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BACKGROUND Drug-coated balloons (DCBs) offer an effective treatment for in-stent restenosis (ISR). The Genoss DCB

is a novel paclitaxel-coated balloon with a shellac plus vitamin E excipient that enhances drug delivery to the target

lesion, minimizing restenosis.

OBJECTIVES This study aimed to investigate the angiographic efficacy, clinical safety, and effectiveness of the novel

shellac plus vitamin E–based DCB in a randomized controlled trial designed to enable regulatory approval of this new

device in South Korea.

METHODS This noninferiority trial randomized patients experiencing their first ISR to the novel shellac plus vitamin

E–based DCB or the reference SeQuent Please iopromide-based DCB in a 1:1 ratio. All patients underwent planned

angiographic and clinical follow-up at 6 months. The study was powered for the primary endpoint of 6 months in-

segment late lumen loss (LLL).

RESULTS A total of 82 patients from 7 centers were randomized to either the novel shellac plus vitamin E–based DCB

group (n ¼ 41) or the reference iopromide-based DCB group (n ¼ 41). The 6-month in-segment LLL was 0.15 � 0.43 mm

with the novel DCB compared with 0.24 � 0.39 mm with the reference device. The 1-sided 97.5% upper confidence limit

of the difference was 0.13 mm, lower than the noninferiority limit of 0.29 mm, achieving noninferiority (P for

noninferiority ¼ 0.001). Major cardiovascular events were comparable between 2 groups at 6 months (7.7% for the novel

DCB vs 10.3% for the reference DCB; P ¼ 0.692).

CONCLUSIONS In this multicenter, head-to-head comparison randomized trial, the novel shellac plus vitamin E–based

DCB showed a comparable result to the reference iopromide-based device for the primary endpoint of 6-month in-

segment LLL for the treatment of coronary ISR. (Compare the Safety and Efficacy of Genoss� DCB and SeQuent� Please in

Korean Patient With Coronary In-stent Restenosis; NCT04405063) (JACC: Asia 2022;2:170–179) © 2022 The Authors.
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AB BR E V I A T I O N S

AND ACRONYM S

DCB = drug-coated balloon

DES = drug-eluting stent

DS = diameter stenosis

ISR = in-stent restenosis

LLL = late lumen loss

MLD = minimal lumen diameter

MACE = major adverse

cardiovascular event

PCB = paclitaxel-coated

balloon

TLR = target lesion

revascularization
A lthough drug-eluting stents (DES) have
improved the clinical outcomes of patients
with in-stent restenosis (ISR), the optimal

treatment strategy for ISR remains unclear. Drug-
coated balloons (DCBs), which are a recommended
treatment option for ISR with a Class I, Level of Evi-
dence: A recommendation in the European guidelines
for revascularization, importantly avoid the need for
a second layer of a stent.1-3 Paclitaxel remains the
preferred drug for the balloon coating because of its
irreversible binding to microtubules,4 resulting in
effective inhibition of neointimal proliferation.5

Most randomized studies that compare DCBs with
alternative percutaneous therapies for the treatment
of ISR are centered on the iopromide-based SeQuent
Please (B. Braun); however, alternative paclitaxel-
coated balloons (PCBs) using different excipients are
available for clinical applications. Several prospective
randomized studies have shown comparable angio-
graphic and clinical outcomes among different types
of DCBs for patients with coronary ISR.6,7 The Genoss
PCB (Genoss DCB; GENOSS) is a new DCB with a
different excipient, ie, shellac plus vitamin E, which
is designed to enhance drug delivery to the target
lesion. This study aimed to evaluate the angiographic
efficacy, clinical safety, and effectiveness of this new
DCB in a randomized trial designed to enable regula-
tory approval of the new device in South Korea.

METHODS

STUDY DESIGN AND PATIENT POPULATION.

This prospective, multicenter, randomized controlled
trial compared the new shellac plus vitamin E–based
DCB with the iopromide-based DCB in patients with
ISR (NCT04405063). The protocol was approved by all
ethics committees of all participating centers.
Patients $19 years of age with clinical evidence of
stable or unstable angina, silent myocardial ischemia,
or a positive functional study were considered for
enrollment. Clinical inclusion criteria required le-
sions to be Mehran type I to III ISR with at least 50%
diameter stenosis (DS), occurring >90 days after cor-
onary stent implantation. Major clinical exclusion
criteria were infarct-related artery lesions in patients
with acute myocardial infarction; restenosis lesions
with thrombosis or bypass grafts; target vessels with
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complete occlusion (Mehran type IV); known
hypersensitivity or contraindications to
aspirin, heparin, clopidogrel, and paclitaxel;
sensitivity to contrast media not amenable to
pre-medication; lesion length >40 mm; or
vessel diameter <2.0 mm.

Eligible patients who provided written
informed consent were enrolled from 7 uni-
versity hospitals in South Korea. We
randomly stratified patients on the basis of
the lesion site and used an interactive Web
response system to randomize patients.
Study coordination, data management, and
on-site monitoring support were provided by
an independent contract research organiza-

tion company (Synex Consulting). The study sponsor
did not have any role in the analysis and interpreta-
tion of data or writing of the manuscript and did not
participate in the decision to submit the paper for
publication.

STUDY DEVICES AND PROCEDURES. The SeQuent
Please (reference device) is an iopromide-based DCB
that is coated with 3 mg paclitaxel/mm2 of balloon
surface and uses iopromide as a hydrophilic excip-
ient. The Genoss DCB (tested device) is also coated
with 3 mg paclitaxel/mm2 of balloon surface but uses a
wax-free shellac and vitamin E as an excipient, which
is designed to enhance drug delivery to the target
lesion and prevent restenosis.

Randomization was performed when the ISR lesion
was judged to be capable of DCB treatment. Pre-
dilatation of the target lesion was mandatory using
a standard balloon catheter, followed by full plaque
modification. The DCB was selected using a balloon-
to-artery ratio of 1.0, which is longer than the lesion
segment. The delivery time of the DCB catheter from
the vascular access to the vessel wall and expansion
to nominal pressure was minimized to <3 minutes. If
more than 3 minutes had elapsed, the failed DCB was
removed and replaced with a new product for
retreatment. The recommended DCB balloon inflation
time was at least 60 seconds with nominal pressure,
but if the patient could not tolerate this duration,
inflation was performed twice for 30 seconds. All
patients were preloaded with clopidogrel and already
on aspirin before coronary angioplasty. Unfractio-
nated heparin was administered according to the
es and animal welfare regulations of the authors’
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FIGURE 1 Flow Chart of the Study

Between November 2016 and July 2018, a total of 82 patients with coronary in-stent restenosis (ISR) were randomized to the shellac plus vitamin E–based drug-coated

balloon (DCB) (n ¼ 41) or the iopromide-based DCB (n ¼ 41). Two patients in each group were excluded caused by stenting after balloon angiography. The clinical

follow-up was 100% complete, and the angiography follow-up was completed in the shellac plus vitamin E–based DCB group (n ¼ 29) and the iopromide-based DCB

group (n ¼ 31) at 6 months.
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standard hospital practice, and most of the proced-
ures were performed via radial access. Vascular
sheaths, either through the transradial or trans-
femoral route, were removed according to the usual
hospital practice.

QUANTITATIVE CORONARY ANGIOGRAPHY. Angio-
graphy before and after all interventions and at
angiographic follow-up was performed using iden-
tical projections and analyses. All coronary angio-
graphic images were analyzed by an expert (Yoonha
Noh) in the core laboratory at the Cardiovascular
Center of the Genome Research Foundation.
Measurements were obtained in the stented area with
measurement shoulder to shoulder (in stent; nar-
rowing size and references were automatically iden-
tified by the system) and in the total stented area plus
5.0 mm proximally and distally (in segment; lesion þ
complete treated segment þ 5 mm adjacent margins).
The following parameters were analyzed: reference
vessel diameter, minimal lumen diameter (MLD),
percent DS, acute lumen gain (defined as the differ-
ence between MLD after DCB treatment and MLD at
baseline), late lumen loss (LLL) (defined as the dif-
ference between MLD after DCB treatment and MLD
at follow-up), lesion length, binary restenosis, and



TABLE 1 Clinical Baseline Characteristics

Shellac þ Vitamin
E–Based DCB

(n ¼ 39)

Iopromide-Based
DCB

(n ¼ 39)

Age, y 67.8 � 11.2 65.2 � 9.7

Male 33 (84.6) 29 (74.4)

Body mass index, kg/m2 26.8 � 8.8 24.7 � 2.5

Hypertension 32 (82.1) 30 (76.9)

Diabetes mellitus 21 (53.9) 24 (61.5)

Insulin treatment 7 (18.0) 5 (12.8)

Hyperlipidemia 12 (30.8) 12 (30.8)

Current smoking 5 (12.8) 8 (20.5)

Prior myocardial infarction 5 (12.8) 8 (20.5)

Prior coronary artery bypass grafting 1 (2.6) 0

Prior stroke 0 0

Stable angina pectoris status 31 (79.5) 29 (74.4)

Bare-metal stent ISR 5 4

Drug-eluting stent ISR 34 35

Values are mean � SD, n (%), or n.

DCB ¼ drug-coated balloon; ISR ¼ in-stent restenosis.
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persistence of dissection (National Heart, Lung, and
Blood Institute classification).8 Patterns of ISR were
defined according to the Mehran classification.9

FOLLOW-UP AND ENDPOINTS. Dual antiplatelet
therapy was continued orally for 6 months, and pa-
tients underwent follow-up angiography after
6 months. Clinical follow-up was performed at 30 �
7 days and at 6 months � 7 days post-procedure. All
clinical endpoints and adverse events were evaluated
with consensus of the investigators, and all events
were cross-checked with the medical records by
external monitors. Given the different packaging of
the study balloon catheters, the investigators per-
forming the study procedures were not blinded to the
treatment assignment; however, statisticians were
blinded. Angiographic in-segment LLL was the pri-
mary endpoint. Secondary endpoints were major
adverse cardiovascular events (MACE) composed of
the occurrence of cardiac death, target lesion
myocardial infarction, stent thrombosis, and clini-
cally driven target lesion revascularization (TLR) at
6 months, and these conditions were defined ac-
cording to the Academic Research Consortium
consensus document.10

Device success was defined as successful delivery
and deployment of the study balloon. Lesion success
was defined as the achievement of final residual
stenosis <30% by visual estimation. Procedural suc-
cess was defined as a target lesion DS <30% imme-
diately after DCB treatment, Thrombolysis In
Myocardial Infarction (TIMI) flow grade 3, and
absence of in-hospital MACE. Binary restenosis was
defined as a DS of at least 50% of the luminal diameter
at angiographic follow-up.

STATISTICAL ANALYSIS. The study hypothesis was
that the novel shellac plus vitamin E–based DCB was
noninferior to the iopromide-based DCB for the
treatment of ISR, in terms of in-segment LLL.
Accordingly, the power calculation of the present trial
included the assumption of an LLL of 0.17 mm in both
arms, with a delta of 0.00, alpha of 2.5%, power of
80%, SD of 0.4, and noninferiority margin of
0.29 mm. The estimation of 0.17 to 0.42 mm of LLL in
the control group was derived from previous studies
with the same device in a similar lesion setting.11-14

Therefore, we calculated a population of 34 patients
per group. With an attrition rate for angiographic
follow-up of 17%, we decided to include a total pop-
ulation of 82 patients.

For the demographic information, continuous data
were summarized by descriptive statistics (number of
subjects, mean, SD, median, minimum, and
maximum) and categorical data by frequency and
fraction. Two-sided statistical tests were performed
at a significance level of 5%, unless otherwise stated.
The purpose of this study was to demonstrate the
noninferiority of the shellac plus vitamin E–based
DCB to the iopromide-based DCB in terms of in-
segment LLL.

The primary endpoint, in-segment LLL, was
analyzed in all patients who had undergone angio-
graphic follow-up. For the comparison between the 2
groups, in-segment LLL values measured at 6 months
were evaluated using the independent 2-sample
Student’s t-test or Wilcoxon rank sum test. At this
time, if the upper limit of the 97.5% 1-sided CI be-
tween the shellac plus vitamin E–based DCB group
and the iopromide-based DCB group was <0.29 mm
(noninferiority limit), the shellac plus vitamin
E–based DCB group was significantly noninferior to
the iopromide-based DCB group. MLD and DS imme-
diately after the procedure and at 6 months’ follow-
up were evaluated using the 2-sample Student’s t-
test or Wilcoxon rank sum test.

If necessary, a chi-square test or Fisher’s exact test
was performed to compare the 2 groups. All statistical
analyses were performed at a 2-sided significance
level of 0.05, using SPSS version 21.0 (IBM), NCSS
(NCSS), and R version 3.6.3 (R Foundation for Statis-
tical Computing).

RESULTS

From November 2016 to July 2018, 82 patients with
coronary ISR were randomly assigned to either the
shellac plus vitamin E–based DCB (n ¼ 41) or the



TABLE 2 Angiographic and Procedural Characteristics

Shellac þ Vitamin
E–Based DCB

(n ¼ 39)

Iopromide-Based
DCB

(n ¼ 39)

Multivessel disease 11 (28.2) 10 (25.6)

Lesion type, B2/C 16 (41.0) 21 (53.9)

Target vessel location

Left anterior descending artery 18 (46.2) 19 (48.7)

Left circumflex artery 10 (25.6) 9 (23.1)

Right coronary artery 11 (28.2) 11 (28.2)

Mehran type

I 19 (48.7) 17 (43.6)

II 16 (41.0) 16 (41.0)

III 4 (10.3) 5 (12.8)

IV 0 1 (2.6)

TIMI flow grade 3 before procedure 39 (100.0) 39 (100.0)

Number of study balloons 1.0 � 0.2 (40) 1.1 � 0.3 (42)

Study balloon diameter, mm 3.0 � 0.4 3.0 � 0.4

Study balloon length, mm 24.6 � 5.1 27.2 � 7.0

Maximum study balloon pressure, atm 10.3 � 2.7 9.8 � 3.0

Study balloon inflation time, s 54.6 � 12.5 53.9 � 12.3

Delivery time to target lesion, s 43.8 � 39.1 42.5 � 33.2

TIMI flow grade 3 at end of procedure 39 (100.0) 39 (100.0)

Bailout strategy 0 0

Values are n (%), mean � SD (n), or mean � SD.

DCB ¼ drug-coated balloon, TIMI ¼ Thrombolysis In Myocardial Infarction.
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iopromide-based DCB Please (n ¼ 41) treatment
group. Figure 1 shows the flowchart of the trial.
Baseline characteristics between the 2 groups were
generally balanced (Table 1), with no significant dif-
ferences. Table 2 summarizes the angiographic and
procedural characteristics, and Table 3 summarizes
the quantitative coronary angiographic results. The
mean SYNTAX (SYNergy between PCI with TAXUS
and Cardiac Surgery) score was 9.6 � 7.2 mm with the
shellac plus vitamin E–based DCB compared with 8.9
� 7.4 mm with the iopromide-based DCB. The device
success rate was 100%. The lesion and procedural
success rate was 85.9% (shellac plus vitamin E–based
DCB at 82.1% vs iopromide-based DCB at 89.7%;
P ¼ 0.329). No procedural complications or bailout
stenting occurred after any treatment, and all pa-
tients were successfully treated with the assigned
DCB without flow-limiting dissection.

ANGIOGRAPHIC OUTCOMES. Angiographic follow-
up data (Table 3) were available for 29 patients in
the shellac plus vitamin E–based DCB group and 31
patients in the iopromide-based DCB group. The 6-
month in-segment LLL was 0.15 � 0.43 mm with the
shellac plus vitamin E–based DCB compared with 0.24
� 0.39 mm with the iopromide-based DCB (Central
Illustration). The upper limit of the 97.5%
one-sided CI for differences was 0.13 mm, lower than
the noninferiority limit of 0.29 mm, achieving the
noninferiority of the shellac plus vitamin E–based
DCB to the iopromide-based DCB (P for
noninferiority ¼ 0.001).

Immediately after DCB treatment in both groups,
there were comparable increases in reference vessel
diameter and MLD and decreases in DS. In addition,
in-segment (shellac plus vitamin E–based DCB 1.26 �
0.38 mm vs iopromide-based DCB 1.37 � 0.43mm;
P ¼ 0.250) and in-stent (shellac plus vitamin E–based
DCB 1.26 � 0.38 mm vs iopromide-based DCB 1.37 �
0.43 mm; P ¼ 0.249) acute lumen gains were similar
in both groups. At angiographic follow-up, no signif-
icant between-group differences were found, except
for DS. In-segment (shellac plus vitamin E–based DCB
23.53 � 10.93% vs iopromide-based DCB 30.43 �
11.17%; P ¼ 0.020) and in-stent (shellac plus vitamin
E–based DCB 23.53 � 10.93% vs iopromide-based DCB
30.23 � 10.82%; P ¼ 0.022) DS were significantly lower
after DCB treatment than before the treatment. As
shown in Table 3, no significant between-group dif-
ferences were noted in either in-segment (shellac
plus vitamin E–based DCB 0% vs iopromide-based
DCB 6.45% [n ¼ 2 of 31]; P ¼ 0.164) or in-stent
(shellac plus vitamin E–based DCB 0% vs iopromide-
based DCB 3.22% [n ¼ 1 of 31]; P ¼ 0.329) binary
restenosis. Figures 2 and 3 present the cumulative
frequency distributions of in-segment MLD, DS, and
LLL.

CLINICAL OUTCOMES. Clinical follow-up was
completed for all patients in both groups at 6 months.
Table 4 summarizes the clinical events at 6 months.
There was no cardiac death, and the target lesion
myocardial infarction rate was 2.6% (n ¼ 1 of 39)
in both groups. Stent thrombosis occurred in only
1 patient in the iopromide-based DCB group, and TLR
was 5.1% (n ¼ 2 of 39) in both groups. MACE at
6 months was 7.7% (n ¼ 3 of 39) in the shellac
plus vitamin E–based DCB group and 10.3% (n ¼ 4
of 39) in the SeQuent Please group (Central
Illustration).

DISCUSSION

This trial demonstrated that the shellac plus vitamin
E-based DCB was noninferior to the iopromide-based
DCB with regard to the primary endpoint of 6-month
in-segment LLL in treating coronary ISR. Addition-
ally, the rates of adverse clinical events within
6 months were similar between the treatment groups.
The results of this new, adequately powered, head-
to-head randomized trial comparing 2 different



TABLE 3 Serial Quantitative Coronary Angiographic Results

Shellac þ Vitamin
E–Based DCB

Iopromide-Based
DCB P Value

Pre-procedure n ¼ 39 n ¼ 39

LL, mm 20.10 � 6.03 21.79 � 8.61 0.318

RVD, mm 2.41 � 0.48 2.49 � 0.54 0.466

MLD, mm 0.87 � 0.28 0.87 � 0.34 0.936

DS, % 62.18 � 14.02 64.95 � 10.72 0.331

Post-balloon angioplasty n ¼ 39 n ¼ 39

RVD in-segment, mm 2.64 � 0.46 2.64 � 0.47 0.980

RVD in-stent, mm 2.64 � 0.46 2.64 � 0.47 0.980

MLD in-segment, mm 1.92 � 0.42 1.90 � 0.40 0.821

MLD in-stent, mm 1.92 � 0.41 1.90 � 0.40 0.821

DS in-segment, % 27.32 � 11.18 27.73 � 10.81 0.874

DS in-stent, % 27.35 � 11.16 27.73 � 10.81 0.882

Post-DCB n ¼ 39 n ¼ 39

RVD in-segment, mm 2.69 � 0.54 2.80 � 0.46 0.343

RVD in-stent, mm 2.68 � 0.54 2.80 � 0.46 0.310

MLD in segment, mm 2.13 � 0.44 2.24 � 0.36 0.220

MLD in-stent, mm 2.13 � 0.44 2.24 � 0.36 0.220

DS in-segment, % 20.49 � 8.76 19.51 � 8.86 0.625

DS in-stent, % 20.49 � 8.76 19.51 � 8.86 0.625

Acute lumen gain in-segment, mm 1.26 � 0.38 1.37 � 0.43 0.250

Acute lumen gain in-stent, mm 1.26 � 0.38 1.37 � 0.43 0.249

6-mo follow-up n ¼ 29 n ¼ 31

Follow-up, d 184.03 � 24.48 187.77 � 20.27 0.299

RVD in-segment, mm 2.71 � 0.50 2.65 � 0.43 0.640

RVD in-stent, mm 2.71 � 0.50 2.66 � 0.42 0.707

MLD in-segment, mm 2.07 � 0.44 1.90 � 0.55 0.196

MLD in-stent, mm 2.07 � 0.44 1.87 � 0.47 0.107

DS in-segment, % 23.53 � 10.93 30.43 � 11.17 0.020a

DS in-stent, % 23.53 � 10.93 30.23 � 10.82 0.022a

LLL in-segment, mm 0.15 � 0.43 0.24 � 0.39 0.299

LLL in-stent, mm 0.15 � 0.43 0.26 � 0.36 0.201

Binary restenosis in-segment 0 2 (6.45) 0.164

Binary restenosis rate in-stent 0 1 (3.22) 0.329

Values are mean � SD or n (%). aP < 0.05.

DCB ¼ drug-coated balloon; DS ¼ diameter stenosis; LL ¼ lesion length; LLL ¼ late lumen loss; MLD ¼minimal
lumen diameter; RVD ¼ reference vessel diameter.
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DCBs in ISR add important insights to the available
clinical evidence for treatment strategies for ISR.

Although the risk of restenosis after implantation
of contemporary new-generation DES is considered
very low, the number of complex coronary in-
terventions is increasing. Consequently, the indica-
tion for approximately 10% of all coronary
interventions remains the treatment of ISR.15 The
main cause of ISR is excessive neointimal prolifera-
tion caused by the stimulus of the permanent
implant. Therefore, ISR therapy typically involves
local drug delivery to reduce the risk of neointimal
proliferation.16

Although strategies for treating ISR varied and
ranged from repeat balloon angioplasty to surgical
revascularization, based on the available evidence,
only 2 procedures could be considered effective,
namely, implantation of another DES or use of a
DCB.17 Ultimately, only these 2 device types have
been endorsed in revascularization guidelines.1

Common to both procedures is local drug delivery to
the restenotic area within the stent to address the
mechanism of excessive neointimal proliferation. As
an alternative to the implantation of another stent,
the treatment of ISR with a DCB was proven to be
clinically effective.18 After 1 year, similar recurrence
rates were observed with DES and DCB.12,13,19,20 In
addition, evidence presents that long-term hard
clinical endpoints are positively influenced by the
absence of a further layer of metal.21,22 A recent meta-
analysis of 4,590 patients compared DCBs with
alternative treatments, such as DES, for coronary ISR
and de novo lesions and reported a significantly lower
all-cause and cardiac mortality after 3 years when
using a DCB.23 The suggested mechanism for this
surprising finding is the avoidance of a permanent
metal implant when treating patients with a DCB. For
DES, a device-related annual event rate of up to 2%
has been reported.24 For this reason, several authors
suggest using a DCB as the primary strategy for
treating ISR,25 even if the reduction in the risk of
recurrent TLR appeared lower in repeat stenting
with DES.26

Many randomized data on the comparison of DCBs
with alternative percutaneous therapies for the
treatment of ISR are based on the iopromide-based
DCB. Thus, we designed this trial to provide evi-
dence for regulatory approval in South Korea by
comparing the safety and efficacy of the new shellac
plus vitamin E–based DCB with that of the reference
iopromide-based DCB. The hydrophilic shellac
coating on the surface of the new DCB allows for rapid
release and diffusion into the tissue.27,28 Added to the
coating is the antioxidant vitamin E, which is known
to be effective in preventing restenosis by reducing
local plasminogen activator inhibitor-1 and by
directly blocking the accumulation of smooth muscle
cells, which are activated when the vascular wall
is damaged after balloon angioplasty.29,30 At the
6-month follow-up, this study yielded comparable
clinical and angiographic results between the
iopromide-based and shellac plus vitamin E–based
DCBs. Furthermore, in-segment and in-stent DS
were significantly lower at follow-up angiography
with the shellac plus vitamin E–based DCB than with
the iopromide-based DCB, even though the baseline
and post-DCB DS were comparable. Lesion prepara-
tion, followed by local drug delivery, represents the
fundamental principle of any DCB therapy.3 Clinical
outcomes after ISR therapy with a DCB depend on
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(A) The primary endpoint of in-segment late lumen loss and (B) the secondary endpoint of major adverse cardiovascular events (MACE) at

6 months. In this multicenter, head-to-head comparison randomized trial for coronary in-stent restenosis, the shellac plus vitamin E–based

drug-coated balloon (DCB) shows a comparable result to the reference iopromide-based DCB for the primary endpoint of 6 months in-

segment late lumen loss. Both DCBs had similar MACE rates at 6 months. MI ¼ myocardial infarction; TLR ¼ target lesion revascularization.
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FIGURE 2 Angiographic Outcomes

(A) Cumulative frequency distribution of in-segment minimal lumen diameter and (B) cumulative frequency distribution of in-segment diameter stenosis determined by

quantitative coronary angiography. Both drug-coated balloons (DCBs) show comparable results of in-segment minimal lumen diameter and in-segment diameter

stenosis.

FIGURE 3 Cumulative Frequency Distribution of In-Segment Late Lumen Loss

Cumulative frequency distribution of in-segment late lumen loss determined by quanti-

tative coronary angiography after drug-coated balloon (DCB) treatment. Both groups

show comparable results.
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whether the quality criteria of the DCB consensus
group are met.31,32 The primary goal of lesion prepa-
ration is to avoid flow-limiting dissections and to
reduce the degree of residual stenosis to <30%. In our
study, lesion preparation was mandatory. Bailout
stent implantation after DCB was not needed.
Although the procedural success rate was numerically
lower in the shellac plus vitamin E–based DCB group
compared with the iopromide-based DCB group
(82.1% vs 89.7%; P ¼ 0.329), their rates of MACE at
6 months were comparable. The results of this new
head-to-head comparison randomized trial of 2
different PCBs in ISR provide important insights into
the available clinical evidence for the treatment
strategies for ISR. To our knowledge, this is the first
evidence that shellac plus vitamin E–based DCB is
effective and safe, at least for the treatment of ISR at
6 months’ follow-up. Following these results, we
obtained regulatory approval for the device in South
Korea.

STUDY LIMITATIONS. First, it was difficult to ensure
sufficient power to detect differences in clinical out-
comes with the relatively low sample size. Thus, no
further conclusions are possible on the clinical safety
or efficacy of the shellac plus vitamin E–based DCB.
However, angiographic surrogate endpoints such as
LLL have been widely used and validated in other
trials that evaluated the safety and efficacy of DCBs.
Second, although the noninferior limit was met in this
study, according to the study plan, the sample
calculated to prove noninferiority required 80% case
follow-up. Therefore, interpretation of the results
required sufficient attention. The limited sample size
and short follow-up period could have caused the
absence of mortality in this study. Real-world evi-
dence is important to confirm the clinical effective-
ness of the shellac plus vitamin E–based DCB.

CONCLUSIONS

In this multicenter, head-to-head comparison, first-in-
man randomized trial, the newDCB,with a shellac plus
vitamin E excipient coating, shows comparable results



TABLE 4 Clinical Follow-Up at 6 Months

Shellac þ Vitamin
E–Based DCB

(n ¼ 39)

Iopromide-Based
DCB

(n ¼ 39)

Major adverse cardiovascular
events

3 (7.7) 4 (10.3)

Cardiac death 0 0

Myocardial infarction 1 (2.6) 1 (2.6)

Stent thrombosis 0 1 (2.6)

Target lesion revascularization 2 (5.1) 2 (5.1)

Target vessel revascularization 2 (5.1) 2 (5.1)

Stroke 0 0

New vessel revascularization 0 0

Values are n (%).

DCB ¼ drug-coated balloon

PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: DCBs

offer an effective treatment for ISR. With comparable

clinical results, they do not require the implantation

of an additional metal layer and may lead to better

long-term results. In the present multicenter, head-

to-head, randomized trial, the shellac plus vitamin E–

based DCB was noninferior to the standard reference

iopromide-coated DCB for the primary endpoint of 6-

month in-segment LLL, with comparable clinical

outcomes at 6 months.

TRANSLATIONAL OUTLOOK: Longer-term

follow-up and large-scale studies with primary clin-

ical endpoints are needed to evaluate clinical out-

comes with the shellac plus vitamin E–based DCB in

the treatment of coronary ISR. Furthermore, this new

DCB should also be investigated in de novo lesions.
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to the reference iopromide-coated DCB for the primary
endpoint of 6-month in-segment LLL.
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