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Abstract

Background  In the prospective randomized TRIAS pilot study, the bio-engineered 
Genous™ endothelial progenitor cell capturing stent was compared with the Taxus Liber-
téTM -SR paclitaxel-eluting stent. At 1 year, a statistically non-significant difference in the 
rates of target vessel failure (cardiac death, myocardial infarction, or target vessel revascu-
larization) was observed. We have evaluated the safety and efficacy up to 2 years.

Methods A total of 193 patients with de novo coronary artery lesions carrying a high risk 
of restenosis were randomized to a Genous stent versus a Taxus stent. Dual antiplatelet 
therapy was prescribed for ≥ 1 month after Genous stent implantation and for ≥ 6 months 
after a Taxus stent. 

Results Between 1 and 2 years, patients treated with the Genous stent tended to have 
fewer episodes of target lesion revascularization (2.0% versus 5.3%), but nearly similar 
rates of cardiac death (1.0% versus 0%), myocardial infarction (0% versus 1.1%) and stent 
thrombosis (0% versus 1.1%) when compared with the Taxus stent. As a result, at 2-year 
follow-up treatment with the Genous stent compared with the Taxus stent resulted in a 
non-significant difference in target vessel failure (TVR) (20.4% versus 15.8%; risk differ-
ence 4.6%, 95%CI -6.2% - 15.5%). No stent thrombosis was observed in the Genous group 
compared to 5 cases (in 4 patients) in the Taxus group, resulting in a difference as compared 
with the Taxus stent (risk difference -4.2%; 95%CI -8.2% - -0.2%).

Conclusions In the TRIAS pilot study, treatment of coronary artery lesions carrying a high 
risk of restenosis with the Genous compared with the Taxus stent resulted in a non-signif-
icant difference of TVR at 2-year follow-up, with convergence of the Kaplan-Meier curves 
between 1 and 2 years. Stent thrombosis was only observed after Taxus stent implantation.
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Introduction

Randomized trials have demonstrated a significant reduction in neointimal hyperplasia 
and recurrent ischemia necessitating repeat coronary intervention with drug-eluting stents 
(DES) compared with bare-metal stents (BMS) up to 2 years [1-3]. The bio-engineered 
Genous™ endothelial progenitor cell (EPC) capturing stent is coated with immobilized 
CD34+ antibodies designed to capture circulating EPCs from the peripheral blood to the 
stent surface. This accelerated vascular healing with rapid establishment of a functional 
endothelial layer after vascular injury has been shown to assist in the prevention of neo-
intimal proliferation and thrombus formation after stent placement [4,5]. The safety and 
efficacy of the Genous stent in non-complex coronary artery lesions has been evaluated in 
the nonrandomized HEALING studies [6,7].

In the TRIAS pilot study, patients with coronary artery lesions carrying a high risk 
of restenosis were randomized to treatment with a Genous stent or a Taxus LibertéTM 

-SR Paclitaxel-Eluting Coronary Stent. One year, cinical follow-up demonstrated a non-
significant trend towards a higher rate of target vessel failure (TVF) with the Genous 
stent compared with the Taxus stent. In contrast, with only one month of dual antiplatelet 
therapy recommended, no definite stent thrombosis was observed with the Genous stent 
compared to 4 cases with the Taxus stent [8]. The present study reports the 2-year clinical 
outcomes of TRIAS pilot study.

Materials and Methods

Study Design and Patient Population
The study design of the TRIAS Pilot study has been reported previously [8]. In brief, the 
design was a single-center, prospective, randomized, single-blind study and inclusion was 
from February 2006 to April 2007. The study complied with the principles of the Declaration 
of Helsinki regarding investigations in humans and was approved by the local institutional 
review board. The duration of follow-up is 5 years and here we report the 2-year clinical 
outcomes. 

For the purpose of this study, coronary artery lesions were marked as carrying a high risk 
of restenosis if at least one of the following applied: 1) a chronic total occlusion; 2) a stenosis 
with a length ≥ 23 mm; 3) a lesion in a coronary artery with a diameter ≤ 2.8 mm by visual 
estimation; 4) or any lesion in a diabetic patient. All other lesions were considered to be 
low-risk lesions. Patients who were accepted to undergo non-urgent stenting for a de novo 
coronary artery lesion with a high-risk of restenosis were eligible for inclusion. All patients 
had either stable angina pectoris despite medical therapy, unstable angina pectoris, or a 
non ST-segment elevation myocardial infarction. All patients were on statin therapy for 
at least 7 days prior to the procedure. Major exclusion criteria were: ST-segment elevation 
myocardial infarction within the previous 72 hours; unstable ventricular arrhythmia; severe 
renal insufficiency (serum creatinin > 200 μg/L) or liver insufficiency; severe hypertension 
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(systolic blood pressure > 180 mmHg or diastolic blood pressure > 100 mmHg after treat-
ment); current therapy of immune-suppression, chemotherapy or radiotherapy; known 
immunosuppressive or autoimmune disease; previous administration of murine therapeu-
tic antibodies or exhibited sensitization through the production of Human Anti-Murine 
Antibodies (HAMA); contraindication to aspirin, heparin, clopidogrel, or any other drug 
related to this study; planned surgery within the first 6 months after the procedure that 
would require discontinuation of either aspirin or clopidogrel.

Study Procedure
Written informed consent was obtained from each patient. All high-risk lesions were iden-
tified and recorded as such. After at least one high-risk lesion was identified, patients were 
randomly assigned in a single-blinded manner to treatment with a Genous stent or a Taxus 
stent in a 1:1 ratio. Low-risk lesions could be treated during the same procedure according 
to the treatment assignment or with BMS.

Lesions were treated according to standard percutaneous coronary intervention (PCI) 
guidelines. Pre- and post-dilatation was at the discretion of the operator. Patients received 
heparin 5000 IU at the start of the procedure. The use of intravenous platelet glycoprotein 
IIb/IIIa inhibitors was at the discretion of the operator. Patients were treated with aspirin 
100 mg indefinitely. Clopidogrel was administered in a loading dose 300 mg directly before 
or after the procedure and was recommended (75 mg/d) for at least 1 month after Genous 
stent and at least 6 months after a Taxus stent implantation.  

GenousTM Endothelial Progenitor Cell Capturing Stent
The Genous stent is comprised of a covalently coupled polysaccharide matrix coating with 
monoclonal murine anti-human CD34+ antibodies attached to a 316L stainless steel stent 
(Genous Bio-engineered R stentTM, OrbusNeich Medical Technologies, Fort Lauderdale, 
FL, USA). These anti-CD34+ antibodies specifically target the circulating EPC population 
associated with post-natal neoangiogenesis and arterial repair response. The Genous stent 
received CE mark on August 2005. 

Taxus Liberté paclitaxel-Eluting Stent
The Taxus LibertéTM -SR Paclitaxel-Eluting Coronary Stent (Boston Scientific, MA, USA) is 
a 316L stainless steel stent coated with a drug / polymer formulation consisting of paclitaxel 
and TransluteTM Polymer Carrier. The polymer is mixed with the drug paclitaxel and then 
applied to the stents. There is no primer or topcoat layer. The drug / polymer coating is 
adhered to the entire surface (i.e. luminal and abluminal) of the stent. 

Follow-up
Clinical evaluation was scheduled at 30 days, 6 months, 1 and 2 years with an annual evalu-
ation up to 5 years. Two year follow-up was obtained by outpatient clinic visit or telephone 
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interview and included specific questions about the occurrence of major adverse cardiac 
events and the need for additional revascularizations of the index target lesions. When a 
major adverse cardiac event was reported, hospital and chart records were reviewed and 
the referring cardiologist and/or the patient’s general practitioner were contacted to com-
plete information. 

End Points and Definitions
The primary end point was TVF defined as the composite of cardiac death, myocardial 
infarction (MI) (unless documented to arise from the non-treated coronary artery) and 
target vessel revascularization (TVR) within 1 year. This 2-year follow-up focuses on the 
following a) TVF; and b) secondary end points including non-cardiac death, target lesion 
revascularization (TLR), non-TVR and stent thrombosis. All deaths were considered 
cardiac death unless otherwise documented. Peri-procedural MI was defined as a rise in 
the creatine kinase-MB level or troponin T level of ≥ 3 times upper limit of normal. MI 
(spontaneous) was defined as any rise in the creatine kinase-MB level or troponin T level 
above upper reference limit. TVR was defined as any repeat revascularization of the target 
vessel by repeat percutaneous intervention or coronary artery bypass grafting (CABG). 
All end point definitions used are in accordance with the Academic Research Consortium 
(ARC) [9]. All events were adjudicated by an independent clinical event committee with 
members blinded to the assigned stent.

Statistical Analysis
Originally, the study was designed as a non-inferiority study, with an assumed 1-year inci-
dence of the primary end point of 10% with an upper limit for non-inferiority of 16% for 
the Genous group. For this purpose, 620 patients would provide the study with 80% power 
with a one-sided alpha of 5%. The study enrollment was discontinued after 193 patients 
were included. At that time it was decided to venture into a large, international, multicenter 
study with a similar study design (TRIAS HR trial: ISRCTN 74297220). Thus the original 
power calculation does not apply to the current pilot study of 193 patients. 

For the primary and secondary end points no formal hypothesis testing was per-
formed. Henceforth, for all end points the cumulative risk differences (RD) with their 95% 
confidence intervals (CI) were presented for descriptive purposes only. For baseline char-
acteristics, continuous variables with normal distributions were expressed as means ±SD. 
Categorical variables were presented as n (%). TVF was presented using the Kaplan-Meier 
method. Because no formal test was performed on the Kaplan-Meier curves, we presented 
the 2-year cumulative RD and 95%CI. Only clinical events confirmed by the Clinical Event 
Committee were taken into account for analysis of the primary end point. For all statistical 
analyses were performed using the SPSS software package (version 17, SPSS Inc., Chicago, 
IL, USA).
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Results

Baseline characteristics
Between February 2006 and April 2007, 193 patients were randomized to either a Genous 
stent (n=98) or a Taxus stent (n=95). The baseline clinical, angiographic and procedural 
characteristics of the high risk lesions are presented in tables 1 and 2. As previously report-
ed, the two groups were similar with respect to all variables examined with the exception of 
diabetes mellitus and percentage of vessel diameter <2.8 mm. 

In the Genous group, a total of 18 low-risk lesions were treated of which 5 were treated 
with a BMS and in the Taxus group a total of 17 low-risk lesions were treated of which 8 
with a BMS.

Table 1 Baseline characteristics of patients
Randomized to

Genous Taxus Liberté
n = 98 n = 95

Age (y) 62 ± 10 63 ± 11
Male 72 (73%) 70 (74%)
Diabetes 14 (14%) 26 (27%)
   Requiring oral medication 11 (11%) 18 (19%)
   Requiring insulin 3 (3%) 8 (8%)
Hypertension 45 (46%) 53 (56%)
Hyperlipidemia 62 (63%) 50 (53%)
Family history of CAD 52 (53%) 61 (64%)
Current smoker 32 (33%) 30 (32%)

Prior myocardial infarction 37 (38%) 39 (41%)
Prior percutaneous intervention 25 (26%) 25 (26%)
Prior CABG 3 (3%) 3 (3%)

Angina pectoris
   Stable 80 (82%) 81 (85%)
   Unstable 18 (18%) 14 (15%)
Statin therapy 98 (100%) 93 (98%)
Number of high-risk lesions treated
   1 78 (80%) 71 (75%)
   2 17 (17%) 18 (19%)
   3 3 (3%) 6 (6%)
values are n (%) or mean±SD, (N)IDDM (non) insulin dependent diabetes mellitus, CAD coronary artery 
disease, CABG coronary artery bypass grafting
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Table 2 Baseline angiographic and procedural characteristics of high risk lesions
Randomized to

Genous Taxus Liberté p
L = 121 L = 125

Type of lesion* 0,295
   A 0 (0%) 2 (2%)
   B1 10 (8%) 15 (12%)
   B2 54 (45%) 52 (42%)
   C 57 (47%) 56 (45%)
Chronic total occlusion 39 (32%) 30 (24%) 0,151
Lesion length > 23 mm 101 (83%) 100 (80%) 0,481
Vessel diameter < 2.8mm 9 (7%) 25 (20%) 0,004
Bifurcated lesions 21 (17%) 23 (18%) 0,831
Target coronary artery 0,86
   Left main 1 (1%) 1 (1%)
   Left anterior descending 48 (40%) 46 (37%)
   Left circumflex 31 (26%) 29 (23%)
   Right coronary artery 41 (34%) 49 (39%)

Pre-dilatation performed 108 (89%) 111 (89%) 0,909
Stent length (mm) 31,7 ± 14,3 30,7 ± 12,0 0,561
Stent diameter (mm) 3,3 ± 0,4 3,2 ± 0,5 0,438
Stents per lesion 1,2 ± 0,5 1,2 ± 0,5 0,826
Post-dilatation performed 88 (73%) 88 (70%) 0,686
Procedural success 119 (98%) 124 (99%) 0,617
values are n (%) or mean±SD, L number of lesions, *According to ACC-AHA classification

Figure 1 Target vessel failure Cumulative incidence of target vessel failure.
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Table 3 Clinical follow-up between 1 and 2 year
Randomized to

Genous Taxus Liberté
n = 98 n = 94

Death
   Cardiac 1 (1,0%) 0 -
   Non cardiac 3 (3,1%) 2 (2,1%)
MI
   Spontaneous 0 - 1 (1,1%)
TLR
   Percutaneous 2 (2,0%) 5 (5,3%)
   Surgical 0 - 0 -
TVR / no TLR
   Percutaneous 0 - 2 (2,1%)
   Surgical 0 - 0 -
Non-TVR
   Percutaneous 0 - 2 (2,1%)
   Surgical 1 (1,0%) 0 -
Stent thrombosis of a target lesion
   Definite 0 - 1 (1,1%)
   Probable 0 - 0 -
   Possible 0 - 0 -
values are n (%) or mean±SD; MI myocardial infarction, TLR target lesion revascularization, TVR target 
vessel revascularization

Figure 2 Dual antiplatelet therapy Percentage of patients on dual antiplatelet therapy during 2 year 
follow-up.
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Clinical Outcomes
Between 1- and 2-year, 1 patient was lost to follow-up due to emigration and events 
observed are listed in table 3. In the Genous group, 4 patients (4.1%) died of which 1 died 
from a cardiovascular cause at 615 days due to heart failure. Two patients (2.0%) had a TLR 
and 1 patient had non-TVR for which CABG was performed. Prior to surgery the coronary 
angiogram showed a patent Genous stent. In de Taxus group, 2 patients (2.1%) died from 
a non-cardiovascular cause. One patient had a MI related to a definite ST at 658 days. 

Table 4 Two year clinical follow-up
Randomized to

Genous Taxus Liberté Risk  difference 95% CI
n = 98 n = 95

   TVF (composite of cardiac 
death, MI, or TVR)

20 (20,4%) 15 (15,8%) 4,6% -6.2% - 15.5%

Other composite end points
   Cardiac death, MI, or TLR 18 (18,4%) 13 (13,7%) 4,7% -5.6% - 15.0%
   Cardiac death or MI 4 (4,1%) 6 (6,3%) -2,2% -8.5% - 4.0%

Components of the primary 
end point
   Cardiac death 1 (1,0%) 0  - 1,0% -1.0% - 3.0%
   Myocardial infarction
      Peri-procedural 3 (3,1%) 2 (2,1%) 1,0% -3.5% - 5.4%
      Spontaneous 0  - 4 (4,2%) -4,2% -8.2 - -0.2%
   TLR
      Percutaneous 14 (14,3%) 11 (11,6%) 2,7% -6.7% - 12.2%
      Surgical 1 (1,0%) 1 (1,1%) -0,1% -2.9% - 2.8%
   TVR / no TLR
      Percutaneous 0  - 2 (2,1%) -2,1% -5.0% - 0.8%
      Surgical 2 (2,0%) 0  - 2,0% -0.8% - 4.8%
   Stent thrombosis of a target 

lesion
      Definite 0  - 4 (4,2%) -4,2% -8.2 - -0.2%
      Probable 0  - 0  - 0% -
      Possible 0  - 0  - 0% -

Other events
   Non cardiac death 4 (4,1%) 4 (4,2%) -0,1% -5.8% - 5.5%
   MI not related to a target 

lesion
1 (1,0%) 1 (1,1%) -0,1% -2.9% - 2.8%

   Non-TVR
      Percutaneous 10 (10,2%) 14 (14,7%) -4,5% -13.8% - 4.8%
      Surgical 1  - 0  - 1,0% -1.0% - 3.0%
   Stent thrombosis not 
related to a target lesion

1 (1,0%) 1 (1,1%) -0,1% -2.9% - 2.8%

values are n (%) or mean±SD; CI confidence interval, TVF target vessel failure, MI myocardial infarction, 
TLR target lesion revascularization, TVR target vessel revascularization



164

C
ha

pt
er

 4
-3

Remarkably, this patient already had a definite ST at 9 days. Five patients (5.3%) had a TLR 
and 2 patients (2.1%) had a TVR/noTLR. 

In the 2-years analysis, we included the patient who was lost to follow-up and the results 
are listed in table 4. At 2-years follow-up, the rate of TVF was 20.4% in the Genous group 
compared with 15.8% in the Taxus group (RD 4.6%, 95%CI -6.2% - 15.5%). A Kaplan-Meier 
curve of the cumulative incidence of TVF is shown in Figure 1. The cumulative rate of 
cardiac death or MI was 4.1% in the Genous group compared with 6.3% in the Taxus group 
(RD -2.2%, 95%CI -8.5% - 4.0%). Up to 2 years, no cases of definite stent thromboses were 
observed in the Genous group compared with 5 cases (in 4 patients) in the Taxus group. 
This resulted in a risk difference -4.2%; 95%CI -8.2% - -0.2%. At 1 year the percentage of 
patients on dual antiplatelet therapy was significantly lower in the Genous group compared 
with the Taxus group, however, at 2 years no significant difference was observed (Figure 2). 
Parcutaneous TLR was performed in 14 patients (14.3%) in the Genous group and in 11 
patients (11.6%) in the Taxus group (RD 2.7%, 95%CI -6.7% - 12.2%). In the Taxus group, 
2 patients had a TLR twice. The 1-year cumulative rate of cardiac death, MI or TLR was 
18.4% in the Genous group compared with 13.7% in the Taxus group (RD 4.7%, 95%CI 
-5.6% - 15.0%). In the Taxus group, 1 patient had a parcutaneous revascularization of a 
low-risk lesion.

Discussion

In this single-center, prospective, randomized pilot study, patients treated for coronary 
artery lesions carrying a high-risk of restenosis were randomized between the Genous stent 
and a second generation Taxus stent. At 1-year follow-up, a non-significant higher rate of 
TVF was observed in the Genous group compared with the Taxus group mainly as a result 
of a higher repeat revascularization rate. However, between 1- and 2-years follow-up, TLR 
occurred more frequently in the Taxus group. As a result, the Kaplan-Meier curves for 
TVF between 1 and 2 years converged and the risk difference at 2 years decreased from 
6.8% (95%CI -3.1% - 16.7%) to 4.6% (95%CI -6.2% - 15.5%). From 1 to 2 years follow-up, 
the non-significant difference in the rate of TVF was maintained. No cases of definite stent 
thromboses were observed in Genous group, however, in the Taxus group one patient had 
a second defnite stent thrombosis between 1 and 2 years follow-up. The difference in stent 
thrombosis observed at 1 year was remained up to 2 years follow-up.

In the TAXUS VI study [10,11] 446 patients with complex lesions were randomized to 
treatment with either a Taxus stent or an equivalent BMS. In the Taxus group, a total of 
28% of the patients had a lesion in a small coronary artery and mean lesion length was 20.6 
mm. In the Taxus group the 1-year incidence of TVF was 16.4% and TLR was 8.3% and 
subsequently 21.3% and 9.7% at 2 years. Our study included fewer diabetic patients but 
more patients carrying complex lesions (type B2 and type C) compared with the TAXUS 
VI study. Although slightly higher, the rate of TVF is comparable between both studies. 
Noteworthy, repeat angiography was performed in all Taxus stent patients in TAXUS VI. 
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In a study by Uchida et al. [12] it was demonstrated that routine angiographic follow-up 
after DES implantation increases “occulostenotic-driven” revascularization of nonischemic 
intermediate lesions without affecting subsequent rates of cardiac death or MI. Moreover, it 
was shown that TLR was not required in 83% of those lesions. The authors strongly advised 
a conservative approach in which repeat angiography is limited to patients with recurrent 
ischemia or progressive symptoms. Hereby, minimizing repeat revascularizations of non-
ischemic intermediate lesions and optimize long-term event-free survival.

The use of the paclitaxel-eluting stent and the sirolimus-eluting stent have been associ-
ated with a small but significant increase in the incidence stent thrombosis between 1 and 4 
year after stent implantation compared with BMS [13]. In this regard, it is noteworthy that 
in the present study no stent thrombosis was observed in Genous-treated patients with 
complex lesions. This is in line with the results from the non-randomized HEALING II 
study. [7,14] This study enrolled 63 patients with de novo, native coronary artery lesions and 
up to 18 months no stent thrombosis occurred. In addition, serial angiography with IVUS 
imaging demonstrated a significant regression of neointimal hyperplasia between 6 and 
18 months with a reduction in late loss of 24.4%  (late loss at 18 months: 59±0.3mm) and 
a reduction in IVUS percent volume obstruction of 11.4%. Previously we reported angio-
graphic outcomes on 53 Genous-treated patients and 37 Taxus-treated patients included 
in the TRIAS pilot study [8]. Importantly, repeat angiography was not mandatory per pro-
tocol which resulted in several significant differences in baseline characteristics between 
patient with and without angiographic follow-up. Therefore, this data should be interpreted 
with great caution. Late loss was significantly higher with the Genous stent compared with 
the Taxus stent (1.14±0.64 mm versus 0.55±0.61 mm respectively (P<0.0001)). However, no 
significant difference was observed in TLR between the Genous group compared with the 
Taxus group. In the balance between the occurrence of clinical restenosis versus the risk of 
late and very late stent thrombosis, the Genous stent seems to have a less efficacy profile 
in preventing neointimal hyperplasia compared with DES but seems to favorably perform 
in preventing stent thrombosis in above mentioned studies. Notwithstanding, stent 
thrombosis does occur after placement of a Genous stent. In a all-comers population, the 
multicenter, prospective e-HEALING registry [15] evaluated almost 5000 patients treated 
with a Genous stent. The study population included 25% diabetics, 49% of the lesions were 
classified as type B2 or C lesions and mean lesion length was 16.8±8.6 mm. At 1 year, the 
rate definite or probable stent thrombosis was 1.1%.

In addition to the single-center design of the TRIAS pilot study, other limitations should 
be acknowledged. The study was designed as a non-inferiority study but was discontinued 
after 193 patients were enrolled. Thus the original power calculation does not apply to 
the current pilot study. Therefore, the study was not powered for robust clinical outcomes 
assessment. In this regard, our data comparison at 2 years may only be considered hypoth-
esis generating. Finally, the results of the present study cannot be extended to patients 
with coronary artery lesions carrying a low risk of restenosis or types of lesion which were 
excluded from enrollment into this study.
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In conclusion, in the TRIAS pilot study patients with coronary artery lesions carrying 
a high risk of restenosis treated with the Genous stent had a non-significant higher rate 
of TVF compared with the Taxus stent at 2 years. However, as a result of a lower repeat 
revascularizations rate in the Genous group between 1 and 2 years, the risk difference 
diminished. One case of very late stent thrombosis was observed with the Taxus stent and 
no stent thrombosis was observed with the Genous stent. To substantiate and extend the 
findings in the TRIAS pilot study, the forthcoming results of the international, multicenter, 
prospective, randomized TRIAS HR study will have to be awaited.
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