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Abstract
Aims: After the excellent results of the PACCOCATH ISR and PEPCAD II trials in in-stent restenosis,
paclitaxel-coated balloon (PCB) still has to prove its efficacy in native coronary disease.

Methods and results: In the PICCOLETO randomised trial, patients with stable or unstable angina under-
going PCI of small coronary vessels (<2.75 mm) were randomised to the Dior PCB (28 patients) or the Taxus
DES (29 patients). The primary study endpoint was percent diameter stenosis at 6-month angiographic fol-
low-up (non-inferiority); secondary endpoints were angiographic binary restenosis and major adverse cardiac
events (MACE: death, Q-wave myocardial infarction, TLR) at 9-month follow-up (non-inferiority). The two
groups were not dissimilar for clinical and angiographic data. The study was interrupted after enrolment of
two-thirds of the patients due to a clear superiority of one study group. The primary endpoint was not met:
the PCB group had higher percent diameter stenosis (43.6% vs. 24.3%, p=0.029), angiographic restenosis
(32.1 vs. 10.3%, p=0.043), and higher occurrence of MACE (35.7% vs. 13.8%, p=0.054).

Conclusions: Dior PCB failed to show equivalence to Taxus DES regarding angiographic endpoints during
PCI of small coronary arteries. We hypothesise that it concerned the lack of efficacy of the device used
(which has since been replaced by its second generation) rather than a class-effect in native coronary
vessels.
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Introduction

Since the results of studies from the group coordinated by B. Schel-
ler et al became available, there has been great enthusiasm around
the new technology of paclitaxel-coated balloons (PCB). The first
study involved a PCB constructed with the PACCOCATH technol-
ogy,' that outperformed plain balloon angioplasty in in-stent reste-
nosis, allowing for lower late lumen loss (LLL), 0.09+0.49 vs.
0.76+£0.86 mm (p=0.003). Shortly afterwards, M. Unverdorben and
colleagues published the results of the study Pepcad II%, where a
newer PCB (SeQuent Please; B. Braun, Melsungen, Germany) that
utilised an evolution of the PACCOCATH technology was com-
pared with the Taxus Libert¢ drug-eluting stent (DES) (Boston Sci-
entific, Natick, MA, USA) in a bare metal stent (BMS) restenosis
population. One hundred and thirty-one patients were enrolled in
this study, with a primary endpoint of in-segment LLL at 6-months
angiography. The PCB was seen to outperform the DES: LLL rate
was respectively 0.17+0.42 mm (median 0.09 mm, interquartile
range 0.42 mm) and 0.38+0.61 mm (median 0.24 mm, interquartile
range 0.55 mm), p=0.03. Moreover, at 12-months, the rate of
MACE was 9% and 22%, respectively (p=0.08), mainly driven by
a higher target vessel revascularisation (TVR) in the DES group
(15% vs. 6% in the PCB group, p=0.15). A new revolution had
begun. It was shortly after this that some researchers decided to test
the efficacy and safety of this technology in native coronary artery
disease.

While waiting for the results of the PEPCAD III study which had
not yet been published, a few months earlier we published the
results of the PICCOLETO trial’, a mechanistic study comparing
the Dior I generation PCB (Eurocor GmbH, Bonn, Germany) with
the Taxus Liberte stent (Boston Scientific, Natick, MA, USA) in

small coronary vessels with diameter <2.75 mm.

Methods

This single-centre randomised clinical trial aimed at enrolling 80
patients with complete 9-month follow-up. Patients were eligible if
they had a clinical indication to PCI in a small vessel and stable or
unstable angina at presentation. Myocardial infarction, unstable
haemodynamics and serum creatinine >2 mg/dl were the exclusion
criteria.

The primary study endpoint was percent diameter stenosis at
6-month QCA (non-inferiority hypothesised). Secondary endpoints
were binary angiographic restenosis (defined as restenosis of
>50%) and MACE (death, myocardial infarction, target lesion
revascularisation) at clinical follow-up (non-inferiority). In the case
of an unsatisfying result in the PCB group (coronary dissection,
TIMI flow <3 and residual stenosis >50%), a bare metal stent had
to be implanted. Predilatation was mandatory only in the DES
group, but if gentle balloon deployment in the PCB group was
unsuccessful, predilatation with an uncoated balloon was recom-
mended. PCB inflation time was 45 seconds repeated twice, follow-
ing the manufacturer’s recommendations.

PCI was performed following standard protocols with unfrac-
tionated heparin or bivalirudin. Dual antiplatelet treatment with
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aspirin and clopidogrel was mandatory for 12 months in the DES
group, and one month in the PCB group (three months in case of
BMS implantation).

The study protocol contemplated a 6-month angiographic fol-
low-up, and a 9-month clinical follow-up.

Results

Pre-specified ad interim analysis performed after enrolment and
analysis of two-thirds of the patients showed the superiority of one
study group, therefore we decided to stop enrolment after having
complete data on 28 patients in the PCB group and 29 in the DES
group.

Table 1 shows the main characteristics of the patient population.
Briefly, baseline and angiographic data showed no significant dif-
ferences between the two study groups. An exception concerned the
number of stents implanted (stents implanted per patient: 0.36 in
the PCB group and 1.17 in the DES group, p=0.024) and lesion pre-
dilatation (25% and 86.2%, p=0.001). Angiographic and procedural
success did not change across study groups.

The Taxus group was found superior to the PCB group regarding
the primary efficacy endpoint (24.3+25.1% vs. 43.6+27.4%,
p=0.029) (Figure 1). The Taxus stent outperformed the Dior bal-
loon also concerning the secondary endpoints such as binary reste-
nosis (10.3% vs. 32.1%, p=0.043) and MACE rates (13.8% vs.
35.7%, p=0.054), the latter mainly due to a higher clinically-driven
TLR rate (Table 2). No safety endpoints were raised in this study,
as myocardial infarction and death rates were similar between the
two study groups.

Discussion
This was the first comparison of a PCB and a DES in a randomised
clinical trial of de novo lesions of small coronary vessels, and the
PCB failed to demonstrate its equivalence with the Taxus stent.
The analysis of our results astonished us, raising doubts about the
overall efficacy of PCB in native vessels. However, due to the good
results of previous trials (even in different lesions) and the clear
advantages of the PCB technology over a stent strategy (Table 3),
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Figure 1. Primary study endpoint. The Taxus group was found
superior to the PCB group regarding percent diameter stenosis.
PCB: paclitaxel-coated balloon



Table 1. Baseline clinical and angiographic characteristics.

Dior | balloon first

generation (n=28)

Taxus stent
(n=29)

PCB in small vessels

p value

Male 22 (78.6%) 22 (75.9%) 0.81
Age +SD (years) 68+9 67+10 0.67
Hypertension 21 (75.0%) 20 (70.8%) 0.61
Diabetes mellitus 13 (37.9%) 11 (46.4%) 0.51
Dyslipidaemia 17 (60.7%) 13 (564.2%) 0.23
Previous revascularisation with CABG 3 (10.7%) 4 (13.8%) 0.72
Previous revascularisation with PCI 3 (10.7%) 4 (13.8%) 0.72
Previous myocardial infarction 5(17.9%) 6 (20.7%) 0.78
Stable angina 13 (46.4%) 13 (44.8%) 0.90
Type B2/C lesions* 17 (60.7%) 20 (69.0%) 0.51
Bifurcation lesion 6 (21.4%) 7 (24.1%) 0.81
Lesion length +£SD (mm) 12.41+5.89 11.38+7.12 0.56
Reference vessel diameter +SD (mm) 2.45+0.28 2.36+0.25 0.20
MLD +SD (mm) 0.48+0.33 0.40+0.30 0.30
Lesion stenosis +SD (% LD) 86.0+12.1 89.14+10.6 0.31
Stents implanted per lesion 0.36 1.17 0.024
Stent or balloon diameter +SD (mm) 2.48+0.30 2.54+0.10 n.a.
Stent or balloon length +SD (mm) 18.6+5.24 18.9+7.63 n.a.
Lesion predilatation (uncoated balloon) 7 (25.0%) 25 (86.2%) 0.001
Maximal inflation pressure +SD (atmospheres) 7.71£2.2 13.41+1.38 0.02
Final MLD +SD (mm) 2.47+0.22 2.63+0.23 0.009
Final lesion stenosis +SD (% LD) 19.0+17.3 9.9+9.2 0.016
Angiographic success 96.4% 100% 0.30
Procedural success 96.4% 100% 0.30
LAD: left anterior descending artery; LCX: left circumflex artery; LD: lumen diameter; MLD: minimal lumen diameter; PCB: paclitaxel-coated balloon;
PCI: percutaneous coronary intervention; RCA: right coronary artery; CABG: coronary artery bypass intervention * according to ACC/AHA classification,
SG Ellis et al, Circulation 1990;82:1193-1202

Table 2. Angiographic and clinical results.

Dior | balloon first Taxus stent (n=29) p value

generation (n=28)
Reference vessel diameter, mm +SD 2.54+0.47 2.58+0.24 0.73
Minimal lumen diameter, mm +SD 1.11+0.65 1.94+0.72 0.0002
Angiographic binary restenosis, n (%) 9(32.1) 3(10.3) 0.043
Death, % 3.6 8.5 0.98
Cardiac death, % 0 0 0.97
Myocardial infarction, % 3.6 0 0.30
Target lesion revascularisation, % 32.1 10.3 0.15
Stent thrombosis/abrupt vessel closure (def/prob), % 0 0 0.97
MACE, % 35.7 13.8 0.054
MACE: major adverse clinical events

these results require further explanation. Particularly, the release  restenosis is seen in the first days after the baro-trauma induced by
kinetics of paclitaxel in PCB differs from that of currently available  angioplasty, and paclitaxel primarily exerts its effect at that time.
DES that elute this drug in weeks or months. In comparison, the =~ Moreover, this technology, that allows us to reserve stent implanta-
PCB releases the drug almost entirely in the first 48 hours; how-  tion only in case of suboptimal immediate results, does not require
ever, its biological effect has been discovered to persist for the first ~ the implantation of a permanent prosthesis and the use of a poly-
14 days (Figure 2). This is very important, because the process of  mer, both potentially thrombogenic.
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Table 3. Advantages of paclitaxel-coated balloon over
drug-eluting stent strategies.

No polymer

No permanent prosthesis

No strut-related drug diffusion

Immediate, strong release

No drug found after the first days

Biological effect up to 14 days

XIENCE™V
NOBORI™

1004

CYPHER®

f Endeavor™

oo
=)
1

Percentage released

05 T T T T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100 110 120

Time (day)

Figure 2. Drug elution time (red dotted line) and duration of
biological effect (vellow dotted line) by PCB, as well as main
comparators among DES. PCB: paclitaxel-coated balloon

Therefore, it is possible that the true limit of this study is the
device used itself, the Dior I generation PCB. It appears probable
that this point has also been taken into account by the manufacturer
as, in fact, a second generation of the Dior balloon has been recently
released.

This second generation Dior balloon still elutes paclitaxel at the
same dosage (3 mg/mm?) and has been prepared with a similar pro-
cess including the charging of the balloon with the drug using a
micropipetting process with the balloon folded. However, profound
differences exist among the two devices. The first generation Dior
balloon had a nanoporous surface containing microcristals of pure
paclitaxel that are then embedded on the vessel wall at the time of
balloon inflation. The second generation Dior II balloon contains
shellac as a paclitaxel carrier. Shellac is an inert substance that has
already been approved by the FDA as a food additive. It is mostly
composed of aleuritic acid, jalaric acid and shelloic acid, and has
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a molecular weight of about 1000 u. The microporous balloon sur-
face contains a 1:1 mixture of paclitaxel and shellac. Finally, this
new technology allows complete paclitaxel deposition with
a unique, shorter inflation (around 30 seconds) instead of the two
45-60 seconds inflations previously suggested.

The Dior II generation balloon has been recently tested in an ani-
mal model, where it showed a 20-fold higher drug concentration
after 45 minutes when compared to its predecessor;* moreover, tissue
paclitaxel resulted in much lower concentration 12 hours after balloon
inflation, a result comparable with other PCB in previous studies.

There are several ongoing studies that are testing this new device.
Among them, we are about to start the enrolment for the Piccoleto 11
study, a trial comparing the Taxus Libert¢ DES with this new gen-
eration PCB for the treatment of small coronary vessels.

In conclusion, the PICCOLETO trial failed to demonstrate its
equivalence to a DES for the treatment of small vessel disease, both
in terms of angiographic and clinical restenosis. Further studies,
thanks to newer technological advances, are needed to test the effi-
cacy and safety of PCB in native coronary artery disease. We expect
better results, both clinical and angiographic, from the next trial in
the native coronary field.
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