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Abstract

Aims: A second iteration of a sirolimus-eluting stent (SES) that has a biodegradable PLGA polymer coat-
ing with an electrografting base layer on a thin-strut (80 um) cobalt-chromium platform (BuMA Supreme;
SINOMED, Tianjin, China) has been developed. This first-in-man trial aimed to assess the efficacy and
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*QCA

« stable angina safety of the novel device.

Methods and results: This randomised, multicentre, single-blinded, non-inferiority trial compared the
BuMA Supreme SES versus a contemporary durable polymer zotarolimus-eluting stent (ZES) in terms of
angiographic in-stent late lumen loss (LLL) at nine-month follow-up as the primary endpoint. A total of
170 patients were randomly allocated to treatment with either SES (n=83) or ZES (n=87). At nine-month
angiographic follow-up, in-stent LLL was 0.29+0.33 mm in the SES group and 0.14+0.37 mm in the ZES
group (pnon_infermy=0.45). The in-stent percent diameter stenosis and the binary restenosis rate of the two
treatment arms were similar (19.2+12.0% vs. 16.1+£12.6%, p=0.09, and 3.3% vs. 4.4%, p=1.00, respec-
tively). At 12-month clinical follow-up, there was no difference between treatment arms with regard to the
device-oriented composite clinical endpoint (4.9% vs. 5.7%; p=0.72).

Conclusions: The PIONEER trial did not meet its primary endpoint in terms of in-stent LLL at nine-
month follow-up. However, this result did not translate into any increase in restenosis rate or impairment

in 12-month clinical outcomes.

*Corresponding author: Cardiovascular Science Division of the NHLI within Imperial College of Science, Technology and
Medicine, South Kensington Campus, London, SW7 2AZ, United Kingdom. E-mail: patrick.w,j.c.serruys@gmail.com
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Abbreviations

BP biodegradable polymer

CD cardiac death

CI-TLR  clinically indicated TLR

DES drug-eluting stent

DoCE device-oriented composite endpoint

DS diameter stenosis
LLL late lumen loss
ocT optical coherence tomography

QCA quantitative coronary angiography

SES sirolimus-eluting stent

TIMI Thrombolysis In Myocardial Infarction
TLR target lesion revascularisation

TV-MI  target vessel myocardial infarction
ZES zotarolimus-eluting stent

Introduction

Second-generation drug-eluting stents (DES) have been devel-
oped with more biocompatible durable polymer coatings on thin-
strut stents and have demonstrated improved safety relative to
first-generation DES!?. Biodegradable polymer (BP)-DES were
developed to reduce long-term polymer-related adverse effects®.

A

Biodeg PLGA
o

sirolimus
3.8-10 um*

eG™ 200 nm

Co-Cr 80 um

luminal side: 8.8 pm, inal side: 4.1 um

PIONEER trial

Several studies have shown improvement of clinical outcomes
with BP-DES as compared to durable polymer DES*.

The BUMA™ Supreme (SINOMED, Tianjin, China) sirolimus-
eluting stent (SES) consists of a thin-strut cobalt-chromium plat-
form (80 um) with a thin (200 nm) electrografted base layer, to
which a biodegradable top coat is firmly adhered. The base layer
is bonded to the stent surface and both anchors and aligns the mol-
ecule of the biodegradable top layer. This prevents the bioactive
coating from cracking and delamination upon delivery and expan-
sion of the stent (Figure 1). The BuMA Supreme SES has a phar-
macokinetic polymer degradation/drug release profile where the
top coat releases the drug relatively rapidly such that sirolimus
release from the stent surface is nearly complete by 28 days after
implantation. Less than 1 ng/mg of the drug is maintained in the
arterial wall at 60 days after implantation (Figure 2). Several stud-
ies in humans and animal models have demonstrated the efficacy
and safety of its predecessor, the BUMA stent, which used a stain-
less steel platform of 100 pm®.

The present first-in-man study assessed nine-month angio-
graphic and 12-month clinical endpoints to evaluate the effi-
cacy and safety of the BUMA Supreme SES versus a durable
BioLinx™ (Medtronic, Santa Rosa, CA, USA) tripolymer-coated

release biodeg
polymer matrix

eG™ polymer e
(ca. 200 nm)

——————
24,5089 Srm 88 2Ze SEl

Figure 1. The BuMA Supreme stent design. A) Electrografting coating technology (eG): polymer chains (200 nm) of poly n-butyl methacrylate
covalently bound by electrografting to an electronically polished thin-strut (80 um) cobalt-chromium stent platform. B) Link between cells.
C) Electron microscopy (*4,500) showing strut of BuMA Supreme (left), electrografied base layer (eG) (mid) and polymer matrix of PLGA

containing sirolimus.

m
=
S
=
=
D
2
<
D
=
=2
o
=
N
o
=
o0
=
@
N}
o
N}
®
N
o
X}
o




m
=
=
=
=
=3
(1]
=
<
(1
=
=
o
=
N
o
=
&
i
@
N
o
N
(=2]
q
N
o
w
(3]

pg/gm, g

"N

Dayl ' Day3 ' Day7 ' Dayld

Drug concentration
in the artery (ug/g) 1.63+0.24 2.27+0.74 2.58+1.43 3.70+1.71
Mean+SD

===
Day 21 Day 28 Day60 ' Day90 ' Day 154 ' Day 202

B pg/gm
LT

9.85+4.72 6.78+4.14 0.92+0.20 0.45+0.19 0.06+0.07 0.05+0.08

Figure 2. Pharmacokinetics of the artery after implantation of the BuMA Supreme SES (porcine model). Stented artery segment sirolimus

concentration peaked up to 21 days. Peak correlates with polymer degradation and with blood levels.

(Resolute-type) zotarolimus-eluting stent (ZES). The latter device

has shown favourable outcomes in randomised trials®’.

Methods

STUDY DESIGN AND POPULATION

The PIONEER trial is a multicentre, single-blinded, two-arm 1:1
randomised trial, which was designed to demonstrate non-infe-
riority of the BuMA Supreme SES versus a Resolute-type ZES
in terms of nine-month angiographic in-stent late lumen loss
(LLL). In addition, secondary clinical endpoints were assessed at
12-month follow-up.

Patients were eligible for study enrolment if they met eligibil-
ity criteria, the details of which are listed in the Supplementary
Appendix. Briefly, patients who presented with stable or unstable
angina or silent ischaemia with one or two separate, de novo target
lesions in a reference vessel of 2.5-4.5 mm were enrolled in the
current trial. Patients with evolving myocardial infarction, bifur-
cated target lesion, target lesion in left main artery, aorto-ostial
target lesion and restenotic target lesion were not eligible for the
current trial.

The PIONEER study complied with the Declaration of Helsinki,
medical ethics committees at each participating institution approved
the trial, and all patients provided 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 (200 nm) electrografted (eG) base layer of poly(n-
butyl methacrylate) (PBMA), perpendicularly and covalently bound
to an electronically polished thin-strut (80 um) cobalt-chromium
stent platform. The base layer forms a thin brush that interdigi-
tates with a 3.8-10 pum-thin top layer —a blend of a biodegrad-
able polylactide-co-glycolic acid (PLGA) polymer and the drug
sirolimus (drug concentration: 120 pg/cm? of stent surface). The

PLGA polymer layer is designed to resorb in six weeks (Figure 1)%,

Resolute-type ZES (Resolute Integrity® or Onyx™; both
Medtronic, Minneapolis, MN, USA) were used in the control
group. Resolute Integrity is made from a round cobalt-chromium
wire (91 pum) and Resolute Onyx from a swaged-shape core wire
(81 pm) that consists of a platinum-iridium core surrounded by
cobalt-chromium. Both iterations of Resolute-type ZES elute
zotarolimus over a six-month period®’*-!!. Interventional proce-
dure was performed and dual antiplatelet therapy was adminis-
tered according to current clinical guidelines.

ENDPOINTS

The primary study endpoint was in-stent LLL at nine months
after stent implantation, as assessed by off-line quantitative coro-
nary angiography (QCA) in at least two paired matched views.
Secondary angiographic endpoints included acute lumen gain, in-
segment LLL at nine months, minimum lumen diameter post pro-
cedure and at nine months, percent diameter stenosis (DS) post
procedure and at nine months, and binary restenosis (DS >50%) at
nine months. All measurements were performed in-stent, in-seg-
ment, and on the 5 mm proximal and distal stent margins.

Secondary clinical endpoints included: 1) acute device suc-
cess, 2) procedural success, and 3) a device-oriented compos-
ite endpoint (DoCE), defined as the composite of cardiac death,
target vessel myocardial infarction (TV-MI), and clinically indi-
cated target lesion revascularisation (CI-TLR). Each definition
is described in the Supplementary Appendix. Stent thrombosis
was defined according to Academic Research Consortium (ARC)
definitions'? and was assessed as a secondary endpoint. MI was
defined according to the criteria of the third universal definition'®
except for MI type 4a (periprocedural MI), for which the SCAI
definition'* was used.

An independent clinical events committee adjudicated the clini-
cal endpoints; an independent data safety monitoring board super-
vised the trial. Angiographic follow-up was performed at nine
months. Patients were clinically followed at 1, 9, and 12 months.



The trial was monitored by an independent clinical research organ-

isation (Cardialysis, Rotterdam, the Netherlands).

QUANTITATIVE CORONARY ANGIOGRAPHY ANALYSIS

Off-line QCA analysis was performed by an independent core
laboratory (Cardialysis, Rotterdam, the Netherlands) using the
CAAS system (Pie Medical Imaging, Maastricht, the Netherlands)
according to standard protocols. If the target lesion was revascu-
larised at any time between baseline and nine months, the pre-
revascularisation angiogram was analysed.

STATISTICAL ANALYSIS

Categorical variables were reported as counts and percentages,
and between-group differences were assessed by  test or Fisher’s
exact test, as appropriate. Continuous variables were presented as
mean+SD and compared with a t-test. Unless otherwise specified,
a two-sided p-value <0.05 was considered statistically significant.
The statistical analysis was performed by SAS, version 9.3 (SAS
Institute, Cary, NC, USA). Sample size calculation of the trial is
described in the Supplementary Appendix.

Results

BASELINE AND PROCEDURAL CHARACTERISTICS

From April 2015 to January 2016, 170 patients were enrolled and
randomly assigned to treatment with the BUMA Supreme SES
(83 patients, 95 lesions) or Resolute-type ZES (87 patients, 101
lesions) (Figure 3). Patient demographics and clinical characteris-
tics are shown in Table 1. Details of the interventional procedures
are presented in Supplementary Table 1.

PIONEER trial

Table 1. Study population.

BuMA Resolute-

Difference
Supreme type [95% CI]
SES (N=83) | ZES (N=87)
Age, years 64.3+8.9 62.5+9.3 1.7[-1.0,4.5]
Male sex 62 (74.7) 64 (73.6) 1.1[-12.0, 14.3]
BMI 27.8+4.8 27.8+4.2 0.1[-13,14]

Coexisting condition
Diabetes mellitus
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28.9
Insulin-treated diabetes 12.0

24(28.9) 23) 59[-7.2,19.1]

10 (12.0)
Non-insulin-treated diabetes | 14 (16.9)

47 (56.6)

54 (65.1)

20 (

6(6.9) 5.2[-3.6,13.9]
14 (16.1) 0.8[-10.4,11.9]
57
53

56.6
65.1

65.5) |-8.9[-23.5,5.7]
61.6) 34[-11.1,18.0]

Hypertension

Dyslipidaemia**

Current or previous smoker

Current smoker** 21 (25.6) 22 (25.6)

Previous smoker** 35(42.7) 35(40.7)
Family history of CAD** 35(42.7) 37(43.0) |-0.3[-15.3, 14.6]
Previous myocardial infarction 15(18.1) 15(17.2) 0.8[-10.6, 12.3]
Previous percutaneous coronary
intervention 18 (21.7) 16 (18.4) 3.3[-8.7,15.3]
Previous coronary artery bypass
grafting 4(4.8) 3(3.4) 1.4[-4.6,7.4]
COPD 5(6.0) 4(4.6) 1.4[-5.3,8.2]

Initial clinical presentation

Unstable angina 20 (24.1) 15(17.2)
Stable angina 42 (50.6) 52 (59.8)
Silent ischaemia 21 (25.3) 20 (23.0)

Data are expressed as mean=SD or number (percentage). *Missing data for one patient in
SES arm. *Missing data for one patient in ZES arm. BMI: body mass index; CAD: coronary
artery disease; COPD: chronic obstructive pulmonary disease

PIONEER trial
170 patients randomised
Intention-to-treat analysis

BuMA Supreme SES
83 patients (N) / 95 lesions (L)
Available pre-procedure QCA (N=81, 1=92)
Available post-procedure QCA (N=82, 1=93)

Resolute-type ZES
87 patients (N) / 101 lesions (L)
Available pre-procedure QCA (N=83, |=95)
Available post-procedure QCA (N=84, 1=98)

Death (N=1, L=1)
| Refusal of invasive imaging investigation (N=4, l=4)

Y

Death (N=2, [=3)
~>| Refusal of invasive imaging investigation (N=5, L=5)
Patient did not return for 9-month follow-up (N=1, L=1)

Y

9-month angiographic follow-up
Available QCA (N=78, L=90)
Late loss using matched projection available
on 87 lesions.
Late loss using matched and non-matched
projection available on 88 lesions

9-month angiographic follow-up
Available QCA (N=79, L=91)
Late loss using matched projection available
on 87 lesions.
Late loss using matched and non-matched projection
available on 89 lesions

Death (N=1)
Patient did not return for 12-month clinical follow-up (N=1)

Y

12-month clinical follow-up
Available data (N=82)

12-month clinical follow-up
Available data (N=87)

Figure 3. Study flow chart.
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DEVICE AND PROCEDURAL SUCCESS

Device success was achieved in 96.8% (90/93) and 94.9% (94/99) of
lesions in the BuMA Supreme SES group and the Resolute-type ZES
group, respectively. Seven lesions (two in the BUMA Supreme SES
group and five in the Resolute-type ZES group) were treated with
a non-study stent. One lesion in the BuMA Supreme SES group had
a post-procedural residual stenosis >30% (Supplementary Table 1).

NINE-MONTH ANGIOGRAPHIC FOLLOW-UP

In the BuMA Supreme SES and the Resolute-type ZES groups,
analyses of follow-up angiography were available in 94.7% (90/95)
and 90.1% (91/101) of lesions, respectively (Figure 3). The pri-
mary endpoint of in-stent LLL was 0.29+0.33 mm in the BuMA
Supreme SES group versus 0.14+0.37 mm in the Resolute-type
ZES group (p =0.45) (Table 2, Figure 4), which means that
non-inferiority was not met. Nevertheless, this did not translate into

non-inferiority

a significant difference in the rates of in-stent or in-segment binary
restenosis (Figure 5).
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TWELVE-MONTH CLINICAL OUTCOMES

The 12-month clinical follow-up was available for 82 (98.8%)
patients of the SES group and 87 (100%) patients in the Resolute-
type ZES group (Figure 3). The incidence of DoCE was 4.9%
(4/82) in the BuMA Supreme SES group and 5.7% (5/87) in
the Resolute-type ZES group (p=1.00). CI-TLR was required
in 2.4% (2/82) of the BUuMA Supreme SES group versus 3.4%
(3/87) of the Resolute-type ZES group (p=1.00). In both stent
arms, there were no cases of definite or probable stent thrombo-
sis (Table 3).

Discussion

The main findings of the PIONEER trial are the following: 1) the
criterion for non-inferiority of the primary angiographic endpoint
(in-stent LLL) was not met; 2) nevertheless, in-stent and in-seg-
ment %DS as well as the binary restenosis rate did not differ signi-
ficantly between stent groups; and 3) the rates of the DoCE were
similar in both treatment arms.
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Figure 4. Cumulative frequency distribution curves of in-stent late lumen loss and in-segment late lumen loss at nine-month angiographic

follow-up. A) In-stent late lumen loss. B) In-segment late lumen loss. Three LLL measurements based on unmatched views were included in
this analysis (BuMA Supreme SES: 88 lesions, Resolute-type ZES: 89 lesions).
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Table 2. Angiographic analysis.

Proximal edge In-stent Distal edge In-segment

SES ZES value SES ZES SES ZES SES ZES
(N=95) |(N=101)|” (N=95) | (N=101) (N=95) | (N=101) (N=95) | (N=101)

Reference vessel diameter (mm)

Pre-procedure NA NA NA 2.57+0.43 | 2.66+0.48 | 0.19 NA NA NA 2.57+0.43 | 2.66+0.48 | 0.19
Post-procedure 2.86+0.42 | 3.00£0.43 | 0.034 | 2.68+0.39 | 2.79+£0.44 | 0.07 | 2.57+0.40 | 2.69+0.48 | 0.08 | 2.60+0.40 | 2.74+0.46 | 0.027
At 9 months 2.74+0.43 | 2.97+0.47 | 0.002 | 2.61+0.40 | 2.79+0.46 | 0.004 | 2.49+0.38 | 2.71+0.48 | <0.001 | 2.57+0.40 | 2.75+0.46 | 0.004
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Post-procedure 2.73+0.50 | 2.81+0.51 | 0.31 2.80+0.37 | 2.89+0.41 | 0.09 243+047 | 2.52+049 | 022 | 2.72+0.39 | 2.81+042 | 0.13
At 9 months 2.64+0.51 | 2.77+0.58 | 0.13 2.60+0.39 | 2.83+0.48 | 0.001 | 2.47+0.45 | 2.56+0.49 | 024 | 2.58+0.39 | 2.76+0.46 | 0.005
Pre-procedure NA NA NA 1.00+0.30 | 1.03+0.34 | 0.47 NA NA NA 1.00+0.30 | 1.03+0.34 | 0.47
Post-procedure 2.47+0.50 | 2.54+0.53 | 0.43 2.42+0.36 | 247041 | 0.35 2.15+0.49 | 2.25+0.49 | 0.19 | 2.07+0.44 | 2.15+0.41 | 0.16
Acute gain NA NA NA 1.40+0.36 | 1.46+0.44 | 0.38 NA NA NA 1.05+0.45 | 1.14+043 | 0.2
At 9 months 2.36+0.53 | 247062 | 0.2 2.11+0.44 | 2.35+0.53 | <0.001 | 2.17+0.46 | 2.29+0.52 | 0. 1.94+0.46 | 2.10£0.50 | 0.028

Late lumen loss (LLL) * | 0.10+0.35 | 0.04+0.35 | 0.29 0.29+0.33 | 0.14+0.37 | 0.004 |-0.01+0.35|-0.04+0.29| 0.46 | 0.13+0.38 | 0.06+0.35 | 0.21
Diameter stenosis (%)

Pre-procedure NA NA NA 60.8+11.1 | 60.8+10.8 | 1.0 NA NA NA | 60.811.1 | 60.8£10.8 | 1.0
Post-procedure 14.0+84 | 158492 | 0.19 9.5+6.4 | 11.3+58 | 0.039 | 16.8+10.1 | 16.5+8.7 0.78 20.6+8.4 | 21.0+74 | 0.73
At 9 months 14.5+104 | 17.4£132 | 0.12 19.2+12.0 | 16.1«12.6 | 0.09 13.1+10.7 | 15.8+£9.2 0.08 | 24.5+124 | 239+125 | 0.74

Binary restenosis (%)
At 9 months 1.3(1/80) | 3.8(3/79) | 0.37 3.3(3/90) | 4.4(4/91) | 1.0 1.1(1/87) | 1.1(1/89) 1.0 5.6(5/90) | 5.5(5/91) | 1.0

Data are expressed as mean+SD and n (%). * Primary study endpoint based on 88 lesions in SES group and 89 lesions in ZES group; 3 lesions with unmatched views were included.
The findings were similar when excluding these 3 lesions and re-calculating in-stent LLL based on matched views only (0.30+0.04 mm vs. 0.14+0.04 mm; p=0.003). NA: not available

Table 3. Clinical outcomes at 12-month follow-up.

BuMA Supreme | Resolute-type ZES Difference
SES (n=82%) (n=87) [95% Cl]
Individual endpoints
Death, all 2(2.4) 2(2.3) 0.1% [-4.4%, 4.7%] 1.00
Cardiac death 1(1.2) 1(1.1) 0.1% [-3.2%, 3.3%] 1.00
Myocardial infarction, all 1(1.2) 3(3.4) —2.2% [-6.7%, 2.3%] 0.62
Periprocedural MI* 1(1.2) 2(2.3) -1.1% [-5.0%, 2.9%] 1.00
Spontaneous MI** 0 (0) 1(1.1) -1.1% [-3.4%, 1.1%] 1.00
TV-MI 1(1.2) 2(2.3) -1.1% [-5.0%, 2.9%] 1.00
TLR, all® 3(3.7) 6 (6.9) —-3.2% [-9.9%, 3.5%] 0.50
Clinically indicated TLR 2(2.4) 3(3.4) -1.0% [-6.1%, 4.1%] 1.00
TVR, all 5(6.1) 9(10.3) —4.2% [-12.5%, 4.0%] 0.32
Clinically indicated TVR 4 (4.9) 5(5.7) -0.9% [-7.6%, 5.9%] 1.00
Composite of cardiac death, TV-MI and CI-TLR (DoCE) 4 (4.9) 5(5.7) -0.9% [-7.6%, 5.9%] 1.00
Composite of cardiac death and TV-MI 2(2.4) 2(2.3) 0.1% [-4.4%, 4.7 %] 1.00
Stent thrombosis
Definite or probable stent thrombosis 00 0 0.0% NA
Data are expressed as n (%). Analyses were performed based on the principle of intention-to-treat. #*One patient in SES group refused 12-month
follow-up. *Defined according to SCAI definition!!. **Defined according to third universal definition?°. "One TLR in the SES group and three TLRs in the
ZES group were adjudicated as “non-clinically indicated TLR” due to the absence of symptom or functional assessment. DoCE: device-oriented
composite endpoint; MI: myocardial infarction; NA: not available; TLR: target lesion revascularisation; TV-MI: target vessel myocardial infarction;
TVR: target vessel revascularisation
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LATE LUMEN LOSS

In the present trial, the LLL of the BuMA Supreme SES
(0.2940.33 mm) was numerically larger than anticipated based on
the previous study of its predecessor (0.24+0.33 mm)'*. Reasons
for this discrepancy could reside in differences in study back-
ground (e.g., patients, lesion types, lesion length, procedural char-
acteristics such as the degree of acute gain and residual stenosis)
and in dissimilar methodologies of the angiographic core labora-
tories. Moreover, the LLL in the Resolute-type ZES group of the
present trial (0.14+0.37 mm) was lower than the LLL observed
in the Resolute first-in-man (FIM) trial (0.22+0.27 mm) which,
in addition, was analysed by another core lab using a different
methodology'¢. Tt might be related to differences in baseline pro-
cedure. Acute gain (in-stent) of Resolute ZES in the current trial
was lower than the one in the Resolute FIM trial (1.46+0.64 mm
vs. 1.93£0.45 mm), whereas residual percent stenosis in the
Resolute ZES group in the current trial was greater than the one
in the Resolute FIM trial (11.3+5.8% vs. 3.36+8.54%). Mauri et al
reported that decreased acute gain and increased residual stenosis
were associated with increased LLL (estimated effect [mm]: 0.17
with acute gain [per mm], and —0.0097 with residual percent ste-
nosis [per 1%])"7. The differences in these parameters might be
related to the difference in LLL between the two trials.

When PIONEER-like lesions, treated with a Resolute-type ZES,
were selected from the Resolute all-comers trial, the angiographic
LLL at 13 months, analysed by the core lab of the present study,
was 0.19+0.26 mm’. Considering this, the relatively low LLL for
the second and third iterations of the Resolute ZES may be seen in
a different light and are less surprising.

OTHER ANGIOGRAPHIC PARAMETERS AND CLINICAL EFFICACY
Although in the current trial the BuMA Supreme SES did not meet
the non-inferiority criterion in in-stent LLL, there was no between-
group difference in in-segment percent DS (25+13% vs. 24+13%).
For both DES groups the in-segment percent DS was within the
range of data seen with DES that have recently been approved by
the Food and Drug Administration (FDA), as has been reported by
the ESC/EAPCI task force on the evaluation of coronary stents in
Europe in their executive summary for the European Union'®. In
addition, the 12-month DoCE rates were comparably low for both
treatment arms (4.9% vs. 5.7%), and in both treatment arms there
was no case of definite or probable stent thrombosis.

THE CLINICAL SIGNIFICANCE OF LLL AND REGULATORY
PERSPECTIVE

In the early days of balloon angioplasty, there was no quantitative
method to assess the respective contribution of constrictive remod-
elling and neointimal proliferation. With the advent of quantitative
angiography, late lumen loss, defined as a change in minimum lumen
diameter between post-procedure and follow-up, was developed as
a continuous variable to define restenosis and has for more than a quar-
ter of a century remained the gold standard for regulatory bodies in
the assessment of the “antirestenotic” efficacy of coronary devices'.

In the bare metal stent era, the LLL in absolute value was paradox-
ically doubled (0.65+0.57 mm) as compared to balloon angioplasty
(0.32+£0.47 mm), although minimal lumen diameter, binary reste-
nosis rate, and target lesion revascularisation rate were improved?®.
LLL of a metallic coronary stent reflected exclusively the neointimal
proliferation as the stent prevented constrictive vascular remodel-
ling?!. After the emergence of DES, LLL was reduced to a rela-
tively low value, but the “near eradication” of intra-stent neointima
was not per se a criterion of device safety. In the RAVEL trial, the
first-generation CYPHER® (Cordis, Cardinal Health, Milpitas, CA,
USA) SES had no LLL at all (-0.01+£0.33 mm), but the increase
in late and very late adverse events with this type of DES showed
clearly that LLL was a rather unsuitable parameter to predict the
efficacy and long-term safety of this device®?. A very low LLL
may indeed reflect a delayed and incomplete healing process with
uncovered and malapposed struts, only seen on optical coherence
tomography (OCT)*. Despite these facts, LLL remained a standard
measure of the performance of new coronary stents and scaffolds's.

Angiographic LLL has been used for evaluating the process of
neointimal hyperplasia and late constrictive remodelling in clinical
trials with balloon angioplasty and stents, because the LLL was con-
sidered a robust continuous parameter that required a smaller sample
size than the traditional binary restenosis. However, in the current
era of DES, the clinical significance of comparing DES with very
low LLL is debatable. Pocock et al, in data from a pooled analy-
sis, showed that, within a range of relatively low LLL values (up to
1.0 mm), differences in LLL were not associated with a significant
difference in the target lesion revascularisation rate'®?. In contrast,
a mild or moderately (certainly not an excessively) increased LLL
might be favourable in terms of completeness of stent coverage®.

The BuMA Supreme stent was designed to elute 92% of the drug
in 28 days and leave a drug level in the artery wall 60 days after
implantation of less than 1 ng/mg — a concentration that is below
the therapeutic level of prevention of neointimal progression, allow-
ing early neointimal coverage (Figure 2). In the BuMA-OCT ran-
domised trial at three-month follow-up, the BuMA stent had a more
favourable neointimal coverage than the PLA polymer-based EXCEL
SES (JW Medical Systems, Weihai, China), which is characterised
by drug elution during a much longer period of time (180 days)®.
The Endeavor® zotarolimus-eluting stent (E-ZES) (Medtronic) was
similarly designed to complete drug elution within two weeks?.
Interestingly, although E-ZES had a greater in-stent LLL compared
to the TAXUS™ paclitaxel-eluting stent (PES) (Boston Scientific,
Marlborough, MA, USA) in the ENDEAVOR IV randomised con-
trol trial (0.67+£0.49 mm vs. 0.42+0.50 mm, p<0.001), E-ZES was
non-inferior to PES with rates of target vessel failure 6.6% versus
<0.001)". It is notable that regulatory
bodies in many countries, such as the FDA in the USA, approved

7.1%, respectively (Pron-interiorty
the E-ZES holding clinical outcomes in great account.

The ultimate treatment goal of stenting a narrowed coronary
segment is to re-establish optimal hyperaemic blood supply to the
subtended myocardium, which today can be quantified by a func-
tional test such as fractional flow reserve (FFR). Future trials and



regulatory bodies may embody a combined angiographic and
functional approach as criteria for approval. Thus, there is cur-
rently a need to establish an optimal parameter to validate stent
performance that should precisely reflect improvements in func-
tionality and reductions in adverse clinical event risk.

Limitations

The study was powered for the primary endpoint only; clinical
outcomes are only hypothesis-generating. The sample size calcu-
lation was based on data of the first-in-man study of the Resolute
ZES, which was analysed by a different core laboratory.

Conclusions

The trial did not meet its primary endpoint of non-inferior-
ity in in-stent LLL at nine-month angiographic follow-up.
Nevertheless, several other angiographic parameters such as per-
cent diameter stenosis and binary restenosis rate were similar
for both stents. One-year clinical event rates, although obtained
in a relatively small patient population, were comparably low
with both devices. Both this and future trials will further explore
whether or not the unique pharmacokinetic properties of this

stent impact on long-term outcomes.

Impact on daily practice

Nine months after the implantation of the novel BuMA Supreme
sirolimus-eluting stent, the trial did not meet its primary end-
point of non-inferiority in terms of angiographic late lumen
loss. Nevertheless, several other angiographic parameters and
clinical endpoints were similar to the comparator device, sug-
gesting that, in the current drug-eluting stent era, the clinical
significance of the parameter late lumen loss may be limited
and that its suitability for predicting the efficacy and safety of
novel devices is debatable.
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Supplementary data

Supplementary Appendix. Details of the protocol and the procedural results in the
PIONEER trial

The eligibility criteria of the PIONEER trial

Age 18 years or older; presence of stable or unstable angina or silent ischaemia with clinical
evidence of ischaemic heart disease and/or positive territorial functional study; 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 that allowed treatment with a single study
stent; coronary flow grade 2 or 3 according to the Thrombolysis In Myocardial Infarction

(TIMI) classification in all target vessels.

The exclusion criteria of the PIONEER trial

Female of child-bearing potential; evolving myocardial infarction; bifurcated target lesion
involving a side branch >2.0 mm; target lesion in the left main artery; aorto-ostial target
lesion; target lesion with presence of angiographically visible thrombus; restenotic target
lesion; left ventricular ejection fraction <30%; renal insufficiency (e.g., serum creatinine >2.5
mg/dL, creatinine clearance <30 mL/min, or patient treated by dialysis); intolerance to
aspirin, heparin, antiplatelet medication specified for use in the study, sirolimus, zotarolimus,

or cobalt-chromium.

Definition of the secondary endpoint of the PIONEER trial

(1) Acute device success: post-procedural DS <30% using the assigned stent.

(2) Procedural success: device success without the occurrence of cardiac death, target vessel
myocardial infarction (TV-MI; i.e., Ml not clearly attributable to a non-intervention vessel),
or target lesion revascularisation (TLR) during index hospitalisation.

(3) A device-oriented composite endpoint (DoCE): defined as the composite of CD, TV-MI,
and clinically indicated TLR (CI-TLR).

(4) Clinically indicated TLR: defined as percent diameter stenosis >50% (core lab QCA
assessment) AND if one of the following occurs:

- a positive history of recurrent angina pectoris, presumably related to the target vessel;



- objective signs of ischaemia at rest (ECG changes) or during exercise test (or equivalent),
presumably related to the target vessel;
- abnormal results of any invasive functional diagnostic test (e.g., Doppler flow velocity

reserve, fractional flow reserve).

A TLR with a diameter stenosis >70% even in the absence of the above-mentioned ischaemic

signs or symptoms is also considered clinically indicated.

Sample size calculation of the PIONEER trial

The trial was powered for testing non-inferiority for the primary endpoint at nine-month
angiographic follow-up. An LLL of 0.22 mm was assumed for both device groups, based on
the Resolute first-in-human trial [16], in which the Brigham and Women’s Angiographic
Core Laboratory in Boston, MA, USA, measured an LLL of 0.22+0.27 mm. The non-
inferiority margin was set as 0.16 mm, similar to the SPIRIT II trial [28]. Assuming an
attrition rate of 10%, 84 patients per arm were required to achieve 95% power to demonstrate

non-inferiority with a one-sided type o error of 0.025.

Principal investigators and study chairman
C. von Birgelen, MD, PhD (PIl); Thoraxcentrum Twente, Enschede, the Netherlands
M. Sabaté, MD, PhD (PI); Clinic University Hospital, Barcelona, Spain

P.W. Serruys, MD, PhD (Study Chairman); Imperial College London, London, UK



Supplementary Table 1. Interventional procedure.

BUuMA Supreme Resolute-type
SES tients (N gZ7ESt' ts (N Difference
/953255255(5_)) /1o?allelsei2nss((|_)) [95% Cl] p-value
n n
Before PCI
Target vessel location
Left anterior descending arteryt 95 46 (48.4) 101 | 39(38.6) 9.8% [-4.0%, 23.6%)] 0.17
Left circumflex arteryt 95 19 (20) 101 | 28(27.7) -7.7% [-19.6%, 4.1%)] 0.21
Right coronary arteryt 95 30 (31.6) 101 | 34(33.7) -2.1% [-15.2%, 11.0%] 0.76
ACC/AHA lesion classt 0.73
A 9% | 4(4.2) 100 | 3(3)
Bl 95 | 48(50.5) 100 | 46 (46)
B2 95 | 43(45.3) 100 | 51(51)
c 95 | 0(0) 100 | 0(0)
Moderate or severe calcificationt 93 20 (21.5) 97 18 (18.6) 29[-84,14.3] 0.61
TIMI score O or 11 91 |1 1(11) 96 0(0) 1.1[-1.0,3.2] 0.49
Reference vessel diameter (mm)T19 91 | 2.57+0.43 95 2.66+0.48 -0.09 [-0.22, 0.04] 0.19
Lesion length (mm) 119 91 | 13.15#6.42 95 14.32+6.86 -1.17 [-3.10, 0.75] 0.23
Long lesion (length >18 mm) 19 91 | 21(231) 95 19 (20.0) 3.1[-8.7,14.9] 0.61
Small vessel (RVD <2.75 mm) 119 91 | 61(67.0) 95 | 58(61.1) 6.0 [-7.8,19.7] 0.4
Thrombus presenttt§ 91 | 0(0) 95 1(1.1) -1.1[-3.1,1.0] 1.00
PCI procedure
Number of implanted stents
Per patient 83 | 1.2+0.4 87 1.3+0.6 -0.1[-0.3,0.0] 0.14
Per lesion 95 | 1.1+0.2 101 | 1.1+0.4 -0.1[-0.2,0.0] 0.08
Nominal stent diameter (mm)
Per patient 83 | 2.98+0.42 87 3.08+0.39 -0.09 [-0.21, 0.03] 0.14
Per lesion 95 | 2.96+0.42 101 | 3.08+0.45 -0.12 [-0.24, 0.00] 0.05#
Total nominal stent length (mm)
Per patient 83 | 25.1#12.2 87 26.1+12.3 -1.0[-4.7,2.7] 0.59
Per lesion 95 | 21.9+8.8 101 | 225+10.7 -0.6[-33,2.2] 0.69
Predilation performed 83 66 (79.5) 87 56 (64.4) 15.2% [1.9%, 28.4%] 0.03
Post-dilation performed 83 31(37.3) 87 42 (48.3) -10.9% [-25.7%, 3.9%] 0.15
Patients treated with allocated stent only 83 81 (97.6) 87 83 (95.4) 22[-33,7.7] 0.68
Successful outcome
Device success” 93 | 90 (96.8) 99 94 (94.9) 1.8% [-3.8%, 7.4%] 0.72
Procedural success™ 82 | 79(96.3) 85 80 (94.1) 2.2% [-4.2%, 8.7%)] 0.72

Data are expressed as mean+SD or number (percentage).

Presented number (n) of lesions or patients with available data.

t Data were derived from eCRF (SES: N=83, L=95; ZES: N=87, L=91).

t1 Data were based on core lab analysis with available QCA at pre-procedure (SES: N=81, L=92; ZES: N=83, L=95). 2
lesions in SES: lost film; 5 lesions in ZES: target lesion not recorded; 1 lesion in SES and 1 lesion in ZES: non-analysable

due to the presence of a radiopagque marker of guidewire.




1 One lesion in SES arm was not analysable due to TIMI 1 flow.
8§ One lesion in SES arm was not analysable due to guidewire.
* 192 lesions (SES: L=93; ZES: L=99) with residual diameter stenosis available were analysed.

** 167 patients (SES: L=82; ZES: L=85) with residual diameter stenosis available were analysed.
# p=0.051.



