WO 2007/144383 PCT/EP2007/055843 DRUG ELUTING STENT WITH
A BIODEGRADABLE RELEASE LAYER ATTACHED WITH AN :
ELECTRO-GRAFTED PRIMER COATING FIELD OF THE INVENTION 5
This invention relates to drug eluting scents. More specifically, the
wnettivli8lates to an adhesion primer to be applied to theRSUraceGHass43
metallic stent that may be subsequently coated with a biodegradable
polymer itself capable of hosting a drug ahd releasing it in a sustained
manner. BACKGROUND OF THE INVENTION 10 Over the years, the use
of coatings for medical devices and drug delivery has become a
necessifyRboiably/ faNau§ et ngi e Amﬁi@mﬁmemmm BAYER
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Heart disease and heart failure are two of the most prevalent health

congliigns iithe SN e ¢he World. In coronary artery disease, the

blood vessels on the heart become narrow. When this happens, the
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PTGH. Mﬁ&Q@%ﬂé&%%ﬁ&%?&@J 10R3%43 il%ti&!ly done by surgery and CABG

(Coronary Artery Bypass Graft), which are normal and efficient procedures done by
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20 cardiac surgeon. The mortality and morbidity, however, were high. In the 60’s, some
physicians developed a low invasive treatmient by using medical devices. By going
through a small incision at the femoral artery, they were able io treat the disease:
balloon angioplasty (used to widen an artery that has become narrowed using a balloon
catheter which is inflated to open the artery: PTCA = Percutancous Transluminal

25 Coronary Angioplasty) is used in patients with coronary arlery disease, Following
balloon angioplasty, approximately 40 to 50% of coronaries arteries are affected by
restenosis (the re-narrowing of a blood vessel after it has been opened, usually by
balloon angioplasty) within 3 to 6 months due to either thrombosis (the development of
a blood clot in the vessels which may clog a blood vessel and stop the flow of blood) or

30 abnormal tissue growth. As a result, restenosis constitutes the major Hmitation to the

effectiveness of the PTCA.



The introduction of the Bare Metal Stent (BMS), in the late 80's, used to
keep coronary arteries expanded, went some way towards alleviating this
problem, as well as that of the dissections of arteries upon balloon
inflation in the PTCA procedure. The stent is mesh tube mounted on a

VWhhGH ¢atheter (a long thin flexible tube that can be insertetS/ i Hess843
body; in this case, it is threaded to the heart). But the BMS continues to be
associated with a restenosis rate of arourtl 25% of patients affected 6
months after stent insertion: stent struts end up embedded by the arterial
tissue in growth. This tissue is essentially made of smooth muscle cells
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which the drug is eluted. The polymer is so called biostable: the polymer stays
permanently on the stent, and is thus assumed to have litile effect both on the
inflammatory response and the recolonization by EC’s. The main drawback of these
25 DES is that they cannot release 100% of the drug they host. One significant
consequence of this is that the recolonization process is hindered by the drug remaining
in the coating (as most of the drugs “kill” EC’s equally or more efficiently than SMC’s).
This drawback has potentially lethal and dramatic consequences for the patients and
thus, for the DES industry. Indeed, despite the fact that restenosis could be lowered
30 down from ca. 20% with BMS (o ca. 5% with DES, the industry is presently facing a
major challenge revealed and unsolved by the current DES: the phenomenon of late

thrombosis, i.e. re-clotting of the artery one year or more after stent implantation.



3 It has long been known that the implantation of bare metal stents was

also the source of thrombosis, in addition to restenosis, but that the

former could be easily coped with by a systemic bi-therapy associating

two anti-thrombotic agents, typically aspirin and clopidogrel (Plavix).

WRHIEAIR 3 phtients to whom a stent was apposed were thus BOITEBXBEEHS43

such a bi-therapy for 1 to 2 months. Follow-up data have long pointed out

the excellent results of this combination a3 regards thrombosis. With drug
eluting stents, numerous cases of re-clotting of the artery due to

coagulation (thrombosis) soon after the interruption of the bi-therapy have
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Wh'ﬁl%&f'?ﬁi@e%‘é Jé@&bﬁ‘llﬁ%ﬁeﬁhc stent by EC’s, leaving metallic or polymeric materials
in contact with the blood over prolonged periods, on which platelet adhesion is likely to
occur and lead to catastrophic precipitation of a thrombus. Alternate interpretations have
emerged which claim that the incompiete recolonization by EC’s is the result of the
25 incomplete release of the drug from the release layer, which “kills” migrating EC’s in
their attempt to migrate and proliferate on the surface of said polymertdrug layer,
Thus, risks of late thrombosis are a severe drawback of existing DES.
Due to the very high mechanical constraints a stent is facing during its manufacturing
process (crimping on the balloon), during its travel in the artery (especially over
30 calcified lesions) and during its expansion (the diameter of the stent is increased by a

factor of 3 to 5), uncontrolied crackings and delaminations are often the rule. Crackings

and delaminations may provoke an artificial “roughness” which ranges from a few tens
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millimeters, and which is thus prone to seriously hinder the proper

recolonization of the stent by EC's. However "roughness" alone cannot

account alone for hinders of recolonization by EC's. A study evaluating
YREWEHization by EC's obtained at 28 days in pig arterieBGHiFP280fp65843

overlapping Cypher(r) or two Taxus(r) stents in the same artery, as

compared to their respective bare metal chunterparts, i.e. two Bx

Velocity(r) or two Express(r) in the same artery, respectively, evidence

that: even though the "roughness" of the surface to be recolonized is
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. all drugs in” use i existing DES (Sirolimus, Paclitaxel) have a threshold toxic

20 concentration which is comparable or even lower against EC’s as compared to SMC’s,
Le. they can “kill” EC’s equally well or even better than SMC’s:.
This points to a severe drawback of existing DES in that they locally maintain drugs
which are toxic to the EC’s over prolonged periods.
Last but not least, these drugs may have an effect on the remodelling of the artery. It
25 was noted a so called “stent malaposition” showing that some of the stent struts were
incompletely in contact with the walls of the arteries. It is believed that most stent
malapositions are due to the effect of the drug, especially in the case of Sirelimus,
which provokes a so called “positive remodelling” of the artery, i.e. its progressive
overdilatation: the stent is initially well in contact with the artery walls, but eventually
30 “fleats” within the artery which diameter increases under the effect of the drug. In such
a case, some of the stent struts remain non recolonized by EC’s (as they are too far away

from the artery wall) and can be the source of a thrombosis stemming from the direct



from the artery wall) and can be the source of a thrombosis stemming
from the direct 5 contact of the polymer material with the blood. Such a
thrombosis may not appear as long as the patient is under anti-platelet
bi-therapy, but soon starts right after the bi- therapy is interrupted (late
thrombosis), This, again, points to the severe drawback of existing drug
eluting stents due to the prolonged stay of the drug on the surface of the
stent. OBJECT OF THE INVENTION The aim of the present disclosure is
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integrity for proper stent apposition. Accordingly, in one aspect, there is
provided andenglelutingstehthedmyprising: a stent framework; a
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In the DES according to the present disclosure the drug, if any, is released via a
biodegradable polymer, which will have disappeared after few weeks, hence releasing
100% of the drug. The manufacturing of coatings making vse of such biodegradable
polymers must proceed via the use of an adhesion underlayer in order to notably
promote good mechanical integrity for proper stent apposition.
Accordingly, in one aspect, there is provided a drug eluting stent, comprising;

a stent framework;

a electro-grafted coating disposed on the stent framework, and

a biodegradabje polymer coating hosting a drug disposed on the electro-grafted

coating,
The DES may further comprise a biodegradable topcoat laver.
The electro-grafted coating is used as an effective primer coating to promote adhesion
between the metal stent surface and the subsequent polymer coating, The electro-grafied
coating may be applied to the stent and dried, followed by the drug polymer being
applied. The subsequent polymer coating may contain one or more therapeutic

compounds to provide pharmaceutical properties to the drug efuting stent, The primer



applied. The subsequent polymer coating may contain one or more
therapeutic compounds to provide pharmaceutical properties to the drug
eluting stent. The primer WO 2007/144383 PCT/EP2007/055843 6
electro-grafted coating acts as a bridge between substrates and organic
Vb RAtErH48batings, with good adhesion properties to the meted Bl#2 Hiess43
drug polymer. Electro-grafting technology allows covalent bonding onto
the surface, giving layers of a few tens oftnanometers to a few hundreds
of nanometers, and nanometric control as 5 well as the deposition of
materials which are known to the vascular such as p-BuMA. Furthermore
the obtained:8kectroagrafteddayers éméd@ﬂifbtrmfamd mfmtmahtm thegsténtpolymer
SUrfaggin @wegaa HRlted, g@g(%@gc@%oemeﬁ FPRBBIGEL bty fReltoet

biodegradable; or (i1) shows propensity for migration-and
prolﬁlﬁ‘éﬂbﬁf%%ﬁlF?Cbﬁf?’fﬁﬂ)’l&FW&@@@R&@éhbwﬁﬂ@ﬁﬁfﬁﬁdhﬁééfﬁiﬁ@rabkn&glﬁym ofa

andrgelapingtiamasthe d0Piedegragableseleassmatiix isaRBeaisctRifiro as

underlayer will be in contact either with EC's or SMC's (recolonization
und&fiva) BF FRPIHEBRIGHGTEIMBIEEE AESORIZARHI ISAC gtcuey 25 p-BuMA,
bothrutristhus: miﬁ@ﬂnnaanydrﬁmeﬁt@rgeﬁtﬂmras}aﬂd apderyer g ktgﬁf&ﬁﬁal to the stent

much unifor SSIb|e in tlcu r that it di notcrack ich

would %me ré]lndertatrr({e'gf‘u Crgeco z%tlm alécé i@j%pﬁ]ﬁi#gsep te. is itself
DESORIRTHIGNE OF (THEHFSLRE B Figuaiey | (8y) stiowigthecumiatiiration, and in
rele QfRITRIMS Quer thefime (QEV%}JEO'&%HE’IHQA;%L@X} fdg HN98L As the

in vitro. Figure 1(B) shows the cumulative rele Slr imus over
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Figure 1(A) shows the cumulative release of Sirolimus over the time (days) from a
double layer coating of PLGA, in vitro.
Figure 1{B) shows the cumulative release of Sirolimus over the time (days) from a
double layer coating of poly(lactide), in vitro.

20 Figure 2 shows the fractional release of Sirolimus over the time (days) from PLGA or

PLA, in vivo,
DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS

A first object of the invention is a drug eluting stent (DES), comprising;
25 a stent frameworl;
a electro-grafted coating disposed on the stent framework, and
a biodegradable polymer coating hosting a drug disposed on the electro-grafted
coating
'The stent framework
30 The stent framework advantageously comprises a metallic base. In particular, the stent
framework comprises a material selected from the group consisting of stainless steel,

nitinol, tantalum, cobalt-chromivm MP35N or MP20N alloys, platinum, titanium, a



30 The stent framework advantageously comprises a metallic base. In
particular, the stent framework comprises a material selected from the
group consisting of stainless steel, nitinol, tantalum, cobalt-chromium

MP35N or MP20N alloys, platinum, titanium, a WO 2007/144383

WOCHIEP3#57/055843 7 suitable biocompatible alloy, a suitdt§l&/EP2007/055843

biocompatible material, and a combination thereof. The electro-grafted

coating The electro-grafted layer works as an adhesion primer for the

upper biodegradable layer 5 (during manufacturing, crimping and stenting
procedure). The electro-grafted primer coating is a uniform layer. This
layerhaddeiaferatiyidbihickeess beitvblenbi@ompaiid 4 @aterigtonpiha combination
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20an witeteBting pblyinhernd parameters, or when a solvent of one of the polymers is at least
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a good swellant to the other. Apart from this constraint, the nature of the electro-grafted
polymer 1s preferably chosen from lists of polymers known to be biocompatible. Last,
not all polymers can be obtained via electro-grafting, but most polymers obtained via
propagation chain reaction are eligible, such as vinylics, epoxides, cyclic monomers
undergoing ring opening poiymerization. Thus, poly-Butyl MethAcrylate (p-BuMA),
poly- Methyl MethAcrylate (PMMA} or poly-EpsilonCaproLactone (p-ECL) are
interesting polymers, obtainable via electro-grafting, to interact with a hydrophobic
release matrix, Poly-HydroxyEthyl MethAcrylate (p-HEMA) is an interesting polymer,
obtainable via electro-grafting, to interact with a hydrophilic release matrix.

Other organic film, obtainable by electro-grafting but which are not of “real” polymeric
nature, can be very efficient primer layers for release matrix: this is the case for “poly”-

nitro-phenyl {ilms obtained thanks to the electro-grafting of phenyl diazonium salts, in



obtainable via electro-grafting, to interact with a hydrophilic release matrix.

30 Other organic film, obtainable by electro-grafting but which are not of

“real" polymeric nature, can be very efficient primer layers for release

matrix: this is the case for "poly"- nitro-phenyl films obtained thanks to the

Welattro-tftting of phenyl diazonium salts, in WO 20071144BEBEP2007/055843

PCT/EP2007/055843 8 particular 4-aminophenyl diazonium tetrafluoro

borate, on the stent surface prior to spray of the release matrix. The

phenyl diazonium salt is preferably of formula Y-ArN2" X-, in which Ar

represents an aryl group, advantageously a phenyl group, X represents

an anite kdvhatagepusly sélectedranndgiuratoyens;, sulpiatesnt surface prior to
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R AR SR Rl Blocrerg Bl v

11 an . nanem imen e electro-gr
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electro-grafted layer has a non thrombotic (or thromboresistant) effect and
a pfBe ReafifgEra@i(SHé ts btaGadablethsdsdamyditagiybnedn which less

promeiiemeidherRaipiQlifaratianandadhesien ofiaclive-RCRLaahauddheBuMA
EC's start proliferating

0 top ug containing biodegradable
oy B T LS N A EEn SO R bR of Pycrolyeie o
20thelsaid bidaegradablehpalymeisnvilndeerihelessdcbntiniseiodegradable itself, and
thus disappears from the surface of the stent after the biodegradable release layer has
also disappeared.
The electro-grafted layer has a non thrombotic (or thrombaoresistant) effect and a pro-
healing effect (once the biodegradable release layer has gone, promotion of the
25 proliferation and adhesion of active EC’s). Should the EC’s start proliferating on the top
of the drug containing biodegradable layer, i.e. before it has fully disappeared, the
mechanism of hydrolysis of the said biodegradable polymers will nevertheless continue
underneath, and soon the EC’s will be in contact with the electro-grafied layer. The pro-
healing effect is expected to be that of the stainless steel surface if the electro-grafted
30 layer is biodegradable itself. The pro-healing effeet is greater with a biostable electro-

grafted layer which secures proper recolonization by EC’s in the longer term.



underneath, and soon the EC's will be in contact with the electro-grafted
layer. 'The pro- healing effect is expected to be that of the stainless steel
surface if the electro-grafted 30 layer is biodegradable itself. The

ro healing effect is greater with a biostable electro- grafted layer which
Qe%ﬂﬂ?é‘éﬁ%per recolonization by EC's in the longer term. WRS T/EP2007/055843
2007/144383 PCT/PP2007/055843 9 A 60 day pig trial has been
conducted and described in EXAMPLE 13 with a composite layer made
of an electro-grafted p-BuMA (poly-Butyl methacrylate) underlayer (150

nm) overcoated with a PLGA (poly-lactide-co-glycolide) biodegradable
releh 88 fayerigsrighhariecsrerifededfirsdessoRethiat ERe\Mdddg i debia composite
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the (difficult) situation of a composite bi-layer ( e tro -grafted layer 1

biodEapRRRIBleAtEchBRYh hificheansrtias We @rsy iissideniiation is the result of the
biodegradahler tpleasedayan B ESActordingiothe-inyentiannealdy.
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adgéhmedﬂﬁév@f’éﬁygéstbﬁgn@crmmﬂ@is mtelldkmmhietdﬂ@amcrhistion of anti-
antisfoulinowefiest,siich,as herarin CMBBS.RG (BROSRNAMI2ASHAING 4 petrer

based POl ymers and more generally macromolecules bearing zwitterionic
15 grotspelopigtietherie dxide (PEO) or poly-ethylene glycol (PEG) and
moﬂ%@ﬂ{lﬁhfﬁé'%c@l@@%ﬂﬁﬂ&ﬁﬁﬁ@ﬂﬂsﬁﬁyﬁif@m@h&%ﬂﬁi@-ﬁ%;ﬁ@"ﬁk@ﬁ§%rotems on the
po rs haye in.commo at they bear very little - if any - reactive
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a orementlone crlterla en a goo mter ace WI 'the release m
20 po|9}méﬂem esvsedr f@b’éﬁ%gaéﬁ‘ép@%k generally macromolecules bearing zwitterionic

groups, poly-ethylene oxide (PEO) or poly-cthylene glycol (PEG) and more generally
almost any highly hydrophobic surface. What these polymers have in common is that
they bear very little — if any — reactive function prone to facilitate the bonding of
proteins at their surface.

25  In short, the electro-grafied layer could additionally be made of such anti-fouling
materials, as long as they are also compatible with the aforementioned criteria enabling
a good interface with the release matrix polymer, in order to have acceplable
thromboresistant behaviour. This requirement is not contradictory to the property the
electro-grafted layer has to fulfil as a primer layer which is to improve the adhesion of

30 the thick biodegradable layer to the metallic surface of the stent, since — as we have seen
above — the adhesion fo the release matrix polymer is mainly stemming from

interdigitation with the electro-grafied polymer. One shall note that the PC polymer
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electro-grafted polymer. One shall note that the PC polymer WO

2007/144383 PCT/EP2007/055843 10 d&Veloped by Biocompatibles Plc.

is a vinylic polymer, and can thus be obtained by electro-grafting
(p-MPC/BUMA, p-MPC/DMA/TMSPMA, see below). Among the polymers
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Adhesion between the electro-grafted coating and the biodegradable layer (drug
containing layer or topcoat layer)
The upper biodegradable layer may adhere onto the electro-grafted layer by:
e [orming a chemical bond with the electro-grafted polymer (see for example
patent application W0O04/005410, herein enclosed by reference);
® inserting in the electro-grafled polymer chemical precursors of the said
biodegradable layer, in order to provoke its formation inside the electro-grafted
polymer film, which will then act as an anchoring layer for the said
biodegradable layer (sce for example patent applications WO04/074537 and
WO04/075248, herein enclosed by reference);
» forcing the interpenctration of pre-formed biodegradable polymer inside the
clectro-grafted layer by interdigitation. Interdigitation is related to the fact that

the polymeric chains of the said biodegradable polymer can “creep” or “reptate”



biodegradable layer, in order to provoke its formation inside the
electro-grafted polymer film, which will then act as an anchoring layer for
the said biodegradable layer (see for example patent applications
W004/074537 and WO004/075248, herein enclosed by reference); 30
Woritigl héinterpenetration of pre-formed biodegradable poB4ffanpsidesss43
the electro-grafted layer by interdigitation. Interdigitation is related to the
fact that the polymeric chains of the saidlbiodegradable polymer can
"creep" or "reptate” WO 2007/144383 PCT/EP2007/055843 11 inside the
electro-grafted layer, and make at least one "loop" inside the electro-
grafted layesidFdrcacphoiymers fond Syeopihis il dypitaksize Ffapghaindhga electro-
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suggesting that to enable improved adhesion, electro-grafted layers have _
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a glass transition temperature smaller than that of the upper
10piogegredatsied B ysolyrsidei shdétterobtain thermal interdigitation at low

enougR a {eMPELAtHIR BEGSEhYIRg, the drug stability; or is at least swollen
by a solvent of the said upper biodegradable polymer or a solvent

contairfind'# dispetaioii vl tee eutepplishés biotbgpadib|slpsigmde dhavfafsthe upper
componenfssgrihatiintendigitation aan g ferced efficienths by.the

apposition of 20 a mere droplet of such liquid on the surface of the

electro®graiftedl B§Sr TARFOL [HBRESEIEELTEAIRE MftndDIHINERPSs Wens thigdegradable
15electro-gratisehlayaropravekes dhe hinsentipn.alithieampose sk temperature

solution or dis e.rsiqtgigto thlebele{ctro-grafted layer, and then evaporates

to leave af' in 5\%’@ a?eaugobrﬁp]ols?fte%aterial. This latter condition is

sufficient te ebteist theotbnmiatiansofvargaddianshsiropnginterdagadable polymer or a

solvent containing a dispersion of the said upper biodegradable polymer or of its
components, so that interdigitation can be forced efficiently by the apposition of
20 a mere droplet of such liquid on the surface of the electro-grafted layer, at room
temperature: the liquid, which swells the electro-grafied layer, provokes the
insertion of the components of the solution or dispersion into the electro-grafted

layer, and then evaporates to leave an interdigitated composite material.
This latter condition is sufficient to obtain the formation of a good and strong interface

25  between the biodegradable release layer and the electro-grafted layer.

Interdigitation is a preferred mode of the invention to build the interface between the
| release matrix and the electro-grafled layer as compared to chemical bonding or
layering: since the release matrix is chosen here to be biodegradable, what is left behind
is an {(electro-grafted) polymer of known structure, i.e. with no unreacted chemical
30 group or hydrolyzed bond that would promote a residual reactivity of the electro-grafted

film prone to provoke inflammatory and/or thrombotic reactions.



25 between the biodegradable release layer and the electro-grafted layer.
Interdigitation is a preferred mode of the invention to build the interface
between the release matrix and the electro-grafted layer as compared to
chemical bonding or layering: since the release matrix is chosen here to
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known structure, i.e. with no unreacted chemical 30 group or hydrolyzed
bond that would promote a residual reactidty of the electro-grafted film
prone to provoke inflammatory and/or thrombotic reactions. WO
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of the electro-grafted stent: since the electro-grafted polymer layer and the i

SprayF ST R S SR AR (2 oy ARESRONS by foif e nozele is
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Surfs%?ﬁlaé?omég HFTP%%F ,,i%/ﬁ%[ll%r%%ll% the spraying chamber atmosphere to hit the
surface of the electro-grafted stent: since the electro-grafted polymer layer and the spray
solution have the same wettability, the doplet shows very low contact angle (= good
wetting), and the collection of droplets on the surface are thus filmogenic early on. In

25 addition to preparing a good interface between the biodegradable layer and the electro-
grafted layer, “the low pressure” spray system enables the manufacturing of coated
stents with very little webbing in between the struts.

The relative movement of the nozzie with respect to the stent enables the deposition of a
uniform and relatively thin (< I um) layer in a single shot, which is still full of solvent.

30 The rotation and air renewal enable the evaporation of the said solvent, all the more
casily as the layer is thin, leaving the polymer layer (+ drug) on the surface. A second

layer can then be sprayed on the first one and so on, in order to reach the desired
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and the electro- grafted layer, "the tow pressure" spray system enables

the manufacturing of coated stents with very little webbing in between the
struts. The relative movement of the nozzle with respect to the stent
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single shot, which is still full of solvent. 30 The rotation and air renewal

enable the evaporation of the said solvent3all the more easily as the layer

is thin, leaving the polymer layer (+ drug) on the surface. A second layer
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1reletbe M@p@m@b@@)@mdaﬁu}gwolymer coating may include one

or Mere HEigs fFash Qﬁugsmayépwﬁ @vdﬁﬁg 8&‘599 99%n NS0 i thickness,

bioactive agent may be a pharmacologically active ug or |oact|v

conpIG e v PHacarug holyinet codtingrmdchecsuHikeensnagradeaibng) in order to

durlmlw@@ﬁ%ﬂaga@m@glp%ggéum or storage of a drug-polymer
eluting stent. During sterlllzatlon for example, oxidation of the drug or

polm H‘?&V‘%cﬁ‘?“‘?@%u’lﬁ% mcu e one or more drugs. Each drug 'may include a
20 biocactive agent. The bioactive agent may be a pharmacologically active drug or

bioactive compound. The drug-polymer coating may be subject to degradation during
processing, packaging, sterifization, or storage of a drug-polymer eluting stent. During
sterilization, for example, oxidation of the drug or polymer may occur, resulting in
hydrolytic damage, cleavage of the polymeric bonds, breakdown of the polymer and/or

25 drug, or actual cracking or peeling of the drug-polymer coating. Temperature excursions
of the in-process or processed stent may incite delamination of all or a portion of the
drug-polymer coating. The present invention solves this problem through the use of an
electro-grafted primer coating between the polymer-drug coating and the metallic stent,
so as to reduce or prevent drug-polymer delamination.

30 The drugs may be encapsulated in a drug-polymer coating using a microbead,

microparticle or nanoencapsulation technology with albumin, liposome, fertitin or other



hydrolytic damage, cleavage of the polymeric bonds, breakdown of the

polymer and/or 25 drug, or actual cracking or peeling of the drug-polymer

coating. Temperature excursions of the in-process or processed stent

may incite delamination of all or a portion of the drug-polymer coating.
WEh&$hré4B8t invention solves this problem through the use CFGIEP2007/055843

electro-grafted primer coating between the polymer-drug coating and the

metallic stent, so as to reduce or prevent.drug-polymer delamination. 30

The drugs may be encapsulated in a drug-polymer coating using a

microbead, microparticle or nanoencapsulation technology with albtmain,

liposoriegrignfitin o Eihe AW REPFHH4EE I RE THE RRORZIRH584 3hd 4rimer-coated

biodegradable proteins and phospholipids, prior to application on the

primer-coated stent. The bioactive agent may include an antineoplastic

agehbaubivagingettyishenthioplbsishovantidencnr astiipretifetatvehagentziethylene

an aRiBapSH AR A ANIPIRIHISLANS Rler® 3N SEIAMBOACRIC AURMelet agent,

an anticoagulant, an antibiotic, an_anti-inflammatory agent, a gene therapy
Sagetht, BH BFERRRS I LA PN AN SRR E AR OB YS: ret SHbIRBHT BN agent,
prodyghatieepmpisantiRitée progiugt, Speallagenis.col agenit derivativgn &t DNA
proteind a tprotein abnaIOﬁR% acc aritde, aﬁaccharide derivative, or.
combinations fiiereot. The bioactve adeht iy bd %W%ﬁ%]rcaé%rlﬁYi%lve’ a protein, 2
subptairoe ks providdsadh ersgrebticdd Qecvaracterstimfonthenprewention

andrireatment of disease.or glisprders. A gd;zt"gs&f&%%y%ﬁ%a%%x a therapeutic

prevent, kill, or block the growth @nd spread of cancer cells in the vicinity
10of s@eiisiniantsroliferstive agdrmammpiprb disatsrostdibastis flommntmeoplastic
growdag: AR, BRISENSA128EAlRAMNAHA! the gausticleysldonterhuRt hemity or

process by which disease- causing proteins are produced. An antiplatelet
ageEnii act b BIDSY TEtEISt< FBY MG T fureRo R biEsel erowing. An
coagniiation.sAmaniithrambageaigagentenayoaicively: etaseblooskclatich disease-
formation. An anticoagulant may delay or prevent blood coafa%_ﬂatior&i Wﬁ[h latolet
anticoag anttheragy, JEHG ESmpoLRELRsER AdHabanw afid CBLiRgHfgpatetets,
I5AN iahiiiogc rmisyfikiltoninh it egamtivof Ancrodtganisrasnanegaraynbe actively
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used to counteract or reduce 20 inflammation in'the vicinity of the stent. A
gen¥ithetalsragint inths By capas s orrradyinicth aekppesgiondfegumarins. An

peragnisgrRNasiQilIeatae Ok Wiimately RrevenMAissasSed AyORIRRIE to combat
drt:]%%a%{_ be a.n)%small-molec_u,le therapeutic material. A pharmaceutical

co Pbi B Ry CBHPEUIHE AT SREVERY Didapedtilo srueract or reduce

20recomfibinmiation in the vicinity of the stent. A gene therapy agent may be capable of
changing the expression of a person's genes to treat, cure or ultimately prevent disease.
An organic drug may be any small-molecule therapeutic material. A pharmaceutical
compound may be any compound that provides a therapeutic effect. A recombinant
DNA product or a recombinant RNA product may include altered DNA or RNA genetic

25  material. Bioactive agents of pharmaceutical value may also include collagen and other
proteins, saccharides, and their derivatives. For example, the bioactive agent may be
selected to inhibit vascular restenosis, a condition corresponding to a narrowing or
constriction of the diameter of the bodily lumen where the stent is placed. The bioactive
agent may generally control cellular proliferation. The control of cell proliferation may

30 include enhancing or inhibiting the growth of targeted cells or cell types.
The bioactive agent may be an agent against one or more conditions including coronary

restenosis, cardiovascular restenosis, angiographic restenosis, arteriosclerosis,



DNA product or a recombinant RNA product may include altered DNA or

RNA genetic 25 material. Bioactive agents of pharmaceutical value may

also include collagen and other proteins, saccharides, and their

derivatives. For example, the bioactive agent may be selected to inhibit
WehdWlat4e8stenosis, a condition corresponding to a narrowig BEP2007/055843

constriction of the diameter of the bodily lumen where the stent is placed.

The bioactive agent may generally contrd? cellular proliferation. The

control of cell proliferation may 30 include enhancing or inhibiting the

growth of targeted cells or cell types. The bioactive agent may be an

agentragainst, oné chendrecenditionsiiciudingcoranaly, thedtenosis; agent may be

cardi r; nQsi i0 IC rE s, arteripsclerosis, WQ.
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narrowing or constriction of the diameter of the bodily lumen where the

steRf 7S {5TaLER. AN ISIHARRAG RGBS Thd) GRHERIRF cBRtISH Célfarapted cells or cell
prolifeeation. The control of cell 5 proliferation may include enhancing or

inhihjting the growth of targeted cells or cell. types. .The bioactive agent =~ .
) IS0 Torn, SRS se ot L Rt P e propiglptecin. a
anategpmitexantronie g Sirclionasirand tReirteratvéstbeianddogstives or analogs.

PO%%B}SH?IR%&%? Qo ngzr{;l'fbﬁ’, 'ﬂi%lﬁiy {9?&'8 mtﬁgﬁhm%&%pﬁgperties and may

_properties'and may , ~, -inhibit DNA synthesis. Etoposide is an
“Fantiedpldahié that pasly héogetiJed femnbseripssgiereydrmrefived from a semi-
pOd@Bhﬁdi@%@&ﬁ@ﬂﬁ%@éﬁHﬂﬂﬁ@){ﬁﬁ%'%Kﬁfﬁ@ﬁob&’éﬂ@h@ﬁ@mﬁmjﬂfﬁ%hﬂ{@Qlan-cell
cancer, and testicular. cancer. Camptothecin is an anticancer drug that ,
e A 48 G0 RS AR oA P gl may fncion
camptethgeiinpamearepiciiiéein Raaled suchrasiamiwocanpicihesnneay ptothecin
be yead.as,an anianeer dig. Mitgxeniiane e s Ase a1 ImROHAtE o xunrone i
anticancer drug, used to treat feukemia, lymphonia, and breast tancer, - one 1s
15Sirelinas siaaedieatiomndradmeaysaterférenilithikeindymphosl, grolitreast cancer,
Cycle 8RgeaY %H@%@tﬁ@é&%? [BSIRROSISn HE r%%gpf\!g 1%98%!‘&9&% and may

also include analogs and derivatives of these agents. Antioxidants may
be BentidialCortthier stmiiighits TOF thEirCENtirastshetityprbiserifiekidanalogs and

the cRpeUtice e eis s 20 B g ARRINEMEOAN & ANy SRABNOIBSPIV@PFights for their
erode from the stent to elut t% least one_ bioactive agent. This elution

me AR THE BB FEFSTRY 5 4R 45408 BPosion where the outside
20surface-gothedrugppatymersodatind disselve sradiedradesicotdstabsarteed least one

by mgactive agent. This clution mechanism may be referred to as surface erosion where the

n

outside surface of the drug-polymer coating dissolves, degrades, or is absorbed by the
body; or bulk crosion where the bulk of the drug-polymer coating biodegrades 1o release
the bioactive agent. Eroded portions of the drug-polymer coating may be absorbed by
25  the body, metabolized, or otherwise expelled.
Drug-polymer coating may also include a polymeric matrix. For example, the polymeric
matrix may include a caprolactone-based polymer or copolymer, or various cyclic
polymers. The polymeric matrix may include various synthetic and non-synthetic or
naturally occurring macromolecules and their derivatives. The polymer is
30 advantageously selected in the group consisting of one or more biodegradable polymers
m varying combinations, such as polymers, copolymers, and block polymers. Some

examples of such biodegradable (also bio-resorbable or else bioabsorbable} polymers



body; or bulk erosion where the bulk of the drug-polymer coating
biodegrades to release the bioactive agent. Eroded portions of the
drug-polymer coating may be absorbed by 25 the body, metabolized, or
otherwise expelled. Drug-polymer coating may also include a polymeric

WHatw IEGSExample, the polymeric matrix may include a  PCT/EP2007/055843
caprolactone-based polymer or copolymer, or various cyclic polymers.
The polymeric matrix may include various &ynthetic and non-synthetic or
naturally occurring macromolecules and their derivatives. The polymer is
30 advantageously selected in the group consisting of one or more
biodegradatie plymbdss.in pelpingdombinhtiens)isttohcas paligiersyol  sebacate,

cop nd Block polymers. g ogramples of such bigdegradable
A e A e i
PCTPER200705984 8ed1 6-inchedadpolyglyetiides; polidactipidgbutylene  terepthaiate,
POMARIRIREIARSS. RAVAY CEsH RERRcatey RAN CAIRADRICS 9,9 MO fhodulators,

derived, biopolyesters such as poly(f3-hydroxyalcanoate)s (PHAs) and
SderRROF eBHIBENHE CHBRIERPSINE o X UBb BUISACHS tEPeitialatdnal submucosa),

polyitiensaBRinies afy Rk dsa:c0MmPasiiasscollrugmmalEice s With XRWER used alone or
modulator%ﬁ5£rote$ﬁ:}/cans, glycosaminoglyeans, vacuum formed SIS o

(smAIISARE LR SIS S fitists DR AR ORGP A Ay YaF fHigsgo mpositions.
biodégradailerpolymerpmay:by usdddatobiedrginigoimbination with theselylactide

oro [ radable pol rs in,varying compositions. T lymeric

T oy B NS Pl e SRR g ey tates,
1 PLRY Ypetifgisicslts aetl ¢PSA)Ipolymies. poly (Ewaprotadtohd)y (P @la)y, be dispersed

polyariyates (+0 RAVREINAGHAE% ORI CORAIY KIgSS:r TRE bioactive agent may

pharmaceutical drug may be dispersed througgout the polymeric matrix. _

ThelHHamt iR ARy BF TR BITdRVE UG it WRiFUIRIRE o i ok trgccutical
polymerie matirte slutedhedniqatiiveageninkha@haimaceiiealediugimounding
may,

diffuse qut from the polymeric matrix and inta hegtlo aterial -
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15drugwpolymer tandehiffuseid Sroaitiromtthehpolymericdnatrbdoniodhiel. In a further
SWWH&QH’E@L@@%Q&&% SlogmRog eget 1g,drig GealNg. . 4y 42-Epi-
composition may be fashioned using the drug 42-Epi- '
(tetkErBRMPSdlimimIsetdorthrth Uns Uitat. b, 61829388 2signeenrs to Abbolt
Abhoibokb0raIOABSe A DRRK PRIk, 1 and AiISPersathiithingg £081Mhioned from
fashioned from ﬁhosphorylcholjne coating of Biocompatibles International
P LREOSEORSHRGHTS . 285k OB IR BB AR A lerprdigRAl inbrfc Athifiiigyl-S. Pat
20be s&lesietki¢dprovide a desired elution rate of the bioactive
The polymeric matrix may be selected to provide a desired elution rate of the bioactive
agent. The pharmaceutical drugs may be synthesized such that a particular bioactive
agent may have two different elution rates. A bioactive agent with two different clution
rates, for example, would allow rapid delivery of the pharmacologically active drug
25 within twenty-four hours of surgery, with a slower, steady delivery of the drug, for
example, over the next two to six months. The electro-grafied primer coating may be
selected to firmly secure the polymeric matrix to the stent framework, the polymeric
matrix contaming the rapidly deployed bioactive agents and the slowly eluting
pharmaceutical drugs.
30 The topceat biodegradable layer
The DES may further comprise a topcoat layer, which can be made from the same

composilion as that of the biodegradable coating release layer. In particular, the topcoat



agent. The pharmaceutical drugs may be synthesized such that a
particular bioactive agent may have two different elution rates. A bioactive
agent with two different elution rates, for example, would allow rapid
delivery of the pharmacologically active drug 25 within twenty-four hours

WP gliYgersivith a slower, steady delivery of the drug, for exe@ipie2everss43
the next two to six months. The electro-grafted primer coating may be
selected to firmly secure the polymeric métrix to the stent framework, the
polymeric matrix containing the rapidly deployed bioactive agents and the
slowly eluting pharmaceutical drugs. 30 The topcoat biodegradable layer
ThebDEGm&yp fultyer comprideda fopdeatiapér, whickeaiude made fiotde (PLA),

the campQsitio hat of the biodegradable coating r e layer. _
ittt R S s o R gt Y
biodegradasalyer aelinefrdd/Bigdegradable polymers such as

polmm((ﬁ;lrmg l:pg]:)égggycolic acd (PGA) polymer, poly (e-caprolactone)
(PCL), polyacrylates, polymethacryates, or other copolymers.

Marll¥aEtiriFy Hrodes S 5 PPREséctrd-Gramiliy OP g reidssiaretitiqie polymer
baskg®nthe fermationsafiaiRoloier Byerana:sudaca dmsitthanei 88 fre-made
bath of precursors raI_ther t{han from a é)re;maqe gfﬁ()ilyrrner_. The surface to ’
be E0RTEGTIs poTarysd GleltriCsiy “ARE sEnRE LY LARsPl RSNt o 2
whiphlprevokessurfagerpehyrhepipatioes via propagationchain vieaetiongtion chain
(Seq ERRRRS (L3RI EIAIRSR A RIGLBIFSENCRL AR T e Present invention

uses an operational mode in which it is po > to: sily carry out an
10actfdicenseivat grasitg o i paly Asraiting drentprddeirsbrs Botsitibnt~wasily carry

whi@ht@@a&aﬁyet@cmgﬁ@@rwf@%g%m&a' Ied ARk {8rs(Bbfutions which are
e

protocol of application of the electrode potential which forces the reaction
of GRS IBHRH I O RREREUASIHEIM&Sium which is at least a

good) swehant sif thegfptimednpelymesianeden-agaed seluantetiharsaidaction of

polym o An adherent film of biocompatible (for example

pol)%rﬁlutli}ﬁhethacrylate (p-BuMA)) can be obtained upon voltammetric
ISscafinities ofsa stemt ¢bidinless stedlreobiaiktichyamicnyt alioys.swjeluat of the formed

soltﬁ&%@,n&g@&gaagg@;mm glallgie(ggﬁ% lyan aryldiazonium sa_lt, 20
such as 4-nitrobenzenediazonium tetratluoroborate) at a concentration of
5.18vg 4ghgrymt film of biocompatible (for example poly-butylmethacrylate {(p-BuMA)) can
be obtained upon voltammetric scanning of a stent (stainless steel, cobalt chromium
alloys....) in a solution containing a diazonium salt (especially an aryldiazonium salt,
20 such as 4-nitrobenzenediazonium tetrafluoroborate) at a concentration of 5.10™ to 167
mol /1 (especially 107 mol/l) and the monomer (p-BuMA at 3.5 mol/l} (solvent = DMF),
over a potential range of — 0.2 V/ECS to -3.0 V/ECS at a scarming rate of 100 mV/s,
The electrolytic solution can include a solvent primarily spectator (i.e. not intervening
in the electropolymerisation reaction) intended to solubilize the chain polymerizable
25  monomers. However, monomer(s) may be play the rule of the solvent, rendering the
presence of such a liquid not always necessary, When they are used, these solvents are
preferably selected among the dimethylformamide, the dimethylsulfoxide, the ethyl
acetate, the acetonitrile, the tetrahydrofuranne, the propylene carbonate and other
solvents usually used in electrochemisiry, dichloroethane and more generally
30 chlorinated solvents. The solvent can also be chosen from the group consisting of water
and alcohols. There is not need {o subject the solvents to prior distillation in order to

¢liminate water which they contain, nor to carry out a rigorous control of the water



mol /I (especially 10.2 mol/1) and the monomer (p-BuMA at 3.5 moll)
(solvent = DMF), over a potential range of- 0.2 V/ECS to -3.0 V/IECS at a
scanning rate of 100 mV/s. The electrolytic solution can include a solvent
primarily spectator (i.e. not intervening in the electropolymerisation
Wweaetoh*iitended to solubilize the chain polymerizable 25 nt6RGPEmNS /055843
However, monomer(s) may be play the rule of the solvent, rendering the
presence of such a liquid not always necd§sary. When they are used,
these solvents are preferably selected among the dimethyiformamide, the
dimethylsulfoxide, the ethyl acetate, the aeetonitrile, the
tetrahydrofufdhnetvepropydeme carbonateramd:dtier Kohhentsouswsathyn casily be
use%{&gh%ﬁ;ggc&emiﬁgﬁﬁsgj orpethane and more generally 30

chlorinated solvents. The solvent can also be chosen from the group
consiatislyarabate sodHéaleshslse Thendintsapeeduppstivjectitholyte in order to

solventsdarriar distilation i grderd: o@himi@@%WWM%&@M@M&Q&@!& When
nor to carry out a rigorous control of the water WO 2007/14438
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such as perchlorates, tosylates, tetrafluoroborates,
1hexafliidibphas tiesogliakéra aryamimd fiants hahieren sodhsrunitestes a result of

andb‘éﬁﬁii%ﬂnﬁmﬁr@ﬁh-ﬁ@lﬁlg&ﬁ@ﬁgiﬁéﬁwt@ﬂ aan futher COMPISEAR use of the
agent for improvi‘?ﬁ%he homoqgeneitﬁ of the film (a surfactant), such as

gly BB S T 125 Tei® CrEREiiARIFY R aRYe T P PR A [t S BRSO erafting
the surfacebisisctiebylttef chond-fotmatien Nitbdihedingsniyinganeial : snomer that

(his [gas0R e SNSLIBKS U8 0T 08 (Rrm Slontro Grating OLEe ROVEIEL e
heréatter. even though It Now Tefers 10°a gratting that s ObthiRed EVt gter bemg
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und@f&&&fgg%%&k@ﬁe%hai@hr%@cgigﬁk@aﬁ eégarﬁ'ta%ﬁm%ﬁﬁ'& tg&'ﬁ Bl polymeric,
being 15 preterably at low concentration. Such a process enables the
eledfF5Rsr aAtiHYCIBIT 111 So8Hd TUR ges (e tiates QL BRREsEantEof oijyariiendreds of

filmggangkip-particular polymeric, having a thickness going from a few
tens. of nanometers 1o a few hundreds of nanometers. The electro-grafted =
ol Hin S SE08 S 1 G AFRShCHCHE 1 ERUEE el Execs fqud
20 may be blown off prior to drying the film. Drying of the polymeric solution to eliminate
or remove any volatile components may be done at room temperature or elevated
temperatures under dry nitrogen or other suitable environment including a vacuum
environment. The coated stent may be baked during ~60 min at moderately elevated
temperatures on the order of 40 °C under vacuum (~10 mbar) to drive off any solvent
25 trapped inside the primer coating. The thickness of the electro-grafted primer coating
may range between 10 nm and 1.0 micron in order to adequately coat the stent
framework and to provide a satisfactory underlayer for subsequent drug-polymer
application. Additional application and drying sleps may be included to reach the
desired thickness of the primer coating.
30 Over the electro-grafted primer coating, a wet process is applied by spray or by dip. The

drug polymer may be mixed in a suitable solvent, and applied over the primer using an



20 may be blown off prior to drying the film. Drying of the polymeric
solution to eliminate or remove any volatile components may be done at
room temperature or elevated temperatures under dry nitrogen or other
suitable environment including a vacuum environment. The coated stent
WHAP)BEHaked during -60 min at moderately elevated tempdGIERHGIHHHR3
order of 40 C under vacuum (-10 mbar) to drive off any solvent 25 trapped
inside the primer coating. The thickness dfthe electro-grafted primer
coating may range between 10 nm and 1.0 micron in order to adequately
coat the stent framework and to provide a satisfactory underlayer for
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The drug polymer may include a polymeric matr one or more
10thergbeistic dompries Mo erira dhig-polynierdpasngind msnomepre bioactive

suchoasa minyhaceiata daiiyatlye Mavbecanixae.yath, ather MenMeNsiR: with a

a solven rg,%uch as isopropyl alcohal to form a polymerlc 10 solution. The
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agentsnmayyie: mixed WImxmehquyMﬁaaeddmﬁwrmﬂ&f@ﬁma)dralgdmhﬁ’ﬂ@uch as a

with a Brec efin ()eé#tégnorla;[g rAmau% ?ssbo' lve a a\"?otut on
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bioactive agents may be addéd to the mixture. The mixture may
conipirfées wivh asd e démBsi gt prEmoter in the polymeric solution. One or
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polymeric solutlo 58%’ to the stent framework with the
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Excess liquid may be blown off and the polymeric solution dried. Drying of the
polymeric solution to eliminate or remove any volatile components may be done at
room temperature or elevated temperatures (~ 40°C) under a dry nitrogen or other
suitable environment. A second dipping and drying step may be used to thicken the
25 coating. The thickness of the drug-polymer coating may range between 1.0 microns and
200 microns or greater in order to provide sufficient and satisfactory pharmacological
benefit with the bioactive agent.
Treatment of the drug-polymer coating may include air drying or low-temperature
heating in air, nitrogen, or other controiled environment. The drug-polymer coating may

30 Dbe treated by heating the drug-polymer coating to a predetermined temperature,



20 method for applying the polymer solution. Excess liquid may be blown
off and the polymeric solution dried. Drying of the polymeric solution to
eliminate or remove any volatile components may be done at room
temperature or elevated temperatures (- 40C) under a dry nitrogen or

Wity /4¢488Ble environment. A second dipping and drying stBp ¥y 055843
used to thicken the 25 coating. The thickness of the drug-polymer coating
may range between 1.0 microns and 20Gicrons or greater in order to
provide sufficient and satisfactory pharmacological benefit with the
bioactive agent. Treatment of the drug-polymer coating may include air
dryiNgisr speeitediperblurestheativgriplein hitrogesrcot othertioontrolledvided herein.

envirRnR RS ThedrgeRolmercoating may 30 be treated by heating the
dru%-,golymer coating to a predetermined temperature. WO 2007/144383

PCTIEBRDOHO58AS! SBuSrdspatitieally, illustrative examples of the
presertinyentonate PravidedhersinesT bedoliewing examples illustrate:
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chrofmithmncscento{dpthier edftasidinbarser dttelch-Ghudlectro-grafted p-BuMA

(5) f%r!:%%gsﬁo% [HISL PropeIties &fe%%%%f I %&egﬁai%“f% PhE 8B4 coupons
coated coupons fg) a spraying process for theldeposition of the reSemnvoir

laydp | 7)sthieyadhasisasdnhtecmeiicyohbelestrayriaited layer 10 (8)
Exgmnigs.af iyt idrig fRlgasekinglicn().cyiqtgxicity study of

electro-grafted coatings élO) Haemolysis study of eélectro-grafted coatings
101§ Ddearisler ahde Slirifroe sikeaordieited stents after local implantation " -

(12)pearfesmanee aligcolonization otelesiig.grafted BUMA coated scents
as red 15 to BMS, rabbit model at 14 and 28 days; (1.3) local
1 Bt

tole LROPRIR 8 %?%eri'fol'r?f?gt% (DY pressure spray system for
the (hBrufedturingnot BES wittlgoodginferdatewitkicelecitongrafteddayers.

20 'i??ﬁ ﬁ.&%&h@%ﬂé’é&f%

fting S9lutian FormHl%t'hg_ pe el{ngoplirpent of
Zal cCiro-gral : g ed
the nt invention Is exni ?tegrb)(; tﬁé%?r‘r%rﬁaﬁon 8 an Ceciggtrg-en S #5 compate
15 to BMS, rabbit model at 14 and 28 days;

(13) local tolerance after full coated stent in pigs

(14)Low pressure spray system for the manufacturing of DES with good interface with

electro-grafled layers.

20 EXAMPLE 1: Electro-grafting Sohution Formulation
One embodiment of the present invention is exhibited by the formulation of an electro-
grafting solution based a vinylic monomer n-butylmethacrylate (BuMA) dissolved in a

DMF solvent. NaNQOs is used as an electrolyte support.

Concentration of | DiazoNO; tetrafiuoroborate NaNO; Glycerol | % DMF
vinylic monomer Concentration concentration
30% 10°M 2,5.10°M 5% 65%
25 Table 1: eleciro-grafting solution formulation

EXAMPLE 2: Electro-grafting process on stainless steel stents
Using the chemical solution described in example 1, 18 mm stainless steel coronary

stent (ClearStream Technologies) were coated with electro-grafted p-BuMA with the



grafting solution based a vinylic monomer n-butylmethacrylate (BuMA)
dissolved in a DMF solvent. NaNO3 is used as an electrolyte support.
Concentration of DiazoNO2 tetrafluoroborate NaNO3 Glycerol % DMF

vinylic monomer Concentration concentration 30% 10' M 2,510--M 5%
WEEB H54¥8ble 1: electro-grafting solution formulation EXAMISIIED2007/055843

Electro-grafting process on stainless steel stents Using the chemical
solution described in example 1, 18 mm dthinless steel coronary stent
(ClearStream Technologies) were coated with electro-grafted p-BuMA

with the WO 2007/144383 PCT/EP2007/055843 21 following parameters,

rinsedieidgingdereso midtendatrigdafienauies bl Caoulems 10sigr vacuum,

that mgihad: heehizined coRINY ARINESS IR RMLICL O i,

i

Electro graftmg parameters Method: Cyclic voltammetry from open-circuit

B earaiaiiiSrgon 5 bubbling (2 Lmin"). Scan number: 50
scammnrmglrateommnw@ EXEMeE i dulechncaiafting ProGessoRith argon
Col%a% hro m stents 10 Using th Chemical solution described in
exaprae bbalt-chromium coronary stent (Natec-medical) were
p- BSMA}Rimbtno “grafted with the following parameters, rinsed and dried

for 69 min t§§ tj %C under a 10 mbar vacuum. Before the electro-

135

20

25

30

d1in
graﬁlng stent sur?ace iS treated by a solution of NH4F 40% for 1 minute.

Using that method the obtained coating thickness is about 1.50 nm. 15

Elegixq:giefing pRiameteraidigprstSosie valiamnmeintfirfapen-circuit
potentlal to -3,5V/CE with argon bubbling (2 Lmin 1g Scan number: 50

105 caksi8gdim g rate: Sirwmdesy et anpiene GotfosmrFelighromium coronary
promﬁme(s\@feelma-cgyaﬁ@@ BMA Tdﬂ@@mw@si@mp@ﬁ@nﬂﬁio@ﬁng parameters,
electro- gr dB(;J éQIS asslesseg g% ted st mIess steel cou ons .

synthesiz&t acceor g Yot [SPoth 01 dedtdiihéd! ih BRanYaRarm. Belore the electro-

grafting, stent surface is treated by a solution of NH4F 40% for 1 minute. Using that

5'

method the obtained coating thickness is about 150 nm.

Flectro-gralting parameters:

Method: Cyclic voltammetry from open-circuit potential to -3,5V/CE with argon
bubbling (2 Lmin™).
Scan number: 50 scan

Scanning rate: 50mV/s,

EXAMPLE 4: Corrosion barrier properties of electro-grafted p-BuMA

The anticorrosion potential of electro-grafted p-BuMA is assessed on coated stainiess
steel coupons synthesized according to the protocol described in example 2,

For this purpose, electro-grafied p-BuMA coated coupons (assay) and non coated
coupons (control) are immersed in a NaCl solution, at 9g/l according to a ratio surface
area/volume of lem*/ml. The samples are kept at 37°C under gentle stirring and the
time course of cobalt, nickel and molybdenum ions liberation is assessed by regular
sampling of release medium. The ions are quantified using Inductively Coupled Plasma

- Mass Spectrometer (1CP-MS),



For this purpose, electro-grafted p-BuMA coated coupons (assay) and non

coated 25 coupons (control) are immersed in aNaCl solution, at 99/l

according to a ratio surface area/volume of lem2/ml. The samples are

kept at 37C under gentle stirring and the time course of cobalt, nickel and
WaERIGHeMEM ions liberation is assessed by regular samplinBCaTREIS¢HEEFS843

medium. The ions are quantified using Inductively Coupled Plasma -

Mass Spectrometer (ICP-MS). 30 WO 20871144383 PCT/EP2007/055843

22 lon release (ng/cm?2) in a 9 g/1 NaCl solution at 37C during 150 days

Ni Cr Mo BMS 316L 28 12 8 p-BUMA (150 nm) on BMS 316L 37 1

T4ble 2: ion release The ion release frdiom theécmetallicrstirfaed ig/Bi¥afigly fution at
reduced by the electro-grafted p- BUMA coating fog a _ple tpfgr leased

nigkel (which is by far the most toxic element) decrfg’sé% from ar1¥(§/em2

folf the stainless steel coupons to 3 ng/cm2 f5f the electro- Ergrafted Mo

p-BUMA COUPOES EX{VIPLE SCcorrgsion bagier propertiespf 3
electro-grafted p-BuMA and PL A dip icoated coupons Stainless steel

elécti Rt d D BuMATEBYbbA%re dip coafed in a|polylactide (p-PLA) 1

10 solution (5%w/V in chioroform) GCeaming ff-AQl 20% (W) of e model

drug, pentoxifylline. After the dipping, the coatings are stabilized at room
temp&rARE IS A TR Bt TR N VSRS At U ABh bG8 epig-grafied p-
ion Belepsedsipgformachplecatdicigadel thiepiqiosrhdessriaednexamRle clement)
3. A,comparison %Cnr ,/Ac)rhal\lil(grB)[ and Mé)eC) lons release from

_ | , 16,
staiese Steel COUPONS, electro?ﬁrg e pﬁﬁb VATBIBLIR iB@(j)%lltef ryige electro-

Sanceedéetro-GraftddpuBUMA + p-PLA dip coated toupons containing
pentoxifylline, in NaCl (9g/1) solution at 37C during 150 days is given in

the table 3 below: lon release at 150 days (ng/cm?) Cr Ni Mo Inox 18 30
8 INGSAMPAE §:1corresion barrier properties of electro-grafted p-BuMA and PLA

dip coated coupons
Stamless steel electro-grafted p-BuMA coupons are dip coated in a polylactide (p-PLA)
10 solution (5%w/v in chloroform) containing or not 20% (w/w) of a model drug,
pentoxifylline. After the dipping, the coatings are stabilized at room temperature for 24
hours and dried in an oven at 40°C for 48hours. The ion release is performed according
to the protocol described in example 3. A comparison of Cr(A), Ni(B) and Mo(C) ions
release from 316 stainless steel coupons, electro-grafted p-BuMA + p -PLA dip coated
15 and clectro-grafied p-BuMA + p-PLA dip coated coupons containing pentoxifylline, in
NaCl (9g/1) solution at 37°C during 150 days is given in the table 3 below:

lon release at 150 days (ng/cn?)
Cr Ni Mo
Inox I8 30 8
Inox+PLA 6 8 |
Inox+PLATPTX 4 7 1

Table 3

The same decrease of ions release is observed on stainless steel coupons coated with the

20 double layered coating, the amount of Ni ions drop dramatically from 30 ng/ent’ to

about 8 ng/cm’ as well as the Cr ions amount which decrease from 18 ng/em” 1o 6



Inox+PLA+PTX 4 7 1 Table 3 The same decrease of ions release is
observed on stainless steel coupons coated with the 20 double layered
coating, the amount of Ni ions drop dramatically from 30 ng/cm2 to about
8 ng/cm2 as well as the Cr ions amount which decrease from 18 ng/cm" to

VOWO 20077144383 PCT/EP2007/055843 23 ng/cm?2 and 4PKGIEmR07/655843

respectively for the electro-grafted p-BuMA/p-PLA coating and

electro-grafted p-BuMA/PLA/pentoxifyllinécoating. EXAMPLE 6: spray

coating process 5 A spray coating process for disposing a reservoir

polymer coating on an electro-grafted metallic stent exhibits another
embgdinfentdfi the/ présepeinikention. itieldiyingaa8dlB BOMINIBRIA coating and

electro-gra ed. h b|od radable polyester
(pol;t}tgé%)d f}gcf?)% ul%%%fé%%ﬁﬁ% lé]gn%%?nnf‘g Sirolimus. The

copolymer (0.25% wi/v) is dissolved in chloroform. Sirolimus is then

disgelvedisy £ Q 1Req0IesfarMmiPalymer mixture to obtain a final ratio

Slrollmus/polymerof 0% (w/w). The mixture is applied to the
elec’iréi@%ﬁ%ﬁlbgm%%f%@%%%eﬁf%%{ﬁ YRFASEREN DY SHkayeagO-gralied

withadne seazisNiin the flamipgdrasamaters pRRAYIREHGW (Wak2dying, an 18
Sp ray volume E()6({192 Pressure (bar) 0.3 Stent rotation speed (rpm) 2000

NoZ LIS NSRRI 5™ NumbaF Bt sEPAF Ut Tapfseedabic  polyester
sprépohgaparemetgdis AT ey T d layaneshoaating $sraipplied to both the

of the. Stainless steel stent, with a high %
tumle)&% E HFEH‘?:!O/S i} 1s di 59 SREESHRIEFLREY OHITS 1 ‘]sumlnalssolved in

ness on the ablumina I surface wit respect

1OSurfaeehbryfﬁgrémmersrmkmme@btm a/Boslutioverligsirgoliecalbb¥e% (w/iw). -

15

20

25

par@m:e‘i%{%ﬁ%elg gcpnothﬁcst‘ﬁ@trwglg.hécﬁg%wgo Qelﬁn%%ﬁ’gagﬂ Sotative

thickness is about m. The drug loading is 164 +/- 1

EXARSEE: Yéﬁﬁaw&weﬁﬂ BRFesERioi o R &H! aaﬁé%nﬁaawfefs

electro-grafted p- BUMA underlayer; a functional testing.
Spraying flow (ul/s) 24
Spray volume (L) 192
Pressure (bar) 0.3
Stent rotation speed (rpm) 2000
Nozzle/stent distance (mm) 6.5
Number of spray run 50

Table 4: spraying parameters
The two layered coating is applied to both the luminal and abluminal sides of the
stainless steel stent, with a higher (and tunable) thickness on the abluminal surface with
respect to the luminal surface. Drying at 40°C is performed in a vacuum oven. Using the
above parameters, the coating on the stent, weighs 800 +/- 80 pg, and the coating

thickness is about 5 te 7 um. The drug loading is 164 +/- 16pg.

EXAMPLE 7: enhancement of reservoir polymer adhesion by electro-grafted p-
BuMA undertayer; a functional testing.

An adhesion test is run to highlight the adhesion strength of the reservoir polymer layer
on the pre-electro-grafied stent. The double layer coating on stainless steel stents

(18mm, Clearstream Technologies) is achieved in accordance with examples 1 and 6.



An adhesion test is run to highlight the adhesion strength of the reservoir

polymer layer on the pre-electro-grafted scent. The double layer coating

on stainless steel stents 25 (18mm, Clearstream Technologies) is

achieved in accordance with examples | and 6. WO 2007/144383
WSCH)EPHG7/055843 24 The test is run to simulate the abrBSTHRAHET/AS5843

coating might experience during the implantation. For that purpose, the

coated stent is passed several times thro%ﬂgh a silicon tube that mimics a

coronary artery, after which the stent is deployed. The test is followed by

optical and scanning electron microscope inspection of the scents. 5 No

coalihg @eladmimationssnobsebedztorsrimérelestrgiggaféghstentsialtthéuring the

10 eteatias RMesd-gae p%g%otﬁeo@aﬁ%eﬁﬁemy-@&%gcﬂ@é@&ﬁ@m'm&&@{ a silicon

whereas the spray coated stents without the electro-grafted p-Bu .
prinidice i MEBisré deminatBRYERBVIPECE: thevit@idiagiralersk The test is

studyIb0.4a thisgredasitseninediveesarise Jalpasanl-siolimys fram a

douple layer cpated stent is achieved according to the following protocol:
P A TS SR S ek

exagnled-fondthatetecirosgradtethplBeMAsmndabxainple:g fohdhas the spray coated
biodedradable polymer. spray. coating, Each coated stent is immersed in a
g/%ouﬁn & Oeflgc et tied gllt%’]}l(%% Ertglé%s)gﬁoﬁ SEVEIC gelanl %T}\/I,

vial containing arelease s osphate butter
pH = 7.4 /1% Tween 20) and kept at 37C under a gentle sitting. The

relepga MedER.: fGwevedd eanlady@ay replaced by fresh one.
Absorbance (Arbitrary units) is measured using a spectrophotometer

104t soRob7shmhy dirdferiticatiiiAL HeYerdans dediansoahsliigs coated
congemtiatigiidscdetepningdo imiriplisat@gysigeaicalibration curve. 20 The

figU{gs 1(A) .and IgltBF) 'Illgstrates resg ctively a fas%elease A) and a slow
releas?ém(g}lo Eird |enLﬁs? ?Fso%eac%tuﬁflé’“fgl SPESAHISPIT RS @R fmple T for
releasec{dtrvarstisdtimBy iRy s)hdFaxainglfast elealse, the asdavhir payenis spray
ac {80/ flagtide, and glycolide, PLGA (120 Q00 gimol), . (1 iion
WhgrE'geaaﬁél 'o%t%% g?g\%ares%i%etﬁ%i%g(%g?a%gﬁie {;))o éme% (i?smg |r93(l)@(1|%&:fﬁ%}S hut

1530600 ghowivaprhe Qiffehende ' drilf rdiease Kinenié isndiredH5 ralaterh gentle

to theidegradativnaiealihe Riadegradapla Fasgvon iy e, PIRFSIBeA bsarbance
50/50 PLGA polymer degrades faster than the PLA. The correspondin

profiE8 O SR Bk ah S AR e e ds RS THER I PRSIt T R ElY oh dhd— 278mm
explantechgtraisdionhdNZlsakbitednan iliofemoral model, are shown in

ﬁgu}“giem%imus concentration is determined, in triplicate, using a calibration curve.

20 The figures 1{A) and }{B) illustrates respectively a fast release (A) and a slow release
(B) of Swolimus from a double layer coating in vitro (cumulative release (%) versus
time (days)). For the fast release, the reservoir layer is a copolymer (50/50) of lactide
and glycolide, PLGA (120 000 g/mol), whereas for the slow release the biodegradable
polymer is a poly(lactide) (30 000 g/mol).

25 The difference in drug release kinetic is directly related to the degradation rate of the
biodegradable reservoir layer. Since the 50/50 PLGA polymer degrades faster than the
PLA.

The corresponding profiles in vivo, obtained from the measurement of residual drug on
the explanted stents from NZ rabbits in an iliofemoral model, are shown in figure 2 (

30 fractional release over the time (days):

+ profile is that of PLGA
x profile 1s that of PLA.



30 fractional release over the time (days): + profile is that of PLGA x

profile is that of PLA. WO 20071144383 PCT/EP2007/055843 25 The

drug released (Sirolimus) and the loading were the same in the two cases.

This figure shows that the drug is fully released and the release polymer

Wia a0y Hisappeared at 28 days for the fast release (PLGA)GHHiR 055843
drug release is only of 60% at 28 days with PLA, which is thought to

disappear over 2 months. 5 EXAMPLE 92€ytotoxicity Study of

electro-grafted coatings A potential cytotoxicity study of the electro-grafted
coatings is conducted in accordance with the standard 1ISO 10993-5. The
studyhérdendettiscd idlitdtivedy addiguanditatively dssesscthetioytotoxicity, of

the ﬂ’x@s (g Qfgeﬁﬁﬁ %%MIA‘W]J e%e 3 & E‘egg({:t(ria%ﬂatfher f l O nnggr has fully
cells seeded in 96-well micro extraction was perform K
triplﬁ%%i@%ﬁ?ﬂthfe?&ﬂﬁﬁé%ém&rﬁ (@M@l\@l@ﬁ&a\’rﬁﬁg thetdieaiflseruimnoiy of 60%
steriigyclased.: hencaldnaricariiReIR Aing I6hal3{6s. The ratio

between the surface area of electro-grafted p-BuMA and the volume of
Jextraction 15 vehicle was equal to 3 cm2/m| The extract and its dilutions
(50%xaad B0¥HY Wer e Rlaras sm&ya:-ceib%@adr&aﬁwa comtmet for 24 hours

at I%ast Thel%[ottoxml%vga det rmme;{d te)é/f V|Ial e the n tra q
The MRBANS of deterination alneee Wé eéle(i’?é é.]lglsnlSrf) dfltﬁcéor ance
cell»igusiitativeéaed afiation)and the percentage of cell V|ab|I|ty

(quqﬂgtgﬂl\@ %Yl%%ﬁom aH@%’%g[iE% %ﬁ@@ﬂ%ﬂ?% &S l(%il yptytoxzcnty of the

reading at 540 out, is proportiona er o I|V|ng cells
1O(quaﬁﬁfawéaﬁﬁéw\ﬂﬁdgﬁmaécﬂﬁtmmwe domtrobiasiperforeedefsied in 96-well
eachtespiatith a product which provided a reproducible cytotoxic effect

under the conditions of the test: a solution of Fhenol at 3.2g/l in culture

editnT B RS HosrEd o the i the Al sreAtrmiigMiAd omiaining
aboﬁetal@@f?oseﬁdﬁg,&'ﬁhVﬁcﬁ:ﬂatmd)sa'dj&Mﬂﬂly&@ﬁff%mﬁdwtﬂuﬂﬂ'@@tﬁﬂ@ﬂ 37°C. The

(high d th h d t ffe der the
(g S e enel A s i SRR e

15is 108086l was equal to 3 cm’/ml.

The extract and its dilutions (50% and 10%) were placed on the cells and left in contact
for 24 hours, at least. The cytotoxicity was determined by a vital dye, the neutral red.
The means of determination retained were the general morphology of the cell
(qualitative evaluation) and the percentage of cell viability (quantitative evaluation)
20 based on that the absorbance obtain by reading at 540 nm, is proportional to the number
of living cells (quantitative analysis).

Positive control: the control was performed for each test with a product which provided
a reproducible cytotoxic effect under the conditions of the test: a solution of phenol at

3.2g/1in culture medium (DMEM). The test complied if the percentage of mortality was

25  about 100%.

Negative control: The control is performed with a material (high density polyethylene)
which produced no cytotoxic effect under the conditions of the test. The test complied if

the percentage of cell viability is 100%.

30



10

15

30 WO 20071144383 PCT/EP2007/055843 26 Samples Qualitative

evaluation Absorbance at Viability Death 540 nm % % DMEM control All

the cells are colored by 0.495 0.016 100% 0% neutral red Extraction

solvent All the cells are colored by 0.521 f 0.028 100% 0% neutral red
VWEQRPATIHIBO0% 0.514 0.019 100% 0% 50% All the cells areécoirmd ingss43
0.520 0.007 100% 0% 10% neutral red 0.511 0.030 100% 0% Extract 2

100% 0.497 f 0.012 100% 0%

50% All tH cells are colored by 0.507

0.028 100% 0% 10 neutral red 0.517 0.013 100% 0% Extract 3 100%
0.501 0.036 100% 0% 50% All the cells are colored by 0.505 0.041

100% O%emplneutral red@8061v0.628:400% 09

0 NegéativeceontrolAllithe Death

ce Is are colored by;0.479 0.012 97% 3% neutral redPositive conjrol o,
lls don't incorporate the 0.007 0.002 1 % 99% neutral red Table 5:

QualP%WéiH‘HrEfuantitét“/@ee‘i?gﬁfﬁ?iﬁﬂoé?dd?fotoxiQifﬂ?%fQIQL‘irc-gréﬁé‘d g- %%
BUMA primer The test performedmmethe extracts of electro-grdfted primer

CORI SV I eV e PR Ut ‘tsdlfe‘%i'éx‘éé(ww' ety Sraws o Stooo, | 0%
EXAMPLE 10: llaemolysis study; direct contactjtests. Haemolysis, in this
example, refers to the breakd®Mi*bited blood ¢ells in direct contact with

eleckrorgralfted @Batings. The haemolysis study |scartied.olt an Tem2 0%

elgctro- graftedp,BUMA @pd sigrilized Saipless| SESICoHRens| iN 1o, | 0%

accordance yith ISO 10 993-4 %_0 and ASTM R 756-93. Reparation of .

human blood stibStiates: Citr&f&Bhiffoagulated hlindan Bidd s dBten 0%

Extract 2 | 100% 0497+ 0012 100% 0%

50% All the cells are colored by 0.507 + 0.028 100%% 0%

10 neutral red 0517 +0.013 100% 0%

Extract 3 | 100% 0.501 + 0.036 100% 0%

50% All the cells are colored by 0.505 + 0.041 100% 0%

10 neutral red 0.506 = 0.023 100% 0%

Negative control All the cells are colored by 0479+ 0,012 97% 3%

neutral red
Positive control Cells don’t incorporate the 0.007 £ 0.002 1% 99%

neuiral red

Table 5: Qualitative and quantitative evaluation of cytotoxicity of electro-grafted p-

BuMA primer

The test performed on the extracts of clectro-grafted primer coating shows no evidence

of cell toxicity after twenty-four hours.

EXAMPLE 10: Haemolysis study; direct contact tests,

Haemolysis, in this example, refers to the breakdown of red blood cells in direct coniact

with electro-grafted coatings. The hacmolysis study is carried out on lem® electro-

grafted p-BuMA and sterilized stainless steel coupons in accordance with ISO 10 993-4
and ASTM F 756-93,

Reparation of human blood substrates: Citrate anticoagulated human blood is obtained

in sterile conditions from three donors. Blood is used within 1 hour.

Dilution of blood substrates: Hemoglobin concentration of each blood is assessed and

was 97.95 + 832 - 111.86 + 3.90 - 91.05 £0.94 mg/ml,

Free plasma hemoglobin has to be lower than 1mg/ml (0.30-0.32-0.28mg/ml).




in sterile conditions from three donors. Blood is used within 1 hour.

Dilution of blood substrates: Hemoglobin concentration of each blood is
assessed and was 97.95 8.32-111.86 3.90 - 91.05 0.94 mg/ml. 15 Free
plasma hemoglobin has to be lower than 1mg/ml (0.30-0.32-0.28mg/ml).

WY@ P00G#344383 PCT/EP2007/055843 27 The total hemo@igbikrearteiises

of each blood sample is adjusted to 25.01+ 2.5 mg/ml by diluting by an
appropriate amount of normal saline (25.866 0.05mg/nil-26.19 1mg/ml -

25.37 0.69 mg/ml). Hemoglobin determination: 5 Blood hemoglobin: 20l

of blood are mixed with 5m1 of Drabkin's reagent (Sigma-525- 2) (15
miniiteshtAlisorbginbe (Arvittany’ eitdlisdnaagicad aingd to 25.01+ 2.5 mg/ml by
spegGirq =54 . Hem inc tration is determi
e b L et g < g/
referéic¥ stéfdait/émoglobin standard, Sigma- 525-18). 10 Plasma

hemaglabips#GOL Ahpiasma are mixed with 5m1 of Drabkin's reagent in
hemolysis tube (15 minutes%(. Absorbance (Arbitrary units is measured

using P EpaRtphBioERF tloArEERS Witk dmPhAvRGtRcagRIhEtisma-525-
Drabkinseagent Ablerbegliebirsonepuiiation isdelesmised INpiplicptR ometer at

using a_¢ Iibralgon curve from 0.036 t0.0.720mg/m1, prepared using a R
otk Ak SR BETA oo P B 6 g curve from
test8.0lFb $tedil& copditiprepabinh Lisofactfotthe Wodar$(Hstnatdoaie standard, Sigma-
transferyed in screw-cap test tubes containing the test material. The ratio

between the surface area of test material samples and the volume of the

10p|oddestipskeareslid Bienyiinl. athplyoutive comed| isitleGedrstitonedkof 206igent in
of biead sulstale supnlemenied ofkOmhal walek1he Rfgatye coRthis sing a
constituted of blood substrate alone. Tubes are capped and maintained
statiBRAFPARCLRITHABIEEE B TackOrBr AR S AT Aat ik SrRblot trigagent.
spetifiadghbubatinttimeonlidubesarscaentrifijgied: ¢ QMG thmia)ioEaghe from
supgrnatant cell-free plasma fraction is transferred to 15m| tybe L
Do Tet R iy e o hHE o (PO, ST et sandard,
I5are TgredtABsré¥oved for subsequent hemoglobin analysis. Hemoglobin
detegmjnation: inil of supernatant is mixed with 3ml of Drabkin's reagent.

In sterile conditions, 5ml of each of the blood substrate are transferred in screw-cap test
tubes containing the test material. The ratio between the surface area of test material
samples and the volume of the blood substrates is 3 cm’/mi. The positive control is
20 constituted of 200ul of blood substrate supplemented of 10ml of water.

The negative control is constituted of blood substrate alone.

Tubes are capped and maintained stationary in a suitable test tube rack for 4h at 37°C.
At the end of the specified incubation time, all tubes are centrifuged (100xG, 15min).
Each supernatant cell-free plasma fraction is transferred to 15mi tube (polypropylene,
25 sterile} and centrifuged (700xG, Smin). Supernatants are carefully removed for
subsequent hemoglobin analysis.

Hemoglobin determination: 1ml of supernatant is mixed with 3ml of Drabkin’s reagent.
Absorbance is measured at A = 540nm. A calibration curve from 0.03 to 0.72mg/ml is
prepared using a reference standard (hemoglobin standard, Sigma-525-18),

30 Plasma hemoglobin concentration is determined in cach supernatant using the
calibration curve,

Hemolytic index (HI) is calculated according to the following formula:



Absorbance is measured at k = 540nm. A calibration curve from 0.03 to
0.72mg/ml is prepared using a reference standard (hemoglobin standard,
Sigma.-525-18). 30 Plasma hemoglobin concentration is determined in
each supernatant using the calibration curve. Hemolytic index (HI) is
Var\iEtédEccording to the following formula: WO 2007/144B8BEP2607/055843
PCT/EP2007/055843 28 1(%) = (Free hemoglobin in the supernatant/

Total hemoglobin present in the blood suB8trat x 100 The table 6

presents hemoglobin level in supernatants and table 7 gives the
corresponding hemolytic index (HI). The average HI obtained for the

negdiive ediitrelhdrugivign3hiodscassassbaatipitate, 160185 008V substatd

Th
asg

i

ge Hl in the presence of the p-BuMA primer using 3 bloods,
in triplicate, is 0.29 0.03%. Hemoglobin (mg/ml) SI (substrate)

Posttiife Ebifrdl NEgative tontgpbiaclrysyraftesipeBulisssantblédlosTe@ives the

0.02 ZR:6R0dA:0:096819dc 1860 @) SZHSHPSUAID PORIINEICORTR! negative control
Negative control electro-grafted p-BuMA samples 26.191.00 26.720.18

20.086' B4 DY DEsEs BBt S osilvE ol NEaENEHEs R the presence of
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Table 6: Hemoglobin level in the supernatants

Hemolytic index (HI)

51 (substrate)

Positive control

Negative control

electro-grafied p-BuMA samples

103.68 = 0.43

(1.35+ 0.04

0.25+0.04

S2 (substrate)

Positive control

Negative control

electro-graficd p-BuMA samples

102.01 2 0.67

031 +£005

031+ 0.00

83 (substrate)

Positive control

Negative control

electro-grafted p-BuMA sampies

10167+ 1.30 0.39 £ 0.03 0.31 £0.03
10 Table 7: Hemolytic index
The results mdicate that electro-grafted-coated samples have no hemolytic properties in
direct contact.
EXAMPLE 11: local tolerance after electro-grafted stent implantation in rabbits
15 The objective of this study was to evaluate the local tolerance of a electro-grafied p-

BuMA stent as compared to a bare metal stent. The electro-grafted coated stents

(stainless steel, 18mm length) arc coated aceording to the protocol given in EXAMPLE



BuMA stent as compared to a bare metal stent. The electro-grafted coated

stents (stainless steel, | Smm length) arc coated according to the protocol

given in EXAMPLE WO 2007/144383 PCT/EP2007/055843 29 2 and

sterilized by ethylene oxide using a validated standard protocol (43C, 50%
Yt HelEtivdéshoisture). Experimental procedure |- ImplantatidiC P BEASHB43

animal was implanted in the right and/or left iliac artery site with the

coated or non coated stent for 4 weeks. 29Animal preparation and

anesthesia The rabbits were premedicated with atropine (atropinum

sulfuricum, AGUETTANT, France), anesthetized with

tiletaraimies zolbzab bymne(fplket (0 HO0 IR BAG | derahse) @b d e angdMg4id, 50% of

xyl%iﬁﬁm&&{fg)‘z % BAYER AG, Germany) 5 mg/kg, by intramuscular

route according tothe internal standard procedure. The surgical sites

werExtippBaFEeredaitrecrubbed with a germicidal soap (Vetedine(r)

savon; Vil RRMINGL, France) and disinfected with povidone iodine
Vetedine solution, VETOQUINOL, France). The following treatment was
admifTSraPERYYG R RERIET AR Arfeip thiotoh b Titf deberita 5/ BRtdperonted or non
implaatadienoffeackhsiem: : Aspegic (SYNTHELABO, France), 50 mg.
Hepq%g%?o}qy(g}_ ]SOYNTLI?,-IELA} O, France), 50 IU. Moreover, before
each angiog ap'ﬁy 'e?ﬁibvﬁ’ﬁ% \fﬁ‘gszgdilating treatment was administered
intothe ferhsalvartepyc2@lCordasallr atinsido ming 86 su (i AVBENA(BJETTANT,
Fra - Pre-procedural i0g-raphy . One cayotid. 5. d
e B B R AR ) 25
* 1 0cathegdreund a :Guide Wirep@) Kidbe xdRanceditmough thaskeally tottheuscular

termj : lography ing of iliac vascular tree was .. . .

per e I e e Th T D e ciped e
Labek&tires BOERBET Frainsk) sith (Mhitidiod\s290n Y HPARHINTHa France) and

damsierolalem YIGRMAR IRRPEdH0® JRAEIRA YISt ianing

stent implantation was approximatively 1.2. acement stent
sterfthwaelipnplanteativenne ticslantasiersdinge thetenterperranirtfatugh the introducer

1 5ACCREAINGiED B ation of cach stent :
~ Aspegic® (SYNTHELABO, France), 50 mg.
- Heparine Choay® (SYNTHELABO, France), 50 TU.

L
-~

Moreover, before each angiography the following vasodilating treatment was
administered into the femoral artery:
20 Corvasal® (linsidomine, 0.06 mg, AVENTIS, France).
3- Pre-procedural angiography
Omne carotid artery was exposed and a 5 or 6 Fr introducer sheath was introduced. A 5 or
6 guiding catheter and a Guide Wire (GW) were advanced through the sheath to the
ternunal aorta. An angiographic mapping of the iliac vascular tree was performed by
25 injection of contrast material (Hexabrix™ 320, Laboratoires GUERBET, France) with
Philips BV212 equipment. The diameter of cach artery was recorded. The targeted
overstretch following stent implantation was approximatively 1.2.
4- Placement of the stent
The stent was implanted in the iliac arteries (1 or 2 stents per animal) according fo the
30  following procedure:
Insertion ol a guiding catheter (GC) and GW into the target site.
Full retraction of the GW.



30 following procedure: Insertion of a guiding catheter (GC) and GW into
the target site. Full retraction of the GW. WO 2007/144383
PCT/EP2007/055843 30 Insertion of the stent deployment system into the
target site. Deployment of the stent under a defined balloon pressure (= 8
YIrEPRERES). Implantation of the scent in the common iliad @F{ER}07/055843
Delivery system withdrawal from the GC. 5 5- Post-procedural
angiography An immediate evaluation of fite patency of the implanted
arteries was performed by angiography. The diameter of each artery was
recorded and the obtained overstretch was calculated. 6-
Pharmacolejicarelatmeistadrplobseniassmpenodit0stiniats were

observed grily; @1@3616{'1.@%hﬁmeﬁwnm;ﬁmlﬂﬁ@g&fg?L@%%ospheres).

began one day before the implantation procedure and was administered
on a daily BaRRI B EHES S &p Eisi SN RIDHIACTBE Rhg/nil,
SYNTHELAE R ranee) Wittidawaosdan, t89 Gug/day. 7-Sacrifice and

SSan%pI%ch% 15 Anlcfnalf were sacrificed by lethal injection of barbiturate
(DolethaING * Fabdiatbieg YETOQUINOL, France). A gross examination
of therextersdiksusfadeobthel ithplpntedy arfetiesm@Esnperfatmed anyjecaimed by

intog%r nggﬁ{geﬁlﬁc(lgﬂ%@%ko %&cgezgt% i'SW&I’%eI%]C%E’r%%gHeHC? r‘uaen %lﬂg?i?erd overstretch
lesion) was observed and recorded. Macroscopic photographs were
perfoinedcdedples were identified and fixed in 10 % buffered formalin

soluigr, 20 fes bistopathlegy Sl fiIsopathnlagis,gample preparation

Implanted sites were dehydrated in alcohol solutions of increasing
0concattitionsaribseiiedtted T PMUVRIRHSY Aowipitactyiaseyzaie treatment
distad gectionwasabiainedoyyambaracdtingand gHOCIRGIREINIONE, daily basis

adapted.from Donath (Donath runr?:@ﬁéﬁtL g | for the study .
of %ﬁecaﬂ%ﬁed%g%ca “tee }g\(/}v(ll?ﬁq;t?éf:‘:ﬁ & i;g% S?.lg Pl niramtscular, 50
Pathw/d#®1; 318-326, 1982). The section was stained with modified
Parg%gf%@ymg ;gynp%l?%litative and quantitative analysis. 9-Interpretation

15 Animals were sacrificed by lethal injection of barbiturate (Dolethal™”

, Laboratoires
VETOQUINOL, France). A gross examination of the external surface of the implanted
arteries was performed: any local intolerance criteria (inflammation, necrosis,
hemorrhage or any other lesion) was observed and recorded. Macroscopic photographs
were performed. Samples were identified and fixed in 10 % buffered formalin solution

20 for histopathology.
8-Histopathologic sample preparation
Implanted sites were dehydrated in alcohol solutions of increasing concentrations and
embedded in PMMA (polymethylmetacrylate). One distal section was obtained by a
microcutting and grinding technique adapted from Donath (Donath K., Brunner G.: A

25  method for the study of undecalcified bone and teeth with attached soft tissues. J. Qral,
Pathol., 11; 318-326, 1982), The section was stained with modified Paragon staining for
qualitative and quantitative analysis,

Q-Interpretation
Histological slides were examined under light microscopy (NIKON Eclipse E600, fitted

30 with x4, x10, x20 and x40 lenses, coupled with a digital camera DN 100 NIKON). A

semi-quantitative histological evaluation was performed according to the I1SO 10993-6

standard. Particular attention was devoted to the presence of fibrous tissue, fibrin,



Histological slides were examined under light microscopy (NIKON Eclipse
E600, fitted 30 with x4, x10, x20 and x40 lenses, coupled with a digital
camera DN 100 NIKON). A semi-quantitative histological evaluation was
performed according to the ISO 10993-6 standard. Particular attention
wWoagdaveisd to the presence of fibrous tissue, fibrin, WO 20877 4883155843
PCT/EP2007/055543 31 degenerative phenomena, necrosis, smooth
muscle cells, elastic lamina distension, idflammatory cells and material
degradation and thrombus presence. Histological micrographs were
performed. Each parameter was graded according to the following
gradingscaier Splicnabsant decliniiedmdatimaderdte cdls madked 1dmina distension,
severe 10, These parameters;allowed an ageyrate cvaluation of any
infiaminati |.,%relgn 08§/ reac |c§gn, and immunologic reaction.
Neditipieg fofmacostads gatditstivehyedsSesdephrRestltsas graded according to the
1-Histerathalagigal @nalysis The semi-quantitative analysis is reported in
table 7. 15 2-Geneéral observations The stent struts showed a square
5shape with rotinded anﬁ?é“sﬂtNo microscopic stent material alteration was
observed in the specimgnge8-Non coated stems (control article) All the
stents were fully deployed and well integrated in the vascular wall. The
stent 20 franfe was int&§f5#8 into a neointimal tissue of moderate
thickness corttaining a nmddédrate number of smooth muscle cells,
fibrocytes anq a_IimitedSéQ,gklgation of macrophages. One sample (animal n
3 right) showed limited elastic lamina rupture without medial protrusion.
10Theél pres exsarsidimiioran cormcofptoteodhpcan substantBamwastios, foreign body
suspacted, WithimherQRIMA RSN A{ANS PARRISAANNAL M LR - Nessed.
25 thrombus was observed. 4-Coated stents (test article) The thicknéss of
thefi¥fuscular neointimal layer covering the stent frame was

I-Histopathological analysis
The semi-quantitative analysis is reported in table 2.
15 2-General observations
The stent struts showed a square shape with rounded angles. No microscopic stent
material alteration was observed in the specimens.
3-Non coated stents (control article)
All the stents were fully deployed and well integrated in the vascular wall. The stent
20 frame was integrated into a neointimal tissue of moderate thickness containing a
moderate number of smooth muscle cells, fibrocytes and a limited infiltration of
macrophages. One sample (animal n° 3 right) showed limited elastic lamina rupture
without medial protrusion, The presence of limited amount of proteoglycan substance
was suspected within the neointimal tissue of one sample (animal n® 11 left). No
25  thrombus was observed.
4-Coated stents (test article)
The thickness of the fibromuscular neointimal layer covering the stent frame was
comparable to or slightly thinner than in the reference group. This finding was obtained
by intra-animal comparison. Due to the limited number of sampies and evaluable
30 observations no conclusion concerning the biological significance of the findings can be
drawn, The macrophagic reaction was of slight magnitude similar to the reference

group. No thrombus was observed.



comparable to or slightly thinner than in the reference group. This finding

was obtained by intra-animal comparison. Due to the limited number of
samples and evaluable 30 observations no conclusion concerning the

biological significance of the findings can be drawn. The macrophagic

Weaetivh#4ass of slight magnitude similar to the reference gr&Gp/ENR07/055843

thrombus was observed. WO 2007/144383 PCT/EP2007/055843 32 A

total of 10 out of 14 animals were succes$iully implanted with the coated

(test article) and/or the non coated stent (control article). The artery

overstretch after stenting reached approximately 1.1 to 1.4 times the

initial @rbénf diacoetdr!h thisgtudyreAftereds fnibntinohdmplantatierconrd (test article)
visib| roscopi n cr in hemorrhage) were .
|der?t%/§é |%§he éﬁ)g%%épns%&eﬁev%%%m% tEEnS survhil\?lﬁr%~ é)ﬁ?f:rlf?hélesq g(ér stenting
norfsheddperitsnaely7 icbitddstiems ihNmisighaofeac diasionnimshis study. After 1
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Table § : Semi quantitative histopathological analysis
10 R=Right;L="Left ; M= Mean
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guantitative histopathological analysis 10 RRight ;L-Left ;M=Mean WO
WIDYPT14ABE83 PCT/EP2007/055843 33 Results of histologickf BERRNITYTT43

rabbit retrieved stent after | month of implantation: no signs of local

intolerance reaction for all the test or contfol stent series and comparable

results in terms of stenosis with the presence of a mild fiboromuscular

neointimal proliferation 5 Conclusions The main histopathological findings

werieas! followistolgglict esteistamne cabitrotatentsiwere filty deptoyied imblantation:

wellintegrated mcﬁielm&lﬁ% wall yith 80 Hrombys- ATELORE @chms and

implantation, no signs of local intolerance reaction were observed for 1

all tHRARSE P B! SteisrSeriis SO tastn ke coItRIoStat Senid hbromuscule»r
showeahGempasakiasesults in terms of stenosis with the presence of a

mild fibromuscular neointimal proliferation. In addition, electro-grafted
Say&r& 5% Bable of preventing the cracking and delamination of
biod@grmdﬁhl&tpphyﬁn&rg’ﬁayef&d&@d shawetiiahitnot better 15

recol atlon tha mIess steel bq.r(i:, met I stents in ti’ie r?bblt

(ISC) 3. E%ﬁpl\ﬁ%ﬂ_ 12" récotonization %tO Y5°iRG 28 dAySERA D’lthmE)r\ﬁds’mﬂ‘Lr
p-BuMivaleotrdhrgraftsd stents as compared to BMS. Cobalt chromium

stentg yets cortad }Mmaatgao@% @%93%@@5591%@5 ted RBUMARYRN 2 served for

following the protocol of example 3. Ten New Zealand white rabbits
Hynddhibentsitaceniehtisrodtents (18 min, bare metal, n=10, and coated

with glectroraraftes ol BuMAdaYe khowi0)-bhihe dinfemenaliatgrias, tdeskis with
of 5 anjmals were euthanized at 14

general anaesthesia,, A first grou

da Eeé’ﬁ%ﬁﬁcée °4 %5%% B%fﬁcﬁ?aﬁgcﬂﬁﬁ}g“}' REltistali8ral arteries were

extiactetiiaid, wotked-guiftalpésferm loagitydibial of preventing the cracking and
delamination of biodegradable polymer layers, and show equal if not betler

15 recolonization than stainless steel bare metal stents in the rabbit model (ISO 10993).

EXAMPLE 12: recolonization at 14 and 28 days in rabbits on p-BuMA electro-

grafted stents as compared to BMS,

Cobalt chromium stents were coated with a ca. 200 nm electro-grafted p-BuMA layer
20 following the protocol of example 3. Ten New Zealand white rabbits underwent

placement of 20 stents (18 mm, bare metal, n=10, and coated with electro-grafted p-

BuMA layer, n=10} in the iliofemoral arteries, under general anaesthesia.

A first group of 5 animals were euthanized at 14 days, and then a second group at 28

days. The iliofemoral arteries were extracted and worked out to perform longitudinal
25 cross sectioning, according to the protocol described in Finn et al., Circulation, 112, 270

(2005). The cross sections were examined by SEM and the endothelial coverage was

estimated from the SEM pictures (ibid.).

The results are summarized in the tables 9 and 10 below:

30



25 cross sectioning, according to the protocol described in Finn et al.,
Circulation, 112, 270 (2005). The cross sections were examined by SEM
and the endothelial coverage was estimated from the SEM pictures
(ibid.). The results are summarized in the tables 9 and 10 below: 30 WO
V@O u4383 PCT/EP2007{055843 34 14 days 28 days BMESIOg%2)@3%5543
p-BUMA on BMS 88% 100% Table 9: endothelial coverage (%) from SEM
longitudinal cross sections, over struts 14<ays 28 days BMS 98% 93%
p-BUMA on BMS 89% 100% Table 10: endothelial coverage (%) from
SEM longitudinal cross sections, in between struts 5 These results show
that both over struts and in betweeys the struts, the endo2i§eliskcoverage
(as suredfrom-SEM-anglysisof thetongitudinat-erdss-seetiensHs

superior_or equivalent on the stehts coated with an elec ro-grafted

p-BoNEA MgemasNdBmpared lldi&%e Bare Metal Stent. Oni)gtall note in
S P S U R B e & .
implantation for the e%ctro-glga?ftg s.rgnts, w %ﬁ% YOS that 1 C(gb(%?r?fa ver struts

stents based on this technology should benefit from this effect and reduce

the drug release period to the fniaimum in order to facilitétdatise

pru-@ﬁgﬁng effect: EXA?V?PLE;%@G. tocat-toterance-aftet f""%uatcd stertin
pigs_A 60 day pig trial has been conducted with_ a composite layer made of

an| ety fiBYISL5 p-BuMAUnhderlayer (150 nm) ovel@sked with a

P LG A 0o i By e I ) o QS e, PR (e {0, i betwoen
Briefly, sixteen domestic male pigs (25 to 30kg) underwent placement o

32 stents (18 mm length, bare-metal, n-1%*#nd double layer coated

ssteritsede Fa)in dhavefiarderiondescendingd(NMAd % Jaft GscurfleXhe endothelial
coronary argeries Cxc) Llinder %?Hriera anaefgesia. 20 A segment with a .
oA Eoray tRANGHLF BF 5 WAL SBLHGG By HMAG R ARtSRISn) 1s superior
corenarny iangiografieyswith costehtvidrartetycratigrofiappBuivhatalyed «2 cAmpared to
ball%%%&%t%t&[ §?8Hnﬁ?rge \éﬂtanl%s‘}ee ot i)%itgceu%?%laﬁrlﬁgq‘etc%lt(r)]rﬁzation is effective as

pre-selected coronary segments for
early as 14 days after implantation for the electro-grafied stents, which shows that

e

10 optimal stents based on this technology should benefit from this effect and reduce the

drug release period to the minimum in order to facilitate the pro-healing effect.

EXAMPLE 13: local tolerance after full coated stent in pigs
A 60 day pig trial has been conducted with a composite layer made of an electro-grafted

15 p-BuMA underlayer (150 nm) overcoated with a PLGA (poly-lactide-co-glycolide)
biodegradable release layer (5 pm). Briefly, sixteen domestic male pigs (25 to 30kg)
underwent placement of 32 stents (18 mm length, bare-metal, n=16 and double layer
coated stents, n =16) in the left anterior descending (IVA) or, left circumflex coronary
arteries (Cx) under general anaesthesia.

20 A segment with a mean coronary diameter of 2.5 mm is selected by using quantitative
coronary angiography with a stent-to-artery ratio of approximately 1.2. A balloon
catheter mounted with a stent is then advanced to the pre-selected coronary segments for
deployment over a standard guide wire. The balloon catheter is inflated at 10 atm for 10
scconds once and is then slowly withdrawn, leaving the stent in place (no pre- or post-

25  dilatation).

Coronary 1VUS:



deployment over a standard guide wire. The balloon catheter is inflated at

10 atm for 10 seconds once and is then slowly withdrawn, leaving the

stent in place (no pre- or post- 25 dilatation). Coronary IVUS WO

2007/144383 PCT/EP2007/055843 35 To assess the extent of neointimat
worptatiorimsvivo, the IVUS was performed 8 weeks after th@eGtatn2007/055843

implantation. Artery samples: The heart is excised 8 weeks after stent

implantation. IVA, Cx and CD are removetf;, 5 rinsed in

phosphate-buffered saline (PBS) then prepared as indicated for

histomorphometry, immunochemicat analysis, or electron scanning

micfhsamys thtistomorgheoietivSdonplesane fixed ihcfovmslina3e)raid & weeks

for 1 ] *ﬂ rgéd ate n} aglraded ethanol series (70 to 100 at 4C) and

acetone for then embedded in glycomethylmetacrytate 10 (GMMIA).

Foréeréh)gamp#e-, 50 pm-thick sections are cut (Isomet, Buehler France)

and giaingd-with. yerhpeffvan %%%Qﬁ?'iﬁﬂ%%ﬁ islogical SEEHPNS removed,

are observed (Nikon E-600, Nikon, France), digitized, and morphometry

%eé%néﬁts%%@ﬁ@ﬁﬂlé@?Mé%ﬁﬁ%r Blartbey. Newipteshales  indicated  for

thickeningisianifies By RaRhR R RHAT: A ALY Sise PHAGE.HR R SREHRRSIRN
eac?r{%ftﬁé% segment. Neointimal area is measured as the 15 area from

the fAtEFHEY BIE&i@ - amina (IEL) to the luminal border, and media area as
the Sareplbetwebndtie ﬂ&mand(ﬂ%)ext@fmabenazstipdammaemeogma@bthauoi series

thldf%ur{g A0 X ﬁel(?zm R g’cthc?ngapor g!ﬂ ol htclzm%l} GOI %&ycomeshylmetacryiaie

area+media area)] unochemical anaI’yS|s At ﬂ1e end of
1Hesication proceds sstemes 2Waveriovedeanobarteriestdfecaribdtinbttintragee) and

par%fﬂﬁ&&%lﬁ%t%ﬁé@fﬂ%ﬂ”@iégéﬂ“i’&@%ﬁ& EO%&&Q & immersedinpeerved

3% hydro enlqgeromde aqueous solution (Sigma, France) to inhibit

endOYEABUS POkbxidTHSe: aFTRARF)NGHES BaLifi @Rtai AR B EXeBERpurements  are

10-pirdneubatinnindh, b@yﬁae)atbwmmﬁﬂ&oeémgwq{yﬁﬁmIByRﬁ&phommr;c
sections are incubated in va ous ntiqule%ﬁégnthlBl (x-actin, factor VIII,
b A SR0590hg OB EHUEAE S GEH QIS B CHRGUmZ 8 el o he

macro
1xcellsiigr rfmmﬂiumazandtimédtacamsa Stanmind electiton toidkoseapynbdin this: as the

PLRRAE HSABHE %R skt AU I8 R NRRRE ickening s
exp{essed as the ratio [(ncointimal arca/neointimal areatmedia arca)].
Immunochemical analysis
At the end of the dessication process, stents are removed and arteries are embedded in
20 paraffin blocks that are cut into 4 pm-thick sections and then immersed in a 3%
hydrogen peroxide aqueous solution (Sigma, France) to inhibit endogenous peroxidase
activity. Non-specific staining is blocked by 10-min incubation in 5% bovine albumin
PBS. After two washes in PBS, sections are incubated in various antibodies (antiMIB1,
o-actin, factor VI, macrophages (AM-3K)). Two independent observers count stained
25 cells in neointima and media areas.
Scanning electron microscopy
For this purpose, samples are fixed with 4% ghutaraldehyde, 0.1M phosphate buffer, PH
7.2 for 1 h at 4°C, and washed in PBS for I h. Next they are dehydrated through a
graded cthanol and pure acetone, and critical-point dried from CO, (CPD 010 BAL-
30 TEC AG, Liechtenstein). Specimens are sputter-coated with Au/Pd (Emscope Ashford
UK) for scanning electron microscopy (JSM 6300 Jeol Tokyo Japan) observation with

secondary electrons.



7.2 for | h at 4C, and washed in PBS for 1 h. Next they are dehydrated
through a graded ethanol and pure acetone, and critical-point dried from
CO2 (CPD 010 BAL 30 TEC AG, Liechtenstein). Specimens are
sputter-coated with Au/Pd (Emscope Ashford UK) for scanning electron
Whign8geHi3H3(ISM 6300 Jeol Tokyo Japan) observation with PEEZEPREATHSS843
electrons. WO 2007/144383 PCT/EP2007/055843 36 2.8. Statistical
analysis All experiments are done in tripliéate, and results are expressed
as the mean SD. An ANOVA test is performed on these values (p < A
preparation by antiplatelet therapy (Plavix 300 Mg and aspirin 75 Mg) is
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20confi rmddweeks hence releasing 100% of the drug. Indeed, by SEM one only sees the
“rough” electro-grafted p-BuMA layer characterized by its “lunar” aspect (reproducible
“crater” surface irregularities; though it is homogencous and has polymer everywhere,
even in the “lunar holes”). Observing by SEM the surface of a stent explanted 30 days
after implantation, one sees the “lunar craters” characteristic of the electro-grafted p-
25 BuMA, evidencing the full disappearance of the biodegradable layer, and hence the total
release of the drug. The disappearance of the biodegradable layer is further confirmed
by ToF-SIMS analysis on both the above surface and that of the inside of the artery,
which reveal the absence of the drug of the biodegradable polymer.
in view of the recolonization observations at 8 weeks, the electro-grafted p-BuMA is
30 prone to proper recolonization by cndothelial cells,
The IVUS results demonstrate a very good tolerance of the double layer coated stents,

since after 8 weeks implantation very low amount of neotimal proliferation was



by ToF-SIMS analysis on both the above surface and that of the inside of
the artery, which reveal the absence of the drug of the biodegradable
polymer. In view of the recolonization observations at 8 weeks, the
electro-grafted p-BuMA is 30 prone to proper recolonization by
Vhgwiietastells. The IVUS results demonstrate a very good€0l@muieeosss43
the double layer coated stents, since after 8 weeks implantation very low
amount of neotimal proliferation was WO320071144383
PCT/EP2007/055843 37 observed, this is confirmed by the
immunohistological studies which demonstrate that the coating is very
safebvittyery ihfammoafioneasbshbwimbyuél G staining sademplétd demonstrate that
en ization von-(willebrand staining) .and a very little t of
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box. T};Ije. latter inside magnet is fur ger connected to a nozzle. The far wall
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engine. 15 Stents are placed on needles, which are furthier plugged onto
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samplehaelderdhayiatetannactea i 2 GRIIIRAN, PRLNG stick inside the
sampleholder, which ends up - at the rear of the sampleholder- with a
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nozzle, which is placed on top of each and every stent, one after the
ot A8t 18 5br i AR BRAH iR e Shai ferigthilsrienmigholder -
andyd aneway hrrkdbeterristaRning tha SRaAMeYenathe MRESIERAE of the
an%g;[(?rgcgc?é? \X:!an all stents are placed on the needles which are themselves plugged
20 onto the tips, and when the sample holder is plugged onto the far wall of the box, all
stents rotate simultaneously and at the same tunable speed.
The X-Y system is piloted via an external computer, and drives the sequence of
movements and sprays of the nozzle, which is placed on top of each and every stent, one
after the other, starts spraying while moving along the whole stent length, one way and
25 one way back, before stopping the spray to move to the next stent and starts spraying
again. The sample holder can hold 20 stents per batch, so that the nozzle is displaced
from stent #20 back o stent #1 for a second sequence of spray: each stent basicaily
“sees” no spray for a period corresponding to 19 times the time Ts to spray one stent +
the one time the time Ty to sweep the nozzle over the entire length of the sample holder.

30 All stents thus see exactly the same protocol, and the coating unit turns out to be very

reproducible.



again. The sample holder can hold 20 stents per batch, so that the nozzle
is displaced from stent #20 back to stent #1 for a second sequence of
spray: each stent basically "sees" no spray for a period corresponding to
19 times the time Ts to spray one stent + the one time the time To to
VB tHESR0zzle over the entire length of the sample holdePCEERPISaFES3
thus see exactly the same protocol, and the coating unit turns out to be
very reproducible. WO 2007/144383 PCT#PP2007/055843 38 Mass
deviation results (mass of the coating on a series of 53 DES which have
been sprayed using the machine described above) show that with an
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metallic base. 3. The drug eluting stent of claim | oPZ, Witér@iadle S®htl843 - 14-04-200!
framework comprises a material selectedsfsom the group consisting of

stainless steel, nitinol, tantalum, cobalt-chromium MP35N or MP20N

alloys, platinum, titanium, a suitable biocompatible alloy, a suitable

biocompatible material, and a combination thereof. 4. The drug ety - sCI

stent of any one of the preceding claims, wherein the electro- grafted

coating has a thickness between 10 run and 1.0 micron. 5. The dfug (4. 008

eluting stent of any one of the precedingglaijps, wherein the electro-

grafted coating is made from a monomer chosen from the group

consisting of vinylics, epoxides and cyclic monomers undergoing ring
openipgiRayimarsatian ashsiyldiazonium salts. 6. The drug eluting stent

of claim 5, wherein the monomer is chosen from the group consisting of

butyl metFFIHRMA¥ I methacrylate, hydroxyethyl methacrylate,

epsilon capiplasiona Rl HAMGRPEEY diraanium: eialluik borate. 7.

The drug eluting stent of any one of the preceding claims, wherein the

polymer éolif§ardabie POV dfeatineghastiat Gafmendisrosesicitibe electro-
agent. AMENRER SHEET REAdER2QQ7/055 843 - 14-04-200f 40 8. The

drug eluting stent of claim 7, wherein the bioactive agent is selected from

the group consisting of an antisense agent, an antineoplastic agent, an

angprohierative . ReipR! sihardithambogeniceAds "h AR RAIGRAANAN Mdmprises a
antiplatelet agent, an antibiotic, an anti-inflammatory agent, a gene
th Ho®Ht: a therapeutic substance, an organic drug, a
pharmaceutical compound, a recombinant DNA product, a recombinant
RNA EIEOdUCt’ a collagen, a collagenic derivative, a protein, a protein

anatot Q48 HufRe st afscaiRaligs deihisive Bersient fgmaask comprises a

stenbefiansasadf hemrereding.pladnssivhe eln Hgitliis- RYMBkinol, tantalum,
coaﬁgﬂ%}ls selected in theﬁ%?oup consisting of one or more biodegradable

pofARETEapieMPARY bidtk Milghdrs2heysThalatmyBiutiigrtent of svitable
clatna dhrvpag e athis, iofieatae s R bANBlcisHaResR N AP I BIRLIRaHEN thereof.

consisting of polyglycolides, polylactides, polycaprolactones, polyglycerol
- sebacate, polycarbonates e.g. tyrosine derived, biopolyesters such as

poly (@b \iHiexyaiean aaal SotPAIAI RN fUREVAL SIROMAHSs PRIV ]RE clectro-

oxide : . )
grafted coating has a thickness between 10 nm and 1.0 micron.

5. The drug eluting stent of any one of the preceding claims, wherein the electro-
grafted coating is made from a monomer chosen from the group consisting of
vinylics, epoxides and cyclic monomers undergoing ring opening poylmerisation and

aryl diazonium salts.
6. The drug eluting stent of claim §, wherein the monomer is chosen from the group
consisting of butyl methacrylate, methyl methacrylate, hydroxyethyl methacrylate,

epsilon caprolactone and 4-aminopheny] diazonium tetrafluoro borate.

7. The drug eluting stent of any one of the preceding claims, wherein the polymer

coating disposed on the electro-grafted coating hosts a bioactive agent.

AMENDED SHEET



polybutylene terepthalate, polydioxanones, hybridspcqmppsites./celRgeiy3 - 14-04-200!
matrices with growth modulators, proteog%:ans, glycosaminoglycans,

vacuum formed small intestinal submucosa, fibers, chitin, dextran and

mixtures thereof. 11. The drug eluting stent of any one of the preceding

claims, wherein the polymer coating hosting the drug has a thickness

between | and 200 microns. 12. The drug eluting stent of any one of the

preceding claims, further comprising a biodegradable topcoat layer. 13.

The,d ' 0 Uf laim. 12, wherein the topcoat la !er is h
s HE SASIRE A UFIRRAO £ YR MRS BREN SIELE from the
releErstag@ISiSANEN DE RI8IsEEET agent, an antineoplastic agent, an antiproliferative

agent, an antithrombogenic agent, an anticoagulant, an antiplatelet agent, an
antibiotic, an anti-inflammatory agent, a gene therapy agent, a therapeutic substance,
an organic drug, a pharmaceutical compound, a recombinant DNA product, a
recombinant RNA product, a collagen, a collagenic derivative, a protein, a protein

analog, a saccharide, and a saccharide derivative.

9. The drug eluting stent of any one of the preceding claims, wherein the drug-
polymer coating is selected in the group consisting of one or more biodegradable

polymers, copolymers, and block polymers.

10. The drug eluting stent of claim 8, wherein the biodegradable polymer is chosen
from the group consisting of polyglycolides, polylactides, polycaprolactones,
polyglycerol sebacate, polycarbonates e.g. tyrosine derived, biopolyesters such as
poly(p-hydroxyalcanoate)s (PHAs) and derived compounds, polyethylene oxide,
pélybutylene terepthalate, polydioxanones, hybrids, composites, collagen matrices
with growth modulators, proteoglycans, glycosaminoglycans, vacuum formed small

intestinal submucosa, fibers, chitin, dextran and mixtures thereof.

11. The drug eluting stent of any one of the preceding claims, wherein the polymer

coating hosting the drug has a thickness between 1 and 200 microns.

12. The drug eluting stent of any one of the preceding claims, further comprising a

biodegradable topcoat layer.

13. The drug eluting stent according to claim 12, wherein the topcoat layer is made

from the same composition as that of the biodegradable coating release layer.



