WD 2004/ 087234 PCT/ 1B2003/ 001958 1 DESCRI PTI ON "VASCULAR STENT" Thi s

I nvention relates to a vascular stent. Mdre particularly, this invention
relates to a vascular stent 5 with a polyner coating used in angioplasty to
prevent tWe2PpHE§HRNON of restenosis. The fact that stemCI/TRL@®30HIEE Y
accepted and used in the cure of coronary occlusions in today's

angioplasty is well known. Stents are reticular netal 10 prostheses
positioned in the portion of the vessel ;subject to stenosis, which remin
at the site of the |lesion after the release system and ball oon system have
been retracted. Thus the stent corrpre?gggﬁgqqghaque and provides a
mechani cal support for the vessel wall to 15 maintain the vessel dianeter
re-established by expansion of the, ., Prevent col |l apse of the
vessel. However, the long-term effi%cé%%%@e of intercoronary stents
still presents the pajqr prohl em of ost-angi opl asty coropary restenosis,
that is the 20 pmh%rré%(%n&fl%oﬁ%}ﬁg?ﬁnt& Bhe’ &St rysgﬁggel ?V?‘W?fact

t hi s phenonenon of restenosjs ogcurs in 15-30% of patients subjected to
stent angi opPaBEYCUbRT YEscENhEJINVERtERENERE At#SWHY Rav@ S8 a%IHYv R Yeh
W et at. "Percutaneous coronary interventions in the current era 25 are
conpar ed Swi t #itgs- 1BBLYMghe CRALIIAGal USRAr &1 |apgioplasty to prevent

the phenomenon of restenosis.

| The fact that stents are widely accepted and used
; in the - cure of coronary occlusions in today’'s
angioplasty is well known. Stents are reticular metal
10 prostheses positioned in the portion of the vessel
subject to stenosis, which remain at the site of the
lesion after the release system and balloon system have
been retracted. Thus the stent compresses the plaque and
provides a mechanical support for the vessel wall to
15 maintain the vessel diameter re-established by expansion

of the balloon and to prevent collapse of the vessel.-
However, the 1long-term efficacy of the use -of
intercoronary stents still presents the major problem of
post-angioplasty coronary restenosis, that is the
20 phenomenon of reocclusion of the coronary vessel. In
fact this bhenomenon of restenosis occufs in 15-30% of
patients subjected to stent angioplasty, as described
for example in Williams DO, Holubkov R, Yeh W, et al.
“Percutaneous coronary interventions in the current era

25 are compared with 1985-1986: The National Heart, Lung



WD 2004/ 087234 PCT/1B2003/ 001958 2 and Blood Institute Regsstries"”,
Circulation 2000; 102: 2945-2951. The stenosis caused by insertion of the

stent iswalbg@spogr2byperpl asia of the new y-forned inti mapcirfipadezéfokd cul ar,
mechani cal danage caused to the artery wall by the stent and the

forei gn-body reaction induced by the presence of the stent give rise to a
chronic inflammtory process in the vessel. This phenonenon in turn gives
rise to the release of cytokines and growth 10 factors which pronote

activation of,the §58$5fera%£8@gﬁﬁ@g nig%%h&%ggggsgnnotklégggﬂf%é§y)ls (SMO) .

The growthaQ% these Cells together with e tct'i on of extra- cé&llul ar
matrix give rise to I N se in the cross- section of the vessel occupied
by the ned%ﬂ%ﬁk?%%dfg%éfﬁgggfore a process of reducing the lumen of the
vessel, bringing about the abovenentioned restenosis. Nunmerous

phar nacol ogi cal r GAEROS 15 1GRAPTRY PYa 1nFRrisiaR efifc FRRI StRRFe hét
yi el ded useful results in ternms of reducing the |evel of restenosis after
20 angi opl ainey. tthe hyperehasgiah ofii sthet hogwdy - faamed stimfiimm cahnin fact
be identified in the ow concentration of the pharmacol ogically active
i ngr edi &nt pasttiichuYanchsechhpisadnclamageestarsedintal thenadbteryapprbach to
prevent the problemof 25 restenosis, which brings about greater rel ease of
active by the stent and the foreign-body reaction induced by
the presence of the stent give rise to a chronic
inflammatory process in the vessel. This phenomenon in
turn gives rise to the release of cytokines and growth
10 factors which promote activation of the proliferation
and migration of smooth muscle cells (SMC). The growth
of these cells together with the production of extra-
cellular matrix give rise to an increase in the cross-
section of the vessel occupied by the neointema and
15 therefore a process of reducing the lumen of the vessel,
bringing about the abovementioned restenosis.
Numerous pharmacological approaches attempted via
the systemic route have not yielded useful results in
terms of reducing the 1level of restenosis after
20 angioplasty. The problem with this method of
administration can in fact be identified in the low
concentration of the pharmacologically active ingredient
which reaches the stenotic lesion.

~An alternative approach to prevent the problem of

25 restenosis, which brings about greater release of active



WO 2004/ 087234 PCT/ 1B2003/ 001958 3 ingredient in the zone requiring
treatnent, is provided by the use of coated stents, used as a |ocal source

capabl e of, eas| drugs (DES, drug eluting stent) For exanple, in the
article by szgzﬁkﬂ%uzuki et al 5 "Stent-Based Delivery &CTEBIP/PISB Reduces
Neointima 1 Formation in a Porcine Coronary Mddel" Circulations 2001,
104:1188-1193, stents coated with a non-degradable polyner matrix based on
pol y-n-butyl methacrylate and polyethyl®ne-vinyl acetate containing a

t herapeutic 10 concentration of active ingredient, designed to reduce
hyper pl asi a Dhigté@ianei Ahi he azendesedubethg Potgatnenbat isgpricoridehe

rel ease of active ingredients in which the polyners may be of a degradabl e

or non-degr aghblihenatidee @f € claewd dJheses howeedr &8l u 1boexer Swame an inert
function, that is they are restricted to acting as reservoirs for the

active ingredigab)andr t Peiehel gt At | i(Bs] t Ariaf CePhtlfheatnty thout
however bei-ng able to act thense?ves i'n any way on the athérosclerotic

esion. 20 Cog! Alyadd dthalndshd ua%?s&e Saidwakagﬁg L uOVEKET) N natur e

al so pol yners whic e ‘capabl e of ayi'ng an active role In coptror of the

Pt ur al fol yS3EERGr Pasodn TRLi EEFbunt | RrarelirarRrarnt 2s Nop T deves of

various Specgggmggig%nn%LS’aar%orcine Coronary Model” Circulatiom
2001;104:1188-1193, stents coated with a non-degradabl e

i polymer matrix based on poly-n-butyl .methacrylate and
polyethylene-vinyl acetate containing a therapeutic

10 concentration of active ingredient, designed to reduce
hyperplasia of the neointimaﬁ are described.

Polymer coatings for the release of active
ingredients in which the polymers may be of a degradable
or non-degradable nature are known. These however only

15 ever have an inert function, that is they are restricted
to acting as reservoirs for the active ingredient and
therefore controlling its rate of release, without
however being able to act themselves in any way on the
atherosclerotic lesion.

20 . Contrary to what has jusﬁ been said, there are
however in nature also polymers which are capable of
playing an active role 1in coﬁtrol of the processes in
restenosis. The useful properties of hyaluronic acid, a

natural polysaccharide which is found in molecular form

25 in the tissues of various species of mammals, are
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bi onmedi cal field. Hyaluronic acid in fact has appreciable properties in

r educi ngwaeoofioseBgn- body reaction and therefore the cogaagd@boPspcess of
inflammation. In addition to this 5 hyaluronic acid plays a fundanental part
in the processes of restenosis, as a result of its specific interaction
with snooth nuscle cells (SMC) and endothelial cells. As a result of these
features it has been shown in aninmal nfidel s that the exposure of 10
arterial lesions to high concentrations of hyaluronic acid gives_rise to a
si gni fi cantpastieuilanln tftlyr ofRWNof ifkoi hbena Pipuedisal it figldot

i mredi ately possible to apply hyaluronic acid as a_coating and reservoir of
active 15 Hyaltedpear t&tciafstl@nt fach hast apprefbabiead@uPpereles edul y
soluble in water and is therefore i Mmedi ately dissolved and noved away from
the site of refleciagi ovthe |ficreigmdbady diessetiinn omndetéfeoref qyieveshrd se to

I mredi ate rel ease of all of any active ingredient which 20 may have been

i ncor por at edon¥eiiehbe prictdesef ©Xpbsf bgmmabeohar med s&idit ionexoeshive and
toxi c doses of the active ingredient, and with an absolute inpossibility of

control l§ nghtAtukbAgti Cadfa repeags ofa actunN@am@lt8Yi eard r ofnt hepnat ur al
polymer. 25 1n order to overcone these di sadvantages vari ous :
processes of restenosis, as a result of its specific
interaction with smooth muscle cells (sMC) and
endothelial cells. As a result of these features it has
been shown in animal models that the exposure of
10 arterial lesions to high concentrations of hyaluronic
acid gives rise to a significant reduction in the growth
of neointima.
However, it is not immediately possible to apply
hyaluronic acid as a coating and reservoir of active
15° ingredient to a stent. In fact hyaluronic acid is
extremely soluble in water and is therefore immediately
dissolved and moved away from the site of the lesion.
Its immediate dissolution therefore gives rise to
immediate release of all of any active ingredient which
20 may have been incorporated, with the risk of exposing
the harmed site to excessive and toxic doses of the
active ingredient, and with an absolute impbssibility of
controlling the kinetics of release of active ingredient

from the natural polymer.

25 In order to overcome these disadvantages various



WD 2004/ 087234 PCT/ 1B20031001958 5 exanples of techniques to i nmobilise
hyal uronic acid on the surface of a stent have been reported. In general,
in the neggﬁds &f surface nodification already described_ in the literature,
the hyal uron?®*8&%d*i s covalently 5 bound to the surfacePGT/IBHEEHET;
However, with this approach the natural polyner is no |onger available to
be released in high concentrations which are therapeutically effective at
the site of the inplant. In addition tosthis, because the inmobilisation
reaction 10 takes place at the interface between the material which has to

be coated angd,the) byalyr Q@'&uﬁg&% the {hhekiesse alatilieopalymrrid ayer is

restricted to a single nolecu ayer, which is cértainly not suitable as
a reservoir r rapeutjc eff [ u ' f {i

Tngrodi ent . TeSt RBFERGPR ol ok ehkard e Hemn: rboerhy AP ST AL d whi ch
m ght be avail apl e and, t he uantity of Ve J. I.ent | C ' be
capabl e of +ﬂc€#ﬁowggp8§5af)g g%,fg#gl ?osna%lIC%é!nlg)q{ ﬁagrrgefr‘l’lodr%wﬁ?@ncsﬁ |((§:i ent to
prevent the phenqmenqn of restenosjs. ,20 al uronic .acid can_ h V, be

opl ted as alRodiing LR AsTEosi ohhFi LY IPEkNeS6ad OF (TRVSIERILYS a few
m crons, through_a reaction which cross-links the hyaluronig acid jtself.

Thi s cross- | PARRAg btk oFurfaceoofex kgl STERG HOBRYCH t Wi&Mhot3A® et hane.

This cross 25 linking process is not_however suitable for application
approach the natural polymer is no longer available to

be released in high concentrations which are
{ therapeutically effective at the site of the implant. In
addition to this, because the immobilisation reaction

10 takes place at the interface between the material which
has fo be coated and the hyaluronic acid, the thickness
of the polymer layer is restricted to a single molecular
layer, which is certainly not suitable as a réservoir
for a therapeutically effective quantify of active

15 ingredient. It therefore follows that the quantity of
hyaluronic acid which might be available and the
quantity of active ingredient which might be capable of
incorporation are extremely small and therefore
insufficient to prevent the phénomenon of restenosis.

20 Hyaluronic acid can however be applied as a coating
in more significant'thicknesses, of the order of a few
microns, through a reaction whiéh cross-links the
hyaluronic acid itself. This cross-linking reaction is
for example carried out with a polyurethane. This cross-

25 linking process is not however suitable for application



WD 2004/ 087234 PCT/ 1 B2003/001958 6 in the context of coatings for stents.
In fact this has- proved to be difficult to inplenent on a device having a
conpl ex YUOHPHPS28ich as a vascul ar stent, it has gi venPCAIB2008/G0198% | at er al
effects due to the cross-linking 5 agent, such as for exanple the coll ateral
effects due to polyurethane, and above all the hyaluronic acid immobilised
by cross-linking has lost its biochemcal properties and is therefore no

| onger available to act actively in tHe control of restenosis. 10 Finally
anot her known agg:oach to reduce the solubility of %Iuronic,acid is that

hy
of form ng 1Thi%%r €SnheXh @t FRRLIRIS IR RetF et eFPafésh (HHi kRS the
stent is then coated. An _exanple is the coating.of a _stent with the
r eabsor bablREqVedn Seppaf di fifiFuktt ke iBPEemepte 0oV icmiRaYI I Ronsi st s
of a mxture of hyaluronic acid and carboxynethyl cel | ul ose. However these
films al so demplehcgeanerri ssdehnagge vhschdarcstienter dit dldacgiven
carboxynet hyl cel l ul ose on the inflammatory response at the stenotic |esion.
20 The needrifsw ttre deldadermlt effacstsenduehi ch cEre rasgedlimkangi opl asty
and which is capable of effectively preventing the phenonenon of restenosis
theref ofe appasy s swcheasbfbeuexanpla chesegldnteralhefifenits ahbe ptobl em
underlying 25 this invention is that of providing a new stent which
polyurethane, and above all the hyaluronic acid
immobilised by cross-linking has lost its biochemical
properties and is therefore no longer available to act
actively in the control of restenosis.
10 Finally another known approach to reduce the
solubility of hyaluronic acid is that of forming
mixtures with natural or synthetic materials with which .
the stent is then coated. An example is the coating of a
stent with the reabsorbable £ilm Seprafilm® from the
15 Genzyme company. This film consists of a mixture of
hyaluronic acid and carboxymethylcellulose. However
these films also have the major disadvantage of the
collateral effects of carboxymethylcellulose on  the
inflammatory response at the stenotic lesion.
20 The need for the development of a stent which can
be’ used in angioplasty and which is capable of

effectively preventing the phenomenon of restenosis

therefore appears to be obvious.

As a consequence, the technical problem underlying

25 this invention is that of providing a new stent which
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234 PCT/ 1B2003/ 001958 7 does not have all the di sadvantag
in the known art described above. This problemis resolve
ding to this invention which conprises a polynmer coating

JoBRkHhy derivatives of hyaluronic acid as deesensiesiodinsst h
al ns. her advantages and characteristics of the present

is given with reference to the 10 appended draw ngs which are provide
purely by way of non-limting exanple and in which: Figure 1 shows a

di agramin cgg%%-%%g ' .Geﬁ%li‘f tgﬁt a’&ka&tmhtasﬁ@e' §%%h@°%ttie@&sf Qrp t

according to ne 0 is Inventio 1

Figure 2 shows a di

in cross-section of _a detai#ggfﬁ%gg pol ymer coating for the stent ac

to another
the rel ease

Y5 HentdBF T h i Aivention. Figure 3 shows a graph indi

curve_ for the_active ingredient. fromthe polyner ,coatin
the stent accor di Tyt oPEREIEFholf nEFEC) Ivleﬁsttpét &d Sdieé'btfaﬁéﬁfafgépgy tl%

1 and the effect on the release, of the concentration of active ingredient

in that coathhgy. MpEEBtdMc ERHCRst EPIPRARER ark sBPLYBFE f 2

the stent according to this invention are for

10

15

20

25

constituting ester derivatives of hyaluronic acid as
described in the appended claims.

Other advantages'and characteristics of the present
invention will become clear from the following detailed
description which is given with reference to the
appended drawings which are provided purely by way of
non-limiting example and in which:

Figure 1 shows a diagram in cross-section of a
detail of the polymer coating for the stent according to
an embodiment of this invention.

Figure 2 shows a diagram in cross-section of a
detail of the polymer coating for the stent according to
another embodiment of this invention.

Figure 3 shows a graph indicating the release curve
for the active ingredient from the polymer coating of
the stent according to the embodiment illustrated
diagrammaticélly in Figure 1 and the effect on the
release of the concentration of active ingredient in
that coating.

Hyaluronic acid esters which are suitable for

coating the stent according to this invention are for

es of
d by a
5

e

becone clear fromthe follow ng detailed description which

d

st ent
agram
cordi ng
cating
of 20
Fi gure

Zoating



WD 2004/ 087234 PCT/ |1 B2003/ 001958 8 exanpl e those described i n European
patent EP 216453 by the Fidia Advanced Bi opol yners conpany, included here
for refewveomeetndingse conpounds are hyal uronic acid estepgrm20d3lo6ibsgd al | or
part of the carboxyl groups are esterified with alcohol groups selected
fromthose in the aliphatic, arylaliphatic, cycloaliphatic and hetrocyclic
series. Alcohols of the aliphatic series used to esterify the carboxyl
groups of the hyaluronic acid are selec8ed 10 from straight or branched
saturated or unsaturated al cohols having from2 to 12 carbon atons
optional | y exampléet ghegewidgsarideast wr BUEPBEAS Qéhgﬂﬁuﬁﬂr%#ﬁ4ﬁ9dhbkide,

am ne, al dehyde, nercaptan or carboxyl groups or groups derived fromthese
such as fortkxamidi=zshdvanceél eBheps]lymersalmpatial s incdliugetdhehere

t hi oesters, carbam des. Wen the alcohol is a saturated and non-substituted
al i phatic afephpbkfietehsepreferably selected fromnmethyl, ethyl, propyl,

| sopropyl, normal butyl, isobutyl, ter- 20 butyl, anyl or pentyl al cohol.

Wien the al cohol Thesa BbMpbAlsakirahalkiag Wditholadild dsceFef enalhyciel ected
fromthe al cohols ethylene glycol, propylene glycol, butylene glycol, or if

It is astrayal ent AliphdEi engl Cailo k) | Sronstenzll el aerid®. winwhen the
al i phatic alcohol i"s an am no al cohol,
alcohol groups selected from those in the aliphatic,
arylaliphatic, cycloaliphatic and hetiocyclic series.

Alcohols of the aliphatic series used to esterify
the carboxyl groups of the hyaluronic acid are selected

10 from straight or branched saturated or unsaturated
alcohols having from 2 to 12 carbon atoms, optionally
substituted with one or more groups selected from
hydroxide, amine, aldehyde, mercaptan or carboxyl groups
or groups derived from these such as for example esters,

15 ethers, acetals, ketals, thioethers, thicesters,
carbamides.

When the alcohol is a saturated and non-substituted
aliphatic alcohol it is preferably selected from methyl,
ethyl, propyl, isopropyl, normal butyl, isobutyl, ter-

20 butyl, amyl or pentyl'alcohol; |

When the alcohol is a bivalent aliphatic alcohol it
is preferably selected from the alcohols ethylene
glycol, propylene glycol, butylene glycol, or if it is a
trivalent aliphatic alcohol it is preferably glycerine.

25 When the aliphatic alcohol is an amino alcohol,



WO 20041087234 PCT/1B2003/001958 9 this is preferably selected from

am noet hanol, am nopropanol, am nobutanol or their dinethylene- or

di et hyl eneam ne derivatives, piperidine ethanol, pyrrolidine ethanol,

pi per azi n&VQREMW4MB1234 5 When the al cohol is a carboxy al coRET/IBI0p3/Hg958
preferably selected fromlactic, tartaric, nmaleic and glycolic acids.
Finally, when the alcohol is an unsaturated aliphatic alcohol it is
preferably an allyl alcohol. 10 AIcohoIsgof the arylaliphatic series used to
esterify the carboxyl groups of the hyaluronic acid are preferably selected

from those hayipg ai%enz Q%fegg559nalg%fgg@gqtln ’py'fééE%éF%ﬁﬁ%EP?ghyl or

hydroxyl groups or hal ogen atoms; in particul ar Tluorine,

brom ne and ] odi ne kn whi¢ al L phatic hai n,has, from1l to car bon
atons and isa%ﬁ??858§$§°h$ub%@%ﬁﬁ%@gag?iongrort%%%% d%lﬁ%%h%g?%%fedoﬁrom
primary am pe oups, mno- or .dipethyl ates or rrolidine or | peridi ne
groups. 20 Pgé?g£¥ggyeﬁﬂénﬁlcohg?glg?p¥ﬁﬁsaryrangﬁﬁiéﬁnﬁerieﬁﬁh%égg'to
esterify the carboxyl, groug; of the hyaluronic_  acid are benzyl al cohol and

phenyl et hyl BYEBROLILIAPCBRHRECY PRRSEPRIES B5kaMCd -series used to esterify

t he carboxyl groups of the hyaluronic acid are 25 preferably selected from
t hose noro- or polheyc| the alcohol is a carboxy alcohol, it 1s

preferably selected from lactic, tartaric, maleic and
glycolic acids.

Finally, when the alcohol 1is an unsaturated
aliphatic alcohol it is preferably an allyl alcohol.

10 Alcohols of the arylaliphatic series wused to
esterify the carboxyl groups of the hyaluronic acid are
preferably selected from those having a Dbenzene
optiohally substituted by from 1. to 3 methyl or hydroxyl
groups or halogen atoms, in particular fluorine,

15 chlofine, bromine and iodine, and in which the aliphatic
chain has from 1 to 4 carbon atoms and is optionally
substituted by one or more groups selected from primary
amine groups, mono- or dimethylates or pyrrolidine or
piperidine groups.

20 Preferably the alcohols of the arylaliphatic series
used to esterify the carboxyl groups of the hyaluronic
acid are benzyl alcohol and phepylethyl alcohol.

Alcohols of the cycloaliphatic series used to
esterify the carboxyl groups of the hyaluronic acid are

25 preferably selected from those mono- or polycyclic



WD 2004/ 087234 PCT/ 1B2003/ 001958 10 al cohols containing from3 to 34 carbon
atons and optionally containing from1l to 3 heteroatons selected from Q

S, N andyapbieddsy Substituted with one or nore group q?%B fsom those
listed for the aliphatic 5 alcohols. In particular, of§1 e ggﬁﬁgﬁkéic

cycloaliphatic alcohols, those of particular interest for this invention
are those containing from5 to 7 carbon atons, optionally substituted with
one or nore groups selected 10 from hyd‘rooxyl, nmet hyl , ethyl, propyl or

i sopropyl . For _exanple, the.alcogols cycl ohexanol Ioheéandiol

cycC
inositol and'#eRPhSl SPBLASBANIThETGRgrde bP e'?er???%%?io% St St er
derivatives of hyaluronic acid with the abovenentioned 15 alcophols can vary
dependi ng uPBRLIPRBLEKaCRMEINESIFAPcH 180 & feHieTertds it ectT 1 he
coating on the stent, for exanple a coatin _hav%&g a greater or a |esser
| i pophi | i c BFomy@rs ofhi Ni @néh&ridiamal vy sg&rﬁilenuq Ykl Onf PerMeER ee of
20 esterification increases the |ipophilic nature of the ester derivative
and t her ef ogroupduceeléctedol tbemi thhage Jdisdred THiox nbkes aliphatilte to
obtain stents according to this invention with a coating which degrades
slowy 5at aheokols.of the stenosis, therefore having an action 25 which is
prol onged over tine, in conparison with a
In particular, of the monocyclic cycloaliphati c
alcohols, those of particular interest for thi s
invention are those containing from 5 to 7 carbon atoms,
optionally substituted with one or more groups selected
10 from hydroxyl, methyl, ethyl, propyl or isopropyl. For
example, the alcohols cyclohexanol, cyclohexandiol,
inositol and menthol are used.
The degree of esterification of the esterxr
derivatives of hyaluronic acid with the abovementioned
15 alcohols can vary depending upon the characteristics
which it is desired to impart to the coating on the
stent, for example a coating having a greater or a
lesser lipophilic or hydrophilic character.
In general in fact a higher degree of
20 esterification increases the 1lipophilic nature of the
ester derivative and therefore reduces its solubility in
water. This makes it possible to obtain stents according
to this invention with a coating which degrades slowly

at the site of the stenosis, therefore having an action

25 which is prolonged over time, in comparison with a



WD 2004/ 087234 PCT/ |1 B2003/ 001958 11 coating of hyaluronic acid which is
instead i mMmedi ately dissolved and carried away fromthe site of the |esion.
For the purgoses of this invention the degree of esterification of the ester
derivati ve¥03¢04@§4ronic S acid varies from50%to 100FRCANBLISIAFHOXYI
groups of the hyaluronic acid being esterified with al cohol groups of the
abovenenti oned al cohols. Preferably the degree of esterification varies
from70%to 100% of the carboxyl groups of the hyaluronic acid. 10 in the
preferred enbodi nent of this invention tHe stent is coated with a pr oduct
obtained by the esterification of hyaluronic acid with benpzyl al cohol. Even

nore advant ageatidhg ofe ealuzenie 23614 WBAChf ASmiTHitgadstEredi 281 ¥n of
the hyaluronic acid with 15 benzyl alcohol, or the derivative obtained by
esterificatidhsebl¥B%h endt kenrdsiddamayc £meox he ofitehe@f Hhe urefiiqiacid with
benzyl al cohol are used. These products have proved to be particularly
useful for the praducttilosm plhrpoakisngst f bhist dmventl®ractbedidegneae t s
invention. In fact the process of the esterification of hyaluronic acid
advant ageoushbytBeK €3 caiti opossE blthe oesbeai Meripaltyitess dedfi vayalerohieh is
capable of controlling the solubility and rel ease of the hyaluronic acid

itself inswagesg harfied £#P6mPE0sesD ofo@2b &f t BEK @A raxyaSifFolds Waker

nol ecul es conpri ses de :
the hyaluronic acid being esterified with alcohol groups
of the abovementioned alcohols. Preferably the degree of
esterification varies from 70% to 100% of the carboxyl
groups of the hyaluronic acid.

10 In the preferred embodiment of this invention the
stent is coated with a product obtained by the
esterification of hyaluronic acid with .benzyl alcohol.

Even more advantageously the derivative obtained
from total esterification of the hyaluronic acid with

15 Dbenzyl alcohol, or the derivative obtained by
esterification of 75% of the residual carboxyls of the
‘hyaluronic acid with benzyl alcohol are used.

These préducts have proved to be particularly
useful for the production of coatings for stents

20 according to this invention. In fact the process of the
esterification of hyaluronic acid advantageously makes
it possiblé to obtain a polymer derivative 'Which is
capable of controliing the solubility and release of the
hyaluronic acid itself in water. In fact the process of

25 attack on the ester by water molecules comprises de-



WO 2004/ 087234 PCT/ 1 B2003/ 001958 12 esterification of the ester derivative
with th e consequent rel ease of hyaluronic acid and the alcoho 1 group. In.
t he partwouoat/osbodi mrent in which this alcoho 1 5 grogpriiB2dogomyss al cohol
the hyaluronic acid ester i s also bioconpatible and has no coll ateral
effects. Degradation of the ester derivative therefor -e brings about
progressive rel ease of hyaluronic acid which is therefore dissolved and
made available to act 10 actively at t%e site of the lesion. In particular,

t he abovemeniigngd Juisf&l reds pragaict gsclehat fsriberoeei vatine franst he

total esterification of hyaluronic acid with benzyl alcohol or that

obt ai ned b%o%ss's?%j‘%‘itcayagg?gg 7 /"ﬂ?aigfoﬁfﬂi‘gb%:ﬂd 13n8" qups QchUﬁ%l

hyal ur oni ¢ aci benzyl al coho egrade 1n water in a tine of |onger
t han one nnn%p and in atine of wwthin two weeks respectively. It was al so
f ound, surﬁFi%ﬁhgly, that these ester derivatives of hyaluronic acid forma

honogeneous 20 coat.ing fi]lmon_the tal stent I ch adheres.well to the
reticul ar surface! g'fh? %@ag{:éﬁ‘tﬁa*h@“‘g‘é e&%‘t di%é%’a%&ogg?‘ﬁg a}gothm i

i nvention therefore_conprises ap coating which is, al so capabl e of,

ef f ect i Vel PradFoct &t MFGANLs et 1 CAPH- a thivar AR Y BEREEI AP 1D 5eEERFvE S

i ngredi ent. )
also biocompatible and has no collateral effects.

Degradation of the ester derivative therefore
brings about progressive release of hyaluronic acid.,
which is therefore dissolved and made available to act

10 actively at the site of the lesion.

In particular, the abovementioned preferred
products, that is the derivative from the total
esterification of hyaluronic acid with benzyl alcohol or
that obtained by esterification of 75% of the carboxyl

15 groups of the hyaluronic acid with benzyl alcohol,
degrade in water in a time of longer than one month and
in a time of within two weeks respectively.

It was also found, surprisingly, that these ester
derivatives of hyaluronic acid. form a homogeneous

20 coating film on the metal stent which adheres well to
the reticular surface of the stent.

The stent obtained according to this invention
therefpre comprises a. coating which is also capable of
effectively associating itself with a pharmaéblogically

25 active ingredient.



WO 2004/ 087234 PCTI | B2003/ 001958 13 According to this invention the active
sel ected for association with the polyner coating are active
i ngredi ents havin%?an anti-inflammatory, anti- proliferative and

i ngr edi ent

anti - m gr AYQRP+48

S

dn, and 5 i munosuppressants. Even nBFEIRRHMATS

active ingredient associated with the polyner coating of the stent

according to this invention is imatinib nesylate, that 1is

4-[ (4-methyl -1 -pi perazinyl)methyl]-N-[4-gethyl -3-[[4 10

(3-pyridinyl)-2-pyrinmdinyl] am no]-phenyl] benzam de nethane sul pho

mar ket ed under thﬁc%%@aqgg\€HKEHi§Yin0@ﬁ@iéh5tﬁ@”ﬁ%@ﬁvéﬂﬁthEHEéﬁﬂs
S

active ingredient which

to be associated with the hyal uronic aci

coating vari eg) cL5cA°CRL! NESLas RN ofl dppuiel ARl ik Cdbant naien.

active ingrea

action it

is

I'S an active ingredient havin ti-in

of ' botween 8050 oy  AMEeIoSRGS S i ke aRPHER EREa Ry | Bt ]

i ngredi ent

with the pol i€

having an anti-proliferative action it is preferably as
hl §XESYS n aQﬂéi ; T

y the

nat e,
of

d ester
t he

y
ntity
ctive
oci at ed

nt | O MYERERY 0. oGFT Y and 1y, When

the active ingredient is an active ingredient 25 having an antimgratory

action itdisipmenesyppyressants.

10

I5

20

25

Even more preferably the active ingredient
associated with the polymer coating of the stent
according to this invention is imatinib mesylate,'that
is 4-[(g—methyl—l—piperazinyl)methyl]—N—[4—methy1—3-[[4—
(3-pyridinyl) -2-pyrimidinyl] amino] -phenyl] benzamide
methane sulphonate, marketed under the name Glivec® by
Novartis company.

The quantity of actiye ingredient which has to be
associated with the hyaluronic acid ester coating varies
according to the class of active ingredient.

When the active ingredient is an active ingredient
haVing an anti-inflammatory action it is preferably
associated with the polymer coating in a quantity of
between 0.001 mg and 10 mg.

When the active ingredient is an active ingredient
having an anti-proliferative action it 1is preferably
associated with the polymer coating in a quantity of
between 0.0001 mg and 10 mg.

When the active ingredient is an active ingredient

having an - antimigratory action it 1is preferably



WO 2004/ 087234 PCTI | B2003/ 001958 14 associated with the polyner coating in
a quantity of between 0.0001 ng and 10 ng. Wen the active ingredie
| MuNosSupPr2osse 234 it is preferably associated w th thepooisaves/oonosst
5 a quantity of between 0.0001 ng and 10 ng. Mre particularly, when
active ingredient is imtinib nmesylate (diveco) it is associated with the
pol ynmer coating in a quantity of betmeig 0.001 ng and 10 My. 10 The

hyal uroni ¢ acid esters used to coat th

stent according to this inv

al so have sone solubjlity,in_, organi c solvents, unlike hyaluronic a
particul ar 295P<HHDr WASFot FBeo&’é’;]W%e%oF?E&iEEQ |}Pp§rt§‘éﬁ}"é%@%’he°g
hyal uroni ¢ acid have 15 good s&lubility I n di met hyl sul phoxi de, N

net hyl pyr r AGtNFRD dh® W het R

ot%eR¥de. These solvents can also d

different active ingredients. Sone esters are also soluble in the

| ow boi | i ng- poiWhesothenactivel ingresiianiaf igonrs- AMPRERAIMPTOgsant
(hexaf | uor oi sopropanol ), which in turnis a solvent for imatinib nes
The boi | i ng tpaist poéfehakdyl assciciatecshandth | sh&9godymenbicaat ipreskare, a
feature which makes it possible to renove the solvent at tenperatur
conpat i Bl e aMduast 2y o f Yoetfwedre acodovk mg5andglLedment .

10

15

20

25

More particularly, when the active ingredient 1is
imatinib mesylate (Glivec®) it is associated with the
polymer coating in a quantity.of between 0.001 mg and 10
mg.

The hyaluronic acid esters used to coat the stent
according to this invention also have some solubility in
organic solvents, unlike hyaluronic acid, in particular
in dipolar aprotic organic solvents.

In particular the esters of hyaluronic acid have
good solubility in dimethyl - sulphoxide, N-
methylpyrrolidone and dimethyl formamide. These soivents
can also dissolve different active ingredients.

Some esters are also soluble in the low-boiling-
point solvent 1,1,1,3,3,3-hexafluoro-2-propanol
(hexafluoroisopropanol), which in turn is a solvent for
imatinib mesylate. .The boiling point of
hexafluoroisopropanol is 59°C at ambient pressure, a
feature which makes it possible to remove the solvent at
temperatures compatible with stability of the active

ingredient.

nt is an
ing in
t he

ention
id, in
sters of

i ssol ve

yl ate.

es



WO 2004/ 087234 PCT/ 1B2003/ 001958 15 These solubility properties are another
advantage of this invention. In fact they nake it possible to apply the
hyal uroni ¢ acid derivative and the active ingredient directly froma single
common soMf PYHOHRA%b 5 the surface of the stent at the dBSTHREH03/001958 »
concentrations through the dip coating technique. Renoval of the solvent
by evaporation, if necessary under vacuum nakes it possible to obtain a
thin film of a thickness which can be,controlled through the nain process
paraneters, 10 adhering to the surface of the stent. The thickness of the

hyal uroni c acid e cqatl. Ro: t . yarj.e 5 m o 40
m crons, preferaﬁ#%éget%\?%lé‘n&%f% ggoﬁkg?gﬁ\é, Aaﬁ% é\bgg&%ﬁﬁr em\g% e# e%%bl y
between 5 and_1Q.microns. 15 Unlike sim lar stent canprisin film of
hyal ur oni c aeifd%%ﬁ cﬁnf"sl’i%rh‘?@di at®l 3 |tssgﬁ§é(d [f‘%k%n lr%qﬁ%ﬁ&iﬁvi?%nrrent

wi th consequent _conpl ete and innedi ate, rel egse of the gctjve ingredient and
the hyal ur oRPBLI¥ci ,etﬁ'@’ars}t‘b?ﬁma&c@rcdi%g & VRt VienveRei of?20 30T ses a
fil mwhich undergoes a process of degradation in an agqueqQus .environnent,
and t her ef or tngregipphsdigrecicy vEr PR gre di gl &inBORPaRuSEAE 188Y P¥®| ecul es
governed by the properties of the ester. Tn fact the period for degradation

and consequehher saface2Hf thie stpgaiturahi Ehacidesdngd eoneantxat igredi ent
can be

through the dip coating technique. Removal of the
solyent by evaporation, if necessary under vacuum, makes
{ it possible to obtain a thin film, of a thickness which
can be controlled through the main process parameters,
10 adhering to the surface of the stent.

The thicknéss of the hyaluronic écid ester coating
on the stent varies from 0.5 microns to 40 microns,
preferably between 1 and 30 microns, and even more
preferably between 5 and 10 microns.

15 Unlike a similar stent comprising a film of
hyaluronic acid, which is immediately dissolved in an

. aqueous environment with consequent complete and
immediate release of the active ingredient and the
hyaluronic acid, the stent according to this invention

20 comprises a film which undergoes a ©process of
degradation in an aqueous environment, and therefore a
release of active ingredient and hyaluronic acid
molecules governed by the properties of the ester. In
fact the period for degradation and consequent release

© 25 of the hyaluronic acid and the active ingredient can be



WO 2004/ 087234 PCT/1B2003/ 001958 16 controlled through the filmthickness
and the intrinsic properties of the polyner, in particular through the
degree oWwoembvgesgrbiicati on. There is therefore a rel ease péragiovyreoibssgr edi ent
5 and a rel ease of hyaluronic acid over a prolonged time in the vicinity of
the stenotic lesion, that is a period of tinme equal to the degradation tine
of the polymer coating based on the hyaluronic acid ester derivative. In
particular, in the preferred enbodi ment!® nentioned 10 above, obtained by the
esterification of  100% and 75% of the carboxyl groups w th benzyl  al cohol
respect i velgentxqleledt Eheopglr ddicerkilm i elsgess f spda ther | Pt 610FbEe  t han
1 nonth or for a period of up to 2 weeks respectively. 15 It therefore
appears obwwmapextieswiath thes pohymeri orin t pagtpoydiay ethyovghai bhe

advant ageously stents conprising a polymer coating which is capabl e of
preservi ng dddradeof nestesifibabliogi.cal and therapeutic properties of the
hyal uronic acid itself, which has |low 20 solubility in an agueous

environment so tTidret iiss HidrefsredhatRiledROyLdattamet hengred degcof the
stent, and which has a thickness conpatible with an association wth an

active sngragdi eat rehieasanidt B%@a%n%%&@ o&&} egseFdlbrRyePnE L ak! ed way
and over periods which are 25 clinically useful
in the vicinity of the stenotic le51on, that is a period
of time equal to the degradation time of the polymer
coating based on the hyaluronic acid ester derivative.
In particular, in the preferred embodiments mentioned

10 above, obtained by the esterification of 100% and 75% of
the carboxyl groups with benzyl alcohol respectively,
the active ingredient is released for a period of more
than 1 month or for a period of up to 2 weeks
respectively.

15 It therefore appears obvious that with this
invention it is possible to obtain advantageously stents
comprising a polymer coating which is capable of
preserving all the intrinsic biological and therapeutic
properties of the hyaluronic acid itself, which has low

20 solubility in an aqueous environment so that it is not
immediately removed from the surface of the stent, and
which h;as a thickness compatible with an association
with an active ingredient which will be delivered and

released in a controlled way and over periods which are

25 clinically useful.



WO 200- 1/ 087234 PCT/ 1B2003/ 001958 17 The stent according to this invention
therefore-has the further advantage that it can conbine the effect of the
active ingredient at cellular level at the site of the lesion with that of
reduci ng MWR20408RAhati on 5 process and control ling cel | BCEIB29DYPEPI8ON Of
the hyaluronic acid itself, over a prolonged and controllable tine, so as
to be able to effectively prevent the phenonenon of restenosis. In a
particularly preferred enbodi nent of thi§ 10 invention, illustrated

di agranmmatically in Figure 1, the Iayeé of hyal uronic acid ester associ ated

with the active pLngrediept i lied to,a_stent ich has 1] st
F: SERRE: RS aPHRaR Eontrasndinantrey Shex st 18

coated with a thi urofi ¢ acid™b o the surta t he
stent covalently TF rocess of 15 i bilising the hy buro i cid_layer
on the surfa@ée ofur ﬁsgséﬁﬂﬁnttﬁﬂ&gtﬁ‘%ﬁ ern bgﬂ‘a%l%%ng & c,eglrff c}d bt in
accordance with the nmethod described in US Patent , 129,956 in the nane of
Fi di a AdvanceRe BrEpdrendrgradients 3hofRLlbELEN iLeVELaifi etBe S3tfnePt
thi ckness of the |ayer of hyaluronic acid covalently bound to the surface
of the stenttheribesienm withm tdazo of pFedusiay ythe rilRAflamnas onay,
when the coating of hyaluronic acid ester derivative is degraded in the
vi cini ty Sof pheceg@s saadot iaprtasiloning el eablwphyahigvattonci efandhde
hyaluronic acid itself, over a prolonged' and
controllable time, so as to be able to effectively
prevent the phenomenon of restenosis.
In a particularly preferred embodiment of this
10 invention, illustrated diagrammatically in Figure 1, the
layer of hyaluronic acid ester associated with the
active ingredient is applied to a stent which has been
first coated with a thin layer of hyaluronic acid bound
to the surface of the stent covalently. The process of
15 immobilising the hyaluronic acid layer on the surface of
the stent through covalent bonds can be carried out in
accordance with the method described in US Patent
6,129,956 in the name of Fidia Advanced Biopolymers and
as shown below in Example 9.
20 The thickness of the layer of hyaluronic acid

covalently bound to the surface of the stent varies from
1 nm to 20 nm, preferably 10 nm.

In this way, when the coating of hyaluronic acid
ester derivative is degraded in the vicinity of the

25 stenotic lesion, releasing hyaluronic acid and the



WO 2004/ 087234 PCTI | B2003/ 001958 18 active ingredient, the tissue of the
vessel remains advantageously in contact with a |layer of hyaluronic acid,

whi ch i swipses/bgresonpati bl e and biotol erabl e than the siegbacdsbhddse of the
stent itself. 5 Another enbodi ment of this invention provides a stent which

has a second coating of a synthetic polyner of a hydrophobic nature in
addition to the coating of the hyaluronic acid ester derivative described
above. Preferably the said synthetic pd$ymer coating of a 10 hydrophobic
nature is applied directly to the surface of the stent and then in turn
coated by tdnticwat ingrediemfal utdgi ctaEFueesPr e WRFSRL presnainsy
described in this invention. The |evel of the hydrophobic nature of the

pol ymers Hslvamisideamslyy timi scentant ooktth ng i $ayeasuwEd hig kg emee

techni que of the contact angle with water. In particular the synthetic

pol yrmer s ofacddhy dvlopdiobis matrer diwdanpadridbles vandbbeéotol exrsdlien floami ng t he
second pol yner coating on the stent have a contact angle with water of nore

20 t han 60Ghelhasaepdumtice haf i tige astwglt opbebl€.nature are preferably
sel ected from pol ynet hyl net hacryl ate, pol ybutyl net hacryl at e,

pol yi sobut yl met hatdpteat € emRiaainietitc BEl VERLS, Dob¥hEisfli §pLovPabYi SQpTene,
25 poly(acryl onitro-butadi ene-styrene) or polyvinyl

stent which has a second coating of a synthetic polymer

of a hydrophobic nature in addition to the coating of

the hyaluronic acid ester derivative described above.

Preferably the said synthetic polymer coating of a

10 hydrophobic nature is applied directly to the surface of
the stent and then in turn coated by the coating of
hyaluronic acid ester derivative previously described in
this invention.

The level of the hydrophobié nature of the polymers

15 constituting this second coéting is measured using the
technique of the contact angle with water. In particular
the synthetic polymers of a hydrophobic nature which are
suitable for use in forming the second polymer coating
on the stent have a contact angle with water of more

20 than 60°C.

These polymers having a hydrophobic nature are
preferably selected from polymethylmethacrylate,
polybutylmethacrylate, ﬁolyisobutylmethacrylate,
olefinic polymers, polybutadiene, polyisoprene,

25 poly(acrylonitro-butadiene-styrene) or polyvinyl



WO 2003/ 087234 PCT/1B2003/001958 19 acetate. in an even nore preferred
enbodi nent the synthetic polyner having a hydrophobic nature is

pol ystyrene. Furthernore, the second synthetic polynmer coating 5is in turn
capabl e ofWBeMH§8LBtectively associated with a phar macolrogimsadbyponss i ve
ingredient. In this way therefore it carries out the role of an inert
coating, underlying the first active coating of hyaluronic acid
derivatives, capable of acting as a secpgd reservoir of 10 active ingredient
and therefore of also subsequently <controlling the rate of rel ease of the
said active_Jdigfiedient associated with it at the site of the Iesion. The
classes of active i1ngredients preferably associated with the said pol yner

coating of a 15\/&3@&@?\2@%0&& lrjnrg éataé%é&we e%ﬁ'fzﬁéﬂ@stﬂ{ey% iy dikar edi ent

associ ated there h, " a he "Sa S escri previ ous or the coating
obt ai ned from, hyal yronic acid ester derivatives,_l| i di fferent
active i ngré’d?lé’ﬁ%/es’f az‘bub%paenl'(‘ﬁ"ﬁ Oﬁlﬁ%lﬁl?h%a Wé?ab%uéjc?g}g%g?%%ﬁ%\'/e sought, can
t herefore be associated with the two pol yner cg%%hngs t hat of .

hydr ophobi ¢ nat urB REEHRES bad o‘T’le‘F‘Pfé FyZRtesice %%]rﬂ“ee’été:roag:elﬂ%ati ve,
on the sane stent. Al so the_corresponding guantities of acgtive ianedient
25 assocPat def W htuhe capaddsgt idfgPLng nefEeerivedy Bespraated with

a pharmacologically active ingredient. In this way

therefore it carries out the role of an inert coating,

( underlying the first active coating of hyaluronic acid

derivatives, capable of acting as a second reservoir of

10 active ingredient and therefore of also subsequently

controlling the rate of release of the said active

ingredient associated with it at the site of the lesion.

The classes of active ingredients preferably

associated with the said polymer coating of a

15 hydrophobic mnature, " and the quantities of active

ingredient associated therewith, are the same as

described previously for the coating obtained from
hyaluronic acid ester derivatives.

Identical or different active ingredients,

20 depending upon the therapeutic objective sought, can

therefore be associated with the two polymer coatings,

that of a hydrophobic nature and that based on the

hyaluronic acid ester derivative, on the same stent.

Also the corresponding quantities of active ingredient

25 associated with the two coatings on the stent may be the



WO 2004/ 087234 PCT/1B2003/ 001958 20 sane or different according to

t herapeutic needs. Application of the polyner coating having a hydrophobic
nat ure awo 200408284 ve i ngredi ent associated wth it carChaBzpophé®Esto the
stent in a manner simlar 5 to that first described for application of the
coating of hyaluronic acid derivative. The hydrophobic polynmer and the
active ingredient are dissolved or suspgnded in the sane organic solvent to
forma single coompn solution or suspeénsion. Solvents suitable for this 10

pur pose shoul hayve E | €%|45 Qg?nt at anbi ent
pressure of SHer 8r16 ¥%9 %rg gg%gﬁH§ %ﬁ %% s rgger y'the said
organi c solvents_ are, . elect%gifr di chl.oronet hane, . neth ene chlorlde
acet one, allphataBpﬁ§8?g&8Pbo orgg%cléﬁ@Q§F37 $83htBfer ng
di chl or onet hane. Through evaporation of the said solvent a coatin
variabl e t H¥Y¥&FeREOD 4EpBRGRE (Ah Bhe BF5A¥ss ingnathank s2saaRén ﬁgi to t he
surface of the stent is thus obtained. The coating based on the ester
derivative witR0ihyghir &% ArRAied stehbhesgbsagudm Iy egpReedsiviipry  stent
pre-treated in this way. The thickness of the hydrophobic synthetic polyner
coat i ng5on tdethaentf st edesconbeds fircrapslicagidn wifcrdrs, cpatfiamabl vy
between 1 and 30 mcrons, and even 25 nore preferably between 5 and 10
m crons. of hyaluronic acid derivative. The hydrophobic polymer
and the active ingredient are dissolved or suspended in
the same organic solvent to form a single common
solution or suspension. Solvents suitable for this
10 purpose should have low boiling points, with a boiling
point at ambient pressure of below 100°C and preferably
below 80°C. Preferably the said organic solvents are
. selected from dichloromethane, methylene chloride,
acetone, aliphatic hydrocarbons or cyclohexane,
15 preferably dichloromethane.
Through evaporation of the said solvent a coating
of wvariable thickness, depending upon' the process
parameters, adhering to the surface of the stent is thus
obtained. The coating based on the ester derivative of
20 hyaluronic acid is then subsequently applied to the
stent pre-treated in this way.
The thickness of the hydrophobic synthetic polymer
coating on the stent wvaries from 0.5 microns to 40

microns, preferably between 1 and 30 microns, and even

25 more preferably between 5 and 10 microns.



WO 2004/ 087234 PCT/ 1B2003/ 001958 21 It therefore appears obvious that the
further advantage of this enbodi nent of the stent is that of being able to
nodul ate the rate of release of the active ingredient through the double

coating onVPHEMBEF 5 further extending rel ease of thePEAB298NI1988
ingredient over tinme and therefore extending its pharmacol ogi cal action on
the stenotic lesion. In fact, with this enbodinent, at the atherosclerotic
| esion there is a first double action gye to coupling of the effect of the
10 active ingredient and the hyaluronic acid, both released by the process

of degradation ofr herhyalp&pai Caﬁ?legrs_esbg{rieﬁrsi vahhy¥e epal i Gt
subsequently the effect of the active ingredient released by the second

nert  pol ynegyo0alidorlSehlls! b dihddie sRerapeutienel fieetchan ber

pr ol onged te of | esion Tor a tinme equal to the release tine

for the active.%ggéﬁgéegg &§8?%5€§i§ﬁ£¥%§£soﬁgﬁégﬂg§§g gfhxgkpengggganature.

In the parti%%} odirmren r coating having a

hydr ophobi ¢ pature,is, based o pql ystyrene the rel ease period for the
active ingreﬂ?%ﬁ?gl?gtfLﬁh?ﬁﬁg%xﬂgﬁ%eﬁ%ﬁgﬂg pEPPgangf She ML IEE B i1 arly
to what has been described above and as _illustrated diagrgmmatically in
Figure 22 a parthern gxrondiggpreleassy ehedt nEatdofCtAVE tRguedi&neoat i ng
for the

over time and therefore extending its pharmacological

action on the stenotic lesion. In fact, with this
i embodiment, at the atherosclerotic lesion there is a
first double action due to coupling of the effect of the

10 active ingredient and the hyaluronic acid, both released
by the process of degradation of the hyaluronic acid
ester derivative coating, and subsequently the effect of
the active ingredient released by 'the second inert
polymer coating.

15 In this way the therapeutic effect can be prolonged
at the site of the 1lesion for a time equal to the
release time for the active ingredient from the polymer
coating of a hydrophobic natﬁre.

In the particular embodiment in which the polymer

20 coating having a hydrophobic nature is based omn
polystyrene the release period for the active ingredient
is further extended by a period of one month.

Similarly to what has been described above and as
illustrated diagrammatically in Figure 2, a particularly

25 preferred embodiment of this two-layer coating for the



WO 2004/ 087234 PCT/ 1B2003/ 001958 22 stent provides that the underlying

pol ynmer |ayer of a hydrophobic nature is coated with a thin |ayer of

hyal ur oniVeO 20H48B# ch is chenically bound in a coval ent pPOT@BREGHO0IBAE coati ng
of hyaluronic acid ester derivative 5 is then applied to this |ayer of

coval ently bound hyaluronic acid. In this way, when the upper |ayer of

hyal uroni ¢ acid ester has degraded, the,ti ssue of the vessel is not exposed
to the synthetic polyner, but to a ?ér of hyaluronic acid. 10 The process

| a
nature and $HES apEPvaRed AR bERe AhaPLY S BRIV PlafelluirRar' ¢

hyalur bni'c aci éxanp
accordance | th the nmethod described in éhe forenent,j oned, US _Pat ent

6, 129, 956 i#&&#ﬂp CoffFT S A antdteds BHtRol §mer RIP ThEAYRF ckREss of
the | ayer of hyaluronic acid ,covalently bound to the surface of_the pol yner
coating ofh Xpbi 8CH8t Whé Charieschemhral b Peung dM 2 pFeYaFeBEy 10 nm

20 The invention is further described through the following illustrative
and non-r estanney vcThgagphédngs off Heyahweonie oarhdi @steie deatv@esvend
advantages of this invention will be even nore obvious. Exanple 1.
Formati 6n afs a fthemn cfppiyieddir b c Hrisl DRiyest evf derdwval envelpf dobfdr ent
t hi cknesses obtai ned | ay
hyaluronic acid. In this way, when the upper layer of
hyaluronic acid ester has degraded, the tissue of the
vessel ié not exposed to the synthetic polymer, but to a
layer of hyaluronic acid.

10 The process of forming a covalent bondvbetween the
polymer.coating of a hydrophobic nature and the layer of
hyaluronic acid is carried out for example in accordance

- with the method described in the aforementioned US
Patent 6,129,956 in the name of Fidia Advanced

15 Biopolymers.

The thickness of the 1layer of hyaluronic écid
covalently bound to the surface oﬁ the polymer coating
of hydrophobic nature varies from 1 nm to 20 nm,
preferably 10 nm.

20 The invention is further described through the
following illustrative and non-restrictive examples of
the same, from which the features and advantages of this
invention will be even more obvious.

Example 1. Formation of a film of hyaluronic acid

25 ester derivative of different thicknesses obtained by



, WO 2004/ 087234 PCTI | B2003/ 001958 23 total esterification of the carboxyl
groups with benzyl alcohol. A Laserskin nenbrane, manufactured by the
conpany Fi dia Advanced Bi opol ynmers, constructed in particul ar usi ng
HYAFF 11(W92004987334ed to forma filmof hyal uronic acid¥&d 18?008/8&9&78;“ ve
obtained fromtotal esterification of the carboxyl groups w th benzyl

al cohol (a product having the trade nanme of HYAFF 110). Sone fragnents
having a total weight of 70 rag were cu% off fromthe 10 nenbrane. These
were dissolved in 3 m of dinethyl sul phoxide (DVSO . Dissolution took place

at  anbi ent écﬁf?fr@ét‘éfiﬁYEEtloﬂo‘érf- offenca efesuss - wokut bamzqas for med
S 0 , 1n

three aliquot solution, 0.5 m and 1.5 m, were taken
respectivel Y41 was added 15 to each aliquot of solution in a quantity

such as to Take Up each solution to 3 m and three solutions A, B and C

tivel t ai J4.n thi . T lLug i i ned
wer b poured i nto horgeryeia Reprraisniatubaeizedo y  RHS TR 1 %60c
where they 20 remained untjl _the slol vent had conpl et&l y. evapaorated._  The
film deposi t&tim oBLORSLFEETS - di SAPRREUC T 8L oVt ed Bitd GHEX

t hi ckness was eval uated by ,observing _through a scanning_electron
ni croscope. Whteg vEYREE 44 el d&P tweed okPokPAR rfeskil® Sholivalyremie 1,

which 25 are expressed as the nmean value of four nmeasurenents., _
acid ester derivative obtained from total esterification

of the carboxyl groups with benzyl alcohol (a product
having the trade name of HYAFF 11°). Some fragments
having a total weight of 70 mg were cut .off from the
10 membrane. These were dissolved in 3 ml of
dimethylsulphoxide (DMSO). Dissolution took place at
ambient temperature over 1 hour. When a homogeneous
solution was formed three aliquots of solution, 0.5 ml,
1 ml and 1.5 ml, were taken respectively. DMSO was added
15 to each aliquot of solution in a quantity such as to
make up each solution to 3 ml and three solutions A, B
and C respectively were obtained in this way. The three
solutions so obtained were poured into polystyrene Petri
dishes and placed within a stove at 60°C where they
20 remained until the solvent had completely evaporated.
The film deposited on the base of the Petri dish was
recovered and its thickness was evaluated by observing
through a scanning electron microscope. Observation
yielded the following results shown in Table 1, which

25 are expressed as the mean value of four measurements.



WO 2004/ 087234 PCT/ 1 B2003/ 001958 24 Table | Sol ution Thickness (ym A 11
t 6 B23 10 C 38 + 8 Exanple 2 Application of the filmaccording to
exanpl e wot2004208323di nl ess. steel stent. 5 Solution A obt RCEEB2GWHILYBNg t O
exanple 1 was wused. A stainless steel stent of dinensions 13 nm was

i mersed into and renoved fromthe solution contained in a beaker and
transferred to a stove at 60C under gguunl After drying the stent was
imersed in a 10 sol ution of toluidene“blue, which is a stain capabl e of

col ouring hyaluronic acid, in order to e§glu?te film formation. The
existence and uniformty of the colour ™ hen observed _The test t hus
confirnmed |the presence of a filmof HYAFF 11(r) on.the surface of the
stent, and 15 its unlféPﬁPﬂigPrlbut|ow Exanple 3 FﬁEBPﬁGréPF@n n
active ingredient in the HYAFF 11' filmand its rel ease. Solutlons of HYAFF
11" in DVHO were prepared @& 20 descrifped in Exanpl ell. +16 ng of th¢ active"
ingredient] Tmatin b mesylate, obtained fromthe drug GivecO WO 2004/ 087234
PCT/ 182003/ 001958 25 B 23 + 10

c 38 + 8

Example 2 Application of the £film according to
example 1 to a stainless steel stent.

5 Solution A obtained according to example 1 was
used. A stainless steel stent of dimensions 13 mm was
immersed into and removed from the solution contained in
a beaker and transferred to a stove at 60°C under
vacuum. After drying the stent was imefsed' in a

10 solution of toluidene blue, which is a stain capable of
colouring hyaluronic acid, in order to evaluate film
formation. The existence and uniformity of the colour
was then observed. The test thus confirmed the presence
of a film of HYAFF 11° on the surface of the stent, and

15 its uniform distribution.

Example 3 Incorporation of an active ingredient in

the HYAFF 11° film and its release.
Solutions of HYAFF 11° in DMSO were prepared as
20 described in Example 1. 10 mg of the active ingredient

imatinib mesylate, obtained from the drug Glivec®



followi ng dissolution in water, filtration to renove insoluble excipients,
and evaporation of the water, were added to the solution. After dissolution
the solution was placed in a stove and the sol vent was evaporated. 5

Cyt ot oxi ®d yotesnst were carried out using Bal b/ 3T3 cel PeTHRRYWIrEt e t he
presence of the active ingredient. 0.5 cnR portions of filmwere placed in
a Petri dish containing a confluent |ayer of such cells. For each of the
concentrations of the various sanples o§5the said 10 hyal uronic acid ester
derivative A, B and Cin Exanple 1, a control conprising the said

hyaluroni o gl Sae UGS AtnP G80eE W EIL NG, acld Ve dypgred en

was prepare ect on e ce was eval uate one

coniact and SAPURITES S0 YUY ELLPLECB6H]BrrEhA JSS gm0 o

val ue 0 indi ect’, e Value
D cates Setl oLosl i oS okie, hen?, BSOS, Ll R 0B°
Cytotoxic efvgaesCtpléA\ceSd f\n %)né{gxlre 0arlia’d?)t:he solvent was evaporated.
5 Cytotoxicity tests were carried out using Balb/3T3
cells to evaluate the presence of the active ingredient.
0.5 cm® portions of film were placed in a Petri dish
containing a confluent layer of such cells. For each of
the concentrations of the various samples of the said
10 hyaluronic acid ester derivative A, B and C in Example-
1, a control comprising the said hyaluronic acid ester
derivative A, B and C without the active ingredient was
prepared. The effect on the cells was evaluated after
one day’s contact and expressed using a cytotoxicity
15 scale with values from 0 to 5; value 0 indicates the
absence of any cytotoxic effect, while value 5 indicates
{ death of all the cells. Table 2 below shows the results

so obtained.

20

25



B Control 0 C3 C Control O Fromthe results obtained it is clear that the
cytotoxic effect previously established for the pure active ingredient

conf i r rewoOlae/a8Azs4act i ve ingredient is 5 released fronPEHEB2OPSAPIISE| (r) film
on the stent. Exanple 4 Mnitoring of the concentration of active

I ngredi ent associated with the HYAFF 11(r) film HYAFF il (r) films of type A
were obtained as in 10 exanple 3 abov but different quantities of active

ingredient, 10 ng, 5 ng, 1 ng and 0.1 , were incorporated. Cell culture
tests were perforned as reported in ag&le 3 and the results shown in
Tabl e 3 re ohtained 15 WD 2004/ 087232 8CF 1R2003/001958 27 1%91e 3
Quantity af active i ngredient in the type A Cytotoxic effect AFF {1 film
10ng5 9nmg 5 1 ng 1 S8Pl8y 0 This experi menfY8ekoXitr &ffeSthar {t is
possi bl e tjo
A 5
A Control 0
B 3
B Control 0
c 3
C Control 0

From the results obtained it is clear that the
cytotoxic effect previously established for the pure
active ingredient confirms that the active ingredient is

5 released from the HYAFF 11° film on the stent.

Example 4 Monitoring of the concentration of active
ingredient associated with the HYAFF 11° film.
HYAFF 11° films of type A were obtained as in
10 example 3 above, but different quantities of active
ingredient, 10 mg, 5 mg, 1 mg and 0.1 mg, were
incorporated. Cell culture tests were performed as
reported in Example 3 and the results shown in Table 3
were obtained.

15



control the concentration of active ingredient in the film thus
controlling the tine period of the effect on 5 the cells, froma toxic
effect to a sub-toxic effect. Exanple 5 Incorporation of active ingredient
~into thavolYéFEmstifr) filmand its release over tine. APEVABIOPQIPIS fi| m of
type A as described in Exanple 10 3 and a control filmw thout active

I ngredient were prepared. The filnms were then subdivided into 0.5 cn®
portions. Four portions of each filmwe & i mmersed in physi ol ogi cal
solution for periods of one day, tw days, one week and two weeks
respectively. At the end of the 15 i meggj period the sanples were renoved
fromthe physio ical—soluti and oyt ot oxi-ci

under the shame conditions,as reported in Exanple 3. The results obtaj ned
are shown below in $4BREEY QB 2664V687284 PCT/ 1B2003/ 001958 28 Tabje 4
Residence tjne Cytotoxic effect i day 5 2 days 5. 1 week 4 2 weeks The
control s wit hdRIZRIFERE | iRy rEhE WP Y nbt  howevEYEREBFASNGESPGRs of |

cytotoxicitly. These data deponstrate that the active ingredient 5
incorporated in theH¥MAFFLI1E¥Immis re] eased slowy
' 10 mg 5
5 mg 5
1 mg 1
0,1 mg 0

This experiment demonstrates that it is possible to
control the concentration of active ingredient in the
film, thus controlling the time period of the effect on

5 the cells, from a toxic effect to a sub-toxic effect.

Example 5 Incorporation of active ingredient into

the HYAFF 11° f£ilm and its release over time.
A HYAFF 11° film of type A as described in Example
10 3 and a control film without active ingredient were
prepared. The films were then subdivided into 0.5 cm?®
portions. Four portions of each film were immersed in
physiological solution for periods of one day, two days,
one week and two weeks respectively. At the end of the
15 immersion period the samples were removed from the
physiological solution and subjected to the cytotoxicity
test under the same conditions as reported in Example 3.

The results obtained are shown below in Table 4.



even after it has remained in an aqueous environnment for 2 weeks,

confirmng the active ingredient reservoir function of the |ayer of

hyal urow(pz@g/bgzﬁst er derivative. 10 Exanple 6 Manuf agtwie2008/0@954 ent with
a coating o HYAFF 110 and rel ease of the active ingredient associated
with that coating. A nunber of stents were prepared as described in 15
Exanple 2, in particular 10 ng of the active ingredient imtinib nesylate
were added to solution A of HYAFF 11. (28 prepared in accordance wth
Exanple 1. The stents were then i mersed in physiological solution for 0, 1
and 2 days and 1 week respectively. Tﬁ@bbﬁpérlnent described 20 i n Exanpl e
5 was repdated wth the stents prepared -1n WO 20041087234 PCT/ 1B2003/ 001958
29 this way. The reskesidehcantimeTabl § 5 bel ow aptetoalicaiefddctliabl € 5

Resi dence [TTTe Cytotoxic effect I day |5 2 days 5 1 WeeK & ThiS experi ment
again conflrns that actluedd@l ngredlent Is released oveg tinme fromthe

st ent coatEed—wtiHYAFRF—THr)—f+tm

U

2 days 5
1 week 4

2 weeks 3
The control.s without active 1ingredient did not
however show any signs of cytotoxicity.
These data demonstrate that the active ingredient
5 incorporated in .the HYAFF 11° film is released slowly
even after it has remained in an aqueous environment for
2 weeks, confirming the active ingredient reservoir
function of the layer of hyaluronic acid ester
derivative.
10
Example 6 Manufacﬁure of a stent with a coating of
HYAFF 11° and release of the active ingredient
associated with that coating.
A number of stents were prepared as described in
15 Example 2, in particular 10 mg of the active ingredient
imatinib mesylate were added to solution A of HYAFF 11©®
prepared in accordance with Example 1. The stents were
then immersed in physiological solution for 0, 1 and 2
days and 1 week respectively. The experiment described

20 in Example 5 was repeated with the stents prepared 3n



-Exanpl e 7 Manufacture of a stent with HYAFF 110 coating using a
| ow boi | i ng-poi nt solvent and rel ease of 10 the active ingredient
associated with that coating. Sone stents with HYAFF 110 e hrepared as
‘descri bedWOrRBEIELH in exanple 2, but using hexafl uor o‘u"iﬁ%‘g’é"?‘? Bas
solvent. A solution of HYAFF 110 i n hexafl uoroi sopropanol Co 15 which the
active ingredient imatini b nesylate was added was therefore prepared for
this purpose. In particular a solutionsgontaining 5 cc of
hexaf | uor oi sopropanol, 40 ng of HYAFF 11(r) and 20 ng of imatinib nesylate
was preparegh; Renpyal ofhd he-sspimant sidwer tihe shBlks bBadpb@fobheepeiamer sed
in the solution took place in a vacuum stove at 25C. WD 2004/ 08723-1
PCT/[BZOOS/OQ%@;@nego The stents were then i mersed in physiol ogi cal
solution for 0, 1 and 2 days and for 1 week respectively. The experi nent
described in exanple 5 was repeated w tfy;;he stents

M0 e ~la¥allVa a ab aY21 W aly) er.e

The 5 follo esults s 2 G A 3
me Cytotoxic .effect _,1 day 52 days 5 i week
{Here i

Resi dence ti é4é¥T S éxbe i ment

again confi {ns that t &S Cytotoxi ect
1 day 5
2 days 5
1 week ‘ 4

{ This experiment again confirms that active
5 ingredient is released over time from the stent coated

with HYAFF 11° film.

Example 7 Manufacture of a stent with HYAFF 11°

coating using a low-boiling-point solvent and release of
10 the active ihgredient associated with fhat coating.

Some stents with HYAFF 11° were prepared as
described in general in example 2, but using
hexafluoroisopropanol as solvent.

A solution of HYAFF 11° in hexafluoroisopropanol to

15 which the active ingredient imatinib mesylate was added
was therefore prepared for this purpose. In particular a
solution containing 5 cc of hexafluoroisopropanol, 40 mg
of HYAFF 11° gnd 20 mg of imatinib mesylate was
prepared. Removal of the solvent after the stents had

20 been immersed in the solution took place in a vacuum

stove at 25°C.



ingredient is released over time fromthe stent coated wth HYAFF 110 film-
10 Exanple 8 Manufacture of a stent with a HYAFF 110 coating and- a second
coat i ngvah 26k ¢ pol yner of a hydrophobic nature aci/mBeisae®sdf the
active ingredient associated with that coating. 15 A nunber of stents were
prepared as described in general in Exanple 7, but acting on the
pre-treated stents as follows: A suspension of imatinib nmesylate in a 2%
solution of polystyrene in dichlorone Bane was prepared. The 20 stent was
coated by imersion in the solution and we sol vent was subsequently. renoved
'n & vacuum st ovihient ST 1 MRS F I SERRTST01958 PV SRLOFHADr ocess
was repeated 3 tines. For conparison purposes, a nunber of stents were
prepared i HOMCHPR hefSFme &t epd WP catri 88Y8ut A ngfol sdi utWe®xof HYAFF
il (r) and imatinib mesylate. 5 The stents were then imersed in
physi ol ogi céspesiinelon. f Bheoexpezimentdadesanidedrin fKampasd B Wieks
respectively. The experinent described in Exanple 5 was repeated with the
stents prepmpshtiedt hiithwayrheThetengsul prepaoed | anTabhiés7 wayow Teee
obt ai ned. 10 Table 7 Residence Cytotoxic Cytotoxic

5 following results shown in Table 6 below were obtained.

Table 6
Residence time Cytotoxic effect
1 day 5
2 days _ 5'
1 week 4

This experiment again confirms that the active
ingredient is released over time from the stent coated

with HYAFF 11° film.

10
ﬁxamgle 8 Ménufacture of a stent with a HYAFF 11°
coating and a second coating of synthetic polymer of a
hydrophobic nature and release of the active ingredient
associated with that coating.
15 A number of stents were prepared as described in

general in Example 7, but acting on the pre—treated
stents as follows:

A suspension of imatinib mesylate in a 2% solution

of polystyrene in dichloromethane was prepared. The

20 stent was coated by immersion in the solution and the

solvent was subsequently removed in a vacuum stove at



~time effect (HYAFF effect (HYAFF il(r)/inmatinib 110 /imatinib nesyl ate)
nmesyl ate and hydrophobic polyner/inmatinib nesylate) 1 day 55 2 days 55

1 week 4 4 3 weeks 1 3 This experinent again confirns tha} q@b@v?_

~ i ngr edi eNWWORYHOBT284sed from the coated stent over tinme PShdP? W¥ence t hat

the presence of a hydrophobic polynmer containing active ingredient can

assi st and WD 2004/ 087234 PCT/1B2003/001958 32 extend the rel ease of active

ingredient at the site of the |lesion. Exanple 9 Manufacture of a HYAFF

11(r) coating on a 5 stent pre-coated with a |layer of coval ently bound

hyal uroni ¢ agjog angher pheree sOfwarc et dtgr editdmes .associated with this

coating. A nunber of steel stents were coated with a |layer of hyaluronic

acid, coval entl Y_M'n_ﬁlol?n%a&ﬁ%o%urﬁ@f &s, 19 thiensdenbf | SrSREHT daRE W th

t he met hod described in US patent” US 6,129,956 (in the nane of Fidia

Advanced  Bionol yviiei S), R EnPRHEl G |dhegGrStENESr #BER out using
a solution of HYAFF 11° and imatinib mesylate.

5 The stents were then immersed. in physiological
solution for 0, 1 and 2 days and for 1 week and 3 weeks
respectively. The experiment described in Example 5 was
repeated with the stents prepared in this way. The
results shown in Table 7 below were obtained.

10 Table 7

Residence Cytotoxic Cytotoxic
time effect (HYAFF effect (HYAFF
11°/imatinib 11°/imatinib
mesylate) mesylate and
hydrophobic |
polymer/imatinib
mesylate)
1 day 5 5
2 days 5 5
1 week 4 4
3 weeks 1 3 B

This experiment again confirms that active
ingredient is released from the coated stent over time
and is evidence that the presence of a hydrophobic

polymer containing active ingredient can assist and



subjected to plasma treatnent with air plasma for 1 mnute in a Europl asna
reactor.“xggmiéﬁggf were then 15 i mersed in a 0.5% aqueous sol uti on of

pol yet hyl'enél (PEI, Sigma) for 2 hours at ambient PEAPBIMBUNAESS The
stents were then repeatedly washed and immersed in a solution of 0.5%

hyal uronic acid (SIGVA) containing 1% of N hydroxysuccinimde (SIGW) and
it of dinmethylam no 20 propyl ethyl carbg@gliimde (EDC, Sigma). The bondi ng
reaction continued through the night, at anbient tenperature. On the next
day the stepitenterehearefiehlsy omishetlivdheénstredientr et r eheedite tdf s way
were subjected 25 to coating by imersion in a solution of HYAFF 110 in WO
2004/ 087234 HCH/ 328193/ 001958 33 hexaf | uor oi sopropanol as generally
described in Exanple 7. In particular two solutions, a first conprising 5
m  of hexafl uoroi sopropanol, 40 ng of HYAFF~ and 20 ng of imatinib

mesyl ate, and a second identical solution but 5 containing tw ce the
concentration ofg) i Di h LS , r stent so
obt ai ned was pl ggwt g%t%({ﬁ(%uré)n?%i Iraﬁ r{‘é&l@ml%\? §ﬁ§g?§?o§?€2?

solutiop at_37C i or o oyt the_invegti j t ;ease of
10 i mat?ni ﬁtr%gyl Q%JCeeT(?%E%%%e %%&F 1(???’8'5& ?%g Q%?eaﬂ%}otlol[}fi rc}go‘ili/\}gé renmoved
and exam ngg 3idBhec Naedd Mand” S:R18.3R°CISPPNQLRTTLS" AlgARERLLLC T Tes.

associated with this coating.
A number of steel stents were coated with a layer
of hyaluronic acid, covalently bound to the surface of
10 the stent, in accordance with the method described in US
patent US 6,129,956 (in the name of Fidia Advanced
Biopolymers). More particularly, the stents were
subjected to plasma treatment with air plasma for 1
minute in a Europlasma reactor. The stents were then
15 immersed in a 0.5% aqueous solution of polyethyleneimine
(PEI, Sigma) for 2 hours at afnbient temperature. The
stents were then repeatedly washed and immersed in a
solution of 0.5% hyaluronic acid (SIGMA) containing 1%
of N-hydroxysuccinimide (SIGMA) and _1%Aof dimethylamino
20 propylethylcarbodiimide (EDC, Sigma) . The  bonding
reaction continued through the night, at ambient
temperature. On the next day the stents were carefully
washed.
The stents pre-treated in this way were subjected

25 to coating by immersion in a solution of HYAFF 11° in



concentration of imatinib nesylate released by the stent was cal cul ated by
nmeasuri ng the absorbance of the 15 solution at a wavel ength of 251 nm The

correl ati apo 2bAkeeLR absorbance and imatinib nesyl ate copegpgi@lbfvss Was
established by plotting a calibration curve, that is by neasuring the

absor bance of solutions having a known concentration of imatinib nmesylate
in normal saline. 20 The experinents on the stents obtained in accordance
with this experinent froma solution cdAtaining 20 ng of imatinib nesylate
or the solution containing 40 of imatinib nmesylate respectively

provi ded t hehe¥af}epeaisopsPyasol| pfstFensdly Fgareiked 3n Fxamglgns 1. A
stent conprising a coating based on a polyner of hyaluronic acid

characteri ze@-i An PRAT idvd adai tvchysd kitokprs act df pobynEemps igd ngstSerml
derivative of hyaluronic acid wherein all or some of the carboxyl groups of
t he hyal urono€ aeiakfdneresitsapridpetholi,t M@l ngholfs BAREt exhd f ROmmghoske of t he
aliphatic, arylaliphatic, cycloaliphatic and heterocyclic series. 2. A stent
according toimhaimib, nasyitited) ahenat ecaid ddenbbtsl aselatiohe it phatic
series they are selected fromstraight or branched saturated or unsaturated

al cohol s havebgthiaihg twit? caebeonzeotiatdein @flinat islibstnddifettey th one
or nore groups sel ected from hydroxi de, am ne, al dehyde, nercaptan or

carboxyl grodp&tOk s0u@URg,deereedsbom t hese such as for exanple esters,
ethers, acetals, ketals, thioethers, thioesters, carbamdes; in particular

}Mr’gzq Erg'?hsai d al FQE‘H' Ssv?é['& sabuidad ndld RRAL T p1akeahals fhexsare.gsl ect ed

yl, ethyl, propyl, 1sopropyl, normal “butyl, 1sobutyl, ter-butyl,
a(nyl or pent Xlanﬁg(igliﬁbslwﬂ&n 6Pepsf@sqoalo%q@ls solution at 37°C in
order to carfy out the investigations on the release of

10 imatinib mesylate from the- HYAFF 11° coating. The
solution was removed and examined using a Unicam UV-
Visible spectrophotometer at specific times. The
concentration of imatinib mesylate released by the stent
was calculated by measuring the absorbance of the

15 solution at a wavelength of 251 nm. The correlation
between absorbance and imatinib mesylate concentration
was established by plotting a calibration curve, that is
by measufing the absorbance of solutions having a knoWn
concentration of imatinib mesylate in normal saline.

20 The experiments on the stents obtained in
accordance with this experiment from a solution
containing 20 mg of imatinib mesylate or the solution
containing 40 mg of imatinib mesylate respectively
provided the two release curves illustrated in Figure 3.

25



are bivalent aliphatic alcohols they are selected fromthe al cohols ethyl ene
gl ycol, propylene glycol, butylene glycol, and when the al cohol is a
trivalent aliphatic alcohol it is preferably glycerine; when the said

al cohols are am no al cohols, they are s@tected from am noethanol,

am nopropanol , am nobutanol and their dinethylene- or diethyl eneam ne
derivatives, piperidine ethanol, pyrrCGLAMNSIe et hanol or piperazine ethanol;
when the said alcohols are carboxy al cohols, they are selected fromlactic,
tartaric, maleic or glycolic acids; when the sajd al cohol s, are unsat ur at ed

al i phatic & @DPFGPECQWF'%%CB?W%S%P%E PYfymes pllyairenic\Agidcharreterized in
al cohols are of the arylaliphatic series they are rfglected from those paV|ng
a benzene Bﬁtth%ﬁaldl fgyagu%? PP‘GtRé’(W'W’t‘T’I an esiar fefivatiye @M?‘I“Eo”bcr aqy 85&5’? o
hal ogen atons, in particular fluorine, chlorine, bromne and di nd in
o ch-the SR o Caon issesel B sbepnt e sinededi %'Hua'thogi) dlestad |
substituted by one_or groups, sel ecte from |nar .am ne groups, nDno-
or di met hyfTom S@Pf)hhﬁsa"ﬁli‘atﬁ Braiphatis ?Xﬁ'oﬁgprﬂﬂt'c %‘FS@WB&’ lc §¢Sps, in
particul ar theg are benS%Q Icohol or. phenyl et hyl al cohol, when the said
al cohol s afe b ef'tkﬂé’CESF’&'l 1G/3iRak WRIER es they are sel ect ed fromthose nono
35 or pol clic alc containing from3 to 34 carbon atons
optional | yzfa%hth&. FRIA ?03‘8% are Pgtrﬁ"‘ RERhafic sgfie heﬁe?@c?@'ﬂc*a ?rg!ghf\loénd
optionally su stltuted wi th one roups se ed fro r oX
amine, al d¥AYAEd sﬁﬁ’rrﬁtﬁﬁtoéH”B"i‘t“ °?§JP%UE%R {'0 fé)garbaré@ PWFHW hese
such as for sters, ethers ace t hi,oet hers,
t hi oest er SSUbﬁéPtﬁ soneg n°rpé7|’cfrFCQT°éﬂPs ?fﬁ?%ﬁr%l quf%ﬁ%alamfat Flge%\fd@ohol s
are nonocyclic ey gpe sel ected fromthoagEﬂné ai nin f%on15 H? carbon
at ors, opt'T‘%'ﬁé'PtPS} 9 GROOXYIFFRYPS 9 RURHESYE %PS&H& S8/"AcPRPHG GHF
hydroxyl thyl, ethyl, pro , ,_and.in artic th ;
cycl ohexarfgE f%%?%'ﬁ&%ﬁ&r 6‘]"Bg¢’ﬁf§si§? 8?3(@% ﬁ%ﬁ’?%‘#es PRI H’%ﬁtw?@cﬁ’%d?aﬁ to
claim1l or whi ch the degr rification t he yal uronic
acid ester? '?%P'}\/ uiated ég‘gﬁsﬁrﬁ?%@fst @‘eiﬁ%sﬁ# Cfeﬁjg redy B’SE}Y' ed'PQuBE’PV'n t he
hyal uroni %sc%?égyl normal butyl, isobutyl, ter-butyl, amyl or pentyl alcohols; when the said alcohols
are bivalent aliphatic alcohols they are selected from the alcohols ethylene glycol,
propylene glycol, butylene glycol, and when the alcohol is a trivalent aliphatic alcohol it is
preferably glycerine; when the said alcohols are amino alcohols, they are selected from
aminoethanol, aminopropanol, aminobutanol and their dimethylene- or diethyleneamine
derivatives, piperidine ethanol, pyrrolidine ethanol or piperazine ethanol; when the said
alcohols are carboxy alcohols, they are selected from lactic, tartaric, maleic or glycolic
acids; when the said alcohols are unsaturated aliphatic alcohols they are preferably ally!
alcohols,
when the said alcohols are of the arylaliphatic series they are selected from those having
a benzene optionally substituted with from 1 to 3 methyls or hydroxyls or halogen atoms,
in particular fluorine, chlorine, bromine and iodine, and in which the aliphatic chain has
from 1 to 4 carbon atoms and is optionally substituted by one or more groups selected
from primary amine groups, mono- or dimethylated groups or from pyrrolidine or

piperidine groups, in particular they are benzyl alcohol or phenylethyi alcohol,

when the said alcohols are of the cycloaliphatic series they are selected from those mono-



4. A stent according to claim3 in which the degree of esterification varies
from70%to 100% of the carboxyl groups in the hyaluronic acid. 5. A stent
according to any one of clainms from1l to 4, in which the al cohol is benzyl

al cohol and the degree of esterificati og is equal to 100% of the carboxyl
groups in the hyaluronic acid. 6. A st @At accor di ng to any one of clains

%%If’ g_r 1 ( .t o P8l¥r3>t/°§';§§{§r5dl t:8”ltf‘§”/’% o ??Z%w&?%téﬁgz??ag Photdle Cgﬁﬁr&iﬁrfg%c
gglag rrgglo;%fcgozﬁrz ?T%égpﬁﬁgjﬁggﬁ;?ﬁf §008P 8?%'5@%@?4@;?&?129?;&? oni ¢
?ctl vle i ?gqrglﬂﬁs ?ﬁ:%?%ggmftggr ﬁf?ﬁtl%ﬁaebé%d "hegya?%? onf € cf g% 9 our Fe? Batl ng
ant i pr ol | FBTMES T& the iy o 67y S 5 é’%eﬁa/ eSS RPBE fpgtheg.
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SRR hgﬁoﬁeé%‘ée&?@_g%fng% &%'5%927;,{?%9%@“3#% Sblylly shesRagTY !
whi ch_ when, g1, Q61 e RAE Heflifed forfhya etthy1 %t ;z, D380 RShy A and in
p [t TR FrebeSRih. PRy, Rebhv

antl-lnflam'ra ory acti 'S assocl a hic pol yme

A d

Lol arm PGy dhetlcB6 W@f?%%%%ﬁ”@%@ﬁgﬁ#‘?Pgﬂﬁgﬂf“éa. ve Tngred ent o

h I t ]

vt 10 o SRR Koo 159 2 AET RS b g,

f ent I i . ; Do ti

?nSPed?Eﬁ?*‘»%L@%H%%gﬁ &k dennlh “@éf&@améﬁ#’/. fo 70 @ he' ek oty Anct ' Ve

hyal ur oni Chﬁ ?n gmer coatl ng in a quant!ty of between 0: 000; ny apd 10.
13. A accor di ng to claim8, in which when the active ingredient is

4. A stent according to claim 3 in which the degree of esterification varies from 70% to

an

100% of the carboxyl groups in the hyaluronic acid.

5. A stent according to any one of claims from 1 to 4, in which the alcohol is benzyl
alcohol and the degree of esterification is equal to 100% of the carboxyl groups in the
hyaluronic acid.

6. A stent according to any one of claims from 1 to 4, in which the alcohol is benzyl
alcohol and the degree of esterification is equal to 75% of the carboxyl groups in the
hyaluronic acid.

7. A stent according to any one of the preceding claims in which a pharmacologically
active ingredient is associated with the said hyaluronic acid polymer coating.

8. A stent according to claim 7 in which the said active ingredient associated with the
said hyaluronic acid polymer coating is selected from active ingredients having an anti-
inflammatory, antiproliferative or antimigratory action and/or immunosuppressants.

9. A stent according to claim 7 in which the said active ingredient is 4-[(4-methyl-1-
piperazinyl)methyl]-N-[4-methyl-3-[[4-(3-pyridinyl)-2-pyrimidinylJamino]-phenyl]benzamide

methane sulphonate.



I mmunosuppressant it is associated with the hyaluronic acid polynmer coating
in a quantity of between 0.0001 ng and 10 ng. 14. A stent according to
claim9, in which when the active ingredient is 4-[(4-nethyl-1- p iperazi
nyl)methyl ]-N-[4-methyl -3-[[4-(3-pyrid ipyl)-2-py ri md i ny
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on immunosuppressant it is associated with the hyaluronic acid polymer coating in a quantity

of between 0.0001 mg and 10 mg.

14. A stent according to claim 9, in which when the active ingredient is 4-[(4-methyl-1-

piperazinyl)methyl]-N-[4-methyl-3-[[4-(3-pyridinyl)-2-pyrimidinyl]Jamino]-phenyl]benzamide

methane sulphonate, this is associated with the hyaluronic acid polymer coating in a

quantity of between 0.001 mg and 10 mg.

15. A stent according to any one of the preceding claims in which the thickness of the

hyaluronic acid polymer coating on the stent varies from 0.5 microns to 40 microns,

preferably between 1 and 30 microns, even more preferably between 5 and 10 microns.

16. A stent according to any one of the preceding claims, in which the active ingredient

and the hyaluronic acid are released from the hyaluronic acid polymer coating over a

prolonged time.

17. A stent according to claims 5 and 16 in combination in which the active ingredient and

the hyaluronic acid are released from the hyaluronic acid polymer coating in a time

exceeding one month.

18. A stent according to claim 6 and 16 in combination, in which the active ingredient and

the hyaluronic acid are released from the hyaluronic acid polymer coating within two

weeks.



hyal uroni c acid ester polynmer. 22. A stent according to claim?20 or 21 in
whi ch the said polynmer having a hydrophobic nature has a contact angle with
wat er which is greater than 60. 23. A stent according to claim22 in which
the said polymer having a hydrophobic nature is selected from polynethyl
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nature has a contact angle with water which is greater than 60°.
23. A stent according to claim 22 in which the said polymer having a hydrophobic nature
is selected from polymethyl methacrylate, polybutyl methacrylate,
polyisobutylmethacrylate, olefinic polymers, polybutadiene, polyisoprene,
poly(acrylonitrile-butadiene-styrene) or polyvinyl acetate.
24. A stent according to claim 22 in which the said polymer of a hydrophobic nature is
polystyrene.
25. A stent according to any one of claims from 20 to 24 in which the said active
ingredient associated with the said polymer coating of a hydrophobic nature is selected
from the active ingredients listed in claims 9 and 10.
26. A stent according to any one of claims from 20 to 25 in which the quantity of the said
active ingredient associated with the said polymer coating of a hydrophobic nature is
equal to the quantities indicated in claims from 10 to 14.
27. A stent according to any one of claims from 20 to 26 in which the thickness of the
said polymer coating of a hydrophobic nature on the stent varies from 0.5 microns to 40
microns, preferably between 1 and 30 microns, even more preferably between 5 and 10

microns.



hyal uroni ¢ acid coval ently bound to the said polyner coating of a

hydr ophobi ¢ nature. 31, A process for obtaining a stent according to any one
of clainms from1 to 18 conprising the stages of: a) dissolving the

hyal uronic acid ester and the active ingredient in the sane organic solvent
to obtain a solution, b) imrersing and tfen renoving the stent in the said
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a) dissolving the hyaluronic acid ester and the active ingredient in the
same organic solvent to obtain a solution,

b) immersing and then removing the stent in the said solution,

c) removing the solvent by evaporation.
32. A process according to claim 31 in which the said organic solvent is a dipolar aprotic
solvent.
33. A process according to claim 32 in which the said organic solvent is selected from
dimethy! sulphoxide, N-methylpyrrolidone, dimethylformamide or hexafluoroisopropanol.
34. A process according to any one of claims from 31 to 33 for obtaining a stent
according to claim 20 comprising a stage of pre-treatment of the surface of the stent to
which a layer of covalently bound hyaluronic acid is applied.
35. A process according to any one of claims from 31 to 34 in order to obtaining a stent
according to any one of claims from 20 to 29 in which the said stages a), b), ¢) are
preceded by the following stages in order:
a1) dissolving the polymer of a hydrophobic nature and the active ingredient in the same
organic solvent to obtain a solution or a suspension,
b1) immersing and then removing the stent in the said solution or suspension,

c1) removing the solvent by evaporation.



38. A process according to any one of clainms from35 to 37 in order to
obtain a stent according to claim 31 conprising a further stage dl) in
which a | ayer of covalently bound hyaluronic acid is applied to the polymner
coating of a hydrophobic nature. 39. Use,of a hyaluronic acid ester for the
preparation of a coating for a stent for use in angioplasty. 40. Use
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point solvent having a boiling point at ambient pressure which is below 100°C, preferably
below 80°C.

37. A process according to claim 36 in which the said organic solvent is selected from
dichloromethane, methylene chloride, acetone, aliphatic hydrocarbons or cyclohexane.
38. A process according to any one of claims from 35 to 37 in order to obtain a stent
according to claim 31 comprising a further stage d1 ) in which a layer of covalently bound
hyaluronic acid is applied to the polymer coating of a hydrophobic nature.

39. Use of a hyaluronic acid ester for the preparation of a coating for a stent for use in
angioplasty.

40. Use according to claim 39 in association with a pharmacologically active ingredient.





