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Comparing the Efficacy of Sirolimus and
Paclitaxel-Eluting Balloon Catheters in the
Treatment of Coronary In-Stent Restenosis: A
Prospective Randomized Study (TIS 2 Study)

Leos Pleva®, MD, PhD; Pavel Kukla®®, MD; Tomas Kovarnik®, MD, PhD; Jana Zapletalova, MSc, PhD

BACKGROUND: Current therapy for in-stent restenosis (ISR) is based on drug-eluting stents (DES) or drug-eluting balloon
catheters. This prospective randomized study compared the efficacy of a novel sirolimus-eluting balloon (SEB) catheter to
that of a paclitaxel-eluting balloon (PEB) catheter for the treatment of bare-metal stent (BMS-ISR) or DES-ISR.

METHODS: A total of 145 patients with 158 BMS or DES-ISR lesions were randomly assigned to the treatment with either
SEB or PEB. The in-segment late lumen loss at 12 months, the 12-month incidence of binary ISR, and major adverse cardiac
events (cardiac death, nonfatal acute myocardial infarction, or target lesion revascularization) were compared between groups.

RESULTS: The noninferiority of SEB compared with PEB in the treatment of BMS/DES-ISR with respect to late lumen
loss was not demonstrated (Alate lumen loss, —0.024 mm [95% ClI, —0.277 to 0.229]; for a noninferiority margin of 0.20
mm), except in the post hoc subanalysis for the BMS-ISR group (—0.203 mm [95% Cl, —0.584 to 0.178]). No significant
differences in the incidence of repeated binary ISR (31.6% versus 30.4%, P=0.906) or 12-month major adverse cardiac
events (31% for both; P>0.999) between the SEB and PEB groups were observed.

CONCLUSIONS: The noninferiority of SEB relative to PEB in the treatment of BMS/DES-ISR with respect to late lumen loss
was not confirmed.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCTO3667313.
GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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on drug-eluting stents (DESs) or drug-eluting bal-

loon (DEB) catheters. To date, paclitaxel is the pre-
ferred drug for balloon coating (paclitaxel-eluting balloon
[PEB] catheter) due to its irreversible binding to the
microtubes, resulting in long persistence in the vascular
cells." Sirolimus and its analogues reversibly bind to the
FK-506 binding protein 12, forming a complex with the

current therapy for in-stent restenosis (ISR) is based

mammalian target of rapamycin, thus blocking cell cycle
progression at the juncture of the G1 and S phases.?

In contrast to paclitaxel, sirolimus must be continu-
ously released for several weeks to effectively inhibit
neointimal proliferation.?® Moreover, in our previous TIS
1 study (Treatment of In-Stent Restenosis), we demon-
strated that in BMS-ISR treatment, iopromide-coated
PEB yielded significantly lower 12-month late lumen
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WHAT IS KNOWN

¢ Paclitaxel-eluting balloon has been used in the
treatment of in-stent restenosis.

* However, the efficacy of sirolimus-eluting balloon in
treating this condition remains unclear.

WHAT THE STUDY ADDS

* We evaluated the efficacy of sirolimus-eluting bal-
loon and paclitaxel-eluting balloon in the treatment
of bare-metal stent/drug-eluting stents-in-stent
restenosis.

* The noninferiority of sirolimus-eluting balloon com-
pared with paclitaxel-eluting balloon in treating
in-stent restenosis with respect to 12-month late
lumen loss was not demonstrated.

* The incidence of 12-month major adverse cardiac
events and binary restenosis did not differ between
the 2 groups.

Nonstandard Abbreviations and Acronyms

BMS bare-metal stent

DEB drug-eluting balloon

DES drug-eluting stent

DS diameter stenosis

ISR in-stent restenosis

LLL late lumen loss

MACE major adverse cardiac events
MLD minimum lumen diameter
PEB paclitaxel-eluting balloon

TIS 1 Treatment of In-Stent Restenosis
TLR target lesion revascularization

loss (LLL) compared with everolimus-eluting stents
(P=0.0004). However, no differences in 12-month mini-
mum lumen diameter (MLD; A=0.481), diameter steno-
sis (%DS; P=0.816) or repeated binary ISR (P=0.078)
were found.*

In the case of DES, limus drugs are more effective
in the inhibition of neointimal hyperplasia compared with
paclitaxel.'? However, paclitaxel is still used in DEB due
to its easier binding to the balloon surface and better
pharmacokinetics.  Sirolimus-encapsulating technolo-
gies can be used for coating balloon catheters and
provide sufficient drug transfer to the vessel wall. We
hypothesized that a novel sirolimus-eluting DEB (with
phospholipid-encapsulated nanoparticles) may be at
least as effective as PEB.

The objective of our prospective randomized study,
TIS 2 (Treatment of In-Stent Restenosis 2; URL: https://
www.clinicaltrials.gov; Unique identifier: NCTO3667313),
was to compare (with statistical evidence of noninferiority)

Circ Cardiovasc Interv. 2025;18:e014677. DOI: 10.1161/CIRCINTERVENTIONS.124.014677

Treatment of ISR Using SEB vs PEB

the efficacy of a novel DEB with sirolimus (MagicTouch;
SEB with Nanoluté coating) with the standard iopromide-
coated PEB (Sequent Please Neo) for the treatment
of restenosis in bare-metal (BMS-ISR) or drug-eluting
stents (DES-ISR).

METHODS
Data Availability

Anonymized data have been made publicly available
at the LabArchives repository and can be accessed at:
https://mynotebook.labarchives.com/share_attach-
ment/TIS%25202%2520study/Ny44MDAwWMDA
WMDAWMDAWMDFSNT k2NzY5LzYtOCOUcmVITmOkZ S8BNjAX
ODEzNjF8MTkuNzkbOTkbOTkBOTKBOTKS.

Patients

Between January 2019 and May 2022, a total of 145 patients
with ISR were randomly assigned to the treatment with SEB
or PEB at 2 sites in the Czech Republic (University Hospital
Ostrava and General University Hospital in Prague).

The study included adult patients (>18 years of age) with
BMS-ISR or DES-ISR (>70% DS by visual estimation or 50% to
69% DS with documented evidence of ischemia). Patients with
acute coronary syndromes caused by ISR were also included.
In the case of ST-segment-elevation myocardial infarction
and complete stent occlusion, they were included only if sig-
nificant residual ISR was evident following thrombus aspiration.
To exclude mechanical causes of ISR, an X-ray postprocess-
ing system (CLEARSstent; Siemens, Forchheim, Germany) was
used. The principal exclusion criteria were as follows: concomi-
tant diseases carrying expected survival of <12 months or limit-
ing the possibility of follow-up coronary angiography.

The in-segment LLL at 12 months, as measured by quan-
titative coronary angiography was the primary end point of
the presented study. Secondary end points included the inci-
dence of binary ISR (=50% DS) and the overall incidence of
12-month major adverse cardiac events (MACE; cardiac death,
nonfatal acute myocardial infarction, or target lesion revascu-
larization [TLR]).

The study protocol complied with the Declaration of Helsinki
and was approved by the Ethics Committee of University
Hospital Ostrava, Czech Republic. The study was registered at
ClinicalTrials.gov (URL: https://www.clinicaltrials.gov; Unique
identifier: NCT03667313) on the November 23, 2018. Written
informed consent was obtained from each patient before
enroliment in the study.

Study Devices
The MagicTouch balloon catheter (Concept Medical, Miami, FL)
is a SEB with phospholipid-encapsulated sirolimus nanoparti-
cles (Nanoluté coating). The size of drug nanoparticles is about
100-300 nm, with a sirolimus concentration on the balloon
surface of 1.27 mg/mm2 The recommended inflation time is
60 seconds.

In the iopromide-coated PEB Sequent Please Neo (B.
Braun, Melsungen, Germany), paclitaxel (3 pg/mm?) is bound
via the hydrophilic contrast agent iopromide (Paccocath),
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increasing paclitaxel solubility and vascular wall penetration.
The recommended inflation time is 30 seconds.

Randomization

Patients were randomized in a 1:1 manner to treatment with
SEB or PEB. Randomization (using random permuted blocks)
was stratified according to the type of original stent (BMS ver-
sus DES-ISR). The investigators and patients were not blinded
to the treatment allocation. However, clinical events and angi-
ographic measurements were recorded by an independent
investigator who was blinded to avoid any bias.

Interventions

PCl was performed under standard conditions. After lesion
preparation (semi-compliant or scoring balloon predilation), the
DEB was inflated for 60 seconds (SEB) or 30 seconds (PEB).
The implantation of an additional bailout stent was allowed in
cases of in-segment suboptimal results (>30%) or dissection
(>type B).® The patients received dual antiplatelet therapy for
6 months.®

Follow-up

Clinical follow-up was performed at 6 and 12 months, and angi-
ographic follow-up at 12 months (£2 months), unless required
earlier. Any death that was not clearly due to noncardiac causes
was considered cardiac-related. The fourth universal definition
by the ESC® was used for the definition of myocardial infarction.
Stent thrombosis, MACE, and target lesion failure (cardiovas-
cular death, target vessel myocardial infarction, or ischemia-
driven TLR) were defined according to the Academic Research
Consortium criteria.”

Angiographic Follow-Up

The same imaging projections as in the periprocedural angi-
ography were used for the follow-up coronary angiography.
American College of Cardiology/American Heart Association
criteria® and the Mehran classification were used to assess the
lesion type and ISR? Lesions were evaluated in the in-segment
section (b mm from the proximal and distal edges of the
stent), and the following parameters were measured: MLD, ref-
erence lumen diameter, acute gain, lesion length, %DS, and LLL
(LLL=MLD -MLD__); binary restenosis was defined

after intervention control

as repeated narrowing of the lumen >50% (DS >50%).”

Sample Size and Statistical Analysis

This noninferiority study was based on our previous TIS study,*
with a 12-month LLL of 0.09 (£0.44) mm in the PEB arm.
Using a noninferiority margin of 0.20 mm as the clinically sig-
nificant difference between groups, an a error of 5%, and 90%
power, the required sample size was 124. Accounting for a
15% dropout rate, the cohort size was set at 145 patients. The
evaluation was performed on an intention-to-treat basis.
Continuous variables with normal distribution are presented
as mean£SD and compared using the Student ttest. Nonnormal
variables are reported as median (range) and analyzed with the
Mann-Whitney U test. Categorical variables are expressed as
absolute and relative frequencies (%) and compared using the
%2 test. Odds ratios are reported with 95% Cls, with £<0.05
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Table 1. Baseline Characteristics
SEB PEB P value
Patients, n 72 73
ISR lesions, n 79 79
Demographic and clinical parameters
Male, n 56 (77.8%) 59 (80.8%) 0.651*
Female, n 16 (22.2%) 14 (19.2%)
Age,y 69.719.61 68.0+10.61 0.319%
Body mass index, | 27.8 (20.6-37.8)§ | 28.4 (20.6-38.6)§ | 0.523
kg/m?
EF LK, % 50.0 (25-68)§ 50.0 (25-65)§ 0.7051]
Ever smoked 34 (47.2%) 38 (52.1%) 0.505*
Diabetes 32 (44.4%) 26 (35.6%) 0.278*
Renal 11 (15.3%) 6 (8.2%) 0.197*
insufficiency
CABG 10 (13.9%) 7 (9.6%) 0.421*
Previous Ml 48 (66.7%) 50 (68.5%) 0.814*
Baseline PCI
STEMI/NSTEMI | 41 (56.9%) 47 (64.4%) 0.410*
2VD/3VD 53 (73.6%) 45 (61.6%) 0.177*
B2/C lesion 59 (74.7%) 60 (75.9%) 0.854*
Lesion localization
LM 2 (2.5%) 2 (2.5%) 0.367*
LAD 25 (31.6%) 27 (34.2%)
LCx/OM 14 (17.2%) 23 (29.1%)
RCA 36 (45.6%) 25 (31.6%)
SVG 2 (2.5%) 2 (2.5%)
Previous stent 3.25 (2.25-5.0)§ | 3.25(2.25-5.0)§ | 0.476
diameter, mm
Previous stent 24.0 (12-66)§ 24.0 (8-76)§ 0.8311
length, mm
In-stent restenosis
BMS-ISR 36 (45.6%) 39 (49.4%) 0.633*
DES-ISR 43 (54.4) 40 (50.6%)
Time to ISR, d 1224 (64-6913)§ | 1069 (62-5765)§ | 0.612f
UAP/NSTEMI 26 (36.1%) 24 (32.9%) 0.750*
STEMI 3 (4.2%) 2 (2.7%)
Stable AP 40 (55.6%) 41 (56.2%)
Silent 4 (5.6%) 6 (8.2%)
Repeated ISR 10 (12.7%) 9 (11.4%) 0.807*
Thrombus 10 (12.7%) 12 (15.2%) 0.646*
Ostial ISR 4 (5.1%) 5 (6.3%) 1.000*
Bifurcation 9 (11.4%) 25 (31.6%) 0.002*
Type of ISR
| (focal, all) 21 (26.6%) 37 (46.8%) 0.008*
Il (diffuse) 43 (564.4%) 21 (26.6%) 0.0004*
11l (proliferative) 5 (6.3%) 6 (7.6%) 0.755*
IV (occlusion) 10 (12.7%) 15 (19.0%) 0.276*
Nonfocal (II-IV) 58 (73.4%) 42 (53.2%) 0.008*
Periprocedural parameters
Cutting 66 (83.5%) 58 (73.4%) 0.1219
predilation
(Continued)
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Table 1. Continued

SEB PEB P value
ISR; DEB 3.5 (2.5-4.0)§ 3.5 (2.25-4.0)§ 0.6511
diameter
ISR; DEB length | 20.0 (15-70)§ 20.0 (10-65)§ 0.2651
Dilation pressure, | 12 (12-26)§ 12 (12-28)§ 0.8659
atm
Second DEB 13 (16.5%) 12 (15.2%) 0.827*
DEB per lesion 1.2310.55t 1.15+0.461 0.445%
Bailout stent 18 (22.8%) 18 (22.8%) 1.000*
implantation
Duration of 6 (2-8)§ 6 (2-9)8 0.7521
DAPT, mo

Qualitative data are given as n (%). 2VD indicates 2 vessel disease; 3VD, 3
vessel disease; AP, angina pectoris; atm, atmosphere; BMS, bare-metal stent;
CABG, coronary artery bypass grafting; DAPT, dual antiplatelet therapy; DEB,
drug-eluting balloon; DES, drug-eluting stent; EF LK, ejection fraction of left ven-
tricle; ISR, in-stent restenosis; LAD, left anterior descending; LCx, left circumflex
artery; LM, left main; MI, myocardial infarction; NSTEMI, non—ST-segment—ele-
vation myocardial infarction; OM, obtuse marginal; PCI, percutaneous coronary
intervention; PEB, paclitaxel-eluting balloon; RCA, right coronary artery; SEB,
sirolimus-eluting balloon; STEMI, ST-segment—elevation myocardial infarction;
SVG, saphenous vein graft; and UAP, unstable angina pectoris.

“Pvalue: significance of % test.

tQuantitative data are given as mean (£SD).

#Pvalue: significance of Student 2-sample t test.

§Quantitative data are given as median (range: min-max).

1P value: significance of Mann-Whitney U test.

considered significant. The 95% CI for the difference in LLL
between study arms was compared with the noninferiority
margin. Time-to-event data were analyzed with Kaplan-Meier
curves and the log-rank test. The cumulative frequency distri-
bution of LLL was assessed using the Kolmogorov-Smirnov
test.

RESULTS

A total of 145 patients with 1568 ISR lesions were
included in the study. Basic demographic, clinical and
angiographic data are presented in Table 1.

The representation of BMS- and DES-ISR was the
same in both treatment arms (P=0.633). The SEB
group had a significantly higher frequency of nonfo-
cal (diffuse+proliferative+occlusive) ISR than focal ISR
(P=0.008). Bifurcation ISR lesions were more com-
mon in the PEB group (P=0.002). Periprocedurally,
patients treated with SEB achieved significantly lower
residual stenosis (post-PCl %DS) compared with PEB
(P=0.025).

A 12-month angiographic follow-up was performed
in 91.7% of patients in the SEB group and 89.0% of
patients in the PEB group (F=0.592). After 12 months,
no statistically significant difference in the measured
angiographic parameters between the 2 groups was
observed (Table 2). However, the primary end point of
our study was to evaluate whether SEB is noninferior to
PEB. The difference in ALLL between the SEB and PEB
groups was —0.024 mm (95% CI, —0.277 to 0.229). The
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upper bound of the 2-sided 95% CI of LLL difference
exceeded the noninferiority margin (0.20 mm); in effect,
the noninferiority of SEB was not demonstrated (Table 3;
Figure 1).

Nonetheless, there were no significant differences
in the incidence of repeated binary ISR (P=0.906)
or 12-month MACE (P>0.999) between the groups
(Table 3). The 2 groups did not differ in clinical event-
free survival either (Figure 2).

A post hoc subanalysis separately evaluating the
treatment of BMS and DES-ISR with SEB and PEB
was performed. Data for both subgroups are shown in
Table 4.

The noninferiority of SEB versus PEB treatment was
demonstrated only in the BMS-ISR subgroup (ALLL
—0.203 mm; 95% ClI, —0.584 to 0.178); but not in the
DES-ISR subgroup (ALLL 0.110 mm; 95% ClI, —0.233
to 0.453; Table 3; Figure 1).

In terms of secondary end points, no difference was
observed in the incidence of recurrent binary restenosis
(P=0.949 and >0.999) or 12-month MACE (~=0.884
and 0.926) in the 2 subgroups (Table b).

After recruitment, the significantly higher incidence
of nonfocal ISR in the SEB group (P=0.008) led to
an additional post hoc subanalysis. The noninferiority
of SEB compared with PEB in LLL was not demon-
strated in either the focal or nonfocal ISR subgroups
(Table 3).

Table 2. Baseline, Postprocedural, and 12-Month Follow-Up
Quantitative Control Angiography Parameters

SEB PEB P value

Preprocedural parameters; ISR

RefD, mm 2.68 (1.87-3.63)* 2.69 (1.78-3.85)* 0.918t

MLD, mm 0.53 (0-1.61)* 0.70 (0-2.10)* 0.664t

%DS 77 (561-100)* 76 (35-100)* 0.708t

ISR length 12.6 (4.7-54.5)* 10.9 (3.7-51.3)* 0.130t
Postprocedural parameters; post re-PCl

RefD, mm 2.90 (2.15-3.87)* 2.92 (1.98-3.79)* 0.663t

MLD, mm 2.34 (1.567-3.19)* 2.22 (1.36-3.20)* 0.079t

Acute gain, 1.76 (0.63-2.87)* 1.48 (0.40-3.20)* 0.078t

mm

%DS 21 (1-40)* 24 (6-41)* 0.025t
12 months follow-up parameters

RefD, mm 2.83 (1.89-3.90)* 2.86 (1.86-4.30)* 0.922t

MLD, mm 1.85 (0-3.58)* 1.63 (0-2.89)* 0.463t

%DS 32 (0-100)* 36 (8-100)* 0.270%

Binary re-ISR 25 (31.6%) 24 (30.4%) 0.906%

Qualitative data are given as n (%). DS indicates diameter stenosis; ISR, in-
stent restenosis; MLD, minimal lumen diameter; PCI, percutaneous coronary
intervention; PEB, paclitaxel-eluting balloon; RefD, reference lumen diameter;
and SEB, sirolimus-eluting balloon.

*Quantitative data are given as median (range: min-max).

tPvalue: significance of Mann-Whitney U test.

$P value: significance of x? test.
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Table 3. Late Lumen Loss Difference
SEB PEB ‘ Delta ‘ 95% ClI Noninferiority margin (0-20 mm)
LLL, mm
AllISR 0.59610.83 0.62+0.781 —0.024 —0.227 to 0.229 >0.20
BMS-ISR 0.411+0.856 | 0.614+£0.802 | —0.203 —0.584t0 0.178 <0.20
DES-ISR 0.736+0.799 | 0.626+0.771 | 0.110 —0.233 to 0.453 >0.20
Focal ISR 0.451+0.776 | 0.500+0.560 | —0.049 —0.415 t0 0.317 >0.20
Nonfocal ISR 0.6941+0.853 | 0.738+0.901 | —0.044 —0.416 to 0.328 >0.20
Quantitative data are given as mean (£SD). BMS indicates bare metal stent; DES, drug eluting stent; ISR, in-stent restenosis; LLL,
late lumen loss; PEB, paclitaxel-eluting balloon; and SEB, sirolimus-eluting balloon.
DISCUSSION Several registries evaluated the efficacy of SEB with

Our prospective randomized study compared the efficacy
of a novel SEB with sirolimus encapsulated in phospho-
lipid nanoparticles to iopromide-coated PEB in the ther-
apy of BMS or DES-ISR.

Sirolimus delivery to the balloon surface is challeng-
ing due to limited tissue uptake and short retention of
limus drugs. Drug-encapsulation technologies, such as
phospholipid-encapsulated  sirolimus  nanoparticles
(Nanoluté coating), have shown promise for efficient
vessel wall transfer with high tissue concentration and
minimal systemic leakage. Lemos et al® reported that
56% of sirolimus is released within 40 to 60 seconds
of balloon inflation, with persistence in the vessel wall
for 15 to 30 days. There are also other ways of applying
sirolimus to the surface of the balloon catheter: the Selu-
tion SLR balloon catheter (Med Alliance, Nyon, Switzer-
land) uses micro-reservoirs in a biodegradable polymer
as a carrier of sirolimus, while the SeQuent Please SCB
(B. Braun) uses crystalline sirolimus (4 pg/mm?) bound
by butylated hydroxytoluene.'

Due to different pharmacokinetics, sirolimus requires
alonger balloon insufflation time (60 seconds) compared
with paclitaxel (30 seconds), potentially contributing to a
significantly lower postprocedural %DS in the SEB arm
(P=0.02b), although the acute gain was similar.

Nanoluté coating that included both de novo and ISR
lesions. The Nanoluté registry followed 408 patients
(45% of them with ISR) treated with SEB. The 24-month
MACE occurred in 4.2% of cases and that of the ISR
subgroup in 5.56%, respectively.'’

In the largest registry, EASTBOURNE (All-Comers
Sirolimus-Coated Balloon European Registry), which
included 2123 patients (44% of them with ISR) treated
with SEB. TLR was more common in patients treated for
ISR compared with de novo lesions (RR, 1.90 [95% ClI,
1.13-3.19]). ISR was also an independent risk factor
for the need for repeat TLR (odds ratio, 5.5 [95% Cl,
3.38-8.88])."?

Recently, some randomized trials comparing Nanoluté-
coated SEB and PEB have been published. The
TRANSFORM | trial (A Randomized, Double-Blind,
Placebo-Controlled, Phase 3 Study of Navitoclax in Com-
bination With Ruxolitinib Versus Ruxolitinib in Subjects
With Myelofibrosis) compared SEB with iopromide-PEB
in the treatment of de novo small vessel disease. Similar
to our study, they did not confirm the noninferiority of
SEB in 6-month net lumen gain (opposite of LLL; net
gain=MLD,,-MLD,__. ; p for noninferiority=0.1 73).13

In addition, comparisons of other SEB versus PEB in
the treatment of ISR have been made. In their DES-ISR
study, Han et al'* demonstrated that crystalline-SEB was

NI margin 0.20

ISR lesions, all [ ¢ - -0.024 (95% CI -0.277-0.229) Figure 1. The 2-sided 95% Cl for the
difference between treatments and

BMS-ISR ) . s - -0.203 (95%(1-0.584-0.178) the noninferiority (NI) margin.

DES-ISR ) 4 < 0.11 (95% C1 -0.233-0.453) BMS indicates bare metal stent; DES,
drug eluting stent; and ISR, in-stent
restenotis.

0.8 -0.6 0.4 0.2 0 0.2 0.4 0.6
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Figure 2. Kaplan-Meier analysis of event-free survival.

MACE indicates major adverse cardiac events; PEB, paclitaxel-eluting balloon; SEB, sirolimus-eluting balloon; TLF, target lesion failure; and

TLR, target lesion revascularization.

noninferior to iopromide-PEB at 9 months LLL (ALLL,
0.05 mm [95% CI, —0.0523 to 0.1476]; with noninfe-
riority margin of 0.20 mm). The incidence of 12-month
target lesion failure and patient-oriented composite end
points was similar in both groups.

A combined analysis of 2 parallel studies (Malaysian
and German-Swiss studies) also compared the efficacy of
crystalline-SEB with iopromide-PEB in the treatment of
DES-ISR. The study demonstrated noninferiority of SEB
at the primary end point, 6-month LLL (P=0.794). How-
ever, the follow-up time in their research was shorter, and
the chosen noninferiority margin of 0.35 mm was higher
than in our study. Similar to our study, the 2 groups did
not differ in the 12-month incidence of MACE (P>0.99).'®

Differences between these 2 studies and our study
include different SEB coating (phospholipid-encapsulated

Circ Cardiovasc Interv. 2025;18:e014677. DOI: 10.1161/CIRCINTERVENTIONS.124.014677

versus crystalline) and concentrations (1.27 mg/mm?2
versus 4 ug/mm2); both these factors likely (similar to
PEB) affect the SEB efficacy and require further analysis.

In our study, a 12-month angiographic follow-up was
used to account for neointimal hyperplasia that contin-
ues beyond 6 months, potentially yielding more accurate
findings.

Compared with BMS-ISR, the incidence of DES-ISR
is lower, but the treatment of the remaining DES-ISR
is more challenging due to its more complex underly-
ing causes and is associated with poorer long-term out-
comes.'® Despite this fact, we included both BMS- and
DES-ISR patients in our study to be as close to real-world
clinical practice as possible (with regard not only to devel-
oped countries). Patients’ 1:1 randomization to SEB or
PEB arms was stratified by the type of the original stent
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Table 4. Subgroup Analysis

Treatment of ISR Using SEB vs PEB

Table 5. Twelve-Months Clinical Follow-Up

BMS-ISR SEB PEB P value SEB PEB
Patients/lesions, n 35/36 37/39 n (%) n (%) P
Preprocedural parameters; ISR MACE 22 (30.6) 23 (31.5) 0.858
RefD, mm 2.64 (2.04-3.63)* | 2.56 (1.78-8.62)* | 0.446t Cardiovascular death 0 (0) 2 (2.7) 0.497
MLD, mm 0.70 (0-1.50)* 0.71 (0-1.31)* 0.885t MI 3(4.2) 2(2.7) 1.000
%DS 74.0 (51-100)* 74.5 (52-100)* 0.859t TLR 19 (26.4) 19 (26.0) 1.000
ISR length 12.6 (6.3-36.9)* 12.5 (4.0-44.3)* 0.674t Noncardiovascular death 0 (0) 1(1.4) 1.000
Postprocedural parameters; post re-PCl TLF 19 (26.4) 20 (27.4) 0.891
RefD, mm 2.88 (2.20-3.57)* | 2.83 (1.98-3.79)* | 0.768t Stent thrombosis 2 (2.5) 1(1.3) 1.0002
Acute gain,mm | 1.48 (0.63-2.87)* | 1.44 (0.43-3.20)* | 0.419t 2nd MACE 4 (5.6) 0 (0) 0.057
MLD, mm 2.29 (1.67-2.87)* | 2.19(1.36-3.20)* | 0.293% Qualitative data are given as n (%). P value: significance of y? test. MACE
orimsor | mar-oor | oaosr | et adusocudec cort Wl i vincion P8 i
Twelve months follow-up parameters target lesion revascularization.
RefD, mm 2.65 (1.89-3.90)* | 2.82 (1.98-4.30)* | 0.953t
MLD, mm 2.00 (0-3.14)* 1.87 (0-2.89)* 0.4381 in-segment dissection (>type B), possibly arising due to
%DS 29 (0-100)* 34 (8-100)* 0.419t the aggressive ISR lesion predilatation.
Binary re-ISR 9 (25.0) 10 (25.6) 0.949% The 12-month in-segment LLL served as the primary
DES-ISR end point. The use of these surrogate angiographic end
Patients/lesions, n | 37/43 36/40 points makes it possible to reduce the required file size
Proprocedural parameters: ISR while Im'aintainin.g adequate statistical plower.7*17 Sev-
RefD () 272 (1.87-3.477 | 2.83 (190-8.857 | 0427t eral clinical studies have shown a gorrelatlon, especially
between LLL and %DS and the incidence of TLR.*"
MLD (mm) 0.53 (0-1.61)* 0.68 (0-2.10)* 0.768t . .
Intravascular imaging allows more accurate assess-
%DS 80 (53-100)* 78 (35-100)" 0.915¢ ment of coronary ISR. However, many ISR studies con-
ISR length 115 (4.69-54.5)" | 9.96 (3.68-51.3) | 0.100t tinue to use angiographic primary end points. To facilitate
Postprocedural parameters; post re-PCl a comparison between those studies and our earlier TIS
RefD (mm) 2.91 (2.15-3.87)* | 3.02 (2.19-3.71)* | 0.828t 1 study, we have adopted a similar approach. To exclude
Acute gain (mm) | 1.81 (0.81-2.83)* | 1.62 (0.40-2.89)* | 0.180t the main mechanical causes of ISR, an X-ray postpro-
MLD (mm) 2.36 (1.57-3.19)* | 2.30 (1.53-3.15)* | 0.182t cessing system was used.
%DS 20 (5-33)* 24 (6-41)* 0.033t Recent ESC guidelines advise against DEB use in
ol i e i e DE$—ISR.‘8 Nevertheless, this .amendment is based on
RefD, 291 (196-3.78) | 295 (196-3.947 | 0.7601 earllég meta-analysles comparing PEB and DES eff!-
cacy.'® Further studies are needed to evaluate SEB effi-
MLD, mm 1.81 (0-3.58)* 1.60 (0-2.77)* 0.755t cacy with novel DES.
%DS 32 (3-100)* 38 (15-100)" 0.371t In their meta-analysis comparing SEB with PEB in the
Binary re-ISR 16 (37.2) 14 (35.0) 1.000% treatment of both de novo and ISR lesions, Sedhom et

Qualitative data are given as n (%). BMS indicates bare metal-stent; DES,
drug-eluting stent; DS, diameter stenosis; ISR, in-stent restenosis; MLD, minimal
lumen diameter; PCl, percutaneous coronary intervention; PEB, paclitaxel-eluting
balloon; RefD, reference lumen diameter; and SEB, sirolimus-eluting balloon.

*Quantitative data are given as median (range: min-max).

1P value: significance of Mann-Whitney U test.

$Pvalue: significance of y? test.

implant (BMS or DES-ISR) to achieve the best balance
of treatment allocation. A post hoc subanalysis confirmed
the differential outcomes of DEB in BMS- and DES-ISR
treatment. Only the BMS-ISR subgroup exhibited nonin-
feriority of SEB versus PEB for the primary end point,
12-month LLL. However, it should be noted that the
results of these subgroup analyses are merely exploratory
in nature.

Compared with studies using DEB for de novo
lesions treatment, a higher incidence of bailout stenting
was noted in our study, mainly due to a higher rate of

Circ Cardiovasc Interv. 2025;18:e014677. DOI: 10.1161/CIRCINTERVENTIONS.124.014677

al’ found no significant difference in the incidence of
clinically driven TLR and other clinical outcomes, includ-
ing MACE, cardiovascular death, or target vessel myocar-
dial infarction. A subsequent subgroup analysis revealed
no significant differences between the studies in regard
to de novo and ISR lesions. However, the use of SEB was
associated with a significantly higher rate of binary ISR,
LLL, and a lower MLD compared with PEB. In addition,
late lumen enlargement was more frequently observed in
the PEB group compared with the SEB group.

Limitations

Several limitations of our study should be mentioned. Nei-
ther the patients nor the investigators were blinded as to
the chosen method of treatment. However, the 12-month
quantitative coronary angiography was evaluated by a
blinded, independent investigator. The noninferiority margin
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of 0.2 mm, based on previous DEB versus DES studies,
reflects clinically significant LLL differences but may require
further validation for DEB therapies, particularly between
different drugs. The study included both BMS- and DES-
ISR patients, despite the fact that the cause of DES-ISR
is more complex and the treatment more challenging. The
use of intravascular imaging could enhance understanding
of ISR mechanisms and outcomes. Moreover, this study did
not have sufficient statistical power to detect significant dif-
ferences in clinical end points (ie, MACE).

Conclusions

This prospective randomized study compared the effi-
cacy of novel SEB with that of PEB for the therapy of
BMS or DES-ISR. We did not confirm the noninferiority
of SEB compared with PEB in the treatment of BMS/
DES-ISR with respect to LLL. The noninferiority of SEB
was proven only in BMS-ISR patients.
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