WO 2004/ 045578 PCT/ EP2003/ 012737 ORGANI C COMPOUNDS The invention relates to
organi ¢ conpounds, nore particularly to drug delivery systens for the
prevention and treatnent of inflammtory or proliferative diseases,
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angioplasty (PCTA), percutancous transluminal angioplasty (PTA), stenting, atherectomy, or

other types of catheter-based revascularization/ local drug delivery techniques at the site of the

disease, either applied via the vessel lumen or applied via the external/adventitial aspect of the
vessel, such as those grafts or other devices used to repair aneurysm, as well as by-pass
grafting are used. Ultrasound or other techniques resulting in activation or delivery of
drug-containing microbubbles or liposomes or other vehicles that carry drug for local delivery
is also used as a mechanism of local drug delivery during revascularization or as a mechanism
of revascularization. In addition to the proliferative narrowing, occlusion or constrictive
remodeling seen in native arteries after revascularization or within by-pass grafts, at sites of
anastomoses in transplantation or aneurysm, or in veins post-injury or thrombosis, there is also
a pathological outward remodeling (or ballooniﬁg out) that occurs at sites of aneurysm that can
still occur despite surgical or endolumenal attempts to repair and stabilize these sites,
Stabilization/repair of aneurysm using endovascular devices such as stents or sleeves or other
endovascular devices and/or other local delivery methods such as adventitial wrapping can

also be performed together with local delivery/elution of drug to enhance stabilization of the



-2 vessel wall or prevent progression of the aneurysmto adjacent sections
of vessel. Thus revascularization procedures such as angi opl asty and/or
stenting and/or other types of catheter- based |ocal delivery as well as
endovascul ayo gevoeaes and adventitial waps are used in acwnipgsosnverizety of
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themselves, provoke proliferative and migratory responses in the smooth muscle cells as well

as additional inflammatory events, or provoke matrix deposition or its reverse, matrix
degradation, as well as neovascularization within the vessel wall. Effects on the vascular
smooth muscle cells usually begins within one to two days post-revascularization and/or
device placement and, depending on the revascularization procedure or endovascular device
used, continues for days, weeks, or even months.

Cells within the original atherosclerotic lesion or aneurysm as well as inflammatory
cells that have accumulated at the site of injury and stenting or grafting, as well as smooth
muscle cells within the media migrate, proliferate and/or secrete significant amounts of
extracellular matrix proteins and/or proteases. In an artery or vein, proliferation, migration and
extracellular matrix synthesis continue until the damaged endothelial layer is repaired, at
which time proliferation may slow within the intima. The newly formed tissue following

stenting is named neointima, intimal thickening or restenotic lesion, and usually results in



which time proliferation may slow within the intima. The newly forned tissue
followng stenting is nanmed neointim, intimal thickening or restenotic

| esion, and usually results in WO 2004/ 045578 PCT/ EP2003/ 012737 -3
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angiloplasty and reduction of aneurysm progression using endovascular aneurysm repair

compared with surgery using stents. The purpose of stenting for both revascularization and
aneurysm is to maintain the arterial lumen by a scaffolding process that provides radial
support. Stents, usually made of stainless steel or of a synthetic material, are placed in the
artery either by a self-expanding mechanism or using balloon expansion or are placed in the
aorta as part of a graft. Stenting results in the largest lumen possible and expands the artery to
the greatest degree possible, Stenting also provides a protective frame to support fragile
vessels that have had a pathologic dissection due to the revascularization procedures or due to
aneurysm. It has been demonstrated that the implantation of stents as part of the standard
angioplasty procedure improves the acute results of percutaneous coronary revascularization,
but in-stent restenosis, as well as stenosis proximal and distal to the stent and the
inaccessibility of the lesion site for surgical revasculation limits the long-term success of using
stents. The absolute number of in-stent restenotic lesions is increasing with the increasing
number of stenting procedures, with the complexity of culprit lesion stented as well as with

stenting of ever-smaller sized arteries. Neointima proliferation/growth occurs principaily



I naccessibility of the lesion site for surgical revasculation limts the

| ong-term success of using stents. The absol ute nunber of in-stent
restenotic lesions is increasing with the increasing nunber of stenting
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aneurysm stabilization. Vulnerable plaques are those atherosclerotic lesions that are prone to

rupture or ulceration, resulting in thrombosis and thus producing unstable angina, myocardial
infarction or sudden death. Such plaques are often not flow-limiting, e.g. they do not cause
stenosis that closes the vessel by more than 50 %. However, vulnerable plagues that are not
flow-limiting, e.g. in which stenogis is less than 50 %, may be stented to stabilize the
vulnerable plaque so that it does not rupture, as contrasted with opening up a stenotic vessel to
allow more blood to flow through as is done via re-vascularization. Aneurysms are outward
dilation of a vessel, usually the aorta, that can rupture and cause hemorrhage. Such aneurysms
may be stented or repaired with devices containing elements of both stents and grafts via

endovascular techniques.

Ascomycin derivatives have anti-inflammatory and/or immunosuppressant properties
and may be used e.g, for immunosuppression or in the treatment of inflammatory skin

diseases.



may be stented or repaired with devices containing elements of both stents
and grafts via endovascul ar techni ques. Asconycin derivatives have
anti-inflammatory and/or inununosuppressant properties and maybe used e.g.
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concerns drug delivery devices or systens conprising:
mammals. Thus treatment therewith of patients with atherosclerotic plaques or aneurysm may
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advantageously result in stabilisation of atherosclerotic plaques and of sites of aneurysm, and
thus in inhibition of angiogenesis associated with plague instability and rupture or aneurysm
expansion which can result in thrombosis and the like, thereby decreasing the risk of
thrombosis, unstable angina, myocardial infarction, sudden death, stroke, and aneurysm
expansion and hemorrhage; preferably in conjunction with a medical device adapted for local

application or administration in hollow fubes, such as a stent.

The invention particularly concerns drng delivery devices or systems comprising:

2) a medical deviee, e.g. a catheter-based delivery device or an intraluminal device, especially
a coated stent or stent-graft, adapted for local application or administration in hollow
tubes; and, in conjunction therewith,

b) a therapeutic dosage of an anti-inflammatory ascomycin derivative, optionally together
with a therapeutic dosage of one or more other active ingredients, preferably each being
affixed to the medical device in a way allowing drug release;

hereinafter briefly named “the device of the invention™.



a) a nedical device, e.g. a catheter-based delivery device or an

I ntralum nal device, especially a coated stent or stent-graft, adapted for
| ocal application or admnistration in hollow tubes; and, in conjunction

t her ewi t h, vag 2@4/bdsefsapeuti ¢ dosage of an anti-infl ammat ecy/Eesmam2eimM
derivative, optionally together wth a therapeutic dosage of one or nore
other active ingredients, preferably each being affixed to the nedi cal
device in a way allowing drug rel ease; héreinafter briefly nanmed "the device
of the invention". WD 2004/045578 PCT/ EP2003/ 012737 -6 A device of the

i nventi on pref ek denige efdhpinvendion preferably voroprisesan emslpvaseulardeyiceae.gtastant or
stent-graft, .es L.alil stent. The invention al so concerns the use
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medi canent for the prevention and treatnent of inflammtory conplications
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expansion in vessel wa ; - stabili1sing "at hero&clerotic plaques, or
st abi | i si ngiubes, esinefeasetbertyacallular matrix dégradationgindrerosionin hajlosnabes; sm

dilati t, the site of bsmin.e g .th . Of |
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herein as being an_antagoni st, agonist or anal ogue of the parent conpound
ascomyci n viflegrysmal semedeling (aeyrysm; dilafion) following devigelagesentior| east one of
t he bi ol ogi ??‘ﬂg | RRR L P ﬂﬁﬁr ' t par ent
conmpound. A%tharﬁﬂgﬁﬁog arr#r@Pic?ry aggggrr{]/m s'ﬁérlvainlhgéy&lfsghggsr%{ed herein as
bei ng an asstabilisingatherosclerotic plaques, or stabilising sites of aneurysm; or

- stabilising or reducing aneurysm dilation at the site of aneurism in e.g. the aorta or other
vessels following device placement;

preferably in conjunction with a medical device as defined under a) above.

An ';ascomycin derivative" is to be understood herein as being an antagonist, agonist
or analogue of the parent compound ascomycin which retains the basic structure and
modulates at least one of the biological, for example immunological properties of the parent
compound, _

An "anti-inflammatory ascomycin derivative" is defined herein as being an ascomycin
derivative that exhibits pronounced anti-inflammatory activity in e.g. animal models of allergic
contact dermatitis but has only low potency in suppressing systemic immune response, namely,
which has a minimum effective dose (MED) of up to a concentration of about .04 % w/v in
the murine model of allergic contact dermatitis upon topical administration, while its potency
is at least 10 times lower than for tacrolimus (MED 14 mg/kg) in the rat model of allogeneic
kidney transplantation upon oral administration (Meingassner, J.G. et al., Br. J, Dermatol. 137
[1997] 568-579; Stuetz, A. Seminars in Cutaneous Medicine and Surgery 20 [2001] 233-241).
Such compounds are preferably lipophilic.
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{[1B-(1R,3R 48)]1R,98,128,13R,14S,17R,18E, 218,23S,24R,25S,27R }-12-[2-(4-chloro-
3-methoxycyclohexyl)-1-methylvinyl]-17-ethyl-1,14-dibydroxy-23,25-dimethoxy-
13,19,21,27-tetramethyl- 11,28, dioxa-4-azatricyclo [22.3.1.0(4,9)]octacos-18-ene-
2,3,10,16-tetraone,
(Example 66a in EP 427680); hereinafter referred to as pimecrolimas (INN) (Elidel™).

Particularly preferred is pimecrolimus; it is in free form unless specified otherwise

herein.

The anti-inflammatory ascomycin derivatives may be prepared and administered in
conventional manner.
The structure of the active ingredients identified by code numbers, generic or trade

names may be taken from the standard compendium “The Merck Index” or from computer

databases, e.g. Patents International (e.g. IMS World Publications). The corresponding content
thereof is hereby incorporated by reference. Any person skilled in the art is fully enabled to

identify the active ingredients and, based on these references, likewise enabled to manufacture
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e

m togen-activated kinase nodul ator or inhibitor, such as™ e.dg. a rapanycin,
e.g. siroltniNPMOHNPFEsEiverALent, £.a A IHDEE- astiEp edbkingggangdiilatoror guhilpitoy,snch as-

anot her anté_-_iar}% gfg}'sif&ﬁﬁfs’or@ﬁ%ﬂ' ¢St eroid, e.g. a corticosteroid, e.g.

dexamet hasofi& or rednisone; - a ,  €.9. a cycl ooxygenase i nhibitor,
e.g. a COX-ah EDGHreicptur ageniqy, e. g HTBTAG) b, rofecoxib, etoricoxib or
val decoxi b; - an anti-thronbotic or anti-coa e.g. heparin or a

ul gnt agent,
|1'b/ JHa i nhinsfiepmati-inflammagary gaeghierga SiE5oldb egggmr?ct@?@ggﬁae-&ic@mmw or
stabi | i zi ngpRinglmst abi | i zi ng agent, including but not limted to taxanes,
e.g. taxol,” paclitaxel or docetaxel; - vinca al kal oids, e.g. vinblastine,
especi al | y- ¥NEAIR st 8. asysiadAygemnse inhibitor, sigi #60Xe2 pbidhitor, eyg. celecnxil, sefecoxitsul f at e
and vi norel%i RNE. .- c{riagéod rmol i des or epothilones or a derivative thereof,
r

e.g. epothi %c@k@% & vative thereof;

- an anti-thrombotic or anti-coagulant agent, e.g. heparin or a IIb/IIla inhibitor;

- an antiproliferative agent, e.g. a microtubule stabilizing or destabilizing agent, including but
not limited to taxanes, e.g. taxol, paclitaxel or docetaxel;

- vinca alkaloids, e.g. vinblastine, especially vinblastine sulfate, vincristine, especially
vincristine sulfate and vinorelbine;

- discodermolides or epothilones or a derivative thereof, e.g. epothilone B or a derivative
thereof;

- staurosporin and related small molecules, e.g. UCN-01, BAY 43-9006, Bryostatin 1,
Perifosine, Limofosine, midostaurin, R0318220, RO320432, GO 6976, Isis 3521,
LY333531, LY379196, SU5416, SUGG68 or AG1296;

- a compound or antibody which inhibits the PDGF receptor tyrosine kinase or a compound
which binds to PDGF or reduces expression of the PDGF receptor, e.g. STI571, CT52923,
RP-1776, GFB-111 or a pyrrolof3,4-c]-beta~-carboline-dione;

- compounds affecting GRB2, e.g. IMC-C225;

- statins, e.g. having HMG-CoA reductase inhibiting activity, e.g. fluvastatin, lovastatin,
simvastatin, pravastatin, atorvastatin, cerivastatin, pitavastatin, rosuvastatin or nivastatin;

- a compound, protein, growth factor or compound stimulating growth factor production that
will enhance endothelial re-growth of the luminal endothelium, e.g. FGF, IGF, a matrix



- staurosporin and related small nol ecul es, e.g. UCN 01, BAY 43-9006,
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| sosor bi de conmpound; or - an NF-xB inhibitor. The invention thus may al so be
effected e.g. blhdiovention thvs maytalsatbe gffeated eim by Jegal adsinistratiemaer delivdry afavat or y
asconycin deriwativ s ) of her .bhat macol,0oai gal |y
active ageﬁ%{'{n}él.mama%ﬁg %%g’ﬁ?s} gl{ég %aﬁy%@g&tﬁ%%&h Q‘Iiffrs{ ?%ro,tﬁ?l?g ' %lﬂgf’%ﬁ(
concerns aadiiwk hgwht, @fg. bii egenbBdefinéd abake.ammat ory conplications fol | ow ng
vascul ar injury, such as for: - preventing or treating vascular inflamuation
or snmooth nmuscle cell proliferation and mgration, aneurysm expansi on in

or
hol | ow tubes, _Ofyiygf BRARGIEY LoRERk hthhod B thistmellE G iaRRpRRGNT €7 OST 0N i1

hol | ow tubes such as arteries or veins, or iIncrease ory cell
i nfiltrati complatiomclolawbig wetulapmpirnyf swhes for or decreased apoptosis, or

aneur yaml © PEIRIUEE PP aA Sary R ERBRO or Srenshm et BEPIRiOhand | n o
mamal i n negshrafibie of @heury HiREkHAisiA if HoNEW b es) or iRErRhRHR M cellPfidthatrix
adm ni stration of a therapeutically
degradation and erosion in hollow tubes such as arteries or veins, or increased
inflammatory cell infiliration, or increased cell proliferation or decreased apoptosis, or
increased matrix deposiiion or degradation, or increased positive, aneurysmal
remodeling (aneurysm dilation) following device placernent in a mammal in need
thereof, comprising systemic or, preferably, local administration of a therapeuticaily
effective amount of an anti-inflammatory ascomycin derivative, e.g. following device
placement;

- ftreating intimal thickening or aneurysin expansion in vessel walls in a mammal in need
thereof, comprising controlled delivery from a catheter-based or intraluminal medical
device of a therapeutically effective amount of an anti-inflammatory ascomycin derivative,
optionally together with one or more other active ingredients, e.g. as disclosed above;
preferably in conjunction with a medical device as defined under a) above;

- stabilising atherosclerotic plaques or stabilising sites of aneurysm, or stabilising or
reducing aneurysm dilation at the site of aneurysm e.g. in the aorta or other vessels
following device placement in a mammal in need thereof, comprising systemic or,

preferably, local administration of a therapeutically effective amount of an

anti-inflammatory ascomycin derivative,



effective anount of an anti-inflammatory asconycin derivative, e.qg.

follow ng device placenent; - treating intimal thickening or aneurysm
expansion in vessel walls in a mammal in need thereof, conprising

control | ed wighdowesag7d r om a cat het er-based or intral um nalcrnediosaizzsdevi ce of
a therapeutically effective amobunt of an anti-inflammatory ascomycin
derivative, optionally together with one or nore other active ingredients,
e.g. as disclosed above; preferably inl8onjunction with a nedical device as
defined under a) above; - stabilising atherosclerotic plaques or stabilising
sites of copdignalyripgedier stithising osmare ather agtbgungredientn &g: psdisdpdednbeie; at the site
of aneurys n f-he. aorf.a Q . s . f I ng devi ce pl acenent
in a nannﬂé& t?tnagl edégmtg ’%cruggﬁﬁcaodr’lr%&r?‘lsaz Iﬁ%v&é@ia%??%dcungkﬂ 58\%16?‘%1‘ erably, |ocal

adm nistration of a therapeutically effective anount of an

anti-inflammatory asconycin derivative, WO 2004/045578 PCT/ EP2003/ 012737

- 10 optional l'y %Q‘Eéﬁg?ﬂ%@ﬁ“ﬁﬁéeﬁf”ﬁﬁy %ﬁ"f?f%? S-&cYPNpaIs; RYPRAISehi8s, e.g. as

di scl osed @howfp revakdi za%ﬂorln@oﬁeaﬂ&ﬁﬁﬁaﬁQawsmm%Qﬁglg'm gg as defined
under a) above. “The underlying condition beneficially afflected I's e.qg.

st enosi s; wngblennging; myocerdial indrrtbon; heprt Bilarscisthaeminasuddan death; stroke; and/or
neovascul arization:; vascul ar ,nfl tion: thronmbosis. ..unstabl e, angi na;
myocar di al PR P SR iﬁex%{gtfly %hﬁ i aflﬁ-ﬁﬂaﬁm%@%@mo&y%&gﬁhvgéycﬁpmgqﬁﬁe;

and/ or  anfsth ¥@ehts bk frbkravoatiigipplieblo)stehitCordif onjinidtion RN sinys, asconyci n
derivative is admnistered fromstents or froma coating applied to stents,
or in conjunction with stents. A device of the invention can be used to
reduce stenosi %Bévi{g:eo?ttﬁé 'iB%n’iioREa:ﬁb% By R Pt sthodo st%sig‘& H&%&&sh‘)
revascul ari zation, by-pass or grafting procedures perforned In a vascul ar
| ocat i on idilbtiodasae adpmontaryvassuleizition, by-passtor grafiigqurocedyres perfdrmad freanyes,
peripheral arteries, .cerebral arteries, aprta .or an ther arterial . or
venous | oc‘é’i‘?‘?“% lo ﬁm?’é’ﬁ BARIPDY eIy qlenigy; ¢ aﬁgr?qrﬁs,tm@p@gg gess

arterial aiabkdaRaRS, doitalr aidthdRkeridl Or tQBUER AU EMcd ahAtdnAb s@Rckis rupt ure
with or without endovascul ar devices such as stent-grafts, or in conjunction
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functi on odther heart or transplantation procedures, or congenital vascular interventions.

"Treatment” herein means prophylactic as well as curative treatment,

"Hollow tube" means any physiological hollow tube that has the function of
transporting a gas or liquid, preferably a liquid, and most preferably blood, for example
a vessel, vein, artery, etc., and that can be affected by atherosclerosis, thrombosis, restenosis,
aneurysm and/or vascular inflammation.

"Together with" should be understood to apply to either temporal proximity, as with
e.g. more or less simultaneous administration, or to physical proximity, or both.

An anti-inflammatory ascomycin derivative is referred to hereinafter as "drug". The
other active ingredients which may be used together with the anti-inflammatory ascomycin
derivative, e.g. as disclosed above, are referred to hereinafter collectively as "adjunet”.

"Drug(s)" means drug or drug plus adjunct.

"Local" administration preferably takes place at or near the vascular lesions sites.
Local drug(s) administration may be e.g. by one or more of the following routes: via catheter

or other intravascular delivery system; intranasally; intrabronchially; interperitoneally; or via
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I nterventional Cardi
Noator 1115951 33%6-41; Slepian Intervents, Cardiol. 1 [1996] 103-116; and Regar et al,

"Stent development and local drug delivery”, Br. Med. Bull. 59 [2001] 227-48, which

disclosures are herein incorporated by reference.

Drug delivery may optionally take place from the outside of the vessel to the inside of
the vessel, whereby the drug is impregnated in devices applied to the external surface of an
artery or vein.

Systemic administration of drug(s) takes place in conventional manner, e.g. orally.

“Biocompatible” is meant herein as a material which elicits no or only minimal

negative tissue reaction, including e.g, thrombus formation and/or inflammation.

Delivery or application of the drug(s) can occur using e.g. stents or sleeves or sheathes.
An intraluminal stent composed of, or coated with, a polymer or other biocompatible material,
e.g. porous ceramic, €.g, nanoporous ceramic, into which the drug(s) has been impregnated or
incorporated can be used. Such stents can be biodegradable or can be made of metal or alloy,

e.g. Ni and Ti, or another stable substance when intented for permanent use. The drug(s) may
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a nunber ysS and oconpati mat'er
i ncor por at thel polgmeriemgterial 1pait herprepaoed ia a solvent or a mixture of solvents and applied to the

surface of the stents also by dip-coating, brush coating and/or dip/spin coating, the solvent(s)

being allowed to evaporate to leave a film with entrapped drug(s). In the case of stents where
the drug(s) is delivered from micropores, struts or channels, a solution of a polymer may
additionally be applied as an outlayer to control the drug(s) release; alternatively, the drug(s)
may be comprised in the micropores, struts or channels and the adjunct may be incorporated in
the outlayer, or vice versa. The drug may also be affixed in an inner layer of the stent and the
adjunct in an outer layer, or vice versa. The drug(s) may also be attached by a covalent bond,
e.g. esters, amides or anhydrides, to the stent surface, involving chemical derivatization. The
drug(s) may also be incorporated into a biocompatible porous ceramic coating,

e.g. a Nanoporous ceramic coating.

When drug is administered systemically, an adjunct may be administered either locally

as described above, or systemically as well.



polynmeric matrix and sprayed onto the outer surface of the stent. A m xture
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greater. surrounding tissue, e.g. for up to about 1 month to 1 year. Local delivery allows for high

concentration of the drug(s) at the disease site with low concentration of circulating
compound. The amount of drug(s) used for local delivery applications will vary depending on
the compounds used, the condition to be treated and the desired effect. For purposes of the
invention, a therapeutically effective amount will be administered. By therapeutically effective
amount is meant an amount sufficient to inhibit cellular proliferation and resulting in the
prevention and ireatment of the disease state. Specifically, for the prevention or treatment of
restenosis e.g. after revascularization, local delivery may require less compound than systentic

administration.

The utility of the drug(s) may be demonstrated in animal test methods as well as in
clinic, for example in accordance with conventional methods and/or the methods described

herein.



The drug(s) may el ute passively, actively or under activation, e.qg.

| ight-activation. The drug(s) elutes fromthe polyneric nmaterial or the
stent over tinme and enters the surrounding tissue, e.g. for up to about 1
nonth to 1 weavneoussysl delivery allows for high concentF@iykmpozmizizhe.
drug(s) at the disease site with | ow concentration of circulating conpound.
The anpunt of drug(s) used for |ocal delivery applications will vary
depending on the conmpounds used, the cdfdition to be treated and the

desired effect. For purposes of the invention, a therapeutically effective
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in clinicsarfor exanpl e ifteraseMstatefinaM t h conventional nethods and/or the
met hods deggyi bed herei iy dMf QRELO45578 PCT/ EP2003/ 012737 - 14 The
fol |l ow ng anrrpl es id lustrabgmthe 1 nvention and are not [imtative. Al
tenperat urgggare I n_degr gsp H)ﬂér%gﬁﬁ 1;I'he abbrevi ati ons used have the
fol | owi ng i ngs: _ Al tTercia! dsi S ?f \éari ance BrDU = bronodeoxyuri di ne
EEL = exte elastic | & ;éfg P &0 8¥¥al elastic lamina MAN= nol ecul ar
wei ght P ZBYobabi | ity PBRYEMMleeEleal o puffer solution PGDF =
pl at el et - d¥8Myed gr 6wt h Flardad er r%ﬁ’ﬁé‘i‘%?%t hyl enegl ycol SEM = st andard
error fromthe nmean Exanple 1. Effects of orally delivered vs locally
delivered drug on inflammtory cell infiltration at 1 day. or early
neointimal |esion formation at 9 days, versus

Example 1: Eifects of orally delivered vs Jocally delivered drug on inflammatory cell

infiltration at 1 day, or early neointimal lesion formation at 9 days, versus_

late neointimal lesion formation at 21 days in the rat carotid artery balloon

injury model
Numerous compounds have been shown to inhibit intimal lesion formation at 2 weeks

in the rat ballooned carotid model, while only few compounds prove effective at 4 weeks. The
compounds used according to the present invention are tested in the following rat model:

Rats are dosed orally with placebo or an anti-inflammatory ascomycin derivative.
Daily dosing starts 0 to 5 days prior to surgery and continues up to an additional 28 days. Rat
carotid arteries are balloon injured as described by Clowes et al., Lab, Invest. 49 (1983)
208-215. Quantitation of vascular inflammatory cell number is performed using cell flow
cytometry [Hay C. et al., Arterioscler. Thromb. Vasc. Biol, 21 (2001) 1948-1954]. In studies

determining lesion size, BrDU is administered for 24 hours prior to sacrifice. Sacrifice is

performed at 1, 9 or 21 days post-balloon injury. Carotid arteries are removed and processed
for flow cytometry or histologic and morphometric evaluation,

In this assay, the ability of pimecrolimus can be demonsirated to significantly reduce
CD45-positive leukocyte infiltration into the vessel wall and adventitia at 1 day and to
significantly reduce neointimal lesion formation following balloon injury at 9 and 12 days.
Furthermore, when pimecrolimus is administered locally to the adventitia adjacent to the
ballooned carotid (via a cather implanted into the adventitia that is connected to an Alzet

minipump containing pimecrolimus suspended in vehicle), there is potent inhibition of



| ate neointinmal lesion formation at 21 days In the rat carotid artery

bal l oon iniury nodel Nunmerous conpounds have been shown to inhibit intinal
| esion formation at 2 weeks in the rat ball ooned carotid nodel, while only
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the present invention are tested in the following rat nodel: Rats are dosed
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det er m ni ngmoddingn si ze, BrDU is adm nistered for 24 hours prior to
sacrifice. Sacrifice is perfornmed at 1, 9 or 21 days post-balloon injury.
Carotid arteries are renoved and processed for flow cytonetry or histologic
and norphonetric evaluation. In this assay, the ability of pinmecrolinms can
be denonstrated to SI %I’II ficantly reduce CD45 pOSI t [ vde Ieukocyte
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i s depl oy emeaheuzed and euthanized and the arterial tree is perfused at 100 mmHg with lactated

Ringer’s solution for several minutes, then perfused with 10% formalin at 100 mmHg for
15 minutes.

The vascular section between the distal aorta and the proximal femoral arteries is
excised and cleaned of periadventitial tissue. Three sections of artery are sampled: the stented
section, the artery 5 mm immediately proximal to the stent and the artery 5 mm immediately
distal to the stent is embedded in plastic. Sections are taken from tIae proximal, middle, and
distal portions of each stent. Serial sections are also taken of the first 2 mm proximal and
distal to the stent. Sections are stained with hematoxylin-eosin and Movat pentachrome stains.
Other sections are stained with species-specific antibodies to allow immunocytochemical
identification of macrophages. A non-specific isotype antibody is used as a negative control.
Computerized planimetry is performed to determitie the area of the IEL, EEL and lumen. The
neointima and neointimal thickness is measured both at and between the stent struts. The
vessel area is measured as the area within the EEL. Cells staining positively as macrophages
are counted in the sections taken from the stented area of artery. Data are expressed as

mean + SEM. Statistical analysis of the histologic data is accomplished using ANOVA due to



6 atmfor 30 seconds in the iliac artery. Balloon injury and stent placenent
Is then performed on the contralateral iliac artery in the sane manner. A
post-stent deploynment angiogramis perforned. Al animals receive oral
aspirin 40 wo/degossks | y as anti-platel et therapy and ar epctE@osi@ndar d
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this nodel a marked reduction in the extent of restenotic [esion formation
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A stent (e.g. a Multi-Link Vision stent, Guidant Corp.; or 2 DRIVER stent, Medtronic

(

Corp.) is weighed and then mounted on a rotating or other support for coating with a polymeric
or cther synthetic or biological carrier used as a drug reservoir. In an exemplai'y carrier
application procedure, while the stent is rotating, a 100 pl aliquot of a solution of polylactide
glycolide, 0.75 mg/m] of pimecrolimus and 0.0015 mg/ml 2,6-di-tert-butyl-4-methylphenol
dissolved in a 50:50 mixture of methanol and tetrahydrofuran, is coated onto it. The coated
stent is removed from the support and allowed to air-dry. After a final weighing the amount of

coating on the stent is determined.

Example4: Drug release from polymer coatings in agueous solution
Four 2 ¢cm pieces of stents coated as described in Example 3 above are placed into

100 ml of PBS having a pH of 7.4. Another 4 pieces from each series are placed into 100 ml
of PEG/water solution (40/60 v/v, MW of PEG = 400). The stent pieces are incubated at 37° in
a shaker. The buffer and PEG solutions are changed daily and different assays are performed



formation in the portions of artery imrediately proxinmal and i medi ately
distal to the stent is also inhibited in the animals treated with

pi mecrol i nus conpared to those treated with placebo. Furthernore, the
nunber of iwblaswmssogy cells, especially those in the argeyembisissdi ng t he
stent struts, is significantly reduced in pimnmecrolinus sanples conpared to
those treated with placebo. Exanple 3: IYanuf acture of a stent A stent (e.g.
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pl asma solutions are incubated at 37 and the plasma is changed daily.
D fferent assays are perfornmed on the solution to determ ne the rel eased
pi mecrol i nus concentrations. By such nethod a stable

Example 6: Drug stability in pharmaceutically acceptable polymers at body temaperature

-

i

PDGF-stimulated receptor tyrosine kinase assay can be performed on the last piece of
each sample to determine the pimecrolimus activity, A similar test can be performed with
free pimecrolimus. The inhibition of PDGF-stimulated receptor tyrosine kinase activity
in vitro can be measured in PDGF receptor immunocomplexes of BALB/¢ 3T3 cells,
analogously to the method described by E. Andrejauskas-Buchdunger and U, Regenass in
Cancer Research 52 (1992) 5353-5358. By such approach the stability of free pimecrolimus

and pimecrolimus in polymer coatings can be compared.

In Examples 1 to 6 pimecrolimus may be replaced with ABT-281,
5,6-dehydroascomycin or ASD 732 with similar results. |



pi mecrolinus release fromcoated stents in plasma can be denonstrated. The
term"stable pinmecrolinus release” neans that |ess than 10 % vari ati on of
the drug release rate is observed. Exanple 6: Drug stability in
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1. A drug delivery device or systemconprising a) a nmedical device adapted
for local application or admnistration in hollow tubes, and, In
conjunction therewith, b) a therapeutic dosage of plnecrollnus in free form
or in pharnaceutlcally accept abl e salt forn1 2. A device or system
according to claim| wherein the nmedicall%device is a catheter-based
delivery device or an intralum nal device adapted for |ocal application or
adni ni st r fatent Claimsol | ow tubes. 3. A device or systemaccording to claim1
or 2 wherein the nedical device Is a catheter-based delivery device, a

| ocal Injection device or system an Intralum nal or Indwelling dcnke

adapt ed f orl. |fodrg defyplyidevies esyBleMLaMPHRINGt r ation in hol | ow tubes, a stunt, a

coated stent, jaﬂmmﬂiﬂﬂ%eﬂﬁ Sbte8 i@ e8I gauaaﬁ&rﬁra&hmfstraw i Adllo@ltlead T el ease
ol um nal paving, or an adventiti al

matrix, a poly bl ef
wrap. 4. Adew@'ﬁ@r Mdlngto claim1l to 3 wherein the

pi mecr ol | mush}i sﬂwfﬂ:auth(ﬂahagatdhpimamﬂmuﬁh frekeforms or in pharmacgutiedlly aotaptabt saly
rel ease. 5. A ,m‘ce or systemaccording to claim1l which conprises a coated
stent. 6. Use of pinmecrolinmus in free formor in pharmaceutically acceptable
salt formin. the preparation of a nedicanment for the prevention and
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I ncreased extlrrcmmbw ar matrix degradat [ on and erosion i n hol | ow tubes, or
I ncr eased inflamratory cell infiltration, I ncreased cell proliferation
or decreased apoptosis, or Increased natrlx de505|t|on or degradation, or

i ncreased Podh g ormwmlngﬁ@ﬂwb’q qrgvhe merficalidewice isie catheter-besed g
devi ce pl acenfpery dvick! £BE imu:dvma bﬂ%whhhf%ﬁéltnﬂﬂnl% m&amymwans' on

In vessel walls ro pl aqu st abi | i sing

sites of aneLﬂdﬁgtﬁ?f’%fma[ %@Eﬂ qrg E@iawam “gﬁ% ﬂ@’?ﬂ F% t he

site of aneurgngsluminal slesve, a stent-graft, aonnimlled miease matrix, & polymeric urhinbogical
endoluminal paving, or an adventitial wrap. )

4. A device or system according to claim 1 to 3 wherein the pimecrolimus is affixed to the
medical device in a way allowing drug release,

5. A device or system according to claim 1 which comprises a coated stent,

6. Use of pimacrolimus in free form or in phammaceutically acceptable sak form in the
preparation of a medicament for the prevention and ireatment of inflammatory complications
following vascular injury, such as:

» prevention or treatment of vascularinflammation or smooth muscle cefl pra&rFerahon and
migration, or aneurysm expansion in hollow tubes, or increased extracefiular matrix
degradation and erosion in holfow tubes, or increased inflammatory cell infiltration, or
increased cell proliferation or decreased apoptosis, or increased matrix deposition or
degradation, or increased positive, aneurysmal remadeling (aneurism dilation) foliowing
device placement, or

- freatment of intiral thickening or ansurysm expansion in vessel walls; or

. stabllising stherosclerotic plaques, or stabllising sites of aneurysm; or

- stabllising or reducing ansurysm dilation ai the site of ansurysm.



