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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 {o the treatment site. After the stentis poéitioned 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
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within a lumen. For example, EP 1287790 (Schmitt & Lentz) describes an
axially flexible braided stent that is self-expandable due to the elastic memory
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.



[0090] A polynmer that is anorphous, or is at |east
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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, helically tubular
member which is an axially flexible and radially self-expandable structure
comprising at least one polymeric layer. The stent assumes a substantiaily



tubular formin the expanded or non-expanded state,
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[0018]  In another aspect, there is provided a stent including at least first
and second layers. The first layer includes a first polymer and & 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 T2 and a second shape at a higher temperature T4.
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the poiymer and X is from about -20 to about +120; and at a temperature T>,
shaping the strip into a second shape, T, =Ty - Y°C, and Y is from about 5 to

about 80.

[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 infer alia in the
treatment of biockages or potential blockages and/or the prevention of
restenosis of vascular, urinary, biliary, tracheobronchial, oesophageal and
renal fracts. In an embodiment, the helical shape of the stent facifitates
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[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,



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0025] In the
figures, which illustrate, by way of exanple only,
inents of the present invention, 6 WO 20
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invention; [0031] FIG 6 is a side view of a stent,
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havihg @lidal midth Dz; i s an end view of FIG 6; [0033] FIG 8

is a side view of the stent of FIG 6, in a state

Vi hgl.J | dt :,[0034] FIG 9 is an end view
I{mﬂg? @éﬁ%@s‘%@ EFR%OZi s a side view of a stent
formsd of two side-by-side layers; [0036] FIG 11 is

[0038] | 5¥6.05 isgr process flovndiagrain dﬁxsmaﬁnyw hesthed of tr eat rrent
into a,| uner

{ { d
manfiact BB H B ol ah aBBodmenfiting bifeoht iveahan,
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[003203BIG. Misan ehd4jew bf Ei3.6at e a stent 10, exen‘pl ary of
one enbodi nent of the present invention.
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[0034] FIG. 9 is 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. 12 is a graph of the self-expansion rates of particutar 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
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il lustrated in FIGS. |.and 2. 1n
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Nylon 6,6.

[0042] At a temperature below T, stent 10 is formed into its first state: a
generally helical tubular shape 16 of helical width Ds illustrated in FIGS. 3 and
4. At a second temperature above Ty, stent 10 is formed into its second state:
a second generally helical tubular shape 18, having a helical width D4
“illustrated in FIGS. 1 and 2. In the depicted embodiment, shape 16 has a
generaily circular cross-section. As such, the helical widths Dy and D5 equal
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ts first state to its second
referred to as its state-transition tenperature.
[0043] Stent 10 may be formed in accordance with
met hod $500 illustrated in FIG S. As illustrated, in
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sm?@ﬁﬂf@’f'ﬁ%ﬁ ®-into a continuous generally flat film
using a suitable die, at a rate of about three to
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04 In stepS 4thefi|mis broughttoa

T L T BB,
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erature et we
at a st of pbelﬂtdhlzﬂel tp fmmmt p[e@@amqrter%efctdnﬁnu@aﬂmnnay thea at
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be opHB ferefon) 1, 8 Zore, B pbidd R MARSRRRY
- nucleatipm bzt of watese ThBilmvd cutirioya stﬂpeﬁdem@domidfhl;f T. and
the filmthickness, and may be between 30 m nutes and

neces3ours. [0048] Once set at the higher tenperature of
T1, in S506 the stent is cooled to a | ower
[0046F n’pbr ﬂépl 15504 2he filypistablight e bdemﬁera(tﬂrreeand@t intds -

hellcags)f § t@be! (@ Sha abe gpgaﬁxé %pv&p is Yrsgé Jro hee\k%e
the film. Tqis chosen somewhere above Tgfor the polymer (i.e. Ty= Ty +

' X°C). The value of X is from about -20 {o 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 D4 will vary depending on Ty, Tg and the film thickness, and may be

between 30 minutes and 24 hours.

'[0048] Once set at the higher temperature of T,, in $506 the stent is
cooled to a lower temperature Ty, typically below T (i.e. T2 = T4 - Y°C). At this
temperature, the polymer may siill be deformed, and is shaped into a helix of
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stent WHISLPADIPEYSS 13 i s a preferred tenperature at
which the stent 10 will expand, although the stent my
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how close Tg is to T9. Notably Ti1<T3<T2. T3 is
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i r me
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on the sel ected, pol xmar and/ or an
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therapeutl c agent may be included w t h the pol yner
[0051)r i dlis dependscom thsi salectett polysiesandfor eng afditivesl | ows

prote i {30 1Bl B0 OB By 4 BR0ABDS
body féniperaties br biﬁawg mdtémailvbtwmeq)diy'melapau bechosen with T,
<ar B SR SReElL LS B pb U gpebrloREH
condifitiid mh ble384@id, ¥uattas bior&de 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 ageni 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
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t ent s
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casting is preferred to extrusion and co-extrusion, as
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| ower than T. pol ymer. Accept ab
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solids, for exanple, glycerol, polyethylene glycol,

[o055]ar tw;moaawlsrf biRer & récfdcﬁl“mél Iaﬁicfzregfr%yor née’(gﬂgftbgp]ég or

second enbod iment, a sten
polymgs pgor todpirring it intpes Binp 2Generally, & mlaatgmauseany solid @S,
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atop each o
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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 T,

- Outer layer 24, is formed of a first polymer 28, having a glass transition
temperature Tgy; inner layer 22 is formed of a second polymer 26 having a

different glass transition temperature Tz In the depicted embodiment, Tgz of
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Quter layer 24, is fornmed of a first polyner 28,
having a glass transition tenperature T91; inner

r is formed of a second polyner 26 havi
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S ted a
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genecalede Warrudﬂdom rchenm:al pii2ss bhphmgatfpoeasuregora

[ -I ayer film Interfacial bonding agents may be
mama@g i ncrease interlayer adhesion. For exanple, a

sol i d surfact ant such as Pol oxaner(r) may be added to
[0060]NCrStenE20 miagbedoinxdd indhact the. safoe way asstent 10HEIGS.

1-4), 35 SbEERIRY e T 5 HAWEYRT s OOt tdore ERGmer, o
to forhﬁé! ﬁﬁﬁ m@hﬂl@ lé&ferﬁﬂ%b bt deexirdGA lstopl $502) shereby y, each
of the nulti | ay ersbbncl?ar%*be sol,vent .cast., . Such

forrmea@tmwe-laa@guﬁv s Interigeia nG RS MY RSO The
t
incre%seé;ﬁ;iclﬁﬁag@y ﬁ:ﬁ nC Fdr é(éﬁ?ilea a éiﬂiﬂ\é@ﬁhcﬂahﬁéum no

read -cas a er. For examnp
- Poloxapigr@reay be @ddg«étp -nsreraée mtarfatvlalsqdhew& Fﬁ:ayxg@ple the -

surfa&bﬁtstﬂlay od dd@gd ‘ahBFfoMtﬁjg ‘i“hg ‘f"es é:ﬂ fimPAal thiRSshveo

m a” Secon di ssol ve in chloroform

 two oirhmrepobrnmrlsdwﬂm (a’homai/eatél gfpeead on the first |ayer
once dry, and the solvent evaporated off. Again, a

roos1i V" TAfhAvelfR¥adfoifld Slifdle id)Rrs may be soivent cast. Such
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.

J0062]  The layers may aliernatively 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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pol ymer solutions prior to casting. The resulting
mul ti-layers have a strong .bond between the |ayers.

LIOOG@ The layers may al ternativel y be spin-cast . usi fg
w 085eed spinning machine. Such a machi nBCEEAW4200180

solution of polymer onto a substrate and the sol vent
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| ayered stent film The filmis then
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shaped helipaiy dsaestifftedapbveT. of the outer polymer |ayer.

[0066] Once the multi-layered film is formed, it is again heated to Ty, and
formed into a helical shape having helical diameter D,. Thereafter it is cooled
* 1o T», and re-formed to a helical shape having diameter D.. For muiti-layer
stent 20, the definitions of Ty and T2 are based on the Tg4, Ty 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 T2 of the second
polymer 26). Typically, T3 is closer to Tq1.

[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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[0067] Conveniently T3, the tenperature at which a
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expansion (i.e the rate at which scent 20 self-

tempepattig) mem depandsornt thewembinatien bﬁﬁolymr@ PR ER
2004/ 110315 PCT/ SG2004/ 00180

13
singil BBmics YABpHIG e & ki SERPNSHD Tl ok BXRETRIg0 B POIY-L-
laciite! (PIEAF of ﬁﬂedmm RISuld weﬁgﬁt@xﬁaﬁd& wTFsrrr%?E c%ygiﬁl’t@ as

For exa a po

X T s o
Howéver!a ﬁ\%ﬁlc‘éﬁbe%b@ hé\nn{b Bd Iaﬁérﬁ%ﬁr#%@gssd? %%é@a& E’F[}-\al

exp anS| on of % occurs |

and,ﬁgw @gtoglygph@{l?{ﬁh fullyweparadsen © rhimutesdat3766) Ther

exo BRI by R ) LSRR OO o L

expan
urolpgicallapplications ain vitich matnyo aa hburekpamsion Btcmagbel O
atlons in which a 24 to 48

ol.0gj.cal a
sundHiGPoS ot SRR, s as o7 corerany weniappieations, the
expmmﬁﬂn 1abd imalybe morRhcriigall X sIERIASEFEIN il lﬁ{dérstand Tsand

]Jcathns the expansion rate nmay be
the ’@F‘f ¢fiexppnsian of the %%’“ﬁ?e%‘éﬁfewly selaping leyersdavingand ¢ he
partit@bheTpd. expansi on of the device by carefully selecting

| ayers having particular Tg's. [0069] Generally, the
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a gla#st)ﬁatk]. miydtherefgel provids ngidity tblhe &xpandsdsiet,one or nore
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' [00708 IP Llﬁg\m &%‘ﬂ?%ﬁ éﬁﬁéﬁlg gqryg bp? I@@n{é%%cg}oars in tﬁe helical
stent 2O nr;umdampmaacwﬂ (RLADY, qio@cpqaalde PO peigatie-co-
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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.

16 t he

[0071] In one embodiment, the medical device has at least two layers, For
example, outer layer 24 may be formed from efther an amorphous polymer

-+ with a Tq of between about 35°C and about 60°C, or a cross-linked polymer

with a T, 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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cel lul ose, coll agen, poly(hydroxybutyrate),

pol yanhydri de, pol yphosphoester, poly(am no acids) or

related copolyners mat eri al, pol yurethane incl ud g
WORYMIIIFy cross- | i nked et her or ester-uretha’ﬁ@@’SG00‘”"00180

pol yet hyl ene, pol y(ethylene terephthalate) (PET), or
Nyl on 6,6. [0071] In one enbodi nent, the nedi cal
device has at |east two |layers, For _ exanple, outer

of bétﬁﬁ@aﬁ aBdutBOy Cmdfaboue ¢ 6°0p ahe whess semi-aysiafihe s
%’ ymer with a T. of between about 35Cp%2§9é1bout 60C,
crysigfiing nglingpointdcneaisr thap 100y + Hnengexgm gWehhout

layer i %O?Yf?rﬁ PREA ﬁ@f@v ANPGRSt 28R T InBAS frohPYEA 8.£28 | S

om el t her an anor phous or a sem -crystalline
PLGAcaoma r Fatithé aforaigentionad mmn@mgr@@!ﬁ fwsbognhen0150

giver?jn 116 pEETer AR reR 1 SR Phnidrt\Eao b0t the
secopd el&h“ﬁb!‘ tdfars o AOP GlAncovenit Q&'E%‘Imrll'fg%)h :t ig :ﬂwr pOﬂSﬂD}&?}Or Io?n
use ppRsicizedIPLABRT sires LA g tie, aliar lavef sien bt Heas

betwEeP2abBEECS, the first nunber given in the polyner
nane refers to the PLA content (53% or 80% vvhiIe the

d numb t he PGA 1% 0
10077} e e orssest ke, eonsclly it e titeniavs 4 1 oy
useﬂﬂtag @e T\-60a éﬁ)sglﬁﬁkéw gﬁpmbﬁm& raﬁ%@hoﬂhit@ow badyye is

bet ween” 40- 60C The use cross-1linke

tempgrsityrede gbove bedy rgﬁratﬂret, [$ECiy 8 BEWesRa 1%’% et ul
abougﬁ?@& lﬁgre%arﬁclﬂé@sﬁeweﬁk %Qoﬁﬁ%/ ¢ d PALS 0y %“@e from

ow bo tenperature to abo ody tenperature,
such as between about --10C and about 60C or nore

[0073ar t Theuekstivg tieimass of fiseiteniayerdf anbinnen yer £H6a11
o v S5 At} i 18t BLcd, MGy e

sameelntab thm:lmess of thea:mn@blayaﬂsthﬂs@ﬂtﬁﬁ@nt trgclﬁw@s of thee
e 7 RS 4 A 5,

layer R21to auteriayen 24 mat lsmbetweanidotaond 1tthe i nner [ayer 22
to outer Iayer 24 may be between 3:1 and 1:1. [0074]

IOOTJAddﬁ? %E E’?’w FQ:HQ dg%@donalcﬂtﬁﬁllﬂHrgrgers
formetigfeom adtiitiendalqm@merar e\garrettm lapérg sfre prafdrabiyt iquneéc h
atop %q?ﬁ?rtg hﬁ%@&'u%%h% multlp'fu la\yerosI %alct?%“armsed f?oe}ﬁg Jo?)’rﬁ@'d
having a different glass transition temperature, allows for a fine modulation of
Ts, the state transition temperature of the device, as well as the rate at which

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

greatest Tg.

[0075] In yet further alternative embodiment, illus{rated in FIG. 10, afwo
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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having a different glass transition tenperature,
allows for a fine nodulation of T3, the state

tranS|t|on tenperature of the device, as well as the
WHORNi ch  the device expands to Di. Vher BCT/SG2004/000180

addltl onal |ayers are included in stent 20, the T. of

each progressively nore inward | ayer will be greater
than the T9 of the previous nore outward |ayer, such

secbhdgasstelnem being EMeﬂ lawee{ Emﬂ\'bttb &eloh dduﬁsﬂ %?Is%‘thér g.
ernatilve e odl men
helr 9%9?1’% sHech 30 i i 4 Wi a.gangeal heligal shape thaingzohelisp! be
t
dlalf'n@feﬁﬂﬂi #i tbipagitaeem! Tﬁ@} F i iRYE! d&ﬂ%tﬁ?gér@%\ a“;‘?é‘r‘alsz

over | apping | aéers ustrate
shapg hgyingrdianelar 2:ﬁﬂﬁ?mﬁﬁtﬂurer@ ative to the second

Iayer 34, such that the two |ayers wind the |ength of

[ootdie  $xehi 20 ls%gﬁ:gfﬁ ﬁhé @ﬁhe%%oﬁ&é@%ﬁé‘?éguﬁcsa@ew

bei ng an upper

or tl@gi@@o@@ single gn;eréwﬂmageay at dlﬁ@;ngmateag Ehdrefors, stent
5018 B Skl ik o R P i S e

mayrsintain la chffmgntthmemg: agent] oradch |aermBdyeconBiin ted same
is re-formed to a

e AIRETReH fnkdroil B3 5215 fhoprant i dspengba on the
polytrmrrpsetﬂtdlbﬂn Bach [yer and Blecdiferdt Tgs OFBE Pbiyhidrs.t h@ the

del | th t t
ayelicare e bkl (e herapgiue peerigudl badolieredin hy

sameé diréstion] heref ore, stent 30 may include one or nore

therapeutic agents. For exanple, each |layer may
or each | ayer

ferent therapeutic agent,
W‘”ﬁﬁ gtﬁ'ﬁt 3? ‘%ﬁﬁe% asrdesgrhadghoye; @3@@ eprextrusipBrwi | | be

iSSR0t I S

used to form each™| ayer
be coygxiudadto forg @n@!measamhwm adjnnent beinde obgadhi de, t he

oSBT BB 4 i A8 AT e bl

di recti on.
that wipd Jke lengihf thohelik rAftarmtlmty ﬂm)layenstmapbé icagt side-by-

side, ﬁ'%%’??‘ﬁ{"r %“%" {i%qr?% Pﬁwggé%lﬂ ?iﬁg?tegf’; i% h l %F%c ent

bands of each polyner, such that when coi I ed into a

[0078]e| |Bormmiml epplications, e polyticss ased toef;aansterﬁ hat{omi nd
ayers may

t er t he, |
stentstbg@ céa i s @B%gg%béﬁqlﬁ ﬂg @]@?QTQ Br ee
causing mivieal imtahdm tohthe digsise wheh hﬁsaﬁl@ﬂyﬁﬁﬂuﬁabh loPa body.

[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 fo 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 urclogical 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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[00781 For nedical applications, the polynmers used to
formscent 10 (or stents 20, 30) are typically

b| oconpati bl e, non-cytotoxic and non-all ergenl C,
WHEIS ninal irritation to the tissue whenPCHSER(04{00180

in a lumen of a body. [0079) In certain enbodinents,
the polyner or polynmers used nay be biostable, or
non- bi odegradabl e and are not degraded within the

polyﬁﬁ&d)écet‘é%{)PVﬂQ' yﬁemywne -RRVRYl o Stalte (REVAG) s Nyfuri al |y

non-erodi ble in e sense that their erosion rates
6,6. are usually of the order of years rather than nonths.
Stent 10 (or scents 20, 30) forned of biostable

[ooafrpl .\/Q%%'imofeor@éﬁts o) 30)] Whes ebhdtrdcesd ofapbibhissorbabile f or
de-restriction or de-constriction over | ong

polyrpes prou@egcertam rgvaniggesoevesiaspnaievices sHeRd AR MPtal t ery
|
stent\%p%ﬁjc r gnr}%gl?rapﬂeéé ogﬁibﬁ @tlo ?g@ltbﬁé‘kh%ﬁzal sﬂé’cle,fsvaeH g€

aneur bi ostabl e pol yners
periodrod timee A phuapmrbauammce mekd npbbe cetrigvest ¥sing:8 secenl v

oS S ECHBAOTH SPGB S nlged
stentggﬁ\fﬁ/ﬂdﬁﬁglﬁfaegétﬁiﬂgﬁgﬁgng &ostg ts;er;uenyicuguﬁ?t e
treatppisnd glegnice GhaRpnasasonl Wesd T st Stesb masgjacRiging,

are nBPRYJUIEE! Prowaler tHEre Al iddedein sipltivne wnareoa bitetable
certai n advant ages over known devi ces su as t al

stentds t’g\et;yefeirr.e@qupndoh@fqmgp |@g@rgfﬁyg§q;qlgroqp (f:ﬁ@qpnﬁ 't oxi ¢
addegi o%or Bgﬁorﬂl‘{ﬁéné’d. period of tinme. A

evi ce need not be retrieved using a
ocedure after its useful life .in the vessel .

d
{00813 s dSient T (s stastn?® 390 i fesignsd tohavegogeoliapse
heat
strenEbRPhHRE 1o i it ohaltMmAIRAdbiRY (I6Codacenim 162
mserlmctrs)randrmsybapamdabﬂl@! sarthatnbmav &Xpéﬂde‘ilﬁﬁléﬁé?e t here

s o S B el k.
expargipnh pmsgrﬂlmdjusrto thel deht:at désfgp E@rdmlecﬂnamcab nt h
t d
propefips Sk sefbBiPsnAE aoe RreRbiidh i lensi s uce st 900
‘the mateR R, 2The| iﬁV@ttbhcﬁdnalhtagé@mI}bpidvldﬁs(ﬁodymaassiemtfs with the
i nsertio

requitBS TR AR Goh BTpE R P g B KA Prasing e gnddiirh o °°
structtdfgy, oyed by nerely deflating the bal I oon. The self

[0082] In an exemplary biostable two-layered stent 10 an outer fayer 24is
made frotn 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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expansi on process is unique to the helical design.
Stent nmechanical properties and sel f-expansion are

di rectlgél proportional to tensile nmodulus of th
The invention advantageously provi dB§T/SG2004/°°0180

polymeric stents with the required mechanical
properties capabl e of bracing open endol um nal
structures. [0082] In an exenplary biostable

[OOSHIVO F@i?éhgahcﬁj%\?hébra%&taaﬁ ogsérﬁr—cryﬁﬁmne l?.‘tléiyrrsers rfmdle f L om
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show 9 nb:ﬂe fihearrdeereasBiin ats_e:ugtb abithanftd dvex mmmcor?'/mgred ital |
a matlal SRR ing o ool gions st e i a5 5619 1

aﬁedéiﬁtﬁ}e@érld( Bhy¥ in ¢HEinsiBalicanipesitich and polendratiaostCoureand
then elimnated fromthe body by respiration. 17 WO

and %Mﬁhm@s%ﬂm:w SG2004/ 000180 [0084] Het er ogenous
degradation of sem-crystalline polyners, for

[0085< 2 "Biitabld MIBhEéBrbéibl@%Wrbﬁm&q:cﬁw;hame{mm; have
anmor phous and crystalline regio cg,3at n occurs

poly-RdaetideAFRHA). mly@lmlﬂﬂ §oSAY. é'QPSW@e"? HB?? @ngt al l'ine

glycdnaa sﬂf@m 5? fll&x%ﬁ&llé z)owgﬂdéfaﬁafér peNRlctié ﬁéiH%Tyéﬁ%{Iéﬁb

ter tha ecreasesS in nass. Total y

oxu:leatm1:10!3&17!@&[5h modified celiuiess Cpﬂﬂqe@st?@’v@‘ydmww a®ke |inear

poyyep BT BolyBnosEREter AT Sl el oS! O
eachlaégm_imhal’ltaimra d:han_actqﬂgtictmegralaﬁmtram inyhe/bepdatiodbns i n
' che 0 sition an 1a] .
oxanpli £ prf PEBERE ARG FgaBRvdTRos iR BoRnd G RR, °™
(weel@floyrﬁ?{ﬂlﬁs) ?ﬁﬂ PLEA pat polycbﬁltblamq ﬁbLaﬂa)ejatlvely slow-
acti

pioatgPriiog PrRLRHaAEONGF JeUarRl: | Putsd) il persol tAERESbIE™" ©
to ch@&%eva% HEstophiste bivbsbAsabiecmatdrit, painyeteyradation @ie that

ynmers, nodified cellul ose, collagen,
is SU'&@FW@E?&%K%GPQ’W‘@'} pol yanhydri de,

pol yphosphoester, poly(am no acids) or rel ated

[0086]OP A sHBfPalso be noted that the collapse 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) fo about 120 ksi (827 MPa); a tensile strength of
80 ksi (552 MPa) is typical and a prefersed 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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each of which have a characteristic degradation rate

in the body. For exanple, PGA and pol ydi oxanone are
(weeks to

%k@w 0%'5% f ast - bi oabsorbi ng materials
g d PLLA and pol ycaprol actone are a r &f@/y&A8p4/000180
sl ow bi oabsorbing material (nmonths to years) Thus,
a skilled person will be able to choose an
appropri ate bi oabsorbable material, wth a degradation
pretgiTed flensile strengthiis fibineatfont 25ksid$72 PP RO bbEE 4551 (310
M,{,Q)QSG] It should al so be noted that the coll apse
pressures of two-layered stents are generally | ower
than with single |ayered stents, such as by a factor
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polygiugonate nglye densileanedylustidrane dbowtr 200, 0005 ¢NGTH M)

o ST 57514 NGB SR .

MPabis\iyptical end aprefecieddensilensodutusis TR bbsuidsd, osupgbout
atensile

' 1o . t 60 ksi (414 MPa);
Q’%?r“@?@%]a%?’u%@ p&@gﬂ%&g a}s typical and a 18 WO
2004/ 110315 PCT/ SG2004/ 000180 preferred tensile

 [0089]r efyPhLA sivipriers abmich I@Ferishsile kténdifeand RnaiOrbddias
PDLA and PGA i ncl ude

' P83 A \
ensile f f ORY PRU Qepxe
tharf Jr o, SRAILON™ itral alsy e whish vy b uner tymek
braiderustertsi Tl terigié bt 0 psi
t %‘% ap i-(rfq_ 5 éﬁg?,tlﬁ?ﬁowgﬁlxsuég%tﬁ@g%?ﬁg%qgggg(6|,02606
strengil pf ELGILAY ¢ Thg tensile modinus, of Rl Liteis sibiost Atidofithe i s
tensfie aivdaie \of ELAN @9 Qrdidiered 184€ ) to about 1,200,000
ol ycaprol act one and

psi (8,274 MPa). Polydi oxanone,
te include tensile nodul us of from about

I
- [009980?/%&%‘? 10 2”_(3}?'3*? $0,p8) s geperafiy didloceremiddbe (4, 827
. Waragal propeftits :
met;i%@)i C gﬁb and gdfg?ng?b‘eégs ?%r@%gﬁﬁg%ﬁétg&lﬁé@?w“{zg%u{ >
metaygRpysoBiogksorbable or biogtatle stenteuay redifred@dizpiaq(d, 792
markiPand may have a larger profile on a delivery catheter and in a body

lumen to compensate for the lower material properiies.

[0091] For example, an inner layer may be unplasticized, thereby having a

“high Tg, 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 iayer. 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 Tg, such that the same therapeutic agent may be dissolved or
dispersed in the two or more layers, so as to diffuse out at differeni rates. The
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[0089] A PLLA strip has a much |lower tensile strength

and tensile nodulus than, for exanple, ELd LOY(t rr)
brai d

y wire which may be used to nake
‘gﬁéﬁ{“g%#%e tensile strength of PLLA is about 12?2%‘8?004/099180
the tensile strength of ELA LOY(tm. The tensile
nodul us of PLLA is about 3% of the tensile nodulus of
ELG LOY (registered trademark). [0090] Stent 10 (or
tog! aoyntef dragyeleasagemay be Imaripmhteﬁ by edjusting tﬁé‘lﬁ,ckness

ners are enera
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eutic agent in a biphasic pattern.

genﬁsa ﬁ%?g%m?ﬁ%?ﬁégpfromtm or nore |ayers each having

a different TT, such that the sane therapeutic agent
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delivering a particu
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OVerWnﬁds Simlarly, the outerrmst | ayer of stent 20 wilt
rel ease a therapeutic

[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 muiti-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 iayer 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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agent therein away fromthe |ongitudinal axis about
V\,hi ch stent 20 w nds, and generally away from stent

3%1094] Where stent 20 (or 30) is formed of |ayers,
Wpf20 WB%5ayers are biodegradable, then the rBFE’SGﬁOO“""“‘HSU

bi odegradati on al so influences the rate of drug
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tubeg????rgggttrohiﬁeshm dmarctu Idayl:ursuﬁﬁ agmlzﬁ1 ba:a dusidag 'geﬁ la&; m&ar t g
cavity of 3 UiRigh té%/ E.quotgﬂglpggifrgmgpﬁ EF’"?Y i ﬁ'gr b'%@%f‘"? cations

for a bi- phasic release profile for devices of the
[0098v elnt $'b104t, bate ut the dasired beatiom sderityl0ds epparstsd. skiis | ed

may Ibe dtone by rassmg the temperature of the stent 10 to T5. If T3 has been
chosen to be at or below body temperature, the device may sel-expand as fis
temperature equilibraies to that of the implantation site.

[00100] However, although stent 10 is desighed 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.

[00101] 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 balioon is deflated and
removed. The prosthetic device is retained in place by the tissue with which it
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stent 10 (or stents 20, 30) may be used
treatment of a subject in need of
as illustrated in FIG

B‘HIP%@ ly, in step 51102, stent 10 is |ntr8GET4§§a°04’°“°13°
into a lunen of a subject at a site that is desired
to be expanded. The introduction is generally
erfornmed by inserting stent 10 at a tenperature bel ow

p
is mZontget prd mowngxpansioatendehelt h D2. Stent 10 may be

readily depl oyed in a | unen u3| ng a convent| onal
Wil | reC| ate "l unmen

TodRafie) o rStoht0nhy B8 phltidly BRpaMec i Bateorancienish

use hereln re

in pjaca:mmeekmndedg;aate Stent 10/hig dohﬁn@@tﬂé Xpafli 1§t 0od
e gastro-intestinal tract duct s

delfRHPaL et Gomelos Boc anhal Tods Hosigned o be acualyo o lias
than137e€y doe‘shﬁ)t elHatin ﬁ?&ﬁrtftﬁé’gélf t@ﬁréﬂgﬂﬁeﬂmégsst Rfiis

Iadd 009 In $1104, once at
deploymg es‘teélﬁ@l stentivdli engue deat thebloskedregsseboxiasiewby

orgamsswwu AP 8P B W aHhgbiey PhefHsadh. YBE at ur o

been chose
[00100]

Fl#éafdﬂ!\ﬁ agisingefions Mws@&pmmmaﬂrgah secdilingper at ur e
footdaye” S Onée HORLGN, SIH 103 auRer AR ARG 1t Rnd an LR o

[00971 In use,
in prophyl axi s or
ansi on of a | unen,

equilibrates to that of the inpl antatlon site.
addition

in hgl;ogl yisdts thandefore sieployrmph Forelample; credmh@odih’}erﬂ the
deviEg %’éa{g%ﬂt 80t iy é'g‘%‘@, of 00 g' R ma Helgalmdtn 1 Simm

ure.

anquyatedummﬂuygtbbymbobﬁiﬁ%%d lﬁlfrebéeﬂﬁ: ﬂ@i% A& to about
00101] After t he

k th t
3 miRBEBRARmER: IR somPaa. s Expandai mtalsgemigpertall
has abiguititisé memswmﬁhmﬁﬁ%ﬂﬁmﬁgﬁeﬁ@ﬁ%h@f‘?@n | sa;F ded by

d Irem)ved Conveniently, when the expa
ePIQYREt oon, the bal loon is deflated and renoved. “The

prosthetlc device is retained in place by the tissue

[00104F h Wiaisadill nbw bk NPre@d 103 f0 ?i’%?ﬁ%% %Q%irggr &S

and ifs own expansi on

med*e?'aﬂp?ﬁ'%ay'needﬁaﬂ@ngﬂw Ak Adele smptaniationl Wbt and

10
iostRITaHh} oyl S Sy 4S5 RREYMHORME 1oF
desrrggamlgpa Ycsuch Eﬁﬁlﬁis mdy rease aesirgnere theralpeuma@éntt 0
at thé%?ndlﬁﬁﬁt orf @0 lgt)?%xaﬁlﬁ g%&u‘t 1@%0%)} be uggc? In heqar{ 8 s&“?atsaer t

he selt expansion pro
treatment, using bioabsorbable polymers with or without drug-carrying
capacity, to prevent restenosis. Other applications include depioyment of the
present stents in thoracic surgery to keep airways open for patients suffeting

from bronchial stenosis, or in urology, fo keep the ureter open.

[00105) Thus, in 81106, stent 10 (or stent 20, 30) delivers one or more
therapeutic agent fo 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 T, of the polymer; the _
diffusion rate of a drug is higher in polymers of lower Tg-

22



depl oynent of the helical stent will ensure that the
bl ocked vessel or hollow organ is open and kept open

“Idg /h@ l?suratl on of inplantation, w thout

%‘Pﬂ 45 ons arising fromvessel or hol | ow orf§A¥SG2004/000180
recoiling. [00103) Once depl oyed, stent 10 is
generally shorter in length and larger in helical

wi dt h t han before depl oynent. For exanple, in one

[o0thR]odi nefitourshestenieDc20 on B0 & tiet vaniots meludimé:rdags h of
reduce

desFiittatibe TRy i pritkanBdor hetd rnd scldwin STREHORL, o ey

insttutigholer us@ Mm after depl oynment. I n conparison, an
expandabl e mat aI st ent generally has about the sane

rootsB]P o, rBkiion hel Bmpodirents rerraned Dot FaRe b ateal cn

stenté) a’@ane%mowa RipPratith ﬁ’iét td invBRina8 nobEd lim@ad,| 4Hes
including Iong-term and short-terminplantation, where

thatthe muB*sl@mé polyssirigl sjenie gne siards mclt@m/th?ramegwaage@ts
hav‘mt:; ‘Pﬁt? @;Sﬁhglloﬂ Z}Ybﬁtﬁ'héé dESSHES %eheqﬂ?Hagw fo¥med 8
erap at

Se one of nore t utic agents

shan&seothelﬁha!maéleimnneiudleg aHubulexslmpes, stent 10 may be
used in heart disease treatnent, using bioabsorbable

[001@9#93’ me rlﬁnt‘%t{ ifefis. dﬁtﬁ%&n%rpﬁlﬁ? BERYNG @QP?&%EM int O

vent restenosi s catirons

lightd:éﬁefphmhgobnﬂhetmgoemwiesstents in thoracic surgery
to keep airways open for patients suffering from

ial stenosis, or in urology, to keep the ureter
Ex‘ﬂ‘lmg"‘q%][00105] Thus, in S1106, stent 10 (or stent 20,

30{ delivers one or nore therapeutic agent to the
[00130} e ofExampledt Manwhactiee of theeSteai ce i ncor por at es

such therapeutic agents dispersed in one or nore
00 p g Dy S4Bt ppprch i a6 upded isaRds fecbol™
castingor prousiongs Ne:gam siip is coted into @dlqdicalwlrepe iapd set lnto
this érl'gxﬁalea lﬂﬁ%]ﬁgﬂmﬂa}ﬁ Jsrtﬁ) éga ‘ﬁfghel?‘ ?erﬁﬁ+r¥ﬂ% gf‘%?ﬂ? o%l'egrlé#éf '?12 5

a dru
depeviis 20 Gidd 'Iglﬁﬁﬂlé pB@WeSGt@(yb’m Iﬁ!@ i$ R0%0adt Tofsuch dinatdy
s 10, 20 af puS enbo
s froffh, Setorahiit Tb d0 G b s RS baRRE PR P8 it
stentds uvidlipondde ihttsd hold mfcsiﬁalfe@ heh@ width (D2); the ratio of
D4/D; is generally greater than 1, such as from 6 to 2) at a lower temperature

(T2): again, T2 may range from T4 less from about 5 to 80°C.

j00112] 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 femperature (this
temperature is usually between T, and T and is referred to as T3, i.e.
T1>Ta>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 1.

[00113] After the initial expansion, the balloon is deflated and withdrawn.
The stent is retained in place by the fissue it is in contact with, and its own
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[00108] Although the enbodi nents descri bed herein
relate to helical stents, a skilled person wl]l

Wﬁ?‘zﬁrﬁcli atse that the invention is not so limted, and
MRSl ti -1 ayered pol yneric stents and sEERSG2004/000180

i ncludi ng therapeutic agents having the

sel f - expansi on properties described herein nay be

formed into shapes other than a helix, including a
expdrision tehdefegpe. [00109] Enbodi ments of the invention

may be further appreciated, in light of the follow ng

it | es. EXAMPLES [00110],Exanple. 1:
o01fal L Genesslys HArmers; e, taly RISse bg s HpGne:
and fHenBllbived 86 Sclh¥xpdng atbal iepératie (TR egahsiopaald atg or

extrusion). Next . the strip Is coirled into a helical
bodyserperatuee is generatipsiovesr hastalde. Vhereilsds belewibedys D)

i i 4 hnati ' f ihd stent
tompRhattrel IS5, EME; didhgdinhaic Rorepdiafritresent
with helicsbwiriths PiandiPb that T, is fromT. to about Tg +

40C. Once set at the higher tenperature (Ti), the

nt i | : ] el ehal | er helical
[001’\?\{' dt h %fwgk'eéf g?%'dgapﬁfﬁgﬁ%ecgg%eral ly greater
than 1, such as from6 to 2) at a | ower tenperature

[00116]7) : dbeipreferred payfigusalinn oftberstent isesmultirlayerggd dglical ¢ o
80C. . . ;

stenty i fflofthyert By Pl ofeln SROHORS olyBPuTh e,

beiwﬁhnémmai(;digmk?; avitiledlye gmﬂyeois roade ofy%n amerpftosstor may
.0e an Sl 0 e a al S .

semitgySlig aemey wits s s 466 30515" 68 n b ieling 1

pointdjigatéd2thaRd 00SC IR enastes eagid eXgandability. T1>T3>T2) .
Under these conditions, the stent expands quickly

.rst due to the hysi cal, £x Si.on .and t hen
[001{jdr e sl 8%‘%}‘%@’%'@9‘?@ sg%rlﬁf &3%@:%6%'%%%5@%&@“ es of
adoptdee stent, to the helical width set at Ti. [00113]

After the initial expansion, the balloon is deflated

d w thdrawn The stent 4., r.etained .i.n pl by the

[001 ﬁ] ssu eIrF‘f' nner ay erCGrmcgeﬁor\pvi #t'%’ TorRxap. e)dwaf%c%
castn@%/f)bwﬁdﬁwﬂn PARAhOM dragyfomya soREhSERHorofREeMe.

[00114] Cenerally, the stent, inahlljs , isi @ithﬁlly
A stapgayd sgktiop Foatep s ysesor PYRERE- Ef’@v%ﬁo YP Y Peexpand
outerbyd? QdKnic? THBicalHA PLGR)As McRRITA adlvent thaltioes not
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 biocdegradable 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 aiso be used to deliver another_ drug,

such as an anti-coagulant.
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body tenperature is generally slower than at T3, where
T. is below body tenperature. FIGS. 1-4 provide a

wolAeWAEELi ¢ representation of the stent wit [
Wi dt SMI%IE and D2. [00115] Exanple 2: Cenerati gﬁ&‘fg@&ﬁ){){mlso

mul ti-layered scent 100116] The preferred
configuration of the stent is a nulti-layered helical
stent, in which the outer |ayer(s) are nade of an

[00 12040 p%ﬁ atwlo )(m:eslnuﬁiptd) layeTed Systemcibn Pﬁb@%{ﬁdﬂ > on
ile the inper |layer.is
top ofseneh athgrr e mesey e P YL Ml B BRB R 18
inner B8y 6F 1456/ Irl 4 ¢HRb! inegangoofT: g usaaliy fremahe TpotheThi s
erfsures rapi d expandabi | Iﬁtl% \ﬂhﬁgllp 1}35%@@37"0,
outerﬂ%wrlt&aymléd' aSt407 EE;T;‘P\%T&B E pf? mggpg .#rte | ; e
Q . ] SOLRN ihstancd A, r
then @‘?fﬁ‘éﬁ@?‘“’?‘gﬁa}%@by e ool v er b Bl 8ng
be 370C! Boch isthe ghsd withPAGHPULT.ON & 510158 8?4{3%')’ P ah‘g. A
st.andard_ sol uti {efo~l S used for this purpose.
PGA,hgse '§8P%ﬁ£%&%€gcbuter | ayer pol ymer
(typically a PLGA) is made, in a salvent_th d not
[001 4SS o: 'va)I? anrbnides repokSpnative wg{ue;sgeiéfy t:r?_ ﬁg}’at{:rés ?’%?An
exa of su RiaEte - is solution
ethyl‘?‘?@?‘é‘ﬁ“@gé{segrﬂsga@ﬁ%tvﬁﬂr%grﬂe?%&gr pol'yner, and dried
to nake the two-layer stent film The filmis then

shaped into a helical stent using procedures already
outlined above. [00119] The two layers, if made from

bi odegr adabl e polyners, will degrade at different
rates, which may be used to advantage. For instance,
Toble tr | Y, nosis, it appears that rapid

R Cel FPEORITe CERL S Al *,f:*a.

oy

BRI gD
Ao Ay e

& Q. ]

RS 2 PhuSS e S
PlAg@ti 6T, o68TC)t hi s peP?E&d, rél ea Eé
corSingle-layert he sayre t 7% per{od. 49 seco?fg éf?%er)r%'y
then be progranmmed to deGgr ade at ngénmh sl-ower 7"@:‘6’
PLGA 8026\ (Epe ShaBer| st a@°G est enosies. V1t ray .al % e
usesinifle-igdri ver apot héd°Glrug| sé8fCas gn 45°C faster) or
anti - coagul ant . 24 WO 2004/ 110315 PCT/ SA2004/ 08150

_ pLM&H{ﬁ%ﬁé&é@PﬂGﬁ\WD (071Gl ti pl e) 2&Gered syst ef{ & he
%&qu;m)be oh top of each other orj side- h_\f/-qi de.

PLGK 8aB0ibiadttydad NS aspwer Tg t 126ACt he 37°C
PLGAB0/20/ (Ty = 44°C)

SR ANEE

[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 is 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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inner layer or layers. In this case, the range of T1
is usually fromthe T. of the outer |ayer to about Tg

+ . If the Tg of the outer polyner is close to 37C
Wﬂéﬁ“%ﬂﬂ%‘sexpansi on rate is rapid at body tenpEFESGRYW000180

In this instance, T3 may be 37C. Such is the case
with PLGA 53147, or a 50/50 copolyner of PLA and PGA,
whose T. is approximtely 37-38C. [00121] Table 1
agentegicheas siepimasearichits dmfivaﬁa}eseiﬁclfjding _Bveroﬁ%u\?h@ldm- Pol y
X col. was d as.a sticjzer ere
pachlet) SPES6dGexES ek ipniiog? oBedS sueh bt bapar:
antbibtiz® spttaas asioxrillin; chkofRe lidQgertsddthra itaﬁQ@rZF’C
25C.37C 45C %faster) or 37C 37C 37C [ 0012Z] Exanple
doxgr “%%‘i"éirﬂ"“é%% gPif Spelbas agnairieyin; endiantizhygedphsival
20NRSRASRI AlicREs BF QI ARG ate  data of for |

singl e-layer and doubl e-1ayer stents at 37C.
4. Use of the scent [00125] FIG 13 is a

00287 oWl Tom hical aspesheneinisiesrighas aoedeimdsivy,
posgbleHS provad B, b TRELRRANAICS sRAAL oFBENEIoYa IoNE o
heligg] width at aemppeaitriegreaienthan thelTygf arixemmbitbe pblyers.

. ' . I - i j 2 2004/ 11Q31
TrisTRAP BB TIRE 105 TGt Rer e b S bngen ad To
to prgwide\aafunetianal steEntidi ng everol i nus and paclitaxel and

its derivatives; anti-thronbotic agents such as

[00126P2" | Example 6: Bitayer stents

[00130] For a biostable PET/Poly vinyl acetate (PVA) stent, where Tg of
PVA (auter layer) = 28°C and T, of PET (inner layer) = +60°C, and where Ty=
37°Cand T, =25°C, a self—expahding stent having a PET layer with thickness
= 0.18mm; PVA thickness = 0.07 to 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 fo 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. Fach or some of the muttiple layers could

- include a therapeutic agent as described.

[00133] As can be understood by one skifled in the art, many
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anti biotics such as anoxicillin; chenotherapeutic
agents such a paclitaxel or doxorubicin; anti-vira

ch as ganciclovir; and anti-hypertensiyv
“@%@E@éngﬁch as diuretics or verapranil or cloﬁpaﬁﬁ@m“mm“m

[001281 While the helical shape herein described is

preferred, it is possible to provide a fully

tube-1i ke stent which may be stretched to a | ower
modifichtiord tovthe tehemplaay embpdimants desyribed bereithare pdwibTe. of

Thi hi -

hoft3beR0S S SRS oot S-S EBhin 1

scoﬂeo aB'defhsteby tHeldSihisOTRé irfeftidn als8 tHchiiesRlasRhe sieps,
Bi | ayer scents [001301 For a biostabl e PET/ Poly vinyl

featyfes: GanaPqsiipRp apdcrMpouRds Esfarredio orpiylicaigd d thig ayer) =
T

specff B Indiiot I e BBl GBI ord H S Ao B S

twoowereaﬁtheustamsc:krfwure& 0.18nm PVA thickness = 0. 07
to 0.15 nm [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
di chl oronet hane. The thickness of the cast |ayer of
PVA is about 0.10mm This bilayer filmis set into a
helical stent of helical width 3mmat 37C for 1 hour
and the lower helical width of 1 mMmis set at 25C
This stent can be balloon-expanded and then self
expand at 37C. [00132] As will now be appreciated, the
above describe enbodi nents are susceptible to many
nodi fications. For exanple, an exenplary stent could
be fornmed of a non-helical shape. An exenplary stent
could be forned of having a genérally cylindrical
shape, two differing shapes at two tenperatures, ofr
an undefined shape at one tenperature. Simlarly,
exenplary stents could be fornmed of third, fourth and
additional layers, between first and second | ayers.
Each or sonme of the multiple layers could include a
t herapeutic agent as described. [00133] As can be
under st ood by one skilled in the art, many 26 WO
2004/ 110315 PCT/ SG2004/ 000180 nodifications to the
exenpl ary enbodi nents descri bed herein are possible.
The invention, rather, is intended to enconpass al
such modification within its
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scope, as defined by the clains. The invention al so
i ncludes all of the steps, features, conpositions and

referred to or indicated in this
W@%@@@#Fﬁgtl on, individually or collectively, gﬂysgagpuooolso
and all conbinations of any two or nore of the steps
or features. 27 WD 2004/110315 PCT/ S&0041000180 WHAT

IS CLAIMED 1S: 1. A stent conprising first and second
said first layer including a first polyner

| avers
Wl'{/ﬁ‘ngQEAM ED Kst partially anorphous and has a gl ass

- {12 Sh QltuprdFIALAI Sl X BBl LR e N Sidngia, |

inclu | ng
ﬁrstepqmrrpeardnat naatﬂeaaispm@ﬂmﬁomhansamd has agmrtmmanTﬂ

aflrst shape at a

tompteflS 16T gt BRIy SRURINLR SR PONTT o s o loac

énper at?
paruarmmmpms ahid, ha 5l 88 trbBsii G ichth FARRIT | A shSH:d
fo th shag}f;5 sai d second shape at a t% erature
|Nave & Re &t adower tampeeaidiet Taeind a eﬁeqmdahape ars,

a h@ﬁﬁ@ﬁg&‘auﬁé T, ea?ﬁitcdn? giRblto ‘&Qaﬁq ?ﬂ%mﬁﬂ%ﬁpﬁ né Z?d

The scent claim

said|segend shapeAld tempesaturchequal ta anareaten tiand trgnﬁtldwhl rd
nd has a

tem@RENFE T, WOfendent & Ieh AR pall ¥ st oRE B Bt oo
claiml or claim?2, wherein T3: 5 37C. 4. The stent of

‘ .ai 3, wWh df I
2. Colst REntlr R Surher RoipgSiRE =% lghst fes spaiSnasfined o m
layeﬂmc?udlag- third polyrrich éiat e ot lbﬁstétﬂ:@ﬁﬁllyla‘ﬁncﬁfﬁh&% &k haoE

las Engﬁ con |st ng of a drug, an antibiotic, an
gass e ¥ 'dgent, an anti-clotting factor, a
horrmne a nucl eic acid, a peptide, a cellular factor,
and _for a cell surface receptor, an

3. aﬂ?‘!e sg?ﬁquf:’é‘f’ﬁtﬁ‘%féﬂfﬂ@%t\”h%ﬁngaﬁ AR onbot i ¢ agent, an
antim crobial agent, an anti-viral agent, a
chenot her apeutic agent, and an anti-hypertensive

4. adbnistend of ameore ehelaipis ¢ a3 wiierein ssidifirst Polymieer ei n

compiidbd of and said second pol ymer each
pg'%ﬁp?itgéeége‘g gnt therapeutic agent. 7. The stent

of any one of clains | to 6, wherein sald first layer

s, | TyRBet o P B FREgA sl
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.

[£ 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 Ty < Tg.
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.Sspaced farther froma central |ongitudinal axis of
said stent than said inner |ayer, and Tg, < T92. 28

\V&gh 04/ 110315 PCT/ SG2004/ 000180 8. The stent of cl
‘\’%glé?%ﬁn T91 i s between about 25C to about B@ESGAWG’OOOIS"

T§2 i s between about 60C to about 100C. 9. A stent
conprising first and second | ayers, said first |ayer
including a first polynmer and a first therapeutic
agent, said second layer including a second polyner
an herapeuti ¢ agent, said stent forned
8. poufbR s 3P Qe RSN £ 8 Giiee beHEA o bR O
10. The

andshg iz tsbtwbapabait 69°0itg Apbut foprper ature Ti.
stent of claim-9, wherein said first therapeutic agent

and said second therapeutic agent are independently

Q. Seh@éﬁ@oﬁpﬁ%@hﬁst%’nﬂ%coﬁ@@bﬁt 434 f?%t léye‘i‘ includifg a

antibiotic, an anti-infl
first palymet apd eifivgt thergpeuiic agammammom layerllmlud:ag ad, a

seofdifer T oot inc bRl odnty SLreplonfefifo bave an:

ace receptor
first shapenddat lpweaymme;ramre Taand gisetomd shapaostni hlgﬁér
ral agent, a chenotherapeutic agent, and an
tem[?é?%ﬂur%; bertensive agent. 11. The stent of any one of

clains | to 10, wherein said first shape is a
shape having helical width D2 and

er gl | h Lical | C
é%%%ﬁ& %p hetein saig diretthenapewtia agext apdsgid havi ng
secohdklne?&!)euﬂc‘ﬁgbnpbre iﬁ@é’péﬂ&%ﬁﬂ’y \Aﬁe@éteafr@?n Eft? scent of
x ne of clains erelrn sald fq rst pol ymer
consfstiia ot & deig, ?ma@abmyg arrmtl isflammatdry aggnbne ati-adotings 1
f l.ayer and
o Ao e P ol it o peplice ™ Byl @r, #RRRe 828 bl

surfag Froeplosyay ant-prafjfanativel agermaraéntelhr%mb@tm agdmw
sai ower

_ , a

antim Y6 octhf bt Bpn Y ShefdiheiShde 308t 2 1 cn

a"ﬁ-WBen@ﬂi\maMtl nto said first shape. 14. . The scent
of any one of clains 1 to 12, wherein said first |ayer
is an outer layer and said second | ayer is an i nner

1. |?51yesteauomnme ﬁaﬂain@mmd %fe:h%al @1?% t ?ﬁf
en an

0 | .. longj tudinal axis of
genergg){ g?ellr:ﬁ pe aving he lcal width D, and said second shape is a

generally helical shape having helical width D4, and wherein Dy > Ds.

- 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 ptaims 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, whersin said first layer is an
outer layer and said second laver 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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29 WD 2004/ 110315 | ayer. PCT/ SG2004/000180 15. The
stent of any one of clains 7, 8 and 12, wherein the
ratio of thickness of said inner layer to said oute
WPHUAPHS hot ween about 3:1 to about 1:3. 16. P?F@Gz““‘”"““lso
stent of any one of .clains | to 15, wherein said first
polynmer is biostable. 17. The stent of claim 16,
wherei n said second polyner is biostable. 18. The
jayestent of claim 17, wherein said first polyner and said
second polyner are independently selected fromthe
group consi sting of polyethylene, polypropylene, poly
15. etThd SiBf 6f%rn?l®hbfb%%trﬁs PEBhd 120WereRt thenatipef y (et her

ur et hane poly (ester uret hane) pol y vi nyl chl oride,

thickpess,of lna@élﬁaerew(aa\de@)ter layer i )é* orghout

4-3, acet at e) (PEVAc), polycaprolactone and NyI on 6 6. 19.
The stent of any one of clainms 1 to 15, wherein said
first polyner is bioabsorbable. 20. The stent of

16. pIaaintpng one pr SBfs TREAE- WRSEKIRlY B3t pomerls, cai d

biosthblest pol ymer and sai d second polynmer are
i ndependently selected fromthe group consisting of
pol y-L- lactide (PLLA), poly-D-lactide (PDLA),

17. PO cafin 1B RherciPsid Isasdidisolgfer BIbicsabige
(PLGA), polydi oxanone, polygluconate, polylactic

aci d- pol yet hyl ene oxi de copol yner, nodified

18. © @hb‘gtﬁﬁg)rf %ﬁ‘:‘l b %Fﬁ%reﬂpéeﬁ& i EB&W bna %EED second

pol yanhy hosphoest pol y-am no_aci d.
polynaer. armmie;peedentbrfseéﬂqe%ﬁ@mdhe @mnmnsnstleg of polyathylens,

polyefyde, pENEAIENE Brchribilefl M BOMFEBNE e oer

“urethang), poly (eétenhmthme% pody ﬁﬁyl o)dtmde; polwnyl xetate (BYAends

poly(@hyRHe -y Bretafs (BRyASE ehlodulpidsing A Ey bR RE. "

PCTI S_GZOO41000180 and sai d second | ayer forns an
19. ! [l]' g rslte%rt ol’ 3 ye(r)ne of aailrn% %e% wi?e?elwé%d f?rg{ Slolgrrlnrei§ IS

bioabsorbable.

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

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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therapeutic agent is released away fromsaid axis, and

said second therapeutic agent is released toward said

axis. 24. A nethod of manufacturing a stent

WO H1H18g: fornming a strip of polymer fil m hBGTHRE20§4/000180
first layer including a polynmer that is at |east
partially anorphous and has a glass transition
tenperature Tgf and a second | ayer including a

andisgid/seqontitiayer farmstan intesior et ofaldid stenp sphiatSaidfirgk has
ratyre Tg2; sha%in the strip

l.as nsjtion_ tenpe
therdpBt ot BiBlensloh@ RS Axecans 330 Sardki n 11 =
therdpeuticlagéhit isaslkaded war@Baialid - 20 to about +120. 25.

The nethod of claim 24, further conprising: at a

tenperature Ter shaping the strip into a second shape,
24, WhARétRod &f mandtacturi *1@‘5}“ I Sicfom about 5 to about
80, 2_6.0The_mﬁgtf%gdn§ ac al r% E‘E’?‘sﬁqérei n sai d shaping
t hiersingi astripobpelymier film haviagpa ficsi teyer seduding & polyidne
that i ol . ' Vi a hel.ical w dth :

at B3t aftaty AfolohoBsaG iR Qfss ko embeline Shape
and g sependlayer induging apalgnértthatsis i@t fedstpartialhha@hisphsbape

wherein D2 < DI. 27: The

IOV R ORI A A

c ahapingithe stigdhto s first sHapstdt & téﬁ‘ibe?éiu;%a’h?wf\éfeﬂz gP-@T Jrer
Irm . e

oRrior,to _formn ajd strip_ of polymer
+X %"ﬁ@é’%@@%ﬂﬁz@, rqhqub i 2@onpri si ng adding a
pl asticizer to said second polyner prior to formng

sald strip of pola%mer film 29. The nethod of any one
25. oilhemgthed ohclpim 24 furtherasimprisingd first |ayer is an

ot 8% ' : | Lnner | ayer
o BemBialy BT HBphoiic 8 in® ThetdrhabB herel i
=Tq 61 amd Y isrfepine abivuidd tocatiost 80, sai d stent than said

inner |ayer, and Tg, < Tg2. 30. The nethod of any one

of clainms 24 to 29, wherein said polyner filmis 31 WD

26. 20ba et & diairrr@.':'dl vmereinse;dsfharbi rig/gth&fﬁt intd §¥ir§rt]ayef
' (o) er,. PCT/ SG2004/ 000180 31. The
shap< BomBibeSi R e efhito il Shape baypg aaical wiokhP
and whefginsaidishapinigshe 5@ibTHe d¥edonl\shBbe ¢BfTprsss sai d first
Ia¥.er ﬁnd sai d sec,on?l‘ Ia¥]er_. . .
compressing the strip info a helix shape having helical width D2, wherein D, <

D;.

27.  The method of any one of claims 24 to 26, further comprising adding a
plasticizer to sald 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 Tgy < Tg,.
30.  The method of any one of claims 24 to 29, wherein said polymer film is
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32. The nethod of any one of clains 24 to 29, wherein
sai d polymsr filmis fornmed by spin-casting said

first %er and said second | ayer. 33. The nethod of
W0 29044 9‘1 or claim32, wherein the sol vent useBCT§62%d{000180

sai d second | ayer does not dissolve said first |ayer.
34. The nethod of any one of clains 31 to 33, further
conprising adding a therapeutic agent to said first

formsl ynexr-exdriding said Giest yegandBaid Beeon@ldyed of clai m 34,

wherein said therapeutic agent is sel ected fron1the
group consisting of a drug, an antibioti c,

31. anThe Ath@IORAY dheA eRims 28 29! \'gh&#eﬂ{ éés{ﬂ go&
8 a nucleic acid, pept i
formed by, ﬁj’g‘f?@tﬁeﬁm sl ﬂ'rstglgyeprgar@ gai¢ eptand, layer.
anti-proliferative agent, an anti- thrombotic agent,

an_antim crobial agent, an anti viral agent, a

32. ¢ hEeomethagmfany onagé nimmsaM tmﬁg,amhereimysmi peigsiey film is
claim 35, further

formé@ﬁ'gtsf)s?%gsugggﬁﬁgﬁgqg)feﬁgp H%ecc on éﬁ‘ﬂe to said second

pol yrrer prior to castl ng 37. The net hod of claim 36,
elnadlfi‘af eutic agent is added to

33. o4l Tppthediof o . Whereim he salvenh userbio east

said gedopt léy'ler%‘éhlnﬁgdls&ﬂve J418 firRidyey, of any one of clains
24 to 37, wherein said first polymer is biostable.

39. The nmet hod of claim 38, wherein said second

34. PTh¥MRsthbd opbﬂ%ﬁ’ebbfecla:ﬁg 31@3@3(?“?&“'@9? B ﬁ%ﬂg @dé?ﬂg a

wherein said first polymner P
therapeigicagant in said §eit pelyeer priomtotdastigg.oup consi sting of
pol yet hyl ene, 32 WD 2004/ 110315 PCTI S&004/ 000180

pol ypropyl ene, poly ethyl ene terephthal ate (PET),

35. pohg mathorhokclaiod 34, (vﬂtelmn saldrtaéi‘mi&eiec aQ@nht)is ésieted
acet ate

from G Eonsifiky il eheastblat o8 autnnrpaaragent,

an anpmlojh@factm,ca namcmeda N](lbl@ib &%ié, a ﬂéptld-éhﬁ cemiiaPtcRly, &Y

wherein said first polymer IS

llgandﬁ‘ﬁga 58l F‘B&%ﬁ’eerecﬁ@m ?ﬁé’r‘r\ﬁ'e‘trﬁ'éf&f aive @ggninan antinher ei n

thromboticch gt 0y anRRhivFsblal hgentbaﬁahﬁ%sﬁ{é&rt 43 dThe g“:‘t hod
and sal

é claim42, wherein Said first nmer
chematpera H@uttc agent, and an anti- -hypertensive agent

- 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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pol yner are independently.selected fromthe group
consisting of poly-L- lactide (PLLA), poly-D-lactide

PDLA ol ygl ycolide (P&), poly |actl de-co-
élzﬁ}‘l“éli)lpﬂg (PLG), pol ydi oxanone, pol ygl uconat BCT/SG2004/000180

pol yl acti c aci d- pol yet hyl ene oxi de copol yner,
nodi fi ed cel |l ul ose, collagen, poly(hydroxybutyrate),
pol yanhydri de, pol yphosphoester and pol y-anm no aci d.

polyp‘*ﬂpy!érﬁbe pBRA ﬁfle@é te@ébhtﬁélgtequ) AddRuréthahe paly, (eteer ei n
said first grades at, a dlff rentt%%a:; from

retherp ) pobidesiar piﬂﬂw@ﬂ qusvm;a[ Garidgapelyviny
pofy(%ggnwm iy ak&a?eﬁﬁmad plofycasidthctin bR, 6. of a

I ntroducrng into the su Ject at
site in the Iunen desired to be expanded a stent

1. ¢ RHB h@hiPof ab b of if 446 31 bRrdh i ot R e

b|oatisbﬁtfabﬁ=ﬁ)utl c agent, thereby delivering said first
therapeutic agent to said subject, said stent forned
to have a first shape at a |ower tenperature T2 and a

42. S%@ﬂ%tﬁ&waﬁcraﬂnm it darSsvoati polymieris and  causi ng

said stent to change to said second shape. 46. The
bioabgetiable. of cl ai m 45, wherein said stent conprises a

second layer including a second polyner that is at

| east partially anorphous and a second therapeutic
43. agbemetiad oficlaint 42 aviteseinsaishirgt polyrsetand saidsREARd of a

potyrrgf A frkichBndiff) sBlecibh i 0 Gob Lhsitdlofiands DOOLEY

unmen, Intr ucing into the

lactide (L), paly-Bdotide (PDbA), Ipolyglycdids (REA) polydadidpaeded  a

e rising a f|r '
aveolis Sy Ratyioihghe, bFhsaie.a et A fobilene,
oxide @opbighier,trhadified b@lmﬂds%ﬂb@lra@bnr polﬂ@x!;dmxylbmym)o nd | ay er
i ncl udi ng a second ma| that is at |least partially
polyanhyciride oBRlYRRRSPRES!Y a'afa%g AR &FI: on t enperat ure T92i
said scent" formed to have a first shape at a |ower
terrperature T2 and a second shape at

i.gh
34, Emperetias of any Gn! e A o dd. WoeinaRId TSt GREETY
degraﬁbé 5fa§iﬂ%?§nttr9’(esfﬁirﬁ safd %‘&%&E@Bﬁmﬁt a tenperature

to or greater an a shape transition
terrperature T3 and wherein said introducing is

45. PRTIGhOR Sr #latthehfOPSoRhYIERs X0 P¥injekt W hbed Bféxpansion

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

jower temperature T, and a second shapé 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 ireatment of a subject in need of
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said stent is in said first shape; and causing said
scent to change to said second shape, in part by

| owi n said stent to equilibrate to a tenperature
WQ&'G%”I? Sor greater than T3. 48. The method ofCE{S&RHM#000180

47, further conprising delivering a first therapeutic

agent to said subject, wherein said first therapeutic

agent is included in said first |layer of said stent.
expagsiort oéa inrnémcondprisingt m 48 further conpri sing

del; d therapeutic agent  to said

SulEbeR B 365 Sibiee! ol sis Reibe wimas dasires fenexpasded
a stenbrkdmdmga it féy@ﬁﬁ@ﬂﬂ:ﬂg%’ﬁ‘r&%ﬁlylﬁ@i fﬁla SHleast ga{t%rf)?

é‘hod an%/ oné of clains 4 ere n
amqrp glags trgapigien tangpearalure By anidea seduadi lagpr

inolRBh & 8bcoHrtdler AASisRchsT BSALA, SMRIHOLS g e oLl Y

hel1 cal shape” havi ng hel
glassdrapsitien temprratue Migs ok stent famedoib halvaiafirstidhapétatand

Iowéﬁbc{ggeng"ent %hgans'%%bg LI rStftEné'g Pb g’upt@g%é'?esgﬁﬁ@éof a

configurepl tonhange lfl‘om)sald frash@m fordaid bedomatshapeagant, an
ne, a nucleic acid, a

temiibbicadlel kit ol Wart shapepans ianyamperaires o a

whesirt éaht ntrod€eing & perddimitilat aﬂétﬂk)élfa%r%ttieﬁ:r 89 gﬂéq td
hro_rrbotl ¢ agent, an I m crobi agen
saldgﬂaln# is\jh sgid %te?haPeaan]enDt her apeuti c agen and an

afausiiy B SESH tﬁ%hggﬁ‘@[fy sﬁs%n@%@éﬁelﬁl A 4%V%I lowing..

PCT/ S&0041000180

said gignt igpquilibrate 4¢ & teporture legualtowtrigreatagihah Tiss
i ndependently selected fromthe group consisting of a
dru an antibiotic, an anti-inflammatory agent, an

g,
48. o/The mathod Dﬁ@]ahaéf,durther doonprising d@vem@ b ?‘m ﬂa@raﬁ?nljt%
or a ce

agenblc i Suby %%@Et‘%‘%‘ &%55% &er%%hpfagpgﬁg\;%d%m saigh

ace

frstlayel'of$dldstdmt| c agent, an antimcrobial agent, an
anti-viral agent, and an anti-hypertensive agent. 53.

The nethod of any one of clains 46, 49 and 52,
49. cﬁlmmaﬂ'tdiﬂofdﬂélm/ﬁ fuither aoﬁnmﬁg)aaweﬁna %.8 t
rs

i Ef@l: I.n a, biphasic manner, wherein sal

erapgilir 20k tpéaéfbmecﬁn‘ﬁh%rﬁ@%@ geernd: therapsutic rgerigent
includetién 418 seadrd @Ingré@aqhstghﬁrapeut! c agent has a

different diffusion rate fromsaid first |ayer than

from said second |ayer.
50.  The method of any one of claims 45 to 49, wherein said first shapeis a

generally helical shape having helical width D, and said second shapeis a
generally helical shape having helical width D4, and wherein Dy > Dos.

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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54. The nethod of any one of clains 45 to 53, wherein
~ the stent is biostable. 55. The nmethod of any one of
clains 45 to 53, wherein the stent is bioabsorbable.
WBR004{831%et hod of any one of clainms 46, 49, S5PCE{G283/000180
wherein said stent extends along a helical axis, and
said first layer forns an exterior |ayer of said
stent, and said second |ayer forns an interior |ayer

52, of Taembmmm claﬁﬂdﬁ sAtidim ﬂ@tﬂ%?eﬂga‘id‘%cdh@f'fl%{a Biitic

rel ea first therapeutic agent awa m said

ageltip SrdeRRido b saledies Eomdne Brwe@onICHapena A gent
ant:bn@ﬁ@raﬂ a?ﬁhﬁﬂé’fﬁht%tor? Egﬁrﬁ an gﬂﬁ—cﬁzﬁl@;f%ﬁt'og%r ﬁ‘o o rate

i ncl'udi ng a pol yne
nuclgieRcish e pepide, maellwlarg‘aaes or adigand fovra ¢dmﬂa&é mecepTor.

| ude d
an BAByterlfE AEHLHF oARRIbmbARL 4557, Lot iR
an antiviral agent, ant2reati-nyrelenside ajame at a hi gher
tenperature T, and configured to change from said

first shape to said second shape at a terrperature

53. ediial mbthodrof ahg dhe roft:rwas 26 4P 52, Uont Imfd@éx
58. The stent of claimb57, wherein said first ap

a therappytie agent torsibjegt in §Wﬂ¢@8ﬁmwrmh¢r@m saiffitst D2 and
|
g8 BSOS R ASHRIR il B 68 ol 40 s

therappyicagent hap @ difienest diffcsion-rane froﬁﬁsalér fiest sy thaof frahai m

id ol m 58, wherein said polymer is cross-Iinked.
sal g%co‘ﬂﬁihé} stent of any one of clains 57 to 59, wherein

T3 5 37C. 61. The stent of any one of clains 57 to 60,

' able. 62. The stent of
54. \é\ﬁg%gﬁl‘%ﬁ@mﬂ% B ?'ﬂ'"ﬁom' whiegeln tig glent iSom t he
biostapleup consi sting of pol yethyl ene, pol ypropyl ene, poly

et hyl ene terephthal ate (PET), polyurethane poly
(ether urethane), poly (ester urethane), poly vinyl

55. clhemietitod olsHyond Wi clametaatis SGPMﬁEQem ﬂse stent is

ol yéet hyl ene- co vi nyl acet at e}
bioabsgybablen: o act one and Nyl on 6, 6. 63 The stent of any

one of clains 57 to 60, wherein said polyner is

bi oabsor babl e.
56.  The method of any one of claims 46, 49, 52 and 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 axjs.

57.  Aslent comprising a substrate including a polymer that is at least
partially amorphous and has a glass transition temperature Tg, 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
T+ and configured to change from said first shape to said second shape ata
temperature equal to or greater than a fransition temperature Ta.

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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64. The stent of claim63, wherein said polynmer is
sel ected fromthe group consisting of poly-L-lactide
PLLA%, oly-D-lactide (PDLA), polyglycolide (PGA)
W&bﬁ“g)“/ 13%% de- co-gl ycol i de (PLGA), pol ydi oxanoRET/SG2004/000180
pol ygl uconate, polylactic acid-polyethyl ene oxide
copol yner, nodified cellul ose, coll agen,
pol y(hydr oxybutyrate), polyanhydride, polyphosphoester

shapedhapingyhelicalividihdd 4 an@ whefdie Dsemy, of any one of

clainms 57 to 64, wherein said therapeutic agent is
sel ected fromthe group consisting of a drug, an

59. antihkistdrit ©f clin 87tdr cldim 52 MBI Yai i
anti-clotting factor, a hornone, %{aﬁﬁmﬁr?g@ﬁ%’lml&ed.

peptide, a cellular factor, a ligand for a cell

60. SUThaSknt BES ant i Leratd v ent, an
anti-thr ongolltﬁl} gﬁ%aﬁﬁ?@%a%ﬂgﬁggﬂhgfed%i arse%@ nt, an
anti- viral agent, a chenotherapeutic agent, and an

t hod of manufacturing

ant - Lve ent._.66. A
61. 3"The SREDS AR of i 750 50 WEBtalR Gei PoBGeRES o
biostableymer that is at |east partially anorphous and has
a glass transition tenperature; 36 WO 2004/110315

PCT/ SG2004/ 000180 formng a strip of polymer filmfrom
82. sdilsk stehtoflaimsdR MHateik 38 hReri ' at
a.t enPerat uref T1, Merieggﬁid%dtwdgggle%d@iﬂz&@%gp
consiing Of pelygttiviensnpelpreayigpamohoethylene felephthalae (PET), s
vire®Eh 0 . erature
DR e B by g B S
polyviny! agelate(AVAG), poty(ethylanesca-dngilaretat@0(PEMAC) The met hod
j reRn said shaping the strip into a
poly:%ﬁdi%&bri%?ﬁ% oﬁlp%s‘ses coiling the strip into a helix
shape having a helical wwdth DI, and wherein said
shape_conpri ses

S [ the strip.i,nto econ
63. o 3E'sht bh in? ke B tRls®s &7 I 60 NP SR BOMROT o
biocabisethablel, wi dth D2, wherein D2 D . 68. The nethod of

claim66 or claim®67, further conprising adding a
pl asticizer to said polynmer prior to formng said

64. SThe ptent oPQAMES, WhérBin £ pd! !
.clains 66 to 68, wherein sggg_ﬁggﬁyﬁ%t% r@nwtgggf%@rred
consigfingsf pplyak¥agtidai(@LiAY eply-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.

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-

profiferative agent, an anti-thrombotic agent, an antimicrobiai 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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70. The nethod of any one of clains 66 to 68, wherein

said polynmer filmis formed by solvent-casting said

a 71. The nmethod of any one of clains 66 to 68,
“(Mué).%/ﬂw 38aid polymer filmis formed by spin- @43Y§GE04/000180
said layer. 72. The nethod of any one of clains 66 to

71, wherein said therapeuti¢ agent is selected from

the group consisting of a drug, an antibiotic, an

antfonnmgfalmmaﬁmMyma\gmm&omgalarﬁd[ymérott| ng factor a
tide, a _cellular

h I,
f 223?‘%?%9&9? F@ﬁﬁOﬁ%%ﬁ@@ﬁat §J$maef@tw§<%pwberemh afii -
+ XPC O i6 eheagloytra@siion tefibepitie 4R EB@'He? afd Y& frofi
timcrobial agent, an anti- vir agent, "a
abo&'ﬂé@&?l‘?@f)ﬁ &lA% @ndgent, and an anti-hypertensive
3%2?2?%’“@%?“@ THrapingdhe 3 B85 SLocdia WidPaofi.r 110315

Y°®@T¢§@@9mm¢§aowouﬂ8{b nmet hod of claim 73, wherein
said polymer is selected fromthe group consisting of

pol yet hyl ene, pol ypropyl ene, poly ethyl ene
67. t eThe MelfudadfalaitiFiE] Whepsth yakiahaphe tn@Lsmp(.ﬁiomerrst

shaﬁ‘%?édpﬁbsg)s Gﬂglpngli’léﬁ E)iét@%&fe@pc(asge jwawng a hehcal width D,
and pﬂherehfsﬂcﬁﬂfapmy tetip AERA %&ﬂnd%ﬁé@ompnseﬁo 4 of

rol actone and Nyl on 6,6 The "nmet
com&eg% stgRdntgra '@ﬁ"&ilsﬁﬁp@ bavigg heficaimidth Dy, wiereingdy g mer
D,. i s bioabsorbable. 76. The nmethod of claim75, wherein
said polynmer is independently selected fromthe group
consi sting of poly-L-lactide (PLLA), poly-D-Ilactide

o (el S g b e

Xxanone,

p!ast@mea tcpsﬂlg pplymem pEoDi fdﬁrmng rsaidysmm of polpghicf filge
cel l ul ose, coll agen, poly(hydroxybutyrate),
pol yanhydri de, pol yphosphoester and pol y-am no aci d.

69. 7 The Tirethoe bhany ofe efl)la:ﬁf-ﬁi@[b 68, WhPeir $aldpdhfinér s gl e
forméiPby Sxtrting' L) Sald?ayer is fromabout 0 to about 40.

70.  The method 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 io 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 polymeris

biostable.

37



WO 2004/110315 PCT/SG2004/000180

74. The method of claim 73, wherein said polymer is selected from the
grodp consisting of polyethyiene, polypropylene, poly ethylene ierephthalate
(PET), polyurethane poly (ether urethane), poly (ester urethane), poly viny!
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 (PLLLA), poly-D-lactide
(PDLA), polyglycolide (PGA), poly lactide-co-glycolide (PLGA),
polydioxanone, polygluconate, polylactic acid-polyethytene oxide copolymer,
maodified cellulose, collagen, poly(hydroxybutyrate), polyanhydride,
polyphosphoester and poly-amino acid.

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

is from about 0 to about 40.
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