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Abstract

Aims: Percutancous coronary stenting is synonymous with dual antiplatelet therapy, ranging from four

KEYWORDS

« aspirin weeks to lifelong. However, even short-term (four weeks) therapy with aspirin and thienopyridines is occa-

o clopidogrel

® percutaneous
transluminal
coronary
angioplasty

o stent

sionally contraindicated. No study has ever appraised very short-term dual antiplatelet therapy after stenting.
We thus aimed to exploit the pro-healing features of the Genous™ Bio-engineered R stent™ (Genous)
(OrbusNeich Medical Technologies, Hong Kong, People’s Republic of China) and evaluate the safety of a
10-day dual antiplatelet regimen after its implantation in up to 50 patients.

Methods and results: Forty-nine consecutive patients with de novo lesions located in vessels able to
receive a 2.5 mm Genous stent were included. After stenting, they received lifelong aspirin plus clopidogrel
for 10 days. The primary endpoint of the study was sudden cardiac death, myocardial infarction or angio-
graphic evidence of stent thrombosis ascribable to the study stent. Almost 70% of patients effectively discon-
tinued clopidogrel nine to 11 days after stenting. At three-month clinical follow-up, no patient had died or
reached the primary endpoint (95%; confidence interval 0-7.3%). Repeat revascularisation occurred instead
in three (6.1%[2.1-16.5%]), with target lesion revascularisation in two (4.1%[1.1-13.7%]).

Conclusions: Even very short-term dual antiplatelet therapy seems safe after coronary stenting with Genous
in de novo coronary artery lesions located in secondary branch vessels. This preliminary exploratory study
gives some support to planning a large trial to test the hypothesis of short dual antiplatelet therapy following

Genous stent implantation.
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Introduction

While stenting as a practice has been widely accepted, the ideal
stent remains elusive. Drug-eluting stents (DES) exploiting antipro-
liferative, immunosuppressive, and anti-inflammatory drugs have
demonstrated that intimal hyperplasia and restenosis can be safely
retarded. However, based on the potential local toxicity of these
drug-polymer combinations, many questions still remain in regard
to their long-term effect on vessel healing'. Thus, bare metal stents
(BMS) remain important for many patients at low or moderate risk
of restenosis®. Indeed, to minimise the risk of acute, subacute (still
the most common type of stent thrombosis with both BMS and
DES), and late thrombotic stent events (encompassing sudden car-
diac death, myocardial infarction, and stent thrombosis), dual anti-
platelet therapy and adequate stent expansion remain paramount’.
Typical duration of dual antiplatelet therapy ranges from four
weeks (for BMS implanted in stable patients) to 12 months or more
(for DES and/or unstable patients) in the modern stent era. Yet,
even four weeks of combined therapy with aspirin and thienopyri-
dine may not be acceptable for patients at high risk of bleeding
(e.g., those with profound thrombocytopenia) or those requiring
non-cardiac surgery early after stenting®. To date, no study has ever
appraised the safety of a very short-term dual antiplatelet regimen
in patients undergoing stenting.

The Genous™ bio-engineered R stent™ (Genous, OrbusNeich
Medical Technologies, Hong Kong, People’s Republic of China) is
based on a polysaccharide matrix coating with murine, monoclonal
anti-human CD34+ antibodies covalently bonded to the surface of
a 316L stainless steel stent with modular structure®. Given its capa-
bility to selectively bind endothelial progenitor cells, Genous may
lead to earlier endothelialisation and a lower risk of stent thrombo-
sis, in keeping with its pro-healing design. This device has already
been tested in formal studies, including the HEALING I
(16 patients)’, and the HEALING II trials®. Notably, in both studies
no stent thrombosis occurred despite the protocol recommendation
for only one month of dual antiplatelet therapy.

Our hypothesis was that even a very short-term dual antiplatelet
regimen could prove safe and effective in patients undergoing coro-
nary stenting with Genous. Thus, we designed a prospective multi-
centre observational study to appraise the risk of stent thrombotic
events in patients receiving a 10-day regimen of aspirin and clopi-
dogrel after Genous stent implantation.

Methods

DESIGN

The Genous trial was designed as a prospective observational study
in up to 50 patients.

PATIENTS

Patients were considered eligible if fulfilling all the following
inclusion criteria: stable or unstable angina pectoris or documented
silent ischaemia, able to understand and sign a witnessed informed
consent, age >18, no participation in another investigational trial,
willingness to comply with the specified follow-up evaluation, tar-
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get lesion diameter stenosis >50% (by visual estimate), need for
stent implantation in a de novo lesion in a vessel able to receive
a 2.5 mm Genous (multiple stents were allowed if implanted in the-
same vessel and all were Genous), target vessel supplying a viable
territory, no expected interventions within the following three
months. In particular, the decision to focus only on patients requir-
ing stent implantation in a vessel able to receive a 2.5 mm stent was
taken to guarantee safety in case of stent occlusion.

Any of the following criteria would lead to exclusion: known
allergy to aspirin, clopidogrel, contrast media or stainless steel;
acute medical illness or chronic medical condition with an antici-
pated survival of less than one year or coexisting condition that
could affect patient’s compliance with the protocol; female gender
with child-bearing potential; serum creatinine level of more than
2.0 mg/dl (177 pmol/l); acute or subacute (<72 hours) myocardial
infarction; concomitant medical condition requiring systemic anti-
coagulation; gastrointestinal bleeding or active ulcer within the last
month; haemorrhagic diathesis; thrombocytosis (total platelet count
greater than 500,000 mm?); immediate need to intervene on a major
epicardial vessel; need to treat more than one branch vessel in the
index procedure; need to assume thienopyridine therapy for long
term; left ventricular ejection fraction below 0.40; patients who do
not satisfy the criteria of successful stenting (residual peri-stent dis-
section, >30% residual in-stent stenosis or >50% persistent stenosis
in the target vessel with Thrombolysis in Myocardial Infarction
[TIMI] flow <3 post-stenting); occluded target lesion at baseline;
restenotic target lesion; previously implanted stent in the target ves-
sel, less than two years before; lesion length >25 mm by visual esti-
mation. Specifically, patients who had a BMS implanted less than
a month or a DES implanted less than a year prior to enrolment into
this study and who needed to continue clopidogrel for an extended

time period were excluded.

PROCEDURES

Percutaneous coronary intervention was performed according to
state of the art techniques and approaches, leaving access site,
choice of predilatation versus direct stenting, maximum balloon
dilation pressure, and ancillary devices at the physician’s discre-
tion. Nonetheless, explicit recommendations were given for stent
implantation based on adequate balloon inflations, at least at nomi-
nal pressure and lasting 10 or more seconds, to ensure adequate
stent expansion. In the case where the patient required treatment in
another vessel, the second vessel had to be treated no earlier than
three months following the index treatment. After this period other
lesions could be treated with any stent and the patient could be
restarted on any combination antiplatelet therapy, as by protocol the
study was considered completed when the patient had reached three
months of clinical follow-up.

MEDICAL TREATMENT AND FOLLOW-UP

The protocol was planned to run in two phases with progressive
reduction of the thienopyridine regimen. All patients received five
days of pre-treatment with aspirin at a minimum dose of 100 mg



and clopidogrel 75 mg (a 300-600 mg loading dose of clopidogrel
could be administered at the time of the procedure if the patients
were not pre-treated). In phase 1, patients received dual antiplatelet
therapy for 10 days post-stenting, whereas patients in phase 2 were
supposed to receive dual antiplatelet therapy for five days post
stenting. Phase 2 has not yet begun enrolling and thus only results
of phase 1 will be reported onwards. The decision on the use of
glycoprotein IIb/Illa receptor inhibitors, bivalirudin or other
antithrombotic agents during or after the procedure was left to the
operator.

STUDY ENDPOINTS

The primary endpoint of the study was the absence of any occlusion
of the Genous stent up to three months, defined by the occurrence
after successful stenting of any of the following events: sudden car-
diac death not attributable to other causes, myocardial infarction in
the area of the study stented vessel, or clinically-driven angiogra-
phy showing evidence of study stent occlusion. Additional end-
points included all-cause death and repeat revascularisation
distinguished in target vessel percutaneous coronary intervention,
target vessel non-target lesion percutaneous coronary intervention,
and target lesion percutaneous coronary intervention. Follow-up
clinical visits were performed at one and three months.

ETHICAL ASPECTS

All included patients signed a written informed consent form. The
study was formally approved and monitored by the ethics commit-
tees of participating centres. A dedicated critical event committee
(CEC) monitored the study. Specifically, investigators notified any
adverse event to the CEC, in case of death, myocardial infarction,
or urgent revascularisation within 24 hours from the occurrence.
The CEC routinely evaluated each event and defined if it was attrib-
utable to stent thrombosis or to any other condition, with the agree-
ment that the study would be stopped following the occurrence of
a study stent thrombosis after successful stenting.

STATISTICAL ANALYSIS AND SAMPLE SIZE

Continuous variables are reported as meantstandard deviation.
Categorical variables are reported as n (%). Statistical inference
was based on the computation of 95% confidence intervals accord-
ing to the Wilson method with Confidence Interval Analysis (Uni-
versity of Southampton, Southampton, UK). Given the novelty of
the approach and the lack of previous data no formal sample size

computation was performed.

Results

A total of 49 patients with baseline characteristics reported in
Table 1 were included from six centres. These baseline characteris-
tics are reported in Table 1. Specifically, age was 64.2+10.2 years,
there were 41 (83.4%) males and nine (18.7%) diabetics. Prior per-
cutaneous coronary intervention had been performed in 21 (42.9%),
whereas coronary artery bypass grafting in three (6.1%). Most
patients were admitted for stable angina (39 [79.6%)]).

The GENOUS trial

Table 1. Baseline characteristics.

Patients | N=49

Age (years) 64.2+10.2
Male gender 41 (83.4%)
Family history of ischaemic heart disease 17 (36.2%)
Diabetes mellitus 9 (18.7%)
Dyslipidaemia 30 (61.2%)
Hypertension 30 (61.2%)
Current or former smoking status 25 (55.6%)
Renal failure 1(2.1%)
Prior myocardial infarction 18 (36.7%)
Prior coronary artery bypass grafting 3(6.1%)
Prior percutaneous coronary intervention 21 (42.9%)
Left ventricular ejection fraction (%) 57.7+8.4
Silent ischaemia 11 (21.4%)
Previous angina 39 (79.6%)
Pre-procedural therapy

Aspirin 35 (71.4%)

Clopidogrel 39 (79.6%)

Glycoprotein lIb/llla inhibitors 0

Oral anticoagulants 1 (2.0%)

Statins 41 (83.7%)

Procedural details are reported in Table 2. In particular, left ante-
rior descending artery branches were the most commonly treated
(30 [61.2%]), and a total of 55 stents were implanted (53 [96.3%])
with a 2.5 mm diameter and two lesions required the implantation
of 3.0 mm Genous. In two instances, additional stents needed to be
implanted to treat periprocedural dissections. There were no resid-
ual dissections, no transient vessel occlusions, or occlusion of the
branch within the segment, nor any occlusion of any other vessel.
Forty-three patients had TIMI 3 flow established post-procedure,
while five patients had TIMI 2 flow and only one patient had
TIMI 1 flow at the completion of the index procedure.

Data on medical therapy from discharge to study completion are
available in Table 3. Specifically, all patients were on dual anti-
platelet therapy for at least five days prior to the index procedure
with the Genous stent and all remained on dual antiplatelet therapy
upon discharge, with 34 (69.4%) discontinuing clopidogrel at
10 days, 10 (20.4%) discontinuing clopidogrel at 30 days, and one
(1.9%) discontinuing it after 30 days. Reasons for not continuing
clopidogrel beyond 10 days were: admission to emergency room
for isolated episode of chest pain (1 [1.9%]), occurrence of severe
adverse event (1 [1.9%]), staged percutaneous coronary interven-
tion (2 [3.8%]), patient’s decision (1 [1.9%]), referring cardiolo-
gist’s decision (2 [3.8%]), and unspecified causes (4 [7.6%]).
Additionally, four patients stopped the use of dual antiplatelet ther-
apy, but subsequently restarted it for medical reasons unrelated to
the Genous stent implantation, including preparation for another
non-target lesion scheduled PCI, occurrence of a non-sent related
adverse event, and upon decision by the referring cardiologist, all
before the three-month end of the study.

monline

618-€18:/:110¢ uonuanauony M



m
=
=
=
=
-
(1]
2
(1]
=
=
o
=
N
o
—
—
~
©
=R
@
(-]
—_
©

Table 2. Lesion and procedural characteristics.

Patients
Multivessel disease

N=49
27 (55.1%)

Target vessel

Left anterior descending artery, diagonal or septal

30 (61.2%)

Ramus intermedius

4 (8.2%)

Left circumflex, obtuse marginal,
postero-lateral or posterior descending*

25 (51.0%)

Right coronary artery, postero-lateral or
posterior-descending*

20 (40.8%)

Secondary location

35 (71%)

Ostial location

4 (8.3%)

Eccentric lesion

16 (33.3%)

Moderate or severe calcification

11 (23.4)%

Angled lesion

7 (14.9%)

Moderate or severe tortuosity

9 (18.8%)

Predilation 34 (69.4%)
Stents
2.5x9 mm 17 (30.9%)
2.5x18 mm 19 (34.5%)
2.5x23 mm 17 (30.7%)
3.0x15 mm?" 1(1.8%)
3.0x18 mm" 1(1.8%)
Additional stenting in target lesion 5(10.2%)
iﬂfziglﬁ]ngsﬁlggg dilation pressure (ATM) 9 (26.7%)
Procedural complications 2 (4.1%)

Final Thrombolysis In Myocardial Infarction flow 3

43 (87.8%)

*left dominance; *right dominance; bail-out indication

Table 3. Post-procedural therapy.

Patients N=49
Angiotensin-converting enzyme inhibitors 20 (40.8%)
Angiotensin-receptor antagonists 2 (4.1%)

Aspirin

At discharge

49 (100%)

Up to 11 days post-procedure

49 (100%)

Up to 31 days post-procedure

49 (100%)

Up to 3 months post-procedure

49 (100%)

Beta-blockers

28 (57.1%)

Calcium channel blockers

9 (18.4%)

Clopidogrel

At discharge

49 (100%)

Discontinuation at 10 days

34 (69.4%)

Discontinuation at 30 days

10 (20.4%)

Discontinuation after 30 days and up to 1(2.0%)
3 months
Temporary discontinued, then restarted before 4 (8.2%)

3 months

Statins

41 (83.7%)

Clinical events are reported in Tahle 4. In particular, there were
no deaths, myocardial infarction or stent thromboses due to the
study stent. However, two patients required repeat revascularisation
procedures within the three-month follow-up period. One patient, at
three-month follow-up after the index procedure, who complained
of persistent anginal pain, underwent repeat target lesion percutane-
ous revascularisation for a 50% diffuse intra-stent restenosis of the
Genous stent, while the presence of thrombus was excluded by
angiography. This patient was a 50 year old male ex-smoker with
a history of hypercholesterolaemia and who, two years previously,

Table 4. Clinical outcomes.

95% confidence
interval

Patients N=49

In-hospital events

Death 0 0-7.3%
Myocardial infarction 0 0-7.3%
Repeat revascularisation 0 0-7.3%
Stent thrombosis 0 0-7.3%

Cumulative 1-month events

Primary endpoint 0 0-7.3%
Death 0 0-7.3%
Myocardial infarction* 1(1.9%) 0.4-10.7%
Repeat revascularisation 2 (4.1%) 1.1-13.7%
Target lesion percutaneous coronary 0 0-7.3%
intervention
Target vessel non-target lesion 1 (1.9%) 0.4-10.7%
percutaneous coronary intervention*
Target vessel percutaneous coronary | 1 (1.9%) 0.4-10.7%
intervention
Non-target vessel percutaneous 1(1.9%) 0.4-10.7%
coronary intervention
Stent thrombosis* 1(1.9%) 0.4-10.7%

Cumulative 3-month events

Primary endpoint 0 0-7.3%
Death 0 0-7.3%
Myocardial infarction* 1(1.9%) | 0.4-10.7%
Repeat revascularisation 3(6.1%) 2.1-16.5%
Target lesion percutaneous coronary | 1 (1.9%) 0.4-10.7%
intervention
Target vessel non-target lesion 1(1.9%) 0.4-10.7%
percutaneous coronary intervention*®
Target vessel percutaneous coronary | 2 (4.1%) 1.1-13.7%
intervention
Non-target vessel percutaneous 1 (1.9%) 0.4-10.7%
coronary intervention
Stent thrombosis* 1(1.9%) 0.4-10.7%

*This patient, who had previously undergone percutaneous coronary
intervention and stenting in the mid-left anterior descending artery with
a bare metal stent, subsequently underwent implantation of the study
stent in the second diagonal branch. Tweny-six days after the index
procedure, he was admitted for Q-wave myocardial infarction. Coronary
angiography disclosed thrombotic occlusion of the stent implanted in
the left anterior descending artery, whereas the nearby study stent
appeared patent and devoid of thrombosis. He then underwent
successful repeat intervention in the left anterior descending artery.
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had experienced a non-target vessel Q-wave MI, which at that time
required percutaneous intervention. Another patient, a 60 year old
male former smoker with hypertension, hypercholesterolaemia, and
a family history of ischaemic heart disease, had stent thrombosis in
a non-Genous stent. This subject, who had previously undergone
several percutaneous coronary interventions, including stenting in
the mid-left anterior descending artery with a BMS, had subse-
quently undergone implantation of a 2.5 mm Genous stent in the
second diagonal branch. Twenty-six days after the index procedure,
he was admitted for Q-wave myocardial infarction, with coronary
angiography disclosing thrombotic occlusion of the stent implanted
in the left anterior descending artery, whereas the nearby Genous
appeared patent and free from stent thrombosis.

Discussion

This study, reporting for the first time ever on a very short-term
(10 days) dual antiplatelet regimen following coronary stenting
with the Genous stent, suggests that a 10-day dual antiplatelet
regimen appears safe and effective in preventing stent thrombotic
events in target lesions not located in large diameter or proximal
segments of the coronary system, provided that a highly biocom-
patible stent (i.e., the endothelial-progenitor-cell capturing
Genous) is employed.

CURRENT RESEARCH CONTEXT

Since the introduction of coronary stents, these endovascular metal-
lic prostheses have been fraught with a significant risk of stent
thrombotic occlusion. From the dramatic risk of thrombosis in the
late 80s and early 90s, which was as high as 18%°, improvements
were achieved by means of high pressure balloon inflation and dual
antiplatelet therapy with both aspirin and ticlopidine®, leading to
rates of stent thrombosis as low as 0.6%'’. Despite pioneering
attempts proposing single-agent antiplatelet therapy with aspirin
after coronary stenting, this approach was not adopted because of
safety concerns'!. Thus, dual antiplatelet therapy has been recom-
mended universally for four weeks after BMS implantation, with
non-cardiac surgery recommended at least six weeks after BMS
implantation, to minimise the risk of stent thrombosis®.

The issue of stent thrombosis has become even more important
in the DES era, with the reported risk of this complication escalat-
ing in patients prematurely discontinuing dual antiplatelet therapy
(hazard ratios as high as 161 in those discontinuing versus not dis-
continuing antiplatelet therapy'?). Thus, dual antiplatelet therapy is
now recommended for 12 months in most patients treated with
DES, with non-cardiac surgery recommended at least 12 months
after BMS implantation, to minimise the risk of stent thrombosis®.

Despite this consensus on duration of dual antiplatelet therapy,
several patients may not comply with this protracted regimen,
either because of bleeding risk or because of the need for early
invasive non-cardiac procedures. Thus, there is a need for more bio-
compatible stents amenable to short-term antiplatelet therapy.
Indeed, the Genous bio-engineered R stent exploits a coating with
monoclonal anti-human CD34+ antibodies to selectively bind

The GENOUS trial

endothelial progenitor cells, thus promoting early healing and
endothelialisation of stent struts®. Its safety and efficacy when fol-
lowed by a four-week dual antiplatelet regimen has already been
proven in prospective observational studies, including the
HEALING I and the HEALING 1I trials”*"?. In addition, there is
preliminary evidence from studies including patients undergoing
non-cardiac surgery that even shorter term antithrombotic regimens
can be safe and effective after Genous implantation'*. However, so
far no study has reported on very short-term (10 days) dual anti-
platelet therapy following Genous stent implantation.

CONTRIBUTIONS OF THE PRESENT STUDY

The current GENOUS trial, reporting on 49 patients successfully
treated with coronary Genous stent implantation in secondary coro-
nary vessels and discharged with a 10-day dual antiplatelet regi-
men, suggests that even such a very short-term aspirin and
clopidogrel therapy can be safe and effective in preventing stent
thrombosis. Specifically, we did not observe any death, myocardial
infarction or stent thromboses involving the Genous stent. Indeed,
a patient who had previously received a BMS in the left anterior
descending artery and who had subsequently undergone implanta-
tion of a Genous stent in a diagonal branch experienced stent
thrombosis during follow-up, but this event occurred almost one
month after Genous implantation, and thrombosis was limited to
the left anterior descending artery and did not involve the Genous
stent. This patient unfortunately had an event associated with a pre-
viously treated lesion after the index procedure with the Genous
stent, but the occurrence of this event suggests anecdotally that the
Genous stent is even more biocompatible than the previously
implanted BMS.

Target lesion revascularisation occurred in only one patient dur-
ing study follow-up, despite the inclusion of small vessels and the
use of small diameter stents. Thus, this finding provides indirect
evidence in support of the anti-restenotic efficacy of Genous, which
is in keeping with results from the HEALING I and HEALING II
trials”®13, especially in subjects with adequate statin therapy, which
is well-known for favouring mobilisation and homing of endothe-

lial progenitor cells.

AVENUES FOR FURTHER RESEARCH

Completion of the phase 1 of the GENOUS trial might lead to
enrolment in phase 2, where dual antiplatelet therapy would be
prescribed for an even shorter duration: five days. The present
results, when combined with the upcoming findings of the
GENOUS trial phase 2, could indeed provide a novel approach to
the treatment of coronary artery disease in patients at high risk of
bleeding or those requiring non-cardiac surgery early after coro-
nary stenting. In addition, the future availability of second-gener-
ation (based on a cobalt-chromium platform) and third-generation
Genous devices (based on a cobalt-chromium platform and com-
bining both sirolimus elution and endothelial progenitor cell cap-
turing features) will likely further improve the safety and efficacy
of this stent technology.
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The appeal of such a strategy of combining drug elution and
endothelial progenitor cell capturing is self-evident, especially in
patients with coronary artery disease and significant comorbidi-
ties, invasive cancer, requiring surgery, and/or at high bleeding
risk, who require both prevention of restenosis after stenting and
freedom from stent thrombosis. The Genous stent seems to be
ideal for treatment of patients with prior bleeding or in patients
awaiting surgery. It has the potential to greatly change who we

can safely intervene upon.

LIMITATIONS

The limitations of this pilot study include the relatively small
sample size, the high proportion of male subjects, the lack of mid-
term clinical and angiographic follow-up, and the lack of ran-
domisation to an appropriate control device. However, the
innovative and paradigm-shifting scope of this work mandated a
set of careful selection criteria, and small sample size with thor-
ough safety monitoring of all adverse events. In addition, reliance
on an external event committee and statisticians for, respectively
outcome adjudication and data analysis, further enhance the inter-
nal validity of this work. Nonetheless, additional studies with
larger size, longer follow-up, and controlled design are warranted
to confirm or disprove the present findings. The lack of longer-
term clinical and systematic angiographic follow-up might have
reduced the precision and accuracy of restenosis estimates in the
current study and will need to be seriously considered in further
studies of dual antiplatelet therapy duration with the use of the
Genous stent. Finally, prolongation of dual antiplatelet therapy
beyond 10 days in 11 patients might have limited the systematic
appraisal of the safety of such a short dual antiplatelet therapy
regimen, so a larger sample size should be considered in future
studies to allow for stratification of clinical results as a function of
dual antiplatelet therapy duration.

CONCLUSIONS

The prospective GENOUS study suggests that even very short-term
dual antiplatelet therapy seems safe after coronary stenting with
endothelial progenitor cell capturing devices in de novo coronary
artery lesions located in secondary branch vessels. This preliminary
exploratory study gives support to planning a large trial to test the
hypothesis of short dual antiplatelet therapy following Genous stent

implantation.
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