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Abstract

Aims: Although several studies have shown positive outcomes after the use of drug-coated balloons (DCB)
for in-stent restenosis (ISR), data on randomised controlled trials versus latest-generation drug-eluting
stents (DES) are limited. Therefore, in this randomised trial, we sought to evaluate whether a butyryl-
tri-hexyl citrate (BTHC)-based paclitaxel DCB is non-inferior to a biodegradable polymer sirolimus-eluting
stent (BP-SES) therapy in patients with ISR in either a bare metal stent (BMS) or DES.
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¢ in-stent restenosis
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Methods and results: A total of 229 patients with ISR in BMS or DES from 13 German centres and one

Latvian centre were 2:1 randomly allocated to DCB (n=157) or DES (n=72). The primary efficacy endpoint
was defined as in-stent late lumen loss (LLL) at six months, and the primary safety endpoint was target
lesion failure (TLF) at 12 months. LLL in the DCB arm was 0.03+0.40 mm compared to 0.20+0.70 mm in
the DES arm (p=0.40). DCB proved to be non-inferior to DES (A=-0.17+0.52 mm, 97.5% CI —x0; —0.01];
p<0.0001). At 12 months, Kaplan-Meier TLF estimates were 16.7% in the DCB arm and 14.2% in the DES
arm (p=0.65) and remained similar at 18 months (DCB versus DES: 17.4% versus 19.5%, p=0.88).

Conclusions: In patients with DES or BMS ISR, treatment with a paclitaxel DCB showed similar LLL at
six months and TLF rates up to 18 months compared to a second-generation sirolimus DES.
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Abbreviations

ARC Academic Research Consortium

BMS bare metal stent

BP-SES biodegradable polymer sirolimus-eluting stent
BTHC  butyryl-tri-hexyl citrate

DAPT  dual antiplatelet therapy

DCB drug-coated balloon

DES drug-eluting stent

DP-EES durable polymer everolimus-eluting stent

DS diameter stenosis

ISR in-stent restenosis

LLL late lumen loss

Mi myocardial infarction

MLD minimum lumen diameter
RVD reference vessel diameter

TLF target lesion failure

TLR target lesion revascularisation

Introduction

In-stent restenosis (ISR) remains a clinical challenge despite the
use of newest-generation drug-eluting stents (DES)'. In up to 10%
of patients the need for revascularisation of in-stent restenosis
occurs®. Both drug-coated balloons (DCB) and DES are recom-
mended by current guidelines to treat ISR?; however, the optimal
treatment of ISR remains unknown. DCB therapy has the advan-
tage of avoiding additional stent layers' and has been shown to be
non-inferior compared to first-generation DES in previous stud-
ies*. Data that compare DCB with second-generation DES. for
ISR treatment are sparse®®. Additionally, a class effect for differ-
ent DCB cannot be assumed?.

Therefore, in this randomised trial, we sought to evaluate
whether a butyryl-tri-hexyl citrate (BTHC)-based paclitaxel DCB
is non-inferior to a biodegradable polymer sirolimus-eluting stent
(BP-SES) therapy in patients with ISR in either a bare metal stent
(BMS) or DES.

Editorial, see page 1069

Methods
PATIENT SELECTION AND STUDY DESIGN
The BIOLUX RCT (BIOtronik — Clinical performance of the
Pantera LUX paclitaxel releasing balloon versus the drug eluting
Orsiro hybrid stent system in patients with in-stent restenosis —
a Randomized Controlled Trial) was a prospective, multicentre, ran-
domised controlled trial, which compared the efficacy of a DCB-based
treatment strategy to a DES-based treatment strategy for in-stent
restenosis in both BMS and DES. The treatment allocation followed
a block randomisation with a factor of 2:1 (DCB versus DES),
stratified according to diabetic status at screening. Randomisation
was performed on a per patient basis and done in the electronic
case report form after the guidewire crossed the target lesion.
Investigational devices were a BTHC-based paclitaxel
DCB (Pantera Lux; Biotronik AG, Biilach, Switzerland'®) and
a BP-SES with ultra-thin struts (Orsiro; Biotronik AG'!). Both
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devices were CE marked at the start of the study and used within
the approved indications.

Figure 1 shows a study flow chart with details of randomisa-
tion, and angiographic and clinical follow-up. Ethics committee
approval was obtained prior to the start of the study for all cen-
tres. The study was performed according to the Declaration of
Helsinki and Good Clinical Practice. All patients provided writ-
ten informed consent. Further information on patient selection and
study design is available at clinicaltrials.gov using the following
identifier: NCT01651390.

INCLUSION CRITERIA

Patients presenting with clinical evidence of ischaemic heart dis-
ease and/or a positive functional study, stable or unstable angina
pectoris or documented silent ischaemia and a maximum of two
restenoses (>50% stenosis on visual assessment) in either BMS
or DES were eligible. In case of two target lesions, both lesions
had to be treated during the same session and with the same type
of device.

EXCLUSION CRITERIA

Patients with ST-segment elevation myocardial infarction within
72 hours prior to the index procedure, acute cardiac decompensa-
tion or cardiogenic shock, severe impaired left ventricular func-
tion (ejection fraction <30%), target lesion located in the left
main coronary artery, thrombus in the target vessel, known aller-
gies to acetylsalicylic acid, clopidogrel, prasugrel, ticagrelor,
heparin or similar drugs, severely impaired renal function (need
for dialysis or creatinine >2.5 mg/dl) or a life expectancy of less
than 18 months were excluded. Additionally, patients with ISR
in small vessels (<2 mm diameter) or large vessels (>4 mm) as
well as patients with very short (<6 mm length) or diffuse lesions
(>28 mm length) were excluded.

PROCEDURE

All patients were pre-treated with aspirin and a P2Y , inhibitor
following local standard practice. Anticoagulation during the pro-
cedure was obtained with unfractionated heparin according to the
local protocol. Predilation using uncoated or cutting/scoring bal-
loons was mandated, but selection of the balloon-artery ratio was
left to the operator’s discretion. The study protocol recommended
selecting a DCB/DES covering the predilated segment and at least
2-3 mm proximal and distal. In case of long lesions, use of two or
more subsequent drug-eluting balloons (DEB)/DES was allowed
with a small overlap. Post-dilatation was left to the operator’s dis-
cretion. In case of dissections requiring treatment, the study proto-
col mandated implantation of BMS (DCB arm) or an Orsiro stent
(DES arm). At post procedure, dual antiplatelet therapy (DAPT)
was given as per local standard.

QUANTITATIVE CORONARY ANGIOGRAPHY
Angiograms were analysed by an independent core labora-
tory not blinded to treatment allocation. Lesion morphology
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233 patients with max 2 ISR lesions in either BMS or DES were randomised

No attempt made to implant study device (2 patients)
No study device implanted (1 patient)
Consent withdrawn before index procedure (n=1 patient)

’ Analysed population: 229 patients / 243 TL ‘

DCB*: N=157 patients / 163 TL ‘

N=123 patients / 128 TL (78.3%)

— Refused angiography (16 patients / 16 TL)
— Missed visit (2 patients / 2 TL)
— Imaging information not available

or could not be analysed (8 patients /8 TL)
— Failure to inflate DCB (2 patients / 3 TL)
— Subject died (3 patients / 3 TL)
— Consent withdrawn (3 patients / 3 TL)

N=144 patients (91.7%)
- Visit not done (n=1 patient)
— Failure to inflate DCB (n=3 patients)
— Patient died (n=5 patients)
— Consent withdrawn (n=4 patients)

N=140 patients (89.2%)
— Visit not done (n=4 patients)
— Failure to inflate DCB (n=3 patients)
— Patient died (n=6 patients)
— Consent withdrawn (n=4 patients)

2:1 randomisation
Stratified acc. to diabetes status

Primary efficacy endpoint at 6 months

Primary safety endpoint at 12 months

Clinical follow-up
at 18 months - Study end

’ DES: N=72 patients / 80 TL

N=55 patients / 59 TL (76.4%)
— Refused angiography (10 patients / 13 TL)
— Missed visit (2 patients / 2 TL)
— Imaging information not available
or could not be analysed (3 patients / 4 TL)
— Failure to implant DES (1 patient / 1 TL)
— Subject died (1 patient /1 TL)

N=69 patients (95.8%)
- Visit not done (n=1 patient)
— Failure to implant DES (n=1 patient)
— Patient died (n=1 patient)

N=68 patients (94.4%)
— Visit not done (n=2 patients)
— Failure to implant DES (n=1 patient)
- Patient died (n=1 patient)

Figure 1. Study flow chart with details of randomisation, angiographic and clinical follow-up. * including crossover patient (n=1). BMS: bare

metal stent; DCB: drug-coated balloon; DES: drug-eluting stent; ISR: in-stent restenosis, n: number; TL: target lesion

was assessed using the Mehran classification'?. Following
administration of intracoronary nitroglycerine, two orthogonal
projections were selected presenting the target lesion free of
foreshortening or vessel overlap, but presenting the stenosis
appearing most severe. Matched projections were repeated after
intervention and at follow-up. An automatic edge-detection sys-
tem (CAAS II System; Pie Medical Imaging, Maastricht, the
Netherlands) was used for quantitative analysis. Analyses were
perfomed in-stent and in-segment (area treated and 5 mm mar-
gins proximal and distal). Reference vessel diameter (RVD)
was defined as the computed estimation of the original dia-
meter of the artery at the level of the obstruction. Acute gain
was calculated from the minimum lumen diameter (MLD) dif-
ference between post and pre procedure. Late lumen loss (LLL)
was calculated from the MLD difference between post proce-
dure and follow-up or prior to a target lesion revascularisa-
tion (TLR). Diameter stenosis (DS) was defined as ([1-MLD]/
RVDx100).

STUDY ENDPOINTS

The primary efficacy endpoint was in-stent LLL at six months
post procedure. The primary safety endpoint was defined as tar-
get lesion failure (TLF, a composite of cardiac death, target ves-
sel myocardial infarction [MI] and clinically driven TLR) at
12 months. Secondary endpoints included angiographic endpoints
(MLD and DS, in-segment LLL, MLD and DS) and clinical end-
points (TLF at 6 and 18 months, and stent thrombosis [ST] rate
after 6, 12 and 18 months). Device success was defined as suc-
cessful delivery, application and removal of the balloon or stent to
the target lesion site in the coronary artery.

Any device effect or serious adverse event was adjudicated
by an independent clinical events committee (CEC) that was not
blinded to treatment allocation. Academic Research Consortium
(ARC) definitions were used to adjudicate clinical events includ-
ing ST". Briefly, MI was defined as: A) recurrent thoracic chest
pain or ischaemic equivalent and new pathologic Q-waves in
>2 contiguous ECG leads and cardiac marker >1*URL (preferably



creatine kinase-myocardial band [CKMB]) or in the absence of
any marker on CEC decision upon clinical scenario; B) appro-
priate cardiac enzymes, bl) CK >2*URL confirmed by a second
marker >1*URL (preferably CKMB) or in the absence of marker
data on CEC decision upon clinical scenario, or b2) in the absence
of CK: CKMB >3*URL, or b3) in the absence of CKMB: tro-
ponin >3*URL, or b4) in the absence of cardiac enzyme data,

clinical decision based upon clinical scenario'.

STATISTICAL ANALYSIS

Categorical data are presented as counts and percentages and were
compared using the chi-square or Fisher’s exact test. Continuous
variables were analysed for data distribution and are either pre-
sented as meantstandard deviation compared using the Student’s
t-test, or are presented as median with interquartile range com-
pared using the rank-sum Mann-Whitney-Wilcoxon test. Failure
estimates were assessed with Kaplan-Meier analysis and com-
pared with the log-rank test. Analyses were performed using SAS,
version 9.4 (SAS Institute Inc., Cary, NC, USA). A p-value <0.05
was considered statistically significant.

Sample size calculation was based on the primary endpoint with
the following assumptions: i) LLL of 0.07+0.31 mm after DCB
treatment'’; ii) LLL of 0.07+£0.22 mm after DES implantation'’;
iii) a non-inferiority margin of 0.15 mm equal to the upper limit of
the 95% CI of the mean LLL of the Orsiro stent'!; and iv) an attri-
tion rate of 23%. Accordingly, an overall sample size of 210 ran-
domised patients (140 patients treated with DCB and 70 patients
treated with DES) was required to prove non-inferiority of DCB in
ISR with an alpha of 0.025 and 95% power.

Results

PATIENTS AND PROCEDURES

Between August 2012 and January 2015, 233 patients were enrolled
in 13 centres in Germany and one centre in Latvia (Figure 1). One
hundred and fifty-seven patients were randomised to the DCB arm
and 72 patients to the DES arm. In one patient a crossover between
the DCB arm and the DES arm occurred (n=1, 0.6%).

Clinical characteristics and baseline angiographic findings were
similar in both groups (Table 1, Table 2). If not stated otherwise,
no significant difference was observed. In both groups, a simi-
lar number of lesions had more than one underlying stent (DCB:
18 lesions [11.0%]; DES: 9 lesions [11.3%]). Post-dilatation
was more frequent in the DES group (DCB: 9.2%; DES: 48.8%,
p<0.001) (Table 2). The DES group obtained a significantly
larger acute lumen gain and final MLD, and a lower residual ste-
nosis (Table 3).

PRIMARY ENDPOINTS

PRIMARY EFFICACY ENDPOINT

The angiographic endpoint was based on 123 patients (78.3%) in
the DCB arm and 55 patients (76.4%) in the DES arm (Figure 1).
Mean in-stent LLL was evaluated at 0.03+0.40 mm (DCB arm)
and 0.20+£0.70 mm (DES arm), resulting in a difference of
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Table 1. Baseline characteristics.
DCB DES

(n=157 (n=72

patients) | patients)

Age (years) 67.2+9.9 | 69.4+8.8
>75 years 38(24.2) | 17 (23.6)
Female 35(22.3) | 23(31.9)

Diabetes mellitus 48 (30.6) | 24 (33.3)

Hypertension 144 (91.7) | 70(97.2)

Hypercholesterolaemia 134 (85.4) | 62(86.1)

Current/ex-smoker 104 (66.2) | 42 (58.3)

Previous myocardial infarction 93 (59.2) | 35(48.6)

Previous stroke/transient ischaemic attack | 10 (6.4) 1(1.4)

Multivessel disease 95 (60.5) | 39 (54.2)

Renal disease 17 (10.8) 8(11.1)

Values are displayed as mean+SD or numbers and frequencies.
No statistically significant differences across treatment arms.

Table 2. Lesion and procedural characteristics.

DCB DES

(n=163 lesions) | (n=80 lesions)

Underlying stent type

Bare metal stent (BMS) 36.6 33.8
“-imus” DES 51.5 52.5
Paclitaxel DES 11.0 13.8
Unknown 0.6 0.0
ISR morphology (Mehran class)
Focal (class I) 66.7 73.1
Diffuse (class II) 29.6 24.4
Proliferative (class Il1) 3.1 1.3
Occlusive (class 1V) 0.0 1.3
Unknown 0.6 0.0

Lesion length, mm

(mean/median) 5.8+4.0/4.6 (4.3) | 7.2+6.1/4.8 (4.7)

Predilatation 98.2 96.3
Balloon diameter, mm * 2.9+0.5 2.7+0.5
Balloon length, mm 13.5+4.0 14.3+4.3
Max pressure, atm 16.5+5.4 16.1+4.1

Device diameter, mm 3.20.4 3.0£0.5

Device length, mm 20.4+5.0 20.5+6.5

Device max pressure, atm 13.4+3.1 15.5£2.9

Device-to-artery ratio 1.03 1.03

Post-dilatation * 9.2 48.8

(n=166 devices)
Device success** 97.6 97.8

DCB DES
(n=92 devices)

Values are expressed as percentage (%), mean+SD or median
(interquartile range). If not otherwise indicated, no statistically significant
differences across groups were observed. * p<0.05. ** Successful delivery
of the balloon or stent to the target lesion site in the coronary artery, and
appropriate balloon inflation and deflation or stent deployment, and
successful removal of the balloon or the delivery system.
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Table 3. Angiographic results.

DCB DES p-value
Pre procedure n=161 lesions n=78 lesions
Reference vessel diameter, mm 3.0+0.4 2.9+0.5 0.0689
Minimum lumen diameter, mm 1.0+£0.5 0.9+0.5 0.2500
Diameter stenosis, % 67.2+13.5 68.9+14.7 0.5526
Post procedure ‘ n=160 lesions ‘ n=78 lesions ‘
In-stent Minimum lumen diameter, mm 2.2+0.4/2.2 (0.6) 2.4+0.6/2.4 (0.7) 0.0006
Diameter stenosis, % 27.1+10.2/27.0 (14.0) 16.3+13.5/15.0 (13.0) <0.0001
Acute gain, mm 1.2+0.5 1.5+£0.5 <0.0001
In-segment Minimum lumen diameter, mm 2.0+0.5/2.0 (0.6) 2.1+0.6/2.0 (0.8) 0.7495
Diameter stenosis, % 31.3+10.5/31.0 (14.0) 27.1+14.0/25.0 (16.0) 0.0028
Acute gain, mm 1.0£0.5 1.1+0.5 0.1191

6-month follow-up

n=128 lesions n=59 lesions

In-stent Minimum lumen diameter, mm 2.2+0.5/2.2 (0.7) 2.2+0.8/2.3 (0.9) 0.4720
Diameter stenosis, % 28.5+15.7/27.0 (17.0) 23.7+25.8/16.0 (19.0) 0.0004
Late lumen loss, mm 0.03+0.4/-0.03 (0.41) 0.20+0.7/0.01 (0.49) 0.3984
In-segment Minimum lumen diameter, mm 2.0+0.5/2.0 (0.6) 1.9+0.8/1.9 (0.9) 0.3422
Diameter stenosis, % 31.6+12.8/30.0 (14.0) 32.0+23.8/26.5 (23.5) 0.1342
Late lumen loss, mm —0.02+0.38/-0.04 (0.39) 0.13+0.67/-0.09 (0.47) 0.9378

Values are expressed as mean+SD/median (interquartile range) as applicable.

A=-0.17+0.52 mm. Based on the one-sided non-inferiority p-value
p<0.0001 and the one-sided 97.5% confidence interval (CI) upper
limit=-0.01, DCB proved to be non-inferior to DES in the treat-
ment of ISR (Figure 2). Consistent findings for mean in-stent LLL
were observed in BMS-ISR (-0.02+0.31 mm versus 0.09+£0.55 mm,
p=0.8856) and DES-ISR (0.06+0.44 mm versus 0.26+0.77 mm,
p=0.3288), as well as in the diabetic and non-diabetic subgroups.

PRIMARY SAFETY ENDPOINT

Kaplan-Meier TLF estimates at 12 months were 16.7% (95% Cl:
11.6, 23.7) in the DCB arm versus 14.2% (95% Cl: 7.9, 24.7) in
the DES arm (p=0.65).
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Figure 2. Angiographic primary endpoints. DCB: drug-coated
balloon; DES: drug-eluting stent; LLL: late lumen loss

SECONDARY ENDPOINTS

After six months (Table 3), the difference in in-stent DS in both
arms was significant (DCB 28.5+15.7% versus DES 23.7+25.8%,
p<0.001), though the MLD in both arms was similar (2.2+0.5 mm
versus 2.2+0.8 mm, p=0.47).

Clinical secondary endpoints were assessed at 6, 12 and
18 months. TLF and ST occurred at a similar rate in both treat-
ment groups in the full cohort (Table 4), as well as in the BMS-
ISR and the DES-ISR cohorts (Table 5). One patient in each arm
had a definite ST under DAPT treatment. The patient in the DCB
arm experienced the thrombosis at day 2 post procedure and the
patient in the DES arm at day 122 post procedure. In addition, one
patient in the DES arm, also under DAPT treatment, experienced
a possible ST at day 144 post procedure.

Discussion

Treatment of ISR is challenging; current guidelines on revascu-
larisation* recommend both DCB and DES. However, data com-
paring DCB to second-generation DES in ISR are sparse®’. The
concept of DCB treatment avoiding an additional stent layer is
intrinsically attractive. Shorter DAPT duration after DCB® com-
pared to DES could favour DEB in patients at high risk for
bleeding.

In a mixed population of patients presenting with ISR in either
BMS or DES, this multicentre RCT demonstrated that treatment
with a BTHC-based paclitaxel DCB has comparable angiographic
outcomes at six months and clinical outcomes up to 18 months
post procedure compared to treatment with a biodegradable poly-

mer sirolimus-eluting stent.



Table 4. Major cardiovascular event frequencies — full cohort.

DCB DES p-value

Events at 6 months
Target lesion failure | 14/148 (9.5%) 5/69 (7.2%) 0.7972
Cardiac death 2/148 (1.4%) 1/69 (1.4%) >0.9999
TV-MI 6/147 (4.1%) 4/69 (5.8%) 0.7295
Target lesion | 9/146 (6.2%) | 3/68 (4.4%) | 0.7561
CABG 0/146 (0.0%) 0/68 (0.0%) >0.9999
Stent thrombosis 1/146 (0.7%) 2/69 (2.9%) 0.2418

Events at 12 month

‘

Target lesion failure | 25/148 (16.9%) | 10/70 (14.3%) | 0.6962
Cardiac death 3/147 (2.0%) 1/70 (1.4%) >0.9999
TV-MI 8/146 (5.5%) 4/70 (5.7%) >0.9999
Target lesion = | 18144 (12.5%) | 7/69 (10.1%) | 0.8204
revascularisation
CABG 1/144 (0.7%) 1/69 (1.4%) 0.6670

Stent thrombosis 1/144 (0.7%) 2/70 (2.9%) 0.2499

‘

Events at 18 month

Target lesion failure | 26/145 (17.9%) | 13/70 (18.6%) | >0.9999
Cardiac death 3/143 (2.1%) | 1/69 (1.4%) | >0.9999
TV-MI 9/143 (6.3%) | 6/70 (8.6%) | 0.5744
Target lesion | 19,141 (13.5%) | 8/69 (11.6%) | 0.8276
revascularisation
CABG 1/140 (0.7%) | 1/68(1.5%) | 0.6666

Stent thrombosis | 1/141 (0.7%) | 2/69 (2.9%) | 0.2518

Values are expressed as numbers and frequencies. CABG: coronary
artery bypass graft; ST: stent thrombosis (according to ARC
definition: possible, probable or definite); TV-MI: target vessel-related

myocardial infarction

Table 5. Major cardiovascular event frequencies at 18 months -
BMS-ISR and DES-ISR cohorts.

DCB DES p-value

BMS-ISR
Target lesion failure 9/53 (17.0%) | 5/25 (20.0%) 0.7591
Cardiac death 2/52 (3.8%) 1/25 (4.0%) | >0.9999
TV-MI 3/51 (5.9%) 2/25 (8.0%) >0.9999
Target lesion | 5/51(9.8%) | 2/22(83%) | >0.9999
CABG 0/50 (0.0%) 1/24 (4.2%) >0.9999
Stent thrombosis 1/51 (2.0%) 1/25 (4.0%) | >0.9999

Target lesion failure | 17/91 (18.7%) | 8/45(17.8%) | >0.9999
Cardiac death 1/90 (1.1%) 0/44 (0.0%) | >0.9999
TV-MI 6/91 (6.6%) 4/45 (8.9%) 0.7298
Target lesion | 14/89(15.7%) | 6/45(13.3%) | 0.8019
CABG 1/89 (1.1%) 0/44 (0.0%) 0.5508

Stent thrombosis 0/89 (0.0%) 1/44 (2.3%) 0.3308

Values are expressed as numbers and frequencies. CABG: coronary
artery bypass graft; ST: stent thrombosis (according to ARC
definition: possible, probable or definite); TV-MI: target vessel-related

myocardial infarction

Performance of DCB versus DES in in-stent restenosis

In our study, LLL after DCB was non-inferior compared to
DES (0.03£0.40 mm versus 0.20+0.70 mm; p=0.40). Unlike the
DARE study’ and RIBS IV/V¢ (two other RCTs comparing DCB
and second-generation DES in a mixed ISR population, mandating
predilation and leaving post-dilation to the operator’s discretion),
in-segment LLL in our study (-0.02+0.38 mm versus 0.13+0.67;
p=0.94) was comparable after DCB and DES. In the DARE study,
DCB treatment resulted in a significantly lower LLL compared to
DES (0.174£0.41 mm versus 0.45+0.47 mm; p<0.001). In RIBS
IV/V, DCB treatment resulted in an increased LLL (0.24+0.6 mm
versus 0.12+0.6 mm; p=0.02). There is an ongoing discussion as
to whether LLL compared to DS or MLD is an appropriate angio-
graphic endpoint in studies comparing DCB and DES®. However,
even in studies comparing DES, angiographic endpoints such as
LLL or DS are challenged".

In-segment DS pre-procedure was comparable between our
study, DARE and RIBS IV/V. Compared to our study and DARE,
an increased lumen gain post procedure was observed in the
RIBS IV/V study. Different predilatation strategies and maximum
pressure to deploy the device balloon may explain the observed
results. In our study and DARE, similar pressures to deploy the
device balloon were reported but a higher pressure was reported in
RIBS IV/V (DEB arm: 13 atm versus 14 atm versus 18 atm; DES
arm: 16 atm versus 16 atm versus 20 atm, respectively). At follow-
up, lumen area in the DCB arm remained stable in our study; how-
ever, in DARE and RIBS IV/V, lumen narrowing was observed.
In the DES arm, we observed a reduced lumen loss in our study
compared to DARE and RIBS IV/V.

In the BIOLUX RCT we used a BTHC-based paclitaxel DCB,
which is in contrast to the iopromide-based paclitaxel DCB in
DARE and RIBS IV/V. It remains speculative whether the excipi-
ent (BTHC versus iopromide) influences long-term angiographic
outcomes. Despite comparable pressure to inflate the DCB and
similar DS, lumen area over time remained stable in our study
compared to DARE (32% DS at follow-up and 31% DS post pro-
cedure in our study versus 36% DS and 30% DS in DARE). In
both DARE and RIBS IV/V a durable polymer everolimus-eluting
stent (DP-EES) was implanted. Compared to DP-EES, use of
BP-SES resulted in reasonable long-term angiographic outcomes,
even if moderate maximum pressure to inflate the device balloon
was applied. Similar outcomes with DP-EES could be obtained
by applying high maximum pressure only. Regarding in-stent ste-
nosis, similar to the DARE trial we observed that the post-proce-
dural in-stent diameter stenosis was lower in the DES arm than in
the DCB arm. Although in-stent diameter stenosis increased over
time in the DES arm and remained stable in the DCB arm, at six-
month follow-up the diameter stenosis in the DES arm remained
significantly lower compared to the DCB arm. The high SD indi-
cates a wide scatter of measurements that prevents drawing defi-
nite conclusions from this finding. Further studies are needed to
elucidate this finding.

We found consistent clinical outcomes between treatment arms
in the full cohort and the BMS-ISR and DES-ISR subgroups. TLF
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was mainly driven by TLR, and TLR frequencies were some-
what higher than previously reported’. This might be explained
by the high proportion of target lesions with more than one previ-
ously implanted stent. However, the basis for this observation is
small and may hamper careful interpretation. Similar to DARE
and RIBS IV/V, our study is underpowered to prove the signifi-
cance of the observed clinical outcomes. Inconsistent reporting in
respect of Kaplan-Meier failure estimates versus event frequencies
between studies further impedes a careful discussion. These find-
ings urge an RCT powered for a clinical endpoint such as TLF at
12 months post procedure.

Limitations

— Follow-up limited to 18 months. Extension to five years will
provide important insights on long-term treatment effect and
cost-effectiveness.

— CEC and core lab were not blinded to treatment allocation.

— Data may be not be generalisable since a specific DCB was used
and a class effect has not yet been proven.

— Intracoronary imaging such as intravascular ultrasound or opti-
cal coherence tomography was not mandated but may provide
information on both substrata underlying lesions and expansion
of the underlying stent.

Conclusions

Treatment of patients with ISR in BMS or DES with a BTHC-
based paclitaxel DCB is safe and a valuable option to treat this
challenging patient cohort. Angiographic results at six months and
clinical outcomes up to 18 months post procedure are comparable
to those with a biodegradable polymer sirolimus-eluting stent.
Further RCT head-to-head studies are warranted since there might
not be an overall class effect for DCB.

Impact on daily practice

Treatment of in-stent restenosis in BMS or DES is a frequent
clinical challenge. Treatment with a BTHC-coated paclitaxel
DCB is a valuable and safe option without adding a layer of

metal to the vessel wall.
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