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Abstract
Aims: The aim of this study was to compare the strut coverage of the XIENCE stent with that of the BuMA 
Supreme sirolimus-eluting cobalt-chromium stent, which has a shorter drug elution, on optical coherence 
tomography (OCT) one or two months after implantation.

Methods and results: The PIONEER-II OCT trial was a multicentre, two-arm randomised trial, which 
comprised two cohorts: cohort-1 underwent an OCT imaging one month after coronary intervention (BuMA: 
16 patients with 18 lesions, XIENCE: 15 patients with 17 lesions), whereas cohort-2 underwent OCT at two 
months (BuMA: 21 patients with 21 lesions, XIENCE: 23 patients with 28 lesions). The primary hypoth-
eses were non-inferiority of the BuMA stent to the XIENCE stent in percent strut coverage at one month 
(cohort-1) or two months (cohort-2). In cohort-1, the BuMA stent was non-inferior to the XIENCE stent 
in terms of the strut coverage (83.8±10.4% for BuMA vs. 73.0±17.5% for XIENCE, pfor noninferiority <0.001), 
and was also significantly higher than the XIENCE (pfor superiority 0.037). In cohort-2, the BuMA stent was 
non-inferior to the XIENCE stent in OCT strut coverage (80.3±18.3% vs. 73.3±21.3%, pfor noninferiority 0.006, 
pfor superiority 0.24). Healing scores showed better healing in the BuMA stent in cohort-1 (32.36±21.59 vs. 
54.88±34.65, p=0.027), whereas there was comparable healing between the BuMA and XIENCE stents in 
cohort-2 (39.86±37.77 vs. 53.75±42.84, p=0.25).

Conclusions: The BuMA Supreme had a faster coverage than the XIENCE at one month, presumably due 
to faster and shorter sirolimus elution. The difference in tissue coverage became less evident at two months. 
ClinicalTrials.gov Identifier: NCT02747329.
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Abbreviations
%DS percent diameter stenosis
BP biodegradable polymer
CI confidence interval
DAPT dual antiplatelet therapy
DES drug-eluting stent
HS healing score
LLL late lumen loss
MLD minimum lumen diameter
OCT optical coherence tomography
PBMA poly(n-butyl methacrylate)
PLGA poly(lactic-co-glycolic acid)
QCA quantitative coronary angiography
RVD reference vessel diameter
SES sirolimus-eluting stent
ZES zotarolimus-eluting stent

Introduction
The second generation of drug-eluting stents (DES) has emerged 
with more biocompatible durable polymer coatings on thin-
strut stents that have shown a better safety than first-generation 
DES1,2. Biodegradable polymer (BP)-DES were developed to 
prevent poly mer-related adverse effects3. The BuMA Supreme 
sirolimus-eluting stent (SES) (SINOMED, Tianjin, China) con-
sists of a thin-strut (80 µm) cobalt-chromium platform with 
a sub-micrometre-thin electro-grafted base layer, top-coated with 
a biodegradable coating that releases sirolimus relatively fast 
within 28 days. With the short drug elution time, the first-in-
man trial of the BuMA Supreme stent showed a greater nine-
month angiographic late loss of 0.29±0.33 mm as compared to 
0.14±0.37 mm in the Resolute™ zotarolimus-eluting stent (ZES) 
(Medtronic, Minneapolis, MN, USA), although the additional 
analysis showed the absence of difference in quantitative angio-
graphy-derived FFR between the two devices4,5. This moderate 
late loss value could be the result of an early coverage of the 
BuMA Supreme stent.

The degradation of the top-layer poly-glyco-lactide acid coat-
ing of the BuMA Supreme stent is complete in six weeks6. To 
date, the advantage of BP-DES has been debatable. Some stud-
ies have shown improvement of clinical outcomes with BP-DES 
as compared to durable polymer DES, but the number of those 
studies is limited3,7. Recent studies have reported less advantage 
of BP-DES compared with second-generation DES with durable 
polymer8,9.

We hypothesised that the BuMA Supreme stent with its short 
elution time could achieve earlier strut coverage than the XIENCE 
stent (Abbott Vascular, Santa Clara, CA, USA) which has a rela-
tively longer antiproliferative drug elution and a durable polymer 
coating. In this PIONEER-II OCT randomised trial comparing 
BuMA and XIENCE, the strut coverage was assessed on opti-
cal coherence tomography (OCT) one and two months after 
implantation.

Editorial, see page 1247

Methods
The PIONEER-II OCT trial was a multicentre, two-arm randomised 
trial conducted in China, which comprised two cohorts: cohort-1 
underwent an OCT imaging one month after coronary intervention, 
whereas cohort-2 underwent OCT at two months. In the current 
trial, 31 patients were assigned to cohort-1 (BuMA: n=16, XIENCE: 
n=15), whereas 44 patients were enrolled to cohort-2 (BuMA: n=21, 
XIENCE: n=23). The current OCT study was also designed to 
explore the early-phase strut coverage in the patients at high bleed-
ing risk. Details of the eligibility criteria of the current study are 
presented in Supplementary Appendix 1. Briefly, the inclusion cri-
teria were: (1) age 18-85; (2) presence of stable or unstable angina 
or silent ischaemia; (3) presence of one or two separate de novo 
target lesions (a single target lesion per major epicardial territory) 
with a 50-99% lumen diameter stenosis in a reference vessel of 2.5-
4.5 mm (visually determined), and a target lesion length of <40 mm, 
and (4) presence of one or more high bleeding risks such as a his-
tory of prior intracerebral bleeding, presence of renal failure (cal-
culated creatinine clearance <40 ml/min) or presence of non-skin 
cancer diagnosed or treated ≤3 years prior to the enrolment.

Eligible patients were randomly assigned to each cohort (cohort 
1: one-month OCT follow-up or cohort 2: two-month OCT follow-
up) and assigned to receive the BuMA Supreme SES or XIENCE 
everolimus-eluting stent family (the control device) in a 1:1 ratio in 
random blocks, stratified by centre using a web-based allocation sys-
tem. The current study complied with the Declaration of Helsinki. 
Medical ethics committees at each participating institution approved 
the trial, and all patients provided a written informed consent.

STUDY DEVICES AND IMPLANTATION PROCEDURE
The BuMA Supreme SES is a DES with a rapid exchange 
balloon-expandable catheter delivery system. The device consists of 
an extremely thin (100-200 nm) electrografted (eG) base layer of 
poly(n-butyl methacrylate) (PBMA), covalently bound to an elec-
tronically polished thin-strut (80 µ) cobalt-chromium stent plat-
form. The base layer’s molecules are on their other side connected 
by interdigitation with a 3.8 to 10 μm-thin top layer – a blend of 
a biodegradable poly(lactic-co-glycolic acid) (PLGA) polymer and 
sirolimus. This base layer prevents the bioactive coating from crack-
ing and delamination during delivery and expansion of the stent6. 
Unlike other DES, the BuMA Supreme has a fast drug elution pro-
file: it elutes 92% of sirolimus in the first 28 days and 100% at two 
months (Figure 1)7. The XIENCE family of stents was used in the 
control group. These DES are made from cobalt-chromium (81 µm) 
with a permanent fluoropolymer eluting everolimus10.

The interventional procedure was performed and dual antiplate-
let therapy (DAPT) was given according to current clinical guide-
lines11. The patients underwent repeat angiography and OCT at 
either one month (cohort-1) or two months (cohort-2).

QUANTITATIVE CORONARY ANGIOGRAPHY (QCA)
Off-line QCA analyses were performed by an independent core 
laboratory (Cardialysis BV, Rotterdam, the Netherlands) with the 
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CAAS system (Pie Medical Imaging, Maastricht, the Netherlands) 
according to standard operational protocols12. The following QCA 
parameters were calculated both in-stent and in-segment (includ-
ing the 5 mm proximal and distal stent margins): minimum lumen 
diameter (MLD), interpolated reference vessel diameter (RVD), 
percent diameter stenosis (%DS: [1-MLD/RVD]×100), acute 
lumen gain (difference in MLD between pre-procedure and post-
procedure) and late lumen loss (LLL: difference in MLD between 
post-procedure and follow-up).

OCT ANALYSIS
OCT assessment of the stented coronary segment was performed 
using the final OCT recordings sent to an independent core labo-
ratory (Cardialysis BV) for off-line analysis using QIvus software, 
version 3.0 (Medis, Leiden, the Netherlands). A covered strut was 
defined as having a neointimal thickness >0 μm13. For the sec-
ondary endpoint analysis, stent area and derived measures were 
based on the endoluminal stent contour14. To quantify the degree 
of vascular healing status, the healing score (HS) was calculated 
according to the previously published methods15. Briefly, the HS 
was calculated by summing up the points from four components 
of OCT findings with specific weights: presence of intraluminal 
mass (assigned a weight of 4); presence of both malapposed and 
uncovered struts (assigned a weight of 3); presence of uncovered 
struts alone (assigned a weight of 2); and presence of malapposed 
struts alone (assigned a weight of 1).

ENDPOINTS
The primary study endpoint of this imaging study was the percent-
age strut coverage on OCT. There were two independent hypoth-
eses for each cohort, which were: 1) for cohort-1, non-inferiority 
of the BuMA Supreme stent to the XIENCE stent for the pri-
mary endpoint at one month; 2) for cohort-2, non-inferiority of 
the BuMA Supreme stent to the XIENCE stent for the primary 
endpoint at two months. OCT imaging endpoints included the 
mean and minimal scaffold/stent and diameter, area and volume, 

the frequency of incomplete strut apposition including area and 
volume, the percentage of malapposed struts, the mean neointima 
thickness and neointimal hyperplasia area on top of the strut, and 
volume, the mean flow area and volume, the malapposition area 
and volume, and intraluminal defect area and volume14.

STATISTICAL METHODS AND SAMPLE SIZE CALCULATION
For binary variables, counts, percentages, and 95% confidence 
intervals (CI) were calculated. Pearson’s chi-squared test or Fisher’s 
exact test was performed when appropriate. For continuous vari-
ables, means, standard deviations, and 95% CI for the mean were 
calculated and compared with a t-test. A two-sided p-value <0.05 
was considered statistically significant. All statistical analyses were 
performed using SAS version 9.3 (SAS Institute Inc, Cary, NC, 
USA) and SPSS, Version 24.0.0 (IBM Corp., Armonk, NY, USA).

Multilevel linear regression analyses with random intercept and 
fixed slope model were used in order to investigate the impact 
of the usage of the BuMA stent on percentage of strut coverage 
while adjusting for baseline and procedural characteristics selected 
based on previously known determinants associated with neointimal 
hyperplasia or strut coverage (diabetes, unstable angina pectoris, 
post-dilatation)16-20. In these multilevel models, lesions were clus-
tered within a patient when the patient had multiple lesions treated.

For cohort-1, the sample size was based on the following 
assumptions: based on the previous literature, the coverage rate of 
the XIENCE at one month was 70% and the BuMA 71.6%21. With 
a pooled standard deviation of 19%, one-sided alpha of 0.05 and 
a non-inferiority margin of 15%, 20 OCT per arm were needed to 
prove non-inferiority of BuMA to XIENCE with an 85% power. 
For cohort-2, the coverage rate of XIENCE and BuMA at two 
months was assumed to be 83% and 86.4%, respectively22,23. With 
a pooled standard deviation of 11%, one-sided alpha of 0.05 and 
a non-inferiority margin of 8.5%, 20 OCT per arm were required 
to prove non-inferiority of BuMA to XIENCE with a 95% power.

Results
From May 2016 to March 2017, 75 patients were recruited at 
eight national sites in China. The baseline characteristics of the 
two cohorts are presented in Supplementary Table 1. There were 
no significant differences in the two device groups, though there 
existed a non-significant trend towards higher incidence of dia-
betes in the XIENCE arm of cohort-2. The patient flow chart is 
shown in Figure 2. In cohort-1, all patients received DAPT at one-
month follow-up in both arms. In cohort-2, 90.5% (19/21) of the 
patients in the BuMA arm received DAPT at two-month follow-up 
while all patients received DAPT in the XIENCE arm. All patients 
enrolled in the current study continued statin at follow-up. Details 
of the bleeding propensity of the enrolled patients are presented in 
Supplementary Table 2.

QCA AND OCT RESULTS AT ONE MONTH (COHORT-1)
The results of angiographic and OCT analysis are presented in 
Supplementary Table 3 and Supplementary Table 4, respectively. 
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Figure 1. Drug release curves of the BuMA Supreme and XIENCE 
stents.
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Post-procedural QCA results were comparable between the 
two groups. At one month, there was no binary restenosis and 
the in-stent LLL of the two devices was not statistically differ-
ent (0.12±0.25 mm for BuMA vs. 0.03±0.20 mm for XIENCE, 
p=0.25).

On OCT at one month, the BuMA Supreme stent was non-infe-
rior to the XIENCE stent in terms of strut coverage as assessed 
on OCT (83.8±10.4% for BuMA vs. 73.0±17.5% for XIENCE, 
pfor noninferiority <0.001), whereas the one-month OCT coverage rate 
of the BuMA Supreme was significantly higher than the XIENCE 
(pfor superiority 0.037) (Figure 3A). Mean neointimal hyperplasia area 
was greater in the BuMA than in the XIENCE (0.63±0.37 mm2 vs. 
0.36±0.12 mm2, p=0.008) as was volume obstruction (7.5±4.9% 

vs. 4.9±1.7%, p=0.045). The healing score was lower in the 
BuMA than in the XIENCE stent (32.36±21.59 vs. 54.88±34.65, 
p=0.027), suggesting earlier healing with the BuMA in terms of 
coverage and malapposition (Figure 4A). Representative cases 
in cohort-1 are shown in Figure 5A. The quantitative parameters 
did not differ between the two arms: minimum lumen area was 
6.43±1.39 mm2 and 5.80±2.12 mm2 in the BuMA arm and the 
XIENCE arm, respectively (p=0.30).

QCA AND OCT AT TWO MONTHS (COHORT-2)
Quantitative assessment of angiography and OCT is shown in 
Supplementary Table 3 and Supplementary Table 4, respectively. 
Angiographic LLL at two months was 0.06±0.21 mm in the BuMA 

PIONEER-II OCT randomised controlled trial
Primary endpoint
% Strut coverage on OCT
Primary hypothesis
Non-inferiority of BuMA Supreme to XIENCE in % strut coverage on OCT
at 1 month (cohort-1) and 2 months (cohort-2)

Index
procedure

1 month 2 months

BuMA N=16, L=18

XIENCE N=15, L=17

BuMA N=21, L=21

XIENCE N=23, L=28

Follow-up OCT

BuMA N=16, L=18

XIENCE N=15, L=17

Cohort-1
N=31, L=35

Cohort-2
N=44, L=49

Follow-up OCT

BuMA N=21, L=21

XIENCE* N=23, L=28

*2 patients/lesions
underwent OCT but 
not analysable

Randomisation

Figure 2. Study flow chart of the PIONEER-II OCT randomised controlled trial. L: number of lesions; N: number of patients
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Strut coverage ratio 80.3±18.3% 73.3±21.3%
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Figure 3. Cumulative frequency distribution curves of strut coverage as assessed on OCT in cohort-1 (A) and cohort-2 (B). L: number of 
lesions
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arm and 0.06±0.22 mm in the XIENCE arm. There was no binary 
restenosis. On OCT at two months, the BuMA Supreme stent was 
non-inferior to the XIENCE stent in OCT strut coverage (80.3±18.3% 
for BuMA vs. 73.3±21.3% for XIENCE, pfor noninferiority 0.006, pfor supe-

riority 0.24) (Figure 3B). Healing score was comparable between the 
two groups (39.86±37.77 vs. 53.75±42.84, p=0.25) (Figure 4B). 
Representative cases in cohort-1 are presented in Figure 5B. The 
quantitative parameters did not differ between the two arms: mini-
mum lumen area was 6.47±2.51 mm2 and 6.78±2.26 mm2 in the 
BuMA arm and the XIENCE arm, respectively (p=0.65).

MULTILEVEL LINEAR REGRESSION ANALYSIS 
INVESTIGATING THE IMPACT OF THE BuMA STENT ON 
STRUT COVERAGE
The results of the regression analyses are summarised in Table 1. 
In cohort-1, usage of the BuMA stent was independently assoc-
iated with an increased percentage of strut coverage at one month 
(estimated coefficient: 14.55 [95% CI: 1.72 to 27.38]) while post-
dilatation was not. In cohort-2, usage of the BuMA stent was 
not associated with the percentage of strut coverage. Although 

post-dilatation has a tendency towards a negative effect on the per-
centage of strut coverage at two months, there was no statistical 
significance (estimated coefficient: –25.15 [95% CI: –50.31 to 0]).

Discussion
POTENTIAL ADVANTAGE OF EARLY STRUT COVERAGE
The PIONEER-II OCT randomised controlled trial results suggest that 
the BuMA Supreme stent has faster coverage at an earlier time point 
(one month) than the XIENCE stent, whereas the difference in tissue 
coverage becomes less evident at a later time point (two months).

In human post-mortem histological analysis, it was reported that 
strut coverage was an independent predictor for late (>30 days) 
stent thrombosis24. In the current trial, most of the BuMA stent could 
reach sufficient strut coverage at the early time point. In cohort-1, 
the lesions with uncovered struts >30% were 16.7% (3/18) in the 
BuMA arm as opposed to 41.2% (7/17) in the XIENCE arm one 
month after implantation (p-value 0.15). In cohort-2, the lesions 
with uncovered struts >30% were 28.6% (6/21) in the BuMA arm 
as opposed to 42.3% (11/26) in the XIENCE arm two months after 
implantation (p-value 0.33).
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Figure 4. Cumulative frequency distribution curves of healing score as assessed on OCT in cohort-1 (A) and cohort-2 (B). L: number of 
lesions

Table 1. Results of multilevel linear regression analysis examining the correlation between strut coverage and baseline and procedural 
characteristics.

Cohort-1 Cohort-2

Coefficient [95% CI] p-value Coefficient [95% CI] p-value

Age –0.31 [–1.04, 0.41] 0.38 0.32 [–0.37, 1.01] 0.36

Male gender –4.69 [–18.16, 8.78] 0.48 4.44 [–8.64, 17.52] 0.49

Diabetes 8.58 [–4.54, 21.69] 0.19 2.80 [–13.13, 18.74] 0.72

Unstable angina pectoris –9.26 [–21.75, 3.23] 0.14 –9.57 [–23.33, 4.19] 0.17

BuMA usage 14.55 [1.72, 27.38] 0.03 11.08 [–2.74, 24.9] 0.11

Post-dilatation performed 5.28 [–13.67, 24.22] 0.57 –25.15 [–50.31, 0] 0.05
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THE ROLE OF FAST DRUG ELUTION AND POLYMER 
DEGRADATION
Generally, the technological determining factors of strut coverage 
after DES implantation have been related to the strut (its thick-
ness), to the coating polymer (its biocompatibility or degradation 
process) and to the drug (release kinetics)25-27. The faster coverage 

of the BuMA Supreme stent could be mainly due to the faster 
drug release of sirolimus. The strut thickness of the BuMA 
stent is comparable to that of the XIENCE stent (80 µm for the 
BuMA stent and 81 µm for the XIENCE stent)6,10. The duration 
of complete polymer degradation of the BuMA stent is approxi-
mately eight weeks, which is shorter than other biodegradable 

Figure 5. Representative cases in the PIONEER-II OCT randomised controlled trial. A) OCT in cohort-1. B) OCT in cohort-2. Three-dimensional 
(3D) reconstructions of OCT pullbacks of the representative cases in the BuMA and the XIENCE arms (upper). Cross-sectional images and 2D 
fold-out views of strut coverage of the same cases, in which the neointimal thickness on struts is presented with colour coding (lower).
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polymer-coated stents6. This technological aspect may play a role 
during the study phase (two months) but obviously acts longer 
than two months after implantation. The BuMA stent releases the 
drug relatively rapidly so that the release of sirolimus from the 
stent is nearly complete by 28 days after implantation, whereas the 
drug release of the XIENCE stent continues until 120 days after 
stenting (Figure 1)7,28 The drug concentration in the polymer coat-
ing of the BuMA stent is 120 µm/cm2 while that of the XIENCE 
stent is 100 µm/cm2, suggesting that the BuMA stent elutes more 
concentrated cytostatic drug in a shorter time4,10. Nevertheless, this 
aspect probably did not impact on the early-phase neointimal heal-
ing in the current OCT study.

The fast strut coverage due to the modestly shorter drug elu-
tion of the BuMA stent has the potential to reduce the risk of 
stent thrombosis while lowering the risk of excessive luminal loss. 
The concept of fast drug elution was previously tested with the 
Endeavor® zotarolimus-eluting stent (E-ZES) (Medtronic). The 
E-ZES was designed to release the drug rapidly within 10 days 
and demonstrated a lower incidence of safety endpoints (stent 
thrombosis) and comparable efficacy endpoints (target lesion 
revascularisation) to first-generation DES (sirolimus-eluting stent 
and paclitaxel-eluting stent)29,30. Regardless of the favourable 
clinical outcomes of E-ZES, this technology was replaced by the 
Resolute zotarolimus-eluting stent (R-ZES) with long-lasting drug 
elution, possibly because of the efficacy concern derived from 
angiographic results: the E-ZES generated a higher angiographic 
LLL and binary restenosis rate than other DES, even though the 
clinical outcomes were comparable29. The BuMA Supreme has the 
same concept but the drug elution of BuMA is slower than that 
of E-ZES (28 days vs. 10 days). The difference in drug release 
between BuMA and R-ZES/E-ZES is in line with the results of 
angiographic in-stent LLL of each device in first-in-man trials 
(BuMA: 0.29±0.33 mm at nine months, R-ZES: 0.14±0.37 mm at 
nine months and E-ZES: 0.61±0.44 mm at 12 months), suggest-
ing that the inhibition capability of neointimal proliferation of the 
BuMA stent is intermediate between R-ZES and E-ZES4,31. The 
faster strut coverage could be an advantage of the BuMA stent 
unless the neointimal hyperplasia is excessive up to the point 
of creating luminal obstruction in a later phase. Further studies, 
such as an OCT study with late-phase quantitative and qualitative 
neointimal assessment after BuMA implantation, are warranted in 
a larger population to investigate further the benefit of their initial 
faster strut coverage.

POTENTIAL IMPACT OF BASELINE PROPENSITY ON 
NEOINTIMAL PROLIFERATION
In the current trial, the percentage of diabetic patients was numeri-
cally higher in the XIENCE arm in both cohorts (cohort-1: 18.8% 
[3/16] for BuMA vs. 46.7% [7/15] for XIENCE, p-value 0.14; 
cohort-2: 14.3% [3/21] vs. 39.1% [9/23], p-value 0.06) at baseline. 
Diabetes is known to be associated with greater and faster neoin-
timal hyperplasia compared to non-diabetes16,17. This is consid-
ered to be due to the hormonal and vascular abnormalities which 

promote smooth muscle cell proliferation after vascular injury16. 
The difference in the percentage of diabetic patients between the 
two arms might have influenced the results of the OCT study, 
even though this difference affects strut coverage in favour of the 
XIENCE arm.

Implantation technique can influence the neointimal response 
and strut coverage. In the current study, the percentage of lesions 
with post-dilatation in the BuMA arm was higher than that in 
the XIENCE arm (cohort-1: 100% [18/18] for BuMA vs. 76.5% 
[13/18] for XIENCE, p=0.045; cohort-2: 95.2% [20/21] vs. 85.7% 
[24/28], p=0.38) (Supplementary Table 1). Post-dilatation can 
be associated with better strut apposition and, furthermore, with 
greater expansion of the vessel wall and deeper embedment of 
struts into the vessel wall, but can induce vessel injury followed 
by increased neointimal hyperplasia19,20. Thus, post-dilatation may 
result in a good strut coverage in a late phase. More frequent post-
dilatation in the BuMA arm in the one-month cohort might have 
had a favourable influence for the BuMA arm in terms of neoin-
timal coverage. In the current study, these factors were not inde-
pendent predictors of strut coverage either one or two months 
after implantation, but a potential impact may not be completely 
excluded.

Furthermore, patients with high bleeding risk were included 
in the current trial. Mainly, the patients had a history of cerebro-
vascular disease (ischaemic and haemorrhagic) (Supplementary 
Table 2). To the best of our knowledge, there are no public domain 
data with regard to the relationship between bleeding propensity 
and early-phase neointimal proliferation after stenting.

Limitations
A limitation of the study is its small sample size and non-inferi-
ority design. Strut coverage was assessed by visual assessment by 
experienced core lab analysts, which may have a limited repro-
ducibility32. The current study did not have OCT assessments at 
baseline. Vessel healing with neointimal coverage depends on the 
underlying lesion morphology. Neointimal qualitative assessment 
was not performed because at one or two months very thin neoin-
tima precluded precise assessment of the neointimal quality, even 
using OCT-based quantitative tissue characterisation software33. 
Non-significant trends in baseline characteristics could have con-
founded the results: for example, 1) diabetes rates were numeri-
cally higher in the XIENCE arm, which could have influenced 
the strut tissue coverage in favour of XIENCE; 2) post-dilatation 
rates were numerically higher in the BuMA arm, which could have 
affected the strut tissue coverage. Lastly, the non-serial design 
does not allow assessment of serial changes of coverage over time.

Conclusions
The results of the PIONEER-II OCT randomised controlled 
trial suggest that the BuMA Supreme stent has a faster coverage 
at a very early time point (one month) than the XIENCE stent, 
presumably due to faster sirolimus elution. The difference in tissue 
coverage became less evident at a later time point (two months).
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Impact on daily practice
Fast strut tissue coverage after implantation has the potential to 
reduce the risk of stent thrombosis. In the current OCT study, 
the BuMA Supreme stent demonstrated better strut coverage 
compared with the XIENCE stent at one month. Taking advan-
tage of the fast strut coverage, an abbreviated duration of dual 
antiplatelet therapy may be applied to patients treated with the 
BuMA Supreme stent.
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Supplementary data 
 
Supplementary Appendix 1. Study eligibility criteria 
 
Inclusion criteria: 
1) The patient is at least 18 to 85 years of age; 
2) Evidence of myocardial ischaemia without raised troponin (e.g., stable or unstable 
angina, silent ischaemia demonstrated by positive territorial functional study); 
3) CAD patients with a high risk of bleeding. Any one or more situation listed below can 
be considered a patient with high bleeding risk by the investigator: 

a) Adjunctive oral anticoagulation treatment planned to continue after PCI 
b) Baseline Hb ≤11 g/dl (or anaemia requiring transfusion during the prior 4 

weeks) 
c) Any prior intracerebral bleed 
d) Any prior ischaemic stroke 
e) Hospital admission for bleeding during the prior 12 months 
f) Non-skin cancer diagnosed or treated ≤3 years 
g) Planned daily NSAID or steroids for ≥30 days after PCI 
h) Planned major surgery (within 1 year) 
i) Renal failure (calculated creatinine clearance ≤40 ml/min) including the status 

with haemodialysis 
j) Thrombocytopaenia (platelet count ≤100,000/mm3 or below normal level) 
k) Severe chronic liver disease (variceal haemorrhage, ascites, hepatic 
encephalopathy or jaundice) 
l) Previous history of gastrointestinal bleeding 
m) Other bleeding risk factors Note (1) 

4) The patient has a planned intervention of up to two de novo lesions, in different 
epicardial vessels; 
5) Lesion(s) must have a visually estimated diameter stenosis of ≥70% and <100%; 
6) Reference vessel diameter (RVD) must be visually estimated ≥2.5 and ≤4.0 mm, and 
the vessel length must be no more than 40 mm; 
7) Written informed consent; 
8) No coronary artery bypass graft surgery contraindications; 
9) The patient and the patient’s physician agree to the follow-up visits including 
angiographic follow-up and OCT controls at 1 or 2 months. 
 
Exclusion criteria: 
1) Evidence of ongoing acute myocardial infarction in ECG prior to procedure; 
2) Left ventricular ejection fraction (LVEF) <30%; 
3) The patient is a recipient of a heart transplant; 
4) Known hypersensitivity or contraindication to aspirin, both heparin and bivalirudin, 
antiplatelet medication specified for use in the study (clopidogrel and ticlopidine), sirolimus, 
everolimus or cobalt metal. Sensitivity to contrast media, which cannot be adequately pre-
medicated; 
5) Other medical illness (e.g., skin cancer diagnosed or treated >3 years, neurological 
deficiency) or known history of substance abuse (alcohol, etc.) excluding those with relative 
risk as per investigator judgement; 
6) Per investigator judgement that may cause non-compliance with the protocol or 
confound the data interpretation or is associated with a limited life expectancy (less than 1 
year); 



7) Pregnant or breastfeeding woman or woman in fertile period not taking adequate 
contraceptives; 
8) Chronic total occlusion (TIMI 0), left main lesion, intervention-required three-vessel 
lesions, branch vessel diameter ≥2.5 mm and bypass lesion; 
9) Patients expected not to comply with 1-month DAPT; 
10) Compliance with long-term single antiplatelet therapy unlikely; 
11) Active bleeding at the time of inclusion; 
12) Patients requiring a planned staged PCI procedure more than one week after the index 
procedure; 
13) Procedure planned to require non-study stents, or stand-alone POBA or stand-alone 
atherectomy; 
14) Reference vessel diameter <2.25 or >4.0 mm, vessel length >35 mm;  
15) Cardiogenic shock; 
16) Participation in another clinical trial (12 months after index procedure); 
17) Those who are not suitable to attend this trial after the evaluation by the doctor. 
 
OCT exclusion criteria: 
1) Severe tortuous, calcified or angulated coronary anatomy of the study vessel that in 
the opinion of the investigator would result in suboptimal imaging or excessive risk of 
complication from placement of an OCT catheter; 
2) Total occlusion or Thrombolysis In Myocardial Infarction, TIMI 0, prior to wire 
crossing. 
 
Note (1): 
Patient meets the following 2 or more factors from "aged female", "diabetes", "uncontrolled 
high blood pressure", "heart failure" and other potential bleeding risk factors34,35.  



Supplementary Table 1. Baseline characteristics. 

 Cohort-1 Cohort-2 

Baseline demographics 
BuMA Supreme XIENCE BuMA Supreme XIENCE 

N=16 N=15 N=21 N=23 
Male gender 62.5% 60.0% 61.9% 56.5% 
Age (years) 63.4±10.0 63.5±8.2 64.1±9.4 65.0±10.3 
Diabetes 18.8% 46.7% 14.3% 39.1% 
Dyslipidaemia 25.0% 13.3% 42.9% 21.7% 
Hypertension 68.8% 66.7% 76.2% 78.3% 
Renal failure 0.0% 0.0% 0.0% 0.0% 
Atrial fibrillation 0.0% 0.0% 0.0% 13.0% 
History of bleeding 12.5% 20.0% 9.5% 4.4% 
Previous cerebral vessel diseases 18.8% 20.0% 19.1% 26.1% 
Previous myocardial infarction 6.3% 6.7% 0.0% 0.0% 
History of PCI 0.0% 6.7% 0.0% 0.0% 
History of CABG 0.0% 0.0% 0.0% 0.0% 
Clinical presentation     

Silent ischaemia 12.5% 13.3% 10.0% 4.4% 
Stable angina pectoris 18.8% 13.3% 15.0% 26.1% 
Unstable angina pectoris 62.5% 66.7% 75.0% 65.2% 
Unknown 6.3% 6.7% 0.0% 4.4% 
Antiplatelet/anticoagulant drugs     

Aspirin 93.8% 100.0% 95.2% 100.0% 
Clopidogrel 87.5% 86.7% 81.0% 87.0% 
Ticagrelor 31.3% 40.0% 33.3% 21.7% 
Oral anticoagulant (at discharge) 0.0% 0.0% 0.0% 4.4% 

 

Lesion characteristics 
BuMA Supreme XIENCE BuMA Supreme XIENCE 

L=18 L=17 L=21 L=28 
Target vessel     

LM 0% 0% 0% 0% 
LAD 55.56% 35.29% 42.86% 50.00% 
LCX 11.11% 11.76% 23.81% 10.71% 
RCA 33.33% 52.94% 33.33% 39.29% 

Preprocedural QCA (core lab)     

Lesion length (mm) 14.23±7.60 15.20±9.81 15.88±6.11 16.60±9.45 
Reference lumen diameter (mm) 2.83±0.49 2.84±0.48 2.95±0.43 2.80±0.54 
Minimum lumen diameter (mm) 1.14±0.42 1.06±0.42 1.28±0.41 1.06±0.41 
Diameter stenosis (%) 60.0±12.0 61.5±16.3 56.3±13.3 62.1±12.8 

Pre-balloon dilatation performed (%) 77.8% 82.4% 61.9% 85.7% 
Balloon nominal diameter (mm) 2.25±0.26 2.21±0.24 2.38±0.30 2.36±0.28 
Maximum pressure (atm) 10.6±2.95 11.9±2.77 11.4±1.89 11.8±3.3 

Stent implantation     

Stent nominal diameter (mm) 3.20±0.34 3.04±0.42 3.21±0.42 3.13±0.42 
Stent length (mm) 25.5±6.9 22.4±6.1 25.52±8.17 25.34±7.38 
Maximum dilation pressure (atm) 12.7±2.7 12.0±2.6 12.59±2.93 12.00±2.77 

Post-dilation performed 100.0% 76.5% 95.2% 85.7% 
Balloon nominal diameter (mm) 3.51±0.46 3.33±0.54 3.51±0.43 3.54±0.49 
Maximum dilation pressure (atm) 18.4±3.9 17.3±3.0 17.52±3.40 18.57±3.30 
Non-compliant balloon usage 83.3% 84.6% 85.0% 83.3% 

Device success (%) 100% 100% 100% 100% 
CABG: coronary artery bypass graft; L: number of lesions; LAD: left anterior descending; LCX: left circumflex; N: number of patients; PCI: percutaneous 
coronary intervention; RCA: right coronary artery 
 
 
 



Supplementary Table 2. Bleeding propensity of the enrolled patients. 
 
Haemorrhagic disease 

             BuMA Supreme XIENCE 

Cohort-1 (BuMA N=16, XIENCE N=15)            2 3 

Cohort-2 (BuMA N=21, XIENCE N=23)            2 1 

 

Cerebrovascular disease -- ischaemic 

 BuMA Supreme XIENCE 

Cohort-1 (BuMA N=16, XIENCE N=15) 3 3 

Cohort-2 (BuMA N=21, XIENCE N=23) 3 5 

 

Cerebral vascular disease -- haemorrhagic 

 BuMA Supreme XIENCE 

Cohort-1 (BuMA N=16, XIENCE N=15) 0 0 

Cohort-2 (BuMA N=21, XIENCE N=23) 1 1 

 

Non-skin cancer 

 BuMA Supreme XIENCE 

Cohort-1 (BuMA N=16, XIENCE N=15) 0 0 

Cohort-2 (BuMA N=21, XIENCE N=23) 1 2 

 

Renal failure 

 BuMA Supreme XIENCE 

Cohort-1 (BuMA N=16, XIENCE N=15) 0 0 

Cohort-2 (BuMA N=21, XIENCE N=23) 0 0 

 

Anaemia 

 BuMA Supreme       XIENCE 

Cohort-1 (BuMA N=16, XIENCE N=15) 0      0 

Cohort-2 (BuMA N=21, XIENCE N=23) 1      1 

 
 
 
 



Supplementary Table 3. Results of quantitative coronary angiography. 

 Cohort-1 (1-month follow-up) Cohort-2 (2-month follow-up) 

 
BuMA Supreme  

(N=16 patients / 
18 lesions) 

XIENCE  
(N=15 patients / 

 17 lesions) 

Difference 
[95% CI] p-value 

BuMA Supreme  
(N=21 patients /  

21 lesions) 

XIENCE  
(N=23 patients /  

28 lesions) 

Difference 
[95% CI] p-value 

In-stent analysis 

Pre-procedure             
Reference vessel diameter (mm) 18 2.83±0.49 16 2.84±0.48 -0.01 [-0.34, 0.33] 0.96 20 2.95±0.43 26 2.80±0.54 0.15 [-0.15, 0.44] 0.33 
Minimum lumen diameter (mm) 18 1.14±0.42 17 1.06±0.42 0.08 [-0.21, 0.36] 0.59 20 1.28±0.41 27 1.06±0.41 0.22 [-0.02, 0.46] 0.07 
Percentage diameter stenosis 18 60.0±12.0 17 61.5±16.3 -1.5 [-11.3, 8.3] 0.75 20 56.3±13.3 27 62.1±12.8 -5.8 [-13.5, 1.9] 0.14 
Obstruction length (mm) 18 14.23±7.60 16 15.20±9.81 -0.97 [-7.06, 5.13] 0.75 20 15.88±6.11 26 16.60±9.45 -0.72 [-5.62, 4.18] 0.77 
Post-procedure             
Reference vessel diameter (mm) 18 3.04±0.41 17 2.83±0.46 0.21 [-0.09, 0.51] 0.16 21 2.92±0.44 27 3.00±0.49 -0.08 [-0.35, 0.20] 0.58 
Minimum lumen diameter (mm) 18 2.72±0.39 17 2.51±0.42 0.21 [-0.07, 0.49] 0.13 21 2.59±0.42 27 2.64±0.47 -0.05 [-0.31, 0.21] 0.71 
Percentage diameter stenosis 18 10.4±5.5 17 11.1±5.6 -0.7 [-4.5, 3.1] 0.71 21 11.2±5.9 27 11.8±7.8 -0.6 [-4.7, 3.5] 0.77 
Acute lumen gain (mm) 15 1.63±0.47 15 1.47±0.63 0.17 [-0.25, 0.59] 0.41 17 1.32±0.53 25 1.52±0.32 -0.20 [-0.47, 0.06] 0.17 
Follow-up             
Reference vessel diameter (mm) 17 2.93±0.35 16 2.75±0.50 0.18 [-0.12, 0.48] 0.24 21 2.87±0.39 28 2.90±0.45 -0.03 [-0.28, 0.22] 0.81 
Minimum lumen diameter (mm) 17 2.61±0.36 16 2.50±0.48 0.11 [-0.18, 0.41] 0.44 21 2.53±0.42 28 2.57±0.43 -0.04 [-0.29, 0.21] 0.75 
Percentage diameter stenosis 17 10.9±6.6 16 9.2±5.7 1.7 [-2.7, 6.1] 0.44 21 12.1±6.2 28 11.5±5.2 0.5 [-2.8, 3.8] 0.74 
Binary restenosis 17 0 (0%) 16 0 (0%)  NA 21 0 (0%) 28 0 (0%)  NA 
Late lumen loss (mm) 17 0.12±0.25 16 0.03±0.20 0.09 [-0.07, 0.25] 0.25 21 0.06±0.21 27 0.06±0.22 0.00 [-0.12, 0.13] 0.96 
In-segment analysis 
Post-procedure             
Reference vessel diameter (mm) 18 2.94±0.43 17 2.78±0.49 0.15 [-0.16, 0.47] 0.33 21 2.77±0.45 27 2.93±0.53 -0.17 [-0.46, 0.13] 0.26 
Minimum lumen diameter (mm) 18 2.37±0.54 17 2.29±0.51 0.09 [-0.27, 0.44] 0.63 21 2.30±0.48 27 2.40±0.53 -0.10 [-0.39, 0.20] 0.51 
Percentage diameter stenosis 18 19.8±10.2 17 18.0±9.4 1.8 [-5.0, 8.5] 0.59 21 17.0±7.5 27 18.3±8.8 -1.2 [-6.1, 3.6] 0.61 
Follow-up             
Reference vessel diameter (mm) 17 2.88±0.32 16 2.63±0.52 0.25 [-0.06, 0.55] 0.11 21 2.76±0.43 28 2.81±0.49 -0.05 [-0.32, 0.22] 0.71 
Minimum lumen diameter (mm) 17 2.35±0.38 16 2.23±0.61 0.12 [-0.23, 0.48] 0.48 21 2.30±0.46 28 2.38±0.48 -0.07 [-0.35, 0.20] 0.59 
Percentage diameter stenosis 17 18.4±8.1 16 16.5±10.9 1.9 [-4.9, 8.7] 0.57 21 17.0±7.1 28 15.6±7.3 1.4 [-2.8, 5.6] 0.51 
Binary restenosis 17 0 (0%) 16 0 (0%)  NA 21 0 (0%) 28 0 (0%)  NA 
Late lumen loss (mm) 17 0.07±0.28 16 0.07±0.29 0.00 [-0.20, 0.21] 0.97 21 0.00±0.24 27 0.02±0.24 -0.02 [-0.16, 0.13] 0.81 

CI: confidence interval; L: number of lesions; N: number of patients



Supplementary Table 4. Results of optical coherence tomography. 

 

Cohort-1 (1-month follow-up) Cohort-2 (2-month follow-up) 

BuMA Supreme XIENCE 

Difference [95% CI] p-value 

BuMA Supreme XIENCE 

Difference [95% CI] p-value (N=16 patients / (N=15 patients / (N=21 patients / (N=23 patients / 

18 lesions) 17 lesions) 21 lesions) 28 lesions*) 

Follow-up 

Strut neointimal coverage (%) 83.8±10.4 73.0±17.5 10.8 [1.0, 20.6] 0.037 80.3±18.3 73.3±21.3 7.0 [-4.8, 18.8] 0.24 

Mean neointimal hyperplasia area (mm2) 0.63±0.37 0.36±0.12 0.27 [0.08, 0.46] 0.008 0.63±0.40 0.49±0.23 0.14 [-0.05, 0.32] 0.16 

Percentage of neointimal  
hyperplasia volume obstruction 7.5±4.9 4.9±1.7 2.6 [0.1, 5.2] 0.045 7.5±4.8 5.7±2.4 1.8 [-0.4, 3.9] 0.14 

Mean malapposition area (mm²) 0.02±0.04 0.05±0.08 -0.03 [-0.07, 0.01] 0.12 0.03±0.07 0.02±0.03 0.01 [-0.02, 0.04] 0.65 

Healing score 32.4±21.59 54.9±34.65 -22.5 [-42.3, -2.8] 0.027 39.9±37.8 53.8±42.8 -13.9 [-37.9, 10.1] 0.25 

Length stented region (mm) 29.4±12.0 24.8±13.2 4.6 [-4.0, 13.3] 0.29 33.9±15.4 28.0±9.4 6.0 [-1.4, 13.3] 0.13 

Mean stent area (mm²) 8.56±1.95 7.52±2.06 1.04 [-0.33, 2.42] 0.13 8.63±2.54 8.84±2.52 -0.22 [-1.71, 1.28] 0.77 

Minimum stent area (mm²) 7.08±1.38 6.03±2.24 1.05 [-0.22, 2.32] 0.10 7.13±2.64 7.16±2.22 -0.03 [-1.46, 1.40] 0.96 

Mean lumen area (mm²) 8.11±2.04 7.35±2.08 0.76 [-0.66, 2.18] 0.28 8.13±2.47 8.55±2.43 -0.41 [-1.86, 1.03] 0.57 

Minimum lumen area (mm²) 6.43±1.39 5.80±2.12 0.63 [-0.59, 1.86] 0.30 6.47±2.51 6.78±2.26 -0.31 [-1.72, 1.09] 0.65 

Strut-level analysis  

Number of struts 349.1±149.4 269.7±157.5 79.3 [-26.2, 184.9] 0.14 407.3±198.3 293.3±123.0 114.0 [18.9, 209.0] 0.028 

Percentage of uncovered struts 16.2±10.4 27.0±17.5 -10.8 [-20.6, -1.0] 0.037 19.7±18.3 26.7±21.3 -7.0 [-18.8, 4.8] 0.24 

Percentage of apposed and covered struts 82.9±11.1 70.9±16.6 11.9 [2.3, 21.6] 0.017 79.0±19.5 72.2±21.4 6.8 [-5.4, 18.9] 0.27 

Percentage of malapposed struts 0.7±1.2 1.5±1.8 -0.9 [-1.9, 0.2] 0.10 0.9±2.2 0.8±1.0 0.1 [-0.9, 1.1] 0.82 

Percentage of malapposed and covered struts 0.6±1.0 1.4±1.9 -0.8 [-1.9, 0.2] 0.12 0.8±2.1 0.7±1.1 0.1 [-0.8, 1.1] 0.81 

Percentage of malapposed and uncovered struts 0.1±0.2 0.1±0.4 -0.0 [-0.2, 0.2] 0.79 0.0±0.1 0.0±0.1 -0.0 [-0.1, 0.1] 0.91 

*Two lesions/patients were non-analysable. Therefore, data are based on 26 lesions. 
CI: confidence interval; L: number of lesions; N: number of patients 
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