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WO 2004/ 087234 PCT/1B2003/ 001958 1 DESCRI PTI ON
"VASCULAR STENT" This invention relates to a vascul ar

wer@ans728bre particularly, this invention rel Bt EB2@G/Mm1958

vascular stent 5 with a polynmer coating used in
angi opl asty to prevent the phenonenon of restenosis.
The fact that stents are wdely accepted and used in
the cure of coronary occlusigns in today's

angi opl asty is well known. é% reticul ar mnetal
10 prostheses positioned i ‘Elg{%%ﬁl?on of the vessel

subj ect to stenosis, whigh.t LN e site of the

| esion after the releasé%gﬁgggﬁkaﬁgg I 1 oon system

have been retracted. THus the stent_ conpresses the

pl aquterfy 1BVenFae’ & Shetifthi ESI asuﬁﬁﬁgﬁ ?or ststﬁaé‘hc More
vessel wall to 15 majntain the vessel dianeter
rarsiabiashed B BxBRRMolen ofe13ke Bat P odnvaniguiadr stent
prevent col |l apse of the vessel. However, the

Wireh t ar padiymezacgoat 1pGe UsES okn | ANGROBLARLYy & eRFEVeRt
still presents the major problemof post-angioplasty

doreohienoeenan ozt sce34rnosESthe 20 phenomenon of
reoccl usi on of the coronary vessel. In fact this

‘phenor@mnfattr chpsncientotcare Wadedy3Gueastasht akht ysed

subjected to stent angioplasty, as described for
edanplkie n ke ansf DOcoohaliyov &eclYebigyset igl . today's
" Per cut aneous coronary interventions in the current
edreg Zop dsr g odparesl W kho¥885-31986: s TheeNatétohallar metal
Heart, Lung
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been retracted.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
maintain the vessel diameter re-established by expansion
of the balloon . and to prevent collapse of the vessel.:
However, the long-term efficacy of the use -of
intercoronary stents still presents the major problem of
post-angioplasty coronary restenosis, that is the
phenomenon " of reocclusion of the coronary vessel. In
fact this phenomenon of restenosis occurs 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

are compared with 1985-1986: The National Heart, Lung
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stent :Ls due to hyperplasia of the new y-forned
intima. in 5 particular, mechani cal damage caused to
the artery wall by the stent ,and the foreign-body
reaction induced by the presence of the stent give

ri&e 10 @ &6&0NI Crnkpftaneat or gegigeesesrn theciessehtion
I'S phenonmenon in turn gives rise to the rel ease of

C ] ) g h 10 factors which pronote
RS 2o T e

proliferation and mgration of

smoot hyiscle cells (Mg Tye g onl obhase cotbse is

together wth the production’of extra- cellular matrix

Qe ri3° FOoBIoL0EtEaseel Nehle GEAss: sagnbhon pkihe In

e neolntemn a erefore a

PLOGesS, PL, T eluehng; (08 lufROlcdlled G55 etne BLAR, a1 1

bovenenti oned re nosl| s.

1t PRV Tt 901 daE oLSF A OReRuRYs T Rt ApEEd by

reduci ng the |level of restengsis after .20 angiopl a o 4
ThHee pr%‘g?%ﬁ?%"t ho’% hi ettt or IRHh M StT a?‘%on % a%thlx'pr?nl ¢
fact_be identified in the |ow concentrgtion gf t he .
phak bR ber ¥ a PP eSS ViR | hgFediedseL -wh r BAGRARECPRE 1
stenotic lesion. An alternative approach tp preve

t
tHerpr GBVEM GiSe25E? ebheng&lEeasFhith BT BoApd growth

greater release of active . . . .
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
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
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 altérnative approach to prevent the problem of

restenosis, which brings about greater release of active



WD 2004/ 087234 PCT/ 1 B2003/ 001958 3 ingredient in the
zone requiring treatnent, is provided by the use of

W@ omiegl234 ent s, used as a | ocal source capabl BCDIiB2003/001958
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rel easing drugs (DES, drug eluting stent) For
exanple, in the article by Takeshi Suzuki et al 5
"Stent-Based Delivery of Siraglinus Reduces Neointinmal.
Formation in a Porcine Coronary Mddel"™ Circul ation

‘%g%%%ﬁf?ﬁgfgliggl )?%lr%ntf; l @ﬁ?%%s\é%{%n@%e&ty,_ nlsE) u%itl?vide d
ThnE SLE 2 cBRLYE IS Vi MLa a8 9h 1oca1, source

i ngredj ent, desjgned to.reduce per,pl asi f. the
,r@ﬁ%ﬁ#%?far%ejo%%ﬁrﬂ%e&?uﬁﬁl y‘%‘?é/'co Pﬁgseahfl%rlr%%eStent)

rel ease of _active ingredients in which the polyners

NESE bEX@MPa edeghthd &biee a’é’fl?ljc)‘?l-bi’é(grr%?d%ﬁﬁkél nggﬁ]’l largd 2l -
known. These however only 15 ever,K have _an inert .
fthreentorBasedt Do iviRny aPE r3s¥eIETRR ReGUGSS njjegintima 1
reservoirs for the active ingredient and_ therefore ,
corrmatiomg iRs fat BOBEiRg| eg§€9nW-’YhoUPde%vveGéFC‘llatloI’

bei ng able to act thenselves in any way on the
a2 M@k pk@4 e1 b8B cl1 283 oRLent soma(tadi Wit PREsIpgEpdabl €

been said, there are however in nature -also polynmers -
wolymer e medpdly ebasedplatyi pglannabufved regtéidgrylate and
control of the processes in restenosis. The useful _
obeet hekené - iyaylr opicetatied, contginimg a therapeutic
pol ysaccharide which is found in nolecular form25 in
tbentensstasion wir i ausiwpedngsedienbmulessignesl to reduce
hyperplasia of the neointima, 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
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.

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

natural polysaccharide which is found in molecular form

in the tissues of various species of mammals, are
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known in the bionedical field. Hyaluronic acid in

wo a0mit/08r234 appr eci abl e properties in reduci ng PAEIB2003/001958
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foreign-body reaction and therefore the consequent
process of inflammation. In addition to this 5

hyal uroni ¢ acid plays a fundanmental part in the

processes of restenosis, as a*result of its specific
interaction_wth oth nuscle cells (S

eRABEhERLAF L¥el ME1 ias gn?‘é‘%ul frof fHesobibuegreal field.
has been shown |n anlnal nDdeIs that t exposur e _of
18yaluepnar 1agibnint & 3i'ghe8ndaRTEH oproperties in
hyal uronic acid gives rise to a significant reduction

i nedheingovkle JOLRIIMBORY HERSHPD | pnfls Hegrefore the
|nned|ately possible to hyal uroni c aci d as
coansaguent Pey@ﬁﬁﬂroﬁﬁlaéiam@ﬁtqu1néﬁeéﬁéh?lpa &o this
stent. -In fact hyaluronic acid is extrenely soluble in
whyeluaondics tawedef cpkaysmedi atfaindam@irdsdl veparhd in the
noved away fromthe site of the lesion. Its imedi ate
dpssokrtesn ¢herestenogiives a$s@ tvesuhhedifat dteelsrmpific
of all of any active ingredient which 20 may have been

i hnoepacated, witht hesmostih of mevguds ngcelhe hat sMad) and
site to excessive and toxic doses of the active

i agaedhentalareldist.h Zn absesule ofipohekki lfiebyurfes it has
controlling the kinetics of release of active

i Bgeadi eRbwnf r am t e imatur alodedlsy mhat?25 the oredgiodure of
overcone these di sadvantages vari ous

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
ingredient to a stent. In fact hyaluronic acid 1is
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
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 impossibility of
controlling the kinetics of release of active ingredient
from the natural polymer.

In order to overcome these disadvantages various



WD 2004/ 087234 PCT/ 1 B2003/ 001958 5 exanpl es of
techniques to imobilise hyaluronic acid on the

wewokagr3onf a stent have been reported. | n genpCEIB2003/001958
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the net hods of surface nodification already described
inthe literature, the hyaluronic acid is covalently 5
bound to the surface of the stent. However, with this
approach the natural polymer 3s no |onger available to

be rel eased in high concentratiqns which are . .
tererrepbes | efl Fpchndayeisy &l @H%e o‘?Y?a'L\ér?%‘F affid on
In addition to this, because the imobilisation

reae t Bunfaget e pFEeRE ahavRe HaflerFeRY 1R welh Of@eral,
material which has to be coated and the hyaluronic

ath dche hmethedgnefssusfacprempeiyeptigpeplirgady described
restricted to a single nolecular |ayer, whichis

comt aibe ylhberstiurebl cthe dvedsxopdic afdfd gls covalently
therapeutically effective quantity of active 15

imouedi éot .tHe shefater off othewstenst tHaweysmt i vythf this
hyal uroni ¢ acid which night be available and the

capt b4 gh ot hac triatmralygrpol gner whscmari pngdre svupabable to
of incorporation are extrenely small and therefore

imsuf freieasefio piavenhigthe phkenorsBhoatdbnsest ehasihs. are
20 Hyal uronic acid can however be applied as a coating

| fthebapest gohligastfebt tkaeasesheobitheodr tbe afmpdaigw In
m crons, through a reaction which cross-1links the
hy@d 1t Do ¢ taci ghikseldecaliis thessimmotd hgsatehon i araction
for exanple carried out with a pol yurethane. This

Cf §88s 2p1 htBKiag HHeDCaster fadWibdioweaer thei nabeeikor which
appl i cation

has to 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 résérvoir
for a therapeutically effective quantify of active
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.
Hyaluronic acid can however be applied as a coating
in more significantlthicknesées, of the order of a few
microns, through a reaction whiéh cross-l1links the
hyaluronic acid itself. This cross;linking reaction is
for example carried out with a polyurethane. This cross-

linking process is not however suitable for application
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WO 2004/ 087234 PCT/ 1 B2003/ 001958 6 in the context of
coatings for stents. In fact this has proved to be

walpdoltiog2B4 to i npl ement on a device having a PONE2003/001958

geonetry such as a vascular stent, it has given rise

to collateral effects due to the cross-linking 5

agent, such as for exanple the collateral effects due

to polyurethane, and above & | the hyaluronic acid

i mobi | i sed by cross-linking has lost its, biochem ca
piropehe | eontadti oft IFeedfimegs ooy oHerNrt v alh abpett fhast has
actively in the control of restenosis. 10 Finally _
ottt kmoee AppEfbdavhtt bor dupdtement osokubevicg dpving a
hyal uronic acid is that of formng mxtures with ‘
nadnp béx oyesyat gt | sught asi al vascuhawhsthnt, t & HBSnGiven
is then coated. An exanple is the coating.of a stent
wide t e r eaidatealsle BiffecSeprdnel md r dhe herdss-linking
Genzyme conpany. This filmconsists of a m xture of

hypd it pnégclachd fod emahpignehbykotllhtukbesd. efifeeter due to
these filns al so have the nmmj or di sadvantage of the

bl pieseharé f ectandf apobexynstihyl edkl ullpselwronthe acid
inflanmmatory response at the stenotic |esion. 20 The

napfbb 0T i 4@ dgvebopsBNl ifkiagSteid Whkeh L biechemical
used in angi oplasty and which is capabl e of

f&5divELy BRAVER | PeidEopleREMERYY 4RSI RIWE Sto act
therefore appears to be obvious. As a consequence, the

tESNER), PhOPhEMEUAELEL YoRIred3BehBlssi nvention is
that of providing a new stent which

Finally another known approach to reduce the
solubility of hyaluronic acid ié 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 film Seprafilm’ from the
Genzyme company. This film consists of a mixture of
hyalufonic 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.

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

this invention is that of providing a new stent which
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t he di sadvantages of the stents in the known art

waolemanshed above. This problemis resol ved by BCEHIB2003/001958
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according to this invention which conprises a polyner
coating 5 constituting ester derivatives of

hyal uronic acid as described7i n the appended cl ai ns.
QO her advantages and characteristics of the present

| Ay invt Wdve herprene | dpsadvantddies fof | OMé NStents in the
detailed description which is given with reference to

t kel et ngsowdi ch are provided purely by
way of non-limting exanple and in which: Figure 1

shows arllAGheb1 anCligSsresslyad 8 & debat! Rleddifing to
pol ymer coating for the stent accofding t

eRpOd MefivOhc {OhS LAveRt %mﬁzgl.e{éas‘lﬂ Iu r %f th?l%rsnecoat ing

diagramin cross-section of a

CQ@E@QQtEQ EP eSEER éngGQt L0 2ANY B%ﬁ %ﬁ@ di peng as

of this invention. Figure 3 s ms agra i g

la] 8 el BRATE 1 GUIYS % ap%[?nt(% ten ingredient fromthe

ynmer coating accordlng to the
enbodl il r.ated di r Tnatlcall in Fi
and thcg_s"a:gli%"fr d{%&l es e a%é:%ar@f(:tteﬁel ga"tkl‘%rpﬁ?sent
actlve redl n al uronic acid

it SR tl%%‘?% elegr b0 shE” Sidkiate detailea

a cordi.ng.to this i.nvention, are for
8 escrip gl which rg 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 eﬁbodiment 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



WD 2004/ 087234 PCT/ 1 B2003/ 001958 8 exanpl e those
descri bed in European patent EP 216453 by the Fidia

w@\eoangre Bi opol ynmers conpany, included here POI/1B2003/001958
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ref erence. These conpounds are hyal uronic acid esters

in which 5 all or part of the carboxyl groups are
esterified with al cohol groups selected fromthose in
the aliphatic, arylaliphaticy cycloaliphatic and
hetrocyclic series. Al cohols of the aI| hatlc er,|

{SERRB L cBEPFT SleS(CHaRest Hok T EARRAT RACTRe Bb 216453 by
hyal uronic acid are selected 10 fron1stra|ght

r
bt e Radlicat AfERBEes: Rieed LMETE SOBBRBYs NHRF HAAed omere

2 to 12 carbon atons, optionally substituted with one
ofonvrefegrenps. sel ected from hydroxide, amne,

al dehyde, mercaptan or carboxyl groups or groups

der i vethésenconhpeendachres hyel useanpl acédt esserss in whlch
et hers, acetals, ketals, thioethers, thioesters,

cal banrdemroNeh the wecbioxyli gupune Axe edshagified with
non-substituted aliphatic alcohol it is preferably
selechell fgmupret kelectedhyfyomr dfydse | éppridpy| aliphatic,
normal butyl, isobutyl, ter- 20 butyl, .anmyl or
p&ﬁyyhlﬁphahrbb, erfnoaﬂ]éphhtdabohndshatbbvmbéhc series.

al iphatic alcohol it 1is preferably selected fromthe

al cohohscehbyberd ihecal iphaopyl ereiglsyaoted btibylesterify
glycol, or if it is a trivalent aliphatic alcohol it

i sher ehebalyl ghntigd et ke igaltuhenhti pbati aral aeiected
Is an am no al cohol,

from straight or branched saturated or unsaturated
alcohols having from 2 to 12 carbon atoms, optionally
substituted with one or more dgroups selected from
hydroxide, amine, aldehyde, mercéptan or carboxyl groups
or groups derived from these such as for example esters,
ethers, acetals, ketals, thiocethers, thioesters,
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-
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.

When the aliphatic alcohol is an amino alcohol,
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sel ected from am noet hanol, am nopropanol,

wamoaokzsanol or their dinethylene- O di et hybenE2anm1958
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derivatives, piperidine ethanol, pyrrolidine ethanol,
pi perazine ethanol. 5 Wen the alcohol is a carboxy
alcohol, it i s preferably selected fromlactic,
tartaric, nmaleic and glycoli% acids. Finally, when

thﬁ,alcohol IS _an unsaturate | iphatic alcohal it .is 4
prRt&r abt§ anpﬁﬁEfFagﬁgbhoF?qfﬁ%ﬁpcohé%?%ﬁ @ noethanos
arylaliphatic_series used to. esterify, the, carho

P URoPBPEREL hy PULBAPECEPY opB  HhHhr S UB IRy O
fromithose haying a benzene, optional]y substituted 2¥ 1
fAERTRYL8NgamiPRy| ofCRY¥RBXYES: gr o P 1A Dgen SLhENOL,
atonms, in particular fluorine, 15 chlorine, brom ne
apvrredidéneaghprokhi PAPEKBZaPRpRALRBCLchai n has from

1 to 4 carbon atons and is optionally substituted by |
one orWhene gheupaleehett elisfram prIbe¥y akAohol, it 1s
groups, nono- or dinethylates or pyrrolidine or _
pppefetahdygrerircted preferbdflic he tardeirdics onralpec and
arylaliphatic series used to esterify the carboxyl
ggbypelnf ahadbyal uronic acid are benzyl alcohol and
phenyl et hyl al cohol. Al cohols of the cycloaliphatic

seri esFiselilyo edtesrifyheheadaobodyl igoups ofuntdadurated
hyal uronic acid are 25 preferably selected fromthose
n@bhbphatipohycpbbilcit is preferably an allyl alcohol.

Alcohols of the arylaliphatic series used 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,
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.

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

Alcohols of the cycloaliphatic series used to

esterify the carboxyl groups of the hyaluronic acid are

preferably selected from those mono- or polycyclic
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containing from3 to 34 carbon atons and optionally

weontasnsng from1l to 3 heteroatons sel ected PEDMB2003/001958
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S, N and optionally substituted with one or nore

groups selected fromthose listed for the aliphatic 5

al cohol's. In particular, of fge nonocyclic

cycl oali phatic alcohols, those of particular interest
fQicbhbss | BYRPALAINGT ef+HRSEs CAIY Aild NGafrbA Satemé arnd
carbon atons, optionally substituted with one or nore

géﬁ{:'f?lénéfiﬁmc%‘i‘lt%qlnfiﬁ'gn Y& oXYlto Mt h¥ter8ibdhs selected
or

propyl or 1sopropy exanpl e, the al cohols

cygbiihgxagol y gugl eg%&@agil@_y sub803thiebdandtREBhBObr mor-e
are used. The degree of esterification of the ester

der.i IV, al [ id h 0 N, :
G L AL SHRERG hBhefner & P IRATERR L ¢
ch %gﬁgfgistics which it is desired to inpart to the
coating on the stent, for exanple a coating having a
greater_or_a I'i ppphiil i c L ; .
charac%%r.p?ﬁtggggggr iﬁffgg%ganﬁﬁﬁﬂﬁghgggrgg%%PaléghatlC
esterjficati i ncreases the |j hilic,.n e o he .
e%i“é?ha£ Phd K 6] her%?%tlcfféj 1n.tteg$sl§§: E?)%‘tythls

Prvattveand e reduces 115 50l ub
i . Thi k it i bl t bt ai t ent
g LSRR RSHE AR, ) B o
d d | ow h it f th t is,
CF PBALIKaTPRG AR ULER: 3 5 SRR oF | BB oPoRYRE Srdected

time, in conparison with a .
from hydrgﬂgl, methyf, ethyl, propyl or isopropyl. For

example, the alcohols cyclohexanol, cyclohexandiol,
inositol and menthol are used.

The degree of esterification of the @ester
derivatives of hyaluronic acid with the abovementioned
alcohols can vary depending upon the characteristics
which it is desired to impart to the coating on the
stent, for éxample a coating having a greater or a
1eséer lipophilic or hYdrophilic character.

In general in fact a higher degree of
esterification increases the lipophilic 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

which is prolonged over time, in comparison with a
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hyal uronic acid which is instead i medi ately

waolc@gosieed and carried away fromthe site of tPer/1B2003/001958
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| esion. For the purposes of this invention the degree

of esterification of the ester derivatives of

hyaluronic 5 acid varies from50%to 100% of the

car boxyl groups of the hyal dtonic acid being

esterified wth al cohol groups of the abovenentioned
at68bhg . ofr elyerlattonithedeyreei di iestesteadatimpediately
varies from70%to 100% of the carboxyl groups of the
hyat s6 D€ asdidcaiPikd aweypfedbmrthd shbedofiehheoflesion.
this invention the stent is coated with a product

obt ai negyr bt@%u??&@ééf otattlois o nbigat ioanitheaciidgree of
w th benzyl al coh Even nore advantageously the

dest ¥a1 Fyeaebbal ned theoredtdnal destionifivest ioh Glyalheonic
hyal uronic acid with 15 benzyl alcohol, or the

d§éida§rh¥§e9btﬁ'dﬁ?ds@ﬂy gst ebioki G itk Ofa PGk g'ﬁ@ups of
resi dual carboxyls of the hyaluronic acid with benzyl -

aéﬁghgt? ?0H§@dacIBeﬁglﬁ?0€§E5§1h§E@ Riened1t®nea groups

part| useful for The production of coatings

ﬁf §ﬁ8”Lﬁovégeﬁgﬁeh@a”albehbﬂbs pRUERLLBA kﬁef@%bree of

€ process o e esterification of hyalufonic acid

ag¥€Q£ 9f8£§%¥n”%%§%eétf e O?%etbol ¥H5Eatﬁel¥gﬁ%oxyl

der va rve 'S~ capa controlling the

sﬁ{ma?g L¥ éﬂg %ﬁg?ﬁggngg Lhey hyaluronic acid itself

rocess of 25 attack on the

ester PX W§xﬂpfg¥é¥¥ggseﬁ8gﬁihgﬁﬁ %% this invention the

stent 1is 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
benzyl alcohol, or the derivative obtained by
esterification of 75% of the residual carboxyls of the
‘hyaluronic acid with benzyl alcohol are used.

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

attack on the ester by water molecules comprises de-
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WD 2004/ 087234 PCT/ 1 B2003/ 001958 12 esterification of
the ester derivative with th e consequent rel ease of

whyaknossd ¢ acid and the al coho 1 group. |n tPer/1B2003/001958

particul ar enbodi ment in which this alcohol 5 group
I's benzyl alcohol, the hyaluronic acid ester i s also
bi oconpati bl e and has no col |ateral effects.
Degradati on of the ester derivative therefore brings
ahouty DF Qe RS Ve orel egie Ofesltyal Ur@eitvacive, wilthch th e
is therefore dissolved and nmade available to act 10
atgé Yertt tBecabbe &f hha1Leshen. ddidanhdCWRy . albého 1

ovenenti oned preferred “products, that is the
:§¥+ Yative fromthe total esterification of

onic acid with benzyl alcohol c >r that

obt ai ngd Pﬂﬁgﬁﬁ EiELgal Qo 1%§ﬂﬁoﬁjfnﬁrﬁﬁ{b9%f% &Pcono 1

groups of 't uronlc aci benzyl al coho

0§ ML BBohh® Ynd OMETLLRN, O8Ok er 5 s
f . h
%sﬁ%@#@ AR PR B PR Bkt 2o
t fil t I whi dh I
Che r deds %%t"ﬁwfie ot Nhe SR C%r"é‘lg%éﬁ?eﬁﬁ%&e%%&om
ccordln to this invention gerefore C I.i ses

W | BIRBEESEAYEn EeLpaser [t Pyalyonit acid,

aSSOCI?i%?%hg¥%%g;éMélsso Qg nacgl %h%wéééllé% Ct{o act
actively at the site of the lesion.

In particular, the abovementioned preferred
products, that 1is the derivative from the total

esterification of hyaluronic acid with benzyl alcohol or
that obtained by esterification of 75% of the carboxyl
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
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

active ingredient.
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was®aens®asi on with the polynmer coating are actP@EIB2003/001958
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i ngredi ents having an anti-inflammuatory, anti-
proliferative and anti-mgratory action, and 5

I Mmunosuppressants. Even mor & preferably the active

i ngredi ent associated with tRe pol ymer coating of the

stent _according . to this invention js imatinib. .
rresyl a{.\@gof‘ﬂé{lg itg ZFl_;hl[S invention {:Isie active ingredients

(4-net hyl -1 -pi perazi nyl )net hyl ] - [4-methyl -3- [.[4
18e18ChH] oq%l?§§95§7¥F Bi Mh a&lﬁ"ﬁo]?- ]CC""lLng are
benzam de, net hane sul phonate, market ed der the nane |,
A FhaFer )ingrediRAl$ i $a9MFang? ﬁréthiﬂ&?ﬁ%'v“%ﬁoﬁ%t j Rl -
i ngredi ent which has to be assqciated with the
hpapyLibaretived eseBf coafPhd TaABFEEOTYs aclétdily to and
the class of active ingredient. Wen the active

| BgMedPeUPPESSEANESti ve ingredient having an
anti-inflammatory action it is preferably  associated
wi t h t Beepol ymerecoap¥eferaply qudit i t pAfivepet idgredient
0.001 ng and 10 ng. 20 Wien the active ingredient is
aasaotiatedngmddhenttheha\polgymar ancdapingi f efat the stent
action it is preferably associated with the pol yner
caatbnding aoquemist ynventhehween nHOOAibgmesdladeny.that
When the active ingredient is an active ingredient 25
hagi ag [d2 -aeitihylgnatpdmpe ractiinyl )inte tihy Ijr-ef-eldadoler hyl -3 - [ [4 -
(3-pyridinyl) -2-pyrimidinyl] amino] -phenyl] benzamide
methane sulphonate, marketed under the name'Giivec® by
Novartis company.

The quantity of active 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 is preferably
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waorgooang723d ng. When the active ingredient is aPCT/IB2003/001958
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i mmunosuppressant it is preferably associated with

the polyner coating in 5 a quantity of between 0.0001

nmg and 10 ny. More particulaﬁly, when the active
ingredient is imtinib nesykéte (divec(r)) it is

associ ated wi t.h.th pol r coating._in a quan
pasapEnasedo byt anret Tt o Brnliai B o iy lly of
esters used tg_coat tge Btent according to this

i ROENEFBNOaPY81hE9e2B8ne sBPubility in organic

solvents, unlike hyaluronic acid, in particular in

di pol aWhapr &tec a5 Wﬁc?%ﬁﬁ%éhﬁ%? R A8 tiERQsSUbpF essant
esters of hyaluronic acid have 15 good solubility in |
di fre sy Prafie?®divd e s3ec iatiad) | Bt R of PBoREL¥RE T dicRtAYT 1n
formam de. These solvents can al so dissolve different

ast quanthgyeafeheswessnd - 880ér ®gapBdal8omel ubl e in

the | ow boiling- point solvent

1, 1, 1, Bp8e3-prastai dulawl Y- pWbganothe 2@ctive ingredient is
(hexaf | uoroi sopropanol ), which in turn is.a solvent

f bomatimibnineswlateat dGlinechbi litngipoiassasfiated with the
hexaf | uor oi sopropanol is 59C at. anbi ent pressure, a

f palymerwkbehingkes at quesgiiliye afo be¢wees tOhd 0domge@nd 10
at tenperatures conpatible with stability of the

amgl.ve 25 ingredient.

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 dipolér 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.
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wo mootag234 hey nake it possible to apply the hypal/1B2008/@1958
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acid derivative and the active ingredient directly
froma single common solution onto 5 the surface of

the stent at the desired concentrations through the

di p coating techni que. RermovdP of the solvent by
evaporation, if necessary under vacuum nekes it

possi bFBee8 dnlathi el thi REPPREF16F £4%hi enﬁlé1§§rmdéﬁntage
can be controlled through the main process paraneters,

10f adieirg ngnventAensur FacEastt t hBeyt dike THE tPPeRhese to
of the hyaluronic acid ester coating on the stent

vappbty ftlen Gy lirowis teeido decivasivepranér dgrg active
between 1 and 30 m crons, and even nore preferably
béhgeedi snandikeatilyr ofsom 18 gilngle aconmdn asodusppn onto
conprising a filmof hyaluronic acid, which is
|nhedsatébpaﬁaﬁothedstemﬂwammubeuéeemvedomumuenmnatlons
consequent conplete and imedi ate rel ease of the
athrweghngthdi edtipandobltd nghy lewhmiiqneaci Removelst erft the
according to this invention 20 conprises a filmwhich
usdevgnesbg prapezatibn,dedr adakiseariyn uvadeaqwvacusim, makes
environnment, and therefore a release of active

| pgr pdsehiiblandchydudioni< eiginl fibhpcofea ghieknedsbwhich
the properties of the ester. In fact the period for

deghaget | @h sl TadS eBvelhr eliRASRaAd protbes parameters,
hyal uroni ¢ acid and the active ingredi ent can be

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

Unlike a similar stent comprising a film of

hyaluronic acid, which is immediately dissolved in an

. agqueous environment with consequent <complete and

immediate release of the active ingredient and the
hyaluronic acid, the stent according to this invention
comprises a film which wundergoes 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

of the hyaluronic acid and the active ingredient can be
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w@empestees of the polyner, in particul ar thropghiB20es/001958
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degree of esterification. There is therefore a rel ease
of active ingredient 5 and a release of hyaluronic
acid over a prolonged tine in the vicinity of the
stenotic lesion, that is a péﬁiod of tinme equal to

Eagnﬁggﬁiﬁ grg& gleé:g{ee:gd]é{i)o ms egg?%lnag aSLeHdIg?rnln51c

in the referred enbodi frent s nentloned 10 _abov

OB aPREELES tHe &dEerPPI¥RET on Wt PAEY &M aFo0k Broughe the
car boxyl groups with benzyl alcohol respectively, the
adegyeei ahregrenifisaképBased for a period of nore

than 1 nonth or for -a period of up to 2 weeks

r especThespy isischereferef ar eedsas sobbacbiyet Hagredient
with this invention it is possible to obtain
adndneagediesise seEnhyalosepicsiangida oy nar prodonggd time
which is capable of preserving all the intrinsic

binl bheculicandtyhefapbet istenotapedeiséonof thiae is a period
hyal uronic acid itself, which has |low 20 solubility in

aof aduiewusegnalr dmehhesdadratdattiors hbime igfmedhat glolymer
renoved fromthe surface of the stent, arid which has
acbhttkgedmseapat i bhe WMyl wmordssontc il | estew [derdivative .
active ingredient which will be delivered and
rghegsattidulmmrontinol tiesl waye fandedv eempedimeat #hintdht ioned
are 25 clinically useful.

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.

It therefore appears obvious that with this
invention it is possible to obtain advantageously stents
comprising a polymer coating which 1is capable of
preserving all the intrinsic biological and therapeutic
properties of the hyaluronic acid itself, which has low
solubility in an aqueous environment so that it is not
immediately removed from the surface of the stent, and
which has 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

clinically useful.
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wa@eowangage that it can conbine the effect of P&EIB2003/001958
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active ingredient at cellular level at the site of

the lesion with that of reducing the inflamuation 5
process and controlling cellular mgration of the

hyal uronic acid itself, over 13 pr ol onged and

controllable tinme, so_as to be_able to ﬁﬁfeckhyel% h
pr evente hatpRENBRERBALIBE FEstBA§stEVephign therelore has
particularly preferred enbodi nrent of this 10

i phenfuskher| pdyarseds Fhagr alrﬁm?%a??'@mr%e FFRGr §ffect of
the Jlayer of hyaluronic acid ester associated with,

thlee active iimgirediiant iat applivdarolavetedt wHiehShES ©f
been first coated with a thin layer of hyal uronic _
achel bbestont owihbh sthRhceosf trdusdiagt &é@m drfilpmmation
The process of 15 immmobilising the hyaluronic acid

| pyecess t hedsurfadaddflindhe erlehtlahr ouigrzoi@nenpt the
bonds can be carried out in accordance with the .
neyabdraescri badidi n USsPafent o€er29, 856 piollkagegdne and
of Fidia Advanced Bi opol yners and as shown below in
Exemptel PabPe Thioné hi ckness otot heel agleke oftchy glffestiively
acid covalently bound to the surface of the stent
vpréeesntrohe phanomendfi of rpseésoalbky 10 nm In this

way, when the coating of hyaluronic acid ester
derivathveai pategt @dbariy tpweferted t \endfodiment25 of this
stenotic |l esion, releasing hyaluronic acid and the
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
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 Biopolyﬁers and
as shown below in Example 9.

The thickness of the 1layer 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 wvicinity of the

stenotic 1lesion, releasing hyaluronic acid and the
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WO 2004/ 087234 PCT/ 1 B2003/ 001958 18 active
ingredient, the tissue of the vessel renains

wa@eooangageously in contact with a |ayer of hyabdr/iB2es/001958

acid, which is nore bioconpatible and bi otol erabl e
than the steel surface of the stent itself. 5 Another
enbodi nent of this invention provides a stent which
has a second coating of a syﬁghetic polymer of a

hydr ophobj ¢ najure in addition to tpe coating of, the_.
h%‘FhY%nilélgd‘%ﬁ%‘eerﬁ'er tg’t?ri \%éf’lsb‘@ d85cr 'C'beed Vf%ogveel. remains
Preferably the said synthetic pol yner_coatin OE%Q 10 .
MY FRRRBECURLY urid | SORPBFFed it et | Y2V BTt H:gf sQvpdEgonic
of the stent and then jn turn coated by the ﬁoatkgg
Acigwavhichi dSadiAr e RICARIVR IS AP eDiBhSr§T2 than
described in this invention. The |evel of the

hiae optenl cswaface of the pbehetsseis. constituting

this second coating is neasured using the technique

of theAnorhert emhpdingnth wdt efhipn payeneienr pxgjeides a
synthetic pol'yners of a hydrophobic nature which are
sst¢mbl whioh bee ian segrarichgeedieing cehdapsyypibetigatiodgymer
on the stent have a contact angle with water of nore

26f t harhyal¥ophidieise patvwmer srhaaddit fomy toodiiehi coating of
nature are preferably selected from

pohy neydyhrehhacayidt estepoligbivyt ireéhdesytabed above.

pol yi sobut yl met hacryl ate=, ol efinic polyners,

pol ybuppdf ergblpotiies gpienayithetic polymer coating of a
pol y(acryl oni tro-butadi ene-styrene) or Pol yvinyl
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
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 coaﬁing
on the stent have a contact angle with water of more
than 60°C.

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

poly(acrylonitro-butadiene-styrene) or polyviny1l
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WO 2004/ 087234 PCT/ 1 B2003/ 001958 19 acetate. In an
even nore preferred enbodi nent the synthetic polyner

waooisigr2a4 hydr ophobi ¢ nature is pol ystyrene. PCT/IB2003/001958

Furthernore, the second synthetic polynmer coating 5 is
in turn capable of being effectively associated with

a pharmacol ogically active iﬂgredient. In this way
therefore it carries out therole of an inert coating,
underlying the first active coating of hyaluronic acid
a&c ‘'ves, capable of acting as a second reservoir

of 10 _active ingredient _and ref : I i
subsed@erftt yeVERINTPHFI Pﬁﬁ%te ﬁtggr%at% éﬁ{) l?{eelngazﬁgleofsﬁ%hetlc

said active . ingredient associat d\MIgw'J%Ygt e sSite
Frlymen &V %hj“6§§§§53]6%r§%qu%Jin§{e iee{s

pr ef er abl associ ated with the sa'ﬁ YRR | B9atin
of a FI¥ bi Eﬁﬁat“:lﬁ“cé?rE aﬁgn# %ng{iagﬁt}i €s 0? I
active ingredi ent _assqciated therewth,. are : i th
d$ igestarbedaBrBIfoRL| PHIGI te}étrec%%ﬁ%é’ o%?%&gle%@ Fonit
hyal uronic acid ester deriyvatives. ldentical_or thi wa
@ f ehaemacRkQIACa Hgf eAEH e  DRIYRPETRF ng TRontRhE WY
therapeutic objective sought, can_  therefore be 1
adeomsfanel Wt FarKFdetw®Yol Shfer Tebat Phgdn 1BEETL ofCgting,
hydr ophobi ¢ nature and that based on the hyaluronjc [a
avidedEgtiorg dehev lingd, astive sapbisgef hylyremc aci
correspondi ng quantities of active ingredient 25 )
akﬂmﬂ&uixbswt¢ﬁphb1©m9fcéﬁﬁﬂﬁgsaﬁ1%iﬁﬁ%ﬁ%ﬁtrﬁﬁ?rﬁglr of
t he '

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
hydrophobic nature, 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,
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

associated with the two coatings on the stent may be the
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w@odoyngn3coat i ng having a hydrophobi ¢ nat ur e POTIR20€3/001958
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active ingredient associated with it can be applied

to the stent in a manner simlar 5 to that first

descri bed for application of ,t,he coating of

hyal uroni ¢ aci d derivative. 12 e hydr ophobi ¢ pol yner

and the a r .are. di S ded
Reme 18 ShE Er Sgbs?ééﬁ% 1§ PRERYESuPLS *é%%%%mm

sol utigp fo1 gsgen& ol vent sui tab(l: aforg th

pur posePBhoERE Rve To Tl i R& ¥8kt s, S EH'S b8 ialvﬂ'ﬁla a
poi nt at anbi ent ressu e_.of be] ow 1Q00C a r ef er abl

DRy S BbebL Br BRGHI yither 85 BCb Bt CoEarIERES ARapeated
sel ected from di chl_or onet hane, net hyl ene chl ori de,
ateEBndt sRNpS iFPRNED R bohe BFeRycEBhaxdR@ner similar
preferably dichloromethane. Through, evaporat| on of t he
stPd thaity it s c‘é‘&??ﬁgbeéf fegr i3l 43t iheek, the coating
dependi ng upon the process paraneters, adherlng to

ta dyelygendic tpeidt Bgrivatings T ahkdgophpbic polymer
coating based on the ester derivative of 20 hyal uronic
agnd Ekhet pat iygbsingradigntappre edisgoivied sresuspended in
pre-treated in this way. The thickness of the

hydeophabec eygahari c spdvemsr tooatfiowp o t senglent common
varies fromO0.5 mcrons to 40 mcrons, preferably
bebleenot and 38uspensisn.an&odwemts?25 switebdeef doabl ythis
between 5 and 10 m crons.

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,
preferably dichloromethane.

Through evaporation of the said solvent a coating
of ~variable thickness, depending upon- the process
parameters, adhering to the surface of the stent is thus
obtained. The coating based on the ester derivative of
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 varies from 0.5 microns to 40
microns, preferably between 1 and 30 microns, and even

more preferably between 5 and 10 microns.
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WD 2004/ 087234 PCT/ 1 B2003/001958 21 It therefore
appears obvious that the further advantage of this

wendedsirent of the stent is that of being ablBCT/B2003/001958

nodul ate the rate of release of the active ingredient
t hrough the double coating on the stent, 5 further
extendi ng rel ease of the saiﬁj active ingredient over
time and therefore extending fts phar macol ogi cal
action on the stenotic |esion.

In, fact i & h LS

; e MAEN EHES further
embodilfenttRSRERIRS ar R TELT er%]?‘l’%m?%m on there is a
first double_action du 0_coupling, pf t f trg{
advantags i 9f i%%d?@ﬁ?ééﬂﬁngheo yggtejr o%leeéﬁ%c?%, &% °of
rel eased _ by the process of degradation of th :
Meding ke &g qrodstate d"e?‘?v’é?g‘%eogo’é?f?\ ?eaﬂg the active
subsequently the effect of the active. ingredi %T’t@ tent
Halgresiicerdy e atbnhenefPubhs| yeRat Yt i9h. | -t
this way the therapeutic effect can be prol onged atd.
therthar ettemdingsishepse 2ft ithe ctifd 2etive 1ngredient
release time for the active ingredient fromthe \
poreinek imeoandg thlere fiopgr opkbendingt dite Pharmacological
particul ar enbodi ment in which the polymer 20 coati n% ,
heeceti inon. @ dry dridpsholsitenedtig e liesisased Ion fg6ltyst Yidhe this
the rel ease period for the active ingredient is .
fanddeiment encded bhiea gshénsofeviel roAesios ntharey is a
to what has been described above and as illustrated

di e e rdedb el Ayt ion Fdgear eo2¢oappangi ofil kheyeffgct of the
preferred enbodi nent of this two-layer coating for the
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.

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 nature.

In the particular embodiment in which the polymer
coating having a hydrophobic nature is based on
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

preferred embodiment of this two-layer coating for the
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that the underlying polyner |ayer of a hydrophobic

wmai0ung7286 coated with a thin |ayer of hyal ureoi/mB2aci/m1958
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which is chem cally bound in a coval ent manner. The

coating of hyaluronic acid ester derivative 5 is then
applied to this |ayer of covalently bound hyal uronic
acid. In this way, when the per | ayer of hyal uronic

acid ester has degraded, the {i f e S
n‘?o"teré"xp8§831383t ﬁ%“%yngﬂgt ilglép?oﬁ%‘f}yr%gﬁo %é?%%}lai%@;ferd 2
of hyal uronic acid. 10, The process .of faqrm a

A FROBHRd BEtHERN the C‘%bﬁfﬁerw%&t ihg oF " layer ot
hydr ophobi ¢ nature_and the | ayer af al uronjc_acid

i Ryakp¥oric ofE1g oWhécEnpiSe S "Hrfi?gr]é’alr}%%unévi th ppEovalent
met hod described in the aforenentjonedays Pategt . :
enameen56Tha cRatAfge Aff akuwroRhameld §gter derivative
Bi opol ynmers. The thickness of the layer of h aluroni%
atsd thewalappliedodirl tthithe lssac®of e r bound
coating of hydrophobic nature varies froml nmto 20
nnyalyrefiee ablojdi0 ¥n nth2e Wey i nvleeri 6RS JIBRAY hepver of
described through the following illustrative and :
Nopalesonict avddexesipeeshas degrades, thembdfitye taé the
features and advantages of this invention will be
eveasabr esohvtoespoBrdnpbethe Eynthetds polamern.mbgit to a
hyal uronic acid 25 ester derivative of different

t hapspesseryaburbned hyid.

The process of forming a covalent bond between 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
Biopolymers.

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

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

ester derivative of different thicknesses obtained by
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esterification of the carboxyl groups with benzyl

w@bwmakhgi234 A Laser ski n menbrane, manuf act ured bRCT/B2003/001958
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conpany Fidia Advanced Bi opol yners, constructed in
particular 5 using HYAFF 11(c), was used to forma
filmof hyaluronic acid ester der|vative obt ai ned from
t ot al esterlflcatlon of the arboxyl groups with

HORERY RO A et e RAUPREVE BOCEPRadrg RAnayl

70 wer e cut of f fron1the 10 nmenbrane. These were
dP%ggP9%d in 3 m of dinethylsul phoxide (DVSO) .

Di ssol uti on toqgk place at anbient tenperature over 1
hour. PheRSEUFIHOYeNEBhEaNg| MANHT ARL3IRS N theeecompany
al iquots of solution, 0.5 mM, 1 mM and 1.5 M, were

t Bkdhar Apeanced| ﬁlqm@cmea@ adgenstzucsedachn alpamtﬂtcular

of solution in g quantity such as to make up each
suBUngoHYAFF3 ¥l ,arwhs hueedssloutiicams &, fBlmawnd @yaluronic
respectively were obtained in this way. The three

satudi eaterodetiapndyenwabd agmede d riom ¢ qually ststreanief i cation
Petri dishes and placed within a stove at 60C where

t bty t2@ rempboeyl ugridupshewsoh veernzirdd alomgiel el( product
evaporated. The filmdeposited on the base of the
Peavingi sthevag radeconamed afid HYAFR hilakpesssoms fragments
eval uated by observing through a scanning electron
nhavbsgope. t&bsker watighn  of el decgt heef®! bawi MEf e5¥bkS the
shown in Table 1, which 25 are expressed as the nean
viadnier@fie f our THeasur eRRHsS. 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
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
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

are expressed as the mean value of four measurements.
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Thi ckness (pin) A 11t 6 B23 + 10 C 38 8 Exanple 2

w\pphogass on of the filmaccording to exanpl epdI/iB20@8/001958
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stainless.steel stent. 5 Solution A obtained according
to exanple 1 was wused. A stainless steel stent of
dimensions 13 mmwas imersed into and renpoved from
the solution contained in a2eaker and transferred to
a stove at 60C under vacuum After drying the stent
vas imersed” in a 10 sol uti d3Pde ol ui dene bl ue,

vhich is a stain capabl e of “oI ouri ng hyal uronic
acid. in ordeSH#thPR vate fi ‘m_for nat ThAckngss (pm)

exi stence and uniformty of t1e col our was then
pbserved. The tes® thus confifmed the preseddet 6f a

filmof HYAFF 11(r) on the surfface of the stent, and
15 its uniformdiBtribution. Exanmple 3 Incapatatdon

bf an active ingredient in the HYAFF 11(r) fiI'mand
tts release. SoluCions of HYAFF 11(r) in DVB® wesBe

prepar ed as 20 described in anple 1. 10 g of the
active ingredient imatinib nmesylate, obtained from

the drug divec(r) WO 2004/087234 PCT/1B2003/ 001958

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

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 immefsed’ in a
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

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
described in Example 1. 10 mg of the active ingredient

imatinib nmesylate, obtained from the drug Glivec’®




followi ng dissolution in water, filtration to renove
i nsol ubl e exci pients, and evaporation of the water,

wowne/osrasided to the solution. After di ssol uti oPCT/B2003/001958
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solution was placed in a stove and the solvent was
evaporated. 5 Cytotoxicity tests were carried out
using Bal b/3T3 cells to eval yate the presence of the
active ingredient. 0.5 cnR ptrtions of filmwere

pl s Retri .dish _containing a caonfluent |ayer

off%s(‘iﬁgln"hgl@al S‘SSE&“&&SR of t‘ﬁ%t%gnc %T%tdr%’ oft hgemove

various,.sanmpl es, of the said 10 hyaluronic acid ester
REPRRE

deri RXBEAICE | P SARCTAL 1N Rt water, were

caonprisi the said hyaluronic acid ester derivative
A,a%r@e e \ﬁihﬁwoﬁ?ﬂt‘ﬁloﬁct AfdSIngitapehtt g the solution

prepared. The effect on the cells was eval uated after
oﬁ'@sdﬁ’;asceéoﬁ'tna@t SHAY g 4y spdiviaita wag evenaniated.

15 scale with values fromO to 5; value O indicates

the abYeREEXICLENy k8RE o¥eEe efppBELednWoUte URING Balb/3T3
indicates death of all the cells. Table 2 bel ow shows

t RELLEs bt §vadyadist ditePreencEs ofp D H@8ARSdingredient .

PCT/ I B2003/ 001958 26 Table 2 Sanple Cytotoxic effect
AO55 grompertiong »f 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
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
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.



B Control 0O C3 C Control O Fromthe results obtained
it is clear that the cytotoxic effect previously

we@sdoabgizshed for the pure active ingredi ent cpaf/iB20®/001958
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that the active ingredient is 5 released fromthe
HYAFF 11(r) filmon the stent. Exanple 4 Mnitoring of
the concentration of active _ngredient associated
with the HYAFF 11(r) film HYAFF 11(r) filnms of type A
were obtained as in 10 exam%j 3 above, but different
antities of active ingredi*&ig nmg, 5 g, 1 ng-
and 0.1 ng, were incorporatefd. Cell culture tests
her e performed S8PYe&ported i h Exanpl eC¥takgxigeeffect

fesults shown in Table 3 were obtained. 15 WO
5004/087234 PCT/ 182003/ 001958{ 27 Table 3 Quantity of

active ingredient in the typel A Cytotoxic effect
HYAFF 11(r) fAl@endrey 5 5 ng 5 1 ng 1 0,1 "y O This

exper1 ment denonstrates that [t s possible t0

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

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
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.



control the concentration of active ingredient in the
film thus controlling the tine period of the effect

womwosssthe cells, froma toxic effect to a subP¢DEB2003/001958
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effect. Exanple 5 Incorporation of active ingredient
into the HYAFF 11(r) filmand its rel ease over tine.
A HYAFF 11(r) filmof type A descri bed in ExanplLe
10 3 and a control filmwth active ingredient were
repared. The filns were the divided into 0.5 cn®
pgg{pigng_ Four portions of pg?‘%)ufq I:}TL\NE‘re imersed in
physiolog%gal solutpon for periods of one day, two
q

ays, omIREKER A (I0EHERKs [respectivel y. At the end
i mer.sion period the sanples were renoved

f the 1§, .
roﬁPgﬁgglﬁﬂﬁsFBISQFtéVP§oPution and s@jtetoxda efifect

cytotoxicit¥ tegt under the sane conditions as
epor t ed B¥AFE ddp| E13m  The results obtai ned are shown

q

I
bel ow.in Table 4. WO 2004/ 087234 PCT/1B2003/ 001958 28

lays 5 1 week 4 2 weeks 3 The controls w thout
ictive ingrediert ®Jd not however show any signs of

f
Tabl e 4 Residené€ ®MBne Cytotoxic effect 1 day55 2
¢
q

ytotoxicity. These data denonstrate that the active
iingredient 5 ircowgporated injthe HYAFF 11(r) filmis

el eased sTowy
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

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

Example 5 Incorporation of active ingredient into
the HYAFF 11° film and its release over time.

A HYAFF 11° film of type A as described in Example
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 aay, two dayss,
one week and two weeks respectively. At the end of the
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 environnent
for 2 weeks, confirmng the active ingredi ent

wo emansd4s function of the |ayer of hyal uroni BCEDB2003/001958
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ester derivative. 10 Exanple 6 Manufacture of a stent
with a coating of HYAFF 11 and rel ease of the active
i ngredient associated with that coating. A nunber of
stents were prepared as descr#bed in 15 Exanple 2, in
particular 10 ng of the active jngredient imatinib-
sylate were added to solutib®# ot HYAFF 1L(r)

prepared i n_accordance with Exanple 1. The stents were
tlhen i nrer sSRESTACBEEsEIMBi cal| sol uti orf¥trtexid effedt

days and 1 week respectively. (The experinment descri bed
20 in Exanpl e 5w&&ay epeated With the stents psepared

5n WD 2004/ 087234 PCT/ | B2003/ Q01958 29 this way. The
rlesults shown i& dapbe 5 bel ow were obtained. sTable 5

Resi dence time Cytotoxic effeqt I day 5 2 days 5 1
vieek 4 This experweet again gonfirns that acthve 5
ol

ngredi ent 1S released over ti[me fromthe—stent—coated
Wit h HYAFF 11(R) wekielki® 3

The controls without active ingredient did’ not
however show any signs of cytotoxicity. |

These data demonstrate that the active ingredient
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.

Example 6 Manufacfure 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
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

in Example 5 was repeated with the stents prepared Hn



Exanpl e 7 Manufacture of a stent with HYAFF 11(r)

c

oating using a |l ow boiling-point solvent and rel ease

wo@bko0o428728hhe active ingredi ent associ ated w th P&EIB2003/001958
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oating. Sone stents with HYAFF 11(r) were prepared as
escribed in general in exanple 2, but using

exaf | uor oi sopropanol as solvent. A solution of HYAFF
I (r) in hexafl uoroisopr opano"}9 to 15 which the active

ingredient imatini b nesyl ate was added s therefore
oEB3S: claVor THEs TRABLEE SHOWhr ifculaPig  Sol HEigH were

c

ontai,ning 5 cc of hexafl uoroi sopropanol, 40 ng of

HYRERIR2EAr) and 20 ng of imatinib mesyl ate was
prepared. Renoval of the solvent after the stents had
20 been i mersed in the sol uti@Ha dok place in a

yacuum stove at 25C . WD 2004/ 087234 ]
PCT/ | B2003/REGigBmcg(EiMe stents were Cydotionier effeat

f

week respectivel dayThe experinent described i®

hysi ol ogi cal solution for 0] 1 and 2 days and for I

¢xanpl e b was repeated wth {nhe .stents prepared in

his way. The % fadyowi ng results shown in Tabfe 6

egffect 1 day 3 Zvliys 5 i week 4 This experigent

el OW Were obtai ned. Tabl e 6]Resrdence tine CytotoxiT

garmconfirmsthat—theactiv _
This experiment again confirms that active

ingredient is released over time from the stent coated

with HYAFF 11° film.

Example 7 Manufacture of a stent with HYAFF 11°
coatiﬁg using a low-boiling-point solvent and release of
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
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° and 20 mg of imatinib mesylate was
prepared. Removal of the solvent after the stents had

been immersed in the solution took place in a vacuum

stove at 25°C.
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ingredient is released over tine fromthe stent coated
wth HYAFF [lo film 10 Exanple 8 Manufacture of a

web@ansmess h a HYAFF 11(c) coating and a secOoneECTEDIND1958

of synthetic polynmer of a hydrophobic nature and

rel ease of the active ingredient associated with that
coating. 15 A nunber of stents, were prepared as

described in general in Exa e 7, but acting on the
pre-treated_,stents as follows:.A suspensjon of .

i matinibonesy 5?3 iWegeZOoggputf%ﬂerﬁggpo+?st9?¥%é°}ﬂglcal
di_chl or.onet hane s prepared. The . 20 stent was coated
b)?o:il"f‘r%é'P?io h }Nﬁ sdi ut?%‘ﬂ agd R SsolFht hRE 1 week

subsequ ntI% rempved in a vacuum stove c-~it WO

288 3PEST34R HCT/ e U TOHUBE: daSeptbedniny crepd auds was
regeated 3 tlngs. For conparison purposes, a number of
sFEREAEREr eWipRepi®d FHERHS cPHaRALSShe 18 epBiferway. The
c%éried,out using a_sol ution of HYAFF 11(r) and

i RRLLAVBDFeEGERLES Showa dfedablRebebeAow Werer obdaimed.
physi ol ogi cal solution for 0, .1 and 2 days and for 1

veek and 3 weeks respecti¥@lbde &he experi ment

described in Exanple 5 was repeated with the stents

pr epar ed i Resdidenggy tifdee results shodgtbnokdkl effect
bel ow were obtained. 10 Tabl'e|7 Residence CytotoxXic

Cyt ot oxi ¢ 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.

Example 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.

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
stent was coated by immersion in the solution and tpe

solvent was subsequently removed in a vacuum stove at




time effect (HYAFF effect (HYAFF 11(r)/imatinib
11(r)/imatinib nmesylate) nesylate and hydrophobic

weoioyognss mati ni b mesylate) 1 day 5 5 2 dayspEr/mB20d3/001958

10

week 4 4 3 weeks 1 3 This experinent again confirmns
that active ingredient is released fromthe coated
stent over tinme and is evidgﬂce that the presence of
a hydrophobi ¢ polymer contaiing active ingredient

C§B°8§S%%% §€?c¥£é29$ég%§§g§éegcgl B2003/ 001958 32

ext'end ease 0 ve rngre Teht at the site of
the le ion]xg%aqgle 9 Manuf acture of a. HYAFF iI%r%
coat | ngosn PRI AR BHEPCSSCed i PHYRSFayRE SFents were

coval ent l.y .bound .hyal uronic acid and rel ease of )
ABEFRETEAyAdd MUt CT ARB CPATS A HPPR PRES CAIFRfG ONC using
nunber of steel stents were cpated with a |ayer of
h?a?BﬁHﬁFQnaEEd?Y@g§aﬂént?9dbbﬂﬁ61?bbt%%sgh?Z%ce of

10 the_stent, in accordance with the method descri bed

in US PBeentteRCE, 198Te5etnen (Hunersrd ofirFi @hysiological
Advanced Biopolyners). Mre particularly, the stents
wepeution 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.

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

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
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subjected to plasma treatnment with air plasma for 1
mnute in a Europlasma reactor. The stents were then

wd onsmssed in a 0.5% aqueous sol ution of PCT/IB2003/001958

pol yet hyl eneimne (PEl, Sigma) for 2 hours at anbient
tenperature. The stents were then repeatedly washed

and imersed in a solution 0. 5% hyal uronic acid
(SIGVA) containing 1% of N -hydroxysuccini m de (Sl GVA)

and. 1% of . di l.am pyhet oYk eaEbadi ivAdesite of
(ﬁé%f,ncisi E}lﬂg) %Srgésgoré}?n%&%gct#gn cont i nued t hr ough

the night, at anbient tenperature. On the next day

thee glteg?ﬂ@\/vere carefully washed. The stents

pre-treated in this way were subjected 25 to coating

by imersion in a solution of HYAFF il (r) in WO

2004/ 087234 PCT/ 1 B2003/ Q01958 _ 33 ® .
hexafIFr.t’.ﬁﬂ'l‘:‘ﬂi’ls%1@;!‘3o;Baﬁﬁwlf3 Weénerhi Ry BFEEE: iYeq GIRENI o0 2
Exanple 7. In particular two_solutions, a firs :
ORI siPn’QeSC‘ﬁ“Fge%f Hé?ﬁfl or &P¥Gpr of nof:,ovﬁgeﬁélgf bound
HYAFF(r) and 20 ng of _imatinib msséate, and a.secm&d nt
ikieFtirenicgol acign RRA5 EBLERFR ng’y widetiye ingredie
concentration of imatinib nmesylate, that is 40 ng,

wessoctrted patEh sti® S8abbRE ned was placed in a test

tube containing 1 nL of physiological solution at 37C

in orAenumberaafy $hrel hatppvesHegst icoatesh wheh a layer
rel ease of 10 imatinib nesylate fromthe HYAFF 11(r)

cofit hggluTheicsaaid oncomslerrbycliound dranihdsusfage of

a Uni cam UV- Visible spectrophotoneter at specific |
timesstdhe, 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
immefsed in a 0.5% aqueous solution of polyethyleneimine
(PEI, Sigma) for 2 hours at aﬁbient 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,l%.of dimethylamino
propylethylcarbodiimide (EDC, Sigma) . The bonding
reaction continued through the night, at ambient
temperature. On the next day the étents were carefully
washed.

The stents pre-treated in this way were subjected

to coating by immersion in a solution of HYAFF 11° in
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concentration of imatinib nmesylate rel eased by the
stent was cal cul ated by neasuring the absorbance of

wo be4/2%72301 uti on at a wavel ength of 251 nm ThBCT/IB2003/001958

correlation between absorbance and imatinib nesyl ate
concentration was established by plotting a
calibration curve, that is R measuring the
absor bance of soI utions havi a known concentration

b, t I li
T ST Ll PR e d s tn gepere
t hi s_experinen fromaslutlon

i trat TR Baﬁ5§9}1;f"€ &7t 78 ncogﬁ)’rﬁ% A %pﬁggﬁﬁgofa ml

imatini b _nesyl ate respec |ve i ded be t

of chS¥AEIRORe L POPROPRaDLd A0 MIGuPE SYARVS @ad 20 mg of

2004/ 087234 PCT/ | B2003/ 001958 34 ,CLAINB 1 A nt

cHwpr i gngsydatPng 35S e §ﬁcgndp&4ﬁﬁ%1Qﬁlh?%fﬁ?bﬂ?cht

acid characterized in that the said hyaluronic acid
potyrRiniRg aweee ckheeFPREERVEABLORy af UABAFANIE BEsYlate.

2. A stent according to claim1-in which the said

Hytea tur b%i 40 89 d wexrerusedi vati ve has all or some of

the carboxyl groups of the hyaluronic acid esterified

with Bachhetsnselaxtedtainadt hose pEagerd anj phatest tube

10 arylaliphatic, cycloaliphatic and heterocyclic

. seontesining A sttlbntofacpbvdlmgogmcellalSnnltlcm watch37°C in

when the said al cohols are of the aliphatic series
order to carry out the investigations on the release of

imatinib mesylate from the HYAFF 11° coating. The
solution was removed and examined ﬁsing 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
solution at a wavelength of 251 nm. The correlation
between absorhance and imatinib mesylate concentratiom
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.

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.



they are selected fromstraight or branched saturated
or unsaturated al cohols having from2 to 12 carbon
w@rmamg723b6 optional ly substituted with one or POI/EB2003/001958
groups selected from hydroxide, am ne, al dehyde,
mer captan or carboxyl groups or groups derived from
t hese such as for exanple eﬁgers, et hers, acetal s,
ketal s, thioethers, thioesters, carbamdes; in
particul ar when the said alcq%ﬂ. are 20 sat ur at ed
al i phatic al cohols they are sélrected from nethyl,
ethyl, propyl, isopropyl, normal butyl.,. iso |4,
ter-bu%yl,'%nyFt%?gpeE¥9PréF&Bﬂolg; &ﬁ@ﬁlPﬁe Bé%% on- &
al cohol s are bival ent, ali phatic al cohgls.they _are .
RePLYREE PfoMVATM TS Gt PRt egiged 11 phpy | e said
25 glycol, butglene gl ycol, and when the alcohal is. a .
VY 2oirona g7 2334 PRy} I 05 G0 §58°F 3§e¥ YR VEnPT hyaluronic
al i phatic alcohol it is preferably glycerine; when
t#eldai d al cohols are am no al cohols, they are
sel ected from am noet hanol, am nopropanol . .
am nobd&t anoh Sﬁﬁﬂttﬁ@FPréFﬁEtﬁ9lEsélmoﬂ in which the said
di et hyl eneam ne derivatives, 5 piperidine ethanol,
phyablurdnhe echdn@ster slgxrvatiinge hamambl ; oiheAmehet the
sai d al cohols are carboxy alcohols, they are selected
f canbokwtt igroupsr tef | thendivaloimonicylgeid | esherdfied with
when the said al cohols are unsaturated aliphatic
ahtohbbdst heyeheeted ef diraimt y &hlogle al obhol Bhe 10 adli@hatic,
the said al cohols are of the arylaliphatic series
10 thaeylalépbetéct edybiloniltipbstibhavndghetbenzygéic series.
optionally substituted with from1 to 3 nmethyls or
3. A stent according to claim 2, in which:

when the said alcohols are of the aliphatic series
‘they are selected from straight or branched saturated or
unsaturated alcohols having from 2 to 12 carbon atoms,
15 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, ethers, acetals, ketals, thioethers, thiocesters,
carbamides; in particular when the said alcohols are
20 saturated aliphatic alcohols they are selected from
methyl, ethyl, ©propyl, isopropyl, normal butyl,
isobutyl, ter-butyl, amyl or pentyl alcohols; when the
said alcohols are bivalent aiiphatic alcohols they are
selected from the alcohols ethylene glycol, propylene

25 glycol, butylene glycol, and when the alcohol is a



hydroxyl s or hal ogen atonms, in particular fluorine,
chlorine, bromne and i odine, and in which the

w@baoophs28€ 15 chain has from1l to 4 carbon at oPEI/BB2003/®1958
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optionally substituted by one or nore groups sel ected
fromprimary am ne groups, nono- or dinethylated

groups or from pyrrolidine or piperidine groups, in
particul ar they are benzyl dPcohol or phenyl et hyl

al cohol, 20 when the said _alcohols are of th .
cyEl val ephatliphasdr &4 afQ) drfe 12 eaagarﬁpim SHyserine;
mono- or polycycli.c alcohols containing' from3 to
Fdhenr Jdie aBeHs aRECOBBLF oS y 33RO ALRGhPEEm 1theY 3 are
hetero atons selected fromO, S, N and optionally
sepbetteded ram moOgtharRl 28MgReppePaBPeet édifabtancl
hydr oxyl , am ne, al dehyde,,, WO 2004/ 087234

RO | B2@(37 081m&ghy Benaer capt dhebhy teneamine gdexiyadkives,
groups derived from these such as for exanple esters,

ep hpesidanet atshanddet alpyrridiiiddinieer sthahobester piperazine
carbam des; in particular when the said

cgchanbl phathen atbhehdasidar @l Sohohscyrle ccahieyxar @alcohols,
selected fromthose containing from 5 to 7 carbon

athep, apéi oseléytedbsirdmt echoid), omamyarinor e ngrleigs ox
sel ected from hydroxyl, methyl, ethyl, propyl,

i g’D?é@Di(b, adfidis;n Wieer | EHkalsatildeyaBdsholy chpbexar@lturated
cycl ohexandi ol , inositol or nmenthol. 10 4. A stent

agtopHhfgct 81a8Mo0Bethéyt Aeeppeeedraplychalys hDcvhblh,
the degree of esterification of the sard hyal uronic
aci d egheh dafd Vahiive ¥BEbRS1ET RS O0YUrt oc HOO0Yrylaliphatic
‘series they are selected from those having a benzene
optionally substituted with from 1 to 3 methyls or
hydroxyls or halogen atéms, iﬁ 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 phenylethyl alcohol,

when the said alcohols are of the cycloaliphati.c
series they are selected from those mono- or polycycli.c
alcohols containing: from 3 to 34 carbon atoms arad
optionally containing from 1 to 3 hetero atoms selected

from O, S, N and optionally substituted with one or more

groups selected from hydroxyl, amine, aldehyde,
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of the carboxyl groups in the hyaluronic acid. 5. A

stent according to claim4 in which the 15 degree of
we@sdoenghBscati on varies from70%to 100% of thePCT/IB2003/001958

car boxyl groups in the hyaluronic acid. 6. A stent

according to any one of clainms froml to 5 in which

t he al cohol -is benzyl alcohoé and the degree of

esterification is equal to 1 6% of the 20 carboxyl

roups in the hyal uroni.c id. 7. S C [ t
g?ﬁ/r%’%tao? Shai r#) oSt 8? 885 noﬁii{ﬁ%sg g%tr:%h‘;oélgi i g rom
benzyl al cohol and.the deqr.ee of .esterification i
e‘%ﬂﬁa%/etos. bo 615 t orcareﬁ‘&?&le gFSiSE S tert{'gl A4l ura%r%tgls'
cid.. 25 8. A.stent accord] to,any one of .the, ,
ek ng WORSRSHASEF234 PERFPEIBBSF00108F N IS i 1D

in whjch a pharnmacol ogi cally actjve jngredient i
RATIC SRR WP hEDEa| Bahgal SO LRRE Hol yhgonols  are

coating._9. A stent accqording to claim8 in whic¢h, the
SeeRPCcYehte | veevngredissie dizaedthpee €Retedpdng from
hyal uronic acid polymer coating is selected from

&t t9e7i FgrdPRe AtLMha\QRTG At lahif | SubS t hFneedryith one or
antiproliferative or antimgratory action and/or
imeamoseppurssanesected Afxpent hydeoxdilng metéyvdim gthyl,
in which the said 10 active ingredient is

p¥gdy het hyl sopypopiek azi aad metiny| | pavtijoplggt hylthey [ are
[4- (3-pyridinyl) -2-pyrimdinyl] am no] :
pirecydhdemzali deyokohexandidphohaveitol or menthol.

4. A stent according to any one of the preceding
claims in which the degree of esterification of the said
hyaluronic acid ester derivative varies from 50% to 100%
of the carboxyl groups in the hyaluronic acid.

5. A stent according to claim 4 1in which the
degree of esterification varies from 70% to 100% of the
carboxyl groups in the hyaluronic acid.

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

7. A stent according to any one of claims from 1
to 5 in which the alcohol is benzyl alcohol and the
degree of esterification is equal to 75% of the carboxyl

groups in the hyaluronic acid.

8. A stent according to any one of the preceding



11. A stent according to claim9, in which when the
active ingredient is an active ingredient having an

wd 200an87234 nf |l anmat ory action it is associ at ed »C1/iB20682001958
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hyal uroni ¢ acid polyner coating in a quantity of
between 0.001 ng and 10 ng. 12. A stent according to
claim9, in which when the ggtive ingredient is an
active ingredient having an O anti-proliferative

action it is associated with the hyal al ' ient i
o Learhfeh R BhoUEREPLobOab LR asatvE BhaTedgent is
and 10 ng. (13. A stent according.tq clai.m?9,_1n;whi
ViHEFPCideed et MHED ndr¥i efififs %ﬁ%; iQﬂ¥qruﬁé£|enP8&ymer
having an 25 anti-migratory action it is associ ated

VA IS WO 2004/ 087234 PCT/ 1 B2003/ 001958 38

hyal uroni c acid polyner coating in a quantity.o .
bet wee. 0.B08ER %%%Oﬁ@l%%.t34?1¢}§t%n?nagﬁngiﬁ&etgald
claim9, in which when the active ingredient i% aq )

| acuiTos uimaresdent t apgockakedodidtedthpet £k hyaluronic
hyal uroni c acid polymer coating in a quantity of .
betidepolyDedicogtind ie mglectedafzpanickdvsr drggeddents

claim 10, in which when the active ingredient is
dpg¢idnget g - 1-anti-inflammatory, antiproliferative or

pi perazinyl)nmethyl]-N-[4-nmethyl-3-[[4-(3-pyridinyl)-2
lénpimigratoyy] aahion] anghenyihmbeagappesadnhne

sul phonate., this is associated with the hyal uronic .
acid ppbynea steati agcondinguhot clginf 8bénwwbach. ¢he said
ng and 10 ng. :

active ingredient is 4-[(4-methyl-1-piperazinyl)methyl] -
N- [4-methyl-3-[[4-(3-pyridinyl)-2-pyrimidinyl]amino] -
phényl]benzamide methane sulphonate.

11. A stent according to claim 9, in which when
the active ingredient is an active ingredient having an
anti-inflammatory action it is associated with the
hyaluronic acid polymer coating in a quantity of between
0.001 mg and 10 mg.

12. A stent according to claim 9, in which when
the active ingredient is an active ingredient having an
anti-proliferative action it is associated with the
hyaluronic acid polymer cdating in a quantity of between
0.0001 mg and 10 mg.

13. A stent according to claim 9, in which when

the active ingredient is an active ingredient having an

anti-migratory action it is associated with the
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16. A stent according to any one of the preceding
clains in which the thickness of the hyaluronic acid

wd 2oposiser coating on the stent varies from Op&I/IB2003/001958

mcrons to 40 mcrons, preferably between 1 and 30
m crons, even nore preferably between 5 and 10
mcrons. 17. A stent accordi g to any one of the
preceding clains in which the active ingredient and

t.he .hyal uronlc. .2 id a asged_ f ]

BN Tt S e LSaf oS0 CR OEREY o becveen
tine, 18. A §%ga% according to clains 6 and 17 Ln

Sorf Hath D A1 i™h the active ingredient and the

hyal uronic acid are rel eased fromthe _hyal ur.qni i d

2% polrer Zto8EPRY i%cé’rtaqsw eXBe éiaﬂ‘é" gﬁe r%glnt‘gl?f% when
2004/ 087234 PCT/1B2Q03/001958 39 19. A stent . .
dor @Gtd Mo dPGTRSIPndlE7 h  TOHRRHRRE ST whitth 1S

the active_ingredient and the, hyal ronhgpacid are .

et @Rt ¢4 ottt et RG alYiR BRFENAE| ClaoPQ SEo&PPRGNI 11 &
within two weeks. 5 20. A stent congrising a | ayer of
hyeand bry cobidpetweewal edPPy BHumadt 80 tHRS- surface of

the stent itself and a coating of_ hyaluronic acid

pol ymek5 as Alestenbea@ccerding die etaife 1frecktli Wgich when
claims. 21. A stent according to any one of the

prlezedi ngactibvel ai msihgredéentonpri 86ng a $eddidmethyl-1-
coating of a polynmer having a hydrophobic nature with

i pér @z 1 oy meicloy bh+ Bal £ ymachyled + hit edd epyridinyl) -2-
associ at ed.

pyrimidinyl]amino] -phenyl]benzamide methane sulphonate,
this 1is associated with the hyaluronic acid polymer
coating in a quantity of between 0.001 mg and 10 mg.

16. 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.

17. A stent according to any one of the preceding
claims in which the active ingredient and the hyaluroni c
acid are released from the hyaluronic acid polymer
coating over a prolonged time.

18. A stent according to claims 6 and 17 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.



22. A stent according to claim2l1 in which the said
pol ynmer coating having a hydrophobic nature is 15

wappkigdsdi rectly to the surface of the stent,PdErB2a63n01958
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,the said coating based on hyal uronic acid ester
polymer. 23. A stent according to claim2l1 or 22 in
which the said pol yner havi?g a hydrophobi c nature
has a contact angle with wafer which is greater than

60. 20, 24. st.ent. accor di 0 ai 34N [ t :
said pjogymf h%tiﬁrhtg a‘—’lér:cy(%‘lrd(;%l‘fi)bitc(‘tl naétmuar?lznél S @Qlaggit egle] tn
fro ol ypet hyl, nmet hacryl , ty I

ST EORET SR mec Hhc PO, ChBer FOFLOEo indadfbhy’ A ene
pol ybut ad| ene, .pol yi soprene, poly(acrylonitrile- 2 .
DA EdRL St k) A7 BELSASH L8 et fyalGrofPe acia
2004/ 087234 PCT/1B2003/ 001958 40 25. A stent
RLYBERCPRE LRG| Y- BBINNCHAI ¥Re¥fe said pol yner of a

hydr ophobi c nature is poL%st rene. 26. A shen& . :
accor g th SRYNBNECBPTLFIPHs & i Of 0P8 IPKORAF R4
the said actijve in%redient associated 5 with the s?id
peryatentbyt PRYNSF T2 Mhe cHHTIRGE Rk ublei steBfedtsglf and
fromthe active ingredients listed in clains 9 and,

18. ceatingseénhyadespaiAgarddaRPlYRE T o Sc ALSHE iPegmisy any
to 26 in which the quantity of the said active 10

i onge edf epheapseceding @labhmhe said pol yner coating of

a hydrophobic nature is equal to the quantities .

i ndi caeed Ansteatmeccosding tte ESy one of the preceding

claims further comprising a second coating of a polymer
having a hydrophobic nature with which a
'pharmacologically active ingredient is associated.

22. A stent according to claim 21 in which the
said polymer coating having a hydrophobic nature 1is
applied directly to the surface of the stent, beneath

_the said coating based on hyaluronic acid ester polymer.

23. A stent according to claim 21 or 22 in which
the said polymer having a hydrophobic nature has a
contact angle with water which is greater than 60°.

24. A stent according to c¢laim 23 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.



28. A stent according to any one of clains from2l1 to
27 in which the thickness of the said polyner coating

wd 20ebsa3hydr ophobi ¢ nature on the stent vari eBCT/IB2003/001958

10

15

20

25

0.5 microns to 40 mcrons, preferably between 1 and 30
m crons, even nore preferably between 5 and 10
mcrons. 29. A stent accordipg to any one of clains
from2l1l to 28 in which the s§5d active ingredient is

rel eased 20 fromthe said.polyner at i of._ a ..

hydr opfdbi & n&EGHE i?lcc%rglllﬁ% )é:fo oﬁggﬁ%‘n{% g yhich the
stent according_to any one of clajns from2 %o 29 in
\FALH BRLVERF| O6 1 narSEPERPDARPEHEEG Rt POJYEFYEeRe.
active ingredient associafed with the sai% t wo .pol yner |
25 co0a?f g rekPrtt2GePydid he 2BKeoBF 8'fF£%é%§.ﬁﬁBm 21

2004/ 087234 PCT/1B2003/001958 41 31, A stent ,
akeord nint whdigh ofBeofsaidi Activem TIredigpt wiisgpciated
further includes a layer of hyaluronic acid | ]
cevh ebhéyspbdnBolpmeReceatdngoPfnar hydaophgbdr aature 1is
hydrophobi c nature. 5 32. A process for_obtaining a |
ssehechedofupmgthe aghivenelngredigmss fkbaredt dniglaims 9
conprising the stages of: a) dissolving the

hamadl ut@ni c acid ester and the active ingredient in the
sane organic solvent to obtain a solution, 10 b)

i Mrer s2ng amdstémn aecowidiggthe shgnonenoft kdadmisd from 21
solution, c) renoving the solvent by evaporation.

to 26 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 11 to 15.

28. A stent according to any one of claims from 21
to 27 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.

29. A stent according to any one of claims from 21
to 28 in which the said active ingredient is released
from the said polymer coating of a hydrophobic nature in
a time of one month.

30. A stent according to any one of claims from 21
to 29 in which the active ingredient and the quantity of

active ingredient associated with the said two polymer

coatings respectively is the same or different.



33. A process according to claim32 in which the said
organi c solvent is a dipolar aprotic solvent. 15 34. A

w@emassr3according to claim33 in which the SBETIB2003/001958
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organi c solvent is selected fromdinmethyl sul phoxide,

N- et hyl pyrrol i done, dinethyl formam de or

hexaf | uor oi sopropanol. 35. A process according to any

one of claims from 20 32 to%34 for obtai ning a stent
according to claim?20 c¢ rising a stage.of._.
pre-tr%htnﬂ%tSQﬁHQFQF%Qﬁ$££% b? g?ﬁeog?eﬂF EE2 R hEg™ 23
| ayer of covalently bound hyaluronic acjpd is. applied. .
P 30 pwbiebs tHEEsed AgQlaas Hnkr¥Fr oPhi hYatHaRpig5acid
32 to 34 in order to obtain a stent according tao any
orevalEerRoby/ 03723d AT/ | BR0FDHE oRPLYREf CQafilRg ~ °of a
from21 to 30 in which the said stages a), b), <c¢) are

prydeoobhic t hativeél owi ng stages in order: al)

di ssol ving the polymer of a hydrophobic nature and,

the ac32ve Angredeest fiar tbetaimengr garfiteol 3eaprdsng to
S obtain a solution or a suspension, b') inmersing and
téney oweooinglatessfean Lntohe9 saimprisingi bheostages of :
suspension, c') renoving the solvent by evaporation.

37. A gyocess atitsxdllwning o thleai mydburonivmi e¢idheestier and
said organic solvent is a | ow boiling-point solvent

hené NGt ikl | iAgrediehtatimnbhent sqnes sorganiki cdoleent to
bel ow 100C, preferably bel ow 80C

obtain a solution,

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

c) removing the solvent by evaporation.

33. A process according to claim 32 in which the
said organic solvent is a dipolar aprotic solvent.

34. A process according to claim 33 in which the
said organic solvent is selected from dimethyl
sulphoxide, N-methylpyrrolidone, dimethylformamide or
hexafluoroisopropanol.

35. A process according to any one of claims from
32 to 34 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.

36. A process according to any one of claims from

32 to 34 in order to obtain a stent according to any one
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38. A process according to claim37 in which the said
organi c solvent is selected fromdichl oronet hane, 15

waoredohpdree chl ori de, acetone, aliphatic hydrocetbiB2e030001958

cycl ohexane. 39. A process according to any one of
claims from 36 to 38 in order to obtain a stent
according to claim 31 conpri,sing a further stage dl)
i n which a Iayer of 20 covalé%tly bound hyal uronic

P@% Gt :0Bﬁwﬁigﬁﬁ%3?32?0958.93%23erb"

or the r lon_o at | st en use
T R R

sSsocial (on w2 Y 2004 007234 £CTT) ER003L001EEY fRure

a phar ent

and the active ingredient in the same organic solvent to
obtain a solution or a suspension,

b') immersing and then removing the stent in the
said solution or suspension;

c¢!) removing the solvent by evaporation.

37. A process according to claim 36 in which the
said organic solvent is a low-boiling-point solvent
having a boiling point at ambient pressure which 1is
below 100°C, preferably below 80°C.

38. A process according to claim 37 in which the
said organic solvent is selected from dichloromethane,
methylene chloride, acetone, aliphatic hydrocarbons or
cyclohexane.

39. A process according to any one of claims from
36 to 38 in order to obtain a stent according to claim
31 comprising a further stage d') in which a layer of
covalently bound hyaluronic acid is applied to the
polymer coating of a hydrophobic nature.

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

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



