART-DATE trial was a multicentre, open-label, non-infe-
riority, randomised trial conducted at 31 sites in the Republic of
Korea to test the non-inferiority of 6-month DAPT compared with

12-month or longer DAPT following PCI with current-generation
DES for ACS. The rationale and design of the SMART-DATE trial
have been published previously’. The trial was designed by the
steering committee and was coordinated by the Academic Clinical
Research Organisation of Samsung Medical Center (Seoul,
Republic of Korea). The institutional review board of each par-
ticipating hospital approved the study. This trial was registered
with ClinicalTrials.gov, NCT01701453. The independent data and
safety monitoring board reviewed safety data from the study and
provided recommendations for adverse events or serious adverse
events, protocol deviation, and follow-up case reports. All patients
provided written informed consent. The aim of the present analysis
was to compare clinical outcomes among BP-BES, DP-EES, and
DP-ZES according to the duration of DAPT. Whether the treat-
ment effect of 6-month DAPT compared with 12-month or longer
DAPT was consistent for each type of DES was also investigated.

Patients were eligible for enrolment if they had ACS that included
ST-segment elevation myocardial infarction (STEMI), non-ST-
segment elevation myocardial infarction (NSTEMI), and unstable
angina. Patients had to have at least one lesion in a native coro-
nary vessel with reference diameter of 2.25-4.25 mm and stenosis
of more than 50% by visual estimation amenable for PCI. Major
exclusion criteria were a known hypersensitivity or contraindication
to aspirin, clopidogrel, heparin, biolimus, everolimus, zotarolimus,
or contrast media; active pathological bleeding; major bleeding
within the previous three months; or major surgery within the pre-
vious two months; history of bleeding diathesis or known coagu-
lopathy; life expectancy less than two years; an elective surgical
procedure planned within less than twelve months; and active par-
ticipation in another drug or device investigational study.

RANDOMISATION

Patients were randomly assigned to either the 6-month DAPT
group (aspirin plus a P2Y , inhibitor for six months and thereaf-
ter aspirin alone) or to the 12-month or longer DAPT group (aspi-
rin plus a P2Y , inhibitor for at least 12 months) at the time of
index procedure in a 1:1 ratio. Randomisation was stratified by
site of enrolment, diabetes mellitus, type of P2Y , inhibitor (clopi-
dogrel, prasugrel, or ticagrelor), and clinical presentation (STEMI,
NSTEMI, or unstable angina). To minimise bias from different stent
devices, patients were also randomly assigned to one of the three
DES (BP-BES, DP-EES, or DP-ZES) in a 1:1:1 ratio. The process
for randomisation of type of stent was identical to that for randomi-
sation of antiplatelet therapy. Both randomisations were carried out
simultaneously via a web-based system (http://www.ecrf.kr/smart-
date/login.asp) by computer-generated block method. In all lesions
attempts were made to use the allocated stents for treatment, but
other stents were allowed in case of device failure or in situations
in which the operators decided otherwise, considering the best inter-
ests of the patient. In a minority of centres where not all three types
of stents were available, especially during the early period of the
trial, available study stents had to be implanted instead of the allo-
cated stents at the discretion of the operators.



STUDY ENDPOINTS

The primary endpoint was a composite of cardiac death, MI, or
stent thrombosis at 18 months after the index procedure. Secondary
endpoints were the individual components of the primary end-
point, all-cause death, target lesion revascularisation (TLR) or
target lesion failure (TLF). TLF was defined as a composite of
cardiac death, ML, or TLR. An independent clinical events adju-
dication committee, whose members were masked to the study
group assignments, assessed all clinical endpoints.

All deaths were considered cardiac unless a definite non-cardiac
cause could be established. MI was defined as elevated cardiac
enzymes (cardiac troponin or myocardial band fraction of creatine
kinase) above the upper reference limit with ischaemic symptoms
or electrocardiography findings indicative of ischaemia that was
not related to the index procedure. Stent thrombosis was defined
as definite or probable stent thrombosis according to the Academic
Research Consortium classification®.

PROCEDURES AND STATISTICAL ANALYSIS
Procedures and statistical analysis are described in detail in
Supplementary Appendix 1.

Results

BASELINE CHARACTERISTICS

Between September 2012 and December 2015, a total of 2,712
patients were enrolled in the SMART-DATE trial. Of these, 901
patients were randomly assigned to receive BP-BES, 904 were
randomly assigned to receive DP-EES, and 907 were randomly
assigned to receive DP-ZES. However, a substantial number of
patients did not receive the allocated stents. Especially in the
BP-BES group, 101 patients did not receive BP-BES: 5 under-
went ballooning or thrombus aspiration only, and 96 received
other DES due to unavailability of the allocated stent of the proper
size or length (n=49), failure of delivery (n=3), operators’ discre-
tion (n=10) or unknown cause (n=34). A total of 34 patients in the
DP-EES and 44 patients in the DP-ZES group did not receive the
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allocated stents (Figure 1). Patients in the three DES groups were
balanced for all baseline demographic and clinical characteristics
(Supplementary Table 1). The mean age was 62 years and 75.4% of
the overall population were male. Twenty-seven point five percent
(27.5%) of the study population suffered from diabetes mellitus and
37.7% of overall patients presented with STEMI. Angiographic and
procedural data were similar in the three groups (Supplementary
Table 2). Multivessel disease was identified in 45.1% of all study
patients, and the left main or left anterior descending artery lesion
was treated in 60.5%. Although the mean stent length per lesion
was significantly different among the three groups, the differ-
ence was not substantial (23.9+6.5 mm with BP-BES vs 25.1£7.6
mm with DP-EES vs 25.0+7.1 mm with DP-ZES; p<0.01).

ANTIPLATELET THERAPY

Of 2,712 patients, 1,357 were assigned to the 6-month DAPT
group and 1,355 were assigned to the 12-month or longer DAPT
group. Clopidogrel was used as a P2Y , inhibitor for DAPT in
2,191 patients (80.8%). The adherence rate of assigned antiplate-
let therapy was not significantly different according to the type
of stent (87.4% for the BP-BES group vs 85.9% for the DP-EES
group vs 87.2% for the DP-ZES group; p=0.54). Neither the dura-
tion of DAPT (p=0.50) nor the type of P2Y , inhibitor (p=0.30)
differed significantly among the three DES groups.

COMPARISON AMONG THE THREE TYPES OF STENT

Follow-up for the primary endpoint at 18 months was completed
in 97.4% of all patients (97.1% for the BP-BES group vs 96.9%
for the DP-EES group vs 98.0% for the DP-ZES group; p=0.29).
At 18 months after the index procedure, the primary endpoint
occurred in 23 patients in the BP-BES group, 18 in the DP-EES
group, and 19 in the DP-ZES group. Cumulative rates of the pri-
mary endpoint at 18 months were 2.6% for the BP-BES group,
2.0% for the DP-EES group, and 2.1% for the DP-ZES group (haz-
ard ratio [HR] for BP-BES vs DP-EES 1.29, 95% confidence inter-
val [CI]: 0.70-2.39; p=0.42 and HR for BP-BES vs DP-ZES 1.23,

2,712 patients enrolled in the SMART-DATE trial
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- Unavailable allocated stent of proper size
or length (n=12)
— Failure of delivery (n=1)
- Operator’s discretion (n=0)
- Unable to confirm (n=25)

A A
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BP-BES group
Biodegradable polymer biolimus-eluting stent

DP-EES group
Durable polymer everolimus-eluting stent
(n=800) (n=870)

DP-ZES group
Durable polymer zotarolimus-eluting stent
(n=863

Figure 1. Schematic illustration of the study cohort selection.
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95% CI: 0.67-2.26; p=0.50) (Table 1, Figure 2). There were no
significant differences in the individual components of the primary
endpoint, TLR and TLF at 18 months. Cumulative rates of all-
cause death were numerically higher in the BP-BES group (3.7%)
than in the DP-EES (2.1%) and the DP-ZES groups (2.4%), but
statistical significance was not found (HR for BP-BES vs DP-EES
1.75, 95% CI: 0.99-3.08; p=0.052, and HR for BP-BES vs DP-ZES
1.53, 95% CI: 0.89-2.62; p=0.13) (Table 1). For per-protocol
analysis, 179 patients who did not receive the assigned stents were
excluded. A total of 800 patients in the BP-BES group, 870 in
the DP-EES group, and 863 in the DP-ZES group were included
(Figure 1). The results from per-protocol analysis were similar to
those from intention-to-treat analysis. The cumulative rates of the
primary endpoint at 18 months were 2.6% for the BP-BES group,
2.0% for the DP-EES group, and 2.0% for the DP-ZES group (HR
for BP-BES vs DP-EES 1.35, 95% CI: 0.71-2.56; p=0.36, and HR
for BP-BES vs DP-ZES 1.35, 95% CI: 0.71-2.56; p=0.36). There
were no significant differences in the individual components of
the primary endpoint, all-cause death, TLR, and TLF, among the
three types of stent at 18 months (Supplementary Table 3). The
treatment effect of BP-BES for the primary endpoint was con-
sistent among patients receiving 6-month DAPT as well as those
receiving 12-month or longer DAPT compared with the other
two stents (Supplementary Table 4, Supplementary Figure 1).
Landmark analysis at six months showed that the risk of the pri-
mary endpoint between 6 and 18 months was not significantly dif-
ferent among the three DES groups (Supplementary Appendix 2,
Supplementary Figure 2).

TREATMENT EFFECT OF SHORT DURATION DAPT IN EACH
STENT

The treatment effect of the duration of DAPT for the primary
endpoint (p =0.49) and TLF (p
ent in each stent type. The risk of the primary endpoint was not

=(0.75) was consist-

interaction interaction

significantly different between 6-month DAPT and 12-month or
longer DAPT in each stent type (2.5% 6-month DAPT vs 2.6%
12-month DAPT, HR 0.95: 0.42-2.15; p=0.90 for BP-BES group,

Table 1. Outcomes at 18 months.

— BP-BES
s — DP-EES
— DP-ZES

p=0.68 (log-rank)

Primary endpoint (%)

0 90 180 270 360 450 540
Time since procedure (days)

No. at risk

BP-BES 901 873 859 848 843 836 672
DP-EES 904 883 872 858 852 851 115
DP-ZES 907 883 875 869 867 864 703

Figure 2. Time-to-event Kaplan-Meier curves for the primary
endpoint. BP-BES: biodegradable polymer biolimus-eluting stent;
DP-EES: durable polymer everolimus-eluting stent;

DP-ZES: durable polymer zotarolimus-eluting stent

2.8% vs 1.1%; HR 2.54: 0.91-7.12; p=0.08 for DP-EES group,
2.4% vs 1.8%; HR 1.37: 0.55-3.42; p=0.49 for DP-ZES group,
respectively) and the rate of TLF was also similar (3.4% 6-month
DAPT vs 3.9% 12-month DAPT; HR 0.86: 0.44-1.71; p=0.67 for
BP-BES group, 4.6% vs 2.2%; HR 2.06: 0.97-4.38; p=0.06 for
DP-EES group, 2.9% vs 4.0%; HR 0.72: 0.35-1.47; p=0.37 for
DP-ZES group, respectively) (Supplementary Table 5). A per-pro-
tocol analysis in terms of antiplatelet assignment showed a con-
sistent treatment effect of BP-BES for the primary endpoint (HR
for BP-BES vs DP-EES 2.25, 95% CI: 0.69-7.31; p=0.18, and
HR for BP-BES vs DP-ZES 1.32, 95% CI: 0.49-3.55; p=0.36,
respectively).

Discussion
In the present study, we compared BP-BES with DP-EES and
DP-ZES and evaluated the safety of 6-month DAPT in patients

BP-BES vs DP-ZES

HR (@5%cl) | Pvale

n=904 n=907 HR (95% CI)

DP-EES | DP-ZES | BP-BES vs DP-EES

p-value

Primary endpoint 23 (2.6) 18 (2.0) 19 (2.1) 1.29 (0.70-2.39) 0.42 1.23 (0.67-2.26) 0.50
Cardiac death 18 (2.0) 10 (1.1) 14 (1.5) 1.81 (0.84-3.93) 0.13 1.31 (0.65-2.63) 0.46
All-cause death 33(3.7) 19 (2.1) 22 (2.4) 1.75 (0.99-3.08) 0.05 1.53 (0.89-2.62) 0.13
Myocardial infarction 12 (1.3) 12 (1.3) 10(1.1) 1.01 (0.45-2.25) 0.98 1.22 (0.53-2.82) 0.64
Stent thrombosis 9(1.0) 9(1.0) 7 (0.8) 1.01 (0.40-2.54) 0.99 1.31 (0.49-3.51) 0.60
Target lesion revascularisation 11(1.2) 17 (1.9) 15(1.7) 0.66 (0.31-1.40) 0.27 0.75(0.34-1.63) 0.47
Target lesion failure 33(3.7) 31(3.4) 31(3.4) 1.08 (0.66-1.77) 0.75 1.09 (0.67-1.78) 0.74
Values are expressed as n (%). The primary endpoint was defined as a composite of cardiac death, myocardial infarction, or stent thrombosis. Target
lesion failure was defined as a composite of cardiac death, myocardial infarction, or target lesion revascularisation. BP-BES: biodegradable polymer
biolimus-eluting stent; Cl: confidence interval; DAPT: dual antiplatelet therapy; DP-EES: durable polymer everolimus-eluting stent; DP-ZES: durable
polymer zotarolimus-eluting stent; HR: hazard ratio




with ACS undergoing PCI. Our main finding was that the com-
posite of cardiac death, MI, or stent thrombosis at 18 months
did not differ in ACS patients receiving BP-BES compared with
those receiving DP-EES or DP-ZES. The treatment effect of
BP-BES, compared with DP-EES and DP-ZES, was consistent
among patients receiving 6-month DAPT as well as those receiv-
ing 12-month or longer DAPT for the composite of cardiac death,
MLI, or stent thrombosis. In all three types of DES, 6-month DAPT
was not associated with increased risk of device-specific outcomes
compared with 12-month or longer DAPT.

Several previous studies demonstrated that DES with a short
duration of DAPT was superior compared with bare metal stents.
The LEADERS FREE trial first revealed that a polymer-free bioli-
mus-coated stent followed by one-month DAPT reduced major
adverse cardiac events compared with bare metal stents in patients
at high bleeding risk’. In the SENIOR trial, the SYNERGY™ plat-
inum-chromium EES (Boston Scientific, Marlborough, MA, USA)
with biodegradable polymer and a short duration of DAPT were
superior to bare metal stents and a similar duration of DAPT for all-
cause death, MI, stroke, and ischaemia-driven TLR among elderly
patients’. However, to date, there has been only one trial which com-
pared different types of DES with a short duration of DAPT?. In the
SMART-DATE trial, patients with ACS were exclusively enrolled
and were randomly assigned to 6-month DAPT or 12-month or
longer DAPT. Furthermore, type of stent was also randomly allo-
cated. Therefore, we had a unique opportunity to compare BP-BES
with DP-EES and DP-ZES across short and prolonged DAPT regi-
mens in patients with ACS. Although the current-generation DES
are excellent and comparable to each other, it would be valuable to
compare outcomes of various DES with a short duration of DAPT
and investigate the safety of short-duration DAPT in each stent,
especially among patients at high risk, such as those with ACS. We
believe that our study addresses important issues and can add new
knowledge on the optimal duration of DAPT in patients with ACS
undergoing PCI in contemporary practice.

The first-generation DES dramatically reduced restenosis and
TLR compared with bare metal stents; however, it was reported
to be associated with increased risk of very late stent thrombosis'.
Of several plausible explanations, inflammation induced by poly-
mer might play an important role for stent thrombosis related to
first-generation DES'!. As expected, BP-DES have demonstrated
a reduced risk of very late stent thrombosis compared with the first-
generation DES'2. Moreover, in randomised clinical trials and obser-
vational studies comparing BP-BES with the second-generation
DES™!¥, no significant differences were observed. However, a cou-
ple of network meta-analyses reported that BP-BES were assoc-
iated with a higher risk of definite or probable stent thrombosis,
MI, and mortality compared with the second-generation DES'!6,
Although the BioMatrix Flex BP-BES is no longer widely used in
contemporary practice, it is the prototype of BP-DES and contro-
versy remains regarding the safety of BP-DES. Taken together, to
compare BP-BES with DP-DES with documented safety according
to different DAPT durations is of great importance. In the present
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study, the risk of cardiac death, MI, or stent thrombosis was not
significantly different among the three types of stent. However,
cumulative rates of cardiac or all-cause death were numerically
higher in the BP-BES group than in the DP-EES and DP-ZES
groups. The HR for all-cause death in patients receiving BP-BES
versus DP-EES in the present study was similar to that in a previous
network meta-analysis'®; the only difference was the width of the
95% CI. The present study might have been underpowered to detect
difference in clinical outcomes among the three stents. Therefore,
our results should be interpreted cautiously.

Limitations

This study has several limitations. First, a substantial number of
patients in the BP-BES group did not receive the allocated stents.
The possibility of biases towards similar outcomes of BP-BES
compared with DP-EES and DP-ZES originating from implanta-
tion of substitutes (other DES) for BP-BES in a high-risk popu-
lation or high-risk lesion subsets cannot be excluded. Weakness
in the mechanical properties of BP-BES such as thick struts and
a stainless steel platform might have made operators reluctant to
implant the assigned BP-BES in a high-risk population or high-risk
lesion subsets, especially when difficulty in delivery of the stents
was expected. However, intention-to-treat and per-protocol analyses
showed similar results, suggesting that any potential biases caused
by crossover are probaby small. Second, this study was an open-
label trial. Although all clinical endpoints were assessed by members
of the independent clinical events adjudication committee, operators
were not blinded to the type of stent. However, the primary end-
point of this study was a composite of cardiac death, MI, or stent
thrombosis, and their occurrence was not affected by investigators
and patients, unlike repeat revascularisation or hospitalisation due
to unstable angina. Third, all consecutive patients could not be con-
sidered for study enrolment, which might have resulted in selection
bias for enrolment of patients with relatively low risk. Moreover,
the present analysis might have been underpowered due to inad-
equate sample size and low event rates. However, contemporary
large randomised trials in patients with ACS reported similar event
rates compared with the SMART-DATE trial'"'®. Fourth, follow-up
duration was 18 months in the present study. Because it takes nine
months for polymer to be completely degraded after implantation
of BP-BESY, long-term follow-up is warranted. We plan to follow
up patients up to three years after the index procedure. Fifth, a sub-
stantial number of patients in the 6-month DAPT group received
a P2Y , inhibitor after six months. However, intention-to-treat and
per-protocol analyses for antiplatelet therapy showed similar results.
Sixth, although prasugrel or ticagrelor is recommended as the first-
line therapy in patients with ACS undergoing PCI', clopidogrel was
used predominantly because prasugrel and ticagrelor became avail-
able in the Republic of Korea during the course of the study (in
December 2014). Although the benefit of prolonged DAPT might
be mitigated by predominant use of clopidogrel instead of prasugrel
or ticagrelor, clopidogrel is still prescribed in a substantial propor-
tion of patients with ACS*?®. Finally, we did not consider statistical
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correction for multiple testing in the present study since randomisa-
tion for antiplatelet therapy and randomisation for type of stent were
independent. Moreover, considering that there was no significant
difference among the three types of DES in the present analysis
with an alpha of 0.05, adjusting for multiple comparison by using,
e.g., the Bonferroni correction with an alpha of 0.025 would result
in a similar conclusion.

Conclusions

The risk of a composite of cardiac death, MI, or stent thrombosis
was not significantly different among patients receiving BP-BES
versus DP-EES or DP-ZES across a short or prolonged duration
of DAPT after ACS.

Impact on daily practice

There remains controversy regarding the safety of BP-BES, and
data are limited on the optimal duration of DAPT after implan-
tation of BP-BES in patients with ACS who have a higher risk
of recurrent ischaemic events than those with stable coronary
artery disease. According to this study, the risk of a composite
of cardiac death, myocardial infarction, or stent thrombosis did
not differ in ACS patients receiving BP-BES compared with
those receiving DP-EES or DP-ZES. The treatment effect of
BP-BES, compared with DP-EES and DP-ZES, was consist-
ent among patients receiving 6-month DAPT as well as those
receiving 12-month or longer DAPT.
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Supplementary data
Supplementary Appendix 1. Methods
Procedures

Percutaneous coronary intervention (PCI) was performed according to standard techniques.
Unfractionated heparin or low-molecular-weight heparin was used for anticoagulation during
the procedure. Thrombus aspiration, predilation or post-dilation, or use of glycoprotein
[Ib/II1a inhibitors was left to the operators’ discretion. The length and diameter of stents were
not restricted. The use of intravascular imaging or fractional flow reserve was also carried out
according to the operator’s discretion. All patients received 300 mg of aspirin and a P2Y 12
inhibitor (clopidogrel 300 to 600 mg, prasugrel 60 mg, or ticagrelor 180 mg) loading dose at
least 12 hours before PCI, unless they had previously received these antiplatelet medications.
After the procedure, aspirin (100 mg once daily) was used indefinitely and a P2Y > inhibitor
(clopidogrel 75 mg once daily, prasugrel 10 mg once daily, or ticagrelor 90 mg twice daily)
was maintained according to the randomisation (6 months vs 12 months or longer). All
patients were recommended to receive optimal pharmacological therapy, including statins,
beta-blockers, or renin-angiotensin system blockade, if indicated, following standard
ACC/AHA and ESC guidelines.

Statistical analysis

The primary analysis was performed according to an intention-to-treat principle including all
randomised patients according to the original group allocation. Moreover, because a
substantial number of patients in the biodegradable polymer biolimus-eluting stent (BP-BES)
group did not receive the allocated stents, we also performed a per-protocol analysis. The per-
protocol analysis was carried out by excluding patients who did not receive the assigned
stents. Categorical variables were presented as counts and percentages and compared by use
of the y? test or Fisher’s exact test, as appropriate. Continuous variables were presented as
meanststandard deviation or as median (25th percentile to 75th percentile) for variables
lacking a normal distribution. Analysis of continuous variables was performed using the
Student’s t-test or Wilcoxon rank-sum test. Cumulative event rates were estimated with the
Kaplan-Meier method and compared with log-rank tests. We censored patients who were lost
to follow-up at the time of the last known contact. For analyses of the primary and secondary
endpoints, hazard ratios (HRs) with 95% confidence intervals (CIs) were estimated with the
Cox proportional hazards method. Interaction between the treatment effect of each type of
drug-eluting stent (DES) for the primary endpoint and duration of dual antiplatelet therapy
(DAPT) was assessed. P-values <0.05 were considered significant. All analyses were
performed with the Statistical Analysis Software package (SAS version 9.2; SAS Institute
Inc., Cary, NC, USA).



Supplementary Appendix 2. Results

Stratified analysis according to duration of DAPT

The treatment effect of BP-BES for the primary endpoint was consistent among patients
receiving 6-month DAPT as well as those receiving 12-month or longer DAPT compared
with the other two stents (Supplementary Table 4). The risk of the primary endpoint did not
differ significantly between BP-BES and durable polymer everolimus-eluting stents (DP-
EES) among patients treated with 6-month DAPT (2.5% vs 2.8%; HR 0.88, 95% CI: 0.40-
1.97; p=0.76) or in those treated with 12-month DAPT (2.6% vs 1.1%; HR 2.35, 95% CI.:
0.83-6.68; p=0.11; pinteraction=0.48). The difference in the primary endpoint was not significant
between BP-BES and durable polymer zotarolimus-eluting stents (DP-ZES) among patients
treated with 6-month DAPT (2.5% vs 2.4%; HR 0.94, 95% CI: 0.38-2.30; p=0.88) and in
those treated with 12-month DAPT (2.6% vs 1.8%; HR 1.50, 95% CI: 0.61-3.67; p=0.38;
Pinteraction=0.87) (Supplementary Figure 1).

Landmark analysis at 6 months

Cumulative rates of the primary endpoint at 6 months were 1.9% for the BP-BES group,
1.1% for the DP-EES group, and 1.4% for the DP-ZES group (HR for BP-BES vs DP-EES
1.71, 95% CI: 0.78-3.74; p=0.18 and HR for BP-BES vs DP-ZES 1.32, 95% CI: 0.64-2.72;
p=0.45). The risk of the primary endpoint between 6 and 18 months was not significantly
different among the three DES groups (HR for BP-BES vs DP-EES 0.91, 95% CI: 0.37-2.24;
p=0.84 and HR for BP-BES vs DP-ZES 1.16, 95% CI: 0.45 - 2.99; p=0.77) (Supplementary
Figure 2).



Hazard ratio p for
Subgroups Number of patients, Event (%) (95% CT) inferaction

BP- BES vs. DP-EES

6-month DAPT 11/444 (2.5%) vs. 13/458 (2.8%) --— 0.88 (0.40 - 1.97) 0.48
12-month or longer DAPT 12/457 (2.6%) vs. 5/446 (1.1%) i 2.35(0.83 - 6.68) ’
BP-BES vs. DP-ZES

6-month DAPT 11/444 (2.5%) vs. 11/455 (2.4%) — 0.94 (0.38 - 2.30) 0.87
12-month or longer DAPT 12/457 (2.6%) vs. 8/452 (1.8%) B 1.50 (0.61 - 3.67) ’

DP-EES vs. DP-ZES
6-month DAPT 13/458 (2.8%) vs. 11/455 (2.4%) B 1.18 (0.53 - 2.63) 0.62
12-month or longer DAPT 5/446 (1.1%) vs. 8/452 (1.8%) - 0.64 (0.21 - 1.94) ’

Supplementary Figure 1. Forest plot subgroup analyses of the primary endpoint.

BP-BES: biodegradable polymer biolimus-eluting stent; CI: confidence interval; DAPT: dual antiplatelet therapy; DP-EES: durable polymer

everolimus-eluting stent; DP-ZES: durable polymer zotarolimus-eluting stent
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Supplementary Figure 2. Landmark analysis at 6 months for the primary endpoint after the index procedure.
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zotarolimus-eluting stent



Supplementary Table 1. Baseline characteristics of patients.

BP-BES DP-EES DP-ZES
p-value
n=901 n=904 n=907
General characteristics
Age, years 62.6+11.7 62.2+11.5 61.4+11.9 0.11
Men 674 (74.8) 677 (74.9) 693 (76.4) 0.67
Women 227 (25.2) 227 (25.1) 214 (23.6)
BMI, kg/m? 24.3+3.1 24.4+3.2 24.4+3.1 0.73
Current smoker 348 (39.2) 336 (37.8) 358 (40.2) 0.59
Medical history
Diabetes mellitus 261 (29.0) 240 (26.6) 243 (26.9) 0.47
Hypertension 450 (50.5) 434 (48.3) 439 (49.2) 0.65
Dyslipidaemia 212 (24.0) 210 (23.6) 236 (26.6) 0.28
Previous myocardial infarction 21 (2.4) 14 (1.6) 18 (2.0) 0.49
Cerebrovascular disease 30 (3.4) 41 (4.6) 39 (4.4) 0.39
Previous revascularisation 40 (4.5) 41 (4.7) 36 (4.1) 0.83



Chronic renal failure
Heart failure
Left ventricular ejection fraction (%)
Clinical presentation
ST-elevation myocardial infarction
Non-ST-elevation myocardial infarction

Unstable angina

6(0.7)
579 (69.3)

55.0+10.8

341 (37.8)
284 (31.5)

276 (30.6)

4(0.4)
605 (71.8)

55.9+10.7

345 (38.2)
287(31.7)

272 (30.1)

9 (1.0)
582 (70.1)

55.5+10.7

337 (37.2)
282 (31.1)

288 (31.8)

0.36

0.52

0.18

0.96

Data are n (%) or meanzstandard deviation.

BES: biolimus A9-eluting stent; BMI: body mass index; DAPT: dual antiplatelet therapy; EES: everolimus-eluting stent; ZES: zotarolimus-

eluting stent




Supplementary Table 2. Lesion and procedural characteristics of patients.

BP-BES DP-EES DP-ZES
p-value
n=901 n=904 n=907

Location of lesion treated
Left main artery 21 (2.3) 14 (1.5) 11 (1.2) 0.17
Left anterior descending artery 540 (60.0) 522 (57.7) 531 (58.5) 0.61
Left circumflex artery 216 (24.0) 224 (24.8) 231 (25.5) 0.77
Right coronary artery 318 (35.3) 350 (38.7) 326 (35.9) 0.28
Multivessel coronary artery disease 419 (46.6) 399 (44.2) 404 (44.6) 0.54
Calcified lesion 123 (13.7) 119 (13.2) 101 (11.1) 0.23
Bifurcation lesion 89 (9.9) 80 (8.9) 78 (8.6) 0.60
Thrombotic lesion 207 (23.0) 227 (25.1) 221 (24.4) 0.57
Transradial approach 418 (46.4) 424 (47.0) 427 (47.1) 0.95
Number of lesions treated per patient 1.3+0.6 1.4+0.7 1.3+0.6 0.47
Multi-lesion intervention 238 (26.4) 239 (26.4) 229 (25.2) 0.80
Multivessel intervention 180 (20.0) 189 (20.9) 175 (19.3) 0.69



Procedural success
Glycoprotein I1b/l1la inhibitors
Use of intravascular ultrasound
Number of stents used

Stent length per lesion, mm

Stent diameter per lesion, mm

855 (95.1)
47 (5.2)
204 (22.7)
1.4+0.8
23.9+6.5

3.00 (2.75-3.50)

858 (95.0)
49 (5.4)
222 (24.6)
1.4+0.8
25.1+7.6

3.00 (2.75-3.50)

866 (95.6)
47 (5.2)
216 (23.8)
1.4+0.7
25.0+7.1

3.00 (2.75-3.50)

0.83

0.98

0.64

0.27

<0.01

0.19

Data are n (%), meanzstandard deviation, or median (interquartile range).

BES: biolimus A9-eluting stent; DAPT: dual antiplatelet therapy; EES: everolimus-eluting stent; ZES: zotarolimus-eluting stent




Supplementary Table 3. Outcomes at 18 months (per-protocol analysis).

BP-BES DP-EES DP-ZES

BP-BES vs DP-EES

BP-BES vs DP-ZES

p-value p-value
n=800 n=870 n=863 HR (95% CI) HR (95% CI)
Primary endpoint 21(2.6) 17(2.0) 17 (2.0 1.35 (0.71-2.56) 0.36 1.35 (0.71-2.56) 0.36
Cardiac death 16 (2.0) 10(1.1) 11 (1.3) 1.75 (0.79-3.85) 0.17 1.59 (0.74-3.42) 0.24
All-cause death 28 (3.5) 19(2.2) 19(2.2) 1.61 (0.90-2.88) 0.11 1.61 (0.90-2.88) 0.11
Myocardial infarction 11(1.4) 11(1.3) 10(1.2) 1.10 (0.48-2.53) 0.83 1.20 (0.51-2.83) 0.67
Stent thrombosis 9(1.1) 8(0.9) 6(0.7) 1.23 (0.48-3.19) 0.67 1.64 (0.58-4.60) 0.35
Target lesion revascularisation 11(14) 16(1.8) 15(1.7) 0.76 (0.35-1.63) 0.47 0.81 (0.37-1.76) 0.59
Target lesion failure 30 (3.8) 30(3.4) 28(3.2) 1.10 (0.66-1.83) 0.71 1.18 (0.70-1.97) 0.54

Values are expressed as n (%).

The primary endpoint was defined as a composite of cardiac death, myocardial infarction, and stent thrombosis.
Target lesion failure was defined as a composite of cardiac death, myocardial infarction, and target lesion revascularisation.

BP-BES: biodegradable polymer biolimus-eluting stent; Cl: confidence interval, DAPT: dual antiplatelet therapy; DP-EES: durable
polymer everolimus-eluting stent; DP-ZES: durable polymer zotarolimus-eluting stent; HR: hazard ratio




Supplementary Table 4. Clinical outcomes at 18 months according to duration of dual antiplatelet therapy.

BP-BES BP-BES
BP-BES DP-EES DP-ZES p- p-
In patients treated with 6-month DAPT vs DP-EES vs DP-ZES
value value
n=444 n=458 n=455 HR (95% CI) HR (95% CI)
Primary endpoint 11(2.5) 13(2.8) 11(2.4) 0.88 (0.40-1.97) 0.76  0.94(0.38-2.30) 0.88
Cardiac death 8 (1.8) 5(1.1) 5(1.1) 1.66 (0.54-5.07) 0.38  1.66(0.54-5.08) 0.37
All-cause death 16 (3.6) 9(2.0)0 10(2.2 1.85 (0.82-4.18) 0.14 1.66(0.75-3.66) 0.21
Myocardial infarction 6(14) 11(24) 7(1.5) 0.57 (0.21-1.54) 0.27  0.89(0.30-2.64) 0.83
Stent thrombosis 4 (0.9) 6 (1.3) 5(1.1) 0.70 (0.20-2.46) 0.57 0.83(0.22-3.09) 0.78
Target lesion revascularisation 5(1.1) 12(26) 6(.3) 0.43 (0.15-1.23) 0.12 0.87(0.27-2.85) 0.82
Target lesion failure 15(34) 21(46) 13(2.9) 0.75 (0.39-1.45) 0.39 1.21(0.58-2.55) 0.61
BP-BES BP-BES
In patients treated with 12-month BP-BES DP-EES DP-ZES p- p-
vs DP-EES vs DP-ZES
DAPT value value
n=457 n=446 n=452 HR (95% CI) HR (95% CI)
Primary endpoint 12(26) 5(1.1) 8 (1.8) 2.35(0.83-6.68) 0.11  1.50(0.61-3.67) 0.38



Cardiac death 10(22) 5(1.1)  9(2.0) 1.96 (0.67-5.73) 0.22

All-cause death 17(3.7) 1022 12(2.7) 1.66 (0.76-3.64) 0.20
Myocardial infarction 6 (1.3) 1(0.2) 3(0.7) 5.87 (0.71-48.77) 0.10
Stent thrombosis 5(11) 3(0.7) 2(04) 1.63 (0.39-6.83) 0.50
Target lesion revascularisation 6 (1.3) 5(1.1) 9 (2.0) 1.18 (0.36-3.86) 0.77
Target lesion failure 18(3.9) 10(2.2) 18(4.0) 1.77 (0.82-3.84) 0.15

1.11 (0.45-2.72)
1.41 (0.67-2.96)
2.00 (0.50-7.99)
2.49 (0.48-12.93)
0.67 (0.24-1.88)

1.00 (0.52-1.92)

0.83

0.36

0.33

0.28

0.44

0.99

Values are expressed as n (%).

The primary endpoint was defined as a composite of cardiac death, myocardial infarction, and stent thrombosis.

Target lesion failure was defined as a composite of cardiac death, myocardial infarction, and target lesion revascularisation.
BP-BES: biodegradable polymer biolimus-eluting stent; ClI: confidence interval, DAPT: dual antiplatelet therapy; DP-EES: durable polymer

everolimus-eluting stent; DP-ZES: durable polymer zotarolimus-eluting stent; HR: hazard ratio




Supplementary Table 5. Treatment effect of duration of dual antiplatelet therapy in each stent.

Primary endpoint 6-month DAPT 12-month or longer DAPT HR (95% CI) p-value
BP-BES 11/444 (2.5) 12/457 (2.6) 0.95 (0.42-2.15) 0.90
DP-EES 13/458 (2.8) 5/446 (1.1) 2.54 (0.91-7.12) 0.08
DP-ZES 11/455 (2.4) 8/452 (1.8) 1.37 (0.55-3.42) 0.49

Target lesion failure 6-month DAPT 12-month or longer DAPT HR (95% CI) p-value
BP-BES 15/444 (3.4) 18/457 (3.9) 0.86 (0.44-1.71) 0.67
DP-EES 21/457 (4.6) 10/446 (2.2) 2.06 (0.97-4.38) 0.06
DP-ZES 13/455 (2.9) 18/452 (4.0) 0.72 (0.35-1.47) 0.37

Values are expressed as n (%).
The primary endpoint was defined as a composite of cardiac death, myocardial infarction, and stent thrombosis.
Target lesion failure was defined as a composite of cardiac death, myocardial infarction, and target lesion revascularisation.

BP-BES: biodegradable polymer biolimus-eluting stent; ClI: confidence interval, DAPT: dual antiplatelet therapy; DP-EES: durable
polymer everolimus-eluting stent; DP-ZES: durable polymer zotarolimus-eluting stent; HR: hazard ratio




