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DELI VERY AND METHOD FOR USE THEREOF Field of the Invention 5 The present

i nventi onwoaameabsy relates to an inproved intralum nal nediraso22devi ce and
to a method for treating tissues. Mire particularly, the present invention
relates to a stent coated wth a sustained-rel ease drug delivery systemfor
supporting and reinforcing an enlarged vessel, the system having a

t herapeutically beneficial advantage of reducing the incidence,
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implanted either as a "permanent stent" within the vessel to reinforce collapsing, partially

occluded, weakened or abnormally dilated sections of the vessel or as a "temporary

stent" for providing therapeutic treatment to the diseased vessel. Stents are typically

employed after angioplasty of a blood vessel to prevent restenosis of the diseased vessel.
20  Stents may be useful in other body vessels, such as the urinary tract and the bile duct.

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

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

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

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

artery at the site of a partially obstructive atherosclerotic lesion. Inflation of the balloon
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renal vessels. They work less well in smaller arteries, and in vessels in
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response 1o (?AXE‘E%QS Is1r1]c as a metallic mesh-like tube, is generally inserted into a vessel at an

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

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

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

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

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

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

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

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

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

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

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

30 and fracturing the atherosclerotic plaque. In the case of neointimal hyperplasia, the

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



30 and fracturing the atherosclerotic plaque. In the case of neointimal
hyperplasia, the initial expansion and fracture of the atherosclerotic
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of pharmaceutically active compounds, such as immunosuppressant, antiproliferative,

chemotherapeutic, and anti-inflammatory drugs, at or near the site of stent implantation
that alleviates or avoids the problem of rapid depletion of drug from the stent site. There
20  1salso aneed for an improved drug that may be employed in such a stent.

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

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

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

Summary of the Invention

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

30  present invention, which provide a sustained-release drug delivery system.
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For example, in certain embodiments, the polymer matrix may be comprised of a
semi-permeable membrane with pores of sufficient size to allow for the selective release

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

the pharmaceutical agent has high solubility in the physiological fluid.

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

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



pharmaceutically active agent; said matrix further conprises a

sem -perneable lattice having intermttent pores with cross sectional area
suf fici emvotos/oeesiri ct the passage of 30 noiety A but to acCTasor/bsspassage
of nmoiety B. In yet another enbodinent, the system includes a nedical
device conprising a substrate having a surface and a 4 WO 03/ 024455

PCT/ US02/ 29450 pharmaceutically active agent dispersed adjacent to said
surface, wherein said pharnaceutically active agent conprises at |east two
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days. In preferred enbodinents, the sustained release profile of the
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anti-platelet receptor antibodies, aspirin, protaglandin inhibitors,
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agent can, also be a prompter .of vascul ar. cell arowth, .such as a,qrow h
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inhibitors, platelet inhibitors, or tick anti-platelet peptide. The pharmaceutical agent can
also be a promoter of vascular cell growth, such as a growth factor receptor antagonists,
20  transcriptional activator or translational promoter. Alternatively, the pharmaceutical
agent can be an inhibitor of vascular cell growth, such as a growth factor inhibitor,
growth factor receptor antagonists, transcriptional repressor or translational repressor,
antisense DNA, antisense RNA, replication inhibitor, inhibitory antibodies, antibodies
directed against growth factors, and bifunctional molecules. The pharmaceutical agent
25  can also be a cholesterol-lowering agent, a vasodilating agent, and agents which interfere
with endogenous vasoactive mechanisms. Other examples of drugs can include, anti-
platelet or fibrinolytic agents, anti-allergic agents, anti-rejection agents, anti-microbial or
anti-bacterial or anti-viral agents, hormones, vasoactive substances, anti-invasive factors,
anti-cancer agents, antibodies and lymphokines, anti-angiogenic agents, radioactive

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



pl atel et or fibrinolytic agents, anti-allergic agents, anti-rejection
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In certain embodiments, the subject medical device is an intraluminal medical

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

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

stent, said stent having an interior surface and an exterior surface; said stent having said
coating applied to at least a part of the interior surface, the exterior surface, or both.

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

the treatment of restenosis and related complications following percutaneous

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

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

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

example, intraocular lenses, placed to restore vision after cataract surgery is often

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

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

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



drug/ drug conbi nations nmay be utilized to treat a wide variety of
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surface and an exterior surface, said stent having a coating on at |east a
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at an appa@pce@ical hgental um nal tissue site; and (c) deploying the stent.
I n such enbosi nents, the drug conbjinations and delivery devices of the
pr esent Yet another aspect of the invention provides a method for treafing an intraluminal
tissue of a patient, the method comprising the steps of: (a) providing a stent having an
interior surface and an exterior surface, said stent having a coating on at least a part of
20 the interior surface, the exterior surface, or both; said coating comprising a low-solubility
pharmaceutical agent dissolved or dispersed in a biologicélly—tolerated polymer; (b)
positioning the stent at an appropriate intraluminal tissue site; and (c) deploying the
stent. In such embosiments, the drug combinations and delivery devices of the present
invention may be utilized to effectively prevent and treat vascular disease, and in
25  particular, vascular disease caused by injury.
The subject devices can be used to deliver such pharmaceutical agents as:
antiproliferative/antimitotic agents including natural products such as vinca alkaloids
(i.e. vinblastine, vincristine, and vinorelbine), paclitaxel, epidipodophyllotoxins (i.e.
etoposide, teniposide), antibiotics (dactinomycin (actinomycin D) daunorubicin,

30 doxorubicin and idarubicin), anthracyclines, mitoxantrone, bleomycins, plicamycin

(mithramycin) and mitomycin, enzymes (L-asparaginase which systemically metabolizes
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acetic ac nethaC|n suli'n > et'oda roaryl acetic
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and oxyphesthhdbhé&s 3Gl and indene acetic acids (indomethacin, sulindaC7 and etodalac),

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

20  (ibuprofen and derivatives), anthranilic acids (mefenamic acid, and meclofenamic acid),
enolic acids (piroxicam, tenoxicam, phenylbutazone, and oxyphenthatrazone),
nabumetone, gold compounds (auranofin, aurothioglucose, gold sodium thiomalate),
immunosuppressives (cyclosporine, tacrolimus (FK-506), sirolimus (rapamycin),
azathioprine, mycophenolate mofetil); angiogenic agents: vascular endothelial growth

25  factor (VEGF), fibroblast growth factor (FGF); angiotensin receptor blocker; nitric oxide
donors; anti-sense oligionucleotides and combinations thereof; cell cycle inhibitors,
mTOR inhibitors, and growth factor signal transduction kinase inhibitors.

Additional advantages of the present invention will become readily apparent to
those skilled in the art from the following detailed description, and the appended

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

by way of illustration of the best mode contemplated for carrying out the invention. As
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present invention. is a release profi 2 from PVA-coat ed
gl ass slihigagoint o pH 7 4 buffer. 15 FIG 4 is a release proflle of TG 112

brofi e of SPur b P e P CBEOy T SR aRel fsesies eihe Biods Rl rom
coat ed i nsertlNG. Blifa Blebse @ofiR! &FapE-1p2 @ifdxﬁ PVO-chatéd Haewisiat intb PEUY.4and

tri anci nol one acet oni de
buffer.

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

FIG. 5 is a release profile of 5-Fluroruracil (SFU) and triamcinolone acetonide
(TA) from coated inserts.

FIG. 6 is a release profile of 5-flurouracil (5FU) and triamcinolone acetonide

20 (TA) from coated inserts.

FIG. 7 illustrates the release pattern in vitro for a high dose coated stent.

FIG. 8 shows the comparative drug release profiles between explanted stents and
non-implanted stents. |

FIG. 9 shows the release rate from stents that were coated with a mixture of TA

25  and 5FU in a mole-ratio of 1 to 1 without chemical linkage.

FIGS. 10A and 10B are graphs showing the effect of gamma irradiation and
plasma treatment on drug release. Group B: with plasma treatment, with gamma
irradiation. Group C: no plasma treatment, with gamma irradiation. Group D: with
plasma treatment, no gamma irradiation. Group F: no plasma, no gamma irradiation.

30
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20 (TA) fromcoated inserts. FIG 7 illustrates the rel ease pattern in
vitro for a high dose coated stent. FIG 8 shows the conparative drug
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i ntral umna esi on such as an at heroscl erotic | és10on, r marntal nl ng

pat ebcy vedsell hén pantésida! the | grefear inventi@r ptdvidegr #s elhgite wadibilp expadubldes an
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stent ax{snqihB81chbe onPRAYAIRG sfaf2aL | HY R ?&ilg%g&}tﬂl R 198 ag&titohe
interior or eXterior strface tﬁereof. The Toc e |\§ery of drug
conbi nabf tesnferionor extstiendurfaastheteef.f Ohé¢ wahdeladwant dige sombmatiedsyfronhe

reventi on of vessel. recoil and 10 renodeljng thr h t he scaf f.ol di,n
BCtion BfSETehas: Bt FlIRaiPhPISHASR: PORICS (i IAEPYSPEOT B S riegoibrand -

neok Ot i pahoRYRE tRIcASH AhOkcdrRMIL ASHch 85 tHeedibntamdaht QRsEhTiON of Raultiple
i nfl anmati on and thronbosis. This |local adm nistration of drugs to stented

cor onar yompeneats ed meyindingb Hyaemplasiddior i wstehosihedsapeadt ias bernsiibtion Hor
P o 87 Y5y SSRECRE Pl bSO, RV ST
addi ti ogsteric®dBROd aBYShAR ddifdali th¥rapBitich @Rt Foedexatripld, Zhifler! Gl
delivery rather than system c_adnmi nistration while maintaining higher
tissue oceussEEHtanaIaL &mﬁgﬂg@ w8y boaghieved 2itiNgingdecal delévaryapthor thamsysteppient
rat H‘Ig r E&E&lﬁ%%ﬁ”i& addition, reduced systemic toxicity may be achieved utilizing local
delivery rather than systemic administration while maintaining higher tissue
concentrations. Also in utilizing local delivery from a stent rather than systemic
administration, a single procedure may suffice with better patient compliance. An
additional benefit of combination drug therapy may be to reduce the dose of each of the
20  therapeutic drugs, agents or compounds, thereby limiting their toxicity, while still
achieving a reduction in restenosis, inflammation and thrombosis. Local stent-based
therapy is therefore a means of improving the therapeutic ratio (efficacy/toxicity) of anti-
restenosis, anti-inflammatory, anti-thrombotic drugs, agents or compounds.
There are a multiplicity of different stents that may be utilized following
25  percutaneous transluminal coronary angioplasty. Although any number of stents may be
utilized in accordance with the present invention, for simplicity, a limited number of
stents will be described in exemplary embodiments of the present invention. The skilled
artisan will recognize that any number of stents may be utilized in connection with the
present invention. In addition, as stated above, other medical devices may be utilized.

30 A stent is commonly used as a tubular structure left inside the lumen of a duct to

relieve an obstruction. Commonly, stents are inserted into the lumen in a non-expanded
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configuring the stainless steel in a predetermined manner, for example, by twisting it into

a braided configuration. In this embodiment after the stent has been formed it may be
compressed so as to occupy a space sufficiently small as to permit its insertion in a blood

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

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

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

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

stent may be coated with drug/drug combinations in therapeutic dosage amounts. It is,
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more of the adjacent members or loops of the stent structure 13 is used to lock-in and/or
maintain the stent at its expanded state when a stent is deployed. This reinforcing wire
17 may be made of a Nitinol or other high-strength material. A Nitinol device is well
known to have a preshape and a transition temperature for said Nitinol device to revert to
20  its preshape. One method for treating an intraluminal tissue of a patient using a surface
coated stent 13 of the present invention comprises collapsing the radially expandable
tubular stent and retracting the collapsed stent from a body of a patient. The operation
for collapsing a radially expandable tubular stent may be accomplished by elevating the
temperature so that the reinforcing wire 17 is reversed to its straightened state or other
25  appropriate state to cause the stent 13 to collapse for removing said stent from the body
of a patient.
FIG. 2 shows an overall view of an elongate radially expandable tubular stent 13
having a sustained release drug delivery system coated stent surface at a deployed state.
As shown in FIG. 2, the stent 13 has its radially outer boundaries 24A, 24B at a deployed

30 state. The interior luminal surface 14, the exterior surface 16, or an entire surface of the

stent 13 may be coated or may comprise the sustained release drug delivery system. The
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vessel . bleor-expadatde nigninior en expandgblpectrastable gentrdihetexpandahls stoppameyed st ent

at its %Q?e state a erpanen ent._or as a tenporary 5 stent. In
t he casg))éo hogrrée&r ré{ggﬁ’cl%%@e%g%tlagh%nd%ée%?i_cti oning as a tenporary stent,
the reinfor cilRginwalughidal Medicdlaeeict @npaRabitel duktalRdGaMe®: &Rkl BpstRg of the
expanded stent. The depl oynent of a stent can be acconplished by a ball oon

on a del°P¥&g dAenBYRIIVEsiasy cawling BRphedrriicdrto dhe stept &lase censatiostlent | s
I e e L L N
The expandablle siecrmbddinteay e i@rdehirabxpedicdbleict estiprides an elongate
bal | oon- e ndabal1 e lteet%ﬁla]?gtegtnhéaérpl)ar;galglt e.-og tra%& able stent. The
expandab? &XP qgiﬁé g erior luminal surface and an opposite
exterior surface extending along a longitudinal stent axis. The stent may include a
permanent implantable stent, an implantable grafted stent, or a temporary stent, wherein
20  the temporary stent is defined as a stent that is expandable inside a vessel and is
thereafter retractable from the vessel. The stent configuration may comprise a coil stent,
a memory coil stent, a Nitinol stent, a mesh stent, a scaffold stent, a sleeve stent, a
permeable stent, a stent having a temperature sensor, a porous stent, and the like. The
stent may be deployed according to conventional methodology, such as by an inflatable
25  balloon catheter, by a self-deployment mechanism (after release from a catheter), or by
other appropriate means. The elongate radially expandable tubular stent may be a
grafted stent, wherein the grafted stent is a composite device having a stent inside or
outside of a graft. The graft may be a vascular graft, such as an ePTFE graft, a biological

graft, or a woven graft. As appropriate, the subject drugs (in monomeric or co-drug

30 form) may be incorporated into the grafted material.
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be nmade of menory coil, mesh material, and the |ike. The intral um nal

nmedi cal device conprises the sustained rel ease drug delivery coating. The
i nvent i vewetoafr44sdat i ng may be applied to the stent via apcarmsentddomal 15
coating process, such as inpregnating coating, spray coating and dip
coating. In one enbodinent, an intralum nal nedical device conprises an

el ongate radially expandabl e tubular stent having an interior |um nal
surface and an opposite exterior surface extending along a | ongitudinal
stent axis. T en vy i.ncl ude,a . permanent i npl apt abl e ,stent,,. an

i mpl ant abl e g?lgef ? é}f é?rg?%ﬁ?u%}s e gﬁﬁggoé?vase?e?ﬁt,o %%ﬁé? l‘028“3t @4 Brdor ary
stent i smaefdrnedl vags.alistibdtextinplaryt SndopnaablR dAR dEmBInESSeS dRetly S
thereafter retractable fromthe vessel. The stent configuration ma

conpr i sengPteaTatedsintong polygerie matyx sl sprayedpnto thepquirsuifacstafite stentnBBe st ent
a scaffo : v, . per St ent., havi: a
Femper at & C o tsifn ShESHEL R ool erE L FRARF (R e Bhepd s

depl dyedisace drtei drgg tombmatiemnpietraly rehdindon dgysiers Geitnt dsashyiraantialynip &6 abl e 25
bal | oon catheter, hy a self-depl oyrre% mechani sm (after rel ease froma

cat het erdPPTQAMALRLY %%/I‘?%ﬂnmaspb‘?cblﬁimieé’tr%fe bnlstwesneseypid aghihety da¥Bal | y expandabl e

tubul ar stent A\RRYuB®eRof ﬁ51§-fefo%93hl§ hgll eré"ﬁ%gquenutﬁ%gd gfé %gﬁjgﬁgﬁtne@% ietﬁ% ?a £t

conposi te device having a stent e or “outsi
may be alrvasoulbaratignaPolynsus thabsaaibe aREEFoxy cadtings an bhis| appiicalon gmabd , or a

ft i at t i t d I i.C . -d 30
form. mietbabh BrRardeaieple pomes diea petmRDe | TR 5 GEPDIAdes
PCT/1dS02/c324 5011 TR SIyhef A hRaLitHRAHidbbIO 8 bBERBLAE Ayl 6F (& fi xed

to the stent in a nunber of ways. In the exenplary enbodinent,” the drug
conbi natdesitied sateliof aelehse o1 the alepivrdadested af polymso|stabdity,cbutes biogbsamhbépr ayed

onto th ter. surface of the.stent.. . The. drug c ination elutes.fromthe
pol yrer iepc0 #ﬁ%rllsxp r(e)%%rregtslmncg’ gﬁl&?ee S’et? let%pm%ﬂr ?to‘dﬁgit‘)lﬂtgg%pﬁsglgdgpg waﬁtgr drug
conbi natiimarpatinetoaddiuye beyraidvissepBhiohR BtaNtesfdRke. AurtiRABére! BilogBsodsphE UP tO
approximately six nonths, and nore preferably between seven and thirty
days. ARPLADFBEl Bat Rigienk fsdish Batoovey retcadeshpemeds afi fme deere fowld dewrct i on

B N e T e
t 0 m ni renzponmenttthdl could disidige 1k vamingl andahirodubh duphdrypreblema \evbe aftet her
bi 05t 2bl £, 91, Q3091 DRl dgpendi ng on the
Suitable bioabsorbable polymers that could be used include polymers selected
from the group consisting of aliphatic polyesters, poly(amino acids), copoly(ether-

20  esters), polyalkylenes oxalates, polyamides, poly(iminocarbonates), polyorthoesters,
polyoxaesters,  polyamidoesters,  polyoxaesters containing amido  groups,
poly(anhydrides), polyphosphazenes, biomolecules and blends thereof. For the purpose
of this invention aliphatic polyesters include homopolymers and copolymers of lactide
(which includes lactic acid d-,l- and meso lactide), epsilon.-caprolactone, glycolide

25 (including glycolic acid), hydroxybutyrate, hydroxyvalerate, para-dioxanone,
trimethylene carbonate (and its alkyl derivatives), 1,4-dioxepan-2-one, 1,5-dioxepan-2-
one, 6,6-dimethyl-1,4-dioxan-2-one and polymer blends thereof. Poly(iminocarbonate)
for the purpose of this invention include as described by Kemnitzer and Kohn, in the
Handbook of Biodegradable Polymers, edited by Domb, Kost and Wisemen, Hardwood

30 Academic Press, 1997, pages 251-272. Copoly(ether-esters) for the purpose of this

invention include those copolyester-ethers described in Journal of Biomaterials
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desired rate of release or the desired degree of polynmer stability, but a
bi oabsor babl e polyner is preferred since, unlike biostable polyner, it
will not weopneaeht |ong after inplantation to cause any pPadMsoEe945€hr oni c
| ocal response. Furthernore, bioabsorbable polyners do not present the

ri sk that over extended periods of time there could be an 15 adhesion | oss
between the stent and coating caused by the stresses of the bi ol ogical

envi ronnment that could dislodge the coating and introduce further problens

ol yror s KERACTe Sl peP oo MO AL hoby feftE 881 Sobier a4f SAIENEOGFBLp
consi st i P@p@htsal AQH AdivEsiRPloy eBdIfhS: CREMIGIN VL. 3 AS )pagt ORR! 168D g()%rg-. 20

esters), Bgélpéfl yl enes oxal ates, polyam dés, poly(i'm nocarbonate
pol yor t hBéQtHA), Rebiallosenssexalaes ol theupiomss oéribis ipuentionaimsiude $J.80Retai ni ng

Cher oot Sby 4RE0E PR L4 T e RV e R BN RE, Do o3l 566 EP5R R e

honmop®! y(imsospaagd bypefereme heedin). @6lypAEphiies; kol el usa i biag bider agiked d-, 1-
and neso | actide), epsilon.-caprolactone, glycolide 25 (1ncl udi n‘ﬁ_ | ycolic
aci d), h{peRIRSH OeseA ap@lymisird s visoma rdastidpa Pal dacsidandaréic adidi ghie yi%ene

car bonat k | k i vat | , -di oxe -2- -di.oxepan- 2-
one, 6. 60 A DBt SRIGHASE ool UL PRy ULRES

Pol y(i m aredeschibadbg Allcbelt int Tiee Proyplopeliabf Phlymet Suiendd, Mol I3¢hagde 3ast,

descri beg. by Kemnj t <ohn, .in th dbook of Bi odegr adabl
Po yrrer < VIBHTHIGBIsy Dot WSt Saerou St DY bIRaNE06 SIAECIGMED pikss
19970 paggsmérehi 44 4he FRRAbYAICHNBIoRELELHIS Fo ér@,?%dgﬁﬁﬁﬁﬁg)gg{bh K 'st(S) gnd

invention include those copol yester-ethers descri
Bi omat er Wadegen,] 4HwOw08¢1 0 24 4dsmiPCRetiSO 29 PR 4piRes Ré6ABZ h(which .ar@ 2herplages

993-1009, 1988 Co and. Younes .an n, .Pol yner., Prepr.int

B vl o onerbpary PR nei CRp TR RS o Ak ofgRe frd HOOEEy pLay.
Pol yal ky¢eneoqral,Rl-esCIRLCODR RUERAESs of ihBbg ihnUHe MR bfl Mmh vdg Ma Pat .
Nos. 4,208,511; 4,141,087; 4,130,639; 4,140,678; 4,105,034; and 4, 205,399 5

(i ncor poioapkeney thercef ewdtd abiplkdtis) alphetoppiges dlasxdsned, upoto 12ercarlkomd. hi gher
o et IO ROSS Y AN, MBES, LA i S5 PRt EobhS
car bonatae aestribepsinl @f. o€ apiolbfcho felosuah AS. Pat. eNekeIHddard; bysosl7scock in
The Encyelopest.as 37,687 M550 N d0,608, 5,345 s 0598243 088 5,698.213 and
5,700,583; (which are incorporated herein by reference). Polyorthoesters such as those
described by Heller in Handbook of Biodegradable Polymefs, edited by Domb, Kost and
20  Wisemen, Hardwood Academic Press, 1997, pages 99-118 (hereby incorporated herein
by reference). Polymeric biomolecules for the purpose of this invention include naturally
occurring materials that may be enzymatically degraded in the human body or are
hydrolytically unstable in the human body such as fibrin, fibrinogen, collagen, elastin,
and absorbable biocompatable polysaccharides such as chitosan, starch, fatty acids (and
25  esters thereof), glucoso-glycans and hyaluronic acid.
Suitable biostable polymers with relatively low chronic tissue response, such as
polyurethanes, silicones, poly(meth)acrylates, polyesters, polyalkyl oxides (polyethylene
oxide), polyvinyl alcohols, polyethylene glycols and polyvinyl pyrrolidone, as well as,
hydrogels such as those formed from crosslinked polyvinyl pyrrolidinone and polyesters
30 could also be used. Other polymers could also be used if they can be dissolved, cured or

polymerized on the stent. These include polyolefins, polyisobutylene and ethylene-
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Wl ey Intersciences, John Wley & Sons, 1988 and by Vandorpe, Schacht,
Dejardin and 10 Lenmouchi in the Handbook of Bi odegradabl e Polyners, edited
by Donb, WosBoanads W senen, Hardwood Academ ¢ Press, 1997 pcpapey29usd- 182
(which are hereby incorporated by reference herein). Polyanhydrides from
di acids of the form HOOC- C6H4-0- (CH2) m O C6H4- COON where mis an i nteger
in the range of from2 to 8 and copolyners thereof with aliphatic

al pha-onega diacids of up to 12 carbons. 15 Pol yoxaesters pol yoxaan des and
pol yoxae%t er ont ai.ni ng am nes nd/ or g@ are d scrl bed in one

or Tor 6 i SPPUHRAG: ok pRelIRSs (NeugiRs ge8Rcylai)s and fopolgTERsy 570,
5, 607, 68\Znylﬁlaﬁ&§ﬁél%ers5arﬁl%p§%er§ ’s@c‘iﬁas%@yvn%d @ﬂﬁ)er@Spol?w Pglebﬂ?e}@ S

5, 700, 583; " (whi ch are i ncorporated herein by Teference) | yorthoest ers
such as ashw:ievmyjemcﬂwb eﬂhenypdﬂehnﬁtdenﬂ hhlachaa uok a@prBrvmtélglﬁad fbordePaid/ner s,

edited Kos Acade Press, 1997 ages
56, 176 (IRLABRYIdeRe opiseE: Bolvithy BR e boly HEF BrioiSt: PRLF i ARt Aot oo
for the RUHBRSErek; thHlEvihyIV @stbisOBudhNGh UstdyAayiunadthis; %swewwnﬁh?rl al's
that may be enzymatically degraded in the hunman body or are drolytically
unst abl eMPRPIAGE warhaﬁa@bdtgﬁhgru cdagletingr ispch f asprathdeemnmetoi | lagténcry@teast in,

and abso ri

fatty aC(I! g@ﬁ)zﬁ% £§§HR€5§@% Cé@ﬁ}?‘ﬁag’l {%?20@%?% y%%flsﬁ-g}l%l%%gﬂ uar%%%:E ¢ acid.
Sui t abl ecolpbmtead@l @ol}@fnydﬁsrsﬁclw 4 Nebat 6oebyd | polyedproiactamt | sitye fesimponse,
such as pol yuret hanes, sili cones pol y(nmet h) acr yI ates, polyesters,

pol yal kyHOIXB@FQPéét%poIRP&Qi‘Q’P efk?ﬁal d&p! Y“Eléﬂe?w nga Yeéh"éré’holeé’oxbol Sﬁéltnﬁyyl ene
g9l yeel s adirRRhyagi By onpy{a % te, ARIWBLd 5’e‘fl’ulost::'y%;r gag?yéelﬁ%%' %gta{ehose

formsdfromcrosshn ed polyviny byrro I'i di none an esters could
al so be sgdte; @cHephqne) weﬁubs@cmtrmte,alcsmﬂbm lm@domzftet Ioelyuloan ethersdiissol ved,

cured or ol r'ze n the nt. se..l efins,
ponisoH@ﬂ81¥%gﬁa% ﬁ??eﬁ%i '@@fd@ﬂu 86 é?g s" thepsedol efin
copol yrrepoiyan@aésv kdlCtthJuyls&esof(ﬂhrscwﬂbmmr%ﬁnacanyd %{c‘?ﬁdea}!ikq é&ﬁhﬁ@d YIRS

vi nyl halldeN%hggners and copol yners, such VEO yvi ny Klorlde pol yvi nyl

et hers, foush f[llﬁﬂx 93\9] rapid NHt-(I@‘Iz)erNHéEO (ﬁlﬂz}y (ﬁyma@nellhalpraf@sblmﬁﬂh as
pol :5 ny.l edenle fol u _ andnlﬁg3 g{;l %I | denef 6r df‘%; {')1 yacr?%onl tril
pol Yt nypleieh arset S A5 T Ryn R MtBEEAr 7 (6f% chgwiSE MR I ny i
esters shengs opﬁbmw myllé a“ﬁsulattlﬁowa@pmoymﬁlu@tfatwlerw notTRAGARI S Wi th each
ot her and ol efins, such as et hﬁl ene-net hyl nethacryl ate
In certain embodiments, the polymers used for coatings have molecular weights
high enough as to not be waxy or tacky. The polymers preferably adhere to the stent and
are readily deformable after deposition on the stent as to be able to be displaced by
20  hemodynamic stresses. The polymers molecular weight be high enough to provide
sufficient toughness so that the polymers will not to be rubbed off during handling or
deployment of the stent and not crack during expansion of the stent, though cracking can
be avoided by careful placement of the coating, e.g., on portions of the stent which do
not change shape between expanded and collapsed forms. The melting point of the
25  polymer used in the present invention should have a melting temperature above 40 °C,
preferably above about 45 °C, more preferably above 50 °C and most preferably above
55 °C.
Coating may be formulated by mixing one or more of the therapeutic agents with
the coating polymers in a coating mixture. The therapeutic agent may be present as a
30 liquid, a finely divided solid, or any other appropriate physical form. Optionally, the

mixture may include one or more additives, e.g., nontoxic auxiliary substances such as
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copolynmers, acrylonitrile-styrene copolynmers, ABS resins and ethyl ene-vinyl
acetate copolyners; polyam des,such as Nylon 66 and pol ycaprol actam al kyd
resins; Wwologoaabdnat es; pol yoxymet hyl enes; pol yi m des; p@CratSazesiso epoxy
resins, 10 pol yurethanes; rayon; rayon-triacetate, cellulose, cellulose
acetate, cellulose acetate butyrate; cellophane; cellul ose nitrate;
cel l ul ose propionate; cellulose ethers (i.e., carboxynethyl cellul ose and
hydr oxyal kyl cel lul oses); and conbinations thereof. Polyam des for the

pur pose this a | i cation l.d al so j n¢l ud ol yami.des of the form

PR oref el gieioisity Tehiecod o be Ga BF mtives i b abl y an
15 i nt egRyrmiulutddr Q«nﬂ16th7e0pélﬁn neX dnd FihrmPdRASd1y! Bctlv@ea%_e%@gﬁr Sdmp ) ot 0 12;
and y is an integer in e range of from4'to i st provided above

is ill uswamnlebehtﬁ@ilophldjp ppmqrmgselchdcému tﬂieeptﬂymwabﬂt@scmb@é ﬂl@ﬂsyn’érs used

tacky. ThAS Pt ERnTEaRe G tiana’ b8 AR L7 B E0cliod s RratBiohy”

def orrabégatiaf tte rmétepOogict tels®Prdfile (6 @ MydesphbBichsolpRbe niag tkbeadheaptba@ ed by
20 henmodynam c stresses. The pol yners nol ecul ar wel ght bé high enough to

provi de hdipphibie epatingoiagmediy the telsate pmﬁleaoﬂymxgmiq wondst be @ddiegraibbed

ff d
expansi ol e pAfint sel R BXFRAC eftup cBF & NS HAE piEDP
pl acenmenpyroflidohe pOQ&thle’tglﬁ gbyol,,catbox piicthyd Belhdbse] hﬁdrskﬁﬁéth\yfmamhlo@@anm ot

change shape bet anded and cql | apsed . forns. The nelting point of the
25 pol yn‘é}lﬁl}g?atﬁmi efeﬁ graé’s aliphatic, Ralyssiss CORGRE do Havd Dy herelfasy rrefilser at ur e

abovig) 40Aﬁ9rogﬁ£t€frﬁ£tﬁ}%| a)ﬁlcﬁﬁ’i%v@an%%hrﬁﬁle@b Y, oﬁhg %tdl‘bfo HRPYEN I and

nost preferably above C. Coating nay be by m xing one or
nmor e oflthSQMQﬁhpéuuhcﬂagannscag@dx the coating polyners in a coating

m xture. The {herapeutic agen ent 0 ui d, afl Iy
di vi ded sol i qlfn e © ?K}pfﬁ% %%B]FB%W%A aﬂﬁfﬁgﬁ%@fwﬁ%f?ﬁ%i %B‘gﬁ BigArpyjde

M Xt ure fEepdividilay §&neRRrOfatiB N 1Bafddlichi {1 SolymeRtrPatiig c%Hfﬁhlsés%%
substances such as 16 WD 03/ 024455 PCT/US02/29450 diluents, carriers,

exci pi entexerss Thpi base elayeto compeisesi ke solwidre of spolyéetideneduivitWasstatmyarse
S T T R R e
lists Ofoutén byenpahpilides drily rpoﬂﬂfumylﬂ@thpaiymhﬁd Ry Be aaddRiohObagrier to
bl OCOI'TpaI'ngC\l?eLn? tﬁ]eyc?ril(g) %Qm%lln%tlon from eluting too quickly. The thickness of the outer layer
or top coat determines the rate at which the drug combination elutes from the matrix.
Essentially, the drug combination elutes from the matrix by diffusion through the
20  polymer matrix. Polymers are permeable, thereby allowing solids, liquids and gases to
escape therefrom. The total thickness of the polymeric matrix is in the range from about
one micron to about twenty microns or greater. It is important to note that primer layers
and metal surface treatments may be utilized before the polymeric matrix is affixed to the
medical device. For example, acid cleaning, alkaline (base) cleaning, salinization and
25  parylene deposition may be used as part of the overall process described below.

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

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

dry. In anothér exemplary embodiment, the solution may be electrically charged to one
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5 coating to nodify the release profile (or a hydrophobic polynmer may be
added to a hydrophilic coating to nodify the release profile). One exanple
woul d be wodBngt4ss hydrophilic pol yner selected fromthe @Cousozense sting
of pol yet hyl ene oxide, polyvinyl pyrrolidone, polyethylene glycol,

car boxyl net hyl cellul ose, hydroxynethyl cellul ose and conbination thereof
to an aliphatic polyester coating to nodify the release profile. 10
Appropriate relative amunts can be determined by nonitoring the in vitro

and/or in,vivo .release profiles for,the therapeutic agents. In o

exenpl ar@Plﬁr%oatﬁlldﬁﬁﬁtsﬁaenb\ﬁll‘g“ctﬁc%lbnaff@gﬁ%icf ﬁTe QEPariE Pelatyy glbghlérnéanﬁfro\?ﬁ%ed ~as
i ndi vi duiuisan@deidt Al bekitiabRh t@sné ol 9B, ustdpehRAYYEBS dftafiBd piokeiONPr i ses
two |ayers. The base | ayer conprises a solution of

pol y( et hypssh&naydes ipgresd endtrayreaneciss cquuito) iouerythahigkeasy loAtles coph anadr bey
conbi nate'{cﬂp_:v%e& incorporated into this base layer. The outer |ayer
conprises only pol ybutyl methacrylate and acts as a diffusion barrier to

prevént the dinugnhotiseriixedblagy ehibodirgdnit ihegdrin® @otbirkio . or Thidert thefdpeaiss of t he
outer layer or top coat determnes the rate at which the drug conbination
el utes f425Rh DAY bRdRGOIBErateEarta FnoAYiupIo coRolyRerCOBEMSINEE dmoWN Afdstimt om t he

mat ri x ATy ongh [ P p abl e,
t her ebyqé?%gmsglgbtggl %}é Hﬁgi étqlt& sgg‘h%%glggﬁ Pt e@ég%p@ﬁ%%ﬁt}%%e Jeret ot al
t hi cknegmlyphertied tpodfuverdticylemt and ah smionnt bita seaogé nigiemn dbauhan treefili cron to

about twenty mcrons, or greater, It is inportant. to note that primer |ayers
and ret dO%Hr £8 eWQIF}éa‘P ZVWFE egewﬁﬁitk‘iezfg‘dt Fefiee t ‘Ff@b%d?r#!’@i‘% theatrix is

af fijged goyfiliRo dBpOlyaRE, BRVikEnd FRbiIcE¥BERE LapsHfit %fcé}g@ﬂhﬁ@ toniiddsl e (base)
cleaning, salinization and 25 paryl éne deposition y be  used as part of
t he overdistomersrproperties r thoadlyikioomcopbdyrher wherein theuslatise emoants of the

pol y(et hyl ene- co-vi nyl acetate ol ¥but y] met hacr.yl ate and rug .conpi nation
sol uti on Keyol Wc@?fﬁ%? 3@ gt?l‘%t%f’ge %f?(“ﬁ%‘%/{? Rrﬂ‘éﬁ%% nctoaﬁ]ﬁg ?%G%B%d&}?ergjmys.

For exanpérefrofnlRitls loyértiefe fiBeive EorSude Y ReatRBliMplaAtibE BBdicAl debR6s. St ent may be
di pped into the solution. O her methods include spin coating and RF pl asna

pol yreri zat i oB.onpgmbodigeat ascording tqy the pesantsyntionhigie ssteaior srtdcs of theayed.

ontggst h a I r I her ary. enhodi nent ,
15, PR RNk HE ki 20008 e P oL B
PCT/ USO 224565 a podtagideyordiiy tohke piaait iev@tivh dalel sxteafoargeee 6f 4 lentopposi t e
polarity. Jn this manner, the solution and stent wl| be attracted to one

anot her ayme & p(hadlng Hp ghe W@e-g@ﬁtgﬁ}%q%@c% Ap¢ &shiocompatible.  The "sustained

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

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

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

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

30  (which may or may not completely cover the first coating) that has high permeability.
The first coating may include a drug, such as 5-FU, that has high solubility in biological
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waste may be reduced and nore precise control over the thickness of the
coat may be achieved. 5 In another exenplary enbodi nent, the drug

conbi nat iwo oa2ather therapeutic agent nmay be incorporat @¢TIUSHD 2850

pol yfl uoro copol ymer conprising an anount of a first noiety selected from
the group consisting of polynerized vinylidenefluoride and polynerized
tetrafl uoroethyl ene, and an anbunt of a second noiety other than the first
noi ety and which is copolynerized with the first noiety, thereby producing

toughnedtedip 48 B FERE) Ve el PR R BRI PRI SRty cr e

the rel ajiolvgican@edias AGbndddan thik iy, el 16%Ysodilitl AeerdeB&IAS ifBloSdryconfa0t
effective to provide the coating and filmproduced therefromwth

pr oper t ivéih Brefexéarpalenyigenngens may be eeliverry intepthe srdiinment df cEte similacts. | n

one enbqg] or.ding. t h Nte | ntiQ e i or surface of
Che ©15 e ke AR, bBut e REBREN LINETL iucd B aR IS komE OF° e
presént wiresstif ahe tve® Aot @8reapresuat iin theae@y chiafigg ! e tAgentdwRk €d highwent i on.
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surface. The interior |um hal surface having 'the inventi've sustai ned
r el ease add wihatelitstde goatings.ean il oadengoadsbatiwee phekifllinithe ebninaesttiaing

surface, .and i.s bioconpatible b] ood .conpatible. In cert.ain

orbod: malid gty SiPBE Sirtic® ARe HeRRe RETARRBNE, g tnd Bt By s,
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03/ 024456r51vi|?ocl;r141g18t912n/ cze%téaltiSnoembodiments, the compound is 5-FU and/or TA. The surface of
the device may further be coated with a polymeric material, e.g., that modulates the
release of the agent(s), that improves biocompatibility, or otherwise improves the
20  performance of the device in the medical treatment.
Another aspect of the invention relates to a device having a matrix, such as a
fibrous matrix, such as a woven or non-woven cloth, e.g., vascular gauze (such as a
Gortex® gauze), in which one or more pharmaceutically active compounds are disposed.
In certain embodiments, the matrix is disposed on a stent, either wrapped around
25 individual elements (e.g., wires) of the frame, or enveloping the entire device.
U.S. Pat. No. 5,773,019, U.S. Pat. No. 6,001,386, and U.S. Pat. No. 6,051,576
disclose implantable controlled-release devices and drugs and are incorporated in their
entireties herein by reference. The inventive process for making a surface coated stent
includes deposition onto the stent of a coating by, for example, dip coating or spray

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

exposed to the dip or spray. The treated surface may be all or part of an interior Juminal
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medi a, and the second coating may include a drug, such as TA, that has | ow
solubility in biological nedia. Arranged in this way, the lowsolubility
agent, bewpgsiom46i oser contact w th the external environmemtysomesssbe
delivered into the environnment at a rate simlar to that of the

hi gh-sol ubility agent, the release of which is inpeded by the second
coating, 5 whereas if the two agents were present in the sane coating, the
agent with the higher solubility would be rel eased nore rapidly than the
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porods, e.g.,Probentiessegatebyithereatiag redindbisaand McdiginiAEpeplashuch Bs a
ceram c or specjially fabricated polyneric material, or the device nay be
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are di spR&EUmay liRelE et AlvAntagdoRslyRRESelyt iASoIBle! ihXpHySioigfP PHRE, Sithdast ent,
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or envelbdpsidhgnd neloed tnlesmag el cleas  thespropatty oregsnarr@gndroy o sll @athe No.
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con? g’ ol ﬁ)gl -T eféleltléj%agl ydgc\?lﬁlgeésg% r?gn&)r t%’élgzadﬁﬁ%g‘?eg %n@%%%é@?e@%sﬁ tIHe?tPer
entir et ivesdhepeahs cyent efae tienev-soltisilitynygdnt ilvsoleo e physiclbgiokiidy iaisur f ace
coated sten %Iiggcdfu.des deposition onto the stent of a_coating by, for
exanpl e,qu&ﬁkﬁ;v gfipgngdy C%I}YF%A 3 thsgonsguent phamaceysallppctbsLormguBte si de
of the shent dis@fllilod Ne 18U [ACSIIRIRE FORKCPhintnacBNRAP SfbchO i iflier
spray. The treated surface nmay be dll or part of an i1nterior |umna
persistence of the agent in the vicinity of an intraluminal lesion. The quick conversion of
20  the low-solubility pharmaceutical agent into the constituent pharmaceutically active
compounds insures a steady, controlled, dose of the pharmaceutically active compounds
near the site of the lesion to be treated.
Examples of a suitable first pharmaceutically active compound include immune
response modifiers such as cyclosporin A and FKS506, corticosteroids such as
25  dexamethasone, fluocinolone acetonide and triamcinolone acetonide, angiostatic steroids
such as trihydroxy steroids, antibiotics including ciprofloxacin, differentiation
modulators such as retinoids (e.g., trans-retinoic acid, cis-retinoic acid and analogues),
anticancer/anti-proliferative agents such as 5-fluorouracil (5FU) and carmustine
(BCNU), and non-steroidal anti-inflammatory agents such as naproxen, diclofenac,

30 indomethacin and flurbiprofen.
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19 WO 03/ 024455 PCT/ US02/ 29450 surface, an exterior surface, or both
interior and exterior surfaces of the intralum nal nedical device. The
stent maywbasadses of a porous material to enhance deposit ipem/us022@6@t i ng
into a plurality of mcropores on or in the applicable stent surface,
wherein the mcroporous size is preferably about 100 mcrons or less. 5
Probl ens associated with treating restinosis and neointimal hyperpl asia can
be addressed by the choice of pharnaceutical agent used to coat the stent.
In certain ef erred .enbodi nents..o present. |nvent|on he .c en

phar maceut i cg{ ﬁ(ﬁgﬁter’i‘b:?ﬁgnel%ia&%d%g tPo ° JUPRBH I HYSPUiQRy the %”‘segsth @f | east
two pharpmeabédugiadilyadict cy@pe@agypds. The pharmaceuti cal |y active
conpounds can be the sane or different chem cal species, 10 and can be
formed, as desired, in equinolar or fbn-equinolar concentrations to provide
optimal treatnent based on the relatijve activities and ot her

phar maco- ki netic properties of tjhg~co ds. The drug conbi nati on,
particularly where co-drug formul ationgjare used, may itself be

advant ageously rel atively insol hysi ol ogi ¢ fluids, such as bl ood
and bl ood plasma, and has the proper of regenerating any or all of the 15
phar maceutically active conpounds when di ssolved in physiologic fluids. In
other words, to the extent th&{fiddreutaii{5BUybility agent dissolves in
physi ol ogi c f|UIdS it is quickly and efficiently converted into the
constituent phemRlee i &asuitablsc sacord d&ﬂﬁ@@ﬂﬁ@lﬁcalb'p@ntmﬁ ssgmpgmdonncltrdre

| ow s0l uhj Y. %Pﬁg u ure nce of the
agen'fsoi hﬁ@nlher{evrle%;onk%‘?n an | és %Osﬁ&fp%‘em on. Corﬁc% er?:lon\?%c on of 20
t he | owdemhmbihlasdng, ﬁh@mmﬂoﬁ&ﬁce&ﬂ[da@dﬁhamﬂlholohb%c@:@xﬁl&é idngiBiatic steroids

phar maceut | cal | {r active ounds.insures a steady, controlled, dose of

t he pharted?i Edpoxc ?81 ) ines  prckyd 17f‘$1e°]§if9f@x6?mt héflegsstigien o be
treated. mgdﬂﬁﬁm}ses%cﬁfasqe%ﬂ;l@@ & fhlsStiRRaRLERC %FLIJCE%IL %c%catnd\éa%ﬁ&%ggsgund

i ncl ude i nmune response nodifiers such as cyclosporin
cort i costngroicdyagupivlidisrati 95 agentsa nethhas GiFe), ahd thCNHQIa@d encmespdroitiabl entdnd

tri i nolone acetoni de, iostatic, stero ch as.trih oxy steroids,
ant ?I@D ot PEEHAY, 48 %JICBFB?’WJ%@P ﬂlCI ?’?aFe‘Pg ?IBﬁ‘nd&FHﬂiﬁra @rs such as
retinoids (e.@. .sofealpro@ihéd Cacdbidthg CioSth&t %&9&11@ et d nnal-egies)
anticancer/anti-proliferative agents such as | uorouracil (5FU) and

car nust iphermi@arggly asdiveorcosipepnd dad  asledted niffcarmdluocipolyentasetonidh, as
haproxe eralghﬁ;l R)fn@ Q8&onide, diclofenac, and naproxen.

o) CH COOH

HO

(@)
Triamcinolone acetonide Diclofenac
H,
COOH
HiCr g
15 Naproxen

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

further pharmaceutically active compounds include immune response modifiers such as
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30 indomet hacin and flurbiprofen. 20 WD 03/ 024455 PCT/ US02/ 29450 1|In sone
enbodi nents according to the present invention, the preferred first
phar maceuwwvpaalok4asact i ve conmpound is 5FU. 0 HN F 0--A". HCTASPY/2@s@Ur aci |
(5FVU). Exanples of a suitable second pharmaceutically active conpound
include 5 immune response nodifiers such as cyclosporin A and FK 506,
corticosteroids such as dexamethasone, fluocinol one acetoni de and
trianti nol one acetonide, angiostatic steroids such as trihydroxy st eroi ds,
nodul at ors .such as

antibiotics inclu oxacin, diifferentiation

ot nor e R B BB 2 PEHheertins SR SRR o TRHrgeS)
ant i cancgfetdiidd arer Qiah{cﬁ{o@édevgce&ﬁmt St Astereldd Rl Behbdrdfsteroids,
non-steroidal anti- 10 infl armatory agents such as naproxen, -diclofenac,

i ndonret hawibiotign dnélndingi qapmtfbmacm nd@‘@mtletrmbmm’reht@s as@clmradumgncuds {dhe, present
I nventio ected from

f 1 uoci nol" Ihgeregg:oé? S‘ﬂl?i gis* reﬁ?&?%‘%ﬁ] }6§8%Sb ﬁr‘i‘%{fénc %BF@F%@S@EV%ﬁ%e Apr oxen.
HO OZCH &HsGFU & BERID a%d"ﬂlo\l-ste’rg?daﬁcuﬁl%ﬂﬁ}nhla@ary d9ehts FubR BT hdpRbRAE

acetoni de Di cl of enac CH3
diclofenac, indomethacin and ﬂurblprofen

In certain embodiments, the low-solubility pharmaceutical agent comprises a
moiety of at least two pharmaceutically active compounds that can be covalently bonded,
connected through a linker, ionically combined, or combined as a mixture.

10 In some embodiments according to the present invention, the first and second
pharmaceutically active compounds are covalently bonded directly to one another.
Where the first and second pharmaceutically active compounds are directly bonded to
one another by a covalent bond, the bond may be formed by forming a suitable covalent
linkage through an active group on each active compound. For instance, an acid group

15 on the first pharmaceutically active compound may be condensed with an amine, an acid
or an alcohol on the second pharmaceutically active compound to form the
corresponding amide, anhydride or ester, respectively.

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

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

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

25  first pharmaceutically active compound, and the other of which is complementary to an
active group on the second pharmaceutically active compound. For example, where the
first and second pharmaceutically active compounds both possess free hydroxyl groups,
the linker may suitably be a diacid, which will react with both compounds to form a
diether linkage between the two residues. In addition to carboxylic acid groups, amine

30  groups, and hydroxyl groups, other suitable active groups for forming linkages between
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Suitable diacid linkers include oxalic, malonic, succinic, glutaric, adipic, pimelic,

suberic, azelaic, sebacic, maleic, fumaric, tartaric, phthalic, isophthalic, and terephthalic

acids.
10

bilateral) are preferred as linker reagents.

While diacids are named, the skilled artisan will recognize that in certain

circumstances the corresponding acid halides or acid anhydrides (either unilateral or

A preferred anhydride is succinic anhydride.

Another preferred anhydride is maleic anhydride. Other anhydrides and/or acid halides
may be employed by the skilled artisan to good effect.

Suitable amino acids

15

include y-butyric acid,

2-aminoacetic acid, 3-

aminopropanoic acid, 4-aminobutanoic acid, 5-aminopentanoic acid, 6-aminohexanoic

acid, alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid, glutamine,

glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine,

threonine, tryptophan, tyrosine, and valine. Again, the acid group of the suitable amino
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25 first pharmaceutically active conmpound, and the other of which is
conplenentary to an active group on the second pharnaceutically active
conpound. wbap/oenasipl e, where the first and second phar ma®emtisozabkd4yo acti ve
conpounds bot h possess free hydroxyl groups, the linker may suitably be a
diacid, which will react with both conpounds to forma diether |inkage
between the two residues. In addition to carboxylic acid groups, am ne 30
groups, and hydroxyl groups, other suitable active groups for form ng

| i nkages_between 22 31024455 .PCT/ USQ2/ 29430 har eutically active
noi et ?esacll(gsc i & SSCBPY%)%}I% ébeoﬂﬁ’é',gng‘ﬁf”f ﬁ?gﬁﬁ?ﬁg"g?%ﬁ’p&}ma{ggﬁ?ﬁﬁse ‘ﬁalF%ﬁeE acid
and aci d%@allj@(dri de derivatives of carboxylic acids. Suitable linkers are

set forth in Table 1 below 5 Table 1 First Pharmaceutically Second
Phar maceut i cabbijebBui diamines Linskede IAc2-diem@wetivond Littianengwopare, Chapound

Active G ine .Am ne Diacid .Amne Hydroxy Diacid Hydroxy Am ne
D acid rg?%o%?aﬁg’dﬁg%f?ﬂl%nﬁlgqne’A@%’(ﬁhaR&IP B ne  Acid Hydr oxy Am no acid,
hydr &yal kyl geiigble S uhfilstboybial Kikludsi d2-higiodly AvdrliGoARAMY ahfiroxy-1-

hydr oxyal kyl acid, sulfhydrylal kyl acid Suitable diacid |inkers 1nclude
oxal i ¢, Feinesthane, s febydipsy-1gminehuiane, aditpdeoxypi-prinopentarg ber-hydrosy-ét ai c,
sebaci c, rﬁﬁ?bﬁé cfumaric, tartaric, phthalic, isophthalic, and terephthalic
aci ds. V\ahl e diacids are named, the skilled artisan will recognize that in
certain 10 ciSwitabkt hpdresyailtyé acnisriasipde A inglr@siadetitaddidle3-hodroaghrdpaidiy dr i des
(either unjlateral .or bi I@Egralg%are preferred as |inker reagents. A

pref er r ! PRIOUIROIC 3K by AEXKYRAR IR acidmukyiEpxhessnsi¢ &dd-anhydri de i s

ml qoc ﬁlnQéd;pgﬁear%{lgarvé%ggﬂgn;tggtﬁq%ﬁ&@&@%%ﬂ%&k&%&mgﬁﬁt Bfs &Ephpyed by
pharmaceutical moieties (and optionally third, etc. pharmaceutical moieties) having
suitable active groups, and by matching them to suitable linkers, a broad palette of
inventive compounds may be prepared within the scope of the present invention.
Exemplary preferred low-solubility pharmaceutically active agents according to
15  the present invention include SFU covalently bonded to fluocinolone acetonide, SFU
covalently bonded to diclofenac, and 5FU covalently bonded to naproxen. Illustrative

examples include the following:

O 0 o

, /g ©
N O
H

5FU-fluocinolone acetonide (via oxalate linker).
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Sui tabl e am no acids include y-butyric acid, 2-am noacetic acid, 3- 15
am nopropanoi ¢ aci d, 4-am nobutanoic acid, 5-am nopentanoic acid,
6- am nohewerngioe44saci d, al ani ne, argi ni ne, asparagi ne, aspa&CIiuSozeMa)
cysteine, glutamc acid, glutam ne, glycine, histidine, isoleucine,
| euci ne, |ysine, nethionine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, and valine. Again, the acid group of the suitable
am no 23 WO 03/024455 PCT/ US02/ 29450 acids nay be converted to the
anhydride or acid halide forn1Q%ior to their use as |linker groups.
Sui tabl e di am nes include 1, 2;4i am na@thane, 1, 3-di am nopropane, 1,4-
di am nobut ane, 1, 5-di am nopgprtéane, 1,6} di ampinohexane. 5 Suitable
am noal cohol s include 2-hydr oxyy|-a@dioetia @ dr oxy-1 - am noet hane,
10 )
ute Z-

4- hydr oxy- | -aninobutaﬁ%, ne, 6-hydroxy- | -
am nohexane. Suitable hydro ) yacetic acid,

3- hydr oxypr opanoi ¢ aci d, hydr oxybut anoi ¢ aci d, 5-hydroxypentanoi ¢ acid,
5- hydr oxyhexanoi ¢ acid. 10 The person having skill in the art wl|
recogni ze that by selecting first and second pharnmaceutical noieties (and
optionally third, etc. pharna%gﬁihral noi eties) having suitable active
groups, and by matching themt SAPEYI i nkers, a broad pal ette of

i nventive conpounds nay be prepared within the scope of the present

i nvention. Exenplary prefenggQ\OManlubility pharmaceutically active

agents according to 15 theNprasent//i nvention include 5FU coval ently bonded
ntly bonded to dicl ofenac, and 5FU

to fluoci nol one acetoni 5FU
coval ently bonded to napro 1 lustrhtive pexanpl@k include the
following: OOO FNO NOOCHI H N

F

Cli
5FU-Diclofenac

In other embodiments, the first and second pharmaceutically active compounds

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

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

ciprofloxacin would for instance form the salt:

H

0O
\ 0
H/Ni\l V H Cl
k/N N
O

10 Ciprofioxacin-Diclofenac
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HOOCH3 CH3 0 F HF 5FUfluocinolone acetonide (via oxalate Iinker).

24 WD 03/ 024455 PCT/ US02/29450 HOCH3 N p N CO OCH3 F 5FU Naproxen O
N O O N Wwo@B/02445%F CI  5FU-Di cl of enac I n ot her enbodi nent #CTIUse2/29456t and
second pharmaceutically active conmpounds mnay be conbined to forma salt.
For instance, the first pharmaceutically active 5 conpound may be an acid,
and the second pharnmaceutically active conpound may be a base, such as an
am ne. As a specific exanple, the first pharmaceutically active conpound
may be dicl ofﬁgac, or _napr n (acids),.and the second pharnmaceutically

active conpould Sy offsr cPlgﬁgﬁh wiscithe (Grshaad) secord pharmrssticely grctive

di cl of enggmANtids Glap Rl bReatddts Wenkdrd or instance formthe salt: O Hp 7 N
Cl

As used in regard to the low-solubility pharmaceutical agent, the term "low-

solubility" relates to the solubility of the pharmaceutical agent in biological fluids, such
5 as blood plasma, lymphatic fluid, peritoneal fluid, etc. In general, "low-solubility"
means that the pharmaceutical agent is only very slightly soluble in aqueous solutions
having pH in the range of about 5 to about 8, and in particular to physiologic solutions,
such as blood, blood plasma, etc. Some low-solubility agents according to the present
invention will have solubilities of less than about 100 pg/ml, preferably less than about
10 20 pug/ml, more preferably less than about 15 pg/ml, and more preferably, less than about
10 pg/ml. Solubility is in water at a temperature of 25°C as measured by the procedures
set forth in the 1995 USP, unless otherwise stated. This includes compounds which are
slightly soluble (about 10 mg/ml to about 1 mg/ml), very slightly soluble (about 1 mg/ml
to about 0.1 mg/ml) and practically insoluble or insoluble compounds (less than about

15 0.1 mg/ml).

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

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

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

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

30 either case, the polymer coating solubility of the low-solubility pharmaceutical agent
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PCT/ US02/ 29450 In still other enbodi nents, the first and second

phar maceuwpaalok4ssact i ve conpounds may be conbi ned as a mPKirurse2/294s0 used i n
regard to the lowsolubility pharmaceutical agent, the term"| ow
solubility” relates to the solubility of the pharmaceutical agent in

bi ol ogi cal fluids, such 5 as blood plasnma, |ynphatic fluid, peritoneal
fluid, etc. In general "l ow sol ubi lity" means that the pharnmaceuti cal

agent |s on ght | solu |naueosslut|ons having pH in the
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such as Rhafkag ﬁ'é&@gaﬂké} anBhiCornpome | owsolubility agents according to
the present i nvent ion wlT have solubilities of |ess than about 100 g/ m,
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/m, nor e pr ss.th bout I.s.in water
ot " e ReBE g TR wishdRE, L I ﬂglymeac%&ﬁ%%s b i 1 e
1995 3USRyrefefre@ IBatothb aoM1Ber 66&@1?71?%6 A 1tV e mwm@ﬁlom' Sdlyee
slightly sol ubl e (about 10 to about 1 n? , very slightly sol uble
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[ ' I n physiologi.c fluids. In sone enbodi nents the dissolution rate

g} °t ﬁLUtﬁO%G@?ﬁqoeanga&ﬁw&mﬁgbv@d pmegracoushydrgrehanbilie Polyowt C@?/Uéiay to about
10,00 o, MaSBuseth BBy Sy DR ey
parti cultavceredibledi mxamplest tienombmatodibde @olypmmdmeﬂuh\m theillﬁ&pxhtumvamo“rﬂt es of
?ﬁ? gt aoblpc(‘)lggl dai/yégtl;gﬁznle %\SV-V?].%lI uz?cle!caltet) y(E[{P %hgll%ﬁ:lohglg %‘é plo Ire?cﬁgnreps)or ated
such as polycarbonate-based polyurethanes. In other embodiments of the present
invention, the polymer is bioerodible. Examples of bioerodible polymers useful in the
15 present invention include polyanhydride, polylactic acid, polyglycolic acid,
polyorthoester, polyalkylcyanoacrylate or derivatives and copolymers thereof. The
skilled artisan will recognize that the choice of bioerodibility or non-bioerodibility of the.
polymer depends upon the final physical form of the system, as described in greater
detail below. Other exemplary polymers include polysilicone and polymers derives from
20  hyaluronic acid. The skilled artisan will understand that the polymer according to the
present invention is prepared under conditions suitable to impart permeability such that it
is not the principal rate determining factor in the release of the low-solubility agent from
the polymer.
Moreover, suitable polymers include naturally occurring (collagen, hyaluronic
25 acid) or synthetic materials that are biologically compatible with bodily fluids and
mammalian tissues, and essentially insoluble in bodily fluids with which the polymer
will come in contact. In addition, the suitable polymers essentially prevent interaction
between the low-solubility agent dispersed/suspended in the polymer and proteinaceous
components in the bodily fluid. The use of rapidly dissolving polymers or polymers
30 highly soluble in bodily fluid or which permit interaction between the low-solubility

agent and proteinaceous components are to be avoided since dissolution of the polymer
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(i.e. biologically tolerated) polyner coating. In sonme enbodi nents
according to the 25 present invention, the |lowsolubility pharmaceuti cal
agent is woasem4sas a plurality of granul es dispersed w t rCca/tsazm296d yner
coating. In such cases, it is preferred that the |ow solubility

phar maceuti cal agent be relatively insoluble in the polyner coating,
however the |low solubility pharmaceutical agent may possess a finite
solubility coefficient with respect to the polynmer coating and still be
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i nvention_.include .pol yanhydri de,. pol yl actic acid, polyglycqlic. acid,
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bi oerodi bility or non-bioerodibility of the. polyner depends upon the
final physsstiaking seentpiiutthe pyjwnengation ofl sdiquikkgolymey oeaokymer dispesionbel ow.

h . i ili | deriv. f
ety XA J DT BBl SR SRS o DL O >

accor di ngplymert blockspers eThe iftentprasessit RaRPhE aiugndeie pelRdict kO aHt S t abl e
to inpart perneability such that it 1is not the principal rate determ ning
factor iHugkeUsRaNdad el ¢eparsrd indhe RAYIEI ORERR - agent from

In some embodiments according to the present invention, monomers for forming

a polymer are combined with an inventive low-solubility compound and are mixed to
20  make a homogeneous dispersion of the inventive compound in the monomer solution.
The dispersion is then applied to a stent according to a conventional coating process,
after which the crosslinking process is initiated by a conventional initiator, such as UV
light. In other embodiments according to the present invention, a polymer composition
is combined with an inventive low-solubility compound to form a dispersion. The
25  dispersion is then applied to a stent and the polymer is cross-linked to form a solid
coating. In other embodiments according to the present invention, a polymer and an
inventive low-solubility compound are combined with a suitable solvent to form a
dispersion, which is then applied to a stent in a conventional fashion. The solvent is then
removed by a conventional process, such as heat evaporation, with the result that the
30  polymer and inventive low-solubility drug (together forming a sustained-release drug

delivery system) remain on the stent as a coating.
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t he pol yner. Moreover, suitable polyners include naturally occurring

(coll agen, hyaluronic 25 acid) or synthetic materials that are

bi ol ogi cawby3oofpati ble with bodily fluids and rmamal i anPrrasops94sand
essentially insoluble in bodily fluids with which the polymer wll come in
contact. In addition, the suitable polyners essentially prevent interaction
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coating of "the esent 1 nvention nmay be formed by m xing one or nore
sui t abl e nonohessnandbedisiehtsadricerdimyves teufrtdent ynyehdsmabe Wolgadr i8gent , t hen

olynerizing,.,10 the monoper to formth ol ymer stem In this way, the
gge%t | séaf@é&]fwa I%Pw&_r%ﬁ@w@gy ehatpe sgqy?%é%n alqigsﬁi"ﬁ‘é’ﬂ I@F?b‘?fd'ihﬁéﬁ‘ﬁ%, t he
agenio i SsoliBiBe pHakRacRuticAtht, R WEELiafbiePOf HEE atlliSGPE kR %a@gﬂale%g@{et he

polymer is further processed to formthe inventive coatlng.
further ¢nadogssippdicd e thedgentc thosghiied' mgrfases Aresaxiposdl © the rapdédnit niksueg

agents, further polvynerizatign.of t li.quid lLymer or pal r di spersion,
15 copol{lllnlglflllzan?t)grﬁﬁlr{/l\fl}t% 18 PP%%|%%b%&ﬁ‘éfs?l“@ﬁﬁgkpﬁ%@ﬁ%@fefﬁﬁo#p with
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conpoundsoluticnheaynemasse tisopdlymen) thereby contacting the low-solubility pharmaceutical

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

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

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

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

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

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

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

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

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

Examples

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

a reversible covalent bond, and agent G.531.1, comprising a conjugate of 5-fluorouracil
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The dispersion is then applied to a stent according to a conventi onal
coating process, after which the crosslinking process is initiated by a
convent i owelosiomi4ss at or, such as W/ |ight. In other enbodipcentss2/zesor di ng
to the present invention, a polyner conposition is conbined with an
inventive |l owsolubility conmpound to forma dispersion. The 25 di spersion
is then applied to a stent and the polyner is cross-linked to forma solid
coating. In other enbodi ments according to the present invention, a polyner

and an inventive |ow solubility conmpound are conbined with a, sui.table

20 vent 8 FEFRCecHepBIET AT HRPORT 13 arsatpsp St vetods S 2ot
convent i198aPakasb. W05 11378. SPh/QRctird of ek cdnfiRMEds P¥pradRB ek, onal
process, such as heat evaporation, with the result that the 30 polynmer and
inventive lowsolubility drug (together form ng a sustained-rel ease drug
delivery system renmain on the stent a goating. 28 WD 03/024455

PCT/ US02/ 29450 An anal ogous procegg” ma e used where the inventive

| ow-solubility pharnmaceutical conppund|lis dissolved in the pol yner
conposition. In some enbodi ments fng to the invention, the system
conprises a polynmer that is rel

tiveﬂy rigid. In other enbodinents, the
system conprises a polyner 5 that is soft and nmalleable. In still other
enbodi nents, the system incl udesFlaopataitgsFUhat has an adhesive character
Har dness, el asticity, adhesive, and other characteristics of the polyner
may be varied as necessary. In sone enbodi ngnts according to the present
i nvention, the polymer is non- biagerodikle, Jor igHpioerodible only at a

rate sl ower than a dissolution r@ v ; 10 solubility
pharmaceutical agent, and the di|a s t he éranules is such that when
the coating is applied tg phegstents” thewgranutes’ surfaces are exposed to
the &nbient tissue. In sdch enbodi ments, dissolution of the lowsolubility
pharmaceutical agent is proportiog&]nggnthe exposed surface area of the
granul es. In other enbodi nents accoralng to the present invention, the
pol ymer coating is 15 perneable to water in the surrounding tissue, e.qg.
in blood plasma. In such cases, water solution may perneate the pol yner,
t hereby contacting the | oy solubility pharmaceutical agent. The rate of
di ssol ution nay be govern by Fa conpl ex set of variables, such as the
pol yner's perneabilityHNthe~s0lubility of the |ow solubility pharnaceuti cal
agent, the ‘
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pH, ionic strength, and protein conposition, etc. of the physiologic fluid.
In certain 20 enbodi nents, however the perneability may be adjusted so that
the rate wbhodiogsiet ution is governed primarily, or in SONPCTASOE29450
practically entirely, by the solubility of the low solubility

phar maceuti cal agent in the anbient |liquid phase. In still other

enbodi nents the pharnmaceutical agent may have a high solubility in the
surrounding fluid. In such cases the nmatrix perneability nay be adjusted
so that the rate of dissolution is governed. 25 primarily, or in sone cases
practically entirely, by the perneability t he pol yner. Exanples The
present invention can be nore fully understigod with réf erence to the
fol | owi ng exanpl es. 30 Agent TCV cang i onj Ugat e of
5-fluorouracil and naproxen |inkeg V|a a reveF% C ent bond, and

agent G 531.1, conprising ] quorour cil 9 WD 03/ 024455
PCT/ US02/ 29450 and f I &% %? were pregared.in accordance
with the nethods set forth No. 6,051, 576. @Phe structure of
t hese compounds is repr ""@F HNON H B&-Fluorouracil (5FU) \
OH 0 5 H3C O Naprpxe 3 N O TC 112

G.531.1

The following examples are intended to be illustrative of the disclosed invention.
5 The examples are non-limiting, and the skilled artisan will recognize that other

embodiments are within the scope of the disclosed invention.

Example 1
To 20 gm of 10% (w/v) aqueous poly(vinyl alcohol ) (PVA) solution, 80.5 mg

10 of agent TC-112 was dispersed. 5 pieces of glass plates were then dipping coated with
this TC-112/PVA suspension and followed by air-drying. The coating and air-drying
was repeated four more times. At the end about 100 mg of TC-112/PV A was coated on
each glass plates. The coated glass plates were then heat treated at 135°C for 5 hours.
After cooling to room temperature, the glass plates were individually placed in 20 ml of

15 0.1 M mol phosphate buffer (pH 7.4, 37°C ) for release test. Sample was taken daily and
entire release media were replaced with fresh one at each sampling time. The drugs and
TC-112 released in the media were determined by reverse-phase HPLC. The half-life for
TC-112 in pH 7.4 buffer is 456 min, in serum is 14 min,

The results are shown in FIG. 3, which shows the total cumulative release of TC-

20 112 from PVA coated glass plates. The slope of the curve demonstrates that TC-112 is
released at 10 pg/day. The data represent both intact and constituents (5-fluorouracil and

naproxen) of the compound TC-112.
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PCT/ US02/29450 0 O OO~ OMWN '"J~NH HO,0 O I-1 F FOF G531.1 The
fol | ow ngvexanpi4es are intended to be illustrative of thepdirashzsad
invention. 5 The exanples are non-limting, and the skilled artisan wll
recogni ze that other enbodinents are within the scope of the disclosed

I nvention. Exanple | To 20 gm of 10% (w v) aqueous pol y(vinyl al cohol)
(PVA) solution, 80.5 ng 10 of agent TC- 112 was di spersed. 5 pieces of

gl ass plates re then dipping coated with this TC 112/ PVA suspension and
fol |l owe f£-drying. The coating and air-drying was repeated four nore

times. At t helzemgmmmcoﬁ@ B, @edI310A3 WRAYAMRS WRRY &0 Bf siBBGHE 1hasS

pl ates. The coat éd gl ass ates were then heat treated at 135C for 5 hours.
After cdbVago860B)end ﬂ@gap@dan seracaterHer 40 sus, fpllawed byverater aspdiatardgal2l y

placed 'rﬂg 89 (1%-1%) were dispersed in this degassed silicone, and degassed again. 0.2 gm of
5  the mixture was spread on one surface of a glass plate. The glass plates (total 5) were
then placed in oven and heated at 105°C for 20 min. to cure. After removing from the
oven and cooled to room temperature, 0.2 gm of the mixture was spread on the other
uncoated surface of each glass plate. The coated glass plates were then heat treated again
at 105°C for 20 min. After cooling to room temperature, the glass plates were
10  individually placed in 20 ml of 0.1 M phosphate buffer (pH 7.4, 37 °C ) for release test.
Samples were taken daily, and the entire release media was replaced with fresh media at
each sampling time. The drugs (5-fluorouracil and naproxen) and TC-112 released in the
media were determined by HPLC.

The total TC-112 release for silicone coating was calculated as follows. The
15  molecular weight of Naproxen is 230.3, and the molecular weight for 5-Fluorouracil is
130.1, while the compound TC-112 generated from these two drugs has a molecular
weight of 372.4. To detect x mg of naproxen, this means that x*372.4/230.3 mg of TC-
112 was hydrolyzed. The total TC-112 released equals the sum of TC-112 detected in
the release media and the TC-112 hydrolyzed. For example, up to day 6, 43.9 mg of
20 naproxen is detected, this means 71.0 (43.9%372.4/230.3) mg of was hydrolyzed, at the
same time, 51.4 mg of TC-112 is detected in buffer, therefore a total of 122.4mg (51.4

plus 71.0) of TC-112 is released up to day 6.
The results are shown in FIG. 4, which shows the total cumulative release of TC-
112 from silicone coated glass plates. The slope of the curve demonstrates that TC-112
25  1isreleased at 13.3 pg/day. Again, the data represent both intact and constituents of the
inventive compound. The similarity in the slopes demonstrates that the polymers have

little effect on the release of the drug.

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

containing 0.3 gm of Chronoflex C(65D) and 2.2 gm Chronoflex C(55D) (Lot# CTB-
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15 0.1 M nol phosphate buffer (pH 7.4, 37C) for release test. Sanple was
taken daily and entire release nedia were replaced with fresh one at each
sanpl i ng wome/024ik® drugs and TC 112 rel eased in the nmedi cmarse2/easer m ned
by reverse-phase HPLC. The half-life for TG 112 in pH 7.4 buffer is 456
mn, in serumis 14 mn. The results are shown in FIG 3, which shows the
total cunul ative release of TG 20 112 from PVA coated gl ass plates. The
sl ope of the curve denonstrates that TC-1 12 is released at 10 g/ day. The

data rep ot.h intact and c titu S -fluo il .an apr oxen)
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(Med-6810B), and degassed in sonicator for 10 mn, followed by water

aspi r at ofo )ﬂzui mixtupgy i gparet tetralyydarfieand ildBbFserads) verniad defb gasmsedsThe cone,
d d ' . e moxt f f
o ass b ing miRelvadube S0h B ks " for' P 2 B RE AW BN ST a8 ' °

heat énl atlisddd¥%da ifiterth@ Polyirter sélaticur e. After renoving fromthe oven and
cooled to roomt? erature, 0.2 gmof the m xture was spread on the other

uncoat ed surf ate (P BBk Prassvardhen cogied valy bg rpluser pCa2e®lutionedy hen
heat treg i t . M.0; i t ature,
the gl asaPpig; aniel Bl ngPRECHIN 15 ai e me AEHE afifgh BfhobRulse g SIREL R o
buf f er (i dr-dryirg7prGyest ovas regeatrs dourgs) timesSgnrhesstovd) entil aketal exbbyt, 1&Nd t he

entire rel ease nedj s repl.aced with fresh. nedia at., each sanpling tine.
The drug@gfgpﬁyﬂﬁf)g&r'%?’vlas éﬁﬂleﬁz‘bﬁ\&éﬁlﬁma © e SY?”FQ‘F%&&%‘-’& PALPKE! nedia
ver efgdet araw @ et tiy HiRk6 retlde HRtradiduteriddsdifdngase for silicone coating was
calculated as follows. The 15 nol ecul ar wei ght of Naproxen is 230.3, and

t he nol ecul arThgeingérts Were phaceil diadividnallyi in 20sml 4301 p phbsphetettudes pibddnd

TG 112 gen d fromthese t drugs has_a nol ecul .wei ght 372.4. To
det ect xl% %Sgﬁg?lea%r%%&ngﬂl,to??ﬁ g%a{ﬁlggs(eho O .%ﬁ%@%&’% I?Fﬁrtgf“t %’% W1 was
hydr ol yZigggun TRemb Rk aerd fakdd daile a8 @R ENBAUALS A 18 replRedlwiliChdshinelBi gcted in

the rel ease nedia and the TC-112 hydrol yzed. For_ exanpl e, IU{E to day 6, 43.9
my of 20°3BSFBRIEN e Bhediuge releaspdimiba medra were(dpteronmerbbyHPBO. BC-7%y of was

hydrgd yzgd, I 1; -1 I e i ffer,

her oF Orlg acot toa{}(? S?ﬁqlg%n% rSrg@' (lﬁ&;gl%o Hﬂnﬁino-[&e ac%?on'ufe ("%%). Cée%guse 15 tE’llije
short half-life of TC-32 in buffer, no TC-32 was detectable in the release media; only
amounts of parent drugs, SFU and TA, could be determined. The release profiles are

displayed in Figure 5.

20  Example 4
To 5.0 gm of stirred dimethyl acetamide (DMAC), 300 mg of Chronoflex C(65D)

(Lot# CTB-G25B-1234) and 200 mg of Chronoflex C(55D) (Lot# CTB-121B-1265)
were added. The polymer was slowly dissolved in DMAC (about 4 hours). Then 5.0 gm
of THF was added to the polymer dispersion. The mixture was not a clear solution.

25  Then 100.9 mg of TC-32 was added and dissolved in the mixture.
Three (3) Stents, supplied by Guidant Corp, were coated then with the polymer
/TC-32 solution by dipping and followed by air-drying under ambient temperature. The
coating and air-drying process was repeated a few times till a total of about 2.0 mg of
polymer/TC-32 were applied to each stent. The coated stents were air-dried under
30  ambient temperature in a biological safety cabinet over night. The stents were then

vacuum dried at 80°C for two hour to remove the residue of the solvent. Afterwards they
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plus 71.0) of TG 112 is released up to day 6. The results are shown in FIG
4, which shows the total cumulative release of TG 112 fromsilicone coated
gl ass pl awex3/034as85 sl ope of the curve denonstrates that TCPCIAISORZH456

rel eased at 13.3 pg/day. Again, the data represent both intact and
constituents of the inventive conpound. The simlarity in the slopes
denonstrates that the polyners have Ilittle effect on the rel ease of the
drug. Exanple 3 30 A mi xture of 3.3 gm Chronofl ex C(65D) (Lot#

CTB- &25B- 1234 L sper.si.on. nt.ai ni . 3 gm of ..Chr flex D) and 2.2
gm Chr ond¥F @J{QCEE g%%ﬂld'(aég't B %Si)' gl %@C\% %ﬁ@%ﬁ%ggﬁgﬁﬁggf’m%@%ggb% - 1265)
di sper siABniEREabMiHROrdiade HMoRipothionoll te GehitB5Ms aPBYN°d: Rv:Qi BEuAY !
acetam de (DVMAC) (1:10, ww was prepared by m xing the two di spersions

t oget herSampies whiesalfinxdailye and tige grtire meadia wah yaplased rvaitte 2 (fpb Ongraadedh wer e

added a b T final, mxture no i Then 101.5 ny
o TC. 33 RtE fime s gl B gt it e 2s VRl Rl SEHPRC O 38R Yo
HPLCS5i ngeofiles Wefeshbarin aeatigge. t NotTe3p lay d@tedtdisle 32 tHeatlehieateddy. di ppi ng,
whi ch was then followed by air-drying under anbient tenperature. The

coating and Hier PapgshPfpthecelayendescrpianead PeuPiev)s tip ndlisiate t5o/es t ot al )
until a Ol y: = I t i nsert.
The i nseeﬁn?t;so{a\k/\n/é%Iets,'i6 ?ce)dr#é Fﬂjr gsgggg?\%hgﬁgo%lgﬁé { %pg%n%%ﬁiy 13 g{fﬂt%t\f\% ' hgtur%&}ﬁ(r)b % emove

t he resiapparenf tot theses of yiilitin fhheart timevtusousemedificaded dnddvariativad inayive 20 ni

of 0.1 in phosphate buffer, pH 7.4, . in glass tube and mgnitoring. of the
rel ease "ot 9 B&Nﬁgm?w%erﬁ“ieﬁémfir%%tp%s %tti%g_ﬂieﬂﬁég mVE@%‘BFh:Wl Hbfl‘éi@%%re taken
dai hy, _anshn the s drescBBeio? theSni&RbAC e Yatdhid bR§ AR ditdt heRffBeSampl i ng
time. The drugs released in the nedia were determned by HPLC. TG 32 15 is
a conpouhecifeorthyringirpgraGEUeteimkettielr entinefiesnci nol one acet oni de (TA). Because
of the short half-life of TG-32 in buffer, no TC-32 was detectable in the
rel ease nmedia; only anounts of parent drugs, 5FU and TA, could be

det er m mMe@mplde rel ease profiles are displayed in Figure 5. 20 Exanple 4

To 5.0 gmof stirred dinethyl acetanide DIVAC%, 300 ng_ of Chronofl ex C(65D)
Chronoflex C (65D, Lot# CTB-G25B-1234) was first dissolved in :

15  tetrahydrofuran. Into this solution bioreversible conjugates of 5FU and TA were
dissolved and the resulting solution spray coated onto coronary Tetra stents produced by
Guidant. After air-drying, the coated stents were vacuum dried at 50 °C for 2 hours to
remove solvent residue, and subject to plasma treatment and gamma-irradiation. Two
different levels of drug loading were applied to stents: 80 ug Low Dose (13%) and 600

20 ug High Dose (60%). The release rate was determined in vitro by placing the coated
stents (inflated with a dialation catheter: 3.0mm balloon size and 20 mm long) in 0.1M
phosphate buffer (pH 7.4) at 37°C. Samples of the buffer solution were periodically
removed for analysis by HPLC, and the buffer was replaced to avoid any saturation
effects.

25 The results shown in Figure 7 illustrate the release pattern in vitro for a High
Dose coated stent. The pattern followed a pseudo logarithmic pattern with approximately
70% being released in 10 weeks. A similar pattern is seen in both High Dose and Low
Dose loaded stents. TA and FU were released in an equimolar fashion at all times during
the experiments. No co-drugs of 5SFU/TA were detectable in the release media.

30
Example 6
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(Lot# CTB- &25B-1234) and 200 ng of Chronoflex C(55D) (Lot# CTB-121B-1265)
wer e added. The pol ynmer was slowy dissolved in DMAC (about 4 hours). Then
5.0 gm oWwobbBli24es added to the pol yner di spersion. The niPXirurse2/aso not a
clear solution. 25 Then 100.9 ng of TC 32 was added and dissolved in the
m xture. Three (3) Stents, supplied by Guidant Corp, were coated then with
the polynmer /TG 32 solution by dipping and foll owed by air-drying under
anbi ent terrperature The coating and air-drying process was repeated a few

times till taI t f |y TC 32 re ed tp each
stent. The co 88 @%@9@%@3}@&% ?afl%#dmé@%ﬁs ed g‘ﬁg@b in a
bi ol 0gi GafratsalkSHYanCEPIF) S TTHR B t1Fe HHs- stifBE o EAIELS td»ﬁfsgolw% M%@Nm(ﬂrl ed at
80C for two hour to renove the residue of the solvent. Aftervvards they 33

WO 03/ omsstm@Almgbmmswasmluf@dp’hﬁr;ijO gmonf\ZIHHJdISD;Z g obaQou®miCo. 1 in

phosphat fer ass tube .and ni.toring of the.rel ease of

corrpoundg? &’j@?ﬁrf) Hr@&é tag%tuga%gglg © 3ot W%Seﬁg‘od to @gle(/\é&gh?na% daily,
and the @gtbived. TREcsati@Soligiphachrspdrbd antfhr@%c@cna aéad@@gcm 1SP@dinng ti ne.

The drugs released in the nedia were determ ned by HPLC. The rel ease 5

prof i | esosgedecoatipgysolution Has plsgurrepaed. Ngary ctents @Ugtgaa@v@@ma&o& ilp92134. r el ease
di T f trat
medi a. nﬂg?naﬂlr?reeﬁ‘t&g%e W 1€ @RS tpgcﬁ:)sa%l Bfr'cf}f%d @W Feﬁl\kzﬁh{ 1 do lle rate

sone e present i'nvention V\j ng any tation.
It will sbhltloapmmg&mirectlmon hmbﬁlsmeI&I«lolahng wa f‘@eﬁed uﬁﬂ[i&tppmmw@ 1.0 mg
nodi fi catj ons and var.i ati ons made stens, devices and

met hods Bfioh&oBHELEH D eﬁ%@@mqrég% fv‘aich st aﬁ.lrrq?r i gadler $Q5t6% HENIE BiSFS t or
scopg ofy bhgni dhe@ndt nec Ay 2 RRLEMS: &ﬁﬁe%ﬁdeﬁ ?e%l(ﬁﬂet Sl Qﬁ% %tntogﬂ 12 e

specifically incorporated herein In eir entireties.
C (65D, tteatnterChBd G2BBatR3dixtiovas f| rst dissolved in 15 tetrahydr of ur an.

Into this soluti,on bioreversible tes of di. ssol ved

and t he resuI(lEI LHESTREEE Wt%ﬁ'regyte g %rgf%ipéoggﬁawglgcﬁgt‘?”ﬁﬁéltdéﬂﬂo%roduced
by QUi daeter AL @hmAbEHSbLY k28, addec aah el@n%t aBoBp VOHE MRy UREEr pREeRt 50 C
for 2 hours to renove solvent residue, subject to plasma treatnent and

ganma- i ripdigidasllpAnto Aelasdiubeesoaiining vel silgif Yt d‘é nhesphate) buwdere(@ppld)ed to
stenks: S%g‘; HEk %V%Vg gﬁ) 2 pg&ézd/%algj; cf Qk?e gonce rgloga?t[)gos ﬁr.fge /Qhe blﬂ‘f-’\errv%sease

rat e was ermne aci ngt
tested by HPLC. The entire release media was replaced after each sample.

Group Two stents were placed in vivo. Three common swine had TC-32 coated

stents implanted into the left anterior descending (LAD) coronary artery on study day 1.

The stents were harvested on study day 5 and then placed in 0.1 M phosphate buffer as

20  describe for Group One stents. The amount of each drug released into the media was
determined by HPLC. The intact codrug was not detectable in release media.

The results are shown in Fig. 8, showing the comparative drug release profiles

between explanted stents and non-implanted stents. The release patterns for both

explanted and pre-implanted stents indicate that in-vivo release may be predicted by in

25  vitro release patterns.

Example 7

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

balloon delivery system (Control), or PU Coated Tetra Coronary Stent on Cross Sail Rx
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stents (inflated with a dialation catheter: 3.0nmm balloon size and 20 mm
long) in O 1M phosphate buffer (pH 7.4) at 37C. Sanples of the buffer

sol uti on werog/opass odi cally renoved for anal ysis by HPLC, pamdiSotresdbuf f er
was replaced to avoid any saturation effects. 25 The results shown in
Figure 7 illustrate the release pattern in vitro for a H gh Dose coated
stent. The pattern followed a pseudo logarithmc pattern with approxi mately
70% being released in 10 weeks. A simlar pattern is seen in both H gh Dose

and Low se loaded stents. TA and FU were re| eased i n an equi nol ar
f ashi on 2OgR delysry Sysiem ?ﬁﬂltrot]-)n eg@%wm\é\r@ﬁ’t’ e 2NN APertRs STISBEHITR wer e

detecta i 1 é : 4 /

PCT/ USO%%%(;%Q@%%&?S%%Z%BEH ﬁ%{ g%@-@gaﬂi‘%ﬁ? @Q%g%hﬁ)“%ss added
t o 50. 0 wyereainplattedlmytd raotferiesans ¢HeHE)imalsh Eanh >stant evasaslvahdedr wdthevdesimedht t o
di ssolve the polyner. 5.0 mof th ol ymer sol ution s diluted with 10.0
gm of Tﬁﬁcaf‘%‘. 15 the agPrya alaq)yvg? Gﬁpl‘?@deggn% 5”@%%08#25{%9?1 %g‘?nﬂmcs?"rrﬁr?g ithfol one
acet gni dgha@asdasidedast @ot i tyd ; i £50J.yed. The coating
sol uti on w%ls pr epar e%ls %Oté%q%%%lgﬁéBagﬁ%ogéglgﬁ%&q%wi%@) gg r'x'g | oaded coating
sol uti on was Aftsn2priaparatdriaBsactioss dnetly Tdhceat (Gihalsehts weak#suigiodlb4,

13mm Tetr a, r shed with | sopropanol,_air-dried, and spray coated with
the coat§*fi e&gﬂgSvfl\i%(?ﬂ&gsl?ﬁgmﬁtlhﬁ?&[ﬁt%eéw aﬁ]’sﬂ)rlﬁgﬁ .S'Wﬂéeﬁtﬁ?ilsf%g\ﬁ&%arfdepeat ed
until appned WaheVdhdePs BlstiPind eAhtox9hh DY é&@ﬂflgﬁﬁg} aRARhE ﬁﬁ'cl%f%sseéf:h

stent. After air-drying, the coated stéents were 10 vacuumdried at 50 C for
2 hour s dach eaemsk ssstibn evits messingde Thanesulis bjeegtovtnoinplablentar botheHigheatd and

gammg-i rradiation Co-dru oat.ed stents re tested in.two gr.a . After

PTG e s e Hente SR e ot B e R o vego a8 i prong) |

G oup Ongpé&fi@Bhtal %\@ﬁ@s Pode @Ghrofolinld Mddetadd M intthel tRicRha§ attfiiRed &PmEabning 5.0

m of 0.1 M phosphate bufferm)ﬁpH 7.4). 15 Sanples were taken periodically
Yige

and t he relspreertFaendatos fem 1 gpatedel diafstants was tested by HPLC. The
entire rel ease nedia was replaced after each sanple. G oup Two stents were
pl aced in vivo. Three common swi ne had TC-32 coated stents inplanted into

the left anterior descending (PA@Mlom[mwterlyoﬁuboggudfmgapoge
Balloon: artery ratio 1.07+£0.05  |1.11+0.07  }1.13+£0.05 |1.11%0.08

Intimal Thickness (mm) |0.2940.03 [0.3620.08 |0.13+0.015 [0.13:0.04"
Medial area (mm?) 1.3940.10 [1.98+0.41 0.96+0.06% [0.98+0.07°

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

2 p=0.02 Bare Metal vs. High Dose, p=0.07 Polymer vs. High Dose
¢ p=0.01 Bare Metal vs. High Dose, p=0.07 Polymer vs. High Dose

Example 8

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

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

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

coating. Within 4 weeks, more than 95% of total SFU was released. TA release from
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The stents were harvested on study day 5 and then placed in 0.1 M phosphate
buffer as 20 describe for G oup One stents. The anount of each drug

rel eased wotos/oe4aes nedi a was determ ned by HPLC. The i nt aecTamsde/egsenas not
detectable in release nedia. The results are shown in Fig. 8, show ng the
conparative drug rel ease profiles between explanted stents and

non-inpl anted stents. The rel ease patterns for both explanted and
pre-inplanted stents indicate that in-vivo release nay be predicted by in
25 vitro,rel ease patterns. Exanple 7 Fourteen 4) domestic s recei ved
= i e G4 PuBEt Gl ag SRR Sloa e S P0% T REeTR B QAR o
coronar i wsiiLAD, LCX, and RCA). Sone aninmals were given 30 only control
stents, conprising either Bare Metal Tetra Coronary Stent on Cross Sail Rx
bal | oon del i vERS Sg%TémTl(immt tok) , pdympt contatg: deMetstateGodiffeaeny 1Steast on

Cross Saj | 03/ 024455 PCT/ US02/ 29450 bal l oon. del.i ver stem
(Contr oﬂ%rgﬁgé ﬁgx?:%grm r}t%%{%e (\3/\%1?% RALER %Oraﬁagglﬁg‘fvggfr ’stblégn@édy Pgiaes %/hr‘?% %E%W Dose
(809 STAFFRUM(:d3A4 of SFU bhd) TAReS &e(HB06d ToAd Sfekt (062Heve cdittolidasletse ¥y €
inplanted into arteries of the animals. Each stent was advanced to the

desi r ed desBediagtivs compewed Bbttwey, and was depl oyed using an inflation
device. The pressure of the 5 inflation device was chosen to achieve a
balloon to artery ratio of 1.1-1.2:1. After 28 days, arterial sections
direct| yExadjdeBnt to the stents were surgically excised and enbedded in a
nmet hacryl ate Hi st ol ogi c m sections were cut and stained with

esi n. 5- J
Ver hoef fs el atétﬂo:ln}"ﬁ?fécqa@ﬁlaﬁt%ﬁ VES nagf%?nETStEgstP Adetidy gay 1fieeent ﬁéleft‘sﬁi RAK§ES s of
each 0excisBRCtd Ak @n{aﬁaﬁwﬁqg§ ]eaggs;ﬁa@%aﬁﬁenaraﬁd sgmga-%adﬁ@h,exﬁeor bot h

H gh and 10 Low Dose drug-coated The response at s’ in both
| ow dos estentisd wisi g inftitsslewith xapditatationt cdthefpro(3pd nehdaloen pizgf2Zmd loeguatd on i n

intiml thickness, attributed to, the co:- release A_an F fr ol yner
coated FAg5°4 B 1éz}ﬂu§fl§é1}t8 al\,@fstil tu%p%pln&f.hdgﬁoﬁ_ﬁg H&[ﬁ?gép%%aﬁfgﬁn@ﬁaft e)r/y
rati o 1.7040.93mplesldéreGakeh J2RdRAIIY-ahd And BntideVeiod® mEliaGheRplacohiG: 290. 03
0.360.08 0.130.01 0.130.04 Medial area (nm 1.390.10 1.980.41 0.960.06

0. 980. 07gch papplo dhepneuntaiatach girug goletsd eintp 6. oBdRoWgsTEetersined dwy Dose
15 HPLC. The intact codrug was not detectable in release media.
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15 p=0.002 Bare Metal vs. Low Dose, p=0.04 Polynmer vs. Low Dose da p=0.02
Bare Metal vs. Hi gh Dose, p=0.07 Polynmer vs. H gh Dose g p=0.01 Bare Metal
vs. Hi gh Wov8/024359. 07 Pol yner vs. H gh Dose Exanple 8 20 PSTarsn®29466 e
coated with a mxture of TA and 5FUin a nole-ratio of 1 to 1 wthout
chem cal |inkage. The release rate was determned in vitro by placing the
coated stents in 0.1M phosphate buffer (pH 7.4) at 37C. Sanples of the
buffer solution were periodically renmoved for analysis by HPLC, and the
buf fer S erHI aced to avoid any saturation effects. 25 The results are
shown in %I% 9. Because of the hydrophilic nature of 5FU, this conpound
was rel eased %Q m xture, coating nuch faster than fromthe codrug
coating.! th‘ﬁ‘ﬁig] g@%’é‘;e%@ls’cﬂﬁan 95% of total 5FU was rel eased. TA

rel ease from 36 WO 03/024455 PCT/ US02/ 29450 the drug m xture coating was
much sl ower, @ t h &Wbeiratobasimga pefasss®d over the first 6 weeks. The 5FU TA
m xture in a polymer coating denonstrated different release profiles
conpared to t(g)s c@cnqagng)@ql@m@ito@mmrfage skidwevng carhprisieg apglyinadi cat es t hat

use 5 of a mxtur and TA. c to, a chi eve
Cont Fol ed r ol eas i< e Pr i BapaRe BB i PLiBisek e *a
pol ymer - coat ed st elidpeysrd odligeolv@isthedint 0 i dentify any inherent rel ease
pattern 10 attributable to the polyner. Follow ng plasna treatnent and

gama- i ry adi atHeQRvick RE clafh & MNvierdBItBe hﬁlﬂ‘l&ﬁﬁd’e@n‘é’loﬁhs Qp%lln?dlﬁé dfalbgeat heter
(3.0 nm bal | oon size, 20mmiong) and placed individually into a glass tube

contai nijng 5. ﬁe{?eyﬁg ofc 11ﬁ/|2p@ﬁ€r9fﬁatﬁg}?£x’(1ﬁ1fd‘?ﬁe AR 1% s&dcte CRER! RS ggfgl e taken

periodically an e entire’ release la was r aced after sanpl e.
The anmount ofcorgstmgdfigflnabeasit (CHU; & -ddvayfledioaridias, iﬂi&irmurmmed by 15 HPLC

: I 244

The st act codrugves, not, detectatle {0l e S2ns Fodldutind QR 231450
cytosine, cyclocytidine, 5-aza-2’-deoxycytidine, arabinosyl-5-azacytosine, 6-
azacytidine, N-phosphonoacetyl-L-asparticacid (PALA), pyrazofurin, 6-

azauridine, azaribine, thymidine, and 3-deazauridine.

4, The device of claim 2, wherein the pyrimidine analog is a 5-fluoropyrimidine or
15 5-fluoropyrimidine nucleoside analog
5. The device of claim 1, wherein the nucleoside analog is 5-fluorouracil (SFU) or a
prodrug thereof.
6. A medical device comprising:

(a) a substrate having a surface; and

20 (b) a coating adhered to the surface, said coating comprising a polymer
matrix including a steroid, or prodrug thereof, dispersed or dissolved

therein, which steroid has a solubility less than 0.1 mg/mL in water at 25

°C.
7. The device of claim 6, wherein the steroid is a corticosteroid.
25 & The device of claim 6, wherein the steroid is triamcinolone or a prodrug thereof.
9. The device of claim 6 or 7, wherein the steroid has a solubility less than

0.01mg/mL in water at 25°C, dispersed or dissolved therein.
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1. A nedical device conprising: (a) a substrate having a surface; and (b) a
coating adhered to the surface, said coating conprising a polyner 5 matrix
i ncl udi ngwear3ansss neopl asti ¢ nucl eosi de anal og, or prodrug@CrhEsozedso

di spersed or dissolved therein. 2. The device of claim1l, wherein the

nucl eosi de analog is a pyrimdine analog. 3. The device of claim2, wherein
the pyrimdine analog is selected fromthe group consisting of
5-fluorouracil (5FU), 5'-deoxyfluorouridine, fluorouridine, 2' 10

deoxyf | ugy ourjdi ne, fl.uorocytasine, .trifluoro-nethyl-2'-deox { disne,

ar abi nosw‘ c@ Coisvies of g E:IPC%V&S’ it t%@ #f QIQB?%%L%%’CV%}%‘%E ,Sty&g log?

ar abi nosyl - 5- i@ Gydro BlaR€he RgPazARYb dixBRsthbkdidosphonoacet yl - L-asparti caci d
(PALA), pyrazofurin, 6- azauridine, azaribine, thymdine, and

3-deazauryi di ng mdflical B&/i0eMeRisPfg; ¢l @i m 2, wherein the pyrimdine analog is
a 5-fluoropyrimdine or 15 5-fluoropyrimdine nucl eoside analog 5. The

devi ce of cl 3(5}“ 1,amgg&%gﬁ%‘§?§glg&g&%o§ddde analog is 5-fluorouracil (5FU) or

a prodrug thereof evi ce’conprising: (a) a substrate having
a surf ace; angd, 20 (b).a coati dhered to the surface, said coating
corrpr5| si ng ar}g%ﬂ yrfa\(e?()auﬂ%% F e)%‘:’#.'%ctﬁ%ﬂllr% e’ga@tcé’ra @?%?OIBP“%’P%&P g Fher eof
di spersed or di ssahyed hatingradb®w,soubilgfpeidaiodishdias tersidl Whblein $4id ess t han
0.1 mg/nmL in water at 25 . C. 7. The device of claim6, wherein the steroid
i's a corticost er oilgV sohibdity prrdra isiresesspted| by the sensppldpania dib-Bilr o d i s
triancinol one or g prpdrug thereof. 9. The device of claim®6 or 7, wherein
the steroid has a solubility less than 0.01lng/nL in water at 25C,
di spersed or dissolved fherein. 38 WO 03/024455 PCT/ US02/ 29450, 10. The
device of claim6 or 7,A\5\?Pé?sé3|nﬁat @Pée?}éﬁ%ivz%%%ﬂg}r?p@gcaé 158V S Peast 0.5
| ogROuni ts nore t hanplbkgcihggRlinizhiuesgose idexmtehstasone. 11. A nedi cal
devi ce conpri sing:

L represents a covalent linker linking A and B to form a prodrug,

said linker being cleaved under physiological conditions to generate said

therapeutically active form of A; and

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

15 prodrug having a lower solubility than the therapeutically active form of
A.
12. A medical device comprising:
(2) a substrate having a surface; and,

(b) a coating adhered to the surface, said coating comprising a polymer
20 matrix having a low solubility prodrug dispersed therein, wherein said
low solubility prodrug is represented by the general formula of A::B, in
which '

A represents a drug moiety having a therapeutically active form

for producing a clinical response in a patient;

25 :: represents an ionic bond between A and B that dissociates under
physiological conditions to generate said therapeutically active form of A;

and
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(a) a substrate having a surface; and, 5 (b) a coating adhered to the
surface, said coating conprising a polynmer matrix having a |low solubility
prodrug dwepmafsadstherein, wherein said |ow solubility prodrnisg22sso
represented by the general fornmula A-L-B, in which A represents a drug
noi ety having a therapeutically active form 10 for producing a clinical
response in a patient; L represents a covalent linker linking A and B to
forma prodrug, said linker being cleaved under physiol ogical conditions

id h [ I ive. f A d
moi oty whi ch. when | nkBREoRS § BT YR ieS oo othndlst FEGT Rt 1 over

solubility than thg thBereRetHacmlel ¥ 1 YRILIRY The thePthelapeuttralRdcs@ devi ce
conprising: (a) a substrate having a surface; and, (b) a coating adhered to

the surface, said fesawifdg conmprising a polynmer 20 matrix having a | ow
solubility prodrug dispersed therein, wherein said |ow solubility prodrug

i s repregent ef, by, i & Qeneral of & lr{;fﬂe?eif?fthepéoi‘@ili{%rbf tﬂ@{}%?agéu&ahg%&éem s a

drug noi ety having a therapeuticdlly active tor f'or ucing a clinical
respédnse in afopatofenin water is greefr dmarit siganl ianditlkee faduisilibesivhe proiranth B t hat

di ssoci ates under hysi ol ogi cal conditions to generate said
t her apeut i calW%}efa%?Bvé 1FgersﬁﬁHPa1AElg nd 39 WO 03/ 024455 PCT/ US02/ 29450 B

represents a noiety which, when ionically bonded to A results in the

prodrug havi nehed deAVET ofS @lauhi hitt ¥r thanyhibe §B¢iRPetklafRll Yel@RE 1 ¥ thd Or m of
A. 13. The device of claim11l or 12, wherein the solubility of the

t her apeut i cal thgrapgiticaldy agivieolormatf 4o foma periast of st lgast@tdrourhand,lovey el and
the sol ubili %ﬂ%ﬁ otfr%glegsrefjg{eu&n'cgntration of the prodrug eluting from polymer is less

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

15.  The device of claim 11 or 12, wherein the therapeutically active form of A has a

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

16. The device of claim 11 or 12, wherein the solubility of the prodrug is less than
100 pg/ml in water at 25 °C.

15 17.  The device of claim 11 or 12, wherein B is a hydrophobic aliphatic moiety.

18.  The device of claim 11 or 12, wherein B is a drug moiety having a therapeutically
active form generated upon cleavage of said linker L or dissociation of said ionic

bond.
19.  The device of claim 18, wherein A and B are the same drug moiety.
20 20.  The device of claim 16, wherein A and B are different drug moieties.

21.  The device of claim 11 or 12, wherein B, after cleavage from the prodrug, is a

biologically or pharmacologically inert moiety.

22.  The device of claim 11 or 12, wherein A is selected from immune response
modifiers, anti-proliferatives, anti-mitotic agents, anti-platelet agents, platinum
25 coordination complexes, hormones, anticoagulants, fibrinolytic agents, anti-

secretory agents, anti-migratory agents, immunosuppressives, angiogenic agents,
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water at 25 Cis less than 1 ng/nL. 14. The device of claim 1l or 12, which
provi des sustained release of the therapeutically active formof A for a
peri od ofweatosloeasi 24 hours, and, over the period of rel ®@a3ajSor/beso
concentration of the prodrug eluting frompolyner is less 10 than 10% of

t he concentration of the therapeutically active formof A 15. The device
of claim1l or 12, wherein the therapeutically active formof A has a |ogP
value at least 1 logP unit |less than the |ogP value of the prodrug. 16. The

device of claim. 11 or in the. sol. b|||t of .the prodrug is |ess
than_ 100 o/ e afceqior 2uodkers e e opbo i BligipricTeies
wherein B is amd\\erPRRABLS tRérkPHasdIC C?Hbeinﬁlblt%% J&ﬁc&@é&bﬁﬁ Ghg 1‘651@!1(5“ 11 or
12, wherein Bis a drug noiety FlaV|n t herapeutical |y actlve form
gener at ed upoﬁell@lcba\ﬂa@@amﬁltwadﬂlgm ram»glauc@na dfm@ocarmbw@m,oﬂlfﬁmn@atmm C
bond. 19. The_devi ce of 18. where me drug noiety.
20 20. The de{?lo@éla% 5 8?tévnfﬁ?§%lgs’\/€f%’f"%qcﬁr W&%ﬁ%&@ﬁa{nﬁ%’fé{ Qrug noi et i es.
21. The device of claim 1l or 12, wherein B, after cleavage fromthe
prodiug, 23.s aThdideviegiof aldiy OF ophl@r WRRedin®B Gaklycte® &fdm MRin@ing - regpdnsel he
device of claim 11 or 12, wherein A.is selected frominmune response

modi fiers, an®Pdpier ppdpselifoelyes mofi-miietis paentgaptiplatelst nepiatdttéiuohgent s,
DBt oum 2> GRONELOA! LORpRARD! ¥ Rmel CLIRAES D! EERRGMLE N Bnisl BRI 0L VLI C
agents, anti secretory agents, anti-m’grator uppr essi ves,
angi ogeni ¢ agemntesqry adent\@anlanipPaét5agder/ hﬁﬁﬁﬁ@ﬁgﬁ@ssmasgamegmmagemsgpt or

bl ockers, nitric ox1 de donor anti sense $ | onucl eoti des . Qi

combi nat i ons FEREHHM rf&?@Pﬁoréﬁ/‘Eﬂ@r% IS P d0RQIS+ PRESRSS Bllgenuclitidgst at i ¢

stergi ds, antérrdp@&ﬁ§i'n5ﬂ1&lsdfﬂé%f 2B ! C}gieaﬂﬁl%fﬁ)réjr UGS ticMMrbRis Obh Sidstatic
differentiation nodulators, antiviral drugs, anticancer drugs and

anti-infl ammstmoyiSdramg@ara@tlmdruzheamieglau@m dohgi mnmblo(mcs mlffevdmaamm Bis
sel ected from.i mune response i er er anti-m'totic
agents, anti -mP%Ut ARE B}é)rr# ir,ugfil aﬁgc?{ﬁﬁ‘ ‘%B% H‘%l ﬁ‘gtﬂ“fm’& hor nones,

anti coagul ants, fi br| nolytic agents, anti- secretory agent s anti -mgratory
agent s, 4mundissgepice s cladia, 1 aRJRogheER AgemtMitineoplastic agent and B is an

anti-inflammatory agent.

15 25.  The device of claim 11 or 12, wherein at least one of A or B is an antineoplastic
agent.
26.  The device of claim 24, wherein said antineoplastic agent is selected from the

group consisting of anthracyclines, vinca alkaloids, purine analogs, pyrimidine

analogs, inhibitors of pyrimidine biosynthesis, and alkylating agents.

20 27. The device of claim 24, wherein said antineoplastic agent is selected from the
group consisting of 5-fluorouracil (5FU), 5'-deoxy-5-fluorouridine 5-
fluorouridine, 2'-deoxy-5-fluorouridine, fluorocytosine, 5-trifluoromethyl-2'-
deoxyuridine, arabinoxyl cytosine, cyclocytidine, 5-aza-2'-deoxycytidine,
arabinosyl 5-azacytosine, 6-azacytidine, N-phosphonoacetyl-L-aspartic acid,

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

28.  The device of claim 24, wherein said antineoplastic agent is selected from the
group consisting of cladribine, 6-mercaptopurine, pentostatin, 6-thioguanine, and

fludarabin phosphate.

29. The device of claim 24, wherein said antineoplastic agent is a pyrimidine analog.
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angi otensin receptor blockers, nitric oxide donors, antisense

ol i gi onucl eotides 10 and conbi nati ons thereof, cell cycle inhibitors,

corti costwpaB@s44smangi ostatic steroids, anti-parasitic dregy/usanti4sgl aucona
drugs, antibiotics, differentiation nodulators, antiviral drugs,

anticancer drugs, and anti-inflammatory drugs. 24. The device of claim 11
or 12, wherein Ais an antineoplastic agent and Bis an anti-inflamatory
agent. 15 25. The device of claim 11l or 12, wherein at |east one of Aor B

is an a |ne tic evi ce,. of c ai, n1 0 sai d
ant | neoplast | aBuisE of SHEE PR. PRGFCIR Bif EYURigugoBdnaTCiph OB

ant hracycl i negeup/édheRti &edrMbifssyl BbtiAg c@x@l@bftﬁﬁne BYdzh!P-dbs¥Ecy@diaL, 09s,

i nhi bitors of pyrimdine biosynthesis, and kyl ating agent's. 20 27. The

devi ce of cIaﬁﬁmmﬁwl%ﬁ@x@kﬁuﬁan@6aﬁ@%Wéﬁwlastlc agent is selected fromthe
group consisting of 5-fluorouracil (5FU), - deoxy-5-fl uorouridine 5-
f 1 uor ourildi nél;hezievisteof(g/laiiﬂ 29,uatrepeinithi pwimikiinmnalogﬁmﬁleweqd from the group

5-trifluoromethyl-2"- ur| bi ngx t osi ne cytldlne

S arhe o eoyeyrith e R, 8- i fienitho g B nties?

N- phosphonoa%sﬂﬁderﬁﬁﬁfet H6ord6{tdsine, 5r1ﬂM61%Zrﬁ$tH§1L?~de‘éx%§dlﬁé %eﬂ‘ﬁnos?lz ari bi ne,
and 3-deazauri dine. . e device of claim24, wherein said anti neopl astic

agent is sel egtasthef mmcm@megiw@ ‘ednozyestidmg, whbinbsydsS-asiangtosine, 6-

6- mer capt opur.j ti hi ni.n fl udar abin phosphate.

29. The devi ceacﬁldgﬁ%g& rﬁ%ﬂ%howﬂ Cre@dﬁ‘ %5%&13103% i ngggl) é’é’tr?m%é@é is a

pyri m di ne anah@giine, éﬂarm&a{yaﬂélﬁéh&’@fﬁ/ehﬁﬂﬁﬂﬁ%w 30. The devi ce of claim
28, wherein said pyrimdine analog is selected fromthe group consisting of

arappnosyl cytRehRe oPMQl'IlPQX’tWHBr&ﬁ1the59|ﬁﬁﬁﬂd§1e aﬁ@l@éYé?é/Slfﬂio indfi@Bioposy|
5-azacytosine and 6-azacyti di ne device of claim gn wherein the

pyri m di ne arﬁaﬂwwmmlélmaxuemﬂd@ﬁnal@& group 5 consisting of
5-fluorouracil (5FU), - deoxyfl uorouridi ne, fluorouridine, 2'-

deoxyf | 38r ourlibdideeice bf cl@imﬁ&tvd&ireia,thd micidoaida anateg twﬂ-ﬂﬁbrodmﬂ;(ﬁlﬁw):id)me,

arabi nosyl cytosin cl ocytidine, 5-aza-2'-deoxycytidine,

ar abi nosyl - 54 ﬁ&@%?&rwﬁ 6- azacytidine, N phosphonoacetyl-L-asparticacid

(PALA), pyraz%furl 6-
e device of claim 11, 12 or 24, wherein at least one of A or B is steroid.

15 35. The device of claim 34, wherein the steroid is a corticosteroid.

36.  The device of claim 34, wherein the steroid has a solubility less than 0.1 mg/mL

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

37.  The device of claim 34, wherein the steroid has a logP value at least 0.5 logP

units more than the logP value for dexamethasone.
20 38.  The device of claim 34, wherein the steroid is triamcinolone or a prodrug thereof.

39 The device of claim 11 or 12, wherein A is a fluorinated pyrimidine and B is a

corticosteroid.

40. The device of claim 11 or 12, wherein A is 5-fluorouracil and B is triamcinolone

acetonide.
25 41.  The device of claim 11 or 12, wherein the linkage L is hydrolyzed in bodily fluid.

42. The device of claim 41, wherein the linkage L includes one or more hydrolyzable

groups selected from the group consisting of an ester, an amide, a carbamate, a
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azauridi ne, azaribine, thym dine and 3-deazauridine. 10 32. The device of
claim 28, wherein the pyrimdine analog is a 5-fluoropyrimdine or

5-f | uor opyoiogiogi4s® nucl eosi de anal og 33. The devi ce of cl &cmEaz2mbker ei n
t he nucl eoside analog is 5-fluorouracil (5FU) or a prodrug thereof. 34.
The device of claim1l, 12 or 24, wherein at |east one of Aor Bis
steroid. 15 35. The device of claim34, wherein the steroid is a
corticosteroid. 36. The device of claim34, wherein the steroid has a
solublllty |l e ersed or dissol ved

t herei n. %%boﬁae?naccé’db&%tiiaf‘ FHI%‘?I-S ermﬁw@‘?%ﬁnﬁg? ﬁ@“é’f%f?’g?“ateh%\s a | ogP val ue

at 1 easi 0.5 oeRrbamid & xiihae bhed phbhhegReval ue for dexanmet hasone. 20 38.
The device of claim 34, wherein the steroid is triantinolone or a prodrug

thereof . 4339 The qdavd &c18m £ & 17, ?lx;heféin t:h% hnkrﬁ%f @isrbrégfnﬁ?@alfy]di'@drv at ed

pyrimidine and Bis a corticostéroid devi a| m or 12,

wherein Aqis Fpfl goraurach d t rhangi nol pne et onld 4 The
device of claim 11 or g %g)?eflrglu?iel ’| ilznggggg)LPissWh rol@gegc’ly‘%%{)oé |y

fluidh 42. Then-tmeialkblef claim41l, wherein the |inkage L includes one or
nore hydrol yzable groups selected fromthe group consisting of an ester,

an am de45a cahddswite of aladid AMD AR AHS RofPGIDEINAE 29haRkr 6 AelReRAlfom @
cyclic ketal, a thioester, a thioam de, a thiocarbamate, a thiocarbonate,

a xanthate anB° auliﬁﬂ‘@@?)h%‘ilés@g‘i“@r polethylgac-gevinyd asetat)apehyyinybralcphol, wher ei n
t he I|nkage L, t 44 The device of any of clains 1,
vxlj!]erel n t ahﬁ% {}%ﬁkﬁg}{&g of

2, 11 or e po non- bi oer odi bl e. 45. The device of

| 44, vvh t
pol yur ot Rne. TBefoRqeaRa . 201 O %wfﬁeﬁ@‘f BE oty BRERREE Dot yvi nyi
PO LR ﬂewﬁéﬁéhvf?lﬁa”d Rt i, E@F’%ﬁ%&q ooy, SHrehdEe of |
clai m 46, whepglmiyigdd)i oqmﬁh&ice P&diy, e pdipelpRCt egid," OBolyorthoester,

polyalkylcyanoacrylate and derivatives and copolymers thereof.

48, The device of claim 1, 2, 11 or 12, wherein the substrate is a surgical implement
selected from a screw, a plate, a washer, a suture, a prosthesis anchor, a tack, a
15 staple, an electrical lead, a valve, a membrane, an anastomosis device, a vertegral
disk, a bone pin, a suture anchor, a hemostatic barrier, a clamp, a clip, a vascular
implant, a tissue adhesive or sealant, a tissue scaffold, a bone substitute, an

intraluminal device and a vascular support.

49. The device of claim 1, 2, 11 or 12, selected from the group consisting of

20 catheters, implantable vascular access ports, blood storage bags, blood tubing,
central venous catheters, arterial catheters, vascular grafts, intraaortic balloon
pumps, heart valves, cardiovascular sutures, artificial hearts, a pacemaker,
ventricular assist pumps, extracorporeal devices, blood filters, hemodialysis units,
hemoperfusion units, plasmapheresis units, filters adapted for deployment in a

25 blood vessel, intraocular lenses, shunts for hydrocephalus, dialysis grafts,
colostomy bag attachment devices, ear drainage tubes, leads for pace makers and

implantable defibrillators, and osteointegrated orthopedic devices.

50. The device of claim 1, 2, 11 or 12, which is a vascular stent.
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pol yanhydri de, polylactic acid, polyglycolic acid, polyorthoester,

pol yal kyl cyanoacryl ate and derivatives and copol yners thereof. 48. The

devi ce ofwoloaiom43is 2, 11 or 12, wherein the substrate i s &CIUrsge/esso

i npl enent selected froma screw, a plate, a washer, a suture, a prosthesis
anchor, a tack, a 15 staple, an electrical |ead, a valve, a nenbrane, an
anastonosi s device, a vertegral disk, a bone pin, a suture anchor, a
henostatic barrier, a clanp, a cIip, a vascular inplant, a tissue adhesive

or seala a 0 t i.ntral umnnal . device
and a vaggul athh gégﬂgﬁffcﬁ%é &(5; h%%hew géﬁg?nsdéﬂﬁl gﬁ“& ang Sal%foﬁtrmgiliﬂ EBl%ct ed
from the groupo sweosingidaregofiprded aid@ipetided staigsl ARbiABandS ). access
ports, blood storage bags, blood tubing, central venous catheters,

arterial sgat hahetsvic/sgahal, 290 bk 32, wmélaw\% f%hpé’f'thé’e&tﬁlgléﬂﬁﬁutaﬁ‘l%a”
val ves, cardiovascul ar sutures, artificial hear a pace

ventr i cul ar agsihgﬁnmﬁpstheé&ngearf@bp@r(b%ﬂ mg éy ilorais 10 mofitirtig peems’ of the
pl asmapheresis units, filters

henmodi al ysi s erfu5|on uni.t.s
adapted f or dg&#ééﬁgﬁFg gmfﬁxﬁv883n@E§Se |ntraocular | enses, shunts for

hydr ocephal us,. di.al.ysi to att deV|ce ear

dr ai nageQ?ubegh ° levigre ﬁ(g%mpagéeurﬁkg# ot %}{ﬂ?erf%la ’&Fé‘ﬁ‘?ﬁrlﬁ M%fors, and
ost eoi nt egr at %g@bfﬁlﬁﬁ@@hﬁte@l@w CRSmicRfnetdlde devi ce of cI aim1l, 2, 11 or 12,
which is a vascul ar stent. 43 WD 03/ 024455 PCT/US02/ 29450 51. The device

of clainss0, whi ewesofecmalﬁlxp@n@ﬁg& & Shighlin da@q g%g&&f?% 39%@@0&% 'b' s to

accommodat e conpressed and expanded 'states o expanda sten
The devi ce of 5% aidmM0% b2weipht af thg 2patidger ei n t he wei ght of the coati ng
attributable to the drug is in the range of about 0.05 ng to about 10 ny

of drug per CAQ;temft hil\hﬁg aﬁesauafpaae)mmm inéerfableair dmpRhiBRS infithe bédy 53. The
devi ce of clai or 12, wherein the coating has a thickness is in
the range of° Pﬁ’@% é%l%ﬂxe@ofw bas@ryraeceVRich Syadapied feerpesireto cl ai m 1,

2, 11 or 12, WoOgHekRe Sd\hdsdioR RIS pdrlotie AIFRIRTs BREWRSHm 2 ABANG 5070 Y

wei ght  of the coating. aving at least a portron rchis

i nsertable orrqlqatpmgn!: laEStemB htod;ogwuélymudye maferial, at ¢oatihg coprigngat he portion
has a surface va 8rh mlatnx%da &gea% afn meopﬁ) fio lljnrlaecgs?de analog, or prodrug thereof,

15 dispersed or dissolved therein.

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

20 polymer matrix having a steroid dispersed or dissolved therein, which steroid has

a solubility less than 0.1mg/mL in water at 25 °C.

57. A stent having at least a portion which is insertable or implantable into the body
of a patient, wherein the portion has a surface which is adapted for exposure to
body tissue and wherein at least a part of the surface is covered with a coating for

25 releasing at least one biologically active material, the coating comprising a
polymer matrix having a low solubility prodrug dispersed therein, wherein said

low solubility prodrug is represented by the general formula A-L-B, in which

A represents a drug moiety having a therapeutically active form

for producing a clinical response in a patient;
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body tissue and wherein at |east a part of the surface is covered with a
coating for releasing at |east one biologically active material, the

coati ng cwomsiosdi4nyy a pol ymer matri x havi ng an anti neopl a®CiraSezredseosi de
anal og, or prodrug thereof, 15 dispersed or dissolved therein. 56. A stent
having at |east a portion which is insertable or inplantable into the body
of a patient, wherein the portion has a surface which is adapted for
exposure to body tissue and wherein at |east a part of the surface is

covered with a coating fio si ng_at.. | east, .one bi ically active
material, the coating c&n%Pf%?‘#g%é’oﬁge‘g&f%‘ ﬁmﬂ%?‘i %Cﬁgagrf&méaé’f%%’d
di spersed or di ssolsstiddimdeebeihg,claahédihnd:btrﬁhﬁii@lo@i@&l cohdstiting b |gbhetatt 88i@ t han
0. Ilmg/L in water at 25 C. 57. A stent having at |least a portion which is

i nsertabl e or inpl &rapaudcilh astive@rBoehA a8 a patient, wherein the portion
has a surface which is adapted for exposure to body tissue and wherein at

least a part of the surfnggenSoy ity Wiiln, 2GR LR kOTA 2Ra0E! HAFENY Al

| east one biologically active materi a e coating conpri'sing a polymer
matri® having a | owasblgbaving p lpwedsalgbiliiysthen gedththpewioally whgveeformsdi d | ow
solubility prodrug,is represented by the general formula A-L-B, in which A
represents a drug r@oi ety having a therapeutically active form for
producing a clinical response in a patient; 44 WD 03/ 024455 PCT/ US02/ 29450

L represests & qeitdbeig at leakel pdriidivAlhAs MBHaBld & IR P Godpai d
| i nker being cl eaved under, phy5|olog|cal conditions to generate said

t her apeut i cal %2 Betisievheseimtia postion Aes Burfaps whishtis adaptast fer gxpelsizetie when

i nked to A : [ - ' l.ower solubility than the
t her apeut i cal :Bgé};@égtslﬁ?/lélﬁq gv?%egfat%\a%{jéggt gﬂé% g‘%tf&ﬁéé\i?%vfr% W#€5§?at§1g§]§1?t i on
whi chOi s i nserdleding avicasinqpiedbidlapically attioe itueerdie c@iting chaiptigina Wherein the
portion has a surface whjch is adapted for exposure to body tissue and
wherein at | eRSIYMST BRinx baving,e lav sqlulubity sodiyg ispersed theren.cubereingaifior 10

rel easi ng at h&asdum ' i ' | t ey CRat conpri sing
a polymer matrix Lrlla\[}?ynlggy0 gﬂuggév@g%sulg?ﬁ?w gﬁ;%gg%ﬁ%’ |gap§%'é§ﬁ§l%qgg} n,

wherein said A represents a drug moiety having a therapeutically active form

for producing a clinical response in a patient;

15 . represents an ionic bond between A and B that dissociates under
physiological conditions to generate said therapeutically active form of A;

and

B represents a moiety which, when ionically bonded to A, results
in the prodrug having a lower solubility than the therapeutically active
20 form of A.

59.  Anintraluminal medical device coated with a sustained release system
comprising a biologically tolerated polymer and a low-solubility prodrug
dispersed in the polymer, said device having an interior surface and an exterior
surface; said device having said system applied to at least a part of the interior

25 surface, the exterior surface, or both.

60. A method for treating an intraluminal tissue of a patient, the method comprising

the steps of:
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| ow solubility prodrug is represented by the general fornmula of A::B, in
which A represents a drug noiety having a therapeutically active form for
produci ngwe oslop4astal response in a patient; 15 :: represe®C3/n2Ruws c bond
between A and B that dissociates under physiological conditions to
generate said therapeutically active formof A, and B represents a noiety
whi ch, when ionically bonded to A results in the prodrug having a | ower
solubility than the therapeutically active 20 formof A 59. An

| | di h.
Lg;}r)?l glm ngaa (gf o: g%?%lgﬁjl\éfcst %ﬁ g?%lﬁgawﬂﬁ?rlogeraﬁg%?nﬁ %oe\é(fés O?§§rﬁ1%|¥,{°‘§?€d; odr ug

di spersed in the pedyABVing SabskirbedH £ eeabevpaigo Bt intbiier surfasy teaxeermnd an
exterior surface; said device having said systemapplied to at Je st a

par';] gf f the int erivrfaos os hpthagad codas eRmBFiSiBE 2 doi 1SRG phayaraRcutisal
| hod
(r:rgtrpfl Si ggrg t{ﬁgt Is'?epsng:‘d? Sé@ %@e&e‘ﬂj@&%&%ﬁg %@ﬁ Ogg% pBl(i/ﬁs pf’ O\C/)i ding a

2 codting on Gl 1 dusteRingdht SGECY AR PRt b RULOREE G RE, PP "1

surface or both; said.co conprising a |lowsolubility pharmaceuti cal
prodrug di sso(F}/ed ‘fﬁp @P g'i n a biologically-tolerated polyner; 5 (b)
positioning the stent at an appropriate intralumnal tissue site; and (c)
deploying the stent. 61. A nedical device conprising: (a) a substrate
having a surface; 10 (b) a pharnaceutically active agent dispersed adjacent
to said @]urfaéseme(anai deyisy campubipger matri x encapsul ating said
pharmaceutically active agent; wherein said matrix further conprises a
sem - per neabl @) | atai;Lmetrhra\hiavﬁgg aisntfeqerri tt ent pores with cross sectional area
sufficient to restrict the passage of noiety A but to allow the passage of
noi ety B. (b) a pharmaceutically active agent dispersed adjacent to said surface; and

(©) a polymer matrix encapsulating said pharmaceutically active agent;

wherein said matrix further comprises a semi-permeable lattice having
intermittent pores with cross sectional area sufficient to restrict the passage of

moiety A but to allow the passage of moiety B.
15 62, The device of claim 61, wherein said lattice is bioerodible.

63.  The device of claim 61, which provides sustained release of moiety A for a
period of at least 24 hours, and, over the period of release, the concentration of
moiety A in fluid outside the polymer is less than 10% of the concentration of

moiety B in said fluid.

20 64. The device of claim 61, wherein the substrate is a surgical implement selected
from a screw, a plate, a washer, a suture, a prosthesis anchor, a tack, a staple, an
electrical lead, a valve, a membrane, an' anastomosis device, a vertegral disk, a
bone pin, a suture anchor, a hemostatic barrier, a clamp, a clip, a vascular
implant, a tissue adhesive or sealant, a tissue scaffold, a bone substitute, an

25 intraluminal device and a vascular support.

65.  The device of claim 61, selected from the group consisting of catheters,
implantable vascular access ports, blood storage bags, blood tubing, central

venous catheters, arterial catheters, vascular grafts, intraaortic balloon pumps,
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15 62. The device of claim61l, wherein said lattice is bioerodible. 63. The
devi ce of claim®6l, which provides sustained rel ease of noiety A for a

peri od ofweatosloeasi 24 hours, and, over the period of rele@ea/USOhiz9450
concentration of noiety Ain fluid outside the polynmer is |less than 10% of
the concentration of noiety Bin said fluid. 20 64. The device of claim
61, wherein the substrate is a surgical inplenent selected froma screw, a
pl ate, a washer, a suture, a prosthesis anchor, a tack, a staple, an

el ectrical | egdy fuyal Uuidhall SA0Rs, ﬁaaﬁéamviga%eﬁhﬁr@rc\%m gt ool

di sk, a bone pin, a $uture anchor, enostati c barrier np, a clip,
a vascular | Em;hapumpa, d:satmsmporaeihbmcvsg bdnodﬁ‘dadrambmomanysmwsscaf fold, a

bone substitute, an_25 intralum nal device and a vascul support. 65. The
devi ce of cl aﬁweaerﬁ?éqnemﬁédpﬁ PIGEIS gPidtft Hetsradteaten i %quyaﬁ%{near s,

i pl ant abl e vaREHkALseAGHERRUAP hies &hﬁ@cfoﬁﬁﬁfr@&%hmgsdqalpélgg‘qﬁgub' ng,

central venous catheters, arterial catheters, vascul ar intraaortic
bal | 0dn punps poM&omHB@/aﬁZdnﬁﬁIt @Mctdss@mdzﬁm'ge tulbl@a]readwﬁ)lr yee mga@rgdiml ascul ar
sutures, artifici ear.ts ker cuI assi st punps,

ext racor por eal™ Wé{?ﬁaég aaeﬁh’fl%tﬂrsf f‘rf‘f%g eé’mtf‘%ﬁ% Et:h? %Vl‘feg heroper f usi on
units, smapher.esi s its, filters adapted for deployrrent in a blood
vessel at raggﬁfiﬁ‘ﬂc‘?% @@6éﬁﬂﬂ?k§ls1ﬁd’ras sE@&phal us, dialysis grafts, 5
col ostorry bag attachnment devices, ear drainage tubes, |eads for pace makers
and i npPant abl @aHBE {953 mediedldsvica pRmprating? Ao EIeAIBE oA hBNEEIE. devi ces.

66. The devi < 8isp LrsGd 1 i1 gc}lgn}@g'h%@mk% r%{xéflﬁfﬁ%gfa o?t{&ﬁ!, n?&rhwﬁl coating for a

nedlcal devi ce onpr|5|n rix an rug, spersed in the
pol y , having a gener for Ar s a drug
moi 619 having a ¢ her apeg\ FeEBr Py e it il = Eﬁ%ﬁ%@&ﬁﬁ%ﬁf S
response in a pati e ]D&udﬁguéﬁﬁ@ﬂﬁﬁ evah phfiedti nker linking A and B to
form a prodrug, salé)llnker bei ng cl eaved under physi ol ogi cal conditions

to generate said therapeutically active formof A and 15 B represents a
noi ety whi ch, when | i nkédCPIESas # 6QYAlend linkert lipgking A andB to form a prodrug,

said linker being cleaved under physiological conditions to generate said

therapeutically active form of A; and

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

A,

wherein the solubility of therapeutically active form of A in water is greater than

1 mg/ml and the solubility of the prodrug in water is less than 1 mg/ml.

20 68. A coating for a medical device comprising a polymer matrix and a prodrug,

dispersed in the polymer, having a general formula of A::B in which

A represents a drug moiety having a therapeutically active form

for producing a clinical response in a patient;

:: represents a ionic bond between A and B that dissociates under

25 physiological conditions to generate said therapeutically active form of A;
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prodrug having a |lower solubility than the therapeutically active form of

A, wherein the solubility of therapeutically active formof Ain water is
greater twerv3/oi44sgy/ M and the solubility of the prodrug i PCEALSE2/29480 | eSS
than 1 ng/m . 20 68. A coating for a nedical device conprising a polyner
matrix and a prodrug, dispersed in the polyner, having a general formula
of A.:Bin which Arepresents a drug noiety having a therapeutically active
form for producing a clinical response in a patient; :: represents a ionic

bond between A and B thgt Cl condikions to
generate said therapeuti caﬁ{ 583%0}% ?%/Ogé}/or m c’)Wh%ﬁ 191%&\;@(8%%%%6 4A55

PCT/ US02/ 29450 B irefirgsedtug lmvingi @igweatrsodihilitytban it ihesdpeytidadpicdstive o A,
results in the pro rug aV|gg a lower solubility than the therapeutically
active form of A in the solubility of therapeutically active
formof Ain water is greater than 5 1 ng/m and the solubility of the

prodrug in wafRére{rSthk @5RbiIRBf theRBeiMicall Active oatdMYid WhteRis@edtedthatlevi ce
conprising a polymer matrix and a prodrug, dispersed in the polynmer,

havi fy a genet aig/mbandihg solubility ofghe progeugin vateiisdess drnd me@ilug noi ety
havi ng a therapeutlcally active forn1 for producing a clinical response in

a pati en§9 sai é (foa%@ gry ﬁleglc O&Ie% %%Mp%ysﬁs& :I)lgﬁgc rﬁpqngl t Oﬁﬂ{

pr odr ug, ei ng c eave con ons
gener at e sai ddispdisgdipebd peisunby hadhg u%efﬁ@aklﬁoﬁﬁu]Aofalqﬂ-IBlﬂ‘ehmhsent s a rml ety
which, when |inked to A results in the prodrug having a lower solubility

thanthetherapeutlcally active fo %@e g sed in
bi ol ogi cal fluid, said SuSPESFHEY2 %P%é%oéetp’g?ﬁﬁﬁﬂga% %beﬁapeB? Yoy ]En&l ned
rel ease of the the&ﬁ.ﬁb?(gﬁdcﬁg| Ic)ﬁnﬁ:g“e\gﬁgbﬂ‘sgrﬂrh?gtleﬁtfor a period of at |east
24 hours, and, over the period ease he concentration of the prodrug

in fluid outside the polyner is less than 10% of the concentration of the
10 L represents a covalent linker linking A and B to form a prodrug,

said linker being cleaved under physiological conditions to generate said

therapeutically active form of A; and

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

15 A;

wherein, when disposed in biological fluid, said sustained release formulation
provides sustained release of the therapeutically active form of A for a period of
at least 24 hours, and, over the period of release, the concentration of the prodrug
in fluid outside the polymer is less than 10% of the concentration of the

20 therapeutically active form of A.

70. A coating for a medical device comprising a polymer matrix and a prodrug,

dispersed in the polymer, having a general formula of A::B in which

A represents a drug moiety having a therapeutically active form

for producing a clinical response in a patient;

25 :: represents a ionic bond between A and B that dissociates under

physiological conditions to generate said therapeutically active form of A;
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20 therapeutically active formof A 70. A coating for a nedical device
conprising a polyner matrix and a prodrug, dispersed in the polyner,

havi ng a weremnad4si ornula of A::B in which A represents a @cagsopeesy havi ng
a therapeutically active form for producing a clinical response in a
patient; 25 :: represents a ionic bond between A and B that dissociates
under physiol ogical conditions to generate said therapeutically active
formof A, 48 WD 03/024455 PCT/ US02/29450 B represents a noi ety which,

when ionically bonded t ] r. i

solubility than the the?a%@ﬁ%‘ﬁ%%}‘1301%&‘%\}@“’%%%8%?@/ Béﬁ‘%ﬁ%ﬁ%‘ﬁ%rﬂ“mhen

di sposed in biol ogiicdie plodiug, hav@igla dostasoiatsllityethemske flmrapehttallynactive

provi des sustained release of the therapeutically active formof A for a
period of at |easformuolad and, over the period of release, the
concentration of the prodrug in fluid outside the polyner is less than 10%

of the concen{aldipnyRin bidosed HENARBRICAIC ALY s#tu¥Bink@MBle@de Armblatiodhe
coating of any one of clainms 67-70, Wherein A and B are the same drug 10

moi ety. 72. Thevideatsistgined redeape of tegherapetitiesll activg, fom of & for A penigdRfar e
different dru ieties. 73. The coatjn f any one of .clai 67570,

Wherei n'5, af (e BRS04 gt fe BoRd A fesd e ABFeslisgPudt I b

moi ety. 15 74y Fhed cmdiddeheOboBmier OiBElesy tinail 0% 6F 11O combeptigiish Afi the
selected fromimmune response nodifiers, anti-proliferatives, anti-mtotic

agents, anti - plesapsheallygenvsiormyifdy.i num coor di nati on conpl exes, hor mones,
anti coagul ants, fibrinolytic agents, anti-secretory agents, anti-mgratory

agent s, biTUNGRURREESS LY &8y of3E QAGHL &7 RYSMHcRein A ARPIELAN the! BERPAAE

bl ockers, nitric ox doror's, anti sense 2 I gi onucl eoti des an
conbl(hat i ons idwestgof, cell cycle inhibitors, corticosteroids, angiostatic
steroids, anti-parasitic drugs, anti-glaucoma drugs, antibiotics,

differ en%'at ! (Hl'e nc%gtlilrllg to tag}’/ o%c—[:] tolf Vclle{ir%ls éjﬁ%SWhe%Ql}ll aarﬁﬁeé a(ljrer: %%érer?tngrugnt h-

moieties.

73. The coating of any one of claims 67-70, wherein B, after cleavage from the

prodrug, is a biologically inert moiety.

15 74.  The coating of any one of claims 67-70, wherein A is selected from immune
response modifiers, anti-proliferatives, anti-mitotic agents, anti-platelet agents,
platinum coordination complexes, hormones, anticoagulants, fibrinolytic agents,
anti-secretory agents, anti-migratory agents, immunosuppressives, angiogenic
agents, angiotensin receptor blockers, nitric oxide donors, antisense

20 oligionucleotides and combinations thereof, cell cycle inhibitors, corticosteroids,
angiostatic steroids, anti-parasitic drugs, anti-glaucoma drugs, antibiotics,
differentiation modulators, antiviral drugs, anticancer drugs, and anti-

inflammatory drugs.

75. The coating of any one of claims 67-70, wherein B is selected from immune

25 response modifiers, anti-proliferatives, anti-mitotic agents, anti-platelet agents,
platinum coordination complexes, hormones, anticoagulants, fibrinolytic agents,
anti-secretory agents, anti-migratory agents, immunosuppressives, angiogenic

agents, angiotensin receptor blockers, nitric oxide donors, antisense
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i nfl ammatory drugs. 75. The coating of any one of clainms 67-70, wherein B
is selected fromimune 25 response nodifiers, anti-proliferatives,
anti-mtowoo3agant s, anti-platel et agents, plati num coor ®CTAtS0Z29450

conpl exes, hornones, anticoagulants, fibrinolytic agents, anti-secretory
agents, anti-mgratory agents, inmrunosuppressives, angiogenic agents,

angi otensi n receptor blockers, nitric oxide donors, antisense 49 WO

03/ 024455 PCT/ US02/ 29450 ol igionucl eotides and conbi nati ons thereof, cell
cycle inhibit 4160 ' : Lot ati -aroids, sitic
drugs, anti-g ggggﬁg%hpﬁﬁg@qéﬁgﬁ%?gP??%%%idgpf 9%%@%2%@%hc§@13?§?g$§,
antiviral drugsjosanici ceendés, dntirpsrasigiod dargs] - antinglhwoomet atrygwlr egishiotics/6. The
coating of any one of clains 67-70, wh rg’ n the duration of rel ease of the

t her apeut i cal $iffeEatiption f Ppayigiorsa @PBWESh VS y ARHCARERT i UBS #Pd| 888t 24
hours. 77. Theng@alkdd fesany one of clainms 67-70, wherein Ais

5-fl uorouracih]]?l %SFﬁ) gngjgf% is a steroid. 78. The coating of any one of
claims 67-70, wherein at |east one of Aor Bis an 10 antineoplastic
agen®. 7. ThEhaeetingpfahy any ofeéaims 67HH), vehegein g, duthidore of rededsd of the

anti neopl asti ¢ _agent .selected f th roup consisti nt hracycl i nes,
Unca: o kar of e BehE SR 1y o AR ol Reriing 2 el as BB of
pyrim di ne biosynthesis, and al kylating agents. 15 80. The coating of any
one of c}7ai meTig/cobfing Wheieore ¢faildma o7-T0e oplesesd Ads driligrowradl (SH)@nd Bt ed
pyri mdine. 81. The coating of any one of clains 67-70, wherein said
anti neopl ast i€ a#figidi s selected fromthe group consisting of
5-fluorouracil (5FU), 5'-deoxy-5- fluorouridine 5-fluorouridine,
2' - deoxy?&- f | Tior enatingphany dnewd clsoms 6&i7Aewh@emapt least one of A or B is an
trifluoronethyl-2' - xyur.i di ne, arabi noxyl cytosine, cyclocytidine,
5- az1 -2 - deo%/&}l@f/3 ngﬁ%ﬁg,ﬁerg.r abi nosyl 5-azacytosine, 6-azacyti dine,
N- phosp oacetyl -L- aspartic acid razofurin, . 6-azauridi ne, azari bine,
and 3- de zaurﬁbf?/?f’_é‘%ngﬁf E“P'_hoéleé’cfgfai“ﬁ662%oar‘?§lems%‘? aigORlaseeASEt her i n
sai d anti neopdefstddCrréth U@ dréufconsisting of anthracyclines, vinca alkaloids, purine

analogs, pyrimidine analogs, inhibitors of pyrimidine biosynthesis, and alkylating

agents.
15  80.  The coating of any one of claims 67-70, wherein said antineoplastic drug is a
fluorinated pyrimidine.
81.  The coating of any one of claims 67-70, wherein said antineoplastic drug is

selected from the group consisting of 5-fluorouracil (SFU), 5'-deoxy-5-
fluorouridine 5-fluorouridine, 2'-deoxy-5-fluorouridine, fluorocytosine, 5-

20 trifluoromethyl-2'-deoxyuridine, arabinoxyl cytosine, cyclocytidine, 5-aza-2'-
deoxycytidine, arabinosyl 5-azacytosine, 6-azacytidine, N-phosphonoacetyl-L-

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

82. The coating of any one of claims 67-70, wherein said antineoplastic drug is a
pyrimidine nucleoside analog selected from the group consisting of arabinosyl
25 cytosine, cyclocytidine, 5-aza-2'-deoxycytidine, arabinosyl 5-azacytosine, and 6-

azacytidine.

83.  The coating of any one of claims 67-70, wherein said antineoplastic drug is
selected from the group consisting of cladribine, 6-mercaptopurine, pentostatin,

6-thioguanine, and fludarabin phosphate.
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pyri m di ne nucl eosi de anal og sel ected fromthe group consisting of

ar abi nosyl 25 cytosine, cyclocytidine, 5-aza-2'-deoxycytidine, arabinosyl
5- azacyt owpre/024a8tl 6- azacytidine. 83. The coating of anypramaSot/2aba@i ns
67-70, wherein said antineoplastic drug is selected fromthe group

consi sting of cladribine, 6-nercaptopurine, pentostatin, 6-thioguanine,
and fl udarabi n phosphate. 50 WO 03/ 024455 PCT/ US02/ 29450 84. The coati ng
of any one of clains 67-70, wherein the therapeutically active form of A
is b-fluorouracil. 85. The coating of any one of_ clains ? wherei n at
| east o84 of TheéﬁatBlg of agy ophef claimq /4 finathsFgn tal”&éh?rap%m%ly‘ﬁ’é’ecf%l ng of
cl ai m 85, V\/n s -inflammatory agent is a non-steroidal
anti-infl amm 1@5 @lfgoﬁﬁ%j'coati ng of claim85, wherein anti-inflamuatory
agent a gl coc rtl i aid

gl ucoco?l5 i cofIg‘e g2t c?%an? ?ﬁ%a’g’ﬁ%fﬂgyﬂég%%%g%s??ﬁ% §17,%x ac %%tréggone,
becl onet hasorheﬂanlgﬁtl@fge;;g@ﬁsone budesonl de 10 cl obet asol cl obet asone,
cortisone, desonide, desoxinetasone, diflorosane, flunethasone

fl ungsolgide, ik WELHAURMEMBSE (WBBIeHEsaid hiMPRIRAINGAGy abbitds @hbelstneidal

f1 upredni dene, flurandrenolide, fluticasone, hydrocortisone,

met hyl pr edni soliomdammeleponat e, nomet asone furdate, prednisol one, predni sone
and rofl eponide. 89. The coating of any one of clains 67-70, wherein the
t her apedfi callhy cating damrds, Whersin Biti-miflsmnstorydent dns Elugoesirtietidne
acetoni de, triantinol one acetonide, diclofenac, and naproxen. 90. The
coating 88f artheeostigf oflamrsy, Gvheréin saﬁfd%ﬁm’onomibeidpx sedectigy] from the groupnked
form has an ED50 for producing said clinical r ast 10 tines
greater than OPﬁ%StleIﬁ@C]@mefaﬁ%n%%é lgmethasqnsy IP%}aIB%tE?%Beﬁ%‘rdﬁ?oﬂf °A. 20 91. The

Coaﬁ q_ng of ar?;}'ob%&golof;loﬁét%oﬁ@ @c?r’c@(ghe &&%ﬁﬁl’endésbﬁnﬁ%sbfﬁ@ﬁlﬂ&o%@ bi oer odi bl e.
he coat 0

one of claims 67-70, wherein the polyrrer i's
b| oer odi bl e. fﬁiﬁqetﬂ'ztsene{;(ﬁlahlsnﬂgieoﬁluam;loloneaQﬁodealﬂnreClﬁGlOﬁ@, flugigertelione,A i s

5-T1uorour aCIt{upgedn%ene ﬂuraEnrdlra ! notjlu(%lcasoge%ydrocomsone methylprednisolone

aceponate, mometasone furdate, prednisolone, prednisone and rofleponide.

89. The coating of any one of claims 67-70, wherein the therapeutically active form
15 of B is selected from fluocinolone acetonide, triamcinolone acetonide, diclofenac,

and naproxen.

90. The coating of any one of claims 67-70, wherein the prodrug, in its linked form,
has an EDs for producing said clinical response at least 10 times greater than the

EDs of the therapeutically active form of A.
20 91.  The coating of any one of claims 67-70, wherein the polymer is non-bioerodible.
92.  The coating of any one of claims 67-70, wherein the polymer is bioerodible.
93.  The coating of any one of claims 67-70, wherein A is 5-fluorouracil (SFU) or
triamcinolone (TA).
94. A medical device comprising:
25 (a) a substrate having a porous surface; and
(b) a pharmaceutically active agent carried by said surface;

(©) a polymer matrix encapsulating said pharmaceutically active agent;
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94. A nedical device conprising: 25 (a) a substrate having a porous
surface; and (b) a pharnmaceutically active agent carried by said surface;
(c) a polwoas/opsssi X encapsul ating sai d pharnmaceutical |y actriuse2/agent; 51
WO 03/ 024455 PCT/ US02/ 29450 wherein said matrix further conprises a

sem -perneable lattice having intermttent pores with cross sectional area
sufficient to restrict the passage of noiety A but to allow the passage of
noi ety B. 95. The device of claim94, wherein said lattice is bioerodible.

5 96. The devje¢ %el%tsacd fﬁé‘@%ﬁﬂﬁou rogﬂmggs Vid eﬁHﬁ‘M)é Refehalggse of moiety A

for a perlod 0 [eas an oVve eriod of rel ease, the
concentr at i onin@drmiteadk pbrgs )é\(lﬂhrtrdslstsemhomaﬂt a&eajslfﬁdzlentpo trgsﬂxmt thespdseags afhan 10% of
the concentration of noiety B in sai ﬂx&” %lbﬁ 97. The device of claim 94,
wherein the S@@gqtyéﬂglt;osalg)vg@,e@ags&gep PERERt selected 10 froma screw, a

pl ate, a washer, a suture, a prosthesis anchor, a tack a staple, an
el ectricdf. | eBbe devieestfietaimedmhsreamenid iticeinbiosiddle device, a vertegral
disk, a bone pin, a suture anchor, a henostatic barrier, a clanp, a clip,

a vagcul 96, | nPhadévicen ficlamuRs, admémm'eldm sustairled neleasg of mpieie A &4Rf ol d, a bone
substitute, agenodngl‘r aﬂeag{l Zr}fahou(rjs?\e{:}l over t?le apeﬁ/gf gtureﬁgtses ﬂ%pc%'ilkentﬁaaon of

moiety A in fluid outside the polymer is less than 10% of the concentration of

moiety B in said fluid.

97.  The device of claim 94, wherein the substrate is a surgical implement selected
10 from a screw, a plate, a washer, a suture, a prosthesis anchor, a tack, a staple, an
electrical lead, a valve, a membrane, an anastomosis device, a vertegral disk, a
bone pin, a suture anchor, a hemostatic barrier, a clamp, a clip, a vascular
implant, a tissue adhesive or sealant, a tissue scaffold, a bone substitute, an

intraluminal device and a vascular support.
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