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METHOD OF MANUFACTURE CROSS- REFERENCE TO RELATED
WORRINDISTE ONS [ 0001] The present applicati on ckPairs62004/000180

priority fromU.S. provisional patent application No.

60/ 478,887, filed June 16, 2003, the contents of

which are hereby incorporated by reference herein.
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in a patient, and particularly to stents that may be
sel f expanding, and may deliver therapeutic agents.
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[0004] Typically, a delivery device that retains the stent in its compressed
state is used to deliver the stent to a treatment site through vessels in the
body. Stents tend to be designed to be flexible with a reduced radius, to
enable delivery through relatively small and curved vessels. In percutaneous
transluminal angioplasty, an implantable endoprosthesis is introduced through
a small percutaneous puncture site, airway or port and is passed through
various body vessels to the treatment site. After the stent is positioned at the
treatment site, the delivery device is actuated to release the stent and the
stent is mechanically expanded, usually with the aid of an inflatable balloon, to

thereby expand within the body vessel. The delivery device is then detached



at the treatnment site as an inplant. [0005] Conmonly

used materials. for known stent filanents include
wEk@iuhoaT™™V and PhynoxTM netal spring all oys. Qr¢E8G2004/000180

netallic materials that can be used for expandabl e

stent filanments are 316 stainless steel, MP35N all oy

and superelastic N tinol nickel-titanium Another
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of the braided polymer fibres. The braided fibres are shaped into a tube at or
just below the melting temperature of the polymer, and then longitudinally
stretched upon cooling. The stent is inserted while stretched, and once
inserted the stretch tension is released, allowing for the radial expansion of

the tube when inserted.

[0008] Known self expanding stents, however, typically must be
constrained to be inserted. Moreover, their removal is often difficult, if not

impossible.

[0009]  Accordingly, there is a need for improved expandable medical

stents, that simplify insertion, and may simplify removal.



[0010] A polyner that is anorphous, or is at |east
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to as the glass transition tenperature (T9). The
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invention therefore provides, in one aspect, a stent The term stent, as used
herein, is intended to refer generally to expandable medical prostheses,
including lengthwise extending stents, stent-grafts, grafts, filters, occlusive
devices, valves or the like. The stent may be any suitable shape required to
achieve the desired function as a medical prosthesis. For example, the stent

may be generally tubular or generally helical.

[0013] As exemplified, the stent may be an implantable, hélically tubular
member which is an axially flexible and radially self-expandable structure

comprising at least one polymeric layer. The stent assumes a substantially
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expanded or non-expanded state. [0014] Such a stent
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even nore particularly, multiple therapeutic agents

with multiple diffusion rates. The stent may be

bi ost abl e or bi oabsorbable. [0015] The invention
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formed to have a first shape at a lower temperature T2 and a second shape at
a higher temperature T4, and configured to change from the first shape to the
second shape at a temperature equal to or greater than a transition

temperature T3, dependent at least in part on at least one of Tg and Tge.

[0018] In another aspect, there is provided a stent including at least first
and second layers. The first layer includes a first polymer and a first
therapeutic agent. The second layer includes a second polymer and a
second therapeutic agent. The stent is formed to have a first shape at a lower

temperature T, and a second shape at a higher temperature Ts.



tenperature T2 and a second shape at a higher
tenperature Ti. 4 WO 2004/ 110315 PCT/ S&2004/ 000180
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[0021]  Such stents may be useful in a variety of medical applications
where a body lumen, hollow organ or other cavity is desired to be de-
constricted or de-restricted. Thus, such a stent is useful inter alia in the
treatment of blockages or potential blockages and/or the prevention of
restenosis of vascular, urinary, biliary, tracheobronchial, oesophageal and
renal tracts. In an embodiment, the helical shape of the stent facilitates



constricted or de-restricted. Thus, such a stent is
useful inter a/lia in the treatnent of blockages or
w@oirentidzd bl ockages and/or the prevention of PCT/SG2004/000180
restenosis of vascular, urinary, biliary,
tracheobronchi al, oesophageal and renal tracts. In an
enbodi nent, the helical shape of the stent facilitates
O : of t he
ns 8P Il SR LSRN M st g, of (1
%QOZZ Therefore the invention provides in a further
[0022), ckhesefags, isinvention pravidesin afurihes pagechrinsethod oé
[ rising:
realHEh T prodhyRRRy 102 sHRENN BBad o Bpar ot P b
compesisingzitroduding mwﬂmmifbgbcmaissl&nm tb@ fgpniersdexred tf)lbleSt

di L . t
oxp T a Rt L i e Wt op P nefing Bt pRlyfies e amet
least bemahwamefpmes iang atffret thér‘dp‘éhtcé bgsrapRBdLy RUeSing Pet e
t he stent forne have a first shape at a
frst HRTRPGH G AGE HOAIG SHbloginiessleaiionmed inhveca Hep ﬁh@mt
a loweNRATpRFAHIR TElandaé‘gecdiﬂUsﬂaﬁg att? igHe? @émbera&né

the second shape. [0023] er aspect,
causing et stem to chongfolo tbe@ecwwshaﬂe pr ophyl axi s or
treatnment of a subject in need of expansion of a
e
e B T b, (I SRAA S e PP by Rlas
or reRiment of mgukiestiin seed Qflexpansmmuaignenf compriging y mer
mtroBUéﬁ brito e élﬁﬁt%g Eé in éYuméWBEBFemﬁ b% q(gggﬁega%lt

transition t ur e and a secon
comprigingidifirgf layes Mﬂhhgaatﬁ;amolytﬂmtthatss at Iebﬁaﬂ*thﬁgrrt ially

amofFRLE B PR AR oot R Ln e R EE,

includingpeesextond @olyherrtbatds sEteedearhag&rﬁbrpﬂow ghe¢has a

erature onf o .change fromthe
glas} ffpksit Lpwer ?}“E%IEQZS tothaye qumbﬁ’t@
lowee taiapers@reT, Qm@afs@borﬁmﬁﬁhp’e a@mghéﬁ efpetatore T, and

erature wherein the introducing iIs
configGARP AbanGR T BR st Shak e behoat Sue ahrat ¢ he
tempfei*ﬁ[]ﬁe édual td difrehter ﬂ{anset@%e m:tﬁﬁ%hﬁ%r te Pl eé?\'d t 0

hange to the second shape, in part ovwng

Wheretfbthta intepdugingis eeré@r@qebat@ ﬁemp@éatumeowu such e:hasrthe
stent% ﬁﬁﬁw@rﬁréttéﬂa d:3ind %ﬂ’% tFF I%Eernt ?é@ﬁéﬂé% B %S@n&’f es Of
t hos

pr esent I nvent 1 oNn paren
ShaP@f mcnaﬂii bmlkwem@ the stentith eqailibrate tma teruperatuné egjhal to or

greafe? tHa'¥,

[0024] Other aspects and features of the present invention will become
apparent to those of ordinary skill in the art upon review of the following
description of specific embodiments of the invention in conjunction with the

accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]  In the figures, which illustrate, by way of example only,

embodiments of the present invention,



description of specific enbodinents of the invention

in conjunction with the acconpanying figures. BRIEF
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of the present invention, 6 WO 2004/ 110315
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[0033]003BIG. Bis8.side ewiof thessteat af BIG.t6: it a Sthte daeing Ihatiyal of
widtholpe enbodi nent of the present invention. As
fustrated, stent 10 includes a substrate 12 forned

at
[0034] FIG. 9is an end view of FIG. 8;
[0035] FIG. 10 is a side view of a stent formed of two side-by-side layers;

[0036] FIG. 11 is a flow diagram of a method of prophylaxis or treatment of
a patient by introducing a stent into a lumen of the patient;

[0037] FIG. 12is a graph of the self-expansion rates of particular single -
layer and double-layer stents 37°C, with a target helical width of 3 mm; and

[0038] FIG. 13 is a representation of a catheter device comprising a
balloon mechanism to deploy the helical medical stent.

DETAILED DESCRIPTION

[0039] FIGS. 1-4, illustrate a stent 10, exemplary of one embodiment of the

present invention. As illustrated, stent 10 includes a substrate 12 formed at



7 WO 2004/ 110315 PCT/ SG2004/ 000180 |east in part,

from an anor phous polynmer 14. [0040] As will be
wa@ppraoidas ed, at the nol ecul ar | evel, anor phouBCT/SG2004/000180

polymers have at |east a portion of the polymeric

chains in a disordered state. Mol ecules are randomy

arranged, having no |long range order, rather than

o AL A BB el a7, coyst L e e

pol yners that are fully anorphous, partially
[004o]mrAh wulsbeiaripmelatedc aytheahdleodar lawelr pimotzhops pplyieiers

navers oashpyfgionp hE paviIeak chFR T iteFed i SREY° L ne

Moledlilel abe ratidlotiy Brramyerl, having Inmeorig)rai'vgelbr@érh&atherahah bel ow
whi ch theCP@h ymer w || berelatlvell brittle S|nce

periodicaliyarrongrd ahi Hisryiialineesgrialor s Wi eFgieg. su
P0|yff}ﬁlls%él’é?or5 %(ﬁ@@%&%hﬁs tﬁﬁ%}etfblﬁl HAbYFBUS, gﬁrﬁdll&ess ed.

he material is soli yet has no
amoipbays padgemirotystallingr Asnerehouspolyeers RavemoBF§ st al | i ne.

transktﬁnqgan@ ré%e?ﬁo t}oﬁswl—{ﬂ?qb%o ))n§er€W\|l BETERBRILSS ﬁ;,gl id, or

ymer may still be
polyrher ¢mnhs willdbeaatdé tcemosén telative tﬂitﬂ@chmﬂmﬂ argt belgworhich

the ppfiiararif bp RSP AE, Bt e pairper sl ferd ot o
movd fiuth fréltaﬁve E)Tézﬁihanhé'r?}/he%egifoﬁsﬁer i$ sasseri d‘rlnat is,
enper at ur
belownoh gtenahis bl Yruras i ong Tande aidPtlat Sitar dsy b
is noﬁlﬁ&alme In B RIMRIS) Bhey FRtSTial [Rdn amprpheus Sekt, top af or m
stent 10 include poly-L-lactide
glassy ohhapghdxitiey éhg P@Mﬂ?" Mgy Sty bg é@me@e’n@@&a‘he%ﬁ‘?e
The érlg?ﬁﬁﬂ 61’?0:‘&8 re ihé‘a‘:tb'sﬁﬁbe tHeOho @Kﬁﬂl%&ease the further

ycapr ol act ﬁo ygl ucona pol yl acti ¢ aci d-
the tgnpgn@wrwaén@nqb\xthqé @l@p@l'%/mf@meﬁ'd'éibﬁ wol o elheglass,

transitdin! 18 Rraty -‘/é'a}f%F S hPRme0! Yanhydri de,
i BirDRratuleCT oty OHSHI m

amno acids) or related

copol ner s naterlal pol yur et hane incl udi ng physically
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poly(hydroxybutyrate), polyanhydride, polyphosphoester, poly(amino acids) or
related copolymers material, polyurethane including physically cross-linked
ether or ester-urethanes, polyethylene, poly(ethylene terephthalate) (PET), or
Nylon 6,6.

[0042] At atemperature below Tg, stent 10 is formed into its first state: a
generally helical tubular shape 16 of helical width D illustrated in FIGS. 3 and
4. At a second temperature above T, stent 10 is formed into its second state:
a second generally helical tubular shape 18, having a helical width Dy
ilustrated in FIGS. 1 and 2. In the depicted embodiment, shape 16 has a

generally circular cross-section. As such, the helical widths D1 and D2 equal



a second generally helical tubular shape 18, having a
helical wdth D, illustrated in FIGS. | and 2. In the
waelepiaimsds enbodi nent, shape 16 has a gener al | BCT/SG2004/000180
circul ar cross-section. As such, the helical w dths D1
and D2 equal 8 WD 2004/110315 PCT/ S&004/ 000180 the
helical dianmeters of the two helical shapes 16 and 18.
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FIG 5. As illustrated, in step S502, the substrate 12
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stnp'@i?b&%férhmpvm in the art, including solvent casting
or extrusion of a poI yrrer [0045] For exanple, a

yner to be _extru brought t Igvated

100480 B PO ENGE 5% Erebs ke ToiTed AEORPRATO e ers, find Fit

be fdn%B WY, com¥nithal RRARIE Knowhsh eeart,A80ding @orz/aac The
olyner i s then extruded at the elevated tenperature

casting op exiresien PhapoymMgéneral |y flat filmusing a suitable
die, at a rate of about three to four feet per

[0045] nUFSr exﬂ?ﬁpléozmbbw@wﬁ: tSé byoruaRg rhayeae besughe® &6l to or
flor exanpl e passing the filmthrough a

elevatgd It@amerawreabnths Wﬂt@lg poite RLLPwiqrdngiance. may B strip
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elevated! Itempemhapmth amqmgmms gexerallydiatfilr using ampipblg) die,

ata '?ag?r&//\ﬁ c;dé?%%% folu.f? f?eﬁ)%{ hntnlﬂﬁef Wh@coﬁﬂ&d&sﬁ{ﬂ‘ﬁﬁ%}r then

be codlpd tdloe b\ahiv\u'ﬁ dbr éé(arﬂplé,rb)ﬂpaﬁsmg theZim tlyoudwat +120,

aII from apo 0 0 r aoutOto
ructegBnb23Sr W BRI TR .o Fuf i B adtres AR OD
necagSanyeen abou_t 60C and about 90C (preferably 7OC)
[0047] The filmis maintained at tenperature T, for a

[0048]er ! dggﬁ %‘0%(3? Erge-sbscgﬂ%}ttté) aﬁ%&Pég?urﬁ %%tetﬂ b ?g
hehcw éHap\éafamnéﬂMi@dl digmeter T4, Tpicalhy anlmlehui; nsdsmtcr:lkeaiss
the f Im Ty g chosen somewhere above Tg for the polymer (i.e. Ty= Tg +

X°C). The value of X is from about -20 to about +120, typically from about 0
to about 30 or from about 0 to about 20. For PLLA, the oven temperature
may be between about 60°C and about 90°C (preferably 70°C).

[0047]  The film is maintained at temperature T for a period of time
necessary to set the shape having diameter D4. The period of time required
to set D, will vary depending on Ty, Tq and the film thickness, and may be

between 30 minutes and 24 hours.

[0048] Once set at the higher temperature of T+, in 8506 the stent is
cooled to a lower temperature T typically below Ty (i.e. T2 =T - Y°C). Atthis

temperature, the polymer may still be deformed, and is shaped into a helix of



between 30 m nutes and 24 hours. [0048] Once set at

the higher tenperature of Ti, in S506 the stent is
weomhed3iD a | ower tenperature T2, typically beCDSGHG4/000180

(i.e. T2 =T1 - YCO). At this tenperature, the pol yner

may still be deforned, and is shaped into a helix of 9
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stentsids readyfforéss.r ed | engt hs. [0050] Stent 10 so forned
thus has two states: one having a helical shape of
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vveII stent 10 will transition fromits first state to
[0050) s Stentthso freed tbms bas ivaosiatesaorg hawng pdrelicalishape
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abovg,spbaioweH tapetatin dopepriad omiity 80a e ™ s Natphlks
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or exanple, be body tenperature or | ow.

film, manepﬁma sasng polymer.p i1 thisdnsiage. Je '%ﬁB%‘étrPGlMa!W Y <
37C, T3 may be equal to Ti. If T3 < 37C, prior to use

[oosgtpeCTaa&ep%heg Bf%he SOREIcHI FNIndFandRS drifGHdiditR@s. such as

orage at sub-anbient tenperatures (or S
Prefesafoly) nt is@ biplogisably relevant lempeyptuse.of aigay; for SX%@HQ E%u ned

bodystéﬁlggragérggéklo@tAﬁglﬂéin)ély, 3nd PEIYARE HidybeASttenWith e
< 37°C, Tamay be equal to T4. If T3 < 37°C prior to use special storage
conditions may be required, such as storage at sub-ambient temperatures (or

at least equal to or lower than T-) or storage in a constrained state.

[0052] Optionally, a therapeutic agent may be incorporated into a stent so
formed. The therapeutic agent may be included with the polymer prior to
extrusion. Extrusion of the film allows inclusion of a drug or agent that can
withstand the extrusion temperatures. The therapeutic agent may be any
agent designed to have a therapeutic or preventative effect. For example, the
therapeutic agent may be a drug, an antibiotic, an anti-inflammatory agent, an

anti-clotting factor, a hormone, a nucleic acid, a peptide, a cellular factor, or a

10



formed. The therapeutic agent may be included with the

pol ynmer prior to extrusion. Extrusion of the film
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agent may be any agent designed to have a therapeutic

or preventative effect. For exanple, the therapeutic
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[0056] In a second embodiment, a stent 20 may be formed of one or more
polymer layers 22, 24 as illustrated in FIGS. 6-9. As illustrated, layers 22 and

24 may be formed atop each other.

[0057] Layer 22 is arranged as the inner layer (closer to the axis of the
helix) while layer 24 is the outer layer of the formed helix. The polymers
forming the multiple layers have differing glass transition temperatures Tg.
Outer layer 24, is formed of a first polymer 28, having a glass transition
temperature Ty; inner layer 22 is formed of a second polymer 26 having a

different glass transition temperature Tg,. In the depicted embodiment, Tgo of
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pol ymer layers 22, 24 as illustrated in FIGS. 6-9. As

illustrated, layers 22 and 24 may be fornmed atop each
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(closer to the axis of the helix) while layer 24 is
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manipalbtiomr such as generat ed via radi ation, chem cal
process or physical pressure or nmanipulation. [0060]
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surfapmt grayrhe added)| RO 9 extTusilt- hedﬁg‘aﬂfeﬂ ngww thy E?ve
two c{)%‘?&@pcﬁ\}rﬁ&ﬁdwaﬁér\é%% ofaalh efherhe mul tiple layers may

SLoIRent T cast . Such  cast i ng results in good

interfacial adhesion. The second | ayer
[0061]  Alternatively, each of the muliiple layers may be sél\sler%%sétst féSéR a

casting results in good interfacial adhesion. The second layer is cast from a
solvent that does not dissolve the already-cast layer. For example,
polyurethane used to form a first layer may be dissolved in
dimethylformamide, while PET used to form a second layer may be dissolved
in chloroform. The second solution may be spread on the first layer once dry,
and the solvent evaporated off. Again, a surfactant may be added to the
polymer solutions prior to casting. The resulting multi-layers have a strong

bond between the layers.

[0062] The layers may alternatively be spin-cast using a high-speed
spinning machine. Such a machine spins a solution of polymer onto a
substrate and the solvent evaporates off. The films produced by this method
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sol vent that does not dissolve the already-cast |ayer.
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[0066]) Once the multi-layered film is formed it is again heated to T, and
formed into a helical shape having helical diameter Dy. Thereafter it is cooled
to T», and re-formed to a helical shape having diameter D,. For multi-layer
stent 20, the definitions of T+ and T» are based on the Tg1, Tg of the outer

polymer layer.

[0067] Conveniently T3 the temperature at which a formed stent transitions
from one state to another, is influenced by the Tgs of the multiple polymers (in
the case of two layers Tg; of the first polymer 28 and T of the second

polymer 26). Typically, T3 is closer to Tgs1.

[0068] Similarly, the rate of expansion (i.e the rate at which stent 20 self-

expands after its temperature has increased beyond the state transition
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[0066] Once the nulti-layered filmis formed, it is

again heated to Tl, and formed into a helical shape
woaningsiel i cal diameter DI. Thereafter it is PODb&ZI04/000180

to T2, and re-forned to a helical shape having

di ameter D2. For multi-layer stent 20, the

definitions of TT and T2 are based on the Tgi, T. of
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many appl i cations, such as for exanple, urological
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he rate of expansion of device by careful ly

strengl %@E‘? Hyi-tayerad sigDt #whea 0 axmndeg state] goedthe
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[007Q),+ Againyralymers sitabledorusegn ongrat mdrerayess in thadielicale
st 0L Ol 1509195950 Iy %) oY Bcadils
glycollde) (PLGA), polyglycohde (PGA), polydioxanone, polycaprolactone, ‘
polygluconate, polylactic acid-polyethylene oxide copolymers, modified
cellulose, collagen, poly(hydroxybutyrate), polyanhydride, polyphosphoester,
poly(amino acids) or related copolymers material, polyurethane including
physically cross-linked ether or ester-urethanes, polyethylene, poly(ethylene
terephthalate) (PET), or Nylon 6,6.

[0071] In one embodiment, the medical device has at least two layers, For
example, outer layer 24 may be formed from either an amorphous polymer
with a T, of between about 35°C and about 60°C, or a cross-linked polymer
with a Ty of between about -10°C and about 60°C, and the second inner layer

22 is formed from either an amorphous or a semi-crystalline polymer with a Ty
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a glass state, may therefore provide rigidity to the
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bet ween 40-60C. [0072 use of

innerjaysy#rand @gﬁrelem 24, *lw 3 o~ 'S'M?"e?tei‘ta?"éﬁosé’i r}ees'”"ﬁg ef ul
|ayerg€z| ﬁ)l?ﬁlt&gaﬁr 23 1R BS betwledB:pahyer, may range from

ow boby tenperature to above body t enper at ur e,
such as between about -10C and 60
[0074kar  InclieEAtye SELRBAEBOTEMR BAY MRSt RN Boo%s
form J‘ﬁoﬁ]eéd@ﬁtio\ﬁﬁl ;Scﬂi/rﬁléféesﬁgéhﬁ th@%y@kﬂ Sfe praipably forared i nner

ayer can vari ed, ch’that in different

atop eﬁcioqihne nike lrtch@q;b@f TE@“'P@I'@Y%%I,QQ@CHJQV"H%P frpra a gofywer
havuigﬁé atfn el dhit %Q&gﬁﬁggﬁloﬁ RempERIr8 eslI0WRYEF & fiRd ckuitiohesrent

ess
Ts, the state transition temperature of the device, as well as the rate at which

the device expands to Dy. Where additional layers are included in stent 20,
the T, of each progressively more inward layer will be greater than the T of
the previous more outward layer, such that the innermost layer will have the

greatest Tg.

[0075] In yet further alternative embodiment, illusfrated in FIG. 10, a two
layered stent 30 may be formed with adjacent polymer layers rather than
overlapping layers. As illustrated, the first layer 32 is positioned side-by-side
relative to the second layer 34, such that the two layers wind the length of the

helix, and such that the first layer 32 is above, being an upper layer, the
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i nner layer 22 and outer |ayer 24. For a two-I|ayer

stent, ratios of the inner layer 22 to outer |ayer 24
woreap4be3bet ween 3: 1 and 1:1. [0074] In alternap¢weG2004/000180

enbodi nents, stent 20 may include additional |ayers

formed from additional polynmers. Again, the |layers are

preferably formed atop each ot her. The incl usion of

secoild gagg}?z I3 rasl’o\nfé?ﬂqef %féﬁ @?A@Eﬁ?@dmﬁwﬁ“ ng a

different g sstran ion
helix.i Againpsteht30 is fiorofed With algbaemi hélical shdps, having a hehcal

aiarl PR KoL o FirBared hiafe e 6 epen Bptca
sha;babla!\nﬁg diatneiterdd ) des termpsrafirt D20,  the T. of each

progressively nore inward | ayer will be greater than
such that

d |
0075l Sierd s PorhlBr i Jarmeas Yo & mgre dassbestts agepbys)
or thbrdé)ieérgfdﬂ bidiffle MHetAidubE 'a\génmrl@%tes' "l*Hé?éfg)ﬁat %thrft n

a two [layered stent be for

30 may, 'aelaﬁe OBR Py sFe tf@y%?reé,'tlp @gﬁ@ﬁs tﬁtmlexamp@r eapplaygr
may'c%)i%‘ iFa dierdtibshp&itRhgdnt rfe’a!i:ﬁﬁa))e? (?b%télﬁ the sa
poR podnty P TR

posi tioned side- ative secon
therapgutie gopnt whichwilkbe mpleeemrm d}ﬁenelnttrhtesl dap@hhmgfort the

b
ol L 5 LB g 5] 4583 e o
layerBGITe REaedsi@oby-8ide, thedbedpkatcagdils wilkbégelverekrthe

relative to the |longitudinal axis of the helix.
samé@é&%ﬂo%tem 30 is fornmed with a general heli cal

shape, having a helical dianeter D1, at tenperature

[0077] TStenk3ad isdiormed as'; ses@itfedraede] esing geektrasioneri cal
r ature D2 [0076]
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be cd-brirafeeltbifornag ©6ty$ner s@ip h&eng adjavaitbailis af 8haw! €

di ff t Th f t ent
polyrg RGH 1At S ol bio bPE IRterp ol hevergdapent s

that wika@nhé RngPesthé RYIBL AIf@Maﬁ%ﬁé‘N %é‘la@er%' rfwéy‘? bEhst si %de bg
thera&eutl c agent, or each fry contain t

side, dypicaly it %srag%ﬁegremf @Mex}@n ot the ears & theepplymer strip.

di fferent rates depending on the polynmer used to form

[00781«’:10 de»r&N&i‘ calREphdfiofs, [the pBlYmels uséd '@ liiiBioSor AS

ers_are formed side-by-side, the therapeutic
Ste"t%légn?‘%) typigady GiacpTatible; RoR-Erlotaximendiner-eli¢rganic,

causing ridimapirRtition & the sSL%heASndG RS ih RAHNRRVIS bdl' NI

co- extrusion or
[0079]  In certain embodiments, the polymer or polymers used may be
biostable, or non-biodegradable and are not degraded within the body. Such
polymers are accepted to be substantially non-erodible in the sense that their
erosion rates are usually of the order of years rather than months. Stent 10
(or stents 20, 30) formed of biostable polymers is particularly useful for
applications for lumen de-restriction or de-constriction over long periods of
time, as for example, in coronary artery applications or urological applications,
or for use with cranial aneurysms. Suitable biostable polymers include
polyurethanes, poly (ether urethanes), poly (ester urethanes),
polycaprolactone, plasticized PVC, polyethylene, polyethylene terephthalate,
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sol vent-casting or spin-casting. The polyners used to

formeach | ayer may be co-extruded to forma pol yner
w@Re4p1d3ayi ng adj acent bands of each pol yner, PGII86:2004/000180

that when coiled into a helix the stent will have

adj acent layers that wind the Iength of the helix.

Alternatively, the |layers nmay be cast side-by- side,

poiyPhEAPYAL. dr R ng B8R BeBEEHEAR or Njrends

6,6. applications, the polyners used to formstent 10 (or
stents 20, 30) are typically bioconpati bl e,

vt . q ’ , y il

oos? TR S e 2B D) S ste i B BRI

polyniéiPrevideéHBrtin btvarRages dvee khowh ienices sutreapoiejater or
nmers used may be  bi ostabl

pal ) .0 - bi od |
stont S TEdIERIEg BT ACAEBESR M AOR LB e &AL IPeotes R R
periodof tifheC %Pﬁlﬁtgﬁéd?bgﬁe Yebict ABEH Abt e PotewIdOGHikY & secoride

sense that elr erosion rates are usually of .the

procestutie afterfits usefid lifeiniibe vesseh AMembiabsarhable pelymeds
. i | i
stent%é*ur i r%gp}jfégpur&?é{@%g?élyg%gﬁég sﬁw@Q)aY:U@rhfhe'a@

icula use Ications for lumen
treatrdlentraret chemticalrcleanirgecarumenly iused snmetal stens mpnyiactyng of

tjme, .a or example. in c AaLy .ar hoi loNs
are ng} 1eghist HoMeVar fierE ma/ L SrRliF Sl o EheRPT iR
stentadBier prefdired BptibAfoeekamsie &b bardinviag csasapplicatinhs, for

pol yur et hanes 6Fol %et er urethanes), poly (ester
added sgfety Reygnd a fi éﬁ BP%ct one, plasticized PVC,

pol yet hyl ene, pol yethyl ene terephthalate, 16 WO
(00890044 tbh 080 PorRESHIS20.080) /i€ 06siGied fodiavei godd adapset e

R A e e e G e e L

inserfSHYHridsds9@xphndatiitp.aleshatiamag bepsipanted pisiel thes
certai n advantages over known devj ceﬁ i?uﬁh ag met al
vesselias gavity, iape|tien @mmwemsﬁﬁﬁmt sRafleRb TGS oxi ¢
' hi b hRlicAl@lesiRA. Etedt MBchahical
expaggg%gﬁeggﬁgﬁlgg%@é@ rJeeI%I not @ge rgt ri ev,edlcuai n
proparties aud spif-espansian aerdirecily propegianeal 1o teasileme ‘éug 8€5e| .
' A lnPovi fAts with th
the rR B P A T B o e et
requitecemenbanicalpioshties caplablg efhipeigg GPRAGARGIUMRH i n net al
¢ ﬁkent manufacturing are not required. However, there
STUCHIGS-he certain situati ons where a biostable stent is

the preferred option, for exanple in cardiovascul ar
[0082]pp! Incart @xemsplafydiiostable two-layered stent 10 an outer layer 24 is

made from polyurethane, which may be a physically cross-linked, for example
a poly(ether urethane) or a poly(ester urethane), and an inner layer 22 made

from poly(ethylene terephthalate) or Nylon 6,6.

[0083] Alternatively, one or more layers stent 20 (or stent 30) may be
bioabsorbable. That is, various polymers degrade in the body put allow
monomers and by-products to be absorbed. Bioabsorbable PLLA and PGA
material, for example, degrade in vivo, through hydrolytic chain scission, to
lactic acid and glycolic acid, respectively, which in turn is converted to CO,

and then eliminated from the body by respiration.
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added safety beyond a 6-nonth period. [0081] Stent 10

(or stents 20, 30) is designed to have good col |l apse
waemengishs (conparable to a netal stent), | ongiPCOBG2004/000180

flexibility (for ease of insertion) and easy

expandability, so that it nmay be expanded inside the

vessel or cavity, and then deployed by nerely
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bracCi ng open endol uninal structures. E’@‘eﬁlrzfl In an

fastesshanl deojeasasdp Mass. 1 olaly axperripus: §RSS-
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y cross-| for exa y(et her
a mateml wah e:)ys«balhme mﬂ mgtmpua rediont gfegr%d?aloaﬁlmwav beayer

a0V e R ARG OnpPSubREnE PolmE Phufin e, o

and fhgterial motesig.my be bi oabsorbable. That is, various
pol yners degrade in the body but allow nononers and

oned PSS Figh PR B0 sRARRER AU R fpnd PO
poly-Dyldcﬁdey(PnLﬁqhwpglymnss i(BGA) t apolyawrs of Aantudeazmd

aivobeh 43 6By Folyiaranob pakipaaltpRlistc pEBRIRInEE, by
oxide &%ﬁi 'ﬁi'*g?@?gﬁéﬁ ‘gﬁ);&g&e&lﬁcbgég}lﬁ pmuﬂyewaweﬁso
polyabNGHR. SONPIPIRRGRTA PO GRS PPk Rr R R éf'gﬂﬁh
each@gr aﬂ&é@&ﬁar@%hm&@raﬂ%om#h&hé bBey."regi ons.

Ion occurs nore rapidly at amorphous regions

exampePGA apd\polysiioXenene ats shivelyfast-higaloring faterials
(weegé ?odM%Eth@? Gh& ﬁ[ﬂ%r{?&&*&éf&é&oné ard £felhtiaty sibw-

reases’in nmas anor phous, cross-|inked
bicalsoilyieg heatsrial (months toyears) i Fdws, @élslﬂecaaersm will bealen

to ch\émp%?ng%f)ﬁrﬁ% §{e dl.[nbg@so 21 TRRERA ith %g gﬁd’g‘%ﬁbﬂaté‘ﬁﬁﬁ

anor phous regi ons. atron tinme
is suitable bor a @ddiredtaplitationar i ati ons in chem cal conposition
and polynmer chain structures and material processing.

[0086] It should also be noted that the coilapse pressures of two-layered
stents are generally lower than with single layered stents, such as by a factor

of half or more.

[0087] Generally, mechanical properties of polymers increase with
increasing molecular weight. For instance, the strength and tensile modulus of
PLLA generally increases with increasing molecular weight. PLLA, PDLA and
PGA include tensile strengths of from about 40 thousands of pounds per
square inch (ksi) (276 MPa) to about 120 ksi (827 MPa); a tensile strength of
80 ksi (552 MPa) is typical and a preferred tensile strength is from about 60
ksi (414 MPa) to about 120 ksi (827 MPa). Polydixanone, polycaprolactone
and polygluconate include tensile strengths of from about 15 ksi (103 MPa) to
about 60 ksi (414 MPa); a tensile strength of 35 ksi (241 MPa) is typical and a
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[0085] Suitable bioabsorbable polymers include
poly-L-lactide (PLLA), poly-D-lactide (PDLA),

w@oiogaglosedl i de (PGA), copol yners of |actide aneiCT/SG2004/000180
glycolide (PLG), polydioxanone, polygluconate,
pol yl acti c aci d-pol yet hyl ene oxi de copol yners,
nodi fi ed cel |l ul ose, collagen, poly(hydroxybutyrate),
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MPahar acteri stic degradation rate in the body. For
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preferred tensile strength is from about 25 ksi (172
[0096Pa) Stent 40 Gurtsteits m 3Qﬁ§@ehﬁa)ly radi®l08&it didlthe PDLA and

d f f bout 400, 000
- meciiiheh Bpkiths i dbe PRYER'S i geneslbden pripnsy et
metaPalf)8, BRRAbPsbablelst bGP slentdmb§ "r‘éckdn% .@ewﬂaaae of
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lumehQo 8B@Pknsate for the lower material properties.

[0091] For example, an inner léyer may be unplasticized, thereby having a
high Ty, and an outer layer having a lower Ty may be produced by pre-
plasticizing the same or a similar polymer with acceptable plasticizers. For
example, a PLLA may be plasticized with glycerol, and cast or extruded on to
a PGA layer. In this instance, the level of plasticization is so high as to render
the PLLA amorphous, and making it more soluble in acceptable solvents.

[0092] In one embodiment, stent 20 is used to deliver a therapeutic agent
in a biphasic pattern. Stent 20 is formed from two or more layers each having
a different T, such that the same therapeutic agent may be dissolved or

dispersed in the two or more layers, so as to diffuse out at different rates. The
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1, 200, 000 psi (8,274 MPa). Pol ydi oxanone, _

pol ycaprol act one and pol ygluconate include tensile
worrawiius1Df from about 200, 000 psi (1, 379 MPa)PCT/8G2004/000180

about 700,000 psi (4,827 MPa); a tensile nodul us of

450, 000 psi (3,103 Mra) is typical and a preferred

tensile nodulus is from about 350,000 psi (2,414 MPA)
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[0095] Alternatively, a stent 20, exemplary of an embodiment of the
present invention, allows for the delivery of two or more different therapeutic
agents in a controlled fashion. In one embodiment, a multi-layered stent 20
having each layer formed from a polymer impregnated with one or more
therapeutic agents, different from the therapeutic agent or agents included in
other layers. The degradation rate and thickness of each layer may be
designed such that the therapeutic agent or agents of each layer is released
from the stent-20 at a particular rate or particular time period once inserted

into the lumen.

[0096] For example, in the case of cardiovascular applications, a two-
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order to achieve a desired rate of release of the

t herapeutic agent, thereby delivering a particular
waelo®e/100313 he t herapeutic agent over timnme. [009B¢T/SG2004/000180

Conveniently, the innernost |ayer of stent 20 wll

rel ease a therapeutic agent therein toward the

| ongi tudi nal axis about which stent 20 w nds.
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cathateﬁm ymer inpregnated with one or nore therapeutic
agents, different fromthe therapeutic agent or agents
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period once inserted into the | umen. [ 0096] For

cavw)czi@plr@ter ithe tuke batleads frort e ddoney do e Rlpgd¢cat i ons, a
two- 20 WD 2004/ 110315 PCT/ SG2004/ 000180 | ayer ed
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ug Is rel'eased initially at a faster_rate fromthe

maydgt danel tayr@rswmheatﬁmpﬂ?éwerﬁjémﬁ ﬁ*ﬁf\b&t%w yif Ta has been

chosen to be at or below body temperature, the device may self-expand as its

temperature equilibrates to that of the implantation site.

[00100] However, although stent 10 is designed to self-expand, an
additional expansion approach may be used, such as a biphasic expansion
approach, for example, by a combination of radial expansion and raised
temperature. If physical expansion is used, such expansion may be by balloon

or bias-mediated expansion, as is known in the art.

[o0101] After the deployment, and optionally expansion if by physical
expansion, any deployment and expansion aids are removed. Conveniently,
when the expansion is aided by a balloon, the balloon is deflated and

removed. The prosthetic device is retained in place by the tissue with which it
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fromthe inner |ayer 22 to prevent | ate-stage
restenosis. In addition, the inner |ayer 22 nay be

was@d/11is1zel i ver a different type of drug, SucPCEHSGZN4/000180
anti- coagulant, to the |unmen side. There are other
simlar applications for a bi- phasic release profile
for devices of the invention that wi | | be underst:)odt

[0097] In use, sten
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compﬂéétldﬁb%ﬁshaefro?ﬁ\/éééél 8f hcﬂlgwc&gg ﬁllgt ht ubes of the

gastro-intestinal tract e bile duct,
as the cavity of aureter the tube that

lﬂof"z‘&f lf‘PB?ﬁ fpRloysdy ﬁt%mflg i genasplicRharter froleagth and ISigEs4,
in hém:‘éﬁwi@ﬂh !-h%ﬁ Hé?b?b rd%gldyﬂfe‘ﬂ |FY ex ﬁ"lﬁfét intOhe m%)(SB q}‘f‘,qge

Thi done yralsmgt era ureo
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errpera re’equi

3 mingften deployoantsiln e:on{paﬁ&@ﬂ}fnl-éxpanm%le ?hétblosiéﬁt generdily 10
on ansi on
has bBadtie BAE 10 e gl S BRRins Berord fading B aflihat on

deplappentach for exanple, by a conbination of radial
expansion and raised tenperature. |f phyS| cal

bal |
1o01BAP IS A i o5 apri et SRAE N ey sechheanef of
med(ceoampamemcwmmepgwnemd smdte@mtmmmhéﬁbéﬁm@%sa on
biostghise el Bb i uing ok s GetractBo-U SR GHRAYe doviseds ¢ he
desirexp Dpionally, Sueh sedtdviaf rdlddde0siid ort rhSrebl?a'eFéHHﬂ:tlb 2gents

def | at ed enoved. The prosthetic device I's

atthe appjphiagon ﬁ'gem R BPHIRStenc Baybe SaR i heart dizeassD
treatﬂﬁﬁﬂb%ﬂq@%b@%a%@@&%@%ﬁpor without drug-carrying

capacity, to prevent restenosis. Other applications include deployment of the

present stents in thoracic surgery to keep airways open for patients suffering
from bronchial stenosis, or in urology, to keep the ureter open.

[00105] Thus, in $1106, stent 10 (or stent 20, 30) delivers one or more
therapeutic agent to the site of implantation where the device incorporates
such therapeutic agents dispersed in one or more polymers used to form the

device, as described above.

[00106] Typically, the diffusion of a drug through an amorphous or
partially amorphous polymer is influenced by the Ty of the polymer; the
diffusion rate of a drug is higher in polymers of lower Tg.
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IS in contact and its own expansion tendency. [00102]
Stent 10 may be partially expanded using a ball oon and
wo b@a/1iisiz  in place in the expanded state. StReL/SGB04/000180
may continue to expand to the defined final helical
diameter D1, and, if T3 is designed to be equal to or
|l ess than 37C, does not require heating to start the
f-e n :
00181 | S HEBERN o RPRRR 20 o Aein ETARUFRIPATTEIRSS o1
deschbédi aboveomgyp beipaclqged fandalk ept! sofsewith of witheutdur at i on
rr[')l antation, w thout conplications arising from
'nSt%@g 9Tdt hol | ow organ recoiling. [00103] Once
deployed stent 10 is generally shorter in length and
[001b81] ger Althougtethecahbodinithtstdesoritief lnereindefzte jonbelical For

nb d. th t
stent; 3 ARUSH BFGER VOt SEBHEI D iRE RGN FC 00! T Rk 2B
that ﬁ‘a@%tﬂﬁ%{a)feﬁéﬂiﬁ&%@@nb erGtdaky sehBUhcliSidly aﬁéfapémro%g‘fﬁlts n

hel i cal "'w dt o about 3 mm after depl oynent

havingthe:selfsapansion @W&H&&M%Cmﬂhhe@tﬂe’ﬁﬁy berieimad i V S has
shap@?%&ﬂe{ttm §§Qﬁa mlﬁé‘g'tlﬁﬁjlar@%ﬁg?' ons before | oading

ter oyment~ [00104] will now be

13‘&f}l)rem ated, stent 10 may be used in a variety of
[oo1 |caIE"2ﬂﬂ§Fm%i§|06ﬂ§ inverdiondnayybe dxter @Pﬁﬁe&fﬁﬂe in

light P@]%tf }0% ,m@téd&&pa%pere a biostable, rapidly

eg ra |ng ng bi oabsorbabl e device is
deS| red. QOtl onaIIy, such stents may rel ease one or

EXAMPLES her apeutic agents at the inplantation site. For
exanpl e, stent 10 nay be used in heart disease

[001‘"5]‘5‘6‘t b mplé 1P MPPala R BRleestepkyers with or

hout drug-carrying capaC|ty, to prevent restenosis.
applications include d oynment of the sent
[0015lont s A RrpibPaber R deirpoe SVHER oue ity adk et ety

casttﬁgbr Eﬁh%n&'gf l(l@)(t' ﬂ"& stlfl;S Aedieansd 'aeﬂelléél ESnd¥et irifo
he 'ureter open,. 0105] Thus, in

this mpeahel@abwtrm Q«) it athigher mmpqesurg éTu)vB?%C'U?i%e Bt Thor e
depetnﬁg rog R 6 tﬂg‘gﬁb Bg‘tr‘%t {H%egecﬁe?ﬁ rQk ié IPLaBLAL, | QBT

evi C% I NC SucC her apeutl cC agents
is frogh $pterabeut To+dHEC oOnew set aidhg hnghgr iesmeralore ormthee
sten@gﬁsﬁaﬁp Jiicet dr?\gocé'h%??ﬂﬁﬁ r e %&thxﬁg)'éﬁﬂa' latio dfhe

rug an ano partially
D+/Dasgguiecally goedtenttani 5 suolh Iael énooed tdi) atraalowgzr témpérature

(T2): %g:a{fﬁ; égmag?ae@gﬁ‘fﬁ&%i_lgé‘s foh it tdlgHe. ! s higher in
[00112] At this lower helical width, the stent may be deployed easily
using a conventional catheter. Once inside the body vessel or cavity, the stent
may be expanded by using both pressure and a raised temperature (this
temperature is usually between T, and T and is referred to as Ts, i.e.
T1>T3>T,). Under these conditions, the stent expands quickly first due to the
physical expansion method and then more slowly due to the self-expansion

properties of the stent, to the helical width set at T4.

[00113] After the initial expansion, the balloon is deflated and withdrawn.

The stent is retained in place by the tissue it is in contact with, and its own
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22 WD 2004/ 110315 PCT/ SG2004/ 000180 [00107] O
course, stents 10, 20 or 30 in the various enbodi nents
wa@sgoodessis bed above may be packaged for sal e apdr/sGd4/000180
with or without instructions for use. [00108]
Al t hough the enbodi nents described herein relate to
hrell ical stents, a skilled person will appreciate that
e |nv ntion is not so limted, and that the
eXPaRBIPR {ENAENEY-ed pol ymeric stents and stents incl uding
therapeutic agents having the self-expansion
[001ptjoper Geperalipsthe istemt] inese] is imtallyexpaodertiy adalioorshapes

o A S o DY Py 4 2 BB 0010
bodygggmlgb@ hl\)égi' slé\btsro t?fiagtdagi,fmetre\mg igbelow-Hodgi t | ng
tomperrau: oRIGS. oA NG A AROETBINaRG [AFRrT AR Gl A FBE by
W'th'}\éﬁa%fdﬁ{e Lhpds (sol vent- casting or extrusion).

r|p I's coiled into a helical shape and set
into this shape (helical width is D) at a higher

[0011&nper Example 2i Genenationef; multhlayered §€Hnds on the Tg
of the polymer: the general rule is to select Tl such

[001 d]at TThe lpfefbfrédtdnfigupatRirsfithd Steht #nulinagereétheli¢alt he
I"gher terrperature i), the stent is usuall Ha

stent intwhich sl OUeT Py SR Ie Piadel ol amprghaus pglymey i raad(fq 0

betwén g% B - SIGAEThE torkdf RHcPTs msaaoflan SRS Torom 6

over tenperatu é again, T2 may
semum&j@hrﬁe potyﬁifar witls @ Highan TaH{661108°C)o aB@@’VS[ﬂﬂU\Pl'EF“'M

pointgiedipt HEIOREC ik altbR rapl BB RBIIARY 10 P Ue e

body vessel or cavity, the stent nmay be expanded by
[00117i ng Botrhaker @ eulayeraddstent; Hiesfeiowingpercedureeis t hi s
adopiegpperature is usually between Tl and T2 and is
erred to as T3, i.e. T1>T3>T2). Under these

conditions, the scent expands quickly first due to the
[001 1ﬁ]y3| ca'heexmi‘éaneofma@e froo Rind) fonexamplekissnand By due to

casting fecfovEt D BBl RS bta SonbEinSfiglrontedes

A stapdprysolation doaterlisbisebfor itts gefioseellexng seiutionohihe.  The
outersléﬁgél@lfméf (&y%%ﬁg aI Iﬂs@-}éﬁfﬁ :9 e |In sél{lgﬁlfl’?at otoeg%o't n
dissolve the inner polymer that is already cast. An example of such a solvent

is acetone. This solution is then cast onto the inner layer polymer, and dried to

make the two-layer stent film. The film is then shaped into a helical stent using

procedures already outlined above.

[00119] The two layers, if made from biodegradable polymers, will
degrade at different rates, which may be used to advantage. For instance, in
preventing restenosis, it appears that rapid neo-intimal cell proliferation occurs
in the first 2-4 weeks. Thus the outer layer may be programmed to degrade
over this period, releasing all the drug content in the same time period. The
second layer may then be programmed to degrade at a much slower rate, to
prevent later stage restenosis. it may also be used to deliver another drug,

such as an anti-coagulant.
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23 WD 2004/ 110315 PCT/ SG2004/ 000180 expansi on
tendency. [00114] GCenerally, the stent, in use, is

w0 pdosi1ai3hly expanded by a balloon and then al | P@ESGL004/000180
sel f-expand at body tenperature. The expansion rate at
body tenperature is generally slower than at T3, where
Tg i s bel ow body tenperature. FIGS. 1-4 provide a

T o\ enper. _ -
(001200 4¢ h VG s (@aniee) Gyl a5 gn pBlimertniay theon ¢

ation o
top of C'g(’c)‘ilc@ ot ¥f Eﬁi‘é-k%lftﬁﬂ‘é. RO 416 Iavke hps eflewerT, than the

"t guration the stent is a mult,- e | cal
inner leiyenor, layersuinithis cage, tharaoq Xy’ gfuaﬂyeflr%%e ‘g? szchb
outer %@2{ h:%#u@zgt ROLYAWRE ki T 2oftfe obRirWoRmetGSciase tGBTC,

i'Aner I'ayer 15 made of an amrphous -or
then tREBpansion Aité isTepictboedy temperatirg; IgHBIS 'ﬁga'?%%ﬁ o) |

and_ crystal | i ne ' i 158 8polymanoflPOLandhi s
be 37&5%?%'53%%?9@9(@2hggg‘?ﬁ/%.&tﬁo 117] oymake a
PGA Wik, a¢ approkipnitely 3Te3&°6L | owi ng procedure is

adopted. [00118] The inner |layer (made from PLA, for

exanpl e). is made by cast.i 8 Y80 a0l Tsh Poly
[00124] ¢ houTald?3d3r°‘f'$%§1¥ez§’r%sgei%ﬁt&gr¥% P%Sﬁl chl'or onet hane.” A
ethyl%) 81 asQlsetizen plastotzer whens indidated-t hi s pur pose.

xt, a solution of the outer-Ilayer polyner

(typically a PLGA) is nade in a solvent that does not
di ssol ve the inner polyner that is already cast. An
exanpl e of such a solvent 1is acetone. This solution
is then cast onto the inner |ayer polyner, and dried
to M twQrhager stent film The filmis then
Tab‘%ﬁ'apgdﬁuﬁz%g 1@ cal_stent using_-proesd = ‘
Lot gmwmo fwo I dfers, lif made’tro
i bi-ogdegradablecpotymergqa T degsade at] di f f eBEIQR

‘?‘d’t‘%%‘?( T?ﬁg(l“)gy 0e u to adva e. Hor 45nGt{fastee) or
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i n SPBIEEKEi ng rebtenosis, it appears that rapBzC
neo-intipel—cell—pretifetati o OGHIES n the Byict
P@A%@fﬁ?ﬁ% he ogg% | ayer O'éj‘*'(;be pIr ogsAgRItdrpor

degPgle-aygler this pelr'od, releasing all|the dawec

content in the sawe-tigp-pertiott—hg —Second aygs nay
PLEABA/irstisizeg PhfAfe d to3geﬁrade at %5 Fr’;uch s| ower rate,

t 80/20r(&y & . FSod-t—ay—atsat
PLUEABA/20/gisistisized anot hﬁ @r ug, 5 7C
PLGA80/20/ (Ty = 44°C)
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[00122] Example 3: Stent expansion

[00123] FIG. 12 is a graphical representation showing expansion rate

data of for single-layer and double-layer stents at 37°C.

[00124] Example 4: Use of the stent

[00125] FIG. 13 fs a representation of the stent being placed in situ.
[00126] Example 5: Therapeutic agent delivery

[00127] One or more polymers in the stent may be impregnated with a

therapeutic agent or drug. Examples of such agents include anti-proliferative
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such as an anti-coagul ant. 24 WD 2004/ 110315
PCT/ SG2004/ 000180 [00120] Wth a two (or nultiple)

wo agpened1syst em the polyners nmay be on top of PE€ES6:2004/000180
ot her or side-by-side. The outer |ayer has a | ower Tg
than the inner layer or layers. In this case, the
range of Tl is usually fromthe Tg of the outer Iayer

agehi% ﬁ}%ﬁlé"s sTr@ (l:ﬂ')uégﬁd it fdeliMives nﬂ:fluc}uhﬁ \?éﬂ) $ §h¥ q at

cl ose the expansi on
pacliaxs) ménfpe:ieawahms anrtl-thnombomsa@amesudfﬁamparbe 37C.

antigHich syt erpBREh Glmaheigeui pogtin uel g pastiahaor
dox@rOBﬂ:ﬁ‘ﬂ}anﬂabb%geﬂw mm&sgémmeah@tahmyﬁéﬂtmé or TI1,
et hyl epe gI was used as a

age'b‘lsa?é‘?h EF%FGW%‘P%VQF pro cg &l OmFia’!ﬁ el T, T and T3
val ues -- - ~T3 POLYMER T1 T2 PLLA8.4 (Tg = 650

[00138T 25cw5u@g%eehémpghaieﬂeﬂéi@déé&'tfeﬁmb?éférréw itid/C
50C 25C 37C ayer 70C

90554'5@91 BEEV! (*%a% (lg'w)tufeﬁr"@menwmm rrze/ypnea%tf %@he_de@ aPlowsr 37C

iy i %%8‘?”2‘%‘?’*‘“_ ofiterit 15 R orip BEpARAS0C

This spaiesiisn hjdher ke e hifical wvidthgnaythiendie expanded at Ty
OW ng expansion rate data of for
toPngBé%sﬁF%\%ra?& apdoubl e-layer stents at 37C. [00124]
nple 4. Use of the stent [00125] FIG 13 is a

[001?%]0res<§?tammlerﬁ &ilayresterdst bei ng pl aced in situ.
[00126] Exanple 5: Therapeutic agent delivery

[00130] For a biostable PET/Poly vinyl acetate (PVA) stent, where T of
PVA (outer layer) = 28°C and T, of PET (inner layer) = +60°C, and where Ty =
37°C and T, =25°C, a self-expanding stent having a PET layer with thickness
= 0.18mm; PVA thickness = 0.07 toc 0.15 mm.

[00131] An extruded sheet of PET, 0.18mm thick, is used as the inner
layer. On to this is cast a PVA film, using a solution of PVA in
dichloromethane. The thickness of the cast layer of PVA is about 0.10mm.
This bilayer film is set into a helical stent of helical width 3mm at 37°C for 1
hour and the lower helical width of 1mm is set at 25°C. This stent can be

balloon-expanded and then self-expand at 37C.

[00132] As will now be appreciated, the above describe embodiments
are susceptible to many modifications. For example, an exemplary stent
could be formed of a non-helical shape. An exemplary stent could be formed
of having a generally cylindrical shape, two differing shapes at two
temperatures, or an undefined shape at one temperature. Similarly,
exemplary stents could be formed of third, fourth and additional layers,
between first and second layers. Each or some of the multiple layers could

include a therapeutic agent as described.

[00133] As can be understood by one skilled in the art, many
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[00127] One or nore polynmers in the stent may be
inpregnated with a therapeutic agent or drug.

wex@aplisss of such agents include anti-proliferetT/s€2002800180
WD 2004/ 110315 PCT/ S&2004/ 000180 agents such as
sirolimus and its derivatives including everolinus and
paclitaxel and its derivatives; anti-thronbotic agents

oS EERT o M B i b

The ihoxctiond rather, isintended takbncgepdss eeﬂumbh asodifiaatipo Mathirr ifs

and rtensi ts such as d
scongesi i Ao e o PGl AR DefiRe o etk
featuﬁ&@résnlb%ﬁbﬁs aﬁé €6|'n 8GndsSreRdrRIdEtoIof thdiddted thppssn bl e

rovid ube-1i ke stent which may
specifoakan, w&wld@alb( qr@@aectwam PR AT Al GO EINPRRREPLATY: o
two &rn?(ﬁjeed'ftﬁé‘ét% J9,RE any one of the polymers. This

reqU|re er orces. The helical wdth may then

be expanded at T3 to provide a functional stent.
[00129] Exanple 6: Bilayer stents [00130] For a

bi ostabl e PET/ Poly vinyl acetate (PVA) stent, where T9
of PVA (outer layer) = 28C and T. of PET (inner

| ayer) = +60C, and where Tl = 37C and T2 =25C, a

sel f-expandi ng stent having a PET layer with thickness
= 0.18mm PVA thickness = 0.07 to 0.15 mm [00131] An
extruded sheet of PET, 0.18mmthick, is used as the
inner layer. On to this is cast a PVAfilm using a
solution of PVA in dichloronethane. The thickness of
the cast layer of PVA is about 0.10mm This bil ayer
filmis set into a helical stent of helical wdth 3mm
at 37C for 1 hour and the |lower helical width of 1 mm
is set at 25C. This stent can be ball oon-expanded and
then sel f-expand at 37C. [00132] As will now be
appreci ated, the above descri be enbodi nents are
susceptible to many nodifications. For exanple, an
exenplary stent could be fornmed of a non-helica
shape. An exenplary stent could be formed of having a
general ly cylindrical shape, two differing shapes at
two tenperatures, or an undefined shape at one
tenperature. Simlarly, exenplary stents could be
formed of third, fourth and additional |ayers,
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between first and second | ayers. Each or sone of the

multiple layers could include a therapeutic agent as
waele®enidzesl. [ 00133] As can be understood by oneCHEGLUI0€000180

in the art, many 26 WD 2004/110315 PCT/ SG2004/ 000180

nodi fications to the exenplary enbodi nents descri bed

herein are possible. The invention, rather, is

i ntended to enconpass all such nodification within its

WHATIBGLARMENefg: ned by the clains. The invention also
|ncI udes all of the steps, features, conpositions and

1. cofdem@ompasiagfiset and saconch tiyees, edidi fmsitlayer including a
f"stz’%‘é“% RS BNeas A onindls SRV oS5 HrarAlou; oo
temperatuwra iTyr, ee!d @Eoﬂﬂa@@ﬂﬂc%ﬁ@%s&ﬁﬁﬂ%@ﬁéﬂ tﬂ@ﬂig%@ Iea‘éf"dAT

DIS.,.,1. Astent co sin st and secon
partflly SRS G s DRSS RoRS TGRS Uq Tossapoigio:
fomiehlatb hage atfirdtehape REA Iovier t&m@w@a%%r@@szk&%dash%b@%%

transition tsr nperature T sai d second | aye
)

a highgr tempergtuge &m’&%ﬁgwﬁé?m changg fsomsaidrst shamtpu ally
sald3BRBRN NP h (BADCatdtd) @ﬁr&é@?ﬁﬂa‘?@ﬁ?ﬂénﬁw 792,

said stent forned st shape a
tempesaiyes 3s deeendens atleastsa pertdnsitdgast ane OéTbnl FIET .
tenperature T1, and configured to change from said
first shape to said second shape at a tenperature
2. eqlhs steot dfrclaggmet thenthericampaisinga teeist one atigitipedlahind € T3,

t [ east one of T., and
layefRERBHGH 1B opfRT spot b Bl e S bePlarb ForeBiis fad et a
glass trassitiontenpeeatureoNal third layer including a third

polymer that is at |east partially anorphous and has a

glass transition tenperature T93. 3. The stent of

3. cClBigstent@r chiidi orslaith2 Vidreih ;< 32¢C. 4. The stent of
any one of claims 1 to 3, wherein said first polyner

conprises a therapeutic agent. 5. The stent of claim

4. 4, Thehaémiof ahplofle lOf %faﬁ’ﬁ@ ‘1’% @ WA&RIN $aid Fi t%%[ﬁt‘?erf rom

t he group consisting of drug, an antl
compyises 2 thelapaviig egsntagent , an anti-clotting factor, a
hornone, a nucleic acid, a peptide, a cellular factor,

5. 2 The stent of claim 4, wherein said therapeutic agent is selected from
the group consisting of a drug, an antibiotic, an anti-inflammatory agent, an
anti-clotting factor, a hormone, a nucleic acid, a peptide, a cellular factor, a
ligand for a cell surface receptor, an anti-proliferative agent, an anti-
thrombotic agent, an antimicrobial agent, an anti-viral agent, a
chemotherapeutic agent, and an anti-hypertensive agent.

6. The stent of claim 4 or claim 5, wherein said first polymer and said

second polymer each comprise a different therapeutic agent.

7. The stent of any one of claims 1 to 6, wherein said first layer is an outer
layer and said second layer is an inner layer such that said outer layer is
spaced farther from a central longitudinal axis of said stent than said inner

layer, and Tgy < Tg,.
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ligand for a cell surface receptor, an
anti-proliferative agent, an anti thronbotic agent, an
wa@emistdbi al agent, an anti-viral agent, a PCT/SG2004/000180
chenot her apeuti c agent, and an anti-hypertensive
agent. 6. The stent of claim4 or claim5, wherein
said first polynmer and said second pol yner each
conprise a different therapeutic agent. 7. The stent
of any one of clains 1 to 6, wherein said first |ayer
8. i sThe stant ef claimay ewhereh 'Egausjbestween aibbay25°C 1 about 6O
I I is spaced farther
and'la ‘r‘%)nbae?\}géég}} %I@a%g? aﬁ?‘ﬁahwa% s of said stent than
sald inner |ayer, and Tgi < Tg2. 28 WD 2004/110315

é 1$G|%OO4/ Q00180 . 8. The stent of claim7, wherein
Tof* ST GRPRERIRY ApY @nd ﬁ@ﬁ%'aaaﬁuﬁa'éd@téwwgzudlsga

fi rst?@&%ﬁﬁné‘b%ﬁt thé&¥e Pb@n@@@#ﬁ w%rst ﬁye?tlﬁéiﬁdlﬁ aprising

irst and second %ers sai d I nc udlng a
secqndrRAlyme) 3neea serpnddherapeutic agenipeaid stenatpemed te hiade a

first SRS d BYWBF td rHQl'ré]? 3%%8 d g@%ﬁ/etngtrq@gg A SFIC?Q?

t herapeutic ag sai ent
tempgialpee Bt a Iower tenperature T2 and a second shape at
a higher tenperature T,. 10. The stent of claim§,

wherein said first therapeutl c agent and said second

10. t hﬁreamenuofccmgegmman |samn§nﬁ§mpbut;§§§;&ﬁtaﬂd daiPm t he
an anti biotic, an

SecogH?ngf‘ﬂ?‘lﬁnSI 5 g?& 'Qa%ﬁ’ﬂ”dreﬁﬁy geleptes|feom fegdropact or, a

consh;nhgbﬂa ,dnég Rncrgiblbtia Catlan®inA8MmtSry é@;e‘ﬁ?'énuérﬁf clgﬁﬁb or,
for a cell surface receptor,

fac*"&rﬂ *“9' i f SpgleIqRCiGopgptidgna galiylar fﬁpmhgambfgemceu an
surfa%@trééﬁp%robh ﬁhtl-@&ﬁﬁératl@@a@éﬂé arY hh@nr Bﬂlﬁﬂﬁc a@ent an

chenot her apeuti c gsent antr - ensive
antimjgrehial agent, arhentsv tagent, arqhemmhempemtm agsent. arg 40,

ant_Wb%ﬁghQ sahghif i rst shape is a generally helical shape
' Ravi ng ﬁel?cal width D2 and said second shape is a

generally helical shape having helical wdth DT, and
t of any.ope of clains |
1. Ve PhiBlay Bhe b a1 16 3wtk R i Sharte it
genetdly helieal shape hafingihglicahevidih Dlamidnsaid séonddhapBes g1 n
gene?aqlkrglef &di sﬁa;laeaxavmg Refical width D¢, and wherein D; > D,.

12.  The stent of any one of claims 1 to 11, wherein said first polymer is

cross-linked.

13.  The stent of any one of claims 1 to 12, wherein said first layer is an
upper layer and said second layer is a lower layer, such that said upper layer
is generally parallel to said lower layer, and said upper layer and said lower
layer traverse the length of the stent prior to said stent being formed into said

first shape.

14.  The stent of any one of claims 1 to 12, wherein said first layer is an
outer layer and said second layer is an inner layer such that said outer layer is

spaced farther from a central longitudinal axis of said stent than said inner
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upper | ayer and said second |layer is a | ower |ayer,

such that said upper layer is generally parallel to
w@200d/1isweer | ayer, and sai d upper |ayer and saPCI/bGret/000180
| ayer traverse the length of the stent prior to said
stent being fornmed into said first shape. 14. The
stent of any one of clainms 1 to 12, wherein said first
| ayer is an outer layer and said second |ayer is an
i nner |ayer such that said outer layer is spaced
farther froma central |ongitudinal axis of said stent

15. | 38N R Ene pLeiig: /90 E BT O ang 12,

thickMESRY &tisRid iRRer18drao ehid dubclkp@sis befwewni aboub Belrtolabpet t o
said outer layer is between about 3:1 to about 1:3.

1:3. 16. The stent of any one of clains 1 to 15, wherein
said first polyner is biostable. 17 The stent of
claim 16, wherein said second polyner is biostable.

16. 1heEtentst any ooé oftlaims 110 15HuherEin Sﬁéﬁ trst pelymepis yer

moﬂ?@% sai d second polyner are independently sel ected

mthe group consisting of polyethylene,
polypropylene poly ethyl ene terephthal ate (PET),

O A T R R g T S

(PVAC) pol yet hyl ene-co-vi nyl acetate) (PEVAc),

pol ycaprol act one an The. st ent of an
18. b beHoRtioh P 17 harsi SAIa At Folies el ST o
polyrﬁéroé'}g3:?&4&%&1tly?é§lecﬂ@fr§ﬁﬁﬁé g%u;ﬁd:dﬁsi@hﬂ:ﬁ of w@éﬂ?iylbn&al d

second pol ymer bi oabsor babl e stent of

polypropylene @ommbyleneﬁeg@mhalat%(PFple pelgyretrpe Pol(edond

I

ureth@flc) BBl @Efer | RATREHIN Ly FAUGHSE Poly iR a‘dﬁ*‘atg gt e
poly(éﬂhMeAP»copmhw @bg@tﬂ)l(BEV(\Pmolqurq}@qtmﬁ ﬂ'@Fé yton 6

gl ycolide (PL&), polydi oxanone, pol ygl uconate,

pol yl acti c aci d-pol yet hyl ene oxi de copol yner,
19. mithefsterd of ehy che skclainas 1 &g dh, wherein(sajdifisk polymer i e)
. ol yanhydri de, pol yphosphoester and pol y-am no aci d.
bnoat%?_rl}/a%g% stent of any one of claims 7, 8, 14, 15, 20

and 21, wherein said

20. The stent of claim 19, wherein said second polymer is bioabsorbable.

layer,

21.  The stent of claim 20, wherein said first polymer and said second
polymer are independently selected from the group consisting of poly-L-
lactide (PLLA), poly-D-lactide (PDLA), polyglycolide (PGA), poly lactide-co-
glycolide (PLGA), polydioxanone, polygluconate, polylactic acid-polyethylene
oxide copolymer, modified cellulose, collagen, poly(hydroxybutyrate),
polyanhydride, polyphosphoester and poly-amino acid.

22.  The stent of any one of claims 7, 8, 14, 15, 20 and 21, wherein said

outer layer degrades at a different rate than said inner layer.

23. The stent of any one of claims 9 to 22, wherein said stent extends

along a helical axis, and said first layer forms an exterior layer of said stent,
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outer layer degrades at a different rate than said

i nner layer. 23. The stent of any one of clains 9 to
wa2poqmhexiei n said stent extends along a hel i caCTag2@4/000180

and said first layer forns an exterior |ayer of said

stent, 30 WO 2004/110315 PCT/ SG2004/ 000180 and sai d

second layer fornms an interior layer of said stent, so

andtééﬂi sét%h@i Idyer FrmsldhEh e gl"fagér steﬁt Bl AR A y

fromsaid axis, and sal apeut c agen
therppeicsagent isvieledsehawan s sid axis, and said setond

QB%\H r|S|ng formng a strip of

therpo y{(r:eaélbt‘#&lE |S%gll$§\s/?éngw§rgﬁgﬁtaxf ayer including a polyner
that is at least partially anorphous and has a gl ass
r ansi n te rature and, a second | ayer
n&"[}%‘h{@ %ﬁté’f'"gﬁ‘ g”tscogiprls%t partially
anmmrr@@smprw pOIgmeR filh ﬁé\ﬁné Bas léyé?rhén%m(fé %@[ r192;

q the strip into a first shape at ature

that+|s| at %xgg,p@rt@llyrpmrMS apdy@s eaglassdragsuﬂ(pmtﬁm;mnnem to
I

and Q%B&nd’ fgr lngédmybgpr%lzhgfﬁrag s_[eg I@é%aﬁml!y gﬁ)topﬁ{ s,

onprising: at
and hﬂ$§%@s§émﬂlosfﬁ%{pﬂef€mﬂeﬂgﬁ nT2 =T, - YC, and Y |s

wher gﬁ-%O(H g'ps'ﬁ%%)ﬁrlg& ?'ﬁag) 3?2[% Ewrfﬁr%%%ehﬁ y@@relg ﬂ-lé\pe gt

+X°Goapdb@sﬁonnéxbdungza heabouti4120nt o a hel i x shape havi ng
a helical wdth DI, and wherein said shaping the

strip into a second shape conprises conpressing the

25. stThepmiethod of clash 24, ﬁiﬁmﬁﬁcémwlﬂﬂg helical wdth D2,
The et hod of any one of clains

2@?@&e%erthﬁ'@e§hmme§t% Ink@igisegord S'pﬁ’R?s hereia Mt o

=T, S¥°@, 4nd ¥lis REEBBUL H'té Abodt®of Or mi ng said strip of
polymer film 28. The nethod of claim 27, further

conpri si ng adding a plasticizer to said second

26. pqrﬁérfﬁéthﬁﬂ 'o@%lgfng 5 QAL ath éﬁ?@hﬁﬁlh%egg&np%%ﬁ[m i1 m

an one erein
shapg gomprises coiling e strip mtp a betie shapeysaviemd helical width hd

said outer | ayer is
anc A8l s SR Sl AUBlodd St
compgessing therstrip inéma dalixshapeehavingiyelical witth Dgiwherdig D, <
D;.

27.  The method of any one of claims 24 to 26, further comprising adding a

plasticizer to said first polymer prior to forming said strip of polymer film.

28.  The method of claim 27, further comprising adding a plasticizer to said

second polymer prior to forming said strip of polymer film.

29.  The method of any one of claims 24 to 28, wherein said first layer is an
outer layer and said second layer is an inner layer such that said outer layer is
spaced farther from a central longitudinal axis of said stent than said inner

layer, and Tg1 < Tgp.

30.  The method of any one of claims 24 to 29, wherein said polymer film is
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30. The nethod of any one of clainms 24 to 29, wherein
said polynmer filmis 31 WO 2004/110315

wOeCH43@2084/ 000180 forned by co-extrudi ng sai #CTiSG2404/000180
| ayer and said second |ayer. 31. The nethod of any one
of claims 24 to 29, wherein said polyner filmis
formed by solvent-casting said first |ayer and said

d 2 af _an ne of clainms 24
formRo- RRIng Sdd At BB R CaillonBPle BOGr o by
. spin-casting said first |layer and said second | ayer.
3 The.nmef hod of cl.ajm 3 r clajm 32, wherein the
3. 5o Q/eeﬁ}etrf%&eﬁpqry Qe claimgs é‘lg%génwh?%?a'a@%’m%tﬁ'm is
formédi byalonensahstirlg afd firsBlér andfsaid 88comRf Bgsh of any one
of clainms 31 to 33, further conprising adding a
t herapeutic agent to said first polyner prior to
32. Capfd b Wisrei | Ity s
e aor oo b 5o 8,201 Ao L Bl
formed hyispin-erptiog saiddirsigayexrandrseichsetdnd, layer.
anti-inflammtory agent, an anti-clotting factor, a
hornone, a nucleic acid, a peptide, a cellular factor,

33. a THe petimbdfaiiclamdd| dr claimf32; evheesie fisolvait used to cast
anti thronbotic agent, an

: i -fproliferative ent.
said gg%".’}%ﬂé}’%'b oS r}%gﬁi;ag%ﬁa'gﬁg-'w‘?ral agent, a
chenot herapeuti c agent, and an anti-hypertensive
d of claim34 or claim35, further

34 agent . ?}g.olhe msth? [ m .
. csiethRg oty Rge & claas 489, durber RomRSISing 4rdiRgand
therapeliidBgeritto Shid PstGRNMEI Priod fo cé@?ﬁg”ﬁt hod of claim 36,

wherein a different therapeutic agent is added to
each of said first polyner and said second pol ymner

hah Aalap : clai ns
35, g o8 SF Helt a4 e RS b o i YenP et £
from §® groHp cepsiniing offa diugi an astbiokik e antisaflamswtopdgent,
' [ .. 40.. The neth of [ 9
an ot G rador atRdBhe 4 pidorc 2R, FeRtedupdiuitiRcts. o
ligand fotepeaiideamialcy recsptart ananti-prolifdratiey aggntcanantst i ng of
. e, .32 004/ 110315 PCT/ SG2004/ 000180
thr°"%gﬂk'§%%’géév%§r?&t'"‘b"6? AHIRE AMANEYIERIRORG 8t e (PET),
chempiieyapeiticayeny @nyd aheintictyperiehsiaaayentool y (ester
uret hane), poly vinyl chloride, polyvinyl acetate

(PVAC),
36.  The method of claim 34 or claim 35, further comprising adding a

therapeutic agent to said second polymer prior to casting.

37.  The method of claim 36, wherein a different therapeutic agent is added
to each of said first polymer and said second polymer prior to casting.

38.  The method of any one of claims 24 to 37, wherein said first polymer is

biostable.
39.  The method of claim 38, wherein said second polymer is biostable.

40.  The method of claim 39, wherein said first polymer and said second
are independently selected from the group consisting of polyethylene,
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poty(et hyl ene-co-vinyl acetate) (PEVAc),

pol ycaprol actone and Nylon 6,6. 41. The nethod of any
wonenafioxasai ns 24 to 37, wherein said first pobPgmsG2008/000180

bi oabsor babl e. 42. The nethod of claim4l, wherein

said second polynmer is bioabsorbable. 43. The nethod

of claim42, wherein said first polyner and said

o558 ] P o FSBE P g BSBE 50l e

urethaﬁéy pBlyl (8sfer deathdid)Aoly pialldiloridel pdigvinfi@teiate gPYAcC),
| actide-cao- glycoll deJA kp&l B &vgl oxancgﬂ :
DO'V(QQB‘NS?@PLF@O‘HBY'@CGWMP MeaPRFf L NEoN §8-ge

copol ynmer, nodified cellul ose, coll agen,
pol y(hydr oxybutyrate), pol Kﬁ nhydri de
41. p(fﬂhy'p‘h@bpﬂ ok eny:pnaaficlains 24l #o wi@f%!n saigl firghRolymesd
. one of clainms 41 to 43, wherein said first
b'°ab%8r‘%%- degrades at a different rate from said second
polymer. 45. A nmethod of treatnment or prophylaxis, to

2. S aha &Py o pRER da e Hie Shoetindh =, o

b,oagsbq)dwmen desired to be expanded a stent conprising a
first layer including a first polymer that is at |east
partially anorphous and a first therapeutic agent,

43. 1 h%gehathes lof ¥f@irh 49, WA ¢ st pelyafRe uhtl sarigsstond 0
said subject, said stent formed to have a fI&t shape

polyreer afe indgpendeatibesiegted Gompihg gioup cSiiRg Sh AR
i t r l Fa@ft! -&@

i R Dl o e e e m
glyconae (mt@mamlmmngn@,molmmnageegobﬂa@@@ @ﬁ'@l noéx%hyiene

I nci 0 Y, artially
oxice el nBoRE BuBe g Bl B ooheRRiehar |
po!yamyhmh fpm!ynhbs;pimdstenamdcnoht—ammqmﬂ of a subj ect in

need of 33 WD 2004/ 110315 PCT/ S&2004/ 000180

expansi on of a lunmen, conprising: introducing into the

44. SUearibthal of bhg ohe of bleimsidrtto 4 siherdintsaidbfirseppipmeéed  a
stent conprisin |ncI uding a first

degragss, gt diffgrant r@g fom %adétse%‘ﬁf’?oé anor phous and has

a glass transition tenperature Tg, and a second | ayer

45. A method of treatment or prophylaxis, to a subject in need of expansion
of a lumen, comprising:

introducing into the subject at site in the lumen desired to be expanded
a stent comprising a first layer including a first polymer that is at least partially
amorphous and a first therapeutic agent, thereby delivering said first
therapeutic agent to said subject, said stent formed to have a first shape at a
lower temperature T, and a second shape at a higher temperature T4; and

causing said stent to change to said second shape.

46. The method of claim 45, wherein said stent comprises a second layer
including a second polymer that is at least partially amorphous and a second

therapeutic agent.

47. A method for prophylaxis or treatment of a subject in need of
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i ncluding a second polyner that is at |east partially

anor phous and has a glass transition tenperature Tg2,
weabwd/13exant formed to have a first shape at a PCO®6E2004/000180

tenperature T2 and a second shape at a higher

tenperature T1 and configured to change from said

first shape to said second shape at a tenperature

expﬁﬁé{é,l) on;LQﬁe,_qiL C%mﬁﬁ' tghan a shape transition

tenperature wherein said introducing is
peifitoodpeing dnto dhe evjectat site inbthk dumad deswdfd folsd expmded

f d ca a| d stent

a sighfmRirh A} Rybl ERlaROR RSSO mep Rt Ry Tenet paitily
amwahmssarmuast aoglass ItHahbnh@:ﬁ @nﬁrseratut@mp.&érm élgsc&faqailert 0 or

ater t The met hod of "claim47, further

o0 Serans b oeHohis o e seiéragis: ardidosta t o
glas%aﬁadsxﬁélbleﬁﬁéeraﬂﬁé"re} %aﬁiaéhgntffbrrrﬁéd flIRIARE S t en &a}%eaﬁ%h' S

included in said first [ ayer of sal
lowgrdemperagire dj zanﬂwmaeqoudtshepe sbarbighst tegnpiebiuve i agd a

conEFATE criaREE BREY LIS PASTEpd By S ot S8, e o1

sal d second therape
temperaivrricual do oogreamrdhm a Bhapéﬁanﬁﬁtm teigwatupd Tannhdone

el S Pt A e F R R ch et na

saldsmrrdmﬂnﬂfrshmel; an@ generally helical shape having
wherein D1, > D2 51. The net hod

hel i cal w
of"éé'ﬁ@’gosﬁé"d BtF"gi"a‘f’l%‘gﬂéo s2ig sgeRNdighans, spparhheAlilowing aj d
said tent to eduikbraeantd eni@eattre daﬂﬂﬁ&eé}%&? kyanSE]. ect ed

fromthe group consisting o drug, an ant|b|ot|c
an anti-inflammtory agent, an anti-clotting factor, a

48. hOF H&xR8thod dﬁ@ﬁilrﬁ'@ ﬁﬁ'{h@r c&n?ﬁé?ﬁé gshve?l{yg% firlf tﬂ@rafp%ﬁﬁ@ r

a ligand for a cel surtface rec
age"éitﬂ saigh sBbiecle wherein sagiefmt therapewiid agemt amiuoluded agsait, an

frsﬂg fdfssigaib @l agent, an anti-viral agent, a
enot herapeutic agent, and an anti-hypertensive

agent 34 WD 2004/ 110315 PCT/ S&004/000180 52. The
49. MeHR | aj m .49 erein said second
% LR rgg%tﬁ{)l %kv gilélemr’nﬂ g|f@%ﬁ&@b’é’ﬁ'ﬁ'@ﬁt%"?&%@ts%o om t he
therageouq)agmwm saidraybjeltct, aviarelg ,saﬂrsecaﬁfi ftf'%r@bélﬂ%c ajent is
tor t n anti-clotting factor, a
mcluﬁéb“ns mé%cmﬁ %03%35 S?F a peptide, a cellular
factor, or aligand for a cell surface receptor,
50.  The method of any one of claims 45 to 49, wherein said first shape is a
generally helical shape having helical width D, and said second shape is a
generally helical shape having helical width D4, and wherein Dy > D,.

51. The method of any one of claims 45, 46 and 48 to 50, wherein said first
therapeutic agent is independently selected from the group consisting of a
drug, an antibiotic, an anti-inflammatory agent, an anti-clotting factor, a
hormone, a nucleic acid, a peptide, a cellular factor, or a ligand for a cell
surface receptor, an anti-proliferative agent, an anti-thrombotic agent, an
antimicrobial agent, an anti-viral agent, a chemotherapeutic agent, and an

anti-hypertensive agent.
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an anti-proliferative agent, an anti-thronbotic agent,

an antim crobial agent, an anti-viral agent, and an
wanbvi4hgert ensi ve agent. 53. The net hod of anyComse2@i/000180

clainms 46, 49 and 52, conprising delivering a

therapeutic agent to-a subject in a biphasic manner,

wherein said first therapeutic agent and said second

52. . o ehE RS oraR 4 bEbibF 40 Wi BB potor AP ARRHA
agehtay mdepbaderﬁiycsﬁedmi ﬁiomeb@gd)ubawamstl?%gf i’ Fg;ngt@:hl;od of

45
a"*'%?%%%ﬁfﬁ" "”@%"m‘r‘ ﬁ{é%%a" af‘t'-gmﬂn@ﬁ@cfef Ehamane4s t o
nucléi& acid) @riptidé) r‘Eﬁfcélhﬂ‘éfftfad:t&r opbcﬁggﬁ@fd?%b&ﬁl sufice [8&ptor,

t hod of any one of clains , 52 and 53, eréin
an a§31%0'§%réHYe a@%teﬂa @nt@rﬂm@batm@ger&aan antirsicrebial agent

an aﬁhfvﬁél ég%‘x‘l?ranfdoéﬁrg;ew;ﬁe?{eﬁghg Lgyer of said stent,

and sai'd secon OrRe an I'hteri or | ayer of sai d
stent, and said nethod further conprises relea3|ng

S [ rom sald s, and
53. Pof @%@F&%‘d&ﬁ%@%&ﬁ%ﬂfﬁ%ﬁﬁpﬁ%‘%’a% 52 atPri SR
a theaxapauticGigenitosa smb;ectonprbnmasg: masr?éir;‘,Wham ﬁéﬁalﬂﬁﬂl ggha
ol yner that, i s, at rtially anorphous an as
thorff Ryt Bhe it Hidsdd Sheanihernbiicadint b hesan spaneit |
thera;@efii: apet Hadeddiferen@ bffubioh YaRfrons shid fﬁ:&’tﬂﬁ)tferftﬁéu’irﬁ'gmt 0
ve first shape at a |lower tenperature T2 and
Sa'd§@?,95}ﬁﬂa¥ﬁfape at a higher tenperature T. and
configured to change fromsaid first shape to said
second shape at a enperature equal to or greater

54. t nde faewpérﬁuaﬂmnepéﬁlpén%ﬂ@t@&sw egein thastartémt  of

biostgbigi M 57, wherein said first shape is a generally
hel'i cal shape having helical width D2 and said second
shape is a generally helical 35 WO 2004/110315

P h D, and
55. |, et 7oy BRe oF ARG A4 65 P ecpithe S0P o i
bioatis®rbakiteer ei n sai d polyner is cross i nked. 60. The

stent of any one of clainms 57 to 59, wherein T3 <_

37C. 61. The stent of any one of clainms 57 to 60,
56. wiTaeenethedioflappbhieref clans 48, a9f 82lafid 53, wherein said stent

extends along a helical axis, and said first layer forms an exterior layer of said
stent, and said second layer forms an interior layer of said stent, and said
method further comprises releasing said first therapeutic agent away from

said axis, and releasing said second therapeutic agent toward said axis.

57. A stent comprising a substrate including a polymer that is at least
partially amorphous and has a glass transition temperature Ty, and a
therapeutic agent included in said polymer, said stent formed to have a first
shape at a lower temperature T, and a second shape at a higher temperature
T4 and configured to change from said first shape to said second shape at a

temperature equal to or greater than a transition temperature T.

58.  The stent of claim 57, wherein said first shape is a generally helical
shape having helical width D> and said second shape is a generally helical
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62. The stent of claim61l, wherein said polynmer is

sel ected fromthe group consisting of polyethyl ene,
woabopmnazyl ene, poly ethyl ene terephthal ate (PETY/SG2004/000180

pol yur et hane poly (ether urethane), poly (ester

uret hane), poly vinyl chloride, polyvinyl acetate

(PVAc), poly(ethylene-co-vinyl acetate) (PEVAcC),

shaP@ h¥Giae helics WadlR AN 66, 63. The scent of any
gne ofecl <'|:li nms 57 ?bg%%wh\%%ér?gﬂﬁ@ai d polyner is
bi oabsor babl e. 64. The stent of claim63, wherein said
po [ ed fromth rou consi stin f
59. Do HE Bl 3t ETBEL s 581 YheHrEee mEb mbgIos Tnked.
pol ygl ycolide (P&), poly lactide-co-glycolide
(P GD% o] ydi oxanone, pal ygl uconate pol ylactic
60. achﬁ’ %?PE/)%J[%M %’??e‘)fo‘g?'ﬂb‘"' @o%’ % whereinda<f3768- cel | ul ose,
col | agen, pol y(hydroxybutyrate), polyanhydride,
poléﬁehosEhoester and _polgl-am' no acid. 65. The stent
61. of Thg§tephefl alty epfalaiBr §7dods, wivaesie saidgsilyiner is
biostdbfd apeutic agent is selected fromthe group

consi sting of a drug, an antibiotic, an anti-
i nfl anmat ory agent, an anti-clotting factor, a

h lejc.acid, a eptide, . a .cellular
62. TR REnL S I G i saft pQTPPLIE SeleBiiEom hesaroup -
consistinpidf pombzmylleneg poltypr@uylem{ poly bﬂ'mdlﬁ@ttétép?gﬁlﬁte (BET),

ant.imcr age an anti- viral agent, a .
polv R aielshnr e hgnef Pollasian Vistiansishialy Vionsstieride,
polyvigy Ricetatd (PVAER pdis?(étmeﬁ@&wm?! adetarg) ?J@WR&)E

conpri si ng: ding a therapeutic agent to a pol yner
polyqqu@a?tgnggnﬂiy n%&rti ally anorphous and has a gl ass

transition tenperature; 36 WO 2004/110315

PCT/ SG2004/ 000180 formng a strip of polyner film
63. 1 (i Santpf oy preof claimp ﬁﬁgo Phewheneinpsaic polymefriig st
bicaSddfshi@t a tenperature T1l, wherein T, = Tg + XC, Tg

I's the glass transition tenperature of the polymer and
Xis from about -20 to about + 120; and at a

t , ' J iR Lnto ecqond shape,
6. FRGAN G Gials 25 WHRI o] obltr sObEreTES Hoerds
consiflieg nbpdipd-lettidd @A GolwDenetide (PDLR)spapyipcolidee strip
I\n LIrst shape ises.coilin he strip into a
P ordy Plh Toradiefe P CER] BRf i Gnprebolygiuconald
polylactic acid-polyethylene oxide copolymer, modified cellulose, collagen,
poly(hydroxybutyrate), polyanhydride, polyphosphoester and poly-amino acid.

65.  The stent of any one of claims 57 to 64, wherein said therapeutic agent
is selected from the group consisting of a drug, an antibiotic, an anti-
inflammatory agent, an anti-clotting factor, a hormone, a nucleic acid, a
peptide, a cellular factor, a ligand for a cell surface receptor, an anti-
proliferative agent, an anti-thrombotic agent, an antimicrobial agent, an anti-

viral agent, a chemotherapeutic agent, and an anti-hypertensive agent.

66. A method of manufacturing a stent comprising:
adding a therapeutic agent to a polymer that is at least partially

amorphous and has a glass transition temperature;
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and wherein said shaping the strip into a second shape

conprises conpressing the strip into a helix shape
woaavidngohiel i cal width D2, wherein D2 < DI. 68PCTI862004/000180

met hod of claim66 or claim®67, further conprising

adding a plasticizer to said polymer prior to formng

said strip of polynmer film 69. The nmethod of any one

of s ' ' ymer filmis

forfmsd dg%lSg@ﬁfﬁgﬁﬁf&’er\i}ﬁgﬁhﬂ§/ﬁz¢bgyﬁfnghe nmet hod of any

onghafing thei sttip B6o adirei&haph at 2 temperatire dl, ywiwreihiTym T

5 ¥e]d Y. l,vent:casting.said layer. 71. The_nethod
RN S A R R
abobif R01te abodtari@egdaly spi n-casting said layer. 72. The

rret{no% of atn}_/ ne of clains 66 to 71, wherein said

£ hah & [SaIRaralre, Jarshapiaddat siipdalor SRONFEgPe I = T+ -
Y°CCamsrsd iros Mou59h 4Boutdd, ant i bi otic, an anti-

I nfl anmat ory agent, an anti-clotting factor, a

hornone, a nucleic acid, a peptide, a cellular

f 4 i ti-
.1 25Ot YSRGS
shapenedmiprises isoing dlye sirip isio setrlix-shape abviagertielical width D,

I c.,agent, . and an ti-hypertensive
and agen%'ﬁ%ﬁ%ﬁn%?%gw o %ﬁ§c%]qzsqwea%§?%e%6 to 72,
compiessiag thessirig iftolayheix shape bading dklical wadth 2 WRG4INHBH315
D PCT/ S&G2004/ 000180 74. The nethod of claim 73, wherein
' said polymer is selected fromthe group consisting of

pol yet hyl ene, pol ypropyl ene, poly ethyl ene

terephthal ate (PET), polyurethane poly (ether
68. ur gibpd o glajm @Sqretaim e, fiier comprisingiadging a
lastidide?td 88id PBRMYSH HoF tR ol %;&R%ﬁ?
P poly(ethyfgﬁt-co-vinyl acgtgte @E@KQY?VW"L

pol ycaprol actone and Nylon 6,6. 75. The nethod of
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consi sting of poly-L-lactide (PLLA), poly-D-Ilactide

(PDLA), polyglycolide (PG), poly lactide-co-glycolide
70. ( AlbeMpethod of any one of claims 66 to 68, wherein said polymer film is

formed by solvent-casting said layer.

71.  The method of any one of claims 66 to 68, wherein said polymer film is

formed by spin-casting said layer.

72.  The method of any one of claims 66 to 71, wherein said therapeutic
agent is selected from the group consisting of a drug, an antibiotic, an anti-
inflammatory agent, an anti-clotting factor, a hormone, a nucleic acid, a
peptide, a cellular factor, a ligand for a cell surface receptor, an anti-
proliferative agent, an anti-thrombotic agent, an antimicrobial agent, an anti-

viral agent, a chemotherapeutic agent, and an anti-hypertensive agent.

73.  The method of any one of claims 66 to 72, wherein said polymer is

biostable.
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74. The method of claim 73, wherein said polymer is selected from the
groub consisting of polyethylene, polypropylene, poly ethylene terephthalate
(PET), polyurethane poly (ether urethane), poly (ester urethane), poly vinyl
chloride, polyviny! acetate (PVAc), poly(ethylene-co-vinyl acetate) (PEVAC),

polycaprolactone and Nylon 6,6.

75. The method of claim any one of claims 66 to 72, wherein said polymer

is bioabsorbable.

76. The method of claim 75, wherein said polymer is independently
selected from the group consisting of poly-L-lactide (PLLA), poly-D-lactide
(PDLA), polyglycolide (PGA), poly lactide-co-glycolide (PLGA),
polydioxanone, polygluconate, polylactic acid-polyethylene oxide copolymer,
modified cellulose, collagen, poly(hydroxybutyrate), polyanhydride,
polyphosphoester and poly-amino acid.

77. The method of any one of claims 24 to 44 or claims 66 to 76, wherein X

is from about 0 to about 40.
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