28 February 2006 STENT COATED W TH A SUSTAI NED- RELEASE DRUG DELI VERY AND
METHOD FOR USE THERECF Field of the Invention 5 The present invention
generally relates to an inproved intralum nal nedical device and to a

met hod for treating tissues. Mre particularly, the present invention
relates to a stent coated with a sustained-rel ease drug delivery systemfor
supporting and reinforcing an enlarged vessel, the systogpewuag 2006

t herapeutically beneficial advantage of reducing the incidence,
recurrence, or both, of restenosis. 10 Background of the Invention A stent
is a generally |ongitudinal tubular device forned of bioconpatible

mat eri al, preferabl i St Lal t eful in

t he treatnment of gﬁg@§gﬁéﬁhgtﬁF§¥G@g§ﬁb$ﬁgﬁgﬁﬁ$§§§Rﬁﬁﬂﬁg%§%ggéggIs, such
as blood vessels. It i pieNERROYNDBIEYEOD PORIUSEETHEREQEhe treat ment
of di seases of various body vessels. The device is inplanted either as a

"permanent stent” within the vessel to reinforce collapsing, partially

occl uded, weakened qi.aRaghypl Iy dilated sections of the vessel or as a

"tenporary stenﬁg“fUr—prﬁvrding therapeutic treatnment to the diseased

vessel . Stefits are Tpbeadnt ynveeinyl spedlareldes imar sppagtyingeluging] gsdicdlesse

to prevent reshengsis tfaLa h@&?ﬁ'f&%ﬁ% M@ﬁéeIMo%%aﬁxcﬁm%_ ABYrel& G fddn i 0
as [

ot her body vessels, suc e urinary tract and the | e duct. A typical
stent incl udes reieopearnsteht eoafel vathasusigidrgierss drusTishvay axstendBhiupprIHes #9n

al lows the stenl,{QiRenCANIAUEEE, 1B sdRblvild ¥ ﬂl_@l@?@ﬁ@ﬁ@%%ﬁ&ﬁ:ﬁt Sivhfkge
intralum nal catheter insertion into an appropriate site. Once properly

posi ti oned wi t lof redudies theipsiderste, sourgagrafddthyelysdruosithe stent is radially
expanded tggsupport and reinforce the vessel. 25 Radial expansion of the

stent may be acconplished by an inflatable balloon attached to 30 the

cat heter, or tﬁﬁﬁgﬁéﬂﬂiﬂﬁﬁiééﬁbﬁﬂlhe sel f-expanding type that will radially
expand once depl oygdsteriNis X 38RYAly ObngdrusMhll Rbhigr St€f fingedlios Gides@phiibi U. S.

~Pat. No. 4,733,665, which is incorporated herein by reference in its

entirety. Stent®iFihagrafaptlyddnsiudlisorppstie mgiceal %?%fcéaﬁﬁeé@.m aﬁrnﬁaW?P%ﬁfce,

stents are W d@lefosiUSi8etuied o AHR I RhAS b¥dy ABGIsORIcRSS BloddWeakMe R it welBkidwan of a

bal | oon-ti p1p5ed tc? 2311]?1%%!%%#11? tfoor ﬂ?‘entreatment of diseases of various body vessels. The device is
implanted either as a "pemmanent stent” within the vessel to reinforce collapsing, partially
occluded, weakened or abnormally dilated sections of the vessel or as a "temporary
stent" for providing therapeutic treatment to the diseased vessel. Sients are typically
employed after angioplasty of a blood vessel to pfevent restenosis of the diseased vessel.
20  Stents may be usefiul in other body vessels, such as the urinary tract and the bile duct.

A typical stent includes an open flexible configuration. The stent configuration
allows the stent to be configured in a radially compressed state for intraluminal catheter
insertion into an appropriate site. Once properly positioned within the umen of a
damaged vessel, the stent is radially expanded to support and reinforce the vessel.

25  Radial expansion of the stent may be accomplished by an inflatable balloon attached to
the catheter, or the stent may be of the self-expanding type that will radially expand once
deployed. An example of a suitable stent is disclosed in U.S. Pat. No. 4,733,665, which
is incorporated herein by reference in its entirety.

Stents find various uses in surgical procedures. For instance, stents are widely

30 used in angioplasty. Angioplasty involves insertion of a balloon-tipped catheter into an

artery at the site of a partially obstructive atherosclerotic lesion Inflation of the balloon



artery at the site of a partially obstructive atherosclerotic |esion:
Inflation of the balloon 1 28 February 2006 can rupture the intim and
media, dramatically dilating the vessel and relieving the obstruction.
About 20 to 30% of obstructions reocclude in a few days or weeks, but nost
can be redilated successfully. Use of stents significantly reduces the
reocclusion rate. Repeat angi ography one year after angizgqtéﬁbgrggywl s an
apparently normal lumen 5 in about 30% of vessels on which the procedure
has been perfornmed. Angioplasty is an alter native to bypass surgery in a
patient wth suitable anatomc |esions. The is conparable wth that
of surgery. Mor%8|tupire Qe infirpn gug mﬁ‘}}%c‘aﬁlaiﬁéﬂaﬂy Idﬂ?t%ﬂ'lgé%l? SFstland tplievaeiige 5oy
ener gency bypasssir@itioh.NtAUFR] 2@ icSTOE bi SxnWitioRs FeREdhideaRta fe@ttﬁw biCHvkelE)
required in <3% and the initial success rate is 85 t@b 93%1n e (%erlenced

10 hands. Stent@o%ia" By Eggjeberrsssiper cHtaetts BedralerANEs FrEFEpRYSioORmny

new treat ment s rafeQIRep@® ehtiddraphi %ﬁ%a)%@r a(f@e B il QRS eARE aR REYAFYEFBInmANQIneR Open
surgery. These treat nent % f or med %Lnter entional radiologists,
vascul ar sur%eo‘ﬁ§b°%r°’oé’é’lféi?56‘?l @rl‘glfl theﬁ*ﬁéedﬁFe ‘ifné?f)‘\é h is percutaneous
transl umi nal angi omh%&bmstﬁrﬁsTﬁq)altemﬂ@ree@yypass&n@le@ i & phticghwitit @siahblé enzbadit oon
is used to open an ohstructed ves because of the, high .
recurrence rat e gt Et“i %?Fflpar&ﬁ? évr‘tﬁgﬁt \?\él Yo g@nﬁ'@‘} l%ﬁ"ngé e@gog?v}al A

stent, such as mfamaioalrhiems e sh-5bi; keaetoens, by‘p‘assgﬁ)mémahilydiisﬂsieﬁheidl reaii@end
vessel at an ructed si.t s.can be ver .they tend to
keep vessel s op‘gﬁhﬁﬁﬁ’eﬂ et ﬁméi na“%gf’ff%t Sueff%?ﬁéat!f\%gt d8v 21'/“ 1 eﬁ}émm

recurrence t@t enasfls.obstruction is reportedly Iovver 20 when stents are used.

Stents work wel | Ingt a?'r aglgseegll ercV\e eou xglov ar’the?rgChN? new eatme s
renal vessels. They MKOFIT BEEUSTR M PEIHREEET P erlespy %lyl VESSEl's |

whi ch the occliss wmaoslaladleeals&)mgcluﬁmeam(k aﬂe@rysmsa)rax'bxdcbpdm segse ahese bleatnngnts
studi ed. Ther @ 8.8 8el @A RN, CAURRRLAT (RASH: BRELALTS ecalrd%%c;g%@sos' s

-- elastic recoi vessel contracts
el asticity of tHe nessekrpwakh 5,perawt@hco%ramel@mnmalrmgwhlyﬁefPﬁlAasvlwlebWaemelil n

medi al cel | §? prl%l'rl EgEsﬂFeebalﬂ'aﬂe%SL&Qd‘g)eo 0 a'nw&%teﬁyﬁs%f“ B JRE 1R canstt &hs ave

proven usefu ucin i nCl derice a severity of post- operative
el astic recoil hlglsteempfsratea;s” Ob&trewoneeéﬁestdtltmeeth@h@i@m@ynmSSbﬂyood vessels to

restenose after remyal,off e AahkOREsh MRleGtHeSisNRYEaR VAL h&SSvMsediuh for

treat nent of
obstructed site. As stents can be very strong, they tend to keep vessels open much better

than batloons alone. Moreover, the recurrence rate of obstruction is reportedly lower

20 when stenis are used. Stents work well in larger arteries with high flow, such as iliac and

renal vessels. They work less well in smaller arteries, and in vessels in which the
occlusions are long. Stents for carotid disease are being studied.

There are at least two known causes of post-operative restenosis -- elastic recoil,

wherein the vessel contracts due fo the natural elasticity of the vessel walls, and

25 neointimal hyperplasia, wherein medial cells proliferate in response to immune system

triggers. Stents have proven useful in reducing the incidence and/or severity of post-

operative elastic recoil restenosis, as they resist the tendency of blood vessels to

restenose after removal of the balloon. Stents have proven less useful for treatment of

neointimal hyperplasia, which arises out of a complex immune response to expanding

30 and fracturing the atherosclerotic plaque. In the (;ase of necintimal hyperplasia, the

initial expansion and fracture of the atherosclerotic lesion initiates inflammation, which



neoi ntimal hyperplasia, which arises out of a conplex imune response to
expandi ng 30 and fracturing the atherosclerotic plague. In the case of
neoi nti mal hyperplasia, the initial expansion and fracture of the

at herosclerotic lesion initiates inflanmation, which 2 28 February 2006
gives rise to a conplex cascade of cellular events that activates the

i mmune system which in turn gives rise to the rel ease 0fg Eatirakiy2806 hat
stinmulate cell multiplication in the snmooth nuscle |ayers of the vessel
media. This cell stinulation eventually causes the vessel to restenose. 5
Vari ous approaches to the probl em of neointiml hyperplasia have been
attenpted. Anon S LePhacement

debul ki ng, repe%F ésn%ﬁg? %Bﬂ%ﬂg}?& gihé%&agé %ggéi}ﬁ %gea Snn%]%tt §c99ates P L
approach has bewhich § tgpgtves hee tsthentleas pheytakines ﬁiﬂﬁmuostupqmeaml)ﬂwmmmthe
chenot her apeut i MR I r ar get
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Chenot her apeut i ¥S#f Ggatenetseh as paclitaxel (Taxol -- Brl stol - Mers SqU| bb)
and other tmxane defjiyat 'a%;ﬂ§ach@s(3tto QRe C‘p?wle?n'd? hds mMaPh’ngﬁm Y }&(fgvb%
deconstruction of mcrotubules, thereby interrupting c I'vi Sion. |Ie
t hese appr oachedlcppEdeAmnoss fhese MPEwFlss, aret Fibyequs gtestuflfcementedabaliing, repeat
limtations, sugh; o) t y

i Sperse 1 rom the L e d g IRAK L Dy P RN b AR st BEADES IR LB Y 1
duration in prodl FTTONPPIERANtOF éﬁbef&?fhlﬂwes@ 4ring kﬁmgm@mms%amregssvsh efm c
toxic effects. rafheiR, itgebithasefiarme Geemado re@amhg%m&& oF A Ddhea

provi de SUS@I ned-rel ease of pharnaceutica i ve conpounds, " suc as
i munosuppr £ santemeaREPTG| drissr geh ve Pad‘éf’r’ré'n@?’ﬁ%raB@EI?lrMYefaﬁGmbb) and other

anti-infl ammat ofyandlrdégsativad, £f oResMlls tilens inNg &nade, %E/eﬁﬁvénﬂﬁé ARl lhefion bhat
all eviates or avoids the t}%robl em of rapid depletion of ug fromthe scent

site. There 20™CRNRPEY herphycigtergpting peil r?b‘?%%dwéklﬁ&‘eﬁ%ﬁlﬁlqws pEs@ipiesed in

such a stent. TemnBe,itBeyl AlEd BgTeRBERR liRREhnE OfuciRBs tHINERNET B ?%&n&m%nd’“ I
provi de sust ai ned rel ease ofgphar maceutical |y active conpoun such

| Munosuppr ess aftanes 18 FRikl Hiipgseiemdhe sy s flﬁereph Prty rlllﬁ?ﬁft“éﬁr ‘PC drggsifectiye or

near the sit® Otfurzsfbﬁmtprd)ﬂﬁlit?-fﬁtﬁ& L‘t@fﬂ and klétihﬂi&@%umﬁaﬁwy%@ﬁucttbﬁc giranbacks of
causi ng systemc to c_ef, s of the 25 mgaénosu r essant

chenot her apeuti c, s erf“' F 1 AR OP MRS Stont s 1] Browids gusiginedresldss or  an
i mproved drug tch"aihallmyeuhed@niﬂti@yedmi)dﬂmﬁu&hclﬁassﬁlﬁﬂhmsuppressant, antiproliferative,

chemotherapeutic, and anti-inflammatory drugs, at or near the site of stent implantation

that alleviates or avoids the problem of rapid depletion of drug from the stent site, There
20 is also aneed for an improved drug that may be employed in such a stent.

There is furthermore a need for an improved stent that will provide sustained-
release of pharmaceutically active compounds, such as immunosuppressant,
chemotherapeutic, and anti-inflammatory drugs, at or near the site of stent implantation
that does not suffer the drawbacks of causing systemic toxic effects of the

25  immunosuppressant, chemotherapeutic, and anti-inflammatory drugs. There is also a

need for an improved drug that may be employed in such a stent.

Summary of the Invention

The foregoing and other needs are provided by embodiments according to the

30 present invention, which provide a sustained-release drug delivery system.



Summary of the Invention The foregoing and ot her needs are provided by
enbodi nents according to the 30 present invention, which provide a

sust ai ned-rel ease drug delivery system 3 28 February 2006 In certain
enbodi ments, the system conprises: two or nore pharnaceutical agents (a
"drug conbination") dissolved or dispersed in a biologically tol erated
polymer to forma coating on a nedical device in which agstahinae ped@ase
of the pharmaceutical agents occurs, e.g., for at least a few days, and
preferably for nore than 15, 30 45 or 5 even 60 days In preferred
enbodi nents, the phng%%%%tr d %f 1m are pr ovrge 4n | ow- sg_ b'lnk%
form such as in the formof a Mt SR SIRET U aE B RBETEHE Hir ough
t he use of part iagenksan * @agt@nmﬂamdjka@hﬂhﬂwep&mﬂnnahuﬁn@aﬂy@ﬂaﬂhﬂmﬂﬁnaetc
In other enbodi NtS, t.he dru s..are _rendered | reIease f.orm by
virtue of their ‘Mt are ™™ Frdmal ﬁf’vwe 14 “?15;?‘ Sflsg ﬂ%%frela?si’?é’ PG “?ﬁ%

sust ai ned r el easeenreygcias . gvior athleasr e|f®aﬁﬂfs,lfﬁldl mefaralniyrﬂnemomfﬂmﬂzi 15f &g, ezrﬁtorways
a) constant el h b r S te di

burst rel easd, %@%1968%% htlgp%m el)ggoe(ﬁm ngﬁ” gheé’ﬁ 5 eu[n e a%@ ?ra{l re&rlﬁ11 e

rel eased suddenlsyluhtltydm@ersucau ag it ihegormnThies istoio Ioetieta'o{cnckag, aa/(aualrcdin@anbdqy
appreciate that g | a tJ.o0 desi by
regul ating the rate o) Ig%titl@gagfsgttﬁr gdrsrea fﬁ%ﬂlﬂ{e Iﬁl & &%aﬁ@%oggntt &2 % th

swel | i ng rates, ewhediherity theydnpes fegyretdsretiSn @tmmetbtdlmb foynb@mmr@bf ihnlgum:tte'epH,
noi sture and tenR@nat iy foor L g of

t he polynerlc natrlxrgggeg Qﬁzgﬂ%xg%gﬁgnﬁm§&£¥%§§gg %ﬁk ﬁggg?%lkgﬁgss
For exanpl e, OlnlwemwéWhNEhﬁ@dﬁW@mﬁSMCPM@Mb@bywwﬂmﬁmﬁrﬁ&lﬁﬁyebﬁxbmmyhmsed of
a_jsem - per meablg Ry %elsmeréaseo%@a ) Phislfehse! Gitte h 28 iheadtld ﬁvarehﬁrlst he

sel ective rel ease 20 of har rmceut ents. In such cases
matri x may be réﬁﬁé?de%d%hemp&e?%@bql@e e é tastissh wukinendilyr appstiaie ihair

wei ght. This syst@MuiBieRereRade! kfthBhion S tb%bh@slg\rlg@rb% rdgitnRh dTRge Wi cal
agent has high solubility in the physiological fluid. An exanmple of such a

syst em i ncl udes disthgigncdie Wyl ecrmspilitys P Sleas"éﬁllﬁgt aigg.e Whishvip fgmamay be ace

and a phar mageutch@alidd/b AebhnBiRIRR hrdintRehs et URERNL of MeSlvfotiinf 208, 25
wherein said pharnaceutically active agent conprises at |east two noieties

m xed, di sper sed! oyl BEREEES PhYEtSMers Aarixa ruheaisior eyanmtbitetkeshasipdi sing
A and B wWth A thickness..

For example, in certain embodiments, the polymer matrix may be comprised of a
semi-permeable membrane with pores of sufficient size to allow for the selective release

20 ofthe pharmaceutical agents. In such cases, the matrix may be rendered more permeable
to agents of a smaller molecular weight. This system may be particularly suitable where

the phanmaceutical agent has high solubility in the physiological fluid.

An exampie of such a system includes a medical device comprising a substrate
having a surface and a pharmaceutically active agent dispersed adjacent to said surface,
25  wherein said pharmaceutically active agent comprises at least two moieties mixed,
dispersed, or bonded together, said at least two moieties comprising A and B with A
having a molecular weight greater than B; and a polymer matrix encapsulating said
pharmaceutically active agent; said matrix further comprises a semi-permeable lattice
having intermittent pores with cross sectional area sufficient to restrict the passage of
30  moiety A but to allow the passage of moiety B. In yet another embodiment, the system

includes a medical device comprising a substrate having a surface and a

4



havi ng a nol ecul ar wei ght greater than B; and a polymer matrix

encapsul ating said pharmaceutically active agent; said matrix further
conprises a sem -perneable lattice having intermttent pores with cross
sectional area sufficient to restrict the passage of 30 noiety A but to

al l ow the passage of noiety B. In yet another enbodi nent, the system

i ncl udes a nedi cal device conprising a substrate having 2gspébrags 2006 a 4
28 February 2006 pharmaceutically active agent dispersed adjacent” to said
surface, wherein said pharnmaceutically active agent conprises at |east two
noi eties m xed, dispersed, or bonded together, said at |least two noieties

conprising A a%aﬁla%%a@l&'&ctﬁea tﬂxspe?&h'd@héehtttéf s;ﬁﬂ%ﬁ“fa'pé Wﬁitetgln amt 50 tines,

25 tines, 20 tinmes, 15 tines, nore than the
sol ubiljty of Bﬂlﬁfﬁmb%g)%q"ma@me@aw§@nwmaéleastﬁw@p:eamme¢ disptyrdiarent , t he

system conpr i Saa%nﬁd%g@ﬂ&esa{?@ﬁrlé@ﬁ%tlﬂo?@xles Q‘f?ﬂgmgg'aﬁ§9| (L0 hg§daSper sed in a
biologically tolerated p forma coa on a nedl ca evice in

whi ch sust ai necF°]r“E‘IhB’a{%"é150?'\ctY éo&H’&%#ﬁ@é@%ﬁ@ainﬂadéﬁm%d@urrlgs Sdimygs, 2 tges  at

|l east a 10 feew Iﬂ@yﬁmnlﬁ@golﬁtﬁ@tfy%'fﬁt?lllyl)fsf%[ogfgglrsglvglh@n 15, 30, 45 or even 60
days. In, preferred enbodinents he sustai ned rel ease profile of the

phar rraceutl cal agent is nodulated so as to provide sustained rel ease of

t he phar maceuti cal ﬁg@nammv@temaomemotﬂe@;st%pﬁ%m le PREMSSRANR! Sront OVET
a period of a few and pr ef er abl or nore than 30, 45 or even 60
ss%lﬁegrp aﬁb

days Exanpl es grarrddR abidlogically ilraled pedyde fm hioRtinE €f A medispe 15
wi thout |imtatde@te ﬁ]hﬂu&”ﬂl@taﬁ%r&ﬁ@%adf R B ARREH AN ent SHGHS, 3%, 3R at Jeast a
anti-infla fr\%/ )QSre (z neoplastlcaents eparin, antithronbin
conpounds, nﬁl aY & @fecg"rm t%fg’&ﬁ’l’esW%“ 15,28tk 145t tir ivhiad e o dreserred
anti-pl atel et repegmedts, alﬁlettula@ﬁhb@&,leaaé;ﬁbﬁlle R thR pRhREEARE Dgedt Wb iSs0

pl at el et i nhi bi tgéﬂ%w%r tick EQF gl atel et peptide. The pharnaceuti cal

agent can alsd Bripret e Shephamapeyfival geeshpyer aé’ﬁ‘%fﬁl of days syFlodkt h

factor recept orfoxaﬂxbxagenbsér& peaed bf 8MSE Hiyel inddfedBll iAol tRin 15 801S4sad  onal
harma eu ical .agent can be an i nhibitor of

pronoter. Al ter@@ﬁa\/\k%%l ;
vascul ar cell g¢ro Suc 3 Grst R alnﬁicte%fca AFRTET 161de vgiBWhRY fse¥tcor
recept or antfag wimmt$1m1mmanmadmgthn ah BB RSO sud asfafi aﬁtshﬁl‘éinﬁl@tab dg@RE essor,
anti sense DNA, éosﬁéhc A e!}l’? neh ggl [ CT?( on. |Cr2)h| bi t(g Eéhl bi t ory “ant.i bodi es,
antibodi es directed agaimet of OFEPSSOTRREES PRI SRR AHpERRHPes.
The phar nmaceut |an1‘athrfagemt aﬂ&omasn aﬂxtsplahm alecﬂpmlresﬁtearoeﬂesl QyyEh, NGrodgentin a
vasodi | ating aQ%forsaﬁgteégﬁﬂtnﬁors or 1ck arr} Slatefe{ peptide. The pharmaceutical agent can
also be a promoter of vascular cell growth, such as a growth factor receptor antagonists,
20 tramscriptional activator or translational promoter. Alternatively, the pharmaceutical
agent can be an inhibitor of vascular cell growth, such as a growth factor inhibitor,
growth factor receptor antagonists, transcriptional repressor or translational TEPIessor,
antisense DNA, antisense RNA, replication inhibitor, inhibitory antibodies, antibodies
directed against growth factors, and bifinctional molecules. The pharmaceutical agent
25 can also be a cholesterol-lowering agent, a vasodilating agent, and agents which interfere
with endogenous vasoactive mechanisms. Other examples of drugs can include, anti-
platelet or fibrinolytic agents, anti-allergic agents, anti-rejection agents, anti-microbial or
anti-bacterial or anti-viral agents, hormones, vasoactive substances, anti-invasive factors,
anti-cancer agents, antibodies and lymphokines, anti-angiogenic agents, radioactive

30 agents and gene therapy agents, among others. The pharmaceutical agents may be loaded



wi t h endogenous vasoactive nmechani sns. O her exanples of drugs can include,
anti- platelet or fibrinolytic agents, anti-allergic agents, anti-rejection
agents, anti-mcrobial or anti-bacterial or anti-viral agents, hornones,
vasoacti ve substances, anti-invasive factors, anti-cancer agents,

anti bodi es and | ynphoki nes, anti-angi ogeni c agents, radioactive 30 agents
and gene therapy agents, ampng others. The pharnmaceuti cal2gapstiuan@gode

| oaded 5 28 February 2006 as in its/their original comrercial form or
together with polynmer or protein carriers, as described herein to achieve

del ayed and/ or ggﬂsies,@ﬁe@mngﬁlﬁl EASGercibMofn, I%E'f‘gf %@ﬁ%@ﬂ@ﬁqgr% @}oteng Bfriers, as

phar maceut i cal agent may Be an anti-neopl asti c such exanpl e
5-f | uorour aci | , despbeil hgrepnge achifvedelpyed s /‘Pfrcémﬁtmf ¥-ce may be 5 vari ed as

descri bed herein, i 15 s ¥heOMhBIA i WA Lok laSRORM LI alﬁlhl%ofil%tt@ of

perneability, or the swelling rates, which in turn nmay be control
control | ing theasHuchps ?FE’F%”I&%éfﬁtl@ﬁEéfrﬂaﬁﬂ'@ 1§t of releasp Gpmdhnhemice na%mcke

chem cal propertigg £f désb@oedppérmeucb maﬁn %C&t@%ffﬁisoﬁﬁ@mh@ra&sofSI ze,
shape and thickness. | n another imen he 5-fluorouracil nmay b
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its sol ubili ty. pht nﬁé%tur@taﬂﬂ?rterﬁﬁ@?&ﬁiﬂenﬁn&§1611&1%:&5{15 laHOT PUEREI hropdies Hethe
di ffused as a function of the size of the polyneric nmatrix pores. The

mat ri x di f f usi oRCYBFHFoHIHERNtS ¢t as f‘?’aﬁ’iqniﬂ("a‘ttseélz%h%‘aﬁeIaP@/é‘FE}‘ﬂEV cBapeihdevi ce

of single drug tezlﬂaadnﬁmltﬂ@mﬂwmuﬁayﬁlaﬁbegmn&@ld@bﬂsw Y BoRddy Sh&th® Gh&dibal
fluids. V\herfé t he dru conbination is ed in the formof a co-drug

certain 15 'Br efWithid§? é}%ﬁfdﬂﬂ%ﬁ%o%wh&m@ s@ba@FrnﬁiWwenFSe%|5rﬂ11°f?u§m# &t% of
eluted active nmeaeiffesed o @ fukBodl btige ke ﬁrtwcﬁﬁnanbmtﬂﬂp&es( ehgmatik @¥Risiohan 10

percent co-drug eJuting fram. coati even nore er abl reater
Phan 20: 1. 50: 1 “BrotbuER 136 GRipn e AP AR PreREoat o & et Sh B REoR cal
device is an i nufwehighisbabiligedipaediologlavinaé, e.9., a stent, conprising: a
coating conprising iologically tolerated polynme 20 apd a .

Cow- 5ol ubi ||ty phannXBEat e 4 2 SUREORS do PRLle i de SRS 84 % -4V FEFmer
and a stent 155aipttfesxtacelmbm\mngoﬁmc t:cmnﬁg Wﬂ]l’reﬁlllnﬁa@ﬂioam’ftbhadfﬂ eXtenommeslnf ace;

said stent R ha8eh SRR PR el bl St o8P0ty Bl BN LT 7
invention wll beanak&scpneﬂwﬁblwgrtdnerrﬂ&speﬂi50t1001tchal 1tO|0elat rrent of restenosis and

related conplicati Ong cfexc')[éuln %‘I’l\'{bggiirrf%gtrs Ctﬂe s&?e%y medical device is an intraluminal medical

device, €.g., a stent, comprising: a coating comprising a biologically tolerated polymer

20 and a low-solubility pharmaceutical agent dissolved or dispersed in the polymer; and a

stent, said stent having an interior surface and an exterior surface; said stent having said

coating applied to at 1east a part of the interior surface, the exterior surface, or both.

While exemplary embodiments of the invention will be described with respect to

the treatment of restenosis and related complications following percutaneous

25 transluminal coronary angioplasty, it is important to note that the local delivery of

drug/drug combinations may be utilized to treat a wide variety of conditions niilizing any

number of medical devices, or o enhance the function and/or life of the device. For

example, intraocular lenses, placed to restofe vision after cataract surgery is ofien

compronmtised by the formation of a secondary cataract. The latter is often a result of

30 cellular overgrowth on the lens surface and can be potentially minimized by combining a

drug or drugs with the device. Other medical devices which often fail due to tissue in-



25 translum nal coronary angioplasty, it is inportant to note that the

| ocal delivery of drug/drug conbinations nay be utilized to treat a w de
variety of conditions utilizing any nunber of medical devices, or to
enhance the function and/or life of the device. For exanple, intraocular
| enses, placed to restore vision after cataract surgery is often

conprom sed by the formation of a secondary cataract. Theglrddrean 2068ten a
result of 30 cellular overgrowth on the | ens surface and can be potentially
m ni m zed by conmbining a drug or drugs with the device. O her nedical
devices which often fail due to tissue in 6 28 February 2006 growth or
accumnul ati on of und t.he.devi ce, such
as  shunts for %_rl%t?tggg&ﬁﬁ] féfsfén gﬂgﬁtre él?t'seoﬁﬂn ?nal éolil%% aloundbtne dev%cte,as&lﬁ}rgsnt
devi ces, ear dri’éwlﬁ%@ehyctlmeigdlwl @aldss gr@ﬁts pfd@eanmab@erasac&ndnu dmlcamaabﬂamage

def i brillators gan RAR CroP BRE el A B Wi llo0 o £OMBI PALEOR, 2pr 0ach.
5 Devices which serve to fnprove t ructure an un 'on %1

organ may al solskedubeembipatonahimnacdonbi ned with the approprl ate agent or
agents. For gxanple r 0 C to
enhance stabilizati oDﬁv%%R{h%ﬁesqwgif ﬁlﬁjt %?%es\%éét%%cagép%gpo&%ﬁl "Jiugfnldor\é 1%%;

achi eved by cordbioriheiy bimetig Whﬁ%@éﬁ’!@d 3ilitb Kheazpplapriste mﬁph@gmm Borpﬂxamﬂlen
Simlarly otheringuhai CRleotRYaG68 orSHHIPERe B1iBR! &S enfi) ts%ﬁi%ﬁtﬁmlgf qﬁ\” ces,
vertebral disks, bone pins, “suture anchors, em)statlc arriers

screws, pl at esmpRpeddevicpgaeld Paientiaty ba phisved 'Pbswéﬁlra%’éwthegentmdch%ébmt s,
tissue scaffol dﬁ@lpﬁb%éd@lﬂﬁotelﬁ y§§1§laﬂ§f SHL SRS de\)? 885 Lﬁ\ﬂ%ts'ta%}ég Carastomosis

i ntral um nal deV| ces, and vascul ar” support's coul vi'de enhanced
pati ent benHti tdetisTnirrichiakdigisy hongavise witwe atshprs h@@wsfabbb@mrh clanpg.sesramisal | vy,

any type of nmedigal cgRY i &eudBhphisC 0ahE bR OB sEAmiN QfuWist frfs drlig,or 15
drug conbi nation which enhances treatnent over use of the singular use of

the device or faAFhHESIRE cBIme Sybstifutesywiralymipeh dyvicgs jwd tvawplay pEremi/entd on
provi des a net had frenad reﬁahéeagpaﬁentl whém| b N@ls drhé 8SHE &fmlﬁnaﬁa{ 'aﬁﬂ&acht he
met hod conpri SI%%ﬂéﬁpe ste& é % pr.ovi ding a stent having interior
surface and an oy ?ﬁf:’éle igdl idgvice e b%%‘weﬁdﬂé"%%%s?lﬂ’@wéih aghug gast a
part of 20 the drid @mbDatiGLWRiAC enhatRSr@XhER bR usMfRCSugull uRQIthie BRksor
coating conpri SPE}F‘%\ alo soI ubility pharmaceutical agent dissolved or

di spersed in a BHHEAPPt ol erated pol ymer: (b) positioning the stent
at an appropriate i Herabued Spdct b tBSHGerSbd Brovidtith fh&hoOBPkaYhHeh hiBuminal

tissue of a patient, the method comprising the steps of: (a) providing a stent having an

interior surface and an exterior surface, said stent having a coating on at least a part of
20 the interior surface, the exterior surfaée, or both; said coating comprising a low-solubility
pharmaceutical agent dissolved or dispersed in a biologic.ally-tolerated polymer; (b)
positioning the stent at an appropriate intraluminal tissue site; and (c) deploying the
stent. In such embosiments, the drug combinations and delivery devices of the present
invention may be utilized to effectively prevent and treat vascular disease, and in

25 particular, vascular disease caused by injury.
The subject devices can be used to deliver such pharmacentical agents as:
antiproliferative/antimitotic agents including natural products such as viaca alkaloids
(Le. vinblastine, vincristine, and vinorelbine), paclitaxel, epidipodophyllotoxins (i.e.
cloposide, teniposide), antibiotics (dactinomycin (actinomycin D} daunorubicin,
30  doxorubicin and idarubicin), anthracyclines, mitoxantrone, bleomycins, plicamycin

(mithramycin) and mitomyein, enzymes (L-asparaginase which sj(stemically metabolizes



stem In such enbosinents, the drug conbi nati ons and delivery devices of
the present invention nay be utilized to effectively prevent and treat
vascul ar disease, and in 25 particular, vascul ar di sease caused by injury.
The subj ect devices can be used to deliver such pharnaceutical agents as:
antiproliferative/antimtotic agents including natural products such as
vinca al kaloids (i.e. vinblastine, vincristine, and vi nogedyrigdy 2006
paclitaxel, epidipodophyllotoxins (i.e. etoposide, teniposide),

anti biotics (dactinomycin (acti norryci n D) daunorubicin, 30 doxorubicin and
i darubicin), anthracyclin mto eomyci ns lic

(mi thranycin) a%&Spara lgﬁﬂ$§%p11§ﬁsz§f “(DEB%B%Q}E Ay nas%ac%/%&’c 1‘@9 1:hrﬁl IR

nmet abol i zes 7 Z&pEWajam}tipM dgeﬂs;p@m@ghﬂeanaeﬁdmdmpm whrglatied bgentatsndhado not
have the capaci}. t hes [ . QW) ine | at
agents; antipr o’ltnlx? ﬁ%ﬁ\g%r 1 {me Oﬁet%fmmn& k§/”f1 Sh% h%%“%n%%d satl}%]ﬂg e ]ﬁhaimbgen
must ards (nmechl dﬂceadﬂamlh ethybyxmlmp h@dspbtayhndlemmd (hamrll&ﬂgépelmamp hmll thiniepa),

chl or anbuci | Hn and
t hi ot epa), 5% al %fp )é{d? ona f%ggléljg%ﬂ”y ’Ecﬁalkr 050 de@?%t@#%éﬁ gm%%%ﬂlu) and
anal ogs, strept ozoes n) dacalﬂoaamaﬂéBTIC)daﬁlamﬂi&zatm/n@n(quﬁb @ntimetabolites such as

ant | prol {1 erati yal anh! MLat |5 A08LIRE A0ALIAESAUED Aol ol Goaflghcanal 0os

(met hotrexate), pyrim
cyt ar abi ne), puwtan@ir@halp@g@e amllogselaaﬁ extlaled hirbititorss (fereapteppting uiiogeanine,

t hi oguani ne, ;ﬁatogéﬁr?gﬁdﬁ'? @lggroaeo géd?ﬁoggxg?& (ﬁlggl@@sﬂﬂ O1anCJ:0% Lﬂagbrp lexes

pl ati num coordi hati on conpl exes cisplatin platin), procdrbazine,
hydr oxyur ea0ni tcsplaire, cafpieig).utnsedaibadicke; h}'dwwmhesm@tane, af@%qgi%lém)de

anti coagul ants {hepakife. %mmg@l%t 'aﬁuéagg%@aﬁﬂsn(ha?ahhssﬁmnethfasgnn LabiR teks of

thronbin); fibrinolytic agents {such as tissue plasm nogen acti vator,
st rept oki nase aﬁhlblﬁ?fé)kqfn&“s@}bm)asfﬂlﬂﬁliﬂﬁuc aepipr (S@I@Im@{; glissye; Elaﬁﬁpﬁﬁeﬁeac‘fl"atm

cl opi dogrel, ab&ieﬁﬂoﬁﬁ&e an@ R di[Hallh BQhY dﬁﬂﬁéﬁ%ﬁ@ rtf%io9[d¥ne( DbRNE) A dbdiximab;
antiinflanm atory: such as adrenocortical 15 steroids (cortisol, cortisone,

f1 udr ocorti soneditigiE#ATYS offEsechiE n(bsBrEiS a@wﬂwm ¥prsedinies oidgmacortical

trianci nol ong, hetRrethasene, c@mngexmﬁ%&a%ee) preBRfors! epRinf@one2J60L S
(salicylic acid derivatives ) rin; para-aini nophenol derlvatlves

i e., acetoni n@ﬁ*ﬁ%‘ﬂrm‘iﬂﬁd‘eﬂee“&ﬁ&“{oﬁ&%ﬁ@tag‘&@ﬁ%%‘e FO J&xnsiesths) map-pigrotdal

sul i ndaC7 and e&g@ﬁital @8lcylic fhe{deﬁgﬁrawesa@@t ia6piAi ffa-bin@lopRinbin detlasledf eBAC,
and ketorol ac), | pr opi onji ¢ aci ds (1 bucgrof en and derivatives),
ant hranilic aci #§' O%l’h‘ié‘PEﬁ’aHid@ ¢ Fld“de’é%?fetﬂfeft?i ffiapftRacky pefjndaC7 and efddalac),

heteroaryl acetic acids (tolmetin, diclofenac, and ketorolac), arylpropionic acids

20 (ibuprofen and derivatives), anthranilic acids (mefenamic acid, and meclofenamic acid),

enolic acids (piroxicam, tenoxicam, phenylbutazone, and oxyphenthatrazone),

nabumetone, gold compounds (auranofin, aurothioglucose, gold sodium thiomalate),

immunosuppressives (cyclosporine, tacrolimus (FK-506), sirolimus (rapamycin),

azathioprine, mycophenolate mofetil); angiogenic agents: vascular endothelial growth

25  factor (VEGF), fibroblast growth factor (FGF); angiotensin receptor biocker; nitric oxide

donors; anti-sense oligionucleotides and combinations thereof; cell cycle hibitors,
mTOR inhibitors, and growth factor signal transduction kinase inhibitors.

Additional advantages of the present invention will become readily apparent to

those skilled in the art from the following detailed description, and the appended

30  drawings wherein only a preferred embodiment of the invention is shown and described

by way of illustration of the best mode contemplated for carrying out the invention. As



enolic acids (piroxicam tenoxicam phenyl butazone, and oxyphenthatrazone),
nabunmet one, gol d conpounds (auranofin, aurothioglucose, gold sodium

t hi omal ate); i nununosuppressives (cyclosporine, tacrolinus (FK-506),
sirolimus (rapanycin), azathioprine, mycophenol ate nofetil); angi ogenic
agents: vascul ar endothelial growth 25 factor (VEGF), fibroblast growh
factor (FGF); angiotensin receptor blocker; nitric oxide28desruasy 2006
anti-sense oligionucl eotides and conbi nati ons thereof; cell cycle
inhibitors, mMOR inhibitors, and gromh factor signal transduction kinase
i nhi bitors. Additional advantages of the present invention wll becone

readi |y appar entiltt? redlin@s ehephdsbd: G ehtldn N @pald o iRMhddeerd Al leﬁ%di‘xﬂerﬁsetaﬁd led
description, and the gﬁfended 30 drawi hgs wherein only a preferred

enbodi ment of t ¥e*F ARt D ArcicapaBls AOdHiGAES BY Yasars 15§petipylovithont destttiag i on
of the best nodeot airtsesml dtiedotRht iG@hfioH. NOccOtdingy) hel RXERES 28 -deﬁle‘ﬁptﬁm%?e

February 2006 w |l be real. zedf, the present invention is capabl e of other
and different eNBSHEAERTE Hlusraliveip satweaed 59t agEpiicliee are capabl e of

nodi ficationS in various respects, all w thout departing fromthe scope of
the present invegntion. Accordingly, the drawi ngs and description are to be
regarded as illtﬁ;gf—tjf])-;etﬂi%@?—‘r?fw' d?r ABMESnd not as restrictive. 5 Brief

Description of the Mhawbigsng hechiioh otitgattRatidpbl @R @ischtgvarbodidmnt of

t he present inv%ngiog can b% better underst&g? when. read .in conjunction
with the fol lowitg BHERCRG LR FFaguh RIupstica Withdhe (o itpes © whigh Bkl oyed
t hroughout to de&rqgoahencsilimit anpheatibamoutwhedstinie sihlaFfeured, Wisrem; Si de pl an
view of a nQ@-depIo¥%9 gtentkﬁﬁgording to tq% Prgfent invention. FIG 2 is
a side plan view of "a depi 8y5H BFelfY & coPUrdrglove’ sihe asradina o it Rterbon.
FIG 3 is a releesgoprofile of TCI 12 from PVA-coated gl ass slides into pH
e e 15 ol 38R ShPORE UL Oy Tedudy i aReBkp Sang cont
5-Fluroruraci| (5FUflGndistaickaeipnefllonET@e 82 Homde/ A-¢dafe] dlasoadkeaiepHimsert s.

buffer,

15 FIG. 4 is a release profile of TC-112 from silicone-coated glass plates into pH 7.4
buffer.

FIG. 5 is a release profile of 5-Fluroruracil (5FU) and trdameinolone acetonide
{TA) from coated inserts.
FIG. 6 is a release profile of 5-flurouracil (5FU) and triamcinolone acetonide
20 (TA) from coated inserts.
FIG. 7 illustrates the release pattern in vitro for a high dose coated stent.
FIG. 8 shows the comparative drug release profiles between explanted stents and
non-implanted stents, |
FIG. 9 shows the release rate from stents that were coated with a mixture of TA
25  and 5FU in a mole-ratio of 1 to 1 without chemical linkage.
FIGS. 10A and 10B are graphs showing the effect of gamma irradiation and
plasma ftreatment on drug release. Group B: with plasma treatment, with gamma
irradiation. Group C: no plasma treatment, with ganuma irradiation. Group D: with

plasma treatment, no gamma irradiation. Group F: no plasma, no gamma irradiation.
30

Best Mode for Carrving Qut the Invention




FIG 6 is a release profile of 5-flurouracil (5FU) and trianti nol one
acetonide 20 (TA) fromcoated inserts. FIG 7 illustrates the rel ease
pattern in vitro for a high dose coated stent. FIG 8 shows the conparative
drug rel ease profiles between explanted stents and non-inplanted stents. '
FIG 9 shows the release rate fromstents that were coated with a m xture
of TA 25 and 5FU in a nole-ratio of | to 1 w thout chengq#eﬁma}@agms FI GS.
10A and 10B are graphs showi ng the effect of gamma irradiation and plasna
treatment on drug release. Goup B: with plasma treatnment, with gamm

irradiation. PYRT DN AR L SakmENT w th gamma irradi ation. Goup D
wth plasm reaﬁrmn‘r‘—r]'g—gmrrrr?oq ation. Goup F: no plasma, no ganma
i rradiation. 30 Besin thdel ﬁmdmtsyﬁhﬂgm@m invhrgioh pyesides @n if9ral@nird edigely 2006
Detail ed Descri E’l'cé)rfor mpl tfogvlﬁﬁté fgrl%@ddnv& Ogll Pﬁ(‘ ar %erﬁ)raﬁsent

i nvention prow es an intral um nal rrelca evi ce antation into a
| umen of a bl oguiralenigd| Losipin syrdr asi amudearosalgjodie destona for mmﬁamgmatﬁapy pédicon
such as an & herase! gf glhiculest ?)Ra'senft HveRd nﬂr%@ésn% RBERCKaH E)F}ﬁné_&b}éessel
In particular the pres I ivention provides an el on e ra

expandabl e tuﬁEﬁL\éﬁﬂ“ Hend ntaving vam gnteiier |lmnén1| émfapm@@naﬂn @mm@c@ctm Selﬁace
opposite exter i QlenSi hBfiea IR A HiONG: Rk BNGI A orPhiEL: Ahiion L he
stent having a coating on at | east a portion e interior exterior
surf ace t her eofol theHaleqieyca |exigaer smcy thsfeofir Uy lewdrBelivari ﬁglgfw@hsna%?ng fieft has

the follow ng advantages: HRvRh ,adxlal?ﬁ RF eMedN,| @0 RiveN@3SE vEs&S Qbdonaid 10
r enodel i ng through t he scaff ol |on of the stent and the Preventl on

of multiple!? corpesiséng glr*eﬁghrié%is lﬁaﬂg apetipha sy e theprenben of ByREI | as

a reduction in cohpbl-armet Irfe&naﬂa@h H}}fe&ﬂﬂaﬁs |0§ resTéHo§s | acaler agmanighdiahi pn of
drugs to stented coronary arte have addi tional therapeutic

benefit. For e%&?ﬂ%‘l‘%ﬁtwﬂla@‘ﬁé’f‘mfnpg%ﬁjérhls%%éﬁﬁ‘ﬁnﬂrﬁéﬂ?so ofrugsn@ SRtRg o Be
achi eved utili ziifes 863l atehehhnehdaitichat me;rapetuharbeﬁéfﬁt &0i réxal,ﬁﬂadmgl{& stskat i on.

In addition, reduced systemc toxicity na d utilizing |ocal
del i very rat her®bHaRIEYSe et @“&HWWW@FIP%‘F%BW 19%5 Préwﬁltyaﬁaﬂﬁ%@awgﬁ%
tissue 15 administration. In addition, reduced systemic toxicity may be achieved utilizing local

delivery rather than systemic administration while maintaining higher tissue
concentrations. Also in utilizing local delivery from a stent rather than systemic
administration, a single procedure may suffice with better patient compliance. An
additional benefit of combination drug therapy may be to reduce the dose of each of the
20 therapeutic drugs, agents or compounds, thereby limiting their toxicity, while still
achieving a reduction in restenosis, inflamtation and thrombosis. Local steni-based
therapy is therefore a means of improving the therapeutic ratio (efficacy/toxicity) of anti-
restenosis, anti-inflammatory, anti-thrombotic drugs, agents or compounds.
There are a multiplicity of different stents that may be utilized following
25  percutaneous transluminal coronary angioplasty. Although any number of stents may be
utilized in accordance with the present invention, for simplicity, a limited number of
stents will be described in exemplary embodiments of the present invention. The skilled
artisan will recognize that any number of stenté may be utilized in connection with the
present invention. In addition, as stated above, other medical devices may be utilized.
30 A stent Is commonly used as a tubular structure left inside the lumen of a duct to

relieve an obstruction. Commeonly, stents are inserted into the lumen in a non-expanded

10



concentrations. Also in utilizing |ocal delivery froma stent rather than
systemic admnistration, a single procedure may suffice with better
patient conpliance. An additional benefit of comnbination drug therapy nmay
be to reduce the dose of each of the 20 therapeutic drugs, agents or
conpounds, thereby limting their toxicity, while still achieving a
reduction in restenosis, inflammtion and thrombosis. LogglF&i@aky Pased
therapy is therefore a neans of inproving the therapeutic ratio
(efficacy/toxicity) of anti- restenosis, anti-inflanmmatory, anti-thronbotic
drugs, agents or conpounds. There are a multiplicity of different stents

that may be utidin? & FOhkeMdcodm Hﬁﬁdﬁ%‘l}%}%ﬂﬂﬁb«% LEOPL WILARIC AREATA K

angi opl asty. Al though any sten ed I n accor
with the pr eseﬁ?fpl?ah\?“@moﬂ@ﬁ ﬁxﬁﬁéﬁlolsp‘}?ﬂls it psn th%\ upd ¢ff & eathetpormoented fngicptasin s

w Il be descri Q@ﬂodn@viﬁ’@iﬁgﬂkﬁ{eﬁ Wa IR Qi shEpdcd v&fseltolf] d‘} g)?% %‘étwa%{ahvoqg% 'tdjﬁne The

skilled artisan will recognize that any nunb uti |zed
in connection ¢ KisFURE thepbstsustipns; asspsiter orith the “éiHGPmPQWHfSe?§ f@t‘&'ﬁ@ﬁa@b@ve
other nedi ca deMirLSnBYEdREntilized. 30 A stent is comonly used as a
tubul ar structure left inside the lumen of a duct to relieve an
obstruction. Commonit§e seftepf degresept fawptianipy by fbreated wlisingrany wehere®panded

10 28 Febr uary 2004s froy exangle, Qﬁ@st&ﬁi@ﬁhy%p@ﬂ}dﬁ@d%BPE'@BWBr)’fonﬁéd Wiklst he
aid of a second device in sSitu pi cal nmethod of expansion occurs

through the usé®©gkiube tE%‘t“Pf’é’tbéﬂ“aﬁ]BW“é‘é}b Loaggs sisriais Cypchapgg midws, shpnical qicding

inflated w thi nrboher StaRORIsMR $SBlerted ROHY bBAS SRGANAY af Me QEGRE shOinshear
and di srupt, the obstructions associated with the wall caonpgonents of the

vessel and 1% UBetBrdsH domh e gRRaY GRBALmYH ccxprmsiangnayrbeefactert wadipod

i nvention nay b@ssfelaliyri ealRd chihbtbd, i}hﬁg tienal HixRRfer of the TRAOASFndTRA o8R! €,
the stent may t&‘?h fro I | ow or fornmed stainless steel tube
that may be ma F‘ﬁnhe S‘%g"é e‘“ ectrl c discharge nilling, chenical

etching or ot her nmeahsuld H’é’l@p&bﬁt&ﬂ thaSa $t618 @1 icestdiiat oith e pbﬁelyua:aﬁhoalna@ed at
the desired si nexpanded form

. | nbodj
expansi on may bg lg?édtlélc? H CABIGOGHR é’s‘gcé‘f‘ﬂliﬁ/ Oge’g%‘i?n‘g ar%’é%ﬁ‘ért%é‘]rl ere

the final difanmeicke!ad utalﬂemsdremnldssstal function of the diameter of the

bal | oon cat heter usgd oL o%dd blg {aelée%at hat a ste dance

with the present invaht 8 A e%‘g% Pedth s ﬁp@a‘%eﬁ’#?ﬁpﬁ%c?

i ncl udi ng, for cext@wpheihcaninkppstiedin agtr@leirhioyd @bnner, for example, by twisting it mto
a braided configuration. In this embodiment after the stent has been formed it may be
compressed so as to occupy a space sufficiently small as to permit its insertion in a blood

20 vessel or other tissue by insertion means, wherein the insertion means include a snitable
catheter, or flexible rod.

On emerging from the catheter, the stent may be configured to expand into the
desired configuration where the expansion is antomatic or triggered by a change in
pressure, temperature or electrical stimulation.

25 Regardless of the design of the sient, it is preferable to have the drug combination
dosage applied with enough specificity and a sufficient concentration to provide an
effective dosage in the lesion area. In this regard, the “reservoir size” in the coating is
preferably sized to adequately apply the drug combination dosage at the desired location
and in the desired amount.

30 In an altemate exemplary embodiment, the entire inner and outer surface of the

stent may be coated with drug/drug combinations in therapeutic dosage amounts. It is,
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15 nickel and titaniumor stainless steel. Structures fornmed from stainless
steel may be nade sel f-expanding by configuring the stainless steel in a
predet ermi ned manner, for exanple, by twisting it into a braided
configuration. In this enbodi nent after the stent has been forned it may be
conpressed so as to occupy a space sufficiently small as to permt its
insertion in a blood 20 vessel or other tissue by insertiggrpéfmgg?ggmprel n
the insertion neans include a suitable catheter, or flexible ro
energing fromthe catheter, the stent may be configured to expand into the
desired config n. wher n5| automatlc or trigaer.ed, by a
change in pre:l%lﬁeéfgr fm Y etaﬁ’ ﬂ?tgﬁjgpt% P? %eg}él TEP "K' a d end'fg ?legadr ess
of the design o¢ont‘dmtlsmsem1so |ﬂhe|csatp1getfeanmbzlee iy hayeddphﬁlurgr ug tho miiterat i on
dosage applied Wil &0a0A0, SREG hEliNi AR PHl [ o ent concentration to
provide an effective“dosag flﬁ ]Il on area. Tn this regard, the
"reservoir size" in f’tmgmb@thmﬁmgofl ; nmabrhemaabieyicsi(ztad) roogitieq tratlel yresmpopl vy
the drug conpi nﬁ% on dosag t%dar;[FIE}Fq a&‘??' red location and in the desired
amount. 30 In an alter na e éexe enbodi nent, the entire inner and outer
surface of the sterﬂIGnhghobfea@dapleldetolﬁadm&gﬁdphggmmhmptmdsblc hbular
t herapeutic dos 1 t ant
49Fk 1318Y gé 2 sur aq:e !:osatcd anllth%%uf ﬁ% fe¥se§ig%6d 9&?%@5% fﬁg‘ﬂ%

to note that the coatin tec ni ques may vary epen !
conbi nati ons. Afwpiryed fietec datshown indddni, qfw@@ntré@h%satsya‘ﬁdb’ewtﬁr houndarias HEA,

material conprigng rloﬂeaeﬁmms% %@ﬁ{edom @M%@&L 15RA &?Jnﬁﬁgﬂa&% o

enbodi nent of an intralum nal device stent accord e present
i nvention i 8V degi etisdsurfeepGhe stentghdomay, bq:?‘lﬁedm’ﬁ’lﬂ’h@wtaaleé ideaspfan doliveny of a

preferred el ongak@ éldbcﬁﬁﬂrbée %Xsl%ﬁhqélble%aw@ﬁd? 3Jehvc§% SRdend: 3 ﬂ@%t@lgoraluﬁlﬂ{aj ace

coated with a sustained release drug delivery systemin a non- depl oyed
state. As shownsWeq] Gis i coplgel ashadytiluidl sidhsasi klapdrinc wstular Glrnbre poeadr i es

14A,  14B at a pen: @ephays duslat Sis wBBakbitisSld \Qi{enltl'rbrgteﬂ@‘ 3 SWEL18%8 tolppdihe
exterior surface 16, or 10 an entire surface of the stent 13 may be coat ed

with a sustai nettdreslaeesdis plaged dssseh @rdict syst em or conprise a sust ai ned
rel ease drugsdel i veny a8 Y8R eddRRinteht 8f bflonkiUBiRRling #ik { 2GS chinde® th/6 or

contact a body fluid, such as blood in a vascul ar stenting_ procedure
; more of the adjacent members or loops of the stent structure 13 is used to lock-in and/or
maintain the stent at its expanded state when a stent is deployed. This reinforcing wire
17 may be made of a Nitinol or other high-strength material. A Nitinol device is well
known to have a preshape and a transition temperature for said Nitinol device to revert to
20 1its preshape. One method for treating an intralumninal tissue of a patient using a surface
coated stent 13 of the present invention comprises collapsing the radially expandable
tubular stent and retracting the collapsed stent from a body of a patient. The operation
for collapsing a radially expandable tubular stent may be accomplished by elevating the
temnperature so that the reinforcing wire 17 is reversed to its straightened state or other
25  appropriate state to cause the stent 13 to collapse for removing said stent from the body
of a patient.
F1G. 2 shows an overall view of an clongate radially expandable tubular stent 13
having a sustained release drug delivery system coated stent surface at a deployed state.
As shown in FIG. 2, the stent 13 has its radially outer boundaries 24A, 248 at a deployed
30 state. The mterior luminal surface 14, the exterior surface 16, or an entire surface of the

stent 13 may be coated or may comprise the sustained release drug delivery system. The
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while the exterior surface 16 is to contact tissue when the stent 13 is
depl oyed to support and enlarge the biol ogical vessel or duct. 15 In an
al ternate enbodi nent, an optional reinforcing wire 17 that connects two or
nore of the adjacent nmenbers or |oops of the stent structure 13 is used to
| ock-in and/or maintain the stent at its expanded state when a stent is
depl oyed. This reinforcing wire 17 may be made of a N tioBFeiaft P06

hi gh-strength material. A Nitinol device is well known to have a preshape
and a transition tenperature for said Nitinol device to revert to 20 its
preshape. One nethod for treating an intral um' naI tissue of a pati ent using
a surface coat t r r| ses lapsi ng
the radially exlg{aérﬁﬁ lgtlr&}nall;ﬁ 1%% 1;5:'!&305% 81n§§ re]tur ac aS%?qt AN aars‘”;e'S 4 ent
from a body of mogsdwreewmhile thhextaipesaheadn is tﬁ@pnte@ttlbnps.ﬁmgthastmadiaw deployed

expandabl et uby,a, por&l AR qu ﬁgfﬁ %ldegafed'l‘l@/reﬁlfor éwmg lgéﬁagc}) t?réoag:fr €

so that the remfo?cmg wre eversed to |
ot her 25 appr ophiiate the ewpended S@@tutéés tpendsd sinte 2§ 3 pranagoit Istatps:easf ofempermowi Ng

said stent fgomxd.hepppdy.,se Jf the Rﬁfa!:eegbtatedlz nel %g fl.ﬁlth aa@ aot\érﬁ%)%iuﬁ s\clflnF Of an

el ongate radially expandabl e tubul ar stent avi n a sus tase
drug delivery Sy3fosiiretae bomay kave thsgemebidiey (arcause delsboyed feteapaded gent.shown i n

FIG 2, the stent 1&b9a1%p1b;1§emsdlaaéténycgl%@rac y&%ﬁ'b%ﬁa%%m%ﬁ%&h .

depl oyed 30 state. The interior |umnal surfac he exterior sur
16, or an enti r@leigr PRy GH-cxprading radt a IBe-FirgpsHestanbas exdoasyd fray a:dﬁfpfreuse t he

sust ai ned rel eag@edf L!ﬁel%xly'c\dﬁéﬁfrs%b{cﬁﬁﬁﬂ%dsﬂ}%eﬂl%yrgélt Eﬁgén ré’w 08w §hd OF

| um nal sur{ace 15 is_to contact a body fluid, such In a vascul ar
stenting ptlocetityris skifisit i therng: e?teéﬁpwabéﬁﬁﬁ%‘c@l@a? §B aéelé@@@a@bletat@sm when

the stent 13 Isaad@ﬂlL&)é@diablE &eﬁu&pﬁrekpﬁﬂﬁbléﬁkrﬁétﬁﬁe e RhoLeSI&RL sRSFg) - The
reinforcing wire 17 be used mai ntai n the expanded stent at 1t's

expanded statebﬁyaﬁeﬁg?lﬁ‘ﬁ?fé‘ﬁ?ﬂ é’%eé}h?latﬁ?alﬁéldg’et #fporary 5 stent. In the case

of the surface coat gfe SitRRmida? nfcdRE deORE REMATsed tHCNRANAS ¥lcaleeMhg dbiRRry
reinforcing wire 17 nﬁéphave the capabili t)é to cause col |l apsi ng of the
&

expanded st ent C”at*ﬂ%e P&%%ﬁf%trwa%%t Wit Pe2pplivd to dicotpt ivehe 4ogntieBlal | oon

on a delivery caithgipedceq! skl asiglpfeg@Xipabsiing spiab @cﬁatlﬁg RlaerSéchessed stent is
rel eased froma del vergewépﬁhet er. .Delivery catheters and _nethods for

depl oynent of stent IRl BERIGRE TeLEH glavise emprissg aunelppgatenr ¢
The expandabl e rsdiglht exi3ndubly theula st haexpanadabie 16LBEL surfdce and an opposite

extertor surface extending along a longitudinal stent axis. The stent may include a
permanent implantable stent, an implantable grafted stent, or a temporary stent, wherein
20 the temporary stent is defined as a stent that is expandable inside a vessel and is
thereafter retractable from the vessel. The stent configuration may comprise a coil stent,
a memory coil stent, a Nitinol stent, a mesh stent, a scaffold stent, a sleeve stent, a
permeable stent, a stent having a temperature sensor, a porous stent, and the like. The
stent may be deployed according to conventional methodology, such as by an inflatable
25 balloon catheter, by a self-deployment mechanism (after release from a catheter), or by
other appropriate means. The elongate radially expandable tubular stent may be a
grafted stent, wherein the grafted stent is a composite device having a stent inside or
outside of a graft. The graft may be a vascular graft, such as an ePTFE graft, a biological 7
graft, or a woven grafi. As appropriate, the subject drugs (in monomeric or co-drug

30  form) may be incorporated into the grafted material.
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bal | oon- expandabl e stent, or an expandabl e-retractable stent. The
expandabl e stent ma be made of nmenory coil, mesh material, and the |iKke.
p y y
The intralum nal nedical device conprises the sustained rel ease drug
delivery coating. The inventive stent coating nmay be applied to the stent
via a conventional 15 coating process, such as inpregnating coating, spray
coating and dip coating. In one enbodiment, an intralum 28 FémdnaaaPocRvi ce
conprises an elongate radially expandabl e tubular stent having an interior
| um nal surface and an opposite exterior surface extending along a
| ongi tudi nal stent axjs. The stent may .include a pennanent inplantable
stent, an inpl ant abl ghﬁgflrélgtcgﬁlﬁlsnfl HE rbedn‘foé?%%?daf’gms({ré’%ﬁ‘,e&%ﬁgﬁeﬁ%ﬂﬁé’@) % he
t enporary st ent nimbeebli megs. ds the skenmtlary katbodiment phndalyl eonbirsiticke ia direskyel
and is thereafter retractable fromthe vessel. The stent_confjguratjon nmay
conprise a coil t"}scf) r?fa, edlo SRR B &p eﬂ’tréye‘iloﬂf’[ﬁ?en%lﬁer &Y BRY ?ffth‘g#@g‘hh?t ent,
a scaffol d stentdjugaoshbmetre: dttenfrgm te pplemamalobtex sy artine sad stien thehanbumnging
t enperature ns.Q porous.stent. and the.lik The . stent .may, be
dop oyed accer arnget BeBBOReREEY o @RR sy s SR e PR AR RS o 25
bal | oon cat het erppryimatelyeiif mosin, aydrent prechiriicsmet adveenndrteiktgdse. from a
catheter), or by other riate . n radially e dabl e
tubul ar stent may bengfngﬁg%ﬁgékg%ﬁﬂﬁg%ﬁ é?é?ﬁmfhgugﬁégﬁé I@P%%¥1V§Q§£
conposi te devi cdrigassmbipagion t Ratsmern dpidendre vsedifagi etk ia tigs applicatibnecagrief t
maybe a vascul alpilbl or @8R S @ Bdom Bl A SRR, iwiBhto 1" 2
woven graft. As appropriate, the subject drugs (In nmonomeric or co-drug
form may bell neesgowat ddeipatyoer may de afthas distablsr dralfioabd@bd8: dephrdingr gn #6806
The drug conbi Nt RAS.EBY 184 BCREROSAE 8O Imdf dd in a
nunber of ways. n thg exénpfaryQEHbg%§n%%f?5f%%wgéd%%§§ﬂﬁ%ﬁ%%P%ﬁiﬁgﬂﬁ
directly incor popared HratBedasipst yrie ibiosirble polymendt spt agidy meed lohe aBat er
surface of the $faBlatichNg caflt Udy GRITRE NBEnMoh %sséns%rﬁ{q:;waﬁre?%wﬁ@% lable
matri x over time and enters the surrounding 5 tissue. The drug conbi nation
preferably renmaPA¥ER 4ot steemmt tegisk dhat pegsrtepdndersriadpyaf tigpy there could be an

appr oxi mat el1p ShdheBBAUMS beRiten MR fePuff B8R ¥aREI Woeh: SRVRH 2R §iblohiM
days. Any nunber of non-erodible pol %/mers may be utilized in conjunction

with the drug COMSPRER BH cond dsides heratting aad priroduedurey Peblamsriysn pliert hi s
application canifetentlspaili& iRksQN- absor babl e and nmust be bi oconpati bl e

to mnimze irritation to the .
Suitable bicabsorbable polymers that could be used include polymers selecied

30

from the group consisting of aliphatic polyesters, poly(amino acids), copoly(ether-
20 esters), polyalkylenes oxalates, polyamides, poly(iminoccarbonates), polyorthoesters,
polyoxaesters,  polyamidoesters, polyoxaesters containing amido  groups,
poly(anhydrides), polyphosphazenes, biomolecules and blends thereof. For the purpose
of this invention aliphatic polyesters include homopolymers and copolymers of lactide
(which includes lactic acid d-I- and meso lactide), epsilon.-caprolactone, glycolide
25 (including glycolic acid), hydroxybutyrate, hydroxyvalerate, para-dioxanone,
trimethylene carbonate (and its alkyl derivatives), 1,4-dioxepan-2-one, 1,5-dioxepan-2-
one, 6,6-dimethyl-1,4-dioxan-2-one and polymer blends thereof. Poly{iminocarbonate)
for the purpose of this invention include as described by Kemnitzer and Kohn, in the
Handbook of Biodegradable Polymers, edited by Domb, Kost and Wisemen, Hardwood
30 Academic Press, 1997, pages 251-272. Copoly(ether-esters) for the purpose of this

mvention include those copolyester-ethers described in Journal of Biomaterials
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10 vessel wall. The polyner may be either biostable or bioabsorbable
depending on the desired rate of release or the desired degree of polyner
stability, but a bioabsorbable polyner is preferred since, unlike

bi ostabl e polyner, it will not be present |long after inplantation to cause
any adverse, chronic | ocal response, Furthernore, bioabsorbable polyners
do not present the risk that over extended periods of ti @8 Rdeuaryc200al be
an 15 adhesi on | oss between the stent and coating caused by the stresses of
t he bi ol ogi cal environnent that could dislodge the coating and introduce
further problens even after the stent is encapsulated in tissue. Suitable

bi oabsor babl e poLYIBY i, gl bRk I YAenBOLYIEL 5, PR ECt Eflnd O

the group consisting of a i c yester am no_ 4¢1
copol y(et her - Z@GIeeﬂ%l(éW Diglsipal fkfyP@m;g GMIatﬁsVolpéD@anpades@S 1989 (e.g.

pol y(i m nocar bopgbpg)). IQW QA deﬁng%ﬁélﬁt@sr for the°+ @%? 1%5 nve?t?c!ny%{;lﬂded@%s &S

pol yoxaest ers conta|n|n% gr oups, anhy hoSphazenes,
bi omol ecul es anti*hl 47883t hertddf.08Fors, 1t3ﬁé3$3ur4pb?§é7&of4 14510541 nagnt4i 206,399

al i phati c posyegﬁcefparaeacﬂf%eréaewegw BBl o angzagp%{%@arad%aeﬁgrh&d&m&m' ch

i ncl udes | actic aci nmeso n. - caprol acton

gl ycol i de 25 (|W@Fﬁﬂ¥d§“@l?&ﬂpﬁé15%@d®ﬂnﬁybﬂ6%ygh¥ywa&e1mﬁyd&mk¥&abbﬁate,
par a- di oxanone, glydofik HEE rﬁél‘a%]@xaﬁ@ﬁeb Qﬂl%rt@leﬁ@@gb%fm% aﬁ% i@réls%)qeéah}loﬁc %€ tch as

1, 4- di oxepan- 2- one, 5-'di oxepan- 2- _oneé é@ I oxan- 2- one and
pol ymer bl ends Fﬁeffse%kfed bpetlipesisin e Brayelaeadis)of Ppiymer Srienseirfsbsia, meestHiH,

i nvention incl ud@eRRtdQGEdsDRMn BYi hilsZ N ]%%g of
Blodegradabig Pﬁi %e;s edfte @Vkﬁ%ﬂﬁ, K%?Saagdﬁa%ggﬁ% S&B&u %9§%¥
S

Acadeni ¢ Pr chinig s H?B@LbOQ}? of Bepwrdiblet Ibracss tedites) be @Pmb heospanpose

of this inventiveemkmChudeobhoSaGaROP¥aS!BDT e&;'ﬁggslﬁe@@rmﬁ& it erppal  of
Bi omaterials 14 28 Februar&?ZOOG Research Vol qges 993- 1009, 1988 by
S

Cohn and Younes™Sf#RP 61 PR refpgpsrrierein) pPlinhyingey Ko dpcidsstighe drmpdpOfer

Chem stry) Vol . C@Q(@QCHQ#WM&O@Q&&e& €n & an 1Ffﬁgrph'ﬁ)e raf} |6f6ﬂ‘o‘ﬁ1y 3 ﬁf‘@ and
oxal ates for the @ of this |nvent|on i nclude U. S.

4,208,511 4, 14PP 087 1‘f‘4 55t gl divhalls alple-omeepogiaga . O%ﬁ@ o 2165 C@Qgﬂss

(i ncor por at td b%lymﬁ@feﬁkﬁﬂfohﬁnﬁﬁﬁ)and E@bm&@ﬁ@ttﬁl&ﬁﬁ@ am &8 andlo kmidd rgei)ubé gher
yIer s D, L-1actide

d d nmad
el e OT BB ol e TR T Bl BB s, B AGS. £ FamzbpS b,

carbonat e and . epsidien 5;00apsal 86105, $uah6a§ 5,645,850; 5,648,088; 5,698,213 and
5,700,583; (which are incorporated herein by reference). Polyorthoesters such as those
described by Heller in Handbook of Biodegradable Polymefs, edited by Domb, Kost and
20 Wisemen, Hardwood Academic Press, 1997, pages 99-118 (hereby incorporated herein
by reference). Polymeric biomolecules for the purpose of this invention include naturally
occurring materials that may be enzymatically degraded in the human body or are
hydrolytically unstable in the human body such as fibrin, fibrinogen, collagen, elasiin,
and absorbable biocompatable polysaccharides such as chitosan, starch, fatty acids (and
25  esters thereof), glucoso-glycans and hyaluronic acid.

Suitable biostable polymers with relatively low chronic tissue response, such as
polyurethanes, silicones, poly(meth)acrylates, polyesters, polyalkyl oxides (polylfethylene
oxide), polyvinyl alcohols, polyethylene glycols and polyvinyl pyrrolidone, as well as,
hydrogels such as those formed from crosslinked polyvinyl pyrrolidinone and polyesters

30  could also be used. Other polymers could also be used if they can be dissolved, cured or

polymerized on the stent. Thes¢ include polyolefins, polyisobutylene and ethylene-
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are described by Allcock in The Encycl opedi a of Polynmer Science, Vol. 13,
pages 31-41, Wley Intersciences, John Wley & Sons, 1988 and by Vandor pe,
Schacht, Dejardin and 10 Lenmouchi in the Handbook of Bi odegradable

Pol ymers, edited by Donb, Kest and W senen, Hardwood Academ c¢ Press, 1997,
pages 161-182 (which are hereby incorporated by reference herein).

Pol yanhydrl des fromdiacids of the form HOOC C6H4- 0- ( CH2BFé&brGa 2009 H
where in is an integer in the range of from2 to.8 and copolyners thereof
with aliphatic al pha-onmega diacids of up to 12 car bons 15 Pol yoxaesters

pol yoxaam des and | yoxaest ers contai ni ng am nes an m gr are
described in oné PB%? r @PgPTIERe 3l GRIVAGTSUinsludipgy me @ &B‘ic afers,

g, gig Z)g é 55683%551%&13 15;1}6@&% %317058(21/153{8,85&215 p(ﬁyﬁﬁﬁ,cﬁ&ﬁde 50@4&y&‘&@rs sugh
: : ; a re_incorporated herejn
reference). Pol %P \é’gt“é‘?ﬂ%yl§ﬂ‘€h PQQ“”(“&B%E’@B hﬂ@gﬁ;chgéap Lyvimed ‘38? F?T‘ PiEfdbook

of Bi odegr adabl @oRPahyinfefsshigdict paydawdiﬁlﬂb, pdipsdyl &&dne’éﬁpWﬁ@ﬁ&E’om&H@d dwpod
Academ c Press, 199 r at ed

Bty Bol PR B ER T e gy g HAPHBED B PaPOREn OF i)
i ncl ude nat ur al Imgnomee uwitl n@clﬁf&(btﬁefrl ahd didfas, smy be ahdsnrmidioal hythsbggitaded

in the human bod are tically unst e int such
brim £ bri nogrmedt P BhtRle ovaiftS L Bs i b pOUEHURL B

pol ysacchari des csmt,}lmeas pdiydnﬂsanuclstaar ngn,onf &t tagnda@blgi&p(camhm 25}kgdst1esru$s
thereof), glucoso ns anq ’é’ﬂ hlll’gnl C ac d. dSw q bi ost abl e gqﬂsyners
with relativel yp?g coﬁlrS i cPETYSSTE™Y %%Onsﬁg YISy o0 Yeg‘b St ur Bi%AndsS
silicones, pél y@memhtﬁams,ytaabmsraymmnymercsllul-maj yellukosk aaxuatéeiscl(qhmda yvedtdty | ene
oxi de), ponV|n coh ol th n ol s and rr I|done
as well as, é‘rﬂ aﬁe sCEfs?D% A S os% %&errgé‘y POM™E I8%5 |nY1u{<§’¥%SP'¥rV|§
pyrrolidi none anﬁqu)’hl}éslt e:ﬁ&ﬂ&é el hgdraystyb eclidesds); @lhecrorr@maymr&em@ﬁjl d

al so be used if P 1 1d Afby L?l?e @}rgésgl E%? fi@flcﬁgngﬂl;oul %y%{ufé%gg&ﬁxg gftﬁfient

These include po yo I ns, SO ene uary 2006
al phaol efin copé}ryln‘éﬂis@fhb-r@% @dﬁgﬂiyﬁﬁr sNﬁr%[@Idz)ﬁQOnwbﬁaarrylSaI@ra@mdﬂ

copol yners, 45vi I ly Saish 2

chl ori de; p(;ISyvpﬁ{%epi% fogfﬁsgols?’ Og%rﬁlﬁg%’ f}l&g&ﬁxﬁ f%mﬁl Eﬁ h%lrdlojpg Xl?/ %Jﬁﬁll dene
hal i des such as tfﬁé@s@vpmmd@néﬁ ﬂhﬂbﬁpdﬁldamdlﬁvmhlymrﬁw‘bd@wél llnarl de;

polyacrylonitrile, pﬂ'olé%(élﬂ%b&ﬁﬁa@lﬁ?%he ;Eb‘i’slereYs' &X& e %ﬁ ﬁ&e%ﬂcﬁé}uﬁr @ights
pol ystyrene; ponV|nyI esters such EO yVvi nyl aceta copol ynmer s~ of
vi nyl high enough as to not be waxy or tacky. The polymers preferably adhere to the stent and

are readily deforimabie after deposition on the stent as to be able to be displaced by

20  hemodynamic stresses. The polymers molecular weight be high enough to provide

sufficient toughness so that the polymers wiil not to be rubbed off during handling or

deployment of the stent and not crack during expansion of the stent, though cracking can

be avoided by careful placement of the coating, e.g., on portions of the stent which do

not change shape between expanded and collapsed forms. The melting point of the

25  polymer used in the present invention should have a melting temperature above 40 °C,

preferably above about 45 °C, more preferably above 50 °C and most preferably above
55°C.

Coating may be formulated by mixing one or more of the therapeutic agents with

the coating polymers in a coating mixture. The therapeutic agent may be present as a

30  liquid, a finely divided solid, or any other appropriate physical form. Optionally, the

mixture may include one or more additives, e.g., nontoxic auxiliary substances such as
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nononers wi th each other and ol efins, such as ethyl ene-nethyl nethacryl ate
copol yners, acrylonitrile-styrene copolyners, ABS resins and ethyl ene-vinyl
acetate copolyners; pol yam des, such as Nyl on 66 and pol ycaprol actam al kyd
resins; polycarbonates; pol yoxynethyl enes; polyimdes; polyethers; epoxy
resins, 10 pol yurethanes; rayon; rayon-triacetate, cellulose, cellulose
acetate, cellulose acetate butyrate; cellophane; cell ul ggeranhiibal 2006

cel lul ose propionate; cellulose ethers (i.e., carboxynethyl cellul ose and
hydr oxyal kyl cellul oses); and conbi nations thereof. Polyam des for the
purpose of this application would al so include polyam des of the form

-NH(CH2) CO a 2) X, 2) v- CO, erei.n n.is, preferably,an 15
integer in fromiague{g%t &%}I@%( ei}”lg\y_kmae%% %t elglgeér{S P’ CF@(e'r ﬁlﬁfesud‘aglfeo?_ ey 18391/5? and
yl : s ?n, |t nt eggr éqwulﬁteﬁ_emﬁa_ﬁgep@fmfrrm ﬂ}amcﬁtgncgmhectimsﬁgf:ﬁr axvmdmzbl wah Foe :j S
illustrative bu . . r e : e.po s use
for coatings havé %é@ﬁk&?ﬂgefdﬁ?ég %@%&dendﬁgﬁgggﬁgguﬁ%tdfgﬂ%ggvﬁbf%
Ei a]E:ky. g Ihe pg![ yﬁ@asl@rlmﬂfzéﬂlabfbynlamgggelyiietsgn@h@e gdded tto ﬁ‘rilﬂocompe‘.ﬂrl?aycﬂrd;pgmbxg .

ef ormabl e akt ep, HePes hiheh e di ed by
20 henodynami ¢ s?regﬁes. %%gggﬁ%ynéﬁsﬁﬁé?ﬁgﬁ%?ﬁﬁﬁﬁdkﬁmkgl ?@ﬁaéﬁ%ﬁghato
p][ ;)Vldde. suLf i gt&iﬂ)ht t‘y‘u@lﬁ‘m@f@ %dlghétte llgh@epfmlgﬂemevaxhhplnoyou;(d)édaewngbbed
o] uring handki 38,91 Qo & : -gqg rack.dur i
expansi on of theysgénffogﬁ%u Hgggag |ngQ§g§ &%%u voﬁggghgﬁﬁ%a#ef%#§%%ﬂ

pl acement of thEYEDEeienpplyethydene gpelpenttaxplmsthyf cetieses hwsimpxywisihghectidosennt

h h b o . f | NGOl Of th
change shape betyggmiex Randedo andhipakd a;&ﬁfegte %ﬁﬁg td %%a@lt%l{; Efg agée)hfého e

25 pol ymer l,(uaed in the present invention shou ave a nelt erature
above 40 C, 1VUpr épPeiris el anopE i Bsdegrmingt b peosnaitbe jn visovrl/Gdn Gvand

nost preferabl yr@éagéﬁﬂoﬁ@ﬁfoghe@@@bédﬁg ag@,y& be fornul ated by m xi ng one or
nore of the therapeutic agents wth he coating polyners in a coatin

mi xture. The ther apeBPRCEXEHRITY FEPIBRTH R A hedisefubBharg Haidegies are pioyisk

di vided solid, efingiuetifelonRRPELARY itah s RAMRLE ahe HALM i RbQNBIbMses LA
m xture may | ncl ude gne or nore additives, nont oxi ¢ auxiliary
1

e.g. J
subst ances  such@¥¥5 160983 ByiafPEHes 2diAHORt Y PelstcHvishe cowicpiehmad
stabi | i zerstor bdighuylkehacEiifierTisuirh @ bbbiadidh td Mespdd Bfo uhiobimha3teanyi th
t he pol yner and ‘#grafgnaceuti.call actﬁhve agent_ or congound. . For exanple
hydr ophi I'i ¢ pol §HEr &YEOBRIET TP R YREYIBeBosdete | apd e casi b diffusion tharmgy to

prevent the drug combination from eluting too quickly. The thickness of the outer layer
or top coat determines the rate at which the drug combination elutes from the matrix.
Essentially, the drug combination elutes from the matrix by diffusion through the
20 polymer matrix. Polymers are permeable, thereby allowing solids, liquids and gases to
escape therefrom. The total thickness of the polymeric matrix is in the range from about
one micron to about twenty microns or greater. It is important to note that primer layers
and metal surface treatments may be utilized before the polymeric matrix is affixed to the
medical device. For example, acid cleaning, alkaline (base) cleaning, salinization and
25 parylene deposition may be used as part of the overall process described below.

To further illustrate, a poIy(ethylene—co-vinylacetate), polybutylmethacrylate and
drug combination solution may be incorporated into or onto the stent in a number of
ways. For example, the solution may be sprayed onto the stent or the stent may be dipped
ito the solution. Other methods include spin coating and RF plasma polymerization. In

30 one exemplary embodiment, the solution is sprayed onto the stent and then aflowed to

dry. In another exemplary embodiment, the solution may be electrically charged to one
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bi oconpatible filmform ng pol yners may be added to a bi oconpati bl e

hydr ophobic 5 coating to nodify the rel ease profile (or a hydrophobic

pol ymer may be added to a hydrophilic coating to nodify the rel ease
profile). One exanple would be adding a hydrophilic polymer selected from
t he group. consisting of polyethyl ene oxide, polyvinyl pyrrolidone,

pol yet hyl ene gl ycol, carboxyl net hyl cellul ose, hydroxynetzh)#eﬂ‘rgéw[gm and
conbi nation thereof to an aliphatic polyester coating to nodify the rel ease
profile. 10 Appropriate relative amounts can be determ ned by nonitoring
the in vitro and/or. in vivo rel ea rofiles for the therapeutic agents.
In one exenpl ar §O'@yGat Hentent GlRstest l?féfﬁar’@éd fg? QPO atarity, dn dhif renngr.d ﬁ
provided as i ndcnwcdmh sﬂammmaé sttrb@ddBloné BRthed m@dnlag@e of fifayRQd t6oREs, C
matri x conprises ttwo He base Iagqﬁl{ conprise (%I ution of

pol y( et hyl ene- cOV ﬁfﬂaécl,’étr “&‘)da&‘ dIBPIEPy Kt hadr i“ﬁ%sep hhePabray be

conbi nation i s kigaefporated into this base Iayer The outer |ayer
conprises onky poly t% thacr ate ?C s 4as a g|ffu5|on barrier .to
prevent the drug co SPLHEFPER gPbad IH £'8% IR CRPPAtioph e PRFCHRHARLIGE ¢ he
outer |ayer oragapmepat indepennd ivsa bdii@ﬂll[oﬁi ﬁ)patymwi‘\doﬁlpnt;xhg amlﬁmgumaﬂbﬁﬂ;atl on
eIutesfromtheln%rixl. ijEsen i all t he dru? nbi.nat |on es.fromthe
matrix by diffufl°6% HFStghFh ZEO%doICWFéSFm rHO *B61 e&? °Bd} 38%b! e

t her eby al | owi ngolsmkniatd tetﬂaﬂmnd)dﬂls_ylﬁmﬂ(hugaﬁ@ﬁmhm ofeseran@niohe;r ethé:oman ﬂﬂaﬁrst ot aI

t hi ckness of the |y matr|X|S| ron to
about twenty mcroge?s a%? ‘Ehf%la COPOMHGF%‘:% Qf{:‘ ﬁ?s? n@)m%%tgl ﬁ&tpr uCIr‘?ﬁrt‘tfayers
and netal sGff apelyﬂmoeatcnmymrnmp Beondt mbnewelcbutmta@atﬁe tolﬁ@r@-@dh;igr'&(ﬁughnmforl X is

affixed to the f:lqﬁgﬂlgr%l rpc?yt th'ezor uoro 0 81 aeCI ex%ine eri'gi‘ve lél?rltsl onfe th% base)’
cl eani ng, salinization en 8m ‘'on may - be us&d a part of

t he overall pr oé@@momaalﬂlﬂbedmbéhmwty ﬁ@cﬁqgn‘tehe proyvidk u@tcnatne and film produced
poty(et hyl ene- c gl Afgkakiles RALYOME Y APLORE! Mtk G AN el dhogonbI nat i on

solution may be I ncorporat Into or on I'n-a nunber of ways
For exanple, the sollutoinepnraimdyeacspidmgde thomtegent hgerdioarthe qﬁertoheur&p@nﬁthfrray be

di pped 1 nt 9ot N SAkld O Chbene MR g, Lichude 381 G0AL NGAER.P! 2

pol yreri zat i on. one exenplary e I ment he ‘sol ut | I's sprayed
onto the stent a%@lpftsh%ﬁ cgfipopeserding to dreypresei inisotiche IThe xsteptranyfaeends aditarent |

the sol ution rm-}{axt?@g 5'9@&@&1& isctﬂé liYsul E‘(ﬁ'ﬁﬂﬁgg LPndNgaly blggonllzﬁgﬁlléar%e zsglgtgmed
polarity and the stent electrically changed to the opposite polarity.
this manner, t helease dug delivery system “coated surface” is synomymous with "coated surface”,

which surface is coated, covered or impregnated with sustained release drug delivery
20 system according to the present invention.

In an altemate embodiment, the interior luminal surface or entire surface (i.e.,
both interior and exterior surfaces) of the elongate radially expandable tubular stent of
the intraluminal medical device of the present invention has the coated surface. The
interfor luminal surface having the inventive sustained release drug delivery system

25 coating is also the fluid contacting surface, and is biocompatible and blood compatible.

In certain embodiments, the device, e.g., a stent, may have two or more coatings,
each of which may include a different pharmaceutically active agent. The coatings may
be of the same or different polymeric material. For example, a device may have a first
coating that has low permeability, and a second coating, disposed on the first coating

30  (which may or may not completely cover the first coating) that has high penmeability.
The first coating may include a drug, such as 5-FU, that has high solubility in biological
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solution and stent wll be attracted to one another. In using this type of
sprayi ng process, waste nmay be reduced and nore precise control over the

t hi ckness of the coat may be achieved. 5 In another exenplary enbodi nment,
the drug conbination or other therapeutic agent may be incorporated into a
pol yfl uoro copol ymer conprising an anount of a first noiety selected from
the group consisting of polymerized vinylidenefluoride arnpg Fasusreprogsed
tetrafl uoroet hyl ene, and an anmount of a second noiety other than the first
nmoi ety and which is copolynerized with the first noiety, thereby producing
the 10 pol yfluoro copolyner, the second noi ety being capabl e of providing

t oughness or %éﬂ%l, Rk Qec@x{(p(fggtﬂgi sy iﬁ&u&emgingé? I’[Slﬁéfhlay @b OmGARe !l%ﬁubil}%] il ein

the relative ampunts of the first roiet n e second noiety are
effective to priRiPegien! mediacomrisadindhig way the [orowinbdiy agehfe beifs tmleget ¢pntact

properties effagtd e efihalbifirdutedt! SR bR 1LIR ARADLE R E R 2 FEUSES o | N
one enbodi ment accordi % to the present invention, tﬁe exterior surface of

n
the 15 expanddbit&f thdughasolubtlibhigent the ieedse of whidhisrimpedad 8y dwl scepadicesdingf t he

present i nvent iviireaS AMRE hdE Speflts GRAL HrEGnPRCRL dinfbech@hgt B REASAH thb Wg‘tﬁgxi i on.
The exterior surface of a stent havi ngl a coating 1s the tissue-contacting
&

surface and i s SBBUSHEAG b wleasthmoredppiflyithse dhe lpss Fleleagsrtug del i very system

coated surface” is sybQRMERESAMeLE, the QALY s b 8GR, mayMbe CParSiHfiRE Sioh S
coat ed, covered or inmpre nated with sustalned rel ease drug, delivery 20

syst em accor di RGP FRAtEGEEREbly APareus 9iting fhad inchideelegateimemiisadrde#l, t he
interior |um nak iSAdidia@eyvitl ot ko gl RERicklly: Rtive cohl?&ﬂldg.rgu%ﬁ bbin@NHay
exterior surface of the elongate radially expandabl e tubul ar stent of

the intral Ui ndlHAEAPREIC Mg oRIs Hatep?le Mbspntially mseim inphysipingic fgidee d
surface. The iaal @tieOfuikblotsh@hgss by FACR A8 b BoddHFQRIT iM @neSHS TRLHRMH

rel ease drug del.iver stem 25 coat | is also.the fluid contactin
surface, and i <I5F Sﬁ%ﬁ%éfl?tfalﬂée ﬁ*ﬁtgcao‘l’ otgg dedsroiiel it morousy fge dhe divipe may be
enbodi nent s, t Hemtewt € goross 1gatgrialsuh &N cerdfBly oh@¥dall\WebrRhteAPHI9mERAhABGS,,
each of which may incl g%e ﬁ%gl fgder enc\iL ap‘har jceut it,%al | y. active agent. The
coatings may be of the §ane bredi Frerent’ '55 gerr%'F W HHCET i2OOVEBT SNl e,
a devi ce ndy haue fla phamsteuticaighitivg cohpdunt scahpwiple paeddilthd §evicaBdudacsecond
coating dispo§ed Qn . the. first .cgatin BOWi h may, o .hot, C letely
1 > h .

cover the first oathH @mlg%at%“ﬂé%eﬁa ﬁﬁﬂlﬁ@?} %‘ﬁ?lu??‘&%tro‘%“ﬁgg‘{}“fosat b‘@ﬁ’g?:f‘lng may
i ncl ude a dr ug,ensivmimears Iibsekbln etnhatimhgs thd glimpsaldib SIFT andion T, Chogirfaead of18

the device may further be coated with a polymeric material, e.g., that modulates the

release of the agent(s), that improves biocompatibility, or otherwise improves the

20 performance of the device in the medical treatment.

Another aspect of the invention relates to a device having a matrix, such as a
fibrous matrix, such as a woven or non-woven cloth, e.g., vascular gauze (such as a
Gortex® gauze), in which one or more pharmaceutically active compounds are disposed.

In certain embodiments, the matrix is disposed on a stent, either wrapped around
25 individual elements {e.g., wires) of the frame, or enveloping the entire device.

U.S. Pat. No. 5,773,019, U.S. Pat. No. 6,001,386, and U.S. Pat. No. 6,051,576
disclose implantable controlled-release devices and drugs and are incorporated in their
entireties herein by reference. The inventive process for making a surface coated stent
includes deposition onto the stent of a coating by, for example, dip coating or spray

30 coating. In the case of coating one side of the stent, only the surface to be coated is

exposed to the dip or spray. The treated surface may be all or part of an interior Juminal
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28 February 2006 nedia, and the second coating may include a drug, such as
TA, that has low solubility in biological nmedia. Arranged in this way, the
| ow-solubility agent, being in closer contact wth the external
environment, may be delivered into the environnment at a rate simlar to
that of the high-solubility agent, the rel ease of which is inpeded by the
second coating, 5 whereas if the two agents were present 28rFddreasePs06
coating, the agent with the higher solubility would be rel eased nore
rapidly than the |ess soI ubl e agent. In certain enbodi nents, the device,

o et o B oo REa S5 P S0P PR PR - HESLERALL) °
wi th) one or nornedxp&iaiema@emhd ﬂaitIn;ayaeﬁna\ieof:mmnomsmﬂsten&mhﬂmmatdepcgmonwy 10
el :

Physi of ogi o 11 uPGEE Miha PBRE SRl ERreos Aot e P ae e et Yl R bG by

t hose of skill mirrégvecuvasize 1slpmeferelrlyabont10@tnhlepnsewrmmll nments, the surface of
e e oL SRR SpSul il PRy MBS B BBl B

t he device nmay ba#irdserdnied thmcmmfaphamyacemml dgemt saﬂdftameatafbhlsweﬁl Fepson ous
ngregcf)fer{ héS dg‘nli%geél;eg Ggllll}r él en tg Lo'% 'tf%g)rés%ntqﬁ%bh ?]?J%%Eg’e?}&'aﬁraggft cfjilea eﬂtq EPﬁe
conpound upon imtoreudcnfdtlwcsnhlblmymné cmmisgsgatd@bt twe phirmerrragally a¢tn’e@e¢1mtal|ﬂﬁﬁ
enbodi nent s, %Eg%y&g‘ad ﬁ ?ct!: ‘L) o0 ugﬁs c ‘ﬁ‘be-[ltﬂeesaﬁllér &ﬁﬁ'ﬁwﬂ{ cl ehhc%l &;%Xl'esce may
further be coate §mer|c teria at modul at es

rel ease of tlde agesn (bs)fomteﬁeets dﬁmdove@uubpl@t@nmteﬂbmiar GonCHRIapeIly e mogléie

| nproves t he 29}})@%{}&1@5’&%{}9%3&]: orl ¢ reﬁiﬁ\% Qﬁwitﬁs Wetﬂ&q:'hﬁlﬁlac& f(ﬁ@ﬁcrﬁégertles

Anot her aspect e invention relates to a device having a matrix, such
as a fibrous maffiexcomsensis.dEhegingosnaingtion patigeodshwhere corirug TgrmulafigaT4F ar

gauze (such as g..qCor Weéélf))e gMﬁgeouwrmive@ RO iy SoRPRI ARGENhGAl | Y
active conpounds are di spose I'n certain enbodi nents, the matrix is

di sposed on a sblad, aﬂéﬂtlh@r plapmprad her Ghn@rorssy 9 dreeEa#Ee ane et s deg.

wires) of the f 'b%acegﬁca@lgva%{@epbd?%ohm Rkl &1%0%& '11@%113/3%1(%1{: Faids. MR- other
5,773,019, U. S and U. S. Pat, 051, 576_ di scl ose

i mpl ant abl e conf'Pls| Edhe ébfé&tsféatdb‘?/i%e‘%’hﬁ’ﬂﬂy Gg%gls%ﬂ%‘éfsé‘“r‘ éhXSW&ﬁ‘Cp%‘f‘%St &dsi n

their entiretiggichoard Hib¥ndyaba¥LBERIo HOQnbINERpla¥BaRiReBSS it OfonPBidY a
surface coated sten i ncl udes dep03|t| on onto the stent of a coat.ing by,

for exanple, di BPUOAETHYGr spieajrrsepitbsldy i ofgthe Rhanpaceptisab agentc B4t Y Sne
side of the steptsisRMoriltigsHil A6 ickhay BLarGoRdi@tinkiSesion. The quick conversion of

20  the low-solubility pharmaceuntical agent into the constituent pbarmaceutically active
compounds insures a steady, controlled, dose of the pharmaceuticaily active compounds
near the site of the lesion to be ireated.

Examples of a suitable first pharmaceutically active compound include immune
response modifiers such as cyclosporin A and FK506, corticosteroids such as

25  dexamethasone, fluocinolone acetonide and triamcinolone acetonide, angiostatic steroids
such as trihydroxy steroids, antibiotics including ciprofloxacin, differentiation
modulators such as retinoids (e.g., trans-retinoic acid, cis-retinoic acid and analogues),
anticancer/anti-proliferative agents such as S-fluorouracil (5FU} and carmustine
(BCNU), and noun-steroidal anti-inflarmmatory agenfs such as naproxen, diclofenac,

30 indomethacin and flurbiprofen.
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exposed to the dip or spray. The treated surface nmay be all or part of an
interior lumnal 19 28 February 2006 surface, an exterior surface, or both
interior and exterior surfaces of the intralumnal nedical device. The
stent may be nmade of a porous material to enhance deposition or coating
into a plurality of mcropores on or in the applicable stent surface,
wherein the mcroporous size is preferably about 100 m @BorsHOEr 2666 S
Probl ens associated with treating restinosis and neointimal hyperplasia can
be addressed by the choice of pharmaceutical agent used to coat the stent.
In certain preferred enbodi nents of the present invention, the chosen

pharmaceuti cal agentyisgm@ end¥hiffeNss Aok &P h'}éq;rlzé-eﬁty in@g}ﬂioﬁ,loigp rp.ﬁ'e?;[ﬁ“?edaﬁrst] east
y ‘active

two pharnmaceutically active conmpounds. he pharmaceuti ca
conpounds can bBEPERECWiRY ssHvaionmersis Sl heni cal species, 10 and can be
fornmed, as desired, in equinolar or non-equinolar concentrations to provide
optimal treatnment based on the relative agtivities and ot her

phar maco- ki netic properties of the c .F The drug conbi nati on,
particularly where co-drug formul ati ons are| used, may itself be

advant ageously rel atively insol uble i fologic fluids, such as bl ood
and bl ood plasma, and has the property ofHregenerating any or all of the 15
phar maceutical ly active conmpounds when di ssalved in physiologic fluids. In
other words, to the extent that theFlusisasiibiiity agent dissolves in

physi .Ol ogi ¢ fluids, E-xgmf-)l%s o‘ﬁl*g %lfi!ta‘ﬁlea&goﬁf Eha&h@&hhéﬁllgg&ﬁ% tcgrg duﬂﬁo ﬂﬂ@e
constituent pharmaceutically active conpounds upon” di ssolu Pon. ‘The

| ow sol ubi | i1y BFPhEspEe Maddanisudl asaydnporihdsandiEup s cofenbiodsendeasof t he
agent in the Vighohdiaste, Bociidiohd hatiiaknd @ﬁinga%olo@a%eﬂyftdg,gﬁgi?ﬂa\fﬁfs&ko% of 20

the I owsolubility pharnmaceutical agent into e consti 3 ) o
phar maceut i cal |§act VEWY Ebupsisrids | wbicie dndidivdyciprelienerinl |d@@rentiodm of
the phar maceut i@lulayor@6ilch\4€ rGRBRIQ UE Stranf 8diof R6idS kit -etiRbic BB ah & $hMputy, be
treated. Exanpl es of % sui table first pharnmaceutically active conpound

S . .
i ncl ude i mMmune *PEEEBHFEEPIBFTFIVE rigeduetsh a8 T pod and F1og-s anti-
corticost er 0 dSnfkiGhata§ agehds dexABEDARNA0fohd-URALNAhRNCAGEHPRIEE and
trianci nol one acetoni de, angiostatic steroids such as trihydroxy steroids,

anti biotics includi fy EMSr SEPRREN:, 2ceqrfingr Bntthathrewnt dpgoio dbe weel as

retinoi ds (e.(.phaffad@iSicdIBt | RAVE aGhgdundi §- rBéBOI GoRACI MHliodineloRN 24 LBHRAS) |

anticancer/antiagroliferativg gg??ts such as 5-fluorouracil (5FU) an
cannusti ne tnamcmolone acetonide, ofenac, and naproxen. _

HO

O CH3 COOH cl
H
O
/>cH, N
O
Cl
QO
Triamcinolone acetonide Diclofenac
CH,
COOH
H.C.
70

15 Naproxen
The low-solubility pharmaceutically active agent according to the present
invention may comprise further residues of pharmaceuticaily active compounds. Such

further pharmaceutically active compounds include immune response modifiers such as
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(BCNU), and non-steroidal anti-inflammatory agents such as naproxen,

di cl of enac, 30 indonethacin and flurbiprofen. 20 28 February 2006 In sone
enbodi ments according to the present invention, the preferred first
pharmaceutically active conmpound is 5FU. 0 H 5-Fluorouracil (5FU).
Exanpl es of a suitable second pharmaceutically active conmpound include 5

i mmune response nodifiers such as cyclosporin A and FK 5@@ F&stubheRG0®r Oi ds
such as dexanet hasone, fluocinol one acetonide and trianti nol one "acet oni de,
angi ostatic steroids such as trihydroxy steroids, antibiotics including

ci profl oxaci n, dlfferentlatéﬁ#%inDduIaiors %ﬁCh as retinqids f?mgﬁmmne

trans-retinoic &TPPOE & FB POu PR S 518 g e Sy Xamethasone
anti cancer/ ant i -apit@lidefaa6 atdnwghodge ntGosd AngstabE ktemindd sBEINGY tridtdioxy steroids,
non- st er oi dal angl.%ﬂ Ln;lannatohg aﬁggtﬁgfu h as QE@{oxeg, diclq%%gac,
i ndoret haci n and™ ¥ B ERC PP Ao e SEHTAIGR AP BRI PR TR YN Br esent
i nvention, the sesoRthoiditid, thaetiidicadid yndahioyes); anandedaitspspfeadtegrefic om
f 1 uoci nol one cacet ni% éri i nol one_a togb%F di cl of enac,. and napr oxen.
HOB O COOH 0 °7r FATICT AbY 3RS PSRBT GHF a8 e Tt 2y Spaiae RALFBLER" The
| ow sol ubi ity pivdrfimes éubimekbdiy amcfurbiprofigent according to the present
[ nvent i on Ry compr i g, Lurt et f sl oyes, of. pharmeontlcall v petive..
conmpounds. Such further pharmaceuti call'y acti cgﬁpoﬂ ds “FRCIUFE “Irfrune
response nodi f i ergetsefehlead two pharmaceutically active compounds that can be covalently bonded,
connected through a linker, ionically combined, or combined as a mixture.
10 In some embodiments according fo the present invention, the first and second
pharmaceutically active compounds are covalently bonded directly to one another.
Where the first and second pharmaceutically active compounds are directly bonded to
one another by a covalent bond, the bond may be formed by forming a suitable covalent
linkage through an active group on each active compound. For instance, an acid group
15 on the first pharmaceutically active compound may be condensed with an amine, an acid
or an alcohol on the second phamnacentically active compound to form the
corresponding amide, anhydride or ester, respectively.

In: addition to carboxylic acid groups, amine groups, and hydroxyl groups, other
suitable active groups for forming linkages between pharmaceutically active moieties

20  include sulfonyl groups, sulfhydryl groups, and the haloic acid and acid anhydride
derivatives of carboxylic acids.

In other embodiments, the pharmaceutically active compounds may be covalently
linked to one another through an intermediate linker. The linker advantageously
possesses two active groups, one of which is complementary to an active group on the

25  first phammacentically active compound, and the other of which is complementary to an
active group on the second pharmaceutically active compound. For example, where the
first and second pharmaceutically active compounds both possess free hydroxyl groups,
the linker may suitably be a diacid, which will react with both compounds to form a

diether linkage between the two residues. In addition to carboxylic acid groups, amine

30  groups, and hydroxyl groups, other suitabie active groups for forming linkages between
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21 28 February 2006 cycl osporin A and FK 506, corticosteroids such as
dexanet hasone, fluoci nol one acetonide and trianctinol one acetonide,

angi ostatic steroids such as trihydroxy steroids, antibiotics including
ci profloxacin, differentiation nodulators such as retinoids (e.g.,
trans-retinoic acid, cis-retinoic acid and anal ogues),
anticancer/anti-proliferative agents 5 such as 5FU and B@8Weksradry 2006
non-steroi dal anti-inflammtory agents such as naproxen, dicl of enac,

i ndonet hacin and flurbiprofen. In certain enbodinents, the lowsolubility
pharmaceutical agent conprises a noiety of at |east two pharmaceutically
active conpound : t1y bhaonded connect ed .t hr ough

| i nker, ionical ?1§£%%teng%%1@d Q&lgg q%ogétn%? rllré%udgssuao%l ﬁoﬁ?sé.s%%{yrlu LR Ed e
enbodi nent s acchbHeiF ayd e acenlpidedederivitiveenf dadboxylicheds.i r st and second

phar meceut ] cal |y actduigncaBeuads: @heucAYRlqRklY bonded dirtectly to one
another. \Where the first and second pharmaceutically active conpounds are
directly bonded to one another by a coval ent bond, the bond may be forned
by form ng assuifabl e coval ent |inkage through an active group on each
active conpound.—For_instance, an acid group 15 on_the first

phar maceut i cal | y Faghymaesghgsdrind [nfigpotiPhemmdenisald wi| Shitabie lantene, an aci d
or an al cohol on sthe GHERA ARRE NBLENE GAbbaAGk Ve | compound to form the
correspondi ng. am de, anhydride or ester, respectively. In addition to
carboxylic acid ﬁﬁﬁmps, am ne grouyeur and hydroxyl groups, other suitjable
active groups fongf;@F ™M ng Iinkag égggﬁween phdlnaueu‘éﬁﬂify active—fotieti es
20 i nclude sul fonyl groups, sulfhydryl groups, and t hal oi ¢ acid and acid
anhydride deriyafti¥fes of carboxyiixrasi ds. |1 n ot hef Démbodi ments, the
pharmaceuti cal | ypgghkye compounds Sbe covatentty [ﬁ£ﬂﬁcd to—one—andt her
through an internediate linker. The. linker advantageously possesses two
active groups, OREIBEY which is corffidementary to an abldcide group on thq 25
first pharmaceutiggl Ty act rve conpoyyd, —and—the—othefof _whith—+s
conplenentary t@ an active groupg on the second phafmaceutically active
conpound. For exafdl e, where the |Hidrsty and second pbharmmeesyhicalybiyladti ve

conmpounds both possess free hydragxyl groups, the |inker i tably |be a
R

diacid, which wll react with botlh conmpounds to for e
bet ween the two! Aeidi dues. I n addiltAmemet o car boxyl i c| aaiith gid)bpsoxyalrying

acid, sulthydrylallcyl acid

Suitable diacid linkers include oxalic, malonic, succinic, glutaric, adipic, pimelic,
suberic, azelaic, sebacic, maleic, fumaric, tartaric, phthalic, isophthalic, and terephthalic
acids. While diacids are named, the skilled artisan will recognize that in certain

10 circumstances the corresponding acid halides or acid anhydrides (either unilateral or
bilateral) are preferred as linker reagents. A preferred anhydride is succinic anhydride.
Another preferred aphydride is maleic anhydride. Other anhydrides and/or acid halides
may be employed by the skilled artisan to good effect.

Suitable amino acids include y-butyric acid, 2-aminoacetic acid, 3-

15 aminopropanoic acid, 4-aminobutanoic acid, 5-aminopentanoic acid, 6-aminohexanoic
acid, alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine,
glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine,

threonine, tryptophan, tyrosine, and valine. Again, the acid group of the suitable amino



30 groups, and hydroxyl groups, other suitable active groups for formng

| i nkages between 22 28 February 2006 pharmaceutically active noieties

i ncl ude sul fonyl groups, sulfhydryl groups, and the haloic acid and acid
anhydri de derivatives of carboxylic acids. Suitable linkers are set forth
in Table 1 below. 5 Table 1 First Pharnaceutically Second Pharnmaceutically
Active Conpound Active Active Conpound Active Suitable Logkeshra gup
Am neAm neDi aci d Am neHydr oxyDi aci d Hydr oxyAm neDi aci d Hydr oxyHydr oxyDi aci d
Aci dAci dDi am ne Aci dHydr oxyAm no aci d, hydroxyal kyl acid, sulfhydryl al kyl
acid Aci dAm neAm.ho td, hydroxyal kyl. .acid, .sulfhydryl al acid Sujtable
G aci d | nkers. PHLT G o6 konee TR afionEh i Phal Sty (g fffhe Rk
pimelic, suberigmupazel aic, sebacic, maleic, fumaric, tartaric, phthalic,

i sophthalic, and ter hal,ic. acids. i l.e,.di.acids ar aned, the skjlled
oy ey sanvi 11 recognt SaipRadaripd obblie o SrPuifiethncas PRERCHPEEcE ng
aci d hal i des or daciubbatahy dridimsndpenttdeef 6uliinlithexask. or bil ateral) are
preferred asglinker nts,. A ferr anhydride is succinig, anhydride.
Anot her pref grred anﬁ@%rgil%dem?lgoa}?gﬁog? cl‘é"n%ﬁdﬁ?' éj?oxéisﬁ%n?m%ema?%ri%g ({}%’?Yd/" or
acid halides naypngethanrpl dypediotyl-mhmobkide] ed-badbisbaminopgood, ef-hploxy-1-
Suitabl e am no ggids.Jj.ngel ude y-butyric acid, 2-am noacetic acid, 3-

Suitable hydroxyalky! acids include 2-hydroxyacetic acid, 3-hydroxypropanoic
acid, 4-hydroxybutanoic acid, 5-hydroxypentanoic acid, 5-hydroxyhexanoic acid.

10 The person having skill in the art will recognize that by selecting first and second
pharimaceutical moieties (and optionally third, etc. pharmaceutical moicties) having
suitable active groups, and by matching them to suitable linkers, a broad paletie of
inventive compounds may be prepared within the scope of the present invention.

Exemplary preferred low-solubility pharmaceutically active agents according to

15 the present invention include 5FU covalently bonded to fluocinolone acetonide, 5FU

covalently bonded to diclofenac, and 5FU covalently bonded to naproxen. Ilustrative

examples include the following:

O O o

| /g ©
N O
H

5FU-fluocinolone acetonide (via oxalate linker).
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15 am nopropanoi ¢ acid, 4-am nobutanoic acid, 5-am nopentanoic acid,

6- am nohexanoi ¢ acid, al anine, arginine, asparagi ne, aspartic acid,
cysteine, glutamc acid, glutam ne, glycine, histidine, isoleucine,

| euci ne, |ysine, nethionine, phenylalanine, praline, serine, threonine,
tryptophan, tyrosine, and valine. Again, the acid group of the suitable
am no 23 28 February 2006 acids nmay be converted to the asPabrude 2006cCi d
hal ide fonn prior to their use as linker groups. Suitable diam nes include
1, 2-di am noet hane, 1, 3-di am nopropane, 1, 4- diam nobutane,

1, 5-di am nopent ane, 1, 6-di am nohexane. 5 Suitable am noal cohol s include

2- hydr oxy-| - am noet hane, 3-hydroxy-%5 am noet hane, 4-hydroxy-I-am nobut ane,
5- hydr oxy-| - am nopent ane, 6-hydrgxy4/l- am kohexane. Suitabl e hydroxyal kyl

aci ds include 2-hydroxyacetic aciftf;\3- hydr dxypropaneic acid,

4- hydr oxybut anoi ¢ aci d, 5-hydpexypen CO acj b @r oxyhexanoi ¢ acid. 10
The person having skill in the ar |1 recogh I Giel ecting first
and second pharnaceutical noietifes (and optionally third, etc.

phar maceuti cal noieties) having Fsuitable active groups, and by matching
themto suitable linkers, a broad palette of inventive conpounds may be
prepared within the scope of the prﬁﬁgﬂF i nvention. Exenplary preferred

| ow-sol ubility pharmaceutically active gBEﬁ?E according to 15 the present
i nvention include 5FU coval ently bonged to fluoci nol one acetoni de, 5FU
coval ently bonded to diclof enac, fand/ 5FU’coval ently bonded to naproxen.
[I'lustrative exanples include t follawng: Qul Ol O F~-N~ NO O H
5FU-f | uoci hol one acet oni de (vPa oxal ker).*$4 28 frebruary 2006 CH3

N

F

Cl
5FU-Diclofenac

In other embodiments, the first and second pharmaceutically active compounds

may be combined to form a salt. For instance, the first pharmaceutically active

5 compound may be an acid, and the second pharmaceuntically active compound may be a
base, such as an amine. As a specific example, the first pharmaceutically active
compound may be diclofenac or naproxen (acids), and the second pharmaceutically
active compound may be ciprofloxacin (a base). The combination of diclofenac and

cipreflexacin would for instance form the salt:

O
FL | 0 Cl
— H
H ﬁ [ N
K/N N
I
O
10 Ciprofloxacin-Diclofenac
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5FU- Napr oxen 5FU-Di cl ofenac I n other enbodinents, the first and second
phar maceutically active conpounds nmay be conbined to forma salt. For
i nstance, the first pharmaceutically active 5 conpound may be an acid, and
t he second pharnmaceutically active conpound may be a base, such as an
am ne. As a specific exanple, the first pharmaceutically active conpound
may be dicl of enac or naproxen (acids), and the second phagmrsigubt dey
active conmpound nmay be ciprofloxacin (a base). The conbination o
diclofenac and ciprofloxacin would for instance formthe salt: COOH 10

Ci profl oxaci n-Di cl of enac_ 25 28 February 2006 In still other enbodi nents,

the first and secondTpiel ntbauspeasimsitsadhg st Eﬁhﬁﬁ@ﬁ@sﬂﬁﬁ?mﬁew@bhﬁﬁﬁﬁd as

a mxture. As Usgdpduddd BYAEolDided s d AMnSOl ubi | ity pharmaceutical agent,
the term"low solubility" relates to the solubility of the pharnaceutlca

agent in biologi cal ff§Fdsin SEER © shegewsPlBltpPsheceu i phprab ithe forai e

pﬁrl toneal flui @oluiﬂh@" rélzﬁes?t@ﬂ@d’ @tublhlqt @ﬁr/]thcfﬁﬂiaﬁﬁdltcleﬁtllc)ﬂ ag¥REA BioldpRkhi fqth@st such
phar naceuti c on slight]y soluble in aqueous sol utjons
having pH i naft hé SQ@ﬁaéﬁefnaa g flydapsitocd, uggeten 1 agepralygy- splybiiy’
physi ol ogi ¢ sol uieh@NBat thé pEdimacutda00gnt Bloplytiep} dfpfBy séllitle msﬂﬁaaus solutions

| ow-sol ubilit ents_according._to the resent i nvention
o B

sol ubi lities of "FaREPEALTeIMEGLT 1058t yiom 0“‘6% é‘t%%?&t%?utaé?s})htfmlﬂgl%t%‘tﬂoﬂio 20

g/m, nore prefeidbswldoasslobhpBsnahed!l Shle Wwrbolutahg agBiteadabaingnétte)presk@ss

t han about 10 wat er at ten‘era of 25C. as
measur ed by the%B?Wgedﬂﬁ'?Ve§%¥mﬁﬁfPﬂh¥ﬁhWﬁ@°T %W%ggmﬁt%@ﬁﬁfge
stat ed. Thi sili neb ugdes, maapogadsy Wwh tadh b6 15 egmg,tmttlyncs@ﬂuufaiabty( Jamwn a]:@utng/ m

to about 1 /m r l..ght]ly sol ubl e bout t
B AT e A g e o2 g P T BB (R L e
15 0.1 ng/m). kavemnt invee Wdﬁle@bﬂt@ﬁhﬂ:\/ﬂt&edﬂlHﬁ@intﬂﬂﬁl:slcﬂmﬁtﬁh&ﬁ&ﬂ whiog ke

fluids, but are r I atl ckl oci ate i nt
second pharnaceﬁtg KF?@SE§P0& 'ﬁﬂﬁb %? ¥ (YQ¥§ﬁ£ﬁ¥%ﬁ%ﬁﬁmﬁﬁyiF@fgglc
fluids. In soneueﬂhmdﬂWmmM&D&mepdkﬁemyuﬁMﬁMsm@mgomBmuh@mmmdsamsﬂmnzmom

15 0.1 mg/ml).

Inventive compounds are siowly dissolved in physiologic fluids, but are relatively
quickly dissociated into at least first and second pharmaceutically active compounds
upon dissolution in physiologic fluids. In some embodiments the dissolution rate of the
inventive compounds is in the range of about 0.001 pg/day to about 10 pg/day. In

20  certain embodiments, the inventive compounds have dissolution rates in the range of
about 0.01 to about 1 pg/day. In particular embodiments, the inventive compounds have
dissolution rates of about 0.1 pg/day.

The low-solubility pharmaceutical agent is incorporated into a biocompatable
(1.e. biologically tolerated) polymer coating. In some embodiments according to the

25 present invention, the low-solubility pharmaceutical agent is present as a plurality of
granules dispersed within the polymer coating. In such cases, it is preferred that the low-
solubility pharmaceutical agent be relatitfely insoluble in the polymer coating, however
the low-solubility pharmaceutical agent may possess a finite solubility coefficient with
tespect to the polymer coating and still be within the scope of the present invention. In

30  ecither case, the polymer coating solubility of the low-solubility pharmaceutical agent
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i nventive conpounds is in the range of about 0.001 g/day to about 10
jig/day. In 20 certain enbodi nents, the inventive conpounds have
dissolution rates in the range of about 0.01 to about 1 g/day. In
particul ar enbodi nents, the inventive conpounds have dissolution rates of
about 0.1 jig/day. The lowsolubility pharmaceutical agent is incorporated

into a bioconpatable (i.e. biologically tolerated) polypgrFdahiy2eog n
some enbodi ments according to the 25 present invention, the |owsolubility

pharmaceutical agent is present as a plurality of granul es dispersed within
t he pol yner coating. In such cases, it is preferred that the | ow

sol ubility phar t berearvel Iu n the
coati ng, homevegrr%&?rrgee u(53\/1\/- sol El Ranay ! h&é ﬁrﬁ%euimgt lllt &eé’ﬁ’byn?ﬁﬁ Oﬁt%’s
finite sol ubili teyamoefid substerrttallwgtahularfempect to the poI ymer coating and

still be within the resent inyention .ln 30 either t he
pol yner coating sol u%%ig e%brp &@hgtgl%\?\?-rgl Y i Py Rh A %"é‘u?‘recg’r""'%?g’gﬁ‘?y 26 28
February 2006 sﬁ@uh@etb@alswht tshéissotviad wa@mndhe \Alomncdiceﬂe:gselnt hrcbughgut i¢ he

pol yner coat ingy..ihid bs | ] n f one
embodi ments accor di ngﬁraeght%@ﬁ}gééggg%%gr%%ve{rFﬂ%@ %Bg’faa PL%{“’ h%{’mtpo shhe?
phar maceut i cal ‘a’glefntaCiSs i 9sa@bodkdsolietthifer tilee rpbtlveﬂrserhxdumhobIg lohvmohuhdirw

cases, it is lﬁﬁﬁc@&t cgldaggr{latln tsrﬂ:ﬁ 09&%] Xl%esrolugﬁﬁ bintge Sv &)h]( ?1 tﬁ lph%{'r%.laéé{nhcal

non- polar or hydropho e whi ch acts as a goo
relatively hydrghobibe PPbWﬁS@laulhﬁ ghpplyg be phlarhﬁhfbe@ﬂent\aill ceégelrvrt thotongldypithec ases,

the solubllily hyhdE,dQp el iiuiuich BRGLIRGAY Moy S vl &aﬂgg pol ymer

coating shoul d such t the agent e thoro I'nthe
pol yner coaf®ng, beilhgoms §mb¢cblﬂﬁléﬁa¢?er¢9§é®réhmsde§fmt hlﬁ’efwgh,oiht pphelelpt;hy)rrer

coating. 10 In §ea8:0a0 0B Sraks MdilBie 1ih&s BE:%&IG?J th‘::(rh\{gsgﬁt Bnibie

pol ynmer is non-_bioerodible. Exanples of non-bioero ynmers useful in

the present i nvéftdoRolyicHilcuteopory eetay)| EHéJscE‘DlWlhxlF‘Ctd@etaa@ aplyuEthayss,

pol yvi nyl al coholuciang ReJcYusatIRAGS poryeretﬁﬁe@s 11;1%%&6&995&%&&@%?% present
pol yurethanes. In other enbodiments of present invention, pol ymer

i s bi oerodi bl e. NESHRpItRSPOME;is BloguiBlee Eﬁi?j‘wlﬁ%?%bli!@%‘?@? PPh’“te’rfeISquI Briés ent

i nvention insl uldeseﬁolwéhhmdr ir@ﬁxdep%%ﬁ%ﬂd@ agdighactRO! M, Y ¢8lykGeddE! Geid,
pol yort hoester, al kyl c%ygnoacr ylate or derivatives and copol ymers

thereof. The o¥i 310?%‘&?5?]: t PGy RpoarElals i SEivetige apfeoppipes Byrcol  The
bi oerodi bil ity @iledensai warredichizt inhithOholch6f bioerodibility or non-bicerodibility of the.

polymer depends upon the final physical form of the system, as described in greater
detail below. Other exemplary polymers include polysilicone and polymers derives from
20 hyaluronic acid. The skilled artisan will understand that the polymer according to the
present invention is prepared under conditions suitable to impart permeability such that it
is not the principal rate determining factor in the release of the low-solubility agent from

the polymer. '
Moreaver, suitable polymers include naturally cccurring (collagen, hyaluronic
25 acid) or synthetic materials that are biologically compatible with bodily fluids and
mammalian tissues, and essentially insoluble in bodily fluids with which the polymer
will come in contact. In addition, the suitable polymers essentially prevent interaction
between the low-solubility agent dispersed/suspended in the polymer and proteinaceous
components in the bodily fluid. The use of rapidly dissolving polymers or polymers
30  highly soluble in bodily fluid or which permit interaction between the low-solubility

agent and proteinaceous components are to be avoided since dissolution of the polymer
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pol ymer depends upon the final physical formof the system as described in
greater detail below. Oher exenplary polyners include polysilicone and
pol ymers derives from 20 hyal uronic acid. The skilled artisan will
understand that the polymer according to the present invention is prepared
under conditions suitable to inpart perneability such that it 1is not the
principal rate determning factor in the release of the bgwebpliay 2006/
agent from the polynmer. Mreover, suitable polynmers include naturally
occurring (collagen, hyaluronic 25 acid) or synthetic materials that are
bi ol ogically conpatible with bodily fluids and n?rrmal ian tissues, and
essenti al |y i nsdF YbF#tphvEbafanarsals eRURRATES Widattertige prasignssrol dmierdessome in
contact. |In addidhansuitdte pslytiabra Bh@udeOdNPRIpFleRS SRktial byyRh¥@NvinliNcegRCt i on

bet ween the | ow sgolubiljty agent. di rsed/ suspended i n the pol ynrer and
pr ot ei naceous c@ﬁﬁgn@ﬂft@}{ﬁﬁlﬁ P&l TY: IBREPYIPHR T OPOIY%EHOH%%‘ acids,

di ssol vi ng pol ynelyalkokcrplaley, Mesiflos® Eth@hl yolsakydalk@adrilatb 0edgolymidrd)i pbi@stemhi ch

omponent s are. TEVBETEo! qutvei HBEITEs ol B BT Bol Jir - SProgher:
February 2006 orpolydfoR&raad, i paly-yi-hyirddybicgiafdf CROMSHE ONRONENRLS poiutagronkloagt the
constancy of drug,rel ease. r.suitapl e polyners include pol ypropyl ene,
pol yester, pol yéﬁﬁﬁﬁ’gﬁ% a\cffjn%?gpgg)eqld} %OPDE’WA) , pol yet hyl ene oxi de (PEO),

pol ypropyl ene oxi de, Timotoatag bdxl presesicindsiion pay yal fhghed Cliyy ndligs onec@l hetkose
ethers, polyalkyl

-al kyacryl ate copol ymers. .polyester. 5 polyurethane bl ock
1 -
copol ymers,  pol yét %llaerﬁ-{%lé) Vi ra%‘??'nséu tgaﬁﬁ?(o&f(ﬁ%’g ?kéﬁ(@arcg,malp%le%#%&% BHEAE
pol y- ( p- hydrdxybig yoatmesr, to pfotny Ifecpilgmaciyster PLIA) thispehy chpngdnadt disslved or
pol yglycolic acig, and. PEO PLA co ol ynmers, The .cqating of th esent.
i nvention may be S??’)rrerr\elél1 f/pr%b%engqgn%heérem%drl%lentssU| t ﬁ%el% lsnﬁ“ﬁ’é%eirﬁgo %ﬁ‘a‘“%
sui t abl e | ow solpgbider by pgimasnbpesioncall tiegdint polgrhens fothymprocaskaigto fhih thhe
Tonorter to for mt g ROLYIRS SYRLEM nlik LALS. AV 18, B0SRLLS Shsgeled or
di spersed in the polyner. 7 n other ‘enbodi nents, e agent 1s°mxed into a
liquid polymer comslipbing apanisdisthermigredasnn bhtsna lighd pphingrer polgnd dispdhigen,
processed togd Orcgt&lﬁﬁeﬁzhtﬂ) eQtd, Ve sﬁl%ié ngoq%’,' LRI &0 &%Igﬁ%ap&li Q«'ﬁﬁls SifiBle
includes crosslinking wth suitable crosslinking agents, turther
pol yneri zati on obbhiteblofiguitd Fbe yurther piocostly/mps thii dpeis thorpolyb®r so that the
copol yrer i zat i oy f Dsfn8tl $raRb& IR ANBiymb Qflhg©OPO! yrTer i zat i on wi th
sul tapl e
In some embodiments according to the present invention, monomers for forming
a polymer are combined with an inventive low-solubility compound and are mixed to
20  make a homogeneous dispersion of the inventive compound in the monomer solution.
The dispersion is then applied to a stent according to a conventional coaling process,
after which the crosslinking process is initiated by a conventional initiator, such as UV
light, In other embodiments according to the present invention, a polymer composition
is combined with an inventive low-solubility compound to form a dispersion. The
25 dispersion is then applied to a stent and the polymer is cross-linked to form a solid
coating. In other embodiments according to the present invention, a polymer and an
Inventive low-solubility compound are combined with a suitable solvent to form a
dispersion, which is then applied to a stent in a conventional fashion. The solvent is then
removed by a conventional process, such as heat evaporation, with the result that the
30  polymer and inventive low-solubility drug (together forming a sustained-release drug

delivery system) remain on the stent as a coating.
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pol ymer bl ocks, etc. The further processing traps the drug in the polyner
so that the drug is suspended or dispersed in the polyner coating. In sone
enbodi ments according to the present invention, nononers for formng a

pol ynmer are conbined with an inventive |owsolubility conmpound and are

m xed to 20 nake a honogeneous di spersion of the inventive conpound in the
monomer sol ution. The dispersion is then applied to a st gptFapgaf 2006 to a
conventional coating process, after which the crosslinking process is
initiated by a conventional initiator, such as W |light. In other

enbodi nents according to the present invention, a polynmer conposition 1is

combi ned with an i nvzantaw@gohp}%e@sy%g to% G&Hp&gé}g hﬁg@pfxﬁ%{ﬁv@ f&igééaﬁfbﬁhfn-

The 25 dispersion is then applied to a stent an ol yner
cross-1inked toPfapepcyicalspmgounddedissalyed infhanobater erpensgitioent s accordi ng to

the present inventiap,gsofcRUsABIen@NEceRing! RVARHhYGidPWns Qb 4R, ! d ; ound
are conbined with a sd?tgble soleirllentctoullgorn1a1 éﬁgﬁéﬁgiok%g%h?%ﬁnggm?hen

applied to a stRHrme{hayisdeadeht igRaln ¢thevrdedinTHe theolvemtcopprishamolmenoyed

by a convent$ onght iPEICRE hallSHEN IRSINGRY LYGRAERS, 1R Rystih Id1daBea Sl inad hat
t he 30 pol yner @gd inventive |l owsolubility drug (together formng a
a

sust ai ned- r el eas 2 ARSVaRTagier yHaguess fpsticlyrailiisiyn 2nf ather chatacigistiss eighe i ng.
28 28 February gf)3fierAhy®d0adrREALHecB:NGESS My be used where the inventive

| ow-solubility pharnmaceutical. conpound is dissolved in the pol yner
conposition. In song” &NBoRMREPEis acaidgieny theopreivat inNewaR: R PobyREr HRopem
conprises a pobiyedibleatis belo@ib®t drilehiya Fitdbibver Ithan0d BRL1R0R QA T AfeSlow! he
systemconp%ses1 .golﬁggr ) Lhat is soft and palleable: In stil] other
embodi nents, - t he& @f} Y eiATPirerrdedecs pdl Phdrmeliae! hegranpleniash that whearthct er
Har dness, el ast toatiligyis apite sd 1@, stedf) theQirilcs' GOAERE e ek SdsbC® 1OE afbRnt Relcy mer

may be varied as necessary. | n sone.enbqdjinents according to the present
/ g e R R i R M YR i

i nvention, the polyirer
rate slower thapopordimmbkioklstekouzed at@caofred diehel giamled 0 sol ubility

?Egrgggsyaical agenﬁh8gg%ﬁ#ﬁ@ﬂ%h§gq%gﬁﬁgk Ehe&%r@qyl s}i@agﬂch %hat when
gis applied o S , PRGBSIV EPY ASROGPE BYPELEd to
t he anbi ent1%i spumweabld in wegcin therhocumBng Sssugle.gsiablibid phsgh. hech awesabiabi | ity
P oeut ! cal AURIA nh perRbAPRL OO, oleRo BSuSIRARE R PRI LARE RIS el "

agent. The rate of dissolution may be govemned by a complex set of variables, such as

the polymer's permeability, the solubility of the low-solubility pharmaceutical agent, the

pH, ionic strength, and protein composition, etc. of the physiologic fluid. In certain

20  embodiments, however the permeability may be adjusted so that the rate of dissolution is

governed primanly, or in some cases practically entirely, by the solubility of the low-

solubility pharmaceutical agent in the ambient liquid phase. In still other embodirnents

the pharmaceutical agent may have a high solubility in the surrounding fluid. In such

cases the matrix permeability inay be adjusted so that the rate of dissolution is governed

25  primarily, or in some cases practically entirely, by the permeability of the polymer.

Examples 7
The present invention can be more fully understood with reference to the
following examples.
30 Agent TC-112 comprising a conjugate of 5-fluorouracil and naproxen linked via

a reversible covalent bond, and agent (G.531.1, comprising a conjugate of 5-fluorouracil
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I n ot her enbodi nents according to the present invention, the polyner
coating is 15 perneable to water in the surrounding tissue, e.g. in blood
pl asma. I n such cases, water solution rmay perneate the pol yner, thereby
contacting the lowsolubility pharnmaceutical agent. The rate of

di ssolution may be governed by a conplex set of variables, such as the
polymer's perneability, the solubility of the |ow sol ubi pBtBerpharEaBUti cal
agent, the pH, ionic strength, and protein conposition, etc. of the
physiologic fluid. In certain 20 enbodi nents, however the perneability may
be adjusted so th the rate of, dissolution is overned pringri or in
S sases. pr actRLAFOIH FeisRye e e e rofie ShOHoBHORE Shietbt i 1)
phar maceuti cal &ge®hentNd B05103761 ek stricgite df thétas@npdufids3 teptodadel @Elow.

enbodi mrents the pharnaceutical agent may Bave a high solubility in the
surrounding fluid. In such cases the matrjjx perneability nmay be adjusted
so that the rate of dissolution is gov%{ngu;ﬁ5Fprinarily, or in sone cases
practically entirely, by the perneabili of {|t he pol ynmer. Exanples The
present invention can be nore fully un topd with reference to the
foll ow ng exanples. 30 Agent TC 112 ébnprﬁsing a conjugate of
5-fluorouracil and naproxen linked via a reversible coval ent bond, and
agent G 531.1, conprising a conjugat®&Fabrdurddl (fOUr aci | 29 28 February 2006
and fluoci nol one acetoni de, were prepared in accordance with the nethods
set forth in U S Patent No. 6,051,576. The strlcture of these conpounds
is reproduced bel ow. 0 5-Fl uorouracil OB Naproxen TC-112 10 F
Fl uoci nol one acet oni de

5

Naproxen

10

Fluocinolone acetonide
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30 28 February 2006 0 G 531.1 0 The follow ng exanples are intended to be

illustrative of the disclosed invention. 5 The exanples are non-limting,

and the skilled artisan will recognize that other enbodinents are within

t he scope of the disclosed invention. Exanple I To 20 gm of 10% (w v)

aqueous pol y(vinyl alcohol) (PVA) solution, 80.5 ng 10 of agent TC 112 was

di spersed. 5 pieces of glass plates were then di pping coaRekprhR 2008 S

TC- 112/ PVA suspension and followed by air-drying. The coating an

air-drying was repeated four nore tinmes. At the end about 100 ny of

TC- 112/ PVA was coated on each glass plates. The coated gl ass plates were

then heat treated at 135C for 5 hours. After oling to roomtenperature,

the glass plates were individually placed in 20im of 15 0.1 M nol

phosphate buffer (pH 7.4, 37C) for rélease ;ﬁialé§anple s taken daily and
one~@t—each _sanpling tine.

edi a were deterhi 5]

entire rel ease media were replaced w N S
The drugs and TC- 112 released in the

rever se- phase HPLC. The hal fHD|fe f
in serumis 14 mn. The results
cunul ative release of TC 20 11
the curve denonstrates that 1

is 456 mn,
ws the total
ACcoat ed gl ass plkates. The sl ope of
| rel eased at 10 g/ day. The data
represent both intact and ents (5-fluorouracil and naproxen) of
the conmpound TG 112. 3HZ28-Ee y 2006 Exanple 2 12.0 gin of silicone
part A (Med-6810A) were nlxed wiith 1.2 gin of silicone part B (Md-6810B)
and degassed in sonicator for 16 nmin, followed by water aspirator. 41.2 ng
of (TC 112) were dispersed in this dega ilicone, and degassed again.
0.2 gmof 5 the m xture was spread on one surface of a glass plate. The
glass plates (total 5) were then placed in oven and heated at 105C for 20

mn. to cure. After g ?@l\ﬂbvﬂl% e&&gﬂﬁstaps intended to be illustrative of the disclosed invention.

5 The examples are non-limiting, and the skilled artisan will recognize that other

embodiments are within the scope of the disclosed invention.

Example 1
To 20 gm of 10% (w/v) aqueous poly(vinyl alcohol ) (PVA) solution, 80.5 mg
10 of agent TC-112 was dispersed. 5 pieces of glass plates were then dipping coated with
this TC-112/PVA suspension and followed by air-drying. The coating and air-drying
was repeated four more times. At the end about 100 mg of TC-112/PV A was coated on
each glass plates. The coated glass plates were then heat treated at 135°C for 5 hours.
After cooling to room temperature, the glass plates were individually placed in 20 ml of
15 0.1 Mmol phosphate buffer (pH 7.4, 37°C ) for release test. Sample was taken daily and
entire release media were replaced with fresh one at each sampling time. The drugs and
TC-112 released in the media were determined by reverse-phase HPLC. The halflife for
TC-112 in pH 7.4 buffer is 456 min, in serum is 14 min.
The results are shown in FIG. 3, which shows the total cumulative release of TC-
20 112 from PVA coated glass plates. The slope of the curve demonsirates that TC-112 is
released at 10 pg/day. The data represent both intact and constituents (5-fluorouracil and

naproxen) of the compound TC-112.
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oven and cooled to roomtenperature, 0.2 gmof the m xture was spread on
the other uncoated surface of each glass plate. The coated gl ass pl ates
were then heat treated again at 105C for 20 min. After cooling to room
tenperature, the glass plates were 10 individually placed in 20 M of 0.1 M
phosphate buffer (pH 7.4, 37 C) for release test. Sanples were taken
daily, and the entire reI ease nedia was replaced with freglFdapda moe each
sanpling time. The drugs (5-fluorouracil and naproxen) and TC 1 rel eased
in the nedia were determned by HPLC. The total TC 112 rel ease for
silicone coati n% was calculated as follows. The 15 nol ecul ar wei ght of

Napr oxen is 230E8mdnd t he nol ecul ar wei ght for 5-Fluorouracil is 130.1,
whi | e the conpound Tﬁ@é@oﬂﬁ%ﬁ@&ﬁﬂﬂ@ﬁ@ﬂbmbﬁ$Greﬁemngwﬁﬁl b@ﬁa@mﬁ&in@ hk ar
wei ght of 372.4, To _detect x proxen, this _ nmeans that x*372. 4/ 230.3

my of TG 112 wBdMsd@rHIR) 284 deaﬂﬁ@dﬂrb%oaqcatqfé%mﬁmr Eligyedly wHerERIARet Sstim of
TG 112 det ect ednigra»f(T@@mwee@&@efys&imamaa@ga&sh@sﬁ@néJazldiaygiegah yz@d. 0. F@h of
exanpl e, ;?_ q_@ 43.9mgof 20 tgroxe |sldet tﬁd’ fhiirqsns 71.0
(43.9*372. 4/ 30} )mlhb‘reo‘f’asvﬁ%e o8 BT SPaiae otg e dlals g iR Ates §1OTL PV

TG 1 )12 :c s det ectied plaﬂecfolblfofv&l’ andtﬂkéﬂéﬁﬁtoll’oe"cafot Q0 adin. alﬁ cilrd?. A@&gxﬁﬁxﬁﬂmg fropﬂ tﬂs
71.0) of TG 112 is r to da e results are sho

whi ch Shovs ¢ heoYSa <G ioaie a0 )il B pvpd s SPEL h e U e
gl ass pl ates. Th&oskoOpetaof oftdach glakk W@ted@m)(ﬂﬁfeﬁ glaeSpiktbaterd hed hebPirea2B agzﬁn

rel eased at 13.3 / A al n ata rep ent both in act
constituents of % b}éjgf: g\ér‘?to 6Lfﬂ mgT‘i‘?emgf"n%nﬁ’Ff&P e e ¢ g’ﬂe"%m
denonst r at esiOt h&tdnﬁchﬁllj@pllac}eﬂﬁﬁ 30 havesd.1 M pHosghaefHudfet (pbi7 4,136 °¢Ee)|f@asleaseiestt he
drug. Exanmple 3,30 A m onof | ex 65

Cree cose. 1534  araper Brb e ol Py Rg el v elRsed bk Ernaiasia 2.2
gm Chr onof | ex Cg&bBmflingtitheCTBe 32228 -ffuetvnneit ynd Q06 x 4D didt 1(2653 rettesper be on

containing 0.2 am of Ch(%pnof I(% IQP](J 5D), both in dinmethyl acetam de (DVAC)

(1:10, ww was e{rhgwém Y 'he two di spersions together. To this

mxture, 6.0 gin of Tle:t ﬂoahifdflﬁﬁfzuﬂaﬂe fgrHicGne centio} weercelcadadéds aidwmi Xéed. The
final mxturg Wgu%le@@%l ﬁﬁg&te&r}i ﬁ%'xéﬁ %?'.3’?%8 el Qe Pt & sFRudtffadided

and 5 dissolve s6l
130.1, while the compound TC-112 generated from these two drugs has a molecular

weight of 372.4. To detect x mg of naproxen, this means that x*372.4/230.3 mg of TC-
112 was hydrolyzed. The total TC-112 released equals the sum of TC-112 detected in
the release media and the TC-112 hydrolyzed. For example, up to day 6, 43.9 mg of
20  naproxen is detected, this means 71.0 (43.9%372.4/230.3) mg of was hydrolyzed, at the
same time, 51.4 mg of TC-112 is detected in buffer, therefore a total of 122.4mg (51.4
plus 71.03 of TC-112 is released up to day 6.
The results are shown in FIG. 4, which shows the total cumulative release of TC-
112 from silicone coated glass plates. The slope of the curve demonstrates that TC-112
25  isreleased at 13.3 pg/day. Again, the data represent both intact and constituents of the
inventive compound. The similarity in the slopes demonstrates that the polymers have

little effect on the release of the drug.

Example 3
30 A mixture of 3.3 gm Chronoflex C(65D) (Lot CTB-G25B-1234) dispersion

containing 0.3 gm of Chronoflex C(65D) and 2.2 gm Chronoflex C(55D) (Lot# CTB-
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Ten (10) HPLC inserts were then coated with the pol yner/ TC 32 sol uti on by
di ppi ng, which was then followed by air-drying under anbient tenperature.
The coating and air-drying process was repeated four (4) times (5 tines
total) until a total of about 10 ng of polynmer/CT-32 was applied to each
insert. The inserts were then placed in an oven 10 at 80C for two hour to
renove the residue of the solvent. The inserts were pl ac28 Femtuany2G08y in
20 M of 0.1 in phosphate buffer, pH 7.4, 1in glass tube and nonitoring of
the rel ease of conpounds fromthe inserts at 37C was begun. Sanples were
taken daily, and the entire nedia was replaced with fresh nedia at each

sanpling time. TReB-0rasyslishatieReeatainihz td1e giedl @nrdRImRx del &)l Bad nli))émli‘,‘ﬁ!gg
TC-32 15 is a co dgﬁgﬁﬁ |swg 5FU Ilnked to trianctinolone acetoni‘de

(TA). Because of* Br'il@ge Vvt wappreppreddy Mg iR Bye diseersies dgzethas

detectabl e i n tHe thiehsase, e dndst télfhhydroﬁfﬁﬁél(m&.@éra&@%% adaealgmm%cpﬂ@d TA,
coul d be deterngn&d The rel ease l.es are |splayed in Figure 5. 20

Exanple 4 To 5 BT (714 g i tSH ‘O”acgp%{hll@]e'ﬁ EVRE C-Bowranrgddsd and
Chronof | ex COH65D)ssoiveldait# tHebBHyaebBitids4) and 200 ng of Chronoflex C(55D)

(Lot# CTB-121B- 1265) e ed. The pol ynmer wa owW y djssolved in DVAC
(about 4 hours). Theh™" \é\ﬁé) H?ﬂg lﬁsfertﬁ'iﬂfﬁre\/\ﬁ@y%{’dﬁgdmf}bglf webFsFY el QluepepEi on.
The mi xture was drptpmg,aulﬁdzlems Bl {t1bedd by 2230k h@mndbf)&nlﬁelﬁge:ﬂiferiﬁﬁe.fﬂr%e wasingdded
and di ssol ved i xture. ents, | i ed by Gujdant Corp,
were coat ed theﬁn%/\ﬁmi ?{Y'tnﬁgmﬁgsls Wr?%F‘c'“pea/téﬁ?é) ‘gia) LS Bﬂgﬁtﬁtaﬁi“ﬁﬁ%@tag b?%ll? oved
by air-drying undef P@lmrbmé(m“ 3:2 &’H:’pﬁ}phid.tbeach-ﬁha‘t maisbrﬂgwéléldleﬂbracddfilyfarﬂg/en
process was 4hep e i about 2.0 ny of
J9°REELC Bt el b Bty oot e el

pol ymer/ TC-32 were appli 0 ea ed stents were air-dried
under 30 anbi ent terfﬁsnmeMGeuerpmecbm@dvaalwaﬁ2@ﬁﬂef@'1®aﬂio@ﬁatd]:\aﬁ‘ér pisght . The

stems were then,, ied..at 8 hour ve t he residue of

the solvent. Afte ngld%ﬁl) tgél ey %111§§9§1e r%%lsfy? V&is féor’b B A 7v¢d‘ﬁ‘él ly
in 5.0 nm of O.2cdun @mmetabmdadmanpme%m&p ntediagtaa spldceb@itia fiekh mgani 4t or i ng
f th ! ch eds { € 11l erBZseC & b !

0 e rel ease 95198%991%@9& fﬁeoﬁﬁl%{}gl 2LENR YR % et %ﬁ’aiw glg#? e ?2”‘3 es

wer e taken dally an e entire was rep W
each sanplilfg 5aempaind admpysing 8ié tgled td miamheolnnﬁacatomﬂe €T Ale t Brrmisnetihby

HPLC. The rel eaggut halflife of TC-32 in buffer, no TC-32 was detectable in the release media; only
amounts of parent drugs, SFU and TA, could be determined. The release profiles are

displayed in Figure 5.

20  Example 4
To 5.0 gm of stirred dimethyl acetamide (DMAC), 300 mg of Chronoflex C(65D)
(Lot# CTB-G25B-1234) and 200 mg of Chronoflex C(55D) (Lot# CTB-121B-1265)
were added. The polymer was slowly dissolved in DMAC (about 4 hours). Then 5.0 gm
of THF was added to the polymer dispersion. The mixture was not a clear solution.
25 Then 100.9 mg of TC-32 was added and dissolved in the mixture.
Three (3) Stents, supplied by Guidant Corp, were coated then with the polymer
/TC-32 solution by dipping and followed by air-drying under ambient teniperature. The
coaling and air-drying process was repeated a few times till a total of about 2.0 mg of
polymer/TC-32 were applied to each stent. The coated stents were air-dried under
30  ambient temperature in a biological safety cabinet over night. The stents were then

vacuum dried at 80°C for two hour to remove the residue of the solvent. Afterwards they
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5 profiles were shown in the Figure 6. No TC- 32 was detectable in the

rel ease nedi a. The purpose of the above description and exanples is to
illustrate some enbodinents of the present invention wthout inplying any
limtation. It will be apparent to those of skill in the art that various
nodi fications and variations my be nade to the systens, devices and

net hods of the present invention w thout departing 10 frgmrtdmugnyzoga or
scope of the invention. Al patents and articles cited herein are
specifically incorporated herein in their entireties. Exanple 5 Chronof | ex

C (65D, Lot# CTB-GZ B- S. i olve t fura
Into this sol utig ?‘%‘%\5‘5‘5? VY§| B SCOOIFI‘} E.fg‘ﬁB’sPhS %tﬁllﬂug%fdpi}? Xlassg'll SE8T ved
and the resul ti n'@nﬂd}lnlgtdfdhe 8¢)¢aaY of eahpalind fromcihe Qraarsywﬁeﬁtra? S€ ents Shepuroduced

by Cuidant. After air-dr t he, coated stents uu ried at. 50 C
P9 5 hoars to SPRAELBEuGRHEY; a%) BREHEE G R TR VR RTohE R B >
gama- i rradi at i eopliiglme. dﬂﬁa‘cﬁ-ngnﬂeaise@/eﬂthe m&d@wug dbtemﬂnmlgay\mm:‘ amlrelesdet o]

stents: 80 ug Low 39 600 The Iease
rate was det gr P& %Wﬁre(sﬁ? m%yl/eq:ﬂ?uém n ?ﬁ% c‘g%St C?Cta t#%re(l aﬁ?IP Bd with a
di al ati on cat het er: BieOpmpdal dfoths shore dasdp@O nomd Iemg)lem s & }JMstrqjhaslphat e
buffer (pH 7.4) a | es. of . t he. buf. l, ut ri |y
renoved for anafyé?dzmﬁms ?Eﬂ% PIESE PREST on lgh?’ tmgglﬁ% %\Q%{ Bglgvgp IIP%
saturation effemtassnt R5thideefrsgdluint the sahdkm venpuF-ingpdifeations | and sterigioas tnhé be

rel ease pattern

foll owed a pseucrilag‘f gdggl%? E]c%s ﬁE‘Hl[ ? g? (%1 %\%h&?%scgt;%?gg(e?%}g@%mﬂy%‘gw{ &%}Qﬁ:mg

rel eased i n190 fewkde smnspmsctcaor: ofdbe eyvantios. sékkmpatenis pod hrtmlfghcl@ééiew@nﬁe Low
Dose | oaded ste I gdi;i.n an equi nol ar fashion at all
times during Elge(a%reﬁ;(:p@r@éa OFa 6%&1%1116?13635 tcl)% 5FU/ TA were detectable in the
rel ease nedi a 30 Exanpl e 6 34 28 February 2006 Chronoflex C (65D, Lot#

CTB- &5B- 1234, %;&Rﬁegm was added to 50.0 gm of tetrahydrofuran (THF) .

The mixture was stirred overnight to dissolve the polyner. E(gm of the
pol yner sol ution wasCpiafiieed O ©ORD1 Lo g i 16 GATREL 2350 Z’aﬁgﬁéﬁ‘t é“s vedr Ul TG

15 tetrahydrofuran. Into this solution bioreversible conjugates of 5FU and TA were

dissolved and the resulting solution spray coated onto coronary Tetra stents produced by
Guidant. After ai-drying, the coated stents were vacuum dried at 50 °C for 2 hours to
remove solvent residue, and subject to plasma treatment and gammia-irradiation. Two
different levels of drug loading were applied to stents: 80 ug Low Dose (13%) and 600

20  ug High Dose (60%). The release rate was determined in vitro by placing the coated
stents (inflated with a dialation catheter; 3.0mm balloon size and 20 mam long) in 0.1M
phosphate buffer (pH 7.4) at 37°C. Samples of the buffer solution were periodically

" removed for analysis by HPLC, and the buffer was replaced to avoid any saturation

effects.

25 The results shown in Figure 7 illustrate the release pattern in vitro for a High
Dose coated stent. The pattern followed a pseudo logarithmic pattern with approximately
70% being released in 10 weeks. A similar pattern is seen in both High Dose and Low
Dose loaded stents. TA and FU were released in an equimolar fashion at all times during
the experiments. No co-drugs of SFU/TA were detectable in the release media.

30

Example 6
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32 (5-fluorouracil and triantinol one acetoni de) was added to the pol yner
solution and 5 dissolved. The coating solution was prepared with 60% codrug
| oadi ng. A 13% codrug | oaded coating solution was al so prepared. Bare
stents (Tetra, CGuidant, LoW 1092154, 13nmm Tetra) were washed with

i sopropanol, air-dried, and spray coated with the coating solution using a
preci sion airbrush. The coating was repeated until approzgrhelarvdderg of
total coating had been applied to each stent. After air-drying, I’tyhe coat ed
stents were 10 vacuumdried at 50 C for 2 hours to renove sol vent residue,
and subject to plasma treatnent and gamra-irradi ati on Co-drug coated

stents were tested in t S f I e jth a d.alati cat heter

(3. 0mm bal | oon si ze C@ﬁ"&w@%‘%ﬁ Po%ﬁéd’[gg%%gg% ’ gto éégn%né %Srééﬁ%qattgc@g’ gt B

i ndi vi dual | 'y i ritteahsdigfieasTHED e Tieomtxdire ivag) stbre@ avbright 0. dissdivp Hegphates SHUf f er
H7.4). 15 S ) ri-0dj I [

f:g- dr ug)i n the u{)tﬁe? g\ﬁw{é@m %@E@{?‘e‘@sé‘%}&%@’ lq‘ﬂg&gﬁ?%e@% rggé%aa(tf(r)e L gaﬂ\f}\bs

repl aced after BadétlumnpriéaGrionpnTne: stcenids) wer @ldpl @abepdlpmei spbitiod hade

comon swi ne; hag TiC: 3% 0kiRg sorStanh S p'r%lya}egg&yiﬁgaoh/.ﬂg%qn{ghsadi@h BRI

descendi ng (LAD) coronary artery on stu esten wer e ested
on study day 5 leatdd cpaing pelagaadvisrpl®. pretvirgsh Beysietents (Beffaf midant, 2Otd@82YS5itbe f or

Goup One stentSy ThgHWRMW.s0h vﬁﬁngpfgpﬂﬂol,rﬁl—&%g%gd gﬁ&fcaa&% »&Iﬁﬁ%@co‘éﬁér% 4 a

determ ned by HPLC. Thé intact codr u\% was not ctable in rel ease
The resul ts ar eoBfighasingp Fpsionguirbslibwihg goatine wes repeatedtuntibappraxgady b ges

profiles bet V‘Qﬁ’@o%'ea@ﬂkt 1R g%%lﬁﬁ;%ge@fa%a Qérit.rerxgﬁ&%r—%gyﬁé,% éjate-cll_@?e% s?lfe?éise

patterns for both expl anted re-inplant stent’s cate that In-vivo
rel ease may'%he preen dfeiathlyp Cnfor 25hoprst togremayeespdeniygsites nad subieri plagma

Fourteen (14) denBshl mdSWhRe-ikRERbLYed a maxi mum of three (3) stents
deployed in any of the three-epicardial coronaries (LAD, LCX and RCA).

Sonme ani mal's were giCPeive Poted Alests kR leepd By WRtesouPs GHESF iflafng vt ndplaten o

Metal Tetra Cordmatey (Shemt bARor9aSatabh e Rak) apowdeldey abMs S8 §Mced
(Control), or PU.Coated Tetra Coronary Stent on Cross Sajl Rx_3

t 5 28
February 2006 H&f18uHiyderid @y fairstaminieson me) 9t O bvhekosamtirrder i & 4i ven
dr ug- coat edisst enbGlei Wdie Kakb perlo@Wa R (HBOGndftrall 3%l 8f bl @eDree

(600g TA+SFU ( GtQS(% d)b'y hLeC %’Eee er:1ttj1$e release media was replaced after each sample.

Group Two stents were placed in vivo. Three common swine had TC-32 coated
stents implanted into the left anterior descending (LAD) coronary artery on study day 1.
The stents were harvested on study day 5 and then placed in 0.1 M phosphate buffer as
20 describe for Group One stents. The amount of each drug released into the media was

determined by HPLC. The intact codrug was not detectable in release media.
The results are shown in Fig. 8, showing the comparative drug release profiles
* between explanted stents and non-implanted stents. The release patterns for both
explanted and pre-implanted stents indicate that in-vivo release may be predicted by in

25 vitro release patterns.

Example 7
Fourteen (14) domestic swine received a maximum of three (3) stents deployed in
any of the three-epicardial coronaries (LAD, LCX, and RCA). Some animals were given
30  only control stents, comprising either Bare Metal Tetra Coronary Stent on Cross Sail Rx

balloon delivery system {Control), or PU Coated Tetra Coronary Stent on Cross Sail Rx
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were inplanted into arteries of the animals. Each stent was advanced to the
desired location in the artery, and was depl oyed using an inflation
device. The pressure of the 5 inflation device was chosen to achieve a
balloon to artery ratio of 1.1-1.2:1. After 28 days, arterial sections
directly adjacent to the stents were surgically excised and enbedded in a
met hacryl ate resin. Hi stologic 5-msections were cut and28Hsbrigg 20060

Ver hoeffs elastin and Hemat oxylin and Eosin stains, and the thickness of
each exci sed section was neasured. The results are shown in table for both

H gh and 10 Low coat st The response at 28

| ow dose and hi § %P %Wﬁ iﬁ%??ﬁgﬁFgﬁ é'%ﬁﬁgn§hg gg@ﬁ?ﬁ%&ﬁﬁﬁ£&§§ﬁ@@?&% in

i nti mal thicknesswatdse (mgauk%wt(tmp@r Ht@lms%amhgmwmh &6y, e steo! y mer
coated Tetra stents a Tg’éta PoI Eow .Do h Dose Bal | oon: ﬁrte
ratiol.070.051. ¥f6. 16“? de =t d’fd h%t%%’i’é‘%dva“"ed to the desired

(mm 0. 290. 030. 360atda0n tR0arRH) aﬂcﬁﬁ)as(lﬂaploy%ﬁhlr@ andifitf&ion device. The pressure of the

(mm 1. 390. 101. 98Q. 410, 960. 06Q. 980. 075 0. 0008 Bare t Low Dose.
) 03 Poi ynir g SEVRE G s 1 et PR TPt T W bose. pe0. 04
Pol ymer vs. Low Dos eAfierapspddys, G2teita | sectived dlrecdls . adjdeain daResterOwe ¢ slafgiqanﬁr VS.

H gh Dose g p=0.01 Bare Dose, 0. Q7 _Pol yner vs h Dose
Ecampl o 8 20 5 SIS fh 7 euhdn Vg ot Algrloma St Rt g bu did

nol e-ratio of | sthifed witiivieliobifs elagiai 0 Hetoatok AgCand L @iBASR hateclh@s of
determned in vit the coated stents in 0. hqs te buffer
(pH 7. “at | 37Colnptestiegioniis TarFer TEofRi R P et Seiol fpt 8oy ed
for anal ysi $0by LHPIIIase angd-cohie@l denks The Vsalﬁmﬁeeﬂlza(ﬂagls f&lQ)O&lVl@Wdioaé’land Isgh-dusat i on
effects. 25 The result

9 Bec ilic
nat ure of ory, FeErel g aRbin SoRag o Bral deetier S ERE Tiiacti BB R ch
faster than fronwﬁhﬁﬁﬂuﬁnmgFUeﬁmmmngankmhﬂnbéaMaﬁks, nore than 95% of
total 5FU was rel eased. TA release from 36 28 February 2006 the drug
m xture coating was nmuch slower, w th about 20% TA rel eased over the first
6 weeks. Bare Metal [Polymer  [Low Dose igh Dose

[Balloon: artery ratio  [1.07£0.05 |L.1140.07 [1.1340.05 [1.1130.08
Intimal Thickness (mm) |0.29+0.03 [0.36:0.08 |0.13£0.01% [0.13£0.04€

Medial area (mm?) 1.3940.10 [1.9840.41 [0.96+0.06° [0.98%0.07°

£ p=0.0008 Bare Metal vs. Low Dose, p=0.03 Polymer vs. Law Dose
15 § p=0.002 Bare Metal vs. Low Dose, p=0.04 Polymer vs. Low Dose

#7 p=0.02 Bare Metal vs. High Dose, p=0.07 Polymer vs. High Dose

¢ p=0.01 Bare Metal vs. High Dose, p=0.07 Polymer vs. High Dose

Example 8

20 Stents were coated with a mixture of TA and 5FU in a mole-ratio of 1 to 1
without chemical linkage. The release rate was determiined in vitro by placing the coated
stents 1 0.1M phosphate buffer (pH 7.4) at 37°C. Samples of the buffer solution were
periodically removed for analysis by HPLC, and the buffer was replaced to avoid any

saturation effects.
25 The results are shown in Fig. 9. Because of the hydrophilic nature of 5FU, this
compound was released from the mixture coating mnch faster than from the codrug

coating. Within 4 weeks, more than 95% of total SFU was released. TA release from
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The 5FU TA m xture in a polyner coating denonstrated different rel ease
profiles conpared to the codi ng pol ynmer coating. However, this study

i ndicates that use 5 of a m xture of 5FU and TA can be applied to a stent
to achieve controlled rel ease of a desired active conmpound m xture.
Exanple 9 A polyner-coated stent was al so tested to identify any inherent
rel ease pattern 10 attributable to the polyner. Foll ow pg AYbrsamy 2006at ment
and gamma-irradiation, the stents were inflated with a dilatation catheter
(3.0 mm bal l oon size, 20mmlong) and placed individually into a glass tube
containing 5.0 mM of 0.1 M phosphate buffer (pH 7.4). Sanples were taken
periodically a tire rel ease di a s.re nple.
The amount of akiaR s unEa R TR kG MR B BBy 92 T
The intact codrugksas not detectable in reI ease nedia. 37 28 Febr uary 2006
W claim 1. A nedi ) strat h surface;
and, (b) a coating gg‘%]ergﬁéf‘%%mﬁﬁe surfgjrg gé:f)%mgoaetnmn% hftd Gal%lf:esl% %lease

pol ymer-  mat ri »préféled qegpareh dunths obduing poiltryer ppf@ﬁigu@omhvslpénsﬂiwyuhxmmsnhatmaer ein
_Sa' d low SCH Utblf la'ntu)(tupg &dﬁr ndsfzf{ &Brbgsdg]@ Pﬁ% Q¥;[e%tng a&ggv% tT fllgéine‘:lll a '% L- B,
in which Arepresents a drug nolety having a erapeutlcaoly active form
for produci ng aegtadaptevelcompapdmsyguien a patient; L represents a coval ent
linker linking A and Bto forma prodrug, sai d I'inker bei ng cl eaved under
physi ol ogi cal conditions to generate said therapeutically active form of
A, and B reprediamgle® noi ety which, when linked to A results in the
prodrug having a |lo I; M of
A. 2 . The device o}ﬂ@ﬁ?l%?%]%h& Etgl}té‘%ﬁ%%shg%é%ngb@ﬁgﬁwéngqme?: enP i éea%e: ZIet%{l cally
active fort ofattpbytpblgda dhe p@YI@?leE@l@mmmHsnla atmentamj ganénasma@mqm tthe of

the prodrug in genis were inflated with a dilatation catheter (3.0 mm balloon size, 20mm long) and
placed individually into a glass fube containing 5.0 ml of 0.1 M phosphate buffer (pH
7.4). Samples were talken periodically and the entire release media was replaced after
each sample. The amount of each drug released into the media was determined by

15  HPLC. The intact codrug was not deteciable in release media.
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water at 25 Cis less than | ng/nL. The device of claim1, which provides
sustained release of the therapeutically active formof A for a period of
at |east 24 hours, and, over the period of release, the concentration of
“the prodrug eluting frompolyner is less than 10% of the concentration of
the therapeutically active formof A 4. The device of claim1l, wherein the
therapeutically active formof A has a |ogP value at |eagtFebri®gP2008i t - -
| ess than the | ogP value of the prodrug. 5 The device of claim1l, wherein
the solubility of the prodrug is less than 100 pg/m in water at 25 C. 38
28 February 2006 6. The device of claiml1l ; wherein B is a hydrophobic
aliphatic npiety. The device of claiml, wherein Bis a drug noi ety having
a therapeutWE&'la}‘?: active form generated upon cl eavage of -said linker L or
di ssoci ati on of sr%iecglcglﬁg‘jigecobongm 8 . The device of claim7, wherein A and
B are the sanme drug norety. "$*Mhe device of claim5, wherein A and B are
di fferent drug iet] iceof claiml, wherein B, after
cl eavage fromt [@ pr%glr%até%gp%v-ﬁg’bea%&é%&bg}déal | y or pharmacol ogically inert
noi ety. 11 The davic . clal.mi Wherei: AL : | une
response nodi f?tgr S, ggérﬁlflglﬁcrmgf%i?t %fhgt I vgg’,sglg?ﬁ&%ﬁ:tg J&?ﬁ%ﬁ%&éﬁ% d
anti-pl atel et agent smajpixdeying miove sdubelitn prodme despensedthersin, Wbernipsaid,
ant| coagul ants, {1 br iRAkihiify BARRLSs refBhica B HSHALN BURNE Rt F0kd - gratory
agents, inmmunosuppressives, ahgi ogenic agents, “angi otensin reteptor
bl ockers, nitric oxi®bchonors, antisense oligionucleotides and. :
conbi nations thereof, cell cycle inhibitors, corticosteroids, angiostatic.
steroi ds, anti-parasitic 4Fumsentantug glowtckaripgdrtherapeutiealiviaptivei fosn
differentiation nodglal.ahdn gagdieégfogﬂgnggiyg?ati&gti cancer drugs and
anti-inflammuatory drugs.. 12gThe device o llarm 1, wherein B is selected.
fromimune response nDgi {dpRkéhts ABvarR 1Bl BIAL) X S8d B thmh bRk, agents,
anti-platel et agents, _({)I_atlnum o )

said linker being cleaved under physiological conditions to generate said

therapeutically active form of A; and

B represents a moiety which, when lmked to A, results in the
prodrug having a lower solubility than the therapeutically active form of
Al

‘2. The device of claim 1, wherein the solubility of the therapeutically active
form of A in water is greater than 1 mg/mL and the solubiﬁty of the prodrug in
water at 25 °C is less than 1 mg/mL. '

3.  The device of claim 1, which provides sustained release of the’
therapeutically active form of A for a period of at least 24 hours, and, over the
period of release, the concentration of the prodrug eluting from polymer is less

than 10% of the concentration of the therapeutically active form of A. -

4 . The device of claim 1, - wherein the therapeutically active form of A has a

logP value at least 1 logP unit less than the logP value of the prodrug.

The device of claim 1, wherein the solubility of the prodrug-is less than

100 pg/m! in water at 25 °C.
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coordi nati on conpl exes, hornones, anticoagulants, fibrinolytic agents,
anti- secretory agents, anti-mgratory agents, i mrunosuppressives,
angi ogeni ¢ agents, angiotensin receptor blockers, nitric oxide donors,
anti sense ol igionucl eotides and conbinations thereof, cell cycle
inhibitors, corticosteroids, angiostatic steroids, anti-parasitic drugs,
anti-glaucoma drugs, antibiotics, differentiation nodul 28debruamnt2006r al
drugs, anticancer drugs, and anti-inflammatory drugs. 13. The device of
claim1, wherein Ais an antineoplastic agent and B is an
anti-inflammatory agent. 14 The device of claim1 , wherein at |east one of
A or Bis an antineoplastic agent. 39 28 February 2006 15. The. devi ce of
cl ai m 13, wHer ei Thesiavice afiidimaop| astviteredgl bia iy@repmbkic hlshafic Mdickhe group
consi sting of anthracyclines, vinca al kal oi ds, purine anal ogs, pyrimdine
anal ogs, inhibit l: mydi ne Ri esis, —an | kyl atin ts. 16
The devi ce (I?:" clgl{ef%eﬁ}%? &fy\ACArlﬁdé@gi' n sa?’}&%%[ltr%%eaodﬁ%gﬁ%’ gad'é]%/ﬂaatltﬁ%mgeé'f% gai ed from
the group consiastiveigmogeBratddupon gleaciet of GFLBIker b'or dzsocyatios b stad puaici di ne 5-
f1 uorouridine, Qbh%eoxy-S-fluorouridine, f1 uorocyt osi ne,
S-trifluoronethyl-2'- deoxyuridine, arabinoxyl cytosine, cyclocytidine,
5-aza-2' -degxycytidine, arabhjinosyl 5-azacytosine, 6-azacytidine,
N- phosphono@cet yiheldeHegefoldim 7aciiprein dyand Bofretbe samedmz moiétii ne, azari bi ne,
and 3-deazauridine. 17 18 The device of claim 13, wherein said. '
antineopl as®i.c ageftvicSofal4ty " $ NiiHde AanaBoge difltfnd@Y}: GRidks. cl ai m 17,
wherein the pyrimdine analog is selected fromthe group consisting of
5-fluorouragi!| (BSFU),. 5 -deoxyfluoroyridinpe,. fluorourjdine, 2. -
deoxyfﬁuoroﬁ%idfﬁ%%%¥$%8¥%@§i ine,%ﬁqqﬂ 0@3*&%?%??- 0 I YIPEdS e,
arabi nosyl  cyt dssloicallgywe pieeyiddotighlly Brel afbiety.- deoxycyti di ne, _
ar abi nosyl - 5- azacyt osi ne, -6- azacyti di ne, N-phosphonoacetyl -L-asparticacid
(PALA), PYrazofufle, 8 32N d' NS AZAEPAE ST Ah0%nAe response

modifiers, anti-proliferatives, anti-mitotic agents, anti-platelet agents, platinum

coordination complexes, hormbnes, anticoagulants, fibrinolytic agents, anti-
secretory agents, anti-migratory agents, immunosuppressives, angiogenic agents,
angiotensin receptor blockers, nitric oxide donors, antisense oligionucleotides
and combinations thereof, cell cycle inhibitors, corticosteroids, angiostatic
steroads, anti-paraﬁtic drugs, anti-glaucoma drugs, antibiotics, differentiation

modulators, antiviral drugs, anticancer drugs and anti-inflammatory drugs..

12 The device of claim 1, wherein B is selected from immune response
modificrs, anti-proliferatives, anti-mitotic agents, anti-platelet agents, platinum
coordination complexes, hommones, anticoagulants, fibrinolytic agents, anti-
secrefory agents, anti—migratbrf agents, immunosuppressives, angiogenic agents,
angiotensin receptor blockers, mtnc oxide donors, antisense oligibnucleotides
and combinations thereof, cell cycle inhibitors, corticosteroids, angiostatic
steroids, anti-parasitic drugs, anti-glaucoma drugs, antibiotics, differemtiation

modulators, antiviral drugs, anticancer drugs, and anti-inflammatory drugs.

13, The device of claim 1, wherein A is an antineoplastic agent and B is an

anti-inflammatory agent.

14 The device of claim 1, wherein at least one of A or B is an antineoplastic

agemt.
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19. The device of claiml or 13, wherein at | east one of Aor Bis steroid.
20. 21. 22. 23 The device of claim 19, wherein the steroid is a
corticosteroid. The device of claim 19, wherein the steroid has a
"solubility less than 0.1 ng/nL in water at 25 C, dispersed or dissolved
therein. The device of claim19, wherein the steroid has a | ogP val ue at

| east 0.5 logP wunits nore than the IogP val ue for dexangslrspogry 2006
device of clainl9, wherein the steroid is triantinolone or a prodrug.
thereof. 24. The device of claim1, wherein Ais a fluorinated pyrinidine
and Bis a corticosteroid. 40 28 February 2006 | 25 26 27" 28 The device
of claim1, wherein Ais 5- quorouraciI and B is triantinolone acetonide.

The devi ce of cl re a |s.h dr ol dily fluid.
The devi o 10r oI Pt CLGuR bprvhfg R Rgson A B e SPoiif o
hydr ol yzabl e g@@ﬁ@&oﬁﬁhﬁgbeﬂmﬁmgmhﬁ&uwm@ma&am&mmammbmmgogipﬁﬂmﬂﬁber an
am-de, a carbanat awﬁgrbongt a. % %%ﬁetal .hioester, a thioam de,
a t hi ocar bamat e A/&° g BE P {riding diosyy ?émgﬁgq’ h8sPhate ester. The
device of c wher th nkage,L is an 29.. The
devi ce of c#%i dﬁﬂ%’g E %g po’?ﬁ%?dls eﬁ%m§%”g&“%%;k¥mﬁh%§8ﬁ9

group consisting of 5-fluorouracil (SFU), 5'-deoxy-5- -fluorouridine 5- _

fluorouridine, 2‘—deoxy—5 ﬂuomundmc ﬂuorocytcsme 5- tnﬂuoromethy1~2—

deoxyu‘ndm;, arabinoxyl cytosine, cyclocytidine, 5—aza-2'-deoxycyt1dme,

arabinosyl 5-azacytosine, 6-azacytidine, N-phosphonoacetyl-L-aspartic acid,

pyrazofurin, 6-azauridine, azaribine, and 3-deazauridine.

17 'The-device of claim13, wherein said antineoplastic agent is a pyrimidine analog.

18.  The device of claim 17, wherein the pyrimidine analog is selected from the group
consisting of 5-fluorouracil (5SFU), 5’-deoxyfluorouridine, fluorouridine, 2°-
deoxyfluorouridine, fluorocytosine, triﬂuoro—methjrl—Z’-debxyuridine, arabinosf,rl
cytosine, cyclocytidine, 5-aza-2’-deoxycytidine, arabinosyl-5-azacytosine, 6-
azacytidine; N-phosphonoacetyl-L-asparticacid (PALA), pyrazofurin, 6-

azauridine, azaribine, thymidine and 3-deazauridine.
19. Thedeviceof claim 1 or 13, wherein at least one of A or B is steroid.

20. . The device of claim 19, wherein the steroid is a cortticosteroid,

21 The devme of claim 19, wherein the steroid has a solubility less than 0 I mg/mL

in water at 25 °C, dlSpEISCd or dissolved therein.

22 The device of claim 19, wherein the steroid has a logP value at least 0.5 JogP
units more than the logP value for dexamethasone, |
2 i i in
3. The device of claim 19, wherein the steroid is triamcinolone or a prodrug thereof,
! 24.  The device of claim 1, wherein A is a fluorinated pyrimidine and B is a

corticosteroid,
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The device of claim 29, wherein the non-bioerodible polyner is selected
from pol yurethane, polysilicone, poly(ethylene-co-vinyl acetate),

pol yvi nyl al cohol, and derivatives and copol yners thereof. 31:. The device
~of claiml, wherein the substrate is a surgical inplenent selected froma
screw, a plate, a washer, a suture, a prosthesis anchor, a tack, a staple,
an electrical lead, a valve, a nenbrane, an anastonpsis ggWdftuafy 208 egr al
di sh, a bone pin, a suture anchor, a henostatic barrier, a clanp,” a clip, a
vascul ar- inplant, a tissue adhesive or sealant, a tissue scaffold, a bone
substitute, an intralum nal device and a vascul ar support. 32. The device
of claim1, which is a vascular stent. 41 28 February 2006 33_ The device
of claim 32, which is an expandabl e stent, and said coating is flexible to
acconmodat e ?9npnfss d. and expanded states of said expandable stent. 34,
The device of “cl al Hh¥EVicHp&amnd ¢ he waictin Adf S-fihaoneeil v Etttinhtutlaii e  t o
the drug is in theetajge of about 0.05 ng to about 10 ng of drug per cnR of
the surface coated with said polynmer matrix. 35; The device of claim1,

wher ei n t he 26oat i Tig: dedise & A akNeSS vidrdidtht Nicagh RO, RS 1yea'll g‘aﬁq- s to
100 mcroneters. 36. The device of clafn11, mﬁgreinﬁ%rugé?ghgéﬁ enﬁiin an

anount bet we¥h  Sbheatedice/d¥idiny p@ivighdin 8 1akgeq0atiAg onddr m&e%ggﬁw ing at
| east a portion which is %gﬁgr able or inplantable into the bo of a
patient, wherein T A& 5AFLIISTPIHES Bipu Grnsistiag afancehter. 41 gavgs: eearbasmateeposur e t o
body tissue and wWagtgiié : . 1 sutface is covered with a
coating for releasing’g?yﬂtggﬁlg239%%%f§gP%§ﬁFVH%@f?ggnﬂﬁfbriaI, t he -
coating conpri si rigosabqgateyaventhaisand g phesphatgester] ow sol ubi | ity prodrug

di spersed thgrei wherein said low solubility prodrug is represented by
the general Tor dovige qf clajm Lnh ¢ h wheresthekukagsL & arymatisaiigtiyaiavi ng a
therapeutic%kly ggtige.for for producing a clinical response in a
patient; L répresefit®'¥°ctval ent Fplkerls|inki ng A awtiemBint thef ppiynar pisodr ug,
sai d |inker bei ngogbamaticinder physi ol ogical conditions to generate said

30, The device of claim 29, wherein the non-bioerodible polymer is selected from

polyurethane, polysilicone, poly(ethylene-co-vinyl acctate), polyvinyl alcohol,
am;l derivatives and copolymers thereof,

3L The device of claim 1, i wherein the substrate is a surgical implement
selected from a screw, a plate, a washer, a suture, a prosthesis anchor, a tack, a
staple, an electrical lead, a valve, a membrane, an anastomosts device, a vertegral
disk, a bone pin, a suture anchor, a hemostatic barrier, a clamp, a clip, a vascular
implant, 2 tissue adhesive or sealant, a tissue scaffold, 2 bone substitute, an

intraluminal device and a vascular support.

32, The device of claim 1,  which is a vaseular stent.
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[ [ : Il ety which, when
eutically active formof A and B represents a noiety
Itih(ra]LZg to A rgsults in the prodrug having a |lower solubility than the

therapeutically active formof A 42

28 February 2006

33, The device of claim 32, which is an expandable stent, and said coating is flexible

to accommodate compressed and expanded states of said expandable stent.

34, The device of claim 1, wherein the weight of the coating attributable
to the drug is in the range of about 0.05 mg to about 10 mg of drug per cm? of the

surface coated with said polymer matrix.

35 The device of claim 1, wherein the coating has a thickness is in the

range of 5 micrometers to 100 micrometers,

36, The device of claim 1, . wherein drug is present in an amount between

5% and 70% by weight of the coating.

37. A stent having at least a portion which is insertable or implantable into the body
of a patient, wherein the pomon has a surface which is adapted for exposure to
body tissue and wherein at Ieast a part of the surface is covered with a coating for
releasing at least one biologically active material, the coatulg comprising a

‘polymer matrix having a low solublhty prodrug dispersed therein, wherein said

low solubility prodrug is represented by the general formula A-L-B, in which
A represents a drug moiety having a therapeutically acfive form
for producing a clinical response in a patient;
L represents a covalent hinker linking A and B to form a prodrug,

said linker being cleaved under physiological conditions to generate said

therapeutically active form of A; and

B represents a moiety which, when linked to A, results in the

prodrug baving a lower solubility than the thérapeutical]y active form of
A | |
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