WD 2005/ 044328 PCT/ |1 B2003/ 005003 1 DESCRI PTION "METHOD FOR PREPARI NG DRUG
ELUTI NG MEDI CAL DEVI CES AND DEVI CE OBTAI NED THEREFROM' [0001]. The present
invention relates to a nmethod for 5 preparing drug eluting nedical devices

and devi ceSyo gjek/adaaed therefrom I n particular, the invearipnoiekates to a
met hod for preparing a vascular stent covered with one or nore drugs for

treating and/or preventing re- stenosis. 10 [0002]. In angioplasty, the use
of stents in treating coronary occlusions is currently well known and

wi dely accepted and practised. Stents are reticular nmetal prostheses
positioned in the stenotic portion of the vessel which remain at the site
of the lesion after the 15 el utionpekehepraeld t he ball oon have been
withdrawn. In this way, the stent conpresses the plaque and provides the

vessel wall wi t\hiﬁ?ﬁ%&i"ﬁ&bﬁiﬁ@%ﬁﬂd 'isr.ﬁ!ﬁﬁé ﬁﬂnz@ﬁ. rB hieesngngi anet er of
the vessel re-established by expandi ng the ball oon, prevent col | apse of

the 20 vessel. [0003]. HOV\@‘EQ&CEtaﬁrAﬂ%-&gkﬁhﬁiéﬁﬁtlVeneSS of using
intercoronary stents still presents the major problemof post-angioplasty

coronary re- Sf@pa3i.s. that presthe 1RRENIBNORINtdL S| HIShem tbe coronary

vessel . In
5 preparing drug eluting medical devices and devices

obtained therefrom. In particular, the invention relates
to a method for preparing a vascular stent covered with
one or more drugs for treating and/or preventing re-
stenosis.

10 [0002]. In angioplasty, the use of stents in treating
coronary occlusions is currently well known and widely
accepted and practised. Stents are reticular metal
prostheses positioned in the stenotic portion of the
vessel which remain at the site of the lesion after the

15 elution system and the balloon have been withdrawn. In
this way, the stent compresses the plagque and provides
the wvessel wall with a mechanical support in order to
maintain the diameter of the vessel re-established by
expanding the balloon, and prevent collapse of the

26 vessel.

[0003]. However, the long-term effectiveness of using
intercoronary stents still presents the major problem of
post-angioplasty coronary re-stenosis, that 1is the
phenomenon of reocclusion of the coronary vessel. In

25 fact, this phenomenon of re-stenosis occurs in 15-30% of



25 fact, this phenonmenon of re-stenosis occurs in 15-30% of WO 2005/ 044328
PCT/ | B2003/ 005003 2 patients undergoi ng angi oplasty wth stents, as
described for exanple in WIllians DO Hol ubkov R, Yeh Wet al.

" Per cut aneQus 2008645’y interventions in the current erapcpisocikesed wth
1985-1986: The National Heart, Lung and 5 Blood Institute Registries",

Circul ation 2000; 102:2945- 2951. [0004]. Stenosis caused by insertion of
the stent is due to the hyperplasia of the newly fornmed intima. In

particul ar, the nechanical danage to the artery wall 10 caused by the stent
and the foreign body reaction caused by the presence of the stent produce a
chronic infl gt qgr LN ot FR 0 o) | rise in
turn to the i‘)%utlon %flﬂlgd%%%éliﬁg g{ﬁggaégé\/ﬁ wflg%t %FEHQ fgﬁgpg%%éo%g?egctivation
of proliferatd M:Qr &k4 O t S gﬁﬂ: sgl e | 1 . The
grow h of ttﬁggg gg%ﬂé??o&%t ﬁ‘girﬂvr%ét}r[ft e pir:fg uctclwonﬁbf %ﬁl vzxtg?g/?e Tul ar
mat ri x produGeSnhagaER & eGlderenPhiohbe 14 | QESERE

neoi nti ma and Fherefore t he rprogaés ofe reegucﬁtlonl?&n%?%e openi rlll:gqeo t he
vessel . gi vi e Anidad Gulthe 1388V goapNU AN diGyat cRaake; L Gaa T
prevent this pFo%%er% various net hogsgﬁave beenl evePoped'inc ding one

whi ch progi dea o £oveftnt® AP Slh8lsndi 8ekhYatdh 206610165 . Y9441 a
coating of the

2951.

[0004]. Stenosis caused by insertion of the stent is
due to the hyperplasia of the newly formed intima. In
particular, the mechanical damage to the artery wall
10 caused by the stent and the foreign body reaction caused
by the presence of the stent produce a chronic
inf lammatory process in the vessel. This phenomenon gives
rise in turn to the elution of cytokins and growth
factors which promote activation of proliferation and
15 migration of the smooth muscle cells (SMC). The growth of
these cells together with the production of an
extracellular matrix produce enlargement of the section
of the vessel occupied by neointima and therefore the
process of reduction in the opening of the vessel, giving
20 rise to the above—mentiqned re-stenosis.
[0005]. To prevent this problem, various methods have
been developed including one which provides for covering
the stent directly with a drug or with a coating of the
polymer type capable of incorporating the drug and

25 eluting it locally by a controlled mechanism. A typical



pol ymer type capable of incorporating the drug and 25 eluting it locally by
a controlled nechanism A typical WO 2005/044328 PCT/ | B2003/ 005003 3
exanpl e of a coated stent capable of eluting drugs (DES, drug eluting

stent) is qaysoos/hasksi N t he paper by Takeshi  Suzuki andpecoaBrabsaosio®r S
"Stent-Based Delivery of Sirolinus Reduces Neointinmal Formation in a

Porcine 5 Coronary Model", Crculation 2001; 104: 1188-1193. The naterials
used are generally polyners, either degradable or non-degradabl e which mnust
have characteristics of adhesion to the netal substrate (stent), the
ability to regulate the rate of .elution of the drug, an absence of 10

toxicity phenommpa Akl favesHadd estdHter be8 Wl B1LPeng SeFhgINGiE] ti ssue.
[0006]. In particular, as far as the |as characteristic i s concerned, the

i nteractions @fud helutBifrdtdnty tily tdescsdbequidli ﬂEetbé?élﬁ_ erdieshil arge 15
extent controlled by the surface properties of the material. The materials

used in medi cRhzdeyi Caadi N cAARRIGHaté@sN Ol qHefteBhs8Q! | MENiTEE{aCRHE
characteristics as far as interaction with the host tissue is concerned.

Thi s circunstaiest il f eaddudelss ebofinbimal Clrdtmdliopoi Ah 20 obfowdine Wi th the
onset of foreign body reaction phenonena and, in particular for materials
in contact W ddrdrery bMoadlr W idirchdat osmaboon; ofioehr ondds-andsor ol i. The
materials used are generally polymers, either degradable
or non-degradable which must have characteristics of
adhesion to the metal substrate (stent), the ability to
regulate the rate of elution of the drug, an absence of
10 toxicity phenomena and favourable interaction with the
surrounding tissue.
[0006] . In particular, as far as the last
characteristic 1is concerned, the interactions of the
material with the surrounding tissue are to a 1large
15 extent controlled by the surface properties of the
material. The materials used in medical devices in
general do not present optimum surface characteristics as
far as interaction with the host tissue is concerned.
This circumstance manifests itself from a clinical point
20 of view with the onset of foreign body reaction phenomena
and, in particular for materials in contact with the
blood, with the formation of thrombi and/or emboli. The
extent of the phenomenon is such that the thrombogenicity
of synthetic materials is the most serious obstacle to

25 the development of small-sized artificial vessels.



extent of the phenonenon is such that the thronbogenicity of synthetic
materials is the nost serious obstacle to 25 the devel opnent of snall-sized
artificial vessels. WD 2005/044328 PCT/11B2003/ 005003 4 [0007]. To attenpt

t o over consyvd besesqdissadvant ages, procedures have been geyvgsnpsshsoi ch, by
means of chem cal reactions, provide for the covering of the thronbogenic

material with natural non-thronbogenic 5 nol ecul es. The anti coagul ant
heparin is a typical exanple. These procedures provide for a first step in
whi ch chemi cal groups suitable for birding heparin, hialuronic acid or

ot her bi onol ecul es are introduced onto the surface of the stent (or of the

medi cal devi qgopf] 10 genrer aktempfd b SeceRdofié CRHeRST 8l baGvidtAdeasni cal
bondi ng of the heparin, hyaluronic acid or other bionolecules wth chem cal

groups introg%edd@ye@eamﬁv@f veltd p@evelofedt ephidW 008y Gersequesrtly, the
pol ymers used for drug 15 delivery are not capable as they stand of

directly birdicR@clionekactliensputprabde efbhe tHVeoveengl of ntyheduci ng
functi onal groups and subsequently i nmobilising said bionolecules. [0009].
There are polghenSodendle ofmitenizal vewi€iont ahturaD f neat thPehbédedliRs such as

am no groups or fromwhich amno groups can be generated. These pol yners
can be 5 molecules. The anticoagulant heparin is a typical

example. These procedures provide for a first step in
which chemical groups suitable for binding heparin,
hialuronic acid or other biomolecules are introduced onto
the surface of the stent (or of the medical device in

10 general), and a second step consisting in chemical
bonding of the heparin, hyaluronic acid or other
biomolecules with chemical groups introduced by means of
the previous step.
[0008] . Consequently, the polymers wused for drug

15 delivexry are not capable as they stand of directly
binding biomolecules but regquire the above step of
introducing functional groups and subsequently
immobilising said biomolecules.
[0009] . There are polymers which of themselves contain

20 functional groups such as amino groups or from which
amino groups can be generated. These polymers can be
applied to the surface of the stents using conventional
technology.
[0010] . ' However, it has been found that these polymers

25 sguffer from the serious disadvantage of being hydrophilic



applied to the surface of the stents using conventional technology. [0010].
However, it has been found that these polyners 25 suffer fromthe serious
di sadvant age of bei ng hydrophilic WD 2005/ 044328 PCT/1B2003/ 005003 5 and,

since the siy@poogbhaddmmndi ng with heparin or other bionol eewhgmogesssal |y
takes place in a solvent and in particular for heparin in an aqueous

environnent, there is a mgjor risk of losing at |east part of the drug 5
during preparation of the stent precisely because of the solubility of the
polymer in water; noreover, precisely5s because of the hydrophilic nature of
the polyner, the ability to control drug elutionis limted and it is

entirely uns abl r nggel f g h eir turn
are hydrophi ;él‘.rﬂ(i:i [%6%% q:ql\/{t;]%e%i\:/‘lgéﬂg g’tfheB%ﬂrdl}glgg ‘ﬁ%g |ﬁﬁ &911}22'020 ?}?ll%

cont ai ni NG heRaRidl e elsh&yd e 19N AalBeO YD dBYn | Bt YA9ERE Wakld tlfhe
I rmobi | i sation reaction, jeopardizing a successful outcone. 15 [0012]. The

probl em addr ‘i)%%%q.é%ﬂatxhefd}f eﬁ@gsarimvgmwnaquéoﬁaeéﬁwf@nﬁé}% OEhéE%k' ng

avai l abl e a nethod of preparing a drug el uting vascul ar st ent capabl e of

overcom ng the dasaﬁaﬁaﬁt agesk My | phichqbay e 1eh8813artThese theOd:AF are

solved by a nethod fo 20 preparing a drug eluting nedical device which

sinplifies during preparatlon of the stent precisely because of the
solubility of the polymer in water; moreover, precisely
because of the hydrophilic nature of the polymer, the
ability to control drug elution is limited and it is
entirely unsuitable for controlling elution of drugs

10 which in their turn are hydrophilic.

[oo11}. Moreover, the drug eluted into the solution
containing heparin and the functional groups may
interfere with the immobilisation reaction, jeopardizing
a successful outcome.

15 [o0012]. The problem addressed by the present invention
is therefore that of making available a method of
preparing a drug eluting vascular stent capable of
overcoming the disadvantages mentioned above.

[oo13]. These problems are solved by a method for

20 preparing a drug eluting medical device which simplifies
the production procedure and at the same time avoids loss
of the drug or other compounds which may jeopardize the
preparation of the stent.

[0014]1. A first object of the invention is therefore to

25 make available a method for preparing a medical device as



the production procedure and at the sanme tine avoids loss of the drug or
ot her conpounds which nmay jeopardi ze the preparation of the stent. [0014].
A first object of the invention is therefore to 25 nake avail able a net hod

for prepariw@g2@sgReiscal device as WO 2005/ 044328 PCT/ | B2p93540000%03 ©
outlined in the appended main claim [0015]. A second object of the

I nvention is that of providing a drug eluting nedical device obtainable
according to the above-nentioned nmethod. 5 [0016]. By the term "drug el uting
medi cal device" is neant a device toebe inserted in the human or anima
body, internally or subcutaneously, intended to remain in said human or

ani mal body fine eLd | spermanently, and which is
Ak 18 e 48 gﬁera P& 311{13, 2 aihs

capable of eluting a 1 ar maceut i c ective dose of one or nore drugs

for at |eastiopalsy ,of thegdddma dubias WBEChHd {SddiSn Nid Nenabugn or
ani mal body. This nmedical device nay be a vascul ar device, prosthesis,

probe, cathepebrid@RAl 4 | t AtInF | feqidRie 8&¢{&d abéphaildiii edevi ce
will be 15 a vascular stent. [0017]. her characteristics and advant ages

of the presgratdraMent tenchk! hpbecammnGleal heervghe following description
of an enbodi nent provided by way of non- limting exanple, in which;
5 [0016]. By the term "drug eluting medical device" is
meant a device to be inserted in the human or animal
body, internally or subcutaneously, intended to remain in
said human or animal body for a defined period of time or
permanently, and which is <capable of eluting a
10 pharmaceutically effective dose of one or more drugs for
at least part of the time during which it resides in the
human or animal body. This medical device may be a
vascular device, prosthesis, probe, catheter, dental
implant or similar. More preferably, this device will be
15 a vascular stent.
[0017]. Other characteristics and advantages of the
present invention will become clear from the following
description of an embodiment provided by way of non-
limiting example, in which:
20 - Figure 1 shows the elution curve for a hydrophilic drug
from a stent covered with polymer according to the state
of the art compared with the elution curve for a
hydrophilic drug from a stent covered with polymer
according to the invention;

25 - Figure 2 shows the elution curve for a hydrophobic drug



20 - Figure 1 shows the elution curve for a hydrophilic drug froma stent
covered with polyner according to the state of the art conpared with the
elution curve for a hydrophilic drug froma stent covered with polyner

accordi ng twobhiReksdyEention; 25 - Figure 2 shows the el ui@hpsbidiRocs0r 2@
hydr ophobi ¢ drug WO 2005/ 044328 PCT/ 1 B2003/ 005003 7 frog a st%nt Of(:‘fovered

with polyner according to the state of the art conpared with the elution
curve for a hydrophobic drug froma stent covered with polynmer according
to the invention. 5 [0018]. Fol | owi ng-nunmerous experinments, it was
surprisingly found that if polymers having functional groups such as am no

lied h f L of di cal ' [ i_nql t
5i g a col d EZBMagnE SRR GO VEEB0oMAE BPITFE ST AY gt AMGAT S he 10
f f hyd bic fil dher i | | d with.acti t abl
Funct i onal PbupEatapdBFe BPAPASTS BYHG ng T8 SEBAPEn. SRFY urish & oaci d or
ot her bi onol E’S’wr%ﬂ?&%mg] g The %olnléovm' ng.description.wll. .relate to a

vascul ar ste 3G d%aPdo be” ppari 5 af vSFﬁ%r WJl%h r’r@(ﬁlé’g\erdevi ce of

the invention. [0020]. . In_particular it has been observed that polyners
wi th am no ft?ﬁghg?’\%%; 5?05 S ‘;’)%%ﬁltd&j on the netal surface of vascul ar

stents b y5COI [%O%flsmi ;i-%ﬁ.'i%ing numerous experiments, it was

surprisingly found that if polymers having functional
groups such as amino groups were applied to the surface
of the medical device in a single step using a cold
plasma method, coverage of the stent was obtained in the
10 form of a hydrophobic film, adhering well and with active
and stable functional groups capable of rapid binding of
heparin, hialuronic acid or other biomolecule.
[0019]. The following description will relate to a
vascular stent, but could also be applied to any other
15 medical device of the invention.
[0020]. In particular, it has been observed that
polymers with amino functional groups deposited on the
metal surface of vascular stents by cold plasma assume
charactexristics of hydrophobicity, excellent adhesion to
20 the stemt, a high degree of cross-linking so as to
operate as a barrier slowing the diffusion of a drug and
the ability to bind heparin and other biomolecules by
means of said amino groups.
[0021]. The method for preparing a drug eluting

25 vascular stent as disclosed in the invention therefore



characteristics of hydrophobicity,

hi gh degree of cross-linking so as to operate as a barrier slow ng

di ffusion of a drug and

excel | ent adhesion to 20 the stent, a

t he

the ability to bind heparin and ot her bi onol ecul es

by neans GfoSaisisaasd N0 groups. [0021]. The nethod for ﬁgido?/&)sﬁosdr ug

eluting 25 vascular stent as disclosed in the invention t

ore

2005/ 044328 PCT/ 1 B2003/ 005003 8 conprises application to the surface of

said stent of a polyner having stable reactive functional groups, such as
for exanple am no, carboxyl and sul phtgydryl groups, in which this
application takes place in a single step by 5 neans of cold plasm nethods.
[ 0022] . Accor

in the formo

capabl e of
preferably c

c&&nggfl%%s a{dﬁd’ﬁt el b E‘i‘%ocgéx%ﬁf: bge H‘&' fent dt= o
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deposi ted
groups
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groups. Pref gialhy. cifle 9%{:1585?1& taydes agjraf&i 9ERURS A g;l@erat\é d dy

precursors or nononers osen from anong yl am ne, tyl am allphatlc

or

ar onagi ¢

10

15

20

25

reEnBeSE RIATBAasih t Reid2OXY! groups are

[0022]. According to a first form of embodiment, the
polymers are deposited in the form of a film. 1In
particular, said polymers have functional groups capable
of forming a covalent bond with said biological
molecules, preferably chosen from among heparin,
hyaluronic acid or anti-thrombotic substances in general.
More particularly, said polymers are chosen from the
group constituted by polymers containing amino, carboxyl
and sulphhydryl groups. Preferably, the polymers with
amino groups are derived from precursors oOr monomers
chosen from among allylamine, heptylamine, aliphatic or
aromatic amines; polymers with carboxyl groups are
derived from precursors or monomers chosen from between
acrylic acid and methacrylic acid. Polymers with
sulphhydriyl groups are derived from precursors or
monomers chosen from among volatile mercaptans.

[0023]. The method disclosed by the invention may also
provide for further polymer layers to be deposited
depending on the degree or type of mechanisms for elution

of the drug which it is wished to obtain. These latter



derived from precursors or nononers chosen from between acrylic acid and
nmet hacrylic acid. Polynmers with 20 sul phhydriyl groups are derived from
precursors or nononmers chosen from anong vol atil e nercaptans. [0023]. The
met hod di soly@6molnas2¢ he i nvention may al so provide for deqitgh@soikedsy mer

|l ayers to be deposited depending on the degree or type of mechanisns for
elution 25 of the drug which it is wished to obtain. These latter WO

2005/ 044328 PCT/ 1 B2003/ 005003 9 deposits are produced accordi ng to nethods
known in the art such as imrersion ima suitable solution or spraying wth
a pneumatic spray gun or using the above-nentioned cold plasm nethod. It

shoul d be notaghddial, bReaWrGRMEP dNSRULE B nd sy RinluDa IoRRS (o

according to e ing~the a bove-ent | one yhers

havi ng funct I 0 The pl e nvention
[ Sv; gco:Jd p:%g._a Y %'h%sl s%ﬂogrrpzlr g?uﬁ%?ighgo?otgg{)gnggségﬁ}t% g\alts [ In
the plasma phasg ig ;19:1 &&@tf@”@ ge Sthﬁsﬁﬂgf ‘E@% CHIREL ALHE fonedpt! d

pl asma i s generated conven react or e type conpr|5|ng a

treatment chanher 1'ahard%néf‘é}5c§ri‘.t [End R RGN (0ol Ny TBRPTEGLe L0 D

treated, with a dIS ge source located nearby to produc asna.
[0025]. The o AlEasmRaRY18§eP Yt helnfiiosidedUlording to the

cold plasma method using the above-mentioned polymers
having functional groups.
[0024]. The plasma used according to the invention is a
cold plasma, that is the temperature of the total mass of
10 gas in the plasma phase is of the same order as the
ambient temperature. Said plasma is generated in a
conventional reactor of the type comprising a treatment
chamber inside which there is a support for the material
to be treated, with a discharge source located nearby to
15 produce the plasma.
[0025]. The cold plasma may be produced under vacuum or
at atmosphexric pressure and may be generated using
various electromagnetic sources, that is sources of
various frequencies and various geometries, such as for
20 example radiofrequency generators or microwave
generators, with electrodes of the inductive or
capacitive type.
[0026]. In general, when the vacuum method is used, the
cold plasma is produced in a chamber with a pressure

25 which may vaxry between 0.01 and 10 mbar.



at atnospheric pressure and may be generated using various el ectronmagnetic
sources, that is sources of various frequencies and vari ous geonetries,
such as for 20 exanpl e radi of requency generators or m crowave generators,
wi th el ect npgegoselsstre i nductive or capacitive type. [ QR4Gk200dbbssgner al ,
when the vacuum nethod is used, the cold plasma is produced in a chanber
wth a pressure 25 which may vary between 0.01 and 10 nbar. WD 2005/ 044328
PCTI 1 B2003/ 005003 10 [0027]. As far as the conditions of treatnment are
concerned, thése depend on the electriigal power which may vary from1l to
500 W on the geonetry of the source which produces the plasm which may be
i nductive or itiveg b op_t r i of 4h { magnetic
radi ation us[(ebga'?g'pro l?ce%?%e %?ag%aé w%lg%:iﬁg]ﬁ%§ﬁ%e o|“'1n t% ggfe'rﬁ%{lgmve or
radi of requen r [ . ver, : S I Ghe erat ed
I's charact e?:l%élé: Q.ggdé gg‘égéeg %@@igé %é]ngﬁ]t%?t%fl%%gt &g‘é’%@l‘g}g"é}id&%d 1012
CM 3 , a congjtd ulst I gl u | d f L - al, ion
Qo ?rgifn 3! %) ;%'abef%éCBﬁ thé n%éc)fnec&ryc :&grmﬂgé 1(;?%(:!)?% vﬂ@{-}e 01§

density - electron density tron energi es-f mean

T o 1 PRoOeR] U PSR BRI TS ESRINAE R (he

ions and ghe pRUtLAl RET Preh88ndi8sabf the electromagnetic radiation

used to produce the plasma which may be in the microwave
or radiofrequency range.
[0028]. Moreover, the cold plasma which is generated is
characterised by a charged species density of between 108
10 and 1012 cm™, a condition of substantial neutrality of
charges (quasi-neutral, ion density = electron density),
electron energies from 0.1 to 10 eV or mean electrical
energy calculated as (ekBT/m)1/2 (e=1.9 10-19 C, kB=1.38
10-23 J/K , m= 9.1 10-31 kg, T = absolute temperature in
15 [Kelvin), while the ions and the neutral particles are at
temperatures of the order of ambient temperature.
[0029]. The treatment time in a cold plasma is
generally not more than 30 minutes, is preferably between
0.1 and 20 minutes and still more preferably between 1
20 and 10 minutes.
[0030]. Preferably, the plasma treatment under vacuum
takes place according to a discontinuous or continuous
method. Said method will not be described in detail here
since it is widely known in the art.

25 [0031]. The cold plasma used may preferably be



tenperatures of the order of anbient tenperature. [0029]. The treatnent tine
in acold plasma is generally not nore than 30 mnutes, is preferably
between 0.1 and 20 mnutes and still nore preferably between 1 20 and 10

m nutes. [ QPaosolasf erably, the plasma treatnent under ﬁ#ﬁ es place
according to a discontinuous or continuous nethod. Sai 5&2\9 gad/oo\%\n@b:i not be

described in detail here since it is widely known in the art. 25 [0031].
The col d plasma used nay preferably be WO 2005/ 044328 PCT/1B2003/ 005003 11
generated at a pressure of |ess than agnospheric pressure. The precursor or
mononmer which will be poI yrreri zed in the plasma phase is introduced into
the reactor in the gas__or_ vapour vmthfl rates_5 ich vary from
0.1 to 200 S%H‘Ff?:'iu% nt |amat3r§ss stnddS¥5c0 ac“lon%t é"l\%ﬁrﬁﬁt e). At

this point, the s initiated and_the treatnen cary ed out
[0032] . A prBFS?a‘bm co;?bsm BsRarrEoEa g7 | BeRPBer TahicBnoHALL SoB8 di ng to

paral el 11 aBopTATE & oats gt B %ﬁ%ﬁfi& F4F e IR R BSAR SES B LD |
o L U RSAAES} ST SEok LA ol e pREACUSRY e 1
suitable éethlch vary from 0.1 to 200 sccm (cubic centimetres in
standard conditions per minute). At this point, the
plasma is initiated and the treatment is carried out.
[0032]. A preferably conventional type of reactor, not
shown, according to the invention is represented by a
10 radiofrequency plasma reactor, with parallel flat plate
electrodes, comprising a treatment chamber of steel,
aluminium or glass, connected to a vacuum pump. The
precursor or monomer is introduced in the form of gas or
vapour inside the chamber by means of a suitable feed
15 system, and a potential difference is applied between the
electrodes. In this way, the flow of gas or vapour is
ionized, triggering the series of reactions which leads
to its being deposited according to the methods typical
of plasma polymerisation. The precursor or monomer which
20 gave the best results was allylamine since the presence
of the double bond substantially increases the speed of
deposition and therefore the speed with which the optimum
thicknesses for use are reached. In particular, the

thicknesses which are generally used for a drug eluting

25 polymer are in fact between 0.01 micron and 10 microns.



15 system and a potential difference is applied between the electrodes. In
this way, the flow of gas or vapour is ionized, triggering the series of
reactions which leads to its being deposited according to the mnethods
typical ofwghaspspe! yneri sation. The precursor or noONQEygYHisEdRed0 gave
the best results was allylamne since the presence of the double bond
substantially increases the speed of deposition and therefore the speed
with which the optimum thicknesses for use are reached. In particular, the
t hi cknesses which are generally used fir a drug eluting 25 polyner are in
fact between 0.01 mcron and 10 m crons. WO 2005/ 044328 PCT/|1B2003/ 005003

12 Preferably as |y I ng_ 1S .ned, .t.he | Ss vary from
0.1 to 10 ni c%rfﬁg?g?ﬁ)ﬁfss]% Ac%%r@di%sg cat e 1‘5‘@88%1%%4‘107 (A

I nvention, t jgﬁhgggegoéaaﬁgg?gﬁn?f€n§%§qglﬁ5c§5§gg al so 5 conpri ses,

before the polymer conpri si unc groups 1s deposited by cold plasma,

a step of appjgyaag .at AE@@f&iBBF kavey of 0§ Yg| né@#ﬁ‘g{ﬁfﬁ?s\@fr%he

appropriate inh a polymer capable of eluting said ep Is

carried out Lﬁw&lt&eﬂveeu %akgggz f‘Bf’%ﬁéﬂé{}i MBESL9L,r d0eQ SIHAYI ng and

usi ng convent’ional pol yners. e nature of the polyners normally

used for ol i ghagels SHOPLAR!| Aley Hicaaked Mbmblgashyt | elnoEBSHAN ST

envi saged for t rug and, In any case,
groups is deposited by cold plasma, a step of applying at

least one layer of drug incorporated where appropriate in
a polymer capable of eluting said drug. This step is
carried out using conventional methods such as immersion
10 or spraying and using conventional polymers.
[0034]. The nature of the polymers normally used for
this step is substantially dictated by the elution
mechanism envisaged for the drug and, in any case, within
the scope of a person skilled in the art. For example, in
15 the case of coxonary stents for which elution times of
the order of months are required, it will be essential to
use polymers which produce a slow elution mechanism. In
the case of hydrophilic drugs, such as imatinib mesilate
(sold under the name of Glivec® by the Novartis company),
20 it will be preferable to use hydrophobic hydrocarbon
polymers such as polystyrene, polyethylene, polybutadiene
and polyisoprene. Polybutadiene, because of its
elastomeric nature, the absence of toxic effects and its
availability is the preferred polymer. In the case of

25 hydrophobic drugs, such as taxol, tacrolimus and similar



the scope of a person skilled in the art. For exanple, in 15 the case of
coronary stents for which elution tinmes of the order of nonths are
required, it will be essential to use polynmers which produce a slow elution
mechani sm g 2oéshaszegse of hydrophilic drugs, such as i g mhddso®ses ate
(sol d under the nane of Givec(r) by the Novartis conpany), 20 it will be
preferable to use hydrophobi c hydrocarbon polynmers such as pol ystyrene,

pol yet hyl ene, pol ybut adi ene and pol yi soprene. Pol ybut adi ene, because of its
el astoneric nature, the absence of toxisc effects and its availability is
the preferred polyner. In the case of 25 hydrophobic drugs, such as taxol,
tacrolinus and. sj
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polybutadiene, so as to regulate the elution mechanism

more finely, are the preferred polymers.
[0035]. As described previously, these polymers will
preferably be applied in the form of a solution in
10 organic solvents by immersion or spraying. In particular,
the technique of spraying by means of an airbrush or
similar air-operated systems, or the technique of
spraying using ultrasound nozzles may be used.
[0036]. The thickness of the layer deposited depends on
15 the nature of the drug, the polymer and the elution
mechanism desired. In any case, indicative values for a
person skilled in the art are between 0.5 and 20 microns,
preferably between 1 and 10 microns. Adjustments on the
basis of what has been stated are in any case part of the
20 state of the art.
[0037]. As far as the drug to be eluted is concerned,
in general all drugs known for the purpose may be used.
In particular, anti-inflammatory, anti-proliferative,
anti-migratory drugs or immunosuppressive agents may be

25 used. Preferably, imatinib mesilate may be used, that is



sprayi ng using ultrasound nozzles may be used. [0036]. The thickness of the
| ayer deposited depends on 15 the nature of the drug, the polyner and the
elution mechanismdesired. in any case, indicative values for a person

skilled inwb9o@fisztd € between 0.5 and 20 mi crons, prefperablogsbusboseen 1 and
10 mcrons. Adjustnments on the basis of what has been stated are in any

case part of the 20 state of the art. [0037]. As far as the drug to be
eluted is concerned, in general all drugs known for the purpose may be
used. In particular, anti-inflammatornys anti-proliferative, anti-mgratory
drugs or i nmmunosuppressive agents may be 25 used. Preferably, imatinib
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-pyrimdinyl] ' 1 Rbegwi DA han mar ket ed under
the nane d iJ@@?%?E%&jtheﬂykﬁwgftigﬂ¥%ﬁ%gﬂ§? % ?%ggg??gﬁ%ﬁequantity of drug

to be conbi negetMdnesul@hoRty TBha¥RELES W HHeJ rlathe! B2 iGba®SHPf ik ug. For
exanpl e, when the drug is an anti-inflammatory, it is wusually present in

guantities cﬁugvaﬁﬁygnc@mggﬁyng and 10 ng per device. Wen the drug is an
anti-proliferative, it 10 is present in quantities of between 0.0001 and 10
g per devi Cpoo3dian t MdedrdiGnidsy@Nofniugi 86 Yeabir®d | witHYthe
polymer varies according to the class of drug. For
example, when the drug is an anti-inflammatory, it is
usually present in qguantities of between 0.001 mg and 10
mg per device. When the drug is an anti-proliferative, it
10 is present in quantities of between 0.0001 and 10 mg per
device. When the drug has an anti-migratory action it may
be present in quantities of 0.0001 mg to 10 mg per
device. When the drug is an immunosuppressant, it is
present in quantities of 0.0001 mg to 10 mg by weight per
15 device. When the drug is imatinib mesilate (Glivec®) it
is present in quantities of 0.001 mg to 10 mg per device.
[0039]. The method for preparing a medical device
according to the dinvention also comprises a step of
binding/immobilising anti-thrombotic substances on the
20 surface of the polymer bearing the functional groups. In
particular, this deposit consists in chemically bonding
the heparin or hyaluronic acid, for example, to amino
groups of the polymer which is deposited in turn on the
stent using the cold plasma technique.

25 [0040]. Preferably, the anti-thrombotic substance is



be present in quantities of 0.0001 ng to 10 ng per device. Wen the drug is
an i nmunosuppressant, it is present in quantities of 0.0001 ng to 10 ng by
wei ght per 15 device. Wen the drug is imatinib nesilate (@ivec(r)) it is

present in wWpandsiokdses of 0.001 ng to 10 ng per device. HQGR%ks005H8 Met hod
for preparing a nedical device according to the invention also conprises a

step of binding/immobilising anti-thronbotic substances on the 20 surface
of the polymer bearing the functional groups. in particular, this deposit
consists in chemcally bonding the hggarin or hyaluronic acid, for exanple,
to amno groups of the polyner which is deposited in turn on the stent

substance | s EOSOE 0T sHAnReT PE2bhY) Bktbt S GE ks el SThg the
st ent covereQHgitFoﬂgl o\Y mEEﬁo&OI 1§{a§ﬂﬁcg§&%§glgkﬁﬁp%unfﬁ!gﬂp#hgroups

in an aqueous solUtion for exanpl e of heparin or aci e

aqueous. sol U GRCAEN L oo oL B8 (6OhEpR: AL %l Ondt- ol ot of

heparin or hyadl uroni c aci Thi's so lon I's generally pre

di ssol vi ng 0.1k h | f |, €4y d ffer,
such as a phégﬁﬁgtgkgu%Fg??hfo%EQEEESPegéﬁﬁﬁaggé?%%é%.%%@pfﬁffg)fkéyﬂn: a

subst ance swi td) an ©x¢di 2kNGACHEGNt SEEN HRPalns Yl Uy PRILIGHAY Cac/iler a
period of tinme of between 6 "and

This solution is generally prepared by dissolving 0.01 g
to 1 g of heparin, for example, in 100 cc of a buffer,
such as a phosphate buffer, for example, and adding 0.001
g to 1 g of a substance with an oxidizing action, such as

10 sodium periodate. After a period of time of between 6 and
20 hours remaining in solution, from 20 to 200 cc of a
buffer solution such as a 0.001-0.1% acetic acid-sodium
acetate solution are added. From 1 to 10 c¢cc are then
taken from said solution and placed in a suitable

15 receptacle such as a Petri dish. The stent is then
immersed in the dish and 0.001 to 0.01 g of a substance
with a reducing action, such as sodium cyanoborohydride,
is added. After a period of time of not more than 30
minutes, preferably between 15 and 30 minutes, the stent

20 1is removed and washed with water. It is then dried in an
oven.
[0041]. According to a further variant embodiment of
the invention, further biodegradable layers may be

applied, with or without a drug, over the layer of

25 heparin, hyaluronic acid or other immobilised molecules



20 hours remaining in solution, from20 to 200 cc of a buffer solution such
as a 0.001-0.1% acetic acid-sodium acetate solution are added. From 1l to 10
cc are then taken fromsaid solution and placed in a suitable 15 receptacle
such as a Rejdobs/hsspg. The stent is then imersed in thgcfimbosagshod 001 to
0.01 g of a substance wth a reducing action, such as sodium

cyanobor ohydride, 1is added. After a period of tine of not nore than 30

m nutes, preferably between 15 and 30 minutes, the stent 20 is renoved and
washed with water. It is then dried ingan oven. [0041]. According to a
further variant enbodi nent of the invention further biodegradable |ayers
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degradati on e heparin, luronic acid or said other |nnDb|I|sed

bi onol ecul es;. mf]QQfﬂsedﬂiﬁo%igeﬁégcord' ng to the invention may also 5

conprise a prelimnary step of cleaning and/or washing the surface of the

stent so as 1goREFPr orid A hdd B cARMEYTRY tIREA rifeRY oflf mﬁ?p(&ibb' on.

Generally, the cleaning/washing step consists in treating wth degreasing
sol utionss SHeRpPASsOr HaHre1IRNIKEAYS dlep of cleaning and/or washing

the surface of the stent so as to prepare it for the
above-mentioned steps of deposition. Generally, the
cleaning/washing step consists in treating with
degreasing solutions, such as organic solvents or

10 water/isopropyl alcochol mixtures, or treating with cold
plasma of air or argon.

[0043]. This preliminary step may in addition be
followed by at least one pretreatment step to promote
adhesion of the drug, where appropriate bound to an

15 elution polymer, or of subsequent layers. In general, the
pretreatment step may include treatment with cold plasma
of air or oxygen, or the deposition by plasma of organic
layers which function as adhesion promoters between the
stent and the material to be deposited.

20 [0044]. From what has been described so far, it is
clear that the method for preparing a medical device
according to the present invention eliminates the step of
treatment of the drug eluting polymer required to insert
on its surface functional groups that are such as to

25 allow bonding with biomolecules. In fact, this step is



10 water/isopropyl alcohol mxtures, or treating with cold plasma of air or
argon [0043]. This prelimnary step may in addition be followed by at |east
one pretreatnent step to pronote adhesion of the drug, where appropriate

bound to anwd2o@lowdsk®n pol yner, or of subsequent | ayers.pariigaRs6isals: t he
pretreatnent step may include treatment with cold plasma of air or oxygen,

or the deposition by plasma of organic |ayers which function as adhesion
pronoters between the stent and the material to be deposited. 20 [0044].
From what has been described so far, av is clear that the nethod for

preparing a nedical device according to the present invention elimnates

the step of él&‘ﬁﬁhﬁ%@& Qieéaﬁﬁedrd’ﬂ &nd | @ QﬁBQit’{'@ﬁ [RAULT E0L L0 4iSRI L ON

its surface functional groups that are such as to 25 all ow bond| ng with

bi omol ecul es.qilgagsf achs t RAymkeR | Ss¥R2005/ %I@cgsgg PCTH,@ZOO@HQLQSOOB 17

el imnated because of the déposition of a particular “class of polymers

sel ected predmglaycbeistied rofC'&@..E:%‘écﬁf | bdsSsHinpl 88K gReBPES SiHM such
groups when deposited using cold plasnma technol 6gy. Moréover, 5 conbi ning

it with the l%o%fltbae CiﬂJﬁqup' a8dMRs "ep188madd AHIRARKS .Y Q*T@s?&&?ext he
pol ynmer to be deposited W fhout damagi ng the charactéristics of its
functionak Q#RA%ing it with the use of the cold plasma method
advantageously enables the polymer to be deposited
without damaging the characteristics of its functional
groups.
[0045]. In addition to the above-mentioned examples of

10 the method for preparing the medical device, the polymers
selected and deposited by cold plasma promote bonding
with biomolecules such as heparin and ensure that they
are held in situ, preventing dispersion in the aqueous
environment during preparation of the device.

15 [0046]. It has also been observed that with cold plasma
deposition of the polymers having functional groups as
described above, the relevant drug is eluted more slowly,
thus producing a baxrier effect. Consequently, this
effect permits a more lasting anti-stenotic action on the

20 part of the drug.

[0047]. A second object of the present invention is to
make available a drug eluting medical device obtainable
according to the method described previously.

[o048]. In particular, said medical device may for

25 example comprise a device structure, at least one first



(0045]. In addition to the above-nenti oned exanples of 10 the nethod for
preparing the nedical device, the polyners selected and deposited by cold
pl asma pronmote bonding w th bionol ecul es such as heparin and ensure that

they are Rgbdoosisashd U, preventing dispersion in the aqpegdB0056vgoozonment
during preparation of the device. 15 [0046]. It has al so been observed t hat
with cold plasma deposition of the polynmers having functional groups as
descri bed above, the relevant drug is eluted nore slowy, thus producing a
barrier effect. Consequently, this efiBect permts a nore |asting
anti-stenotic action on the 20 part of the drug. [0047]. A second object of

the present inNRM icBRetng Othdbde@r fydd aIia devdcelivhi BomPRiGR) fevice
obt ai nable according to Tthe nmethod described previously. [0048].7 in

particul ar, s@hidy, Ml CRéadlevése BBYOHA 1a reé@veﬁngoréa&hseata Heydice
structure, at |east one first WO 2005/ 044328 PCT/1B2003/ 005003 18 | ayer

covering the gnd f Faesefl $ayér StEomdbi St RN | polgmdr dhdGingt iw@aste ONe
second | ayer covering said at least one first |ayer conprising a polymner

having st abl eredc?asel Veuhdtidnadnalgraupepsandd 2 Mi@l@?h‘.@ah RbBseil ke S | ayer
applied to said at | east one second | ayer by neans of bonding with said

functionals griaiies, applibdchossaildaat least one secomd layer ©F mednsrer
havi ng functi onal
of bonding with said functional groups, in which said at
least one second layer of polymer having functional
groups is deposited on said at least one first layer of
drug by means of the cold plasma method.

10 [0049]. Preferably, said at least one first layer of
drug comprises a drug eluting polymer as described
previously. The drug may be chosen from among the drugs
listed with reference to the method for preparing the
stent.

15 [0050]. Said at least one second layer of polymer
having functional groups may be selected from among the
polymers mentioned previously and may be deposited
according to the cold plasma method referred to above.
[0051]. Also, as regards the biomolecule applied to the

20 outer surface of the stent, this may preferably be
represented by though not 1limited to any one of the
substances described previously.

[0052]. The use of polymers having functional groups

for covering vascular stents by means of cold plasma

25 methods is also an object of the present invention.



groups is deposited on said at |east one first layer of drug by neans of
the cold plasma nethod. 10 [0049]. Preferably, said at |east one first |ayer
of drug conprises a drug eluting polyner as described previously. The drug

may be choggmobseazzgnong the drugs I|isted wth referengerigodsvgsoset hod for
preparing the stent. 15 [0050]. Said at |east one second | ayer of polyner

havi ng functional groups may be selected from anong the polyners nentioned
previ ously and may be deposited according to the cold plasma net hod

referred to above. [0051]. Also, as I=egards the bionolecule applied to the
20 outer surface of the stent, this may preferably be represented by though

not 1imted pReR0¥aiif Ofsalite pSIHRANCeellCRRE! DEG) Phets Otktae: £18052] - The

use of polyners having functiohal” groups for covering vascular stents by

means of colgrgbﬁ§ﬂ§B§25 met hods is al so an object of the present invention.
8 PCI/ I

WO 2005/ 044328 | b03/005003 19 Preferably, said polyners are the
pol ymers spegobsefl. Prey+&hSipat HAROBhed RN N FRDeRhS hidldieado far,

the nmedical devices prepared according to the above-nentioned method 5 are
seen to be papligss a?i%?@ﬁagra@aﬁwﬁgcwaf@ dbde I tdRHee et hbh! Ci sed in

the introductory par

5 are seen to be particularly advantageous compared with
the devices criticised in the introductory part of the
present description, particularly where the drug' elution
mechanism is concerned. In fact, it has been observed
that the stents disclosed in the invention allow more

10 controlled elution of the drug because of the particular
layer of polymer with functional groups which in some way
acts as a far more active barrier compared with the
polymers of the state of the art.
[0054]. In addition, the polymers deposited by plasma

15 have excellent adhesion to the vascular stent and at the
same time have proved completely free of toxic phenomena.
[0055]. Below, some embodiments of the invention are
described purely by way of non-limiting example.
EXAMPLE 1

20 Comparison between the elution mechanism of a hydrophilic

drug from a stent covered with a polymer according to the

state of the art and the mechanism from a stent covered

with polymer according to the invention

[o056] . From capsules of the drug Glivec® 10 mg of the

25 active principle imatinib mesilate were extracted by



present description, particularly where the drug elution nechanismis
concerned. In. fact, it has been observed that the stents disclosed in the
i nvention allow nore 10 controlled elution of the drug because of the

particul ar wd f¥&64as POl ymer with functional groups whip@r/'?ﬁo QiRyay acts
as a far nore active barrier conpared with the polyners of the state of the

art. [0054]. in addition, the polyners deposited by plasma 15 have
excel | ent adhesion to the vascular stent and at the sane tinme have proved
conpletely free of toxic phenonena. 2®055]. Bel ow, sone enbodi nents of the
i nvention are described purely by way of non-limting exanple. EXAMPLE 1 20
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capoules of CROLHI A% Bobngr RIHRE 00 Ly, ol T e i b

resi | at e ver qugrLrasted by V2006044320, PET B200RL00BRNRCn 2R dipol ving

in water, erin ve the inso e exclplents using bet 400

filter paper a(s4%'o3%Q&E?”)th@%@x%o%f’%%é}%l@leirY‘%SJJdé’fi REyR. Redavapor

(Hei dol ph) so as to recover the actli ciple inh powder form Two 5
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INVATEC company were coated using an Artis I airbrush
(Efbe, Germany) in the following manner.
[00571. Firstly, 1 cc of a 0.250 % solution in
cyclohexane of polybutadiene sold by the Aldrich company
10 having a mean molecular weight of 420,000 was applied.
Following this, 1 cc of a solution obtained by dissolving
10 mg of Imatinib Mesilate (IM) in 1 cc of methanol was
applied. Then 1 cc of a 0.5% solution of polybutadiene in
cyclohexane, as specified above, was applied. Finally, 1
15 cc of a 0.5% solution in cyclohexane of polybutadiene
with a molecular weight of between 1,000,000 and
4,000,000 was applied.
[o058]. At this point, one of the two stents was placed
in a EUROPLASMA reactor and underwent a cycle of plasma
20 deposition of allylamine (introduced as vapour from an
external receptacle which contained it as a liquid) for 8
minutes with the reactor switched to a power of 200 W at
a pressure of 0.2 mbar.
[0059]. Next, the stents were immersed in test tubes

25 containing 1 cc of physiological solution and the rate of



| NVATEC conpany were coated using an Artis | airbrush (Efbe, Germany) in
the followi ng manner. [0057]. Firstly, 1 cc of a 0.250 % solution in
cycl ohexane of pol ybutadi ene sold by the Aldrich conmpany 10 having a nmean

mol ecul ar Wgoabds/094324t20, 000 was applied. Follow ng thi S1Pc]r/1ﬁ5009/f)05§0350| ution
obt ai ned by dissolving 10 ng of Imatinib Mesilate (IM cc of nethano

was applied. Then 1 cc of a 0.5%sol ution of pol ybutadiene in cycl ohexane,
as specified above, was applied. Finally, 1 15 cc of a 0.5% solution in

cycl ohexane of polybutadiene wth a sl ecul ar weight of between 1, 000, 000
and 4,000,000 was applied. [0058]. At this poi nt one of the two stents was
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between agsonpanee;apd concenthabiROnuas €5t abld3RR4BY  of  known

concentration (calibration curve). The drug elution

measurements were carried out at fixed time intervals and

the physiological solutionn was changed at each

measurement. The elution curves shown in figure 1 were
10 obtained.

[0060]. In particular, figure 1 shows that deposition

of the polymer by cold plasma significantly delays the

elution of the hydrophilic drug compared with the elution

deriving from application of a polymer according to the
15 state of the art.

EXAMPLE 2

Comparison between the elution mechanism of a hydrophobic

drug from a stent covered with a polymer according to the

state of the art and the mechanism from a stent covered

20 with polymer according to the invention

[0061]. The same procedure described in Example 1 was
repeated here with the difference that a hydrophobic
drug, dexamethasone, was used.

[0062] . 10 mg of dexamethasone were dissolved in 1 cc

25 of ethanol and applied as described previously. The
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10

polymer of allylamine deposited by cold plasma provides a
notable reduction in the mechanism of elution of the
drug.

EXAMPLE 3

Comparison of the degree of hydrophilicity between a

metal stent treated with heparin and a metal substrate

25

without heparin

[0064]. A stent prepared according to example 1 with

allylamine deposited by cold plasma underwent a process

of bonding with heparin in the following manner.

15 [0065]. 0.5 g of heparin (Bioiberica) was dissolved in

100 cc of phosphate buffer and 0.016 g of sodium

periodate (Sigma-Aldrich) was added. After 16 hours

of

remaining in solution, 100 c¢c of 0.05% acetic acid-sodium

acetate solution were added. 5 cc of this solution were

20 taken and placed in a Petxri dish. The stent was then

immersed in the dish and 0.01 g of sodium

cyanoborohydride (Sigma-Aldrich) were added. After
minutes, the stent was removed and washed with water.

was then dried in an oven. At this point, the stent

30

It

was

far more hydrophilic compared with a non-heparinized



[0063]. it should be noted that in this case, too, the 5 polyner of
all yl am ne deposited by cold plasma provides a notable reduction in the
mechani sm of elution of the drug. EXAMPLE 3 Conpari son of the degree of
hydr ophi | i §id20deiyygen a 10 netal stent treated w th hpparms003aoshon net al
substrate w thout heparin [0064]. A stent prepared according to exanple 1
with allylamne deposited by cold plasnma underwent a process of bonding
with heparin in the foll ow ng manner. 15 [0065]. 0.5 g of heparin
(Bi oi berica) was dissolved in 100 cc2®f phosphate buffer and 0.016 g of
sodi um periodate (Sigma-Aldrich) was added. After 16 hours of remaining in
sol ution, 10%@9@&9&@8@;%&@%@- $0di BRLslREl AL BOpatiPHARIel added. 5
cc of this solution were 20 taken and placed in a Petri "dish. The stent was
then i mersegtbnitbeswhsdreand 0. 01 g of sodi um cyanoborohydri de
(Sigma-Aldrich) were added. After 30 mnutes, the stent was renoved and
washed with vialoge].!t TYaSpLBEIGEri 86 | Bnalyeyeal AbabBi S RNt sdnee stent
was 25 far nore hydrophilic conpared with a non-heparini zed WO 2005/ 044328
PCT/ | B2003/ 0@2@88meRS && eftisPr @8 SElbed el sardfi ddhout eseRfatels gparin
bonded onto its surface.

5 ASTI 316 L steel of side 1 cm, that is the material of

which the stent was constituted. A heparinized plate was
compared with a non-heparinized plate by a comparison
using X-ray Photoelectron Spectroscopy (XPS) analysis to
supply the chemical composition of the surface layer. The
10 XPS analysis was carried using a Perkin Elmer PHI 5500
ESCA System instrument. The result of the analysis

expressed in atomic % is given in table 1 below.

Table 1
Specimen c o N s Si Other
(<1%)
Non- 78.4 10.7 9.4 - 1.3 Na, P
heparinized
plate
Heparinized 69.2 21.9 2.4 3.2 1.9 Mg,
plate Cl, Na
[o067]. Compared with the untreated specimen, the

15 specimen treated with heparin shows an increase in the
0/C ratio and in S concentration expected in the

heparinization processes.



[ 0066] . To provide an anal ytical base, the sane treatnent as just described
was carried out on plates of 5 ASI 316 L steel of side 1 cm that is the
material of which the stent was constituted. A heparinized plate was

conpar ed Wiyd@snasmsheparini zed plate by a conparison @&t/ibods dosios

Phot oel ectron Spectroscopy (XPS) analysis to supply the chem cal
conposition of the surface layer. The 10 XPS analysis was carried using a
Perkin El mer PH 5500 ESCA Systeminstrunment. The result of the analysis
expressed in atomc %is given in tabte 1 below Table 1 Specimen C0O N S Si
O her (<1%9 Non- 78.4 10.7 9.4 - 1.3 Na, P heparinized plate Heparinized
69.2 21.9 2. 43mgrk- 2 My, plate O, Na [0067]. Conpared with the untreated
speci nen, the 15 speC| nmen treated Wi th heparin shows an increase in the
O/Cratio angd | processes.

WO 2005/ 044328 PCT/1TB2003 2 : S egr ee of
hydr ophi I'i ci tniétléqt V‘@@éht‘? treated with hyaluronic acid and a metal

stent without hyaluronic acid

5 [0068]. A stent prepared according to example 1 with
allylamine deposited by cold plasma underwent a process
of bonding with hyaluronic acid in the following manner.
[0069]. 0'.5 g of hyaluronic acid (Lifecore) was
dissolved in 100 cc of deionized water. 5 cc of said

10 solution were taken and placed in a Petri dish. The stent
was then immersed in the dish and 0.03 g of N-hydroxy
succinimide and 0.04 of dimethyl carbodiimide (EDC) (both
Sigma-Aldrich) were added. After 30 minutes, the stent
was removed and washed with watexr. It was then dried in

15 an oven. At this point, the stent was far more
hydrophilic compared with a stent not covered with
hyaluronic acid precisely because of the presence of
hyaluronic acid bound onto its suxrface.

EXAMPLE 5

20 Production of a stent covered with polymer according to

the invention, with immobilisatiom of hyaluronic acid and

further covering with a biodegrxradable hyaluronic acid

derivative-based layer

[0070]. From capsules of the drug Glivec® 10 mg of

25 active principle imatinib mesilate were extracted by



nmetal stent treated with hyaluronic acid and a netal stent w thout

hyal uronic acid 5 [0068]. A stent prepared according to exanple 1 with

al I yl am ne deposited by cold plasma underwent a process of bonding with

hyal ur oni cyaclotk/dsisoghe fol lowing manner. [0069]. 0.5 gp@f givifobosdi ¢ acid

(Lifecore) was dissolved in 100 cc of deionized water. 5 cc of said 10

solution were taken and placed in a Petri dish. The stent was then i mrersed

in the dish and 0.03 g of N-hydroxy succinimde and 0.04 of dinethyl

carbodiimde (EDC) (both sigma-Al drigh) were added. After 30 m nutes, the

stent was renoved and washed with water. It was then dried in 15 an oven.

At this point, th n V\@Ef r hydrqphilic co red wth stent not

covered wit hdiﬁﬁgﬁﬁ?%ii ?:‘nam 5e%rerc$§§ §l§gc§:g°ser%lFoY%gegFeslélﬁc?é‘ug €

hyal uroni ¢ agi.d. o] [ f VP 2Q _Pr i.on. of._a stent

covered wt hgggﬁggréﬁg%ccgé@di %‘gaﬁ%gatﬁﬁg [ Eééntv}rag:ne% ngfg h ‘?gné]r%%'ikﬁras ation of

hyal uroni ¢ ag| furd her_conaring a_bi gr,ad e.hyal uronic acid

derivative- b%ggﬁgpgyélr' [ OT&I "oer%gca%%% essgkﬂgﬁelgrﬁlgﬁdﬁvgg F;Eﬂlo ng of

25 active pripgi i I Dy ' e t e 044328
g)ggggl:gg 5"%{ 'ﬁl%hjrﬁé (%Qﬁ{e Ip,%.\ns/‘iil {J@fé %o@(:e\éo @QB‘?% %

PCTI 1 B2003/ 0 ssolving in wa ering to renové 1he insol uble
5 Artis I airbrush (Efbe, Germany) in the following manner.

[0071]. Firstly, 1 c¢cc of a 0.250 % solution in
cyclohexane of polybutadiene (Aldrich, mean molecular
weight 420,000) was applied. Following this, 1 cc of
solution obtained by dissolving 10 mg of Imatinib

10 Mesilate (IM) in 1 cc of methanol was applied. Then 1 cc
of 0.5% solution of polybutadiene (details as previously)
in cyclohexane was applied. Finally, 1 cc of a 0.5%
solution in cyclohexane of polybutadiene with a molecular
weight of between 1,000,000 and 4,000,000 was applied.

15 [0072]. At this point, one of the two stents was placed
in a EUROPLASMA reactor for the plasma treatment and
underwent a cycle of plasma deposition of allylamine
(introduced as vapour from an external receptacle which
contained it as a liquid) for 8 minutes with the reactor

20 switched to a power of 200 W at a pressure of 0.2 mbar.
[0073]. Next, 0.5 g of hyaluronic acid (Lifecore) was
dissolved in 100 cc of deionized water. 5 cc of said
solution were taken and placed in a Petri dish. The stent
was then immersed in the dish and 0.03 g of N-hydroxy

25 succinimide and 0.04 of dimethyl carbodiimide (EDC) (both



exci pients and evaporating the water as described in exanple 1. Two
stainless steel stents 11 nmin |length produced by the | NVATEC conpany were
coated using an 5 Artis | airbrush (Efbe, Germany) in the follow ng manner.
[0071]. Fiwetdopsoeds2zgc of a 0.250 % solution in cycl ohexcums20d3/opsoby but adi ene
(Al drich, nean nol ecular weight 420,000) was applied. Following this, 1 cc
of solution obtained by dissolving 10 ng of Imatinib 10 Mesilate (IM in 1
cc of nmethanol was applied. Then 1 cc of 0.5%solution of polybutadiene
(details as previously) in cyclohex&fe was applied. Finally, 1 cc of a 0.5%
solution in cycl ohexane of pol ybutadi ene with a nolecular weight of between
1,000, 000 angdidmQ0M Otnyasward| b8ded 15AFL0 23 0 Ahidldes POLRE, seaatof the
two stents was placed in a EUROPLASMA reactor for the plasma treatnent and
underwvent a G¥sl ereilovieldasdy deaseed | eitRf vakk aghde qrliiedt.r oskticetias vapour
froman external receptacle which contained it as a liquid) for 8 mnutes

with the reagbght20 aw tiahed t@as papslied 2800 V\sat hy=piesatee @ki@ 2 nbar.
[0073]. Next, 0.5 g of hyaluronic acid (Lifecore) was dissolved in 100 cc

of dei oni zedqeeli@ative CEnobl @slied irfOvaltdONantel dehzkaabaay phacedthn a Petri
di sh. The stent was then imersed in the dish and 0.03 g of N hydroxy 25

succi ni m sle aedzP1 Odseér divrstphyil ) cqrhadh | KR DB 1idguliinede, 2@B2he44328
PCT/ | B2003/ 005003 26
Terme, Italy). This material, together with the drug
imatinib mesilate, was applied from a solution of 0.2%
HYAFF and 1% IM in hexafluoroi sopropanol wusing an
airbrush.
10 [0074]. In this way, a stent is obtained which elutes
the drug from the surface layer of HYAFF and from the
underlying layer, in which the surface layer will degrade
in situ leaving exposed the surface on which the

hyaluronic acid is bonded to the barrier and functional

15 layer deposited by plasma.



Sigma- Al drich) were added. After 30 mnutes, the stent was renoved and
washed with water and dried. At this point, a layer was applied of a

hyal uroni ¢ acid derivative insoluble in water and degradable, the total 5
benzyl ester HYAFF 11) (Fidia Advanced Biopol ynmers, Abano Terne, Italy).
This material, together with the drug imatinib nesilate, was applied froma
solution of 0.2% HYAFF and 1% I M in hgxafl uoroi sopropanol using an

ai rbrush. 10 [0074]. In this way, a stent is obtained which elutes the drug
fromthe surface layer of HYAFF and dyopu§he underlying layer, in which the
surface layer will degrade in situ |eaving exposed the surface on which the
hyal uronic acid is bonded to the barrier and functional 15 |ayer deposited
by plasma. 27 CLAIMS 1. A nethod for preparing a drug el uting nedical

devi ce conpri si,n he .applicatio to.a nedical device.of at |east. one |ayer
of 'a drug . pll GRBPS A eRs e e PfiEs Moraf Veyics S PESBRRIABRANBM cal |y
bi ndi ng bi ol ogi cal nol ecul es and a step of depositing _biological nolecules
on the sur$ adeedigal dayiee pbai/least ong HW&@F ardrag @ palymeraiaving abtiyp fhnctignalon

takes place in a single step by neans of cold plasnma nethods. 2. A nethod
accor di ng graups | capahld of ichemivaliy beradink pollogiel snaemlashaskea stapoof depsgingpol yner s
havi ng am ne groups, carboxyl groups and sul phhydryl groups. 3. A nethod
accor di ng biclogitalinmvletules onlthedurfabeoPyaipl Foérs ciidirackaised pthytealdsappéydtiog am ne

groups are chosen from anong allyl am ne, heptylam ne, aliphatic am nes and
takes place in a single step by means of cold plasma methods.
2. A method according to claim 1, in which said polymers are chosen from among
polymers having amine groups, carboxyl groups and sulphhydryl groups.
3. A method according to claim 2 in which the precursors of said polymers having
amine groups are chosen from among allylamine, heptylamine, aliphatic amines and
aromatic amines.
4, A method according to claim 2 in which the precursors of said polymers having
carboxylic groups are chosen from between acrylic acid and methacrylic acid.
5. A method according to claim 2, in which the precursors of said polymers having
sulphhydryl groups are chosen from among volatile mercaptans.
6. A method according to any one of claims 1 to 5, in which said cold plasma
methods comprise cold plasma produced under vacuum using discontinuous or
continuous technology.
7. A method according to claim 6, in which said cold plasma under vacuum is
generated at a pressure which may vary between 0.01 and 10 mbar, at a power of between

1 and 500 W and for a period of time of not more than 30 minutes.

8. A method according to any one of claims 1 to 5, in which said cold plasma



aromatic amnes. 4. A nethod according to claim2 in which the precursors of
sai d polyners having carboxylic groups are chosen from between acrylic acid
and nethacrylic acid. 5. A nethod according to claim2, in which the
precursors of said polynmers having sul phhydryl groups are chosen from anong
vol atil e nmercaptans. 6. A nethod according to any one of clains | to 5, in
whi ch said cold plasma nethods conpri col d plasma produced under vacuum
usi ng di scontinuous or continuous technology. 7. A nethod according to

cl aim 6, ingnetmys%gngsqihgcdggg%sghgﬁ;%gc%orhgg{mo\é?ﬁégg Oéguregener ated at a pressure

whi ch may vary between wer of between 1 and 500 W
and for a periqgd of, tinme gf not nore than 30 m.nutes.. 8 A nethod according
to any on€" of g’ie&@dlacf%ggfg% rﬁ“‘%ﬁf‘%ﬂ%&%f% 86?3 IBI“ZI'Q%&?QM%T%@ §a'§onsi st
in cold plasma produced at atnospheric pressure. 9. A nethod according to
any one ofpo&“ﬁrﬂﬁsmlth@cér‘!;oifﬁg%i ch the precursor of said polyner is in the
formof a gas. 10. A nethod according to any one of clains I to 8, in which
t he precurl®or df method acgsilipgde any ongof plainisol b 8 inawhielp ther prequtsor af seidhod
according to any one of clainms 1 to 10, in which said polyner is applied in

t he for m ghblyidr i mithehfoamtolib vhpress of between 0.01 and 10 m crons. 12. A
nmet hod according to any one of clains 1 to 11, herein before the application

of said pal ymy nfeshodngchbrdigt 0B} ofd GERRIMS Al @ U8 WhicRisaldegsymeng | ayer
of a drug is incorporated in a polyner capable of eluting said drug. 13. A

met hod accdgf,ﬁédng tﬁe%ﬁl?la'rmnl%ithianhméaboﬁﬁéug?&rm irdl @NQREs! rom the group

consisting In anti-i anmatory, anti-proliterative and anti-mgratory drugs
and i MMURGSUPH &2 io aéco?&gg ttosziny one of claims 1 to 11, herein before the application of
said polymer having functional groups, said drug of at least one layer of a drug is
incorporated in a polymer capable of eluting said drug.

13. A method according to claim 12, in which said drug is chosen from the group
consisting in anti-inflammatory, anti-proliferative and anti-migratory drugs and
immunosuppressive- agents.

14. A method according to claim 13, in which said drug is 4-[(4-methyl-I-
piperazinyl)methyl]-N-[4-methyl-3-[(4-(3-pyridinyl)-2-pyrimidinyl]Jamino]-
phenyl]benzamide methanesulphonate.

15. A method according to any one of claims 12 to 14, in which the drug eluting
polymer is chosen from among hydrophobic hydrocarbons, polyamides, polyacrylates
and polymethacrylates.

16. A method according to claim 15 in which said hydrophobic hydrocarbons are
chosen from among polystyrene, polyethylene, polybutadiene and polyisoprene.

17. A method according to claim 15, in which said polymer is chosen from among

polyhydroxybutylmethacrylate, polyhydroxyethylmethacrylate, where appropriate in



14. A method according to claim 13, in which said drug is 4-[(4-nethyl-I-

pi perazinyl)nmethyl] -N-[4-nmethyl-3 - [(4-(3 -pyridinyl)-2-pyrimidinyl]

am no] - phenyl ] benzam de net hanesul phonate. 15. A nethod according to any
one of clains 12 to 14, in which the drug eluting polyner is chosen from
anong hydr ophobi ¢ hydrocar bons, pol yam des, polyacrylates and

pol ynmet hacryl ates. 16. A nethod accordjygig to claim 15 in which said

hydr ophobi ¢ hydrocarbons are chosen from anong pol ystyrene, polyethyl ene,
pol ybut adi gp®iaRch RahybEBRaERRe. 17- A method according to claim15, in which
said polymer is chosen fromanong pol yhydroxybutyl nmet hacryl ate,

| yhyd hy, I . i i npi i ith
pol Yy e A BERBSLARH S MIELE ARRARRIE ALE S SFATRER R,

pol ybut adi ene. acc 0 any one o i n which

said drug which may,.be incorporated i.n a dr el uti ol.yner is plied by
mans. of i HREPG i1 5 it RO hGEr i M PY cpi ek BUREyOR B ARG 19 A
met hod according to claim 18 in which said drug eluting polyner is deposited
in the forselubipn pr depositadbysprayingkness of between 0.5 and 20 microns. 20. A
met hod according to any one of clains 12 to 19, in which when said drug is
an anti-il9 | arreethog ac¢arding tpclegeif in whiphasaid drug slutihg [petyweens @epositedng and
10 ng per device. 21. A nethod according to any one of clains 12 to 19, in

whi ch wherin @i fdrdl 6 fifink sitBa thidkddss OF ekwdeRroad ande20 ticrdrs. present in quantities
of between 0.0001 and 10 ng per device. 22. A nethod according to any one of

clainms 12 %00 19N methodht&RditReNasPbit dTclimd S o B iR Mhich i thab Rl du@fstdnon, it
is present in quantities of betvween 0.0001 ng and 10 ng per device. 23. A

d
met hod aCCa?lEiQhﬁtﬁlg&QLIoﬂDIYt i?gr%sé?lft i Célﬁhmfes]o% bbed? 0.0PP p n‘d"lo"x\@f%@?%cgr ug i's an

i MMunosuppr essa S present i n quantrties o ween ng and 10
"9 PET g

A method according to any one of claims 12 to 19, in which when said drug is an
anti-proliferative, it is present in quantities of between 0.0001 and 10 mg per device.

22. A method according to any one of claims 12 to 19, in which when said drug has
an anti-migratory action, it is present in quantities of between 0.0001 mg and 10 mg per
device.

23. A method according to any one of claims 12 to 19, in which when the drug is an
immunosuppressant, it is present in quantities of between 0.0001 mg and 10 mg per
device.

24. A method according to any one of claims 12 to 19 in which when said drug is 4-
[(4-methyl-lpiperazinyl)methyl]-N-[4-methyl-3-[[4-(3-pyridinyl)-2pyrimidinyl]Jamino]-
phenyl]benzamide methanesulphonate, it is present in quantities of between 0.001 mg
and 10 mg per device.

25. A method according to claim 24, in which said biological molecules are chosen
from among antithrombotic substances and hyaluronic acid.

26. A method according to claim 25, in which said biological molecules are heparin.



device. 24. A nethod according to any one of clains 12 to 19 in which when
said drug is 4- [(4-nethyl-I|piperazinyl)nethyl]-N[4-nethyl-3-]
[4-(3-pyridinyl)-2pyrimdinyl] am no]- phenyl]benzam de net hanesul phonat e,

it is present in quantities of between 0.001 ng and 10 ng per device. 25. A
met hod according to claim24, in which said biological nolecules are chosen
fromanong antithronbotic substances apd hyal uronic acid. 26. A nethod
according to claim25, in which said biological nolecules are heparin. 30
27. A nethod agcREMbAGcdRdinkab AR B o6, ih WY Edid %%16‘%}941%6’19&1{-1&' arg0! ecul es
are deposited by I mersing the medical device In an aqueous sol Ution
containin | i L:cal : in . 0 n I of 0.01%t.0 1% by
wei ght. 2 eﬁ Oilténhetb ﬁo@ll%%%:lgg &P%gh‘%g&gg%wggelgoa% %@%f’#}l’s% luﬁgn f??taglll% S%lgnpri si ng
a prelimnpary. step of cleaning/washi ai di cal device. 29. A nethod
accor di ng%{(’&a/%‘fazf“r‘r‘?efgf,es 12 Ge raé‘&{‘a%{’:-gé °it?nq%{§3ﬂl “eighni ng/ washi ng step is
followed hy a step of pretreatnent of said nedical device to pronote

adhesi on 8%- t h& methpd) a¢oREding &y atveRnecfeiaimall |ty 27 nalsg camprisingya pealifi@dryt o thi s
device. 30. A nethod according to any one of clainms 1 to 29, also conprising
t he appl i s&piobelearofig/vashitgsaidinediegdaviabl e pol ymer | ayers over said

bi ol ogi cal nol ecule layer. 31. A nethod according to any one of clains 1 to
30, conpr28j ng Al Methbd e@dedigntot dieim 28 whiah 41 pedflindhark @ RahingR@shing Step| ayer of
4-[(4-met hyl -1 -pi perazinyl)methyl]-N-[4

- et hyl - 34 fifioddd BY i s OH preiReaBér: B A hdal BQlicR S YInbREIMRRTEE the

nmet hanesul phonate " included eventually in a polyner to the surface of said

medi cal dﬂ%%ﬁﬁgfﬁﬁﬁgﬁgﬁ%#&ﬁﬁggg%n Pn%ﬁ%?mﬁ#%%ﬂ?dg%%ét | east one second | ayer

of pol ymer n eparin 0 said at |east one
;gf;)ggr | gﬁf)tr) 2 dra&ﬁ&%é%%ﬁchr?gn toognyaotne lo?%l%}msop% id? ia[sg clor% relging tche alI))ipﬁgaFf‘i%B adabl e
of further biodegradable polymer layers over said biological molecule layer.
31. A method according to any one of claims 1 to 30, comprising in succession the
application of at least one first layer of 4-[(4-methyl-1-piperazinyl)methyl]-N-[4
-methyl-3-[[4-(3-pyridinyl)-2-pyrimidinylJamino]-phenyl]benzamide methanesulphonate
included eventually in a polymer to the surface of said medical device, the application by
cold plasma of at least one second layer of polymer of allylamine, the bonding of heparin
to said at least one second layer and application of at least one third layer of
biodegradable polymer onto said heparin.
32. A drug eluting medical device obtained by means of the method according to any
one of the preceding claims.
33. A medical device according to claim 32, comprising a device structure, at least
one first layer covering the surface of said structure comprising a drug, at least one

second layer covering said at least one first layer comprising a polymer having stable

reactive functional groups and a biological molecule layer bonded to said at least one



32. A drug eluting nedical device obtained by nmeans of the nethod according
to any one of the preceding clains. 33. A nedical device according to claim
32, conprising a device structure, at least one first |layer covering the
surface of said structure conprising a drug, at |east one second |ayer
covering said at |east one first |layer conprising a polyner having stable
reactive functional groups and a biol ogi cal nolecule | ayer bonded to said at
| east one 31 second |ayer by nmeans of chem cal bonding with said functional
groups, i Bedohil tdyeSBY fhedts of chamicaPhshdfRGOIRHsdi@MifktiSal BRIuPSER whichdaresi ted on
said at |east one first layer by nmeans of a cold plasma nethod. 34. A

medi cal degy j ] oo [ i j r S

doscr i bed e sas aaansy of folfnet fphsit o b R EnCHIR S B MR Mo g o
any one of e 33 or .34, in which said drug eluting polyner is a polymer
as descriﬁéﬁhﬁ%m;ﬁvngﬁ%iof clainms 16 to 18. 36. A nedical device according

to any one  of cl ai 33,. to 35,. in ich said pol, r . havin ta
react 1 ve Pinct PoREIcy datige Soor B gbwg‘iwﬁ suid dpiscis pete ?Srﬁseaﬁfbegne of
clains 2 to 5. 37. A nedical device according to any one of clainms 33 to 36,
in which dmany orgiodclegne bl torddl. ecul e is any one of the nolecules in claim26.
38. A nedical device according to any one of clains 33 to 36, said device
bei ng chdsen A owiliasodayiccascerdag tdemy oas of plaims Bdse34, por eheh, sachdtogt er s,
dental inplants or simlar. 39. A nmedical device according to claim 38,
sai d devi gautingipblgnir kasglyaér asldegttibed in any one of claims 16 to 18.

36. A medical device according to any one of claims 33, to 35, in which said polymer

having stable reactive functional groups is one of the polymers described in any one of

claims 2 to 5.

37. A medical device according to any one of claims 33 to 36, in which said

biological molecule is any one of the molecules in claim 26.

38. A medical device according to any one of claims 33 to 36, said device being

chosen from among vascular devices, prostheses, probes, catheters, dental implants or

similar.

39. A medical device according to claim 38, said device being a vascular stent.



