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Abstract
Aims: There are few randomised studies concerning the optimal duration of dual antiplatelet therapy 
(DAPT) for patients who receive a second-generation drug-eluting stent (DES). This trial aimed to inves-
tigate the safety of six-month compared with 12-month DAPT maintenance after second-generation DES 
implantation.

Methods and results: A prospective, randomised, multicentre trial was performed at 10 medical centres. 
The 1,368 patients included in the study received a biolimus-eluting stent (BES) or a zotarolimus-eluting 
stent (ZES). The primary outcome measured was the composite of major adverse cardiac events (MACE), 
including cardiac death, myocardial infarction (MI), or ischaemia-driven target lesion revascularisation at 
the 12-month follow-up. The secondary outcome was the percentage of uncovered struts at six months in 
60 patients (30 ZES, 30 BES) using optical coherence tomography (OCT) assessment. Each patient was 
randomly assigned to six-month (n=684) or 12-month DAPT (n=684). Major adverse cardiac events at 
12 months occurred in eight patients (1.2%) in the six-month DAPT group and in four patients (0.6%) in the 
12-month DAPT group (risk difference 0.6%; 95% confidence interval [CI]: -0.4–1.6%; p=0.24). The upper 
95% CI limit was lower than the pre-specified limit of 4% non-inferiority (p for non-inferiority <0.05). The 
percentage of uncovered struts was 3.16±4.30% at six months in 60 stents of 60 patients.

Conclusions: After second-generation DES implantation, six-month DAPT was not inferior to 12-month 
DAPT in terms of MACE occurrence over the 12-month follow-up period. OCT examination revealed 
favourable stent strut coverage at six months after stent implantation. The current trial is registered under 
ClinicalTrials.gov Identifier: NCT03056118.
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Abbreviations
BES biolimus-eluting stent
DAPT dual antiplatelet therapy
DES drug-eluting stent(s)
MACE major adverse cardiac events
OCT optical coherence tomography
MI myocardial infarction
TLR target lesion revascularisation
TVR target vessel revascularisation
ZES zotarolimus-eluting stent

Introduction
Stent thrombosis after drug-eluting stent (DES) implantation is 
strongly associated with early discontinuation of dual antiplatelet 
therapy (DAPT)1. The risks associated with first-generation DES 
use have been revealed in previous studies. For example, there is 
a higher incidence of late stent thrombosis, compared with bare 
metal stent (BMS) use, which is related to impaired or delayed re-
endothelialisation2. Prolonged DAPT (i.e., ≥12 months) has been 
recommended to prevent late or very late stent thrombosis in first-
generation DES patients3.

Vascular imaging studies have revealed that the use of second-
generation DES results in improved stent healing and better safety 
and efficacy, compared with the use of first-generation DES4,5. 
Clinical trial results indicate that there are no significant differences 
in clinical outcome in populations after implantation of second-gen-
eration DES6-8. Based on these results, current practice guidelines 
recommend a six-month DAPT duration after second-generation 
DES implantation for patients with stable coronary artery disease.

However, clinical studies are needed to determine whether these differ-
ences increase stent safety and efficacy and whether a ≤12-month DAPT 
duration, after implantation of BES or ZES, is safe for the patient. The 
objective of the OPTIMA-C trial (OPTIMAl Duration of Clopidogrel 
after Implantation of Second-generation Drug-eluting Stents) was to 
investigate the safety of six-month compared with 12-month DAPT 
maintenance after second-generation DES implantation. 

Editorial, see page 1864

Methods
STUDY DESIGN
The OPTIMA-C trial was an investigator-initiated, prospec-
tive, open-label, randomised, multicentre study with a BES 
(BioMatrix™; Biosensors International Limited, Singapore) or 
ZES (Resolute Integrity™; Medtronic, Minneapolis, MN, USA) 
for treatment of native coronary lesions. The trial was performed 
at 10 medical centres in South Korea (Supplementary Appendix 1). 
Our hypothesis was that six-month DAPT would not be inferior 
to 12-month DAPT in patients who underwent second-generation 
DES implantation. Study coordination, data management, and 
site management services were performed at the Cardiovascular 
Research Center, Seoul, South Korea. At regular intervals, the 
adverse clinical event data were independently reviewed for accu-
racy and completeness by a clinical events committee.

STUDY POPULATION
Patients were eligible for enrolment if implantation of a second-
generation DES for native coronary lesion (lesion length ≤28 mm, 
stent length ≤30 mm) treatment was indicated based on angio-
graphy results. The inclusion criteria were: patient age ≥20 years, 
eligible for percutaneous coronary intervention (PCI), implanta-
tion with at least one BES or ZES. The excluded clinical con-
ditions were acute ST-elevation myocardial infarction (MI) and 
treatment of the left main artery, true bifurcation lesions requiring 
two stents, and target lesions with chronic total occlusion. Detailed 
inclusion and exclusion criteria are presented in Supplementary 
Appendix 2. The study protocol was reviewed and approved by 
the ethics committees at each clinical site before initiation of the 
study. Written informed consent was obtained from each patient 
before inclusion in the study population.

RANDOMISATION AND STUDY PROCEDURES
A concealed interactive web-based system was used to assign 
randomly (1:1 scheme) each study participant to receive six- or 
12-month DAPT immediately after a diagnostic angiogram was 
performed. Either BES or ZES was randomly assigned to minimise 
bias from different stent devices with a 1:1 ratio. Stratification was 
based on enrolment site and presence of diabetes mellitus.

PCI was performed using standard angiographic or intravas-
cular imaging guidance protocols. Aspirin (100 mg daily dose, 
indefinitely) and clopidogrel (75 mg daily dose, >6 months) were 
prescribed to all patients following stent implantation.

Optical coherence tomography (OCT) assessment was per-
formed at six months after stent implantation in 60 patients (30 
BES and 30 ZES) who agreed to participate in an OCT substudy. 
Target lesion imaging was performed using a frequency-domain 
OCT system (C7-XR OCT imaging system; LightLab Imaging, 
Inc./St. Jude Medical, St. Paul, MN, USA). All OCT images were 
analysed at the core laboratory (Cardiovascular Research Center, 
Seoul, South Korea) by analysts who were blinded to patient 
and procedural information. The measurements were performed 
following previously proposed definitions9,10. The patients who 
agreed to the follow-up procedure underwent follow-up coronary 
angiography at 12 months post implantation.

STUDY ENDPOINTS AND FOLLOW-UP
The primary endpoint was a composite of major adverse cardio-
vascular events (MACE; cardiac death, target vessel-related 
MI, ischaemia-driven target lesion revascularisation [TLR] at 
12 months). Academic Research Consortium guidelines were used 
to define the clinical events11. The secondary endpoints were the 
percentage of uncovered stent struts at six months post implan-
tation in a specified group of 60 patients and late luminal loss 
in the patients who underwent follow-up coronary angiography. 
Ischaemia-driven TLR was defined as a repeat PCI or bypass sur-
gery of the target lesions11. DAPT score was previously validated, 
and it was applied to assess the risk of ischaemia and bleeding for 
each patient12.
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Six-month compared with 12-month DAPT

Follow-up clinical assessment was performed at 1, 3, 6, and 
12 months at an outpatient clinic visit or by telephone call.

STATISTICAL ANALYSIS
The primary analysis was a non-inferiority comparison of six- and 
12-month DAPT for the primary MACE endpoint. We assumed 
that the 12-month incidence of the primary endpoint, including 
cardiac death, target vessel-related MI, or ischaemia-driven TLR 
using 12-month DAPT after the procedure, would be 7% with 
a similar efficacy profile of both stents13,14. A non-inferiority mar-
gin of 4% was chosen based on previous study results, clinically 
acceptable relevance, and the feasibility of study recruitment15. We 
estimated that, with a total of 1,278 patients (639 per group), the 
study power to reveal non-inferiority would be 80%, with a one-
sided type I error rate of 0.025. We used an estimated dropout rate 
of 5%, which resulted in 673 patients needed for each arm.

The primary analysis was performed using intention-to-treat 
analysis. The analysis examined whether six-month DAPT was 
inferior to 12-month DAPT, with respect to the first occurrence of 
the primary endpoint. Kaplan-Meier survival curves for cumula-
tive incidence of MACE at 12 months were constructed and were 
compared using log-rank tests. Landmark analysis was performed 
using a clopidogrel discontinuation landmark of six months among 
the patients who were event-free at six months16.

The results for analysis of categorical variables were reported as 
numbers and percentages, which were compared using the χ² test 
or Fisher’s exact test. Results for analysis of continuous vari-
ables were reported as mean±standard deviation (SD) or median 
(interquartile range [IQR]) values, and were compared using the 
Student’s t-test or the Mann-Whitney test. A p-value <0.05 was 
considered to indicate a statistically significant result.

Results
Between April 2011 and May 2014, each of the 1,368 patients 
was randomly assigned to six-month (684 patients) or 12-month 
(684 patients) DAPT after stent implantation. Figure 1 presents 
the flow diagram of the study design. One patient in the six-month 
group withdrew consent immediately after stent implantation and 
was not included in the final analysis. Seventy-three patients in 
the six-month DAPT group continued DAPT for more than six 
months; one patient in the 12-month group stopped DAPT before 
12 months. The results for the baseline characteristics were not 
significantly different between patients crossing over to the other 
assigned strategy and those following the assigned strategy.

BASELINE CLINICAL CHARACTERISTICS
The baseline clinical characteristics were well matched in both 
groups, but the mean age of the patients who received six-month 
DAPT was less than that of those who received 12-month DAPT 
(62.8±10.8 versus 64.4±10.3 years, respectively) (Table 1). The 
angiographic and procedural characteristics were similar between 
the two groups, except for lesion and stent length. Mean lesion and 
stent lengths were longer in the six-month DAPT group compared 

73 received clopidogrel >6 months
1 received clopidogrel <6 months

10 lost to follow-up

684 included in primary analysis683 included in primary analysis

1 received clopidogrel <12 months
18 lost to follow-up

19,498 patients with significant coronary artery disease
during study period

18,130 excluded*

1,368 patients enrolled and randomised
2.5-4.0 mm in diameter, 28 mm in length

(N=1,368)

684 randomised to receive 6-month
dual antiplatelet therapy

684 randomised to receive 12-month
dual antiplatelet therapy

1 voluntary withdrawal
of consent

Figure 1. Study design flow chart. All patients were included in the 
primary “time-to-event” analysis for the duration of their follow-up, 
including the patients who were lost to follow-up. *Specific reasons 
for ineligibility were not recorded.

Table 1. Baseline clinical characteristics.

Dual antiplatelet therapy
p-value6-month 

(N=683)
12-month 
(N=684)

Age, years 62.8±10.8 64.4±10.3 <0.01

Male gender, n (%) 478 (70.0) 464 (67.8) 0.39

Hypertension, n (%) 426 (62.4) 437 (63.9) 0.56

Diabetes mellitus, n (%) 199 (29.1) 203 (29.7) 0.83

Insulin-requiring diabetes, n (%) 14 (2.0) 15 (2.2) 0.85

Dyslipidaemia, n (%) 204 (29.9) 195 (28.5) 0.58

Current smoker, n (%) 184 (26.9) 184 (26.9) 0.99

Prior myocardial infarction, n (%) 18 (2.6) 25 (3.7) 0.28

Prior PCI, n (%) 59 (8.6) 71 (10.4) 0.27

Congestive heart failure, n (%) 12 (1.8) 19 (2.8) 0.21

Left ventricular ejection fraction 63.0±9.4 62.9±9.4 0.90

Clinical presentation

Stable angina, n (%) 339 (49.6) 336 (49.1)

0.93Unstable angina, n (%) 254 (37.2) 253 (37.0)

Non-ST-elevation myocardial 
infarction, n (%) 90 (13.2) 95 (13.9)

DAPT score 1.17±0.05 1.23±0.05 0.85

DAPT score, n (%)

≥ 2 117 (17.1) 136 (19.9)
0.19

< 2 566 (82.9) 548 (80.1)

DAPT: dual antiplatelet therapy; PCI: percutaneous coronary intervention

to the 12-month DAPT group (17.4±4.9 vs. 16.5±4.8 mm, respec-
tively, for lesion length; 21.0±4.9 versus 20.1±4.8 mm, respec-
tively, for stent length) (Table 2). The between-group differences 
for the post-procedural quantitative angiography results were not 
statistically significant (Table 2).
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CLINICAL OUTCOMES
The primary endpoint of MACE at 12 months occurred in eight 
(1.2%) patients from the six-month, and in four (0.6%) patients 
from the 12-month DAPT group (risk difference, 0.6%; 95% con-
fidence interval [CI]: -0.4–1.6%); hazard ratio [HR] 2.02, 95% 
CI: 0.61-6.72; p=0.24). After adjusting for age and lesion length, 
the MACE rate was not significantly different (HR 2.60, 95% 
CI: 0.69-9.84) (Figure 2, Supplementary Table 1). For each end-
point, the total numbers for incidence of all-cause death and car-
diac death were two (0.3%) and one (0.2%), respectively, for the 
six-month group, and three (0.4%) and two (0.3%), respectively, 
for the 12-month group. Target lesion-related MI occurred in only 
two patients (0.3%) in the six-month group. Ischaemia-driven 

Table 2. Angiographic and procedural characteristics.

Dual antiplatelet therapy
p-value6-month 

(N=683)
12-month 
(N=684)

No. of diseased vessels

One, n (%) 453 (66.3) 430 (62.9)

0.40Two, n (%) 160 (23.4) 174 (25.4)

Three, n (%) 70 (10.2) 80 (11.7)

No. of treated lesions per patient 1.2±0.6 1.2±0.4 0.44

Treated vessel

Left anterior descending artery, n (%) 394 (57.7) 353 (51.6)

0.054Left circumflex artery, n (%) 134 (19.6) 165 (24.1)

Right coronary artery, n (%) 155 (22.7) 166 (24.3)

Baseline quantitative coronary angiographic data

Reference vessel diameter, mm 3.01±0.47 3.03±0.48 0.35

Minimum lumen diameter, mm 0.89±0.46 0.92±0.48 0.17

Diameter stenosis, % 70.5±15.7 69.8±15.3 0.43

Lesion length, mm 17.4±4.9 16.5±4.8 <0.01

Stent type

Biolimus-eluting stent, n (%) 340 (49.8) 341 (49.9)
0.98

Zotarolimus-eluting stent, n (%) 343 (50.2) 343 (50.1)

Stent diameter, mm 3.13±0.41 3.17±0.46 0.13

Stent length, mm 21.0±4.9 20.1±4.8 <0.01

Adjunct post-dilatation

Final balloon size, mm 3.27±2.11 3.08±0.45 0.19

Maximal inflation pressure, atm 15.3±3.9 15.2±4.3 0.95

Post-procedural quantitative coronary angiographic data

Reference vessel diameter, mm 3.10±0.45 3.13±0.47 0.15

Minimum lumen diameter, mm 3.02±0.44 3.04±0.47 0.34

Diameter stenosis, % 3.27±4.11 3.52±4.63 0.28

12 months after procedure, quantitative 
coronary angiographic data (N=786)

N=390 N=396 p-value

Reference vessel diameter, mm 3.05±0.45 3.04±0.48 0.75

Minimum lumen diameter, mm 2.91±0.52 2.91±0.59 0.96

Late loss, mm 0.08±0.69 0.10±0.77 0.71

Diameter stenosis, % 4.33±10.60 4.24±13.06 0.91

TLR was required in six patients (0.9%) in the six-month group 
and two patients (0.3%) in the 12-month group (HR 3.03, 95% CI: 
0.61-15.03; p=0.32). A six-month landmark analysis revealed no 
significant difference of MACE incidence between the six-month 
and 12-month groups (Figure 2, Supplementary Table 2). The per-
protocol analysis outcomes were similar to the outcomes revealed 
by the intention-to-treat analysis (Supplementary Table 3, 
Supplementary Figure 1). In sensitivity analysis according to type 
of stent, the primary endpoint was not different between the two 
stents (Supplementary Table 4, Supplementary Table 5).

FOLLOW-UP ASSESSMENT OF CORONARY ANGIOGRAPHY 
AND OCT
Approximately 60% of patients underwent follow-up coronary 
angiography by the end of the 12 months. The difference in late 
lumen loss was not statistically significant (Table 2).

OCT examination of 60 stents in 60 patients revealed an accept-
able uncovered strut and malapposition rate at six months (% uncov-
ered struts, 3.16±4.30%; % malapposed struts, 0.66±1.80%). 
Forty-eight (80.0%) of 60 stents had <5.9% uncovered stent struts. 
There were no significant differences in OCT parameters, includ-
ing uncovered strut rate and malapposition rate, between the BES 
and ZES groups (Figure 3, Supplementary Table 6).

Discussion
The results of this randomised trial revealed that, after second-
generation DES implantation, the use of six-month DAPT did 
not significantly increase MACE, including cardiac death, MI, or 
ischaemia-driven TLR, compared with 12-month DAPT. The OCT 
findings indicated acceptable stent strut coverage at six months; 
this result supported the safety of six-month DAPT. However, the 
overall event rate was 11/1,367 (0.8%), which was much lower 
than expected; this result should be interpreted cautiously. Based 
on this result, the use of a current-generation DES can be expected 
to result in a favourable clinical outcome when the stent is appro-
priately implanted in a lesion ≤28 mm and the duration of DAPT 
is adequate.

DAPT (including aspirin and the use of a P2Y12 receptor antago-
nist) is an important strategy to prevent stent thrombosis that can 
occur after PCI with stent implantation1. The recommendations 
for DAPT duration vary according to stent type3. The recommen-
dation for duration after first-generation DES implantation was 
initially three to six months of DAPT, based on the drug elution 
period. However, a high incidence of late stent thrombosis, if DAPT 
was discontinued within 12 months, was consistently revealed by 
clinical studies in first-generation DES1. Recent studies of second-
generation DES have revealed very low rates of stent-related cardio-
vascular events, irrespective of DAPT duration. However, most of 
the studies did not have sufficient sample size to assess the clinical 
outcomes6-8,15. A meta-analysis was performed to evaluate the opti-
mal DAPT duration after implantation of current-generation DES. 
The results indicated that a shorter DAPT duration (≤6 months) 
was similar in safety to a longer DAPT duration (12 months)17. 
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Figure 2. Kaplan-Meier curves for the primary and secondary endpoints by intention to treat. A) Primary endpoint of cardiac death, target 
lesion-related myocardial infarction (MI), and target lesion revascularisation. B) Six-month landmark analysis for primary endpoint. 
C) A composite of death or MI. D) Major adverse cardiac and cerebral events (MACCE: a composite of death, MI, stroke, or any 
revascularisation). E) Safety endpoint (a composite of death, myocardial infarction, stroke, stent thrombosis, or TIMI major bleeding). 
CI: confidence interval; HR: hazard ratio

Figure 3. Representative post-intervention and six-month follow-up optical coherence tomography images. A) Post-intervention and  
B) six-month follow-up. At six months, favourable strut coverage was observed in biolimus-eluting stents and zotarolimus-eluting stents.
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Updated PCI guidelines suggest that six-month DAPT can be rec-
ommended for patients with stable angina and for patients with 
a high bleeding risk3. However, more evidence is needed to confirm 
the safety of shorter duration (<6 months) DAPT after PCI using the 
improved profile current-generation DES.

Different types of second-generation DES have been used in 
previous randomised trials investigating optimal DAPT dura-
tion6-8. The everolimus-eluting stent (EES) was used in most of 
the studies, and in various clinical situations. However, only lim-
ited results for zotarolimus-eluting and biolimus-eluting stents and 
DAPT duration have been published. The RESOLUTE all-com-
ers trial compared a ZES (Resolute™; Medtronic) and an EES 
(XIENCE®; Abbott Vascular, Santa Clara, CA, USA); the values 
for the incidence of target lesion failure at 12 months were simi-
lar (ZES, 8.2%; EES, 8.3%)14. The LEADERS study was an “all-
comers” randomised trial in which the patients were randomly 
assigned to a BES (BioMatrix™) or a first-generation sirolimus-
eluting stent (SES) (CYPHER Select®; Cordis, Cardinal Health, 
Milpitas, CA, USA) group. The results indicated a trend in lower 
MACE rates at 12 and 24 months (10.7% and 13.0%, respec-
tively) for the BES group, compared with the SES group (12.1% 
and 15.4%, respectively). BES performance, in terms of strut cov-
erage, was also better: the BES group patients had fewer lesions 
with at least 5% uncovered struts (3.6% versus 39.4% for the BES 
versus the SES group, respectively, p=0.005)13. Another study 
revealed similar efficacy and safety outcomes for BES compared 
to EES (BES, 5.2%; EES, 4.8%)18.

Similar studies that compared short (≤6 months) and long 
(>12 months) duration DAPT have been published. However, 
our study is unique because we included BES and ZES, as well 
as OCT examination, at six months to assess stent healing status 
in the same setting. Recent randomised trials did not reveal any 
significant differences in the values for the incidence of ischaemic 
events, but did find an increased bleeding risk for extended dura-
tion DAPT (12-24 months) compared with short duration DAPT 
(three to six months)15,19. The event rates for our treatment groups 
were 0.6% and 1.2% in the 12-month and six-month groups, 
respectively, even after ischaemia-driven TLR was included as 
a component of MACE. Similarly, recent randomised clinical tri-
als have revealed lower event rates than those assumed by the 
investigators at the study design stage6,7. One explanation for these 
results is that advanced stent technology with optical stent implan-
tation contributes to an improved vascular healing process that is 
associated with favourable clinical outcomes.

An extended DAPT strategy (>12 months) is still appropriate 
in patients with a high risk of stent thrombosis and non-stented 
events, even with the current second-generation DES20. The opti-
mal DAPT duration after second-generation DES implantation 
remains uncertain, and stratification by the ischaemia and bleed-
ing risks may be a more valid approach12.

We included a unique OCT substudy in our investigation. 
It revealed a favourable stent healing pattern (i.e., approximately 
3% uncovered struts). A previous OCT registry study result 

indicated that a <5.9% uncovered strut rate is associated with the 
prevention of stent-related cardiovascular events21. Based on this 
result, the OCT finding in our study may provide an explanation to 
support the lower clinical event rate and the safety of short dura-
tion (≤6 months) DAPT to reduce the risk of stent thrombosis. The 
difference in late loss between six- and 12-month DAPT among 
the patients who agreed to follow-up coronary angiography was 
not statistically significant.

Limitations
There were some limitations to this study. First, the overall event 
rate was 0.8%, which was much lower than our expected rate of 
7%. Although the difference was within the non-inferiority margin 
and the follow-up rate was acceptable based on study design, our 
study was underpowered for the possibility of showing no statisti-
cal difference according to DAPT duration due to the low MACE 
rate. The non-inferiority margin of 4.0% was a wide margin, con-
sidering the real events rate obtained in our study. Second, this 
study was open-label, and TLR was included as a primary end-
point. Third, randomisation was performed at the time of coro-
nary angiography, and not at six months. MACE occurring in 
the first six months during continuation of DAPT would induce 
bias in the final results. Additionally, 10.7% of patients in the six-
month DAPT group continued treatment for more than six months. 
Fourth, potent antiplatelet agents such as ticagrelor or prasugrel 
were not used in this study. Fifth, in this study complex lesions 
including left main, bifurcation, chronic total occlusion and long 
lesions were excluded, and the findings of the current study cannot 
be applied to these categories of lesion. Finally, an OCT substudy 
was performed in selected patients who agreed to a six-month 
coronary angiography and OCT examination. Extrapolation of 
these findings should be done with caution due to possible selec-
tion bias effects.

Conclusions
When used after second-generation DES implantation, six-month 
DAPT was not inferior to 12-month DAPT in terms of MACE 
occurrence during the 12-month follow-up period. OCT examina-
tion revealed favourable stent strut coverage at six months after 
stent implantation. However, the results of this study should be 
confirmed by large-scale studies.

Impact on daily practice
Based on the current study, six-month DAPT can be a reason-
able strategy in patients with low ischaemia risk following sec-
ond-generation DES implantation. OCT findings can be used 
to provide evidence of favourable stent healing at six months. 
However, further research is needed to clarify the clinical and 
procedural benefits to patients who receive short-term DAPT. 
The optimal DAPT duration should be defined to balance the 
ischaemia and bleeding risks after second-generation DES 
implantation.
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Supplementary Appendix 1. List of participating centres and investigators. 

 

Institution Investigators 

Gangnam Severance Hospital, Seoul Hyuck Moon Kwon, Byoung-Kwon Lee, 

Bum-Kee Hong, Young-Won Yoon, Pil-Ki 

Min 

Severance Cardiovascular Hospital, Seoul Yangsoo Jang, Myeong-Ki Hong, Byeong-

Keuk Kim, Jung-Sun Kim, Seunghwan Kim 

Dankook University College of Medicine, 

Cheonan 

Myung-Yong Lee, Tae-Soo Kang, Seong-

Hoon Lim 

Sanggye Paik Hospital, Inje University, 

Seoul 

Byung Ok Kim, Young Sup Byun 

Myongji Hospital, Goyang Duk-Kyu Cho, Yoon-Hyeong Cho 

National Health Insurance Service (NHIS) 

Ilsan Hospital, Ilsan 

Dong Woon Jeon, Seung-Jin Oh 

Inha University Hospital, Incheon Sung Woo Kwon, Keum-Soo Park, Sung-Ill 

Woo 

Kangnam Sacred Heart Hospital, Hallym 

University Medical Center, Seoul 

Seonghoon Choi, Jung-Rae Cho 

Kangwon National University, Chuncheon Yong Hoon Kim, Ae-Young Her 

Gil Hospital, Gachon University, Incheon Tae-Hoon Ahn, Seung-Hwan Han, Woong-

Chol Kang  

 



 

Supplementary Appendix 2. Inclusion and exclusion criteria. 

Consecutive patients presenting at participating centres will be evaluated for entry into the 

study. All consecutive patients with coronary artery stenosis >50% by visual estimation will 

be screened for enrolment in this study and, if PCI is planned, should be invited to participate 

in the study. A member of each research team should review the patients’ medical history for 

eligibility. If all eligibility criteria are met and written informed consent is provided, the 

patient may be enrolled in the study. In all cases, the final decision regarding eligibility for 

randomisation in the trial of all target vessels, including treatability with Resolute Integrity or 

BioMatrix stents will be the responsibility of the interventional investigator based upon 

clinical factors and review of the initial angiogram. Patients will be enrolled into this study 

only after informed consent has been obtained.  

 

General inclusion criteria  

1. Subject must be at least 20 years of age. 

2. Subject must have evidence of myocardial ischaemia (e.g., stable angina, non-ST-

elevation acute coronary syndrome, silent ischaemia, positive functional study or 

reversible changes in the electrocardiogram [ECG] consistent with ischaemia). 

3. Subject is able to confirm verbally understanding of the risks, benefits and 

treatment alternatives of receiving the Resolute Integrity or BioMatrix stent and 

he/she or his/her legally authorised representative provides written informed 

consent prior to any study-related procedure. 

 

  Angiographic inclusion criteria  



1. Significant coronary artery stenosis (>50% by visual estimate) amenable for 

coronary revascularisation with a single stent (diameter of 2.75-4.0 mm and length 

of ≤30 mm). 

2. De novo stenotic lesion located in a native coronary artery with visually estimated 

reference artery diameter of 2.5-4.0 mm and lesion length of ≤28 mm. 

 

  Inclusion criteria of OCT substudy 

1. Fulfilling all criteria of original study. 

2. Patients with stable or unstable angina. 

3. Lesions requiring single stent per patient. 

4. Lesion length <24 mm. 

 

Patients for the OCT substudy will be randomly assigned to each group (15 patients) 

according to the stent diameter and length. 

 

  General exclusion criteria  

1. Acute ST-elevation myocardial infarction. 

2. The patient has a known hypersensitivity or contraindication to any of the following 

medications:  

 Heparin 

 Aspirin 

 Clopidogrel  

 Zotarolimus 

 Biolimus 

 Contrast media* 



*Patients with documented sensitivity to contrast media which can be effectively 

pre-medicated with steroids and diphenhydramine (e.g., rash) may be enrolled. 

Those with true anaphylaxis to prior contrast media, however, should not be 

enrolled. 

3. Clinical conditions requiring systemic immune suppression over two weeks or anti-

cancer therapy. 

4. Prior history of the following presentations: 

 Thromboembolic disease 

 Stent thrombosis 

5. Pregnant women or women with childbearing potential, unless a recent pregnancy 

test is negative, who possibly plan to become pregnant at any time after 

enrolment into this study. 

6. History of bleeding diathesis or known coagulopathy (including heparin-induced 

thrombocytopaenia), or will refuse blood transfusions. 

7. Gastrointestinal or genitourinary bleeding within the prior three months, or major 

surgery within two months. 

8. Current known current platelet count <100,000 cells/mm3 or Hgb <10 g/dL. 

9. Non-cardiac comorbid conditions are present with life expectancy <1 year or that 

may result in protocol non-compliance (per site investigator’s medical 

judgement. 

10. Patients with LVEF <35%. 

11. Patients with cardiogenic shock. 

12. Creatinine level >2.4 mg/dL. 

13. Severe hepatic dysfunction (AST and/or ALT ≥3 times upper normal reference 

values). 



 

  Angiographic exclusion criteria  

1. Left main disease requiring PCI. 

2. True bifurcation lesions requiring two stents. 

3. Target lesions with chronic total occlusion. 

4. Presence of previously implanted DES within one year. 

5. Target lesion with in-stent restenosis at the stented segment of DES or BMS.  

 

  



 

Supplementary Table 1. Clinical outcomes at 12 months. 

 Dual antiplatelet 
therapy 

Hazard ratio 
(95% CI) 

p-value by 
log-rank 
test  

6-month 

(N=683) 

12-
month 

(N=684) 

Primary endpoint     

Major adverse cardiac events  8 (1.2) 4 (0.6) 2.02 (0.61-6.72) 0.24 

Major adverse cardiac eventsa   2.60 (0.69-9.87)  

Secondary endpoint      

Death from any cause 2 (0.3) 3 (0.4) 0.67 (0.11-4.02) 0.66 

Cardiac death 1 (0.2) 2 (0.3) 0.50 (0.05-5.55) 0.57 

Target lesion-related MI 1 (0.2) 1 (0.1) 1.01 (0.06-
16.08) 1.00 

Ischaemia-driven TLR 6 (0.9) 2 (0.3) 3.03 (0.61-
15.03) 0.15 

Ischaemia-driven TVR 13 (2.0) 5 (0.8) 2.64 (0.94-7.41) 0.06 

Composite of death from any 
cause, target lesion-related MI, 
or ischaemia-driven TVR 

16 (2.4) 8 (1.2) 2.03 (0.87-4.74) 0.10 

Definite or probable stent 
thrombosis     

      Acute 0 (0) 1 (0.1) - 0.32 

      Subacute 0 (0) 0 (0) - - 

      Late 0 (0) 0 (0) - - 

   Stroke 0 (0) 2 (0.3) - 0.16 

   TIMI major bleeding  1 (0.1) 1 (0.1) 1.00 (0.06-
16.02) 

1.00 

Data are shown as number (percentage). 



a Major adverse cardiac events - adjusted for age and lesion length.  

Event rates are cumulative one-year Kaplan-Meier event rates; hazard ratios are derived from 

the Cox proportional hazard regression models. 

MI: myocardial infarction; TIMI: Thrombolysis In Myocardial Infarction; TLR: target lesion 

revascularisation; TVR: target vessel revascularisation  

 

  



 

Supplementary Table 2. Landmark analysis.  

 
Dual antiplatelet 

therapy 
Hazard ratio 

(95% CI) 

p-value 

by log-

rank 

test 
 

6-month 

(N=668) 

12-

month 

(N=675) 

Primary endpoint     

Major adverse cardiac events  8 (1.2) 2 (0.3) 4.05 (0.86-19.09) 0.06 

Secondary endpoint      

Death of any cause 1 (0.2) 1 (0.2) 1.01 (0.06-16.17) 0.99 

Cardiac death 1 (0.2) 0 (0) 
65.99 (0-

635,036,903) 
0.32 

Target lesion-related MI 1 (0.2) 0 (0) 
65.99 (0-

635,036,903) 
0.32 

Ischaemia-driven TLR 6 (0.9) 2 (0.3) 3.04 (0.61-15.04) 0.15 

Ischaemia-driven TVR 13 (2.0) 5 (0.8) 2.64 (0.94-7.41) 0.06 

     

     

      Acute 0 (0) 0 (0) - - 

      Subacute 0 (0) 0 (0) - - 

      Late 0 (0) 0 (0) - - 

   Stroke 0 (0) 2 (0.3) 0.02 (0-1,340) 0.16 

   TIMI major bleeding  0 (0) 0 (0) - - 

Data are shown as number (percentage). 

Event rates are cumulative one-year Kaplan-Meier event rates; hazard ratios are derived from 

the Cox proportional hazard regression models. 

MI: myocardial infarction; TIMI: Thrombolysis In Myocardial Infarction; TLR: target lesion 

revascularisation; TVR: target vessel revascularisation  

 

  



 

Supplementary Table 3. Clinical outcomes at 1 year (per-protocol analysis). 

 Dual antiplatelet therapy 
Hazard ratio 
(95% CI) 

p-value by 
log-rank 
test  

6-month 

(N=611) 

12-month 

(N=756) 

Primary endpoint     

MACE 5 (0.9) 7 (0.9) 0.90 (0.28-2.82) 0.85 

Secondary endpoint     

All-cause death 2 (0.3) 3 (0.4) 0.83 (0.14-4.98) 0.84 

Cardiac death 1 (0.2) 2 (0.3) 0.62 (0.06-6.87) 0.70 

Target lesion-related MI 0 (0) 2 (0.3) - 0.21 

Ischaemia-driven TLR 4 (0.7) 4 (0.5) 1.26 (0.31-5.02) 0.75 

Ischaemia-driven TVR 7 (1.2) 11 (1.5) 0.80 (0.31-2.05) 0.64 

Composite of death of any 
cause, target lesion-related 
MI, or ischaemia-driven 
TVR 

9 (1.5) 15 (2.0) 0.75 (0.33-1.71) 0.49 

Definite or probable stent 
thrombosis     

      Acute 0 1 (0.1) - 0.37 

      Subacute 0 0 - - 

      Late 0 0 - - 

   Stroke 0 2 (0.3) - 0.21 

   TIMI major bleeding  1 (0.2) 1 (0.1) 1.24 (0.08-19.82) 0.88 

Data are shown as number (percentage). 

Event rates are cumulative one-year Kaplan-Meier event rates; hazard ratios are derived from 

the Cox proportional hazard regression models. 

MI: myocardial infarction; TIMI: Thrombolysis In Myocardial Infarction; TLR: target lesion 

revascularisation; TVR: target vessel revascularisation  

 



 

Supplementary Table 4. Clinical outcomes at 1 year in patients treated with a 

zotarolimus-eluting stent (ITT analysis).  

 Dual antiplatelet therapy 
Hazard ratio 
(95% CI) 

p-value by 
log-rank 
test  

6-month 

(N=340) 

12-month 

(N=341) 

Primary endpoint     

MACE 3 (0.9) 2 (0.6) 1.51 (0.25-9.06) 0.65 

Secondary endpoint     

All-cause death 1 (0.3) 1 (0.3) 1.01 (0.06-16.08) 1.00 

Cardiac death 0 (0) 1 (0.3) 
0.02 (0.00-
148,687.19) 

0.32 

Target lesion-related MI 1 (0.3) 1 (0.3) 1.01 (0.06-16.08) 1.00 

Ischaemia-driven TLR 2 (0.6) 1 (0.3) 2.01 (0.18-22.21) 0.56 

Ischaemia-driven TVR 3 (0.9) 3 (0.9) 1.01 (0.20-4.99) 0.99 

Composite of death of any 
cause, target lesion-related 
MI, or ischaemia-driven 
TVR 

5 (1.5) 4 (1.2) 1.26 (0.34-4.70) 0.73 

Definite or probable stent 
thrombosis     

      Acute 0 (0) 1 (0.3) 0.15 (0-
147,783.80) 

0.32 

      Subacute 0 (0) 0 (0)  - 

      Late 0 (0) 0 (0)  - 

   Stroke 0 (0) 1 (0.3) 0.02 (0-
147,783.80) 

0.32 

   TIMI major bleeding  1 (0.3) 0 (0) 
67.87 (0-

633,875,248.2) 
0.32 

Data are shown as number (percentage). 



Event rates are cumulative one-year Kaplan-Meier event rates; hazard ratios are derived from 

the Cox proportional hazard regression models. 

MI: myocardial infarction; TIMI: Thrombolysis In Myocardial Infarction; TLR: target lesion 

revascularisation; TVR: target vessel revascularisation  

  



Supplementary Table 5. Clinical outcomes at 1 year in patients treated with a biolimus-

eluting stent (ITT analysis).  

 Dual antiplatelet therapy 
Hazard ratio 
(95% CI) 

p-value by 
log-rank 
test  

6-month 

(N=343) 

12-month 

(N=343) 

Primary endpoint     

MACE 5 (1.5) 2 (0.6) 2.54 (0.49-13.09) 0.25 

Secondary endpoint     

All-cause death 1 (0.3) 2 (0.6) 0.51 (0.05-5.56) 0.57 

Cardiac death 1 (0.3) 1 (0.3) 1.01 (0.06-16.08) 1.00 

Target lesion-related MI 0 (0) 0 (0) - - 

Ischaemia-driven TLR 4 (1.2) 1 (0.3) 4.07 (0.45-36.38) 0.17 

Ischaemia-driven TVR 10 (3.0) 2 (0.6) 5.12 (1.12-23.38) 0.02 

Composite of death of any 
cause, target lesion-related 
MI, or ischaemia-driven 
TVR 

11 (3.3) 4 (1.2) 2.81 (0.90-8.83) 0.06 

Definite or probable stent 
thrombosis 

    

      Acute 0 (0) 0 (0) - - 

      Subacute 0 (0) 0 (0) - - 

      Late 0 (0) 0 (0) - - 

   Stroke 0 (0) 1 (0.3) 0.16 (0-
149,193.49) 

0.32 

   TIMI major bleeding  0 1 (0.3) 
0.15 (0-
147,346.84) 

0.32 

Data are shown as number (percentage). 

Event rates are cumulative one-year Kaplan-Meier event rates; hazard ratios are derived from 

the Cox proportional hazard regression models. 



MI: myocardial infarction; TIMI: Thrombolysis In Myocardial Infarction; TLR: target lesion 

revascularisation; TVR: target vessel revascularisation  

  



Supplementary Table 6. Optical coherence tomography findings at 6 months after stent 

implantation. 

 
Total 
patients 
(N=60) 

Biolimus-
eluting 
stent 
(N=30) 

Zotarolimus-
eluting stent 

(N=30) 

p- 
value 

Cross-section-level analysis     

Time to follow-up OCT, days 187±19 185±13 189±24 0.45 

 Stent diameter, mm 3.30±0.58 3.18±0.38 3.43±0.71 0.11 

 Stent length, mm 17.7±4.8 17.4±5.0 17.9±4.5 0.64 

 Total no. of cross-sections, n 982 491 491  

 Mean stent CSA, mm2 7.73±1.95 7.57±1.96 7.90±1.96 0.52 

 Mean lumen CSA, mm2 7.31±1.96 7.14±2.00 7.48±1.93 0.50 

 Mean neointimal CSA, mm2 0.45±0.33 0.49±0.34 0.42±0.31 0.42 

 Cross-sections with any 
uncovered strut, % 2.80±3.24 2.57±3.59 3.03±2.90 0.58 

 Cross-sections with a ratio of 
uncovered to total struts >0.3, % 0.28±0.72 0.37±0.89 0.20±0.48 0.37 

 Cross-sections with any 
malapposed strut, % 0.68±1.65 0.93±2.13 0.43±0.94 0.24 

Strut-level analysis     

 Total no. of analysable struts, n 11,145 5,997 5,148  

 Mean neointimal thickness, μm 73.3±67.2 66.8±65.8 79.8±69.1 0.46 

 % of uncovered struts, % 3.16±4.30 3.04±5.39 3.28±2.91 0.83 

 % of malapposed struts, % 0.66±1.80 0.94±2.41 0.37±0.79 0.22 



 Both malapposed and uncovered 
struts, % 0.31±1.02 0.48±1.37 0.13±0.39 0.19 

 Presence of intra-stent thrombi, n 
(%) 0 (0) 0 (0) 0 (0) - 

CSA: cross-sectional area; OCT: optical coherence tomography 

  



 

Supplementary Figure 1. Kaplan-Meier curves for the primary and secondary endpoints by 

per-protocol analysis.  

 

Cumulative incidence curves for each endpoint.  

A) Primary endpoint of cardiac death, target lesion-related myocardial infarction (MI), and 

target lesion revascularisation.  

B) Six-month landmark analysis for primary endpoint.  

C) A composite of death or MI.  

D) Major adverse cardiac and cerebral events (MACCE: a composite of death, MI, stroke, or 

any revascularisation).  

E) Safety endpoint (a composite of death, myocardial infarction, stroke, stent thrombosis, or 

TIMI major bleeding).  

 

 

 


