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Background : Previously, the inhibition of coronary restenosis with Abciximab (ReoPro®)-coated stent in a porcine
model was reported. ReoPro® inhibits platelet aggregation, the proliferation of vascular smooth muscle cells and the
inflammatory reaction.

Methods : A prospective randomized trial was performed to compare two types of stent for revascularization in the
native coronary artery. The primary effective end points were major adverse coronary events (MACE): cardiac death,
acute myocardial infarction, target vessel revascularization (TVR) and restenosis at the 6-month clinical and
angiographic follow-ups.

Results @ One hundred and fifty-five patients were enrolled between August 2001 and June 2003. The mean ages
(56.0£10.0 vs. 56.9+10.8 years), baseline diameter of stenosis and minimal luminal diameter were no different between
the two groups. There was one myocardial infarction and revascularization during the hospital stay in control stent
group. During the clinical follow-up there were two myocardial infarctions in control group. Follow-up coronary
angiograms were performed in 62.3% (48/77) and 65.4% (51/78) of the coated and control groups, respectively. The
diameter of stenosis and late loss were significantly less in the ReoPro®—coated stent group compared with the controls
(16.4£5.8% vs. 34.3+6.1%, p=0.009; and 0.33+0.28 mm vs. 0.88+0.41 mm; p=0.002). The restenosis and TVR rates
of the ReoPro®-coated stent were relatively lower compared with the control stent [14.6% (7/48) vs. 29.4% (15/51),
0=0.062; and 9.2% (7/76) vs. 14.7% (11/75); p=0.327].

Conclusion : A ReoPro®-coated stent is safe, and may be effective in the prevention of coronary restenosis.
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INTRODUCTION pectoris and myocardial infarction, has been increased rapidly
over the past 10 years, and has become a major cause of

The incidence of coronary artery diseases, such as angina  death. Percutaneous coronary intervention (PCI) with stenting
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has been regarded as the most effective therapeutic modality
for coronary artery disease, but the relatively high restenosis
rate of 20~30% after PCI remains a major clinical problem' ?.

Stent restenosis is due solely to neointimal hyperplasia (NIH)
by stent-induced mechanical arterial injury and acute and
chronic inflammation in the vessel wall, which activates smooth
muscle cell (SMC) migration and proliferationa' Y Local radiation
therapy with beta or gamma radiation is known to control
neointimal formation and has been performed in the treatment
of in-stent restenosis, but notable results remain to be
achieved”. The utilization of anti-proliferative agents delivered
locally via drug—eluting stents has dramatically reduced the
stent restenosis rate®.

Abciximab (ReoPro®) is a potent inhibitor that blocks the
final pathway of platelet aggregation and decreases the short-
and long-term event rates after PCI"”. Besides its blocking
effect for platelet aggregation, ReoPro® reacts with the CD11b/
CD18 (macropharge—-1 receptor) of vascular endothelial cells
and macrophages, and inhibits the inflammatory reaction and
proliferation of vascular SMC'"™®. The possible mechanisms
responsible for the inhibition of NIH by ReoPro® may be its
antiplatelet, anti-inflammatory and anti-proliferative actions. In a
previous animal study it was reported that ReoPro®-coated stents
can effectively reduce neointima hyperplasia after coronary
stenting”.

Here, a study was conducted to compare the long-term
safety and efficacy of a ReoPro®~coated stents with those of a
control bare metal stent in native human coronary artery lesions.

MATERIALS AND METHODS

Study Design and Population

This was a single—center prospective, randomized trial
approved by the ethnics committee at institution, with all
patients giving their written informed consent. The study was
conducted between August 2001 and June 2003.

155 coronary artery disease patients were scheduled to
undergo elective PCI for single, short (<15 mm in length), de
novo lesions in native coronary arteries with diameters between
25 and 40 mm. The patients with left main diseases,
bifurcation lesions, graft stenosis and left ventricular dysfunction
were excluded. ReoPro®-coated and control stents were
implanted in 77 and 78 patients, respectively.

Manufacturing Process of ReoPro®-coated Stent

A plasma polymerization reaction was performed to attach
amine radicals to the stent surface. A stent was fixed in a
tubular reactor made of a Pyrex glass tube, and then the
pressure dropped to less than 5 mtorr using a vacuum pump.
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For attachment of the amine radicals to the stent surface,
diaminocyclohexane (DACH) monomer was drifted into the
tubular reactor at a constant dose rate (0.96 SCCM) and a
plasma generated using a radiofrequency power generator. The
power for polymerization of the plasma was 100 W for 5
minutes and then 60 W for 15 minutes.

ReoPro® (Centocor BV, Leiden, Netherlands) is a human-
murine chimeric antibody Fab fragment (c7E3 Fab), which
directly blocks glycoprotein llb/llla receptors. A glass tube, 7 cm
in length, with a 1 cm in diameter, was boiled in water for 5
minutes, removed and allowed to dry in an incubator. 2 mL of
ReoPro® solution was also delivered to this glass tube, and the
stent immersed in the solution. The carboxy radical of ReoPro®
was introduced to the amine radicals attached to the stent to
achieve covalent bonds and improved the attachment power
between the stent and ReoPro®. This reaction was performed
for 1 hour, after which the stent was removed and allowed to
dry for more than 24 hours. The ReoPro®—coating on the
surface of the stent was confirmed by scanning electron
microscopy (Figure 1, 2). For the release kinetics of the ReoPro
® from the stent, the stent was placed in a glass vial and
immersed in 100 ml of phosphate-buffered saline. The amount
of ReoPro® released into the buffer solution was measured
using the UV absorbance at 278 nm (Figure 3).

In an animal study using a porcine coronary stent restenosis
model, ReoPro®-coated stents were found to decreased the
neointima area, percent diameter of stenosis and proliferating
cell nuclear antigen positive rate more than the control stents'”.

Study Procedure, Stent Implantation, and Angiography

Patients were randomly assigned to the groups in a 1:1
ratio. Lesions were treated with the use of standard inter-
ventional procedures. Each patient received one 17 mm or 18
mm stent. All lesions were pre-dilated. After successful
predilation, the stents were mounted onto the delivery system
and inflated to 10 to 16 atm.

All patients received aspirin (300 mg at least 12 hours prior
to stent implantation and 100~200 mg daily, indefinitely) and
clopidogrel (300 mg at least 6 h prior to stent implantation and
75 mg daily for 30 days). A bolus dose of 5000 units of
Heparin was given intravenously just before the PCI to maintain
the activated clotting time to between 300 and 350 seconds
over the duration of the procedure. When dalteparin, a low
molecular weight heparin, was used, an initial bolus of 2,500
units was administered as a vascular sheath and advanced to
an additional dose of 5,000 to 7,000 units during PCI. Successful
PCl was defined as a residual stenosis of <30% with TIMI
(Thrombolysis in Myocardial Infarction) flow =>Ill, with no
complications, such as Q wave acute myocardial infarction
(AMI), emergent revascularization or cardiac death. Each
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angiogram or IVUS sequence was preceded by 200 to 300 ug
of intracoronary nitroglycerin. The angiograms were analyzed
with a validated QCA system (Philips H5000 or Allular DCI
program). Quantitative analyses of all angiographic data were
performed by an independent skillful doctor. In-stent restenosis
was defined as stenosis of >50% of the luminal diameter. Late
lumen loss was defined as the difference between the minimal
lumen diameters immediately after the stenting compared to
that on the six month follow-up angiogram.

Bleeding events were classified as major, minor or
insignificant according to the criteria of the TIMI Study group.
Major bleeding events were defined as intracranial bleeding or
a bleeding event that caused a decrease in hemoglobin of >4
g/dL or required a transfusion of >3 units of blood. Minor
bleeding was defined as that resulting in a hemoglobin decrease
of <4 g/dL or which required a transfusion of <3 units of blood.
Thrombocytopenia was defined as a platelet count of 100x10%/L.

Study end points
The primary end points were in-stent late lumen loss by

1 X 5000

quantitative angiography and a composite of major cardiac
events, including cardiac death, any myocardial infarction and
TVR at 12 months after the procedure. The secondary end
points were percentage of the lumen diameter stenosis and the
rate of restenosis.

Statistical Analysis

Statistical analyses were performed with the aid of the
commercially available software (SPSS Version 11). The data
are presented as rates or mean values=SD. Probability values
are two-sided with the Student t- and Fisher's exact tests for
continuous and categorical variables, respectively. A value of p <
0.05 was considered significant.

RESULTS

ReoPro® coating and in vitro release pharmacokinetics
The attachment of the ReoPro®—coating onto the surface of
the stent was confirmed by scanning electron microscopy. The

Figure 1. Scanning electron microscopic findings after ReoPro®-coating of the stent surface (Magnification x30 in A, x500 in B, x5,000

in C and x20,000 in D).
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Figure 2. Scanning electron microscopic findings of ReoPro® grafting after the washing test. The stent surface of the ReoPro® grafting;
immediately (A), 5 hours (B), 2 weeks (C) and 4 weeks (D) after the washing test. E-F: Cross sections of the stent of the ReoPro®
grafting, immediately (E) and 1 months (F) after the washing tests. Magnification. 250 in A-D and 30,000 in E-F.
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Figure 3. In vitro screening of the ReoPro® released from the
stent surface. Right upper panel shows the linear relationship
between the UV absorbance at 278 nm and the concentration of
ReoPro® in water.

amount of ReoPro®—ooating on the surface of the stent was 90
ug/stent, with a median thickness of 1 um (Figure 1). The
amount of ReoPro® released increased over time and that left
on the stent surface 1 month after ReoPro® coating are shown
in Figure 2. The in vitro screening of ReoPro® release from
stent surface was evaluated, and is depicted in Figure 3.

Baseline clinical characteristics

In terms of gender and age, the ReoPro~ stent group
consisted of 64 males (83.1%), with a mean age of 56+10
years, and control stent group consisted of 53 males (67.9%),
with a mean age of 5711 years. There were no differences in
the clinical diagnoses of the two groups, unstable angina
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pectoris was the most common: 39 patients (50.6%) and 39
patients (50.0%) in the ReoPro™ and stent groups, respectively.
The number of patients that had previously undergone PCI
were 4 (52%) and 5 (5.4%) in the ReoPro® and control stent
groups, respectively. There were no significant differences in
risk factors for coronary artery disease, clinical diagnosis and
left ventricular ejection fraction (Table 1).

Quantitative angiographic analysis

Stenting was successfully performed in all patients, without
the need for additional stenting and with no complications. The
target artery, lesion classification by the ACC/AHA classification,
TIMI flow and mean reference diameter and lesion length were
similar between the two groups. The stent sizes and lengths
were 3.32+0.35 and 17.1£1.1 mm, and 3.28+0.43 and 17.5+
44 mm in the ReoPro® and control stent groups, respectively,
which were not significant (Table 2).

In-hospital MACE and bleeding events

The PCI success rates were 100% in both groups. During
hospitalization, an emergent percutaneous revascularization for
myocardial infarction due to acute stent thrombosis occurred in
1 patient of the control stent group (Table 3). No events of
major and minor bleeding occurred in either group. The
incidences of bleeding complications were not significantly
different (Table 4).

Long-term angiographic and clinical follow-up results
A 6-month follow—up coronary angiography was performed
in 48 (62.3%) and 51 (65.4%) of the ReoPro® and control stent

Figure 4. Coronary angiogram (CAG) and intracoronary ultrasonography (IVUS) show critical stenosis in the proximal right coronary artery
(RCA), with abundant atheromatous plaques in the lesion before stenting (A). After successful ReoPro®-coated stent placement, the
coronary artery revealed good patency, without residual stenosis (B). At the 6-month follow-up CAG and IVUS, no in-stent restenosis in
the previously stented RCA was observed (C).
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Table 1. Baseline clinical characteristics

Group | (n=77) Group Il (n=78)
ReoPro®-coated stent Control stent P
Age (years) 56.0+10.0 56.9+10.5 0.584
Male (%) 64 (83.1) 53 (67.9) 0.039
Risk factor (%)
Current smoking 5 (58.4) (53 8) 0.628
Hypertension 7 (48.1) ( 51.3) 0.749
Hypercholesterolemia 8 (36.4) (33 3) 0.738
Diabetes mellitus 8 (234) 2 (15.4) 0.228
Clinical Diagnosis (%) 0.746
Stable angina 7 9.1) 7 (9.0)
Unstable angina 39 (50.6) 39 (50.0)
Non-ST elevation Ml 9 (11.7) 7 (9.0)
ST elevation Ml 20 (26.0) 22 (282)
Old myocardial infarction 2 (2.6) 3 (398
Combined vascular disease (%)
Peripheral 1 (1.3 1 (1.3 1.00
Hemorrhagic stroke 0 (0.0) 0 (0.0) 1.00
Transient ischemic attack 2 (2.6) 5 (6.4) 0.189
Family history 3 (39 3 (38 1.00
Previous coronary procedure (%)
Percutaneous coronary intervention 4 (52 5 (6.4 1.00
Bypass surgery 0 (0.0 0 (0.0) 1.00
Left ventricular function (%)
Mean ejection fraction 62.8+10.1 62.8+12.0 0.994
MI, myocardial infarction
Table 2. Coronary angiographic characteristics
Group | (n=77) Group Il (n=78)
ReoPro®-coated stent Control stent b
Diseased vessels (%) 0.704
Right coronary artery 20 (26.0) 16 (20.5)
Left anterior descending artery 5 (58.4) 50 (64.1)
Left circumflex artery 12 (15.6) 12 (15.4)
Diseased vessel number (%) 0.117
One vessel 68 (88.3) 59 (75.6)
Two vesel 8 (10.4) 16 (20.5)
Three vessel 1(1.3) 3 (38
ACC/AHA classification (%) 0.085
Type B1 68 (88.3) 58 (74.4)
Type B2 8 (10.4) 17 (21.8)
Type C 1(1.3) 2 (26)
TIMI flow (%) 0.855
TIMI flow O 2 (26) 4 (5.1)
TIMI flow 1 1 (1.3 1 (1.3
TIMI flow 2 21 (27.3) 17 (21.8)
TIMI flow 3 53 (68.8) 56 (71.8)
Pre—dilation balloon (mm)
Balloon length 20.0£0.0 20.2+1.1 0.159
Balloon size 3.31+0.34 3.26+0.43 0.436
Stent size (mm) 3.32+0.35 3.28+0.43 0.567
Stent indication (%) 0574
elective and suboptimal results 67 (87.0) 70 (89.7)
Acute closure and dissection 10 (13.0) 8 (10.3)
Stent length (mm) 17111 175444 0432

ACC/AHA, American College of Cardiology/American Heart Association; TIMI, Thrombolysis In Myocardial Infarction.
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Table 3. In-hospital primary outcomes after stenting

Grogp I (n=77) Group Il (n=78)
ReoPro®-coated stent Control stent P
Success rate (%) 77 (100) 78 (100) 1.00
Primary end points (%)
Cardiac death 0 (0.0 0 (0.0) 1.00
Acute myocardial infarction 0 (0.0) 1 (1.3 0.503
Emergent revascularization 0 (0.0) 1 (1.3 0.503
Emergent bypass surgery 0 (0.0) 0 (0.0) 1.00
Table 4. Bleeding and hematologic complications after stenting
Group | Group |l
ReoPro®-coated stent Control stent p
Major bleeding (%) 0 (0.0 0 (0.0) 1.00
Minor bleeding (%)
Vascular access site (hematoma<5 c¢m) 1 (1.4) 1 (1.4 1.00
Vascular access site (>5 cm) 0 (0.0) 1(1.4) 1.00
Gingival bleeding 0 (0.0) 0 (0.0 1.00
Gastrointestinal bleeding 0 (0.0 0 (0.0 1.00
Urinary bleeding 0 (0.0 1 (1.4 1.00
Stroke or Intracranial bleeding 0 (0.0 0 (0.0 1.00
Thrombocytopenia (<100,000/mm?) 0 (0.0 0 (0.0 1.00
Table 5. Quantitative coronary angiographic results
Group | (n=48) Group Il (n=51)
ReoPro’-coated stent Control stent P
Follow-up number 48 (62.3) 51 (65.4) 0.740
Follow-up duration (day) 202.1+61.1 218.0+59.9 0.194
Restenosis rate (%) 7/48 (14.6) 15/51 (29.4) 0.062
Follow-up diameter stenosis (%) 16.4+58 34.3+6.1 0.009
Reference diameter (mm) 2.94+0.38 2.98+0.29 0.693
Lesion length (mm) 14.8+18 13.7+2.0 0.671
Late loss (mm) 0.33+0.28 0.88+0.41 0.002
Table 6. Long-term clinical results
Group | (n=76) Group Il (n=75)
ReoPro®-coated stent Control stent P
Clinical follow-up number
(141469 months) 76 (98.7) 75 (96.2) 0.620
Total follow-up MACE
Cardiac death 0 (0.0) 0(0.0) 1.00
Acute myocardial infarction 0 (0.0 2 (26) 0.497
TVR 7 92 11 (14.7) 0.327
Non-TVR 2 (26) 5 6.7 0.276
CABG 0 (0.0) 0 (0.0 1.00

MACE, major adverse cardiac events; TLR, Target lesion revascularization; CABG, coronary artery bypass graft



groups, respectively. At the six-month follow-up angiogram, the
minimal luminal diameter of the stent segment was significantly
greater in the ReoPro® stent group. The late losses were 0.33
+028 and 0.88+041 mm in ReoPro® and control stent
groups (p=0.002), and the in-stent restenosis (ISR) developed
in 7 (14.6%) and 15 (29.4%) patients in the ReoPro®™ and 15
control stent groups, respectively (p=0.062) (Table 5, Figure 4).

A total of 97% patients were followed up for a period of 14.1
+6.9 months. During the follow-up period, two patients in the
control stent group suffered a myocardial infarction, but there
were no cardiac deaths in either group. TVR was performed in
11 (14.7%) and 7 (9.2%) patients of the control and ReoPro®
stent groups, respectively (Table 6).

DISCUSSION

This is the first human study on ReoPro®-coated stents for
the prevention of ISR. The clinical outcomes with up to
6-months follow-up suggest that the use of ReoPro®-coated
stents is safe and feasible. The angiographic follow-up results
at six months demonstrated a low amount of NIH and late loss.
Nevertheless, neointimal proliferation was not completely
abolished by ReoPro®~coated stents. It is possible that drug
dosing, absorption and elution kinetics may have influenced our
results and limited the anti-proliferative effects of ReoPro®.

A glycoprotein llb/llla receptor blocker is a most potent
inhibitor of platelet aggregation, and is activated on platelets by
collagen, thrombin and adenosine diphosphate, which act as a
receptor for fibrinogen and von Willebrand factor, causing
thrombus formation® . In a previous large—scale trial, blockade
of this receptor by abciximab, a human-murine chimeric
antibody Fab fragment, was shown to reduce the incidence of
acute ischemic events by 35% among patients undergoing
"high-risk” PCI”. ISR is due to thrombus formation caused by
vascular injury after stenting, inflammatory reaction, NIH caused
by SMC proliferation and the accumulation of extracellular
matrix?® 2", ReoPro™ administration decreases  inflammatory
markers, such as C-reactive protein, interleukin-6 and tumor
necrosis factor— after stent implantationZZ). It may be caused by
the interaction between CD11b/CD18 (macrophage-1 receptor),
a receptor located on the surface of neutrophils and
monocytes, and ReoPro®. The interaction between CD11b/18
and ReoPro® results in the inhibition of cell-to—cell adhesion
and the interaction between a cell and the extracellular
matrix'* %% The anti-inflammation effects, were not confirmed
by the former study using a porcine coronary stent restenosis
model?”.

Also, ReoPro® has an affinity for vitronectin receptors on
SMC, endothelial cells and platelets, with the blockade of this
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vitronectin receptor by ReoPro® inhibiting the migration and
proliferation of SMC after stenting, which may prevent
|SRH*13, 18, 19, 25).

ReoPro® was expected to have a clinical effect on the
prevention of restenosis after PCI®. There are only a few
results of the effects of ReoPro® on the prevention  of
restenosis post-PCl, but the EPISTENT study”) found that
ReoPro® was effective on diabetics. In the ERASER study®,
there was a small amount of evidence suggesting an
anti-restenosis effect. The effect of a single injection of ReoPro®
is considered insufficient for preventing the SMC proliferation
and anti-inflammatory actions of neointima formation within the
stent.

There have been studies, such as that by Aggarwal et. alzg),
where a drug-coated stent was made to release the drug to
the target lesion. They verified that the monoclonal platelet
glycoprotein llb/llla antibody of rabbits could be coated onto a
stent using a polymer, and also reported platelet accumulation,
increased blood flow and vessel patency. Baron et. aISO), using
a monoclonal antibody Fab fragment (c7E3 Fab), reported that
¢/E3 Fab could be coated onto a stent using a polymer, where
53% of the drug still remained on the stent after 12 hours of
washing, which was then released. Furthermore, they affirmed
that ¢7E3 Fab was located in both the intima and media, and
had an additional effect on SMC.

A drug-eluting stent is a device that releases a single or
multiple bioactive agents into the bloodstream, which can
subsequently be deposited in or have an affect on the tissues
adjacent to the stent. Avoiding systemic toxicity, stent-based
local drug-release at the site of vascular injury, via a
polymer—-coated stent, is an attractive method for achieving an
effective local concentration of a drug. The safety and efficacy
of such an approach critically depends on the delicate
combination of drug, polymer and kinetics of release. In the
present study, the effective coating of ReoPro® onto a stent
surface was observed by scanning electron microscopy, with
the constant release of ReoPro®™ confirmed by an in vitro
release curve. This study has shown that a ReoPro® stent is
feasible, produces significant inhibition of NIH and has potential
therapeutic benefits in the prevention of stent restenosis.

This is the first study in humans to demonstrate that coated
stents are feasible and safe. There were no complications or
side effects related to the ReoPro® coated stent procedure
compared with the control group. Particularly, no bleeding event
was caused by the ReoPro®™. Our clinical study has
demonstrated that a ReoPro®~coated stent is effective in the
prevention of in—stent neointimal hyperplasia, with no acute or
subacute stent thromboses, even in patients with acute
myocardial infarction and unstable angina with a short course
of anti-platelet therapy. These observations suggest that
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vasculoprotective agents, such as ReoPro®, may provide an
alternative approach to anti-proliferative agents in the pre-
vention of ISR and warrant further investigations with a large,
randomized multi-center trial.
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