WO 2009/146209PCT/US2009/041045 STENTS HAVING BIOABSORBABLE LAYERS CROSS
REFERENCE [0000 This application claims the benefit of U.S. Provisional Application No. 61/045,928,
filed April 1?Y9308%/H94%).S. Provisional Applicaiton No. 61/104,669 filed G&dHE2AH/HI6E The
contents of the applications are incorporated herein bé reference in their entirety. [0002] This

application relates to U.S. P%@%ﬁélﬁ%&%ﬁﬂfaé %kﬂikﬁmﬂ, 2007, U.S.

Provisional Application No. 60/912,394, filed April 17, 2007, U.S. Provisional Application No.
60/981,445, filed October 19, 2007 and U.S. Provisional Application entitled Stents Having
Bioabsorbable Layers, Attorney Docket No. 32695-704-108, filed April 17, 2009. The contents of the
applications are incorporated herein by refeRIRR Rﬁﬁ@ﬂ*@ﬁﬁ?&y 10BACKGROUND OF THE
INVENTION [0003] Drug-eluting stcnts arc used to address the drawbacks of bare stents, namely to

treat restenosis and to promote healing of the vessel after opening the blockage by PCl/stenting.
Some cu48&3»HJ&@&?H@C%P@&Qamﬁ%&wéieipﬁqé’ﬁ%&wf ﬁ@%ﬁémﬁgggw)ﬂ? vessel
over time fi¥heyprmay, R9ve, lass IegaryeHsioALE AphlRiimZRd. for HgkeIss ] cliodelsymment digsibility,
access toadkgficult lesions, and minimization of vesseléﬁﬁ?!l intrusion. SUMMARY OF THE INVENTION

[0004] Th ?@9&%&3&&}8&9@@@% ARt A5 RS AT P SR L BBy A B Bi¥absorbable
polymer ajide2painggeiticianatbirlogicalSagestiiiapavdppfosiamne. 6 0NStrE, OQDADHIS

eeadl ated e T R Nt o S S AT, BEe e e
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vessel wall@d Blaocbntents of the applications are incorporated herein by reference in their entirety.

10 BACKGROUND OF THE INVENTION
[0003] Drug-cluting stents are used to address the drawbacks of bare stents, namely to treat
restenosis and to promote healing of the vessel after opening the blockage by PCl/stenting.
Some current drug eluting stents can have physical, chemical and therapeutic legacy in the
vessel over time. Others may have less legacy, bur are not optimized for thickenss,

15 deployment flexibility, access to difficult lesions, and minimization of vessel wall intrusion.
SUMMARY OF THE INVENTION

[0004] The present invention relates to methods for forming stents comprising a

20  bioabsorbable polymer and a pharmaceutical or biological agent in powder form onto a
substrate.
[0005] It is desirable to have a drug-eluting stent with minimal physical, chemical and
therapeutic legacy in the vessel after a proscribed period of time. This period of time is based
on the effective healing of the vessel after opening the blockage by PCl/stenting (currently

25  believed by leading clinicians to be 6-18 months).
[0006] It is also desirable to have drug-cluting stents of minimal cross-sectional thickness for
(a) flexibility of deployment (b) access to small vessels (¢) minimized intrusion into the vessel

wall and blood.



WO 2009/146209PCT/US2009/041045 [0007] Provided herein is a device comprising a stent; and a
plurality of layers that form a laminate coating on said stent; wherein at least one of said layers
comprises Y8¢d#AHMe polymer and at least one of said layers comprisBSBHa28PMbHe43ctive
agents; wherein at least a portion of the active agent is in crystalline form. 5[0008] Provided herein is a

device coMBAEINFavish bt 8 3IdRIES 6P IRRFL P ITH A SrRHERB R SRS B PSR AL, wherein

at least ongngihsiddadBEoaQAIRNsaE; aubigRhsarkabie RObMEH Anct At derTrRBE Lhisaltkdaysik
comprises a pharmaceutical agent selected from rapamycin, a prodrug, a derivative, an analog, a

g
hydrate, ahPEERST Alhleat ansrelboraldhareih CmpLse s b M BT AL PR ASRASe HREEF 3G itas i
crystallineptation HPiPRAR W Sepme ieimhadimnants . device has at least one pharmaceutical agent

layer defin a three-dimensjonal physical space occupied by crystal particles of said
pharraacelﬁt?ﬁ?( AgehEAA S thiedelreREBhaIBhysiear caenlglf?ilévoﬁdaméqh Yt

embodimemsinatcl eastisetiesaidbeerystarparticlesstrosaist taigeginensigialphysicea speas defining
said at least one p&aggiceutical ent layer arc in contact with polymer particles present in a

15polymePIRy8F £ QARSI LR SORARHRES G BRSPS L PR ST 5B RMhree-
dimensionapspgefreprofifelyinmkii{e6ld]dn soinae, embadimentssihe pldrabi aldaygrsveerofiises a

second bASeurb B0 Wbr s HEHE SaH AFPE0 B ERILAS Aifaing said pharmaceutical agen
is betweeogas] firsipatymeoltyena)disaldsechadapalysnendayeiniacamalepaadipeandsfifiest and
e RO Ters e U S sy n s cbedpen e s gndsecon
one contagioinidwiidahleastinoesparigiaysisaishpheiniaceslisslyagentinaaidopttadaceutieal agent
T 1011] R SRR L A S A S OO AT S e SABS A pBlymer fayer
has a sectwast paly pierdeyenicitiagealdng:sard steohiangitithlipelywice peini skidpseaandhlayer portion is
ree o coRetA sl s acsuEp g oy snindineny e dovee s o
crystal padiclessafrsdicptafiractpdisahagent and said three dimensional physical space is free of
polymer. W(ﬂ(ﬁol(l)l%/olrﬁgze?n Fé i-rrr{gn 52, 1(1369 {) fllr]é 14[1y50f layers comprises a first polymer layer
comprising a first bioabsorbable polymer and a second polymer layer comprising a second
bioabsorbable polymer, wherein said at least one layer comprising said pharmaceutical agent
20  is between said first polymer layer and said second polymer layer. In some embodiments, first
and second bioabsorbable polymers are the same polymer. In some embodiments, the first
and second bioabsorbable polymers are different. In some embodiments, the second polymer
layer has at least one contact point with at least one particle of said pharmaceutical agent in
said pharmaceutical agent layer and said second polymer layer has at least one contact point
25  with said first polymer layer.
[0011] In some embodiments, the stent has a stent longitudinal axis; and said second polymer
layer has a second polymer layer portion along said stent longitudinal wherein said second
layer portion is free of contact with particles of said pharmaceutical agent. In some
embodiments, the device has at least one pharmaceutical agent layer defined by a three-
30 dimensional physical space occupied by crystal particles of said pharmaceutical agent and

said three dimensional physical space is free of polymer.



[0012] In some embodiments, the stent comprises at least one strut having a strut length along said
stent longitudinal axis, wherein said second layer portion extends substantially along said strut length.

In some emPEAHEA e stent has a stent length along said stent longitudh&(ESEYYAHEHId second
layer portion extends substantially along said stent length. 5[0013] In some embodiments, the stent

comprised Wb RS FROUMANSHEE SN GBI STISh fFS LRSS LR doriH: foittdensth alage

wherein sgigisgsanddayedinerian exienss suasiadialiv e paraohstastialyihe.siuiliengiy; bt least
two struts. In some embodiments, the stent comprises at least five struts, each strut having a strut

length aloMsia%the AR RRGEPRIIBLty HIErsiTE AR 2stah FngBrimtasAd tierdengiBdititially along

substantiallis1 i e.irué den@ibyet ableiastdhrer SKilsa bt somam badiseentrnig. stent comprises at
each strut having a strut Ien%th along said stent longitudinal axis, E/herein said second

least five S@lﬁn
layer Dorti @téﬂag@aﬁ%ﬂ%moﬁa STEBSCOmRiISETY SRSt ISt 16364 Y0 UF RENIRE #eBime
embodimegigtiheosiestieamprisagialdanshiivg sibisinaach sl hayingasisyidarghl along said stent

longitudinal axis, wherein said secqnd layer portion extends substantially 15along substantially the
strut lengtH BYARTELHY %‘iﬂ&%{dﬁw ¥sﬁlﬁqsgaﬁfsr@t§b%ﬁﬁmgﬁt§wnét&%#ﬂagfaes%aﬁa%ﬂ@%mng said
stent longitiiditvak asiamind saitaacondstays aotiiomexanas substaniighyaapgasaidstient length.
10014] In some emhodiments, the stent has a stent length along said stent longitudinal axis and said
socont OB ook o St B L e TR T GO S ST e stont
has aostenhiengihl @lgagcsainl sienhlesgiiutinah asinandsriteacgnkk|syat patjeizaxiendstdloag at
least 75% of said stent length. Tn some embgdiments, the stent has a stent length along said, stent
PR ekt TS it S A o
some embaginertmtbetsidsisibsasitintdpngthublongistidibtastidorgittdotataxisoanstsaid second
layer portion exteng)g.alon%‘aﬁfbleast 90% of 25said stent Ie%%th. Ing}ome eohrrgbodiments the stent has a

stent length BfoHg SSHnStr TnYRbTRAIRS A dodaid ke 8RB S5 potidl UReAaLUhlhg Bt least
99% of saitbstestitestgiin | AQR0R] dal samenwdraeidiridnts;oie g pate@oatiegdasstatahthickness and
id I I ti thi f bout 0.01% to about 10% of the total
ickltoss 0P LR TR DR Tl SO S, 1% it st el el ickness
and 30saistdinhzeatsteae tarpthpdtyp eiikhyen pliiginias lakiscknbss dfdcom dbeutpditido attondH% of

the total th U(Tijkness @’%%Tid IamE]gg[te {;Pati . In some embodiments, the laminate coating has a total
u ou

thickness 9 rtc?)%tlg Oél%rsﬁn 0°an IB% Am and said horizontal second polymer layer portion has a

thickness [@0ftéjr rmbaut @robdditmrie, abostbtas dntsaniengthladaimeritssttine |Mgtudinal axis
2009/146%88 Ezgi: /sLeJcSO% qz%/lgﬁ %814150n extends along at least 50% of said stent length. In some
20  embodiments, the stent has a stent length along said stent longitudinal axis and said second
layer portion extends along at least 75% of said stent length. In some embodiments, the stent
has a stent length along said stent longitudinal axis and said second layer portion extends
along at least 85% of said stent length. In some embodiments, the stent has a stent length
along said stent longitudinal axis and said second layer portion extends along at least 90% of
25  said stent length. In some embodiments, the stent has a stent length along said stent
longitudinal axis and said second layer portion extends along at least 99% of said stent length.
[0015] In some embodiments, the laminate coating has a total thickness and said second
polymer layer portion has a thickness of from about 0.01% to about 10% of the total thickness
of said laminate coating. In some embodiments, the laminate coating has a total thickness and
30  said horizontal second polymer layer portion has a thickness of from about 1% to about 5% of
the total thickness of said laminate coating. In some embodiments, the laminate coating has a

total thickness of from about 5 pm to about 50 um and said horizontal second polymer layer

portion has a thickness of from about 0.001 pum to about 5 um. In some embodiments, the



laminate coating has a total thickness of from about 10 pm to about 20 pm and said second polymer
layer portion has a thickness of from about 0.01 m to about 5 [Am. [0016] In some embodiments, the
laminate coX¥Ag%¥ 4%t 25% by volume pharmaceutical agent.In some dHaBAGHEHNI414 laminate
coating is at least 35% by volume pharmaceutical 5agent. In some embodiments, the laminate coating

is about SBERIBYYSRANRSIRS gkl thicknasett fiemePeHt L0mm vabouirim apdeaid stedtion of the

pharmacepiigal @geytripdHRsCRdA thRIRASSs: SERRRLafsR @881 amrhRges formed by said
polymer. [OOlSlIn some embodiments, the pharmaceutical a\%%nt is at least 50% crystalline, In some

10embodithEHE e mssmbadimiek dhe oiniqeneingds dasime° iy S mEBaIsERticatne

pharmacesticaliagenicisabiraslABY@ ystaline chasee amhodizeis, bk mbatmassidicrRhagent is
at least 95% crystalline. In S@*ne embodiments, the ha%eutic%l agent is at least 99%_c%{stalline.
[0019] In 48FRE EBEAITBRES R Seiie NaR A4 EeTRY RUI PEHGURY 21AURE REHTRMS HULE 15c0ating

outer surfagen@long said stent longitudinal length, wherein said said coating comprises pharmaceutical

agent in crystalline form present in the coating below said coating outer surface. In some
embodiméﬁf‘iﬂh@ SRERE ﬁaﬁvgd&é%ﬁoﬁfg%?ﬂaﬁ ﬁaq%mi&aa H‘i‘é%&?a‘fﬁHBﬁ%i%gﬁl}fdaﬁ?ﬁﬁsﬁﬁtH} Burface

along saighisotipagitudioal iRghmyhepaizsaAicksrid oatidgelmprises pharmaceutical agent in
crystalline form present in the coating up to at least 1 pm below said coating outer surface. In some
erbocimdN S S RS RO R A FEHUH S Eblate e BRI S tace
alongosaic:siesditasgitutdieahlengiteuibarapersdichs sk costing-pantipiis ek pbaeacbodioadagant in
crystalline g)rm gesen in the.coatié%%l@(gj at Iea} t5pm belowg\lja??i%coatin%éou er surface. []0020] In
some emBOAIMAHE tReESRERG BRIt arCR TRy Yt iRMEs B B B o lcAlq
pharmaceiiealiagelehin T3Ystalling iasn Iinsoanentiobipimerts; pheraertogoakbiliis 3 Rawean
spectrum §§?Wi[$§té@e presence of said pharmaceutical agent in crystalline form. In some

Soy

embodim }ﬂﬁﬁg exhibits a Differential Scanning Calorimetry (DSC) curve showing the
presence [id8idIpkameatebditial agenhinsenystalinetéarrionpiraddesi tengfhCGladis: 36<3Bg\vilaetein said
coating exhibits Wide Angle X-ray Scattering (WAXS) spectrum 30showing the presence of said
oo THRANEGHT IS AT YA LM BB e EOA o S TE L E AR ARl
radiation gtatiedagispacipem shawitdlthe forasprisemfisaid phaingasdoticaliageading omystalline form.

I some emiodIBILS, e cesing SKIRIS AR RR SR (LR ERERIMI oM iREga o oo
coating outer surface along said stent longitudinal length, wherein said said coating comprises
pharmaceutical agent in crystalline form present in the coating up to at least 1 pm below said

20  coating outer surface. In some embodiments, the stent has a stent longitudinal length and the
coating has a coating outer surface along said stent longitudinal length, wherein said said
coating comprises pharmaceutical agent in crystalline form present in the coating up to at
least 5 um below said coating outer surface.

[0020] In some embodiments, the coating exhibits an X-ray spectrum showing the presence of

25  said pharmaceutical agent in crystalline form. In some embodiments, the coating exhibits a
Raman spectrum showing the presence of said pharmaceutical agent in crystalline form. In
some embodiments, the coating exhibits a Differential Scanning Calorimetry (DSC) curve
showing the presence of said pharmaceutical agent in crystalline form. The device of Claims
36-38, wherein said coating exhibits Wide Angle X-ray Scattering (WAXS) spectrum

30 showing the presence of said pharmaceutical agent in crystalline form. In some embodiments,
the coating exhibits a wide angle radiation scattering spectrum showing the presence of said
pharmaceutical agent in crystalline form. In some embodiments, the coating exhibits an Infra

Red (IR) spectrum showing the presence of said pharmaceutical agent in crystalline form.



WO 2009/146209PCT/US2009/041045 [002 1] In some embodiments, the stent has a stem
longitudinal axis and a stem length along said stent longitudinal axis, wherein said coating is
conformal tOMR@YEMeAMng substantially said stent length. [0022] In some BB e stent
has a stent Iori}é;itudinal axis and a stent length along 5 said stent longitudinal axis, wherein said

coating is 8AdrRarRGREBRmS R it T B gt Soa turinalisis. andsoMr sl s, the

stem has g RigaidoRAItIdIahPXissaRH @HEA] deRAihal NG SRchaiE! dengithdinel @xibswhesain said
coating is conformal to the stent along at least 85% of said stent length. In some embodiments, the

stent has $¥&finbigatiinal axis and a stem length along said stent longitudinal axis, wherein said

coating is [gonirmabiadhebosierhalang atieast A0Uneisaithainil lbngthhda semecambadiments, the
stent has a stent longitudinal axis and a stent length along said stent longitudinal axis, wherein said

coating is ROMRSTRAPRS THEA BEE AT IO CET T sE 6895 LeSQrURIMALIOGHE TFRLAR AESHibents, the

stent has afstedstengitadinal pxdsnenendsipReAaNUib slandspddstermolongitisinakRdad whesain said
coating is conformal to the stent along.at least 99% of saig stent length. 15[0023] In some

embodim &8ROSR OBt HHRY AHiRaP RS EHTE SRR CFUHORIA S S Aaiene
longitudinal Rx¥is,85Nes¢isn Pl coRMBEhISIaasiasvaliedahieastieast b0 sef said Biigitdlbaie

embodiments, the stent has a stent longitudinal axis and a plurality .of struts along said sten
ongitucindT S AEHAM El0 S MR 6  SET T S SePS U GO Lol
embodimerist sl gtaritia9esienidengtindingltaxis sndecplbsdiitycafsstidstalongssaideatent
longitudinal axis, wherein sajd coatir‘18 is,conformal to at Ileast least 90% of said struts. in some

embodimeNtE HENRhARLA FSAE ISP RN SSSIGRG ‘SRS P it OISR GULiEP 8t s
longitudinabafimulhendinssaid domtiagl s oy ofalid sktedshdeastDmoetatiddingiss,| thearme

bodi ts, th th tent longitudinal axj d a stent length.al id stent longitydinal
s e A BT R B S A AR BP ¥ S-S LIRS CCLA B3 B Cotmar to
said stentmlgigas leasbbtoftsaidestendigngtieafp09%] b sddeeiribogiments, the stent has a stent
longitudin is and a stent length alo aid.stent longijtudinal .axjs, wherein said coating has a
o B o B e L B e e B G B e b St
thg stent .iaamg gmstmwmaimimma@msmmtmmg caifbstentdonddadiraboxis, wherein
said coating g0 asbsiantaliy uniform tiekgess along st et

g% f said stent length. %n some
.S 1nﬁgaxlls an 3-8 u angy o1 . .
embodimé ent'hasa stent Iongitudinal axis and a stem length along said stent’longitudinal

axis, whergrntsaldmppatid gtbad engitbdiagitadly, wiitoein thidkness alicrgrebleaditda¥bcatsaidistent
length. W%‘%Oo(%%/a]ié gtzr(l)ltgsphcl: IO/I’LIJI§%IQH 90/ 1%%6(1)14[15? the stent has a stent longitudinal axis and a plurality
20  of struts along said stent longitudinal axis, wherein said coating is conformal to at least least
90% of said struts. In some embodiments, the stent has a stent longitudinal axis and a
plurality of struts along said stent longitudinal axis, wherein said coating is conformal to at
least least 99% of said struts. In some embodiments, the stent has a stent longitudinal axis
and a stent length along said stent longitudinal axis, wherein an electron microscopy
25  examination of the device shows said coating is conformal to said stent along at least 90% of
said stent length.
[0024] In some embodiments, the stent has a stent longitudinal axis and a stent length along
said stent longitudinal axis, wherein said coating has a substantially uniform thickness along
substantially said stent length.
30 [0025] In some embodiments, the stent has a stent longitudinal axis and a stent length along
said stent longitudinal axis, wherein said coating has a substantially uniform thickness along
at least 75% of said stent length. In some embodiments, the stent has a stent longitudinal axis

and a stent length along said stent longitudinal axis, wherein said coating has a substantially

uniform thickness along at least 95% of said stent length.
5



[0026] Tn some embodiments, the stent has a stem longitudinal axis and a stent length along said
stent longitudinal axis, wherein said coating has an average thickness determined by an average
calculated M8 Mickness values measured at a plurality of points af$ng &2 ¥EM4dngitudinal
axis; wherein a thickness of the coatinrg measured at any point along stent 5longitudinal axis is from

about 752 8b Gt tamesabedirrate g thidasesEcht I dmplotit ante titlenshalotstent
longitudingd i@ AndBiRmntdendl) wianeisaidistentipngitudinabaxs (Nhialein aiderrting has an

average thickness determined by an average calculated from coating thickness values measured at a

plurality of FORHS SHPES drem SR SRR SR GRSt Leh RivhRINLabiy Y BBih 4 Aheagited at

any point glangosieinidifiongity dinalcxis tisi SLaRs QbPH Lo Yoi ke akavitd>Ya ey paidavenagetiickness.
[0027 Prﬁvided herein is a device comprising: a stgélt'ojag a plurality of layers that form a laminate
ey %

coating on?SEEUSBAL AP APl (BRI BiSLDESBA R P $P8cond layer

comprisesaitaneascuicaagri aathitddayeidamprsema secantthidraraipadle palymer, a fourth
layer com riseiﬁhegharm ceutical agent, and a fifth layer ]E?;ompriges a third bioabsorbable
polymer, SRS BiiariEa Rl £9aMPshes R A THE R HES Ay GHCTBPS AR 2R H&ERive, an

analog, a fydidiedaoastentandiadaltibenteds avdsvherein phleasy a pestian Hbtesgdarsnaceutical
agent is in crystalline form. [0028] In some embodiments, at least two of said first bioabsorbable
olymor. ST BRI A TSP b S A BORE LB S B BAHRBE ST e aame
polymer. [vsgmeieambodiinénis, ibeus%ianbisarbadiepstyaieavitiagadidiciioabsorbable polymer
and the third hioabsorbable polymer are the same polymer. in some embodiments, at least two of said
ot bioab LAY A5 G e S DO TRA 2 By PR U8 SR OB drBbe polymer
arc differelahpnlymersilp sogaddembnditesis athesfits)drioahpeitaahl €ipolinwsosbib lsgeinter, a

bioabsorbable polymer and .said tf’ﬁrd bioabsorbable polymer are different polymers. 25 [0029] Tn
some emBoH e,rtﬁ%nfﬂﬁlﬁelsa%) ARaaceylise %%%“cé‘r%é%f%é{ﬁﬁ‘iﬁm?fisﬁié% “8¥<aid pharmaceutical

agent in shidabeoadtayelyrand sédhitdylayerhpssas lhagihanacontaal pgint, with séififitsidayer.
[0030] In some embodiments,.at | ]ttw of the first polymer, the se onfi pol mer,land% e third
polyier a3 TR SardT B P L A S BPLTSE Y S BSaPRs R oS Bimer. 1n
some embagimeciis, dpeothaghirdgpdiytiver hiasnaioy vitkaldigsalutisnraiel highlertb@o fihmdn vitro

dissolution Late.of e f|{$£[ é)%}/meoriéggf%me emb%)dlrfnentst, the thlrd}gqﬁll}/rrtler is PLGA copolymer with

a ratio of about 40:6015 ab8u et 168 ya erigd coBonr%l‘er with a ratio of about

70:30 to aleda8pPMn kémincaadirrbaditientstwhe \840d ZOADDAEROBRNIT AdHAQ I461i1W4Ebridird
ek T RNy T T L R T T

20  embodiments, the first bioabsorbable polymer, the second bioabsorbable polymer and the
third bioabsorbable polymer are the same polymer. In some embodiments, at least two of said
first bioabsorbable polymer, said second bioabsorbable polymer and said third bioabsorbable
polymer are different polymers. In some embodiments, the first bioabsorbable polymer, said
second bioabsorbable polymer and said third bioabsorbable polymer are different polymers.

25 10029] In some embodiments, the third layer has at least one contact point with particles of
said pharmaceutical agent in said second layer; and said third layer has at least one contact
point with said first layer.

[0030] In some embodiments, at least two of the first polymer, the second polymer, and the
third polymer are the same polymer, and wherein said same polymer comprises a PLGA

30 copolymer. In some embodiments, the the third polymer has an in vitro dissolution rate
higher than the in vitro dissolution rate of the first polymer. In some embodiments, the third

polymer is PLGA copolymer with a ratio of about 40:60 to about 60:40 and the first polymer
is a PLGA copolymer with a ratio of about 70:30 to about 90:10. In some embodiments, the



[00311 In some embodiments, measuring the in vitro dissolution rate of said polymers comprises
contacting the device with elution media and determining polymer weight loss at 5 one or more
selected tim¥ P3ME14¢2¢bme embodiments, measuring the in vitro dissolut®hlX2WE4ie45olymers
comprises_contacting the device with elution media and determining polymer weight Joss at one or

more seleXiSd RARESiE LEG NSl sMarHbie hme s guMcaciedhipnbiny: kR ARLRS sceddting on
said stentgnumsising UGSt bipabansbablengalegscal serentdieabserhakis polymer; and

pharmaceutical agent 10selected from rapamycin, a prodrug, a derivative, an.analog, a hydrate, an

ester, and W33k R &pos GRRdIM SRt AtasBHHE SRS IR HE D ALIpRETRL bt iRl ®STStalline form,

and whereishipgsisst aelvmer iasiands willlo digkalutiedid atel kighanhihiap Patyindireidiaselsian rate of
the second polymer. [0033] |n.some.embodiments, the first polymer js PLGA copol .me( with a ratio of

3
about'15 RBF‘G‘EHE%B&E%SE? BIBHQQHESsé%SﬁW%%WPHEHP&%E@%%% B WHR S 128 about

70:30 to ahesb OO dIysRMeaRadieehisstihg fist paimeitisRticAneane bibelchadingng molecular
weight of ablout I OkD%?%d the second polymer is a PLGA copolymer having a molecular weight of
about 19KE9 YPEb M HHISHth RIS SRl B M RP Hissolution rate of said polymers comprises

contacting 6bs2qersiee witheleition mkeizqermigtsiginingennlynter vRight ossaat aoet oomaisiselected
time points. J0034] Provided herein is a device comprising a stent; and a plurality of layers that form a
Jaminate oG BRESIIS 1 WRETo A EA L GH PSR PR b B RS BIL B trbabie
polymeer, atleast drignofapaiflylaiyie tspeodnpsisedeti seidas dibipahsgrbableaps lymsaiteanadh ledst one of
said layerg comprises one or more active erﬁi; wherein T least.a .portio%g%Sof he actiye agent is in
crystalline ¥6FR’ é’f%liﬁﬁeartefﬁafﬁg PPSHELRANET REERCH U0 WSUR b H YR G thaR%he in vitro
dissolutiorvhaieinftheeisagivhpaljimen [A030d Rigdhedhereihighardesch canyiisidgsalstent; and a
plurality of layers, that form a laminate coating on said stent; wherein at least one of said layers
comprisesfaé%%?glﬁc?gﬁ%%%mglﬁlbIymer, at least one of said layers comprises a second bioabsorbable
polymer, 30838) &i least endafisaidtiayer sicopyiises 8 phaAacgeieadragizhtsetactadhicam
rapamycin rod ester, and a salt thereof; wherein at least

a poftion gP?ﬁ% tﬁh%r%‘%ﬁé@%‘[ ::%%aa/b Enlstrélcsorf]?flalg’r%l%'? hm%??r%ﬁ%&%ﬂbﬁ@ﬁ{ ?ﬁ%%rli?’sr? 68@/&1%9 Hbs an in vitro
dissolutionnoate thigbeuttheri dhdrirsoitkocthibsdiviinsiate fifshgobaaons polgmewpolymer having a
molecular weight of about 10kD and the second polymer is a PLGA copolymer having a
molecular weight of about 19kD. In some embodiments, measuring the in vitro dissolution
rate of said polymers comprises contacting the device with elution media and determining
20 polymer weight loss at one or more selected time points.
[0034] Provided herein is a device comprising a stent; and a plurality of layers that form a
laminate coating on said stent; wherein at least one of said layers comprises a first
bioabsorbable polymer, at least one of said layers comprises a second bioabsorbable polymer,
and at least one of said layers comprises one or more active agents; wherein at least a portion
25  of the active agent is in crystalline form, and wherein the first polymer has an in vitro
dissolution rate higher than the in vitro dissolution rate of the second polymer.
[0035] Provided herein is a device comprising a stent; and a plurality of layers that form a
laminate coating on said stent; wherein at least one of said layers comprises a first
bioabsorbable polymer, at least one of said layers comprises a second bioabsorbable polymer,
30 and at least one of said layers comprises a pharmaceutical agent selected from rapamycin, a
prodrug, a derivative, an analog, a hydrate, an ester, and a salt thereof; wherein at least a
portion of the pharmaceutical agent is in crystalline form and wherein the first polymer has an

in vitro dissolution rate higher than the in vitro dissolution rate of the second polymer.



WO 2009/146209PCT/US2009/041045 [0036] Tn some embodiments, the first polymer is PLGA
copolymer with a ratio of about 40:60 to about 60:40 and the second polymer is a PLGA copolymer
with a ratio YQBYI 0289 to about 90:10. In some embodiments, the first pyER A copolymer
having a molecular weight of about 10kD and the second polymer js a PLGA copolymer having a

smoleculd?dRabit §936 STRHCHBEHS SO BrehnebanfeltE L Sacanaine Wtbit S HR SO RRMH rate

comprisesig@uiastpau s drevied with @lotiopdneaia g AcPUElAr sy piIgnRe WMB L Waighiflabsuat one or
more selected time points.l[5)037] Provided herein is a device comprising a stent; and a plurality of

layers that $otPh'@ RRHhaA%e! Qo B yeaxhadiparht W&’a‘rﬁtM&&%ﬁ@%&éﬁ&@%@%ﬁﬁ}%@s a
bioabsorbaile Leaokinek, FHapast itk syeisdGRInphSES a Prt Adbi Baeitarthatleast one of

said layers ﬁmgrises a second active agent; wherein at least a portion of first and/or s?cond active

agents is MEREANINERSHAT 156481 THPs IR Bin BBaRAERtS HR BIIL O R Bl P HiE 118 ected

from the giaeRIMelesRoapabE ghcatides, WA pidy (Edattisie) doleRhing ydirastide)s i (@sspoly (e-
15caprolactone) PDO, po y(diicix.olane). PGA-TMC, 85/15 DLPLG p(dI-lactide-co-glycolide), 75/25
DLPL, 654515 B 865 BLBME PYNE poly(trimethylcarbonate), p(CPP:SA)

poly(1,3-hjsescarboxigeienexyipiaRane consaldisic aaid); khsapaemigasimneats thefpolymer
comprises an. intimate. mixture.gf two or. more polymers. [0039] Jn some embodiments, thefjrst and
oo oL RS AR SR BB HA B A A B0 HEBIG A SR B g
agents. [Opl9Her sema e minocimad iaythe @iemrisciarmisd atstaipessustbs nateyial ofssidme

embodiments, thestent is formed, of a material cgmgrisir;%a cobalt,chrﬂoﬁ:ﬁium allé)y. In sogne .
embodim RS HFETBREREYS RTFIBE HOIYE 4 #iake A Lo HrIEMbARE I WiAE P PLeTagee by Wkt
about 0.0agenabeuiOchps@lliabduini. 00 to about2.00 Mn, about 0.04 Si, about 0.03 P, 25about 0.3 S.

shout 96 P L6 Ch At 3 0L, bt 0l o 00 st 0.0 o
following meepmmggrbylwe)'ghPlaéb@utﬂlQB&i@e)aDJJBIQMﬁoM(dlabaﬂ)d&)OPIﬂ&ioEbeut 0.015 P, about
0015, Tt i AL G O . A i g1 e g 10
L605 alloyi5/25 DLPL, 65/35 DLPLG, 50/50 DLPLG, TMC poly(trimethylcarbonate), p(CPP:SA)
poly(1,3-bis-p-(carboxyphenoxy)propane-co-sebacic acid). In some embodiments, the
polymer comprises an intimate mixture of two or more polymers.
[0039] In some embodiments, thefirst and second active agents are independently selected
20  from pharmaceutical agents and active biological agents.
[0040] In some embodiments, the stent is formed of stainless steel material. In some
embodiments, thestent is formed of a material comprising a cobalt chromium alloy. In some
embodiments, the stent is formed from a material comprising the following percentages by
weight: about 0.05 to about0.15 C, about 1.00 to about2.00 Mn, about 0.04 Si, about 0.03 P,
25 about 0.3 S, about 19.0 to about21.0 Cr, about 9.0 to about11.0 Ni, about 14.0 to about 16.00
W, about 3.0 Fe, and Bal. Co. In some embodiments, the stent is formed from a material
comprising at most the following percentages by weight: about 0.025 C, about 0.15 Mn,
aboout 0.15 Si, about 0.015 P, about 0.01 S, about 19.0 to about21.0 Cr, about 33 to about37
Ni, about 9.0 to about 10.5 Mo, about 1.0 Fe, about 1.0 T1i, and Bal. Co. In some

30  embodiments, thestent is formed from a material comprising L605 alloy.



WO 2009/146209PCT/US2009/041045 [004 1] In some embodiments, the stent has a thickness of
from about 50% to about 90% of a total thickness of said device. In some embodiments, the device

has a thickn®&s28¢4tH$2%bout 20 pm to about 500 m. In some embodiment® GRYRYFEHYS a

thickness of about 90 tm or less. In some embodiments, the laminate coating has a thickness of from

about 5 1 1481 d8060Ms SRaHmALS e SiFHdimiehiskheesighfione bty nissaketicihasd &t from

about 10 B taiokiss 20 2. deveenenaibRedimsstiin e Stenti Bas chihiakRrgs &fsfeamahaubh0 pm to
about 80 pm. [0042] Provided herein is a device comprising: a stent, wherein the stent is formed from

a materialPCotfbIRsARG the Yo Hoil SErESTIRGEUS it e s s icknge: ST ith B B¥Piosi,

0.030 P, Qe3sSInl&H-2h bt fate2)nd 1aBiiie 1400p18a0Q\Mi kLKL 6F @beh BeduCoHpand aydurality of
layers that form a laminate O%Fig%g on ai:]iﬁ%ent, wherein a firs{%l,ager com%rises a first bioabsorbable
polymer, 2 S&8nlNEYBF EEMBASENE RS MTBLARICA e hts 4 tirFISyeP BMPASEY E ooy

bioabsorbatlet polyimmerastanstbdyairaeniyise stthe R armakadticat agantband M fifth tayesgomprises
a third bic;?é?sorbable polymer, wherein the pharmaceutical 15agent is selected from rapamycin, a
prodrug, & défvative, an analog, a hydrate, an ester, and a salt thereof, wherein at least a portion of

the pharmaog|icab ageaths:-#incrys@ine impranthwhergin ahleasi trstehsridlirstPatymer, second
polymer and third polymer comprises a PLGA copolymer. [0043] In some, embodi ts, the device
a5 & pho LR ACHTAGU BT SUTED DAt 0 S50t 26 e i bi0
embodimeit, 136 ey ES e 1a0maceioal ageni con@nt 6J00om Dok S pglBal. t0@kadtal2
jig/mm. In io ? egﬂodime ts,.the device has a#Jharmaceutical z%gfnt content of from about 5 tg to

about 500°rt" AYRRH B TRTRS? AL BEtH O HAL L PRE NS G &t b HER ST &Bout 100

. (e}
pg to abodirdfiqabsdrbabreganhadinestadths dadentias a phatmacetitidal@gent womrtentef from

about 100 mg to about 25160 pg. [0 Provided herein is a method of greparing a device comprising
o atent antP A RO SR SIS RS GBI CE 5 ot Cooh S MR EBmor g (2
providing agstenin(y fdkmiag:adolwmiaikysef {airersicrbsaishbte pbigriermydaidilahinplieracatogoan said
stent; wherein at Ie?sto of said layers comprises g bioabsorbable goly er.and at least one 300f
caid AyerdSEBiDASES S O e LR i R B oL bW RS bt e TLAVS aG8kEs in

crystallinesfitrthercof, wherein at least a portion of the pharmaceutical agent is in crystalline form, and

wherein at least one of said first polymer, second polymer and third polymer comprises a
PLGA copolymer.
[0043] In some embodiments, the device has a pharmaceutical agent content of from about

20 0.5 pg/mm to about 20 pg/mm. In some embodiments, the device has a pharmaceutical agent
content of from about 8 pg/mm to about 12 pg/mm. In some embodiments, the device has a
pharmaceutical agent content of from about 5 pg to about 500 pg. In some embodiments, the
device has a pharmaceutical agent content of from about 100 pg to about 160 ug. In some
embodiments, the device has a pharmaceutical agent content of from about 100 pg to about

25 160 pg.
[0044] Provided herein is a method of preparing a device comprising a stent and a plurality of
layers that form a laminate coating on said stent; said method comprising: (a) providing a
stent; (b) forming a plurality of layers on said stent to form said laminate coating on said
stent; wherein at least one of said layers comprises a bioabsorbable polymer and at least one

30 of said layers comprises one or more active agents; wherein at least a portion of the active

agent is in crystalline form.



WO 2009/146209PCT/US2009/041045 [0045] Provided herein is a method of preparing a device
comprising a stent and a plurality of layers that form a laminate coating on said stent; said method
comprising: Y4 MY1dM8%a stent; (b) forming a plurality of layers to form saBGAHA/¢H4fhg on said
stent; wherein at least one of said layers comprises a bioabsorbable polymer and at least one of said

layers 5cafiiidde eV isiedrhraciut canated e shl TS s T RIRRTISNg: B FFery, A d ity 86

analog, a hydrataafestelaanthe sakltihemafiwhriginagt srshedRemipAMthenhrsrasaudical agent
is in crystalline form. [0046] Provided herein is a method of preparing a device compﬁr@ing-a stent and

a plurality 5175y QP <ORR1TE P ARk ¥ EHR SR Said ErRALSQa ReHIL SRS h NS hbviding a

10stent; (Ndaningraniraliys eblayarsda fsabssishinppoaimeoating: dnsaidstertinviageein at least
one of said layers comprises a bioabsorbable pggmer and at |east ong of sajd layers comprises a

pharmaceiEBI aGehPL¥REEY BAPLMAEIT A OPO MG FBriv Al n&MEISE S hiRrate, an ester,

and a saltdingopok nvieieineatdaastaa POFIONIY e Prritiace Wicahagenbisontkeysiathnedatizalwherein
said method comprises fﬂmig at least one 15pharmaceutical agent layer defined by a
three-dimBRES AP HYSIREIYHEE oecupied by crystal particles of said pharmaceutical agent and said

three dimgosdan@-phikic aksgade isrtietof pohyoperin@Q4el Riosiaasbeeisisma mathatefipyeparing a
device co risin'%; stent angqa.pluralit of IayersH}:at form Iaminﬁlte coating on said stent; said
method cOmBMETNG 4B\ pTL Githimd A SR8 i SRIE g A (RS YRBHNLE (HACALERE &nd/or at
leastione aetive hidtogital agarnhinydsy powdes form dhid Lighis firsbaificen (e)iflaminovhaepeseritical or
near supercritical fl%ids ution comprisin t?t %TaaStb:q% suE)?rcritic ﬂliid solvent an Eatleast one

AP earaien

polymer alfa*iRAAFSHE 'Y RISoIRPEEE 1 PR Rbe PO AL AL RO HPO YA §¥&eond orifice
under congbtignssuifishanhieJoricusalichpasticted fbtheapahiges, (iraddgpasitrigatie: palymer and

el TR ST T T T
biolog?cal @ﬁntmﬁq}emmhe@mjwmm@%id ﬁmlﬁhi@'c@m@r@e_éssﬁmeﬁh@£a@@©hy¢ner under N
o o il ety £ TP STl e g ey
pharmacepticial @gehiagefdcieshceutical agent and said three dimensional physical space is free of
polymer.
[0047] Provided herein is a method of preparing a device comprising a stent and a plurality of
layers that form a laminate coating on said stent; said method comprising: (a) providing a
20  stent; (b) discharging at least one pharmaceutical agent and/or at least one active biological
agent in dry powder form through a first orifice; (c) forming a supercritical or near
supercritical fluid solution comprising at least one supercritical fluid solvent and at least one
polymer and discharging said supercritical or near supercritical fluid solution through a
second orifice under conditions sufficient to form solid particles of the polymer; (d)
25  depositing the polymer and pharmaceutical agent and/or active biological agent particles onto
said substrate, wherein an electrical potential is maintained between the substrate and the
polymer and pharmaceutical agent and/or active biological agent particles, thereby forming
said coating; and (¢) sintering said polymer under conditions that do not substantially modify
a morphology of said pharmaceutical agent and/or activity of said biological agent.
30 [0048] In some embodiments, step (b) comprises discharging a pharmaceutical agent selected
from rapamycin, a prodrug, a derivative, an analog, a hydrate, an ester, and a salt thereof;
wherein at least a portion of the pharmaceutical agent is in crystalline form. In some

embodiments, step (c) comprises forming solid particles of a bioabsorbable polymer.
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from rapamycin, a prodrug, a derivative, an analog, a hydrate, an ester, and a salt thereof; wherein at
least a portion of the pharmaceutical agent is in crystalline form. In some embodiments, step (c)
comprises fO¥AG°sH8d%8articles of a bioabsorbable polymer. WO 2009/148$39E52PAI$M969/041045
[0049] In some embodiments, step (e) comprises forming a.polymer layer having.a length along a

horizontall 38 b LSRG Fsrdin Ll DAGRISS &8 S RO PO NG & Ail Mt th,

wherein saighlgyeiopRein isdas ofiphrRimRGeRtical sgigte [HAsPlNtsRIME epaasirientsistep (€)
comprises contacting said polymer with a densified 5fluid. In some embodiments, step (e) comprises

contacting&4itF PERmIdictvih 3 ALHEQTHOR ol o e ROABIaS RIS 486 Rperature of from about 5 oC
and 150 o@om0q B Reess vrevefifhemtabeptd Pcpsipe RbeuhblfHsiald senaemhadinanisicgtep (e)

comprises_contacting said polymer with g densified fluid for a period of time at a temperature of from
about25 B S5 ha tésﬁff‘é’zfgff@m%iﬁ’at%%%% %S@leeﬁgwﬁ asSFHél@aﬁajtﬁl&flnents,

step (e) l@sompiiRrisoteitacting ajt ROy ysth s oensHeddividdoCapeHggdetimerdtem
temperature of frﬁm abouyt 50 oﬁ and 85 oC an%a pressure of from about 35 psi to about 65 psi.

[0051] PréVRidd RErite RPQhe Rt of hrepr R AR EFRSAL RO R e e UHACE MGty of layers
that form gdamisatataeaiingidircaidstent paiddngttiat aomprgiogin(a) ProxdaingeustBMC(imdorming a

superecriti %9{5 ne@r su ercriticgaljgﬂuid soltu%ign c?n;gising @t least one 15%5#5e critical fluid solvent and
a first poI;C/9 oF FRAAIY A4 LometRprtar 85 HR AP LI Rital RIS {TRERS YrRiffidns
sufficient @ fasrissobohpatinkes of mslichfustviblyraersideddhiid gosaig difst polymeapatticipsanto said
stent, whergjn an electrical potentjal is maintained between the stent and the first palymer, and
Sintering S 7 O LA (6 UBp ST PRE Sl B parTadt A, Better form onto seid
stent, whqs1qPaieticic Ak potentinhis v diofairgdieiween the chanivng Ssichphatmahauticabagent
particles; ndrédgifor ing @ supercritical or near supercritical fluid, solution.comprising at least one
Cupercrt B T b1 S S R 200 AP G L SOnELISHer AT BT U Supercritcal
fluid solutinenunde feonditiessmutitient do fosmssadididviictes bidaitbseonndipokyatdeaviarein an
electlrical gotential IS rgaiatai edtbet(\g/e n %he stent ngjjthe.secontf 25$o%me£, and sintering said
secolid pONRE 56501 0 SOHi8' dHbB ARG BESH o AR o O EVE TS AbRE T 5 east once.
some embopémeeinis| stepssdpandsieq (@nditoepadtadc ta 0rtimedsid paDid)dn cfvad dmbodiments,
the pharmpaoqgglt!c(r:? (lié’:1 esﬂtnllsg gz?llc? (f\ltres%I 55?{1?112"%‘%%@%%9 oato said stent, wherein an electrical potential
is maintained between the stent and the first polymer, and sintering said first polymer; (¢)
depositing pharmaceutical agent particles in dry powder form onto said stent, wherein an
20  clectrical potential is maintained between the stent and said pharmaceutical agent particles;
and (d) forming a supercritical or near supercritical fluid solution comprising at least one
supercritical fluid solvent and a second polymer and discharging said supercritical or near
supercritical fluid solution under conditions sufficient to form solid particles of said second
polymer, wherein an electrical potential is maintained between the stent and the second
25  polymer, and sintering said second polymer.
[0052] In some embodiments, step (¢) and step (d) are repeated at least once. In some
embodiments, steps (¢) and step (d) are repeated 2 to 20 times.
[0053] In some embodiments, the pharmaceutical agent is selected from rapamycin, a
prodrug, a derivative, an analog, a hydrate, an ester, and a salt thereof; wherein at least a
30  portion of the pharmaceutical agent is in crystalline form. In some embodiments, the first and
second polymers are bioabsorbable.
[0054] In some embodiments, step (d) comprises forming a polymer layer having a length
along a horizontal axis of said device wherein said polymer layer has a layer portion along

said length, wherein said layer portion is free of pharmaceutical agent.
11



prodrug, a derivative, an analog, a hydrate, an ester, and a salt thereof.; wherein at least a 30portion
of the pharmaceutical agent is in crystalline form. In some embodiments, the first and second
polymers ar?Bid¥954fB4ble. [0054] In some embodiments, step (d) comprid&fERAMAP A pbBIymer layer

having a length along a horizontal axis of said device wherein said, polymer layer has a layer portion
along said 1€ngtH VAT EAH AR SEHIEH S Hidd 51 Rdian SLHGHIBR Al RCAREP Oy mer
2009/146 2013654 L33 RRAMMLI4 5iIAQRT] dnsesd poIbedinments, &ntefitpfRaid first and/or sintering

said second polymer comprises contacting said first and/or second polymer with g densified fluid.

[0056] In $BPR8lel SRR S Ut AN AE RS S TR M AT R PRI 8F PEHMANY hinute to
about 60 mﬁiimutebsso KbeeIGo ﬁiﬂﬁ@éﬁ.@@@m@@tﬂ%&ﬁ%&ﬁé@,$@Qiﬁ1€é@fﬁ%dswpti§)¢’a§rﬁiﬁ%iﬁdc{?faff0m alloout
10 minutes to abaout 30 minutes. [0057] In some_emhodiments, maintaining said electrical potentia
between %@oﬁ%@?‘pﬁ’r‘ﬁ%‘ijg% ggi&%?gptﬂaﬁl?ﬁ%é%ﬁ‘&’éﬁ“éﬁent particles andgsaid stent compeises
maintainin@osypliagenes &rabodhauits Medliaitambod 1R0deeltfolthsanmephogifeolsnigaintaining
said electrical potentjal between sajd polymer particles and or pharmaceutical agent par%c)ées and said
stent 10cAHBHESS ?ﬁ@ﬂrﬁ@a&%ﬁﬁfg@%‘%&?&m BotRbE I IO RITIBEE SHIRTIBIRE {0688ERrovided

herein is afifvieaapsapanedhy td pboaese(CRBRNSING @M ethinst asaesehbachhergisaifDO20Riovided
herein is method of treating a subject comprjsing delivering a device as described herein, in a body
e of (R0 B S5 ) PSS i LR RRAB e A AB R LA Btvering
in theobodyoaighiecsuhjathmicgwics kogoisiog absigr) Whelkeid Histantkisdhsmed from a material
comprisin following percentages by weight: 0,05-0. 15 C, 1.00-2.00 Mn, 0.040 Sj, 0.030. P, 0.3 S,
P T e S S R e g e

a laminatéeeating on said stent, wherein a first layer comprises a first bioabsorbable polymer, a
molymer, AT ) R at A ALB A e HEPA Bt )8 DR ARSLE Bt
bioz_absprb&slﬁibeﬂ/hmin/\iherbmiyhambnaﬂﬁmmﬂ@edtagent is selectgd from rapamy(_:in, a prodrug, a
S RSRANS S a e n e R e
polymer athd shisfbeelyivdccoompisaaad a stent, wherein the stent is formed from a material
comprising the following percentages by weight: 0.05-0.15 C, 1.00-2.00 Mn, 0.040 Si, 0.030
P, 0.3 S, 19.00-21.00 Cr, 9.00-11.00 Ni, 14.00-16.00 W, 3.00 Fe, and Bal. Co; and a plurality
of layers that form a laminate coating on said stent, wherein a first layer comprises a first
20  bioabsorbable polymer, a second layer comprises a pharmaceutical agent, a third layer
comprises a second bioabsorbable polymer, a fourth layer comprises the pharmaceutical
agent, and a fifth layer comprises a third bioabsorbable polymer, wherein the pharmaceutical
agent is selected from rapamycin, a prodrug, a derivative, an analog, a hydrate, an ester, and a
salt thereof, wherein at least a portion of the pharmaceutical agent is in crystalline form, and
25  wherein at least one of said first polymer, second polymer and third polymer comprises a
PLGA copolymer.
[0061] In some embodiments, the device has a pharmaceutical agent content of from about
0.5 pg/mm to about 20 pug/mm. In some embodiments, the device has a pharmaceutical agent
content of from about 8 pg/mm to about 12 pg/mm. In some embodiments, the device has a
30  pharmaceutical agent content of from about 100 pg to about 160 pg. In some embodiments,
the device has a pharmaceutical agent content of from about 120 pg to about 150 ug.
[0062] In some embodiments, the device has an initial pharmaceutical agent amount and the
amount of pharmaceutical agent delivered by said device to vessel wall tissue of said subject

is higher than the amount of pharmaceutical agent delivered by a conventional drug eluting
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PLGA copolymer. [00611 In some embodiments, the device has a pharmaceutical agent content of
from about 0.51.1g/mm to about 20 pg/mm In some embodiments, the device has a pharmaceutical

agent conte®8HE98ut 8 pg/mm to about 12 pg/mm. In some embodink&HYSHEORNHE has a 30
pharmaceutical agent content of from about 100 pg to about 160 pg. In some embodiments, the

device haS'ShpRaya A trar AL RBATRACSHTFahT sBY CeRsH g e Byt LR BYRTeHE. fESBime

embodimegtscineMavicehrs an il phssmacatiicnt agpuhasTonatanct iR Anmtiefivered
pharmaceutical agent delivered by said device to vessel wall tissue of said subject is higher than the

amount oPBAKNIREERIEAY P AV srhy A BNE D ALl dhg Bt MRY 1B apEe amount of

2009/146209afdFA009/04d A sie rs hayssIoing sameoinitial pligsoiasaltieabagemiaoni@ngas the
initial pharmaceutical agent content of said device. In some embodiments, the amount

of
pharmaceUHEABAHt AR FOBIBaBYCINREAEYINS B SPIRITFS R brS ARSI siRjschiE Rlordst 250

more thatba@npsit ehphairacentical @gabb dietivere ehtosuBReeliyllcisiig h 3aibsubiesity said
conventional drug 5eluting stent. In some embodiments, the method comprises treating restenosis in a
blood ves&8f 8f¥i# he subject. In some embodiments, the subject is selected from a pig, a rabbit and

a human. [00833] Reovidddheigifly isde devicentaiviasingicatstedta phetdiphoblifyces dayernd ergaid stent;
wherein at least one of said layers comprises a bioabsorbable polymer and at least one of saj
Olayors B S A S S S R El Sk B LS bk A R 2ot
analog, a hydratanasriesierpanthacsati dhiergat veheteihfeaiddpvicecprovisledrag, in dtiogivarmaceutical
agent elution profile wherein said elu[g'con rofile s pw&ﬁabout 5% to. about 25% of . pharmaceutical
agent is e ggoﬁ 5 a0 @E SCted’ 'fﬁ%liﬁ%%r‘??ﬁ@&igf% B8 000859 of

pharmacepticalagetitis gluted utidays afieriherdemier] isliihao ptafiledhwitly ebdion Yheaslidoabout 25%
to about 6%

9%, of tical tis cluted 14 d fter the device i t ith eluti
medie: a0 A AU TO0E ST LR HUASS LA SR eIt 21 OB Gy W e ts
contactednadttiae Lafdnonédia;n6 e datoutcabegint @08 afdohdameaddesitibaldagentils eluted 28
days after the devjce. is contacted,with eluti edia. [0064] Pravided herein is a device comprising a
ctent ancEATATANG 5 RYGE S it AT AROA (b P O B
bioabsorbddte gfaly e danid aisleastaord ofidadthtayerscdiampiiaa 3 4% haabaaclitéal fagent selected

from rapargycin, & proug, 3 detuatve an analog, 2 bydiate. an ester, il salt neteof wherei
said devi provides an I Vitro pnarmaceutical agent elution profile’ wherein said elution’pro ile shows
about 7% dboabd0% to about 100% of pharmaceutical agent is eluted 28 days after the device is

contacted with elution media.

20  [0064] Provided herein is a device comprising a stent; and a plurality of layers on said stent;
wherein at least one of said layers comprises a bioabsorbable polymer and at least one of said
layers comprises a pharmaceutical agent selected from rapamycin, a prodrug, a derivative, an
analog, a hydrate, an ester, and a salt thereof; wherein said device provides an in vitro
pharmaceutical agent elution profile wherein said elution profile shows about 7% to about

25  15% of pharmaceutical agent is cluted one day after the device is contacted with elution
media; 25% to about 35% of pharmaceutical agent is eluted 7 days after the device is
contacted with elution media; about 35% to about 55% of pharmaceutical agent is cluted 14
days after the device is contacted with elution media; about 45% to about 60% of
pharmaceutical agent is eluted 21 days after the device is contacted with elution media; and

30  about 50% to about 70% of pharmaceutical agent is eluted 28 days after the device is
contacted with elution media.

[0065] Provided herein is a device comprising a stent; and a plurality of layers on said stent;
wherein at least one of said layers comprises a bioabsorbable polymer and at least one of said

layers comprises a pharmaceutical agent selected from rapamycin, a prodrug, a derivative, an
13



2515% of pharmaceutical agent is eluted one day after the device is contacted with elution media;
25% to about 35% of pharmaceutical agent is eluted 7 days after the device is contacted with elution
media; aboY 8599%344B¥ut 55% of pharmaceutical agent is cluted 14 days BREUFEWAAY s

contacted with elution media; about 45% to about 60% of pharmaceutical adgaent is eluted 21 days after

the deviceRIO8ntYAEA IR ReTiFordetra AR er T aBbST BB o4 D Iyl PIovAdS? ARARNHF: utical agent is
cluted 28 giaysnatiqutibg geveeligicapgirowHitieRI RN IORRBRVIdeshierginds a device

comprising a stent; and a plurality of layers on said stent; wherein at least one of said layers

comprised RHRAISUERAABRE AR AP A ABCAA A8 AL i deisn st eeis b Yiph Mfditetitical agent

selected freums s ByshHarR pQdicld agaeivalived arada Yo 20084:A820 IR BRI YRALA45
analog, a hydrate, an ester, and a salt thereof; wherein said device provides an in vitro pharmaceutical
agenCelTBH BFH I Ereh SR ERATSHE T Bh O e o0 LB ER ST HgERis eluted

Olne %ay ﬁﬁﬁhtﬂﬁt{iﬁ?‘/iﬁ;ejdiﬁ;ca%a@t%‘)/yiﬁz ﬂhldﬁﬂaldélﬁiﬂa; afgte(lj&&Stelhlﬁ% of rahyﬁrm@leuhh a'tzedxa@mtl is

eluted 7 days after the device is contacted wjth elution 5media; at least 25% of rmaceutical agent
is eluted 1AYAGE Wéﬁﬁ@%%wg%baﬁ@éfe%i# aliBHs A SR BES A58 o LGB ical
agent is eli#edcal emyacadtewiiectieweensdiantacted with elution media; at least 40% of

pharmaceutic eni js eluted 28 days after the device is contacted with elytion media. [0066]

P rovidod HLIERN ERaN R A Euh Ao SRR SHEEA PIERARLF FISBHLS:) SHRF R SRR a
leastione ahsaithlayResanaplisesl abiabsoaleatsiyubearbals apdepatonal ol saist layess eamprises
a pharmaceutical agent selegted from.%%oam cin agrognrif%, a derivative, agﬁlllanalo , & hydrate, an
ester, and & SAICHTNESES W RAPETRAESHI! \ﬁ%%XbPSIﬁ&‘ 4 QTR ORP SRRk A AR P AT ENAEN RIS profile
wherein saiclelttiohyprafcasows ahduisddthaotphariradautichtageapis eldéedmommevilay after the
device is contacted with elution media; about 1530% .qf pharmaceytical agent is clyted 7 days after the
device ie CBAEAGY ith SR IEAR NG EE9A Of RN 0B BB £4 days after the
device is pbatacieshticih giuiion chediboabdait H086thé dhaivaacesiiaataigenh isleliviech2di dapsafter the
device is acted with elution media; gboyt.60% of pharmaceutical agent is clyted 28 days after the
devids is QOB BHTORETE SR FRS0 B S AU B S B B a
plurality ofitaye s bheqibasientcwicer et icalsitahelafsaidftay ers dortprisesmabiodbadriehierpolymer

and at least que of said s comprises 3 pharaceylea) agent selected fom apamycin, a prodnic
a derivative, an ana}bg, a°hy ate, an ester, é’] asa %\hereo ,yW erein Sala] evice provides an In vitro
pharmacetiticdahagedit phbbansfivé phaereice st ledption pebfitel 3alegsedfauttiOdetaabout
contacted with elution media.
20 [0067] Provided herein is a device comprising a stent; and a plurality of layers on said stent;
wherein at least one of said layers comprises a bioabsorbable polymer and at least one of said
layers comprises a pharmaceutical agent selected from rapamycin, a prodrug, a derivative, an
analog, a hydrate, an ester, and a salt thereof; wherein said device provides an in vitro
pharmaceutical agent elution profile wherein said elution profile shows about 10% to about
25 75% of pharmaceutical agent is cluted at week 1 after the device is contacted with elution
media, about 25% to about 85% of pharmaceutical agent is eluted at week 2 and about 50% to
about 100% of pharmaceutical agent is eluted at week 10.
[0068] Provided herein is a device comprising: a stent; and a plurality of layers on said stent;
wherein at least one of said layers comprises a bioabsorbable polymer and at least one of said
30  layers comprises a pharmaceutical agent selected from rapamycin, a prodrug, a derivative, an
analog, a hydrate, an ester, and a salt thereof; wherein said device provides an in vitro

pharmaceutical agent elution profile shown in Figure 5.
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2575% of pharmaceutical agent is eluted at week | after the device is contacted with elution media,
about 25% to about 85% of pharmaceutical agent is eluted at week 2 and about 50% to about 100% of

pharmaceut¥¥Q148¥t43%8|uted at week 10. [0068] Provided herein is a devReX BRI 4] stent; and
a plurality of IGSﬁers on said stent; wherein at Jeast one of said layers comprises a bioabsorbahle

polymer atfPelida SR BRGNSy BFR SHTS IR ResFU RabaBeRicr dgR M lle dels FBRNShamycin,
a prodnigha geryciinee abmnaagy: hyehaleianesieivisnd abal dhgieohvdiewinsaichgdevice

provides an in vitro pharmaceutical agent elution profile shown in Figure 5,

WO
2009/14655¥BL PROIBES/HATEAB (50881 IhB6 mekHib ARt MM RURIL PRARYSESitical agent
elution prQﬁlﬁd&téﬁi&fﬂﬂlilittl)h%@lhllﬁ@lﬂfl@@ﬁﬁétrQ&ﬁ@@dﬁ?@bfiémgtwm%m%ﬁ%ﬂ@ﬂwﬂ%ﬁmg|trl]ﬂ§)n media
comprising 5% ethapol pby. volume vytherein the pH of the media is about 7.4 and wherein the device is
contatied WP IO At %%Pgafé%éﬁ%ﬁ?%& Qb%ﬁ?@%}g(ﬁ%ﬁlﬁmw ftahiAGHRR &G ution
media duringtheieeniaating) SRRy Eihdiiivalisnita elutipndiReimahdesignalesivapapeiits; and
(iv) assaying the remo'ed elution media to determine pharmaceutical agent content. [0070] In some
embodiméﬂfg?’fﬁe the in vitro pharmaceutical agent elution profile is determined by a procedure
comprisingh (g antaatiogritte dieviass With 120 &l wies phediaddeamnprising &lorehhefieliby volume,
wherein the pH of the media is about 7.4. and'\é/Ferein the device is con{j?cte%l'lwith the elution media at
a temperat GBI 3PN EHIRRRIY AGiE SGHIE B AR InEaE Ay SHE X aEng step in (i):
(iii) removinenpaidniesice tiamolthe wlliias, waciaiatidesiyoathd tiatkapoittsnand () adrayinghhe

elution mg{%ia to determine pharmaceutical agent content. 1%020314 Ins e bodimerQs, the in vitro
pharmacelRTAst ALer e b Ehanfes e LRAPRIRE v BB BPidichbion 1BO P2 Lime
embodimegigtihe theodadurenfodibeluemmpisasitie)idgiasmini(ig; poly reioweigkiibdsiyedoonparing the
weight of '%[%\e jevice before and. after the contacting step,and adjusting for the amount of .
pharmacellical SRR e PR SIS oV Gorahmaiioe TR eSS G ments,
step (v) sipharsnatbaast Bnoteabner is released into the media after the device is contacted with the
media for@grg@yf or more. in(gsomet erpkbodin};ent , steg%é\é}.slﬁows at Legt 75%eﬁf polymer is ﬁ(gleased
into te i bR AR GETRESTR WEhudlidd VR BHETFRACH fob S s R o 5T Srabie
embodimenthesiegefvg shiagimabteast 85% of polymer is released into the 25media after the device is
ContaCtEd[Wd%m% rs%%(ljelaerfr%o%cl)nge%ss, rerg(r)orgé UrdHtther comprises: (v) determining polymer
weight loss by comparing the weight of the device before and after the contacting step and
adjusting for the amount of pharmaceutical agent eluted into the elution media as determined
20 instep (iv). In some embodiments, step (v) shows at least 50% of polymer is released into the
media after the device is contacted with the media for 90 days or more. In some
embodiments, step (v) shows at leat 75% of polymer is released into the media after the
device is contacted with the media for 90 days or more.
[0073] In some embodiments, step (v) shows at least 85% of polymer is released into the
25  media after the device is contacted with the media for 90 days or more. In some
embodiments, step (v) shows at least 50% of polymer is released into the media after the
device is contacted with the media for about 90 days. In some embodiments, step (v) shows
at leat 75% of polymer is released into the media after the device is contacted with the media
for about 90 days. In some embodiments, step (v) shows at least 85% of polymer is released
30  into the media after the device is contacted with the media for about 90 days. In some
embodiments, step (v) shows at least 95% of polymer is released into the media after the
device is contacted with the media for about 90 days. In some embodiments, step (v) shows
up to 100% of polymer is released into the media after the device is contacted with the media

for about 90 days.
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embodiments, step (v) shows at least 50% of polymer is released into the media after the device is
contacted with the media for about 90 days. In some embodiments, step (v) shows at leat 75% of

polymer is r®{@288%1#¢é'the media after the device is contacted with the medid 16r28%¥108 days. Tn
some embodiments, steé: (v) shows at |least 85% of polymer is released 30into the medja after the

device is BRTALBRVIRRE LM A5 M5 STaY 5 AN SYnte LANYERTHE A AR o) seHb¥ Lt least

95% of pohhpriisatelassast ipiedi spedisoatiaidheadayitsdsheprtipeiethwithdhe msdiméasfabrit 90
days. In some embodjments, step (v) shows up to 100% of polymer is releaisjed into the media after

the devicd 4X5E0 AT AP RAEMASHLCR 2SR IHRS (95, Lo BPITIS a8 D RSS5088)54 145
[0074] Pravigleg, herginaie, afleviee aamisingsBoTient @b sapidaliyeqfriayass anigaidrstent; wherein

at least one of said layers comprises a hioabsorbable polymer and at Jeast gne of said layers
comp?iseé’%%ﬂﬁ?ﬁ%’é@é fieSf et B‘ﬁ‘?%SFQEJE%&fﬁﬁfﬁlPa‘ﬁé‘ﬁf‘s‘z‘émnapﬁg&?ﬁb?‘é{sdaéi%tk/é,t%ﬁ%a?ﬁélog, a

hydrate, assestdipaehacsatidhiergalt WhriechsrRidslevieernRvideran kbrtadpharengautical agent
elution profile wherein said elution profile showsﬂq’ibout 1% to a:out 35% oflﬁﬂrgﬁmace.utical agent is

eluted on&¥i8r AfteiOHROYEJroe & EUATRACT AR 2ER0N Rhdark: 598 Ao R%88% 6% Pharmaceutical
agent is chaedddouits afteioihmeltivics dnicomtacied vt Gl iopinetias adailibgeroitae et 70% of

pharmaceutical agent js eluted 1 day gfter the device is contacted with elution media; about 40% to
Dot SO B AT S S AEIS IS L0 T AP e RO U RLLAEN with o el
aboub50%HarmactiitRAVagdphacnacksdagh agenttis divied il Qudaysaftetitthelwldiaaddisoaiagted with
elution mediaaboyt 559 ut 95% of pharmaceutical agent is eluted 15 days after the devjce is
Cantoto R S e RS Oy AEr b b S0 R AL S Gt R o0 gays
after the davitaimedintaoiads $itheibibon ysedd. phalaiioh Rravidest heskiteds]d deyiceieothprising: a
stent; and lurality of layers. on said stcnt; wherein at least one of said layers comprises.a
NI = ot R S At S e g e
from rapangyains @lnted 00gd &y defiviatived aricanatogtafeddrate chami@stecdand a salt thereof;, wherein
said devic \;Si[gies ;an d’n v?r.o harmaceutical agent elution ﬁrofil wl—éerei 1said elution profile shows
abouo 5% M ABb TSR LP R A E S AT R e G h B0 UALRERS evre @ T Nalled with
elution medharbimtdcakoaic3bmof pharmaceptical abeabiedatbedpdlhouwisatar thsdmded kaid

contacted, with elution. media}'i about 300/(1 to a oufi%%;/f tf(r)f ]%harmace.utical agent is (flute .1 daﬁ/ after
0 10

the device ECo SEAREA AP BER NI SBbt b 0% b pharhaeéutical agent s eluted

3 days aftadiog,delvyceais contacte dnaithselutiencnfe dibcrabosii @ dbbie toradidest &5% aitgpharmaceutical
e e R S R AR R
75%2t0 alitith bIQHeuoh plrarivacaiticdd elgent imehdedaZ@dhysiafiee theaeaicsl iscbrtatted with
clton el 87\ AU 11 OUER SEPLON.8 STk A AR lver on i
said contacted with elution media; about 30% to about 65% of pharmaceutical agent is eluted 1
day after the device is contacted with elution media; about 45% to about 70% of
pharmaceutical agent is eluted 3 days after the device is contacted with elution media; about
25  55% to about 85% of pharmaceutical agent is eluted 10 days after the device is contacted with
clution media about 65% to about 85% of pharmaceutical agent is eluted 15 days after the
device is contacted with elution media; and about 75% to about 100% of pharmaceutical
agent is eluted 20 days after the device is contacted with elution media.
[0076] Provided herein is a device comprising: a stent; and a plurality of layers on said stent;
30 wherein at least one of said layers comprises a bioabsorbable polymer and at least one of said
layers comprises a pharmaceutical agent selected from rapamycin, a prodrug, a derivative, an

analog, a hydrate, an ester, and a salt thereof; wherein said device provides an in vitro

pharmaceutical agent elution profile shown in Figure 9.
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layers comprises a pharmaceutical agent selected from rapamycin, a prodrug, a derivative, an analog,
a hydrate, an ester, and a salt thereof; wherein said device provides an in vitro pharmaceutical agent
elution profi¥@RMRA4PEgure 9. WO 2009/146209PCT/US2009/041045 [OBFF|UP2HH1045
embodiments, the in vitro pharmaceutical agent ejution profile is determjned by a procedure

comprisin G ESRERDR SR HRAEE VIt Br BTQRIFTRACR A I AR TS AR AEP RIS SR SRR buffered
saline whegeiniaedatkotshermaria in abutig andiwhesainihe daries inchn@sedivilh dharution

media at a temperature of about 37.C; (ii) optionally 5a itatino%the elution media during the contacting

step in (i) )RR HESETd 3 SdiersindBsiBHAE Dt me b P (WMrsEhsTAE e removed

elution mefdiade idetarming g MmactuticahagenthcomeipetRwS) f atsumerambasspesisiithe in vitro
pharmaceutical agent elution profile is determined by a proceg#ﬁ,, omprising: (i) igntactin .the device
with ah elBE5H Reia CHHPHIRY R HERS e SRR B HERe b B SHIMERGHBr S HOD PISEt fe

media is aReliindtddand s peeieiNaie(fg\isajengontased vl ixeoaltiiamediecahméemperature of
about 37C; (ii) optionally agitating the elution media during the contacting step in (i); (iii) removing said
device froPT R3S rARHih M ignated time points; and (iv) assaying the elution media to
determine] @IESMacRuicahdadithemslend.id S0 i dmacse einhedisRitisn e fite vl rdcphaimaiceutical

agent elutjon profile is determined in the absence of agitatian. [0080]. In some embodiments, th

o TG OB Oy R T i T By B P o B R e

device beforephiadphiiey thffgodtatingsiepianicadilstitiy tacdheiaabount of plhiavhacautical agent

dined into the elution med%ja as, dﬁter ined i%ﬂste; iv, The devicegf claig% 0 wherein ségf v shows at
} 12 4 cte

least 5096°6Y ISEITRPIRCHEte LA (6 tHRTIRE hd e BRNERE LoMtatie Wik RO REia for 90

days or mgiaf0Q@8hd dhusoma«iahhdinemiscster (v shansa abl€astrébiovafdalidrerisaéieased into

the media after the device is contacted with the media for 90 days or more. In some embodiments,
et R S R P U e
the mediaploarBa @ayisdrapgrateolitsnme embodiments, step (v) shows at least 50% of polymer is
released i e media after the device is cantacted with the media for about 90 days, In some
o I R e o S e S P R Rl L e i
contactediwitie s enedid fgitatiout 90 days. In some embodiments, step (v) shows at least 85% of

polymer Iiﬁ@@jﬁed into theb edia {aftﬁlr the deaé)%:e is (flontacted. 30 \IQ dt e media forlabout 90 days.

In some e mems. s renp ?v BROWs Bt fEast Y556 orf r?élfl%mé?rlléersél YASed NG the Medis after the

device is conhctedssiphctnepaneg)atiowalyhtiod€hdalysice before and after the contacting step and

adjusting for the amount of pharmaceutical agent eluted into the elution media as determined

20 instep iv. The device of claim 160 wherein step v shows at least 50% of polymer is released
into the media after the device is contacted with the media for 90 days or more.
[0081] In some embodiments, step (v) shows at least 75% of polymer is released into the
media after the device is contacted with the media for 90 days or more. In some embodiments,
step (v) shows at least 85% of polymer is released into the media after the device is contacted

25  with the media for 90 days or more. In some embodiments, step (v) shows at least 50% of
polymer is released into the media after the device is contacted with the media for about 90
days. In some embodiments, step (v) shows at least 75% of polymer is released into the
media after the device is contacted with the media for about 90 days. In some embodiments,
step (v) shows at least 85% of polymer is released into the media after the device is contacted

30  with the media for about 90 days. In some embodiments, step (v) shows at least 95% of
polymer is released into the media after the device is contacted with the media for about 90

days.
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WO 2009/146209PCT/US2009/041045 [0082] Provided herein is a device comprising: a stent; and a
coating comprising a pharmaceutical agent selected from rapamycin, a prodrug, a derivative, ester
and a salt tHRH3HAA%8olymer wherein the coating has an initial pharmad&cti@aRagatdShount;
wherein when said device is delivered jn a body lumen of a subject the pharmaceutical agent is

delivered A7 Javidled fHSEHIR Irane deh RACRBES B0t RERPAHoRA N6 BHIE 85% of the initial
pharmacepiisal-agent ameutisdelvasd mphe,wh)agn wessel waldisse pnaneekafideiberdevice

is delivered in the subject's body; and from about 0.5% to about 50% of the initial pharmaceutical

agent am3UAEiE UM rEGSHF I LS oS RAsubiniin REaasruFRAE AP R a3 NEE R Whfilered in

thbe su bjde(gﬁsdkgg#»ieel%[a@l&%?&rm s;ealweoamhﬁﬁémsflﬁldby‘@@mh@tyhtad%b@vaﬁﬁdaucag@?tsy Iﬁﬁmaéum%n is
obtained by aading pharmagceutical agent present alone Iin sai LU ject's yessel wall tissue an
oharacelil HABARSEhOLAER SHEEHan IR Sarc REREH 2o B SaEH: 1 Ebpject s o

human. [08i84ha-seoe] apvaediftrmiss Sbjeetibia Mg ABfkETe aenaiinof phavaaseutidol agant
15delivered in the subject's vessel wall tissue is determined as follows: deliyering the device in the
pig's bloodVeSsE TASHELIRBR %é%?aeyataaﬁeﬁgmﬁﬁ%@-séiwdal}?m§ i HBce is
delivered phih@dogsi&lbegtvesspultmede Hnetekplandisghioe: dardes mersidkingt the vagos piief
pharmace%tgg?l agqentcg;g.liver d inlghe essel wall tissue. [0085] Provided herein, a device comprising:
a stent; andF £ LSHAY PRSI SHRIFAEERAM Al agent selected from rapamycin, a prodnig, a

deriviative| @083 alcong bythedémanssteraabdm daiviredaofiancudjbivalsarbablepelyedesywherein the
coating has an inifial pharmaceutical agent content of. about 1 pg/mm to gbout 15 pg/mm; wherein said
device proVihas RAHHAHITEL SEC0p e UL Hor BaR AR Friay ac UL SUE A Belvered in the
vessel waphissise sl uettdeliettineogsthiel vt fatdrpalondrOI03(meg/enmbdiastosatheuiubject
25(pg/mm)*day when AUC is calculated from the time the device is delivered in a subject's body to
one day aﬁ&%ﬁ@%vice is delivered in the subject's body; from about 5 (pg/mm)*day to about 10
(Rg/mm)*¢iE084 1 IhentEnisodadaeiaiedi siauting pite nildeHe stnomecl thieadexieatisallalieated in the

T e e g I S s S st by o b
the devicalis piglivéteddr¢heisubjent sudyAingotighpibefprutbteredkafisribe dainecagaelivered in the
Subject's g A0 A AR A BB Ry 10 AU R U T Ao the
amount of pharmaceutical agent delivered in the vessel wall tissue.
[0085] Provided herein, a device comprising: a stent; and a coating comprising a
20  pharmaceutical agent selected from rapamycin, a prodrug, a derivative, an analog, a hydrate,
an ester, and a salt thereof and a bioabsorbable polymer wherein the coating has an initial
pharmaceutical agent content of about 1 pg/mm to about 15 pg/mm; wherein said device
provides an area under a curve (AUC) for content of pharmaceutical agent delivered in the
vessel wall tissue of a subject over time as follows: from about 0.05 (ug/mm)*day to about 1
25  (ng/mm)*day when AUC is calculated from the time the device is delivered in a subject’s
body to one day after the device is delivered in the subject’s body; from about 5
(ug/mm)*day to about 10 (ug/mm)*day when AUC is calculated starting after the first week
the device is delivered in the subject’s body through the second week after the device is
delivered in the subject’s body; from about 10 (ug/mm)*day to about 20 (ug/mm)*day when
30 AUC is calculated starting after the second week the device is delivered in the subject’s body
through the fourth week after the device is delivered in the subject’s body; and an AUClast of
from about 40 (ug/mm)*day to about 60 (ug/mm)*day.
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WO 2009/146209PCT/US2009/041045 [0086] Provided herein is a device comprising: a stent; and a
coating comprising a pharmaceutical agent selected from rapamycin, a prodrug, a derivative, an
analog, a hy¥289UH e, and a salt thereof and a bioabsorbable polymeP&WHERZHAK 082 ting has
an initial po%rﬁer amount: wherein when said device is delivered in a body lumen of a subject about

575% of POURAE PR Ve SSEr oA AEV RS, O80T HBS <A S TR AN RSO G EOMBRTS B fvered in the body
lumen of thgaubiegtichl 1188 (kReeddeshheliRmis i deyiearegMiIisNgd dSieninAod, a Goating,
comprising a pharmaceutical agent selected from rapamycin, a pradnig, a derivative, an analog, a
hydrate, ai&steh, AlPaLLPHEREard AP QaNRIREbIHRBETIHEEIHEF AR B RG HE. an initial 10
olymer Is released from the device about ays er the device. Is delivered In the bo umen o
Itoheysﬁbjegt.sg[/@@ §PBF8%§&€#€P§§1§@Q legr%ﬁﬁgmg@%&eniﬂsa & (DAY J%ﬁnVﬁre% a

pharmacetical BderisetEerd itgstrapamycin, a prodrug, a derivative, an analog, a hydrate, 15an
ester, and ﬁg alt thereof and.a bioabsorbable polymer wherein the coating has an initial polymer

amount; WS MERCLar AV FSHERERBRTR 2EbBAIPInIBA DFRENBETRT A8 Cabout 75% of
polymer iphaleasedticam ot deMeedhont Apaaysiaites i e viderisdplyeieshildfeabgdyaiemen of
the subject. 1111089] Pr vi?gd h reciiw igo{,a evi eb omprising: a stent; and acogtin comprising a
pharmacemig%fFﬁgaélﬂtas%ché UCoi tapdRiyem "& o ddmy A de (rABvRe SReERg) B HHYlFe, an ester,
and aosaltgbigraef anduatiwhbsiibelle polydeeicyhedeln theddaatinglhasmenisitiabyigionssoamount;
wherein when said device is delivered in a body lumen qf a subject about 100% olymer is released
from the (R T SErM A5 Sl T BIRAGS  ABOb ALYt AW b P A 55{0000)
Tn some éowolimenss theensbibiect is a human. In some embodiments, the subject is a pig and the

t of I d from the device is determined as foll . delivering.the device in the pig'
piocd vool LTSS, ARSI G hE T S APRUITAFLE bR 3P SHAPI ebice is delvered i

the pig's hadnsessetdlimpentanttexpladting paemdevice panidugeadetingitiee anmouoipd holmer
relealssed fglql rgs‘z[gr? gl%veilcs%ﬂt \t/l\{ge%9ggclil zf' 12091 Eor -ElltHeS %919%{951 \}J grsein the coating has an initial
polymer amount; wherein when said device is delivered in a body lumen of a subject at least
about 75% of polymer is released from the device about 90 days after the device is delivered
in the body lumen of the subject.
[0089] Provided herein is a device comprising: a stent; and a coating comprising a

20  pharmaceutical agent selected from rapamycin, a prodrug, a derivative, an analog, a hydrate,
an ester, and a salt thereof and a bioabsorbable polymer wherein the coating has an initial
polymer amount; wherein when said device is delivered in a body lumen of a subject about
100% of polymer is released from the device about 90 days after the device is delivered in the
body lumen of the subject.

25 [0090] In some embodiments, the subject is a human. In some embodiments, the subject is a
pig and the amount of polymer released from the device is determined as follows: delivering
the device in the pig’s blood vessel lumen; euthanizing the pig at predetermined period of
time after the device is delivered in the pig’s blood vessel lumen and explanting the device;

and measuring the amount of polymer released from the device.
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[009 1] Tn some embodiments, measuring the amount of polymer released from the device comprises
LC/MS/MS measurements. In some embodiments, measuring the amount released from the device
comprises WERIHOBESMRasurement. In some embodiments, weight loss mBaE{(HiEMRAGHprises
measurinz an amount of palymer remaining in the device and 5subtracting said remaining amount

from the iRAAHLIRTED FELRRHIAGHS GRS Bsdh e Mont 75 §ahange e st RS Ipdtevessel

lumen. [0QBRIFIRYINETNISIRIR i RAReMEe 8O MPESIAE Aniedlhand, apldiality afdayerenencsaiststent;
wherein at least one of said layers comprises a bioabsorbable polymer and at least one of said layers

comprised R BH AT SRS G ORI SEA NS R R TS B cin? SRS SFIROHERY atkrdero%D analog, a

hydrate, an&stetnaid eadtitesiaedswhgreinhe e vepdmaatdniinliphaimaceuticahagent content of
about 1 g/mm to aboutélS g/mm; wherein when said device is delivered i aoctf)ody lumen of a subject
said devict BYaGIHESa' D5 LERE SMPARO oM &t ﬁm%lﬁBFﬁS&Bh%Ttbe 456 BEOICE to the

subject's kietydtmemdhtisdionhabaut Bioba abadt hferof the blood concentration provided by a
conventional drug eluting stent delivered to the subject 15under similar conditions. [0093] Provided
RGBS & Bl %

herein is a TSHIBHATG A SBAE ARYCBRISING D IEe PR BIE UL AL WYRIAR SfedShbne of

said layers/heriprisesast binabsariddble RalymerRed Bidgasirbilsopslait dayeisacnpdseHhsaid

pharmaceutical agent.selected from rapamycin, a prodrug, a derivative, an analog, a hydrate, an

P tor o8 St BRIt RS Pt R B PN e e B 1

ttglmim to abdol, kbhidraten anvbecej anthesnisaidrdefioth isdie ive teetite Adsadlyituiae probha sishjeei said

device provides a blood concentration withjn 60, minutes from delivery of sgid device {o the subject's
hosds SR di

body lum&STETIFHRTARSUE 1 1 TG FThI SRFER B ARyvgred
conventioaabdsuigskitiofasiebicdeipidres tocthe sideles bloudiessicehatton avidins 685100%4¢ Ruerided

herein | . ' tent: and coati id stent: wherei 4 coati ’
Dioabeor At RS A A KA AU A4 BEreAiBt hUR ARG o BrSbrLge S dbvative,
an analogbladiy/csatenantiesieroaiiddisadt dhevenfiondleleig ¢theitg vicet kiak andaiidathesatijeaceutical

agent conte%t of.abf%l#é% t {rgam to about 15 ttg/nam; wherein when said device is delivered in a body
[

lumeh of &% %jg&n |&é1%rovides about 30the same blood concentration over the first 72 hours

from delivEDg9a1 Faish dedibertortheasithjetcbgdisitgmesnci/@nA00PIlAEROSPIGTAY SR DY OER045

[0095] In sgme empodiments,.the dt*lood concentrathn d rlnlr% éq% fll’ﬁt 72 homg% tffom degveirg/aPJ said

device to meersel}Bj%c '8 %8836/ Pufr%aeln remaine betvesh > 2950 %rnagveraa%Stb?go

concentralgnrs alnulatecs averatineaticatica hgensstriemodditoeryaphsgicidevicedmhe detyadis, kady

lumen. In some embadiments, fne auprags hlood concentration is from about 0,45, Ralmi {0, about
0.5 ng/mL.nin Lorfieem o’cﬁmen?s’, the t&Vice provia\és an AUC o1 B106d Concehthaion over a period

of 72hourgaiterotitent efigdeois delyerscdmtatsiibjertmbodhdmmewtaffraid dbdat & @divetethaur to
about 20 ng/@L?Thour.f{ow ] In some embodiments, true evice provides.an A%{)C for IoPd
ody fumen ¢fa Su said deviee provides 2 blood cpnce Cﬁftloﬁll within 60.minutes, from
concentration over a period o ours airte e device Is delivered 1o the subject’'s body [lumen of
from aboutedivery of said device to the subject’s body lumen that is from about 11% to about 20% of
the blood concentration provided by a conventional drug eluting stent delivered to the subject
under similar conditions.
25 [0094] Provided herein is a device comprising a stent; and coating on said stent; wherein said
coating comprises a bioabsorbable polymer and a pharmaceutical agent selected from
rapamycin, a prodrug, a derivative, an analog, a hydrate, an ester, and a salt thereof, wherein
the device has an initial pharmaceutical agent content of about 1 pg/mm to about 15 pg/mm,;
wherein when said device is delivered in a body lumen of a subject said device provides about

30 the same blood concentration over the first 72 hours from delivery of said device to the

subject’s body lumen.
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10(ng/mL)*hour to about 10 (ng/mL)Thour. In some embodiments, at least part of pharmaceutical

agent is in crystalline form. In some embodiments, the pharmaceutical agent is provided at a reduced
dose compEYAY Rt entional drug eluting stent. In some embodimentsPSEIE&EY8#3aid layers
comprises a PLGA bioabsarbaple polymer. [0097] In some embodiments, the pharmaceutical agent in

said deviddHy LnipmeanneBes N0l P ATSHRTC IRIbORT RS St Bt FhBeIdHL A5 ¥dVice

provides T {Rivite RatnaeSubical 8860y elwtianprafile serneanade;tonlrs ovdler kingliagag0099] In
some embodiments, the device provides pharmaceutical agent tissue concentration of at least twice

the tissue LOALSARSHBH IPBHSH By QBGH N5 s OHES B AR ERRb Sh AN S ielttifce provides

a pharmaggbideak agaRtitisrue lBoReantiationiflkatdaasty dimesiiediwnhanihedisstesapeaentration
provided by a conventional stent. In some embodigents, theﬁ?gvice provides a ph%a%%ﬁ al agent

tissue’ conlCANPatIBl 8t AR9uLEr 2 led T FORE FIRRAME NS d5NIEERIRY od

conventiopgd &fittatiose0ee £pthod BTEMholns seicecptoviees adivarsdasatlicabpgeniissue
concentration of at Jeast 100 25times greater than the tissue concentration provided by a conventional
stent. [Ooah?)‘@ﬁﬂ &ﬁ@bﬁﬁﬁﬁﬁﬁ%&@%}%ﬂ{ré@ 5 %‘Fts%l(?(ﬁﬁzlf?r@ékp%lfesorbed within 45-90 days after an

angioplasiy@eredssemyvaneiisaidsderdcrRiscdglivetess iharsupjtst sl ntlyodbestinremagdiments,
about 75% of sai mer is resorhed within 45-90 days after an angjoplasty procedure wherein said
Covice io AETOR Bh A LOUTAE Ca S SR SN DE OIS SO SERCT S pIHic o
resorbed wighinl43h3drda b @dteriam@ngiothasty prcoatistbditnaintsaidldayiperistielivered in a
subject's body. [00101]In some embodiﬁlen&sg,r%(yghof said lﬁ%&/mer IS re (g&;d within, 4?-90 days after

an angiophiely BFoRBGTASHdrelh S HIRG CBTR L oRR R LUBFaG ok e vt agent
2009/146208R¢ 18d 920081 0D §Qdhe}2iEd RO evehoehalelts; theaidgvieatpravidas reduced
B A R A U P A i ) SO S
[0097] In some embodiments, the pharmaceutical agent in said device has a shelf stability of
15 at least 12 months.
[0098] In some embodiments, the device provides an in vitro pharmaceutical agent elution
profile comparable to first order kinetics.
[0099] In some embodiments, the device provides pharmaceutical agent tissue concentration
of at least twice the tissue concentration provided by a conventional stent. In some
20  embodiments, the device provides a pharmaceutical agent tissue concentration of at least 5
times greater than the tissue concentration provided by a conventional stent. In some
embodiments, the device provides a pharmaceutical agent tissue concentration of at least 25
times greater than the tissue concentration provided by a conventional stent. In some
embodiments, the device provides a pharmaceutical agent tissue concentration of at least 100
25  times greater than the tissue concentration provided by a conventional stent.
[00100] In some embodiments, about 50% of said polymer is resorbed within 45-90
days after an angioplasty procedure wherein said device is delivered in a subject’s body. In
some embodiments, about 75% of said polymer is resorbed within 45-90 days after an
angioplasty procedure wherein said device is delivered in a subject’s body. In some
30 embodiments, about 95% of said polymer is resorbed within 45-90 days after an angioplasty
procedure wherein said device is delivered in a subject’s body.
[00101] In some embodiments, 99% of said polymer is resorbed within 45-90 days

after an angioplasty procedure wherein said device is delivered in a subject’s body.
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[00103]Provided herein is a method of treating a subject comprising delivering a device as described
herein in a body lumen. 5[001041Provided herein, is a method of treating a subject comprising

delivering iMYRe2Ba*&%he subject a device comprising: a stent; and a codtfhly CHHBYHY S

pharmaceutical agent selected from rapamycijn, a prodrug,.a derivative, an analog, a hydrate, an

ester, and W48k khereof AR SEIVRUEMTHELNR #53icoRINGdrassMIRtinmamaieR geh M gent

amount; Wiagrein saisl y@eMigesisisladivetesbitcl ko dy dumeni efdhasiabject and the pharmaceutical agent
10 is delivered in vessel wall tissue of the subéect as follows: i. from about 0.05% to about 35% of the

initial phatfHltical afERYARIIHER HaMsead i Uiyt iR SOMPA RSB ek after the
device is deliueresdestbsybiestisihadys n@riefrom about 0.5% to about 50% of the initial
pharmaceutical agent amount is delivered in the subject's vessel wall tissue two, weeks after the
device is (Rt in th%rgwﬁ.%ibgrsw% i%@féssoﬁﬁ%%aew GheRmRIsHe G&Y@&%{}i&b@s
reduced inbamoratioBudyest thecsaty sermprahimesresorationcdAddOedhpraone prbadiceenis! the

presence of crystallinity is shown by at least one of XRD, Raman Spectroscopy, Infrared analytical
methods, %&?&tﬁ%%?tféofmrﬁwg%ﬁ@aaﬂ%&?w&% A3 EHA bR ShASER B10Aid stent

has a gregity tialoTess hpslpaatingaoia irioalsyg Hacenahiaitpsianiaba same gmbasisnents, the
ratio of coating on the abluminal surface to coating on the lumipal surface of the device is 80:20. In
oo ermBUETHE R GHEAR & G DS bR (I8 AP 2 26 TACE bR O B TR eStace of
the devicddslalbi2zdlinsemel enahoedineofshthaibisio of oG 0 firbthe Aoluoinal sufassit G $ating on
the Iuminalsszgace. crf (tkhﬁe device is, 70:30. In someg embadiments the ratio of coﬂin on the

UuY

abluminal%i COAMESHIRY REThATSIRAETo YSE A Auits BGYS YEUEb e E%’H% one
embodimentsk tfecsthadis/ kciy dahvyrstent tac \vabisdes steit, @nperiploeialbeiend, ileripsies0%and
intercrani%lfs{ %rﬁiitglgll %Il%?nﬁzalzgﬁé Ia?geNntB Qr(nglllznlillzs%%{}lvce:rlzed in the subject’s vessel wall tissue two
weeks after the device is delivered in the subject’s body.
15 [00105] In some embodiments, the device provides reduced inflammation over the
course of polymer resorbtion.
[00106] In some embodiments, the presence of crystallinity is shown by at least one of
XRD, Raman Spectroscopy, Infrared analytical methods, and DSC.
[00107] In some embodiments, the coating on an abluminal surface of said stent has a
20  greater thickness than coating on a luminal surface of said stent. In some embodiments, the
ratio of coating on the abluminal surface to coating on the luminal surface of the device is
80:20. In some embodiments, the ratio of coating on the abluminal surface to coating on the
luminal surface of the device is 75:25. In some embodiments, the ratio of coating on the
abluminal surface to coating on the luminal surface of the device is 70:30. In some
25  embodiments, the ratio of coating on the abluminal surface to coating on the luminal surface
of the device is 60:40.

[00108] In some embodiments, the stent is a coronary stent, a vascular stent, a

peripheral stent, billiarty stent, and intercranial stent.
30 INCORPORATION BY REFERENCE

[00109] All publications and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.
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[00109]All publications and patent applications mentioned in this specification are herein incorporated
by reference to the same extent as if each individual publication or patent application was specifically
and individu¥B/2M1d4%¥ to be incorporated by reference. WO 2009/146208CE 3/ 82889A4541045
BRIEF DESCRIPTION OF THE DRAWINGS [00110]The novel features of the invention are set forth
with particularity in the Sappended claims. A better understanding of the features and advantages of

the present invention will be oBRIFbESERIPTION (OE THRDRIAORENER description that sets forth

illustrative embodiments, in which the principles of the invention arc utilized, and the accompanying
drawings of which: [001111Figure |: Bioabsorbability testing of 50:50 PLGA-ester end group (MW

1019kD) gobrney coatinphioipudiatians@rostasisndeteirsisatontohith fahengastyithtRolymer Film
Degradation in 20% Ethanaol/Phosphate Buffered Saline as set forth in Example 3 described herein.
(001121 FIRRE L BEBSorDatisy t&ﬂ?ﬁﬂ%@f e Aty Pé{‘éagme@raﬂ&wwemloko) PLGA

polymer cpatngdamillptons fr$ignistbitiriasmioasnevwdhpdetitan descyihichaRohsnasFiim
Degradatign in 20% Et an.oI/Phosphaﬁe Bg}ffered Salinefa set forth in Example 3 d§scribed herein.
(001131 FIGURE % Ei6 31096 BBty RKRIEY BroaB S PBoR | it 4eR OTs85 GLaifE 2 4R PLGA

polymer q@@i@jﬂ@mlgaﬁ@mg@ stemhy determinat_ion of pH Changes with Polymer Film _
nerein. (00 Rigure 4 BI5bSIRABITG ELING-oH BHOSL B ER DN
10 19kD) polymer coating formulations on stents by determination of pH Changes with Polymer
Film Degradation in 20% Ethanol/Phosphate Buffered Saline as set forth in Example 3
described herein.
[00112] Figure 2: Bioabsorbability testing of 50:50 PLGA-carboxylate end group (MW
~ 10kD) PLGA polymer coating formulations on stents by determination of pH Changes with
15 Polymer Film Degradation in 20% Ethanol/Phosphate Buffered Saline as set forth in Example
3 described herein.
[00113] Figure 3: Bioabsorbability testing of 85:15 (85% lactic acid, 15% glycolic
acid) PLGA polymer coating formulations on stents by determination of pH Changes with
Polymer Film Degradation in 20% Ethanol/Phosphate Buffered Saline as set forth in Example
20 3 described herein.
[00114] Figure 4: Bioabsorbability testing of various PLGA polymer coating film
formulations by determination of pH Changes with Polymer Film Degradation in 20%
Ethanol/Phosphate Buffered Saline as set forth in Example 3 described herein.
[00115] Figure 5: Rapamycin Elution Profile of coated stents (PLGA/Rapamycin
25  coatings) where the elution profile was determined by a static elution media of 5%
EtOH/water, pH 7.4, 37°C via UV-Vis test method as described in Example 11b of coated
stents described therein.
[00116] Figure 6: Rapamycin Elution Profile of coated stents (PLGA/Rapamycin
coatings) where the elution profile was determined by static elution media of 5% EtOH/water,
30 pH 7.4,37°C via a UV-Vis test method as described in Example 11b of coated stents
described therein. Figure 6 depicts AS1 and AS2 as having statistically different elution
profiles; AS2 and AS2b have stastically different profiles; AS1 and AS1b are not statistically
different; and AS2 and AS1(213) begin to converge at 35 days. Figure 6 suggests that the
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formulations by determination of pH Changes with Polymer Film Degradation in 20%
Ethanol/Phosphate Buffered Saline as set forth in Example 3 described herein. [00115]Figure 5:
Rapamycin YR8 of coated stents (PLGAIRapamycin 25coatings) WhEIESH@&dh profile
was determined by a static elution media of 5% EtOleaterﬁg)H 7.4, 37C via UV-Vis test method as

describedSPREU@MIAENESHANE SIS SHUURISEHBLPTREAHY POGTIRIFIYLASS: RESEANLHR Ellftion

Profile of ¢patadstantpdiyhieAIRapamycin coatings) where the elution profile was determined by static
elution media of 5% EtQH/water, 30pH 7.4, 37C via a UV-Vis test method as described in Example 1

Ib of coated¥dibhts desdriBBEf thefammygiE B ngheapgdsnid RkGingRaptey &ty different
elution prefilasiApriand RSabthaetiagically wiffeanp arafiesh ASl.edd A idb aoginasstatistically

different; and. AS2 and AS | (2 13) begin to converge at 35 days, Figure 6 syggests that the WO
2009/&465&19&?}?}%’2&@/039%‘% Sfiﬁ’&]tﬁiéksggsé ﬁ&é’s%&lﬁéﬁtéﬂ?ﬁ%grﬁ 1rh'%095 polymer,
but does afiaBbelskigensatas oMty Pl Bl payaire 00k < MdgiiBe d: tRapamyein e midepi Ratast of

coated stents (PLGAIRapamycin coatings) where the static elution profile was compared with agitated
elution pr&ﬁréaﬁg)%ﬁlggﬂaamam%%s EAB i Ater an 35 RS QU GiRQbSPHUAHA a Uv-vis

test methathaiicaatyidmtiad famse bithel Toatpibalentsdesedeedinesaim sigyles7 depicts that
S ican Y Ut fof KA QUG THE LU A DI O G S L OB Db gure &
Rapamycir&iutionwhiatieothoriegeihtsy BLARapamy cHHINGp3s)ube e fie wlition profile by
oY% EtOH/\évoargleprei eHwiZh4thg7e ut%lrjltilg)rg 11léfLes£nvél%%osphate buffer saline pH 7.4, 37°C; both profiles

were determined by a UV-Vis test method as described in Example 11b of coated stents

described therein. Figure 8 depicts that agitating the stent in elution media increases the

clution rate in phosphate buffered saline, but the error is much greater.

15 [00119] Figure 9: Rapamycin Elution Profile of coated stents (PLGA/Rapamycin
coatings) where the clution profile was determined by a 20% EtOH/phosphate buffered saline,
pH 7.4, 37°C clution buffer and a HPLC test method as described in Example 11¢ described
therein, wherein the elution time (x-axis) is expressed linearly.

[00120] Figure 10: Rapamycin Elution Profile of coated stents (PLGA/Rapamycin

20  coatings) where the elution profile was determined by a 20% EtOH/phosphate buffered saline,

pH 7.4, 37°C clution buffer and a HPLC test method as described in Example 11c of

described therein, , wherein the elution time (x-axis) is expressed in logarithmic scale (i.e.,

log(time)).
[00121] Figure 11: Vessel wall tissue showing various elements near the lumen.
25 [00122] Figure 12: Low-magnification cross-sections of porcine coronary artery stent

implants (AS1, AS2 and Bare-metal stent control) at 28 days post-implantation as described

in Example 25.

[00123] Figure 13: Low-magnification cross-sections of porcine coronary artery stent

implants (AS1, AS2 and Bare-metal stent control) at 90 days post-implantation as described
30 in Example 25.

[00124] Figure 14: Low-magnification cross-sections of porcine coronary artery stent

implants depicting AS1 and AS2 drug depots as described in Example 25.

[00125] Figure 15: Low-magnification cross-sections of porcine coronary artery AS1

stent implants at 90 days depicting drug depots as described in Example 25.
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compare with the elution profile using phosphate buffer saline pH 7.4, 37C; both profiles were
determined by a UV-Vis test method as described in Example 1 Ib of coated stents described therein.
Figure 8 defYQ3PU1 #gitating the stent in elution media increases the elutidiF TAASAOMGYHAate

buffered saline, but the error is much greater, 15[1001191F ure 9: R@amycm Elution Proflle of coated
sterns (PUEHASApamydiieeBalifgih e tha Bl M‘a iitteg B9/ AST and

EtOH/phosgpfinia BuffeneshaalingoiHn/sdviad C sbiiign h@ﬁﬁ%@eﬂp«?ek&@d-@s mbm%m@@h@?fed@s(:ﬁbed in

Example 1] ¢ described therein, wherein the elution time (x- amsiﬁs expressed linear 00120]F|gure

10: Raparfyeih Bt Griz<sy delesunadrbne pdkneabetip ﬁaeaeﬂﬁr?g%)%é?é %Wuﬁﬁ%h profile

was deterppinetdyia EQuERG H/&@Q&Iahatmhuﬁf@égdrw edph thé r3Telvtion oyifeeesdatiPLC
test method as dgqscrlbed in Examplel of descrlb ng{ﬁm wher%g the elution_time (x-axis) is

expressediFORtitAhisLEdR B fﬁ%ev)erf‘ow & depered ) fsamrlS e sHSWIRE various

elements waawm@dwalgﬂnﬂaaioma&}&lgme ﬂranuchwma@mamtm@mﬁ%wﬁﬂmfmgﬁm coronary
artery sten nts (AS al stent control) at 28 days post-implantation as

1, are-meta
descrlbed F‘rﬁ?r‘@t% T@%‘f"ﬁﬁﬁﬁéﬁ@ﬂ Nfa3fifieation cross-sections of porcine coronary
artery stemﬁmzupplantsm/gﬁ]@ KEXrad Bar-pigiihatentecoRtio\atA0l daym PesHinMNRIIDUAS

arery stor R EAER) AP SRS A A ErEE L aR ABS T EXAhATacSay T0R25]F qure
15: Low-megnidicaio(x aross fseotdng &@ﬁ@g@@@mrﬁ%ﬂrmﬂi@mﬁé},ﬁtent implants at 90 days
1001261 TR, Mo (L% SIS Avats i SRBRAT Hases oNGRTNG RS Bt oy e Sent
Implqntatimﬁsﬁwmﬁs%’lﬂem@ﬁg &M@Ss&i@b@ﬁﬁﬁdxﬁ&&bﬁpﬂu%tissue level (y axis) versus time
i) o i e G o, T Gl L ATARFPARD e o vor
Stent Irnplantatlons n Swme Coronary Arteries expressed as stent level (y-axis) versus time
15  (x-axis) following testing as described in Example 25.
[00130] Figure 20: Mean (n=3) Sirolimus Levels remaining on stents in Following AS1
and Cypher Stent Implantations in Swine Coronary Arteries expressed as stent level (y-axis)
versus time (x-axis) following testing as described in Example 25. The results for AS1
presented in Figure 20 were taken from a separate study as the results for the Cypher Stents
20  presented in Figure 20. Both studies were performed as described in Example 25, and data
was collected similarly, however, data from the two studies were combined in this Figure to
show the relative results of AS1 to the Cypher stents.
[00131] Figure 21: Fractional Sirolimus Release (y-axis) versus time (x-axis) in
Arterial Tissue for AS1 and AS2 Stents following testing as described in Example 25.
25 [00132] Figure 22: Sirolimus Blood Concentration following Single Stent Implant
expressed in Blood Concentration (ng/mL) (y-axis) versus time (x-axis) following testing as
described in Example 25.
[00133] Figure 23: Mean (Single stent normalized) Blood Concentration Immediately
post implant (between 15 minutes and 1 hour, typically 30 minutes) expressed as Blood
30 Concentrations (ng/mL) (y-axis) for a Cypher stent, and stents having coatings as described
herein (AS21, AS1, AS23, AS24 are devices comprising coatings as described herein)

following testing as described in Example 25.
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5 presented in Figure 16. Both studies were performed as described in Example 25, and data was
collected similarly, however, data from the two studies were combined in this Figure to show the
relative resd9 80%31688%he Cypher stmts. [00127]Figure 17: Mean (n=3) SifJIFEPAHRMIn Arterial
Tissue Following Various  Stent Implantations in Swine Coronary Arteries expressed as absolute
tissue level (y-axis) 10versus time (x-aQ@)TféﬂB\ﬁmd)t@%g;&ﬁ:ribed in Example 25. [00128]Figure
18: Arterial Tissue Concentrations (y-axis) versus time (x-axis) for AS1 and AS2 stents following
testing as described in Example 25. [00129]Figure 19: Mean %3) Sirolimus Levels in Arterial Tissue

Following 08litls  stdfif IpISHUEHER & brlansbRug At gL IR s N BLISISHP Ry -axis)

versus tim@dntynasis)dQiondag e gtiag as; dES0rine dliffdrammpls 25 RRhIRHIoRiI 3R mMear (n=3)
Sirolimus Levels remaining on stents in Following ?&%\‘qﬁnd Cypher Stent Implantations inSWine

Cororiary RRTREEShrs A s d Abiesd0al Eru e podrdde iRl enkisy $8HOWiN G E5HME Ss described

in ExampleabrcEhBugsuls famASh aresemiedibbigtke 2R weare itrkepolasd meepakate study as the
results for thg Cypher Steg% presented in Figure 20. Both studies were performed as de%cribed in

Example SBI0RAEAES RS TEaEEi WAV HbITERS QAR IO HE TR Sramidnie ks difitsited in
this Figurdrtarsthancthibodlative resdisioh Ahintedheveyplietssdfitadi00dad 16 igureadidbufractional

Sirolimus Relegse (y-axis) versus fime (x-axis) in Arterial Tissue for AS1 and AS2 Stents following
caoting as AR IS R e BIE 56 NSO AA L S0 PO AL LB LT Hoiowing
Single Stenttimpdasl expee sdechidBhoo ddpa caitr dilom{nay mldridoaxig:resstie tishiewingxis) following

testi described in Example 25, [00133]|Figure 23; Mean (Single stent normalized) Blood
Concant TSR THHRCHTALSY IR ARS8 WHTEE Rk £ 60 Goeary 30 s

expressedamidnoely specify all permutations, combinations and variations thereof.
Definitions
[00135] As used in the present specification, the following words and phrases are

15  generally intended to have the meanings as set forth below, except to the extent that the
context in which they are used indicates otherwise.

[00136] "Substrate" as used herein, refers to any surface upon which it is desirable to
deposit a coating comprising a polymer and a pharmaceutical or biological agent, wherein the
coating process does not substantially modify the morphology of the pharmaceutical agent or

20  the activity of the biological agent. Biomedical implants are of particular interest for the
present invention; however the present invention is not intended to be restricted to this class
of substrates. Those of skill in the art will appreciate alternate substrates that could benefit
from the coating process described herein, such as pharmaceutical tablet cores, as part of an
assay apparatus or as components in a diagnostic kit (e.g. a test strip).

25 [00137] "Biomedical implant" as used herein refers to any implant for insertion into the
body of a human or animal subject, including but not limited to stents (e.g., coronary stents,
vascular stents including peripheral stents and graft stents, urinary tract stents,
urethral/prostatic stents, rectal stent, oesophageal stent, biliary stent, pancreatic stent),
electrodes, catheters, leads, implantable pacemaker, cardioverter or defibrillator housings,

30  joints, screws, rods, ophthalmic implants, femoral pins, bone plates, grafts, anastomotic
devices, perivascular wraps, sutures, staples, shunts for hydrocephalus, dialysis grafts,
colostomy bag attachment devices, ear drainage tubes, leads for pace makers and implantable
cardioverters and defibrillators, vertebral disks, bone pins, suture anchors, hemostatic barriers,

clamps, screws, plates, clips, vascular implants, tissue adhesives and sealants, tissue scaffolds,
26



30Concentrations (ng/mL) (y-axis) for a Cypher stent, and stents having coatings as described herein
(AS21, AS1, AS23, AS24 are devices comprising coatings as described herein) following testing as
described ik AMBIA8? WO 2009/146209PCT/US2009/041045 DETAILELS BESERIBTIEN
[00134]The present invention is explained in greater detail below. This description js nat intended to
be a detail@H WtABG S e TSt WA T ORTER I BAR APRISH U Sy BESHRPIRIIEMET:; or all the
features thatdnay Kppsteedito the instant invention. For example, features illustrated with respect to
one embodiment may be incorporated into gther embodiments, and features illustrated with respect to

a particuldP&HBbdiment MdirBEHe REa0E SRS LML SRR IR BAtRHBh KIS fet A tations and

additions tmthedvarjeisnesnbeadneants aaplesiitaiedhgreinsyvolidaaiapeasertdooipast skilgddr the art in
light of the 10,instant disclosure, which do nat depart from the instant invention. Hence, the following
specificatitPRYMES IR B MGRPNE SEettd @E%@ﬁl’éﬁ&o B HSSH HiSDED exhaustively

specify allipsfgariations: gembnatienkand yadatipasitbereatdpafivitiong [@0d38]Aa tseek iviihe
present specific%gon, the following words and phrases arc 15generally inf[?géj@d to have the meanings
as set forth ©EfoW, CBKBP IR LRI THA theP LOnREE A ity WHICRTHEY S Hateaa SR Avise.

[001361"Suhatiaies asmtistd fActkineretaisda-iay spiifacerpoaehitl ihisolasirabiectaiapo sika

coating comprising a polymer and a pharmaceutical or biological agent, wherein the.coating process

does not S ALTIREN TRGIRRHE S br SRTUBS H RepleS MRS R AR B AP the

biological ageittBiomediddtinnplanis-esaduciastichdagnhiacesil fotriReiceaptirhvertiamdiswever the

present invention. is rséc{%ntended to be res%:ict d to this class of s bstratez. beob%e of skill in the art will
f’néé G

appreciaté 58 VUSRS S TRRINS IS ORERSHY AIQ S prEaRg: BSUTHRERE Buch as
pharmaceytngl tddlaicofddds part it asiay appatatus or as components in a diagnostic kit (e.g. a

eSSt 38 7 B e O SR P AR SEIHS AR Aty B g B Nt the
inserted include both human subjects (including male and female subjects and infant, juvenile,

15 adolescent, adult and geriatric subjects) as well as animal subjects (including but not limited
to pig, rabbit, mouse, dog, cat, horse, monkey, etc.) for veterinary purposes and/or medical
research.

[00140] In a preferred embodiment the biomedical implant is an expandable
intraluminal vascular graft or stent (e.g., comprising a wire mesh tube) that can be expanded

20 within a blood vessel by an angioplasty balloon associated with a catheter to dilate and
expand the lumen of a blood vessel, such as described in US Patent No. 4,733,665 to Palmaz.
[00141] "Pharmaceutical agent" as used herein refers to any of a variety of drugs or
pharmaceutical compounds that can be used as active agents to prevent or treat a disease
(meaning any treatment of a disease in a mammal, including preventing the disease, i.c.

25  causing the clinical symptoms of the disease not to develop; inhibiting the disease, i.c.
arresting the development of clinical symptoms; and/or relieving the disease, i.e. causing the
regression of clinical symptoms). It is possible that the pharmaceutical agents of the invention
may also comprise two or more drugs or pharmaceutical compounds. Pharmaceutical agents,
include but are not limited to antirestenotic agents, antidiabetics, analgesics, antiinflammatory

30  agents, antirheumatics, antihypotensive agents, antihypertensive agents, psychoactive drugs,
tranquillizers, antiemetics, muscle relaxants, glucocorticoids, agents for treating ulcerative
colitis or Crohn's disease, antiallergics, antibiotics, antiepileptics, anticoagulants,
antimycotics, antitussives, arteriosclerosis remedies, diuretics, proteins, peptides, enzymes,

enzyme inhibitors, gout remedies, hormones and inhibitors thereof, cardiac glycosides,
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body of a human or animal subject, including but not limited to stents (e.g., coronary stents, vascular
stents including peripheral stents and graft stents, urinary tract stents, urethrallprostatic stents, rectal
stent, oesopKQFEAY/ LMY biliary stent, pancreatic stent), electrodes, cathet&STEHEiPHldhtable
pacemaker, cardigverter or defibrillator housings, 30joints, screws, rods, ophthalmic implants, femoral

pins, bone PIAMBSRFARSUUR AT GRE BEOASS ParyALth P i oper i drelts (prsaingiGmedios
hydrocephaibisatintysictqraftto gRIASIamy haddidachimest Womee theapdiainagatyubesneadsfor pace

makers and implantable cardioverters and defibrillators, vertebral disks, bone pins, suture anchors,

hemostatil BSHHet82 QaHIPY, QRIRIOLS pYHAERINS SE QLT AP shipTiastas idehl UiiSesives and sealants,

tissue scaptaleshdenéuRaR/ IAeaIIRCahbluE2 A0HBAL MM as auRl ty PREBp dkasSingshie - getiwound
dressings), boae substitutes, intraluminal devices, vasculag supports, etc 5:00138 The implants may be

formed froh® E[ﬁtaiﬁlécﬁ%?éﬁa?}lﬂﬁﬁﬂﬁiR@%‘ﬂ?‘?‘?Bf‘?ﬁPi‘t‘é B pORATEFO BRI HY SRSV inert

polymers,@@ammMgﬁr@w@mm@aa&mQWmaﬁd,iW&@@Uﬁﬂ@b&iﬁp@b?@ﬁgradﬁzle
polymers), metals, metal alloys, inorganjc materials such as silicon, and composites thereof, including
ayered StAEHHA HHROTBETE-HBRE WHALRRIAT SR BIEGT SHGe CERRAERO b A IREHR material.

Substratesiprasiedof, proondusiiie matenialiiac]libats eletasiedipiaapiw oo/, the invention

contemplates the us;?. of electrostatic capture, aslifiescribed below, in conjunction with substrate having

low 10corftiERRY P ARH AR FOR B iR T B HIRSHRENe Btk @ EBIoRE When a non-

conductiveatsdistidee hstonthesonshbesaltistiiaichiszpfivesss it dartexado pitandpienraaindainépgma strong

electrical field in.the yicipity of the substrate. 1001391Subjects into which .biomedical implants of the
A O S S aiengin AR

invention AR BLSh FHER S AT FRHAR S Y $hdte RRRPTEHhle subjects

and infa_nts_ajumanﬁgnaﬁadcdaﬁs;e&ah@daﬂtaﬁndagﬁﬂmﬂ@m&jem@mﬁ,wemmmimbsmﬁzjﬁms (including

but not “mclltlggodeoxycholic acid, ursodeoxycholic acid, theophylline and theophylline derivatives,
trypsins, cimetidine, clarithromycin, clavulanic acid, clindamycin, clobutinol, clonidine,

15  cotrimoxazole, codeine, caffeine, vitamin D and derivatives of vitamin D, colestyramine,
cromoglicic acid, coumarin and coumarin derivatives, cysteine, cytarabine,
cyclophosphamide, ciclosporin, cyproterone, cytabarine, dapiprazole, desogestrel, desonide,
dihydralazine, diltiazem, ergot alkaloids, dimenhydrinate, dimethyl sulphoxide, dimeticone,
domperidone and domperidan derivatives, dopamine, doxazosin, doxorubizin, doxylamine,

20  dapiprazole, benzodiazepines, diclofenac, glycoside antibiotics, desipramine, econazole, ACE
inhibitors, enalapril, ephedrine, epinephrine, epoetin and epoetin derivatives, morphinans,
calcium antagonists, irinotecan, modafinil, orlistat, peptide antibiotics, phenytoin, riluzoles,
risedronate, sildenafil, topiramate, macrolide antibiotics, oestrogen and oestrogen derivatives,
progestogen and progestogen derivatives, testosterone and testosterone derivatives, androgen

25  and androgen derivatives, ethenzamide, etofenamate, ctofibrate, fenofibrate, etofylline,
etoposide, famciclovir, famotidine, felodipine, fenofibrate, fentanyl, fenticonazole, gyrase
inhibitors, fluconazole, fludarabine, fluarizine, fluorouracil, fluoxetine, flurbiprofen,
ibuprofen, flutamide, fluvastatin, follitropin, formoterol, fosfomicin, furosemide, fusidic acid,
gallopamil, ganciclovir, gemfibrozil, gentamicin, ginkgo, Saint John's wort, glibenclamide,

30  urea derivatives as oral antidiabetics, glucagon, glucosamine and glucosamine derivatives,
glutathione, glycerol and glycerol derivatives, hypothalamus hormones, goserelin, gyrase
inhibitors, guanethidine, halofantrine, haloperidol, heparin and heparin derivatives, hyaluronic
acid, hydralazine, hydrochlorothiazide and hydrochlorothiazide derivatives, salicylates,
hydroxyzine, idarubicin, ifosfamide, imipramine, indometacin, indoramine, insulin,
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to pig, rabbit, mouse, dog, cat, horse, monkey, etc.) for veterinary purposes and/or medical research.
[00140]In a preferred embodiment the biomedical implant is an expandable intraluminal vascular graft
or stent (e.gWe@3ABH4MB%a wire mesh tube) that can be expanded within a Bob¥A888+ RAan

angioplasty balloon associated with a catheter tq dilate and expand the lumen of a blood vessel, such

as descrifBIFiFF9RsPRMRE R 988 &8b 18 BaIieso962 51 PersrtiG slrcfdgodesittled herein

refers to anyioh@ ¥ariabeohAinlgsktdqdaatnasakiicpieren) Retdenhat capine Masshasalelive agents to
prevent or treat a diseaseégmeanin any treatment of a disease in a mammal, including preventing the

disease, i/6Y %P <GS 8ﬁﬂﬂ%lt%¥mﬁ’t6‘ﬁ¥§18flﬂ%el’(ﬂ%%’éa?scédnaé’tdt&%%%‘ﬁiﬂ;qﬁ‘iﬁYBHiY@’t SPBELse, ie.
arresting thedevaloRprentief, chricalisy s &) destialievingphaidiseasesdirlagalsing the
regression of clinical symptoms). It is possible that the pharmaceutical agents of the invention may
also CompRERSKFES BHe HRTy S 6l PATHHATEuME WBHISotIRR BHaMSRRTHLt RERS Maltde but
are r;]ot Iirmﬂ&dﬂ@naﬁaj rﬁ%mmiﬁeag%@tﬁmm&ri]ﬁmmzoﬂ@,&i@ﬂﬁe&imﬂmﬁaﬁmm@ry 30agents, '
antirheumatics, aptinypotensive agents, antihypertensive agents, psychoactive drugs, tranquillizers,
antiemenég?mggr‘@%ﬁé&éﬂ?&}ﬁdﬁf&%&lea?dé?ﬁa@ﬂ& PR (e QR Uite TR ﬂ(ﬂign&}rem?ﬁ Hisease,
antiallergigasaasdibiohitSo aaiitgilRies;cintcaagotadils ndsbipryaoliasi tantitiasiviesolagtaidpsclerosis
remedies, diuretics, proteins, peptides,.enzymes, enzyme.inhibjtors, gout remedies, hormones and
inbitors HETSEY LARIRL B B BIEL Yo SODGH o SPE B DIED606, GRS R efapoutic
ageint(s aleﬁﬁt&khl@foi&mﬂu%thﬁnbwc?yMg,a@emﬁ%nﬂﬂgraiﬂergem&dlﬁ%mﬂi}ﬁtﬁ]l, piQdlisise,
otologicals, anti parkinson agents, thyroid therapeutic agents,. spasmolytics, platelet aggregation
iiibtore, UHFIRGe B USHRR B IS S MBS SRS AL IR0 BB apetic
agents andkaimitiocacids 1 bxaing Ies, afnsuit sl as s Qipig e dignisiarefReatiosel aanigens,

beta-recep orlblockers, non-steroidal antiirllﬂam ator}/ drugs NSAI[()}%, ;i‘ardiac F%I?{(:Oj]iﬁdes,
acetylsali&lﬁ% LA IFRARRS SR, a&AIBFT &%p‘?gﬁ TAOMBHYCIH, JIPHA- R
beta-sympatanimneiits, (timeprazells, paliagusinol, phpostadil pproiikgianeisisyarntdhiadine, ambroxol,
amlodipine, methotrexate, Saminosalicylic, acid, amijtriptyline, amqxicillin, anastrozole, atenolol,

e athopriRE B IT DRE R SO eHET s e PRGN AT and
diazepamptiericathias, urtitacniad dbigtexaimes, phapytinatpbire phrethatho pancaldiy misiits], potassium

salts, magnesium salts, candesartan, carbam z(ﬁpine cac%topril cefalo§ orinsésfietjrizine

chenodeoXdPEiE i (T &B O ABIS aRIE OHIE BROMSE Tt tREBBIY Hirhs &R BE 4% Bains,

cimetidineprokexiibler proycin; rel aprapiviermelch ropndarioy cpro pigihatinain e pniding | dhdaotyimoxazole,
codeine, celfeine, Mtanin, b s deraties.of viamin b Eolestyanine, pmenliic. ack suparin
and cou rnn onerlva N/gs, S glne, Cc ltlarélee, q P q p P p

20  reserpine, ribavirin, rifampicin, risperidone, ritonavir, ropinirole, roxatidine, roxithromycin,
ruscogenin, rutoside and rutoside derivatives, sabadilla, salbutamol, salmeterol, scopolamine,
selegiline, sertaconazole, sertindole, sertralion, silicates, sildenafil, simvastatin, sitosterol,
sotalol, spaglumic acid, sparfloxacin, spectinomycin, spiramycin, spirapril, spironolactone,
stavudine, streptomycin, sucralfate, sufentanil, sulbactam, sulphonamides, sulfasalazine,

25  sulpiride, sultamicillin, sultiam, sumatriptan, suxamethonium chloride, tacrine, tacrolimus,
taliolol, tamoxifen, taurolidine, tazarotene, temazepam, teniposide, tenoxicam, terazosin,
terbinafine, terbutaline, terfenadine, terlipressin, tertatolol, tetracyclins, teryzoline,
theobromine, theophylline, butizine, thiamazole, phenothiazines, thiotepa, tiagabine, tiapride,
propionic acid derivatives, ticlopidine, timolol, tinidazole, tioconazole, tioguanine, tioxolone,

30 tiropramide, tizanidine, tolazoline, tolbutamide, tolcapone, tolnaftate, tolperisone, topotecan,
torasemide, antioestrogens, tramadol, tramazoline, trandolapril, tranylcypromine, trapidil,
trazodone, triamcinolone and triamcinolone derivatives, triamterene, trifluperidol, trifluridine,

trimethoprim, trimipramine, tripelennamine, triprolidine, trifosfamide, tromantadine,

trometamol, tropalpin, troxerutine, tulobuterol, tyramine, tyrothricin, urapidil,
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cyclophosphamide, ciclosporin, cyproterone, cytabarine, dapiprazole, desogestrel, desonide,
dihydralazinc, diltiazcm, ergot alkaloids, dimenhydrinate, dimethyl sulphoxidc, dimeticonc,
domperidon®¥ r8%8#¢3&tidan derivatives, dopamine, doxazosin, doxorubiZié THBSIAHIHE4S
dapiprazole, benzodjazepines, diclofenac, glycoside antibiotics, desipramine, econazole, ACE
inhibitors, EMASPYY CBpHe aFiHe CRBIRGERAITEO B Betin P et dervistRiad, YABFARKSAS, calcium
antagonisigciiiaateaach bratainilgarlictala pRpide aaphioliceidaRmMO N ghbATIC S/ ldaedrgnate,
sildenafil, topiramatc, macralidc antibiagtics, oestrogen and oestrogen derivatives, progestogen and

) €s,.
progestog B RRHYAH VA ABEG s FARGHE o OGRS ra RO B PG VIR O RS o K19 98 Y i Bgen
derivativegagfifghadticiattafenamate felafibsate) ieapiikairoetefivbng | sivnpsitlczdaaeiglovir,
famotidinc, fclodipine, fenofibrate, fentanyl, fenticonazole, gyrasc inhibitors, fluconazolc, fludarabinc,
ﬂuanz*.ne,m&%&ﬂt%&aﬁﬁéﬁ%mm&s%ﬁ-,%b&b%&ﬂetﬁ,ff 4 %%?ﬂﬂéa%ﬂkoﬂﬁ%aaﬁw%SPmoterm,
fosfomicing, B3®semius, Pusisinacisl 4galiogamil, ganciclovir, gemfibrozil, gentamicin, ginkgo, Saint
John's wo‘:(t’,g%ugr#enclamide, 3Qurea derivatives as oral antidiabetics, glucagon, glucosamine and

glucosam vatives IR ShENGRREN ard Gy ER VS SE0E TN ARS BT 8HABes,
goserelin,igyiiage inhibiteis, goamethigieshalofiantinen Ralopsiedsinhsparn @rBLhepgatipaeydmatives,
hyaluronic, acid ralazine, hydrochlorothiazide a ochlorathigzide derjvatives, salicylates,
e xexRlt il ot el gl i st
2009/1 46 2094R( Tih) 320ANN4 LoARinje e t6)-[06{e abiniadiyie] e dicaidlesdig)cpnazoe? -en-
isoprenaling, glucitol and glycito] derjvatiyes,, iftacopazole, ketoconazole, ketoprofen, ketotifen,
ot bR e i o A e s e i R N e
derivativeslyliginopeihdisycidehdaidpranyinepamiesiing) -0 perainiiex yopasadlinap mapriathine)-(6-
mebendazole, 5mebeverine, meclozine, amic acid, mefl ine, meloxi i lol,
Mpetiontit ) sdath R OIS (i e TR S e G e bl
m_ethylph@ﬁijﬁthylﬁiﬁnlbkmm@dyli}i?kinﬁ-mh@fia, _nﬁl%@(ﬁtaﬁbeatﬁdbihy@@mpﬂolb- m;allomjﬂaz@g},,
mianserin Iconazole, mnocycliine, miNnoxidai rostol, mitomycin, mizolasti X10ril,
oA e e B A D M N e A oA A oxen.
narcotinc, Matphoyia)accrstdoniysrapaargahnk) et did darute tip tecyndiyhic paic aiineeHpnc,

nimorazolg, nj inc, nisaldipinc, adrenaline and adrenalin ivatives, nprfloxacin,.ngvamine
Culfone. s S T S e S s e

ondansetrapamyace 20IR p2acilihy dxietir @z (leh arpriotazplirap apaytiop 2z Oleyptrdeaismykiparoxetine,
pcnciclovir, oral penicilling 13$entazocine, ) 2: _gne entoxifylline, perphepazine, pethidine, plant
extracts, O RS R A i A OB LR a0 Ch Gy, pimoride.
pindotol, piiestrineidoictgeianpapisenzefine®-(rbe e thiybxicalaropaniqpexate qaraidag tatiyl)prazosin,
procaine, promazinc, propiverinc, propranojol, pro ienazone, prastaglandins, protionamidc,
proxyphyI}li%r'}zzafnémcc%fkﬁ%|n<(ea,)0 %iﬁglgr}ﬁglaaumoél Jﬁa ll%roaer%ﬁl%Iq I,r t anriltll}éﬁh%,ﬁ%ﬁo erol, reserpine, ribavirin,
rifampicinTasdsuidonrenidteniayiy;rappinirale, 40X di(E, 5 Ritarboeyb ok yrd 5208 enirzolutGsigke tamt] rutoside
derivatives, sabadill Ibutamol meterol. scopolamine, selegiline, sertaconazole, sertindole,
Scrtration, SO AL AT Ce S SRS oS Tk SR S sparioxacin.
spectinomYigidrospirauthyt)sl -spitayrtoppirostolegiamgcin (temsirolimus).

25 [00143] The pharmaceutical agents may, if desired, also be used in the form of their
pharmaceutically acceptable salts or derivatives (meaning salts which retain the biological
effectiveness and properties of the compounds of this invention and which are not biologically
or otherwise undesirable), and in the case of chiral active ingredients it is possible to employ
both optically active isomers and racemates or mixtures of diastercoisomers. As well, the

30  pharmaceutical agent may include a prodrug, a hydrate, an ester, a derivative or analogs of a

compound or molecule.
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stavudine, streptomycin, sucralfate, sufentanil, sulbactam, sulphonamides, sulfasalazine, 25sulpiride,
sultamicillin, sultiam, sumatriptan, suxamethonium chloride, tacrine, tacrolimus, taliolol, tamoxifen,
taurolidinc, 22 mazepam, tcniposide, tcnoxicam, tcrazosin, terbirfHfiHESEAPBAHERAT,
terfenadine, terlipressin, tertatolol, tetracyclins, teryzoling, theobromine, theophylline, butizine
thiamazol&)Hrid othiazi%eghﬂﬁmﬁéﬁlg}%%éaﬁﬁ@tﬁ@ﬁﬁa& BB RS RERT LS AR RRATRAS B, timolol,
tinidazole aiaganazales fa@uiRANRy tayaboner BAHeRramidciiZanigipe, 40 azalsibdalbutamidc,
tolcaponc, tolnaftate, tolperisone, topotccan, torasemide, antipestrogens, tramadol, tramazolinc,
trandolap/P ARV - BRATE EabieRl XraErsabIRks L RORS A HK e R AREIBI P BEITERVES,
triamterengidsfiupayided, trflekigne piimeibeaRitn]jrivdiepuBisea HipelehbMiRentiRrelfene the
trifosfamide, tromantadine, trometamol, tropalpin, troxenaine, t%ob tﬁ?rol, tyraminc,. tyrothricin, urapidil,
29 WO 20651483 GOBETISDBtIE 16 @ﬁ%ﬁgﬂa@amﬂﬁ%@aé O AR ERBHALAE Dinciclovr,
valproic apad148ncomycirodestionitdeahigideovipenadydstafaing yettapadaitioidsalidapvigabatrin,
viloazine, yinblastinc, vincaminc, yincristinc, vindesine, vinarelbine, vinpogetine, viquidil, warfarin,
xantinol nfCBHREAEY S GERPile oA AnE AeTRaR é?as%a?nt%, Suhvit té&ﬂcfo‘fbfgg okt dficone,
zotipine apebtiredikeaypieell e @teld SpBatentNen£:80 /c30pusealse, dhiPalerirno§Ba8se26; US
Patent No. 6,497,729. 0014212%xam les of therapeutic agents employed in conjunction with the
invention FIOEIAL ROAHYEIRCBBYNS-Hydroxyethyprapamycin (everolimus), 40-0-Benzyl-rapamycin,
40-01(4'-Hpdosgimethy Bemtlityrapamydine i On[4fets, B Elibydroixire AN E hieng yir 4 poapasaycin,
40-0-Allyl-rapamycin, 40-043'-(2,2-Dimethy1-1,3-dioxolan-4(S)-0-prop-2'-en-. 11-ylkapamycin,
(2"E,41S)4 18%2?%‘?-’[5??&&8&&5&%?3%F¥31§1991PF8 3%;}18?!5‘4)6:%)4?-"&” ity o he drug'in a coated
Hydroxy)eiizary CHiidoeryil gistiiytyrapduduiine, 40-6-(Ssttysnaxy} oo py Hiadamyiaithd G4 Groduct
Hydroxy)hexyl-rapamycin 40-0-[2-(2-Hydroxy)ethoxy]ethyl-rapamycin 40-0-[(3S)-2,2-

Dimethyl 0 lan-3-yllmethyl-rapamycin, 40-0-[(2S)-2,3-Dihydroxyprop-1-yl]-rapamycin, 15
40-0-(2-A¢eoaxy)ethyl-réapamychiol@:4Papbiactimoyload Watiylredganvyciubstance, originally
40-042-(NMoyphaolino)acetoxylethyl-rapamycin 40-0-(2-N-Imidazalylacetoxy)ethyl-rapamycin, 40-0-
2N MRS Bt BT R B B SEEEHR F 5k AR5 GPERURE Rapamy cin,
(26R)-26-iaydvn+4d-0 didehyd inxyneinyhah pachytig p@s@ddethwerdjsamycir, causing the clinical
40-0-(2-Aminoethyl)-rapamycin, 40-0-(2-Acetaminoethyl)-rapamycin 40-O-(2- 2

Nicotinan BB P U B R R R Gy B B,
40-0-(2- Edfatydanbeyyiaoning ethlybr rapeaniygithe 4ds 042 iTo lytsislfondmidgeisyb rafamiwin,
PRt Gt Ay T g R At

(tacrolimu OXy-2- (hydroxymethy e ﬁpropanoate rapamycin ohne’lus).
20  two or more active biological agents or an active biological agent combined with a

pharmaceutical agent, a stabilizing agent or chemical or biological entity. Although the active
biological agent may have been originally produced by living organisms, those of the present
invention may also have been synthetically prepared, or by methods combining biological
isolation and synthetic modification. By way of a non-limiting example, a nucleic acid could
25  be isolated form from a biological source, or prepared by traditional techniques, known to
those skilled in the art of nucleic acid synthesis. Furthermore, the nucleic acid may be further
modified to contain non-naturally occurring moieties. Non-limiting examples of active
biological agents include peptides, proteins, enzymes, glycoproteins, nucleic acids (including
deoxyribonucleotide or ribonucleotide polymers in either single or double stranded form, and
30 unless otherwise limited, encompasses known analogues of natural nucleotides that hybridize
to nucleic acids in a manner similar to naturally occurring nucleotides), antisense nucleic
acids, fatty acids, antimicrobials, vitamins, hormones, steroids, lipids, polysaccharides,
carbohydrates and the like. They further include, but are not limited to, antirestenotic agents,

antidiabetics, analgesics, antiinflammatory agents, antirheumatics, antihypotensive agents,
31



25[001431The pharmaceutical agents may, if desired, also be used in the form of their
pharmaceutically acceptable salts or derivatives (meaning salts which retain the biological
effectivenesy ArBBHpENies of the compounds of this invention and which BfcTAG288184e4ily or
otherwise undesirable), and in the case of chiral active ingredients jt is possible to employ both

optically SRR RSHRTY G ARSI ARAEH FridtHAss g Ltierssiapsastints Sir s atiisrmaceutical

agent mayiinedeei cordQikcht &by Healieh A0 ORIV A Bt INEroH AN Al QIS hatkorpasnNd or molecule.
WO 2009/146209PCT/US2009/041045 [00144]A "pharmaceutically acceptable salt" may be prepared

for any phAHRARI CFSBETRISy AT SORTHARS AR BEPATS BRFEHSTING S a TR RS FB S Seid or

base funcinnality, foasmasrutidallycacsariakle paltshnytbe, deiveenitadn pamienes kirrganic acids
and bases. The terrﬂg"ph rmageutically-acceptable salts” in these instances refers to the 5relatively

non-toxic, THBPYRIEISATP braAIE BRYE SR ERIRO BFtARBHA AR HIELPAYERES: [BY 48P Prodrugs”
are derivafiyel sownandsaie!ivabizeseyithaiadditianrof graresp, tatopndovagrpatemsetubility to the
compound desired to be delivered. Once in the hody, the prodnig is typically acted upon. by an
enzyme, 5 BRI SRR RLPPEbALS, YLl QR VD BB oA S
10[00146)winkilips as usedshaieinlitbiefe g ihshatabititytaflb et tbdmainehyneaicoasing deposited
on a subsfrate in its final product form (e.qg., stabilit %{the drug in a coated s erﬁ)&The term stability
Wil define B So L RdHGIF B G gt AR A RO G 0 ER A N 08 BIOGoal agent
as used hefeinnegigrsoionatsrid siagnttssppgitatly shaprodused Mhbviagolgaligios, dpaiteanyhadsosed to
prevent or treat a disease %1 eanin rew t of g disease in a mammal, incluyding preventing the
Cisease. 1% LRGP e QI EAP oS JFONA (IO ech Ot 8 CITERap: BRI T dsonse, e
arresting thatipkelspmentiobelindlssymptoms; and/or relieving the disease, i.e. causing the
regression of Igjical symptoms). It is OS?;%H' that the active biglogical agents of the invention may
2150 compLARHo or morts & Blol L AR 1 S A BrIRg A SleFR B it 2
pharmacebitibatiagientcat stalubiziivgdhhieeior chemical or biological entity. Although the active biological
agent may have been griginally produc E‘b living organisms, those qf the present invention may also
navel boot WiHercaly DAAEOLPSg HENES CAT SIS LA AT S Lon St
modificatibivl 8y cebygohataprelicnitimgtexaapileascriucieidrcid coultn2bhe fsodaeddanma from a
biological SQuree: O IERRISH N ARIRNRL SEhVOUEE, JTOWR 19t symptoms of th discase
not to develop; inhibiting the disease, i.¢. arresting the development of clinical symptoms;
and/or relieving the disease, i.¢. causing the regression of clinical symptoms). Thus the
20  activity of a pharmaceutical or active biological agent should be of therapeutic or prophylactic
value.
[00150] "Secondary, tertiary and quaternary structure " as used herein are defined as
follows. The active biological agents of the present invention will typically possess some
degree of secondary, tertiary and/or quaternary structure, upon which the activity of the agent
25  depends. As an illustrative, non-limiting example, proteins possess secondary, tertiary and
quaternary structure. Secondary structure refers to the spatial arrangement of amino acid
residues that are near one another in the linear sequence. The a-helix and the B-strand are
clements of secondary structure. Tertiary structure refers to the spatial arrangement of amino
acid residues that are far apart in the linear sequence and to the pattern of disulfide bonds.
30  Proteins containing more than one polypeptide chain exhibit an additional level of structural
organization. Each polypeptide chain in such a protein is called a subunit. Quaternary
structure refers to the spatial arrangement of subunits and the nature of their contacts. For

example hemoglobin consists of two a and two B chains. It is well known that protein

function arises from its conformation or three dimensional arrangement of atoms (a stretched
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those skilled in the art of nucleic acid synthesis. Furthermore, the nucleic acid may be further modified
to contain non-naturally occurring moieties. Non-limiting examples of active biological agents include
peptides, pr}fRiA¥281¢3Mes, glycoproteins, nucleic acids (including deoxyrBoHYSRAYA1845
ribonucleotide polymers in either single qr double stranded form, and 30unless otherwise limited,

encompaSSt ERHBREHIARSREREISH RS QF ASTY S IS BRSHASPEFId: S foPRERIRE AN ERIOM S Mhanner

similar to AaiuAllxteactitiingdvEieNtides)s antise Bem fuateitlacidmihdiiy aisonfdimisionials ayitamins,
hormones, steroids, lipids, polysaccharides, carbohydrates and the like. They further include, but are
not limited'®d [ Rie e b adatis adivifiabctics, analgesics, antiinflammatory agents, antirheumatics,

antihypotqoeivs pgents,'BalyW e 2Q00REABR09P fTéd S0 08/R4 bP4&pantify pertoRtivie agieiBbat
psychoactive oEugs, tranquillizers, antiemetics, musc.leB Prc!elaxt?mts, gluc§corticoids, agents for treating
i

ulcerative KOG &r#b%%f?@l&iéé’éé’é’, WL fefgicly sHBRG e MREE R Bhds cd AR cadg Auhtac
antimycotiggsantitiasives. RICHOSTREBIS reMmrijesdiof eiicswiaisinmagentisiesmphzymas, enzyme
inhibitors, gout remedies, hormones and 5inhibitors thereof, cardiac glycosides, immunotherapeutic
agents antl&stdRMeY. Mot fﬁgﬁ@ﬂ&%ﬁﬁ&%@%ﬂ&%ﬁ@%ﬁﬂ%m SV PR A0Ets,

otologicalpoayiticpas ki Mnagentprifyraid shtvafieiditsaganibispasialiolateistaggsedation
inhibitors, yitamins, cytostatics and metastasis inhibitors, phytopharmaceuticals &%’j chemotherapeutic
agents. PreTBFANRHHR YRR BTGB ARt 1es E)aé[ﬁ%f’dég }%f% 145 YR HA SULTIIRG derivatives
10and analegsrotnartntpEplitdes roteins poldaszyhrassihe Hetvddpidliagiwahagedflxaghalso be a
hormone, gene therapies, RNA, siRNA, and/or cellular therapies (for non-limiting example, stem cells
or T-cells)gm%‘?feﬂs'gﬁé@rﬁorﬁg% 8 herein refers to any pharmaceutical agent or active
biological ges2ps desciilvpdiharathad biod hdRlnActivitys apolsasthbeaip cofepsdadtbetability of a

e e AR A oo ek s et Feeen ol
disease ngtdfy, depelgpicisiibiting ththoisedskili.én tigesting the development of clinical symptoms;
AN re e I S SRR g RS Ok U SV TRAPIRY ctd Aol G use
injury or death to the animal or induce an adverse reaction in an animal when placed in
intimate contact with the animal's tissues. Adverse reactions include for example
inflammation, infection, fibrotic tissue formation, cell death, or thrombosis. The terms
"biocompatible " and "biocompatibility” when used herein are art-recognized and mean that
20  the referent is neither itself toxic to a host (e.g., an animal or human), nor degrades (if it
degrades) at a rate that produces byproducts (e.g., monomeric or oligomeric subunits or other
byproducts) at toxic concentrations, causes inflammation or irritation, or induces an immune
reaction in the host. It is not necessary that any subject composition have a purity of 100% to
be deemed biocompatible. Hence, a subject composition may comprise 99%, 98%, 97%, 96%,
25 95%, 90% 85%, 80%, 75% or even less of biocompatible agents, e.g., including polymers and
other materials and excipients described herein, and still be biocompatible.
[00154] To determine whether a polymer or other material is biocompatible, it may be
necessary to conduct a toxicity analysis. Such assays are well known in the art. One example
of such an assay may be performed with live carcinoma cells, such as GT3TKB tumor cells,
30  in the following manner: the sample is degraded in 1 M NaOH at 37 degrees C. until complete
degradation is observed. The solution is then neutralized with 1 M HCI. About 200 microliters
of various concentrations of the degraded sample products are placed in 96-well tissue culture
plates and seeded with human gastric carcinoma cells (GT3TKB) at 104/well density. The

degraded sample products are incubated with the GT3TKB cells for 48 hours. The results of
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20activity of a pharmaceutical or active biological agent should be of therapeutic or prophylactic value.
[00150]"Secondary, tertiary and quaternary structure " as used herein arc defined as follows. The

active bioloJYAPHYEHERY¥ the present invention will typically possess someP&dd¥er8t/8endary,

tertiary and/or quaternary structure, upon which the activity of the agent 25depends. As an illustrative,

non-limitifJeeASATROPE RIRLCH G sads atvs i h gty SRR ahisRr drd PP 1 5 B8R dary

structure igfars talthe spatighaldangementekaninpraashiesites thapaienaaraieanthards the
linear sequence. The a-helix and the 13-strand arc elements of secondary structure. Tertiary structure

refers to the SEAEC PXAERIREINE UhYiG St raiitge SURSHARS AT IHAriAtRRSIINAISd8quence and

to the patigsnfiehdisat e, klonds.c30RY elginBcaaniairie g Meradbanong palyeeptidetabain exhibit an
additional level of structur I?%g?anization. Each polypeptide chain in such a protein is called a subunit.

Quatérnary SHIERGPES SRR RRHA SHiStal arrangement of subunits and the nature of their contacts. For

example heo18globin cortsistsa t abanthivie, [3 sladkigalials svetbiaaadishat pratein function arises
from its copformatjon or, three dimensional arrangement of atoms (a str(gtt hed WO
2009/146288BEFRIES008DATTAE S50 5 HEPHARS ISR Vb D55 ﬁﬁfﬁ}%ﬁ%ﬁ%@%m of the

present inBasiiRBrisatdcrpalipilate piciive bictadicahagartso avkiie iitingotatriylitotmathtaforiher
conformation, so as not to lose their thergpeutic actjvity. [00151]"Polymer as used herein, refers to a
Corio of VOB AT A ar LR (BRI QRS USBelt £F R PRy o, NG AGiibie
polymer caivdasdsasthoasaryioothibepyesaninmkatiantdinspbsdibientoasiitie yselitmerscoitheatiovention
may also comprise twq, three, four or more, different pol rs, In some embodiments, of the invention
it Attt R A et M e v ey
Combinatisiosbebidalyinposydast hrdrityasyhpgriatiosbionfikovidd @satngs. yvithydiftestighaloperties.

i familiar with the different

Those of skill in the.art of POl mer che {stry will bF .
process, of the polymier into smaller, non-polymeric subunits. In cerfain embodiments,

biodegradation may occur by enzymatic mediation, degradation in the presence of water
(hydrolysis)and/or other chemical species in the body, or both. The bioabsorbabilty of a
polymer may be shown in-vitro as described herein or by methods known to one of skill in the
art. An in-vitro test for bioabsorbability of a polymer does not require living cells or other
biologic materials to show bioabsorption properties (e.g. degradation, digestion). Thus,
resorbtion, resorption, absorption, absorbtion, erosion may also be used synonymously with
the terms “bioabsorbable,” "biodegradable,” "bioerodible," and “bioresorbable.”

Mechanisms of degradation of a bioaborbable polymer may include, but are not limited to,
bulk degradation, surface erosion, and combinations thereof.

[00156] As used herein, the term "biodegradation" encompasses both general types of
biodegradation. The degradation rate of a biodegradable polymer often depends in part on a
variety of factors, including the chemical identity of the linkage responsible for any
degradation, the molecular weight, crystallinity, biostability, and degree of cross-linking of
such polymer, the physical characteristics (e.g., shape and size) of the implant, and the mode
and location of administration. For example, the greater the molecular weight, the higher the
degree of crystallinity, and/or the greater the biostability, the biodegradation of any
bioabsorbable polymer is usually slower.

[00157] "Therapeutically desirable morphology" as used herein refers to the gross form
and structure of the pharmaceutical agent, once deposited on the substrate, so as to provide for
optimal conditions of ex vivo storage, in vivo preservation and/or in vivo release. Such

optimal conditions may include, but are not limited to increased shelf life, increased in vivo
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properties of polymeric compounds. [00152]"Copolymer" as used herein refers to a polymer being
composed of two or more different monomers. A copolymer may also and/or alternatively refer to

random, blo®l© g1 48Pblymers known to those of skill in the art. 15[00153CBIGCIME4iE" as used
herein, refers to any material that does not cause injury.or death to the animal or induce an adverse

reaction itAR ARingaPd RS IRttt @erd L oaNrROAth ohoarifisg Elrasa ddt A Se f¥atons

include fofRxaaele inflamciating dniesdiabriRewsis sy iphiatnrtone gelkaaatibutd Barergsise The
terms "biocompatible " and "biocom atibili%‘éwhen used herein arc art-recognized and mean that the

referent i<hSHRLICRSLH 105 QT ATRONRRR Y ALthoH SRS R AM)HS R ATECRMAAE JASRS) at a

rate that preeutiag, yRiaduEtsd. &, MORKNErHT ticqligpmariu st Watstometielyrtoskicts) at toxic
concentrationsgausesi flammation or irritation, Qr.induces an immune reaction in the host.. It is not

d
necessary THATUALF LIS e e RS Ao OrRRRY T SRR sUBSHAERENLA BiS B HISAR6- Mence, a
subject compesitiRMbEEYEaRPHivMINl 38Ha k! Pr-RE61,25A596. BO% 85%. BOY4TEYS0vLVeN less

of biocompatible agents, e.q., including palymers and other materials and excipients described herein,
and still bg%{‘&)g@rﬁgpg??tﬁ’e% foglidlgc? ‘d‘é?éctlﬁ}ﬂl?érmﬁ?%? PRTDRIE b S ATRE SIS biocompatible,
it may be aggestagyféengonduct a toxicity analysis. Such assays are well known in the art. One

example an ass y.be perfgrmed with live carcinoma cells, such.as GT3TKB tumor cells,
S0 the (AIBIARb mann AR e B GrEUBEr T AP RO B4 HBE 408 BB Hhplete
degradatienhsnobseiyethbiliig 6DHEbivis ghwan speutralzseitywids d Mo Cin Aeuts200 chisstilderss of

various concentrations of the degraded.s le products are placed in 96-well tissue culture plates

and SeeaReETTTH TR GRS CHrel b LB Ay LBt Dy PR BBl sample

products #RDIASUBRiaDMWEtbthatTizaddagarlisddudd bouis: dddiraBudtsoafad3eVPfdteins, such as

2009/146%5%9PCT/UT2009/04}045. the assaPy ]magmge H%Imted ai % relative growth vs. concentration of
A Radfitish!

degraded BRHTPIY #F R SSTR SO Y §7LHC BETURFEIY ASERIANGISHERICRE T skt
invention prayealsambéiatatiaiéeliby ineldaetavannlitrattest Sosticimdesubautdardhs indlantations in

rats to confirm hat ey AAR8L SRS RSNt RS L i Lon,of Kt Hmation 8t he.de
Name, Chemical, Function, and Manufacturer; Michael and Irene Ash (Eds.); Gower
Publishing Ltd.; Aldershot, Hampshire, England, 1995.
[00159] “Compressed fluid” as used herein refers to a fluid of appreciable density (e.g.,
>(.2 g/cc) that is a gas at standard temperature and pressure. “Supercritical fluid", "near-
critical fluid", "near-supercritical fluid", "critical fluid", "densified fluid" or "densified gas" as
used herein refers to a compressed fluid under conditions wherein the temperature is at least
80% of the critical temperature of the fluid and the pressure is at least 50% of the critical
pressure of the fluid, and/or a density of +50% of the critical density of the fluid.
[00160] Examples of substances that demonstrate supercritical or near critical behavior
suitable for the present invention include, but are not limited to carbon dioxide, isobutylene,
ammonia, water, methanol, ethanol, ethane, propane, butane, pentane, dimethyl ether, xenon,
sulfur hexafluoride, halogenated and partially halogenated materials such as
chlorofluorocarbons, hydrochlorofluorocarbons, hydrofluorocarbons, perfluorocarbons (such
as perfluoromethane and perfuoropropane, chloroform, trichloro-fluoromethane, dichloro-
difluoromethane, dichloro-tetrafluoroethane) and mixtures thereof. Preferably, the
supercritical fluid is hexafluoropropane (FC-236EA), or 1,1,1,2,3,3-hexafluoropropane.
Preferably, the supercritical fluid is hexafluoropropane (FC-236EA), or 1,1,1,2,3,3-

hexafluoropropane for use in PLGA polymer coatings.
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5subcutaneous implantation sites. [001551The terms "bioabsorbable," "biodegradable,” "bioerodible,"
and "bioresorbable," are art-recognized synonyms. These terms are used herein interchangeably.

Bioabsorba¥Y® g8WA#ypically differ from non-bioabsorbable polymers irPhEU8%8H &+ may be
absorbed (e.g.; degraded) during use. In certain embodiments, such use involves in vivo use, such as

d
in vivo thel1nd in othQf CaHairseRFFRENTSICE iR s Rt BY i o b0l thgdindyaer
degradatigp ttfidattablslyembiadesradalilibhimiglves e degiadaiionaitaioapsorhablie pglymer into

its component subunits, or digestion, e.g., by a biochemical process, of the PBQIymer intg smaller,

non-poly i SaB RV IS B BSOS O BIOdE g HodBIH I A T RCERTHY BRI R diation,

dﬁgrc’gldatL@@l%{%?(mﬁ?ﬁm?@wa@r&hw&smm@%@Ms@hg@@aﬁgﬁ&ﬂﬁﬁ@@gmﬁlgagwfr both.
The bioabsorbabilty o lymer may bhe shown in-vitro as cribed herein or by metho nown to
one of skiﬁﬁﬂdbfﬁénﬁrﬁol\‘ia? E&%‘PB%EF’F&% BRolS R ATty B ¥ ﬁg‘ﬁléﬁ‘%@@ RERSRG U EIRRY bils or

other biolggih Mhatetals b skaephiaabs & pliedkOPEHiLis tengd drgiadaion HigestierdntThus,
resorbtion, resorption, absorption absorgtio erosion m?‘é/gso be used synonymausly with the terms

"bioabsorB8BIEibde A, M BRI AIHe™ RO BHSRiNEEIBS AR RS ML Brdelradation of a
bioagprqu@p?ypaﬁtﬁmgbl%mwp\ Gleh mdetﬁ&ﬁ%ﬁ@grhlhﬂaibe@km;@%ﬂlﬂa@b@gmﬁﬁj&miéym %@%Kg;]aland |
combinations thereof. S us erein, the term "biodegradation” encompasses both genera
types of bIBUGH AT A 4 HE RS rol (e E 0 B O A ol i pert o &
variety of fagigsslafieiLicingetha chesniitald deltity of dhadiokbodiresponsiblederiapydegsadation, the
molecular weight, crystallinity, biostability, and degree of cross-linking of.such polymer, the physical
Charmctor ST RS PSIBICS HLSTAHE0C oS A 85 TR st ation. For
example, theogigiatesihe nglechibdy mei ghlotine digite cdhdrdearedoafabny stallinvibyd ardfr theigesater the
biostabilitlé, the bhode%adation of.art?nFy bipabsorbable 6gg)lﬁmer IS usuall?yt[ilower.

0

[00157]" RS SOFHUAT A dHSERESHOT QoS P i P haraisYsrng I hRERTYLE 18FR whirbiicture
of the phatwaseditiadtageittptind e deiosite dluphdisy lbsttaten Soras fehpravigiadoiapsinad Conditions
of ex vivo stPra e, in.vivo pr ferv tion a\nd/or in vivlg. release. Such pptimal corégiti ns may include,
but arc noR SR LS AR AP T YRS BR e oo T SOt R BEPLEA 00D 87341045
stability, gaddithidnodpadibiljiy;-ganch bfbdt ail apihitycorphogdifickh kale agenmptescakypicalbxkifierithe present
invention, the, desired marphaolo f a pharmaceutical agent would be crystalline or semi-crystalline or
M s W A B e B R e e

nature of REJthamiaceaticabagen hrive disedsabotherteraneelficvemtddn the éntplaged stoliage
conditions for the substratglrﬁri%to use ar the location witkﬂ)in tlae body o(fi?%)é biqmedical implant.
Preferabl;?lgﬁre%%tpfag/?fsz o,0 S/OG,XEB%,G %6‘%1,1 %85%,0 %%,% 00,}8 b6 or %y o?%éspharmaceutical
agent is ireonyistadinansdra-exystpling ford 3 {004 A8 BiStabjimingsagarityad isthd hiaretimpefers to any
substance_that maintains or enhances the stability of the biological agent. Ideally these stabilizing
agents ar®'Q8eSified as Generally Regarded As Safe (GRAS) materials by the US Food and Drug
Administrf@iehe2fDA). Evdmplesacistatuilizimgtagenishodiedie, btdnaperatntdiatited {G ghaster proteins,
such as al[buminélgglatin rpetals or inoragani?L §ﬁlts. Phaﬁ%‘&ﬁ%&%‘% acce table exgi \;ent tﬁgstemay be

present can frthar %%Rgtlﬁlnu ?hothgl}g?evgms ftera ur%a’t or exampFe i the TRAADOGK of Phdiiaceutical

Additives:tansitimr netipoeit Geyj diectodliand ram 60600 FPiioduetstin! Tracetsanbil€vemibah faumction,
and Manufactyrfs MSHRRL SRR SR e ROpeh P Bt R RIS,
’ when.an amorphous material is maintained at a temperature below its glass transition
temperature, its molecules are substantially immobilized and thus less prone to reactions.
Likewise, when a crystalline material is maintained at a temperature below its phase transition
temperature, its molecules are substantially immobilized and thus less prone to reactions.
Accordingly, processing drug components at mild conditions, such as the deposition and
sintering conditions described herein, minimizes cross-reactions and degradation of the drug
component. One type of reaction that is minimized by the processes of the invention relates

to the ability to avoid conventional solvents which in turn minimizes -oxidation of drug,

whether in amorphous, semi-crystalline, or crystalline form, by reducing exposure thereof to
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[00159]"Compressed fluid" as used herein refers to a fluid of appreciable density (e.g., >0.2 g/cc) that
is a gas at standard temperature and pressure. "Supercritical fluid", "near-critical fluid",
"near-superBieHUER critical fluid", "densified fluid" or "densified gas" a¥GSaBHEPdIMPdfers to a
compressed fluid under conditions wherein the temperature is at least 80% of the critical temperature
of the fluid"SHEHETESSIRESUY REASHERYE BIAE LhtRAPBRISSS B YPTHE AR SR EHieRsity of
+50% of thedcsitier] desivmehtbs fluid. [00160]Examples of substances that demonstrate supercritical
or near critical behavior suitable for the present inventjgon include, byt are not limited to carbon dioxide,
isobutylen@Vfithonia, witBH FERARYICH FRRETCEHTEhC BEPen T bl Potahactifethyl ether,
xenon, suffiiionexatydigdehrleeengiel @b partialrhaiogenaied wmateipls supbrastical fluid,

chlorofluoro arbonés, hydrochlorofluorocarbons, hydrofluorocarbons, perfluorocarbons (such as
perfluororR{RMSE B¥ EBIHEIVIIIBPARE LFIARBRSHA, RERIGYS SHB IR S AicHIBRSBI S omethane,
dichloro-tegadiioiacthanepanckpixiies thieseapcriiefReblyi dRelsHpe tarbieat HWiRldE opening,
hexafluoropropane (FC-236EA), or 1,1,1,2 3,3-hexafluoropropane. Preferably, the supercritical fluid is
hexafluord’b‘?gﬁtﬁﬁé“(‘?—r&pi%ﬁ%i,e8’fef§f,f %f%‘z}hé%lfﬁf&%ﬁrﬁﬁ%‘?f&%? ﬁ%%aﬁﬂybﬁ% eﬁ%’s‘/ﬁ‘?@‘rgcoatings.
WO 2009£:46200RReTHUSRR%Y @4d Q4SOOI yhiternic s usrdhinsephérieriio therpbocss by
which parts of the palymer or the entire pqlymer becomes continuous (e.qg., formation of a continuous
Polymer IR TR L BB HE Lt DR R BRI et o &R Biformal
continuoushpalyere (@boplitxgiateringkor 4eprotuiienicgiaiha hapropiascafsantmpdoizedaating while
producing voids (discontinuities) in the pol r. As well, the sintering process is cantrolled such that
Come phodE ol S BB B T8 DS ol STEHIR B ERETTST: polymers
A and B) afifedfo prodtRellpbagesepambperbeiweevdisapaie holyimeppariclesitithfough the
sintering process, the adhesions properties of the coating are improved to reduce flaking of
detachme N ST ASSTg e LSt e HEIRG TR RGN 5 03 AL B Betow, in some
embodimertsnphe sidiiesiog, Brocets ¢éss;ontiioltad ioypthickie:iscam pletepsiitomnapriking. polymer. In
embodim jnvolving jncomplete sintering, a polymer is fgrmed with continuous domains, and voids,
psagely ) L Rt S T A Sl i st Rt e
which is ramsmidimdﬁemnttbﬂedltmﬁd'ttioﬁm@@pqnﬂinglmadlperﬁatwapﬂﬂla@_m&methﬁhhasize _o_f
polymer parlicles,andior siher polymenpronerties, acompressed dag a densified gas, apegr critcal
fluid or a super-cnﬁca ¥ite mgy Be emp?oyea. e xampfe, Carbon dloXide i used 6 treat'a
substrate thatiloaschesntebhtechwitpacpolyimgraanda it g)sihdehlng qubiy dethand fRiES 6f ebectrostatic
coating processes. In another example, isobutylene is employed in the sinteri rqcess, In other
xamples BRI IOR SR TG A5 MORETGNE B THOAH GG ey the
1,1,2,3,3-hestafleonapsppetbrisignghlo gest dudmecdinteriighprogasse 12046 2hw tensarfamofphous
material is heated t&%@%&%&%‘“é%c bé)s‘{e?tﬂésa%%%& fransition. lemporalure, or when a %%Sta"'“e. _
material i$ heated toa emperature above a phase ransﬁlonat%mpera Ure, the nicrecales comprising
the materigdrairdesare gnabitbpwticlibsturte oreany ¢halvbyraregtiorsuvbstivecand thosnaiopstirone to
reactions syoh s Qxidation, Hpwever, whan a0 amarphous material ismalniained atg (amperature
below its Sﬁiss transition %n%per ure, its mo scliedafe u%s%a%%laYly imimobitized ard tHUS less prone
to reactionsbititatvisen whigosidedrysteriita (mateaaitiscnchimpained it soteenpecauedslovhith phase
transition tempeyature, its molecules are sphstantiglly i ilized and thus less prone to reactions.
Accordimg ey S B S B SR A RS0 fon and simering
conditiond ¥Eribed hetbinmmatinimides:Crosssed dcticns refttsdedrac atiorwof tirgadalg, compaurelst. One

type of re%%:ti(l)lg Eggéeig tﬂ%q: irpei%e(ijfg%nqwe progesses o{ishgriné%gtigt rrelates to the ability to avoid
conventional Solvents which in turn miimizes -oxidation or dru , Whether in amorphous,
semi-cryst@llile Jor crystahiye Tesmsdlyhaducintexposmacdhareofdor@t Wiace or forming an
2009/146209RPCT /041045 free radicals, residual solvents, protic material lay-protic
aterials O3 e Rt S RS AR
Solutions'hot¢ e $8tnasnadertherairbinvotvesithev dis switetioh oda podgheetipto Lootaprbsbeetfiuid,
wpically & suRAeiteal fich RloYEd by RpId XRATS RN i B EhARREL A BNELRIESSHIR Pypicaly
near atmospheric conditions. The rapid expansion of the supercritical fluid solution through a small
opening, With dsmpboRpanyinpedecseas imydasingp lechdces daetidigsglutideriespieity tefothay fisid and
resylts_in &QHthS%VoOsE gﬁ)qu%ﬂyrt? ggc%o%ﬂggr part!c[es. Th(_—:- atm.osphere of the chgmber is
maintained In an electrically neutral state by maintaining an isolating "cloud" of gas in the chamber.
Carbon dioxide, nitrogen, argon, helium, or other appropriate gas is employed to prevent electrical
charge is transferred from the substrate to the surrounding environment



[00164]"Bulk properties" properties of a coating including a pharmaceutical or a biological agent that
can be enhanced through the methods of the invention include for example: adhesion, smoothness,
conformalith994d462%nd compositional mixing. [00165]"ElectrostaticallyRQEHIGRA M8 Sctrical
potential” or "electrostatic capture” as used herein refers to the caollection of the spray-produced

particles UBBHOSlsubstratdhiffaleners ddifed di wderpdtitknsstendatnssHeSbpPa et particles. Thus,

the substrgsgtisy abdaitiReiive aleatame aatent daiibrasreshiete RAIGeshaxXikRG:amMhigh results in
the capture of the particles upon the substrate. i.e. the substrate and particles arc oppositely charged,

and the pAMRIBESHARY L LG ANRS o XLEHA! NERRGHF YRR L SPIERE TERLRT SRre-thEsS¥face of the
substrate g @ipieneganviarelesirassatie atjaction. ckhisgramhecashigyes b chakgingtheoparicles and
grounding. the substrate or conversely charging the substrate and grounding the particles, by charging
the particl&sgﬂ‘b%%%%@nﬁgﬁf Qé?’d%%é%% %HQ?GB?%H&%E&%H@%H@@B Strat@t AR OPbshed
potential (egep@Sitig ahasganOpblysereyethehieroceikposiriehasadlthBaepricemdsageasdy one of

skill in the art of electrostatic capture. [00166]"Infimate mixture" as used herein, refers to two or more
materials, BB OIS, B hetHEES ﬁ?a’f‘%?ﬁ%ﬁi%ﬁﬁﬁﬁh%fﬁ%‘iﬁé%“ WS YOSERY:

[00167]-LayaeriasfusadHareioneipisieal iatetiay aavedogtasuitacapsriormiig te overlying part or
segment. Two different layers may have overlgpping portions whereby material from one layer may be
o contac TSR I AN I BENET A AIGHaNCor ST BROER 65En e
measurechiyy detendihiog ¢h distantie: heterderpéheovaleikidlsy bhnexasapie Ragnnspesitascopy may
be employed inéj??ntifyé%%mater'als from two layers present in close proximity to each other. WO
2009/146 FFBETITELDGIIGE S 881 While layers defined by uniform thickness and/or regular
shape are{epré@mplated: keoaid, ineveral konkeditianiodascibad:-belowtdeidtdm ek haying varying
thickness and/or irregular shape. Material of one layer may extend into the space largely occupied by
material o SNCHEPIS) 4P 0% SRR SLOLIR FAGHE (1748 1oy RIS B 11 SA IS s  fire
polymer lgygy,; a pinamaacetitidalgggentyaykbparid asecpodipo yires fayess matacalskainy thepdecond
polymer Ilgyer which js deposited last in this sequence may extend into the space largely pccupied by
material oRHTRGRA A ACHLHI BeiRe oy e L LR RSt o S BSRRBIHREY F5br may have
contact wittteaie fiahnirdra gherplhacsmaetagical layer. lh isoalsembotemplaiedltyat magdrsad fforedthe

second polymer layer extend through the entire. layer lar e'.occu ied by.pharmaceutjcal agent
and conta DR R B AP e O LT O o I L P L

between ragieri@hnti@nitivdogacodndanoly niers eyt o] tived fitst podyinmsrctayey) andanatetal from the

pharmaceutical agent layer (e.g.; a pharmaceytical agent r%al article or a portion thereof) does not
il i S RS s B el el B e P e A

and matgbaliﬁtemmeqolﬁmmmmlﬁphy@ggnqdmymtdm%m amhﬁmm,ymlﬁ)leymay&be defined by
the prySieal e (ITSTFianel shece aqeuniod Pronteling partdes ol 3 rhRmAcecd csr

(and/or bid 6g|ca con mep a suc er may Or may no continuous a
phhysical gpacooctpieddnntcentydtag partigies SipHarinaoeadicataigents mayteahoteyepted, for
example, olymer material from jacent palymer Jayer. An adjacent, pglymer layer may be a
yer that R o st D R A SR S RPN ST e
layer. Simalzaiy partiatiiseenddayeitanay foenthtbdpparfacaaitin agprotess. step right before or right after
the proce in Whi‘%} harmaceutical agent. particles.are deposited to form the pharmaceutical
agent 1ay Q0 D701 As S Le e Al Je e R S I reim are
advantageotisdvatitagtbes phanat dloe phieah ageticad axsints tangely lairgriysta binsthbime donnguhegentire
process. While the palymer ric# s and the pharmaceutical agent particles may be. in contact, the
yer form R B S B e B e P TR e
particles thecpolyotahpasictdsrduting fonvatios wherclheded devit éorftdbnidflaamirtate bouatoeg” as
used herej refers (o %&8%5%% ’%;géjr%c?@s%é"" QIorAre{RYar3at malenalMeans fon qua%tv'? a
laminate coating as describe hebein e.g.; alaminat coating con%pnsmg loabsorbable polymer(s)
and pharn@tElitical agehgmmzatdrokide Coatinedthersiemefwisiaauapztng pulgmer af tdeseritvedcherein
o R A e AR S AR P UGl TR RIRC R A PSR iR e D RIS A
sequential coating steps (wit

coating comprising bioabsorbable polymer(s) and pharmaceutical agent) may include coating

the stent with drug and polymer as described herein (e-RESS, e-DPC, compressed-gas

sintering). The process comprises performing multiple and sequential coating steps (with
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38 WO 2009/146209PCT/US2009/041045 sintering steps for polymer materials) wherein different
materials may be deposited in each step, thus creating a laminated structure with a multitude of layers
(at least 2 124t e4e98g polymer layers and pharmaceutical agent layerdt 8HA%HEH Al device
(e.g.; laminate coated stent). [001721The coating methods provided herein may be calibrated to

provide a UBLHH SRS IHPRIMFMAISER B et & phadisei ) bodshasdpd dneach the

abluminalssepsfaees ekéhenstanitaxtecwssuracevatithensientds aregias hanibecameuw)tinéluding
pharmaceutical aﬂent and amount of polymer deposited on the lyminal surface of the stent (interior

surface offHETBEERY CFhErLRIHIMG CYHARBLASTRIN S IRebUEGitaR Y BRSLIaS oGBS SRYiTh of the

drug towaggdine vessel wall (luminal surface of the stent) where the therapeutic effect of antirestenosis

is desired, without providing the same antiproliferative drug(s) on the abluminal surface, where they
may retar&"ﬂigzhg, szﬁqmaw%%ﬁ@ﬁ@wa %LhﬁTEHhE@%PFa?Q-%é%déﬁf@i?ﬁb‘?BBléPﬁE%th current
DESs. [00iZ3}#Aswsil thaiveibedpsesriaad pereinqiadeaadedgsovwharginibettoaiing on the
stent is biased in fayor of increased coating at the ends of the stmt. For example, a stent having three
portions awﬁfg%gﬁg}?gﬂ%tf e&%m@?@s %?éE%ﬁISPBdﬁ%ﬁaﬁ%‘tL%a WW%@OBB SmaFTHiGhave
end portiongeoatedmiiminsTpasec-amposie Obp hiss Macautioaifagest hbdtonnolysior sorfiealed to the
central portion. [001,74]The present jnvention provides numerous advantages. The jnventiqn is
vantag S et TN PS4 06 GRS RRE S BAYGTEHGN FEa0Y Bised on
compresséshfl widvteghholagies welk clipsiadic aefberef andssinteringrngih aasagdiel p et fasults in

drug eluting stents haying enhanced therapeutjc and mechanical properties, The inventian i
partioulary SGUANA ALy LR LRSI DB SHRAYEE RS O ARk AB By T BAHElar, the
present inyefiten alowsthe fayiatio infdiscr eteitdyars: of Spesific didg poifosms. Adardieated above,

the shape o%a discrete layer of crys leE%articles may be irregular, including interruptions of said layer
by materidf* ?%P&%b(f r‘éﬁéﬁﬁg@ﬁﬁ %‘yer) positioned in space between crystalline particles of

pharmace@#daBagent. [A0 W] Ghavenhiohadl pratiesseeréon ppraid coaling stehtsciaqhiereddtaigdoug and
polymer be dissolved.in solvent or mutual sojvent.befgre spray cpating can occur. The platform
brovided HESITS AHIGE Hhir Gt LCARUBTDA the SHEe h Sk AT b which
can be cahdethgisinpoitaoeoishycahaliarghieithERisml(ows disaretd papositianieiitbe aativadtgent
(e.g., adrug within a ol\/hmer he??bx aIIovtvig%vtl&le.Rlacem(Fnt of ngore%t an one drug on single
medical dBVIC& With & Witiout @i in er%ﬂ?neg pollyrﬁecrr gys/%r.algboruélx%l?n e gcﬁlrlelscéln%%ﬁg form
provides autliat golgnedutiogysint téWhe 200841 4620HPCT/US2009/041045 [001761Some of the

advantag rovided b éhe subject invention include employing compressed fluids.(e.g., supercritical
s, for LU e &R E e FH A b PG S S O SE By  bisorm th
allows pracbssing@uloinehieimpératufos dnptebin p reslariong thendiratitids et tloeradive ragdiotiand the
polymer; the apility to incorporate,twq, three or more drygs while minimizin dele% rigus.effects from
et e Ao R e e R o
storage ofpthfwmigesiuting dteptsus mrpiae dsitimg; ahhacskthadbhedionah chackehanigabpeoperties of
the layersgn the stent framework; precision deposition and rapid batch processing; and ability to form
intricate Sh LU L O A S A AL P L e oL SO A AT At A elvery
platform whibhqlogsudepstrontyrrdsiligrtandfiexiiode diog e thtifgrstents intluslingedayantiodstenosis
drug (e.g., alimus or ta éz?and ti-thrombpsis drug (e.q.. heparin or.an analqg thereo d well
character B D B B o e S e D S B AR o
thrombosisyan art;cgylreducindiog iotatty@ionnetismgdhrpen by gexticripbiyone mmethdrriagiacing or totally
e"mmatln9p5§§hqgra+aglre¥98&sr}atoggy %(Ijl Is%@c%'%@%é'@@érystalline particles of pharmaceutical agent.

[00175] Conventional processes for spray coating stents require that drug and polymer

be dissolved in solvent or mutual solvent before spray coating can occur. The platform

provided herein the drugs and polymers are coated on the stent framework in discrete steps,

which can be carried out simultaneously or alternately. This allows discrete deposition of the

active agent (e.g., a drug) within a polymer thereby allowing the placement of more than one

drug on a single medical device with or without an intervening polymer layer. For example,

the present platform provides a dual drug eluting stent.
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[001781The platform provides optimized delivery of multiple drug therapies for example for early stage
treatment (restenosis) and late-stage (thrombosis). [00179]The platform also provides an adherent
coating whiCHQH¥B{ESH¥cess through tortuous lesions without the risk of tHE ARG BEIGS

compromised. [001801Another. advantage of the present platform is the ability to provide highly
desirable EIfin® profileSO[Bo 25 HAAMAH %HP%HQ%P@&%8ﬁﬁh@ﬁd&‘iﬁ&lﬁﬁim{ﬂﬂﬁi?é’é‘%@?y&g

completelyglippiaie potentady thperohagenitRressaasWall REPO Sl residas).disigsihat may
inhibit Ior;%term healing. As well, the invention Provides advantageous stents having optimized

strength anheFrESMSHIRTMES ARSI H I AL WE MEAESHS RS HRY B B A T HGEEY or
completelyelispinaiancSjaminalionhaminatesayatsné pinghserbabieinehmeicaieueenyolled

elution of gne or more drugs. [001821The platform provided herein reduces or completely eliminates
shortcomiﬁﬁ%gf H&ve %@8&‘5&@8&‘&%’\%}&& 8?‘?%?&&%‘%% r8thfhb¢%‘tﬁHf§¥af§8P’é§< PR

platform prenisiedingrein @b weiosmipethbaltemy o g-0tihe e iad &f Jiorestos thieagtive agaat to elute
and the period of time necessary for the palymer to resorgth.er by minimiziP%é rombosis and other

deleterio St RSLGRASIEORTBORSTY CONFONR TR FERBMEA PIRRSTHes of the Jayers on the

2009/146209Pafld%30 PRékusbd&idtabhlierl pipRERAtitvpriiers g videsisitvetal faehvidntagas which
overcome or attenuate the limitations of current technology for bioabsorbable stents. Fro example, an
inherent IiHitSHES of conventional bioabsorbable polymeric materials relates to the difficulty in forming

to a strongodiexiple, deformahient@dimbat]abe srepioyabie)tiieproviticlonnprbfi@ughielpaiymers
itaton ) CFBAH- B TERTHEL WP dho T hBLCE ) Bty HEME Skt OTHGLE G to e
bound by asyesggciditgtheary @_tiﬁmlalog;axﬂslg andreaseltsiibogthdpigVied hypihia _staﬂaﬁl&ge invention
cn e U SIS e S s Wl LAt e prood.
including tivecibitiiiy o iavexaomialthie ihherotsldstieity, of mdscpy)ynenalll Sigenaiady difficult to
o e R B R BRI, o
py any th&&ﬂ}ﬁﬂ@_e Cer[tral .me_tal stent framework (that would be toq small and Wegk to selrve as a stent
s volhc s e aResi RS se bml gspagn desle
stent witheample for early stage treatment (restenosis) and late-stage (thrombosis).

[00179] The platform also provides an adherent coating which enables access through

tortuous lesions without the risk of the coating being compromised.

[00180] Another advantage of the present platform is the ability to provide highly

desirable eluting profiles.

[00181] Advantages of the invention include the ability to reduce or completely

eliminate potentially thrombogenic polymers as well as possibly residual drugs that may

inhibit long term healing. As well, the invention provides advantageous stents having

optimized strength and resilience if coatings which in turn allows access to complex lesions

and reduces or completely eliminates delamination. Laminated layers of bioabsorbable

polymers allow controlled elution of one or more drugs.

[00182] The platform provided herein reduces or completely eliminates shortcoming

that have been associated with conventional drug eluting stents. For example, the platform

provided herein allows for much better tuning of the period of time for the active agent to

clute and the period of time necessary for the polymer to resorb thereby minimizing

thrombosis and other deleterious effects associate with poorly controlled drug release.

40



controlled (dialed-in) drug-elution profile. Via the ability to have different materials in each layer of the
laminate structure and the ability to control the location of drug(s) independently in these layers, the

method enaBiRSYW ¥t that could release drugs at very specific elution proffeE Vs8¢ atited
sequential and/or paralle| elution profiles, Also, the present invention allows controlled elution of one

drug withd 8P L¥cting tHE RIFSHIbIY SUEIhBIAVIRS Y oF Vi Rhaaises dihich QUrFRoTLe).

[00186]Pravidastb aieimistaiday secoaRRrisiig Aosie i dishBsprplisehlay &% habhipren s laminate
coating on said stem; wherein at least one of said I%yéers comprises a bipabsorbable polymer and at

least one BRSETAULTERRIIEASBEHHE! RiB?RsIERRR RN RCHRAL Al EREs (B IRSHTOHHE active

?gent ishirirpfyﬁiﬁﬂilgwa)f@mﬂo{l@(,)ﬂlgﬂlﬁé@u&gﬂﬂmei(bgg Mﬂﬁ%ﬁ&@mpﬁﬁiﬁﬁﬁfé&}%ﬂl%\d profueality of
ayerst at form aminate c atlng on sal stem; wherein at least one of sal ayers comprises a
bioabsorbah?evagwrérgsﬁa%ela&k SesEragin ?é@é@@&ﬁ%ff&%&%fﬁﬁfﬁ%%%m@éﬁay@efﬁ%%bted

from rapagixeiidnge P taele It sestuabiy erautignalaeniaany ciiateu e sieksanstial Bafidiyeieat; sinerein at
least a portion of the pharmaceutical agent is in ¢rystalline form. [001881In some embodiments, the
device had AU RSt BB AR REUL T A RIS iS e Y PR ERRIH A Blical space

occupied pyoetystabparéictestobseid dlciiich200Yd 4628936 d By S3RPA 041045 phamaceutical agent
and said three dimensjonal ptgsiqc]tlal gﬁac is frge of polymer. Tn some embodiments, at least some of
the crystaP PAFARLESHRGH REES it ENRithest Shy9edt space defining said at least one pharmaceutical

agent laygoerg4n contaghbibipelyef thariciasipreseoliing paymactdiiersasafaniciosaid at least
one pharmceutjcal agent layer defined by said three-dimensional space free of polymer. [001891Tn
omb e BT RS Ao ST b e TRE RS o B ST SERaier
bioabsorbrltg:padyiiierdiffit@liseasidipaliipe riay 6. conodsing plsetodseidaiaatisnibaspelymer,
wherein said at least one layer comprising, said. pharmaceutical agent is between said first polymer
fayer an CABRSERE DO ELR T SOURE AU RA A FoPh SUOh AR R Bhtymers
arc the sasheppnlyinain)wihme eivbiodinartsotine bsstanthsesoritt kiaabs enboalla o liramss arc
different. In,some embodiments, the second polymer layer. has.at least one contact.paint with at least
o partictl b7 S Do RATa A A hSGind BN AL LT SEh T ST SIS Ebi polymer
layer has plalersidofiernabliastcpoibisidtil gaictfusinpatyumer dseic (RE186]10stmecyminadiments, the
stent has longitudinal axis; and said second polymer.layer ha econd polymer layer portion
2long said LR ongru R h T P SRS G SR S 1o To AN BAPILE Bt sae
pharmaceedited l&glftialadsoméregadadimenidi| theVie vieenbidsyatol dast diféephranmacesitidaleagent layer

defined by a three-dimensional physical spac cupied tal particles of said pharmaceutical
Ceont amd B T e S e RS o e
may haveia flyser ppstiothd eficthd bdnnbyl es lo sgitt dinat @xis refdine dtaps, aidrpshatiéiclalygioportion

having a thickness less than seld maxmum iickngss, of said segond palymer layer; wherein said
portion Is Pree OfS’C%nl%.C{IlV{IIIJt% pa ICR:.‘S (0] SaICf Bﬁarmaceu IC agenst. ’ p
allows controlled elution of one drug without affecting the elution of a second drug (or
different doses of the same drug).
[00186] Provided herein is a device comprising a stent; and a plurality of layers that
form a laminate coating on said stent; wherein at least one of said layers comprises a
bioabsorbable polymer and at least one of said layers comprises one or more active agents;
wherein at least a portion of the active agent is in crystalline form.
[00187] Provided herein is a device comprising a stent; and a plurality of layers that
form a laminate coating on said stent; wherein at least one of said layers comprises a
bioabsorbable polymer and at least one of said layers comprises a pharmaceutical agent
selected from rapamycin, a prodrug, a derivative, an analog, a hydrate, an ester, and a salt
thereof; wherein at least a portion of the pharmaceutical agent is in crystalline form.
[00188] In some embodiments, the device has at least one pharmaceutical agent layer

defined by a three-dimensional physical space occupied by crystal particles of said
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[001921The polymer layer portion may be a sub layer which, at least in part, extends along the
abluminal surface of the stent along the longitudinal axis of the stent (where the longitudinal axis of the
stent is the YEAFY4L4&20T the stent along its tubular length). For example, @B ZB&AYHS removed
from the abluminal surface of the stent, such as when the stent is cut along its length, flattened, and

the coatinB e PEASVER B S ARy Esa iy BHAGHRPY sLeal Bk AiE S W tRe b S A SBMEhe

coating thahisotBmave th(despiiehaving ScppitarpeanisisieRhvithriie SRt PalesRy a8 ggayer that can
be shown to have the characteristics described herein. This may be shown by samplirr19 multiple
1

locations Gt glHisA5 S 7e PRESEBREISDRASRN CHNFE ¥Sdfgniggith polymer particles

2009/146208R%: TS0 44245 (RREASIALEI@tIelY oab ploraddititnallyesingp:stRifisedrsygenerally
comprised qof ahseries of struts and v?ids,. Thg{methods provided herien advantageouly allow for
coatings S4drBAG SrBEMICEELPAUIT I RISDSE coating arc likewise disposed around each strut.

Thus, a poiwTsy]layer periemdabbeimeaye et btledshyerdestpasesndisashisind sagistance
from said strut (although the distance may vary where the ¢oating thjckness on the abluminal surface
is different AN RS OHTMG (HERAHCEE S RONEMERARLT AFCHBY 8 mﬂ%y%e%@fﬂﬁ@%ﬁ@% odiments,
the stent ¢osapsisdatat lesshanevaiadtinavidg el sisublengitalong Ssitesisidt jangiainat Adgenwherein
said second layer portion extends substantially alJong said strut length. Tn some emhodimenis, the
Stont s & BRI G LB BRI O UM AR A L SRy o DT B
substantialhd alaog & bidabienbidngpal yaQ1O sl isosame putpdine nisoie stebidiompsisas Atdeast five
struts, each strut hgving a strut |length along said stem longitudinal axis, wherein said second layer
ortion ex{BHGESULTHA A g LA S o i SR SO G D ST
embodimenis; tHag stenisconeuiss:apdeast fttieastedts oaagarsitly disaiigphasthatiength alomgisaid stent
longitudinal .gxis, wherein said second layer portion extends substantially along substantially the strut
length of A 14 RLP A LA SHNET AR TEr L0 e s Q¥ Rl e FRRAH BRI S ach strut
having a stiti kaigtiralpolysaidstent longitudinal axis, wherein said second layer portion extends
substantig| g substantially the strut length of least four struts..In some embogdiments, the stent
comprised I TAOE? ve 1 AR RHTIREITG S SbrhOIH BB A S G AR AAF 200,
wherein spidysecolagdaley pectionigxibmas sulkstpotiniyaddonsddBstantmyttiknatruhiengiihaid all said
at least five strlét§. In some em odiments, trt1e s{ent has a sftentdleﬂ th alor)[% aid ste IonI%itudinaI
axis and Sid Second PaoyelPIf)(l)sr ion extendy subs gﬁﬁ%ﬁﬁe/sa?orslals |0“gsrf1earc1 ]llena ﬁ.gﬁ%‘l ﬁon Some

embodimenibothe aientitase siehaden dgthsatorgpbarchstenti bahggitrdiRglcaxisand saidthesond layer
portion exctl?rﬁds alon]g

ens ﬁt ls?g tSSOé% ooc]:c%ailgcf Bené Iesrggthal ?gsr% s%nab%%irm?lgt%’tith?as tg nttarrll%s a stent
length along SaidCStert %ngl udinal Bxisraha SaiPSecan ayer porho?‘u EXTENGS aiong at 183st 75% of

said stentdedgtirednisoonei@mbpldyrieritsydbeisteat bfsadystent length along said stem longitudinal axis

and said layer pgrtion extends along at least 85% of said stent length, In some embodiments,
tho stont N0 hern en g S DR CE A T Bl hrCih SERBRR 4088 Porton extonds
along at |dasg@¥ndf sasbthatstengtaidrpshmerdaysodomantatnesiahidkassa kternthlengttd along said

stent longitudinal axis and saig second layer.portign extends along at least 99% of said, stent.Jength.
WO 2000 HASI08R LS R DDA 08 A b hrth e e e Bt R 3 o
thickness prtd dedd Sendndhpolymeatitayeggdrtion has a thickness of from about 0.01% to about 10% of
the total tlra'hcdgbezjs of saiql[camin%;[gr?oaetrin .rgl% some t?embs% iﬁgegrts ﬁp%lgmie%a{?ncoﬁin tgaa a total
thickness ‘and sdid horizontal econg}f)olggr)ner?aye?'por 0N had 2 thickréss of from about 195 to about
5% of the dlotiag thickblessiod] saidderminitite testrign frlsolmegembodimentd, thesstamiivdtere diating has a
total thickness,of, from about .5 p &0 qut 50 pm and-said horizontal second pol r Jayer portion
s a tich R oS B e B B e L coating
has a totatthiokive sehoh frmonahg it tnfineddmbothtc2d lumiaadsssitt s of dtinclspoiymehlayevheortien has a
thickness gf 1am.8PAW Q- R BIDR ARGAR, P IROIRHIL TOME, STURAY SR BBNRALS foating s
at least 25% by volume

using a scalpel, knife or other sharp tool, the coating that is removed (despite having a pattern

consistent with the stent pattern) has a layer that can be shown to have the characteristics

described herein. This may be shown by sampling multiple locations of the coating that is

representative of the entire coating.
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pharmaceutical agentin some embodiments, the laminate coating is at least 35% by volume
pharmaceutical agent. In some embodiments, the laminate coating is about 50% by volume
pharmaceut¥9128¥1#6369199]In some embodiments, at least a portion of tRE BRIl agent is
presentin 1zi]l?ghase separate from one or more phases formed by said polymer. [00200]In some

embodiméPdHe pharMHieiHEahagam{as Adtio0REyo SRR SHaHR & FrssRiHa B BRIREhe dhe

pharmaceyits| Faenikisand Raas,’ SPhcrivstalinprdvigedeamhrimenisotieanbarpacsktisad agent is
at least 90% cr%stalline. In some embodiments, the pharmaceutical agent is at least 95% crystalline. In

some emBSSHAIMs 2R IeARh SEEh ARSI REER P LA IBZATO 905 BiyS ditRRs oY PioshAarhStHE
embodimeniss, thpsighthiaga péefblongitidinakjengthicndinagoatingRasasoatisigsauter surface
along said stent longitudinal length, wherein said said coating comprises pharmaceutical agent in
crystau|inedf6‘ﬁﬂ°5r§§aﬁi¢rﬁ81&§aﬁm%if%sv SIRPED MG I AT AL SR Y BB AfBSts, the

stent has gbsiiiihioRgHueinagldEngthahantfie: coating askacsoatingeautenal HiatoralrRg shigl stent
IongitudinaM ngth, wherein said said coating comprises pharmaceutical agen in crystalline form
it Ao d b

present inl & ¥Hating Ul (RSB BHEGG I SR CUBRASS GlePathiPae e Hi SAHRL &fbBhiments, the
stent has ristentlengkaidis@hleogitadid dhex Boatingchasasd ceading leyde potibacex aladg said stent
longitudinal length, wherein sajd said cogting comprises pharmageutical agent in crystalline form
orosent in-Hl EUAHAG U b CAER ST Bl S R P EaHAb G030 L GO fone
embodimenid steet tagtingl@xhibits anl Xaiaypadiruyer geenong the (v eabsaat i Isaitbphasidacsaitical
agentin C@/St lline form. In some embodiments, the coating exhibits a Raman spectrum showing the

presence of 8dld pharmaceutical agent in crystalline form. In some embodiments, the coating exhibits
a Differenf{® 196anning malemmetity(Dnehtd4h¥\Ri Q0 pAR0AREG I BG2008404ddM&aurve showing

the presence.of said pharmaceutical.agent in crystalline form. The device of Claims 36-38, wherein
said coaringr SRpbNC e RARES S N SN AR Sy B BT SRR RBCL Y B 295D of saic
pharmacetticad agentintiygtalhine sospmntiatignie emhdehgranifatheaaatngraxibitsomwide angle
radiation scatt)t%{in% sge%rum ihowinr? the gqresenpce of sai%Ié) aEm?rcheutical a e?l in [}ys&ltalline form.
In some eMbOGIHERE, Hie COATRG RUFTBRS ATt RES RSPl i BRdW ﬁrégé és&lce of said
pharmacesai¢ ateag dniginetiysiadhine fdreacif08R03Peoad g e minodimsnéadihwisientihds asignt
longitudinal axis a stent Jlength alpng said stent longitudinal axi herein said coating is
contormat i e LN o B ) Sl e o, oA B Do ents. the stent
has a sterblapgiedinddaxis andrat stemthangthh alangassaidtdtent horgity daidisaexis]onprudinadaxioating
IS conformallltg }hea?(tient al%g[ atr Iea&} 75%‘[01{ dsaidgs%eﬂ\tt Iﬁn%t]h.nln spme Emb%ﬂimﬁﬂﬁ ItlhﬁlStF”t has a
stent IongWuglrelaﬂ axis Bna < %tﬁ’gng?ﬁ %)foeng RO RSN &'ngl Udina Saxis, efein salg c%at?ng is

conformalltestifestsmtialohgsahle asit@hlimofitsaiticsteat engipridossoieese ixodintentschiserstent has a

stent longjtudinal axis stent length alqng s%i .st?ntlon itudinal axis, wherein said.coating is
[I][ @b%t/g%tf ga S 1ngl axis crcin Sal

nd
conformalto the as%lﬁltt Z?Bﬁg a9east ent length. In some embodimt r?fsl?? &8tent has a
stent longitxidintsl sanbistancl ldy stemizl snigttazioHy theidtistelenigthgifudinaldatiscavhBveistisasd bosting is

conformal to t&% ste%,a%g)n at[ Ilcleast 950/%) éo(ll;l Sﬁlll% stent Ie(ﬂgth. l[n e} ;‘i]g e bOd'r?lﬁrétasidtsh% Os&ant has a

stent Iongletrlrjlglna 5xisand aeéltenatslélﬁgtﬁﬁ g s%\?&%t%h oenngtiloj ' g}(ellsf% &rein said coa ing is

conformallgchpostent aitung satuesist @8 % dbsgishsiemelrgtith.
[00196] In some embodiments, the stent has a stent length along said stent longitudinal
axis and said second layer portion extends along at least 50% of said stent length. In some
embodiments, the stent has a stent length along said stent longitudinal axis and said second
layer portion extends along at least 75% of said stent length. In some embodiments, the stent
has a stent length along said stent longitudinal axis and said second layer portion extends
along at least 85% of said stent length. In some embodiments, the stent has a stent length
along said stent longitudinal axis and said second layer portion extends along at least 90% of
said stent length. In some embodiments, the stent has a stent length along said stent

longitudinal axis and said second layer portion extends along at least 99% of said stent length.
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[00205]In some embodiments, the stent has a stent longitudinal axis and a plurality of struts along said
stent longitudinal axis, wherein said coating is conformal to at least least 50% of said struts. In some
embodimen¥OtP¥¥ A Nas a stent longitudinal axis and a plurality of strutPSIBYG24r ¢teht
longitudinal axis, wherein said coating is conformal to at least least 75% of said struts.In some

embodimdd9fle stentRsemCS FSHHRS RIMATCAaRAIRY DA iRy aafhaidnt

longitudingd @xig pahaieiSaicheeating s Lanteraal 0 Réheasbleash BRA% absaid Siuss 18 &pane
embodiments, the stent has a stent longitudinal axis and a pIuraIit{ of struts along said stent

longitudindHEXAS SNt ‘2RSS0 18- JBrtnn SMBosimRs s s leayig sroaitnéhats? iRtebme

embodimenitskiihe steNih@sdistantllongidlonhaxisfrd paientengthialans said sieabdangiydinal
axis, wherein an electron microscopy examination of the device shows said cgating is conformal to
said stentt%h%é%gﬁ%%%t g I@@ﬁ?&ﬂ&ﬁ%@f@a@mé%@%ﬁ*r@g%%@%m% [00206]In

Isom.e %mbglzdim@tsoamggst@@g ttﬁ&l@lﬁ&%ﬁéé@ﬂ@ﬁﬂﬂiﬂ@db ' '&I?Itis @ﬂft@eﬂi@tﬂﬁh_ kieflﬁfhaiﬁ@ﬂﬁ@%&iﬁé@ﬂﬁ y
ongitudinal axis, wherein said coating has a substantially unifor ickness along_substantially sai
stent |eng§ﬁ.c‘f6§ RS ?Pf&%%@&iﬂ?érﬁé?‘tﬂ@%i%ﬂg Qénaaé?é’ﬁ?;té%iﬂ?&ﬁ?a%%%?ah‘a‘-al&é‘?f{‘lf‘ength
along sai¢:siesdilasaisudiodbaxistwbeieny saicheoalitgdass sobsanialy uaifeirs titekneesialong at
least 75% of said stent length. In some embodiments, the stent has_ a stent Jongitudinal axis and a
ront lomg B T T R P AR o e RO D Tkt
thickness @iorasat leastifsémofcpatd ditash st afRdafB8ibatsanie moddserig vbiaratent has a stent
Iongitudinaﬁaaxis and.a stent length along said stent longitudinal axis, wherein said coating has an
average (IR HiSRr AR by R ST Chle IR EFHBR SoRHIRG thNRAN oLt oY IER  red at a
plurality opbaiiitscaloiogl agishstnidargitubodanaxs, tvbeeihadhickness abtie 3Watingvsleasured at
any point ailon stent longitudinal axis is from about 75% to about 125% of said average thickness. In
some em 8@8&?&?%&%@& has a stent longitudinal axis and a stent length along said stent

longitudingd@>99] wherein saitt eadintirhasaatdvaragpoitickresbaddienminedibyl apcavey pgsadlculated
from coating thickness vaéu s measured at atglura%it}_/ o%f%i'nts. glor]'g said stent longitudinal axis;
wherein a'thidkHESSBHHEE 6 |n°él?11°§£8%8 atsg%f p%l osr% 8 ﬂlgﬁgitudinal axis is from about
95% to ale0Raeb% of Jaisbavecadedckinesbc[phriiRiawded:beraint tcasds0icée oempiising: a stent;
ﬁ{‘sot' ;‘ig;‘g%a?')%;ﬁle%ﬁ{@ég%f{ Qgh%r'%rél‘c'é‘%‘l%aﬁ%aﬁéﬁ o0 said %%%H)t’cya/\mt% n'l%.aﬁ'{% layer comprises a

polymer; a second layer comprises a pharmaceutical agent, a third layer comprises
a second bndsdaliorbak)ehp plymencavtcathdayeiscohepsisHy theystuiina de stioal agbodiandtg fifth layer
comprises,g, (hird bieaserbable, polymet, whereln ihe pharmaceutical agent s selected fom
rapamycin, a prodfrug, a derivative, an ana“lolg?,'a yoera e BN EesStEranda sa 1ot and \Wherein at
least a posttont @f dhécpdi@9Paceutidainagent is in crystalline form. [00210]In some embodiments, at
least two {d.first bigabsorbable polymer, said second hioabsorbable pol r and said third
piaabsor b by mer THaCHHE R B R S e Ao o e P St T e,
the seconblabioabsinpakle poiyfaveraimg tredtkied tiwaiscibablenptly wisrrairesthe sadeppahgmer. In
some embodimentsyatieast iwo of said first higabeorbable polymer, said seqond, pioapsorbable
polymer and <aid tsr@rc%loaﬁsor%a%ﬁe polymer arc differe fpo?ymers. §E0me embddiments, the first
bioabsorbailtie paifarer Isamrssoobddioabsateatda tjoely meearidsaid dmat | bigaib sodabbleoptohgmer are
different pt%{gmers WO 009/%462 9PCT/(!1JS§6219q9/041 45

a coating oufer surface along sai ongitudinal length, wherein said said coating
comprises pharmaceutical agent in crystalline form present in the coating up to at least 1 um
below said coating outer surface. In some embodiments, the stent has a stent longitudinal
length and the coating has a coating outer surface along said stent longitudinal length, wherein
said said coating comprises pharmaceutical agent in crystalline form present in the coating up
to at least 5 um below said coating outer surface.

[00202] In some embodiments, the coating exhibits an X-ray spectrum showing the
presence of said pharmaceutical agent in crystalline form. In some embodiments, the coating

exhibits a Raman spectrum showing the presence of said pharmaceutical agent in crystalline

form. In some embodiments, the coating exhibits a Differential Scanning Calorimetry (DSC)
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[00211]In some embodiments, the third layer has at least one contact point with particles of said
pharmaceutical agent in said second layer; and said third layer has at least one contact point with said
first layer. [JYO2INHI462A% embodiments, at least two of the first polymer, tHEIEER4WYiHer, and the

third polymer are the same polymer, and wherein said same polymer comprises a PLGA copolymer. In

some embSHETmEY IRELA BIHITACH &ML P RACTI TR SR BRI RigHEr s ifrach fitro

dissolutior ratasof ¢ firat el el dasamexamhoginie islaethird foltenaki sWPARS) gppahumer with
a ratio of apout 40:60 to about §0:40 and the first Eolyme,r isa PLGA copo%r&er with a ratio of about

70:30 to abOUY88HOPIFSSReh et JiBRES Ui AREh BhRaTaliRg R olioigme FRROHgSNTS:

moleculartieightiag abpitd Ak @nshihie macens palitsraldsm ikl seopalymer frawngedmealgcular
weight of apout 191(D. [00213]In som%fgeen%bodiments, measuring the in vitro dissolution rate of said

polymers BEHHBASEE EBhtEERNG (TESEUREIRit RBMHREMRE U e IR fRRE HEHE RigHEoss at
onle or mqn@csgm@édifﬁﬁl@m%gné@ﬁ@@mﬁb@?ﬂamﬂgﬁea@uﬁgelg'@ﬁnﬂ/mdlﬂﬁﬁ@lm'ﬁﬁ. rr?t? of said
polymers comprises contacting t vice with elution media a etermining polymer weight loss at
one or m ng@écted tillﬁ]eg%?]%l}%@ ﬂ%}ﬁr&%’ﬁ’dﬁﬁnﬁ paif ﬁ?ﬁt&%&tgﬁ%ﬁfﬁi?@yﬁ%@ﬁfﬁﬁﬂg a
coating onisaig sidntaampisingiafissidinabsonbablepalmsr censaenilddibabsarteabig polymer; and
pharmaceutjcal agent se#lacted from rapamycin, a prodnig, a derivative, an analog, a hydrate, an ester,
and a salt RSB S SRS portion of the pharmaceutical agent is in crystalline form, and

wherein the?e4 jpolymdnRamasribyitindissohdtiaentdias higlhar e thnal witio ahigsolidihoncnatid of the

second polymer. [00215]In some embodiments, the first polymer is PLGA copolymer with a ratio of
ot 4 RIS SO AN T SESoRNTET) P oA PR GRS (a0 St A0t 70,50
to about 918 Wo s Hdrtene ishotine séendhenbistipeiyiv)ehds fithGiscopehtimipitatingl axizaladular weight

oabou 1060 A sond BT, ADISA SR v A T e o apou
c;ontacti_nglldn%de\yéa@et\&ﬁ% elfisiod madﬂarﬁgmhl dat@asmmﬁngapdﬂym&s,vmégdnéﬂohs@ siaet or more selected
e pon SISO b BB ols TR S e i gt om
po_lymer, abiefaﬁm_he) ofisstichtayerny aol_m‘sltiQe%a)ﬁeaidmﬂe_btdaﬁ@;hrﬁabtmmﬁymbedimdtatﬂméme of
R O R AT T e a——y
polymer hasmtingis\itntfalismbd atibn setet highe atheasttbe%inofitodissalidmhraie afrtike second polymer.
[002L7IProvideA NSNS 3 RYISS CATRISINA SIS i AN & PUIARGAAANSES 2t stent

longitudinal axis, wherein said coating is conformal to the stent along at least 99% of said

stent length.

[00205] In some embodiments, the stent has a stent longitudinal axis and a plurality of

struts along said stent longitudinal axis, wherein said coating is conformal to at least least

50% of said struts. In some embodiments, the stent has a stent longitudinal axis and a plurality

of struts along said stent longitudinal axis, wherein said coating is conformal to at least least

75% of said struts.In some embodiments, the stent has a stent longitudinal axis and a plurality

of struts along said stent longitudinal axis, wherein said coating is conformal to at least least

90% of said struts. In some embodiments, the stent has a stent longitudinal axis and a

plurality of struts along said stent longitudinal axis, wherein said coating is conformal to at

least least 99% of said struts. In some embodiments, the stent has a stent longitudinal axis

and a stent length along said stent longitudinal axis, wherein an electron microscopy

examination of the device shows said coating is conformal to said stent along at least 90% of

said stent length.
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form a laminate coating on said stent; wherein at least one of said layers comprises a first
bioabsorbable polymer, at least one of said layers comprises a second bioabsorbable polymer, and at
least one of ¥QidNYHELbmprises a pharmaceutical agent selected from rapafmyer04%t8tug, a
derivative, an analog, a hydrate, an ester, and a salt thereof wherein at least a portion of the

pharmacel®@0hgent islhersEmRedg i srdswiatehi et peg e ALE S A1 disis oidetsthion rate

higher thagndhe Jmiyistendisseitiiinaiaie fwhersprand aalinperad 0028l RN arobadingntssthe first
polymer is PLGA copolymer with a ratio of about 40:60 to about 60:40 and the second polymer is a

PLGA coptRAarbstan el btk $B8UER® 0 to about 90:10. In some embodiments, the first polymer is

PLGA cofobaogy havingnasheleeutbatinaigh! elakait.OkBandomateesandpolinearsiea RhGh
copolymer having a molecular weight of ahout 19kD. In some embaodiments, measuring the in vitro
dissomnoﬁl%sebﬁmgi% (igxeﬁe RIB Yoithorfim et i gater i i‘?{ﬁlﬁr}i’&{‘:ﬁ’@%veight

loss at ongl@idnaeieaseiBotestineg peinisn 02 LY H3ryidatodarrinisthcdeyied sompssing a stent; and a
plurality oj Iayerséréca!t farm Iamina}e coating on said stent: wherein at least one of said layers
comprises A BIBSHEE DD 3151 R DAY LS 19H&IL CBM s AR SRV ECAURA'ENd at
least one gksbichiaitls Garopfistiiknsecona aetivaagsnt, orbsieitcat leagha portion of first and/or
second actj ents is in crystalline form, [00220]In some embodiments, the bioabsorbable polymer
 cetacot N2 orol e PRAATEBII (S R bR D) s DU A R e)
PCL poly(sleapralricsane | dhiitydpaly (aioxaledreinR&GiA b g8hklin DI Eh e pidkiaskidrtcarghydolide),
75/25 DLPL, 65/35 DLPLG, 50/5Q DLPLG, TMC poly(trimethylcarbonate), p(CPP:SA) .
VAR AT g R 1 M Rt e TG e
comprises#d indtimRigginidive ofisywwhetdhoieHickymerst (O22k]hy seraaiemboghmpols; dheafirst and
second active agents are independently selected from aceutical agents.and active biological
Soents. (005 HELTH B S O T SR SR S GO TinliaL I oTRE
embodimenibothiestant tiscfowmeithob atonatergltadimgrisingadcokatitdbigthialonglkayd kicaome
embodiments, the stent.is formed from amat%rial comprising the follqwin per nt%ges bQ/ weight:
about 0,08 KSR 4 HER 1600 BRI B0 44 SUE D16 S SHRIES D5 B 5618003 S,
about 19.04l0dbedtRdA Gntatohikicts edausicashicdboap ity dmint6.004&i Rt

2009/146%09!31?t%:('l'./u 2009/%41045 chﬁbOUt 3{” ngﬁnd Bal. Co.dgtsome emb dlmen%?, the stent is

formed from & ma{flearigf(%zsér‘ﬁp?lrécllﬁlgaa{lmonsetsﬁ10e oﬁowmlgI;1 %renr%aeshl aelges 3619' \Boell%%?oa{ﬁ)sﬁ? .025 C, about

0.15 Mn, dgotiddndbasis &bbointaBdmt B3 Eoutbidd 1l & ‘alduhiaOdaghibitRie&s Cr, about 33 to

about37 @t& t 9.0 tg, about 10.5 Mo, ahout 1.0 Fe, about 1.0 Ti, and Bal. go.l some
emoaimUNE N lestent TEACHREITM 5 Fintia CORENGR oo 210y RSB dornes ha
embodimédots) dHersieatt hastm phinkswed stofi fromcadio ut e at@adoup80%aofi attbiadbhickalkiss of said

device. In sgme embodiments, e device has  thickniess. oL fom about 20 o o aout.ag0 R, In
some embodimernts, %ﬁe EVP&G ﬁas a ﬁ'llCﬁIII)ESS 0] aBou% pm oriless. - 1n so emboglments, the
laminate doatingthabla poigkmess fifurbneatioudbprisedshaltuthocpinida sgene emdbofifthéagsr the
aminat it UICSSA LG AR 1000 2000 SO STRUDRRS,

rapamycin, a prodrug, a derivative, an analog, a hydrate, an ester, and a salt thereof, and

wherein at least a portion of the pharmaceutical agent is in crystalline form.

[00210] In some embodiments, at least two of said first bioabsorbable polymer, said

second bioabsorbable polymer and said third bioabsorbable polymer are the same polymer. In

some embodiments, the first bioabsorbable polymer, the second bioabsorbable polymer and

the third bioabsorbable polymer are the same polymer. In some embodiments, at least two of

said first bioabsorbable polymer, said second bioabsorbable polymer and said third

bioabsorbable polymer are different polymers. In some embodiments, the first bioabsorbable

polymer, said second bioabsorbable polymer and said third bioabsorbable polymer are

different polymers.
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[00224]Provided herein is a device comprising: a stent, wherein the stent is formed from a material
comprising the following percentages by weight: 0.05-0.15 C, 1.00-2.00 Mn, 0.040 Si, 0.030 P, 0.3 S,
19.00-21.00%¢} 26083462090 Ni, 14.00-16.00W, 3.00 Fe, and Bal. Co; and a PfcFAig08 4843 that form
a laminate coating on said stent, wherein a first layer comprises a first bioabsorbable polymer, a
second |ayé(}2&a»rlnprisesl%saﬂaerﬁ{%%@fﬁ%ﬁ}tag%ﬁﬁhg%'ﬁa%@@ UJRASHLRS RYELPRIHiddBsorbable
polymer, et layaliepmpHsRs e Phas acsMticRl-ageMyand i it layer 1e9BPESas [@dird
bioabsorbable polymer, wherein the pharmaceutical agent is selected from rapamycin, a prodrug, a

derivative %h LR AH Ik 8aid HIES Y And a salt thereof, wherein at least a portion of the

pharmacegiieabagent iginehystalbirliapms aad swheateinoatieastopsyahsaith ikt padypagrmizecond
polymer and third polymer compriﬁes a PLGA copolymer. [00225]In some embodiments, the device

has a phatRtRs HHE RAEMEESHART STTRORP ARG 878 MRS RS BPYMTHT AR EiHz2
embodiments Ah@ slavigerhas sophasmisediuiieas agemicantepodf it ahauns e/ dmrdnasput 12

rtg/mm. In some emhodiments, the device has a pharmaceutical agent content of from about 5 rtg to
about 5odﬁa.hrﬁl§5rﬁ@%?ﬂ%aw@n SRR T RALTS BFotRRABERICLD SUBREBURIORIreR about

180 p;glgoot&i?ﬁ;ﬁol%@@gs Fg@m%ogz@g%mgm?ﬂi?ﬁt&)dﬁ\m 1hag:e0ploarto a_;ceuifm;hageiﬁtmmenttﬁf from
abou rtg to abou pg. ontent js expressed herein in unit: mm, however, this
iy SimoRPBEEGAERE S TRAREby ATGARE LU pay 21 (RS Ay ina 100527 Providec
herein is &mh@@bﬁfspfa@&ﬁﬂ_gp@@ﬁvaﬁ@ Wlem_@@:&maamga plulediijaptlaipdis thbiarm a
provicing SARAE8)SORSTHY ESRLAERy B S i T U216 1PR S A IRERS A on said
stent; whergiiat least one of said layers comprises a bioabsorbable polymer and at least one of said

| ' ti ts; wherein at least ti f.th ti is i
crystaling Vo Joo228 T PYSURER KPS FGRHGBf Bidhfiy SRR sl e RPN Fana a

plurality otéaygerisdhadicietm bindwite coddinguiosand dteatd skidrmatimedobmiptisieghidppraviding a
stent; (b) formin%l]a Elurgli%%{)f. Iagers to form said Iet)mi ate {:oatin% on s:ﬁiﬁl‘3 stent; wher int.at least one
of said lay8ls YoRPrRSEY 4 il SHBsBABIe WS ReE BB s MSAR &R 1) EHE Mt a
pharmacetatical agidnicteteatecbirgmistapantyciingatiny ddvieg; aideciviaidvemadi aaadodsteriydigie, an
ester, and alsalt there%fi';lwhertein at least a org[io(ptof the 1pfgarmaceutical agent is in crystalline form.
[OOZZQlPPSvYé%eJ Nergin 125 matliad § Oﬁ?espaer?neg a ee\}?gencSOmprising a stent and a plurality of layers
that form g0@2hidjate coRtiog drl daidiatent;deaidanethpdicomprising; {aj pravidingpa siehtidlx) forming a
plurality of layers.to fo id lamingte coating on said stent: wherein at Jeast one, of said layers
Comprice S SHTER oA SO A0S o S ERETE Lb AOR A Bharmacetical agent
selected fphiarnapamigairgamradecigddrderivativeyan, apataiyug, hyldratetian esteralapdachgdibthiereof;

wherein at least a partion, of the pharmaceutjcal agent.is in crystalline for herein said method
compriseSTaTd i oot e L BT & R T LR el phyoican
space ocaupitdlme doystaipdrtictesioflsafd ypipatyracchiical ageittoatidsshitdhrae diglsnmstemathphysical
space is fgee %‘dp 1|5y50% . Ooz[g(%]tpt ovsigé-:-od (rileroqin igra method of preparing a device comprising a stent
and a plurelllli y of layers tRafiorm a amlné]tepcogﬁlng' on said stent; said method comprising: (a)

providing E082d14; (b) didohangrngrdblbasingseheHannadgutioak dhénd anddy atteash anetactie

biological agent,in wder form thrqugh a first rifice;.%c rming a supercritjcal or.ne
T e IS R S R AR R SR e —
and dischabgirtd/ 83t tsugdenarRitaDorlmeams gparodiicanfiuitiesbistipr Yhraug P G Aampa lgrifize under
conditions sufficient tp form soli ticle t lymer; (d).depositin tlgg[t mer and
harmace A s S S TR B R S ROV R o1 etectrca
potential ibaviaigtainelddudtvweerglih efsalivstr Atk Bnththmpotyrhedianu isharaaoewital mgenhband/or active
biologica) AReLAAIEIes, atERHRITING sl coning: and (o) Ainerna sedpatvmarunder
conditions that do not su stant% y modify a'morp o?ogyo sal p%armaceutlca agent and/or activity
of said bialotgizainagenolymer weight loss at one or more selected time points.

[00216] Provided herein is a device comprising a stent; and a plurality of layers that
form a laminate coating on said stent; wherein at least one of said layers comprises a first
bioabsorbable polymer, at least one of said layers comprises a second bioabsorbable polymer,

and at least one of said layers comprises one or more active agents; wherein at least a portion
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WO 2009/146209PCT/US2009/041045 [002311Tn some embodiments, step (b) comprises
discharging a pharmaceutical agent selected from rapamycin, a prodrug, a derivative, an analog, a
hydrate, an WQeP0dd0208alt thereof; wherein at least a portion of the pharnf&cElfie244éMSs in
crystalline form. In.some embodiments, step (c) comﬁéises forming solid particles of a bioabsorbable

polymer. [POBS2EHHCAsY BrifboisHahRs v anrlshspriedisdnsting MsaIhATem & & iaving a length

along a herizeniabaxigohisais drvicRvIen Gl pehat laydihasoadaystypertion along said length,
wherein said layer portign is free of pharmaceutical agent. [00233]In some embodiments,step (e)

comprised WtAkting &P BT Skt & BEHSRIEPIRIIER SRk MBSO b mprises

contactingsaich palyimae wottiagdansifie oréutidfaepinariod @bimerahny lagperatdpeisisfromsabout 5 0C

and 150 .0 and a pressure of from about 10 psi.to about 500 psi. In some embodi ts, step (e)
comprise P&Hﬁ&éﬁﬁ@s%ﬁ VERTrABITY A ﬁ%tfsréayﬁﬂ%cf%‘?l’élﬁee“rf’o%?‘b‘?ll éoagaofénﬁﬁgeep <Gt from

about 25 afdant9% dhabfsaiprassty edvhiraes ahoutrbopstitalaleut 406cnsl fldirsemasaihogiments,
step (c) comprises contacting said polymer with a densified fluid E)r a period of time &tj]g temperature

of from abUQfEE: § AHIV8E GAARG U SSRYTE S DAY SE pLiths SBbY 68 PRiE 8591 Provided
herein is pongshast afpsepaiing aice\digentmpidsiRa.distabtand awheralityief fayepsithaéfasnaa

laminate coating on said stent; said method comprising: ﬁ roviding. a stent; (‘iibl) forming a
cupercrtiGANSP S SRV RLTG CARb OB LR A TEHER A L S BT aoivent and a
first polyn@o2iigtharginghsaichsupdeetiticalqrinefirs poeyerdicaPiliGhselpiigmundeheondidofs sufficient
to form solid par Cné s of said ‘il;i st polymer, depaositing said fir ymer particles onto saidgstcnt,
whorein At AR AR A QA BEATELTRE S RGht SR BN A AR bntering said
first polymaxcy@tepasitingphdrroakessiaalcagatipanic] dsifidnyp plowdeisfeins andopsdiehstent, wherein
an electrical otential| IS maintai edﬁb twe gﬁe stent and said gharmaceutical agent particles; and
() formin 3 BAgT M A S EPAR KA ABR S EDPABHETg I g SRR oitoal flui
solvent archvageaons olymetightodisbbar §ikiddsdicksuperahbdahentecmesupargitical flitid solution
under con itio?s.sufficient to form soljd Partit les of. said.ﬁe%o?dfgolgmer, ggetrein.an eleclt%gical
potential i HAIRCSREH DLHBER e BRI B THis YSE SHE SONIHE P aHd M EriURIaSRRBR polymer.
[00235]In soiglkt drpbadinment snstepe(c}taddisiepoid)sare repeated at least once. In some embodiments,
steps (c) p (d) are repeated 2 to 20 times. [002361Tn some embodiments,..the pharmaceutical
et i< SHIVEISE om TSRS T Rt A HUATOL A SRR e AFALE) Th S01 & sal
thereof; wieereinlamimast eo5ln Y0 200 HdAEROBFRMITAISRO08 K Ad4blayers comprises a

bioabsorbable polymer, at least one of said layers comprises a first active agent and at least

one of said layers comprises a second active agent; wherein at least a portion of first and/or

second active agents is in crystalline form.

[00220] In some embodiments, the bioabsorbable polymer is selected from the group

PLGA, PGA poly(glycolide), LPLA poly(l-lactide), DLPLA poly(dl-lactide), PCL poly(e-

caprolactone) PDO, poly(dioxolane) PGA-TMC, 85/15 DLPLG p(dl-lactide-co-glycolide),

75/25 DLPL, 65/35 DLPLG, 50/50 DLPLG, TMC poly(trimethylcarbonate), p(CPP:SA)

poly(1,3-bis-p-(carboxyphenoxy)propane-co-sebacic acid). In some embodiments, the

polymer comprises an intimate mixture of two or more polymers.

[00221] In some embodiments, thefirst and second active agents are independently

selected from pharmaceutical agents and active biological agents.

[00222] In some embodiments, the stent is formed of stainless steel material. In some

embodiments, thestent is formed of a material comprising a cobalt chromium alloy. In some

embodiments, the stent is formed from a material comprising the following percentages by

weight: about 0.05 to about0.15 C, about 1.00 to about2.00 Mn, about 0.04 Si, about 0.03 P,

about 0.3 S, about 19.0 to about21.0 Cr, about 9.0 to about11.0 Ni, about 14.0 to about 16.00
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portion of the pharmaceutical agent is in crystalline form. In some embodiments, the first and second
polymers are bioabsorbable. [00237]In some embodiments, step (d) comprises forming a polymer

layer having®1eMY4aF8fg a horizontal axis of said device wherein said poRfAErS28AHELS layer

portion algng said Ieng@th wherein said layer portlon is free of pharmaceutlcal agent. [002381In some

embodimeNtPSktarthbcs At fal £Ri/dP Shms ATRPOLiSRiso i SIS FSBIFh OB BKiSERDg said first
and/or se¢ghfhRalyENR LN RABNSWaML; Pl HNZIHIName abedioINes, dh.EoNHeliAg step is

carried out for a §erlod of from about 1 minute to about 60 minutes. Tn some embodiments, the

contacting 28B4 - Larve 00U fOP b Jeriba b athat 18-t ARl b6 e vh ﬁﬁjt%§‘bf?}6%40] In

some embadipants.onaiEsaining. ;sm) elpetiiaad pelentiat between sB6l Oy mesopasticles and or
pharmaceutical agent p rticles.a Fﬁ%ﬁﬁ stent comprises malntamlﬁ%g oltage of from about 5 kvolts
I%&’é

to about 198 Bﬁﬁéﬁeﬁ PLD R AR SR8 ntial between said polymer

particles a[odmpharma@emﬁ@kﬁ%ﬂhﬁaﬁma& anasRid Steivkaos pPisRHTMBRIEBINGIE ajtage of from
about 20 v Its 0 abou éi kvolts [00241]Provided her ﬂ%‘g{}%a device p epar process

comprising &' RS SEHIER S0 JA 21506 TR %ﬁr% s ject
comprisnn&&alwmg(a;dﬁv&@baatmmmxh%ﬁm dmbdaddydtynas @éxtfce ﬁwmﬁcmwaip rovided

comprisindb e HoRh IR RO TAREN T3 B A AP MM AR NOW G Borcentages
by weig hta@oﬂ5€0|,1115t6,aﬂmdﬂt@-ﬂl QEnMm LaAC:BibEH3ER, hd lﬁnh&fé&@ahﬁ@ Kas, thEﬁklﬂ:s@Q)Nl
14.00-16. e, and Bal. C and a pluralit layers th t form aml coa on said
stont, whe BT SLRHG P EORRICAL T SRR I & Lt R SR eEs o
pharmaceslinal gentieatiid sy@mcomprises a second bioabsorbable polymer a fourth Iayer
erein 110 B R mace A G L ek o SRR S or S RO R gTS.Zg a
hydrate, aficestemaoda satighisiigofhoviotikeiint peasintapey igneighe p}mapmaeemicad)@gmm in
e B e B AR e
content ofafidm bt ¥ & pgkrnthta ﬁhﬁuﬁ ROnpgta mammaadmhenhm&mmheﬁia%whas a
pharmaceyical ageneanien of (L AL E PSP RO RUTYR N S0mG RIpRgdients. the

third layer comprises a second bioabsorbable polymer, a fourth layer comprises the

pharmaceutical agent, and a fifth layer comprises a third bioabsorbable polymer, wherein the

pharmaceutical agent is selected from rapamycin, a prodrug, a derivative, an analog, a

hydrate, an ester, and a salt thereof, wherein at least a portion of the pharmaceutical agent is

in crystalline form, and wherein at least one of said first polymer, second polymer and third

polymer comprises a PLGA copolymer.

[00225] In some embodiments, the device has a pharmaceutical agent content of from

about 0.5 pg/mm to about 20 pg/mm. In some embodiments, the device has a pharmaceutical

agent content of from about 8 pg/mm to about 12 pg/mm. In some embodiments, the device

has a pharmaceutical agent content of from about 5 pg to about 500 pg. In some

embodiments, the device has a pharmaceutical agent content of from about 100 pg to about

160 pg. In some embodiments, the device has a pharmaceutical agent content of from about

100 pg to about 160 pg.

[00226] Content is expressed herein in units of pg/mm, however, this may simply be

converted to pg/mm” or another amount per area (e.g., pg/cm?).

[00227] Provided herein is a method of preparing a device comprising a stent and a

plurality of layers that form a laminate coating on said stent; said method comprising: (a)
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52 WO 2009/146209PCT/US2009/041045 has a pharmaceutical agent content of from about 100 pg
to about 160 pg. In some embodiments, the device has a pharmaceutical agent content of from about |
20 pg to abS¥P 28YREAM0245]In some embodiments, the device has an infiSTAREAHEE R al agent

amount and the. amount of ﬁaharmaceutical agent delivered by said device to vesse] wall tissue of said

subject is MGHEMA AR A derROLsHRMFRER o day Sy SR U d BIPEL SH dAmArAF SR Wuting

stent havigg bRl Same WHialinharmscenticakadeny Gertenpasthebvial Rbaseaestieahagent content
of said device. In some embodiments, the amount of pharmaceutical agent delivered by said device to

vessel walFIQRe f S8t 18y HiR COTRRL SRR BYMATG AF SRR SmBRATE B Hrsthatautien A dhnt

delivered totuasseiwalliissyspfisaifhshbject by said conventional drug eluting stmt. In some
embodimen{’ _the method Q(i(:gfrises treatin%re tefnosis in a blood vessel of said the subject. In some

embodimélPe2tHle subjddPiedadSIS ADIE O Qf BB A VTR T L LERETTH tissue” as
used herepnisishoyymaiersighiierddn whishirdepigsinedissile sehoviding thellusagmiona vessel,
including the endothelium, pcaintima, tunic .meaqbi%, IEL (ir}ternal elastic lamina), EEL (external elastic
lamina), aRg HEEAiEE N a%lﬁ@oazawﬁ%i W G UBHIRIHGE L LY, e a
plurality ofJayeis eniaaichatest suibeiesrsaloepsisone Bibsbiddepsespoomiiaad at iaghserbabledpolymer

and at least one of said layers comprises a pharmaceuytical agent selected from rapamycin, a prodrug,
2 derivatiJe) A SHBTGH S DR BAL AR AL SRA (FRPLEA G B SARS B A BRI S in vitro

pharmacesititad agkidatation gtofjlendasitintmaid £ htiore prafileashops-ado ot Bl phaafact % of
pharmaceutical.agent is c¢luted one day after the device is contacted with elution media; 15% to about
45% of pHEAREIIEEPRGLK: '€ uted 7 days after the device is contacted with elution media; about
25% to aljoor29po of pireovidee hdesdhdganinsiaidtetiptépdayig allevitecdmpasiig: aantactad with elution

media; about 35% to about 70% of pharmaceutical agent.is cluted 21 days after the device is
ot U B YR AP G 30, SIS PO AT A DO CATAHER tac 26 days
after the devicidiisecosttai€t)\iitmetigtioplungitip o fABP48 i rfovid adit diaimiscec demgeoaaaipising a stent;

d a plurality of | id stent; wherein at least id | [ bi babl
polymer ST LSRR BP it B ESNBRGEE A RHATTACADUET A SR AL P oA, &

prodrug, daderiediv@riacs angdlagnahyilrstegan sdtetcdficha saihthecaoh plodrel) sdigidavies grovides
an in vitro %hflrma?teldtictal aI(l;er][t eIuti(?n rl?f' e thre'n said te‘uti n (Ert?{ile sr%%;/s %bout 7% to about
15% of ph%ram0 8u 'carﬁe?gélntelsseéruat%daonae aefeaof el e delic&ss Eaded with'e ﬁli%%cglgl @]
2009/146209R GTiHUSRA00NA 045 wiedidn 2a%rtetaboud Biptised fulrarimaeelstisabagent is eluted 7 days

after the device is ¢ nt?cted tvs(eilthere&letg%ré énbedi 'abO#I 35% to ut.55% of pharmaceutical %gent is

eluted 14 aa)%n SFET e HeVice s contacted with efution me |g; RHGUEA584 %o B560t 0% 6F°

pharmaceptitial @ageishid phieok2dudaysagtier dind dalibects diortaitad| wlihsadatigromediasanmd about
50% to abouyt 70% of pharmaceutical agent is eluted 28 days after the device is contacted with elution
media. [Oé’? fovided herein is a device comprising a stent; and a plurality of layers on said

[00230] Provided herein is a method of preparing a device comprising a stent and a

plurality of layers that form a laminate coating on said stent; said method comprising: (a)
providing a stent; (b) discharging at least one pharmaceutical agent and/or at least one active
biological agent in dry powder form through a first orifice; (c¢) forming a supercritical or near
supercritical fluid solution comprising at least one supercritical fluid solvent and at least one
polymer and discharging said supercritical or near supercritical fluid solution through a
second orifice under conditions sufficient to form solid particles of the polymer; (d)
depositing the polymer and pharmaceutical agent and/or active biological agent particles onto
said substrate, wherein an electrical potential is maintained between the substrate and the
polymer and pharmaceutical agent and/or active biological agent particles, thereby forming
said coating; and (¢) sintering said polymer under conditions that do not substantially modify

a morphology of said pharmaceutical agent and/or activity of said biological agent.
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stent; wherein at least one of said layers comprises a bioabsorbable polymer and at least one of said
layers comprises a pharmaceutical agent selected from rapamycin, a prodrug, a derivative, an analog,
a hydrate, alY @2/ 18804 salt thereof; wherein said device provides an in fd/bRaA&E U Rcal agent
elution profile wherein said elution profile shows at least 5% of pharmaceutical agent is eluted one day

after the d&V&ls contdBeGitTRRHISIE AT AP AP)ERERRIES Si SSHATRRZ A IRETAGEHIGE éRRRBY 7 days
after the deyiedsrstAgad i) ehrdarpedis;idiirashraiales Phaymaceulicatagen issaluted 14
days after the device is contacted with elution media; at least 30% of pharmaceutjcal agent is eluted
21 days aftFiRe WAGTEH" & CoHEERUNARD IR ORFTRAFS AT ARTH 0% LT BRA IS Real BGBREis
eluted 28 gdaysafirhifiadp\Oaingeiactesvithselutipitiediar [063aRIRIMGResbherein is a device
comprising a stent; and. a plurality ofiayers on saé%stent; wherein at Ieastl one cff sailgr%ayers

comprise B%ﬁbsorbalﬁléoﬁﬁﬂﬁ%f) HFaBeiER &mgﬁﬁa{?@gl&m LBEL PAMAECERical agent
selected frewpthe@anyysitor-pResdraigs desvatiuse:ienanalag saidyoratsranyesiers and ér pakitihereof;
wherein sajd device proyides an.in vjérli) pharmaceutical agent elution prafile wherein said elution
profile sh R TR RRYERPiL HGtef BRar4yeHite? teBbvice is contacted with
elution mggiz3aipout 30fH winphatibadeniias)sageary) oalpiedsicomystaliesdiiedviee isitontacted with
elution me ia;.gb{gmg@‘i&of halrl_maagﬁutical a enée'i eluted 14 da stafter e d@vice is.contacted with
elution médiz' 4B 5 SP PRSLCTEL AGEHES IR 21° 8R0S Uttet e AR Y Sohtacted with
elution meidiasi Abd AuGDPorof phrvdnsfaautcalhageptiatahstef Zshtaysuafe Ctheddedoc€ isncontacted with
elution media. [00251]Proyided herein is a device comprising a stent; and a plurality of Jayers on said
Ctent. whalBm e L oGBS, B R e AR SO P ARG IBES e of s
layers coropiitaesng phidrpodpautiodilag dahseletfad friomarpgaed sl hinge: pradisigp & dertvafiftenan analog,

a hydrate, an ester _and a salt thereof, wherein said device_provides an in vitro pharmaceutical agent
cluton pr ST A BTSSRI G BWS AT 1oss RS ABATE FabA BapraiBButcal agont i
cluted at wadldiratters e @)icens coataciadcwiif sMThaQO AHRAGORGSI4S 200D o4 A b @luifon
media, about 25% to abogt 85% h
t

of rm ical is eluted at week 2 and abqut 50% to about

100% of FRER AL SRS R 1 RO SCok Y o CoeS Rt TeoIE AR L Rbfprisig: 2
stent; andabqluaslipgiof layers on said stent; wherein at least one of said layers comprises a
bioabsorb I&Q?Iymerﬁnd %t I lz%st one of s Ej Iﬁigiers comprises a pharmaceutical algent selected
from rapamycin,'a prodrlfaf’lae ervative, aiana 0g, %r?@%}a%e? antsér angasar 1i%erzé% Awherein
said devigdprditideSlayein thitd@ihasnanelatic abagend e katid stErofia & hatho dcbigprieibg [(40253]1n
some embodin&ents, t eti‘n t\)/it£o tharmaceutic agent elution 1pro{ileli deter itned by a Fr.oce ure
comprisinBFO(l | CORtAs Frlllg’ ﬁwé SVICEWith B elution media ¢ emcﬁlrllsclarllg 5 SNENO! %Oy Vatdie Wherein
the pH of tbestoediajsaboich 7 fHhaid Wwharend therdiepidenisodinthaetethgvithdepeldtinrahedieat a
temperature,of about 373 (i) cptionall adiiating hereltion. media duing. e, coptagting gtep in ()
(iir) removinB e elation media at 3e5|gna &d tme points; an ?l\%lassa mg? e removed elution media
to determipwypherrepeutioglsagefitsc pntemic] o2 bpsanseie sibadinhents) theetbaricalitratential
pharmaceutical agent elution profile is determiped by a procedure comprising: (i) contacting the device
Wit R o S S LAy S AT By e e W 7 4 o
wherein thiepevice ishaontactedt alidgdinepettitin medjgpatva ¢efoperattve0f alzout 8T cifiipoptionally
agitating (e sluienedia during, e contactingistepdn (kU smoving.seld devise fiam e elution
media at c?e5|gna da time points; and ?\?5) assaying the elution media to determine pharmace€utical
agent content(dD026biig semeremivablimests stiperimitiitad fbhind rsn bt euticahagemizelutiast profile is
determined in the abeRnce.of galeR 29Ra U, RS S BROIMAN S RS ROERAUR S
comprises: Pve) cfetlermlnlng

supercritical fluid solution under conditions sufficient to form solid particles of said second

polymer, wherein an electrical potential is maintained between the stent and the second
polymer, and sintering said second polymer.

[00235] In some embodiments, step (c) and step (d) are repeated at least once. In some
embodiments, steps (¢) and step (d) are repeated 2 to 20 times.

[00236] In some embodiments, the pharmaceutical agent is selected from rapamycin, a

prodrug, a derivative, an analog, a hydrate, an ester, and a salt thereof; wherein at least a
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polymer weight loss by comparing the weight of the device before and after the contacting step and
adjusting for the amount of pharmaceutical agent eluted into the elution media as determined in step
(iv). In som&EhBeHIHEMs, step (v) shows at least 50% of polymer is relea$&d/Hd%@Metia after the

device is contacted with the media for 90 days or maore. In some embodiments, step (v) shows at leat

75% of pdigrianigiitie RLAEMATEUe hsah St cieid Borlo e R RS AL BF S8 by s or

more. [002&0ha semadhediasyssbatap. (V) shows at least 85% of polymer is released into the
media after the device is contacted with the media for 90 days or more. In some embodiments, step

(v) shows 8P4t 509 Bt SERMTBHISHENSH e & TRt O RIS IRET thie LRHESE RS Rtd%eE th the
media for jghguit AOngay BoHr SER1QERBOMAINEBiSe SIeRYInshidiMso WK layer has a layer portion
2009/146209PCT/US2009/041045 at | eat 75%, of polymer.is released into the media after the device
is contactBP WAL H#ER R ABSAOIgYFRperonds 8@&%@6%{%{&}%@&%9}shows at least 85% of
polymer i0ei33sed intaihermesitbadieidns, davismis eantasted wihsthemediadacahalipS9days. In
some embodiments, step (v) shows at least 95% qf polymer is released intq the media after the device
5 contactarTRIAhAHECHT For bt J0HSs S5 dTA Bt @f@ﬁwshows up to 100% of
polymer igoep3ased intdihemesibadiaidine, deyemisctontaectet vithidhouneastia feriabadtihdays.
[00258]Provided herein is a device comprising: a stent; apd a Plurali%/ of Ia%/ers on .said stent; wherein
at least o BH ot TAYRIS 2RHHAGERH q%a&é?ﬁ&b?@%?ﬁ{}m%t} SrfBCATIBLSHBR S BP LaraHsR
compriseda plparivacstnal gant 8eleciesh tomsapddmitinta.prodrug, a derivative, an analog, a
hydrate, , and g salt therepf; wherein said device proyides an in vitto pharmaceutical agent
elution prME N erein S AES R ETIE LA B U A SECTHSBOISOR B HEEAtEal agont s
eluted ongdigtitcapertitiesdarder {hooniactedalvifeaiyiieticioedial Sd theabesrhghlesahpihaimiageutical
agent is eluted 3 hours after the_device is conta with eJution media; about 30% to.about 70% of
harmaccLHEHRGE T RAHEH T 550 S AT A R o RO D RS BEA096 t0
about 80%l eftpbalrpracetitldaltagentisdapoleeh & papschitenther pduicrais coctbagedt withielekimndmedia;
about 50% tg botut 90%. of pharrpac.eutical Egent tLsf clutegl 19%2)23/5 %ftzr the oIt vg{: ii contacted with
elution md1SABBIBEYE S BB EEEhSF SRAPF L UREA SIS YRR O AN 2R the device is
contacted[a02dejution nPecvad @hlcbadinil HA%vite pbgatdDbYa o phasacetilioal agenhdsl akuted 20
days after the ev'%e is. contacted with elution media. [00259]Provided herein is a device comprising: a

stent; anddaesrgfﬁrg |tyecr)?1%yers on said stent; wherein at least one of said layers comprises a

bioabsorbEig24gblymer Brdridt tblstcons ofcsind (Eyecstognapibgs: ecphamisagediicad rageatiselected
from rapamysin. 8 pradiug, & darlvarive, an analog, a jvdrate, an ester, and a salt thereof; wherein
said device provides an I vitro armaceutica agent elution profile wherein said elution profile shows
about 5% [02adut 25%Pebpladrhacenticamebad isf datecthgnestiguctafoanttiededide tsiogmtabted with
elution media; 310 apoul 3506 otparmacentios) agentis sluied 3hous after dhe device sy
contacted with e u}t]ion &did:; Ebott S086 18 %6t 659 0 p%armaceuttica agentis Q15T c?ay after
the devicemmposiagttd fotlelnigreredigeabputelght thlBbaut 10%.ad-3HHrMacOihSadedils dated
3 days after ice is.C C it tio ﬂﬁF , t 55% to abpyt 85% of pharmaceutical
agent is e dtéléeé%qya(?%gﬂgﬂ rétgg\%@ebigdéﬁolﬁt%cted'hva\%tﬁ(?e%’tigra (r{:}Feed%{l(@f#oalﬁ %’%ﬁ@% {)% ?ﬁg% of
pharmaceofiicgtaghat fereluteahiibataysasiigroth sai B 20 0d4 620 SRC RIS 20041045 device is
contacted,with elytion media; and about,75% to about 100% of pharmaceutical agent is eluted 20
s after e e e s R R B e S e Compriing:
stcnt; andcaphnsdity of taydrsiarbsaichbte phlwhergirfatribdsy onewipsaics ayerisaonaverisesl a
bioabsorbable, polym d.at least one of said layers comprises a pharmaceutical agent selected
fom rapaimyan R R SRR € N R R R R N R P e
said deviceproddels endifroitragphenyma eytiodhagend @lvtioneprofileabbgwrijnlRiguse &tfEOABNJIN

some em%%imeerggﬁ‘, wﬁeirgigigtq&rs]g 5%81%?0%'89 {ha q{]z{[rgllyéle%%gz{ e?é%n@ is in crystalline form, and
wherein at least one of said first polymer, second polymer and third polymer comprises a
PLGA copolymer.
[00244] In some embodiments, the device has a pharmaceutical agent content of from
about 0.5 pg/mm to about 20 pg/mm. In some embodiments, the device has a pharmaceutical

agent content of from about 8 pg/mm to about 12 pg/mm. In some embodiments, the device
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determined by a procedure comprising: (i) contacting the device with an elution media comprising
ethanol and phosphate buffered saline wherein the pH of the media is about 7.4 and wherein the
device is cotfZ¥8 With'the elution media at a temperature of about 37C; (PdptiottalPHYitating the
elution media during the contacting step in (i); (iii) removing the elution media at designated time
points; anﬂaﬁx?)%%%lﬁ%lm@ﬂhﬁn%mxﬂﬁ% &B?g&lﬁﬁﬂ@wrlﬁgé&ﬁwpa&ent content.
[00262]In sapwgmRadinansicheanvitierphasmnaceulicnl aaraielatiompreile iselatermipest by a
procedure comprising: (i) contacting the device with an elution media comprising ethanol and
phosphat HiHered saline wherein the pH of the media is about 7.4 and wherein the device is
contacted[egtius)e elution yeedianttaiermeraiedw atahoyts Gt ppatenallyi aditaingadheeiition
media during the contacting step in (i); (iii) remqving said device from the elution media at designated
time point@}%r% (R CASEQYikr TS eittiEH ArsBl v 8 ﬁwmsé%aﬁé%qfa*@ém%ﬁtg t3f80263]In
some emBadjmentsidher ihmiltapiasmactyitahgen clliem pielileisdigiersuneshib e aagence of
agitation. [00264]In some embodiments, the procedure further comprises: (v) determining palymer
weight o< BPESBLPG A S SGH bR BEHEHL S SO DA !; 8hEMAflsting
for the ampuent ebxbarsfaaetiticalcaginichdeshbidines|uioamedicodpldeipindinadingiep iv. The

device of ¢laim 16Q wherein step v shows at least 50% of polymer is releasgd into the media after the
device s USURELTACPN R B LIS YEI B0 Ul &SP MU RN SR Ly S L (v) Shows
at least 7%%@inpolypheriacelgrabadniodiieysiedlia afisethedeliar isfcoitaatgetvbthsttieé media for 90

days or more. In sor@s embﬁdiments, stF

V) shows at least 85% of polymer is released into the
o P B MR RS TABEH i Toe TS RS iy G P SATRHE B dthmones, stop
(v) showsrattieasiSd% bibpadlymer isfrelrbdedubiocihdimedia afibodhachey/ide: isubpitastaedastéd the
media for about 90 days. In some embodiments, step (v) shows at least 75% of polymer is released
57 WO 2§0§)f4%]§05@1? %;63&@3?045 into the media after the device is contacted with the media

for about PRNddgE. In sofvekalbadiments; stepd¥ hshvmis sideasindbiund phiwhizhidaeleased into the

media after the device is coﬁgt?cted wii.lh the ediahiﬁr. ab?lut 98 d@gs. In some .embtodiments .Step (V)
shows at é%%%?é%%%??bé}%/ SIS iRl the A SR BTN AL Rk A B media
for about 9PIdaysrfR02ESAPravide) BEleiisenaesioei ctapnisingidtstantii enadacoaiang comprising a

pharmaceuti gent sglected from.rapamycin, a prodrug, a derivative, ester.and a salt thereof and a
polymer HLIAT the cont A AL N Ta DA LD Gt PRI (YGRS device
delivered #aid {yonly wimsrinoftdcasbpactdheaphlagmacenticas @gebioish seibabie gahyvesseldvalldissue of

the subject as Joliowie: fTom about 0.1 1o ahaut 3% of (ne ljalpharmaceutical agent amount s
delivered i the &l jeé’tes VeBRI AP ISEUE One WeekEsher Hi6 device IS ENvared iR the &Jfﬁect's

body; anddisnmaibn ahCuikio g0 alnpdrb0%h of tireandiakgh dronadfe wicatmgand dovotenirsvitdivared in the

sublect's vessel wal fissue two ecks after theevige s deliered in thesublects fody J0067lin
some embodimeRts, the amountdelivered 18 the subjec S Timén i oBtaine *t])y adding pharmaceutical
agent presbotte?6hiedfi Saichsebjectis vessel wlalctissuedapd fhahm d cewticakcagentadekvbreliiogether
with said %Qel {Q;e {SJ’/no ?oogggu%wgb%do@p%%smgg&%%a-%Cgtell & QH&%%W days after the device is

contacted with elution media; about 25% to about 60% of pharmaceutical agent is cluted 14

days after the device is contacted with elution media; about 35% to about 70% of

pharmaceutical agent is eluted 21 days after the device is contacted with elution media; and

about 40% to about 100% of pharmaceutical agent is eluted 28 days after the device is

contacted with elution media.

[00248] Provided herein is a device comprising a stent; and a plurality of layers on said

stent; wherein at least one of said layers comprises a bioabsorbable polymer and at least one

of said layers comprises a pharmaceutical agent selected from rapamycin, a prodrug, a

derivative, an analog, a hydrate, an ester, and a salt thercof; wherein said device provides an

in vitro pharmaceutical agent elution profile wherein said elution profile shows about 7% to

about 15% of pharmaceutical agent is eluted one day after the device is contacted with elution
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[00268]In some embodiments, subject is a pig and the amount of pharmaceutical agent delivered in
the subject's vessel wall tissue is determined as follows: delivering the device in the pig's blood vessel
lumen; euthBPAMYA828% at predetermined period of time after the device Y8R A1Y%e pig's
blood vessel Jumen and explanting the device; measuring the amount of pharmaceutical agent

delivered A& ve<adp #antissua foraasaVicrld avein c igadvick eortishidisgleaistelit: and a coating

comprisingoatRbRINAae bttt RaenlSalRaIessIDm 58PABE b PrRERELGUAERENAIIME cAlANafOog, a
hydrate, an ester, and a salt thereof and a_bioabsorbable palymer wherein the coating has an initial

pharmacetic g dht SsKtEntS SRt HEh i R dBeE 18RS R AL SR Bi8lice provides an

area undefharehiveutAblGydar caunest of ahnaresauticrhagert-dativecadvnhibRinessetdvalktigsue of a
subject over time as follows;_from about 0.05 (pg/mm)*day to about 1 (pg/mm)*day when AUC is
caleulatec RO T AADHHE LS00 ROHBIRELtrY aa%%%fe@f‘éeﬂg&ffﬁd%ﬁ G LEIRE device is

delivered yahhe edbiett sibesty nfedm about 5 (pglmm)tday to about 10 (pgimm)* day when AUC is

calculated starting after the first week the device is delivered in the sybject's body through the second
week afte@i% élevice ish a%ﬂ\(f{ffL 'the %38%8?%‘889?%& %{B%P‘i% ?;?g‘fﬁ%y 16 EnBut

(pg/mm)*deasntviviieraMQt 2009 CiAGA0ARIG YIS 20091041 A4 Abkoris BRI puiatadr siadtingeadtermthe
second week t@i device is delivered in the sutéjllect's bo throfu h the fourth week after the device is
delivered fH T ESECFODRIAFS ARPATMACTEILeE! BEFRIAT A E‘%‘“}ﬁ@?ﬁ‘?ﬁf*‘&a@%" B&ut?e0

(pemm)*dewti (@62 Qi sauldg Casidiitds sa dervicambinalisingcaf Stelnti cindagdehatingpeoigising a
pharmaceutical agent selected from rapamycin rodrug, a derivative, an analog, a hydrate, an
dbatibeerr iy e N e S et ot
amount; vhareincalienlsgichd &vitetid ded\daredfier ahbeidyibaecoafaatsd bijdtt dbtoi ARdiQfapolymer is
released from device 90 days or more. after the device,is deliyered in the body lumen of the
. [OOSR RSN b HEUls BT hey TSt SRTIE s o
pharmacemtidad; ag &k seiectetigiamaapainyicagent iy etirted, B desivative flandanalo s, @inydtade, an
ester, and a salf thereof and a bioabsgrbable polymer wherein. the coating has an initial polymer
ot G HCHoE T A AT BB Bt ek B brbahmer s
released feomatheddeiticel atimutiddidaysl afted the eiplieensddetiveraddn the lbady2Ridsn aftitheéhsubject.

[00272]Pr8vided. herejn is(? d%\l/icle com ri&ing: a stent; and a coating comprising a pharmaceutical
eV1ae 18 contacted with ¢ utloré edia. s ..
agent selected from rapamycin, a prodrug, a'derivative, an analog, a hydrate, an ester, and a salt

thereof an@@Bijabsoriablededyirremvidh e kinithe @aating hastantjritidbpolyaiey afevat srheridin when

said device is delivered in a body lymen of a subject.at legst about 75% of polymey is released from
the devicc STOT OB L S AR IO eI R SOR T R T QLo ane
[0027 3] Profsdéetl wraindmprdevicpleomirtsiticl agtentt kot d ftoating awoyeprj sipgodphasmaceutical

agent selegcted from rapamycin, a prodru derivative analog, a hydrate, an ester,.and a salt
oot B SR S LS o LA Pk T ROt L ROR v

mer wherain the coat psoalymer am untl; Wheérein when
said device igtie wherecédawa dxd dgduteduitioh psdbfeehatrin 40 taipplyfie si®velebsed1fddhvthe
device about 90 days after the device is delivered jn the body lumen, of the, subject. [0Q274]In some
embodimaE e SR e e T S e R R et R o
polymer rél¢¥asgihfromdben tealiogast detdumiedas idttowls: detiveringotitectial/igdhir itepigisddood

vessel '”mﬁé‘ﬁtch%h‘/”‘{)‘%z"ﬂ%rmecé’&%l@aﬁ %@%ﬁ%@%&%ﬁﬁ’ flod o ime glier the de ‘%?Te‘cf detivered in the
pig's blood Vessél fuimén and explanti gl% e device; andymeasurlng% € amount 0 pc‘fmeer released

from the devitie; about 50% of pharmaceutical agent is eluted 21 days after the device is contacted with
clution media; about 60% of pharmaceutical agent is eluted 28 days after the device is
contacted with elution media.
[00251] Provided herein is a device comprising a stent; and a plurality of layers on said
stent; wherein at least one of said layers comprises a bioabsorbable polymer and at least one
of said layers comprises a pharmaceutical agent selected from rapamycin, a prodrug, a
derivative, an analog, a hydrate, an ester, and a salt thercof; wherein said device provides an
in vitro pharmaceutical agent elution profile wherein said elution profile shows about 10% to

about 75% of pharmaceutical agent is eluted at week 1 after the device is contacted with
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[00275]Tn some embodiments, measuring the amount of polymer released from the device comprises
LC/MS/MS measurements. In some embodiments, measuring the amount WO
2009/1462090CHH#I9/041045 released from the device comprises weilBhTIBEME4E = ment. In
some embodiments, weight Igss measurement comprises measuring, an amount of polymer remaining

in the devRCBIORIMSHitr 208HG StitPerRathitry Rl mATAUHER | AR R MRt Hewsrk m iRt aha%ee prior

to deliveripgethe deyiga 0odhefmiB:shieedassskhdmenHi0d 4eddRroyided herein is a device
comprising a stent; and a plurality of layers on said stent; wherein at least one, of said layers

comprised WHrdAbsorbABRY SIS AREFIRHY LH LS SHRPSPEEASIRYS BUhi ULy s At Qlitical agent

selected fgain sRPBANRIRR DIREKHIGH AISHNEIYR b AMMOG, Ayl aithad¢oiEinansha salédhereof,
wherein the deyice has an initial. phar aceuticali%ﬂ?nt cont%nt (&ﬁbout | pg/rnm to about 15 pg/rnm;
wherein mﬁ%’nogﬁ?d BYREE FTUBIVET SR ABOER i B 35 SG5 LRI ARFAER'E Blood

concentragigivaitinAQinalogteshiforn s elivesoheais davies-doftvehsthiestid Bedydypnramnddalns from
about 1% to about 50% of the blood ci)ncentragl?n dgrovid.ed by a conventional drug eluting stent
delivered 1B YHE R AERA RS SHe R COP R IIRE S0 P BY SUHET herein is a device comprising a

stent; andjaoBBplity of layeiaoshasidisient, Wwhdreiind ppashanaiof daiglayaisicomprises a
bioabsorbable olg er and at(ieast one of said. layers comprises a pharmaceutical agent selected
from rapaftyiHAC A IRH AR CHRTRIS RO RE S Hga ol CoP R dhe fledise P R AT LR B wherein the
device hasoampiisiigl phachacsiticabagenitentanttef otk ilgsdienitabbair.4 artd wherciwibgrein
when said device is delivered. in a body. lumen .of a subject said device provides a blood concentration
withn 60 HTECE ROFFUBIVEI G SEIA BEVRED th COEER e B0 TG thal PR 156 t
about 20%gifative; bieasheroapthiatthmpgaviceshibye dngasve tiiGixal diugebiting giestudeliveketiato the
subject under similar conditions.‘[00§ 8 Providedt erein isé‘%]d?\{lce cor(rilprisisg a stent; and coating
on said st%‘h‘ii;e%%léar%%%%p(%%ﬁn oM pAREY B HI0SHESD: Sﬁéﬂﬂﬁé? e %ﬁgpﬁlulgceutical agent

selected fphiarrajoamnyairngamrasiiggs.a derivative, an analog, a hydrate, an ester, and a salt thereof,

wherein\t}m% vice has an initial pharmaceutjcal agent.content of abaut 1 tg,/mm to about 15 Rgimm;
! e e e ol s #

wherein Sid devidb @ HETVRSHTIT b O3 RN BP £ WMIBAET CAA 48Vt HRRIEL HE dbt the

same bloaidteanaexntiatioprovedutechiapr iy doarmatiakvbky dof faidvite\dee iaithensedifect's body
lumen. [00279]In somg embodiments, the blood. conceptration during the first 72 hours from delivery of
A A AR A s R e
concentrafion cealc udatact el et éhirdutfidrhmg dsaf eo mn telpeesyuod stabaedGeGp(theptibpatys body

lumen. In same e tbeociiments té'{eg vr%aqﬁ bIoodC(%oncentratia%(issﬁf om about 0.05 ng/mlfrtocr)nabout 0.5

ng/mL In 886 SMbodIments” the devite Brovides ap AT moving said device

2009/146 20981 @ ot HB20R2H0ddd R told . che poaeni ratibfiv) vwes &y ipgribe dfii@nhacdmafteettendsyice is

delivered i[)%gpnelascléltﬂlec%ﬁ'sage% %ollﬂ nen of from about 2 (ng/mL)*hour to about 20 (ng/mL)*hour.
[00255] In some embodiments, the in vitro pharmaceutical agent elution profile is
determined in the absence of agitation.
[00256] In some embodiments, the procedure further comprises: (v) determining
polymer weight loss by comparing the weight of the device before and after the contacting
step and adjusting for the amount of pharmaceutical agent eluted into the elution media as
determined in step (iv). In some embodiments, step (v) shows at least 50% of polymer is
released into the media after the device is contacted with the media for 90 days or more. In
some embodiments, step (v) shows at leat 75% of polymer is released into the media after the
device is contacted with the media for 90 days or more.
[00257] In some embodiments, step (v) shows at least 85% of polymer is released into
the media after the device is contacted with the media for 90 days or more. In some

embodiments, step (v) shows at least 50% of polymer is released into the media after the

device is contacted with the media for about 90 days. In some embodiments, step (v) shows
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[00280]In some embodiments, the device provides an AUC for blood concentration over a period of 72
hours after the device is delivered to the subject's body lumen of from about 4 (ng/mLrhour to about 10
(ng/mL)*ho¥ ARY¥8HE¥hbodiments, at least part of pharmaceutical agent ¥ HE A H&Yorm. In

some embodiments, the pharmaceutical agent is provided at a reduced dose compared to a

conventioaicahdg @afi .Ralgfe?ﬁ Igdenmrd dRp OfimmsAte aberdhsdsKieorscantisyed S initsivsdia pLGA
bioabsorbaplghpatnek; Y 0RBIHR saivedambedisnents) thewharmasasticaliaaehin Baid device has a

shelf stability of at least 12 months, [00282]In some embodiments, the device pravides an in vitro

pharmaceHR famertatiito s e sheparaRd wiisho et RiERROUOSL 88% i ot embodiments,

the deVlC%ﬁ%ﬂdﬁégﬂé@é@@d@%ﬁ@%s%%ﬁsﬂstmmﬁﬂg&é@ﬁﬁwQﬁﬁ;th/&c;ﬁﬁ:dli@atfﬁﬁufe
concentr n proviae y a conven tio tent. In me empodime the device provides a
pharmacetfildaf SHEmiaesdeeiHosmtia Oafaaﬂ&agﬁ &Y dl waﬁswﬁﬁ%ﬂvﬂ?@tﬁs%ﬁe géﬁ@Bﬁ‘ﬁaﬂon

provided hiy s&CyDe RIGN SIaTE 18 &8ss o hedibentsiitiedaiscr Providesca dharmacendigal agent
tissue con en ratlo of at least 25 times greater than the tissue concentration provided by a

conventio fhe embodiments, the device provides a pharmaceutical agent tissue
concentra['(msg]at |eaSPﬂd}Qd&mB§rgﬁeﬁterdﬁmbt&ﬁﬂiﬁﬁ&iﬁgcwaﬁtraiwﬂ lﬂmuldgcd)bmementlonal

stent. [002841In som emboilments a% ig% of sald% %/ e Ocr; [é) |th|n 45-90 %aéys after
an angiopt& ﬁtﬁ%’c‘g B At Qi@ BRI IS S SRBPESh& é?ﬂfi% %6 XW%BWEQ ahhEBtiments,
about 75%@m®@mymebdﬁﬂp$wmghuﬁhméﬁr&ﬂ slays eftestad fmnglamaﬁtycmoxgﬁbdﬁlgvherem said
device is ellvered ina su é_ In some embodl) Egts bo t 95% of %ald polymey is resorbed
i 45848 e S TS SPOERBL PR SPATTAE GoVIEE 0 QS AT PP e body:
[00285]In meo@h\hmﬁa&anta;l 9géntel sdod pﬂiﬁﬂ@&ﬁh&r@ﬁ@ﬁb@dluﬂﬂn@%&&l@@ys ater ataogioplasty
procedure whergin said,device is.delivered in ecib S(li&i % 02861In some emhodiments, the
Govice prdVTLe ToAgal AL ULt GO GE B B Rl et AL
conventioHﬂt&tﬂ:MeMM]Brﬁimiedi%mﬁilphsmlamethmdlmfgtrﬁaﬁmassabjleuts:mpﬂsér@deﬁ\iering a
device as de cr|b n.in a bqdy lumen, 028 ! reln |s ethod of eat g a subject
compriing BAEIRG T HUBoE G AT UUEIEet § ABUILE LoD ASHETS LR Bt T comprising
a pharmadeytifeir the deV1ce is contacted with elution media; about 40% to about 80% of

pharmaceutical agent is eluted 3 days after the device is contacted with elution media; about

50% to about 90% of pharmaceutical agent is eluted 10 days after the device is contacted with

elution mediaabout 55% to about 95% of pharmaceutical agent is eluted 15 days after the

device is contacted with elution media; and about 60% to about 100% of pharmaceutical

agent is eluted 20 days after the device is contacted with elution media.

[00259] Provided herein is a device comprising: a stent; and a plurality of layers on

said stent; wherein at least one of said layers comprises a bioabsorbable polymer and at least

one of said layers comprises a pharmaceutical agent selected from rapamycin, a prodrug, a

derivative, an analog, a hydrate, an ester, and a salt thercof; wherein said device provides an

in vitro pharmaceutical agent elution profile wherein said elution profile shows about 5% to

about 25% of pharmaceutical agent is eluted one hour after the device is contacted with

elution media; 5% to about 35% of pharmaceutical agent is eluted 3 hours after the device is

contacted with elution media; about 30% to about 65% of pharmaceutical agent is eluted 1

day after the device is contacted with elution media; about 45% to about 70% of

pharmaceutical agent is eluted 3 days after the device is contacted with elution media; about

55% to about 85% of pharmaceutical agent is eluted 10 days after the device is contacted with

elution media about 65% to about 85% of pharmaceutical agent is eluted 15 days after the
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61 WO 2009/146209PCT/US2009/041045 agent selected from rapamycin, a prodrug, a derivative, an
analog, a hydrate, an ester, and a salt thereof and a polymer wherein the coating has an initial

pharmaceut¥Q128¥tt%2Mount; wherein said device is delivered in a body IUPSEUSEAYMEPHect and the
pharmaceutical agent is delivered in vessel wall tissue of the subject as follows: i. from about 0.05% to

about 354 ERSIALHRS ReHeR BedaT Acharts adntrrRauh Y e b Ratgeseisdhall tissue

one weekaaiigr esievice irgelifer ek inciecsykiaahstboiipadtiodraiabout 0.5% to about 50% of
the initial pharmaceutical agent amount is delivered in the subject's vesse| wall tissue two weeks after

the devicd 198lvered HMAISARTSHE BERL 56 288MH Lo 8 ErtbahifheRturahly 9bl¥ed Bvides

reduced iRflamsationenet the.cauise &f aalyiayeiy esaiitian.  B0bn sempogmhedinaentsathe
presence of crystallinity is shown by at least one. of XRD, R maa gpectroscopy, Infrared analytical

methods, SO 18650 LTRSSt ERTBBHATRRTER! ASSLSSIRTEOATAm SEIAMYTHT SUPFROEYSt &aid stent

has a greatehhicknes bRy coRYNEONA Bireiahsuriaretetasidatenéidnsare anbasiaenis, the ratio
of coating.on the gbluminal %&face to coating on the luminal.surface of the device is 80:20. In some

embodim e R RRIAETELRAS Bh SHE AB RTINS RRMR R k&RUEating on the luminal surface of the
device is 780261 |n soméenasviedimisntin e r éiviphogapagrondbeiablugpnadistdagedileaating on the

luminal surface of the device is 70:30. In.some .embodiments, the.ratio.of coating on the abluminal
e s B PR CPYABE P R D00 DA e B P nante. the

stent is a congniiygtahinal \wasioptaksiert baffedd beliat stesiciiliarpstanheancdiatarabantat. gtmt.
Examples [Q0293]The following examples are provided to illystrate selected empqdiments, They
choult ot B AT S RO S50 BISFLATLEIR Bt ERy At ol
representajivierthi¢yeitdtiopaacklexampladits thaibe kb comtdidple: angl i ¢a); teidhrigisesngele be provided.

Any single technigue of the multiple technigues listed may be sufficient to, show the parameter and/or
characterSHE B P46 S ARSI B AR TSRS b AR Pparameter
and/or charmeteiistiphdinose skt ddenth@@etnwill be familiar with a wide range of analytical techniques

o o OSSR e et o oy

variations duingadjts thyenpsoe nupleyeanptikihowa yd ine oy ous devibo sathkiledutioih enadia Sample

Preparati%%mvﬁlr%i%g%%%ﬁo Za%%%%gs/p Sageot())l?t[f%?el({) éa&?ine wherein the pH of the media is about 7.4
and wherein the device is contacted with the elution media at a temperature of about 37C; (i1)
optionally agitating the elution media during the contacting step in (i); (ii1) removing said
device from the elution media at designated time points; and (iv) assaying the elution media to
determine pharmaceutical agent content.
[00263] In some embodiments, the in vitro pharmaceutical agent elution profile is
determined in the absence of agitation.
[00264] In some embodiments, the procedure further comprises: (v) determining
polymer weight loss by comparing the weight of the device before and after the contacting
step and adjusting for the amount of pharmaceutical agent eluted into the elution media as
determined in step iv. The device of claim 160 wherein step v shows at least 50% of polymer
is released into the media after the device is contacted with the media for 90 days or more.
[00265] In some embodiments, step (v) shows at least 75% of polymer is released into
the media after the device is contacted with the media for 90 days or more. In some
embodiments, step (v) shows at least 85% of polymer is released into the media after the
device is contacted with the media for 90 days or more. In some embodiments, step (v) shows

at least 50% of polymer is released into the media after the device is contacted with the media

for about 90 days. In some embodiments, step (v) shows at least 75% of polymer is released
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1002941Generally speaking, coatings on stents, on coupons, or samples prepared for in- vivo models
are prepared as below. Nevertheless, modifications for a given analytical method are presented within

the example¥QRMRA42498/or would be obvious to one having skill in the art PEHES UGS
variations, changes, and substitutions will now occur tq those_ skilled in the art without departing from

the inventB? S Bt Rfefsidsairtaniioty dhdhsdnedie {SrAROM bR et B¥ihe invention

describeddngsedindidseXRMPIPSHIROY a9 RS e e prlead indéasdicing the ventigeand showing the
parameters and/or characteristics described. Coatings on Stents [00295]Coated stents as described

erein an P : ; stents
herein andRTHAUECBIATHEHOd i SRrILtPhabatt AlelprepdReamh SBRSEGHIpRISD e Loired

have a targeatact Y5cknes9hnct 5 MiRRa (ntd thichentoifastivie agast)islBos@iorEexamprsnecoating
process is. PDPDP ?QF: lymer, sinter, Drug, Polymer, sinter, Drug, Polymer, sinter) using deposition of
drug in dr@oﬁ % &nd deposition of polymer particles by RESS methods and equipment
described|[p@zei). In thepitiistiediaasbalowd el iogmpasiad SiRas aayahvet Idayeitaating
comprising polymer (for example, PLGA) in the first layer, drug (for example, rapamyci QI a second
layer and %‘Eﬁw}ﬁl‘ﬁﬁL%ﬁfP& TS&?&F?@%BF% ARERHER ot he %dﬂéi?é’r?&%b%%%?ﬁﬁ&%&ﬁl 80?&9. a
sub-layer wighinptenibird tryeh hiy Biganthickness @G phientatiaaion gidhethickness@time Hd layer).
As described layer, the middle layer (or drug layer) may be overlapping with one or both first. (polymer)
A R b i o S AT i e
extensionvakpalynietimatasfahintatpbotsicab Bpaseflargaoacoupied bypdhednia Theiaierlap between
the drug and polymer layers may relate tq.partial packing.of the dru ticles during the formation of
the drug IRJRIVREHCEh e T B el W B Rt o orShb RHASDER PRE RGP GGHS and or
gaps maydereiis detiversd dryherystadqarbolés. ahidefisdidshandlgipscaabai silgb lef thdmbitupied by
particles deposited during the formation of the third (polymer) layer. Some. of the particles from the
ot (ol PO HAL S AP E R ST B B Lok B TG 5 R SR the
sintering stepdis/cenpletedfad thehthiich{golymedy layer, the third polymer layer particles fuse to form a
continuous, fi at forms the third (golymer) layer. In some embodjments, the third (polymer) Jayer
owever JVABT a porlor A A TG A ATIGHR! SFIRGS St LR SHURS e BEFoR L Rt
contacts listawédingophymercoitieriapantpaesghpaidiclias. sidespiguio’ ofdfud thithtisyerdindt is

substantially of contact with drug. particles gan be as thin as | nanometer. WO, . .
20001146 BT b B S OSSRy Tt ARG GBS o B U Bolymer
but no drug atemmrade by a method disclosed herein and are prepared having a targeted thickness of,
for example, - icrons, An example, coating process is PPP (PLGA, sinter, PLGA, sinter, PLGA,
sintery U REE S et ot AT T IS Rl and PR acio L e B SR iy be
used as cdelirairsdinples subganie aktheveadatiyplesisidétar fOORDTY Ifo Home dolaraptesthihdestents are
made of a cobalt-chromium glloy and arge 5.to 50.mm in length, preferably.10-20.mm in length, with
Stuts of SN EeS Oy S AR L A U B R P o S o
abluminaldviface telavhrodinakistipiace bwoheasatihgkommd sigamalpttha dideayalkhsisomgehexamples,
the stent may be cut lengthwise and o d to Jay flat be visualized and/or assayed using the
particular %lrﬁé}lﬁ?coaﬁqué% I%allg]le,llé lﬁﬁi\é}%%lg 8%%’55341%& oa |Sneg %%Hy%bséureémoved (for example, for
analysis oft2sHting baPbaddddrecccmtinglonc stnpranioigon caatingndn thetaiydwmnaisogace of a
flattened stent) by scraping the coating off using a scalpel,.knife ar other sharp tool. This coating may
e sced T B e e B D & R & B R oo
techniquesnprgse et deeihacaihed teblmispedsakiopeatymdehe betdor tharfagencompasitionadnalysis (or
other characteristics, such as crystallinity, for.example). In this way, what was.an analysis of coating
compostibi eI R ST ol MU B B R AT I T &
depth fromrthedsblamiral sultace wfvih€Adda)ifer i thensuffploewh thetrerhayed ddatimgdtiattence
contacted j1e St o7& pogbian ihereaf. Pasomes fstiians ANANGIn s caing Whichean, for
example, show the layers in the slice of coating, at much higher resolution.”Coating femoved from the
stent may(bg/meabtiynehsamd Way calvdlassbirenh this tiatie gut; dndéorsdalactefized ahpeasented

herein U e \SEOBIGLBR BRI andi gISELNIAYES KAgHN (g gypetagnof skilin the art

Coatings on CoUPORs [ some examples, samples Comprse toupons of glass, metal, e.g.
cobalt- chtpgiim) *drytodbenslib staivantidearchsreparedsvithcubatihgtertis gleBerihedingreitekwith a

plurality ofyjayR(3 33 deSRHhes NGFR!fuRRE/QI %%&%%QQ&Q@QQ&?&Q?&E%&% fpe examples,

[
the coatings comprise polymer. In sc%un% examp@l, the Coatings comprise polymer anci?active agent.
In some estelinpted inHbaodtsdttobpbns Gromprbparét Gaving ¥ daydetebottiéRegson IBlayicrbers (with -

5 microns of active agent), and have coating layers as giescribed for the coated stent samples, infra



WO 2009/146209PCT/US2009/041045 Sample Preparation for In-Vivo Models [00300]Devices
comprising stents having coatings disclosed herein are implanted in the porcine coronary arteries of
pigs (domesNO MM &4GR%enile farm pigs, or Yucatan miniature swine). Porcifef €or&8 Kehting is

exploited herein since such model yields results that are comparable to other investigations assaying

neointimaf et sistHalrddisrnstifadhs serandainekdhs dgyisrdsdtdverd i thamtheareho Mo, At

multiple tilRgopENtSe aifMAlSRICEWNBRIESd(£i9 dbFvirayn theayscte daydy;2hdaysAud 28 shys),
the stents are explanted, and assayed. [00301]Devices comprising stents having coatings disclosed

herein altdPABRRAV TS Ghspiamdeday, habostHdHSRE A ¥es of New Zealand white rabbits. The
stents arcmmdgd to Br&ialdédl@éi@ﬁﬂiﬁﬁt@&zdf@i&gﬁéﬁ@ﬂig plestine ml?;tﬁoiﬁtﬁlﬁ@dad)%@ifisd ﬁtgtfaan(ijzed

e.g., t=1day, 7 days, 14 days, 21 s, and 28 days), the stents are explanted, and assayed.
(Exgmple fgfé%@ﬁ%‘ﬁyﬁ?é ae%?é%)%r"é“i ?F)éf%aé’ﬁ{ﬁ%‘&ﬁz%?ﬁf??ﬁ%&’&@ﬁ&@%@%ﬁ?@d@:@ﬁaﬁaﬁ%&?ﬁ%t
comprisingn as&enindanienvoik afdadrapay&iropely meyseatingvhatRinatieashpantiaftrapamycin is
in crystalline form and the rapamycin-polymer ¢oating comprises.one or more resorbabl e polymers.
1003031 RRBLBE AFRHPE NA TR AHEPTRDORISES CruRecE T LE oA o2 S86 8DEUAEster
End Groups5%4\4-pSkihcdagraldaianfraietht-deriontitsdays or more HadymedBiicd38blivered in
PLGA-Carpoxylate End Group, MW- | OkD, degradation rate -28 days [00304]Metal stents were
coated as' IIE) J RS ‘ﬁ[%g%ﬁ?hapamycinmolymer A/Rapamycin/Polymer A AS2: Polymer

AlRapamye02Pglymer RiRaidadiyaiitiClyrdeviBe Adh{Bying ASIEAL3InPokoneh Biapeasiyein/Polymer

B A A B R e R R A S AL Mt
an ester, and a salt thereof and a bioabsorbable polymer wherein the coating has an initial
polymer amount; wherein when said device is delivered in a body lumen of a subject about
85% of polymer is released from the device about 90 days after the device is delivered in the
body lumen of the subject.
[00272] Provided herein is a device comprising: a stent; and a coating comprising a
pharmaceutical agent selected from rapamycin, a prodrug, a derivative, an analog, a hydrate,
an ester, and a salt thereof and a bioabsorbable polymer wherein the coating has an initial
polymer amount; wherein when said device is delivered in a body lumen of a subject at least
about 75% of polymer is released from the device about 90 days after the device is delivered
in the body lumen of the subject.
[00273] Provided herein is a device comprising: a stent; and a coating comprising a
pharmaceutical agent selected from rapamycin, a prodrug, a derivative, an analog, a hydrate,
an ester, and a salt thereof and a bioabsorbable polymer wherein the coating has an initial
polymer amount; wherein when said device is delivered in a body lumen of a subject about
100% of polymer is released from the device about 90 days after the device is delivered in the
body lumen of the subject.
[00274] In some embodiments, the subject is a human. In some embodiments, the
subject is a pig and the amount of polymer released from the device is determined as follows:
delivering the device in the pig’s blood vessel lumen; euthanizing the pig at predetermined
period of time after the device is delivered in the pig’s blood vessel lumen and explanting the
device; and measuring the amount of polymer released from the device.
[00275] In some embodiments, measuring the amount of polymer released from the

device comprises LC/MS/MS measurements. In some embodiments, measuring the amount
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AS2b: Polymer AiRapamycin/Polymer AiRapamycin/Polymer B Example 2. Crystallinity [00305]The
presence and or quantification of the Active agent crystallinity can be determined from a number of
characteriza¥OPHUIHEHE known in the art, but not limited to, 65 WO PCT/US2009/041045

2009/146209PCT/US2009/041045 XRPD, vibrational spectroscopy (FTIR, NIR, Raman), polarized
optical miErEESEHI RIBKASTGS SRR SR oSt Lo G N NTR R R 1SS N5 Bdtermine

the Presengg areioruantifispinesahostive Aaeptcnis @ity RP 20N VM ageatans palymer

coated proxy substrates are prepared usigg 31 6L stainless steel coupons for X-ray powder diffraction

(XRPD) mugLarte it aetamsAR e rass Nce Ut ah e B o1 id WA ASKISE AP coating on
the coupogdikcaigyintleiatiectherkopting KIodhe sigmissescribed herein. Coupons of other materials

described herein, such as copalt-chromium alloys, may be similarly prepared.and tested. Likewise,
substrateé‘ﬁ?&?]as sterﬁg%f%%%ﬁi823@&&%@@@&8}%@&%&&&#&5%%1&@5&%@% ed.
Where a geaigdvhiabinstesiahibersgatisyays kemptiRpatbiwissababdpprgthte hay Hatdneosample

holder. [00307]For example XRPD analyses are performed ysing an X-ray.powder, diffractometer (for
example, 8?%? ‘ @ryf‘)% OIVBTSS X DIt REHGAh&RSPT SEiR f‘éder%l FARRARGHD CHRrRETYSrdms arc

typically codecteid havarinog, atd dRdegiests, dhatasihesecofouiiediowmbackgeaundXRitial sample
holders are employed to minimize background nojse. [00308]The diffractograms of the deposited
ctive aATEET B A9 Uttt i R A DT SER S FS rmple
micronizedestiystaldisa airadiinusiodgawsien o asubRED4ddderis: phevydiali béotelr oumshionitidrong
diffraction peaks whereas amorphous shaw diffuse and non-distinct patterns. Crystallinity is shown in
arbirary 1RO LR OB A FTAeR] R AR S A H1EB W USRS
crystallinitj*deseditan $9Wwidetanglestadiring afsagiatiidederg 4 WidehiieaXdray Sadtigringtor WAXS),
for example,.as described jn F, Un%égr,. etal., "P%:i}é{gthylene carbonate): A thermoclastic and
biodegraa%%}geﬁ? TatdridY Jﬁc&ﬂ?éj IGtHGS (et I1?1‘?195?" Journal of Controlled Release, Volume

117, Tssye273]l 2-321P(20é) fareihishattey techoigpesandavaciations optheliecbhigyerspeciid to a

ticul I Id bvi to 4 f skill in the art. R 00310]R
Cpcctrosc SRy A SALT LA BLSB) e AHE Eah e SR AR PO e o eastone

of said layers comprises a pharmaceutical agent selected from rapamycin, a prodrug, a
derivative, an analog, a hydrate, an ester, and a salt thereof, wherein the device has an initial
pharmaceutical agent content of about 1 pg/mm to about 15 pg/mm; wherein when said
device is delivered in a body lumen of a subject said device provides a blood concentration
within 60 minutes from delivery of said device to the subject’s body lumen that is from about
11% to about 20% of the blood concentration provided by a conventional drug eluting stent
delivered to the subject under similar conditions.

[00278] Provided herein is a device comprising a stent; and coating on said stent;
wherein said coating comprises a bioabsorbable polymer and a pharmaceutical agent selected
from rapamycin, a prodrug, a derivative, an analog, a hydrate, an ester, and a salt thereof,
wherein the device has an initial pharmaceutical agent content of about 1 pg/mm to about 15
ug/mm; wherein when said device is delivered in a body lumen of a subject said device
provides about the same blood concentration over the first 72 hours from delivery of said
device to the subject’s body lumen.

[00279] In some embodiments, the blood concentration during the first 72 hours from
delivery of said device to the subject’s body lumen remains between 75% and 125% of an
average blood concentration calculated over the first 72 hours from delivery of said device to
the subject’s body lumen. In some embodiments, the average blood concentration is from

about 0.05 ng/mL to about 0.5 ng/mL. In some embodiments, the device provides an AUC for
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example, in chemical identification, characterization of molecular structures, effects of bonding,
identification of solid state form, environment and stress on a sample. Raman spectra can be collected
from a very MRV (< 1); these spectra allow the identification of speffe’ Pré¥¥iHifhat volume.
Spatially resolved chemical information, by mapping qQr imaging, terms often used interchangeably,

can be achiRRLaBY REAAT NEFSRTRF NAB6 13455 S8t IErss o 8y6HrbPs 18 §8 IR dman
spectroschpyyanehethnsT fanalybical PeGRMEUShSHC asseoriperhin Badks. et al., "Quantitative spatial

distribution of sirolimus and polymers in drug-eluting stents using confocal Raman microscopy" .11 of

BiomedicalRf&{rials RESEARHBERKTSBE: 390 (D667 MLEFH Bratedin HsLenrif SOPHERERTIBY

geferegceoaaddqfeﬁ@acgmﬂag%a&ﬂ%ﬁﬁé ,d'el}kuf@es@égms&maih@@ummiﬂg?la&%gﬁgﬁfg%ugzglolging
tent Coatjngs Usin ter Secondary Ton M ectroscopy” Anal. Chem. 80; 624-

incorpora Mt Dt 9%%5@%?@@55%@ M%%%ﬁm&mﬁ%%ﬁ&?& saEmpIe)

using RarpasrmictasicapygandiinmaniculancesacahRamasnbistaaeapyit ishdnedessterd] thadrto get

appropriate Ram(ri\n high resolutiin spectra syfficient acquisitign time, laser power, laser wavelength,

sample stiPEA A AT OSSELOSH RO Hh o 6BY BHER A2 S I ERa M 4550 e (a coated
stent) is peaftas@ichastsestebedhaseini Aligeatvelyrisccaated aobipansetidsl bpdgsted in this method.

Reman mIAEpe ueiih S REVRENESE o B3P R AT thE RA A e 18he, The laser
light is foms&ﬁwmth@ﬁam@@mmg a 100x dry objective (numerical aperture 0.90), and the finely
e T e e B ST R B
Each conidadbarpssikectiopatibiagefatthedeoatingisdisplays a region 70 Jtm wide by 10 Jtm deep, and
analysis LM Horenc 0ets YIS BATHPILE Ot AR e o TR G £ LEATHE) and polymer
are used i@seonoive dhetspariral date sdisictooptevideiohgmicalonaps cbifvemistributian. Infrared
() e S o e () Sprcssep uh sy T AT R
distributiotcaft the oy greatbetbamtpteticoatingn the gtian fiaiveécd dly meocanienidhstioat cdatomeand the
dnbuon e DRSS S R Specieser e S TR AT e
TR materigisctogreatiotisaapplicatonsoidrasatiBnpaieidrts ara veediviohh svimdowssailaents or ATR
crystals. Vgr(r?bgglc)n%%%?%%g(?e%-gleup%oz\gl géoadrp Oa%rsnz-llé%%![?cg'l Ie\l/lgaetne[rhaslswe kcigncentration of at least 100

times greater than the tissue concentration provided by a conventional stent.

[00284] In some embodiments, about 50% of said polymer is resorbed within 45-90

days after an angioplasty procedure wherein said device is delivered in a subject’s body. In

some embodiments, about 75% of said polymer is resorbed within 45-90 days after an

angioplasty procedure wherein said device is delivered in a subject’s body. In some

embodiments, about 95% of said polymer is resorbed within 45-90 days after an angioplasty

procedure wherein said device is delivered in a subject’s body.

[00285] In some embodiments, 99% of said polymer is resorbed within 45-90 days

after an angioplasty procedure wherein said device is delivered in a subject’s body.

[00286] In some embodiments, the device provides reduced inflammation over the

course of polymer resorbtion compared to a conventional stent.

[00287] Provided herein is a method of treating a subject comprising delivering a

device as described herein in a body lumen.

[00288] Provided herein, is a method of treating a subject comprising delivering in the

body of the subject a device comprising: a stent; and a coating comprising a pharmaceutical
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agent selected from rapamycin, a prodrug, a derivative, an analog, a hydrate, an ester, and a
salt thereof and a polymer wherein the coating has an initial pharmaceutical agent amount;
wherein said device is delivered in a body lumen of the subject and the pharmaceutical agent
is delivered in vessel wall tissue of the subject as follows: i. from about 0.05% to about 35%
of the initial pharmaceutical agent amount is delivered in the subject’s vessel wall tissue one
week after the device is delivered in the subject’s body; and ii. from about 0.5% to about 50%
of the initial pharmaceutical agent amount is delivered in the subject’s vessel wall tissue two
weeks after the device is delivered in the subject’s body.

[00289] In some embodiments, the device provides reduced inflammation over the
course of polymer resorbtion.

[00290] In some embodiments, the presence of crystallinity is shown by at least one of
XRD, Raman Spectroscopy, Infrared analytical methods, and DSC.

[00291] In some embodiments, the coating on an abluminal surface of said stent has a
greater thickness than coating on a luminal surface of said stent. In some embodiments, the
ratio of coating on the abluminal surface to coating on the luminal surface of the device is
80:20. In some embodiments, the ratio of coating on the abluminal surface to coating on the
luminal surface of the device is 75:25. In some embodiments, the ratio of coating on the
abluminal surface to coating on the luminal surface of the device is 70:30. In some
embodiments, the ratio of coating on the abluminal surface to coating on the luminal surface
of the device 1s 60:40.

[00292] In some embodiments, the stent is a coronary stent, a vascular stent, a
peripheral stent, billiarty stent, and intercranial stent.

Examples

[00293] The following examples are provided to illustrate selected embodiments. They
should not be considered as limiting the scope of the invention, but merely as being
illustrative and representative thereof. For each example listed below, multiple analytical
techniques may be provided. Any single technique of the multiple techniques listed may be
sufficient to show the parameter and/or characteristic being tested, or any combination of
techniques may be used to show such parameter and/or characteristic. Those skilled in the art
will be familiar with a wide range of analytical techniques for the characterization of
drug/polymer coatings. Techniques presented here, but not limited to, may be used to
additionally and/or alternatively characterize specific properties of the coatings with
variations and adjustments employed which would be obvious to those skilled in the art.

Sample Preparation
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[00294] Generally speaking, coatings on stents, on coupons, or samples prepared for in-
vivo models are prepared as below. Nevertheless, modifications for a given analytical method
are presented within the examples shown, and/or would be obvious to one having skill in the
art. Thus, numerous variations, changes, and substitutions will now occur to those skilled in
the art without departing from the invention. It should be understood that various alternatives
to the embodiments of the invention described herein and examples provided may be
employed in practicing the invention and showing the parameters and/or characteristics
described.

Coatings on Stents

[00295] Coated stents as described herein and/or made by a method disclosed herein
are prepared. In some examples, the coated stents have a targeted thickness of ~ 15 microns
(~ 5 microns of active agent). In some examples, the coating process is PDPDP (Polymer,
sinter, Drug, Polymer, sinter, Drug, Polymer, sinter) using deposition of drug in dry powder
form and deposition of polymer particles by RESS methods and equipment described herein.
In the illustrations below, resulting coated stents may have a 3-layer coating comprising
polymer (for example, PLGA) in the first layer, drug (for example, rapamycin) in a second
layer and polymer in the third layer, where a portion of the third layer is substantially drug
free (e.g. a sub-layer within the third layer having a thickness equal to a fraction of the
thickness of the third layer). As described layer, the middle layer (or drug layer) may be
overlapping with one or both first (polymer) and third (polymer) layer. The overlap between
the drug layer and the polymer layers is defined by extension of polymer material into
physical space largely occupied by the drug. The overlap between the drug and polymer
layers may relate to partial packing of the drug particles during the formation of the drug
layer. When crystal drug particles are deposited on top of the first polymer layer, voids and or
gaps may remain between dry crystal particles. The voids and gaps are available to be
occupied by particles deposited during the formation of the third (polymer) layer. Some of
the particles from the third (polymer) layer may rest in the vicinity of drug particles in the
second (drug) layer. When the sintering step is completed for the third (polymer) layer, the
third polymer layer particles fuse to form a continuous film that forms the third (polymer)
layer. In some embodiments, the third (polymer) layer however will have a portion along the
longitudinal axis of the stent whereby the portion is free of contacts between polymer material
and drug particles. The portion of the third layer that is substantially of contact with drug

particles can be as thin as 1 nanometer.
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Amnion iuni Salts H 2 SO4, aqua reg in Acids, strong alkalies, chlorinatcd solvents K2Cr20s, conc.
H2504 [00315]In one test, a coupon of crystalline ZnSe is coated by the processes described herein,
creating a PORBIYbRANer, Drug, Polymer, Drug, Polymer) layered coatin§GRatS28H56t104D microns
thick. The coated coupan js analyzed using FTIR. The resulting spectrum shows crystalline drug as

determine@$378bmparid S IBTHECH TR SANRP TG LR RIS AR ARd (.e. a

reference mpEEHYIN M EHEAreRIR sSEABRINNGAIRE HRKN D BAIn 0D BB HR 3 Chtam akayidey fualitative
evidence of the crystallinity of the drug ie.g. rapamyc n) usin%]standard-DSC techniques obvious to

one of skifStR the AFIERMS E&RAEERERERS S ThiE LAy T kg i apamycin

crystallinepmelingintat)akaiit R8BS SlawiBedsaia Q0 Hngices Eritviacthbangradiegodffiesiopadidr about
46.8 Jig). The heat of fusion decreases with the percent crystallinity. Thus, the degree of crystallinity
could be AETBIHTRE ?é}a%astaogtmﬁéam?ﬁ@z VBRI SATBA O e created from a sample of

ftmor)phoqwlmhw] spijkedlﬁ@drﬁe%t%@ye@%@ Wﬁﬂtkﬁw/\éﬁ%am&mm@ﬁtﬂﬂiﬂmdﬂl@ Bf@%;ﬁw%(atd
east) of crystalline drug on a _stent could be measur y removing (scraping or stripping) some drug
from the STarP&d {688 Rﬁeefeasélﬁnbon@ﬁa% ngf%qﬂmm%w téé“t‘é?ﬁ%ﬁw%ﬁb“fﬁeél %ﬁﬁﬁjglor(?

temperatuigcamies thesheablgf Sasioniéihe sasapigiag fomparssliommXnainacstang auchaad i dkadard
curve. Example 3: Determination of Bioabs rbaag'l' /Bioresorba iIitygDissqution Rate of a Polymer
Coating aDEVIER'CE 8%%%31‘(?)8#’ B StOYS Wlﬁ‘?%??\%e’@%ﬁ%?ﬁ' PSS BIiRGf8h
[00317]Stamgero isrethddp dardvim iy thet de ciatahiecdpplizor tossstat g padypaeicwiaighialgssafor
example gggl germeation cgpromatography and other analytical techniques such as described inJackson

et al., "ChiFASHS 8K ¥ Derivascular poly(lactic-co-glycolic acid) WO
2009/14620@18[T/US2001/04dfdtbmay be removed (for example, for analysis of a coating band

and/or coating on a strut, and/or coating on the abluminal surface of a flattened stent) by
scraping the coating off using a scalpel, knife or other sharp tool. This coating may be sliced
into sections which may be turned 90 degrees and visualized using the surface composition
techniques presented herein or other techniques known in the art for surface composition
analysis (or other characteristics, such as crystallinity, for example). In this way, what was an
analysis of coating composition through a depth when the coating was on the stent or as
removed from the stent (i.e. a depth from the abluminal surface of the coating to the surface of
the removed coating that once contacted the strut or a portion thereof), becomes a surface
analysis of the coating which can, for example, show the layers in the slice of coating, at
much higher resolution. Coating removed from the stent may be treated the same way, and
assayed, visualized, and/or characterized as presented herein using the techniques described
and/or other techniques known to a person of skill in the art.

Coatings on Coupons

[00299] In some examples, samples comprise coupons of glass, metal, ¢.g. cobalt-
chromium, or another substance that are prepared with coatings as described herein, with a
plurality of layers as described herein, and/or made by a method disclosed herein. In some
examples, the coatings comprise polymer. In some examples, the coatings comprise polymer
and active agent. In some examples, the coated coupons are prepared having a targeted
thickness of ~ 10 microns (with ~ 5 microns of active agent), and have coating layers as

described for the coated stent samples, infra.
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films containing paclitaxel” Int. J. of Pharmaceutics, 283:97-109 (2004), incorporated in its entirety
herein by reference. [00318]For example rabbit in vivo models as described above arc euthanized at
multiple tim&EAAt/1t2% day, 2 days, 4 days, 7 days, 14 days, 21 days, 2FEZJESHBIPNEA=5 per
time point), Alternatively, pig_in vivo models as described above are euthanized at multiple time points
(t =I day, 280k Drepay ation for.In-Viyp Mods Sdays, 28 days, 35 days n=5 per time point). The stents

arc eXplar[tm;*mpd drleqbsﬂws @bﬁ@ﬁsmgd%ﬁﬁfﬁaﬁg ebgassloderniatadennessinipRigRitat has not
been implanted in the animal is used as a control for ng loss of polymer. [00319]The remaining

polymer oM RS ANOF LRSS SHBRES AR SHIMSIEVLE A i8S -amiSi&hioroform). The

solutions egintainiogWhecyelPaseialyonars laineaghdisnplpriatirieifilighed sssmsauet@pC analysis
is used for quantification of thele?x ount of polymer remalnlng in the stent aéeach explant time point..

The systelf; ? ATBIEOTBATRRISAS QR NP O A IS PO BIERTRIA2 IRIBTEA
refractive {nepxetBéataaypredipadididiewielt Raackara Ry Geiocoly fﬁﬁltﬁ}r@tﬁﬁéwsaﬁﬁ@,om ponents
arc detected by refractive index detectl n and t f%%’ k areas are used t termine the amount of
polymer rdMEHNG T FIHCSIER S the dknt HTE-DafEdA: CUH %r&ﬁ%ép‘?%%%)r&gerﬁfﬁ%té&%ﬁ weight
versus retexpientdtnenis sstgblished for the 50A P1- Gel column using polystyrene standards with
molecular s of 300, 600, 1.4k, 9k, 20k, and 30k Ono.. The. d cre es inthe er peak areas
o the SobUT e time SIS SPERErSy SHE R BE AT S8 B ALSTHIRAOR 5o G iy
stent. GeIﬁ@mﬂmﬂm@"rr@mtﬁgﬂmﬂmwmk&wm@[wa&lﬁa{aﬁﬁmm%&@ﬂeﬁ}bmmatpgmd@y
(GPC) can also b d to uanti bIO bsorhability; bioresorbabilit glssol n rate, and/or
biodetrati bl D SOREEaANG: BT IF TSy K ST BSh GHEEna 2o Rhtration
and molecuiiayvye bty Q2thdage)wne s canshalasseasedsheiretdased fsomdhe stents in an aqueous
solution that mimics physiological surroundings. See for example, Jackson et aL, "Characterization of
perivascu ?%@ﬁiﬂic-co-glycolic acid) films containing paclitaxel" hit. J. of Pharmaceutics,
283:97-109¢20D14), incdrpﬁratedlprteiiﬂmmtyeh&r@dnmmeepmi{ﬁ&?&h]Edrcep(amgletaients (n=15)
described herein arc expanded and n placed in a soI tion of 1.5 m qutlon hos te buffered
saline (pI—F—mfpﬁlflv%haog% WIP%‘F’?Iweélﬂz"oraBaWﬁ%% aﬂgaﬁsﬁ.v%a&lagrm&ﬁeﬁ%&,% AWBASDS, pH 7.4, in
a37C baﬂ‘amﬁnybﬁtlnsrmtamtaﬂiMdsmmaﬂdt&rmdpzeﬁycmqmmeﬂemumngmmﬂqumﬁtednmﬂm method.
The solution i lected at the following time points: 0 min, 15 min., 30 mm., 1 hr, 2 hr, 4 hr, 6
hr, 8 69 V\76‘05556 gﬂﬁgﬁscwuszoog/omms hr, 12 hr, 16 hr, 20 hr, 24 hr, 30 hr, 36 hr, 48 hr, and
daily up td MiBéiys, for bxdreyalexpdrensaitstion idifeptacedstleasy atceaapl isde point, and/or
periodically (e.g. every four h dally, r. forJater.time ts r vent saturatlon
the removed solution is collecc';g YO %&ygs%% tersolfété Rn}ig)nltr)lqt&ife ft ease

polymers fetcedch tiratipoint are flltered to reduce clogging the GPC system. For time points over 4
hours, the multiple collected s tlons t rforl ext ctlon ?&g ml Chloroform
is added to the phosphate buf eré’dn sallne gg%ﬁ c?)n]té%%% q(é'n S%X rggto te 7 % Bp’olymers from
the aqueadsepldagsen Tite chfodeferm phase is then coIIected for assay via GPC. [00323]The system
comprises a Shimadzu LC-10 AD HPLC pump, a Shimadzu RID- 6A refractive index (RI) detector
coupled to a 50A Hewlett Packard PI-Gel column. The mobile phase is chloroform with a flow rate of 1
mUmin. THOXction volletabsofrttserpotyrnated amfoldow£00 pL of a polymer concentration. The

samples are run for 20 mlnuteigli Aot }Epnbelre ntﬁ%@ n%rlaél}nflgolymer A/Rapamycin/Polymer A

AS2: Polymer A/Rapamycin/Polymer A/Rapamycin/Polymer B

AS1 (B) or AS1(213): Polymer B/Rapamycin/Polymer
B/Rapamycin/Polymer B

AS1b: Polymer A/Rapamycin/Polymer A/Rapamycin/Polymer A

AS2b: Polymer A/Rapamycin/Polymer A/Rapamycin/Polymer B

Example 2. Crystallinity
[00305] The presence and or quantification of the Active agent crystallinity can be

determined from a number of characterization methods known in the art, but not limited to,
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[00324]For determination of the released polymer concentrations at each time point, quantitative
calibration graphs are first made using solutions containing known concentrations of each polymer in
chloroform. B2é8aited8hs containing each polymer in 0-5mg/m1 concentrB&dARAEOA A first
analyzed by GPC and peak areas arc used to create separate calibration curves for each polymer.
[00325]Fof PBIInteraEgRatsRRSataaRys Fal B &nidt BraphPof 6 SRIEHETIFERSFRRersus retention
time is estalishRejofR R Aalit{ael selsndckiewRitiRackard) using polystyrene standards with
molecular weights of 300, 600, 1.4k, 9k, 20k, and 30k g/mal. In the alt

scatteringX AL Sy Hacliqnlodide A4 tssaae grdiar Qugqn iliodlion el deiine
without theRegdigipolystyrene standards. [00326]To perform an accelerated in-vitro dissolution of the
bioresorbabl lymers, a protocol is adapted from 1SO Standard 13781 "Poly(L-lactide) resides and
fabricatedl W3 0ELelerat P S TBH @Eﬂ@%ﬁ’mﬁp‘fﬁﬁ&%g-mw&@éaﬁ%%i’f%%%ﬁ?&“61’@)%3 } Shcorporated
in its entireiitieseinddy saipoander BriaflpaidienibiteiosaRRPENGnESNorviveatasteksotdian of 0.067
mol/L KH2PO4 and 82%}%{@/ of a ﬁg%:ulésolution of 0.067 mol/L Na2HPO4 with a pH of 7.4 ig used.
Stents deSEHSBE RIS RERS SRR IARE GIRIS IR G RRHAYYT thiguakBtRdd B Iution in
a 70C batbowdithpretationtantéAepribdd acsolultigspeatoesthotlacied dt e Jalewirgdimsuppiggs: 0 min.,
15 min., 30 min, 1 hr,.2 hr, 4 hr, 6 hr, 8 hr, 12 hr, 16 hr, 20 hr, 24 hr, 30 hr, 36 hy and 48 hy. Fresh
accelerarsBRATHHAHET SHE30EEY o AGHALI RSB iSRG o TaRtisor S OAREISACH biffors that
arc collectgshandrsatiedritdicdedtoipee dendriéd RORMIAH? 00 BeP43 200940404 IsatuiaibatedT he
solutions containing the. released palymers for each time point are filtered to reduce clogging the GPC
System PO PO, S A et TR R RSBl S e paGAG A ot i
extraction[bg3diprofornkoC brarapds N RRDaatidysanar ERG@naly sising peroraesbindhie manner
described ve. Scanning Electron Microscqpy,(SEM) with Fqcused lon Beam (FIB) Milling In-Vitro
Tosting (00T SR GEA R LSR5 AR A B R CREEEL Sk iiig, miling and
depositingafimate izl dctBgean e ¢isgdci g aojlcwtio batitbed B My dtt duddgyient Artatya $dinditions, to
produce in-situ sectioning follow; igh-resolutjon imaging. FIB - SEM can produce a, .
Cross-oectOHAITHANA R HREPLBH P RgATar G R THETE CA GO B 1 GRS the
thickness [@0808]ayers Dheddahradgraiisiofesorhmpolitydicinglegontnatdtipiepotyhvers as well as show

whether trgi%rg is unlforml%ykof the |%)§%{1fh'c ness at manyfacture a{'ud at tlmeﬁp ints fltier stenting (or

after in-vitro eﬁfﬁo AL VAriouStime pom%?. @ﬁévfﬁ%%nﬁséxg%eﬁﬁ%{npegtﬁlﬁrlosnbzer ocrrr¥1set altlemultiple time

points. Steirtdianes ieamoweldrfformteRéIDtipattonedi andtallied, firensl sleehstenhis diftlinedpasksg
FIB-SEM far changes in the coatin [ternatively,. .coateﬁ.lcou n Id be tested in this.method.
1003291 ) AR T L LR A L S i B 5 e ¥ B Saphate
buffered shlieesiyhimts.4) with 0.05% wt of Tween20 in a 37C bath with bath rotation at 70 rpm.
A'te”‘.a“‘.’c‘fa 3‘39°Eated %Pﬁo{é&gh‘é O,(P%a‘iet%t%%i'“ tehs'%ﬁ‘éﬁtr%"d-aTshebE*&%’?é’?;‘t‘%o%‘fé‘éeéedst%?ﬂﬂﬁ solution
is periodically replaced with HréshSotion 8t each time poin andlor every Jur hours 5 preve¥1t
saturationdfbaistents ateanglle stedattpeffodibatiog (e PoidesABR Mimyl SuatRtingdbhWWBKK)8, hr, 12

= Y H A AR

hr, 16 . 20 1, 20, 300,38 01, 48 05,20 1 and.£2 b, Jhe stenta are dred dlown, a1 30¢ dnler @
stream of gas)%o c%n"ipale e dryness. A's eht that ot egﬁ Sl}bjecte%lr?ol%ﬁe ¢ condmionsie udEd as at =

0 control. e@R20d4aPE DiomatBrbforStragec RBMH E SRS EMsystem/isenebofliinatiol «of Befinsly focused
Gaion be FIB elerated.by. ith. a field .emissign electron beam in a sganning.electron
croscont T AR e e R R e B e
same poinpefitfhetsanmpteaultdr saprdbevdidhbtarbessiltani©nfmkilenRt® eetn also produce thinned

down secjpns (o TEM analysis.

[00310] Raman spectroscopy, a vibrational spectroscopy technique, can be useful, for
example, in chemical identification, characterization of molecular structures, effects of
bonding, identification of solid state form, environment and stress on a sample. Raman
spectra can be collected from a very small volume (< 1 um® ); these spectra allow the
identification of species present in that volume. Spatially resolved chemical information, by
mapping or imaging, terms often used interchangeably, can be achieved by Raman

microscopy.
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[00331]To prevent damaging the surface of the stent with incident ions, a Pt coating is first deposited
via electron beam assisted deposition and ion beam deposition prior to FIB sectioning. For FIB
sectioning, @ &4184%8&%hm is accelerated to 30 kV and the sectioning pro®&3<U$248Y041943 in
duration. Completion of the FIB sectioning allows one to abserve and quantify by SEM the thickness of

the polymEP%3bbrs that BrEEHSBREEHRSQRKAS Bisr aPalxHSyirelniAnss such ds described in
2009/146 R9RCF I S200MOALRAT Ram s B RREEAsTom I\ J pslingoAs discussrdin example 2,

Raman spectroscopy can be applied to characterize the chemical structure and relative concentrations
of drug artFBEISAREP AR FHFLASSAPYIsY: 178 Bispirstict MraB e sAlalirbWsted ¥ohler coatings
on stents goothemedbsirates il 83sRitEgRxampiegonrieeahkantaiR SABEI asBRAY ¢ iGroscopy can
be used tg cﬁﬁaracterize the Lelative drug tf’ r‘ﬁ%ﬁer ratio at tl:e,our%er - | (ufm of the coaé(?fi surface as a
function of e PBSRHABEBRINES R o LM EH SR LB SRS i E Scans)

microscoeeaitbe apphigssispbarastopze iharalative sougio eaiyTwRaioaporidaciion ©ftrpth at
time t after exposure tQ elution m%dia. [00333]For example a sample (a coated sten is prepared as
described REFSH BREE RIS A6 Predia (e.g., 10 mM tris(hydroxymethypaminomethane (Tris),

0.4 wt.% $eeBup) dodecyospliapte( TS Phrifiislng Rdsattinareidobospddtepattterae saline (pH =
7.4) with 0.05% wt of Tween20) in a 37.C bath with bath rotation at 70 rpm. Confocal Raman Images
are takon GITCHSE LA DURORECGRNIdh A ST QSR O A AT Bl 2 g v

(e.g. 0 migpetbranitfi donmioguisitio thincd | igeopbivd, tiset 2vbve b dih, 30nkylc24cprsiaf dird 36 hr and 48
hr) the sample is remqved.from ége e(ﬁjtion, andgdriC%d (foréenﬁmé)le, inla tream of nigo en). The dried
stent is Vi §ﬁ%8R%Pg’éeﬁéYﬁé3ﬁ SR AT ORLBBFIEr HERGRR B BE A PlRd S5 Y Lbated coupon
could be tpsipdd iRigaseeibabhAlier Analyaisydach isartlicoegoo dbel buffesstod furthsmedtiwh.
[00334]Raman spectroscopy and other analytical techniques s d i in Balss, et at,
Quantiat VS AR o oo N AT H BRI aro N Sh it S S Réiocal Raman
microscopynfbtabRBioanadicaldvtaierisisgResdayetGRast et 238- 20 2pplTgdinictrpBeaded in its entirety
herein by reference, and/or described.in.Belu et at, "Three-Djmensional Compositional Analysis of
Drug G S PO DSl S BF B SHTALC BB o Lo Ohy AR Ehont 50
624-632 (2Q0ricebaporaied 98ne im tthis @mtlyefydoysefesangs nivychenus écko] G33bib . axahple a
WIiTec CF?M 200 sc ninﬂ}anfocaI R%%rrr}iﬁ:crroosnco eu in%{a Nd:YAG Iaser%tll'snizg?1 nm isI %:)plied in

asgr scans tne %'d % €, OVCr etac crval a isaman, %ecarum W1 S1211.
the Raman imaging mode to generate an x-z map. The sample is placed upon a piezoefectrically

driven tabie;tt1és lesiésdightissnip Ok ect opbothetsgrida tisingEadOtndsyadbjestisectiunaiarcgicaperture
0.90), and finely focysed laser spot ig,scanned intq the sample. As the laser scans the.sample,
over acho 53 FTBR AR F A LRI Kt O QiR oot COnedet Ting B
Seconds 6Bhtageatiantitme.tetathhmegindgeahcroS33actonal image of the coatings displays a region 70

um Widev%% deep,.and results from the gathering of 6300 spectra with a total imaging time of 32
i, 72 WOROEb 1467 BE T R P SR oS Ptk TN AL Berformed at
multiple tifesppihtsyemgl Gysiallidd anidhpdBPnmeirard used to deconvolve the spectral data sets, to

provide chemical maps of the distribution.

Infrared (IR) Spectroscopy for In-Vitro Testing

[00314] Infrared (IR) Spectroscopy such as FTIR and ATR-IR are well utilized
techniques that can be applied to show, for example, the quantitative drug content, the
distribution of the drug in the sample coating, the quantitative polymer content in the coating,
and the distribution of polymer in the coating. Infrared (IR) Spectroscopy such as FTIR and
ATR-IR can similarly be used to show, for example, drug crystallinity. The following table
(Table 1) lists the typical IR materials for various applications. These IR materials are used

for IR windows, diluents or ATR crystals.
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hr, 2 hr, 4 hr, 6 hr, 8, hr, 12 hr, 16 hr, 20 hr, 24 hr, 30 hr, 36 hr and 48 hr). Stents are removed from
the elution media (described supra) and dried at these time points. The dried stent is visualized using
SEM for chahBe84t 1dé#Htthg. [00337]For example the samples are observed &Y/ SRS A Hitachi
S-4800 with an accelerating voltage of 800V. Various magnifications arc used to evaluate the coating
integrity, especially at high strain regions. Changd abledating over time is evaluated to visualize the

bioabsorption of the polymer over time. X-ray photoelectron spectroscopy (XPS)- In-Vitro Testing
[00338]XRS_can be used to quantitatively
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Using Cluster Secondary lon Mass Spectroscopy” Anal. Chem. 80: 624-632 (2008) incorporated

herein in its entirety by reference may be used. [00341]For example

a Physical ®&Rlonics ARiSRERTi2BG6 8RR MRy EL
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Differential Scanning Calorimetry (DSC)
[00316]

BNGHSRESAHEY: operated under dynamic 73

DSC can provide qualitative evidence of the crystallinity of the drug (e.g.
rapamycin) using standard DSC techniques obvious to one of skilled in the art. Crystalline
melt can be shown using this analytical method (e.g. rapamycin crystalline melting — at about
185 decrees C to 200 degrees C, and having a heat of fusion at or about 46.8 J/g). The heat of
fusion decreases with the percent crystallinity. Thus, the degree of crystallinity could be
determined relative to a pure sample, or versus a calibration curve created from a sample of
amorphous drug spiked and tested by DSC with known amounts of crystalline drug. Presence
(at least) of crystalline drug on a stent could be measured by removing (scraping or stripping)
some drug from the stent and testing the coating using the DSC equipment for determining the
melting temperature and the heat of fusion of the sample as compared to a known standard
and/or standard curve.

Example 3: Determination of Bioabsorbability/Bioresorbability/Dissolution Rate of a
Polymer Coating a Device

Gel Permeation Chromatography In-vivo Weight Loss Determination

[00317]

Standard methods known in the art can be applied to determine polymer
weight loss, for example gel permeation chromatography and other analytical techniques such

as described inJackson ef al., “Characterization of perivascular poly(lactic-co-glycolic acid)

68

le surface Wher']}i%)fgrfted unggr static conditions. The technique can be operated



WO 2009/146209PCT/US2009/041045 experimental conditions, known in the art, depth profiling
chemical characterization can be achieved. [00343]TOF-SIMS testing can be used to characterize the
presence of\BBISAYLA or drug at uppermost surface of the coating of a sRFPISZAGAHHAIlY
TOF-SIMS testing can be run in time lapse to detect changes in_compasition, Thus, in one test,
samples A SANETURPPORSIME A I thors Wit ta: 47 IR V0, ARsPrpssatshin ke, 2 hr, 4
hr, 6 hr, 8chiirdiz hércl by réRihicé4 hr, 30 hr, 36 hr and 48 hr). Stents are removed from the elution
media (e.g 10 mM lIris, 0.4 wt.% SDS, pH 7.4 or 1.5 ml solution of phosphate huffered saline (pH =

7.4) with GBIt of THREHIEIRIEI2BPE Bt WIS ACE P ARON A R AR5 time points.

[00344]Fanexprpisdpanalyze theayppasnnst suriarzelgnlyl S@ie, congiyenss(thr e sl a=>5
ToF-SIMS IV (lonToF, Mu sterz) using.a 25Kv Br primary ion somg%% maintained below 1012 ions per

cm2 is usBE" WHePE AEcES SRS oW Bisethy WIBHOH TGP0, 8ORATHES) I tlEtb Eharge

Corr;| Denr?&iﬁﬂit?plél&ﬂﬁ%p%&m%{%%-l [Qi%%@’sf@g’w adwylmalaly@sa Sppcts lra@tsylsmaa/yb@ﬁnpl Ioyed
for depth profiling as described Belu et al., "Three-Dimensional Compositjonal Analysjs of Drug Eluting
Stent CoaRig¥SRY UL SBEHEGPIBR: a@%d[é%&ﬂ&gx%awigfaﬂréﬁfewﬁ@a@@ﬁ%%@ (2008)
incorporategipisaiainiésse AtisRiy hat eiarascke d0Oapelted xan plitinaste nicisadassshed foenredn is
obtained. The stent is prepared for SIMS analysis by cutting it longitudinally and opening it up with

tweezers. PHLERMYBFhen pressed into multiple layers of indium foil with the outer diameter facing
outward. [M0349] T OF-SIMSrelapthiptgiding expetimerjsaatedaciosmadsing asitgn: SQEbIVziagtrument

equipped with both Bi and SF5+ primary ijan beam cluster sources. Sputter. depth profiling i
Cerformed THERD GBEPHRAR G T SRS G A KRG et P S B tE0r example
the analysissquiee iscdipuised SA5skqithisiPathiligigriiansbirecguainitttabiombbiitteshibens wiface at

incident angle of 45 to the surf |. The target is maintained at -0.3 pA (+10%)
puisect cuRGAT RIS FATEH BILecH 0 RIbEE 300 PEREH Yo LIFcHpEHmEi Wi epositve and

negative secomikagyaGhinaidzextaded AP e manple Shimadief RO antygfeatitive-ofdiiig Ht tewass
spectrometer. The se cﬁxr jons.ar tlla %re ected b microchannel plate detector wit%
oot acoeTSHRIEN et 0 ST P R 8IS Bt &I Mo B SRR o A ot R Btauization
in the anatyfiscthadad {3048 Tihe spiutiepsekitaeadsed uscd fokieyeHhbd thlusterisowitpotisceoperated at
an incident angle of.45 to the surface nqrmal. For thin model samples on Sj, the SF5+ current is
o imamal B e e A e Tl e TE R o G
2009/146208RCrEtHBidAa8 4t @4@ablished for the SOA PI-Gel column using polystyrene standards

with molecular weights of 300, 600, 1.4k, 9k, 20k, and 30k g/mol. The decreases in the

polymer peak areas on the subsequent time points of the study are expressed as weight

percentages relative to the 0 day stent.

Gel Permeation Chromatography In-Vitro testing

[00320] Gel Permeation Chromatography (GPC) can also be used to quantify the
bioabsorbability/ bioresorbability, dissolution rate, and/or biodegrability of the polymer
coating. The in vitro assay is a degradation test where the concentration and molecular
weights of the polymers can be assessed when released from the stents in an aqueous solution
that mimics physiological surroundings. See for example, Jackson et al., “Characterization of
perivascular poly(lactic-co-glycolic acid) films containing paclitaxel” Int. J. of
Pharmaceutics, 283:97-109 (2004), incorporated in its entirety herein by reference.

[00321] For example Stents (n=15) described herein are expanded and then placed in a
solution of 1.5 ml solution of phosphate buffered saline (pH = 7.4) with 0.05% wt of
Tween20, or in the alternative 10 mM Tris, 0.4 wt.% SDS, pH 7.4, in a 37°C bath with bath
rotation at 70 rpm. Alternatively, a coated coupon could be tested in this method. The solution

is then collected at the following time points: 0 min., 15 min., 30 min., 1 hr, 2 hr, 4 hr, 6 hr, 8
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coupons and for the samples on stents, the current is maintained at 6nA with a 500 micron x 500
micron raster. All primary beam currents are measured with a Faraday cup both prior to and after

depth profililg PIOEESPAR depth profiles are acquired in the noninterlaced nf&déURMHIMS pause
between sputterin%and analysis. Each spectrum is averaged over a_7.37 second time period. The
i

analysis iSmmatiafe i -rofl et B 129 decdNEE o S atbring 1960 daptnierstieentt thBurface
and subsydRgRfagiRpieftatthaspuEaINgnR wastiesrersrd i lysecond dar the d¥uactive agent

sample and 2 seconds for both the 25% and 50% active agent samples. Temperature-controlled depth

profiles artBBtATREH VAR P AR ISR HBE RAHS) S8 VeRth B USRS e RIS SRR E e

controller gnet¢RIQ N3N 8rpibyared Seneples asasitshiiacadtinectbasanphisiaabdikesatirgom
temperature, The les arc brought to the desired temperature under ultra high-vacuum conditions

mp
and are awae%)éarﬁo?ﬁfsrﬁ 38 TR RsE e G N SR AIPHERA PRBHASY BXbEOHRE RS are
performedhailtipROcdagrassselaith2bre patabtbpditiared {{RMSReet@ascopy for In-Vitro Testing

[00350]Infr IR) Spectroscopy such, as, but not limjted o, FTIR, AIR-IR and micro ATR-TR are
well utlizdd 3 iques triat @ﬁfﬁ?foaabwe@%%%&bﬁﬁéﬁamaﬂ%ﬁs|§ﬁﬂ8f> COMESRSAe coating,

and the digitibsitigneafrpolymaticatioe pogings [ROBSh-auesampissusing il e phast of tiystalline

ZnSe is coated gXC%Ie procesng%escribed herein, creating a PDPDP (Polymer, Drug, Polymer, Drug,
Polymer) &;‘Rj@rc afny ¥hafis" about 10 microns thick. At time=0 and at at least four elution time

points withge32ap day inteevak{eng cothptites kBhiAad30 DGN10AD, BRICHbmE HS8madzZL2R0D-16 hr,
20 hr, 24 pr, 30.hr, 36 hr an r), the sample (coated crystal te by FTIR for polymer
content T ELRAR LR LTI Sieolag 190 R SR -G SLtSe S 4 o 1.5 mi
solution ofjeidispitake budtdoedfsatineilp i ffow: 4dtevsh 0:0bYniwt DhcTinRetidd ) vhand 42 thath with bath
rotation at 70 rpm and at.e time point, the sample is remayed from the elution media and dried
(0.0, in o OCATRTGATR e LTS S BRI 6O HLSE (1 ARG UL b L e Eaple.
After analysismdaah tsmpttanad.to the buffer for further elution. [00352]In another example using FTIR,
sample elyti edia at.each time point tested for polymer content. In thjs example, a coated
Stent vas DU Aled tha RLALERE B DroeLdsed PRSI AT HArTATERS Al PRI tPolymer,
Drug, Polyjmait;txisug cRldbyaner) ¢ayeredrcdatingdbatisngbolitichsionamaitiidaobheconatad giens was
placed in ap elytion media (e.g. 10 mM_Tris, 0.4 wt.% SDS, pH 7.4 or 1.5 ml.sqlution of phosphate
butered 72 B0 SOBBFA LB R U0 GR e CSTRR AR 4 kPSS UV Tweenz0) i a
37C bath vdtlcantation etngd spanfiranghaltyead b ¢iGR(oint feaq.aRanbre U drittncrd0anapardtlr, 2 hr, 4 hr,
6 hr, 8, hr, 1.2 hr,.1 6 hr, 20 hr, 24 hr, 30 hr, 36 hr and 48 hr), a sample of the elution media is removed

and dried boarllltor%{ﬁgPy% a I?r?e%r%%h\ﬁ%%nﬁfe.g. in a stream of nitrogen). At each elution time point, the
sample el{aid2dhedia Was testaddoy EgFadatfon polyive neahiteationAdephcoF trg enblisrolac oyt FM)
[00353]AFM is a high. resolution surface characterization technigue. AEM is used.in the art to provide
topograp A L RS A ot TSR Gy S PR i and o
chemical poopeytiescotihdasds fact. mdlecidahmigightsah MeOUSEE, Urike Oknibierddlikigmdlummidified or
temperature controlled copditions. Other moges of lon are well known and can be readil
employed I By Hse LT TR TR o e T R R IR L, o
characterithe thelstrfaceagha diitictipol pinets tvarthbortehd heee-alipepsipralstendeted images show the
surface of ed stent, whigh can show holes. or voids of the coati hich may, occur as the
polymer K O28beq and S PG B She B e AR e e S P B8 et
AFM is usedtiolaterraipediieodri§O Standard 13781 “Poly(L-lactide) resides and fabricated an

accelerated froms for surgical implants —in vitro degradation testing” (1997), incorporated in

its entirety herein by reference. Briefly, elution buffer comprising 18% v/v of a stock solution
0f 0.067 mol/L KH,PO,4 and 82% v/v of a stock solution of 0.067 mol/L Na,HPO,4 with a pH

of 7.4 is used. Stents described herein are expanded and then placed in 1.5 ml solution of this
accelerated elution in a 70°C bath with rotation at 70 rpm. The solutions are then collected at
the following time points: 0 min., 15 min., 30 min., 1 hr, 2 hr, 4 hr, 6 hr, 8 hr, 12 hr, 16 hr, 20
hr, 24 hr, 30 hr, 36 hr and 48 hr. Fresh accelerated elution buffer are added periodically every

two hours to replace the incubated buffers that are collected and saved in order to prevent
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polymer distribution. AFM may be employed as described in Ranade et at, "Physical characterization
of controlled release of paclitaxcl from the TAXUS Express2 drug-cluting stent"./. Biothed. Mater Res.
71(4):625-69P2W84¥¢4brporated herein in its entirety by reference. 1.003B6T/EV8%AMMME a
multi-mode AFM (D F%‘tal InstrumentsNeeco Metrolog eél Santa Barbara, CA) controlled with Nanoscope

111a and NERHEHELJAESRBHRDS SRILABRES (REXCd Rolymers fOTesashiig i Heth Lesed ing AFM

before elutiancefdfp deioKe GPERRRYEIPorSaRIPBM A 6\RISD Rxag)inedailglechlisie-points through a
elution periaod (e.g. 48 hours) by usrnI%an AFM probe-tip and flow-through stage built to, permit

analysis GTAVEOS ARSI @8 I QEEIRSE MpILaUAd & KT HATE Y S RIPEPETe S (HosP s BHHACERR BRdme dium

used for iGPEratdngticidpearoetpasm anabisimie gLl ¥ees20, or 10 mIM Iris, 0.4 wt.% SDS, pH
7.4). Saturation of the solution is prevented by | freuent exchanges of the release medlum wrth several
volumes cIgBLglsetran-dicrasc M) jtily Eocysed. o I

real- Spacqmeptlon of ttaeuseatm tswﬁapmrcm@uuﬁwa)@mprmsaedt@eshmmﬁﬂge AFM over
the sample @rca to ontras differences in the mate{g)e and physical structure Nano X-Ray Computer

Tomograghy {7 dASPPARSIEHETLDOb B 819G 98K HIbREYhat. AT HY B5ed to
view the pltysicahsitioatlie pfaiceyviassit Scbtisnarto DowRaybs tiphLigio hoime graghs(eRgBsuch as
made by mcan ), which could be used in an e gn tgjt andﬁ?}? broabsgrbabrlrti( test, as described
herein to AR RGURSAT §fﬂ§8t§?%tl8flﬂlrén&?§t% SRS O Lol eith TRsdTPags s

com pareobmesic@rqummme&huum&mmdm@ersnbl reesiing tH0035 61 Ehwe taibidios ofbatilicyoef PLGA
of a coated stent can be shown tin an eIutl n medi tOH/PBS, for example) in
hich the BULIBI SRNTIE RCHE 5, ST 1561 ABI P DAoL RS whthout the
drug) will shwfactlecraasectipid pﬂﬂitﬁhﬁ“tatsﬁ?oﬁtlﬁgtaﬂy iﬂeabeotbedlhytctheretuﬂonsrnawa;oﬁ@&358]A test

f ts coat d ith PLGA tent t d with PL d PLGA
e, ancl LA Hm cBRHEY VgD AL G AL E WAL ALE o S BB A BroH B

at 37C. ThHaeluhoolueadiamads iedteédelt thotdipte mtatualsﬁtmtnz@dtow&d:aﬁsmm kthdngearnial 3,
stents havjng coating él?s rtow ed herer(rir were teste Ortt% me aé rding to this method.
Figure 4 sHoWRAERITE STHREELGARIRE (IR UheP i ?5@ thyEih) et according to this
method. C[O(lm;ﬂ]elut|onSmﬁ@w&S)rd&dellmMmqmd&Ma&ﬂM&l&slmd thel Lestlltslafithis pH

testing was.a era ed ent Obp/ |n ea oft Fr %% Frgure
2, the "30 gé ents gryee ﬁél er§ resent % é’vrng coa |’eneg;11l acco%

Example 10¢E|DBBP)0Nrph1PAIymmtlBeﬂ50m5th@db@arbmmtat&: eafwlegrmumsl\t‘hﬁthdakﬂljeand rapamycin,
where the oat a 0 d from the stent and sted in tr pI| te fqr han es pver time in the
elution médiz 1, Ilhee\f!t\{\)/e‘%rfi—étgr;geﬂo 1|lst1r0)IrlelsSr-}~)r? od é’ @BBﬁeétengs%@%‘ rlrlé 1roenparlesen?ts 2'Stent

having copting afdotyeRolyfoer ]B)ﬁBOtS@ﬂEtﬁAsﬁm'hIm«yla’ﬂo:esmmrmemoMed@km): (fiotl cvxagmycin),

where the coatin Wag remo fr m the st n [ li t g me in the
elution medn 1a, Rﬂgla\?gparélenof %ﬁrgh |sq|§ir1esge fgg dﬁéo@%gjrﬂ t:ulga%g 1%4%&%%%%85{ 3 sfh Ave" line
represent$@istadt Ravidh cs@titpacdordidgwa ASSDUE Exdenpletrtaiil DPHIR Ymdthnpbiimaeyne450:50

PLGA- Estgr %l%f’l up lt\)/tc ns%D&g&td rapar cﬁ?crilltWhe{se tsh%coatj[rm yvas remo ‘ed from the stent and
tested in trlpﬁlca It-l changes overdime in the elution me e average of which is presented.
The "60D [80338] ave' I|M@b&%ﬁsm§mtmr@3ﬁmwmeMymbmAt@%@ Bh&AEster end
group, MW -19kD).(no rapam Bg) wh re 0 remaved from the stent and tested in
iplcate BT S S A B W
2009/ 1463m®yummo4m5pmossmmm@drs :Bs¢kiecd‘186n:agiﬁ@pai$eetltmm@thn steepresents a

stent hav'ﬁ%tﬁeoatellrr}(r]s focus at the same point of the sample with a probe diameter less than 10nm. The

FIB can also produce thinned down sections for TEM analysis.

[00331] To prevent damaging the surface of the stent with incident ions, a Pt coating is
first deposited via electron beam assisted deposition and ion beam deposition prior to FIB
sectioning. For FIB sectioning, the Ga ion beam is accelerated to 30 kV and the sectioning
process is about 2 h in duration. Completion of the FIB sectioning allows one to observe and
quantify by SEM the thickness of the polymer layers that are left on the stent as they are

absorbed.
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according to PDPDP with a PLGA comprising 85% lactic acid, 15% glycolic acid, and rapamycin,
where the coating was removed from the stent and tested in triplicate for pH changes over time in the
elution medMOA¥AIEHYe of which is presented. The "85:15 Stents ave" liR& TEHTEYRE U 3tent
having coating of only PLGA comprising 85% lactic acid, 15% glycolic acid (no rapamycin), where the
M HEL SIS PR Bre BEQAE B ed in triplicate for pH changes over time in the elution
media, the\giesa@scafiwbichnsiore d.siR862ddpyHian e ApiR 30 PhANRTINR tRPERSAItaR
polymer film comprising Polymer B (50:50 PLGA-Carboxylate end group, MW -10kD) (no rapamycin),
where theSTWSLRdsHA N BIESRE 6P BHP LAY QALY BT RS ILAIS TR &tia PhEPRUE ge of
which is pgasertedzd hevideRes Y §olitaciseatRipese isns Poymea silsteassprising Polymer B (50:50
PLGA-Car&SX late endrgroup, MW -101(D) %1@0 rapamycin), where the film was tested jn triplicate for
pH changt¥8v8t time i th& aMAGH FRBASERATVR AR IR RISFRSmL g2 he PAve" line
representglaetyertitmeampdsino & phrynesrAatrDabeh P b d-Edighaitdigreonle M fak3kddla (no
rapamycin), where the film was tested in triplicate for, pH changes over time in the elution media, the
average it & SRS SHRRS o ORI T eR SARIOSHONRER At Lo BHENEr FEE A
comprisingc@adpriactisagig cab¥e alysiddie daitapaotsaparmyciivi gredihe fipmasdestacain triplicate for
pH changes over tig in the elution.media, the averaﬁe of which is presented. To create the polymer
films in FigHE" 8 R ‘%B%%?&\%P SRRSO HORME L Rioride, THF, and ethyl acetate. The films
that were [eg33d|had th&delbauindayeiagicthickaestasmand mapses, 30 sclibadhursinl admg; 30D2 -
127.0um, 11.9mg; GOD - 50.8um, 12.4mg; 85:15 - 127um, 12.5mg. Example 4. Visuglization of
polymen A ALE L EABFSE bisting ARMIE R BBy (OB S et
example Zddamadospedisaisieny (SShepappHeast th charadigisncothshohdnic sl sfevaiyedianchrerative
concentratigns o .and palymer coatings, Ear. example, confocal Raman Spectrascopy /
croscopy Hal B 52 1 Bl AETBAOB T2 e ) LGP Pl ARG BOILPEA ReBthe
coated sulfage:siaradditinoicdnfooatiRabedtrxctudion. (Maps! exstifeus edts)mmisropoapy wathibe dpplied to
characterize the relatiye drug to polymer rgtio as a function of depth. Additionally cross-sectjgned
samples C%lﬁ, ngéﬁ%i%ee%l.qi’gﬁ}%af sB&BtréaQéBBv;nI&f’o #& %Ch&@t?&ral te hri%%res}/ gclﬂléhfgs Beﬁsgcribed in
Balss, et &k, 3Quardtaivadpatia) distribuipde iotamolimiian thp alymers andditigdalfoing Sigits iusing
confocal Raman microscopy” J, of Biomedical Alaterials Research Part A, 258-270 (2007), .
ncorporatot LS e TS AR R LR CH T e A oRe AR S ona
WO 2009(pAGRQORIETAANSR00H @415 Gporpositio baltdvtadyiai shof et & |waiftgr Stey soatictgs Using
Cluster Secondary lon ectroscopy” Anal. Chem. 80: 624-632 (2008) incorporated herein in its
entirety b)gertélfélree({r)l(ggh r%%?%% E(greﬁﬁ%ﬁé%%&%ample (a coated stent) is prepared as described herein.
Images ar@@3Réh on th& moatingassiog ddgmad Shacinasoigy té&dbainaty elghacdatedbedupon could be
tested in tﬁla%st@%tﬁc%-‘@éﬁ @ﬁ@%@“ a![‘lia'r‘éié‘@iﬁl%{"ﬁ”H&%ﬁs%%%é‘sggl'r}ﬂ%?sr teyar 98@{85%@&2“&“
microscopy, it is understood that to'get appropriate Raman high re olution specﬁlgsu Icfen
acquisitiongingssdafenpBaeanlaserosasie gl Bample st dnsizz itk saicrdsEopeioRfecliVe need to be
optimized 65]For example.a WITec CRM 200 scanning confocal Raman microscope using a
NavAG 1520 B RO o T P e i oo o o B e e
placed upShhacpi€rosiestmedGodrpesititalbleA théytasef yhtiE ionssttupOmthesavpedssigra 100x
dry objectye (numerical aperture 0.90), and the finel used t.is scanned into the sample.
As the e B e A e o R o L S R ey
noise is celiectedbysinfp @18 Seegrigsusédntegration time. Each confocal cross-sectional image of the
coatings dj a regign 70 pm wi 1 p,.and results fram the gathering of 6300 spectra
it &t gl trme G S R e s RO R L BR o0t
rapamyciNand4oGasaraa e i seditapptehvotie Brenspeotnginatacsets) gopnatda chemigallhaps of
the distribution, [00 In anather test, spectral depth profiles (x-z maps) of samples are performed
with & CRH e o R e s TR b R e
is equippedmith wsiid:¥ N© frdquel cytdoubleddasdrafEz3tiexeifftiomd shsifgdynfonoedriastatmofActon)
employin sas%’r%gc{%?t‘éet’t@%b%@@‘&saﬂ% %§Qre§538§lﬁgt£%§ v cooled. 104 By 128 PRl jHigy CCD

camera (Andor Technology € microscope Is equipped with appropriate collection optics that
include a RefographitriasevitahdibesgndjectiondiiterqikaicdrGiptdab Systerdsdhmtygmninimce

Rayleigh scaiter,info.fp $r8§8&%%§5%m¥%ew?h§$5%ﬂﬂ Ca’if&‘m%%% lgh 1%597‘60541&1%%‘3%”?‘1% E&m'cron
optical fiber. Using the "Raman pectralfimaging™ mode of the  instrument, spectral images are
obtained id¢grandinguhie kamthe griieringotirdediopcatith wifheotdlivereryz tsvawsidgaiand collecting
a spectrum at every pixel. Typical integration times arc-Q.3s per pixel. The spectral images arc 4800
total spectra corresponding to a physical scan dimension of 40 by 20 microns. For presentation of the
confocal Raman data, images are generated based on unique properties of the spectra (i.e.
integration of a Raman band, band height intensity, or band width). The microscope stage is modified

with a custom-built sample holder that positioned and rotated the stents around their 79 WO
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primary axis. The x direction is defined as the direction running parallel to the length of the stent and
the z direction refers to the direction penetrating through the coating from the air-coating to the
coating-met¥ AA¥HAdE2%ypical laser power is <10mW on the sample stage? Al E9HMHEMS can be
conducted with a plan achromat objective, 100 X NA = 0.9 (Nikon). [003671Samples (n=5) comprising
stents madbMde {i5E81@ BT84 50, C, 1.00-2.00% Mn, maximum 0.040% Si, maximum 0.030% P.
maximum9e3%¥s . 19.0024rR0% iRt ok rRNYpINiirkd MAnk6(00%0 Wird,08%ine, andiBall Co) and

having coatings as described herein and/ore;ZJ(ﬁr)oduced by methods described herein can be analyzed.

For each S&mpe, 1e8 [BcatiBhd ai skidtted Bong HieXSdht I8y #ndrt kB A6 A% cated

within onefiriidHestiong aidhia slesisisel tighiherndiredendibsefiihe pientsamhsapiessriaddn the data.
The stent is th?,n rotated 180 degrees around the circumference and an additional three locations are

sampled AISHE R EHEED FrV BT A SHECAAIR% collected from the strut portion of the stent. Six

random speddpcations @rexalapl pralilsthnes asied seugdbyssANlasineaddefch6851800 Wauing
coatings as described herein ggglor produced by methods described herein. The Raman spectra of

each indiViEERFEOMpEREHR HPESERYin RELEANAEY AR LD ISR FOPEEIIARiSBA AR reference.
Using theiinsiitimesipsofiiaeg hilkh avsiiageispecithimprithesnegisatitiage datalaiecadculated by
selecting the spectral jmage Pixels that are exclusive to each layer. The average spectra arc then
exported iHtd* HADSHBAOL R K P BRTHRY E&EEtic) and the appropriate Raman bands arc fit
to a Voigt funstishs rdbie dsands peeas sapgh shiftH ogitionsaresiegorded. [003681The pure component
spectrum h com nt of the cpating (e.g..drug, polymer) are also collected at 532 and 785 nm
excitation| WH38igs nm SR DEEA G N R o AT R B RSO PRSI e
Instrumentsfdaip chavoyminteauinpedtsvish1@n8 o Nsantibelsuldses, Bippraghiddacallebi@paptics, and a
back-illuminated thermoelectriaclly cogleq. 1024 x 128 pjixel array CCD camera Qptimized for visible
and mirar iR ISR KRS SR BT P B SR RO oy (RS Co0360]PS
can be usedligcduantitatiepty gaifitininehetringrialrapeciegiand chemical bonding environments at the
outer 5-1 sampl face. The technique can be aperated in spectroscopy. or imaging mode.
When cor BEHwith & SOABTHESIE RELCATEE GBI B R R e
characterigafiare. ofRiR (bSGA)odnd otipde. anddyticad teckiPReessucin ds dasaiibed inBehs detakct
"Three-Dimensional Com ositiorﬁl An@(l)gsis of Drurﬁflgluti?ethtegt Coatj S E&Jtsir%%lg%ter Secondary

lon Mass SPEEFOLLERYP RN Chats: Bo k2633 ncaHporates hierei Th tPentiety by

reference poayshe.gsechi80 VW20 it2 09RCT Hd SP0 9/64d B) 4L, 0B 0 f-tor, @Rdm ¢ hinp Bhe test, a
sample cqmpyjsing a,stent cated by methods described herein gnd/or a device as described herein is
ohtainect T T oo AoSA e A H B koS o v e S
Scanning H3X; AHThé endrfostiraraiin Af Keosphatebist fapat atdohaf A k7 ditkith Poddes eft 45 W. The
analysis is %%1@1?2%[5 ‘1"{1453@&% %Uﬁhefoﬁ{{gﬁ ak7 %grean%n&agg %tt%‘é%{;‘ t?{'l?é‘r?o%%gs.'ength of each
sample with the analysis area - 20 microns in diaméter. Low energy electron and Ar ion floods are
used for cHd#0 FompexdBidiS Thimamf éthghtBdyociddegHonidasscE psceatnbterin(BOE BINIS)
[003711TQE-SIMS can be d to determine molec species d pol r) at the outer
2nm of SHHH L T S L i G T e B e i
spectroscSpyoodanyalgindylase dp atthisfoppatialieSakitio) AQdHIGAARY R sserctiordhsa@mplegsan be
analysed.eV\{lhrceep ol %%Té?gngerld%r enasrg('ic experimental conditions, known in the art, depth profiling
chemical characterization can b achieved. [00372]For example, to analyze the uppermost surface
only, stati¢0834dlItions (forrexample, XPSR:BINGS IV r{toforoied Mungte Physial I EikkuiBr Quedntamy ion

source mayine belowdOR2400s ReL SR I8 HOS  WISIE IS GosNGAI Y DSIEK £HgN flood
gun (0.6 nA IS used to charge compensate insulating samples.
of 4.5 W. The analysis is performed at a 45° take off angle. Three measurements are taken

along the length of each stent with the analysis area ~ 20 microns in diameter. Low energy
electron and Ar" ion floods are used for charge compensation.

Time of Flight Secondary Ion Mass Spectrometery (TOF-SIMS)

[00342] TOF-SIMS can be used to determine molecular species at the outer 1-2nm of
sample surface when operated under static conditions. The technique can be operated in

spectroscopy or imaging mode at high spatial resolution. When operated under dynamic
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[00373]Cluster Secondary lon Mass Spectrometry, may be employed for depth profiling as described
Belu et al., "Three-Dimensional Compositional Analysis of Drug Eluting Stent Coatings Using Cluster
Secondary BQ fP42d48Hctroscopy” Anal. Chem. 80: 624-632 (2008) incorgSratEePMYei%Hits entirety
by reference. [00374{For example, a stent as described herein is obtained. The stent is prepared for
SIMS anafyfeiE ByeeittifeP A giiamERy e Bbet ARG P thRrBusRrShaRE! SHEAH R fdPFressed
into multipleniayeds of indium foil with the outer diameter facing outward. [00375]TOF-SIMS depth
profiling experiments are performed using an Ton-TOE TV instrument equipped with both Bi and SF5+

primary iot! ¥k clustefQBREYS, teyiineer st H SRR IR PEr SRS @i BRERIADERET ARIRE, whilst
preservingthe ghgpisabintagiitycaitiie saiple oT heansilSAsignloeelis POTUSBI S 25sKey kisrpeith

cluster ion source, which bombarded the surface at an incident angle of 45 to the surface normal. The
target curfERt TS iBNAER 6L ARG G0 PARLE B WA FESteP QB DIS08°Hh Y80 um for
all experimeyiss IBG: Positivgcaintdegative seaprdary DasmyeExihactes ot thes®nmp)8,into a
reflectron-type time-of-flight mass spectrometer. The secondary ions are then detected by g WO
7000114630 0PC PITS3066/68 Toat fc&cgcwaﬂ}?ei‘%%ﬂ)e%t&{&%f’&ﬁmfﬂ%{ RSSO BRSy of 10
kV. A low+energyeMcigg) fidostgurs isQpizafer cliaigediatibinbzatiospiuth e wiialsisinedpH =
[00376]T putter sqyrce used is a 5-key SE5+ cluster source also gperated at an incident angle of
45 10 e SRR LT T LA < B S PGB RS AHERASRCD 7 11
with a 75Qite poitks) urn raster. For the thick samples on coupons and for the samples on sterns, the
current is g}l@ E@ined at 6nA with a 500 L%ET] x 500 um raster. Agaﬁ]gim ry beam currents gre measured
with a Far 9 up botth Prit B Fd R Wepthe SRR Sous A‘?F]Z‘épsfﬁtﬁr(%ﬂ 1 Suired in the
noninterlagegpledeToRISEANESTY PlauTe Pavivesrdputiagngdre Bidlysimdcaakhspeaeteum is averaged
over a 7.37 second time peried. The analysis is i diately followed by 15 seconds of SF5'
cputtering BB HBSHPEIBHLL of b S AE S CLNLLFACEFEBIENS MR, S SRa HR. was
decreasegia (0secaddoidhecd% abtive: agepeasanpiesahdid:saagids for both the 25% and 50%
active ag ples. Temperature-controlled depth profiles are obtained usin

variablo A re stSU R ORI A S R B o 2 oI HA Vs 08 software.
samples gefitstgdaciedciibedBrhinalysis Thaselzinainkien! t€npessitisea TArabaispiEDarg brought to
the desired temperature under ultra high-vacuum conditions and are allowegd to lize for 1 minute
oror to.ar LS AR T R X RSBt SP O e 286 M Borce
Microscom2 426 M} 00 3 d 83Addaite d Hughinr es abutiairas yrsgae feharacterization technique. AFM is used
in the art ide topographical imaging, in.addition when emplayed in, Tapping ModeTM_can image
material A0 S norme b TS P AL RS, e Lot e hAS T L e
analyzed. SIMSteohlpigabycaut thes usked gindindhnhiehbpsaiutiony putidified erdchhpestatiie thentrolled

conditions, Other.modes of,operation. are well kno nd can be readily emplo ed{uere by those
chiled 1 SIS (DU U ey SR i S R e MR edmine the

structure 0847 drug polyaieSIdys rde pAli-pati By dhexponpienedaas etoriedinng andde-¢Od I VPhysical
characterizajion,of contidlesielegsg afpadiae fom the TAXUS Fxpress2 drug.clying signt” )
thorned. Mater Res. A Ff) Pl 2% b?ﬁl mcorpé’ra?écﬁmerein Inits en we?y ]by retBrence. ”
profiling is performed in the dual-beam mode, while preserving the chemical integrity of the
sample. For example, the analysis source is a pulsed, 25-keV bismuth cluster ion source,
which bombarded the surface at an incident angle of 45° to the surface normal. The target
current is maintained at ~0.3 pA (+10%) pulsed current with a raster size of 200 micron x 200
micron for all experiments. Both positive and negative secondary ions are extracted from the
sample into a reflectron-type time-of-flight mass spectrometer. The secondary ions are then
detected by a microchannel plate detector with a post-acceleration energy of 10 kV. A low-
energy electron flood gun is utilized for charge neutralization in the analysis mode.
[00348] The sputter source used is a 5-keV SF5+ cluster source also operated at an

incident angle of 45° to the surface normal. For thin model samples on Si, the SF5+ current is

maintained at ~2.7 nA with a 750 micron x 750 micron raster. For the thick samples on
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[00380]Polymer and drug morphologies, coating composition, at least may be determined using
atomic force microscopy (AIM) analysis. A multi-mode AIM (Digital InstrumentsNeeco Metrology,
Santa Barbd¥8 ¥R 1¥é#HtPolled with Nanoscope -Ma and NanoScope Exten§&T8i828MHEY1S used.
Samples arc examined in the dry state using AFM WO 2009/146209PCT/US2009/041045 before
elution of ERERAA(E LOTHaATRISY Babiiis hre WS LRARAREINHI BRAHIME Sot I THFERYR a elution
period (e.g068n@BrStabi N amAYy Maarekertmanddinuihrouahstagerbel tpeomipapakisis of wet
samples. The wet samples are examined in the presence of the same elution medium used for in-vitro
kinetic drt?&?@@%%gegﬂhwgg ¥&&g. PBS-Tween20, or 10 mM Tris, 0.4 wt.% SDS, pH 7.4). Saturation of

the SO|Utl({DOS@]eventeAtDYiéfﬁﬁl@%ﬁl@x@f’@ﬁl@ﬁﬁ@ﬂﬁh&ﬁ@lﬁﬁﬁﬁt@ﬂﬁd%ﬂd@ﬁﬁﬂ@@rﬁ@%ﬁ@& of fresh
medium. a pingModeTm AFM imagin %?é y be used to show opograllzg )% (area space projection of
it b ¢

the coatingCUFRILEPHITEFRGART G DGR AN GRS Bt HETR WAERiE Yrea to
Cr(])ntfajt diffey Qﬁkﬂﬁ&&ﬁﬁd@rﬂwﬁ%d fb’i%sfﬁll@ﬂ%dl@§ [Bhe A4 BIFBIgd r&}@'ﬂﬁéﬁﬂ@ﬁ%ﬁdﬁpﬂﬁpﬁolﬁlcs of y
three-dimensionally rendered to show the syrface of a coated stent, which can show holes or voids of
the coating W %39%%&?»%%@6&9 Yo DSBS S TR &mﬁega%ﬁ%&v%?%ﬁ#e FoHExample.
I00381186%1amg&dgem&«ﬁweaaopyeesﬁmrcwltimﬁaﬁelse%lm&e&méﬁﬁ)alg’bﬂmrﬁms as
described_herein, and or dc% g%/ Qﬁ ods des d herein arc visualized usi %SEM
Alternativel 9“]8668%?@6088 Hd' B 5P ?é B S TSTRRIAITERPRS 318bI that
allows pracr&eﬁ&e@emfm&ecﬁmmmmdﬂm%ﬁd@@&@&g}%maﬁ% SakBptandee fusepliocd
conjunctian Wﬁb SE %rét or cryo conditions, j&grodu e in-s tu s ectionj d{ollowed by
Pigh-resolOATHAREINGS £ PR L SRR PRGBS RCSAISHIER and drug
layers on tblelﬁmﬁn“éhmdmagemﬁrglbemdlteoddamﬂa@drmdralwweasoosfthfbdﬂm/ﬂﬁs1amd1umformity of
the layer thickness at manufacture and. at t|me oints after st (or n-vitro elution at various
{ime poin @B AP D P H LR BT SEND S S E s LM BFEtOR 8P4 el focused
Gaion beaegr(elEhEI) accelerated by 30 kV Wlth a field emission eIectron beam in a scanning electron
microsco ) and sectronlng the stents. Both beams focus at the
same poi 148 than | Onm. The FIB can also produce thinned

down sec{fl]r TEM Mil@%ﬁ@w&rﬂ%@mﬂlilalswﬂ@c@T)]thAﬁemeﬁh incident
ions, a Pt coatlrt}gjrﬁfﬁt % F@Iteq adeé%ﬁ}%r%}geﬁgtr Cassbsted dlegcgsrt 0?2 3?13 é%n l:{eatm deposition

prior to FIB'SER ioning St ioning, alon Beam’iPascefera A4 the sectioning
process iq)abmnﬁr&bmmdunathemo@urgp&eﬂdheodiﬂnﬁblﬁt&sectmﬂm@aimvhe omeitg.observe and quantify

by SEM t @tgw ness of. the er la at are, for the stent as they are
absorbed[1 o le 5: naly}gls e I;]'¥1r%crine’ss ot g%lewc goa mg ﬁsclgacean%' 1ideetermlned by
either in- sﬁme&m@sissonermes%eﬂimgrerﬂ'BHmBIﬁa)lyv/@rzmﬁgl%gaﬁ&mmmgaﬁﬂ)w% X-ray

photoelectron S %85{%? 21 3?&%%(5%‘311&@ ge usec gngu égtlv ugefe 1rgrlllnfe the presence
of elemen a?fspecres a emlca Irlﬂllng environments at t FOonm'o sample "Surface. The

techn|quemmﬁbw@em@dwsp@%{my%ma(gﬁmmod@n\Mhehhrthnn@dmﬁthm&duttélmg
source XRS b I|z h hemical characterizati XPS S other
analytical l%e’c %nqrhf%g%d Q/sﬁcrhggé 4 { % ‘?ahmqe %rménésldﬁ omposl?tlt()frzrbzi) I'’Analysis of
Drug Elutifag ﬁibnm@@antqm LTdmgeﬁipmeraSerawamnlMaesﬁdec(mchmMﬁaﬂs,(Ohﬂewt.%O
624-632 ( porated herein in |t ntiret fer e in one test,
a sample %%%%Ercr%i a s?e% coa é‘d‘}? i ?%R ‘P}%escn% g%erelnalakrfd/glrﬁg \de\%(ﬁ@gda ssirrbed herein
is obtained%ﬁ&@ﬁaly&]g‘i@ h@ﬂnemﬂléwamp%lmm@ & PhysichhElediromcp@uiatitema@dl0iScanning
ESCA. The monadiomalic ihSe soice i shereied at Lo Jvouiip, aRowsr PO The analysis i
done at a 45 taki ke oft angle. Three measurement dte taken a ong%e Bngth o sample with the

analysis area uRd migrens fin thiapoétercl owlensmyleledtton aradl 46, @@dﬁi@m@lsrmeddeebbfbuﬂhtarge
Compens%g Rirther elution.

[00352] In another example using FTIR, sample elution media at each time point was

tested for polymer content. In this example, a coated stent was prepared that was coated by
the processes described herein, creating a PDPDP (Polymer, Drug, Polymer, Drug, Polymer)
layered coating that is about 10 microns thick. The coated stent was placed in an elution

media (e.g. 10 mM Tris, 0.4 wt.% SDS, pH 7.4 or 1.5 ml solution of phosphate buffered
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Time of Flkiht Secondary lon Mass Spectrotnetery [00386]TOF-SIMS can be used to determine

molecular species (drug and polymer) at the outer | -2nm of sample surface when operated under
static conditt¥R22ME¢¢hnique can be operated in spectroscopy or imagin§heEe4eAgASpatial
resolution. Addltlonallz cross-sectioned samples can be analyﬁ‘?I ed. When operated under dynamic

experimertNcilord bl Sh thartet HEsmIRbIiAG CifeRtardhreiationakidhremh 94 athieved.

[00387 1Fesc@xamplfikn@ar. statigcorsifiansifianexample ad afnSe MSE r(TomEofe Mursiar)) using
a 25Kit Br- £rlmary ion source maintained below 1012 ions per.cm' is used.. Where necessary a low

energy el@cubn b YR @8 HhBIcY remBlolouh SRR SRTAENS SRMALSH A ESHh RS @

[003881Cbmenﬁepmgaryﬁ{ww&@s@@err‘tmmatlﬁrmasg?aﬁpexemmm&rtdﬁ@ﬁbmrotﬂmgaﬁaﬁescribed
Belu et al., "Three-Dimensional Eosrt jonal Analysis of Drug Eluting Stent Coatings Using Cluster

Seconda& Iigionmedispas isiebpyf ARRITE RANMSH 8332 (2008) incorporated herein in its entirety
by referenq:@n[QOB(B,%I;M‘teat@@;dequMed herein is obtained. The stent is prepared for SIMS analysis
by cutting i@%%itudina and opening it up.with tweezers. The stent is then pressed into multiple
layers of i koil wit 6‘?.1%3}?13 G RS TORE )T SRS xbRlithENe Sre
performedi@ruand @aoHaE t%dgﬁﬁ[ilﬁ&@hﬁﬂdgi@tﬁd athibethi3hamthBlybdd iprnappinioMbeer chuster
sources. Sputter de h pro |I|n ormed in the dual-beam_mode. The analys rce is a pulsed,
ke bIURA A D BB O oSG HEIS SN ST BAREG the
surface aharbiempteﬂtﬁaglﬁmﬁﬂ&}aithetamfamum@mtoﬂbe ctaﬁg&idlwreﬂtdﬁrmﬁléﬁajﬁepbﬁtt@rﬁ pA
(+10%) pulsed current with a raster size of 200 ur x 200 u riments sitive and
hegate SEE OB T AR BRI S AHE B Ry Be TS mass
SpeCtrOme@bg'ﬂilﬂly‘séﬁﬂlgdﬁbﬁﬁ(h‘ﬁrﬂﬂaﬁhﬁﬁlede‘fﬁet&dcbyracmtﬂi@ﬂﬁtﬁmﬂ@ ateadeteoiar vfithaion

post- acceleratr ener of 10 lﬁl Haw ener eétro floo ut|I|z for ch neutralrzatron
in the ana %ies %@I@ﬁl?’?ﬁ ysrﬁ 8‘%696 eﬁé C8Iﬁ§ et %‘%tu CoaIE)perated at
an mcrderstlamgtheleﬁ éﬁtolﬂseﬁtlréamtmg"maicl?ﬁratjntrcmodeﬂwmpjze&ﬂrs ShsthiecBRbd therden is
maintained gs]t . TIA wrth a 750 urn x 750 urn raster. For the thick samples on coupons and for the
samples dh SRR Wifrent is maintained at 6nA with a 500 um x 500 um raster. Al primary beam
currents a@dfdqsured witheat haddeybedhbeiin prmirtﬁmadd Afef gapth poafdiogniht ID3ERIAI depth
profiles are acrggrlrggt%tl 1e nogwrlac dene1rcr)1d ith a 536 ‘% "hbet‘é’ en a?pugﬁrln? a]fmd analysis.
Each spegtr mis average over a 737 SecoRdtimé per|o gandl yS|s [<irmmeniatély followed by
15 second&aﬁ&ﬁ&&mﬁt&frmtﬂtedep&amoﬁlp&hfm forfatte Mﬂmmﬁmzagmgnﬂumig, the

Sputering e vas SeceRisd Oud oSS Iar e Siastie senl aaple and. 2 secqns for both he

25% and dCtR/E agent samp es perature on pro es are ontaine: Hsrng a
variable-teafigerature stage with Eurotherm Controls temperature controIIer and IPSO V3.08 software.
samples rTthplac)egl rI|1n 0 etr}re1 rhy dn L?osrtn I.utrelren éléée e e 39 amp fe\re brought to
the desire pera Ure tnder U -vacu lons and aré allowed 10 stabilizé for 1 minute

prior to arﬁttybasaﬁ(ﬂfki)emhtmﬂrfdrmgthkpmmp&lﬂm:qmﬂrf@anm@dqte-m&(ﬁ@ndlaﬁmmcs is used.
Samples are examined in the dry state using AFM before elution of the drug (e.g. rapamycin).
Samples are also examined at select time points through a elution period (e.g. 48 hours) by
using an AFM probe-tip and flow-through stage built to permit analysis of wet samples. The
wet samples are examined in the presence of the same elution medium used for in-vitro
kinetic drug release analysis (¢.g. PBS-Tween20, or 10 mM Tris, 0.4 wt.% SDS, pH 7.4).
Saturation of the solution is prevented by frequent exchanges of the release medium with
several volumes of fresh medium. TappingMode™ AFM imaging may be used to show
topography (a real-space projection of the coating surface microstructure) and phase-angle
changes of the AFM over the sample area to contrast differences in the material and physical
structure.

Nano X-Ray Computer Tomography
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Atomic Force Microscoor, OFM) [00393]JAIM is a high resolution surface characterization technique.
AFM is used in the art to provide topographical imaging, in addition when employed in Tapping
ModeTM caly hi8¢#14¢a8rial and or chemical properties of the surface. AddifidAaIRP &84 & ctioned
samples can be analyzed [00394]A stent as described herein is obtained. AIM may be alternatively be

employed! 88338 cribed M EhTgERBiHIC thehjaydcmshitarionBn IpakmtSiruaveredtdst ifsclitaxel

from the TAXUS EXpReSs RALGRIHING Fenb o Bipined. MatetsReslic bi(4k588ah 34 K2AQ%buld
incorporated herein in its entirgg/ by reference. [OO,?QS Polymer and drug morphologies, coattifgr%
I scopy

compositih USFBATL S LERR S5t RN N e b PR AL el d S Rred e b sy eBYst

(AFM) anglyisisur® siuhd-coadecAtMa(Rligitah sty meniaNaaspdialiraleeyaactadRasal pricib
controlled with éB/S WO 2009/146209PCT/US2009/041045 Nanoscope ilia and NanoScope Extender
electronicS H10ReRPARIIHYMBde Tm AFM imaging may be used to show topography (a real-space
projectiongf themmating surface microstructure) and phase-angle changes of the AFM over the

sample arca to contrast differences in the materials properties. The AFM topography images can be
three-dimENSIoRklly renﬁda?e%dq%v%WB&P{H&V&?%@%Pﬁ%&%@ ‘t%%%nglb SN Bﬁ?%Bﬁgﬁ?ng
E|e3trondl\%ﬁr@saf]@%i(%ﬁﬁéngu£@mm For &egp?ﬁﬁ%l%bgﬁ&;igae@j%&e@ﬂ&r@éﬂ} _enleror "
produce methods descri rein arc visualized usin - nalysis. Alternatively, a coate
boupon cOUTH SR R e HE A S W SBAFH T 18RS Al S previdestinilspecitic
sectioningynmil ling LGl Ad épfasitingoabsoeiedibls tHel Blg@snhbredied in conjunction with SEM, at ambient or
cryo conditi o prodyce in-situ sectioning followed by high-resalution imaging . FIB -SEM. can
iAo kil et by e o R R A R
quantitatePthe Ahiskhesaal the, Riyers Aitweind P fivhetbeitihare ispuritocinitied the r thickness
at manufacture and a timz oints g s é‘j@ﬁ%ﬁs aféffo' -)f'tro I%onp:j[rﬂ\?arious tim [;f)%iﬁs).
100396]A FE BUAPSOIRGHSt 952 R AT B iy id o 5 SOIHRBGHECF il ik foed Ga fon
beam (FIBhatipblanatech Byfidtnk)/tovith dufieldeRigagion, daattG) deashity i gcantiing slgetromded
microscope instrument and.is d for imaging and sectioning the stems. Both beams focus at the
o b A T T B U AT A LB R TESTR 1 B R R AT Bt e B ninne
down sectarisAdilmk kvathalysisi(RO3Zphmpeayaenitdanagidinthe sufasgoidth€ staol wiitioncident
ions, a Pt coating is first depgsited via electron beam assisted deposition and jon beam deposition
o o TR LHTAR D o P R LRATIES ThS T o SR B S0 O o

sectioningapeegesisaislab puts2ricih dur@tiotro Cowiplatian df dfiehE IBgectidring allows one to observe
,E%ft on the stent as they

e e A L
determineatierthigkvess df2hd) ob dtvagnpke ndtieid R Beti tht Ry triderB € 3DiffePEG AaC Giboyydsitional
A oL AN SOSN8 kel SO Sl )

tested in triplicate for pH changes over time in the elution media, the average of which is

presented. The “30D2 Stents ave” line represents a stent having coating of only Polymer B

(50:50 PLGA-Carboxylate end group, MW ~10kD) (no rapamycin), where the coating was

removed from the stent and tested in triplicate for pH changes over time in the elution media,

the average of which is presented.

[00360] In Figure 1, the “60DRapa Stents ave” line represents a stent having coating

according to AS1 of Example 1 (PDPDP) with Polymer A (50:50 PLGA-Ester end group,

MW ~19kD) and rapamycin, where the coating was removed from the stent and tested in

triplicate for pH changes over time in the elution media, the average of which is presented.

The “60D Stents ave” line represents a stent having coating of only Polymer A (50:50 PLGA-

Ester end group, MW ~19kD) (no rapamycin), where the coating was removed from the stent

and tested in triplicate for pH changes over time in the elution media, the average of which is

presented.
77



Ellipsometry is sensitive measurement technique for coating analysis on a coupon. It uses polarized
light to probe the dielectric properties of a sample. Through an analysis of the state of polarization of
the light that®® P&d#8& fom the sample the technique allows the accurateR§EHRE3009/041045

2009/146209PCT/US2009/041045 characterization of the Iarﬁ?'r thickness and uniformity. Thickness

determinaf9A8 thnging Wdigd ety g St dmB 40Pt FO S YR crons TSPESH TSI TR Mg $99ERE or

multilayer zystams. (S eBHDIPeXAMPIEL dA@inbiidhg Relprsaidiassld N4 iremdriravascular
Stents Coated with Ultrathin Mulyikayered Polyelectrol)éé Films" Biomacromolecules. 7: 2483-2491

(2006) ind3RIEREEERY RAEMIT (R4UNE 8RS ByTaNsS HOm Bagaisplaed sing distaplifatt ieiidss of a

Device Scanning Slectial Mieiostamn(SED, tﬂ@@%}ées@mﬂiﬁbﬁ@@fﬁéséﬁ%& deseribed Higteisis
obtained. Thigkness of the device an be assess this analytical t que. The thickness of
multiple sthfts W ERIREH b3S %@B&%ﬂf&mﬁ.afd BPIB'[I%L g ali’ﬂbcé‘ﬁ stent. The

thickness @i tiaei cealdn@omapeRpe e i Shdlosing wﬁlmﬁm@&ﬁeﬁl Wthentascelesring voltage of
800V. Variqus magnifications are used. SEM ca rowde own and c 0ss-section images at
various mAYMIAR ﬁ@%ﬁ?&%@@aﬁr&%ﬁa@ﬁf 8@?&5 [B5£06]A% &ﬁ@iﬁﬁ.&{?&%g may be

used to vigye3be| physicahSttyeteirs vla siemics it Brid ﬂsﬁ}am%ﬁ;abyﬁamnmebfﬁ@m@gaphy (e.g. such
Device NUSEA D L Ra B L TG0 o QNI B e Bl o SEHDIEE before
?nd after ﬁllmﬁimgmrbe detesiineddrnp il MMigspreirometiy s flﬁ&@iﬂbﬁédma Xueewatage of
08 1 15,00 REBHbr 8 ALTE 10 B HSty B FTBIhBE UL UG Y BRI HIEP Sbmples
arc deterrsineok 50rPeD(ammIerb6MyQa&%Bl‘gr&[pl,klef\&’pemk@materruyjﬁlmgitﬁ;lﬂjpﬁﬂfaﬁm&sfﬂﬁim at room
temperatljtlé%te %rln t?ﬂ)l? or p%g c%anges over time in the elution media, the average of which is

presented. The “60D Ave” line represents a polymer film comprising Polymer A (50:50

PLGA-Ester end group, MW ~19kD) (no rapamycin), where the film was tested in triplicate

for pH changes over time in the elution media, the average of which is presented. The “85:15

Ave” line represents a polymer film comprising PLGA comprising 85% lactic acid, 15%

glycolic acid (no rapamycin), where the film was tested in triplicate for pH changes over time

in the elution media, the average of which is presented. To create the polymer films in Figure

4, the polymers were dissolved in methylene chloride, THF, and ethyl acetate. The films that

were tested had the following average thicknesses and masses, 30D — 152.4 um, 12.0mg;

30D2 —127.0um, 11.9mg; 60D — 50.8um, 12.4mg; 85:15 — 127um, 12.5mg.

Example 4: Visualization of Polymer/Active Agent Layers Coating a Device

Raman Spectroscopy

[00363] As discussed in example 2, Raman spectroscopy can be applied to characterize
the chemical structure and relative concentrations of drug and polymer coatings. For example,
confocal Raman Spectroscopy / microscopy can be used to characterize the relative drug to
polymer ratio at the outer ~ 1um of the coated surface. In addition confocal Raman x-z or z
(maps or line scans) microscopy can be applied to characterize the relative drug to polymer
ratio as a function of depth. Additionally cross-sectioned samples can be analysed. Raman
spectroscopy and other analytical techniques such as described in Balss, ef al., “Quantitative
spatial distribution of sirolimus and polymers in drug-cluting stents using confocal Raman
microscopy” J. of Biomedical Materials Research Part 4, 258-270 (2007), incorporated in its

entirety herein by reference, and/or described in Belu et al., “Three-Dimensional
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[00401]FT- Raman or confocal raman microscopy can be employed to determine compaosition.
[00402]For example, a sample (a coated stent) is prepared as described herein. Images are taken on
the coating W& RAAA Spectroscopy. Alternatively, a coated coupon colf§ BV#RU&G4H#is method.
To test a sample using Raman microscopy and in particular confocal Raman microscopy, it is
understodd¥RPEY GBE ApPrOpTREE R%ﬁ% $@§6Gﬂ%@§ﬁé&+&%ﬁkﬁ%§e&eaf}?gmmﬁ%,s|aser
power, laggicapyiengthisanplester. Sz 63 U0y SEERpShies livecnerditoda eptipized. Raman
spectroscopy and other analytical techniques such as described in Balss, et alL, "Quantitative spatial
distributioFf BESHiPES P Eblymers in drug- 87 WO 2009/146209PCT/US2009/041045 eluting stents
using contogabﬁiaman mi@iﬁgq@rqaé"cdat?ﬁBi@mei@ipﬂﬁm?tew&%%ﬁsea&frimanlrﬁa%@&rzZ&kéaQQF), |
incorporated in its entirety herein by reference, and/or. described in Belu et al., "Three-Djmensiona
c;omposit@ﬁgpmwglgf%m@émmbom-é@%ﬁye}gwﬁgceﬂ&%%%ﬁ%}aﬁm this
Spectrosaapshofndlo €3eins 8516 24163R (AN inreseppyaiad heyaindn discentiely ynaference may be
used. [004031For example a WTTec CRM 200 scanning confocilal aman microscope ysing a
Nd:YAG IGUSFE8R Hity Kdpisheetith it LOrRShARR AL AR RASIIIS P ptiEey Liisorh
piezoelecuicallyisivemeablscripeviasdrlight is fasigsedarppit Miepsarspiedusiogh cdpOstdeytbljective
(numerical apertyre 0.90), and the finely focused laser spot is scanned into the sample. As the laser
scans the'¥: %E}i{e&?&%’% *0.33 micron interval a Raman spectrum with high signal to noise is
collected y@i3g<).3 SecbotlsxahipiegratiarditrRMZ2aheoninoatordssseRionaliege aidheitgatings
displays ion.70 pm wide by 10 pm.deep, and results from the gathering of 6300 spectra with a
total Tna N NG GBS o T P o S AT RS SRR By i
(amorphoissphad Cuysiakbipizasid @abane drafeiessesthed 4ssedl gt &Cfvrviebdeuhn shesirap iaisisgts, to
provide chemical maps of.the distribution. [004041ln another test, spectral depth profiles of samples
e pertort W 4 GRS HET S G By AT BEHS RS BRI e oy 1)
The instruintenhésseapippad whitlaseNsLdAGHEagupheyodotbieh daiemidah exeitedionR anaingle
monochromator (Acton) employing a 600 grogye/mm grati nd a thermoelectrically cqoled 1024 by
128 pivel TFAY S Ca T BRAS HRR TA R G SSEE1: ShBEE AT Biate
collection apifosalhabnauceoadhalegraphthdasetibandipplas s ajegtion filten{kasebOrlinal $ygtems Inc.

) to minimiz% Raﬁ{ﬁ?h sc&nltter irﬂto.the m chro ator,[hThF Bfaman.sc%ttere%gght are collected with a
50 micronagpﬁce:% i e?%sﬁ&%eemﬁ%ronan pse%%arlalmlagi%go' GaeEt N R Strament; spectral images
are obtainel by sdcatnningyikie wangpleftnctive xpactirdationaniiiaa pfeapadtiwen ay gdgmstage and
collecting a spectrum at every pixel, Typical integration times arc 0.3s per. pixel. The spectral images
arc 4800 0 GO e T S S D i LA i b S e For
presentati@@3ddhe confiocal dRamantdgiectiaialypsthare fiknérataddpayefdampivivare peofoeriies of the
spectra (i.e. integrati f a Raman band dgand ight intensity, or-band widt2)§ The micrgscope stage
o oo B o A Ry Bk b e R Lol e
primary axistrihent direptippdd eéfine ¥ &6 firgatiory dovbileg paral(éB foctwtitiogihafitigtestent and

the z direction refers to t irection penetrating through the coating from the air- WO
20001190 TS RSt o e wont i e IRy gateds «
OmW on tHR4$&m phs stagbaridlyexOEricnenrts CAndoe Toclthedted wilthaplarscipomagalpjectiveth100 x
NA = 0.9 (Nikon). [00405]Samples (n=5). camprising stents made.of L605 and having coatings as
described W ST SR SO by A R e RETEST Snpek SR FA TN 0.
three locatiphsai®yselmstbd alomgihesreR dgtggh. sChigcthnde focattows axeriatoate theiRasimone-third
portions of ﬂ}f stents, sq that the entire length of the stent are representeddn the data, The stent is
Then o SN TE g e B  A IR Bl Sropiec
along the lengihgmeathof dse jrikteudatat i spootied et fronrthebstrut  bytima ofitgg ststmBxinghdom
spatial locations are also profiled on. coated coupon samples,m of L605 and having. cgatings as
described ne T A e A PR SO L R RAE S A SRR
individual Eppnpomengmstesetitipstiae Ooktingpard.aldo spHigviburfagesompttitbiotahsbesference. Using
the nsrumeR SRR IR RS aPeia BT e RPe Aliage fig AL aaltyape oy selecting
the spectral image plxge s that-are exclusive to eac Iaye?f e average spectra are then exported into
GRAMS/AlonfqcaRsohianatet{ Tinerges Eafmotc)tah batuel approgriate ®artiandidhdspeatrit(ic.a Voigt
function The hand arsasand, SULBOSIIANS. A1 RESER IAAAARKTRG PHIE &R dpggtrum for
each compo%gent%ﬁ?t?'ne co;ﬁt??]glﬂ)(e.g??jru%, B%ymer areé a s(c))D ccﬁﬁe%?elza&'e) at 5%2 a{%&(}% S%%%Qr%mgégxgzitation.
The 785 rmyéitithtioth spastranaboiticliapdahwltentbdnfovtioRahiad ratered dupsicivis Teaundsireiments
Corp. Savoy, IL) equipped with a 785 nm diode laser, agpropriate collection optics, and a
back-illuminated thermoelectriaclly cooled 1024 x 128 pixel array CCD camera optimized for visible
and infrared wavelengths (Andor Technology). Time ofFlicrnt Secondarr lon Mass Spectrotneterv



[00407]TOF-SIMS can be used to determine molecular species (drug and polymer) at the outer | -2nm
of sample surface when operated under static conditions. The technique can be operated in
spectroscopy @AY mode at high spatial resolution. Additionally crossEebR&/8aties can be
analysed. When operated under dynamic experimental conditions, known in the art, depth, profiling

chemical ERAARt&R RtibRecafERs Rhie SeHnfild8s €U e ina Aarelicie Bsmigrghotidicexample

a ToF-SINgdvatle ol d MiasterdFSiaa it 2Dyt pidtaddine thseusaeHy abiaiserobetawalA12 ions
per cm' is used.. Where necessary a low energy electron flood gun (0.6 nA DC) is used to charge

)
compens&R S ERY QaRaaLCBAGE fus TP SBEBSERR) i WéiQ%We%%éWPlﬁéﬁf%%
employedAis gigretibes Fakirt @ndlbieevidine pripnahfoampsisitanal Aoalysis ofiDrugikiuyng Stent
Coatings 89 WO 2009/1462Q09PCT/US2009/041045 Using C usét%ﬁﬁondary Ton Ma

S
spectroscdJy0 Anal. CHEPES: 622)695P3t50R Sl Brdteef i A enitife b&?e%e%%ce
[00410]A stanhasidasariedonsestimisxobiained3dhestenkimpie paedgor KV S1ay@lysis bygutting it

longitudinally and opening it up with tweezers. The stent is then pressed into multiple layers of iridium
foil with th 1&%&%’:&1&%@@?%&% 8&1@%{5@&@3@&5 ﬂféir@%’é}%ﬁ%?ﬁ%ﬂrés GF N
lon-TOF EMdrstpusdace oy ippe it heibediradd iStab boimaBethnHoe 3ntIckasipls thiges. Sputter
depth profiling.is performed in the dual-beam mode, The analysis source is a pulsed, 25-key hismuth
cluster o GHIRRS HAEIP S HARSE RS AL ot EIGRLGE) IS D HRBE TEFnal. The
target curpentiisms ttaiseotatoMhatphe (Gl puised trrsent with eprasierdizethd 20Q.uThx 200 urn for
all experiments. Both positive and negative secondary igns arc extracted from the s le into a
reflocton P DA i Rt o e LBy o AT R b By
microcharnnekpiae:datestorhwidhglpoki-endetasatitie dnargycofld@ddvrdnakesmergyrelectdrhiood gun
is utilized for charge neutralization in the analysis mode. [00412]The sputter source used.i -key
et DAt e e e S e e e
samples cim®haihedSiob tingisrae s ribathtairadaatd/ar produsiidh tay Aaahaeds XIgbibed asier. Far the thick
samples O@ couponstandffor éhe ianﬁglis on stenti, the C%Jrretgt is ngaintaine at 6 wiét}a 500 um x
500 um rastEr ARSI BEAM U ERS PP RTAS A Wilh B F204 A8 Alp DI PSS 8hd after
depth profibngraiddvlaidrit ideptbeproties treiaaeiiied ko flvearnnhrteviaagd spader fibmati-ms pause
between sputtering and analysis. Eac ectrum.is ayeraged over a 7.37 second time period. The
nalyers IR T e e R RS S e 0 o HED AT DS PS Srface
and subsuifelcéayegidihs endyaghesotitierin ttimepas decke ANt 1ASaconl fasfthea oY Active agent
sample a seconds for both the 23% and 50% active agent.s les. T rature-contrplled depth
orofies ar IR P e T e S A 2, SURET P COMt Gt e
controller gnft H8S@oYS08rsofitede. samples are first placed into the analysis chamber at room
temperatullr‘fu E?ﬁ samples, arerebégu rgt te% ttgeedglslgle rtee(an ergxture un e‘ir tlﬂletrglogtigl%xgcugrrg conditions
and are aflowed to stabilizefor 1 Minate prlé)r {0 ana ySIS. I JBB?&? pro?i ing exper &ifts are’
performecatyihef)Granth@5alected at 532 and 785 nm excitation. The 785 nm excitation spectra are

collected with a confocal Raman microscope (WITec Instruments Corp. Savoy, IL) equipped
with a 785 nm diode laser, appropriate collection optics, and a back-illuminated
thermoelectriaclly cooled 1024 x 128 pixel array CCD camera optimized for visible and
infrared wavelengths (Andor Technology).

X-ray photoelectron spectroscopy (XPS)

[00369] XPS can be used to quantitatively determine elemental species and chemical
bonding environments at the outer 5-10nm of sample surface. The technique can be operated
in spectroscopy or imaging mode. When combined with a sputtering source XPS can be
utilized to give depth profiling chemical characterization. XPS (ESCA) and other analytical
techniques such as described in Belu et al., “Three-Dimensional Compositional Analysis of
Drug Eluting Stent Coatings Using Cluster Secondary lon Mass Spectroscopy” Anal. Chem.

80: 624-632 (2008) incorporated herein in its entirety by reference may be used.
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Atomic Force Microscopy OFM) [00414]AIM is a high resolution surface characterization technique.
AFM is used in the art to provide topographical imaging, in addition when employed in Tapping
ModeTM caly hi8¢#14¢a8rial and or chemical properties of the surface. AddifidAaIRP &84 & ctioned
WO 2009/146209PCT/US2009/041045 samples can be analyzed. Coating composition may be

determine@ WY Tappiy FISTRPH RORSiEorbrR SamRioSeBBy YRE f P SRR doMhBehedes of
operation @& Mielli kievin aadbear ba @mplpyed heradayiine sstakibad ap thenal s {OR4\BIorslant as

described herein is obtained. AFM may be employed as described in Ranade et aL, "Physical

character@AfAcHBP Eahrnad Perer Fiiames (e na0p SRerairg b8 Tibg-eluting stent” J.

Bioined. MaigbcResafi( AL 62bs63kt{2004driearnarmied RIS eMirety bynelaenaes is
[00416]Polymer and drug morphologies, coating composition, at least may be deiter ined using

atomic fort@hitrbSco i CAEMY Bivall RTEC RFATICFGRS HEMNEgIRa St ieREhrack setfology,
Santa Bahafathe Ay osit eled-withiiaeascoratiaantd dNasesepre-ndandaralerofiesiatsed.
TappingModelm AFM imaging may be used to show topography (a real-space projection of the
coating sL}ﬁg‘ég}%?%%ﬁﬂﬂpgﬁfﬁlﬁlbhase-angle changes of the AFM over the sample area to contrast
differenceg;inctbematerisds propertiesiinis e (iR Speqtrogcopyfr In-Vitro Testing [00417]Infrared
(IR) Spectrosgopy using.ETIR, AIR-IR or migro ATR-IR can be used to identify polymer composition by
comparisS andara I et R BB B R S eSS S SHGAHA G babilty
of a Devictd Q8L insonfigaerphodirfients bt darddatidersthiiraiedinate dlitrel dbrmpde af a
bioabsorbablc material, such as the bipabsorbable polymers presented.herein, or another
SRR Ly D e LR A —
presentedsydtivies peciplesshmviia gnipsdis ovbiabilby @he pohdneteoatiog tpasihenudedidigdaktionally
and/or alternatively show the aiéoab rbahility.of a device,.for.example, by GPC In-Vivo testing, HPLC
In-Vivo TG GBS by Ak e BB R B RS g SRS 445 Raman Speciroscopy,
SEM, and XPS as described herein with variations and adjustments which would be obvious to those

skilled in i 7% Anotheslechinigue 19 %@Wz@%@%@%&é{ WEPIE ARy IOUIFE dBmdiRols N@po X-Ray

Computer Tomography (e.g. such as made by SkyScan), which coul be used in an elution test and/or
bioabsorbeisinyleestl els et eicrelh Muskén iveipaysichsBuctDFensf YHECEMIAY remaining on
stents at eagh HIEIRRIR 3D COBIRGEIR’aSERA PHRRIRSIUIORARIQABROERURR: FXAMRIRR

Determination of Secondary Structures Presence of a Biological Agent Raman Spectroscopy
gun (0.6 nA DC) is used to charge compensate insulating samples.

[00373] Cluster Secondary lon Mass Spectrometry, may be employed for depth
profiling as described Belu et al., “Three-Dimensional Compositional Analysis of Drug
Eluting Stent Coatings Using Cluster Secondary lon Mass Spectroscopy” Anal. Chem. 80:
624-632 (2008) incorporated herein in its entirety by reference.

[00374] For example, a stent as described herein is obtained. The stent is prepared for
SIMS analysis by cutting it longitudinally and opening it up with tweezers. The stent is then
pressed into multiple layers of indium foil with the outer diameter facing outward.

[00375] TOF-SIMS depth profiling experiments are performed using an lon-TOF 1V
instrument equipped with both Bi and SF5+ primary ion beam cluster sources. Sputter depth
profiling is performed in the dual-beam mode, whilst preserving the chemical integrity of the
sample. The analysis source is a pulsed, 25-keV bismuth cluster ion source, which
bombarded the surface at an incident angle of 45° to the surface normal. The target current is
maintained at ~0.3 pA (+10%) pulsed current with a raster size of 200 um x 200 um for all
experiments. Both positive and negative secondary ions are extracted from the sample into a

reflectron-type time-of-flight mass spectrometer. The secondary ions are then detected by a
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WO 2009/146209PCT/US2009/041045 1004191FT- Raman or confocal roman microscopy can be
employed to determine secondary structure of a biological Agent. For example fitting of the Amide T,
TI, or ITT reYiB88B8 % aman spectrum can elucidate secondary structur®§ TE/§2WHE Halices,
beta-sheets). See, for example, lconamidou, et al, -Secondary Structure of Chorion Proteins of the Tel

eosetan FRIFBEREHRIEAHy ARV ER Y ROSHACR R NS R oL 6y By SR iAo gy,

132, 112-1133(2000) (ripkarercttad ncGif REotoim iR enaiiiaian odgueous-Organic Mixtures but Not
in Pure Organic Solvents" ./ Am. Chem. Soc,, Vol 118, No. 47, 11695-11700 (1996). Infrared (IR)

spectroscdiy 8} in-vitrbP SBHHG (oA SO RfbiR Shetrisso bl SI6F MR F MRS R R nd micro
AIR-IR camb&idemiiopest s deienainersecopaid) Bitigtienolid biohpticak/Saemt Bps-exampleifitting of
the Amide I, I, of 11l regions of the infrared spectrum can elucidate secondary structures (e.g.
alpha-heliBEL" BEtEd deerd) " £x4iite’ 19 “BletemiHIBHBF thet g S8 EVRAY Bifla
Medical Deyige: Adaipiesfodrse iviciascopyntAl MyinkdRdd 11 64N isith highresoli§0n swrfager. All
characterization technique. AFM is used in the art to p ovideei?ﬂpfggraphical im ingg,lighaddition when

employed HARESRRYMOGE TR HEMASYE hii8riat 4H6a: AROIE & 10¢ rface.

Additionally¢fitisg-sectioned samples can be analyzed. The technique can be used under ambient,

solution, idifled or temperature controlled conditions. Other modes of pperation are well known
anc can EATRZAly ety SaHRRTAH h e SAHREHIIE RO IGHSSIA SRR STt a DS Erein i

obtained. BdtWtin ypetkiingdelatmiab ihe Pattrepttiainiasefviliegedating o4 Sttotamdesasipetdoderein is
obtained. AFM .be employed a scribed jn Ranade et at, -Physical characterizatiqn of

ontrolon DS e e T A B2 eRa ks o o CBRMBATSS Rl Res,
71(4):625t634ut2fdnid cobporaied-fidoaindnlitstentipatichy g eietewae dRE4R3jHor lexatildoptlymer

and drug morphologies, coating composition, and ph sicg% tructyure may be determined using atomic
force mierbSE ) CAETH) SHADE A O A2 RS TS AR WAy, Santa
Barbara, Tanponitioteshutiibi Dhdgsbgpofilesand dvanoSicayiegxterideic elenpraniascistaygeditbamples
arc examiped jn the dry state using AFM before elutj ug (e.g. rapamycin). Samples arc also
carmineat St SIEED (RO TR S GELR FEH ARG S MO, T A AN DRSS i anci
flow-througltostagenblyisideperbut anakysiscoipeettsaniPlesafitpdeyetcSaimpiestanhedasinrtied in the
presence of (e same sition medim.used oo nsieAIsacsls R AN (582 WO

prior to analysis. All depth profiling experiments are performed at -100C and 25C.

Atomic Force Microscopy (AFM)

[00378] AFM is a high resolution surface characterization technique. AFM is used in
the art to provide topographical imaging, in addition when employed in Tapping Mode™ can
image material and or chemical properties of the surface. Additionally cross-sectioned
samples can be analyzed. The technique can be used under ambient, solution, humidified or
temperature controlled conditions. Other modes of operation are well known and can be
readily employed here by those skilled in the art.

[00379] A stent as described herein is obtained. AFM is used to determine the structure
of the drug polymer layers. AFM may be employed as described in Ranade ef al,, “Physical
characterization of controlled release of paclitaxel from the TAXUS Express2 drug-eluting
stent” J. Biomed. Mater. Res. 71(4):625-634 (2004) incorporated herein in its entirety by
reference.

[00380] Polymer and drug morphologies, coating composition, at least may be
determined using atomic force microscopy (AFM) analysis. A multi-mode AFM (Digital
Instruments/Veeco Metrology, Santa Barbara, CA) controlled with Nanoscope 1lla and

NanoScope Extender electronics is used. Samples are examined in the dry state using AFM
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PBS-Tween20, or 10 mM Tris, 0.4 wt.% SDS, pH 7.4). Saturation of the solution is prevented by
frequent exchanges of the release medium with severl volumes of fresh medium. TappingMode'm
AFM imagint )% E¢28d to show topography (a real-space projection of fHeldoRaeGibrace
microstructure) and phase-angle changes of the AFM over the sample area to contrast differences in

the materPHEOpT SRS e RS BEIBKS i atiirshabs A s RS Io RSy L ERMGdIRid o show
the surfaceRfugiceatetdoseiiioniel camsheyy hiplemeraodaehioscaping Ndwemidaynaades as the

polymer is absorbed and the drug is released from the polymer over time, for example. Nano X-Ray

Computer*FoHIB GBI AR 4D Riothetblemikhe Wt R B TS RIS WLIRS BIYSRED StiliEture of a

device in gakdeNaoe rcRiaynmGeraruian homogrplyifedcsich asagechy BREScasndd)ishigould be
used in an elution test and/qr bioabsoréﬁaﬁility test, afstggg‘%(ib.ed herein to sgwow the physical structure
c

of the coalig F&RvaIntAY oh kB cHCRAHTRUSBiAL, S WUHIRR EPIS S AP YRGS Biution:;
bioabsorbgigmakxanopin d il Eetarmdnation of KR drililonMesiie firshtiee dRPd 2BddpkarvigdiM a: In one
method, a stent described fﬁrein [ o%l%ined. Th%gut'on profile is de,termin%d ﬁlS follows: sétgcrclts are
placed in oL R REHPEAG SRR TRTOIARIE X&ﬁr?‘i‘frf@%ﬁﬁé%{it’c?ﬁ B9 e ER Rapped
and incubaiebatrdatGrayith e phlasyargnd diatatien ot INIMSekitibo s amp thercallesiedd At the
designated.{ime points (e.qg. id, 7d, 14d, 21 d, and e.g. 1 week, 2 weeks, and 10 weeks) and
opomondH FTTRBCR 1% i Gt SRD s T o TOSEPERAT SHEN SRR BTl of DOM 16
added to ihiencodieatst sandptedobhier thodutfadebes ersiedppead anhitkiakshderhone mivgidsand then
centrifuged %8200 xG for.Z&minutes. The supernatant is disiiar %d&%?dé}he DCt/I hase is evaporated
g vt

pe
to drynesd UNGSPgRRES AL TSP SHA O GaH S5 IS e FRESHEMUEERYIH 1R of 60:40
acetonitrileswatempréy) and analyzed by HPLC. HPLC analysis is performed using Waters HPLC

system ( Je phase 58:37:5 acetonitrile:watermethano] 1 n in, 20uUL injectio 3 Novapak
Waters crglﬁ g]\T/ith dett“BiIR Sl Mud ascorp (o flpitn Locksedion S ’.. et & ro

pharmacesiioal agésicahiibhepsiofjlents daiardaiteiobl e fhraisatbselbahietisingre sikadiingl thdngevice
with an elyti dia comprising ethanql (5%) wherein the pH .of the medig is about 7.4 and wherein
the devioe N Bt T At R Rt sl LR OB FPRRSEH e
containingFiBei de viod tisao ptiowalhyr @itadingsiie i€ictiertiomedaia dilting 4he dgnisidiiggp SteptetinB.device is
removed d/%r‘rt?he elution mediatis ren}%vseg&latgea%.attdesiggated irtne c%ints gVO it
2009/146208PC 052608/ 63VHA5 (& 0" Fh >3, sh,*7h. Td, &hd d&ily Up 18"28) REg" TWEEX 2 weeks,
and 10 weeksonTiipefellaiond e dighsthantassayeginsiig B YN isafopddiermitatiamns oftibeal
pharmaceutical agf nt content. T(pﬁ elultion medja is trefle}%ed at each t{)me 5paipt with tf.Eetshﬂ(l'-:Iution
media to avord saturation Of the efutiSn Medid, Calibration Standards con alenlnog KHOWR ambunts of
drug weretlakdo bl dfithel iyers rretlim flor thiey seitte turatibinck assthe samplesuandndsediategadhtiime
point to deﬁ:;gnine the mé)fltler%tiof d ruge?lﬂtoenda?t yr]%t tsilae %in %kfss lute amount and as a cumulative
amount elu edf. TBB%% fntone' tedt devices were coated é)s%eé ising this method. In these
experiment382) differeAt idlypuet BeancSertp 12y i BMEMerystem50 5 0daib@atiestef &£fideGroup,
g Lo e e SOPL a0 O S0 P GA o lale fad Greup, MW-1C1KD,

degradatio%C a yS. S were coa s follows:! olymer
AlRapamycanitolyehertdiRapaosyoir/ BolymermnéaikiS2 uted 6hPiolymeg AR aparoycig/Holytants.
A/Rapamygin/Ral ymer B; | (213): (n= lymer B/Rapamycin/Rolymer B/Rapamycin/Bolymer B;
el LRI S m e R R AR N
A/Rapamydb/fRaolyhse pratRap amysid/Rolymsect®nT ier iREMremalyaimaceutical agent elution profile was
determing ntacting each deyice with an elution ia comprising .ethanal (5%) wherein the pH
of the medt S out 7 SO o S S R e B LB RS
temperatuiesbl glesutd 7Q. cltmreiubicammaedited dspentionsth from biswvicdeponitaet atieast BBh, 3h, 5h,
7h, id, and at.additiopal tipe paints up o 70 d See Figur -83). lution media was then
mosayed SO s SR B D R O B S AR o
and cumuteitivesairm ebontcluted duFheoslutiomphatia efdker € pihsadienie g elhldwseopoitot abisbrfiesindelution

dia t id. j ft luti ia.Calibration st [ni ts of
g worc T o T B A R R R T Ve

each timetheyrtrerbierdredine the amount of drug eluted at that time (in absolute amount and as a
cumulativ tel ] troscopic grade ethanol. Elution
profiles as% mgir%? F%%gr%gﬁé){)gq Eﬁ%ﬁ%ﬁggﬁygg g?n%%ﬁtﬂggcrapamycin eluted at each time point
(average dfnallysients testetirininsidingedhes iT-ableanappwerftioonctosesastiorsttsameBpin each group
(AS 1, AS2, AS(213), AS Ib, AS2b), the average amougi of rapamycin in ug loaded on the stents, the
average amount of polymer in ug loaded on the stcnts, and the total amount of rapamycin and polymer
in ug loaded on the stents. Table 2



WO 2009/146209PCT/US2009/041045 Stent Coating Ave. Rapa, ug Ave. Poly, ug Ave. Total Mass,

ug AS1 175 603 778 AS2 153 717 870 AS1(213) 224
WO 2009/146209 PCT/US2009/041045

X-ray photoelectron spectroscopy (XPS)

[00384] XPS can be used to quantitatively determine the presence of elemental species
and chemical bonding environments at the outer 5-10nm of sample surface. The technique can
be operated in spectroscopy or imaging mode. When combined with a sputtering source XPS
can be utilized to give depth profiling chemical characterization. XPS (ESCA) and other
analytical techniques such as described in Belu ef al., “Three-Dimensional Compositional
Analysis of Drug Eluting Stent Coatings Using Cluster Secondary lon Mass Spectroscopy”
Anal. Chem. 80: 624-632 (2008) incorporated herein in its entirety by reference may be used.
[00385] Thus, in one test, a sample comprising a stent coated by methods described
herein and/or a device as described herein is obtained. XPS analysis is done on a sample using
a Physical Electronics Quantum 2000 Scanning ESCA. The monochromatic Al Ka source is
operated at 15 kV with a power of 4.5 W. The analysis is done at a 45° take off angle. Three
measurements are taken along the length of each sample with the analysis area ~ 20 microns
in diameter. Low energy electron and Ar” ion floods are used for charge compensation.

Time of Flicht Secondary Ion Mass Spectrometery

[00386] TOF-SIMS can be used to determine molecular species (drug and polymer) at
the outer 1-2nm of sample surface when operated under static conditions. The technique can
be operated in spectroscopy or imaging mode at high spatial resolution. Additionally cross-
sectioned samples can be analysed. When operated under dynamic experimental conditions,
known in the art, depth profiling chemical characterization can be achieved.

[00387] For example, under static conditions (for example a ToF-SIMS IV (IonToF,
Munster)) using a 25Kv Bi"" primary ion source maintained below 10'* ions per cm” is used..
Where necessary a low energy electron flood gun (0.6 nA DC) is used to charge compensate
insulating samples.

[00388] Cluster Secondary lon Mass Spectrometry, may be employed for depth
profiling as described Belu et al., “Three-Dimensional Compositional Analysis of Drug
Eluting Stent Coatings Using Cluster Secondary lon Mass Spectroscopy” Anal. Chem. 80:
624-632 (2008) incorporated herein in its entirety by reference.

[00389] A stent as described herein is obtained. The stent is prepared for SIMS analysis
by cutting it longitudinally and opening it up with tweezers. The stent is then pressed into
multiple layers of iridium foil with the outer diameter facing outward.

[00390] TOF-SIMS experiments are performed on an lon-TOF IV instrument equipped
with both Bi and SF5+ primary ion beam cluster sources. Sputter depth profiling is performed

in the dual-beam mode. The analysis source is a pulsed, 25-keV bismuth cluster ion source,
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737 961 AS1b 171 322 493 AS2b 167 380 547 [00428]Example lie: In another method, the in vitro
pharmaceutical agent elution profile is determined by a procedure comprising contacting the device
with an elut®? A&t e¥¥hprising ethanol (20%) and phosphate buffered safifid’tBG M 2in the pH
of the media.is about 7.4 and wherein the device is contacted with the elution media at a temperature

of about 7Echrimbridse hesisiaenthanigidenienss ®f dptihafsagitatnghalelifdAtardia during

the contaciingstepmifitaderdce 19 repioed (andiarstiecehtiorvitedinitramne wabatieasbeb dasignated
time point (e.i I h, 3h, 5h, 7h, Id, and daily up to, 28d) (e.g. | week, 2 weeks, and 10 weeksi. The

elution mdAiETRAHEER 5RO AN faddesrEXe NGRS HIMNS AT SF Tasky HERTR A 1S4l me

points) to prevERTRatEALIOR: thacoligsied medisareanalad Tagetiehdareiael irnenppimitetha elution
media is then assayed for determination aof the pharmaceutical agent content USiE}%fHPLC' The elution

media is rEp RN At ERORL R S E R HR P NS Bt S i LA KAtigh SMFEi&Yion media.

Calibratiop] staae A1esdcomialnimdi KRN atge nts h Hrigoaré alkoahelghin mdion media for the same
durations aés @ilsamples and used at each time point gﬁjeter]mine the amount of drufg eluted at that
5%

time (in a amourt Sl UL ORI IR S ot etieas WHESS Y &ltRiSRF &g ®hanges the
drug overitigigcriesulingfinIntdtiplesperaks esentar e dodg whep estadi e s ofdhess: is
calibration standards wil%’ aAIs show t?lissochangf and aIIowsﬁor ﬁgcﬂg all the peaks to give the

t i 2 P

amount of WG EIEEH 2 I SRS BhRB R AN ko g Ve Gtk Bted).
[00429]In fanehtesingtsicass(ems, faeinathiceatachairiiishacndesdtbeditarsix vedacoalac ant tested

P Ao BHUS TA FERBE THEThEL AHIUEE 209 CeRRS ere cHREd Bolows:

Polymer AdlsfiamyciniPolymer Alltapamycin/Polymer A, and the average amount of rapamycin on

each Ste”[dﬁ?ﬁzjf 62 ug 5??9&%%7&%%1!9 gr(e: %%a%grgé%gtﬁlgv gorgig‘?erlaced mode with a 5-ms pause
between sputtering and analysis. Each spectrum is averaged over a 7.37 second time period.
The analysis is immediately followed by 15 seconds of SFs' sputtering. For depth profiles of
the surface and subsurface regions only, the sputtering time was decreased to 1 second for the
5% active agent sample and 2 seconds for both the 25% and 50% active agent samples.
Temperature-controlled depth profiles are obtained using a variable-temperature stage with
Eurotherm Controls temperature controller and IPSG V3.08 software. samples are first placed
into the analysis chamber at room temperature. The samples are brought to the desired
temperature under ultra high-vacuum conditions and are allowed to stabilize for 1 minute
prior to analysis. All depth profiling experiments are performed at -100C and 25C.
Atomic Force Microscopy (AFM)

[00393] AFM is a high resolution surface characterization technique. AFM is used in
the art to provide topographical imaging, in addition when employed in Tapping Mode™ can
image material and or chemical properties of the surface. Additionally cross-sectioned
samples can be analyzed.

[00394] A stent as described herein is obtained. AFM may be alternatively be
employed as described in Ranade et al., “Physical characterization of controlled release of
paclitaxel from the TAXUS Express2 drug-cluting stent” J. Biomed. Mater. Res. 71(4):625-
634 (2004) incorporated herein in its entirety by reference.

[00395] Polymer and drug morphologies, coating composition, and cross-sectional
thickness at least may be determined using atomic force microscopy (AFM) analysis. A

multi-mode AFM (Digital Instruments/Veeco Metrology, Santa Barbara, CA) controlled with
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WO 2009/146209PCT/US2009/041045 contaced with an elution media (5.00 mL) comprising ethanol
(20%) and phosphate buffered saline wherein the pH of the media is about 7.4 (adjusted with
potassiume V& BYAE E N ution - 1g/100mL distilled water) and wherein the BeliE&4¥¥8Metted with
the elution media at a temperature of about 37.C+/- 0.2C. The elution media containing the device was

agitated in IO H 1 ARENHRRRG e egRtdehsl Siopiers Wb Riehodss redVae gngaast at
time pointgmef Kb @edab.sEbwltbRpefaI Airci0 F3de Phiclidioprmrdiaaias assayed for determination

of the pharmaceutical agent (rapamycin) content using HPLC. The elution media was replaced at each

time pointWRIPHESTERIAOT Ridsratii s/dianest Rhifsn g th e @t s trEdRATER I FRRBAS tandards

containingiiigrant ametismatarag yeperalso mald AFpiutipognetipifidhecsamedyations as the
samples apd assayed at each time point to determipe the amount of drug eluted at that time (in
Sbsolute AP AL AT AR B No S o1 .O?ﬁfgﬂmﬂbpé 5@5&?%%%%%4@ rapamycin

(also presgnicindi@eaiiraponsitandamdsy uere AR i giFes s amainicet g eird atdbat time
period (in absolute amoupt and as a cumulative amount eluted). HPL C analysis, is performed using
Waters H@L%wﬁt@w@é% gﬁ%@ﬁcﬁﬂga%ﬁﬁ@aﬂwﬂ%%dﬁmﬁj B Fois G HATR
injection vplgaedofolPoulcotiabie & Jivdenpainin{siiodie Hussdatanisien ¥1Bismessl fhAeltaie (0.5%),

H7.4F L/min) 0.00. 1 1.2.1. 212, . .
P %\Irveggg esiggjséggﬁ? coseocg[)im?lngg(,) mi1 1ngogngi%egpooél‘1t12ng ) n?aStenals. FIB can be used in

conjunction with SEM, at ambient or cryo conditions, to produce in-situ sectioning followed
by high-resolution imaging . FIB -SEM can produce a cross-sectional image of the polymer
layers on the stent. The image can be used to quantitate the thickness of the layers as well as
show whether there is uniformity of the layer thickness at manufacture and at time points after
stenting (or after in-vitro elution at various time points).

[00396] A FEI Dual Beam Strata 235 FIB/SEM system is a combination of a finely
focused Ga ion beam (FIB) accelerated by 30 kV with a field emission electron beam in a
scanning electron microscope instrument and is used for imaging and sectioning the stents.
Both beams focus at the same point of the sample with a probe diameter less than 10nm. The
FIB can also produce thinned down sections for TEM analysis.

[00397] To prevent damaging the surface of the stent with incident ions, a Pt coating is
first deposited via electron beam assisted deposition and ion beam deposition prior to FIB
sectioning. For FIB sectioning, the Ga ion beam is accelerated to 30 kV and the sectioning
process is about 2 h in duration. Completion of the FIB sectioning allows one to observe and
quantify by SEM the thickness of the polymer layers that are, for example, left on the stent as
they are absorbed.

Interferometry

[00398] Interferometry may additionally and/or alternatively used to determine the
thickness of the coating as noted in Belu ef al,, “Three-Dimensional Compositional Analysis
of Drug Eluting Stent Coatings Using Cluster Secondary lon Mass Spectroscopy” Anal.
Chem. 80: 624-632 (2008) incorporated herein in its entirety by reference may be used.
Ellipsometry

Ellipsometry is sensitive measurement technique for coating analysis on a coupon. It uses
polarized light to probe the dielectric properties of a sample. Through an analysis of the state

of polarization of the light that is reflected from the sample the technique allows the accurate
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characterization of the layer thickness and uniformity. Thickness determinations ranging from
a few angstroms to tens of microns are possible for single layers or multilayer systems. See,
for example, Jewell, ef al., “Release of Plasmid DNA from Intravascular Stents Coated with
Ultrathin Mulyikayered Polyelectrolyte Films” Biomacromolecules. 7: 2483-2491 (2006)
incorporated herein in its entirety by reference.

Example 6: Analysis of the Thickness of a Device

Scanning Electron Microscopy (SEM)

[00399] A sample coated stent described herein is obtained. Thickness of the device
can be assessed using this analytical technique. The thickness of multiple struts were taken to
ensure reproducibility and to characterize the coating and stent. The thickness of the coating
was observed by SEM using a Hitachi S-4800 with an accelerating voltage of 800V. Various
magnifications are used. SEM can provide top-down and cross-section images at various
magnifications.

Nano X-Ray Computer Tomography

[00400] Another technique that may be used to view the physical structure of a device
in 3-D is Nano X-Ray Computer Tomography (e.g. such as made by SkyScan).
Example 7: Determination of the Type or Composition of a Polymer Coating a Device

Nuclear Magnetic Resonance (NMR)

[00296] Composition of the polymer samples before and after elution can be
determined by 'H NMR spectrometry as described in Xu et al., “Biodegradation of poly(I-
lactide-co-glycolide tube stents in bile” Polymer Degradation and Stability. 93:811-817
(2008) incorporated herein in its entirety by reference. Compositions of polymer samples are
determined for example using a 300M Bruker spectrometer with d-chloroform as solvent at
room temperature.

Raman Spectroscopy

[00401] FT- Raman or confocal raman microscopy can be employed to determine
composition.
[00402] For example, a sample (a coated stent) is prepared as described herein. Images

are taken on the coating using Raman Spectroscopy. Alternatively, a coated coupon could be
tested in this method. To test a sample using Raman microscopy and in particular confocal
Raman microscopy, it is understood that to get appropriate Raman high resolution spectra
sufficient acquisition time, laser power, laser wavelength, sample step size and microscope
objective need to be optimized. Raman spectroscopy and other analytical techniques such as

described in Balss, et al., “Quantitative spatial distribution of sirolimus and polymers in drug-
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2 20.0 10 90 0 [00430]Figure 9 elution profiles resulted, showing the average cumulative amount of
rapamycin eluted at each time point (average of n=9 stents tested) in micrograms. Figure 10 also
expresses tMEPSEPEL#EbN profile, graphed on a logarithmic scale (x-axis i8{dgYfA1a3041045
[004311Example lid: To obtain an accelerated in-vitro elution profile, an accelerated elution buffer

comprisinG' 4888 YRAEF W0 ERUBRAERBRD BEFWAPK H1oPBra aediass dar i Keveicadiion of

0.067 mol4; Na2biia@pwithiadekh&fated it HSeskiRteMElaIsrRes-hriCimarsraxpanbediaminen
placed in 1.5 ml solution of this accelerated e|ution in.a 70C WO 2009/146209PCT/US2009/041045

bath with fotatibh & PeproRAECURRRSHLCARS Ay eis IRy S E UG RETHnG A RED S1RIRE 0 min., 15

min., 30 nuNustehS oddid AN To® Mias8 BpcdiZoBEopd THndD Oheds §U; 804063 36200081 st fyraky@sh
accelerated elution buffer arg) added periodically at least at each time point to replace the incubated

buffers thAC5TE EbISSRY AN PLATSERFOPARY b5 Bredent saturation. For time points where multiple

elution medese used fafeashedcaetwErr IIRMIU0Daihi guidtipleat ®lesiachaotutiesps astmpeoled
together for liguid, extraction by dichloromethane. Dichloromethane extraction and HPLC analysis is
performe&ﬂﬂr%?}a%wi aééaﬁﬁéﬁaapi)ma%@el RN 100452 B0 pl 05 & RRIB LR ARSI RIS Is as

describedpgméteaiecallihdiNzadabl sntbié pect mehp aimbsuSie nisoart e xpastegsfigm the ralppits. The

explanted stents are placed in 16mL test tubes and 15 mL of 10mM PBS. (pH 7.4),is pipette on top.
o SR AR A A D i Ly St A e D o and e

centrifugeshaipPOOX Gcfarsgrriaiele dhepseiparedact (53discridadmadshe Riahppaseis eviaporated
cctonir ARG 0y 90 A BT M3 BT AT Wilers HPLC
system (mehilsdeliagel 2834 bfatetanutiilgswalsltyeetharioh 7 onidtniid 2Byl Onjact o, GAS idarapak
Waters column with detection at 232 nm) Example 12: Determination of the Copformability, .
(Conform ) B 158010 Gl ORI SEiy T ERRAHTRY LoAcaHer P AL R S8t olec
compositiasi@netference spectra from samples of rapamycin (amorphous and crystalline) and polymer

references are used to deconvolve the spectral data sets, to provide chemical maps of the

distribution.

[00404] In another test, spectral depth profiles of samples are performed with a

CRM200 microscope system from WlTec Instruments Corporation (Savoy, IL). The

instrument is equipped with a NdYAG frequency doubled laser (532 excitation), a single

monochromator (Acton) employing a 600 groove/mm grating and a thermoelectrically cooled

1024 by 128 pixel array CCD camera (Andor Technology). The microscope is equipeed with

appropriate collection optics that include a holographic laser bandpass rejection filter (Kaiser

Optical Systems Inc. ) to minimize Rayleigh scatter into the monochromator. The Raman

scattered light are collected with a 50 micron optical fiber. Using the “Raman Spectral

Imaging” mode of the instrument, spectral images are obtained by scanning the sample in the

X, z direction with a piezo driven xyz scan stage and collecting a spectrum at every pixel.

Typical integration times are 0.3s per pixel. The spectral images are 4800 total spectra

corresponding to a physical scan dimension of 40 by 20 microns. For presentation of the

confocal Raman data, images are generated base don unique properties of the spectra (i.c.

integration of a Raman band, band height intensity, or band width). The microscope stage is

modified with a custom-built sample holder that positioned and rotated the stents around their

primary axis. The x direction is defined as the direction running parallel to the length of the

stent and the z direction refers to the direction penetrating through the coating from the air-
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thickness using electrostatic capture in a rapid expansion of supercritical solution (RESS)
experimental series has been demonstrated. Scanning Electron Microscopy (SEM) [00434]Stents are

observed by*$B0P?(4#84°4 Hitachi S-4800 with an accelerating voltage of SOUIH USZH 41045
magnifications are used to evaluate the integrity, especially at high strain regions. SEM can provide

top-down ShfiRdedhscansinamagal intertissud ’ighinestiBRY CEB atk uMirsHhry 4RpltHi&Sess can

also be assps@EHEHEstbin BptER ttRChtig 1 fArectrbthRQBrEPRINIOME Sieme. agvaksgrved by
SEM using a Hitachi S-4800 with an accelerating voltage of 800V, Varipus magnifications arc used to

evaluate tH9Hgrity of HRIBLEAEE, VspRERRLiRne His Jhadh 06 4ioMs 2psnrane Coatings Biectron

Micn;)sgopdiei&ﬁéw Mﬁi@iﬂf@ﬁ@%@@l’ﬁ}lﬁ’&?@ ﬁ%&b@mi@a&mbﬁmw@mlﬁwomr@dsmfzed by
methods described herein are visualized using SEM-FIB analysis. Alternatively, a coated coupon
could be TR MEHR: #EC0LSIP R DRRS FIVENB b0l i 58 MHHORATINSHEAS FIB is a

tool that ai)l@hﬂﬁ;}l@ﬁ%:iﬁ@f@'@@rﬁé@ﬁgiﬁﬁtﬁe@tmm, thaitliohg emerdrpositsTief mmal&pﬁéﬁe@@(? e used in
conjunction wjth SEM, at ambient or cry nditions, to produce. in-situ sectioning followed by
high-resol@ﬁo‘i‘?‘i?n ﬁ@@?é%glglééﬂ@ﬁ?iféé %ﬁﬁ%%aﬁ?gy‘%ai%&ﬁ ?rﬁﬂcgf:%‘ﬁfﬂ]e?cﬁ‘t?@ﬁﬂfx and/or at
20000x meagedfioatiten Litcad@iptabiing Ofhedpsistenintbichness, ithvigieis Oplicat MiasastpyrAN
Optical micrscope may be used to create and inspect the stents apd to empirically survey the coating
of the SubRTAIRN (! QeS80 U FOTAID) T BARICREE! BeP oG SO P GUARGY SR soen on
the surfaceady siie. sibstiate visig gditis @gnaldicatibwethoditrald'vingsintedng, tiehodatiegsitad be see
using this metho?; to view the coating conformaljy and for evidence of .crystallinity of the drug. Example
13: DeterMFion by SHE TR EIEhEATPER L ACHOL RGO PR Bt T Rt PIRE Ml content
of the active!lrgedtir actopieigostand medydrdeSisthyshedteehniciies tiesa) beddverspe ascwell as other
techniquef obvious to oge of skill in the aﬁit, fr %efmpJe using GPC and. HPLC techniques to extract

5 et

the drug fIETTHIE EBETEY AR A teF i CotEm ot I THESBR R THGA3710V-V TS
can be usetttastyeaotisadtyélyddeTdkming dfe spass at¢abantyporedated GRAMS/Al v. 7.02

software (Thermo Galactic) and the appropriate Raman bands are fit to a Voigt function. The
band areas and shift positions are recorded.

[00406] The pure component spectrum for each component of the coating (e.g. drug,
polymer) are also collected at 532 and 785 nm excitation. The 785 nm excitation spectra are
collected with a confocal Raman microscope (WITec Instruments Corp. Savoy, IL) equipped
with a 785 nm diode laser, appropriate collection optics, and a back-illuminated
thermoelectriaclly cooled 1024 x 128 pixel array CCD camera optimized for visible and
infrared wavelengths (Andor Technology).

Time of Flicht Secondary Ion Mass Spectrometery

[00407] TOF-SIMS can be used to determine molecular species (drug and polymer) at
the outer 1-2nm of sample surface when operated under static conditions. The technique can
be operated in spectroscopy or imaging mode at high spatial resolution. Additionally cross-
sectioned samples can be analysed. When operated under dynamic experimental conditions,
known in the art, depth profiling chemical characterization can be achieved.

[00408] For example, under static conditions (for example a ToF-SIMS IV (IonToF,
Munster)) using a 25Kv Bi"* primary ion source maintained below 10'% ions per cm” is used..
Where necessary a low energy electron flood gun (0.6 nA DC) is used to charge compensate
insulating samples.

[00409] Cluster Secondary Ion Mass Spectrometry, may be employed as described

Belu et al., “Three-Dimensional Compositional Analysis of Drug Eluting Stent Coatings
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onto the stmts. A UV-Vis spectrum of Rapamycin can be shown and a Rapamycin calibration curve
can be obtained, (e.g. A (a., 277nm in ethanol). Rapamycin is then dissolved from the coated stent in
ethanol, andMA@WV Y B9 centration and mass calculated. [004381Tn one t&&T 208 AH4AMBuUNt of
rapamycin present in units of micrograms per stent is determined by reverse phase high performance

liquid chrdrS S8 §raisity RiaRao ¥ deachis s SR CPY VA h 4RSS ?52%) ol @ With modifications

of literaturgdoased ttPhdeemethedsnigictapanfetaiibat would be obvious to a person of skill in the art.
The averalﬂe drug content of sam Iesgéna | 0) from devices comprising stents and coatings as.
f

described!R&&M and/or HEm 8 EERB dgTR LI Arined (b sieahipr Raresei i dre bisife

Extent of Aggtegatianaiandeing MdasferamanSpetiioseons 00394k ontasabRaseannmicroscopy
can be used to ?h racterifz_el,rgne dru}g aggé gation %5%/ mapping.in the x-y or x-z direction. Additionally
cross-sechBHBRSEHpie Q! L R ARH PEHNR SHEHILYBEb LXIBE AW Bifter analytical techniques such

as descrijed4nipalss, ergp-Dusnditptine spatiat gistobridanehaitelirmarandipatyimers éqppadeluting
stents using confocal R rgan microscopy" J. of Biomedical Alaéerials Research Part A, 258-27
(2007), iné8Hp piho AT & il BRI RERSTURE SAMHERSy aRLLRLAPIA BRfl BedP PRI wo

2009/146209RQTAUER00 1044 Ol RiixlekisionatE rapasitanzs - AvalysmofiVlustérlising Stent
Coatings Using Cluster Secondary Ton Mass Spectrgscopy': Anal. Chem. 80: 624-632 (2008)
bt bt SR RS A G e
prepared agretesdsibadhhgnethal Magesiarel ke pudsetha featingti sirg Resiarn SpECtinscapy .um
Alternativefl , @ coated coupan could. be teségﬂ\c})l%n this methffd.AWITec CRM ?ﬁgo scannin Iﬁ%nfocal
Raman mieFoLGRR TEIRG S RO ARS LS AEEE IR SR P TR STERS AL Mot Pihe

sarg gle(;s ipt?)@eramramigpaﬁhfaetﬁﬁdiglﬁgm?;s t@aé&rrc]th?ﬂa'?&?&ghbdﬁuﬂ@@dm um]ihdhaaamﬁd e uaing
a 100x dry objective (numerical aperture 0.90), and the finely focuse er spot is scanned into the
Cample. A AL B R A S S S T &l Tk SR wih hio
signal to redéserds Clolrichad issindgif:3 Bechands oéuntdgraimnitinhe. dnalgRicamnideal crosssectional image
of the coatj isplays.a region 70 um wide by 1 , and results from the gathering of 6300
ot L ol et AT S SA S  ARTH L DATALE ages of
the activeiagidohend:tbefptymoahcallithie spentrall Hata{b3M0&paatnploven Bic tntiBsspaatraltrsgion
500-3500 cm-1).arg progessed usin au ted classical least ares algorithm (Eigenvector
e e B T S S e P B P R v and

crystallinefoarit: petyphey ok Gtonas hhsamiptat severiataned aafe Anedbur§0bynRaytniia exssereAthat

results arc reproducible, and to show Ialxg(riir\lﬂt fadlgglg‘&ndcﬁorllgé%ﬁr thro%gglnm?ﬂcqﬁtein . Confocal

Raman SB(relc racggcoef)l{/n c%lrlir %Irl(t)sfi?éec%\e/\?rsl micron by micron, € o the composeiflonpo the coating

through thedhickgess of the coating. Time of Flight Secondary lon Mass Spectrometerv

[00441]TOQE: Scanggﬁ sed to determine drug.aggregation at the outer I-2nm of sample surface
when opel A neter oAl SR TR e S R R S i P ging

mode at highvspatsabirtesoigtind. addlyitionddshaossrsactionechgednples acand becemal ytsad pévioen
operated ynder dpglamic experimental.conditions, known in art th profiling chemical
characteris AP S R oD e e S AR R R of
ToF-SIMSHY s{idiato M dubster)aisippes 26Ky Bit grimanmgomsowseleatasathted] belamndL ot 2hons per
cm2 is usegl.. Where necessary a low ener lectron fl gun, (0,6 NA DC) is used to charge
compensa e A B S A 0 K AR e oy
as describBaniperature-controlled depth profiles are obtained using a variable-temperature stage with

Eurotherm Controls temperature controller and IPSG V3.08 software. samples are first placed
into the analysis chamber at room temperature. The samples are brought to the desired
temperature under ultra high-vacuum conditions and are allowed to stabilize for 1 minute
prior to analysis. All depth profiling experiments are performed at -100C and 25C.

Atomic Force Microscopy (AFM)

[00414] AFM is a high resolution surface characterization technique. AFM is used in
the art to provide topographical imaging, in addition when employed in Tapping Mode™ can

image material and or chemical properties of the surface. Additionally cross-sectioned
90



Belu et al., "Three-Dimensional Compositional Analysis of Drug Eluting Stent Coatings Using Cluster
Secondary Ton Mass Spectroscopy” Anal. Chem. 80: 624-632 (2008)incorporated herein in its entirety
by referenc& QR290Y)9 46209PCT/US2009/041045 [00444]A stent as deBERIEGHWEHTS obtained.
The stent is prepared for SIMS analysis by cutting. it longitudinally and opening it up with tweezers.

The stent TATERER SO G UGBS ARBPSHIADMISIPG AR CHE BE s tE N are & MR Utward.

[00445]Fafteranipleclbrssdd Sy exravimely s eqrasionin gk off gitioioh @ WelnNBHWLMESHHPped
with both Bi and SF5+ primaréion beam cluster sources. Sputter depth profiling is performed in the

dual-bean?nTOUONHLhSFRRYsIRAsE HEESE W RF<EH, 25-key bismuth cluster ion source, which
bombardgddhessurface atsantngigdantiangiecefid istobiam strfacanaiide ThelBrgeicusserbisl

maintained at -0.3 pA (+10%) pulsed current with a_raster size of 200 ym x 200 um for all experiments.
Both posiﬁ%gﬁ?&gﬁ%%i’vepggﬁlﬁﬁ RS LR THE S5 RTINS EPRCEn type

time-of-fligt XMas Espersip aateeidthe sesandap/dnRy. aihergetErtetby-anigoghannel plate
detector with a postﬁlﬁgeleration energtjy of 10 kV. A low-energy electron flood gun is utilized for
charge nefXIPAREH HFERE FhHRSETNSRY 10658 he sputter source used is a 5-key SF5+ cluster
source alyomeuefated atPanyineideidt doglameiphdltgibe sufiage appvstidmuthiasmedelsamples on Si,
the SF5+ current is maintained af.-2.7 nA with a 750 um x 750 um raster. Foy the_ thick samples on
coupons AFTO M CaFTAC B, SIS ST ARENEDNRe 1) AT o A BHM- RS 00 G 800 rn
raster. All jpstnangedeccoventslaps SeaauBacbwith@Ah amday cdipyhb N pidecdpealith afier depth
profiling. [0044]All th profiles are acquired in the nopinterlgced mode with a 5:ms pguse between
Cotterng S SRR S e LA 1 5o STV 25 o SEVURHE BT HRE Bhalyet
immediatalyofoliop@adpyiyl B secostis Op Sk tigpofitkingating depiboratiostaictoe: puithprasnd

e T AR e SSRGS e coen

[00448]Temmpeiaittsre-controlled depth profiles are obtained using a variable- temperature stage with
Eurotherm Controls temperature controller and IPSO V3.08 software. samples arc first placed into the
analysis chigrabest @R dwer teavqapaterdn Phsadasfiless arc brought to the desired temperature under
ultra high i condiians anekare,alpued o aiallE for i G Rrier A 3Rl By A dRp
profiling experiments are performed at - 100C and 25C. Atomic Force Microscoor, [00449]AIM is a
high resoltstisie it acdyoharemenization e compausonrtysigndsed pelecanclsrpreviskeesigographical

imaging, in addition when employed in Ta .in%Mode'Ijl\./I can .
Example 8: Determination of the Bioabsorbability of a Device

[00418] In some embodiments of the device the substrate coated itself is made of a
bioabsorbable material, such as the bioabsorbable polymers presented herein, or another
bioabsorbable material such as magnesium and, thus, the entire device is bioabsorbable.
Techniques presented with respect to showing Bioabsorbability of a polymer coating may be
used to additionally and/or alternatively show the bioabsorbability of a device, for example,
by GPC In-Vivo testing, HPLC In-Vivo Testing, GPC In-Vitro testing, HPLC In-Vitro
Testing, SEM-FIB Testing, Raman Spectroscopy, SEM, and XPS as described herein with
variations and adjustments which would be obvious to those skilled in the art. Another
technique to view the physical structure of a device in 3-D is Nano X-Ray Computer
Tomography (e.g. such as made by SkyScan), which could be used in an elution test and/or
bioabsorbability test, as described herein to show the physical structure of the coating
remaining on stents at each time point, as compared to a scan prior to elution/ bioabsorbtion.
Example 9: Determination of Secondary Structures Presence of a Biological Agent

Raman Spectroscopy
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WO 2009/146209PCT/US2009/041045 image material and or chemical properties for example
imaging drug in an aggregated state. Additionally cross-sectioned samples can be analyzed. [00450]A
stent as destEbEWIHEHY is obtained. AFM may be employed as described §i¢ REMH& IS "Physical
characterization of controlled release of paclitaxel from the TAXUS Express2 drug-eluting stent"J.

Bloated. NI&19Res. 71{4): BE183Ar GUHASHhEBRIBASEPRRYRYHCHA iBS SMRGHF Do SFiTEREE (0045

]Polymer gaghalibg RArgelegieicoaling SeBMROSHOek 2 peaskingl behéelarnined usimg atomic force
microscopy (AFM) analysis. A multi-mode AFM (Digital InstrumentsNeeco Metrology, Santa Barbara,

CA) contriigRvith 18 PR URENB AL YSS ERREEE FERSEIFER i R FipiRgode'm
AFM imaging:r)ag &e feseddashowdanagiephy (2 resdpaceySeiettianodThe-tnating sy taae
microstructure) and phase-angle changes of the AFM over the sample area to ¢ontrast differences in
the materitf GB?BB&EEE. Bsaimptents: Betehtingith Bidie BI8BETRREEMERDN df g?rf?ﬂeﬁw%gem
[00452] ThisAsspayl sanihe-useqioodeannsisatevthe delate miieach af adheimpRuligr@mpound
delivered from a device of the invention to not efg%er the hlood stream and may be used in_conjunction
with a drug BERS RS 240 TR B TR oo YT/ 26T PO700) Thibipddd in T
entirety hareia by Ireferanoes). At predetermined time points (e.g. id, 7d, 14d, 21d, and 28d, or c.g. 6hrs,
12hrs, 24hr d, 30d, and 60d), blood samples from the subjects that
Uest Yraerrlds Rptarttet o otfedtddl by any art-accepted method, including
venipunct{ge4Blpod concntedtipostaistop yoasta dhgyrIE; eOMRPIRIAALS RierdetdRniRechubinng any
art-accepted method qf detection, including immungassay, chromatography (including liquid/liquid
extracion B EELARIGHCHTICE BB ST oA T MR i HeA A PSSl oy
example, dimgdal,, [196fWElliip1isl ditphiclieftractigredigund chrolpathagcapbyntindetruenass Gpgctrometry
method for the ntitative determination of ABT-578 in human blood samples" Journal of
Chromato%lpéﬁﬁ%fuggﬁoag%ai- ge& 04) incorporated in its entirety herein by reference. [00453]In one
test, bloodEsampled 6y ®ecdieniration \«nipuMiktHsinik@yaofal€badhgaiva Miedi abDwiidag editic
acid (EDTA) (n=4). Blood concentrg of the active agent (e.g. rapamycin) are determined using a
validated GG extf4bisAELE tandem pass mass spectormetric method (LC-MS/MS) (Ji etal.,
et al., 200@)041¢ data axerdvisrayad, @sel lotisdrfath timexcworibatisraxishang:blodBMarestdiion of the
a{%462 9PCT/ 82(3019/ 41045%%991@ 16.

drug is re%es%ntted on’.tgﬁet Fv-axis |1r11 ng/ml. WO.ZO(a

Preparation of supereritical SORITBA Comptisitg potytiachit cozgIyesieacid) (BEEA i can
hexafluropnepenea{Gid MiPovieveraélh bprammits mprasuréduitA dditipplibdcheatydstipnessurized with
filtered 1’1h1 213g3-HeB<aquqro%ro ne ugtil it is fidlband tI&e essure reaches 45%0 s&.
PoIy(Iactics-col-)g?y(‘%l icad] (I—z’ (bi? fs Addel fo the ket Tor ATl CoRcestration o rrllgl)frlﬁf.i The
polymer igcstiperdttocdissttvide oot loasr Ot polyes eif ispityialissolwed Wwitemthadsalutien is clear

and there (e SIS NS WAl o WAHaMS &L g ool

[00422] A stent as described herein is obtained. AFM is used to determine the

microstructure of the coating. A stent as described herein is obtained. AFM may be employed
as described in Ranade et al., “Physical characterization of controlled release of paclitaxel
from the TAXUS Express2 drug-cluting stent” J. Biomed. Mater. Res. 71(4):625-634 (2004)
incorporated herein in its entirety by reference.

[00423] For example, polymer and drug morphologies, coating composition, and
physical structure may be determined using atomic force microscopy (AFM) analysis. A
multi-mode AFM (Digital Instruments/Veeco Metrology, Santa Barbara, CA) controlled with
Nanoscope I1la and NanoScope Extender electronics is used. Samples are examined in the
dry state using AFM before clution of the drug (e.g. rapamycin). Samples are also examined
at select time points through a elution period (e.g. 48 hours) by using an AFM probe-tip and
flow-through stage built to permit analysis of wet samples. The wet samples are examined in

the presence of the same elution medium used for in-vitro kinetic drug release analysis (e.g.
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Example 17. Dry ponder rapamycin coating on an electrically charged L605 cobalt chromium metal
coupon. [00455]A lcm x 2cm L605 cobalt chromium metal coupon serving as a target substrate for
rapamycin cOXAY%449%%d in a vessel and attached to a high voltage elechoB&SAMEPH ¢RIy, the
substrate may be a stent or another biomedical device as described herein, for example. The vessel
(V), of approxirh &t Ps8beE Voiliine) & Bhiippder With'iho P8 AbAsS HitRGHpimRcd
rapamycinprRghenesstanit erseiaclivaly iiodHcerhirie dhe yrReel Bathsnezademarc grounded.

Additionally, the vesselTlgIV IS equipped with a separate port was available for purging the vessel.

Upstream GP8IMENIEAe (O 4 s ime sraddsrisod e sha A RRBHAIh R SR ses PIURSHMh three

ports to benysedtas inletscans @utietsnracmpgdscasiirpadivith of viadverNDishecend d hephctitaded
opened or closed. }O‘Ef port, port (1) used, a}s an inlet, is an addition port for the dry powdered

rapamycirl® SRR, IS TG R LA THE rARsTESSurl 2 Y2, RRORTAR SRR EHBRAPR UM SFito PV.
Port (3), ugieskas aalopiaidisddsediowannsgifiie pressatedvasse kv withshezzieidebeqbiained in

the primary vessel (V) with the target coupon. [00456]Dry powdered Rapamycin obtained from LC
Laboratorfis1Hf aoswlgomﬁﬁﬂ@yc?ﬁ&mﬁﬁéhga VUSER ggméiﬁﬁw@& AT By S PR ERETSS of

approximaisiyndenyceo fisads foasgeanisito (PV) through port (1) then port (1) is actuated to the closed
position. The met Ico Jpon is then charged to +7.5kV using a Glassman Series EL high-voltage power

age setting of -7.5kV. After approximately 60-seconds, the

drug is injprogedqnd theAadihgetis ptinisatad nidpde visdabingpediiophgbihe opupore dsindatcoptical

microscope, the entire syrface area of the coupon is examined for relatively even distribution of

Mg s R o o i v e S G A AT

powderedbaasediah knlalgedy eeysialioe bioabiuitabiiderosiisd anrtibedhetalicaLgomw Y phigsaad FTIR

spectroscotg%/kif%pergg’med as describe herein to confirm that the material de%ﬁsited on the coupon is
28

rapamycir. ABFIPETATESH08/5916 45 EA MBI P P EiyIEP IS SFRAR B Rically

charged LA0Boeo bpebsesttiprapid expansion from a liquefied gas. [00457]A coating apparatus as
described in exa?[ilfojggeboue i%.us%(]i in 1t‘ore oin&example. In this example the second nozzle,
nozzle (P TOUMEG 1°red 5?3&%3{% &ﬁy %Foﬁb tlA€€into vessel (V) to coat a L605 coupon.
Alternativéhyyithe substrate may be a stent or another biomedical device as described herein, for
example. (P) is equipped with a heater n(%co troller to.minimize heat Joss to th
cxpansion HieReiea (EAUBRT A SF RSB ) T et CeRI YT Yt N ehately
25-cm3 inpeoifidd wolitemihked présoves vasssl (e \pRcslaquippédevittubeskiplel poils &6 HienMed for
inlets, out h couples, and pressure transducers. Additionall \/2) Is equipped with a heater
and 2 oD Eo T LR i B RS G A B oS ST Ve s,
pressure raguletaisnar Blys. tSobutsure ad dotrate] tontdod tah nddeigabicdaiardcboittofdhe bteddure
vessel (PV2). outlet from (PV2) i nnected tp.a metering valve through pressure rated tubing
hich was TR R ARRCEH 18 RobSre oy el R LSy TR e s e o
poly(lacticsclmiysalicadidiniP hGiA) tis addad tatprassur®vesde oM is bdd2d3@Bthexrallertedropane is
added to ts%?nﬁfe%%%ﬁfﬁ‘é?sa% 'tﬂ%’}@éhr%“&h B3NS & }g InIg: Sressis Veé&%eﬁ?é%)@ Ry room
temperattggﬁ) Ilﬁ)hﬁ? applie tbhe%lana %Ere( pﬁfﬁmzei;d g0 p;sltikﬁfozz?e@g;a) |sd:$§ d(t);ifa%%: A 1t;lcmkx
2-cm L60 Kl is2piacectsnttheespet (it i odaam. tEaV ghidsan o @ heat bloc
110C. Nozzle (P) is attached to gr The voltage is_set on th er spray.ngzzle and.an
emitor—pdl BRI Lo L B TS PR R R T,
high-voltageé: fburetcsourcevatteviiich)poid athdyredtbyihtPldlv e i b ferradybstiwperf¢ VM) @wmaznozzle (P)
in pressurg,vess )..Polymer dissolved ig liguefie s.and is fed at a stant pr e of 200
Pty o R e B e R e o
3.0 cm'/minjcafien, Apif dvonmtetyVbasasantisnthe ithetetdngonady@38 closed discontinuing the
po'ym?r'sﬂtﬁ%gee"- V@%&#ﬁk\é)1'fb'z\'!i§9%?§h%%‘%f&£§&’, ﬁleec%”g@r °pﬂ§r8!§8§u¥$c%1f'¥$%5%"f‘£9 p- After
approximately 30 seconds, the metering valve is again’opened for'a period of approximately 5
seconds gndfthen divsminThisysy ple ¢sdepentndrabog tdntinesg Aftetcarcadditiomaitipinotalthe
applied val 10 t IMaS iscanti t u W, ved f res vessel
(0, Upon D e U om
non-maskeah syttacegofithelubapomdixanaplenperaduralododting 0T 6. nMbtat lutiopancdiith crystalline
rapamycin, and; palYURCHCe0- Ayeolis 361 APk GO WA AR AT LS A0 4IQ
[004581A%%%6alra%/ui§ed%%c§%%do%1 gxa p% 171 a%o{1 \lﬁé{t%é%r desé(%:irlﬁ)égr?ngexélré}%ﬁ QSA%%UGS% |lr11€the
foregoing éxaespierempieshéarndtionther thisl oo atatirax perimed), 2 Seast dfdesjgtatitddipovwdertd
rapamycin with an average particle size of 3-microns issadded to (PV) through port (1), then port (1)
was closed. Next, 150 mg of poly(lactic-co-glycolic acid) (PLGA) is added to pressure vessel (PV2).
1,1,1,2,3,3-hexafluropropane is added to the pressure vessel (PV2) through a valve and inlet.
Pressure vessel (PV2) is kept at room temperature with no applied heat with the pressure inside the
isolated vessel (PV2) approximately 4500 psi. Nozzle (P) is heated to 150CA 1-cm x 2-cm L605

~ro1inan ic addad o vvaceal A/ anAd ~ronnacrtad tn 2 hinhayvnlfana nawar laad Rath naz=zlac (D anAd D)



[00459]After inspection of the coupon created in example 19, the coated coupon (or other coated
substrate, e.g. coated stent) is carefully placed in a sintering vessel that is at a temperature of 75C.
1,1,1,2,3,3-NEQ2AA MY ane in a separate vessel at 75psi is slowly added ¥ THELHEIHY*Ehamber to
achieve %gp%essure of 23 to 27 psi. This hexafluropropane sintering process is done to enhance the

physical progeHieslorthe firorihaabUdIP THE EotipbR FeindiNeHf ¢S re el Mese

conditionsfefigppiakimatabn hosayiedaiiaonhicn-he seeseriicad daxafitio prapanceigislowhevented
from the pressure vessel and then the coupon was removed and reexamined under an optical

microscopf@ e JOSEIRIOBSER EHFRIFEH H/esBbtea ARBHIBE T1t58 sBHERMBYS RRIfmal,

consistentaangtkanairiianspamnhpiep ertieshsopResethios thenaaatindabseryedand separged in
example 19 without dense hexafluropropane treatment. The coated coupon js then submitted for x-ray
diffracuonwﬁé]f%hﬁlgg&? B‘F%%}ﬁ%llae,%&%@&Hﬁﬂ&rﬁ%&’&ﬁw&?&%?ﬁﬂml?ﬁé"]c&’réléﬁ‘?ewéke&? KRalline

rapamycipéinthe pebineic Bxoamplent bf deaticlged atmataltardiovastlansiemwith syystalline
rapamycin and poly(lactic-co-g| F}‘F@O"C acid) (PLGA) [00460]The apparatus described in examples 17,
18 and 20°RMEEVin 4MQBHEYHHY  example. The metal stent used is made from cobalt chromium alloy
of a nominedszg of 18 mrens denatbwiah whitdsit@Btestetonsny fhickigssdraatvsieaimannts
abluminal surface to a luminal surface, Qr measuring from a_si 0.a sid . The stent is
coated in 8H°4 ﬁteﬁ{gﬁ%%o a8Hfio\Her %?.E?ifﬂ& fi I:§§S§f?ﬁ$§g&|ﬁ6ﬂ% Wrayer of
polymer:[ ?@%el%@ﬁeg%@ﬁﬂ%dﬁdwg/@@yfgmmﬁﬁe mﬁtfﬁwmlﬁm?wtﬁ%yﬂmm?&iwpye? in
an orientatiqp of drug-polymer-drug-p er- -polmer. After completion of each polymer coating
Ctep and VO TGS SRETHTHGR tHE GRS OHEHb i SR SRl cyel Piine vesoe
((jV) ar)tc)i F:J:Bcgdniﬁ_mPHﬁyeggB&wmsggdmmytiWmep&qu6MM?mﬂuropro_phane as
escribe ove in ex e 20, Example ered coati a cardigvascular stent with an
anti-reste A%%Pﬁ{%?faﬁgg%@% %ﬁ%ﬁf‘é%%%ﬁ@é@?&%%n{%ﬁ ggt}gf)eﬁii‘o%g Ilgﬂg?ggferistics. [00461]A
cardiovasBikapaiagtis/BobtedBiRgiha yoeiRotiside b8 dbin(exanhlssntd and 11 above. The stent is
coated in ti%ig as wa}j/éwgt the %r)];%ar%g?pol rare ér] g:%%r;?tlgg Iggfxrs. The first application to the
bare stent 15 S RATMGTEF B TGN RSB BV, Approsin&iely 22HIBFns thick. The second layer
is a therapeRtipagetihPithyanit-reRenosig intebiosr. B\pprexinatedyp8 srmictagikamsatic dadded in this
second Iarigerfﬁ thirddl er Ofaﬁ(%fl mertis added ﬁ\tdagproxinﬁatelg Z[-.micro s thick f.oIIoweiE bx a fourth
drug layeP Wl Sp LB SRSl SR R RS SIRRS Y RGP RL IS BRI R AR lymer
Iﬁyer, appfﬁ%)mhet?im-tmipid)nﬁltﬁiekrimﬁai@abmﬁehanfd)ﬁdwmlimmtle@bﬁhlvlwemﬂmgjim@bu'lﬂe;hdhe
therapeuti ent of approximately 15-micrograms. Einally, a last polymer layer edtoa
ckness OF DI AR R A Th ARG frooel i Pt A TC T R 6m loxice
as dfzcrihmdthc%mptaﬂﬁlabmvﬁl,IMTQ,Mmplﬂdtﬁbﬂg étu’leim@istemp(foEYS)di&rdéSeeiBgti)llwﬁh low
initial drug."purst” properties by virtue of a "sequestere ering” process, pgt possible in
conventiosa sote L SEea Shdg B R R A PR B omtraton of rug
at the ste@'mmme_laymalthgeetmdmmeptoﬁiaﬁscéumwmmmm mcmmmmumdmmpfrm@bm over a
longer period Of e, Y"c%azé’toe%’c OO T 200! %f‘u]fP%ESm‘%)é?”J&ﬁ'Sv? 5 %’ﬁeé’n%?‘%gé‘g of a
cardiovastuiar stent With an ant-restendsis herapeutic’and an anti-thfomnotic {herapeu ICina
polymer. [€0462 JAcckxdid\ddoatamstents doatethasmgdseribe dnvexawipdeu vaboebsolheldisnexample,
after a first,pplymer layer of appraximately 2-microns thick, a drug with anti-thrombotic indication is
ey i A TR SR e R R e
polymer isadidedrtmattiviokmass of dbeutldtedier dins. tiex(iarabtiodutd amdeyend adadedmaldifferent

therapeutic With[ ana i-resteng i§ in ip%ﬁi(on. This.la rcqntains.ap roximatel 0 micrograms of
. t . t
the ant-reStouLn AGARC IR, R poh ae L SRroR Ly R Essr A IR oALSTS Added to the

stent. Aftgrrofisting thestemt sgueatéeBashdesuptedlancergmapleudd ab rsimterythe dottig esthg
hexaﬂuro%rr%e%%?ﬂt (average of all stents tested) in micrograms. Table 2 shows for each set of stents
(n=6) in each group (AS1, AS2, AS(213), AS1b, AS2b), the average amount of rapamycin in
ug loaded on the stents, the average amount of polymer in ug loaded on the stents, and the
total amount of rapamycin and polymer in ug loaded on the stents.

Table 2
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Example 24. Coating of stent with Rapamycin and poly(lactic-co-glycolic acid) (PLGA)
[00463]Micronized Rapamycin is purchased from LC Laboratories. 50:50 PLGA (Mw = -90) are
purchased Y6207 ¥hemicals. Eurocor CoCr (7cell) stents are used. TRe KIS YPdItbated by dry

electrostatic capture followed %supe:c.tmr ntering g ents/coating run and 3 runs/data
set. Analysis of the coated ste &t‘?ﬁoerforrﬁé’&-by mul Yé-tech ( poth stents and coupons with

relevant control experiments desgtigag heTgPQOQQG GA is dissolved in 1, |

,1,2,3,3-Hexaft uoropropane with the followying conditi ature, with no applied heat;
b) 4500 psi; and c) at 2mg/m1 ¢oncentratign. The spray line is sgt psi, 150C and nozzle

g d when coming out of the
achieve a current of greater

temperature at 150C. The solve
nozzle (at 150C). A negative vd
than or equal to 0.02 mAmps T or 15 seconds to create a
first polymer coating. [00465] Tl amber that is at 75C. The
solvent, in this example 1,1,2,3 propane S intering chamber to create a
pressure at 23 to 27 psi. Stentsasdisinterel At this pre 5. [00466]11.5 mg
Rapamycin is loaded into the Didg-rjectiof-port—-he set at 280 psi with +7.5 kV
for the stent holder and -7.5 kV‘ﬁ:S?t]ﬁe dru ﬁ?ectlon N hge is set for 60 s, the drug
is injected into the chamber to ¢reate a firsf drug coatipg. [0046 ]A secondl polymer coating is applied
with two 15 second sprays of dissolved polymer with the above first polymer coating conditions. The
second c also subsequepily sintered in the s manner. WO

20000146 ULET s QDAL o 0B BB RCABEHA s Eodiii LoABBEisA e shiien
parametefs @il dhe dystiahivgddoatipgo daisity , cthﬁpmﬁﬁg pommn@ﬂwdsmwb&mmhlmr@erﬁédsecond
sprays of dissolved po [th.the a ove tln tered.
eamplo SETTBIBE) BP0 e S BB OH A RS AU 51D BB cBRTRHLS sudies

[004691 Ciramary Stentihg eas el idd icepo mcﬁéﬂmaihmh)@l elstam destinhed temperature of

about 37°C. The clution media containing the device is optionally agitating the elution media
during the contacting step. The device is removed (and/or the elution media is removed) at
least at designated time points (e.g. 1h, 3h, 5h, 7h, 1d, and daily up to 28d) (e.g. 1 week, 2
weeks, and 10 weeks). The elution media is replaced periodically (at least at each time point,
and/or daily between later time points) to prevent saturation; the collected media are pooled
together for each time point. The elution media is then assayed for determination of the
pharmaceutical agent content using HPLC. The elution media is replaced at each time point
with fresh elution media to avoid saturation of the elution media. Calibration standards
containing known amounts of drug are also held in elution media for the same durations as the
samples and used at each time point to determine the amount of drug eluted at that time (in
absolute amount and as a cumulative amount eluted). Where the elution method changes the
drug over time, resulting in multiple peaks present for the drug when tested, the use of these
calibration standards will also show this change, and allows for adding all the peaks to give
the amount of drug eluted at that time period (in absolute amount and as a cumulative amount
cluted).

[00429] In one test, devices (n=9, laminate coated stents) as described herein were
coated and tested using this method. In these experiments a single polymer was employed:
Polymer A: 50:50 PLGA-Ester End Group, MW~19kD. The metal (stainless steel) stents
were coated as follows: Polymer A/Rapamycin/Polymer A/Rapamycin/Polymer A, and the

average amount of rapamycin on each stent was 162 ug (stdev 27ug). The coated stents were
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previously. An angiography was perform on each animal prior to euthanasia. After prenecropsy
angiography, each animal was euthanized via an overdose of euthanasia solution or potassium
chloride sol8Y8RA"¥/ it Hcordance to the Test Facility's Standard Operatind®PloEeIPd 8¢S was
performed in accordance with accepted American Veterinary Medical Association's "AYMA Guidelines
on EutharfR83°990HE 007 e dasdia & P B Al earmarng SigRRsLe Animd RRsrRiae R HRS . par).
[004701Adimied RasTomsy FPRFigiNgafigiamnation ediiadrritireRaieimachen-el NHGIS.
Observations of macroscopic findings were recorded. Any evidence of macroscaopic findings, were
processed fo¥ hEHBIbGiSH damaisaki. WRgSHIRSIciads RSretoB IR R CIBH PRsBE i dbtocessing
and assessmgéthtdRU7=bblineheartnrece Prefeisiosnfxedi atohQAnnm g wéthckaciatgediRbadar's
Solution until cleared of blood followed by 10% neutral buffered formalin (NBF). The fixed hearts were
placed in SRBEMLE SUAGIRGE ARG SRS A S SPpEpHECTOBET S WAt htFEYAtgHE Were
taken to desuRAt SISIN, ISEation anmdneipnalPay18dsithel Bl atishlinnd Rachsexplgaiedstent was
radiographed in two views (perpendicular or orthogonal incidences) along its longjtudjnal plane to
nssit in tEISREELIABRL B ARG R SECR TSI SPipBr wead R SeriSEbnutty (co,
strut fractuiedja {048 lcixist steteohy pssals e fecCaktiititn dissectedfmmsiha-aiyacdrdiem, leaving
sufficient vgssel boté?‘, é)r%xi al and distal to the stcnted portion. Unlessf therwise tatgdwc;r required,
all tissuesTSERIHIE Wire-ArotaLeR I ALYt AG TS THRECER SR ALy § 'SP LRatRE Arotaards. In
particular cliaisverstastetibasohcosiendas scssalavpiesabidinsayadthir apia paielyol-3 mm of the
proximal and distal ends of the st ntge., nstﬁnted vesse] %nd from the proximal, middle and distal
regions of FIEERRAAF GERAT Al HSSFEIcHIRE, e e iSRS S eand 2 tissue
elastin staiméag.cMexhoefiis) nidGpld Pdaksr praginifor ihyaepuaiyainyakdheastiariavasellitradtaned
(i.e., "bread- lpafed") from x to.base (-1 cm apart) to further gssess for evidence of adverse
eactions CHB TR G 5sE TrRE TE h ATC He) 08 LBeREe A BPORCEed for ight
107 WO 2000tit4n6AC8RCuIMiE2DRAUG 1048 wmidioSERPY. RelysiningaryaaaddisinigsBiecnere stored
until finalization of the study at which time, jt was disposed of according to_Test Facility standard
operating lALeaUAET SHpHE PSR MR S 58 4P Mo A SRR
[00475]Qumyetitativecnarpbénidiiic. analysis was performed on the histological sections from each
stented artery. For each histological section, the Rasa ters listed in Table 4 were directly measured

. . . aﬁate .
using standard light microscopy and computer-assisted image measurement systems.

Time point | % Acetonitrile | % Ammonium Acetate Flow Rate
(minutes) (0.5%),pH 7.4 (mL/min)
0.00 10 90 1.2

1.00 10 90 1.2

12.5 95 5 1.2

135 100 0 1.2

14.0 100 0 3

16.0 100 0 3

17.0 10 90 2

20.0 10 90 0

[00430] Figure 9 elution profiles resulted, showing the average cumulative amount of

rapamycin cluted at each time point (average of n=9 stents tested) in micrograms. Figure 10
also expresses the same elution profile, graphed on a logarithmic scale (x-axis is log(time)).
[00431] Example 11d: To obtain an accelerated in-vitro elution profile, an accelerated
elution buffer comprising 18% v/v of a stock solution of 0.067 mol/L KH2PO4 and 82% v/v
of a stock solution of 0.067 mol/L. Na2HPO4 with a pH of 7.4 is used. Stents described

herein are expanded and then placed in 1.5 ml solution of this accelerated elution in a 70°C
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WO 2009/146209PCT/US2009/041045 [004761 Table 4 Morphometry Parameters Parameter

Abbreviation Calculation Unit Lumen Area La directly measured nanaz Internal Elastic Layer (IEL)
Bounded Ar®2 1809/146209 PCT/US2009/041045

bath with rotation at 70 rpm. The solutions are then collected at the following time points: 0
min., 15 min., 30 min., 1 hr, 2 hr, 4 hr, 6 hr, 8 hr, 12 hr, 16 hr, 20 hr, 24 hr, 30 hr, 36 hr and 48
hr. Fresh accelerated elution buffer are added periodically at least at each time point to replace
the incubated buffers that are collected and saved in order to prevent saturation. For time
points where multiple elution media are used (refreshed between time points), the multiple
collected solutions are pooled together for liquid extraction by dichloromethane.
Dichloromethane extraction and HPLC analysis is performed in the manner described
previously.

Invivo

[00432] Example 11e: Rabbit in vivo models as described above are euthanized at
multiple time points. Stents are explanted from the rabbits. The explanted stents are placed in
16mL test tubes and 15 mL of 10mM PBS (pH 7.4) is pipette on top. One mL of DCM is
added to the buffer and the tubes are capped and shaken for one minute and then centrifuged
at 200 x G for 2 minutes. The supernatant is discarded and the DCM phase is evaporated to
dryness under gentle heat (40°C) and nitrogen gas. The dried DCM is reconstituted in 1 mL of
60:40 acetonitrile:water (v/v) and analyzed by HPLC. HPLC analysis is performed using
Waters HPLC system (mobile phase 58:37:5 acetonitrile:water:methanol 1 mL/min, 20ull
injection, C18 Novapak Waters column with detection at 232 nm).

Example 12: Determination of the Conformability (Conformality) of a Device Coating
[00433] The ability to uniformly coat arterial stents with controlled composition and
thickness using electrostatic capture in a rapid expansion of supercritical solution (RESS)
experimental series has been demonstrated.

Scanning Electron Microscopy (SEM)

[00434] Stents are observed by SEM using a Hitachi S-4800 with an accelerating
voltage of 800V. Various magnifications are used to evaluate the integrity, especially at high
strain regions. SEM can provide top-down and cross-section images at various
magnifications. Coating uniformity and thickness can also be assessed using this analytical
technique.

Pre- and post-expansions stents are observed by SEM using a Hitachi S-4800 with an
accelerating voltage of 800V. Various magnifications are used to evaluate the integrity of the
layers, especially at high strain regions.

[00435] Scanning Electron Microscopy (SEM) with Focused Ion Beam (FIB) Stents as

described herein, and or produced by methods described herein are visualized using SEM-FIB

analysis. Alternatively, a coated coupon could be tested in this method. Focused ion beam
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directly measured nanaz Stent Area Sa directly measured mm2 External Elastic Layer (EEL) Bounded
Arca EEL, directly measured mm2 From these direct measurements, all other histomorphological
parameters WRrYeHId0Med. Measured and calculated parameters, formulaBCHNG YA B heasure

are given in Table 5. Table 5 Calculated Morphometry Parameters and Units of Measure .
B 1s a tool that allows precise site-specific sectioning, milling and depositing of materials.

FIB can be used in conjunction with SEM, at ambient or cryo conditions, to produce in-situ
sectioning followed by high-resolution imaging .Cross-sectional FIB images may be acquired,
for example, at 7000x and/or at 20000x magnification. An even coating of consistent
thickness is visible.

Optical Microscopy

An Optical micrscope may be used to create and inspect the stents and to empirically survey
the coating of the substrate (e.g. coating uniformity). Nanoparticles of the drug and/or the
polymer can be seen on the surfaces of the substrate using this analytical method. Following
sintering, the coatings can be see using this method to view the coating conformaliy and for
evidence of crystallinity of the drug.

Example 13: Determination of the Total Content of the Active Agent

[00436] Determination of the total content of the active agent in a coated stent may be
tested using techniques described herein as well as other techniques obvious to one of skill in
the art, for example using GPC and HPLC techniques to extract the drug from the coated stent
and determine the total content of drug in the sample.

[00437] UV-VIS can be used to quantitatively determine the mass of rapamycin coated
onto the stents. A UV-Vis spectrum of Rapamycin can be shown and a Rapamycin calibration
curve can be obtained, (e.g. A @ 277nm in ethanol). Rapamycin is then dissolved from the
coated stent in ethanol, and the drug concentration and mass calculated.

[00438] In one test, the total amount of rapamycin present in units of micrograms per
stent is determined by reverse phase high performance liquid chromatography with UV
detection (RP-HPLC-UV). The analysis is performed with modifications of literature-based
HPLC methods for rapamycin that would be obvious to a person of skill in the art. The
average drug content of samples (n=10) from devices comprising stents and coatings as
described herein, and/or methods described herein are tested.

Example 14: Determination of the Extent of Aggregation of an Active Agent

Raman Spectroscopy

[00439] Confocal Raman microscopy can be used to characterize the drug aggregation
by mapping in the x-y or x-z direction. Additionally cross-sectioned samples can be analysed.
Raman spectroscopy and other analytical techniques such as described in Balss, ef al.,
“Quantitative spatial distribution of sirolimus and polymers in drug-cluting stents using
confocal Raman microscopy” J. of Biomedical Materials Research Part A, 258-270 (2007),

incorporated in its entirety herein by reference, and/or described in Belu et al., “Three-
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Parameter Abbreviation Calculation Unit Area Measurements Neointimal Area Na IELa - La

11E111E12 Medial Arca Ma EELa - IELL, mm2 Artery Area A, La + Na + Ma mm2
WO 2009/146209 PCT/US2009/041045

Dimensional Compositional Analysis of Drug Eluting Stent Coatings Using Cluster
Secondary lon Mass Spectroscopy” Anal. Chem. 80: 624-632 (2008) incorporated herein in its
entirety by reference may be used.

[00440] A sample (a coated stent) is prepared as described herein. Images are taken on
the coating using Raman Spectroscopy. Alternatively, a coated coupon could be tested in this
method. A WITec CRM 200 scanning confocal Raman microscope using a NiYAG laser at
532 nm is applied in the Raman imaging mode. The sample is place upon a piezoelectrically
driven table, the laser light is focused upon the sample using a 100 dry objective (numerical
aperture 0.90), and the finely focused laser spot is scanned into the sample. As the laser scans
the sample, over each 0.33 micron interval a Raman spectrum with high signal to noise is
collected using 0.3 Seconds of integration time. Each confocal crosssectional image of the
coatings displays a region 70 pm wide by 10 um deep, and results from the gathering of 6300
spectra with a total imaging time of 32 min. To deconvolute the spectra and obtain separate
images of the active agent and the polymer, all the spectral data (6300 spectra over the entire
spectral region 500-3500 cm—1) are processed using an augmented classical least squares
algorithm (Eigenvector Research, Wenatchee WA) using basis spectra obtained from samples
of rapamycin (amorphous and crystalline) and polymer. For each sample, several areas are
measured by Raman to ensure that results are reproducible, and to show layering of drug and
polymer through the coating. Confocal Raman Spectroscopy can profile down micron by
micron, can show the composition of the coating through the thickness of the coating.

Time of Flicht Secondary Ion Mass Spectrometery

[00441] TOF-SIMS can be used to determine drug aggregation at the outer 1-2nm of
sample surface when operated under static conditions. The technique can be operated in
spectroscopy or imaging mode at high spatial resolution. Additionally cross-sectioned
samples can be analysed. When operated under dynamic experimental conditions, known in
the art, depth profiling chemical characterization can be achieved.

[00442] For example, under static conditions (for example a ToF-SIMS IV (IonToF,
Munster)) using a 25Kv Bi"* primary ion source maintained below 10'* ions per cm” is used..
Where necessary a low energy electron flood gun (0.6 nA DC) is used to charge compensate
insulating samples.

[00443] Cluster Secondary lon Mass Spectrometry, may be employed as described in
Belu et al., “Three-Dimensional Compositional Analysis of Drug Eluting Stent Coatings
Using Cluster Secondary lon Mass Spectroscopy” Anal. Chem. 80: 624-632

(2008)incorporated herein in its entirety by reference.
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Length Measurements Lumen Diameter Ld 2 x *Lab") mm TEL Diameter IELd 2 x NI( La + NO/ TE

mm Stent Diameter Sd 2 x ASil TO mm Arterial Diameter Ad 2 x *Aa/ n) mm
WO 2009/146209 PCT/US2009/041045

[00444] A stent as described herein is obtained. The stent is prepared for SIMS analysis
by cutting it longitudinally and opening it up with tweezers. The stent is then pressed into
multiple layers of iridium foil with the outer diameter facing outward.

[00445] For example TOF-SIMS experiments are performed on an lon-TOF IV
instrument equipped with both Bi and SF5+ primary ion beam cluster sources. Sputter depth
profiling is performed in the dual-beam mode. The analysis source is a pulsed, 25-keV
bismuth cluster ion source, which bombarded the surface at an incident angle of 45° to the
surface normal. The target current is maintained at ~0.3 pA (+10%) pulsed current with a
raster size of 200 um x 200 um for all experiments. Both positive and negative secondary ions
are extracted from the sample into a reflectron-type time-of-flight mass spectrometer. The
secondary ions are then detected by a microchannel plate detector with a post-acceleration
energy of 10 kV. A low-energy electron flood gun is utilized for charge neutralization in the
analysis mode.

[00446] The sputter source used is a 5-keV SF5+ cluster source also operated at an
incident angle of 45° to the surface normal. For thin model samples on Si, the SF5+ current is
maintained at ~2.7 nA with a 750 um x 750 um raster. For the thick samples on coupons and
for the samples on stents, the current is maintained at 6nA with a 500 um x 500 um raster. All
primary beam currents are measured with a Faraday cup both prior to and after depth
profiling.

[00447] All depth profiles are acquired in the noninterlaced mode with a 5-ms pause
between sputtering and analysis. Each spectrum is averaged over a 7.37 second time period.
The analysis is immediately followed by 15 seconds of SF5+ sputtering. For depth profiles of
the surface and subsurface regions only, the sputtering time was decreased to 1 second for the
5% active agent sample and 2 seconds for both the 25% and 50% active agent samples.
[00448] Temperature-controlled depth profiles are obtained using a variable-
temperature stage with Eurotherm Controls temperature controller and IPSG V3.08 software.
samples are first placed into the analysis chamber at room temperature. The samples are
brought to the desired temperature under ultra high-vacuum conditions and are allowed to
stabilize for 1 minute prior to analysis. All depth profiling experiments are performed at -
100C and 25C.

Atomic Force Microscopy (AFM)

[00449] AFM is a high resolution surface characterization technique. AFM is used in

the art to provide topographical imaging, in addition when employed in Tapping Mode™ can
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Ratios Lumen / Artery L:A La/ Aa NA* WO 2009/146209PCT/US2009/041045 Areas Neointima /
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WO 2009/146209 PCT/US2009/041045

image material and or chemical properties for example imaging drug in an aggregated state.
Additionally cross-sectioned samples can be analyzed.

[00450] A stent as described herein is obtained. AFM may be employed as described
in Ranade et al., “Physical characterization of controlled release of paclitaxel from the
TAXUS Express2 drug-eluting stent” J. Biomed. Mater. Res. 71(4):625-634 (2004)
incorporated herein in its entirety by reference.

[00451] Polymer and drug morphologies, coating composition, at least may be
determined using atomic force microscopy (AFM) analysis. A multi-mode AFM (Digital
Instruments/Veeco Metrology, Santa Barbara, CA) controlled with Nanoscope Illa and
NanoScope Extender electronics is used. TappingMode™ AFM imaging may be used to
show topography (a real-space projection of the coating surface microstructure) and phase-
angle changes of the AFM over the sample area to contrast differences in the materials
propertics. Example 15: Determination of the Blood Concentration of an Active Agent
[00452] This assay can be used to demonstrate the relative efficacy of a therapeutic
compound delivered from a device of the invention to not enter the blood stream and may be
used in conjunction with a drug penetration assay (such as is described in
PCT/US2006/010700, incorporated in its entirety herein by reference). At predetermined
time points (e.g. 1d, 7d, 14d, 21d, and 28d, or ¢.g. 6hrs, 12hrs, 24hrs, 36hrs, 2d, 3d, 5d, 7d,
8d, 14d, 28d, 30d, and 60d), blood samples from the subjects that have devices that have been
implanted are collected by any art-accepted method, including venipuncture. Blood
concentrations of the loaded therapeutic compounds are determined using any art-accepted
method of detection, including immunoassay, chromatography (including liquid/liquid
extraction HPLC tandem mass spectrometric method (LC-MS/MS), and activity assays. See,
for example, Ji, ef al., “96-Well liquid-liquid extraction liquid chromatography-tandem mass
spectrometry method for the quantitative determination of ABT-578 in human blood
samples” Journal of Chromatography B. 805:67-75 (2004) incorporated in its entirety
herein by reference.

[00453] In one test, blood samples are collected by venipuncture into evacuated
collection tubes containing editic acid (EDTA) (n=4). Blood concentrations of the active
agent (e.g. rapamycin) are determined using a validated liquid/liquid extraction HPLC tandem
pass mass spectormetric method (LC-MS/MS) (Ji ef al., et al., 2004). The data are averaged,
and plotted with time on the x-axis and blood concetration of the drug is represented on the y-

axis in ng/ml.
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Example 16. Preparation of supercritical solution comprising poly(lactic-co-glycolic
acid) (PLGA) in hexafluropropane.

[00454] A view cell at room temperature (with no applied heat) is pressurized with
filtered 1,1,1,2,3,3-Hexafluoropropane until it is full and the pressure reaches 4500 psi.
Poly(lactic-co-glycolic acid) (PLGA) is added to the cell for a final concentration of 2mg/ml.
The polymer is stirred to dissolve for one hour. The polymer is fully dissolved when the
solution is clear and there are no solids on the walls or windows of the cell.

Example 17. Dry powder rapamycin coating on an electrically charged L605 cobalt
chromium metal coupon.

[00455] A Tem x 2cm L605 cobalt chromium metal coupon serving as a target substrate
for rapamycin coating is placed in a vessel and attached to a high voltage electrode.
Alternatively, the substrate may be a stent or another biomedical device as described herein,
for example. The vessel (V), of approximately 1500cm’ volume, is equipped with two
separate nozzles through which rapamycin or polymers could be selectively introduced into
the vessel. Both nozzles are grounded. Additionally, the vessel (V) is equipped with a
separate port was available for purging the vessel. Upstream of one nozzle (D) is a small
pressure vessel (PV) approximately 5cm’ in volume with three ports to be used as inlets and
outlets. Each port is equipped with a valve which could be actuated opened or closed. One
port, port (1) used as an inlet, is an addition port for the dry powdered rapamycin. Port (2),
also an inlet is used to feed pressurized gas, liquid, or supercritical fluid into PV. Port (3),
used as an outlet, is used to connect the pressure vessel (PV) with nozzle (D) contained in the
primary vessel (V) with the target coupon.

[00456] Dry powdered Rapamycin obtained from LC Laboratories in a predominantly
crystalline solid state, 50mg milled to an average particle size of approximately 3 microns, is
loaded into (PV) through port (1) then port (1) is actuated to the closed position. The metal
coupon is then charged to +7.5kV using a Glassman Series EL high-voltage power source.
The drug nozzle on port has a voltage setting of -7.5kV. After approximately 60-seconds, the
drug is injected and the voltage is eliminated. Upon visual inspection of the coupon using an
optical microscope, the entire surface area of the coupon is examined for relatively even
distribution of powdered material. X-ray diffraction (XRD) is performed as described herein
to confirm that the powdered material is largely crystalline in nature as deposited on the metal
coupon. UV-Vis and FTIR spectroscopy is performed as describe herein to confirm that the

material deposited on the coupon is rapamycin.
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pm Neointima Thickness N. (IELd- Ld)/2 mm [00477]Histopathology - Stented & Adjacent
Non-Stented Vessels [00478]Histopathological scoring via light microscopy was also used to grade
various parahteiPe/ited%flect the degree and extent of the host response/PEFAISPBEEWLH
treatment. These parameters included, but were nat limited to, injury, inflammation, endothelialization,
and fibrin B3 pBRlIS wWhelmer teatng ae anshusHistirharssdid (iEs SPanamHEg AR dthe score 0
was givenepadsion Thensaqipeabdhengrterial cross-sections was carried out as follows: [004801Injury
score for stented arterial segments is dependent gn that portion of the arterial wall which is disrupted

by the ste%ndlor assobieABU R TILY AR IESIHRA W aZ LDl d P avEds- LRt B4R ar@ e median
and averageepleulatadipekplae s carnxinoak eniddie c dstal) anrd ssevtdprecssiariog malymeer for

injury at eggr[‘giglterg M?o”getsgeli \}I’)q[glgo% I%%l(%%gl]lj}lflo% Sgﬂg?ngt?\%rlg?‘[h%%%%%t%g?elurgay be a stent or
another biomedical device as described herein, for example. Nozzle (P) is equipped with a
heater and controller to minimize heat loss due to the expansion of liquefied gases. Upstream
of nozzle (P) is a pressure vessel, (PV2), with approximately 25-cm3 internal volume. The
pressure vessel (PV2) is equipped with multiple ports to be used for inlets, outlets,
thermocouples, and pressure transducers. Additionally, (PV2) is equipped with a heater and a
temperature controller. Each port is connected to the appropriate valves, metering valves,
pressure regulators, or plugs to ensure adequate control of material into and out of the
pressure vessel (PV2). One outlet from (PV2) is connected to a metering valve through
pressure rated tubing which was then connected to nozzle (P) located in vessel (V). In the
experiment, 150 mg of poly(lactic-co-glycolic acid) (PLGA) is added to pressure vessel
(PV2).1,1,1,2,3,3-hexafluropropane is added to the pressure vessel (PV2) through a valve and
inlet. Pressure vessel (PV2) is set at room temperature with no applied heat and the pressure
is 4500 psi. Nozzle (P) is heated to 150°C. A 1-cm x 2-cm L605 coupon is placed into vessel
(V), attached to an electrical lead and heated via a heat block 110°C. Nozzle (P) is attached to
ground. The voltage is set on the polymer spray nozzle and an emitter=pair beaker to a
achieve a current greater than or equal to 0.02 mAmps using a Glassman high-voltage power
source at which point the metering valve is opened between (PV2) and nozzle (P) in pressure
vessel (PV). Polymer dissolved in liquefied gas and is fed at a constant pressure of 200 psig
into vessel (V) maintained at atmospheric pressure through nozzle (P) at an approximate rate
of 3.0 cm’/min. After approximately 5 seconds, the metering valve is closed discontinuing
the polymer-solvent feed. Vessel (V) is Nitrogen gas for 30 seconds to displace the
fluorocarbon. After approximately 30 seconds, the metering valve is again opened for a period
of approximately 5 seconds and then closed. This cycle is repeated about 4 times. After an
additional 1-minute the applied voltage to the coupon was discontinued and the coupon was
removed from pressure vessel (V). Upon inspection by optical microscope, a polymer coating
is examined for even distribution on all non-masked surfaces of the coupon.
Example 19. Dual coating of a metal coupon with crystalline rapamycin and

poly(lactic-co-glycolic acid) (PLGA).
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0 IEL intact 1 Disruption of 1EL Disruption of tunica media 3 Disruption of tunica adventitia
[00481]Inflammation score depends on the degree of inflammation and extent of inflammation on a
per-strut ba¥¥@28Y (178 in Table 7. Inflammation was scored on a per strEEBA51204Y &4 #Md5average

was calculated per plane and stent. WO 2009/146209PCT/US20091041045 Table 7 Inflammation
Score POIW‘H@? core VVafyapparatus described in example 17 and further described in example 18 1s

used in the foregoing example. In preparation for the coating experiment, 25 mg of
crystalline powdered rapamycin with an average particle size of 3-microns is added to (PV)
through port (1), then port (1) was closed. Next, 150 mg of poly(lactic-co-glycolic acid)
(PLGA) is added to pressure vessel (PV2). 1,1,1,2,3,3-hexafluropropance is added to the
pressure vessel (PV2) through a valve and inlet. Pressure vessel (PV2) is kept at room
temperature with no applied heat with the pressure inside the isolated vessel (PV2)
approximately 4500 psi. Nozzle (P) is heated to 150°CA 1-cm x 2-cm L605 coupon is added
to vessel (V) and connected to a high-voltage power lead. Both nozzles (D) and (P) are
grounded. To begin, the coupon is charged to +7.5kV after which port (3) connecting (PV)
containing rapamycin to nozzle (D) charged at -7.5 kV is opened allowing ejection of
rapamycin into vessel (V) maintained at ambient pressure. Alternatively, the substrate may be
a stent or another biomedical device as described herein, for example. After closing port (3)
and approximately 60-seconds, the metering valve connecting (PV2) with nozzle (P) inside
vessel (V) is opened allowing for expansion of liquefied gas to a gas phase and introduction
of precipitated polymer particles into vessel (V) while maintaining vessel (V) at ambient
pressure. After approximately 15 seconds at a feed rate of approximately 3cm?/min., the
metering valve s closed while the coupon remained charged. The sequential addition of drug
followed by polymer as described above is optionally repeated to increase the number of
drug-polymer layers after which the applied potential is removed from the coupon and the
coupon was removed from the vessel. The coupon is then examined using an optical
microscopeto to determine whether a consistent coating is visible on all surfaces of the
coupon except where the coupon was masked by the electrical lead.

Example 20. Dual coating of a metal coupon with crystalline rapamycin and
poly(lactic-co-glycolic acid) (PLGA) followed by Supercritical Hexafluropropane
Sintering.

[00459] After inspection of the coupon created in example 19, the coated coupon (or
other coated substrate, e.g. coated stent) is carefully placed in a sintering vessel that is at a
temperature of 75°C. 1,1,1,2,3,3-hexafluropropane in a separate vessel at 75psi is slowly
added to the sintering chamber to achieve a pressure of 23 to 27 psi. This hexafluropropane
sintering process is done to enhance the physical properties of the film on the coupon. The
coupon remains in the vessel under these conditions for approximately 10 min after which the
supercritical hexafluropropane is slowly vented from the pressure vessel and then the coupon

was removed and reexamined under an optical microscope. The coating is observed in
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0 Absent 1 Scattered cellular infiltrates associated with strut 2 Notable cellular infiltrates associated
with strut 3 Cellular infiltrates circumscribing strut Neointimal fibrin score depends on the degree of

fibrin deposM 2 &A¥bintima as outlined in Table 8. Table 8 Neointimal B S X8 Py mer

Score Value Q , : . :
conformal, consistent, and semi-transparent properties as opposed to the coating observed and

reported in example 19 without dense hexafluropropane treatment. The coated coupon is then
submitted for x-ray diffraction (XRD) analysis, for example, as described herein to confirm
the presence of crystalline rapamycin in the polymer.

Example 21. Coating of a metal cardiovascular stent with crystalline rapamycin and
poly(lactic-co-glycolic acid) (PLGA)

[00460] The apparatus described in examples 17, 18 and 20 is used in the foregoing
example. The metal stent used is made from cobalt chromium alloy of a nominal size of 18
mm in length with struts of 63 microns in thickness measuring from an abluminal surface to a
luminal surface, or measuring from a side wall to a side wall. The stent is coated in an
alternating fashion whereby the first coating layer of drug is followed by a layer of polymer.
These two steps, called a drug/polymer cycle, are repeated twice so there are six layers in an
orientation of drug-polymer-drug-polymer-drug-polmer. After completion of each polymer
coating step and prior the application of the next drug coating step, the stent is first removed
from the vessel (V) and placed in a small pressure vessel where it is exposed to supercritical
hexafluropropane as described above in example 20.

Example 22. Layered coating of a cardiovascular stent with an anti-restenosis
therapeutic and polymer in layers to control drug elution characteristics.

[00461] A cardiovascular stent is coated using the methods described in examples 10
and 11 above. The stent is coated in such as way that the drug and polymer are in alternating
layers. The first application to the bare stent is a thin layer of a non-resorbing polymer,
approximately 2-microns thick. The second layer is a therapeutic agent with anti-restenosis
indication. Approximately 35 micrograms are added in this second layer. A third layer of
polymer is added at approximately 2-microns thick, followed by a fourth drug layer which is
composed of about 25 micrograms of the anti-restenosis agent. A fifth polymer layer,
approximately 1- micron thick is added to stent, followed by the sixth layer that includes the
therapeutic agent of approximately 15-micrograms. Finally, a last polymer layer is added to a
thickness of about 2-microns. After the coating procedure, the stent is annealed using carbon
dioxide as described in example 16 above. In this example a drug eluting stent (DES) is
described with low initial drug “burst” properties by virtue of a “sequestered drug layering”
process, not possible in conventional solvent-based coating processes. Additionally, by virtue
of a higher concentration of drug at the stent ‘inter-layer’ the elution profile is expected to

reach as sustained therapeutic release over a longer period of time.
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Absent | Infrequent spotting of fibrin 1 Heavier deposition of fibrin 3 Heavy deposition of fibrin that
spans between struts Endothelialization score depends on the extent of the circumference of the
artery lume¥éh&t@8%erage with endothelial cells as outlined in Table 9PF B2 RPN clialization

Score Poll%mer Score Value 0 Absent 1 . . . .
xample 23. Layered coating of a cardiovascular stent with an anti-restenosis

therapeutic and an anti-thrombotic therapeutic in a polymer.

[00462] A cardiovascular stent is coated as described in example 11 above. In this
example, after a first polymer layer of approximately 2-microns thick, a drug with anti-
thrombotic indication is added in a layer of less than 2-microns in thickness. A third layer
consisting of the non-resorbing polymer is added to a thickness of about 4-microns. Next
another drug layer is added, a different therapeutic, with an anti-restenosis indication. This
layer contains approximately 100 micrograms of the anti-restenosis agent. Finally, a polymer
layer approximately 2-microns in thickness is added to the stent. After coating the stent is
treated as described in example 20 to sinter the coating using hexafluropropane.

Example 24. Coating of stent with Rapamycin and poly(lactic-co-glycolic acid) (PLGA)
[00463] Micronized Rapamycin is purchased from LC Laboratories. 50:50 PLGA (Mw
= ~90) are purchased from Aldrich Chemicals. Eurocor CoCr (7cell) stents are used. The
stents are coated by dry electrostatic capture followed by supercritical fluid sintering, using 3
stents/coating run and 3 runs/data set. Analysis of the coated stents is performed by multiple
techniques on both stents and coupons with relevant control experiments described herein.
[00464] In this example, PLGA is dissolved in 1,1,1,2,3,3-Hexafluoropropane with the
following conditions: a) room temperature, with no applied heat; b) 4500 psi; and c) at
2mg/ml concentration. The spray line is set at 4500 psi, 150°C and nozzle temperature at
150°C. The solvent (Hexafluoropropane) is rapidly vaporized when coming out of the nozzle
(at 150°C). A negative voltage is set on the polymer spray nozzle to achieve a current of
greater than or equal to 0.02 mAmps. The stent is loaded and polymer is sprayed for 15
seconds to create a first polymer coating.

[00465] The stent is then transferred to a sintering chamber that is at 75°C. The solvent,
in this example 1,1,2,3,3-hexafluropropane, slowly enters the sintering chamber to create a
pressure at 23 to 27 psi. Stents are sintered at this pressure for 10 minutes.

[00466] 11.5 mg Rapamycin is loaded into the Drug injection port. The injection
pressure is set at 280 psi with +7.5 kV for the stent holder and -7.5 kV for the drug injection
nozzle. After the voltage is set for 60 s, the drug is injected into the chamber to create a first
drug coating.

[00467] A second polymer coating is applied with two 15 second sprays of dissolved
polymer with the above first polymer coating conditions. The second coating is also

subsequently sintered in the same manner.

106



<25% 2 25% to 75% 3 >75% 4 100%, confluent WO 2009/146209PCT/US2009/041045 Adventitial
fibrosis score depends on the severity of response and circumference of artery affected as outlined in
Table 10. TAWR2YW/A 28R titial Fibrosis Score Polymer Score Observation (PABEER049/041045

[00468] A second drug coating is applied with the same parameters as the first drug
coating. Lastly, the outer polymer layer is applied with three 15 second sprays of dissolved
polymer with the above polymer coating conditions and subsequently sintered.

Example 25. Histology of in vivo stented porcine models and preparation for
pharmacokinetics studies

[00469] Coronary stenting was applied to porcine animal models as described
previously. An angiography was perform on each animal prior to cuthanasia. After
prenecropsy angiography, each animal was euthanized via an overdose of euthanasia solution
or potassium chloride solution, IV in accordance to the Test Facility’s Standard Operating
Procedure and was performed in accordance with accepted American Veterinary Medical
Association’s “AVMA Guidelines on Euthanasia” (June 2007; accessed at
http:/./www.avma.org/issues/animal welfare/cuthansia.pdf).

[00470] A limited necropsy consisting of examination of the heart was performed on all
animals. Observations of macroscopic findings were recorded. Any evidence of macroscopic
findings, were processed for histological examination. Regardless, all hearts were collected
for histologic processing and assessment.

[00471] The hearts were perfusion fixed at ~100 mmHg with Lactated Ringer’s
Solution until cleared of blood followed by 10% neutral buffered formalin (NBF). The fixed
hearts were placed in a NBF filled container and labeled as appropriate.

[00472] Whole heart radiographs were taken to document stent location and
morphology in situ. In addition, each explanted stent was radiographed in two views
(perpendicular or orthogonal incidences) along its longitudinal plane to assist in the
assessment of expansion morphology, damage and/or areas of stent discontinuity (eg, strut
fractures).

[00473] Fixed stented vessels were carefully dissected from the myocardium, leaving
sufficient vessel both proximal and distal to the stented portion. Unless otherwise stated or
required, all tissues/sections were processed according to the CBSET standard operating
procedures. In particular, transverse sections of unstented vessel were obtained within
approximately 1-3 mm of the proximal and distal ends of the stent (i.c., unstented vessel) and
from the proximal, middle and distal regions of the stented vessel. All vessel sections were
stained with hematoxylin and eosin and a tissue elastin stain (e.g., Verhoeff’s).

[00474] The remaining myocardium was then transversely sectioned (i.e., “bread-
loafed”) from apex to base (~1 cm apart) to further assess for evidence of adverse reactions

(e.g., infarction). If gross findings were present they were collected and processed for light
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Minimal presence of fibrous tissue 2 Notable fibrous tissue in 25%-50% of artery circumference 3
Notable fibrous tissue in > 50% of artery circumference Neointimal maturation depends on the
cellularity af¥HfEMI28488n of the neo ntima as outlined in Table 11. Table FNEBRAMA MATuration
Score Polymer Score Observation 0 Absent 1 Immature, predominantly fibrino-vascular tissue 2

TransitionZi Wi m%papﬁﬁwﬁg;@%we were stored until finalization of the study at which

time, it was disposed of according to Test Facility standard operating procedures, shipped to
Sponsor, or archived at Sponsor’s request and expense.

[00475] Quantitative morphometric analysis was performed on the histological sections
from each stented artery. For each histological section, the parameters listed in Table 4 were
directly measured using standard light microscopy and computer-assisted image measurement

Systems.
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muscle 3 Mature, generalized organized smooth muscle [00482]The histolog.c section of the artery
was also examined for other histologic parameters including, but not limited to, hemorrhage, necrosis,
medial fibro¥Y§ {1484 elative amounts of inflammatory cell infiltrates (cgP AEYSSIMIIE 1MStiocytes,
lymphocytes, multinucleated giant cells), mineralization, strut malapposition, thrombosis and/or
neomtlma[% &]Iarlty, or others as deemed appropriate by the pathologist. Unless otherwise stated in
the pathology data/report, additional findings werg ggrded as follow: 0= Absent; | = Present, but
minimal feature; 2 = Notable feature 3 Ququﬂmwgafgﬁi@t@s [00483]Sections of the non- stented
f th d

proximal and distal

parametefs as abavenexcluding neo@’nﬂm&[éthrm) but Wer@SaBmsmd for histomorptioinetry.
[00484]0 e e i and
coated stqnts (iest,aKtigles) as noted in Table 12 which wigsglgqatasuaado
provided Rerein, and/or deviceg having coatings as described herein (for example, at AS | , A5%, or
another cd)atlri(ﬂ comI at on as described herein) ag compared to a contrpl bare metal stcnt (BMS,
AS3) Thejanimals were Ucatah pigs, which were given an WO 2009/146209PCT/US2009/041045
anticoagulationlregim@RIof Day|1: ASA 6B0mg + Playixd3erhgnresintzhance of: AB#8 | mg +
Plavix75, pnd rocgd&lgl ACT|- 250 sec. Oversizing was -10-20%. Table|12 Group Test Articlg
Number of Test Devices
Stent Area Sa directly measured mm’
External Elastic
Layer (EEL) EEL, directly measured mm’
Bounded Arca

From these direct measurements, all other histomorphological parameters were

calculated.

Measured and calculated parameters, formulae, and units of measure are given in Table 5.

Table 5
Calculated Morphometry Parameters and Units of Measure

Parameter Abbreviation Calculation Unit
Area Measurements
Neointimal Area N. 1IEL, - L, mm?
Medial Area M, EEL, - IEL, mm”
Artery Arca A, L.+ N,+M, mm”*
Length Measurements
Lumen Diameter Lyg 2 x Y(Lo/) mm
IEL Diameter IEL4 2x (L, + Ny« mm
Stent Diameter Sq 2 x V(S4/ ) mm
Arterial Diameter Ay 2 x V(A ) mm
Ratios
Lumen / Artery L:A L/ Aa NA*
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Necropsy Time Point 1 AS1 N=6 Day 28 N=6 Day 90 2 AS2 N=6 Day 28 N=6 Day 90

WO 2009/146209 PCT/US2009/041045
Areas
Neointima / Media
N:M Na/ M, NA
Areas
EEL / IEL Areas EEL,: IEL, Aa/ (LyANy) NA
IEL/ Stent Arcas IEL,:S, IEL./S, NA
Restenosis Parameters
% Area Occlusions) % AO Nao/(NatL,) x 100% %
Neointima Num X
. Npm um
Thickness 1000(um/mm)
Neointima
Nmm (IELd- Ld)/ 2 mm
Thickness
[00477] Histopathology - Stented & Adjacent Non-Stented Vessels
[00478] Histopathological scoring via light microscopy was also used to grade various

parameters that reflect the degree and extent of the host response/repair process to treatment.
These parameters included, but were not limited to, injury, inflammation, endothelialization,
and fibrin deposition. When a microscopic endpoint listed below is not present/observed, the
score 0 was given.

[00479] The scoring of the arterial cross-sections was carried out as follows:

[00480] Injury score for stented arterial segments is dependent on that portion of the
arterial wall which is disrupted by the stent and/or associated tissue response. Injury was
scored on a per-strut basis and the median and average calculated per plane (i.e., proximal,
middle, distal) and stent. The scoring polymer for injury at each strut is listed in Table 6.

Table 6
Injury Score Polymer

Score Value

0 1EL intact

1 Disruption of IEL

2 Disruption of tunica media

Disruption of tunica
3 ..
adventitia
[00481] Inflammation score depends on the degree of inflammation and extent of

inflammation on a per-strut basis as outlined in Table 7. Inflammation was scored on a per

strut basis and the average was calculated per plane and stent.
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AS3 (Bare metal Stent) N=6 Day 28 N=6 Day 90 [00485]A second histology study also according to
the description above was performed and compared with a CYPHER stent control. In these studies,
AS2I, AS23VANIREIA N ere tested along with the CYPHER stmt. AS21, ASST/ErdR 85 Rere
designed with coatings comprising Polymer B as descrlbed above, with about half the polymer load of
AS 1. A523 and AS24 had about half the amount cin as AS1, while AS21 was designed with
a target rapamycin load that was about g‘% I¥@SEribed prewously [00486]Results of
histology studies perfor 'rg-ru-d-rrrrre'rh'udfdgs nted in Figures
12-23. Figures 12 and 1”% FHoat al bnary artery stent
implants (AS I, A52 and 342 &and 90 days post-inplantation. Figures
14 and 15 show drug defjots in low- na&%@éﬁ&?@@% déidis2e1sbrEh & EBrohary artery stent
implants. Figure 16 shows mean (n=3) siralimus levels in Siidrial tissue following AS1 and Cypher
stent implantation. The r¢sultsyfor A§ | N@%@Wté@hﬂ%ﬁlﬂlér&@%@é?é%@wﬁﬁm 3 separate study as
the results for the Cyphe qrpntq presented in Figure 16 F§Fﬁlﬁ q'rudlpq were perfpbrmed as descnbed
above, and data was collg ; 5g PG a2 Gk

Figure to illustrate a comparlsmn for results obtalned for ASI stent to results obtained for Cypher stent
ina Separﬁ%%lmamﬂ&a&tgg&& WRdy SHane mean sUPlHs avels A A ISR Rlavics
various st gﬁ |gure WS arterla tissue concentrations (y-axis) versus time (x-axis)
for AS1 an stents |mplantat|ons in swine coronary arteries expressed as absolute tissue level
(y-axis) versus time (x-axis). Figure 19 depicts md#@hlen’=3) sirolimus levels in remaining on stent
following various stent |mplantat|0ns |NWbFBhGWSQN@ lé(d@mqmeszogpcwu32009/041045
arteries expressed as sig : =alepiste-iean (n=3) swohmus
levels remaining on sterjlialic
expressed as stent leve] (y- ans) versus time (x-axis). Penkults for AS1 presenfed in Figure 20 were
taken from a separate sjudy &s the results folnfiwqDypheroBieatsffregented in Figure 20. Both studies
were performed as desqribe@ aboye, and datdlswagcdipasedsindilabiyp however, data from the two
studies were combined |n thi§ Figure Heshodeosoimpafifonofiraspiisobtaived fg ASI stent and
results obtained for the Eypher stgnt in a separate, but sisnilas study. Figure 21 ig Fractional Sirolimus
Release (VRIS S NSOt d§ A rterialcT isaust for Ak | andihRzchtents. figwieeA2 ighEplimus
blood congentnaticiyfeliowingtsineiethient tomantexpregsed imiklood concentration (ng/m1) (y-axis)
versus time (x-axis). Pigs were implanted with ¢ j.t(ﬁﬁs%ents as described above. Blood was drawn at

predetermined times and assayed to Et{] ff FF ﬁr | cin c:g &entratlon The assays were based on
technology known to one of ordinary H'HE Kt lﬁ?g F8"23 IHEWE mean (single stent normalized)
blood concentration im e o (ng/m1) (y-axis) for a
Cypher stent, and sten ' . . 41AS24 are devices

comprising coatings as jgescHbed-herein){0048+1 e ot ﬁm‘mg is-Hiustrative-ofhe present invention,

and is not to be construed <25%
25% to 75%

>T75%
100%, confluent

Al o —]
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as limiting thereof While embodiments of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments arc provided by way of
example onRYONIPEA8EY variations, changes, and substitutions will now 50BEhf1e?H88418illed in the
art without departing from the invention. It should be understood that various alternatives to the

embodiméHi¥st

intended tHEEH5d fOIRIARG LI

iHbEntb AR s

e

&8I fMsEY Bt byt At R sRGe M9 EYs

the scope of the invention and that methods and structures

within the scope of these claims and their equivaleitis he covered thereby. 10 CLAIMS 1.A device
Adveatpiaidlitafisaye haliyfasm a laminate coating on said stent;

wherein at least one oeijiam.m%aammmaﬁmbﬁmn&mumm&mﬂteone of said layers
comprises a pharmacquticloagent selected from rap@imecintiaprodrug, a derivatie, an analog, a

comprising a. a stent;

hydrate, an ester, and p salipthere

of; wherein at least a gytien of the pharmaceuti

al agentisin

crystalline form, whereln said plur

ality of laygrskaIpRiisas o fifsbialymendayer cor

hprising a first

bioabsorbable polymelfand a sec
wherein said at least ope layer co

PNd RRIMPRI AIBYSIGNTIR 19ING R -3600BE e PSOT
mprising said pharmaceuicalfgent is between 3

pable polymer,
aid first polymer

atle

layer and said second polymer Tayer, WReSgif SaktSeCoad PR IayerRas st one contact point
with at least one particfe of Said pharmaceutical agentins@iftRhagmaceutical age;lt layer and said

second polymer layer TaS at reast ONE COMNtact POt WItT Sarg TSt potymer rayer. 2. The device of
Claim 1, wherein said first and second bioabsorbable polymers are the same polymer. 3.The device of
Claim 1, vifrsviatinadichiiet aftensdepeidl bieab8uresblel gy naefs ergaairtemt o4, e eRaEEsf @faim 1,
wherein sailBtehithdsbdestdnt longitudinal axis; and said second polymer layer has a second polymer
layer portion along said stent longitudinal whereifggidigecond layer portion is free of contact with

particles of said pharmaceutical ag®iyadhis Wﬁ@@mé};&%@m said device has at least one
pharmaceutical agent layer defined by a three-dimensional physical space occupied by crystal

particles of said Score Observation
0 Absent
1 Immature, predominantly fibrino-vascular tissue
) Transitional, predominantly organizing smooth
muscle
3 Mature, generalized organized smooth muscle

[00482] The histologic section of the artery was also examined for other histologic
parameters including, but not limited to, hemorrhage, necrosis, medial fibrosis, type and
relative amounts of inflammatory cell infiltrates (eg, neutrophils, histiocytes, lymphocytes,
multinucleated giant cells), mineralization, strut malapposition, thrombosis and/or neointimal
vascularity, or others as deemed appropriate by the pathologist. Unless otherwise stated in the
pathology data/report, additional findings were graded as follow: 0= Absent; 1 = Present, but
minimal feature; 2 = Notable feature; 3 = Overwhelming feature.

[00483] Sections of the non-stented proximal and distal portions of the stented arteries,
were similarly assessed and scored for histologic parameters as above (excluding neointimal
fibrin) but were assessed for histomorphometry.

[00484] One histology study according to the description above was performed using
the groups and coated stents (test articles) as noted in Table 12 which were coated acoording
to the methods provided herein, and/or devices having coatings as described herein (for
example, at AS1, AS2, or another coating combination as described herein) as compared to a

control bare metal stent (BMS, AS3) The animals were Yucatan pigs, which were given an
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pharmaceutical agent and said three dimensional physical space is free of polymer. 6.The device of
Claim 4, wherein said stent comprises at least one strut having a strut length along said stent
longitudinal WISYMEREH said second layer portion extends substantially albhly/¥8d80%8iPdtl&hgth. 7.The
device of Claim 4, wherein said stent has a stent length along said stent Jongitudinal axis and said
second lafBl SEAIANOREHRT ST 05 RRYidiy A0n§ e it TEngtmB M cRte Ut CRihY Am@herein
said stent-compriges aldeestdiug SirutsTeaghosisut dRe-tmstiislengthm@iong said stent longitudinal
axis, wherein said second layer portion extends substantially along substantially the strut length of at
least two struts. 9. The device of Claim 4, where Wsid%stent comprises at least five struts, each strut

having a strut length along sa|d&fght m;]mqmglg;ﬁﬁbme KaHsecond layer portion extends

substantially along substantia|ly the sfrut length of at least three struts. 10.|The device of Claim 4,
wherein said stent comprises fat least|five struts, RevierulAmg B8Rt Idngth along said stent
longitudinal axis, wherein said;Secongijgyer poriigq-gxiends sphsiagitially along substantially the strut
length of least four struts. 11| The dgvice of Claim. 4, wherein said stent comprises at least five struts,
each strut having a strut length along|said stent IgNgftudinal g%&y Wherein said second layer portion
extends substantially along sypstanmig{ig e StrutieErgtTof 2 ﬁ%;' grieastiive struts. 12. The device
of Claim 4, wherein said stent has a gtent length along said stent longitudingl axis and said second
layer portion extends substantially algng said stef¥féngth. 1¥ahe0device of Claim 4, wherein said
stent has a stent length alongisate-stent éu ttereita-axis-and a;dzgcpuud fayer portion extends along
at least 50% of said stent length. 14.’#§e e J'?ﬁl

Vice|of Claim 4, Whérein said stent has a stent length
along said stent longitudinal axis and|said]ssteot)dNager portiab8x99nds alopg at least 75% of said
stent length. 15. The device cfSlair4—whereir-said-stenthasa-stentlengdth along said stent
longitudinal axis and said second layer portion extends along at least 85% of said stent length. 16.
The devicpd$3pim 4, wheteinisaidoiigntsnas alstenidenail @ang Gaidipiait dogivwdipal axis and said
second Iayerfportion extends along at least 90% of said stent Ienﬁg;. 17. The device of Claim 4,

wherein sBRIFIEHICHEY SRR sangHR 2160 SHiE StEmt $8RGRL ailasfs SHiflcS aferd e ot faf portion

extends aloggatieastsePalohgaickistaBtAPIIER stent. AS21, AS23, and AS24 were designed with
coatings comprising Polymer B as described above, with about half the polymer load of AS1.

AS23 and AS24 had about half the amount of rapamycin as AS1, while AS21 was designed

with a target rapamycin load that was about the same as AS1, as described previously.
[00486] Results of histology studies performed according to the methods described
above are presented in Figures 12-23. Figures 12 and 13 depict low-magnification cross-
sections of porcine coronary artery stent implants (AS1, AS2 and Bare-metal stent control) at
28 days and 90 days post-implantation. Figures 14 and 15 show drug depots in low-
magnification cross-sections of porcine coronary artery stent implants. Figure 16 shows mean
(n=3) sirolimus levels in arterial tissue following AS1 and Cypher stent implantation. The
results for AS1 presented in Figure 16 were taken from a separate study as the results for the
Cypher Stents presented in Figure 16. Both studies were performed as described above, and
data was collected similarly, however, data from the two studies were combined in this Figure
to illustrate a comparision for results obtained for ASI stent to results obtained for Cypher
stent in a separate, but similar study. Figure 17 shows mean sirolimus levels in arterial tissue
following various stent implantations. Figure 18 shows arterial tissue concentrations (y-axis)
versus time (x-axis) for AS1 and AS2 stents implantations in swine coronary arteries
expressed as absolute tissue level (y-axis) versus time (x-axis). Figure 19 depicts mean (n=3)

sirolimus levels in remaining on stent following various stent implantations in swine coronary
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18. The device of Claim 4, wherein said laminate coating has a total thickness and said second
polymer layer portion has a thickness of from about 0.01% to about 10% of the total thickness of said
laminate coXhg?09/8462A2 device of Claim 4, wherein said laminate coatingt¢d<@8¢H¥ness and
said horizontal second polymer}l%Yee‘%)ortion has a thickness of from about 1% to about 5% of the total

thickness BFEL FARTRIAEE RO GRS IEEVRE S B I Nh s S AR AR RS WO SR has a
total thickgesEmf{rRRtRICHMUP ¢ oAt WnEANS Said gprentasaeandnRalymeh ldyaiportion

has a thickness of from about 0.001 um to about 5 um. 21. The device of Claim 4, wherein said

laminate G5O AL ES GIRFREIGASSEH SHEL DA YRS MB6 (K 36 it SRurssid B omd polymer

|a%/er port@gsfléa&a ﬁh'@igﬂ@@%%f&}naﬁb@tﬂﬁ&n%lsaﬁalmm@#y Bsufe raﬁltgm&dwmmérfmgmsl, f
wherein said laminate coating is at least 25% by volume pharmaceutical agent. 23, The device o
Claim 1, WheYIF SR iginate ﬁ?&hﬁ&@%‘?’é’é%?%‘é%ﬁﬁ &ﬁ%@rm%ﬁ?a&su%da agetits 24. The

dﬁViCde of @Hmiﬂd wﬂﬂﬂwihp,sﬁiﬁbéaelajmme fioafing &a#am;%@w@urlﬁ@dnhanﬁ@&qgm&@ ﬁﬁﬁﬂt- 25.
The device of Claim 1, wherein at least a portion of the pharmaceutical agent is present in.a phase
separate ﬁ&ﬁ?@ﬁ@%ﬂl&ﬂvﬁrssa A heTosih ééJ ié}&%&&ﬂﬁsw%bfﬂae e L RhFh Fo b foin said

pharmaceigialtagent serafdeast H0% grysallin€radilodd S deNiaesH ddasn(d-axRereivsaitine (x-
pharmaceutical agent.is at least. 75%, crystalline., 28. The devjce of Claim 1, wherein said .
P ormacaHELBGAT SRy RS 55 1 Hic o G L2 Caftion
pharmacefisiica agsidsatdenishPhiin etystalliden B0od bendenierioh Glaiml),(wheteingaid time
pharmaceutical agent is at least 99% crystalline. 31. The device of Claim_1, wherein the stent has a
ot gl IS TG i RO S LB PG SLHAS A B P L) S5 ARt
length, wheedineaithsaitheasiinbasampdiseddpiarmaeaiiioat dgentsneayisialiNkcfasmaypreasent in the
coating below said coating oyter surface. 32. The deyice.of Claim 1, wherein the stent has a stent
oS ST P 5 LA BOhF L HPAS o S S o e g,
wherein ssichsaudraaktied) bwopisascphratimacautichi@beps inictysialkrpricsod psddeat in the coating up
to at least 1 um below s(?lid C aéiyn outer surface. 33. The device,of Claim 1, wherejn thy séent has a
BB haL 0 B

stent longffURFATRGH BHE" RS WBSEARG o KRB Ry LA SRR ARG inal
length, whetiein cakP $aiSdoABRP cASDHisesdphann aceiptical @gentrgscry dtaliie: thlinrghigsent in the
coating uq&&%%east S T ?oerlggvgi%%igs(i: 3stp ive toefrtlslleJ g%iecs%ht invention, and is not to be construed

as limiting thereof. While embodiments of the present invention have been shown and

described herein, it will be obvious to those skilled in the art that such embodiments are

provided by way of example only. Numerous variations, changes, and substitutions will now

5  occur to those skilled in the art without departing from the invention. It should be understood
that various alternatives to the embodiments of the invention described herein may be
employed in practicing the invention. It is intended that the following claims define the scope

of the invention and that methods and structures within the scope of these claims and their

equivalents be covered thereby.
10
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34. The device of one of Claims 31-33, wherein said coating exhibits an X-ray spectrum showing the
presence of said pharmaceutical agent in crystalline form. 35. The device of one of Claims 31-33,
wherein said coating exhibits a Raman spectrum showing the presence of said pharmaceutical agent in
crystalline form. 36. The device of one of Claims 31-33, wherein said coating exhibits a Differential
ScanningcCalprrgetry (DSC) curve showing the presence of said pharmaceutical agent in crystalline form.
37. The device of one of Claims 31-33, wherein said coating exhibits Wide Angle X-ray Scattering
(WAXS) gpectrumdshiwdngpthpriziesence of said pharmaceutical agent in crystalline form. 38. The device
of one of Claims 31-33, wherein said coating exhibits a wide angle radiation scattering spectrum showing
the presence of said pharmacestiraj agent in crystalline form. 39. The device of one of Claims 31-33,
wherein said coating exhibits an Infra Red (IR) spectrum showing the presence of said pharmaceutical

agent in crystalline forfg. 40. The dayicerqh(Ialhhe YRTEIMPRIRSLER  NaRR SieatdandiHeian! axis and a

stent Ien%h along said stent longitudinal axis, wherein said coating is conformal to the stent along
substant@RFSARF ReARIEAGYRr S TREES AcRioRRSaIFFBIENAEANA shigatkRNRLY ifbiVBtfitudinal axis

and a stesgrgiasbaopeasaie cdant ioRgitndisaleaids harpifigaidieating, is aenieimal kntaagtantalong
at least 75% of said stent Ien%th. %f The device of_CIairIn 1, wherein said stent has a stent longitudinal
axis and YSEE 1B R0 APt REYriHIRE ' RRHAT KAt B R REMFhAATE e Stent

along at legst8bae tdrsaidviient hesajthplddlithefdaywsrop Gdesralijrathessimeaidystenbhgsiaisteatfirst

the stent IOl s DD e SU el R oS B SRE B ™
stent longifirti@ial $8iid an@astwm lexgtiTanpysagisaidnivegiticairrgentss wabvernssaiidostingligner
conformabin ihe, §teniplang A E@?ﬁ%ﬁ%&?&ﬁ%é@m LoRgHy p‘bs'f}vr?{BP|Q9¥}Q¢a%fa@'l%i§%t]or‘{@€69iﬂaaaid

stent has a stent longitudinal axis and a stent length along said stent longitudinal axis, wherein said

coating iPEBRHAALHS AR QREPATBRG &f k218 ISP B GeahMetRthPNES MRS YRAL 8 ST 1EYe N,
wherein said sipiisBasigeRintRIgLyeina xS east armbtealiiRiva tarlanst sig stentdgagitudinal axis,

wherein said coating is conformal to at least least 50% of said struts. 47. The device of Claim 1, wherein
said stent has a stena longitudinal axisé@?d a Iurili, of struts I_on% said Eent IorrlT%;itudinal axis, wherein

said coating is cORfoPMAFtoPAHEAE: fedt6/BH4 B! atans@iﬂi%'oa sorbable polymers are the

same polymer.
3. The device of Claim 1, wherein said first andos&l bioabsorbable polymers are different.

4. The device of Claim 1, wherein said stent hateat longitudinal axis; and said second
polymer layer has a second polymer layer portionglsaid stent longitudinal wherein said

second layer portion is free of contact with péesaf said pharmaceutical agent.

5. The device of Claim 4, wherein said device hdsast one pharmaceutical agent layer
defined by a three-dimensional physical space aedupy crystal particles of said
pharmaceutical agent and said three dimensionaliqddyspace is free of polymer.

6. The device of Claim 4, wherein said stent compragdeast one strut having a strut length
along said stent longitudinal axis, wherein sawbséd layer portion extends substantially along said

strut length.

7. The device of Claim 4, wherein said stent has st $#¢@gth along said stent longitudinal axis

and said second layer portion extends substana#ilyg said stent length.
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48. The device of Claim 1, wherein said stent has a stent longitudinal axis and a plurality of struts along
said stent longitudinal axis, wherein said coating is conformal to at least least 90% of said struts. 49. The
device of Claim 1, wherein said stent has a stent longitudinal axis and a plurality of struts along said stent
longitudinal axis, wherein said coating is conformal to at least least 99% of said struts. 50. The device of
Claim 4, whereim@wbste@fdﬂ@aamwmmmwmgm et istRakienaiR nlend:asifstienhiangitadinal
axis, whereln l[1 ron mlcrosco examn ion. of the devjce sho sald coating is conformal to said
stent aloﬁglat[ Qﬂ%?g Pfeq{ﬁf 'néf)q%\ﬁé 5?8‘?&51:313’%98%%‘5%1@@ t has a stent
longitudisabaias daity alstentldrstintédty theasth st éarigftatd #adinaestisitsvherein said coating has a
substantially uniform thickness along substantially said stent length. 52. The device of Claim 1, wherein

said steng has arg{enidaReiBIdNahRAIS ARG st LEiQHf'%@ﬁ%ﬁ%é@%%@téﬂﬂﬁt%l?ﬁ's%?h%ﬁéea” said

coating has a substantially uniform thickness along at least 75% of said stent Ilength. 53. The dévice of

Claim 1, W%r@ﬂ%’é@'%@rﬁ%ﬁétﬁ'&@ﬁ%%ﬁﬂ%ﬁ‘félFﬁm‘a??dda%fé?ﬁqéﬁ)ﬁﬁ RAGIRNRAEPBENL longitudinal

axis, whesgistaaichfo alieeghambarshbaiantial Brunitonpdhicksesselatgial least 95% of said stent length.
54. The device of Claim 1, wherein said stent has a stent Iongitudinal axis and a stent length along said

stent longfdingl o ST SR £OANOR I A YR U INEKIRSS GBS BN RYEBRE e

calculated from coating thickngss values measure at a p0|n sa ong Said Ste
axis; whetiin iengickaless @tﬁé@dﬁ@ﬂ@i@gﬁtﬁh@@im&l%@mmmng kteen pondd@xiandsis is from about

75% to agl%gt;g?a( Xa&%ﬁl AW agRdl §§ut5? RedeniGe &f Lf,galm 1, wherein said stent has a stent

longitudinal axis and a stent Iength along said stentlongitudinal axis, wherein said coating has an
average thickness d termln an avera e calculated from co @tlng thickness valyes measured at a

plurality ofipointS™§ '§§u8 o%d’*f[]ﬁ‘i 1) S AN R LD PIE % SRS HHELAYEE &t any
point aIOIsglmmfrtgﬂnglmr@midee(lmlsltﬁrmmwnmlt@ﬁévwmmdtsh%%l thy=ig@rvierageténidkness. 56.A
device comlg)S 'Q/ a;ost?enstu é) tg ft}a}/ee ﬁg{h gg{g]?allgég R./tee Seoattlng on said stent, wherein a
first Iayer comprlse A TSt bioabsord e po ymer, cond Tayer comprises a pharmaceutical agent, a
third layer comprises a second bloabsorbable polymer, a fourth layer comprises the pharmaceutical

agent, antla fifth&y&\deprpirisEda i eieibsdrbaisr parmEedihaianasaipieridesaticainahanisis

selected HiunsERP3EBGHA. Iéy@?%ﬂ%@e@l@ﬁ@é'g@bﬁﬁﬁmﬁl@sﬁd‘%@ﬁﬁ%r?gjirﬁSter and a salt thereof, and
wherein at least a portion of the pharmaceutical agent is In crystalline form wherein said third layer has at

least one %ontacllrpo oPt with P@'tlcle§l of R’ald har &7\ ﬁ'ﬁ nt ||q Z%ld sec qgra%/ a u%lsa' third

layer has at least one conetact 0| with Sard |rs Sicd SFeim lih‘atteastwo of
said first amarmmequymmosmu sxienas Bloabﬁmwfpmmraddrmm third bioabsorbable
polymer are the same polymer.

14.  The device of Claim 4, wherein said stent has et $¢@gth along said stent longitudinal axis

and said second layer portion extends along at & of said stent length.

15.  The device of Claim 4, wherein said stent has @t $¢@gth along said stent longitudinal axis
and said second layer portion extends along at 8% of said stent length.
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58.The device of Claim 56 wherein said first bioabsorbable polymer, said second bioabsorbable polymer
and said third bioabsorbable polymer are the same polymer. 59.The device of Claim 56, wherein at least
two of said first bioabsorbable polymer, said second bioabsorbable polymer and said third bioabsorbable
polymer are different polymers. 60.The device of Claim 56 wherein of said first bioabsorbable polymer,

Zaid SGC?LYETJ biO?ﬂIgéQifﬂblﬁcﬁQilwﬂﬁf@M%cﬁéW?ér@ bi(@lﬁbﬁaﬁm%Wlwc?ﬁ@%r@djﬁféf\%mr@ﬁmgﬁallﬁib-The
evice of clgim 56, whergin at least two of the first po r, the second polymer, and the third polymer
are the oL SREP L MR B S SRS R b CL B L A bpolymer. 62 The device of

claim 56, wherein the third polymer has an in vitro dissolution rate higher than the in vitro dissolution rate
of the first polynide @3/igthef ddaioe bivitiairiresaidistaaimasetidrppoplong sarsGatdopeltytinahakis ratio

of about 40-50-fg éQ@bﬁ@%’ﬁQr?&ﬁi@?ék@d&%‘%ﬁ%immelﬁmé jth.a ratio of about 70:30 to

about 90:10. 64. The device of Claim 63, wherein the third polymer is PLGA copolymer having a
molecular weight of about 1 and the second polymer is a PLGA copalymer having a molecular weight
of about 150, T8 TR e o i IS (RB A THBALS RT3 U BB B S
polymerspobmmideget puaicimpabe tevicesatof éooatinéiia mnabdater®linofgheotytakthickigidsiass at one
or more If%lcltgr%iﬂglg 88};1%?' 66. The device of Claim 62, wherein measuring the in vitro dissolution rate

of said polymers comprises tontacting the device with elution media and determining polymer weight loss
at one or more selected time points. 67. The device of Claim 1, wherein the stent is formed of stainless

steel mattial. B8eTIRVGBRESHIRI4iYNerRiReTRif WDiBRIRIGIAbRAMmadIR LhitkiePRa @BFhBRISing a cobalt

chromiurp@iiEdhtal second polymer layer portion has a thésls of from about 1% to about 5% of the total

thickness of said laminate coating.

20.  The device of Claim 4, wherein said laminate caplias a total thickness of from about 5
pm to about 50 um and said horizontal second palyayer portion has a thickness of from about

0.001 pm to about 5 pm.

21.  The device of Claim 4, wherein said laminate caplias a total thickness of from about 10
pm to about 20 um and said second polymer layeigpdnas a thickness of from about 0.01 pm to

about 5 pm.

22. The device of Claim 1, wherein said laminate captinat least 25% by volume

pharmaceutical agent.

23.  The device of Claim 1, wherein said laminate cgpiinat least 35% by volume

pharmaceutical agent.

24. The device of Claim 1, wherein said laminate capisnabout 50% by volume

pharmaceutical agent.
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69. The device of Claim 1, wherein the stent is formed from a material comprising the following

percentages by weight: about 0.05 to about0.15 C, about 1.00 to about2.00 Mn, about 0.04 Si, about 0.03
P, about 0.3S, about 19.0 to about21.0 Cr, about 9.0 to about11.0 Ni, about 14.0 to about 16.00 W, about
3.0 Fe, and Bal. Co. 70. The device of Claim 1, wherein the stent is formed from a material comprising at

most the fgllowimgdaessrsages dshieightrapoat 0322 fodiptne SR vitcatioaLagehbiShrabent H.@15 P,
about O.O]HS about 19.0.to about21.0 Cr, ehbout ?étn%?a}fcgut 7 Ni, about 9.0 to about 10.5 Mo, about 1.0

Fe, abouP ?&%—ﬁ%%%ﬂ%_op}‘i%ﬁg%%{} L5F g?é‘?rq' the stent is formed from a material

comprising L605 alloy. 72. The device of Claim 1, wherein the stent has a thickness of from about 50% to
about 9026 of a ThtalderdesStfisnid Woeisin saBl PherdegeeaseDidmat leaticbfy saystabiice has a
thickness of from about 20 um to about 500 um. 74. The device of Claim 1, wherein said device has a

thicknesef abotHOBeBeObieSainY 2; WherdeyadpRdanace VMBI SRR MNMmBtecepatinmdas a
thickness of from about 5 um to about 50 um. 76. The device of Claim 1, wherein said laminate coating

has a thickpessgf fr .%ot .um to %u um 7.Teg@'.o i Odgri sajid stent has a
thicknes;é}%r]1 fror-lriH éb%%%@ (#mél%'@g%uvtvﬁ Pe}éi.%%#epgg\cl%gcc?# nﬂf % é\;%%épmé]g%}’ ?e%l%lgriéas a
pharmaceutical agent content of from about 0.5 um/mm to about 20 lig /mm. 79. The device of Claim 1,

wherein g8id dellt® JR14CE SharRiEEduntarslbpRISIBATSF RASRING S 188PhRPYS aBGRIPEug/mm. 80.

The device of Claim 1, wherein said device has a pharmaceutical agent content of from about 5 us to
about 508(ng. heltevitevifeOiditlaimHereinesgit shadnlravéeen@sta phtlenaareatcalagalineontent of
from about 100 us to about 160 pg. 82. The device of Claim 1, wherein said device has a pharmaceutical

agent confent of igMARALORHS 10 BROKIA ARG =8 Mg A RIREATRSA GRS COMprialng 2

stent and a plurality of layers that form a laminate coating on said stent; sa thod comprising:

(a) providifgiAgRHer surface along said stent longituderagth, wherein said said coating comprises

pharmaceutical agent in crystalline form preserhecoating below said coating outer surface.

32. The device of Claim 1, wherein the stent has a stagitudinal length and the coating has a
coating outer surface along said stent longituderadth, wherein said said coating comprises
pharmaceutical agent in crystalline form preserthecoating up to at least 1 um below said

coating outer surface.

33.  The device of Claim 1, wherein the stent has a $bagitudinal length and the coating has a
coating outer surface along said stent longituderadth, wherein said said coating comprises
pharmaceutical agent in crystalline form preserthencoating up to at least 5 um below said

coating outer surface.

34.  The device of one of Claims 31-33, wherein saidingaexhibits an X-ray spectrum

showing the presence of said pharmaceutical agemystalline form.

35.  The device of one of Claims 31-33, wherein saidingaexhibits a Raman spectrum

showing the presence of said pharmaceutical agemystalline form.

36.  The device of one of Claims 31-33, wherein saidingaexhibits a Differential Scanning

Calorimetry (DSC) curve showing the presence af phiarmaceutical agent in crystalline form.

37.  The device of one of Claims 31-33, wherein saidingaexhibits Wide Angle X-ray

Scattering (WAXS) spectrum showing the presencaaf pharmaceutical agent in crystalline form.
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(b) forming a plurality of layers on said stent to form said laminate coating on said stent; wherein at least
one of said layers comprises a bioabsorbable polymer and at least one of said layers comprises one or
more pharmaceutical agents; wherein at least a portion of the pharmaceutical agent is in crystalline form,
wherein said plurality of layers comprises a first polymer layer comprising a first bioabsorbable polymer

and a segend paiyEgs R¥es ORISR S8EBE! Wﬁéﬁéﬁﬁ@@bi@g@@)&mﬂé a wb@raﬂgléa@owéﬁ@ast one
layer comgrisin sald harma eutical a >}ﬁéf;ent IS betw aid fII’St er layer an d second polymer

layer, and°?® 88“&%8 HW'BQI el?rf?‘ﬁfé?%a% SHEC td’&lﬁ'iy\ﬁ}i Q?I égl one particle of

said pharmaceutical agent in said pharmaceutical agent layer and said second polymer layer has at least

one conté@t poifth@itle ikl dirsnpal fikaims /ai.-83. whesehiv dadtivas g aadeiitta Besh tidisgecktent and
a plura“%ﬁ’é\}ﬁﬁ?%gﬁ’e@w&@Jff‘%ﬁ@%&ﬁﬂﬁ@@ﬁ@é@iﬂeﬁﬁﬁ%lﬁﬁ@f&?ﬁ\tho‘j comprising: (@)

providing a sten (b) forming a plurality of layers to form said laminate coating on said stent;
wherein at Ieast e of sald ers co ses a hipabsorbable r and at least one of said layers
Comprisei’a phalFABGHER B Jelb B O SEa am e RBUHOUNE BNV e, S SIE) o
hydrate, alvegtesjchsig et Eaipthelieaf; anbemmrlmﬂmoﬂmnmnhalpDMmatmutmahggmbstanmally
crystalllng %f'r%n yu ;eqr%m said plurality of layers comprises a first polymer layer comprising a first

ab

bioabsor € po ym and a second polymer layer comprising a second bioabsorbable polymer,
wherein said at least one layer comprising said pharmaceutical agent is between said first polymer layer

and said 4bcond PBIJRYEGTa S <rlaimdl . WHTRIThSSiSiINIRE FHIBHIuENal XS apfastieRkleogifact point
with at Ieaﬁr@@mtm pheRicipRaERRCOH KRl gty IaicophaFmate wHeaageablay et rRadSAigsecond

polymer er.has at le \east one contact point with said first polymer layer. 85.The device of Claims 1 or 56
wherein Batdsﬁ@”b L9Bblymer in the laminate coating is resorbed within 45-90 days after an
angioplasty procedure wherein said device is delivered in a subject's body. 86.The device of Claims 1 or
56 whered2 .abolhestevigean iolgimel . iwiescismsidtstentiiagastrgittdoalaxisang-@0tdayeagtr an

angioplaghy, praceq e WhsGI Gl devdchie e \aiathiy i@ sHREThaIR8dMe stent along at least 85%

of said stent length.

43.  The device of Claim 1, wherein said stent has fat $dagitudinal axis and a stent length
along said stent longitudinal axis, wherein saidticg is conformal to the stent along at least 90%

of said stent length.

44.  The device of Claim 1, wherein said stent has fat $dagitudinal axis and a stent length
along said stent longitudinal axis, wherein saidtic@ is conformal to the stent along at least 95%

of said stent length.

45.  The device of Claim 1, wherein said stent has fat $bagitudinal axis and a stent length
along said stent longitudinal axis, wherein saidticg is conformal to the stent along at least 99%

of said stent length.

46.  The device of Claim 1, wherein said stent has fat $dagitudinal axis and a plurality of
struts along said stent longitudinal axis, whesaiu coating is conformal to at least least 50% of

said struts.

47.  The device of Claim 1, wherein said stent has at $dagitudinal axis and a plurality of

struts along said stent longitudinal axis, whesaiu coating is conformal to at least least 75% of
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87. The device of Claims 1 or 56 wherein about 90% of all polymer in the laminate coating is resorbed
within 45-90 days after an angioplasty procedure wherein said device is delivered in a subject's body. 88.
The device of Claims 1 or 56 wherein about 99% of all polymer in the laminate coating is resorbed within
45-90 days after an angioplasty procedure wherein said device is delivered in a subject's body. 89. The
device ofsgiaigisiik or 56 wherein said device provides reduced inflammation over the course of polymer
resorbtion compared to a conventional stent. 90. The device of Claims 1 or 56, wherein coating on an

abluminaj, surfa id stent.
91. The oJIle§V|ce ﬁ)%glal %%%B%r@gﬁjnﬁé% Elé%%égg ﬁgﬁﬁo%%%?ﬁ@r%ﬁﬁ @ug#&c%ﬁ (é ﬁkﬁglqgn% The luminal
surface oftthts déagesiai@ste0t | iTisknabaxie, cwftam goatvigienivafeatieldpcydenst dﬁ‘ﬁﬂi@@‘kﬂmﬁlnal
surface t@ggatingon the luminal surface of the device is 75:25. 93. The device of Claim 90, wherein a

ratio of coating on the abluminal surface to coating on the luminal surface of the device is 70:30. 94. The

device of Claim 90, wherein a ratio of coatint e abluminal s urfac to coating on the luminal surface
of the deflite is EB \gevg}\ge (?’ra% %‘QWC |%5‘§t' ﬁﬁeﬂ?%ﬂ %ﬁé'r% gﬁoog'i@r coronary
stent, a veteaislaltsigriaia pmphmgitetem,l bitis riyhetesiit) anaitlmtyeeocanfahstmlrtb at least least 99% of

said struts.

50. The device of Claim 4, wherein said stent has it $bagitudinal axis and a stent length
along said stent longitudinal axis, wherein antetgcmicroscopy examination of the device shows

said coating is conformal to said stent along a$tl®0% of said stent length.

51.  The device of Claim 1, wherein said stent has rat $begitudinal axis and a stent length
along said stent longitudinal axis, wherein saidtic has a substantially uniform thickness along

substantially said stent length.

52.  The device of Claim 1, wherein said stent has it $bagitudinal axis and a stent length
along said stent longitudinal axis, wherein saidtic has a substantially uniform thickness along

at least 75% of said stent length.

53.  The device of Claim 1, wherein said stent has iat $dexgitudinal axis and a stent length
along said stent longitudinal axis, wherein saidtic has a substantially uniform thickness along

at least 95% of said stent length.

54.  The device of Claim 1, wherein said stent has it $degitudinal axis and a stent length
along said stent longitudinal axis, wherein saidtic has an average thickness determined by an
average calculated from coating thickness valuessored at a plurality of points along said stent
longitudinal axis; wherein a thickness of the aogitneasured at any point along stent longitudinal

axis is from about 75% to about 125% of said avetagkness.

55.  The device of Claim 1, wherein said stent has rat $degitudinal axis and a stent length
along said stent longitudinal axis, wherein saidtic has an average thickness determined by an
average calculated from coating thickness valuessored at a plurality of points along said stent

longitudinal axis; wherein a thickness of the aogitneasured at any point along stent longitudinal
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axis is from about 95% to about 105% of said avetagkness.

56. A device comprising:

a. astent;

b. a plurality of layers that form a laminate coatorgsaid stent, wherein a first
layer comprises a first bioabsorbable polymer,caisé layer comprises a
pharmaceutical agent, a third layer comprises arngkbioabsorbable polymer,
a fourth layer comprises the pharmaceutical agemt,a fifth layer comprises a

third bioabsorbable polymer,

wherein the pharmaceutical agent is selected fegpamycin, a prodrug, a
derivative, an analog, a hydrate, an ester, ardt thereof, and

wherein at least a portion of the pharmaceuticah&g in crystalline form
wherein said third layer has at least one contaictt pvith particles of said
pharmaceutical agent in said second layer; andtsadilayer has at least one

contact point with said first layer.

57.  The device of Claim 56, wherein at least two ofigast bioabsorbable polymer, said

second bioabsorbable polymer and said third bicalste polymer are the same polymer.

58.  The device of Claim 56 wherein said first bioabsdne polymer, said second bioabsorbable
polymer and said third bioabsorbable polymer agestime polymer.

59.  The device of Claim 56, wherein at least two ofigast bioabsorbable polymer, said

second bioabsorbable polymer and said third biaalaste polymer are different polymers.

60. The device of Claim 56 wherein of said first bicaiimble polymer, said second

bioabsorbable polymer and said third bioabsorbpblgmer are different polymers.

61. The device of claim 56, wherein at least two offih& polymer, the second polymer, and
the third polymer are the same polymer, and whesait same polymer comprises a PLGA

copolymer.

62.  The device of claim 56, wherein the third polymasIan in vitro dissolution rate higher than
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the in vitro dissolution rate of the first polymer.

63.  The device of Claim 62, wherein the third polymePLGA copolymer with a ratio of about
40:60 to about 60:40 and the first polymer is a RL&&polymer with a ratio of about 70:30 to about
90:10.

64. The device of Claim 63, wherein the third polymePLGA copolymer having a molecular
weight of about 10kD and the second polymer is @RIcopolymer having a molecular weight of
about 19kD.

65.  The device of Claim 64, wherein measuring the froulissolution rate of said polymers
comprises contacting the device with elution meaid determining polymer weight loss at one or

more selected time points.

66.  The device of Claim 62, wherein measuring the frovlissolution rate of said polymers
comprises contacting the device with elution meahd determining polymer weight loss at one or

more selected time points.
67. The device of Claim 1, wherein the stent is forrédtainless steel material.

68.  The device of Claim 1, wherein the stent is forroéd material comprising a cobalt

chromium alloy.

69.  The device of Claim 1, wherein the stent is forrfredh a material comprising the following
percentages by weight: about 0.05 to about0.1%Haytal.00 to about2.00 Mn, about 0.04 Si, about
0.03 P, about 0.3 S, about 19.0 to about21.0 @yta®0 to about11.0 Ni, about 14.0 to about 16.00
W, about 3.0 Fe, and Bal. Co.

70.  The device of Claim 1, wherein the stent is forrfredh a material comprising at most the
following percentages by weight: about 0.025 Cualfol5 Mn, aboout 0.15 Si, about 0.015 P,
about 0.01 S, about 19.0 to about21.0 Cr, abot 3®out37 Ni, about 9.0 to about 10.5 Mo, about
1.0 Fe, about 1.0 Ti, and Bal. Co.

71. The device of Claim 1, wherein the stent is forrfredh a material comprising L605 alloy.

72. The device of Claim 1, wherein the stent has &ttgss of from about 50% to about 90% of

a total thickness of said device.
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73.  The device of Claim 1, wherein said device hascktiess of from about 20 um to about
500 pum.

74.  The device of Claim 1, wherein said device hasektiess of about 90 um or less.

75.  The device of Claim 1, wherein said laminate cgplias a thickness of from about 5 pm to

about 50 pm.

76.  The device of Claim 1, wherein said laminate c@gplias a thickness of from about 10 um

to about 20 pm.

77.  The device of Claim 1, wherein said stent hasekitgss of from about 50 um to about 80

um.

78.  The device of Claim 1, wherein said device hasaphceutical agent content of from

about 0.5 pm/mm to about 20 pg /mm.

79.  The device of Claim 1, wherein said device hasaphceutical agent content of from

about 8 pg/mm to about 12 pg/mm.

80.  The device of Claim 1, wherein said device hasaphaceutical agent content of from
about 5 pg to about 500 pg.

81. The device of Claim 1, wherein said device hasaphaceutical agent content of from
about 100 pg to about 160 pg.

82.  The device of Claim 1, wherein said device hasaphaceutical agent content of from

about 100 pg to about 160 pg.

83. A method of preparing a device comprising a stedtaplurality of layers that form a

laminate coating on said stent; said method conmgyis

@) providing a stent;

(b) forming a plurality of layers on said stent to fosaid laminate coating on
said stent; wherein at least one of said layergis@s a bioabsorbable polymer and at least one of
said layers comprises one or more pharmaceutiesitagwherein at least a portion of the

pharmaceutical agent is in crystalline form,
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wherein said plurality of layers comprises a fpstymer layer comprising a first bioabsorbable
polymer and a second polymer layer comprising arsgbioabsorbable polymer,

wherein said at least one layer comprising saidmheeutical agent is between said first
polymer layer and said second polymer layer, and

wherein said second polymer layer has at leastontact point with at least one particle of
said pharmaceutical agent in said pharmaceuti@ltdgyer and said second polymer layer has at

least one contact point with said first polymerdiay

84. A method of preparing a device comprising a stedtaplurality of layers that form a

laminate coating on said stent; said method conmgyis
(@) providing a stent;

(b) forming a plurality of layers to form said laminateating on said stent;
wherein at least one of said layers comprises absiarbable polymer and at least one of said
layers comprises a pharmaceutical agent seleatedrfiipamycin, a prodrug, a derivative, an
analog, a hydrate, an ester, and a salt there@teahat least a portion of the pharmaceutical

agent is in crystalline form,

wherein said plurality of layers comprises a fpstymer layer comprising a first bioabsorbable

polymer and a second polymer layer comprising arsgbioabsorbable polymer,

wherein said at least one layer comprising saidmheeutical agent is between said first
polymer layer and said second polymer layer, and

wherein said second polymer layer has at leastontact point with at least one particle of
said pharmaceutical agent in said pharmaceuticaitdgyer and said second polymer layer has at

least one contact point with said first polymereiay

85.  The device of Claims 1 or 56 wherein about 50%llgi@ymer in the laminate coating is
resorbed within 45-90 days after an angioplastgg@dore wherein said device is delivered in a
subject's body.

86.  The device of Claims 1 or 56 wherein about 75%llgi@ymer in the laminate coating is
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resorbed within 45-90 days after an angioplastgg@dore wherein said device is delivered in a

subject's body.

87.  The device of Claims 1 or 56 wherein about 90%lIgi@ymer in the laminate coating is
resorbed within 45-90 days after an angioplastgg@dore wherein said device is delivered in a

subject's body.

88.  The device of Claims 1 or 56 wherein about 99%llgi@ymer in the laminate coating is
resorbed within 45-90 days after an angioplastgg@dore wherein said device is delivered in a

subject's body.

89.  The device of Claims 1 or 56 wherein said deviaiges reduced inflammation over the

course of polymer resorbtion compared to a congaatistent.

90. The device of Claims 1 or 56, wherein coating omlluminal surface of said stent has a

greater thickness than coating on a luminal surédaid stent.

91. The device of Claim 90, wherein a ratio of coatimgthe abluminal surface to coating on

the luminal surface of the device is 80:20.

92.  The device of Claim 90, wherein a ratio of coatimgthe abluminal surface to coating on

the luminal surface of the device is 75:25.

93.  The device of Claim 90, wherein a ratio of coatimgthe abluminal surface to coating on

the luminal surface of the device is 70:30.

94.The device of Claim 90, wherein a ratio of coatomgthe abluminal surface to

coating on the luminal surface of the device i460:

95. The device of at least one of Claims 1 or 56, winesaid stent is a coronary stent, a

vascular stent, a peripheral stent, billiarty stantl intercranial stent.
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