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DESCRI PTI ON " METHOD FOR PREPARI NG DRUG ELUTI NG MEDI CAL
DEVI CES AND DEVI CE OBTAI NED THEREFROM' [0001] . The

w@e@sant32g nvention relates to a nmethod for prepar/iBpg03/005003

drug el uting nedical devices and devi ces obtai ned
therefrom In particular, the invention relates to a
nmet hod for preparing a vascul ar stent covered with one
or nore drugs for treatingland/ or preventing re
stenosis. [0002] . In angioplasty, the use of stents

in treating coronary ocgggéhgg§15§ currently well
known and wi dely accepted and practised. Stents are
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stenosis.

[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
elution system and the balloon have been withdrawn. In
this way, the stent compresses the plaque and provides
the vessel 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
vessel.

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

phenomenon of reocclusion of the coronary vessel. In

fact, this phenomenon of re-stenosis occurs in 15-30% of
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for exanple in WIllianms DO Hol ubkov R, Yen Wet al.
"Per cut aneous coronary interventions in the current

wee@sats2gonpared with 1985-1986: The Nati onal PEEEB2003/005003

Lung and Blood Institute Registries”, Crculation
2000; 102:2945- 2951. [00 04]. Stenosis caused by
insertion of the stent is due to the hyperpl asi a of
the newy fornmed intinma. Imparticular, the nechanica
damage to the artery wall caused by the stent and the
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t ent produce a cC nciIn tory process In
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cyto ine and growth factors which pronote
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reduction 1n the openi n e vesse gl vi‘ng 115€
e above- nentloned re- sten05|s [ 00 05] To
prevent this problem various nethods have been
ed i ; ' pr: or_.£o0 [ .
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%%Qféegyb}alé%%hlstent and the foreign body reaction caused

by the presence of the stent produce a chronic
inflammatory process in the vessel. This phenomenon gives
rise in turn to the elution of c¢ytokins and growth
factors which promote activation of proliferation and
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
rise to the above-mentioned 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

eluting it locally by a controlled mechanism. A typical
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Suzuki and col | aborators "Stent-Based Delivery of
Sirol i mus Reduces Neointinmal Formation in a Porcine

w@erosoar3gs Model ", Circul ati on 2001; 104: 1188-RAEBB2003®5003

materials used are generally polyners, either

degr adabl e or non-degradabl e whi ch nust have
characteristics of adhesion to the netal substrate
(stent) , the ability to rejulate the rate of elution
of the drug, an absence of toxicity phenonena and

faxoupa8! 8 Bl FREEPEMHD ddppsiy reundi i dd S$M&s (DES,
[0006] . In particular, as far as the |ast
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mat et i al the surrounding tissue are to a |arge

ext etk i COndu P! | ed1hupha ol acespuapesdd&s Obei'ﬂ%ery of
material . The materials used in nedical devices in

gepesfimde NRbaRLEse nheel?htﬁ‘dgl SURbARE: £HRT agh erd stpSScine
as far as interaction with the host tissue is
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clinical” point of vieww th the onsét © foreign body
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contact wth the blood, wt rmat’i o t hr
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that t ogenicity of synthetlc mat er 1 al

§f&ho S Q8R! apLe ioshgg flg A )Ofthe ablllty to
kS FEEF G000 TeRT

S|ze art|f|C|a vesse o attenp
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oped by nmeans of chenica. 1 readtions,

PESY} {0 pﬂé}ﬁm{e%\éerhﬂg HadfMfrable 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 large
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
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

the development of small-sized artificial vessels.
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t hronmbogenic material with natural non -thronbogenic
nmol ecul es . The anticoagul ant heparin is a typical

we@sphs28 These procedures provide for a firsPCHIEP03/(05003

whi ch chem cal groups suitable for binding heparin,
hi al uroni c acid or other bionolecules are introduced
onto the surface of the stent (or of the nedica
device in general) , and a4second step consisting in
chem cal bondi ng of the heparin, hyaluronic acid or

qlo'd@¥ 1 Ri onofecul@senthtt h theRvedloofieOURRes8! I @tueifhibages,
means of the previous step. [0008]. Consequently, the
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thensel ves contain unctlona groups such as am no

QrLoq}éeﬁl s frogpphi %Ele app |e 91‘1EP3 L{;}%gef grated.typical

ese polymers can to t ace of the
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h een ese " polyners suf

dv.ant b
the steﬁgg o&%glﬁ%FW§%% ﬁ%%gﬁg%ﬁér :%eﬁ&gﬂid%#eCLrggfln'
%ﬂ%ﬁk?gﬁ’lé akefq PLACShEy abfc%é!fé‘éuﬂ?éj éxﬁée pﬂ{éf&&ﬂcaéd onto

eparin In an aqueous environnmen IS

@J sdf%gcgf Af’stﬂg %Itén%astoija % Oghé hﬁe&ﬂ:’&l device in

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.

[o008] . Consequently, the polymers wused for drug
delivery are not capable as they stand of directly
binding biomolecules but require the above step of
introducing functional groups and subsequently
immobilising said biomolecules.

[0009] . There are polymers which of themselves contain
functional groups such as amino groups or £rom which
amino groups can be generated. These polymers can be
applied to the surface of the stents using conventional
technol ogy.

[0010] - However, it has been found that these polymers

suffer from the serious disadvantage of being hydrophilic
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during preparation of the stent precisely because of
the solubility of the polyner in water; noreover,

w@e@siossky because of the hydrophilic nature OPCT/IB2003/005003

pol ymer, the ability to control drug elution is
limted and it is entirely unsuitable for controlling
elution of drugs which in their turn are hydrophilic.
[0011] . Moreover, the drud eluted into the solution
cont ai ni ng heparin and the functional groups nay

Aker f efecw thnd heddpoBEl iRaldQYy ' f8ehl Meparin or other
j eopardi zi ng a successful outcong. [0012] .” The

: S e ) Ayvent,i ' :
PASPLARANLS S S8eRip LS RSB CTl O bBpvent. ana 1n

r i sgul t f
%5‘%%&1{&%@ grug g%?ggllﬁg MSeH! Abuabas é;r@g\&}:gnﬂtegléc 13]there

ver comng the vant ages nenti oned
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a drug eluting nedi cal si np Ies the
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‘ﬁgg:ﬂi ”ttiopnciaﬁ%wft qg{ugPQQYLQ%BE %tsgrygxg;%ké&i Uha it is

i cal® devi ce obtal na ccordi ng

%Pﬁ‘i%:’é@t i 'ﬂ?ﬁl@d;,fc[ro O%@ht‘ro@ii‘hge Efﬁﬂléﬁf Ud drugs
el uting “nedi ca evice" Ts

which in their turn are hydrophilic.

[oo11i}. Moreover, the drug eluted into the solution
containing Theparin and the functional groups may
interfere with the immobilisation reaction, jeopardizing
a successful outcome.

[0012]. The problem addressed by the present invention
is therefore that of making available a method of
preparing a drug eluting wvascular stent capable of
overcoming the disadvantages mentioned above.

[0013]. These problems are solved by a method for
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]. A first object of the invention is therefore to

make available a method for preparing a medical device as



meant a device to be inserted in the human or ani nal

body, internally or subcutaneously, intended to remain
w0 poosaig2hiuman or ani mal body for a defined peP¢DUB2003/005003

time or permanently, and which is capable of eluting a

pharmmaceutical y effective dose of one or nore drugs

for at least part of the tine during which it resides

in the human or ani mal body. This medical device may

be a vascul ar device, prosthesis, probe, catheter,

deRbalnd P PhOTapddided mal¥! @1Rfgf erably, this
device wll be a vascular stent. [0017] . O her

qdrarteri st G R a&af&@g%% ofnd NenREeseBh is that of

invention wll beconme clear fromthe foll ow ng

%%%iﬂﬂggn of aeugnb%qm&ﬁ hpﬁt@ﬁi@%‘i bYgAR¥eOf obtainable

onlimting exanpl in which: - Figure 1 shows the

%.lcwc;ig%ir\%‘[tﬁcﬁ d a?od?)@-rnga?g:i;ﬂdrf‘e&jwﬁordom a stent

cover pol ymer acc i'ng to the state of the art

5 GeEAER] Wip the Al ORqeHEY &I THOAPER | hEVEENS is
froma stent” covered wth polfyner according to the

E{é\é‘ﬂﬂi AN gevitULd ZHShaWaelReae! Hi i @ReC L&E&ffarf 0br@ animal
y ol ynmer

rophobi ¢ drugfroma stent covered with p

%%91{3} di ﬂ‘ﬂtéﬂlé?% 4t &d@%%%%g?%{gﬁﬁg r%l@feeﬁ’dé’& Wy thGain in

el ut’i‘on curve a hydr ( roma stent
SRSl o LRGS0 400 4 PR o ne on
UL Y, Tound thahs b PQlyMeLg RRYENG JANCLigpdly &

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.
[o017]. 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
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groups such as am no groups were applied to the
surface of the nedical device in a single step using a

wa@odod/opizasma et hod, coverage of the stent wasPODIBE2003H5003

in the formof a hydrophobic film adhering well and
with active and stable functional groups capabl e of
rapi d binding of heparin, hialuronic acid or other
bi onol ecul e. [0019]. The fallow ng description will
relate to a vascul ar stent, but could al so be applied

FRofink, Bulet, Sdapla Lacegtbe watepaing, OV pece
8 NenLUNEL Al orfla] y Cogg&%f'tt%de orélu%qomet@ur%;érf%%% a

vascul ar asna assune

ggaggéﬁgge%t g 5PPIODI G~ SAGERLAN ALHES R e

e?ree 0 tﬁrozsfflnklng ?o az

era rr, ng e diffusion of a drug
8°¥éln§b| tl?I%I:ZLln_b' %%parln and ot her bionDIecuIes
gpgg'g ns Ol Sl N0 GLolpS.s [08gdl, s Jhg, pBt hodfor o

|ng a rug |ng vascu |Sclosed

th
ehEbERp e Yor ouhd Bkt o °5%5Vﬁ‘%%saﬁ’1§%m§st ﬁc%lonal
r@%?ﬁ%%% f%gcéﬁ?%ﬁ‘h?%r O%dﬁp EE@&?@ consl 164 P8, €ndMdl sace
8% |Cat|0nta pace naS|n

f
b et o 8 %o olay & AbgHE e IR cora

p‘i%[snmgf meerm'?dojl rrec%x?e%a'.?e of the stent was obtained in the
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.

[o019]. The following description will relate to a
vascular stent, but could also be applied to any other
medical device of the invention.

[0020] . In particular, it has been observed that
polymers with amino functional groups deposited on the
metal surface of wvascular stents by cold plasma assume
charactexristics of hydrophobicity, excellent adhesion to
the stent, 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

vascular stent asgs disclosed in the invention therefore
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pol ymers are deposited in the formof a film In
particul ar, said polyners have functional groups

we apabhs20f formng a coval ent bond with sai d PCT/IB2003/005003

bi ol ogi cal nol ecul es, preferably chosen from anong
heparin, hyaluronic acid or ant -thronbotic substances

in general. Mre particularly, said polyners are

chosen fromthe group cons®ituted by polyners

cont ai ni ng am no, carboxyl and sul phhydryl groups.
Fﬁ—b%&%@s\” dEL P P YR SoWhB JRAA VPSS @ deehveds a

om precur nmonomer s chosen from anobng

gbp i Bervi Wt M{erea%elﬂ}@tﬁﬁl&ﬁo@faq oqlpsgﬂ RESh as

ners wt groups are deri ved
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fhauRs a{fsdspgﬁ@afcaem RBGY Sg{% -0 3 raor@{lﬁ%fﬁ geep by

romanong vo I'e nmercapt ans The

LSG o%%d :i’ dome i@ gy al so provide for
urther ayers to be dep03|ted dependi ng on
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IS W to o

ké&ﬁ;ﬁe‘}%oosc{xtes Qie?o‘glocqéﬂfechﬁ‘.cccq{ed' N A0 T hads dgwn 1,
e a

art such I Tmersion in sui tabl e solution or

EE%%"% o OPYTPhLER S RABK, FURCRI AL By s cappibie
accordl ngf%{%ca%e g VQH%EE s Oﬁggﬂlﬂyﬁ S?Egde%%lto cal

t he CO asnma ne usi ng

AR LE TR, 0”%%%%%%%5 NaRLAEn" UNEELRNA! 2 @EOYPS 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



10

15

20

25

[0024]. The plasma used according to the invention is
a cold plasma, that is the tenperature of the tota

worews/oef32ggas i n the plasnma phase is of the sankCDIRPE#3/005003

as the anbient tenperature. Said plasma is generated
in a conventional reactor of the type conprising a
treatnent chanber inside which there is a support for
the material to be treated2 with a di scharge source

| ocat ed nearby to produce the plasma. [0025]. The cold

g%g%@ﬁtg%r%e ”%8%{1888 ‘é%@%&g‘i%?;‘% UheBhodl TEBNAT HR the

ssure an € generate ng vari ous

%Lr‘t’:c ts’il%i’ﬁ_a%%etirgmé%{&ﬁ Sint Qa‘suii.%a%ﬁ‘é; u%;%ﬁ.uggio}ﬁg?ﬂlxo Yhraying

requencl es and vari ous geonetri es,

%@ﬁplate oéfzeqht\%a{:ﬁgu%g%t% o?@g{ g{):@tr ﬁg?.lhﬁm}:g—{eo%c?ve-mentioned

genera e Ive or

FERRG Hirin Eepnl (O, AtudR U ol EhRE NACUD cace
TR gl LSRRl B8, e el 18 ene
o TP Eap o, BRERRR RS 18 TRER0e etbineg o peymers
FE G EiBle a0 SRl (116 and on the |requendi ce.

Togihi -5 CEHOTBAEH ol BHIBARET P BELS, o
Bk e%i%.sﬂlg?gec'hat is the temperature of the total mass of
gas in the plasma phase is of the same order as the
ambient temperature. Said plasma 1s 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
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 1is sources of
various frequencies and various geometries, such as for
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

which may vaxy between 0.01 and 10 mbar.
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[0028] . Moreover, the cold plasma which is generated
is characterised by a charged species density of

wheinsoet32408 and 2 cm 3, a conditi on of subst aP€T/m2003/005003

neutrality of charges (quasi-neutral, ion density

el ectron density) , electron energies fromO0.1 to 10
eV or nean electrical energy calculated as (ekBT/m1/2
(e=1.9 10-19 C, kB=1.38 10123 J/K , mr 9.1 10-31 kg, T
= absol ute tenperature in Kelvin) , while the ions and

gpﬁgzgut ralpdpardd.cl eg art@leat cBﬁHEEEéhEr esf Of et S UHer are

ient tenperature. [O . The treatnent tine in
as r :
PSEIPRE, hech SRR ok e YA B et may
g%:? RE-E erl‘rm']l1 Vﬁerbr} %‘Eé}%f 4103 rce which
erab plasna treat r vacuumta

ﬁ%gﬁﬁéggs(m% R ’f‘?gﬁgi“égggﬁeéﬁ%‘%%ﬁt‘ﬁeﬂ%t qpcitive
B86E 5} "Ehiel eddnlelon KBPUBEN N b0 radiifson

asma used may preferably bel 1

Gt Sloktas Lt BBRIESLE Bt B U mgrover
§&a§gﬁ %Béié LIS Qed into the reactor in the
gas

or m of- pour,” wth flow rates which vary from

Oohged 200 SRR L0 8 Sl i OB s 1
LaLbLated g tlﬂf 4 "G SR é;?‘ecclaég '5&1@1%3; of between 108
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
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
and 10 minutes.

[0030]. Preferably, the plasma treatment under wvacuum
takes place according to a discontinuous or continuous
method. Said method will not be described in detail here
gsince it is widely known in the art.

[0031]. The cold plasma used may ©preferably be
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[0032] . A preferably conventional type of reactor,
not shown, according to the invention is represented

whgooda/onsas of requency plasnma reactor, w th paretT/@2003/005003

flat plate el ectrodes, conprising a treatnent chanber
of steel, alumniumor glass, connected to a vacuum
punp. The precursor o r nononer is introduced in the
form of gas or vapour insitie the chanber by neans of a
suitable feed system and a potential difference is

ggﬂle&:sée&etvgeten éhepglaggh&gde%f | {ed i ScHax, ta!%%o%%?%’ric

gas or vapour 1s71onize triggering t Seril es

§§é§%{é98§ WhiGh | ?g%&%?}tsogei %q%%%s!tv%’i&?co\w jéfg be

nmet hods™ t pl asma pol ynmerisation. T
BPFOHERPRe FRCORR, Pt OGS T Rl BRI 160 cne
FHPLPE: R hEnkn s o SRR Rs B CFRRd  zates
Rl SRS SR 0P 2108 Ukt (i SLgERREEres 1n

%F%Pigg_gfgﬁscgog@&}éggﬂso' g%rm ﬁiﬁﬂtgrd 1£t mtgﬂ:f) S 'pg%ié’lt , the

) ras ylamné 1§ concerned,

bikgknesses vauy LroLG Lpk0: 0 iherenss £Q8FLa our.

. i
ccor 8I ng a variant e nventi on,

igﬁ,a??gh()dp{)%%ér)%eef%i}p g(ﬁ&ny&?t?ﬂ)r%l S{:ﬁgé 8!55 .eactPr, not

es, e “pol'yirer  conprrt si f anctiona
SEOHES o PRE oL o R o e By =
%gﬁﬁggg:ie%{lgnic@ plasma reactor, with parallel flat plate
electrodes, comprising a treatment chamber of steel,
aluminium or glass, connected to a wvacuum pump. The
precursor or monomer is introduced in the form of gas or
vapour inside the chamber by means of a suitable feed
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
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

polymer are in fact between 0.01 micron and 10 microns.
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a polynmer capable of eluting said drug. This step is
carried out using conventional nethods such as

WO p0vs/0$43281 or sprayi nhg and using conventi onal PpCI/IBRBe3005003

[0034]. The nature of the polynmers normally used for
this step is substantially dictated by the elution
mechani sm envi saged for the drug and, in any case,
within the scope of a persdg skilled in the art. For
exanple, in the case of coronary stents for which

@xlétf'eﬁ}gb‘lg”esagf e order ofy %‘%[}Mh% arigs I €ifideithed,! the
Wi r

Sential to use poly S whi ch produce a sl ow

h h hi | d
Sgﬂkkﬁgsggé ng%nﬁrgﬁ\b q C%%ﬁ Hﬁ vdeaehi lic drugs,

as | matini ate (sol er the name of

Cﬂo‘o}é@?(r) By bRy arﬁaso%?gnﬁ%)mt 'emwoti&rngﬁt of the

pre erable to use dr oph rocar bon polyners

S ot g b s B 0
%Jo?@ﬁ:‘i@%‘r;'égl :%?:Elgfe t ﬁeabgga‘i?ﬁeegf p ﬁ@ﬁ%:rl%fi{n%ct St ional

itsTavail I's the pr t he case
h
Se¥s 18 %Fgaérx%?ffgﬁ%ﬁ%ﬁ TS hydroeﬁ% % = ting at

Elola%ﬁret Pl 24yae L@ﬁeh ﬁﬁ&%ﬁ‘?ﬁﬁﬂ@ acrﬁ@fg ate in

P

o0 BTy AP IT NRE Vo R €1l eald drug. This step is

@r‘l@ﬁo i & epLLpohy byt adi ﬁ\%h%ﬁsa uE?l r sion
NoicElE e ot Dl

elution nec i Sm nore nely e pre
%C_)[l %ﬁ ?/:mg 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
the case of coxonary stents for which elution times of
the order of momths 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),
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

hydrophobic drugs, such as taxol, tacrolimus and similar
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[0035]. A s described previously, these polyners wll
preferably be applied in the formof a solution in

wor@ani4s280l vent s by i mmrersion or spraying. | nPCT/IB2003/005003

particul ar, the technique of spraying by neans of an
ai rbrush or simlar air-operated systens, or the

t echni que of spraying using ultrasound nozzles nmay be
used. [0036] . The thicknes3 of the | ayer deposited
depends on the nature of the drug, the polymer and the

i R A R R Sl S
APhec bt < onY RESRELFELY " egnlgtﬂgté’éﬂ’é banes,
P IREFREERRL, B ot e é&ﬁ@er 5 Wﬂ%#@ﬁ%@'
BB R EhER P B b pecyiane
%.gtp Sggrat ]Xedrugr% Ol sldfTu n%ﬁgpprﬁféfcifgh&gf@ts onent

erably i Matihi b resi | e use
Fagbpbbgtede ! TR HRLSARR WY BYBILE oranion
B byiat i BB @%ﬁ.ﬁm@%.“z“ e, et
L TEOR T A R
%)J(r%%rably eﬁet hSpSi ugdl Si AN t&}{]tl rrxlrfl %%maéorgoluéloﬂ?f in
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
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
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

used. Preferably, imatinib mesilate may be used, that is
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usual ly present in quantities of between 0.001 g and
10 g per device. Wien the drug is an

waniosopeses i ferative, it is present in quantitiPST/t82003/005003

bet ween 0. 0001 and 10 ng per device. Wen the drug has
an ant -mgratory action it may be present in

guantities of 0.0001 ng to 10 ng per device. Wen the
clrug is an i mMmunosuppressadt, it is present in
quantities of 0.0001 ng to 10 ng by wei ght per device.

Vhen 4t b tah1ug -bspb iRt inA ) iR Al € NCFal-WReGthh -k -iftfal g3 -
prggent i%bguanpi?ies gTy39001h#3]t0 ﬁ% ngy %g} de&#ce%
ERA3Y: ny 1110 - BB Bad o 10 6RM I NP HR TR Y edl A6 Wec €
accor&ﬁ%@xto ?ﬁg invéh??gﬁﬁg]sg gbwg'iges g steg of

R HY SRS MR t-etcfnﬁ@%ti S YRHANGES & WP th
surface o?E?he pol yner géaring t ei?hnc#?%na groupégﬁ ©

[Nbﬁ¥ygﬁéngda?ggghis deposit consists in chemcally

bondi ng t he rin or hyaluronic acid, for exanple,

. ! L or Teed i
[003BNO OIGHPS néf‘égpﬁqﬁ’ '@fﬁl%}h'g_ﬁa ne 98@%%#1%6?&1% the

turn on the stent usin e co sma te

g;%g o grgggegabwco&mn tiat hEHEbOEigs%“\kl’mé{fﬁ”&Pué?l For

y i mrersing the stent covere

@aﬁ\g;qre,bywﬁéf ‘Eﬂéd ﬁ&ﬂ?”alyegpgfaﬂf—m H&'ﬁ:ﬁeﬁ%%&f,i nit is

groups i'n an aqueous sofution exanpl € ol

o nAC s T egenuscrobutlBRARIGA! b ang 10
g{lge?g?éegiebylcg'gg%g\?i %ﬂ%%%tjtsg%ﬂ gé%i?fﬂéégirilé,n?r?to%ve’ it
@L@rﬁlleeseﬂt{] i]rloqlifé%tq{tf‘eg u&% ®hetween 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
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 dnvention also comprises a step of
binding/immobiliging anti-thrombotic substances on the
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.

[0040] . Preferably, the anti-thrombotic substance is
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such as a phosphate buffer, for exanple, and adding
0.001 gto 1 g of a substance with an oxidizing

wa@edsom32such as sodi um peri odate. After a perPOHIB2003/005003

time of between 6 and 20 hours remaining in solution,
from20 to 200 cc of a buffer solution such as a

0. 001-0. 1% acetic aci d-sodi um acetate solution are
added. From 1l to 10 cc arelfhen taken from said
solution and placed in a suitable receptacle such as a

gl . : . o di

i ol e bl e
' s b d L$ d.

gHEN @51 0&?1%118% anplgr oDy dr; eggnbﬁleﬂg§ %fé %éri aglril an

period o not nore than m nut es,

gg{slggggﬁ%ﬂm&& @o{}ut Sﬁ?wgﬂs SN el i 8M0Yed 132 yronic

wat er. | i S n dried | an oven.

FRIAY) ey, ol Nentag) 91 SOV ABALEL ercn
6%&' .e%d’ tﬁ”yg.:% %}qwm}eg.% %Erﬁ%&agﬁﬁ{mcg$ﬁlg’%%ﬁgoﬂic acid.

hepari n, uroni ¢ 0 .
TRL ORI Pen e It AL el hoby, BOCBELBEG° 8281
8! q. gé hSE hgg%gcjiltn'dst ]p! 8£gll|[11§£é” €3 l[qQ)OA'gc]: ong.e buffer,

met hod” accor e i nventioh may al SO conpri se a

o ol ; . '
B8R & brRbBlrle TR A et Phd Mhaing, 0. 001
'ng%p)t Lo B’e%fs LR HRROSH O n %%&%1%1'1%@ a&ﬂ:%.on, such as

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 cc are then
taken from said solution and placed in a suitable
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
is 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

heparin, hyaluronic acid or other immobilised molecules
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cl eani ng/ washi ng step consists in treating with
degreasi ng sol utions, such as organic sol vents or

wowtsni43zopr opyl al cohol m xtures, or treati ngP@I/IB2003/005003

cold plasma of air or argon . [0043] . This
prelimnary step may in addition be followed by at
| east one pretreatnent step to pronote adhesi on of the
drug , where appropriate bdénd to an el ution pol yner,
or of subsequent layers. In general, the pretreatnent
HBRHTRY INGIR f FSRERES Y Wnbined! drlcREER ¥ didrdation
oxygen, or the deposition by plasma of organic |ayers

i fu j O hesi rs we t St e
%%t% he %erir}%\ txgﬁbe dlg%%gﬁitge ig[o%ggﬁi .ggrom%%\h?at Beher

NN ar, it is clear that the
E%@%gggﬁgfap§%%§??%8?%?%édica| devi ce according to the
FoBagit, | vl it 1l W 98481 408! BReClrlbeRUBR e also
the drug eluting polynmer requiTed to Insert on iIts
re functi ; S t @re Chs 0 :
Bakaae WCELaTEh GEAUPSLHA! o8 CAUEIAS, BAATLEOYhashing
%}n'em é\?#fa@c eBi‘USc%é)fsEQEgdewa%' %Ogrépﬁ%t'ﬂ“ 8br the
class of polyners selected precisely for elr
cteri St of, eady¢ po L uch en
S MY i A
W] ' th t se t | d.pl as : :

%\%ﬁ?ggg#atsr%‘\}h Pge Q;onlglest%o FH r@régtt[lg’%d with

ous nabl'es~t he polynmer to be depo

WebhUG; d3mRal g i Char 3GERT | Hd CSoffahis TUBGLERARE! or

water/isopropyl alcohol 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
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.

[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

allow bonding with biomolecules. In fact, this step is
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groups . [0045] . In addition to the above -nentioned
exanpl es of the nethod for preparing the nedica
walewsoet328 he pol yners sel ected and deposited bpCTB2003/005003

pl asma pronote bondi ng wi th bi onol ecul es such as

heparin and ensure that they are held in situ,

preventing dispersion in the aqueous environnment

during preparation of the #évice. [0046] . It has al so
been observed that with cold plasnma deposition of the

ROk WAREE ch AV [N CHiFONRL 0T QUPSsRE 1 HRS Cc'th bed 2ROVEcular

the relevant drug 1s eluted nore slowy,

Bhadeci ngra b@é{ﬁéxsef f %éleg@é@eq%éﬂselﬁ}“ s f%&f eClheir

permts a nore [fasting anti-stenotic aCtIO on t he

SAEksBkkiSEt o J0rAkach SRoANL NS Clneh, dfommg , vien
gbgaltegew&sel t achi‘Fio e 4@?89&?' ngtéghﬂafogt hoghoreover,

crlbe previ ously n partic sa

%%‘?Lﬁllngevit?ev\)ﬁ}ﬁ fﬂrleex.&ggl eoféo%“ SEolg d % method

structur 'east one firstl layer cover
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one secC coveril ng sal st one |rst

VRN B8, o YOk, vk g 1 5 S| ot scnan

%Qg%% ed to said at |east one second | ayer by neans of
ondrng with said functional groups, in which said at

[%%i% 19n€ $§C %%ﬁllt@éﬁr t?cg Pﬁula y %Evga}ﬁéﬂg 1IDH.Q8.t %ﬁlbles of

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.

[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
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.

[0048]. In particular, said medical device may for

example comprise a device structure, at least one first



groups is deposited on said at |east one first |ayer

of drug by neans of the cold plasma nethod. [0049]
woe@beuals y, said at | east one first |ayer of BCT/EB2003/005003

conprises a drug eluting polynmer as descri bed

previously. The drug may be chosen from anong the

drugs listed with reference to the nethod for

preparing the stent . [005@B. Said at | east one second

| ayer of polynmer having functional groups may be

51%@%9 v 9 NHARRRI SR R WFR S 1 M RRE G Y %@@s\ﬁ.ng a
an

may be deposited according to the cold plas
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t he™bi onol ecul e applied to the outer surtface o

t eathis re v r epr b h
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;ire%\é't&%l y fu£199§331?,1 Tgfoﬂﬁg Oafg POl Y 'ﬁ@lﬁi’é molecule

or ts by

uncti1 onal groups overing vascul ar st

gggg& Qforialed E"’a%%‘qpﬁ%?g‘%?%? ehéos%gﬁatai 9CL e %gneans

ent “I'nvent1 on. sal d yners-are

WIS %&itfﬂf g iRy ¥ Qus! ¥n iogééﬂl sFrop %&ghh%%id at
d so far, d p

R
been st at t he nedi ca VI CeS prepare

di t b = t] d .
2660 it oeblenaborgy JET enelo S gtk donn

SRk % LD AU e 08 BUEREMayer of
drug by means of the cold plasma method.

[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.

[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
outer surface of the stent, this may preferably be
represented by though not limited 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

methods 1is also an object of the present invention.
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mechanismis concerned. In. fact, it has been observed
that the stents disclosed in the invention all ow nore

wa@omsneisked el uti on of the drug because of thePCT/IB2003/005003

particul ar |ayer of polymer with functional groups
which in some way acts as a far nore active barrier
conpared with the polyners of the state of the art.
[0054]. In addition, the pogPyners deposited by plasma
have excel |l ent adhesion to the vascular stent and at

e 23R4, e shave pEpyRd-conplgt ef ?mﬁg?fﬁiegpecified

phenonena.” [ 0055]. Bel'ow, sone enbo

igpée;g]tc}u%rj_ re described purely by way of non-limting
xanpl e. MPLE 1 Conparison between the el ution

R SM Ofp RGP ‘béjéﬂﬁgsf:élegliagét @Al COMR Gfbdical

wth & polyner according to the state the "art an

AR SRISPBASA DI LMy mecion
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Qﬁa@e’t@”&'&%é ndié@lgé%!d O\Mnngtﬂgnrﬁ{Vention allow more

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
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

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

active principle imatinib mesilate were extracted by
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[0057]. Firstly, 1 cc of a 0.250 % solution in
cycl ohexane of pol ybutadi ene sold by the Al drich

waeorpsama2havi ng a nean nol ecul ar wei ght of 420PO00B20&3005003

applied. Following this, 1 cc of a solution obtained

by dissolving 10 g of Imatinib Mesilate (IM in 1 cc

of methanol was applied. Then 1 cc of a 0.5% solution
of pol ybut adi ene i n cycl ohgfane, as specified above,

was applied. Finally, 1 cc of a 0.5%solution in

cdehedane R Retybut adigng d hea IR aph¥eigliciuble
of between 1, 000, 000 and 4, 000,000 was applied. [0058]

EURGQHQh%sleﬁng ORELOE Wy t!é@lﬁéfntpc%}ﬁ/@é 13¢8d il &ron)

LASMA reactor and underwent a cycle of plasna

ol : @l ag Ity C -Qgﬁkgﬂ
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f ' i t C Ly ched, t f
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physi ol ogi cal solution an rate uti1on of

(R H@xé%a{g?%sﬁ[eﬁg bé/%%%d”s'iﬂs&% hen Vixgidile PV girbrush

spectrum usi ni cam pect rophot onet er an

r(%&@e”gc;%%fnahg? ﬁﬂsgﬁga%il%iﬁgtlmgﬂhey?e correlation

bet weén absorbance and concentration was established
BgoEEsLr) LT A0S e g S0 958 OF KAcson 1o
%%%%BES o€ rp%l%rurtia%e%ét 5‘51(5 i 5§d t}l.éwilid%%v ac!cﬁnpany
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
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.

[0058]. At this point, one of the two stents was placed
in a EUROPLASMA reactor 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 switched to a power of 200 W at
a pressure of 0.2 mbar.

[0059]. Next, the stents were immersed in test tubes

containing 1 cc of physiological solution and the rate of
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t he physiol ogi cal solution was changed at each
nmeasurenent . The elution currves shown in figure 1

wowrs/oetseai ned . [0060] . In particul ar, fi gurCLIBAGAS003

that deposition of the polynmer by cold plasnma
significantly delays the elution of the hydrophilic
drug conpared with the elution deriving from
application of a polymer aacording to the state of the
art. EXAMPLE 2 Conpari son between the el ution

BRIl DRl e b e
L0 BRSNS 5, Bk 16 BB cpnrg ana
JERALPASE 7 TRk Fene! CBE A0 Nk WAL Kigcracion

d. . ] .
R P et e SR

( n ccof et | appri s descri

BEEHRRIPLY. THEZ SRR V50 S0 TR o
SRR TRl (CHIApLERAS SUBBLD YT SaRplE! Baution
FREBaRovb e KEFEARS ALl ER IR RS S B3 anc
ggeeluéhggigioéfgafrLK%olutiorl was changed at each
measurement. The elution curves shown in figure 1 were
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
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

with polymer according to the invention

[o061]. 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

of ethanol and applied as described previously. The
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EXAMPLE 3 Conparison of the degree of hydrophilicity
between a netal stent treated with heparin and a netal

W@ wssaee W t hout heparin [0064] . A stent prR@EEIEG03/005003

according to exanple 1 with allylam ne deposited by

col d plasma underwent a process of bonding with

heparin in the foll ow ng manner. [0065]. 0.5 g of

heparin (Bioi berica) was d3solved in 100 cc of

phosphate buffer and 0.016 g of sodi um periodate

TR Ak WaeraddgdasAf t fleakf AUl $0T JRMBIHJY in

in sol ut| on 100 ¢ ¢ of 0.05% acetic aci d-sodi um

1 tho@,rl %s%%‘éﬂ e Sa€C28h hhink S&’éé't !r%%d off.
ace

mere taken an in a tr| dish. The stent

ESErCn! gﬁ i sheand bl gpebisedium

cyano oro ydrl I gma= Al dxI ¢ vvere a After 30

'Ttdb%tﬁs Sst,k?cn :Ld"’%% erdE%\é?d ﬁﬁsﬁﬁﬁs c%l'% tt%rc, the

was then dried in an oven. ol nt,

E)toq_%e‘&a%f aafllgg.%ﬁéﬂgd{igggébt% C%‘g}p%foﬂ‘é glta%n‘%h éarovides a

on-"hepari ni ze tent precisely becaus
E?rfoet%%ifee PEaEPALA N *’ﬁonﬁﬁg fsrﬁ“r&fcélut[l ?ﬁﬁéf- the
0 prOV|de an anal ytical base, e Same treatnment as
descri bed was carried out on pl ates of ASI 316 L
steé1 of side 1 cm that is the material of which the
sheMprWes; constituted. A heparinized plate was
conpared with a non- heparinized plate by a conparison

Comparison of the degree of hydrophilicity between a

metal stent treated with heparin and a metal substrate

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.

[0065]. 0.5 g of heparin (Bioiberica) was dissolved in
100 cc of phosphate buffer and 0.0l16 g of sodium
periodate (Sigma-Aldrich) was added. After 16 hours of
remaining in solution, 100 cc of 0.05% acetic acid-sodium
acetate solution were added. 5 cc of this solution were
taken and placed in a Petxi dish. The stent was then
immersed in the dish and 0.01 g of sodium
cyanoborohydride (Sigma-Aldrich) were added. After 30
minutes, the stent was removed and washed with water. It
was then dried in an oven. At this point, the stent was

far more hydrophilic compared with a non-heparinized
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usi ng X-ray Phot oel ectron Spectroscopy (XPS) anal ysis
to supply the chem cal conposition of the surface

wo 290810443The XPS anal ysis was carried using a PeekIBR003/005003

El mer PH 5500 ESCA Systeminstrunent . The result of
the anal ysis expressed in atomic %is given in table 1
bel ow. Table 1 Specimten CO NS Si Oher "1% Non-
78.4 10.7 9.4 1.3 Na, P hepérinized plate Heparinized
69.2 21.9 2.4 3.2 1.9 My, plate O, Na [0067]

GBI §5kaiiide 15N & iR kLed &f@%f@%néé“%ﬁ&?épg%ih bonded

treated with héparin shows an increase in the

rfi® ad dregdeoncentrati on expected in the
hepari ni zati on processes .24 EXAMPLE 4 Conpari son of

theogtaar ee f hydeephe | i ghty het £ mefake st e@hﬁoutsame

treated with hyaluronic acid and a netal stent wt

My i @&iﬁ%{%ﬁrﬁéé eﬂéspggﬁggéd égﬁ:groqi :glét%s of

exanple 1 wth a ne deposit col'd plasma

e TS ot A anndy - "10060) | B 5 88 FyaloroRre Gard of
(Hf B Y@t 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
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
[0067]. Compared with the untreated specimen, the

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

heparinization processes.
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di ssolved in 100 cc of deionized water. 5 cc of said
sol ution were taken and placed in. a Petri dish. The

wet@sn4482% t hen inmersed in the dish and 0. 03 BCDiB2003/005003

N- hydr oxy succi nim de and 0.04 of dinet hyl
carbodiimde (EDC) (both Sigma-Aldrich) were added.
After 30 m nutes, the stent was renoved and washed
with water. It was then dr2éed in an oven. At this
poi nt, the stent was far nore hydrophilic conpared
Wit s lhent not covered with hyaluronic acid

preci sely because of the presence of hyaluronic acid

AR | b Sthd aCRgIeEAVBEE 1B, BEBAHEL i)’ Between a

sStent Covered w th pol’ymer accordrng to the

ipvent | @Reni tirdW@PI Li AL I1RMIRL-GYALUTQN £ agiyd én%etal

further covering w tha brodeégradable hyal ur onic act

qr,q;én\ea%\e@lo%sg%alwfgmgogg% From capsul es of the
—actTve prlnC| pIe imatini b

NRfddedl.e Ve g fXhEache hgaméa 3 Lios s Ngd NeiliSfe 1 with

fllterlngtorermvet |nsoluble exc#plentsa

VARALALINY ddSodRL&] gﬁ%&r h?‘fi%nld] Sﬁ&g%gnté E\y%oecess

stair'nl ess ste stents engt h produce

I&Mls'aﬁﬁmﬂ% wﬁagugegigﬁagf& NG aRLAY Eb?&ésﬁ}-ébﬁﬁﬁﬂer.

( Ef be OW Ng nanner

Fl! 0%t9|]y' 1g f2591¥eélﬁgl>ﬂﬁbon églﬁycg%?%égg’%&gg) was

polybutadlene (A?drlch an nol ecul ar wei

WS AR E i FAlJ PO L9 SN §ai chi%e&f 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
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
an oven. At this point, the stent was far more
hydrophilic compared with a stent mnot covered with
hyaluronic acid precisely because of the presence of
hyaluronic acid bound onto its suxface.

EXAMPLE 5

Production of a stent covered with polymer according to

the invention, with immobilisatiom of hyaluronic acid and

further covering with a biodegradable hyaluronic acid

derivative-based layer

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

active principle imatinib mesilate were extracted by
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sol ution obtained by dissolving 10 g of Imatinib
Mesilate (IM in 1 cc of nethanol was applied. Then 1

W@ 20080443286% sol uti on of pol ybut adi ene (det ai | SPEBIB2003/005003

previously) in cycl ohexane was applied. Finally, 1 cc
of a 0.5% solution in cycl ohexane of pol ybutadi ene
with a nol ecul ar wei ght of between 1,000,000 and
4,000, 000 was applied. [0028] . At this point, one of
the two stents was placed in a EUROPLASMVA reactor for

tdves S BsiTRy tiﬁaﬁﬂ&%@& anﬁltt@ﬂﬂ%nﬁ;oa Ffb e Ofche' a5{B1uble

deposition of allylanine (introduced as vapour from an

eé%(%. nt£CeRka %@a%@%rea nttﬂ‘lé‘e% tea.ﬁt ad lagé'éfj}_b?d in

mnutes wt SWItC

fo

of ﬁi@{ ur%n%ﬁa%; d%lﬁ{]f%c%; %?a\%és[%pssofvgg L tlag g.l.ength
n

?ﬁ%} aced 9nmg{e§{et1%\]? f%gg C(?Iﬁ%g?? ]ilfés }B%E%d %Sﬂng an

A0 4 ey 1 B et

(Mﬁ% 6 S'Igﬂast'l drllch) el &¢ ad ed %ber %. soluttél.on in

m nut€s, the stent was rem)ved and vvas

%lq{ﬂe%&néo‘t ghldé Eadf‘elllgyﬁu}ﬁf\gﬁlgﬁ pl '1% dar? f dr%lecular

uroni c aCI I ve I NSso ' hat'er

FE 1 (Fi di
AR 8000 yhe%a? %ﬁﬂﬂé 3 oL ¥y ?Qheés.,; 1% cc of
%fi{ﬂl n t tlr}l%d W utl on #f’%}_fﬁ?t i b_mesi| t%{}]‘artﬁ'-nib

was app roma so FF™&nd °1o |

I'I‘fé%fﬁ.fla%(g OJ NBo&rnoH_an&l &P 'n?gtﬁanol 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.

[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
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

succinimide and 0.04 of dimethyl carbodiimide (EDC) (both
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airbrush . [0074]. In this way, a stent is obtained
which elutes the drug fromthe surface | ayer of HYAFF

war@shuses t he underlying layer, in which the seetf/E2003/005003

| ayer will degrade in situ | eaving exposed the surface

on which the hyaluronic acid is bonded to the barrier

and functional |ayer deposited by plasma.2 7 CLAIMS 1
A net hod for preparing a26hrug el uting nedi cal

devi ce conprising the application to said device of a

REIMERA AN apdfy eafiHagt i merg@ap%n £ fhe stent

chenm cal I'y binding biological molecules, c aracteri se

ivhd Naknsakd %Hﬂi i &é&h@& %ﬁh@? %@&? '%& ﬁjﬂ?de. SAEP this

by nmeans of cold plasma nethods .

365Qdi ng, t olngé:l:m Jvi';lyn;&gf%l%a S%'fd pgly aiu%ﬁlc acid

chosen froma ng po avi ng am ne gr

| th
AL O AR SULNIELY ag_[im@é%radgbf@ e total

alm 2 t he precursors of said

RRIREY Seét%‘i‘h A8y AR ﬁﬁ)gr(‘%“i&iah ﬁﬁv&ﬂ&%%f‘ g rogJBdl%}i‘&Elgs Abano

al 'yl"am ne, hep t [ 'am ne atic anlnes aromdtic

HUARS. 4ra1d) T aGeQrdi tot8 % [ROERL ol Ctl?héhedrug

precur'sors o sal olyners aVIng yllc gr oups

A2 %e%ééagmdpeetwsg A 168 %%qnaad PLIALIY | bE 0,24
aC| A net accordin claimin whi

@fﬁ%‘ﬁrsoéfrﬁi 1%¥ IM in hexafluoroi sopropanol using an
airbrush.

[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 suxrface on which the
hyaluronic acid is bonded to the barrier and functional

layer deposited by plasma.
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of said pol yners having sul phhydryl groups are chosen
fromanong volatile nercaptans. 6 . A nethod according
wo o00dty43ese of clains 1 to 5 in which said col PCPIBESoR005003

nmet hods conprise cold plasnma produced under vacuum

usi ng di sconti nuous or continuous technology.2 8 7 . A
nmet hod according to claim6, in which said cold plasm
under vacuumis generated a¥ a pressure which may vary
bet ween 0.01 and 10 nbar, at a power of between 1 and

500 Wand for a period of &jApe®f not nore than 30
mnutes . . A nmethod according to any one of clains 1

to, Al Revhbgh reai ¢ & aélagaawﬁheﬁatﬁﬁgs hégi%lﬁ;&d&ice

pl asma produced af atnospheric ssure.

G ichd O RAY aﬁﬁﬁlegtﬂ)ﬁ“ %Pds d'e%i\g%i che t e poolymer

precursor of said polynmer is int form a gas.

AdEipd aegoedi f‘lgné@lf&[b)ﬂ, oﬁggf:%) ébgﬁbiet O éﬂém:lfcally

whi ch "t he precursor sal d the form

PG pidlorAdT RO anoHC O o0 A08 0 UlThese

to 1 ymer 1s applie

Afpdid B dd @y %lig%és 18 bg& ré Q %%ne ofrr;le%ns of (cold

m-crons. 12. A net accor |ng o any

1 e M dTPrising before the application of sald
pol ynmer haV|ng

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.
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functional groups a step of applying at |east one

| ayer of a drug incorporated where appropriate in a
w@ologoee32g apabl e of eluting said drug. 13. A neCTER003/005003

according to claim12, in which said drug is chosen

fromthe group consisting in anti -inflammuatory,

anti-proliferative and anti -mgratory drugs and2 9

i mrunosuppressi ve agents. 28. A method according to

claim13, in which said drug is 4- [(

~EL BY IndeiPenazbPiihg i élainN 6 [ 41 BB 613~ said cold
[[4-(3- pyridinyl) -2-pyrimdinyl] an1no]-pheny|f

hetwad dend@t halesuh PhONd feradag At Eﬁ%ﬁ%q%% gjfﬂ‘.ﬂ:h may

to any one o f clains 127to 14, In whic

erait NG PRLTEH . b chasan f amgpg Qgﬁ;&gﬁ%ogifc between 1

hydrocar bons, pol yam dLes, polyacryl at

PohY B Hagkr what ?/%rrop%g%?ﬁi%t bed tqb?tfeoréjf NGol Opeh Rl ][Ph]aél 30

in which said h drocarbons are chosen from
R ol ystyrene, pol yet hyl ene, pol ybut adi ene and
pol yi soprene . 17. A nethod according to claim15, in

iC | ol ; en fr g . .
B, RO AR S 08 o WRE BRI clatns 3 to 5, in

Rﬂh‘z’éw dggfaet%ﬁgrégﬁgl g{e%’ho\ﬁéer Soﬂg%?ﬁgih'?t 805_8 %]gasma

conbi nati on w ut adi ene. 18. accord

BRSO BER IR becifubd v ch sald drug uhich
9. A method according to any one of claims 1 to 8 in
which the precursor of said polymer is in the form of a
gas.
10. A method according to any one of claims 1 to 8, in
which the precursor of said polymer is in the form of a
vapour.
11. A method according to any one of claims 1 to 10, in
which said polymer is applied in the form of film with a
thickness of between 0.01 and 10 microns.
12, A method according to any one of claims 1 to 11, also
comprising before the application of said polymer having
functional groups a step of applying at least one layer
of a drug incorporated where appropriate 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
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eluting polyner is applied by neans of imersion in a
sui tabl e solution or deposited by spraying. 19. A

woredoiogi3according to claim I L8 in which said deamiB2003/005003

eluting polyner is deposited in ttxe formof filmwth
a thickness of between 0.5 and 20 mcrons. 20. A
nmet hod according to any one o f clains 12 to 19, in3 0
whi ch when said drug is an28nti-inflammtory, it is
present in quantities of between 0.001 g and 10|g per
' : cording to any one of clains
%Mit“g&i%uri%#emﬁlﬁ \%A%‘eérﬁﬁ%ai d drug is an
I -0 ¢ i T g Nt -i N j 14 :
S e A N E et
Cpr A Ny, ; ' L 49 i_gh vhens.
e A e T e £ L R e B e 1
[ <y es. . - r
J BT o8 e R S 0T - PR et
et uidhMuch when the drug is an
i mrunosupprl?ssant it is present in quantities of
e evjLce t .
A Y P S A op P Ty fihai T ekt I
' dp [ = [L15 yl- <z nlLperazi nyl t -
-gﬂl.[%hnetthq% - §F 1Al?[ 4él‘(1£[§§p£r }pg %X{/"lek) - éL%Z p)%%llf)%eg?a&%%l]" §nong
A RN bl aRERZ2ELAS, n%%&%ﬁigeosh,ong&eEYaEEylates and

polymethacrylates.

16. A method according to c¢laim 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
combination with polybutadiene.

18. A method according to any one of claims 12 to 17 in
which said drug which may be incorporated in a drug
eluting polymer is applied by means of immersion in a
suitable solution or deposited by spraying.

19. A method according to claim 18 in which said drug
eluting polymer is deposited in the form of film with a
thickness of between 0.5 and 20 micxons.

20. A method according to any one of claims 12 to 19, in
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Is present in quantities of between 0.001 ng and 10 ng
per device. 25. A nethod according to any one of

w@b@snsi328t 0 24, al so conprising a step of depPSI/IB20¢s/005003

bi ol ogi cal nol ecul es on the surface of said pol yner
havi ng stable reactive functional groups.3 1 26. A

nmet hod according to claim?25, in which said biologica
nol ecul es are chosen from afong anti thronbotic

subst ances and hyal uronic acid. 27. A nethod according

Lhith? FhéR, ddidhighipalid bigl OQhEi‘LlHPi%Hé@érgr it is

heparin. 28. A nethod™according to claim26 or

Widdangaiid %@I&%tggs MO epUlGaehl © . @OROH e?ncﬁ)ylo mg per

|nner5|ng t device 1 n a aqueous sol ution
1@ni ng sai d biological nmolecules n a concentration
of O. Ol%to 1% by weight. 29. A nethod according to

aﬁy ANGe@hosl Qb%rélﬁge%%f a }‘ysvva Sﬂ%owlﬁag.glsaél.2 tlo 19 , in

prelimnary step o anlng I ng sa

A AE. ﬁQn '%a[i%‘h ﬁCCP§~.M LReql gl._»gﬁ% Pﬂl‘(}‘%' chig g

sald prelimnary c i ng ing step is I"owed by

of; S i cal Vi t
PR LAERL RO e BB lod B8 %0 no per
zggﬁgﬁgiate in an eluting polynmer to this device. 31.

t

met hod according to any one of claims 1 to 30, also
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 1is 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-1-
piperazinyl)methyl] -N- [4-methyl-3-[[4- (3-pyridinyl)-2-
pyrimidinyl] amino] -phenyl] benzamide methanesulphonate, it
is present in quantities of between 0.001 mg and 10 mg
per device.

25. A method according to any one of claims 1 to 24, also
comprising a step of depositing biological molecules on
the surface of said polymer having stable reactive

functional groups.
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conprising the application of further biodegradable

pol yner |ayers over said biological nolecule | ayer.
W@2005844328 hod according to any one of clains 1PCDIERE(03/005003

conprising in succession the application of at | east

one first layer of 4-[( -nethyl-1-piperazinyl)

methyl]-N-[4- methyl -3- [[[4-(3-pyridinyl)

2--pyrimdinyl] amno] -3 ZXhenyl]benz am de

met hanesul phonat e i ncl uded where appropriate in a

PP ymeY et SWdkaeaielg s mdiigal odevi 68, theen  saig

application by cold plasma of at |east one secon

| 3ySTofco! Yieheehi1 k! vI a8k ne e ponding of M nes-
to said at | east one second | ayer and appli cation -of

aihﬂrcﬁﬁ%tﬁ‘esdﬂ&ﬂﬁde%yea[nc?fhﬁﬂgﬁﬂ{igfj%i% pol ymer onto

said heparin. 33. A drug el ng ne devi ce

o A rk@blnfétﬁ%&m%oﬁiitrfée TR} hQd AGCOongi N9510 ARY RNesqiq
glj:nca

of the preceding clains .7 34. A ne _deVIce
AN S ek 1t 9nc9l|<=§3dTe§3a1@'"HH\;§a5£i'}9 a device structure,
[ I

at |least one first Tayer covering the surface of said

g UCA Un8tABAPLLbPEi AgUdd, c i €8st o2N8Secqn dW].'lng t'said

covering sald at [east~one first |layer conprising

I : [ I [ [ on ar nd_ a
R R R R Ef%gx%e%f%%% Py rglﬁézsé‘ga% the
I : f ' j i th_sail, .
e e S pert Ao PHEELET s PPELDY HohialRitg saia

ISl O 109003 | S S L B 00 13 by
weight.
29. A method according to any one of claims 1 to 28, also
comprising a preliminary step of cleaning/washing said
medical device.
30. A method according to c¢laim 29, in which said
preliminary cleaning/washing step is followed by a step
of pretreatment of said medical device to promote
adhesion of the drug incorporated where appropriate in an
eluting polymer to this device.
31. A method according to any one of claims 1 to 30, also
comprising the application of further biodegradable
polymer layers over said biological molecule layer.

32. A method according to any one of claims 1 to 31,
comprising in succession the application of at least one
first layer of 4-[(4-methyl-l-piperazinyl)methyl]-N-[4-

methyl-3-[[4- (3-pyridinyl)-2-pyrimidinyl] amino] -
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35. A nedical device according to claim34, in which
said drug is a drug as described in any one of clains

wadoso44328 36. A nedi cal device accordi ng to aPgT/iBRe0nf05003

clainms 34 or 35, in which said drug eluting polyner is
a polynmer as described in any one of clains 16 to 18.3
3 37. A nedical device according to any one of clains
34 to 36, in which said pol3arer having stable reactive
functional groups is one of the polyners described in
PHerBNG AR IS 2 tRch3e A EAA  deVittudeq
accgﬁg?ngrio any one of clafﬁs 34 to 37, Fn mﬁlgﬁ salvcrihere

R 150U Gdaiy 09CeAl HRErARLCHH 6% id medical
clgg%fn@%at??g? A %e%c I _ev?dge _accorglfng to any one of - o
AHife 34ha Jpp1sdidt ey ce RehRg gl%%n SEOMAMNL one
vascul ar devi cés, prostheses, probes, catheters,

dent [ t SoB1 14 40,¢A j . devi .
accodr%iccliil ng %gclcélfmﬁg&%fé doge\ﬁigg)_l%g{lﬁ%'a glg%cﬁoélrdmg of
fﬂéﬂHriﬁ“Eo'%Ea&sgtOieQQLVBHéSsQ88h&9%£§é£téﬁ& application
functional groups chosen from anong the® pol yners

, . ; . 2 veri
AT 20 CErd 15y Sk Be (o dadaradin e S ey onco

ofaicPhibgalase nethods of deposition.

33. A drug eluting medical device obtainable by means of
the method according to any one of the preceding claims.
34. A medical device according to claim 33, 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 second layer by means of chemical bonding with
said functional groups, in which said at least one second
layer of polymer is deposited on said at least one first
layer by means of a cold plasma method.

35. A medical device according to claim 34, in which said
drug is a drug as described in any one of claims 13 to
32.

36. A medical device according to any one of claims 34 or
35, in which said drug eluting polymer is a polymer as

described in any one of claims 16 to 18.
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37. A medical device according to any one of claims 34 to
36, in which said polymer having stable reactive
functional groups is one of the polymers described in any
one of claims 2 to 5.

38. A medical device according to any one of claims 34 to
37, in which said biological molecule is any one of the
molecules in claim 26.

39. A medical device according to any one of claims 34
to 37, said device being chosen from among vascular
devices, prostheses, probes, catheters, dental implants
or similar.

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

41. The use of polymers having reactive functional groups
chosen from among the polymers described in any one of
claims 2 to 5, for covering medical devices, preferably
vascular stents, by means of cold plasma methods of

deposition.



