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present invention relates generally to pharmaceutical 5 conpoOsi )

met hods, and devices, and nore specifically, to conpositions and nethods
whi ch reduce the |ikelihood of an infection associated wth a nedical

I mpl ant. Description of the Related Art Infections associated wth nedical

i npl ants represent a maj or 10 heal thcare problem For exanple, 5% of

pat i ents adm GGUPSAIONS WND ST FHOBS FORICOATIE MEBIRE MRS T od

ections e the
110" | eading cause of death in the US and cost over $2 billion annually.

Nosoconmi al BA@R@S&@)B@@ gggep?[ hiYé@%@@lg 000 deaths per year in the US and

contribute to over The four nost common causes of
nosocom al infections are: urinary tract infection (28%; surgical site
infection (19%.: respiratory tract infection (17%; and bl oodstream

i nfection Mﬁﬁb@mﬂéﬂﬂ_@ty) . A significant percentage of these infections
are rel ated to bact col oni zati on of inplanted nedical inplants such

i al \

as Fol ey catheters ‘(ﬁjﬁ’?ipﬁ%ﬁmﬂvﬁﬁ'oﬁ‘ﬁ‘P’éEﬁSiQ:ﬁfﬁ)'él"YstOr@armlacdaﬁc'aﬁs, meshes,
sutures, 28ppokithhs! MktHog! lar afts (wound infections),
endot racheal and tyachteriggté’gén'}ﬁlj d%’(\ﬁ%g% Fe@%f%%%?ﬁ%lp\%ﬁ)’g&mﬂ?ﬁ%lomri#‘ﬂ and
vascul ar Fiftedowhichtrbdues te(iblilustal sEaMnfedionLss8Bmled Wik .'éort{g&cgf‘y
I nfecti ouh&ge t can infect nedical inplant, Staphyl ococci . aureus, S.
epi derm di's, " pyogenes), Enterococci (E. col), Gam Negative Aerobic
Bacilli, and Pseudonpbnas aerugi nosa are conmon 25 causes. Once a nedi cal

iApl ant becones col oni zed by bacteria, it nmust frequently be replaced
resul ti ngD Refatdd ditt y for the patient and increased cost to WO

03/ 099346 PCT/US01914 2/ 2 0 0 7 the healthcare system Oten the infected
devi ce serves as a '8f¢Hers associated vdtbredicadmiphdrs rémresehi @hé{}@'ﬂ lead to
hi s

si gni fgc i di r-even death,, In an attenpt to conbat | npor t ant
ol ini gl aﬁpliracl) ', é% ﬁill Q/élng er;Srr]%\?én&e, E% ofn patlen?s atfmlﬂed to an acute care facility
develop a hospital acquired infection. Hospital acquired infections (nosocomial
infections) are the 11" leading cause of death in the US and cost over $2 billion
annually. Nosocomial infections directly cause 19,000 deaths per year in the US

and contribute to over 58,000 others.
15 - The four most common causes of nosocomial infections are: urinary
tract infection (28%); surgical site infection (19%); respiratory tract infection {(17%);

and bloodstream infection (16% and rising). A significant percentage of these

) - infections are related to bacterial colonization of implanted medical implants such

as Foley catheters (urinary tract infections); surgical drains, meshes. sutures,

20 artificial joints, vascular grafts (wound infections); endotracheal and tracheostomy.
tubes (respiratory tract infection); and vascular infusion catheters (bloodstream
infections). Although any infectious agent caﬁ infect medical implant,

. Staphyiococci (S. aureus, S. epidermidis, S. pyogenes), Enterococci (E. coli),
Gram Negative Aerobic Bacilli, and Pseudomonas aeruginosa are common
25 causes. Once a medical impiant becomes colonized by bacteria, it must frequently

- be replaced resuiting in increased morbidity for the patient and Ehcreased cost to




been coated with anti m crobi al drugs. Representative exanples include U S.

5 Pat ent 664 ("Cat heter Having a Long-Lasting An 2/2007
Sur face ea rrent U.S. Patent No. 5,709,672 ("Sil astlcfjéﬂ‘g%ﬁgl{fg

Pol ymer - Based Cat het ers with I nproved Antim crobial/Antifungal
Properties”), U S. Patent No. 6,361,526 ("Antim crobial Tynpanostony
Tubes"), U S. Patent No. 6,261,271 ("Anti-infective and antithronbogenic
medi cal articles and nmethod for their preparation”), U S. 10 Patent No.

5, 902, 283 Ant nm cr obi I npregnhated c eters and ot her i cal
i npl ant s" )t"%hg ﬂi‘-‘%ﬁrsrﬁfs%"l %@Q%em){egtea%vmec;%gépslwtgﬁﬁgqréﬂ catheters

and ot hergigRmhipaled HdHlc r%gq q,g&g @Ie*ﬁ. and ot her
medi cal | rlrp anit S evm lfﬂ;]?icgﬁﬁzvn“ m%?o | aP 5@% |f’ ' an “Wg’ gane%rt%o i
5,709,672 ("Silastidn andattelﬁumynmorrm&ds (Bapdmamrdmwai prdblgmpdedces have

Antim crohial / An c;ung Properiles .15 One difficulty with these

-devi ces, voateq withantimigrabial drigse fiprreseiabive Eéamﬁ’iﬁsd&@lué’ﬁlésr esi st ant
to the sa“tpéi ﬁ}tm& §§.§b'6@ﬂ - Eﬁrﬁihgte?%\f H'Lbnbla%&méi?ﬁﬁmcn’o eAct
clinical pro Iens I'r evi ce erves as a source o e&tton in

‘the body Wiredtrient")y €31 Ratogt N@\&VOQ,WWL(“Sifasac|aﬂﬂa4’019medi%%éd1@mh§l@rs
“infection. Second‘ﬂié I f an infection develops, it cannot be treated with

the anti bMiyIEREQV at'mw%avm'faegalcf)em@@aﬁsa)gu FnBatesy dloo Habih 526

 heal thear G ARICOBRH ToMEBNASORly T P ERS) Pl 5 25 o 0] (AriaPlesive e
heal t hcar andmtntﬂr@hb@gehi& raBdicdl drticlee whlanetholifopihdiMsepatdtion”)nees. in the
ar.t for nedical gl ants which have a reduced |ikelihood of an associ ated:" .

ik ecflPonPatant N 55907, 285 ( ‘Antimisrobial inpregeaterbcatheters ot atkenmedigel | as

ket s hoofBRAREY T FoEnd 6. £REA I s iinorSirialed SMiTomt ot her
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DESCRI PTI ON OF THE W NG Figure 1 shows the effect of palmtic acid on
the rel eawiﬁntsfwiﬂeaofantlﬁudrbhlai ageniC) and Ydn Ratpot Nor 81708167 Z@ESihsdic 48 EF
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_ One difficuity with these devices, however, is that they can become
colonized by bacteria resistant to the antibiotic coating. This can result in at least
two distinct clinical problems. First, the device serves as a source of infection in
the body with the resuiting development of a local or disseminated infection.
Secondly, if an infection develops, it cannot be treated with the antibiotic(s) used in
20 the device coating. The development of antibiotic-resistant strains of microbes
‘remains a significant heaithcare problem, not just for the infected patient, but also
for the healthcare institution in which it develops. -
Thus, there is a need in the art for medical implants which have a
reduced likelihood of an associated infection. The present invention discloses
25 such devices (as well as compositions and methods for making such devices)
which reduce the likelihcod of infections in medical implants, and further, provides

other, related advantages.



met hc')ds' for preventing, reducing or inhibiting the Iikelihood of infect i ons

associ at eQVWﬂEBQﬁ%@ cal inplants. Mre specifically, within on /2607
SfRASe

the invention nedical inplants or devices are provided whi eHU

chenot her apeuti c agent, wherein the chenotherapeutic agent reduces,
inhibits, or 10 prevents the growmh or transm ssion of foreign organisns
(e.g., bacteria, fungi, or viruses) which are on or are associated with
the nedi cal device or inplant. For exanple, within one aspect of the

i nvention ' | provi ded which rel ease an
- ant hracycl ?ﬁfhlﬁPFuggﬁg%jﬁ%%Fﬂ?ﬁ pﬁﬁ@{@él d antagoni st, - podophyl ot oxi n,
cmbodi mont s, t e { it ) 3Rl pRTLEBIBIE acid anth? riBhne Brofliigbsi ¢ i on
- conpri si ngd- ﬁwrautamlémmblpm@uréﬂhanemyﬁplm dine, folic acid antagonist,

podophyl ot oxi n, canptot heci n, hydroxyurea, or platinumconplex. O her
aspects of the present invention provi de net hods for making nedical

i npl ant s, BRIEFSIMMARATK The WvEdresy i nplant (e.g., coating the inplant) '
20 with an anthracycline, fluoropyrimdine, folic aci d ant agoni st ,

- podophy ot oxi n, canBiefiystateu, thy Breseitivantion pRivides WmEEXIRb and¥ Lhi n
- certain ent)e;);ﬁ?q!Sh ts, the desired therapeutic agent is coate BN and! or

rel eased % r RERYERENG, Teglaing ‘Ht'nh'blflﬂgéla@H(Qitﬁ@bdrofmfecmnsr ation which
is less t | n Lon of the agent when
Bashdidied Wit rﬁ@#hcgp ntg gﬂc')&e Vﬁp&g] 9%1 within ene aspedi of

used in the treatnment 0 | ants can

be gener ainyentici n@dtdae:mmahﬂsqﬂﬂel@idé\éléié%r@ﬁﬂé‘d Wh! iehdidieng for exanpl e,
thet ers ﬁem%p vascul ar and dialysis catheters heart val ves, cardi ac

cemaker § EHResle ageat. avhereinttbe chdmutfhmabdatatimag;entgemﬁct& (rthutgts, or
vascul r r. thro ants, urological 3 WO 03/ 099346
PCTf usgA %g% é%é?ea %ﬁgdnsﬁ?{%%?? Qﬁ?éﬁ'ﬁﬁ&f 9RNISERJE G RALtein dundions
shunt s, ov&tdsep}aﬂhithlai‘@|oﬁrﬁr5are%@§o@i§t5d%ltﬁfﬂé' ABY al %ﬁg\;apé Br éléﬁ{e

enbodi nents, the catheter (e.g., vascular and SI'S ca heart
val ve, ca?’fﬂ%ep‘dﬁ‘@WQraSpﬁnmfdheaMwmarrdeahu&intrwlant@eﬁebrcleb|a?é or, graft

|( ﬁplg ant vaﬁ,gg,h? {e?%é}se[e F?’?;Eﬂ fi}ﬁ’éggﬁﬂédg{ﬂi nlfﬂtllc al;?rlé) ngﬁgalggggtfnpl ant,
g:\ y gtr:ul qrodormylatﬁmd hAdiShedin! hH&FoQ?éffea”bpﬁlaflﬁu& compiex) Vithid vasa9¢e
15 embodlments the implant is coated in wholie or.in part with a composition
comprising an anthracycline, fluoropyrimidine, folic acid antagonist,
podophylotoxin, camptothecin, hydroxyurea, or platinum complex.
Other aspects of the present invention provide methods for making
| medical impiants, comprising adapting a medical implant (e.g., coating the implant)
' ) 20 * with an anthracycline, fluoropyrimidine, folic acid antagonist, podophylotoxin,
camptothecin, hydroxyurea, or platinum complex. Within certain embodiments, the
desired therapeutic agent is coated on and/or released from the medical implant at
‘a dosage and/or concentration which is less than the typicai dosage and/or
~concentration of the agent when used in the treatment of cancer.
25 : A wide variety of medical implants can be generaled using the
methods provided herein, including for example, catheters (e.g., vascular and
o d:aiysls catheters), heart valves, cardiac pacemakers, implantable cardioverter

defibrillators, grafts (e.g., vascular grafts), ear, nose, or throat implants, urological



. folic acid antagoni st, podo

concentration which is less than a typical dosage and/or concentration
which is or the treatnment of cancer. Wthin further_aspec 2 tPeo7
i nventi on, (ﬁg'r?;esg?s provi ded a catheter 10 which rel easesp%ﬂﬁ%%‘%{l@ /
selected fromthe group consisting of an anthracycline, fluoropyrim dine,
folic acid antagoni st, podophyl otoxin, canptothecin, hydroxyurea, or

pl ati num conpl ex. I n one enbodi nent, the catheter rel eases a
fluoropyrimdine and in still another enbodi nent the fluoropyrimdine is
5-FU. In aother enbodinents, the catheter further conprises a polyner

wher ei n t H@PEREhterdetrasheal|os ssstiedstomydubes, \ONE shunis) erihepedicémpldntscer t ai n

pol (| act 1218 Qg R Vi et et ki Bainbisiie. o cvasclaroder | <

- a vascul andifigdis ehletdrs), hedra)and, & bial @}ém i ments,
t he cat heter?érlel aeaeses)an agent tﬁgﬁé?géﬁggtﬁ% ﬁ%hfa{]haéﬁ’%gﬁ% er giat a

concent r atdefbriligtor: prafs(d.@.s sasduar grais)t par, cale dostgeatdnmblant, aofuegedtr at i on

t hat A sed in. the treatnent of cance Wthin further aspects of the
nvent Pon MPHEF ereBrPBeA GE daahFRsIP TP NG RERAS ipiaonT

sel ected be@ali TRSA MY A" Nk Iy AC. | opyri m di ne,

e o rop Ao TR 06 BRI b6as adfi o' o

pl at i num congsingsation wiidk isdebo tamemtypidd dobage tndArcentehtestsnswihich s

fl uoropyrim dj ne and in still another enbodi ment the fluoropyrimdine is
5- FU. Bt b?rr hetrsaimentiaf caps®r heart val ve further conprises a pol yner

wherei n t he agent 0 ! alve. In

ceytain enbodi ment smp F@Lﬁggf Sﬁé\/@%ﬂ“ﬁ%ﬁ@%ﬁ?&%@% Hg?%#]%dﬁ&ﬁghﬁlgf hane or :
P 18 rehzhadieasks dnnrient sefebied figatie BRIV LTSSt Sdm8hihtadiemnd, val ve.
In still pther enbodi nents, the heart valve 4 WD 03/099346 PCT/US&1%9 2/ 2

0 0 7 reluRIaRWIMiding deliq acigh gptagenist.anslophylotexia, ermplothedinydroyurea,

That s et EBeiek hodd SRt e RaieR? PR SauRRRbER e e

i nvent i onand inestitl drdtiramsiesiment tediudfop rRMRITRKSIFUMInGthe€! eases an agent
selected fromthe group consisting of an : ’
embodiments, the catheter further comprises a polymer wherein the agent is
15 released from a polymer on the catheter. In certain embodiments, the catheter has
a polymer that is polyurethane or poly(lactide-co-glycolide) (PLG). In related
embodiments, the catheter is a vascular catheter or a dialysis catheter. in still
other embodiments, the catheter relaeases an agent that is present on the catheter

at a concentration which is less than the typical dosage and/or concentration that

—

. D 20 is used in the treatment of cancer.
- Within further aspects of the invention, there is provided a heart valve
| which releases an agent selected from the group consisting of an anthracycline,
-' fluoropyrimidine, folic acid antagonist, podophyiotoxin, camptothecin, hydroxyurea,
or piatinum complex. In one embodiment, the heart valve releases a
25 fluoropyrimidine and in still another embodiment the fluoropyrimidine is 5-FU. In
other embodiments, the heart valve further comprises a polymer wherein the agent
is released from a polymer on the heart valve. In certain embodiments, the heart
valve has a polymer that is polyurethane or PLG. In related embodiments, the

heart valve is a prosthetic heart valve. In still other embodiments, the heart valve

4



anthracycline, fluoropyrinidine, folic acid antagonist, podophyl otoxin, )

canpt ot hecwmn,03hygaoxyur ea, or platinum conplex. In one eangirRE{lﬁl%ﬁgm/zoo7
cardi ac pacenaker rel eases a fluoropyrimdine and in still "another

enbodi ment the fluoropyrimdine is 5-FU. In other enbodinents, the cardi ac
pacemaker further 10 conprises a polymer wherein the agent is released from
a polyner on the cardiac pacenmaker. In certain enbodi nents, the cardiac’
pacemaker has a polyner that is polyurethane or PLG_In still other

enbodi nment ' cenaker .rel aeases an agent that is present on
: the cardi aie!;a)éa%:%r?a e?éé;ﬁi tﬁaa}d%r%eeﬁ‘?ﬂt Qf‘its?\?\ﬁﬁﬁd'ﬁ‘?‘ﬁesatl @eencantzation mdhichyisi cal
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Wthin further aspects of the invention, ere 1's provide

“cardi overt 88¢fEf i bril | ator which rel eases an agent selected fromthe group

consi sting of an ant ycline, fluoropyrimdijne, folic acid antagonist,
podophyl ot oxi n, canp@gﬁﬁefgfth?r?ﬁﬂﬂc 9&?‘8&?"%“0& there iswoyidsde candiacone 20
enbodi n@nt paddneakicihidt @ig | I LR L el.eases. a

f1 uor opyri m dine . 0 and e ﬁ@%tsﬁgctgfnﬁgﬁﬁ%r@&@éggw,a@%gmm dine is
5-FU. I n of'HBfacyelifiso fueropysmidine, folipbeidtatthgoriar po@yshyictbxiel i bril | at or

further c ' olLyvmer wherein the agent is released froma pol yner
on: the i nquggﬁrétggﬁzg%cﬁwﬂ%é FleP’ PREPYH ¢IMEes: In phe eathasimentbedcardides, t he
I npl ant ablpaceaaitep | Bk L at - |ymer that is

pol yur et hapr?e or PL@%%%%?%%\@@@%%@@?"@&g’?&ﬁﬁ%eﬁ“hﬁpmrgm%

car di over teorepyrimiding iss-6iU.1 el aibes embatira@s! thehidias pREERERL: RithkPe
i-rpl anltGabICSm @gréji ovgyrter defibrillator at a concentration ich s |less
than the typIPCArS 8AONReT Whered theraant is ealeased frem & solymed onrhé bardigeat nent
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of the invention, there 1s prov
sel ect ed- PpiynrathengooRpGe dmstilbbiheg eﬁfbo@ﬂnéﬁﬂsbf%ﬁjé&ﬁ)a&eméw AI¥L4LD.dI ne,
y or
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rel eadéd cancer.
Within further aspects of the invention, there is provided a
implantable cardioverter defibrillator which releases an ageht selected from the
group consisting of an anthracycline, fluoropyrimidine, folic acid antagonist,

podophylotoxin, camptothecin, hydroxyurea, or platinum complex. In one

z 20  embodiment, the implantable cardioverter defibrillator refeases a fluoropyrimidine

) - and in still another embodiment the flucropyrimidine is 5-FU. In other
- embodiments, the implantable cardioverter defibrillator further comprises a polymer
| wherein the agent is released from a polymer on the implantable cardioverter
defibrillator. in certain embodiments, the implantable cardioverter deﬁbrillator has
- 25 apolymer that is polyurethane or PLG. In still other embodiments, the implantable
- cardioverter defibrillator relacases an agent that is present on the implantable
-cardioverter defibrillator at a concentration which is less than the fypical- dosage

B and/or concentration that is used in the treatment of cancer. -



froma polymer on the graft. In certain enbodi nents, the graft has a

pol ymer t®Rafes30bs4p0! yurethane or PLG In rel ated enbodi menfsSyutfRiddiot L2097
a vascul ar graft or a henodialysis access graft. In still other

enbodi nents, the graft rel aesases an agent 10 that is present on the graft
at a concentration which is less than the typical dosage and/or
concentration that is used in the treatnent of cancer. Wthin further
aspects of the invention, there is provided a ear, nose, or throat inplant

whi ch I nt. ted f he t f .
i el eases e cagl RS S A G BB S e, 1
canpt of heqéfasey dhRWLH! SdectBd RIRtHEHPBGPEMRlingldt AIEARRIAIAENT . the ear,

nose, or throat inplant releases a fluoropyrim |ne and In°still another
enbodi ne ntﬂUOl’dWrrrmdloeofpyc anddamagosish pléUophyiotmlth cagioithecsn hydroxdyarszar
nose, or thr t further co rein the agent is
rel eased ¥® g”HbT%}HB éfhopﬁ(?"%%ﬂé%?&géﬁegfgfﬁ%%%ﬁeﬁ HQFRRYriMdingr t ai n
embodi gentahd ik B §fbtheR 8iBodPheridnk MBRpYHMLABYS B2 RBtygrer that s
pol yur et hane or I'n relate he ear, nose, or throat
i npl ant i sna)ddmrpansoﬂtecgmﬂtfmmwemompmm pelyamr wﬂete:stmblagﬁdnw released
enbodi nents, the ear, nose, or throat rrgl ant rel aesases an agent that is
o

pr esent ohof"h% palymenqssibe graft; ip saraip pRiments, the grathbasaiRolymar thet i s

| ess thany f‘%ﬁtﬁr a t he

t r eat nent o‘?ﬁ%ancer ﬁ% EF é?%}%%et?(%a@%@g ogﬂﬁéa% \rflzli‘/éecr#&gﬂahﬁ{gr eis

provi ded hemodiadgsis atcessrgphnin whil @ihef@hﬂﬂﬁﬁﬁeﬁt@ teegrafiselanised an &y8nt he
ﬁ)up consisting of an anthracycline, fluoropyrimdine, folic aci

an a?2X| sthat isor@sapt en the graft aimwng@hﬁn wijelt isxoss ?‘Znefgsetgmgai dagage
fl ngopyrl m’gFﬁ%ﬁ‘%‘ HiRda ib Wed it e BbaBedt B edfter’ & V0 63 S00346

PCT/ US03/ 167190 2/ Witirlfurthef bogd9wF tHe mivastidr therelUs proviabdalefTHESH, ! nent S,
the urol ogical inplant further conprises a polynmer wherein the agent

rel eased oF f@fﬁfﬁ l@@lmhlmeﬂ%esmma@@ﬁmledtﬁ@ﬁam thel grouermsmtiagmanrrent s,
e o ! Ry Hbr R 1R aid Moo PP (L, L1
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nose, or throat implant releases a fluoropyrimidine and in still another embodiment
the fluoropyrimidine is 5-FU. In other embodiments, the ear, nose, or throat
implant further comprises a polymer wherein the agent is released from a polymer
on the ear, nase, or throat implant. In certain embodiments, the ear, nose, or
20 throat implant has a polymer that is polyurethane or PLG. In refated embodiments,
the ear, nose, or throat implant-is a tympanostomy tube or a sinus stent. In still
other embodiments, the ear, nose, or throat implant relaeases an agent that is
- present on the ear, nose, or throat implant at a concentration which is less than the
typical dosage and/or concentration that is used in the treatment of cancer.
25 Within further aspects of the invention, there is provided a urological
implant which releases an agent selected from the group consisting of an
anthracycline, fluoropyrimidine, folic acid antagonist, podophylotoxin,
camptothecin, hydroxyurea, or platinum complex. In one embodiment, the

- urological implant releases a fluoropyrimidine and in still another embodiment the



present on the urological inplant at a concentration which is less than the

 typical Wﬁg@g apd/or concentration that is used in the treatnmepB/@&2/2007
Wthin Tyur

cancer . ther aspects of the invention, there is HrBUPHEAI] 10
endotracheal or tracheostony tube which rel eases an agent selected fromthe
group consisting of an anthracycline, fluoropyrimdine, folic acid

ant agoni st, podophyl ot oxi n, canptothecin, hydroxyurea, or platinum

conpl ex. In one enbodinent, the endotracheal or tracheostony tube rel eases

e e O ol
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on the endotracheal or trac fits, the

. endot r achauiogicat impdévgo dn cextainudrabddiments, o Vires i&él%wpﬁéntﬁ%%ﬂ‘?&k@%?e or
0

PLG. In stti |I. ot Ger enbodi nents, the endotracheal or tracheos t ube
r el aeases Wit S falprethane 9sPlpe dr relaied embodiments, doe eedlogicabithlartdhaost ony

tube at ausABRERthébt | S typjcal dosage and/or 3
concentration thaté}%éwu%te l%ntbdth%ﬂeﬁfrég%%ﬂtbﬁ%ﬁeé\éﬁb@lclerwrt lerimplaty
aspect s ofn stifeotharembbdimerttiiahe ursloicalinishtrefa8ss D BRtagalp el i €l eases an
agent selected fromthe group consisting of an anthracycline,
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hyd ' : 1 n. one .enbodi pent, the CNS shunt
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c rrpr{l] es acﬁoa{%ner wherein the agent is released pol ymer on the
s qairaceealprirashsestomniube which GNSasesham agbaisselecel Yo thdat | s

fl uoropyri m di ne i sWahinWurther aﬁd&ﬁoﬂﬁaqmémfph.sthetr@% e t further
: rom a
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pol t . | ated embodi ments. . the 7 WD 03/099346 PCT/U503?1
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shunt . | rpataphlylotdXive rcantiib®ecire ﬁyémx&h%a%sf’%ﬁ”% %Cﬁk@ggs Z'i Qﬁ e ] agent that

is present on the CNS shunt at a concentrat 1 an the
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consitd i rgninddiM@nts, the endotracheal or tracheostomy tube further comprises a polymer
wherein the agent is released from a polymer on the endotracheal or tracheostomy
tube. In certain embodiments, the endotracheal or tracheostomy tube has a
polymer that is polyurethane or PLG. in still other embodiments, the endotracheal
or tracheostomy tube relaeases an agent that is present on the endotracheal or
20 | tracheostomy tube at a concentration which is less than the typical dosage and/or
concentration that is used in the treatment of cancer.
Within further aspects of the invention, there is provided a CNS shunt
- which releases an agent selected from the group consisting of an anthracycline,
fluoropyrimidine, folic acid antagonist, podophylotoxin, camptothecin, hydroxyurea,
- 25 or platinum compiex. In one embodiment, the CNS shunt releases a
fluoropyrimidine and in stift another embodiment the fluoropyrimidine is 5-FU. In
_ pther embodiments, the CNS shunt further comprises a polymer wherein the agent
is released from a polymer on the CNS shunt. In certain embodiments, the CNS |

shunt has a polymer that is polyurethane or PLG. In related embodiments, the

7



“ant hracycline, fluoropyrimdine, folic acid antagonist, podophyl otoxin,
canpt otheci n, hydroxyurea, or platinum conplex. In one enbodi nen

ort hopedi WOH{EPEA¢ rel eases a fluoropyrinidine and in sti I?Cﬂﬁﬁﬁi‘%g{ly?/zocn

enbodi mrent the 10 fluoropyrimdine is 5-FU. In other enbodinents, the

orthopedic inplant further conprises a polyner wherein the agent is

rel eased froma polyner on the orthopedic inplant. In certain enbodi nents,

the orthopedic inplant has a polynmer that is polyurethane or PLG In

rel ated enbodi nents, the orthopedic inplant is a prosthetic joint or

fixati on d¥Psbuntis avéntricdohleuralrahut, mevih shunh er ar¥Pspedt. cinisilliatirant

| ' h dic i
concent r s roiReDHr. 1o A ChiatelacdSes A aen BB i peasaPb on n oo siton
that is usetdridgehti8tidd &R dﬁggtleé%f thl%ﬁ"iﬁg FV,BE,‘?% tr?t%aﬂ{; @Bﬂﬁ%&&@ﬁﬁé&rﬂi}a{ he

]
invention, there is provided a ocular rel eases an agent
sel ect ed f3 used Inethgrtoaatmeohef sdnomy. of an 20 ant hracycl i ne,

ftuoropyrimdine, folic acid antagonist, podophyl otoxin, _canptothecin,
hydr oxyur ea, or pl aﬁ’hﬁ%?%iﬁflaé‘i??%qsrpfdﬁ%"g’ﬁﬁﬁieﬂn@ﬁf e isprovisted aerthenaslicint

rel eases ﬁnﬁlgHP%R%{:'E!BE%FeQ%r%dgéeﬁet&éd fr@r‘i’a%@%rﬁﬂ%ﬁlﬂéiﬁﬁﬁé P?n%ﬁant £ urt her

fluoropyrimdine 1s enbodl nents, e ocu

conpr i sesaathpatyalive, filvgopirimidire, Fgkmacid antagjordstegodsghyictoriv, yner on. t he
ocular 25 inplapt., In certain enbodi ments, the ocular inplant has a pol yner
that is B%WEﬂtg?ﬂﬁn'éYQSPxﬁE@a' @rnphaﬁﬂﬁmé?"&%dfﬂ@ﬂ?ﬁﬂtt&gfmﬂhlt@? i nplant is

' ; b iy ' h |
acul ar | noftapedi FABERL et 2 RbotcFRAmidife Shiln s dFbIRE WAL ban: ot
‘a/con¢ent fladropyrimidindis 5-FALE sk dthanefribediniefits Chk i [8ht faRRGENt r at i on

~that is used in the treatnent of cancer. 8 WD 03/099346 PCT/ US03/169199 2/
2 0 0 7 WTRNPEDAMeYMepeherinpthe agent is mieassd frewnppelymera thee provi ded

CoD ot o 0 B AR el PSR B SaRPoad S ©
conpl ex, WWaeipdlydrthneldr L GC Yi§ téifRd drhbedifints, the bfopkeld imphfit & a
ol o | Bropihatielot o Deationaiavss) n i clher emboriowats dnearupetiess t han an
conpl ex iBrogi@ieieint ctavinss . tob y
one 0{5 19%1p%ntlrgl§ea'¥gs %Pn_a%e% thoart’is ;lapéséan the orthopedic implant at a
concentration which is less than the typical dosage and/or concentration that is
used in the treatment of cancer.
Within further aspects of the invention, there is provided a ocular
implant which releases an agent selected from the group consisting of an
) 20 anthracycline, flucropyrimidine, folic acid antagonist, podOphylétoxin,
- - camptothecin, hydroxyurea, or platinum complex. In one embodiment, the ocular
implant releases a fluoropyrimidine and in still another embodiment the
fluoropyrimidine is 5-FU. In other embodiments, the ocular implant further
comprises a polymer wherein the agent is released from a polymer on the ocular
25 impiant. In certain embodiments, the ocular implant has a polymer that is
polyurethane or PLG. In related embodiments, the ocular implant is an intraocular
lens or a contact lens. In still other embodiments, the ocular implant relaeases an

agent that is present on the ocular implant at a concentration which is less than the

typical dosage and/or concentration that is used in the treatment of cancer.



Al so 'provi ded methods for reducing or inhibiting infection associated wth

a medi cal 4 1 conprising the step of introducing a nmedical 2Rpla2007
into a patfr@!r‘{tasg’E fich has been coated with an ant hracycl i n@?T’USM’lBﬁ?”

fluoropyrimdine, folic acid 10 antagoni st, podophyl ot oxi n, canptothecin,
hydr oxyurea, or platinumconplex. Wthin various enbodi nents of the above,
the anthracycline is doxorubicin or mtoxantrone, the fluoropyrimdine is
5-fluorouracil, the folic acid antagonist is nethotrexate, and the

podophyl otoxin is et side. Wthin further enbodinents the conposition
. further conprises a‘ﬁgﬁ‘{/‘ﬁgg‘?r 3speslseafdhg ivestiner copesitiensare prevideds ent
i nvent i on adrhpri a L deiy . -t fallowi.ng detajl ed
descri ption a‘?lrtljéng'ft ;ﬂé Rgﬁédr awa?lg@m?%hgéf?%?%é?n@%ﬁeo3%"9%‘"%g@ﬁ’@@@'sé_r e set
- forth her giqslorhylotexite smnmtethiesinrhyerostpli@ial or p@tmaiampﬁe@@lw&g@fpgam

conpositiq e g., gonpounds or agents and nethods for naking such
conmpounds %‘?hé&cﬁ’{'g: ﬁ'é‘?']ép)’f'méjr\%e-ziﬁ?'@ a¢id astagosistnpodoepindatexinby 20 ref erence

in theig. camdieBEY appli [.0 re.referred to it is also 3
under st ood t hdat %ﬁlg ' ugae?‘ Fﬁgﬁgggélbgﬁ'éﬁ&%x Soieseat Mo spmpgsilign at
i ncor por atée@ricgntratidreotiess tay amytond of 10EM, 1@ i by v R TAHEKP DESCRI PTI ON

OF THE | NVENTI ON Pri[c‘%rq to setting forth the invention,” it may be helpful to
an 25 under st andi ngS9eyided gnatbeds fariradueing er inhibiting finfeetidreassdciated t hat

ill b i " i [, ] | . f t evj | ~ obj t

that ore R a MBGRATRASIEAL colBANAR 0t TR intrbiEhG al PeticoLmplantinos

i ncl ude vpstientavhictahasbeen codted/ vith a%%ﬁ%ﬁé?ﬁ&%gﬁm ind ¥k aghg 2007
n e C

;;pr-ostB tic heart valves, cardiac pacemakers, i1npla ardroverter
deXibrP | aptggenist. padephypiayimicamptethecinnbpdroxgureahooplatingm eomsiex ur ol ogi cal

chunt s, or ¢ hoped ¢ S BPARSSHIRERES GRS aheve \whiartnaeucine el h, 1 he
| Fs te: lTCt 3PTﬁoﬂgu?mg@iﬁ?@é@%ﬁgkhf&l%%gﬁid{n?;] igre“%ﬂl.truggluf%of f?'nfe Rl a!:igd' cat ed

antagonist is methotrexate, and the podophylotoxin is etoposide. Within further
embodiments the composition further comprises a polymer.

16 These and other aspects of the present invention will become evident
upon reference to the following detailed description and attached drawings. In
addition, various references are set forth herein which describe in more detail
certain procedures or compasitions (e.g., compounds or agents and methods for
making such compounds or agents, etc.), and are therefore incorporated by

20 reference in their entirety. Wh_en PCT applications are referred to it is also
understood that the underlying or cited U.S. applications are also incorporated by
reference hereinin their entirety.

DETAILED DESCRIPTION OF THE INVENTION

Prior to setting forth the invention, it may be helpful to an

25 understanding thereof to set forih definitions of certain terms that will be used
hereinafter.

“Medical implant” refers to devices or objects that are implanted or

' inserted into a body. Representative examples include vascular catheters,



herein are to be understood to include any integer within the range and,

wher e apa)d&%g%%(e. g., concentrations), fractions thereof /ﬁgCE&?@%{)\QOO?

tenth and oné undredth of an integer (unless otherw se i

Briefly, as noted above, the present invention discloses nedical inplants
(as well as conpositions and net hods for naking nmedical inplants) which
reduce the likelihood of infections in nedical inplants. Mre specifically,
as noted above, infection is a conmon conplication of the inplantation of

foreign bodi es .such as nedical devices. Foreign materials provide an ideal
site for n’?@?%‘ei'%%@r?‘&a‘fﬁ'% catdiag pagemalris cigIRiantable ¢ardjoyedesdefifyrilistorssi zed

that thereq,4 ' j.f ; [,n Lon i
i er oenyi raseud orafD Ul Tl 8F PG inf i \id1ocfoa TrBEIS Beplrbifea or
medi cal i ripdchebstopey tubos, didiysiscstaerrs, ERS shunts) ivetobedicanhidm& &and

eradi cation of such an infection difficult, if not inpossible, in nost
cases. 20 rd@P‘ﬁ%l ant failure as a result of infection, with or w thout

t he ) eed to repl gge | esul ts in _signjficant. rhidit

nor t al i‘?y and cost ?(F)S ?%%R%%-ﬁ@%!@%f??@ﬁ]&sﬁe fS{Sh%gsgnPlglri?;oa{%lgr%h ay of
i nfect i ous: tgfsnifanyapdichRdodtruchidds valde SRk, IARY Mithelid P8hdcdRcitbder e
exists a significant unmet need for therapies capable of inhibiting the
growt h of NErRiNaee ixbepisiersiapd fo inghiderany inlegez withimie tangerasidantens e

e

ant i m cr obiualrede o ah intBbettiicTRtienAYS fRRaed LT Lher . these agents have
ta;g added advantage that shoul d resistance devel op to the chenotherapeutic ;
agent

10 t he drug ut Brieflgdas motet @bovet the presentdnvertionadisclesahineldicabul d be

dt t,10 WDO,03/099346..23/ 02/ 200 PCT/ USQ3/ 16719 th b t
o ract L onHiRhts (8 eiD3 BomapSiiags and fiathers trspalng megorlimpants) wjehagent

o (RSN n ebestatzi T deididaages (1
Clinical Appig,dafectorsis & commi@Ebdrplication of the impiantation of foreign bodies
such as medical devices. Foreign materials provide an ideal site for micro-
15 organisms to attach and colonize. It is also hypothesized that there is an
impairment of host defenses to infection in the microenvironment surrounding a
foreign material. These factors make medical implants particularly susceptible to
infection and make eradication of such an infection difficult, if not impossible, in

most cases.

- ) 20 Medical implant failure as a resuit of infection, with or without the

need to replace the implant, results in significant morbidity, mortality and cost to
the healthcare system. Since there is a wide array of infectious agents capable of
Causing medical implant infections, there exists a significant unmet need for
therapies capable of inhibiting the growth of a diverse spectrum of bacteria and

25 fungi on implantable devices. The present invention meets this need by providing
drugs that can be released from an implantable device, and which have potent

- antimicrobial activity at extremely fow doses. Further, these agents have the

added advantage that should resistance develop to the chemotherapeutic agent,

the drug utilized in the coating would not be one which would be used to combat

10



Briefly, a wide variety of agents (also referred to herein as 'therapeutic
agent s’ or\w% ﬁg%)(’ can be utilized within the context of the preggntg2/2007
invention, erther with or without a carrier (e.g., a pol ymT/USe16g8ct i on
Il below). Discussed in nore detail below are (A) Anthracyclines (e.g.,
doxorubicin and 10 m toxantrone), (B) Fluoropyrimdines (e.g., 5-FU, (O
Folic acid antagonists (e.g., nethotrexate), (D) Podophyl otoxins (e.g.,
et oposide), (E) Canptothecins, (F) Hydroxyureas, and (G Platinum
conpl exes (e.g., cisplatin). A Anthracyclines Anthracyclines have the
. foll owi ng '(c?&%bé?q% tipkeghen (ihef bagtndaResishanpeaigyelommy ibeoaldvss ietry of
organi c Or S4HMY - ; " HR Ra RS OR3 ORZ According to U S
Pat ent 5, 594, 15%?3eQ 'Ssﬁﬁ%‘%})’gagz‘ag%ﬂﬁgﬁafe as follows: R, is CH3 or CH2ZOH, R2
. i's daunosani ne or HDiBusted iRMdeIcAISE8RAGAL gah?s , F,
a, Br, 1I,.CN, Hor 8r oups. derived fromt hese;(héA I'S E%‘Féﬁ&?%ﬁs %Eér oxy,
or met hoxyForaRfatemss (1} Beyices rantr @y p6linicak Appimations.y, R5 and R6 are
hydrogen and R7 and R8 are al kyl or hal ogen, or vice versa. 11 WO 03/099346
PCTI USO31 165119 2/ 2 00 7 According to U.S. Patent 5,843,903, R nmay be a
conj ugd ed- pepAGENTAccording to U S. Patent 4,296,105, R5 may be an ether
| i nked al kyl group. According to U S. Patent 4,215,062, R5 may be OH or an
ether |inked al kyl Bgefum wike vanghnobagdns (alsk ecfetredttb diepsti isacycl ine ring
by a grou . 0.,.5 such as an al kyl or branched al kyl group
havi ng thg"%%g%[‘f"? %@?ﬂ@‘ﬁ%ﬁ@f%ﬁs&?ﬂ ’%E‘su@l?&, withie theysontexbafitheirresent( O) - R1,
wher ei n Xiriventibmreitier dlitkydr 5. . .4 215 062). R2
may alternately be a grohﬁp @f%g%%ﬁ%g%g’u%&yf@% g%% %é“"ré’ﬁ%ﬁﬂ%goyv,
where Y i Disgugbediin moshdetailbefdveard (ArAnthbas tindsa@. @hesdrubicitand

Al terngte h the fallow ng structure:
"8 Htogg’ntpgﬁ'e), f’é/)eFIuoropynm%d?nes_ Pe.g., 5-FU), (C) Folic acid antagonists (e.g.,
methotrexate), (D) Podophyiotoxins {e.g., etoposide), (E) Camptothecins, (F)
Hydroxyureas, and (G) Platinum complexes (e.g., cisplatin).

A. Anthracyclines

Anthracyclines have the following general structure, where the R

15 groups may be a variety of organic groups:

According to U.S. Patent 5,594,158, suitable R groups are as follows:
Ry is CH3 or CH;0H; R; is daunosamine or H , Rs and R, are independently one of
OH, NO3, NH,, F, Cl, Br, 1, CN, H or grc;ups derived from these; Rs is hydrogen,
20 h_ydroxy, or methoxy; and Reg are all hydrogen. Alternatively, Rs and Rg are

hydrogen and R; and Rg are alkyl or halogen, or vice versa.

11



H3C O F:~NH R9 10 R1I0 in which RO is OHeither in or out of the plane of
the ring, or is a second sugar noiety such as R3. R10 may be H B /fgor/aqg7
secondarywé?'r?:’fpéw%ﬁth a group such as an aronatic group, s%@ypﬁ'!%é;@r &
partially saturated 5 or 6 nenbered heterocyclic having at |east one ring
nitrogen (see U S. Patent 5,843,903). Alternately, RLO may 15 be derived
froman amno acid, having the structure -C(O CH(NHR11) (R12), in which R11
is H or forms a C34 nenbered al kylene with R12. R12 may be H, al kyl, )

am noal kyl , am no, hydroxy, nercapto, phenyl, benzyl or nethylthio (see

U. S. Patent 4,296, 108xording hplbByPatenhb£43c30N ¢ raay bBexconjbgaied,

oS3 S o
23/ 02/ 2007groRET M@B@s@@r&rﬁ%zﬁ,@ﬁ%g’@g s86H or .%thﬁipged%ﬁr of

T
Doxor ubi cin: OCH3 C(OCH2OH OH out of ring plane Epirubicin:
OCH3 C(O) @#upi Bninay alsapepinked to thxanthitayiclihe BagrbyraigfatipotheCHiaC@CH3 OH

out of 5 | ns%cR'aasnaen all(f(jlaorr%?jelgfi;hrgd gkﬁ(g%%a%g%gg &B)rlilnﬂ%gprlngirc]a?y at its end,
‘such as -CH;CH{CH>-X)C(O)-R, wherein X is H or an alkyl group (see, e.g., U.S.
Patent 4,215,062). R, may alternately be a group linked by the functional group
=N-NHC(O)-Y, where Y is a group such as a phenyl or subétituted phenyi ring.

Alternately R; may have the following structure:

H3C o

NH
Re |

10 Rio
in which Rg is OH either in or out of the plane of the ring, or is a second sugar
moiety such as R3. Ry may be H or form a secondary amine with a group such as
‘an aromatic group, saturated or partially saturated 5 or 6 membered heterocyclic
having at least one ring nitrogen (see U.S. Patent 5,843,903). Alternately, Ry may
15 be derived from an amino acid, having the structure ~C{O)CH(NHR1}XR12), in
which Rys is H, or forms a C34 membered alkylene with Ry,. Riz may be H, alkyl,
aminoalkyl, amino, hydroxy, mercapto, phenyl, benzyl or methylthio (see U.S.
Patent 4,296, 105).
Exemplary anthracyclines are Doxorubicin, Daunorubicin, Idarubicin,
20 Epirubicin, Pirarubicin, Zorubicin, and Carubicin. Sui_table'compounds have the

. structures:

12



~Pirarubicin:. OCH3 C(O CH20H 0 Zorubicin: OCH3 C(CH3)(=N)NHC(O C6H5 OH "
Car ubi ci n: ‘W 031% CH3 OH out of ring plane OQher suitable anthragya2,e907
are Ant hranyci t oxantrone, Menogaril, Nogal anycin, AcP&EUSGIMEEIM A,
divomycin A, Chrononycin A3, and | Plicanmycin having the structures: 13
PCT/ USO 3/ 13/ 02/ 2007 WD 03/099346 67TR R R O Il.tfEnl H (XX, H OH

N. xj AanNan Ovgar HCOpOH, \ ~ I / SUGNdCI 0 McOO 1J11 MowourmO O
ny O*CH- F~Coff 01 o /daananydnA p Ah F~-C K6CH HO RR R aiw~anA

coagt 7Rk at, cacti, HH,,,~ ctn,mrA& coat, ai, coca, OH flican do HHH

. al, Qther representative anthracycling 3762 doxor ubi cin
derivative (Quaglia et al., J. d. 3 8):3911-3923, 1994),
annanyci n "OH

R, 0 OH O
H3C O
NH2
R3
W '_ ; Ry R, R3
! ) Doxorubicin: OCH; C(O)CH.OH OH out of ring plane

Epirubicin:
(4 epimer of OCH; C(O)CHOH OH in ring plane

- doxorubicin})

~ Daunorubicin: OCH; C(O)CH;, OH out of ring plane
Idarubicin: H C(O)CH; OH out of ring plane
Pirarubicin: OCH;  C(O)CH,0H -
Zorubicin: OCH;  C{CHz)(=N)NHC(O)C¢Hs OH
Carubicin: OH C(O)CHjs OH out of ring plane

Other suitable anthracyclines are Anthramycin, Mitoxantrone,
Menoganl Nogalamycm Aclacmomycm A, Ohvomycm A, Chromomycnn As, and

N

ke %
D - Plicamycin having the structures

13



(Zou et at, J. Pharm Sci_ 82(11):1151-1154, 1993), ruboxyl (Rapoport et

al., J. 5 Cbntrolled Rel ease 58(2):153-162, 1999), anthracyclin
di sacchar W&L398%4¢ ubi ci n  anal ogue (Pratesi et at, Oin. Cmﬁ§$0e23/02/2007
4(11):2833-2839, 1998), N (trifluoroacetyl)doxorub|C|n and

-G acetyl-N-(trifluoroacetyf)doxorubicin (Berube & Lepage, Synth.
Commun. 28(6):1109-1116, 1998), 2-pyrrolinodoxorubicin (Nagy et at, Proc.
Nat ?7Acad. Sci. U. S. A 95(4):1794-1799, 1998), disaccharide doxorubicin 10
anal ogues (Arcanone et at, J. Nat? Cancer Inst. 89(16):1217-1223, 1997), 4-
d enethoxy-7-O[2, 6-d ideoxy-4-0O(2, 3, 6-trideoxy-3-am no-(X-L-Iyxo-
hexopyr anosyl ) - a- L- | yxo- hexopyr anosyl j adri am ci none daexor wbi Ckn
~disaccharide analog,(Mnteagudo et at, CarbohydwnsiRes. ooy «
300(1):11-16, 1997), 2{ 14f WP37 099346 *'23/ 02/ 2007 'PEFUSBSS 1671000
pyr rol i nodoxonubi ci Nagy et at, Proc. Nat? Acad. Sci. U &S| A
94(2):652-656, 199 phol i nyl doxor ubi cin anal ogue% an et at,
Cancer Chenot her. Phar .Cwl. '38(3):210- 216, 1996), 7
enam nonal onyi - ( 3- al ¥ni he "Hoxopabieln derivatives (Sewiz“et at,
Tetrahedron Lett. 36( Quad#l3-16, 1995), cephal osporin 5 doxor ubi ci n
derivatives (Vrudhula et at, J. Med. Chem 38(8):1380-5, 1995),
hydroxyrubicin (Solary et at, Int. J. Cancer 58(1):85-94,0 1994}
met hoxynor phol i no doxor ubi ci n derivative (Kuhl et at,

Phar macol . % (j‘ﬁ‘;) 10-16, 1993), (6-malei m docaproyl) @ @@ @ ubi ci n

derivati | fleftet at, B p johjfigat e Chem 4(6):
N(5, 5-di acet : a’l i, quharl, J. : .
35(17):3208-14, 1992) | g 2 i1 meg,hoxymor phol i nyl doxor ubi CI!I’I derivative

(R panmonti et at, Br& J. 65(5) 703-7, 1992), Nh ucci ni m de
est er doxorubicin derivat.i (Demant et at, Bi oGhlR«=BI dphyss: Acta
1118(1):83-90, 1991) ‘ Hicl eot j de doxor ubi ci n der{i vati ves

(Ruggi ero et at, Bi occ|;|,| opttys cta 1129(3): 2948 5 1991)
mor phol i nyl doxorR,' 7 derivatives (EPA 434960), mt trone doxorubicin

anal ogue (Krapcho ebv” at, &J. Med. Chem 34(8):2373-80.¢ 1991) AD198

doxor ubi ci n anal ogu&m(\Tr agaBeQs et adoy, ncer Res. 51 14):3682-9, 1991), 4-
demet hoxy- 3' - N-t r trfodoip@ bk, 08601 Y| d&@XO0kddl)i & N (Horto al ., Drug Des.

Del i very Plicamyein H H “ cn, @

Other representative anthracyclines include, FCE 23762 doxorubicin

derivative (Quaglia et al., J. Lig. Chromatogr. 17(18):3911-3923, 1994), annamycin

:) (Zou et al., J. Pharm. Sci. 82(11):1151-1154, 1993), ruboxyl (Rapoport et al., J.

= 5 Controlled Release 58(2):153-162, 1999), anthracycline disaccharide doxorubicin
analogue (Pratesi et al., Clin. Cancer Res. 4(11):2833-2839, 1998), N-
(triflucroacetyl)doxorubicin and 4'-O-acetyl-N-(trifluoroacetyhdoxorubicin {Berube &
Lepage, Synth. Commun. 28(6):1109-1116, 1998), 2-pyrrolinodoxorubicin (Nagy ef
al., Proc. Nat1Acad. Sci. U.S.A. 95(4):1794-1799, 1998), disaccharide doxorubicin

10 anaiogues (Arcamone ef al., J. Nat'l Cancer Inst. 89(16):1217-1223, 1997), 4-

.demethoxy—T-O—[z.ﬁ-d ideoxy-4-0-(2,3,6-trideoxy-3-amino-a-L-lyxo-
hexopyranasyl)-a-L-lyxo-hexopyranosylladriamicinone doxorubicin disaccharide

analog (Mon_teagudo et al., Carbohydr. Res. 300(1):11-16, 1997), 2-

14



. Chent her ,PYTPANGHGK

6(2):123-9, 1990), 4'-epidoxorubicin (Drzewoski et at, Pot J. Pharnmacol .’

~ Pharm 20 @q,%gfé 9-65, 1988; Wenen et al., Eur J. Cancer din.28Qa/2007
2

20(7):919- al kyl ati ng cyanonor phol i no doxor ubi cPRI/ERGHZRI; ve
(Scudder et at, J. Nat | Cancer Inst. 80(16):1294-8, 1988),

deoxydi hydr oi odooxorub| cin (EPA 275966), adriblastin (Kalishevskaya et at,
Vestn. Mosk. Univ., 16(Biol. 1):21-7, 1988), 4'- deoxydoxorubicin

(Schoel zel et at, Leuk. Res. 10(12):1455-9, 1986), 4 25

denet hyoxy- 4' -.0- rretoy%l doxorubicin (Guliani et at, Proc. Int. Congr.
bisige Nagy ef g8 aProcz NaglbAeath oSG Uhgdﬁoszq(aqmsmﬁsscu N

(Horton et1gaty) fﬂ@fphé%&'f'?to%nﬁgﬁQ%g@ﬁegpﬁ%ﬁ}-@@ﬂ erre g% dqorggzl)bl cin

anal ogues (Barbieri et

- N-L-1eucyl ftﬂowec@bifw(a)m@mi&tﬂgge namti . es (Proc.
¥ enahtifeiRbloRy alarﬁﬂ%@%ﬁg@}

Int. Synp E\e rmacot her.), 179-81, 15 0AY® 2/ 2 0
07 1983 engatlv&éé( e edal  letrabedmyLett paqbermmys)mmpcmammmn vati ves

u. S 3 h d b d
(0S4 300 T3 den Ry bt ekttt baAbp b (Gl ani

et aL, /nhydnﬂaxyrﬂhnme Sola &)alb1it3y. &6, e 0 vat ives
(Chan & Wit son : Pglar mE&(SaSm 67( %gée}l? 815:9&133%?) ﬁ%w{yﬁ

Japan 146 Wb*fmﬂVWéKub#mtaﬂ! rr@amaga@hemmerg PhafRddal. 33(1):10-16
ooy 1988 (el 1ot kAR ARES Bba b darsanWiner or el ™

doxor ubi ci n

ret hoxy- lB@DPWUtheWhémdﬂ(S)TSQHLﬁH@Q@? rN @B' d‘séeté&ﬁgnﬂ%%@g?%@cm

xoriﬁ1 c 14- val erate, ho i nod rub| cin
N § Fqgggh@ 4 MeﬂoChenplﬁ’G{17r)§Bl206m<42r1lﬂs)l2¢lFCE 23762

3 g 13_di hydoxor ubi
(3 - deam e oG BR sl (ReROROIt e Bl Cancor

3 Goan no 3 (A ner bor U ﬂfﬂﬁaoxorfd%@%ﬁ%{mﬁ%a@m Rereap, s

4, 585, 85%‘3’831‘3&@%3@Phﬂ$ Adta mét&mxaa-gopnggn @b?mb s ||) nOI .
0|ny oxor ubi cin

der| vat i .314. 05 15 deam no

derivati @2 %‘Hi® dgfi ‘é?]ﬁ’eﬂgg)ugg'e@ etplidPiepym. diaphis. d’n:éﬂ DH29(Bn2ah308er

aspects 11991, lnes ashﬁ t@oﬁsn%ﬁ " anal such as

5-f1 uorour ac? I rgr any anal og Cnl' aﬁ@‘#é‘b’%@.‘@@"ﬁ@ﬁ%@? ?I’Eﬂrg'g%”ﬁg Car nof ur,
doxorubicin analogue (Krapcho etal, J. Med. Chem. 34(8):2373-80. 1991}, AD198
doxorubicin analogue (Traganos et al., Cancer Res. 51(14):3682-9, 1991), 4-
demethoxy—3'-N-triﬂuoroacetyidoxorubicin (Horton et al., Drug Des. Delivery

6(2).123-9, 1990), 4'-epidoxorubicin (Drzewoski et al., Pol. J. Pharmacol. Pharm.

D 20 40(2):159-65, 1988; Weenen et al., Eur. J. Cancer Clin. Oncol. 20(7):919-26,

- 1984), alkylating cyanomorpholino doxorubicin derivative (Scudder et al., J. Nat!
Cancer inst. 80(16):1294-8, 1988}, deoxydihydroiodooxorubicin (EPA 275966),
adriblastin (Kalishevskaya et af., Vestn. Mosk. Univ., 16(Biol. 1):21-7, 1988), 4~
deoxydoxorubicin (Schoelzel et al., Leuk. Res. 10(12):1455-9, 1986), 4-

25 demethyoxy-4'-0-methyldoxorubicin (Giuliani et al., Proc. Int. Congr. Chemother.

- 16:285-70-285-77, 1983), 3'-deamino-3"-hydroxydoxorubicin (Horton ef al., J.

Antibiot. 37(8):853-8, 1984), 4-demethyoxy doxorubicin analogues (Barbieri et al.,
Drugs Exp. Clin. Res. 10(2):85-90, 1984), N-L-leucyl doxorubicin derivatives
.(Trouet et al., Anthracyclines (Proc. Int. Symp. Tumor Pharmacother.), 179-81,
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Doxi fluridine, Emtefur, -Tegaf ur, and Fl oxuridine. Exenplay conpounds have

the 20 s 0 RZF O NRL 16 WD 03/099346 23/02/2007 2/2007
PCTI US03/ %@é&g‘%m 5-Fl uorouracil H H Carnofur C(O)NH( Eﬁg/

Doxifluridine A, H Floxuridine A2 H Emtefur CH2ZOCH2CH3 B Tegafur CH B
0oi'" ~0o0ONO | elf, COOQher suitable fluoropyrim dine anal ogs

i nclude 5-FudR (5-fluoro- deoxyuridine), or an analog or derivative

t hereof, including 5-i ododeoxyuri dine (5- 5 ludR), 5-bronodeoxyuri dine

ionophot AN B-UReUR: 15 EROIMGRY TGuHPRAIR SRsoRDiare dovAIEE (es: 17 Vo

(_33/ 099346 tﬁ@ﬂl,@?)@)./ P-deB it 32—(4-31opth8m¥yl) QoXdrubicin derivatives (U.S. 4,301,277),
4'-deoxydoxorubicin and 4'-c-methyldoxorubicin {Giufiani et al., Int. J. Cancer |
27(1):5-13, 1981), aglycone doxorubicin derivatives (Chan & Watson, J. Pharm.

5 Sci. 67(12):1748-52, 1978), SM 5887 (Pharma Japan 1468:20, 1995), MX-2
(Pharma Japan 1420:19, 1994), 4'-deoxy-13(S)-dihydro-4'-iododoxorubicin (EP
275966), morpholinyl doxorubicin derivatives (EPA 434960), 3'-deamino-3'-(4-
methoxy-1-piperidinyl) doxorubicin derivatives (U.S. 4,314,054), doxorubicin-14-
valerate, morpholinodoxorubicin (U.S. 5,004,606), 3-deamino-3'<(3"-cyano-4"-

’} 10 morpholinyl doxorubicin; 3'-deamino-3'(3"-cyano-4"-morphotinyl)-13-
dihydoxorubicin; (3-deamino-3'-(3"-cyano-4"-morpholinyl) daunorubicin: 3'-
deamino-3'-(3"-cyano-4"-morpholinyl)-3-dihydrodaunorubicin; and 3'-deamino-3'-
(4"-morpholinyl-5-iminodoxorubicin and derivatives (U.S. 4,585,859), 3"-deamino-
3'4{4-methoxy-1-piperidinyl) doxorubicin derivatives (U.S. 4,314,054) and 3-

15 deamino-3-(4-morpholinyl) doxorubicin derivatives (U.S. 4,301,277).

B, Fluoropyrimidine analogs

In another aspect, the therapeutic agent is a fluoropyrimidine analog,
such as 5-fiuorouracil, or an anaiog or derivative thereof, including Carmofur,
‘D Doxifluridine, Emitefur, Tegafur, and Floxuridine. Exempiary compounds have the

20 structures:
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NH HOIl ~ - N O OH 5-Fluoro-2'-deoxyuridine: R=F
5- Bronp- 2' .« 8%%¥§ dine: R=Br 5-lodo-2'-deoxyuridine: R=1 OBe2/2007
repr esent at V'SR %l es of fI uor opyri m di ne anal ogs i ncl udBCTAI3031614 at ed
anal ogues of 5-fluorouracif (Kozai et at, J. Chem Soc., Perkin Trans. 5
1(19):3145-3146, 1998), 5-fluorouracil derivatives with 1, 4-oxaheteroepane
noi eties (Gonez et at, Tetrahedron 54(43):13295-13312, 1998),
5-fluorouracil and nucl eosi de anal ogues (Li, Anticancer Res. 17(1A):21-27,
1997), cis- and trans-5- fluoro-5,6- ahnyaro 6-at Kuxyuhou,i—i' (Van der WIt et
.at, Br. J. Cancer 68(4):+702-7 1993) “*cycl opent ane 55| uor our aci f
anal ogues (Hronowski & Si-gltéikour@&th JH Chem 10 70(4)H1162-9, 1992),
A- OT-f | uor our aci | (Zhang';@,tm(ﬁh,-, Zon ye,Zazhi 20(11):513-15,
.1989), MN-trinet hoxybenﬁﬁg ﬂ deoxyg%H?)lNﬁ)(r o@?/i@*dﬁgngHand 5'-

deoxy- 5-fl uorouridine ( d' , Chfdt Pharm Bul | H38(4) 998- 1003,
1990), 1- hexyl carbarmylF!&xdriduwouramJ (Hoshi et al. . Phar macobi o- Dun.

1068 B 3830 (Pra da et TG | iROCOsCRS] (B""S@'g)g> PO RS,

uracil-1-(2-tetrahydrof Jiegaiurs- fI uor duracif (Anal et Hit, Oncol ogy

45(3):144-7, 1988), 1-(2' -deoxy-2'-fluoro-(3-Darabinof Uranosyl )-5-

f1 uor our aci f (Suzuko et at, Mdt. Pharmacol. 31(3):301-6, 1987),

doxifluridine (Matuura et at, Oyo Yakuri 29(5):803-31, 1985),
-deoxy-5-fluorouridine (Bollag & Hartmann, Eur. J. Cancer 16(4):427-32,

1980), 1-acetyl-3-Otoluyl-5-fluor our acif 20 (Ckada, H roshima J. Med. Sci.

;%(1 : 49-66, 1979), 5-fl ®orouracif- 18 MO 03/ 099346 PCT/ US03n0719 2 2 0O

k for nyl benzene-sul fonate (JP 50 143),§ N -(2¢furanidyl)-5-fluorouracil
(JP 53149985) and 1{2-tetrahygrg O~ LA (JP 52089680). These
conpounds are believed to fu on as therapg

C

Other suitable fluoropyrimidine analogs include 5-FudR {5-fluoro-
deoxyuridine), or an analog or derivative thereof, including 5-iododeoxyuridine (5-
5 ludR), 5-bromodeoxyuridine (5-BudR), Fiuorouridine tnphosphate {5-FUTP), and

Fiuorodeoxyuridine monophosphate (6-dFUMP). Exemp!ary compounds have the
structures: .
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serving as antinetabolites of pyrimdine. 5 C. Folic acid antagonists In
anot her aspect, the therapeutic agent is a folic acid antagoni sty 2
Met hot r exHOD3@P93er i vati ves or anal ogs thereof, including E@IHUS@!(%{TSE)Q oe7
Trinetrexate, Raltitrexed, Piritrexim Denopterin, Tonudex, and

Pteropterin. Methotrexate anal ogs have the foll ow ng general structure:

Rii R NRg RSR4A I / /N R Rob RBR3 Ro R 10 RB The identity of the R
group may be selected fromorganic groups, particularly those groups set
forth in U S. Patent Nos. 5,166, 149 and &, 382,582. For exanple, R, may be
N, R2 mmy be Nor C(CH3), R3 and R3' may|H or alkyl, e.g., CH3, R4 may be

a single bond or NR, where Ris H okal Igroup. R5.6,8 may be H, OCH3, or
3 15 alternately they can be hal ogens Ior hydro groups. R7 is a side chain
of the general structure: 0 Ng_ HO Ol a- Hn 19 WO 03/099346
PCT/USO3Q44 2 Z 0 0 7 wherein n 1 fornnettotrexate, n = 3 for
pteropterin. The carboxyl groups | I de chain may be esterified or
forma salt such as a Zn2+ salt. Rio can be NH2 or may be al kyl
substituted. Exenplary folic acid afitagoni st conpounds have the structures:
NYNH2 OH _

5-Fluoro-2’-deoxyuridine: R=F
5-Bromo-2'-deoxyuridine: R =Br

\} 5-lodo-2'-deoxyuridine: R=1

Other representative examples of fluoropyrimidine analogs include
N3-alkylated analogues of 5-fluorouracit (Kozai et al., J. Chem. Soc., Perkin Trans.
5 1(19):3145-3146, 1998), 5-fluorouracil derivatives with 1,4-oxaheteroepane
moieties (Gomez et al., Tetrahedron 54(43'):13295-1 3312, 1998), 5-fluorouracil and
- nucleoside analogues (Li, Anticancer Res. 17(1A):21-27, 1997), cis- and trans-5-
fluoro-5,6-dihydro-6-alkoxyuracil (Van der Wilt et al., Br. J. Cancer 68(4):702-7,
1993), cyclopentane 5-flucrouracit analogues (Hronowski & Szarek, Can. J. Chem.
10 70(4y.1162-8, 1992), A-OT-fluorouracil (Zhang et al., Zongguo Yiyao Gongye Zazhi
20(11):513-15, 1989), N4-trimethoxybenzoyl-5'-deoxy-5-fluorocytidine and 5'-
deoxy-5-fluorouridine (Miwa et al., Chemn. Pharm. Bull. 38(4):998-1003, 1990}, 1-
D _' hexylcarbamoyl-5-fluorouracil (Hoshi et al., J. Pharmacobio-Dun. 3(9):478-81,
o 1980; Maehara ef af., Chemothérapy (Basel} 34(6):484-9, 1988), B-3839 (Prajda et
15 al, In Vivo 2{2):151-4, 1988), uracil-1-(2-tetrahydrofuryl)-5-fluorouracil (Anai et af.,
Oncology 45(3):144-7, 1988), 1-(2"-deoxy-2'-fluoro-p-D-arabinofuranosyl)-5-
ﬂuorouracil_ (Suzuko et al., Mol. Pharmacol. 31(3).301-6, 1987), doxifluridine
(Matuura et al., Oyo Yakuri 29(5):803-31, 1985), 5'-deoxy—5-ﬂuorouridihe (Boilag &
'Hanmann. Eun J. Cancef 16(4):427-32, 1980), 1-acetyl-3-O-toluyl-5-flucrouracil
20 (Okada, Hiroshima J. Med. Sci. 28(1):49-66, 1979), 5-fluorouracil-m-
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RS RN RQR6 RY RBRo R7 95 R8E ROR R2R3 R4 RS Rs RT Re Methotrexate
NH2 N N H g@ HA (n=1) H Edatrexate NH2 N N H CH( CH2CH3

H Trinefé%te ig CH C(CH3) H NH H OCH3 OCH3 OCH3 Pterop‘f"e‘?’ﬂ%mggﬂﬁgé%aﬁgﬂ?
HHA (n=3) H Denopterin OH NN CH3 N(CH3) HH A (n=1) H PeritreximNH N
C(CH3) Hsingle bond OCH3 HH OCH3 A: ONH HOOOHN IgOC \ ON' CH,

/.\ S NOGG'" NH, O Tonudax O her representative exanples include

6- S- am noacyl oxynet hyl mer captopurine derivatives (Harada et at, Chem

Ph Bul : 793-6, 10 1995 6- [ 6- MP Kashi d L,
- Bi glr'm Phgr#%rméggﬁgg%%ﬁw-aﬂgﬁ 5@'Og%§§$)rmf\j{(%?f8;a%eclfjl;’)l-g-%ugrourazrii ((JF’as ' da eta

7, 8- pol ynmes3wioens) anidlaz94, |, @788l L | tal, 20 WO

03/ 099346 23] 05/ 2007 %ﬁ%%d@%%ggmﬁ e é@gﬁ%%?%é’im, 1995);
azat hi oprine (Chi f offindes cetpatinds ard beliayed tBiIfGIOM asoBepAhe-RbntsiRP4) |
TRV AARR 4 ARBRIettboles oY pyrimiding. |

5 C. Folic acid antagonists

in another aspect, the therapeutic agent is a folic acid antagonist,
such as Methotrexate or derivatives or analogs thereof, including Edatrexate,

Trimetrexate, Raltitrexed, Piritrexim, Denopterin, Tomudex, and Pteropterin.

%\} ) Methotrexate analogs have the foilowing general structure:
RSN
e |
R e N
Rs ' Ry =
Ry Ry Rip
R;
10_ Rg

The identity of the R group may be selected from organic groups, particuiarly those
groups set forth in U.S. Patent Nos. 5,166,149 and 5,382,582. For example, Ry
may be N, R, may be N or C(CHa), Rz and R3' may H or alkyl, e.g., CHs, R; may be
a single bond or NR, where R is H or alkyl group. Rsgg may be H, OCH;, or

] ) 15 .altemately they can be halogens or hydro groups. R; is a side chain of the general

structure:

J -
hOa
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derivatives (Da Silva et at, Eur. J. Med. Chem 29(2):149-52, 1994) and

s-al kynyl opurine derivatives (Ratsino et al., Khim-Far /2007
15(8):651¥?q§@§%¥% 5 indoline ring and a nodified onithin@fawﬁﬁpg?éﬁ?a/

aci d-bearing nethotrexate derivatives (Matsuoka et at, Chem Pharm Bull
45(7):1146-1150, 1997), al kyl- substituted benzene ring C bearing

nmet hotrexate derivatives (Matsuoka et at, Chem Pharm Bull
44(12):2287-2293, 1996), benzoxazine or benzothi azine noiety-bearing

met hot rexate derivatives (Matsuoka et at, J. Med. Chem 10 40(1):105-111,
1997), 10WIeEIBANT Adpt methoteaxatagus obpEraptesin. dthe carbdkd gro@hein the

40(3): 370,346 -deazaam nppterin, and 5, 10;di,degzaam nopterin

met hot r exa é "a“;az'?@ade% %%Fﬂé?éngf %3'5" a galt I%‘gh a féﬂﬁgﬁqﬂ é@m‘,’af&%?) ,

i ndol i ne MbL,&NMmbebeiang| BEbdtRteaxat e. derivatives (Matsuoka et at, Chem
Pharm Bull. 44(7):1332-1337, 1996), |ipophilic am de nethotrexate
derivatives (PignatBk¢mphsy flicacid Wtdgbnid eompBaadsrhavStie brodturddiar m
Technol ., 563-4, 1995), L-threo- (2S,4S)-4-fluoroglutam c acid and

DL- 3, 3-di fl uorogl utam c aci d-contai ning nmnethot rexate anal ogyes (Hart et
at, J. Med. Chem 39(1):56-65, 1996), methotrexat exet dr dqui nazol i ne
anal ogue (Gangjee, et at, J. Heterocyfd. Chem {|32(1):243;8, 1995),
N- (a-am noacyl) nethotrexate derjvat ik N Pt endi nes
3(1-2):101-2, 1992), biotin netho an et at, Ptendines
3(1-2):131-2, 1992), D-glutam c aci 0-4- fluoroglutamc
aci d net hotrexate anal ogues (MQy e/ Bl ochem Pharmacol .

éﬁ( 12);2400-3, 1991), (3,y-nethand nethotrexate anal ogues (Rosowsky et at,: .

endihes 2(3):133-9, 1991), 10- deazadifi nopterin (10- EDAM anal ogue 25
( Braakhuiset—at—Cgem—Bro} —Pter+di-ness—Pree—+ht-——Synp—Pteridines Folic
Acid Denv.—..1027-30? 18gqfRz y-téﬂraﬂjl e_net hofy exatfe anaRogue (Ral nan et

at. Chem MetBplgxatept NHeli Nes N ProcH / ntN(CBymp. Rdendi mes Fohi(e=#cid Deriv.,
1154-7, 19&fkxatht ( LNH{ XNaMNnOacyl) ”QiH‘(@M(%ﬁtﬁ derijati vgg,{&heyng et at,

Het : pl- d ortho i teri
 (Rosowsiy, TeRe) il GRE0H VoML 000aud por) O0UE2 19052 208G 7

Y, iy
32(12) : 25890PieER9) Oy i ox et hyfinet Nt r exat e HDE 267495)A (n=8) H
Denopterin OH N N CH;3 N(CHg) H H A{Mm=1) H

Peritrexim NH, N C(CH;) H singlebond OCH; H H OCH,

Al o
: NH '
HO
/ 8]
O OH n
' ooc /\: o N\ CH,
aooc/\NH
A/ '
0
Tomudex

Other representative examples include 6-S-aminoacyioxymethyl
mercaptopurine derivatives (Harada et al., Chem. Pharm. Bull. 43(10):793-6,
10 1995), 6-mercaptopurine (6-MP) (Kashida et al., Biol. Pharm. Bull. 18(11):1492-7,
- 1995), 7,8-polymethyleneimidazo-1,3,2-diazaphosphorines (Nilov et al.,

i
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fluoronethotrexate (McCGuire et at, Cancer Res. 49(16):4517-25, 1989),

pol ygl ut ar% net hot r exat e derlvatlves (Kumar et at, Cancer Res. 23/02/2007
46( 10): 502 0(?3/09 %6) gem di phosphonat e net hot rexate anal BGUASZ/ D19

88/ 06158), a- and y 5 substituted nethotrexate anal ogues (Tsushima et al.,
Tetrahedron 44(17):5375-87, 1988), 5-nethyl-5-deaza nethotrexate anal ogues
(4, 725,687), N&acyl -Na-(4- am no-4-deoxypteroyi)-L-omthine derivatives
(Rosowsky et at, J. Med. Chem 31(7):1332-7, 1988), 8-deaza nethotrexate
anal ogues H;uehl et _at, Cancer Res. 48(6):1481-8, 1988), acivicin-

. met hot r exaMengaiaeydeemmos BRIk §985), arathibprived Chifbtddesn a/30( $ord463-9, 1987),

olyneric t derivative (Can-aher et at, Polym Sci.
'FI)'ecKnoI . {Oghhﬁx;) 56@% %%véfé%gﬁéd"em! rﬁ')’C‘(@Eﬂamﬁ'd@lQ‘@T‘}apmpunne 4
B ophy éexi‘iﬂ"’%"f‘%@%ﬂ’* ?‘1"{“‘589"%3’3"7 Mo, (ABAL 2P WebaT and's aaﬁﬁ'r%é“'eé”
| exa u
( Ros 0?,/\,5 ky t@prc@ptop@mmd@vetlvesﬁMmdo msl Rhﬁm Lf(—h,ﬁﬁ s_’thb(gj egcr dy ggﬂ
Proc. é& %yﬂg% Péerldp Folid Acid Deriv. Chem, 'Bio i'n
Aspects dg g 8)d aﬁB‘P‘%} eci"'@'!' ngﬁtacékm@f@smeuwtham(m sliuk
et at, ChefsrivBtia e c. Int.
Synp. Pteri (:Tlvngs SF(OAFéitgﬁd,)A% éc}ﬁ‘a[’?)e” V. I—'gﬁérﬂ?%f fgﬁ)%ﬁfgﬁ%és%%%)sa' g%Q 92,
1986), de@watiwlnd beuzamtﬂn@t@ enanagWthuﬁéxatésjen(/yﬁ\%gma%ucﬁ&a em Biol.

Pteridi ne Acid Deriv Proc. Int eri di nes
Folid Aci ?’BZ’? e"r’\f'a "EE%F @%b?%b&m 1896 benzoseinexr mymaameu odoacet yl
Iysine e bis e e Che eri di nes,

teri di nes Fot:yl d Ac?gﬂ%ﬂg??gfatg?e’"ggwefﬁaw%ﬁ%k ﬁ{n@r' dwff’é% md Aci d

ri v.10 CHEtH); 105811d), 198Y), 10-dempasifnoptérin Snaﬂa?ﬁ@% DeGraw et af., J. Med.

. onega. ggll ammgl d aci d-containing exat e anal’ogues " (McCuire
et at :.199%) @yeaawnmsptm araBs,1 0-cihabe: a@ammaﬁpfeﬁ
met hot r ex hod Enz 122( Vitam
Ooenzyrreaii:: &Féﬂ %égé{IggUé%j@:g@%é?fsawne}t ﬁ@a{d aﬁ/ bvA-88%et997i per et at,
J. Med lnélﬁ'(dﬁetylié&ﬂn clAStPe xatl O ue
( Mast ropga ’Z‘é} I\/gleéln Chenel(a Zgbﬁaé&}ésr@atﬁg%)étréﬁpyraﬁﬁé}%
met hot r ex3t% <4haF b’@ﬂ?e@i %996}, livephilic andide Hatthobeyatt deﬁhsmez;?(z’(udéaatéﬂ& 22
WO 034699 HeRad 1 2L.2.0 0 198 steic acid and honocyst ei
acid ﬂgt h%tda?e@i an%f ogﬁ %" é’%’é’@r 26’}13 ]5‘2‘3“"0}/ 563-4, 1995), L-threo-
(28,48)4-fluoroglutamic acid and DL-3,3-diflucroglutamic acid-containing

methotrexate analogues (Hart et al,, J. Med. Chem. 39(1):56-65, 1996),

(@]

‘methotrexate tetrahydroquinazoline analogue (Gangjee, et al., J. Heferocycl.
Chem. 32(1):243-8, 1995), N-(a-aminoacyl) methotrexate derivatives (Cheung ef

) 20 _al., Pterdines 3(1-2):101-2, 1992), biotin methotrexate derivatives (Fan et al.,

b Pteridines 3(1-2):131-2, 1992), D-glutamic acid or D-erythrou, threo4-
.ﬂuorogiutamic acid methotrexate analogues (McGuire et al., Biochem. Pharmacaol.
42(12):2400-3, 1991), B,y-methano methotrexate analogues (Rosowsky ef af.,
Pteridines 2(3):133-9, 1991), 1 0-deazaaminopterin (10-EDAM) analogue

25 (Braakhuis et al., Chem. Biol. Pteridines, Proc. Int. Symp. Pteridines Folic Acid
Deriv., 1027-30, 1989), y-tetrazole methotrexate analogue (Kalman et al., Chem.
-Biol. Pteridines, Proc. Int. Symp. Pleridines Folic Acid Deriv., 1154-7, 1989), N-(L- -
a-aminoacyl) methotrexate derivatives (Cheung et al., Heterocycles 28(2):751-8,

1989), meta and ortho isomers of aminopterin (Rosowsky et al., J. Med. Chem.
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- (Fabre et J&f

tert-butyl met hotrexate esters (Rosowsky et at, J. Med. Chem 28(5) 660- 7,
1985), orinat ed net hotrexate anal ogues (Tsushlna et al }2907
23(1):, 3’3f@§% fol ate met hot rexat e anal ogue Tronbe, C@%§ %E%§M§
60(3):849 53, 1984) 5 phosphonogl utam ¢ aci d anal ogues (Sturtz &
Quillamot, Eur. J. Med. Chem-Chim T her. 19(3):267-73, 1984), poly
(L-1ysine) nethotrexate conjugates (Rosowsky at at, J. Med. Chem
27(7):888-93, 1984) dilysine and trilysine nethotrexate derivates (Forsch
& Rosowsky, Chem 49(7):1305-9, 1984), 7- hydroxynethotrexate
20888001 998k hyd s U mdaB U aBB )L 265195 1 10 o otay

TP 51 AR P st 17 5100
3', 5' - di chbrgumEnhPietteRatel RAIRAUREY (Bulidr ef af NBShcdF 18 4 gﬁ@?u 020, ngJ e

1983) di azoket one and chl or onet hyl ket one net hot rexat e an
et at, J.1P#8k gersdiphosptiqreite MethaBexdtesmpjodi@s(MP 88¢)6 158, opared -0 and

Ton) 5T ctoniiTEH ToRPPEEE ArduansB Wetimalaft ﬁ‘grrareedrmd«eé{%;r%%@? )

1981 of ABIGI- I | nmaco/ .
17(13 105. ?%E)U?QSO ’ﬁ?%?%%rﬁtﬁ%@eﬂ@?%ﬁ% RS (4728 687 INa My @a‘a(“ JINCI

58(4) : J955nmo4@ieb)<ymarcam)wbnﬂtrme1dbwatwesr(moegwesy e(éhayuml@h@ﬁ at, J.
1977), 7-nmethyl nethotrexate 20 derivatives and

gl/F ghl SP ggﬁ(ﬁg(‘g’gé{] éggéﬁcﬂﬁﬁ@ ethabiexats anplggues, deiehl evah. fana@uResil.
1974), | '@8{@5"1%

(Rosonsky! R Lp20) B ERh gt Shallle oton Shpt A h el rexate

adal o‘gheﬁwumsg(@mmm@, 1887), @myméhdplaﬁﬁaﬁneﬁfdtrexé%dd@%?wéQCarr%ﬂénlét
IVD(068 (Ph Ir};l Japg 1658: 18, 1999) and cysteic acid and honocysteic 25
aci d net ¥t GinZe Q!@'{?éJP(%WM)OﬁﬁééQ‘O iomgdsBolyanhdlihad, 1987 )bel i eved to

oct, 25 SBherRieRal Lok At end bR RIOR B B . 2 °
E’?di’ﬁ.“ﬁ' e o ot e et ”?—2%%’[?3??8‘3@%@?’%*%‘3‘%‘%5*‘?'5@“%%}n§°”"‘.’“”ds |
structur ééosowsky et al.,, Chem. Biol. Pteridines, Pteridines Folid Acid Deriv., Proc. nt.
15 Symp. Pteridines Folid Acid Deriv.: Chem., Biol. Clin. Aspects: 985-8, 1986), poly-
y-glutamyl methotrexate derivatives (Kisliuk et al., Chem. Biol. Pteridines,
Pteridines Folid Acid Deriv., Proc. Int. Symp. Pteridines Folid Acid Deriv.: Chem.,
Biol. Clin. Aspects: 989-92, 1986), deoxyuridylate methotrexate derivatives

(Webber et al., Chem. Biol. Pteridines, Pteridines Folid Acid Deriv., Proc. Int.

D 20 Symp. Pteridines Folid Acid Deriv.: Chem., Biol. Clin. Aspects: 659-62, 1986),

iodoacetyl lysine methotrexate anatogue (Delcamp ef al., Chem. Biol. Pteridines,
Pteridines Folid Acid Deriv., Proc. Int. Symp. Pteridines Folid Acid Deriv.: Chem.,
Biol. Clin. Aspects: 807-9, 1986), 2,.omega.-diaminoalkanoid acid-containing
methotrexate analogues (McGuire et al., Biochem. Pharmacol. 35(15):2607-13,
25 1986}, polyglutamate methotrexate derivatives (Kamen & Winick, Methods
Enzymol. 122(Vitam. Coenzymes, Pt. G):339-46, 1986), 5-methyl-5-deaza
analogues (Piper et al., J. Med. Chem. 29(6):1080-7, 1986), quinazoline
f_nethotrexate analogue (Mastropaolo et al., J. Med. Chem. 29(1):155-8, 1986),
- pyrazine methotrexate analogue (Lever & Vestal, J. Heterocycl. Chem. 22(1):5-6,
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R~-OO HOOH OO R Etoposide CH ~ Teniposide S H3CO OCHE 5\ / OH Other

r epr esent gt} anpl es of podophyl |l otoxins include Cu(ll)- VP-1% 2/2
(et oposi dzei%'bégf%%?%x (Tawa at at, Bioorg. Med. Chem 6(7): 1@@'9’”@%%, lg 1/99%)0,7
pyrrol ecar boxam di no- beari ng etoposi de anal ogues (Ji etal, Bioorg. Med.
Chem Lett. 7(5):607-612, 1997), 4(3-am no etoposi de anal ogues (Hu,
University of 10 North Carolina D ssertation, 1992), y-lactone

ring-nmodi fied aryl am no etoposi de anal ogues (Zhou at at, J. Med Chem

37(2) : 287- 92,-11994) . N gl | et oposi d | Alevi at at,
L Anedr of S8k EYS145 R i aosy tesad malopade ansiogngs (D488 800y e

. Tetrahedr on

(Kadow et Rirt-bdyRsmotiESte e%@%@dgggfjﬁlvﬁléf%%lg A/?e%; o ggé}:egg-gm19§@},t_ 15

deshydroxy-4"-net hyl etopos

. 2(10) : 1213%uginatgompthorerdie! i ' ' ) t, Eur.
(10) pihotreraiel amalogues ﬁbgﬂﬂmadﬁeﬂ.ﬂﬂé?%(gg§m_ﬁ_ga ur

and E-ring desoxy etoposi ogue's

J.  Cancer 5?0% ?90- , ,1990) ( _
(Saul ni er !;T;E%(At 8t Magieirexale analogue ) Tromiss, 20 Baceso).. 1602584 $:68p198)s ar e
2 vy 0% CBSERORORY, SO s S GlifondLE S e s
r -
e B, PO oot S B e e Lo
derivates (Forsch & Rosowsky, J. Org. Chem. 49(7):1305-9, 1984), 7-
- hydroxymethotrexate (Fabre et al., Cancer Res. 43(10).4648-52, 1983), poly-y-
) 10 giutamyl methotrexate analogues (Piper & Montgomery, Adv. Exp. Med. Biol.,
163(Folyl Antifoly! Polyglutamates):95-100, 1983), 3',5'-dichloromethotrexate
(Rosowsky & Yu, J. Med. Chem. 26(10):1448-52, 1983), diazoketone and
chioromethylketone methotrexate analogues (Gangjee et al., J. Pharm. Sci.
71(6).717-19, 1982), 10-propargylaminopterin and alkyl methotrexate homoiogs
15 (Piperetal, J. Med. Chem. 25(7).877-80, 1982), lectin derivatives of methotrexate
(Lin et al., JNCI 66(3):523-8, 1981 ), polygiutamate methotrexate derivatives
{(Galivan, Mol. Pharmacol. 17(1).105-10, 1980), halogentated methotrexate
derivatives (Fox, JNC! 58(4).J955-8, 1977), 8-alkyl-7,8-dihydro analogues
{Chaykovsky et al., J. Med. Chem. 20(10):01323-7, 1977), 7-methyl methotrexate
9 20  derivatives and dichloromethotrexate {Rosowsky & Chen, J. Med. Chem. |
D - 17(12):J1308-11, 1974), lipophilic methotrexate derivatives and 3',5'-
dichloromethotrexate (Rosowsky, J. Med. Chem. 16(10).J1190-3, 1973), deaza
- amethopterin analogues (Montgomery et al., Ann. N.Y. Acad. Sci, 186:4227-34,
1971), MX068 {Pharma Japan, 1658:18, 1999) and cysteic acid and homocysteic
25  acid methotrexate analogues (EPA 0142220,

These compounds are believed to act as antimetabolites of folic acid.
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RR RBRORRNX RAaNO 11 HBC= H5 In this structure, Xis typically 0,
but can be other groups, e.g., NHin the case of 21- Iactan1der|% ngE52063
i s typical #6'OH, but may be other groups, e.g., a tér 31?1

hydr oxyl at ed Cl 3 alkane. R2 is typically Hor an amino containing group
such as (CH3) 2NHCH2, but nmay be other groups e.g., NO2, NH2, hal ogen (as
disclosed in, e.g., US. Patent 5,552,156) or a short al kane containing 10
these groups. R3 is typically Hor a short alkyl such as C2H5. R4 is

typically H but may be other groups, e.g., a nethylenedioxy group with R1_
Exenpl ary canmpPot heé@ﬁ(_’@iﬁﬂ!ﬁmm i ncl ude topotecan, irinotecan (CPT-1 1),
9- am nocanpt ot heci n act a canpt ot hec

met hyl enedi oxycanpt Bt Wa%}@-cgég éh?f?ggﬂtﬁ%ﬁg?'&tt'ﬁ@i]g?&oqb’"?@xm ora

hyd OHE
KN R p o in ARG R TERTAREN SRl Sl BT R e g

H SN 38: oCFenip@idis, which Babetherfdlowamgbivgsturddd f or 21-1 act am anal ogs 25 WO
03/099346 23/02/ 2007 PCT/US03116719 Canpt ot heci ns have the five rings

shown here. The ring | abeled & ist_he intact (the |lactone rather than
carboxylate form for maxi mum actyw 0
. | HQ o O
Q.
R § o
k) Etoposide  CH, = I
Teniposide s X

5 oH

Other representative examples of pedophyllotoxins include Cu(ll)-
VP-16 (etoposide) complex (Tawa et al., Bioorg. Med. Chem. 6(7):1003-1008,
- 1988), pyrrolecarboxamidino-bearing etoposide analogues (Ji et al., Bicorg. Med.
Chem. Lett. 7(5):607-612, 1997), 4p-amino etoposide anatogues (Hu, University of
10 North Carolina Dissertation, 1992), y-lactone ring-modified arylamino etoposide
analogues (Zhou et al., J. Med. Chem. 37(2):287-92, 1994), N-glucosyl etoposide
anaiogue (Allevi et al., Tetrahedron Lett. 34(45):7313-16, 1993), etoposide A-ring
o ‘; ) analogues (Kadow et al., Bioorg. Med. Chem. Lett. 2(1):17-22, 1992), 4
- deshydroxy-4'-methyl etoposide {Saulnier et al., Bioorg. Med. Chem. Lett
15 2(10):1213-18, 1992), pendulum ring etoposide analdgues (Sinha et al,, Eur. J.
Cancer 26(5):590-3, 19580) and E-ring desoxy etoposide analogues {Saulnier et al.,
- J. Med. Chem. 32(7):1418-20, 1989).
| These compounds are believed to act as Topoisomerase |l Inhibitors -

and/or DNA cleaving agents.
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m ni numtoxicity. Canptothecins are believed to function as Topoi sonerase |
I nhi bi tor I/ or DNA cl eavage agents. F. Hydroxyureas The t heBaxif 2007
agent of t %5%@3glésnt invention may be a hydroxyurea. HydrB&YUPB4e/ave t he
foll owi ng general structure: 0 R3NN)~NOX R2 R 10 Suitable

hydr oxyureas are disclosed in, for exanple, U S. Patent No. 6,080, 874,
wherein R, is: /~ S 2 R3 and R2 is an al kyl group having 1-4 carbons and
R3 is one of H acyl, nethyl, ethyl, and m xtures thereof, such as a

nmet hyl et her. 16&_6& h; rﬁ% ﬁ!ﬁbl.e hydr oxyureas are disclosed in, e.g., US.
. Patent No. 5,665, 768, SR is a cycl oal kenyl group, for exanple

s B or an alkyl o oo ke Rt T Gerpk BERRER canhulalh i @ o 7

ons

is Hor an alkyl group havin
. cation. 26GNADDGY &9@&68 RErELS0Bafmptothddih® hate theltohBling SbMial stHid@R! e

hydr oxyureas are disclosed in, e.g., US. Patent No. 4,299,778, wherein Ri
is a phenyl group substituted with one or mpge fluorine atoms; R2 is a
cycl opropyl group; and R3 and is {H. Oher @uitabl e hydroxyureas are
disclosed in, e.g., US. PaemNo 6 3~wherein R2 and R3
together with the adjacent erein mis 1 or 2, nis
0-2 and Y is an al kyl group 8 s @ hydr oxyurea has the

structure: O SOH H2N~NHR, ) o]

H;C—" OH
N 5 in this structure, X is typically O, but can be other groups, e.g., NH in
) the case of 21-lactam derivatives. R is typicaily H or OH, but may be other

groups, e.g., a terminally hydroxylated Cy.3 alkane. R: is typically H or an amino
+ containing group such as (CH3),NHCH,, but may be other groups e.g., NO,, NH5,
halogen {as disclosed in, e.g., U.S. Patent 5,552,156) or a short alkane containing -
10 these groups. Rjis typically H or a short afky! such as CzHs. Ry is typically H but
may be other groups, e.g., a methylenedioxy group with R,
Exemplary camptothecin compounds include topotecan, irinotecan
(CPT-11)}, 9-aminocamptothecin, 21 -factam-20(S)-camptothecin, 10,11-
methylenedioxycamptothecin, SN-38, 9-nitrocamptothecin, 10-

15 hydroxycamptothecin. Exemplary compounds have the structures:

R, R, R,
Camptothecin: H H H
- Toputecan: OH (CH)L,NHCH, H
SN-38: OH H C,H,

' X O for most analogs, NH for 21-lactam analogs
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Hydroxyurea 10 These conpounds are thought to function by inhibiting DNA
synthesis. G Platinum conpl exes I n another aspect, the therapeu2B¢ 0aeRo07
i s a plat MUHBESHpound. In general, suitable plati num conpIEKSS/NEY be of
Pt(l1) or Pt(1V) and have this basic 15 structure: R X Pt R I Z2 27
WD 03/ 099346 PCTnSOF 6419 2/ 2 0 0 7 wherein X and Y are anionic |eaving
groups such as sul fate, phosphate, carboxylate, and hal ogen; Rt and R2 are
al kyl, am ne, amno al kyl any may be further substituted, and are
basically inert or bridging groups. For Pt(l1) conplexes Zt and Z2 are
non-exi stent. For PtGanviothecinehaiz: theyfivearirggd v BE@UPEhes tfd istieldd Bal ogen,
hydr oxy, carb | ate, ester, sulfate or phosphate. See, e.g., U S. Patent
Nos. 4, 588“B§t IRtaci {the factene rather mn@qgg%xim&pmh@r@mmnﬂya@mﬁwaw

mul tiple F,’hngh é‘?f e.g., US Patent Nos. 5,409,915 and 5, 380, 897.
For exanpl e bispl at| umand triplatinumconplexes of the type: z, z, X,

R x\ RZ Y/ I1t\A Oamplotheckd aré.befievéd to fainclion Bk Topbisomerade Reihidkorg:  Z.

7> Z,
SZ and/or DNA cleavage agents.

F. Hydroxyureas

The therapeutic agent of the present invention may be a

hydroxyurea. Hydroxyureas have the following general structure:

o}
Rs J’k 0—xX
o
10 Suitable hydroxyureas are disclosed in, for example, U.S. Patent No.

6,080,874, wherein R, is:

and R; is an alkyl group having 1-4 carbons and Rj is one of H, acyl, methyl, ethyl,
and mixtures thereof, such as a methylether.
15 Other suitable hydroxyureas are disclosed in, e.g., U.S. Patent No.
| - 5,665,768, wherein R4 is a cycloalkenyl group, for example N-[3-[5-{(4-
fluorophenylthio)-furyl]-2-cyclopenten-1-yi]N-hydroxyurea; R; is H or an alkyl group

having 1 to 4 carbons and Rz is H; Xis H or a cation.
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X\

/IR, R'\ X Pt Y/ I\A It\Y Z2 272 Z2R3 Pt YI'-Z 10 X Exenplary

pl ati num Gyps, are Cisplatin, Carboplatin, Oxaliplati APDO7
havi ng the st rdd)g%ér es: 28 WD 03/099346 PCT/ USQ3AY 4 2 2 8’%9&%3%w

O Pt
Oxaliplatln Mboplalin Qher

Cl-P(-NHS' I ~NH3 G U O Cisplabn Carboplabn OO0 Hix::c PI

22(2):151- 156, 5 1999),

I amm ne roxy .

Other suitable hydroxyureas are disclosed in, e.g., U.S. Patent No.
5 5,066,658, wherein R, and R; together with the adjacent nitrogen form:

(CH,
4@ \2}
Y N—
/
{CHp)m
whereinmis 1 or 2, nis 0-2 and Y is an alkyl group.

In one aspect, the hydroxyurea has the structure:

0]

I .

H,N NH

Hydroxyurea

10 These compounds are thought to function by inhibiting DNA
synthesis.

G. Piatinum complexes

fn another aspect, the therapeutic agent is a platinum compound. In

general, swtable platinum complexes may be of Pt(ll) or Pt(IV) and have this basic
15  structure: '

Z4
R, X
: >Pt
R, Y
Z,

27

representative platinum corrpounds [ ncI ude
(CPA) 2Pt [DOLYM and (DACH)Pt[DOLYM cisplatin (Choi et at, Arch. Pharnacal
Res.

(Nvarro et atn 3. %ﬁyswfﬁxﬁﬁeéﬁ%%% s ischsagyn. 44 US Pchtb.
[ Pt(ci s- 1.4200er (\Mﬁ Rl R4 Wy{?up $ub&irlon i Gid O foh2 in et at,

| norg. Chem 36 25) 5969 597 4-pyri oxa
. pl ati num E@Randgs acutiopropyagroup; and R; and X is H.



Sci. 3(7):353-356,

(Navarro et 10 aL

anal ogue

o- phenyl enedi am ne
Bednarski, J. Inor
cis-[Pt(0OAc) 212(en
1996), estrogenic 1

am no 15 acids and

1997), Pt(Il) ... Pt(I1) (Pt2[ NHCHN(C(CH2) (CH3))]4)
| norg. Chem 35(26):7829-7835, 1996), 254-S c
463, Neurol. Res. 18(3):244-247, 1996), PCTfUSMgng?Igag;QOO7
| i gand bearing cisplatin analogues (Koecker bauer &
g. Biochem 62(4):281-298, 1996), trans,
)] (Kratochwi| et at, J. Med. Chem 39(13):2499-2507,
, 2-di aryl et hyl enedi am ne |igand (w th sul fur-containing
| ut at hi one) bearing cisplatin anal ogues (Bednarski, J.

Inorg. Bi ¥¥1ERN XepdYf arﬁaam@ge)eawmgmuwsmmmamyfat@mmpeam spl atin
| h 6 1- 301, 1996 5'
orentat: SANUTH R Fioodh: Reand S sl rvEReemy R g merbRnam
Li d, ¥ ﬂﬁq?
d: glronane beiﬁﬁg;"??gt%ﬁﬁ'dfﬁg%gﬁﬂ ;r%?%?(roec A@% rps &fl%! Ttgpqi?mplﬁxefbhar m

Sci. 84(7¥:8nd
analog eshg@h88 t
t

Fre resxxisteni2-Fati R W) & mpbeznaaaryrm Anigaio Grovesy sutth &3 spl atin

L, WO 03/ 099346 PCT/ US03?~717 2/ 2 0
SR oG ol SHE?tﬁ e cion & 9000 Pyt

COﬁp|EXEStha§BBBS§1§Wj4é5 Gagm Soc., Dalton Trans. 4:579-85, 1995),
Cl-973 cisplatin anal ogue ?Yan et at Int. J. Oncol. 5(3) 597-602, 1994),

- ci s-di am nedi chl or

1- cyclobutanqg
ci s- di amf ey

ofLitable pitindin amipletxés n@ayab@gammolt@telpt atoms. See,
osylatgéZ -2-meth 5 butanedlanlneplatlnun(ll) and

Ateptdon gangd &eﬁpps%Z FoRBrample tisplatioung.arel ochem

26(4): 257@?&,”},9({3@0,“5%?8%%2%{6tﬂgg_ncer Res. 48(11):3135-9, 1988;

ﬁgjlger-Benays et at

EXp. din. Cancer
31(47):11812-17, 1
33(1):31-5,1993),

et at, Biochem Ph
- anal ogues (FR 2683
hydr oxypl enyl ) et hy
Med. Chem 35(23):
t et hered dansyl 15
114(21):8292-3, 199
Met . Contalnlng Po

10

29(36):8461-6, 1990; Kikkawa et al., J./ :
Res. 12(4):233-40, 1993; Murray et at, Biochem stry

992; Taka%ashi et atZ:Cancer Cherot her. 10 Phar macol

ci s- anft-n 1 ohe¥ Anlne di chl oropl atf nun(11) (Yoshida
arnacol /gg,QPt1994) gem di phosphonate cisplatin
529), x(rre 0- I s( \GYdIChI or o- 4-

| enedi am 4e) dlchloraplatlnun(ll) (Bednarski et at, J.
4479- 85, 1992), C|splat|n anal ogues containing a

group (Hartw g et a% . Am Chem Soc.

2), p&atlnqull) yanlngs (Sianan et at, Inorg.

| ym Mir/'(Woﬁ\ ~

Exemplary platinum compounds are Cisplatin, Carboplatin

Oxalipiatin, and Miboplatin having the structures:
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- Chem Soc. Int Synp.), 335-61, 1990), cis- )
~(3H) di chl | enedi am ne) platinunm(ll) (Eastman, Anal. Bioch 2/2007
197(2): 31%@63§@%§91) , trans-di anmi nedi chl oropl ati nun(I1) Péerd‘JS"%'AQ /
cis-(Pt(NH3)2(N3-cytosine)Cl) 20 (Belton & Lippard, Biophys. Chem
35(2-3):179-88, 1990), 3H-cis-1,2- -diam nocycl ohexanedi chl oropl atinunm(ll)
and 3H-cis-1, 2-di am nocycl ohexane- nmal onatoplatinum (Il1) (Gswald et at, '
Res. Commun. Chem Pathol. Pharnmacot 64(1):41-58, 1989),

di am nocar boxyl at opl ati num ( EPA 296321), trams-(D, 1)-1, 2-

. di am nocycl ohexane carrier |igapd-beari l\étti num anal ogues (Wrick &
Chaney, 25 J. Labell ed Conpd: L@pharm 256"4),g3349-57, 1988),
am noal kyl am noant hr aqui none- defi ved ci Pn anal ogues (Kitov et at, Eur.
. J. Med. Chem 23(4):381-3, 1988), spi | gtin, carboplatin, iproplatin and

JMA0 pl ati num anal ogues (Schroyen et at, Bur. J. Cancer Cdin. Oncol.
24(8):1309-12, 1988), bident at&*erti ar§*W%ni ne- contai ni ng ci spl ati num
derivatives (Obelf et at, 30 WO 03/099346 23/02/2007 PCTIUS03/16719
Inor9- Chim Acta 152(2):125-34, 1988 ), platinumIl), platinum V) (Liu &
Wang, Shandong Yi ke Daxug Xuebao 24(1):35-41, 1886), cis-diamm ne(1, 1-

. cycl obut anedi car boxyl at o- )Nl gt i pu ) (carb oat‘jfn, JMB) and
et hyl-enedi ammi ne- mal onat gpl at ¥ niM ( (Begg) at al, Radi ot her.
Onco/. 9(2):157-65, 1987)), 5,5‘1&/8\\“/9 Spl af iy | ogues (Harstrick at
at, /nt. J. Androl. 10(1) 7 T89-45, ~1987), g /
J. Chem Soc., Chem

(NPr4) 2( (Pt CL4) . ci s- (Pt CP2- (NsRMR) 2)) (Br amf%rbopéf ’
. Cgmun. 6:443-5, 1987), aliphatic tricarboxylic acid platinum conpl exes

Y(EPA 185225), and Cgﬁ'ﬁgl chl or otl‘(ﬂ?m n&raci d)(tert-buty] am ?;%) platinum(li)
conpl exes (Pasi ni FSRETTPUVE Rgy ouRdsinglyde A CPASAEROLYMES) |
- These conpadi(DACHPFDOLYIREMatP(CHd el b Walel %%5 i,28. 4z8CtI Ng
as al kylating agents of IIS‘)ﬂIA eHrP( C‘%Q/%%%ﬁ)%%bkﬁ@’ %L%ésisﬁ{’gt ed
above, 3t h?¥PettsPtayehT 41-BasethybBaxhiy, 24 triazyiopes-almyrimiiriess (NBvaryar i ety
of manneréf agdﬁ{ﬁewi rr?_é 3% onal igy conprise a carrier. In this regard,
a wide vati¥ry- MedcLPPILA Zyé3% 19980 dBrt(sts- bt PRCHYSaRger i ¢ or non
CI)(CBDCA)] « %2MeOH cisplatin (Shamsuddin ef af, Inorg. Chem. 36(25):5969-
9971, 1997), 4-pyridoxate diammine hydroxy platinum (Tokunaga et al., Pharm.
Sci. 3(7).353-356, 1997), Pt(l1} « - - Pt(ll) (Pto]NHCHN(C(CH,)(CHs))l4) (Navarro et
10 al, Inorg. Ch_em. 35(26).7829-7835, 1996), 254-S cisplatin analogue (Koga et al.,
Neurol. Res. 18(3).244-247, 1996), o-phenylenediamine ligand bearing cisplatin
analogues (Koeckerbauer & Bednarski, J. Inorg. Biochem. 62(4):281-298, 1996.),
) ' trans, cis-[Pt{OAc),lx(en)} (Kratochwil et al., J. Med. Chem. 39(13):2499-2507,
' 1996), estrogenic 1,2-diarylethylenediamine ligand (with sulfur-containing amino
15 acids and glutathione) bearing cisplatin analogues (Bednarski, JJ. fnorg. Biochem.
62(1):75, 19986), cis-1,4-diaminocyclohexane cisplatin analogues (Shamsuddin et
al., J. Inorg. Biochem. 61(4):291-301, 1996), 5' orientational isomer of cis-
[P{NH3)(4-amino TEMP-O){d(GpG)}] (Dunham & Lippard, J. Am. Chem. Soc.
117(43):10702-12, 1995), chelating diamine-bearing cisplatin analogues
20 (Koeckerbauer & Bednarski, JJ. Pharm. Sci. 84(7).819-23, 1995), 1,2-

diarylethyleneamine ligand-bearing cisplatin analogues (Otto et al., J. Cancer Res.
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5§C§nt rol | ed Rel easé 4:15

15 polyneric origin. The polyners and non-pol yner based carriers and

formul ati @RS,/ gh are discussed in nore detail below are rowﬁ%%? ygbm7
by way of exanp not by way of linitation. Wthin one of the

i nvention a w de varlety of polymers can be utilized to contain and/or
deliver one or nore of the agents discussed 20 above, including for exanple
bot h bi odegradabl e and non- bi odegradabl e conpositions. Representative
exanpl es of bi odegradabl e conpositions include albumn, collagen, gelatin,
chi t osan, (ﬂza uroni c acid, starch, cellul ose and derivatives ther eof

(e.g., @cpﬁﬁ@g@)CHya,r@@@r@l;yylgr@epqhgmy@platmum(ll)complexes (Pasini

hydr oxypr e I 0X%) I uI os acetate
p%t hal Zl!toe%qég (F o‘é\le)yag% at (e%%sfi)isc ﬁgg ﬁ@ddr)b@)%?%ﬁ %Wehl ose
pht hal at eXYarg gt akties J. OpReEIss): smxsmznmg oéuy@aa;ﬁiﬂ.emcﬂﬁﬁop;tatMmggm
pol y(L- Iactlde poly(D, L | actide) actide-co-glycolid

pol y( D, L- ta@Npmeues cii- ydmcdm)utarmu;q gowaiq(aa -2-meiblyl 8 i met hyl ene

e o3 bR BN Pl s PR B R B ) s

pol y(or t hgaab®aKs ). :mgygﬁbﬁém 26@942$¢r67d r1@BEVﬁlaﬁ et @) aChAder ﬂ?&é ydi oxanone,
poly(malic acid) gtartronlc acid), ' pol yanhydrides, polyphosphazenes,

FOleg( arenn26356|)§§|§3|5 Q:dﬁ Byldenggrﬁfgm@retqiowesn:amzmaﬁ)?aeqie stmr??r g?): gger s
s i u , Davi ds s i

Dr ug %el i @4‘\7%’ %h?gﬁﬁ'g?gl -aNges esAf’é@ié?)‘:"‘go @gﬁ fiAYFt akel ease

17: 1- 22, 9%11%1?&5!31(’4‘7%118]12 Wafsagﬁ?raﬂc;ma&%t al%@ncé?‘%h@rpﬂrhﬁ aL, J.

Representative exa

ndedP adBbemnaasysn 314 HOE8), pusl mmmwmmmumwszommtmmcllwA )

o) T e A i AR S anf RS 10

POl ymet Yéighkfia ahlogl.s g:(agi_sg_abbgbg SGALsHRo B aicRRAL 1| oS,

pol ypropl ene, pol ya urethane (e.g., poly(ester
ur et hanesr)ydrpxygm@lmnylmmimm)djchnmbp(aemuﬁml y(mﬁ)narsm@k wl carmgeaat e

SRt U R CAT R IR PR AR AN 0 T

[e:9.-15 group (Hartwig et al., J. Am. Chem. Soc. 114(21):8292-3, 1992), platinum(l})
polyamines (Siegmann et al., Inorg. Met.-Containing Polym. Mater., (Proc. Am.
Chem. Soc. Int. Symp.), 335-61, 1990), cis-
(3H)dichloro(ethylenediamine)platinum(il) (Eastman, Anal. Biochem. 197(2):31 1-
15, 1891), trans-diamminedichloroplatinum(ll) and cis-(P{NH3)2(N3-cytosine)Cl)

;) 20 (Bellon & Lippard, Biophys. Chem. 35(2-3):179-88, 1990), 3H-cis-1,2-

-diaminocyclohexanedichioroplatinum(ll) and 3H-cis-1,2-diaminocyclohexane-
malonatoplatinum (It) (Oswald et al., Res. Commun. Chem. Pathol. Pharmacol.
64(1):41-58, 1989), diaminocarboxylatoplatinum (EPA 296321), trans-(D,1)-1,2-
diaminocyclohexane carrier ligand-bearing platinum analogues (Wyrick & Chaney,

25 J. Labelled Compd. Radiopharm. 25(4):349-57, 1988),

'aminoalkylami.noanthraquinone-derived cisplatin analogues (Kitov et al., Eur. J.
Med. Chem. 23(4):381-3, 1988), spiroplatin, carbOpIétin, iproplatin and JM40
platinum analogues (Schroyen et al., Eur. J. Cancer Clin. Oncol. 24(8):1309-12,
1988), bidentate té.rtiary diamine-containing cisplatinum derivatives (Orbell et al.,
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- 15 pol yvinyl pyrrolidone, poly(vinyl alcohol), poly(vinyl acetate

' phthalatekb Pm mers may al so be devel oped which are either anp@pig2/2007
(e.qg., alglﬂé?@ ﬂbrrageenln car boxynet hyl cel |l ul ose andP@EHUSEASTA | C
acid), or cationic (e.g., chitosan, poly-L- lysine, polyethylenimnmne, and
poly (allyl amne)) (see generally, Dunn et alL, J. Applied Polyner Sci.

50: 353- 365, 1993; Cascone et alL, J. Materials Sci.: Mterials 20 in
Medi ci ne 5:770-774, 1994; Shiraishi et al., Biol. Pharm Bul

16(11):1164- 1168, 1993; Thacharodi and Rao, Intl J. Pharm 120 115- 118,

1 1995; M yd796G- Cdtimeficta 15%(2):125-39nte88), nlaanmﬁ(zl)zmunwaaw (LiB®& Wangl ar | y

Pol yur et haner e i Bolh 3Behns et S dropainasndy -
pol yanhydroydmmamnmbmwt@f)plaf%zyr{h}@gg&&’b%sfagﬂe%w a ?hw @ﬁg@,ﬁ%eam d)

wi th a pol yet hyl ene gl yco bl'ends

r epr esent &¢@ OQG@BIE'}'HWI{;”)l (dM4GdI éB@% bbavy IR:md.-szby r@mcml (AP $2es; 30eR),

pol yacrgy| I bonates | yest ers, ol yeth Ienes

pol yvi r%l gﬂI yr a(Il J% tI'I %n?égguep'gﬁ-sl% '§§ ?664 tirk ARgfels 1 0{) I/ %/.des

ol yst yr er@87), pNPysg S 03/099346

PCTNS03QL 1 21 'Izpé‘%“'?‘m? NG ER 2  Pbieaiing B8 %ﬁe

t her mal - s é‘ﬂerm %Wﬁeﬁé~43f& 6987) |ahphdiﬂicetraamdxyﬁ:cand ﬁtﬁidlﬁﬁf:dhﬂpl‘e%@' yners,
styrene acrylic copol yners, vinyl

oy L oe A 158228 Snd R IR I i Ao AR e ey RO} SomPIReSS
epoxy, Me{RESNIE BEIBREEIG, €Fph Dola NDPNLS 60 RS Sy and & copglymer s

fhereof, water-insoluble ul os yners

‘adet afl@ parspthenghtde furaitionl byssndingtta DINA G, Iadtmg%saélﬁﬁlafn@gg BHEMEBFDNA,
cellulose nitrate; cellulose acetate phthalate, and m xtures thereof),

pol yvi nyl pyrrolidone, polyethylene glycols, polyethylene oxide, polyvinyl

al cohol , 1hol yeCOMPOSITIONSANBORARAATIPHEORN | 1 ¢ POl yur et hane,
polyhydroxyacrylate ext ran, xan dr oxypropyl cellul ose, nethyl
cel i ul ose, and homﬁmhqtaeeﬁoe@dhemuﬁa@@&n@fdeéﬂnﬁé@Y\Ieléaﬁﬁ Ry gone,
N-vi nyl I }?yt\éé%pebmyrm actam N-vinyl caprolactam ot’her vinyl

I

conpoun d Heqfda@ﬂn%dqﬁsthugm% additienadly wetripgise d carderthdni ng
oot I“a‘%;éﬁéfﬁ;%’ P FESe Bt AR Fse
hydr obdy etpafymered d)ngjlmS'Ehe polymers and non-polymer based carriers and formulations
which are discussed in more detail below are provided merely by way of example,
not by way of limitation.
Within one embodiment of the invention a wide variety of polymers
) can be utilized to contain and/or deliver one or more of the agents discussed
20 above, including for example both biodegradable and non-biodegradable
compositions. Representative examples of biodegradable compositions include
albumin, collagen, gelatin, chitosan, hyaluronic acid, starch, celiuiose and
derivatives thereof (e.g., methylcellulose, hydroxypropylcellulose,
hydroxypropylmethyicellulose, carboxymethylcellulose, cellulose acetate phthatate,
25 celiuiose acetate succinate, hydroxypropylme_thylcellulose phthalate), alginates,
~ casein, dextrans, polysaccharides, fibrinogen, poly(L-lactide), poly(D,L lactide),
poly(L-Iactide-co-giycolide), pely(D,L-lactide-co-glycolide), poly(glycoiide),
poly{trimethylene carbonate), poly(hydroxyvalerate), poly(hydroxybutyrate), . -
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15 cellulose nitrate, cellulose acetate, cellul ose acetate butyrate,

cellul ose acetate propionate, polyurethane, polyacrylate, naturaB/@&x/ 2007
synt het i cCW&Q B9¥ers, rubber, acetal, nylon, polyester, SEGFEHNS/16719

pol ybut adi ene, acryllc resin, pol yvi nyli dene chloride, polycarbonate,
honopol ymers and copol yners of vinyl conpounds, polyvinylchloride,

pol yvinyl chl ori de acetate. 20 Representative exanples of patents relating
to polynmers and their preparation include PCT Publication Nos. W72827,

98/ 12243, 98/19713, 98/41154, 99/07417, 00/33764, 00/21842, 00/09190,

00/ 09088, mv(oan@mctorﬁ)ﬁm!mabdné‘@@%&WOﬂbrses&sH) @@lyéa@rs"
correspondlﬁﬂ iﬁﬂgllcatlons Pat ent. Nos. 4,500, 676,

4,582, 865,P éé‘é"’é g 338) @?M'qxamemeiy(mehmaqgs pRiv(tarropicaacid)s,

5. 266, 563" A080AeS, eatvbpBscdrents; b inodicil): ShbivmergSPedt
5, 997, 517,pobyroers, aﬂaaleﬁds)aﬂswwpolﬁmamg Qger@réﬂ}gllw LODHMsA 8. (eds.)

6,110, 483, 6, 121, 027, 6.156, 345, 6,179, 817, 6,197,051, 6, 214 901,
6, 335, 029, PBIVERIS gzont fWﬂdcﬁ%msaBeh\tﬁde\ﬁm@nsé@le138? Ansbadpof. Earrdiied

o ence i 123 o B e e S PR e PSP, o e

char act er iGirifrofled Réleeise\d: 1 $6-0n80, 1986 )d FedgreseMaMREE A@PIcsFr exanpl e,
pol ymers can be fashioned to rel ease a t herapeuti c agent upon exposure to

a speci fi gopdegigdabippohumenstingude P@M@'IHY(GSBG;O-'eInglacaﬁlel)éTE\é%")at

CS?E“. e PRpOIEREC SR Fbnete oyl PobSLY (; PoBRisoriraith * 1985, pp.

5 186 e thetiylad |03a01&\,|0;£3 gﬁ?\?d%}! %Wm@ﬂiacnﬁﬁeé”ﬁbhﬁ%@ﬂ%ﬂ@ﬂ%c?%@g

|
. Controlled e ease 1 78,” 1992; Don
Cont roI | eBolRaikgieyenoerlate), xslyethglebe, folypeipiens, pblyaGoides gelgechyRen 683

28:143- 1 t trolled Rel
33. 223- 223&%%%?3%(:0%{1&’&'&%@ Ufﬁhﬁé}}‘?ﬁ) F@é‘éﬁg%[fiw @Bﬁg)a%ﬁestﬁgysea)sﬂ res

t al., B bt 0%%} and
'(Ia'errper at uﬂ?@é‘- nS| t |t %g’%g’}“éﬂfy" 2?%3\%%” E@Q@Menégp Qg%ﬁ?@éjgﬂp)f‘ows atile
Drug Del i 9xidg), P&ureareaaudmy(tmmetﬁgme@gﬁﬁ)@IahﬂOJWItpdwlbrs?[blg tgart, 1993,
pp. 41=55; Dael ker Derivatives, in Pepe)as and Langer

(eds. 5 Eﬁ’cﬂ}?ﬂ X}ngglrdgnesaqiy&w _a{mhoé)gpoly(vmyl acetate phthalate)]. Polymers

~may also be developed which are either anionic (e.g., alginate, carrageenin,
carboxymethyl cellulose and poly(acrylic acid), or cationic (e.g., chitosan, poly-L-
lysine, polyethylenimine, and poly (allyl amine)) (see generally, Dunn et al., J.
Applied Polymer Sci. 50:353-365, 1993; Cascone et al., J. Materials Sci.: Materials

7y 20 inMedicine 5:770-774, 1994; Shiraishi et al., Biol. Pharm. Bull. 16(11):1164-1168,

1993; Thacharodi and Rao, IntY J. Pharm. 120:115-118, 1995: Miyazaki et al., int!
J. Pharm. 118:257-263, 1995). Particularly preferred polymeric carriers include

- poly(ethyiene-co-vinyl acetate), polyurethane, acid, poly(caprolactone),
poly(valerolactone), polyanhydrides, copolymers of poly(caprolactone) or

25 poly(lactic af:id) with a polyethylene glycol (e.g., MePEG), and blends thereof.
Other rep_resentative polymers include carboxytic polymers,

._polyacetates; polyacrylamides, polycarbonates, polyethers, polyesters,
polyethylenes, polyvinylbutyrals, polysilanes, polyureas, polyurethanes,

| polyoxides, polystyrenes, pol_ysulﬁdes, polysulfones, polysuifonides,
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15 Berlin). Representative exanples of pH sensitive polyners include
poly(acrylic _acid)-based polyners and derivatives (including, f

honopol ynerg? §@%"2as pol y(am nocar boxylic acid), poIy(acrvcp@ﬂﬁ%gggﬁangbgq
pol y(nmet hyl acrylic acid), copolynmers of such honopol yners, and copol yners
of poly(acrylic acid) and acryl nononers such as those di scussed above). .

O her pH sensitive polyners 20 include pol ysaccharides such as

car boxynet hyl cellul ose, hydroxypropyl nmethyl cel | ul ose pht hal at e,

hydr oxypropyl - met hyl cel | ul ose acetate succinate, cellulose acetate
trimellil apelyvipyihal paﬂdiiwr@isnmtﬁmrs Ybérmusremttingpolgmess, tdross-lpidapieer s

“include an xture ensitive olyne and a ter soluble polyner
25 Li kewi séc ”15 %%{Y.'F‘):d@!ﬂ&sm &H@dg%?ew ’%?E’dt%?ﬁ RSy @W%%CEWFQ/e

(see, e.g. copﬂ}ﬁﬁe@t vitlyh acR oyt %acrlglq lyrRersS W‘? %@3%

Pluronic Gafted to a Bi oadhesi ve P I c ACi g| nal
Drug Del |6;<mtwmeﬂsnemmemdhminlet ether a‘aynp reﬁomt;rhdnohtRﬁblyn&rgaaﬁd Mat er .
22:167- ntr hl ed. Rel ease S%g }2{4‘ I nc., 1995; Okano, "Mbl ecul ar
Desi gn ; ‘§H dnexsel. ovatennsab gbllosesteppalymesiinevdiogrelyesei ve

d |
E'%L.Og‘éoﬁtér‘%??‘@é PO RssoRhAqia S, Baidfosd Stetate M EIC st R, o,
Inc., 199Biulpshrsetate phthalate Rivad mixtRes the(edX), $oBvihyfyribli@ase, Tung, Intl J.

.Pharm 107: 8% q @4; Har sh and Gehrke, J. Controll ed Rel ease
17: 175- 18dOhRiB engg CB'SeIPOia@thylﬂwmvd@wlmad)aimmmhfetnejga Di nar vand

and D Em'ﬁbﬁ@ccﬂanog%”ﬁﬁdjn%ﬁﬂc Hﬁﬁﬁ&ﬁ@%%&%ﬁ@%&ﬁ% &R St 98"

:g;bﬁlovel Ther no-sensitive

soplﬂ)pwydmwbmpyﬂeeimsﬁodtdmylaﬂlulo@éeaﬁd)hﬂrdﬁp@ e@é@@hﬁ'@ @ener%?w k
- Synt hesi s Ey};& cochem cal Characterization, em cal &

Bi ol ogi cal @' 1 Neyipilagtam) Ns\tmyhhtéyr@facmeﬁiws&cae@mm9ther

Beaverton ol s of
Associ ative tar %’%&’ﬁa&@&ﬁgﬁ@?%@& CEP?'Y‘H ""_%éﬁ %

Cheni st ry hy@aiph ees@é FSPETRRERY & '

New York, éyrgcﬁige SRS 82298253’%&'@?"@5 gg%hﬁ?%%@?ﬁ‘z#ggg%re

Si zes and thereet celiyiose esters and ethers, ethyl cellulose, hydroxyethyi cellulose,
15 cellulose nitrate, celluiose acetate, cellulose acetate butyrat_e, cellulose acetate

propionate, polyurethane, polyacrylate, natural and synthetic elastomers, rubber,
acetal, nylon, polyester, styrene polybutadiene, acrylic resin, polyvinylidene
chloride, polycarbonate, homopolymers and copolymers of vinyl compounds,
polyvinylchloride, polyvinyichloride acetate.

<
o

j 20 Representative examples of patents relating to polymers and their
preparation include PCT Publication Nos. WO72827, 98/12243, 98/19713,
98/41154, 99/07417, 00/33764, 00/21842, 00/09190, 00/09088, 00/09087,
2001/17575 and 2001/15526 (as well as their corresponding U.S. applications),
and U.S. Patent Nos. 4,500,676, 4,582,865, 4,629,623, 4,636,524, 4,713,448,

25 4,795,741, 4,913,743, 5,069,899, 5,099,013, 5,128,326, 5,143,724, 5,153,174,
5,246,698, 5,266,563, 5,399,351, 5,525,348, 5,800,412, 5,837,228, 5,942,555,
5,997,517, 6,007,833, 6,071,447, 6,090,995, 6,099,563, 6,106,473, 6,110,483,
6,121,027, 6,156,345, 6,179,817, 6,197,051, 6,214,901, 6,335,029, 6,344,035,

- which, as noted above, are all incorporated by reference in their entirety.
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Stinuli-Responsive Hydrogels," Center for Bioengi neeri ng, Univ. of

Washi ngton, 15 Seattle, WA, p. 828; Yu and Grainger, "Thernp-sensitige/2007
Swel | ing BOPRPPHC6i n  Crosslinked N-isopropyl acryl anmi de NeR&GEKE 371604t i oni c,
Ani oni ¢ and Anphol ytic Hydrogels," Dept. of Chem cal & Biological Sci.,
Oregon Graduate Institute of Science & Technol ogy, Beaverton, OR, pp.
829-830; Kimet at, Pharm_ Res. 9(3):283-290, 1992; Bae et alL, Pharm Res.
8(5):624-628, 1991; Kono et at, J.- 20 Controll ed Rel ease 30: 69-75, 1994,
Yoshida et al., J. Controlled Rel ease 32:97-102, 1994; kano et at, J.
Control |l ed Rel ease Eﬁnim&sﬂ_@ bé &hiorigtlim andﬁdet’ymf fdrms, Gaoiht dedireddelkalsease

38: 39-47, D Emanugel e an arva,nd I ntl . Pharm 118 237-242,
1995; Kat f%féte%\%t'CSﬁn ﬂbﬁpﬁ‘a Qﬁ@a%%pww obgy, exggople. PRy FRER can

25 W o1 1 o e SAloRERS "a"‘g?é’ G3hFrpRtte L ARRPLRSLAR 1 aRRELHE WHRRGIRE.
Publ i sher vBnt/sych dsrpHe(sdang. glgﬂkalerrep al. '&hekbically-BbffRaguidtégDrugat i ons of

Ther mal yé&l\vers bI e Polymers and Hydrogels in Therapeutlcs and
Di-agno WeNSYHEMS I'Htpé?lHH?f%'ﬁafY’Ed’gﬁﬁstElﬁﬁVtﬁﬁm uRlishaeeB.M.n Dr ug

Del i very kg

GQut owska Za%fﬁ%}tg%jnsa :I%r 5%1% easg eg%li’g.%%%%% %@2}}' 5?952?/88%328%? WO
03/ 099346 18G3{ D6AG ki 61 L9 Contaslicd Revdaseholker1-978, Quglr Dlohg&nddiemasnld: 1- 12,
1992; Paavol a et aL, Pharm Res. 1997- 2002, 1995). Representative

exanpl es "?’Iﬁ’él?ﬁmqfi%@ poiPder §99§1df'mj€f ah ohéitnpiied Redease 28143-

_f’§l V(N ot RO BB BERS AT CoRBalR RBleasB BT ER B ey
pal y( Mo supéomémr%ﬁ ):15RaL 054M, 19931 Sdrfed acan IFvansieRes. 13(2):19-
poI (N-‘cycl opropyl acryi am de), " pol y( N

pol Y(N-1I 505 | met hacryl am de) g/
et hyl net h¥ é.r{j@/%\P@@pas Euydwmtaig/o PH-cand Terapetaiweddansitys! Deliery

cycl oprop acrylam d | a &%} %ﬁ:over
t her mogel #&%%"%0 b (T'L' gh@?ﬂ%ﬁ%ﬁ%%@ﬂ%ﬂ @Bé‘?@q{w BEAiEN ot ween
(anong) nvana@gg%seﬁscntamnﬂhos@u &, % 9@%%@9 D%’éﬁ('&r h@@naaéémer S.wWth
ot her water sol uble polyners such as acryl nonomers (‘e.g., acrylic acid and
deri vat i vBerivatimessf1993cim Beppas and Langer (eds) Btopolymersl Springer-Verlag,
15 Berlin). Representative examples of pH-sensitive polymers include poly(acrylic

acid)-based polymers and derivatives (including, for example, homopolymers such

as poly(aminocarboxylic acid), poly(acrylic acid), poly(methyl acrylic acid),

copolymers of such homopolymers, and copolymers of poly(acrylic acid) and

acrylmonomers such as those discussed above). Other pH sensitive polymers

he s

\D 20 include polysaccharides such as carboxymethyl cellulose,
hydroxypropyimethylcellulose phthalate, hydroxypropyl-methylcellulose acetate
succinate, cellulose acetate trimellilate, chitosan and alginates. Yet other pH
sensitive polymers include any mixture of a pH sensitive polymer and a water
spluble polymer.

25 Likewise, polymers can be fashioned which are temperature
sensitive (seg, e.g., Chen et al., "“Novel Hydrogels of a Temperature-Sensitive
Pluronic Grafted to a Bioadhesive Polyacrylic Acid Backbone for Vaginal Drug
Delivery," in Proceed. Intemn. Symp. Control. Rel. Bioact. Mater. 22:167-168,

Controlled Release Society, Inc., 1995; Okano, "Molecular Design of Stimuli-

34



met hyl acrylic acid, acrylate and derivatives thereof such as but yl

nmet hacryl %603/0@916“ am de, and N-n-butyl acrylamde). 15 Qher 23/02/2007
representative exanples of thernogelling cellul ose ether RBEFI§BIVEs such

as h drox ro | cellulose, nethyl cellulose, h drox roPYImY YP PY Y YP
ethyl cellul ose, ethyl hydroxyethyl cellulose, and Pluronics, such as
F-127. A wde variety of forns may be fashioned by the polynmers of the

present invention, including for exanple, rod-shaped devices, pellets,
mcelles, filnms, nolds, sutures, threads, gels,

| abs, 9 ticyl at
ir 2afns oi %kgﬁ‘g?a{{%‘lfec'gﬁﬁ?@fggfscfpf teipeenab Sonirelied ®ryg Detiwerstdlih Pevcec]. Iftern J.

Hosp. Phar8ymA3CbA%4r ﬂ?@@%ioa&.g%%enL%gﬁ~&i?%,a(?{)%? I él?aglp% dﬁ{@%ﬁﬁ@gtgﬁi al s

macr onol ecul es from pol ynmers™,

~and Phar mat¥% ohnsfon et aBj Bharh. Rds. J(S)29°088 beyap: Tﬁng’gﬁ,ﬁ\@ im A (eds.)
L, J :

Academ ¢ th./s@% Bp %‘&3{ 137, 1980; 25 Rhine et alL, J. arm ScCi.
69: 265- 270, 1%58Y B ¥lutiarsh and Gehrkeyaf orgrilied Releas817:1785,8619881: Bag Bava
et aL, 5. &gt I | 259 267, 1985) . ts may be incorporated
by di ssol (L’%J ohp%in?ﬂg&goﬁ?@?r%f%gc %S'i’ Q{“?Waﬁ“ﬂé"éﬁﬁgm%ﬁ%# Cretrpied ner
bound by @ ENJOREM22F e 399D 1Y LATR BT HINGEE UNI Wotatele il es V.t hi.n
certain pr fiezé‘ﬁdggnbodi nments of the ingeﬁt P(t)}g?i ~!:ﬂherap%élﬁi&lﬂh"%ﬁn%ﬂrpB%’F099346
23/ 02/ 20077 BCTIUSPRBPYRCEdAMIE-¢0-sndiuar actylaieicdatN-alkylaorytanikiel ar

formul ati fRswodUSYhtRSsi i . crospheres (ranging. from nanoneters to

m cr onet eé s li?\ si ze@? Sl;g)gg{jgg%gkcﬂ%%?ag&%aﬁﬁé?@'%ﬁf gb@ti ofishemical &f i | s
and spr ayBiolayibalrSaiothe SradiA8 | lid [ar deliver

A 1;(3 51 ag&rﬁs prgvi ded %Ug?eirn [ n.clrﬁ%@%ﬁfa%ﬁléﬂﬁgggeggﬂé@giqa%régﬁgtof'e. g.,
‘based '9n A PRBAL-8R1; Bhowand §nud, hysimal HydgpgelPETASstiatvatdigp Nos. WO
98/ 30205 n an i ones (s U.S. Patent Nos. 5,534,499,
5, 683, 715?%%, %,H‘J'@%ﬁf%?&&@%ﬁ?@z??&‘?M@%S@,Hege@60, 598, and PCT
Publ i cat i Bnvilgsnen) SQ8LG4ERT FolRt9 95604 Sfiv. WPNLY p&ﬁ?gyra\{:\gsg,owspngfl’ Vo

99/ 35162, WO
822-823; Hoffman et al., "Characterizing Pore Sizes and Water 'Structure’ in

Stimuli-Responsive Hydrogels," Center for Bioengineering, Univ. of Washington,
15 Seattle, WA, p. 828: Yu and Grainger, "Thermo-sensitive Swelling Behavior in
Crosslinked N-isopropylacrylamide Networks: Cationic, Anionic and Ampholytic
Hydrogels,” Dept. of Chemical & Biological Sci., Oregon Graduate Institute of
Science & Technology, Beaverion, OR, pp. 829-830; Kim et al., Pharm. Res.
9(3):283-290, 1992; Bae et al., Pharm. Res. 8(5):624-628, 1991; Kono et al., J
:) 20 Controlled Release 30:69-75, 1994 Yoshida ef al, J. Controlled Release 32:97-102,
(= - 1994; Okano et al., J. Controffed Release 36:125-133, 1995; Chun and. Kim, J.
Controlled Release 38:39-47, 1996; D'Emanuele and Dinarvand, Int! J. Pharm,
118:237-242, 1995; Katono et al., J. Controlled Release 16:215-228, 1991; Hoffman,
"Thermally Reversible Hydrogels Containing Biologically Active Species,” in
| 25 Migtiaresi et al. {(eds.), Polymers in Medicine {ll, Elsevier Science Publishers BV,
Amsterdam, 1988, pp. 161-167: Hoffman, "Applications of Thermally Reversibie
Polymers and Hydrogels in Therapeutics and Diagnostics," in Third Intemnational
Symposium on Recent Advances in Drug Delivery Systems, Salt Lake City, UT, Feb.
24-27, 198_7,. pp. 297-305; Gutowska et él., J. Controlled Release 22:95-104, 1992;
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10 00/117508, WO 00/125223, WO 00/ 149, 268, WO 00/ 1565438, and WO

00/ 158455 Preferably, therapeutic conpositions of the present pRBVENRYIMOT
are fashOHB#936a manner appropriate to the intended usePCRAUSHIGTIer t ai n
aspects of the present invention, the therapeutic conposition should be

bi oconpati bl e, and 15 rel ease one or nore agents over a period of several
days to nonths. Further, therapeutic conpositions of the present invention
shoul d preferably be stable for several nonths and capabl e of being
produced, and nmintai ned under sterile conditions. Wthin certain aspects
of the pr3alasisiandeBehitia, JtCmtafed Reteast080M0 0020 saveRy o4, fRRioned in

any sizer om 50 nmto 500 m dependi ng upon the partlcul ar use.
Al ternati \/%‘Fg %Ubﬁ 't 98ak may al so be readil y applied as a "spray"

whi ch lidif t df
i l:(r:os;(r)\elr els Iofe SaI \r/]\n e&gfr;‘%'lét%o e)%ﬁﬂéle%%f %“?‘E‘?%egﬁ IV’BQéTﬁS‘FléP efefg;neo 1r (r)nm
to 9m fr droni@pgipmices wmamym aetipl- mrt-prow&dma%e?%@mﬁt' c

conp05| ions of the present invention may al'So be prepared in a variety of

"past e’ rpfe@waf:*a/#am'demohéwanpthw Npisearapylavsylemids)i pelwtN-of  t he i nventi on,

th t | d t
(oo ot oA 8iad) BoRIIa b nYaL S e, ol o e P ambioner
t t (- oﬁﬁbi] R& | th
e e T %3?‘3‘3‘3‘?3%’9 o R R e
pol yner s, efndmethyapndamisded. polazmelingl dhretindadrylguiide)apolg{N-ow t enper at ur e

_;iga& i y4%&&8§‘°3’gﬂﬁ%ﬁ?§% PERL P8 PoPibr SouBRatam e M RRe oS dhegranings pect s |
of t hgoi npeRmMers mé)hﬁeh%eﬁlﬁﬁﬁﬁebﬁnﬁg%ﬁeﬁﬁﬁérb%ﬁwé’én J?ﬁor@)%ﬁ%me&vgpt 'on

may be formed as a film Preferably, suc I'ms are y lI'ess than 5,

4, 3, 2 othelabane, lor by, conﬂmmngrsetlehamqulmerstwmmr@r%tmaiu&bl@ polymedshi ck,
Such films are preferably flexible

W th s goStl BRERPAMCTPRRE (F ¢.eagnIc aothan dentaives Ingeet svabpy
methylacrylic acid, acrylate and derivatives thereof such as buty! methacrylate,
acrylamide, and N-n-butyl acrylamide).

15 Other representative examples of thermogelling cellulose éther
derivatives such as hydroxypropyl cellulose, methyl cellulose, hydroxypropylmethyl
celluiose, ethyihydroxyethyl cellulose, and Pluronics, such as F-127.

A wide variety of forms may be fashioned by the polymers of the
present invention, including for example, rod-shaped devices, pellets, slabs,

20 particulates, micelles, films, molds, sutures, threads, gels, creams, ointments,

sprays or capsules (see, e.g., Goodell et al., Am. J. Hosp. Pharm. 43:1454-1461,
1986; Langer et al., “Controlled release of macromolecules from polymers”, in
Biomedical Polymers, Polymeric Materials and Pharmaceuticals for Biomedical
Use, Goldberg, EP., Nakagim, A. (eds.) Academic Press, pp. 113-137, 1980;

25 Rhine et al., J. Pharm. Sci. 69:265-270, 1980; Brown et al., J. Pharm. Sci.
72:1181-1185, 1983; and Bawa et al,, J. Controfled Release 1:259-267, 1985).
Agents may be incorpora_ted by dissolution in the polymer, occlusion in the
matrices of the polymer, bound by covalent linkages, or encapsuiated in

microcapsules. Within certain preferred embodiments of the invention, therapeutic
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'greafer than 100, and nore preferably greater than 150 or 200 N cnR), good

10 adhesn(,g R{I‘E)gg?{tles (i.e., readily adheres to noist or wet suzga@@/)zoo']
and have 'con bed pernmeability. Wthin certain enbodi meffBU3/16

i nvention, the therapeutic conpositions can also conprise addltlonal

I ngredi ents such as surfactants (e.g., Pluronics such as F-127, L-122, _
L-92, L-81, and L-61). 15 Wthin further aspects of the present invention,
polymers are provided which are adapted to contain and rel ease a

hydr ophobi ¢ conpound, the carrier containing the hydrophobic conmpound in

_ conbi nat i o?P"\"/!P@ﬁt'%{‘Sc%fﬁlmhyldedmenon«plaptsellanfanmulmioy\pemcrdgs ddhtihgs certain

enbodi ment g, éé}?ne?& neric.carrier contains or conprises regions, pockets
K

or granul es SeCoiaiging e NBRRBISIErs 3o MiRARieREID Sks). E&%ﬁ?pltbl‘eadﬁnhl n

. one enbodi siesadf vaheud g\iygnmh%na d1¥ﬂ.%gghob| c conpounds may be i ncorporated
"within a matri x whi ch contains trh )

rophobi ¢ conpound, followed by

i ncor poration of th&thes mmpw:mdn whtcha:amha/nmﬂized t@@éﬁ*y%fndkﬁf delieti @by of
I.s regard, includin or exanpl e,

matric ti ed in th
car bo hf;%r aefdélig Psaﬁré #89 Ripiacide y ltagmfﬁa%j %Q@P‘éiﬁtgo@ia(a @), bssed dext r an,

et hyl cel Ivitg f
al bu% n, coﬁﬁ? g?%%ﬁayﬁ@ﬁ% %C?ﬁ%bgéﬂﬁpﬁ%gwggjﬁbg&é a”aW@ophobl C
Comounis oty Mhrodiomenms b remat maSgacons any e,

cont ai ned hilic shell
PCT/ UISOSI f%é@ %e?‘{}ggéf%elﬂ%é ﬁﬁét 6,280,998k andl € HRublidationddbs. ®VOont ai n and

del t 0- | odext

{(Coer hat i o Rl 1 SoRu60 W RORIBeb il HBing 24 B WP so i See,
e/g., 18haPht 186081 W0 @AN2E22RWO 06349 368: waons%%asssgﬁ%mgoand
_Straub| ngs@,ﬂggg%m Res. 11(60): 889- 896, 1994: 5 WD 93 1;

U S. Patent
No. 5, 242 posorre/ gel (WD 94/ 26254), nanocapsul es (Bartoli et al.,

R e T

~ Opht hal m fashione8an ameenrd4 @bbropriid fo ﬂf@%ten&%@%se\’%ﬁﬁfn &t asRUSEF Res-

the present invention, the therapeutic composition should be biocompatible, and
15  release one or more agents over a period of several days to months. Further,

therapeutic compositions of the present invention should preferably be stable for

several months and capable of being produced, and maintained under sterile

conditions.

Within certain aspects of the present invention, therapeutic

j 20 compositions may be fashioned in any size ranging from 50 nm to 500 um,

depending upqn the particular use. Alternatively, such compositions may also be
readily applied as a "spray" which solidifies into a film or coating. Such sprays
may be prepared from microspheres of a wide array of sizes, including for
example, from 0.1 pm to 9 pm, from 10 pm to 30 pm and from 30 pm to 100 pm,
25 | Therapeutic compositions of the present invention may also be
prepared in a variety of "paste” or gel forms. For example, within one embodiment of
the invention, therapeutic compositions are provided which are liquid at one
temperature (e.g., temperature greater than 37°C) and solid or semi-solid at another
‘temperature (e.g., ambient_ body temperature, or any temperature lower than 37°C).

Ld

37



- adnministration to hunans. Sinmilarly, the

54:22017-2212, 1994), nanoparticles (Violante and Lanzafanme PAACR), 10

nanoparticles - nodified (U S. Patent No. 5,145,684), nanoparticpgg02/2007

(surface WRH®PPHH) (U S. Patent No. 5,399, 363), taxol enmuPEI/EHI3E6719t | on

(U S. Patent No. 5,407,683), mcelle (surfactant) (U S. Patent No.

5,403, 858), synthetic phospholipid conpounds (U.S. Patent No. 4,534, 899),

gas borne dispersion (U S. Patent No. 5,301, 664), foam spray, gel,

| otion, cream ointment, dispersed vesicles, 15 particles or droplets

~solid- or liquid- aerosols, mcroenulsions (U S. Patent No. 5,330, 756),

pol ym;r ibc AJpeincluded moe palycthars,cauch a:c:miemln'e:)F-ﬂWSuhEhta(?éHinG-atﬁ,lé\W, 686) ,

t axoi d- ba npositio in a syrface-active agent (U.S. Patent No.

5, 438, 072)51,891;)'8{?3&5?39_‘9”&@@? 8hd 9(993@ dy tempepptaren Rech “thegnopastes” 1as7he

nanospher egadi ] ; . . Control Rel. Bioact Mater.
B05: "o rade Givon fle diclSfie prOBEdhe

22, 1995; Kwon et at, Phar -195; Kwon et al., Pharm Res.

10(7): 970-974; YokoY¥éthin et ather adpect8 ofhetinveriRin, tR2tRG9padtio 1994, Gref et
al ., S%i ence 263: 160?- 1603, 1994; Bazile et at, J. Pharm Sci.
84: 493-495°TH83Y108% @' fheireseat invexfiorrmeay ke fapmed agspfilts sPrefatablagact s

: I ded | | at teril It .g., b
reating (hioal e B mat b i P g DRrGLTEE By pralefadl tns tharos® ™
 packaged @7#5mprerskbvamithiek, ahdtnﬁdmrpr&eidb?bie%s@%% BOG . S‘dhﬁ%ﬁh@??@r'

L > / evi ces provided herein (e.g.,
coat ed caPde@ply figblewitha gped tensie strengthdieeg. edrestiér tiiainc5(, prefergilant at i on

dévi 088 cathdsiermapericwi(l &, eadihhRINreEto MBRY bF Wek §irbBes0BhakayaNd/ or

- rel ease the therapeutic agents provided herein. 5 Representative exanpl es
include ceRHio#odpenmeaabitityyvi ces (e.g., inplantable venous catheters, venous
ic.infusion lines or ports

el udi ng hepat i ¢ YLRRS ST STEREBPHEEES Inysritbe e di e aker
e et e e A
- 6, 370, 4347lUrones sushas BIRE, Hefa1i-92,41-81,andsb61)e. 0., U.S. Patent Nos.
3? 6141 § 54, 3,614, 9\?§‘mn further aspects of the present invention, polymers are
provided which are adapted to contain and release a hydrophobic compound, the
carrier containing the hydrophobic compound in combination with a carbohydrate,
protein or polypeptide. Within certain embodiments, the polymeric carrier contains
Or comprises regions, pockets or granules of one or more hydrophobic
_—D 20 compounds. For example, within one embodiment of the invention, hydrophobic
~ compounds may be incorporated within a matrix which contains the hydrophobic
- compound, followed by incorporation of the matrix within the polymeric carrier. A
variety of matrices can be utilized in this regard, inciuding for example,
carbohydrates and polysaccharides, such as starch, cellulose, dextran,
25 methylcellulose, and hyaluronic acid, proteins or polypeptides such as albumin,
collagen and gelatin. Within alternative embodiments, hydrophobic corﬁpounds
- may be contained within a hydrophobic core, and this core contained within a-
- hydrophilic shell.
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4,375,817, 5,314,430, 5,405,363, 5,607,385, 5,697,953, 5,776, 165,
6, 067, 471, 923, and 6, 152, 955)); neurol ogi c/ neurosurgi cal 28e\0 Z£2007
(e.g., vern]?i@%%lgg"rﬁ peritoneal shunts, ventricular atrial %‘%UH$‘§{16ﬁérve
stinmul ator devices, dural patches and inplants to prevent epidural
fibrosis post-|am nectony, devices for continuous 15 subarachnoid
I nfusions); gastrointestinal devices (e.g., chronic indwelling catheters,
feedi ng tubes, portosystem c shunts, shunts for ascites, peritoneal

i mpl ants for drug deljvery, peritoneal dialysis catheters, and suspensions
_or solid inplants t8NEFeVERtS Bat gy dkewisn s Wiliesd taenritaioandrmtiyerdhyi ces

(e.g., uteidamgs dé o L I ot terine deyic | UDs) . and devi ces
to prevent gendoneﬁibg?%g(r)a?lm#%r Q@@?%@EY@%F& ocf &fﬁ?%rl'%{h?&d Hpliel udi ng
- rever si bl énkvePhinm at0869-18,19923, lipobembs péad)) &l 4bShamh£ 8t 5, rbf kel al

sphi ncter hral inplants for incontinence, ureteric stents,

chronic i ?cﬁ%dllﬁf@ﬁé?’h@t%’ﬂ%’[ﬂao?%aﬁauﬁﬂ@ﬁfeﬁbaw.ﬁm. 11(80):88889601 984! i nt S
20008 s e BYR e U PRnelR8 5 2688 b iosiridendud kB cn. o5
4, 385, 631,“ammli@%QBaﬁoﬁﬁBaQZBMi&ngﬁ&iﬁg%ﬁoﬁ,7&5)@14@12-%%7,21%6% ﬁi}%@ss urinary

cat hete,rsA"s(ee, e.g: U S. Patent Nos. 19, 71 459,
4, 335, 723 A KaN-WuRSel et gl shhanm Rest 1 (2)206212an8948), Bala®22Jampelnstast het i c

5528, 03, oy UM i SHgpos TS S0eh B0 Webersuglogonemios.
47475 '972Nanopatiinies 1 modfies), 3 4Patent B625,395,684), 6Rihopadicied (6itfack16,
& 518 oo S iy s 8 B SR hibnsiis
neovascul gt ol aucori. ar oo el D Cont aup ko ars) BFURRT ure, “spi e
for fail RIMEREPIRI serpeundmldl.5. Ratent Nor 4$34|890) ngasisthe alspiisieaU Bor
‘Patent No. 5,301,664), foam, spray, gel, lotion, cream, ointment, dispersed vesicles,
15 particles or dropiets solid- or liquid- aerosols, microemulsions (U.S. Patent No.
5,330,756), polymeric shell {nano- and micro- capsule) (U.S. Patent No. 5,439,686),
taxoid-based compositions in a surface-active agent (U.S. Patent No. 5,438,072),
liquid emulsions (Tarr et al., Pharm Res. 4:62-165, 1987), nanospheres (Hagan et
al., Proc. Intern. Symp. Control Rel. Bioact. Mater. 22, 1995; Kwon et al., Pharm
Y 20 Res. 12(2):192-195; Kwon et al., Pharm Res. 10(7):970-974; Yokoyama et al., J.
Contr. Rel. 32:269-277, 1994 Gref ef al., Science 263:1600-1603, 1994; Bazile of
al., J. Pharm. Sci. 84:493-498, 1994) and implants (U.S. Patent No. 4,882,168).
The agents provided herein can also be formulated as a sterile
composition {e.g., by treating the composition with ethylene oxide or by irradiation),
25 packaged with preservatives or other suitable excipients suitable for administration
to humans. Similarly, the devices provided herein (e.g., coated catheter) may be

sterii_ized and prepared suitable for implantation into humans.
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corneal neovascularity, inplants for diabetic retinopathy, drug eluting
contact |enses for high risk conmeal transplants); otolaryngol ogy3¢devi L2007
(e.qg., os¥QH4P3440 | npl ants, Eustachi an tube splints or sREHUSIHI6¥I%| ue
ear or chronic otitis as an alternative to transtenpanic drains); plastic
surgery inplants (e.g., breast inplants or chin inplants), catheter cuffs
and orthopedic inplants (e.g., cenented orthopedic prostheses). 15 B.

Met hods of Maki ng Medical |nplants having Therapeutic Agents |nplants and
ot her surgical or medical devices nay be covered, coated, contacted, :
conbi ned, badeMEDICALIMPLANGE | at ed with, or otherwi se adapted to release
t herapeutic agents conpositions of the present invention in a variety of
manners, including for exanple: (a) by directly affixing to the inplant or
device a 20 therapeRépresastaite Medi@NBsiahton (e. 9., by either spraying the
I npl ant or device wth a polymer/drug fiIm or by dipping the inplant or
device into a pol ynek wittengarietp bfinmplants@r deyiceishen toveated twit onstAeAyiskent
nmeans) ; (b‘%ﬂﬂb coating the ir‘r})l ant or device with a substance, such as a
hydr ogel , $HISEHCIEH) tp cORtain pRdior slease ke therpaifis agents prayistad hesain or

coat o ¥ hr SSREERETT B hotes il EAIEVREHIAR debhel eI GR BRRUS' O
i npl ant orcatksterse vefol)s portd, namidiéd gehdigs Eabbaits, SirodRVhBIINirsHrIgave or

mesh which is conprised of or coated with a therapeutic conposition; (e)
const r uct iiRgjuding hepglia attedrinfusiarceathetass. tpagemeakers ped speasnekenjends or

adapting heeihar By ootk leE R B2 ar A bk AR sl 8B W T
o

ef er r ed S2nbRYR4TBIPS1 ,Qfl9}&28&,&‘9@[‘&0@5;454)&%@9&iéricPG‘,:a?bQ!_»a'#z, firmy
adhere to the inplant or device during storage and at the ti of
i nser tTilon implastabie detyéiators (sgm e g.oU.SoRpiest Nosn3614,05%, A,661,85%f er abl y not

Cenper at udes P Ir. 3 ALER S0 oh A0 e o oBR el By 5 7613 %Eifgr@?s?é@'?'?yLn
ddition. g | ; .

Dl At or e 8 Slditin Rl MRS Ve fiediar ' oF

t her apeut peritogeat shusits, hiemtrimuldreatrialds hemir aiemen sEmafatomdevices; dural patchidse

t her apeuti c ,agent , oy conposition shou] d provide uni f or redi ct abl e,
| P and |%ants o prevent epidural ;brosés po%t—?amn%ec omy, devicrgs fgr continuous

15 subarachnoid infusions); gastrointestinal devices (e.g., chronic indwelling
catheters, feeding tubes, portosystemic shunts, shunts for ascites, peritoneal
implants for drug delivery, peritoneal dialysis catheters, and suspensions or solid
implants to prevent surgical adhesions); genitourinary devices (e.g., uterine

\D | implants, including intrauterine devices (1UDs) and devices to prevent endometrial
20 hyperplasia, fallopian tubal implants, including reversible sterilization devices,
fallopian tubal stents, artificial sphincters and periurethral implants for
‘incontinence, ureteric stents, chronic indwelling catheters, bladder augmentations, ‘
| or wraps or splints for vasovasostomy, central venous catheters (see, e.g., U.S.
_ Patent Nos. 3,995,623, 4,072,146 4,096,860, 4,099,528, 4,134,402, 4,180,068,
25 4,385,631, 4,406,656, 4,568,329, 4,960,409, 5,176,661, 5,916,208), urinary
catheters (see, e.g. U.S. Patent Nos. 2,819,718, 4,227,533, 4,284 459, 4,335,723,
_ ._4,701,162, 4,571,241, 4,710,169, and 5,300,022,)); prosthetic heart valves (see,
- eg, U.S. Patent Nos. 3,656,185, 4,106,129, 4,892,540, 5,528,023, 5,772,694,
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10 prolonged rel ease of the therapeutic factor into the tissue surrounding

the inpla vice once it has been depl oyed. For vascul ar spgntgs2/2007
addi tion ?‘E)O?ﬁégga%ove properties, the conposition shoul d B¢d/UaHeMP t he

stent thronbogenic (causing blood clots to forn), or cause significant
turbul ence in blood flow (nore than the stent itself would be expected to
cause if it was uncoated). 15 Wthin certain enbodi nents of the invention,
a therapeutic agent can be deposited directly onto all or a portion of the
devi ce (se Pat ent Nos. 6,096,070 and 6, 299, 604), or adm xed

e g 9 , _U.S.
cwith a del9090.078,81&M8d7. 63681278, aBd§.37 hI8Phvasmilar drafiotsmm e @r Vit ami n

h 7. 6368128 | SOt gr Vi
(See tho maroures aPanD . pirPiRe: fdoidh 4 2 Banibsds e b tBove under

. " Conposi t i40B30,ang| 43,55&&&&;4,9@25@6,\/&,%@1Wﬁ?ﬁt@i@?@%ﬁé&ﬁ?éﬁ é,6§4,h2 ention,

t her apeutic a[gents can be attached to a nedic Usi'ng tcoval ent
at t achments!04399.5AHHBe0, 5.051, 1051 R AR BT 7t BAS2:82, 5408, 3 %% | y60Papingl y

wat er I | bl he, coppound can be dissolved in an

or gani ¢ sorsnes e o 30E SrBirAmBlaci ARES 8 Goopvitine iDRGSERandr t hi s
appl i cat i othesimipthnt®tor nesvhdculdt dHGHhAtdPR it ' f.the polymeric
devi ce surface. The nedi cal cirrplgg%]t caﬁ’ qrﬁgrﬂg@w&%ﬁ%rﬂﬁe@@ﬁe sol ution,
wi t hdr awnPEIiLASH salinte for failed dhoyocyslaichinustomynddigyeiutid) E&wtast iekseéyfort hi s
drug solu e surface of the inplant. This can be

' b . d
acconpl i s{%‘]é@gﬁgﬁﬁ"g"a%ﬁﬁg&&/ ﬁ%g'gtt??e’tbgﬁbﬁﬂc felnorgthygJrugriutingceataet dur at i on

o T WASAOTUGRRE oS VRTINS SAon 006 G B

e bddy iMniarts Rusiachibnitubensrslingd ecsiéntd for aies 88 ora$ReSE otifls hhgrapeut i ¢
N

agent canm%gggi.ssol ved in a solvent that has the ability to swe or
|

partially WE/Q trFIsternpanic drains) plasitic Aevgery implants (e.g.5b@mseimdplagtson t he

sol vent / i gRdF imBahis erelapel! | I t . could be djpped into the
drug sol ution fol? a g’erltg&g o#lﬁﬁwgﬁhﬁs?%g{%@%gt u%“&%fﬁeﬂéepf use into the
surface lagihopedic prlostheskyeri c device. Alternatively the drug solution can
be sprayed onto all or a part of the surface of the inplant. The rel ease

. profile of the drug depends upon the solubility of the drug in the surface

polyneric | ayer. Using

15 B. Methods of Making Medical Implants having Therapeutic Agents

implants and othér surgical or medical devices may be covered,
coated, contacted, combined, loaded, filled, associated with, or otherwise adapted
to release therapeutic agents compositions of the present invention in a variety of
manners, including for example: (a) by directly affixing to the implant or device a

20 therapeutic agent or composition (e.g., by either spraying the implant or device

./

with a polymer/drug film, or by dipping the implant or device into a polymer/drug
solu_tion. or by other covalent or noncovalent means); (b} by coating the implant or
device with a substance, such as a hydrogel, which will in tum absorb the
therapeutic composition {or therapeutic factor above}; (c) by interweaving
| 25 therapeutic composition coated thread (or the polymer itself formed into a thread)
- into the implant or device; (d) by inserting the implant or device into a sleeve or
mesh which is comprised of or coated with a therapeutic composition; (e)

' _constructing the implant or device itself with a therapeutic agent or composition; or |
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10 this approach, one would ensure that the solvent does not result in a
significant distortion or dinensional change of the medical inpbanin2t$007
the i mpl altOP¥%¥3#posed of materials that do not allow i ncBEBBISAFIGR of a
t herapeutic agent into the surface |ayer using the above sol vent nethod,
one can treat the surface of the device with a plasnma pol ynerization

met hod such that 15 a thin polyneric |layer is deposited onto the device
surface. Exanples of such nethods include parylene coating of devices, and
the use of various nononers such hydrocycl osil oxane nononers, acrylic

aci d, acr yifHpeothenuiserasiapting hazinyplant omdeviceto relddsadhy ilerapentioagest. One

can then t he di oating or spray. coati nmet hods descrij bed above to
i ncor por at jei'i['WeDfPﬂ%}Q%ﬁ%ﬁ‘bP@g%@%PPm igvenion e sameasition shedldfmlye

i mpl ant . Rethdr | el &el 9%% sotﬁ%)ility,
t he retention‘@g{iIcs %ﬁﬁﬁégrggﬁpoun S&ﬁ\ndﬁé@a I ce a?@q%gm?ﬁ/?g?’%ms Yort % erm
For t her dpewpettiaggrntor duabpesitidrasinould aiso preéerpbly ridt degrausdidne t o

i oni cal ysgongl ex  these agents to oppositely charged conpounds that have a
hydr ophbbi X028 BiipfolRdngertier oravhemvarmnad (@ pady temperatire afieninsestion ani ne

(D5 Conmans 2 SBUTHERA'S FeaGRTH Y PRaRR 1 ShedR AR RN " vt ©

- tridodecy e dgsinecbareas ofthe impldat ¢rTAMACS smidotiiy and eeBaly, Wih aexdfhe, has

two second rté am ne groups . and cones as a chloride salt. This conpound can

be added Ritianeidhaepgutic agent. Withip prefersbambpdimants of e ipveation,0 7

organ ¢ s ERTape o A8y EaAPLERn SRR AR L ORAE sp RN o L . 1

ﬁgs art tanpralonged tleasslofine iRerapustie fftoiato-@BRIssuE dubliRdiaBIhe Tbfargonp! ex

could then be applied to the device by dip coating or spray coatlng
met hods. REARVEEOR&Ed hasdiean dsplaytch Eonvasouarstenis bimadditioretoi thegibowps and

R e P R
ggnrrplngx giof@iﬂedéb‘tdft@m)p@m&:séQ@niﬁ%ﬁ%ﬁ@tﬂ%né&ﬁ%&ﬂﬂ‘é\k?n{&@'fﬂérhfhedevi ce
stent itself would be expected to cause if it was uncoated).
15 Within certain embodiments of the invention, a therapeutic agent can
be deposited directly onto all or a portion of the device (see, e.g., U S. Patent Nos.
6,096,070 and 6,299,604), or admixed with a delivery system or carrier (e.g., a
polymer, liposome, or vitamin as discussed above) which is applied to all or a

portion of the device (see the patents, patent applications, and references listed

) 20 above under “Compositions and Formulations.”

| Within certain aspects of the invention, therapeutic agents can be
attached to a medical implant using non-covalent attachments. For example, for
compounds that are relatively sparingly water soluble or water insoluble, the
compound can be dissolved in an organic solvent a specified concentration. The

25  solvent chosen for this application would not result in dissolution or swelling of the

polymeric device surface. The medical implant can then be dipped into the

solution, withdrawn and then dﬁed (air dry andfor vacuum dry). Alternatively, this
drug solution can be sprayed onto the surface of the implant. This can be

-accomplished using current spray coating technology. The release duration for this
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9/t he
groups  capid erall RSP 1.t h sul.fagnic or carboxylic pendant groups
- or end-groupsr%d(;ygﬂpegﬁynerLséﬁea%tf'gﬁ% ’C%dWr'ﬁi}Is that can be used for

by the use of organic conpounds that have the ability to formionic or

hydr ogen ds WM th the therapeutic agent. As described above bey
bet ween té@oeﬁgﬁ?gélly charged therapeutic agent and an 0H$6Ep§%£§¥%ﬁ§¢ged
hydr ophobi ¢ conpound can be prior prepared to application of this conpl ex
to the nedical inplant. In another enbodi nent, a conpound that has the
ability to formionic or hydrogen bond interactions with the therapeutic
agent can be incorporated into the 15 inplant during the manufacture.

rocess, o [ the coatjn roc . Aternatively, this conpound can
. Ee i niirpo&gﬁéglé}%?gnﬁg 3’8&“ H’l%”%@ﬁ"ﬁﬁi)zgh?'ﬁﬁf'd i"Vé)“'(élBélq éﬂcﬁ@% Sﬁ@eir;%ﬂlutdlﬁv or

duri ng t heofth® 9assi I [ i ; I Lcyagent into or onto the
agpindhe beay _ﬂﬁﬂil 'BZ@'"%Q&@:@BQ&'

i npl ant. These agents can inclu rds (e.g., palmtic acid, stearic

-acid, lauric acid), labhplher aspect] atherapeutit agerdCadhd disSolved8NZ Qbleati d.

salicylic { hatic acids, aliphatic (stearyl alcohol,

1) ,..20 ¢yl i . [
| auryl al cgﬁfo'%?s t@&é&ﬂﬁ%}é?@%\ﬂ%}%}r Befallndisselve dheysudacs of apotymerictinlandt i onal

al cohol®s (@edkndirf & | bh /i ' [ . aerithrat ol | pi ds

e g Bnos O e e b e I PIBbE el b o o,
sugars, sphppedisto Bpeirg doldion dbd Ppaiiodoblitle ueAALAItha Hri§ San difiskif and
synt hetic ﬁm no acfl ds,qfoegtldes or proteins. For exanple, a fatty acid 25
such as pdlfPYiacelayer ofdhe palimeris deyice difermativelr the temssolatiorsear ber ur aci |

oni ¢ comyy caea onko 8D REESHiHG SraeDt deliblar ey asSe prolid o o« ne
i npl ant  cangdepandisfiped thbsolubitysPthefdragliy Ry Surfra F%\%%g%/ﬁ@ggg Uﬁ;ﬁ% to

fqrm i@ni .or h'ydrogen bonds with 44 WD 03/ 099346 007
he &) BERIOECH AR Worldrensusathias the seiveptalndscnetgesuitincasigaificany ami ne

this application inéthedtplantué composed of matdrfils HtRR) N&‘?ﬁlﬁg@ﬁ&)f&?@i mers

that are Btr%eﬁ%_ed using acrylic 5 acid, methacrylic acid, I'u yrene

sul f onat & PRutic ageshindo the strfansl layer usingl theoab@rasolyéatnmdiod- omé hy |
propane sild euiGHAGLHacd 8t %réecfesvictehv%h g%\fgsrgg %rc])lymerization method such that
15 athin polymeric layer is deposited onto the device surface. Examples of such
methods include parylene coating of devices, and the use of various monomers
such hydrocyciosiloxane monomers, acrylic acid, acrylate monomers, methacrylic
acid or methacrylate monomers. One can then use the dip coating or spray
coating methods described above to incorporate the therapeutic agent into the
" 20 coated surface of the implant.
For therapeutic agents that have some degree of water solubility, the
retention of these compoun_ds on a device are relatively short-term. For
-therapeutic agents that contain ionic groups, it is possible to ionically complex
-these'agents to oppositely charged compounds that have a hydrophobic
25 -component. Fpr example therapeutic agents containing amine groups can be
| complexed with compounds such as sodium dodecy! sulfate {SDS). Compounds
containing carboxylic groups can be complexed with tridodecymethyammonium
3 chioride (TDMAC). Mitoxantrone, for example, has two secondary amine groups

and comes as a chloride salt. This compound can be added to sodium dodecyl
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iiécci ni mdyl derivatives, 4-nitrophenyl ester

nodi fied by sul fonati on post-pol ynerization can also be used in this -
applicati@n, medi cal inplant, for exanple, can be co ' /2007
pr epar ed %%{Oxgﬁgol ynmer that conprises nafion, a sul fon2(‘%(glg’u‘x'ﬂ:’l}zlg%gm

fl uoropol yner. This nmedi cal device can then 10 be di pped into a solution

t hat conprises the am ne-containing therapeutic agent. The

am ne-contai ning therapeutic agent can al so be applied by a spray coating
process. Methotrexate and doxorubicin are exanples of therapeutic agents
that can b(?f ﬁ%’ed i.n th]j ) ?gl icatiqn. It is known that the presence of
bacteri a oHEHEINIFPPLIA o8 sRBPiekn ThisCempinx cambe disselyed jedndigr@isse in
pH. For palonek Svhi rd SQ:J Q0 o] : l.e..

car boxyl i 84 gr oﬁg"sf'? t %ﬁ%o?@ﬁ@r@ég%sﬁg%@%ag&ﬂ ngwbﬁ%ﬁéggg Eﬁﬂmﬁel ease
of the thegrapeahd coalgkthusiaso ke ponpiesed witte SPS: aThizednidex eagid thémbgH as a
result of thﬁﬁ@resence,of the bacteria. For therapeutic agents that

contai n c&h tq @%@?YP%PBQ&?OQB]WW\PPW%MW%rMer%Qt%Mri si ng
rodnl ats (NP Bahs 2 EatioRbi Seia AR 8R4 Lol REE o TATMTRAELRUAT S i ¢

avai | abl e TBMAC amtbiheproviapsd 6ato the raeyieaianiplant. att ached to the nedi cal
I npl ant surface using several chem cal nethods. If the polyneric material

used to manuf act ur e FERtharapewin agrs thalihaxs|tee abilitalodons ioniccomplexesyr oups

h h f | h he . For .. | e,
o The s o BRdrogEpiRigs e B ndls AIAME o Ind A ERb be ibaied "o
be conver bgdhd as@ef biEiNRIcERPEANYS tHat AGVE tHas Qymgetﬁff\o/grt\ ﬁde"g og!\icz?rf ' ﬁ: Lo

t i vdPedbeadpwith| the thetapeutic agent 3As desaribercaiavs) 3/jobTdier betwedn the?

Phe "t hor R R SERE Bing ot et e e appciot, RS By TopBPbELY  aces

that do nesmgeoﬁ@ban@eqfreeé&e%t;ﬁi&rlia%fpbm|on%ﬁ!4@%on§61§f%‘ou&r QidBRagan

be
i ntroduced to the polyner surface via a plasna treatnment regine. For

“exanpl e, teplaokyihianotwrezrgbadipent,can cmpound thatded the abiityptce®m ibnieairment

process process (e.q., the use of 02 and/or, CO2 as a conponent |in the feed
e xt DAERGERhENd HtaRfons with e paapslic F08NCeTbRS MToraRdatins e

acryl s aghslaQr during the manufacture process, or during the coating process.
Alternatively, this compound can be incorporated into a coating polymer that is
applied to the implant or during the process of loading the therapeutic agent into dr
onto the implant. These agents can include fatty acids (e.g., palmitic acid, stearic

acid, lauric acid), aliphatic acids, aromatic acids (e.g., benzoic acid, salicylic acid),

- 20 cylcoaliphatic acids, aliphatic (stearyl alcohot, laury! alcohol, cetyl alcohot) and

- aromatic alcohols alco multifunctional alcohols (e.g., citric acid, tartaric acid,

- pentaerithratol), lipids (e.g., phosphatidyl choline, phosphatidylethanolamine),
carbohydrates, sugars, spermine, spermidine, aliphatic and aromatic amines,
natural and synthetic amino acids, peptides or proteins. For example, a fatty acid

25 such as palmitic acid can be used to modulate the release of 5-Fluoruracil from the
implant.
For therapeutic agents that have the ability to form ionic complexes
dr hydrogen bonds, the release of these agents from the implant can be modified

by the use of polymers that have the ability to form ionic or hydrogen bonds with
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met hacrylic acid in the gas stream These carboxylic acid groups can t hen

be conve d3/b ctivated carboxylic acid groups (e.g., acid chpgripdes2007
succi ni ni y‘? Y 5;J}ﬁ‘i%deri vatives, 4-nitrophenyl ester derivathi&¥ES0386H9) t hat

can subsequently be reacted w th am ne functional groups that are present
on the therapeutic agent. In addition to direct coval ent bonding to the
I npl ant surface, the therapeutic agents with available functional groups
can be covalently attached to the nedical inplant via a linker. These

i nkers ¢ r adabl non 15 degradabl e. Linkers that are
. hydrol yti g@leﬁﬁegaf)% %99&@ %réIrleifaﬁIp&h\iB@Faﬁﬁéﬂ%ﬁﬁI?@SrC@Gt_ainirm@sréné ignugrss can

conpri se aZdnh foemtiGhic cB8M t M . I.de r hosphoest er bonds.

To further nodul ate the re'egggigp%ﬁq[ ’C’eotﬁ%%ggé)g%tqe@%gagagoupg%emégm%%i cal

-inplant, iapeiseot Examples of polyneersriiatoain barnsaor WRY JPRliatidiRELG0at ed
mer coating can conprise the polyners Hes'cri bed

20 with a I r.. Ihe pol

above. Thetﬁ'g(??( gﬁ@? ["E'g%ﬂ {%rﬁ*wﬁr%‘%ﬁwwmefﬁ/tf@t aiepprepatdacgsipg acegis, a spray
Gosirag ik Thahaen: BB o AT e S b S B e miCEN: g matsserdn
(e.g., viSirgacrylagtidg-2uhethgiprobate Isultiic ackt W%eﬁ@ﬂ%@hﬁ@@b@ hON, X-ray
radi ationhtcﬁph(m)que in order to further nodulate 25 the release of the
t her apeut | CAYEHPY PYRAtIAR PestiPeiymerizptiomcan Blsodepusahiarthisamipliogtionn
further cqRbah&di I_NGr e the, flexibility (e.g.,

pl az; i ci f)tel'trﬁd - g?@%gf‘giﬂtt? ralI %’t?‘%ﬁ?'ecI%?'sg’?eso,a;gﬁﬁ"c%ﬂfe? g Withyaupelyawer ¢
acia), oapyrises hafion, ¢ sifoRBeRIMMABhd " [Bi i i €
cqating. 46 WO 03/099346 23/ 02/ 2007 roRobieY, ThistnedBaRALCH o 1kl
ddscrilBe HEHRARI Pigra solution thedcomprises the atminepentainingiieripduticg@ht ONt 0 a

di cal i : L L | ti terial tif I t I b
cor por ay meie) e, €6tal i Mer B na et 3 ek b6 apeled Dlcmepiaceastingl or
ant i f ungaproegssit Mettwtreatd AFPEGRTAbRS hidl i cal ol pl ant
prior to, sipultaneously or after the I nc‘%?églgggﬁ)gtnﬁeg?p‘%[ﬁ% ch%&l% tic

s eous I
agent s, ‘E?é"s@?-'ﬁ%"‘atbmphpﬁt{@-or -onto the medical inplant. Agents that can

be used i nclude, t,himted to silver conpounds (e.g., silver
chhride, silver ni ?ﬁgtkgig)%nqﬁat the presence ofS bactera on the implant surfc"ace can

15 result in a localized decrease in PH. For polymers that comprise ionic exchange
groups, for example, carboxylic groups, these polymers can have a localized
increase in release of the therapeutic agent in response to the localized decrease
in pH as a result of the presence of the bacteria. For therapeutic agents that
contain carboxylic acid groups, polymers with pendant end-groups comprising

j 20  primary, secondary, tertiary or quaternary amines can be used to modulate the
e release of the therapeutic agent.
Therapeutic agents with availabie functiona! groups can be covalently
- attached to the medical implant surface using several chemical methods. If the
polymeric material used to manufacture the implant has available surface
25  functional groups then these can be used for covalent attachment of the agent. For
~ exampile, if the implant surface contains carboxylic acid groups, these groups can
be converted to activated carboxylic acid groups (e.g acid chiorides, succinimidyi

derivatives, 4-nitrophenyi ester derivatives etc).. These activated carboxylic acid
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silver oxide), silver ions, silver particles, iodine, povidone/iodine,

chi or hexi p- sul fanilyanilinoet hanol, 4,4 -sulflnyldlanll 2/2007
4- sulfanlﬁgﬁ1d%@§W|cyl;c acid, 10 acedi asul fone, acetosul f Bf&/US ﬁﬁ% CIG
anoxicillin, anphotericin B, anpicillin, apalcillin, apicycline,

apranycin, arbekacin, aspoxicillin, azidanfenicol, azithronycin,

aztreonam bacitracin, banbernycin(s), biapenem brodimoprim butirosin,
capreonycin, carbenicillin, carbomycin, carunmonam cefadroxil,

cef amandol e, cefatrizine, cefbuperazone, cefclidin, cefdinir, cefditoren,
cef epi me, a@upsfcandhen be cedidtad math amfrienfenctiomat gragfsnthabare prisedt ah e
cefonicid,,cef 0981 razon cef (%rande cef ot axi me, cefotetan, cefotiam

cef ozoprantheéiq ’&%f‘&e% hotrexfite. MURXANFRY, cef prozil, cefroxadine,
ceftazidime, cefteramy, &&hE é?gﬁa?’bo &&f ”&%%Bﬁfﬂp”%?é H-ﬁ'%ﬁ 5%‘ &%%hal >é|sg

cephal ogl yci n, cephal osporin cephra oranphe
chl or t et r agypeips can belflptranmoedamthe pol)mnertéumﬁdwﬂa mésmiﬂ%@hf‘regﬁﬁ

cl i ndanyc cIo ne, coljstin, cyclacillin, dapsone, deneclocycllne
3 diat nro"n of 5L 36@%\@9 ﬁC'(HQW(‘}@DrQﬁJPHﬁ?@Wﬂ vigia plﬁﬁmTVeaﬁment

doxycycl Mol n, flonoxef,
fortim o %Sfeﬁ;@??%%‘ @ PR SR COL 3 BB 4T i teRdidos,
gr ami ci di moijurelr Epatironagicacid QW b6 beAtradiitdd !ﬁ‘smg HPREABid or
i sepam ci n, ﬁh(z):‘san%m n, kananycin(s), 25 | euconycin(s), |inconycin,

| oref | oxadl ﬁ§'§ﬁ?éhfhga$ gireagi These wb@ndycaqmgroummarpmeame

,g”eéf‘?ﬁﬁf'n'd?’?‘ o AR ar A SRIT B (0 v chlees. RO angiad .

ol/eand@ny clenivaiivest etmw@wn&mw&nbém& &i&qﬂﬁvémlﬂ%e@ny?éc acted

par omonyci n azuf | oxacin, penicillin N, pipacycline
pol ynyxi nW'fS’rﬁ'W@l nctigpai/gyoups thatzae memmjsasmeam@p@m:@ agent.7

[ bost f. d sv, f t
s ne st ocet TG {aBiR uplentRgBIRY t b answtagm e
rosar any C kiierap@utic A5/ Gith ,avaﬁéﬁlézfﬁﬁéﬂd(n%%f&@gL&t%gn@Wéﬁtg}éI su‘%’%@n crn,

spar fl oxaci n, spectinomycin, spiramycin

sul fachr yﬂaﬁ aedisal mnlaratlmadmaer dT héses likeasrcdio blerdegpadiilsie orsidnf ani | i ¢ acid,

| f t || tet I
et ofBpr PRUCRP B RS bial Srm o eaniinaly 6 eneymaealbiaioaved ereseietered.n
t ?germnamrhb@é)nm k8 c&ﬁ‘lﬁﬂgé %&G?é&er,térhi'ar@? PRSP aRRSAReSE Y C! M.
phosphoester bonds.

To further modulate the release of the therapeutic agent from the

medical implant, portions of or the entire medical implant may be further coated

) 20  with a polymer. The polymer coating can comprise the polymers described above.

The polymer coating can be applied by a dip coating process, a spray coating

process-or a plasma deposition process. This coating can, if desired, be further

crosslinked using thermal, chemical, or radiation (e.g., visible light, ultraviolet light,
- e-beam, gamma radiation, x-ray radiation) techniques in order to further modulate
25 the release of the therapeutic agent from the medical implant.

| This polymer coating can further contain agents that can increase the
flexibility (e.g., plasticizer — glycerol, triethyi citrate), lubricity {e.g., hyaiuronic acid),
biocompatibility or hemocompatability (e.g., heparin) of the coating.
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trovafl oxacin, tuberactinonycin, vanconycin, azaserine, candicidin(s),

chl orphenqﬁbr@mgg;ﬁrmstatl n(s), filipin, fungichromn, nepartrici 1’213/02/ 007
nystatin, 10 ol igomycin(s), ciproflaxacin, norfloxacin, ofPOKHEIH71

pefl oxaci n, enoxacin, rosoxacin, amfloxacin, fleroxacin, temnafl oaxcin,

| omef | oxaci n, .peri nyci n A or tuberci din, and the I|ike. V. CLI NI CAL

APPLI CATIONS I n order to further the understandi ng of the invention,

di scussed in 15 nore detail bel ow are various clinical applications for

t he conpositions, e OVI ded herein. Briefly, as noted

above, within one aspegrE1 th]pﬁgﬁggv gﬁ‘?l CP?%JS””&P@%@W aed for

pr event i ngherapeutic agentdnd/ sroritd i rhbﬁkﬁgtnﬂﬂar‘ltmh%iﬂoﬂa gﬁlﬂﬁfd ga‘?% wth a
ro ucin

medi cal device or i npl ant, conprising the step o nto a.
patient a FHYRSH éS‘P”tF’ $BN R0 hihinserparhtaakion ar auhemmé heidigag inplan@ UFRése

orowth or 4 HoECERR IS ARG SodS Fapl i eS80 anto o st iamenionyi | or
vi ruses) . implans prohie §lh1ultaﬁ6@un§:l§ o BRkr tHeEiFlb@r‘PordﬁBn diithe Hférﬁ@éﬂve ot

grow h or transm ssion of foreign organi sns ati e 't he
growt h or 9EPEHRAH akgveninte anlﬂfOrtbegnechcglampMntJ ageaﬁéuhéﬂcariﬁe iBBybi ted, or

t ed | f t t | t | |
butcome. e, BLEAICEATRIeN 18 et corieu iy (oer sivms ca'pigfsédmﬁg?;»ﬁ@kﬁi i
“the art siver otideyneivbi i@n§r§lW§F PQRICI&% b girdg:ge&t?tﬁegaﬁa 1 {Cﬁ[“gr eferred

enbodi nent, the nedical inp has been d vV
ant hr acyc?Tm&l"taé"fgaﬂlliMEﬂﬁaw %&IMﬂdEnﬁﬂe%sE@Hnﬁﬁ%éal%&)ﬁc Scifl 7

folic acid

t fl d .
S ol e BB b RS o Bl kb B0 e opopicl).

. canpt ot hegpdlcilliny 8 e t cisplatin).
Pa?}tjl cul ar‘? %/mpir gf %ir@?%igbag%rﬁ@& %%{:rﬁé}éér}!éﬁuéswmfﬁ%n%zvﬁm{%ﬁgl *cont e>F<)t of )5
the presedi hIFWWm arirevinar, dbabmlxa@IrQMaMHémfycin@QSbfbbéﬁeﬁf b%ﬂh%bpﬁ any one

of 104Mbu]t9 5M -6M or, 10-7M Furthernore, particularl erred
agents are %ﬂ?t%ﬁﬂrﬁomﬁ?'“@bﬁﬂ'cﬁtﬂh@éﬁ?QfBYCF'@r@rumgeamanadnaxll 10% 5% or

even 1% afefadm8ndole, cefatrizine, cefbuperazone, cefclidin, cefdinir, cefditoren, cefepime,
- 15 cefetamet, cefixime, cefinenoxime, cefminox, cefodizime, cefonicid, cefoperazone,

ceforanide, cefotaxime, cefotetan, cefotiam, cefozopran, cefpimizole, cefpiramide,
cefpirome, cefprozil, cefroxadine, ceftazidime, cefteram, ceftibuten, ceftriaxone,
cefuzonam, cephalexin, cephaloglycin, cephalosporin C, cephradine,
chloramphenicol, chlortetracycline, ciprofloxacin, clarithromycin, clinafloxacin,

v 20 clindamycin, clomocycline, colistin, cyclacillin, dapsone, demeclocycline,

diathymosuifone, dibekacin, dihydrostreptomycin, dirithromycin, doxycycline,

enoxacin, enviq_mycin, epicitlin, erythromycin, flomoxef, fortimicin(s), gentamicin(s)

glucosulfone solasuifone, gramicidin S, grémicidin(s). grepaftoxacin,

guamecycline, hetacillin, imipenem, isepamicin, josamycin, kanamycin(s),

25 leucomycin(s), lincomycin, lomefloxacin, lucensomycin, lymecycline, meclocycline,
meropenem, methacycline, micronomicin, midecamycin{s), minocycline,
_moxaiacta'm, mupirocin, nadifloxacin, natamycin, neomycin, netitmicin, norfloxacin,
oleandomycin, oxytetracycline, p-suifanilylbenzylamine, panipenem, paromomycin,

_ pazuﬂoxacin,l penicillin N, pipacycline, pipemidic acid, polymyxin, primycin,
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- .Of the 25 100,000 bl oodstreaminfections in US hospita

cat heters an
oy

concentration typically used in chenotherapeutic applications (Goodnman and
Gl man's Phar macol ogi cal Basis of Therapeutics. Editors J. G% e o7
L. L. 10 LPBY¥E™€onsul ting editor A Goodman G | man Tenth EBCTAUSHIT6T19

MG aw Hi || Medical publishing division. 10th edition, 2001, 2148 pp.).
Finally, the devices should preferably be provided sterile, and suitable
for use in humans. A. Vascul ar Catheter-Associated Infections Mre than 30
mllion patients receive infusion therapy annually in the 15 United

States. In fact, 30%of all hospitalized patients have at |east one

vascul ar  FUp#diie, nbestamyeia, damide, ifaanin.difapyrin Segfapentinearifaxiingt,y of

di cal deyksesinak ' ' . incl udi t not_
Festr i ot ed oot Hfipedttf ok Oy MBra IR Ho s apiait dpiRebe ac net er s,
total par esalaslifaditmiding Osaroytives, disomibRY, spASIoRAEM, speripbhRircentral venous

cat het ersé&)l?l Clines), totally inplanted intravascular 20 access devi ces,
f1 ow di r ecPEAMYEIN. SERPIONSEY SpGrivbiians, sulfashrysoidireesalfgloxiradd,i al | i nes,
and | org- q . o) cess, cathet er H ckman |ipges, .Broviac
cat het é%? s;s%rf%lr’# or!t bﬂéé)t'aefﬁ%,sli@fgﬁ@glaﬂd'a%‘ 8§%n%3‘?#18?'ép’§'* 3PPt 0 i nfection
by a var itetgcitiih, Baeicgtine, 2HRIRING tﬁ@ﬁﬁﬂ?ﬁn@'%ﬁia%ls@ifﬁﬁgﬁh&%?@gidﬁ, ection.

JUU, s each year, many
are rel at &garcdlin, Rigemanass teleragtycim thaufiaxvasi tiraethdering drospectoenyaim! e,
55, 000 ca 0 tream infections are caused by central venous
cat het ers?‘%\?\%ﬁxg%k" gﬁ%{ﬁ?ﬁlwmc"&’ew&@' aﬁsm%ﬁégg’@@( CT/ US033l d' 11 2
1200 7ch|@ffﬁdaﬁsrr§@&hﬁbﬁgtiﬁ@%emip«’i’r{ﬁmﬁgk% n}ﬁe?&&ﬁ«ﬁh?ﬁf&tafiﬁ“ ravenous

: arterial lines. Bacterema related to the' preserice of

t r a¥@s coligamyringsg.esiprofaxantin,snorflokacdin) oftoxating pefieanirg enoxafh Bfsoxbbin,

patients %ﬁ/@l ogj ng this t@pe#f inf?ctiﬁn wll die 5 as a result (over
23,000 de *AEN: JERFRCIN M IQaxGEL 'HRsie@. perimyein A afduhrreiging, aadi on
- will be pghelggaged by an average of 24 days. Conplications related to

bl oodstream infections include cellulites, the formati on of abscesses,
septic thronbophlebitis, and infective endocarditis. Therefore, there is a

t remendo clingcal ce the norbidity and nortality associ ated
tremendoyg, clbipGieh MELIEATIGNE |

In order to further the understanding of the invention, discussed in
15 more detail below are various clinical applications for the compaositions, methods
and devices provided herein.
Briefly, as noted above, within one aspect of the invention methods

are provided for preventing, reducing, and/or inhibiting an infection associated with

. ) a medical device or implant, comprising the step of introducing into a patient a

20 medical implant which releases a chemotherapeutic agent, wherein the
. chemotherapeutic agent reduces; inhibits, or prevents the growth or transmission
of foreign organisms (e.g., bacteria, fungi, or viruses). As used herein, agents that
reduce, inhibit, or prevent the growth or transmission of foreign organisms in a
| patient means that the growth or transmission of a foreign organism is reduced,
25 inhibited, or prevented in a statistically significant manner in at least one clinical
outcome, or by any measure routinely used by persons of ordinary skill in the art
- as a diagnostic criterion in determining the same. In a preferred embodiment, the

-medical implant has been covered or coated with an anthracyctine (e.g.,
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10 catheter infections. The nbost conmmon point of entry for the

i nf ecti onyp@usHdddgysbacteria is tracking along the device fron1%§5?i Y DDOIY
site in the skin. Skin flora spread along the outside of R to
ultimately gain access to the bl oodstream O her possible sources of
infection include a contam nated infusate, contam nation of the 15 catheter
hub-i nfusi on tubing junction, and hospital personnel. The incidence of

i nfection increases the |onger the catheter renmains in place and any device
remai ni ng hgkoitu.for mpre than 72 hours is particularly susceptible. The

- most  comon T HY SR I Aitgairane) nyareryrraidiner eski §-AU Y falicsacihamtagonist

coagul ase- g akiewsot h Lo (:S. I derm.dis, S. saprophyticus) and
St aphyl oco%s aureﬁez(%geg' %{Af)arii |§cdl}?%r§l(§/%pl\7§g%qs’%@t ﬁﬁmtfi'tﬁﬁcm, heoxyyae, S,

- aur eus) whifithoraz platinunf comlbRe ¢6.galdispldtihect i ons. Coagul ase- negati ve

st aphyl ococci (CNS) s .the nost comonly isolated organismfromthe blood
of hospitalized patiéftQilarierafered agents whichiateoutilizediwithin ¢y coméxtest

i £ ; i nt i ti . e.
of the %J?EE@S(?Z;& RO S e A R HE BB IO SreaAta gy et ot on). 95
and the orl¥eM,d0M,i 10r%4 ] orj 1®‘ﬁﬁ$$uﬂH@frﬁ6ﬁéﬂE§H?quaﬂ¥l B}%rerﬁald %ﬁﬁ?ﬁ%lﬁ}’%r o
S

significant, %f i nfections are caused by bacteri rain
resi st ant SHBARIS QN yieataancantsatians lessiianthat havs, B, torewkarioy ofliHe i cul t t o

treat. O bgh R .0 cause vascul ar access catheter-rel ated

i nfecti onzﬁ i %‘ﬂtﬁﬁgh %éﬁ%égf 'R(C ?51.0%?:9’3385"?0, appiications (feeedroan andsi st ant

ent er ococ&diman'sT kerPhagaidol6gios) RAN; hlahbesti n VD 03/ 099346
! s B oihbon £ SUBEPIEE gy

Sl e

ET/ Ungl éb 11 2 0 0 7 aeruginosa, K
wr cedCenSMiiEh 1ossHiting £08epA Gendnein Gibnt Tentlh Editioh. McGriwhmbasdesi a spp.

and Candi g, | £Siei cases a ar access catheter-rel ated

i nfecti ong‘?‘ééﬂﬁl eCﬁarSIg%\?/gﬁh %@t??'hgogit ai‘?’épf’dﬂc’f ingllyatheedavicestanosydst eni c -
ant i bi ot i preférabiy heugvidew sterd8! ki St f. [.ye), wth vanconycin

bei ng the drug of choice. As nenti on‘e ﬁ@\?lsdﬁﬁ@a\{ﬁ)rtal ity associ ated
wi th vascul ar access catheter-related infection is high, while the

Coni 1 cantE0; s REAEE Bl AL obbBd BEEABRE 1o Gevel op vascul ar acoess
More than 30 miillion patients receive infusion therapy annually in the
15 United States. In fact, 30% of all hospitalized patients have at least one vascular
catheter in place during their stay in hospital. A variety of medical devices are
used for infusion therapy including, but not restricted to, peripheral intravenous

catheters, central venous catheters, total parenteral nutrition catheters, peripherally

) inserted central venous catheters (PIC lines), totalty implanted intravascular
20

access devices, flow-directed balloon-tipped pulmonary artery catheters, arterial
' ] lines, and long-term central venous access catheters (Hickman lines, Broviac
catheters).
Unfortunately, vascular access catheters are prone to infection by a
variety of bacteria and are a common cause of bloodstream infection. Of the
25 100,000 bloodstream infections in US hospitals each year, many are related to the
presence of an intravascular device. For example, 55,000 cases of bloodstream

infections are caused by central venous catheters, while a significant percentage
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10 catheters capabl e of reducing the incidence of bloodstreaminfections.
Since it | I NMpossi ble to predict in advance which catheters w ppen7
i nfected, "a @mgggfheter expected to be in place |onger thaffHUg ¥ of
days woul d benefit froma therapeutic coating capable of reducing the

I nci dence of bacterial colonization of the device. An ideal therapeutic
coating woul d have one or nore of the followng 15 characteristics: (a) the
ability to kill, prevent, or inhibit colonization of a wide array of
potential infectious agents including nost or all of the species listed
above; (b)ofthaéempining gases arelrelated tvperiphesal intiavénquscastibetersand artefial
bacteria Qﬁ% h as CNS and VRE) that are resistant to nmultiple antibiotics;
(c) utilize™a therapeutic agent unlikely to be wused in the treatnment of a

bl oodst ream i nf ect i Bactdieris rOBRABMAE PPeddnce of it?’tgér’val%?ulé?‘dle%cagtis ﬁ@ﬂg to

coat the device with a broad-acting antibiotic, a strarn o
bacteri a riepkeliginal concere: 50%i ofi alt patients devaloping ¢his pypmmot infection ivel dig  woul d

' ' tem,c t t of th tiept si the infecti t
oo d e s TS el 20T Bafls tety B0 i HES e BBR ey Ve SBoE! ol ol nsses
of antica i j I ' 25 i . i

ht o ot i DepiAEaRbA Wil Be BRIGhGL BY h SUErAGO6F24 Bays. oA ARy

doxor ubi cité bipedsireamiafections )nciideicslintites] thedfonmatite ofjabscesskl, sdpiici ¢ aci d
ant agoni s hyl ot oxi ns (e.g., etoposide).

: et hot.r. e), d pod
These agiﬁf’éﬁwg%ebgl%@ghr"ﬁégﬁae g%ﬁp'%ﬁggfpﬁquﬁfe'mmﬁ ﬁ?ﬁrfag%mdms CNS (S.

vhscul ar  CHialieaRoARIN SRCTI R morlfy SRR PRt
Rdrt i d0l achihemaraffectiens.agent s are doxorubicin, mtoxantrone, 5-fluorouracil

and anal ogues and dgrivatives thereof which also have actiyitg agai nst
Escheridia coli and!P8WRfseeuonppiaphestsy farithe infeetion-cauring bacteria is hat

ovent on 2L BEPE LR P P BBt S
6- mer capt alpugithe outsyd okthedevice itRmakiiy 8aintaddeka td tHEblobHRfssrhdiCther

paclitaxel, and canptothecin did not have antibacterial activity agal nst
t he or ganPe§RibIR seUrFasfdnfastion includesa cantesynateddnivsats; costaminatiomobEite ons.

1. Ceqir aﬁatf@f@:?“ﬁb%g%tn%ﬁing junction, and hospital personnel. The incidence of

infection increases the longer the catheter remains in place and any device
remaining in situ for more than 72 hours is particularly susceptible. The most
common infectious agents include common skin flora such as coagulase-negative
staphylococci (S. epidermidis, S. saprophyticus) and Staphylococcus aureus
) 20 (particularty MRSA — methicillin — resistant S. aureus) which account for 2/3 of all
infections. Coagulase-negative staphylococci (CNS) is the most commonly
isolated organism from the blood of hospitalized patients. CNS infections tend to
be indolent; often occurring after a long latent period between contamination {i.e.
exposure of the medical device 'to CNS bacteria from the skin during implantation)
25 and the onset of clinical iliness. Unfortunately, most clinically significant CNS
infectiqns are caused by bacterial strains that are resistant to multiple antibiotics,
.making them particularly difficult to treat. Other organisms known to cause
_vascular access catheter-related infections include Enterococci (e.g. E. coli, VRE —

vancomycin-resistant enterococcci), Gram-negative aerobic bacilli, Pseudomonas
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. 10 For the purposes of this invention, the term"Central Venous Catheters"
shoul d be od to include any catheter or line that is used3t/@?2

del i ver frﬂ?ggﬁ?%gthe large (central) veins of the body (ePgiUsq qgr{2007
pul mary, fenoral, iliac, inferior vena cava, superior vena cava, axillary
etc.). Exanples of such catheters include central venous catheters, total
parenteral nutrition catheters, 15 peripherally inserted central venous
catheters, flowdirected balloon-tipped pulnonary artery catheters,

| ong-term vgn accessg, catheters (such as H ckman |lines and
. Broviac ca%ﬁgygr%é?'.ﬁfé%?ﬁ%ﬁﬁ?a%%“@%ﬁ%@’& Byiiholdeieneanacia, ar e
descri bed Ciroba&er Rausdit, Qdtyn ard i Q96, 860, 4,099, 528,
4,134,402, 4,180,068, 4, 385%%%&‘%5&4%96?@@%@%@5%824 960, 409, ,
- 5,176,661, ) 20 5, 4Bt 2eses obvatesiaridedspeatemrabisted MGQBnGasETe Of

bl oodstre ' jons.are caused by central venous catheters every year
in the Un'?ta}ggo t(gftﬂlé cstg'?ﬁﬁrtq reaimesn wilhsygtapis antilpiedics {aithaaighifawvect i on

I ncr eases antibictiengry eft | | l.ace articuylarly if it is
used beyond 7_'3 !hour A éégvg?gnggﬁépqcpmdgﬁ%h@# h%gﬁ‘fgr o %Wegﬁﬂﬁe’%@f'ﬁ@t er
i nfect i on PERUSH: nartrlity assecidtee withdesaukic tabse@w@btﬁé@wéﬁiéd/ﬁfeq%h gpitis of

becones infected, it nmust be replaced at a

the great i f the devic i C |

new site P @é%'ﬁg’?%@g”g ﬁﬁﬁé’@sﬁ assostated withttegstioy snnviedrsgsiasot he pati ent
at  furt hexirémsk dighiftaie! op mechani cal conplications of insertion such as
bl eedi ng, 52 WD 037099346 PCT/ US0336~190 2/ 2 0 O 7 neunothorax P and

hemot horax. | n addilt ischeredymst extiamelptitpbRamtotdttefpvd sty SRced£dui red. An

ehfectypve étﬁgtr as;)x %d reduce the incidence of device |nfrect|on, reduce

‘tHe indi dehce oot “H of redigingihe dasidence efthloedstheanminfeatiorisy Siateit is educe

the inci dgipes ﬁ,qgfg' | endocarditis aqr, suppurative

phl ebitis), SS%IBOI onghitcﬁg‘;% feggmﬁggéthﬁe?%ﬁ 8ﬁ?m§|mﬂ¢§$ﬁsﬁ§nzat het er

and/ or r echitelet bxpenteditd be it plaka téhddiensih keliple of tdyS WOk BehEhthdm'a” | OVer
|

rmrtalityhand rTPrbi dity for patients wth central venous ca
pl ace. | N§apeUie FealingsaRatiierehredugingdhe nddenceambt el edfnidtibh wer our aci |

?Rg/ or eURRABLIHE. AnSALQ AL ALEH. Egét?ngawggl%ttgan She lo} 'r%%ré of %hrc]aefolsigvrviagce °
15 characteristics: (a) the ability to kiil, prevent, or inhibit colonization of a wide array
of potential infectious agents including most or ail of the species listed above; (b)
the ability to kill, prevent, or inhibit colonization of bacteria (such as CNS and VRE)
that are resistant to multipie antibiotics; (c) utilize a therapeutic agent unlikely to be
used in the treatment of a bloodstream infection shouid one develop (i.e., one
20 would not want to coat the device with a broad-acting antibiotic, for if a strain of
bacteria resistant to the antibiotic were to develop on the device it would -
jeopardize systemic treatment of the patient since the infecting agent would be
- resistant to a potentially useful therapeutic).
Several classes of anticancer agents are particutarly suitable for
25 incorporation into.coatings for vascutar catheters, namely, anthracyclines (e.g.,
doxorubicin and mitoxantrone), fluoropyrimidines (e.g., 5-FU), folic acid
antagonists {e.g., methotrexate), and podophylotoxins (e.g., etoposide). These
agents have a high degree of antibacterial activity against CNS (S. epidermidis)

“and Staphylococ_:cus aureus — the most common causes of vascular catheter -
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10 vascul ar catheter. The drug(s) can be applied to the central venous
cat het er o several manners: (a) as a coating applied to 2 2
exterior sur@%og}of the intravascular portion of the cath%?@@'%ﬁgg / 007
segnent of the catheter that traverses the skin; (b) as a coating applled
to the interior and exterior surface of the intravascul ar portion of the
cat heter and/or the segnent of the catheter that 15 traverses the skin; (c)
i ncorporated into the polyners which conprise the intravascular portion of
t he cat het er,; incorporated into, or applied to the surface of, a
t&)ﬁ%f aicalan

subcut aneoli¥ee ly preiersed Rgerts arg é?quwbm (nitorantronene i nf usat e;

bt ons s reSl o BhaiBfes SRl fE hDkel B isETiale o™

af or enent i agaidst 2cHBridig askicdridgsefidorndnal sgrugmeBEP W idtim@Briaft & nét@ffg&e”t ral
venous cat heter will allow bacteriocidal drug | evels to be achi eve
| ocal Iy on"?4fl anficRré@sragents arr suitabie for theinemdige ohthe praseehiweotiobast er i al

borne. | o cot a2t ARG 2 AR B i B b Byt ier (he

drugs. Al téytagbireo tisprRURuRY Qi i, )ﬁé‘@rtlaﬁelzén&@éﬁipﬁitﬁeéﬁedﬂ?lbt hegyi red for
attachnent of the drug to the catheter surtace, several polyneric carriers

are particil @PFSW@U@@Q{HV @gpinst theorganismiskraviso th oause vacubarddoegk ar

i nt erest %{ ?}yéﬁ anfcé |ers such as pol yurethanes (e.g., ChronoFl ex AL

85A eriar SoMed640TM [CT Biomaterials], HYDROSLIP CTM [CT

Bi omat er| al s], HYDROTHANETA [CT Biomaterials]), acrylic or nmethacrylic 53
03/ 099346 PCT/ UsQ371Q 2/ 2 0 0 7 copolyners (e.g., ‘

" | y(et hyl ene- co- acr1ylic ral Ve IHerived polynmers (e.g.
nitro | ul ose, se Acet ate_Butyrat e, | 1 ul ose acet ate propionate),
acryl ;'t%ie and net hac 9f @%Bﬁ?@%% %{'835“0" ﬁg‘? Snyl

acet at €) ) GitheH” shsuldBetiifershRdeB inciadSin %Hﬁ{e@% d’ﬁlﬁ%“ﬁnaggts%et S are

made in a variety of configurations and si e exac ni stered

will varydﬂllYef fwstsi todhs large (semtfa} eeins ef thienbbdyd@sd.gflugutErvBuBiary CRFiGHaN
principl eﬁ can,be aEBI iled in the application of this art. Drug dose can be
cal cul at eJ35s™METON YEPR GAVAT SURSEOT NERa GAYS. axillasy el ). tﬁéamalasmfrsm‘h t he

device becametetdiiide E&titAll vERYs Aot E Mot PoRE Rt Alt D& gtre?sd and

15 peripherally inserted central venous catheters, flow-directed ballcon-tipped
‘pulmonary artery catheters, fong-term central venous access catheters (such as
Hickman lines and Broviac catheters). Representative examples of such catheters
are described in U.S. Patent Nos. 3,995,623, 4,072,146 4,096,860, 4,099,528,
4,134,402, 4,180,068, 4,385,631, 4,406,656, 4,568,329, 4,960,409, 5,176,661,
D 20 5,916,208. '
| As described previously, 55,000 cases of bloodstream infections are
caused by central venous catheters every year in the United States resuiting in
23,000 deaths. The risk of infection increases the longer the catheter remains in
place, particularly if it is used beyond 72 hours. Severe complications of central
' 25 . venous catheter infection also include infective endocarditis and suppurative
phlebitis of the great veins. If the device becomes infected, it must be replaced at
a new site (over-the-wire exchange is not aéceptable) which puts the patient at

further risk to develop m_echan_ical complications of insertion such as bleeding,
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- conponent Spr{%u

10 appropriate surface concentrations of active drug can be determ ned.
Regar dl es f met hod of application of the drug to the_centpal/oenags 7
cat heter,ﬁioh%log%jragferred anti cancer agents, used al one or ﬁq?%ﬁ’%%rf%tign,
shoul d be adm nistered wunder the follow ng dosing guidelines: (a)

Ant hracyclines. Uilizing the anthracycline doxorubicin as an 15 exanple,
whet her applied as a polynmer coating, incorporated into the polyners which
make up the device, or applied without a polynmer carrier, the total dose of
doxor ubi cin apl.pl led to the central venous catheter (and the other

qhrax anddesmptagexe i agiiiond sysemisentiotistheriyrisraize of 0.1 g
1 25 ) i i 1 1 t ot al t f
1o ana) el MRbHeAOARtAR A0 A BB IR Ece it BredBRonent s of

- the i nf usireducsthedmjidemmeudibibedstream infbetiora igiceithd ARy PatBlredliBe dose

per unit Elréea of the _device (i.e. the anmount of drug as a function of the
surface arda"§i9enae of spmplicatiomstauchiayiepdocardilisiorisupputptive phigiplis)led and/ or

sur f ace. aPaaong Ibofedest onthe slfal PR s Ut ert ot Patn hed foul d 25
be appl i eteplace the citivéter Bhis Wasiid Adsult ifl ARerthoRality %%o@ééi@rfﬁgég%ﬂsa jf‘s

~different Wﬁg%rrer and non-pol yner coatings wll release

differing Bual vaneus sathetersdn magear anet ers shoul d be utilized in
combination with t rate.of the drug. fromthe device surface such
06 & bEFARRF ehBbfintent Boxrblin. Bishlipas b flomuany, ned

that a m ni num concerﬁ i ONn

~on the deandler stopbside.aré forndatd@ iR/ ISR fﬂiéb’?ﬁ%é Sifacd ofin@ 0 7 1S

AT ¢esi{i\ry to jnsure that drug concentrations on the device Surtace exceed
‘conce

r Af3EHET Spthedstoritis drua(sx) sewbe appiedite timatenteal menbisplcatiepeci es of

bacteri gl {2 ' .of 104 l'th h f
embod norvs LR erdfinantes; (48 SPasum smliatibyie Friedopsuress etine
enbodi meriniraviecol Portioh 6rné Se8REandiof I REdTerk VY R EatRbyd eV ce such

that anti-infective activity is maintained for a period rangi from

several HEanessasgthg skisy; &) amatchsting appligehiotthe idtaribyand ekefibesurfasedi ment
rations for a period ranging from

1% 50" b8 M EERTRr poEn L $9inels aelorghe SROmRE! af b NGRS Mk ovi ded
gre; \e/: ?uts P%ve\;i&b?'ﬁﬁg 4RiR; B)GncRpbMRSd YRSt p&%l%?é’%f‘éhncérﬁ&igeeﬁ'o%r | bed
intravascular portion of the catheter; (d) incorporated into, or applied to the
surface of, a subcutaneous “cuff’ around the catheter: (e) in solution in the
infusate; (f) incorporated into, or applied as a coating to, the catheter hub,

functions andfor infusion tubing; and (g) any combination of the aforementioned.

o m 20 Drug-coating of, or drug incorporation into, the central venous

catheter will allow bacteriocidat drug levels to be achieved tocally on the catheter

~ surface, thus reducing the incidence of bacterial colonization of the vascular

- catheter (and subsequent development of blood borne infection), while producing
negligible systemic exposure to the drugs. Although for some agents polymeric

25 carriers are not required for attachment of the drug to the catheter surface, several

polymeric carriers are particularly suitable for use in this embodiment. Of particuiar
interest are polymeric carriers such as polyurethanes {e.g., ChronoFlex Al 85A
[CT Biomaterials], HydroMed640™ [CT Biomaterials], HYDROSLIP C™ [CT
Biomaterials], HYDROTHANE™ [CT Biomaterials}), acrylic or methacrylic -
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.surface such that a m ni num conc
g el Bt aAPRIGPGResFfade eooeertrationsaf ddtive srugecas bardetémnined U Regakdieds dr ug

. concentraty he devi ce surface exceed concentrations of mtoxantrone
- known toacﬁ)fetﬂgzlﬁeﬁﬁ?é 9@3’?@%’%8?@?%@9&%639SﬁﬁV@W%F%oé&tbﬁ@r- the e )z;re in5

} 20 venous catheter (and the other components'of the infusion system) should be in

10 simlar functional activity can be utilized for the purposes of this

I nvent i onyyd fReegbove dosing paraneters are then adjusted g c/ogd%g 0/ 2067
rel ative potency of the anal ogue or derivative as conpare 53¢ ggarent
conmpound (e.g. a conpound tw ce as potent as doxorubicin is adm nistered
at half the above paranmeters, a conpound half as potent as doxorubicin is
adm ni stered at twi ce the above 15 paraneters, etc.). Uilizing

m t oxantrone as anot her exanple of an anthracycline, whether applied as a
pol ynmer coat.i i ncorporated into the polyners which nmake up the device,-
or appl i e&%"&ﬁ?ﬁﬁ (8,.9c Aehethylaneyer-aciin acidy sallulnsederived paymeats eng

i ed tqgy t f th
TP uston. S0TCIBRSL CRIKGIPHEL CX BEbib: Refliblf ZbBHE 5TRBEAED Slgse. 1 o
par ti cul adng méthpcryfate meplorgmdi(érg.n,tpom(bmyte,@feaéo-amuaée@fe)?égweﬂe.%' ied to

t he centrﬁl venous _catheter (and the other conponénts of ‘the infusion

system s 1198 therech ¢ he range of 0.1 g to 1 ng. The dose per unit area of
surface area of

the dewi i.e. th t f unct i f th )

Lhe So8t Ton o % e e lERtatvSoucinders e G iR vaHely o) SToHGPRS, at o)

shoul d f abhdwizesi metémcfmaﬂhirﬂs@re{gwill\?é?yﬂﬂthoc?évii@"gilzgf %ur?élfé Aeh a. In
ou

a particularly preferred enbodi nent, mtoxantrone s e applredto the
devi ce sufesige Alowgvensertain primdpleg/cantbe appligdrinthe Applitatiberasthis apiol yner

d non- ' L] rel i at differi . th
bove dosrrd Bés B b Eaicllatey o5 BRI BEACH emenitaraate! s PORRE o ol case
rate of Sthe\evitd/ 5@%6@3@@&5@?%@% déde ga%irﬁst%aqucéqgeﬂ@&%ﬁ%gé?m@hphe devi ce

ration o

excess ofpréferfedntRhhBOusEer | ERbRal | will be
sufficient). In a preferred e'n“f)o [ mgﬁ?gpm %ﬁ%ﬁ?i'gﬁéqéy@gﬁéﬁh%%%% t he
surface wideritee Wdowing dosity ghiakelines:i -i nfective activity is maintained for
a period ranging fro everal. hours to several nonths. In a particularly
preferred enbodi ner(n"[’)%ﬂ raryglines. Utilizing the anthracycline doxorubicin as an
15 example, whether applied as a polymer coating, incorporated into the polymers

which make up the device, or applied without a polymer carrier, the total dose of

doxorubicin applied to the central venous catheter (and the other compenents of

the infusion system) should not exceed 25 mg (range of 0.1 pngto25mg). Ina

particularly preferred embodiment, the total amount of drug applied to the central

the range of 1 pg to 5 mg. The dose per unit area of the device {i.e. the amount of
drug as a function of the surface area of the portion of the device to which drug is
applied and/or incorporated) should fall within the range of 0.01 ug - 100 pg per
mm’ of surface area. In a particularly preferred embodiment, doxorubicin should
25 be applied to the device surface at a dose of 0.1 pg/mm? ~ 10 pg/mm?. As

different polymer and non-polymer coatings will release doxorubicin at differing

. rates, the above dosing parameters should be utilized in combination with the

- release rate of the drug from the device surface such that a minimum

concentration of 107-10™ M of doxorubicin is maintained on the device surface. It
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is released in effective concentrations for a period ranging from1 - 30
days. It & be readily evident given the discussions rov'g i

t hat anal 3)”8?122@9%%(1 derivatives of mtoxantrone (as descri‘b%&”%‘% 'gg)u?leg)gom
with simlar functional activity can be utilized for the purposes of this

I nvention; the above dosing paraneters are then adjusted according to the
rel ati ve potency of the anal ogue or derivative as conpared to the parent
conmpound (e.g. a conpound twice as potent 15 as mitoxantrone is

adm ni st er; I e aho araneters, a conpound half as potent as
. ni t oxant rc;ﬁge%s%mon%ng & Q@YEF‘%{W@@”f@@%ﬁ%@%ﬁ?‘ﬁﬁ%ﬁéﬁ@@e etasey. (b)

FI uor opyr icondemntestiddsi dfl dbixBEUBIEIR KhbWAOBY 4 %g{&@ﬁg@ﬁép%‘%f%{ﬁﬁﬁ%gf%ean

exanpl e, whether applied as a pol yner coa

pol yners ARNiHRIHER e amp in exceseif cH)™ Mr altippigheidr woieGHbeaisRRf I8vepO! YT,

t he total .5 20 fluorouracil applied to the central venous catheter

(and the gtg ﬂ%‘%‘r‘%ﬁ%ﬁéﬁﬁﬁﬁfe”ﬁ ﬂ@‘%?ﬁegﬁT%e@P%@mmsﬂmﬂmbinmis esleas=t 250 ny

(range Sof frondtig dupfaddQsf i ieHlarl referred enbodi nent, the

total amount of drug apgilj%ggblgg%#ﬁgﬁi%ﬁﬁyéﬁfecé‘éﬁggiwgﬁ HE’(’@@'"FQES’@ he ot her

conponent §€8¢d fanging frapi sevesgisiceny tcseudral rhenihg. h B%afrﬁélﬂé*ﬂzy%re?&rd&jto 25

ng. The dg ﬁﬁﬁerﬂ:ﬂ?t ar ea o] the device (i.e. the amount 25 o rug as a
S

function of “Che KOG sJglessed i effestvesioneentrationsdfer egeriodwhngihgdr ug i s

plied afrdfor i : i thin th f 0.1 g- 1
per 2 of our{ neaar acorila BeReadly Adet il Fee iRBsaneies” ™

5 11 uor oubein Inshataldgube aaplorivatives ofldexoRIbiGR (84/6EaealpBvidasy Wi 1 ©
pol ymer coatI ng WI?|

ghrm 4 5 / . i fferent polyner and non-

rol eatd é?ﬁ%&@&%?%@ac Vityian Be jufilizesisforibeopyiposas 6f PETinVEAfitGhé i 9 2/ 2 O
0 7 rat eshovelRsHPYE ' _ rs.should be utilized in conbination
with the rel ease rat eagfg%%garg?ﬁ%ﬁ%@ﬁﬁeph%m&éﬁpgzo felativeqatenanpft a

mi ni num tbeReelagueatdrderivhtiidas cdMpardd t@fthépfa'rélrﬁrd&'r‘i&g]nld b?; %B&d?ﬁﬁdl{ﬁ on

t he devi C@.Csurface. It is necessary to insure that rué oncentrations on
the devi c&"EATRRIENLSE dayomibicinisadministarad abhab-the aboveipacinetkisown to be

| ethal t GofpRMAYSISRES cteria d fungi (i.e., are in excess of

10-0M al t hough {o soﬁn(gé@%%%&g?%wﬁ?q '8\@?“'8%%32%13@ the pPove:

suf f i 3 epayameters gie.gf erred enbodi ment, 5-fluorouracil is released from

t he surface of the device such that anti-infective activity is maintained
for a period Utiizing mitoxantrone as another example of an anthracycline,

whether applied as a polymer coating, incorporated into the polymers which make
up the device, or applied without a carrier polymer, the total dose of mitoxantrone
applied to the central venous catheter (and the other components of the infusion

20 system) should not exceed 5 mg (range of 0.01 ngto 5 mg). Ina particularly

' | ) preferred embodiment, the total-amount of drug applied to the central venous

catheter (and the other components of the infusion system) should be in the range
of 0.1 pg to 1 mg. The dose per unit area of the device {i.e. the amount of drug as
a function of the surface area of the portion of the device to which drug is applied
25 and/or incorporated) should falt within the range of 0.01 ug - 20 ug per mm? of
surface area. In a particularly preferred embodiment, mitoxantrone should be
applied to the device surface at a dose of 0.05 ng/mm? - 3 pg/mm?.  As different
| polymer and non-polymer coatings will release mitoxantrone at differing rates, the

above dosing parameters should be utilized in combination with the release rate of
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rangi ng fromseveral hours to several nonths. In a particularly preferred

10 enbodi @&/ﬁ%&%drw Is released in effective concent rat%&aﬁ%@ﬁ@mﬁgbm

rangi ng =30 days. It should be readily evident gi

di scussi ons provided herein that anal ogues and derivatives of
5-fluorouracil (as described previously) wth simlar functional activity
can be utilized for the purposes of this invention; the above dosing
paranmeters are then adjusted according to the relative potency of 15 the

anal ogue erivatiye as_conpared to the parent conmpound (e.g. a conpound
twice as Bh?gmg ég”!sty‘felfﬁﬂ‘&ﬁ%{%c? sueh bl s TuRigIER capcenirationf 1&0%%@”

par anet er i ) ; . 5-f ouracil I i Nl stered at
PWi co. t he TAShTuEREREENE i< Ralni i@ Shl oBpcE ey 8 P eber I M e
podophy! ottbat drugtcoposatiations anthe2fevivesgizee edveiebnagmtratemhsasf a pol yrer

coating, incorporated into the polyners which make up the device, or
appl i ed wi'® trgng dnpweriohs lethet to myllivle, species ekbagteria aod dungid/.appeiind t o

the cemr €0 e f .0 nfusion
systom® srocr e oo et ahiat B CohisterbifingHE ORIt Ryele i pe)

parti cul asufficient). drregreferpes eMBoHiméMemitokahtre®igYelcaked Tidtn BRPSINeshd O t he
central 25 venous catheter (and the other conponents of the infusion

systen) sRblfleddguice puch hat pakdfedtivelaciiyity is mainfaimeddode peripd ranging fronea of

he devi f f i f. th f f
the ort i Sevaf! bhds BTRYEI Blopid. o £ ey prettof ddbodiiant B 3 o o)
shoul d f ald refddsdin Effectivan@shcehtrtiéHs RY a-pekdt RAgRRY froMM- 8b face area.

Q a particularly preferred enbodi nent, etoposidé should be 57 WO
Q3/

09984 6sbusiyl beTeadiy evident given the dipplssinhs: provideddereindhatahalogues a dose ™ |
of 0.1 pg - A0 | Lg/mPR. As different polyner and non-pol yner coatings
will rel eé&?é?‘éﬂgﬁs&éﬁf&%ﬂf@gﬁ’ ?%d?%qr@gd Qrﬁé'ou%’ilwghtﬂgl‘%gauéﬁﬁ‘%ﬂﬁit ers
shoul d beashityicaRthe BrieBoNMNe! RIS LIS iINFERRTE PEBW dodifig drug from
the device surface such that a concentration of 10-5 - 10- f 5 '

et oposi deparamedenst arertben adjushes aleordieg doitHeaodative potenagobieadnaldgue asur e
that drug, concentrations ﬁn t he device surf?ce exceed concentrations of

et oposi dedRAGINE @5 camapared fa the pargnt, comaeynd, ?-Sa@tcé‘m%’”&ﬁdw?% Pelent. | are
[N exegSSadhithRafirdhe Bl AdiAMierba at e S80S paRIhStet Weolpbitnd RifLs Wi I!

be sufficient). In a prefe

potent as mitoxantrone is administered at twice the above parameters, etc.).
(b) Fluoropyrimidines Utiiizing the fluoropyrimidine 5-fluorouracil as
an example, whether applied as a polymer coating, incorporated into the polymers.

which make up the device, or applied without a carrier polymer, the total dose of 5-

) 20 fluorouracit applied to the central venous catheter (and the other components of

- the infusion system) should not exceed 250 mg (range of 1.0 pg to 250 mg). Ina
particularly preferred embodiment, the total amount of drug applied to the central

- venous catheter (and the other components of the infusion system) should be in
the range of 10 pg to 25 mg. The dose per unit area of the device (i.e. the amount

25 ofdrug as a function of the surface area of the portion of the device to which drug

is applied and/or incorporated) should fall within the range of 0.1 pg — 1 mg per
mm’ of surface area. In a particularly preferred embodiment, 5-fluorouracil should
be applied to the device surface at a dose of 1.0 pg/mm’ — 50 pg/mm>. As

different polymer and non-polymer coatings will release 5-fluorouracil at differing

56



enbodi ment, etoposide is released fromthe surface of the device such that
anti- 10 i ctlve activity is maintained for a period ranging fp enal
hours to s‘gég(r}/gﬂig\"‘%nont hs. In a particularly preferred enboEFFTfBﬁQﬁi/lt%z»n@(pﬁ)rvug@?
is released in effective concentrations for a period ranging from1 - 30
days. It should be readily evident based upon the di scussions provided
herein that anal ogues and derivatives of etoposide (as described
previously) with simlar functional activity can be utilized 15 for the

pur poses O{aéhifi i@ventiqn; t he above dosing paraneters are then adj usted
“accordi ng P A2 PV Fosing paEamstert shayd Bﬁéﬂ'ﬁéﬁé"tﬁord@neﬁam witb tae conpar ed

to the parefidseGalENHY 1.C otent. as etoposide is
admi ni st er ed aei(:}ghal fntghe %ﬁ%@h%?r@g%%&g’{@%ﬁ%gﬁ%%ﬁﬂ“m% as potent as
et oposi de ¢ancadiratidreofetst H7 MufGRflddreumRA e A EIREY StheSidvide %@%&q)

t he

Conbi nat i olg. t herag%.M |t should be readily evident based upon
di scussi ons" ISP 1o irsere that drug epnnanirations oofthadevicasydaceescéed g.

< | or . | Pt 9

ForPe U o orRbnf NN AR urall KACKRYS bEIEHAER ddindicus Snaclim ot bacteris |

et oposi de)anddangidi.e.uaré inzedebs of MIANE ithGegRrisoRsd Sfbabinachts Yd & gt he
e.g.;

central v?no S 61{ heter. coating. 25 Simlarly an anthracycline
doxor ubi ci'fYe0t Whiksoxuffieiratie In apreferedenbadinest, S-uayourdsilfis aleassdibm) |

et opos: dey " vrahe b <y PRl Blhas 3o Bractaibes br & Revet unga
agent st orandiay remedeerd HourS SR EHAITAGRASCIN SidafidflarBreatlipt er 1 s
C I na

._gééoci ted with an increased risk of infection, 0 I ons~of
‘adt hr a@yc PMbedimentdhe dpg inrelsased Jeaftedigs/dososmiaidts f@r & peridd rdagingubi ci n

Ot oo REFPLEK0 ke ORI S8 5 i B8 ok bocedpas e
Car o, oIt shdlooses s ERRAIGS ASHOIOARIIEUELELABTEBUNT o,
adenosi neWith siitag wmigagha;giviiy_apaabp!uﬁlmgd fovethg Ipid sz thisnadmibRagen.
Cl opt dogr Ao edsHERIBMES e thin pulbtled 2eserdan o Sia eiibie patesty ahd or
tissugspl therinalges Grdenivaiv is EOmpsRliABGhe Phld i oMmpound (e.g. a compound
twice as potent as 5-fluorouracil is administered at half the above parameters, a
compound half as potent as 5-flucrouracil is administered at twice the above
parameters, etc.).
(c} Podophylotoxins Utilizing the podophylotoxin etoposide as an
j 20 example, whether applied as a polymer coating, incorporated intb the polymers
R which make up the device, or applied without a carrier polymer, the total dose of
- etoposide applied.to the central venous catheter (and the ather components of the
infusion system) should not exceed 25 mg (range of 0.1 pgto 25 mg). Ina
particularly preferred embodiment, the total amount of drug applied tb the central
25 __.venous catheter (and the other components of the infusion system) should be in
the range of 1 pg to 5 mg. The dose per unit area of the device (i.e. the amount of
drug as a function of the surface area of the portion of the device to which drug is
applied and/or incorporated) should falf within the range of 0.01 pg - 100 pg per

) ) .
mm” of surface area. In a particularly preferred embodiment, etoposide should be

57



2. Peripheral Intravenous Catheters 10 For the purposes of this invention,
the term ' Peripheral Venous Catheters” should be understood to t 2
cat het er &ng?lg?g3fﬁhat is used to deliver fluids to the snﬁﬂrg}sog?gl e
(peripheral) superficial veins of the body. Peripheral venous catheters
have a nmuch [ower rate of infection than do central venous catheters,
particularly if they are in place for less than 72 hours. 15 One exception
is peripheral catheters inserted into the fenoral vein (so called "fenoral

l'i nes™) whi ch.eggve a significantly higher rate of, infection. The organi sms
that causePRIELLIBRdevicesystace @ dpsaifblsofaimet &9 ngfreny ddstdifferent o

h d ' . . In . f d
enbodi ment Pnies o pen-pofinel St WBIASE UATIS bt abfa BEs Heoposi de
are formul abed doding pacaatiergsiagut ibedutlicged e combination &itH B reRAsERER! &

vascul ar catheter. The drug(s) can be applied to the peripheral venous
cat het er s&?t i fheedeviceauriase sughihab @ ceneeatratinn appdT ed0t M ohe

teri s : f 1 | nt | ti f th
ont het of aokpBside I HENAnCIY] Aefulce M TIREsahel CibsfRaRaLdms ()
I ncor por at eshdentratidiom Bhey d8Vise WHE e dRc&RAMBAERbNENS BF éﬁ)‘b%%&%' l@{omﬂffé ion
r of, a

of the catheter; (c) incorporated into, or applied to the surface
subcut anedb@lethaltg a V@nsanqg hagterimand fengi ({@) afeingaicess of 107 M; lthough tsat e;

f) i ' |, i . tipng. t t h t het hub,
(£t o PR bl o PBEA o83 B2 il b e e ™

f ti ' i@ 3R Rel ol ti .
;ﬁgr ggg Pnéa;%g??ﬁ\egsﬂ)%@?hi S enbod%}ﬁéé?ggé%é%?‘ieéﬁa%w(feog‘?ﬂ{)@reaggé@%Ir ?Beda,‘,}

r ceHl r dnfegtiveactivity i eradmtainedFor Amesiod abngingdmnasdvarhhadisaersevardier i al
sses, obtain accurate 5 bl ood

1S 2 A T A b R nd h oe oo
ScySrY L ekl adeba GNP ;040 S0vL BT gkl et o o
arterial |based upeo dhediscoésions gjovidel hixeirc thit ahialogues G ddriaBivés bdent i cal
Lo those S side (s TRRErbtd Previotaly) with Smiar Turcional activity can be utiized
15 for the purposes of this invention; the above dosing parameters are then adjusted
éccording to the relative potency of the analogue or derivative as compared to the
parent compound (e.g. a compound twice as potent as etoposide is administered
at half the above parameters, a compound haif as potent as etoposide is
administered at twice the above parameters, efc.).
20 (d) Combination therapy. It should be readily evident based upon
- - the discussions provided herein that combinations of anthracyclines (e.g.,
doxorubicin or mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracil), folic acid
antagonists (e.g., methotrexate) and podophylotoxins (e.g., etoposide) can be
utilized to enhance the antibacterial activity of the central venous catheter coating.
25 ) Simitarly an anthracycfine (e.g., doxorubicin or mitoxantrone), fluoropyrimidine
‘(e.g., S-fluorouracil), folic acid antagonist (e.g., 'methotrexate) and/or
podophylotoxin {e.g., etoposide) can be combined with traditional antibiotic and/or
antifungal agents to enhénce efficacy. Since thrombogenicity of the catheter is

associated with an increased risk of infection, combinations of anthracyclines (e.g.,
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.10 In a preferred enbodi nent, doxorubicin, mtoxantrone, 5-fluorouracil
and/ or et ap9sishes@gre formulated into a coating applied toﬁ%&%ﬁggiém/ﬂ'on@

in several manners: (a) as .a coating applied to the exterior and/or

interior surface of the intravascular portion of the catheter and/or the

segnent of the catheter that traverses the skin; (b) incorporated into the

pol ymers which conprise the 15 intravascul ar portion of the catheter; (c)

i ncorporated into, or applied to the surface of, a subcutaneous "cuff"

dth : ' ion in the infusate: (f) .ipc t ed

Thror or SRR or Hitoxae S, B Rpkigiies (o Buordrineo RS AR or
i nf usi on_tarbéguyistafel g/ @)etﬁmy‘em@@nﬁﬂiriwaoﬁﬁy!bﬂﬁir%f(@ff,n@tﬁbbgiﬁgﬁjc?ﬁ Bts. -
entl ca 0}

fornmul ation and dosing guidelines for this enbodinent are 201
- those des&ou”ﬁl%e With @etihrembotihand/os antiplaielet agentsiifasbiaetple, garin, Val ve

Endocar di t4 0 [ C. r.i valves anj cal. and bi oprosthetic,

are at a tdgi%t 5%':%%25(6 ra%ﬁgéérg'ré?i%véidgbim@dgh%@gﬂ'ﬁﬂnei n faclto ., 3-6% of

pati entss 'wecmtbmadesv@dinmla%prinm fEhYI1B0tadbh8] RdSmMERRICH, ‘Pﬁ?é(@#eHSn{a?é" acement
p

surgery and %ggst hetic valve 25 endocarditis accounts for u 0 '15% of all
cases of O¥d®Chlomqyire, dimsidamme ofopreisty titlopiding, alopidobes} abcixamabot uni f orm

- the riskpni; s ' first r,. followng surgery with a peak

e dence CRUTRALE N ERbal Richfondet, shiRi st iF BBS RSB SINAITHET Ushs 1/ 90
2/ 2 0 0 énhawsteffpedcyti vel y. Mechanical valves in particular are
susceptible to infection in the 3 nonths follow ng surgery and the

m ¢robi ol ogy i s suggestive of nosocomi al infection. Therefore, a drug

£oating designed to, pre lzation and infection of the valves in
:‘t-ﬁe nont hs fol | ow (r?g su\{:fi:’r'l HER IREARG0R Gl S henefit in the 5 prevention

of thie inportant megits@buRioablefinid Pﬁg&wﬂéﬂ&%@?&n‘?f AR b Ve

endocarditis has not changed in the years e sl
advances $athetars’ghoald bednderstodd toaintlade tangvatisster oy aeRtRddMe exanpl es

f t | | include th d i bed in U S. Patent Nos.
R ANt e s N
6,176,877, 6,358, 2 yipRBGI Qeridds d@&ﬁe@ﬁ h¥vE bl BWEF riiSAR3kbQ thart M€

prosthetic valve sewing ring an
: do central venous catheters, particularly if they are in place for less than 72 hours.

15 One exception is peripheral catheters inserted into the femoral vein (so called
“femoral lines") which f]ave- a significantly higher rate of infection. The organisms
that cause infections in a peripheral venous catheter are identical to those
described above (for central venous catheters).

| in a preferred embodiment, doxorubicin, mitoxantrone, 5-fluorouracil

) 20  and/or etoposide are formulated into a coating applied to the surface of the

peripheral vascular catheter. The drug(s) can be appfied to the péripheral venous
catheter system in several ménners: (a) as a coating applied to the exterior and/or
-interior surface of the intravascular portion of the catheter and/or the segment of
the catheter that traverses the skin; (b) incorporated into the polymers which
25 comprise the intravascular portion of the catheter; (¢) incorporated into, or applied
- to the surface of, a subcutaneous “cuff” around the catheter; {(e) in solution in the
infusate; {f) incorporated into, or applied as a coating to, the catheter hub,

junctions and/or infusion tubing;-and (g) any.combination of the aforementioned. .
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annul us are not yet endothelialized. The accunul ation of platelets and

t hr ombus Ite provide an excellent location for th Ando7
col oni zat @03&0‘?&4& croorgani sns. Bacteria can be seeded duf?ﬁggﬁlg?@l?rgi cal
procedure itself or as 15 a result of bacterem a arising in the early
postoperative period (usually contam nation fromi.v. catheters, catheters
to determ ne cardiac output, nediastinal tubes, chest tubes or wound

i nfections). Conmmon causes of PVE include Coagul ase Negative Staphyl ococci

St aphyl ococcus epidermdis; .30%,. . Staphyl.ococcus aureus (23%, G am
(Negalto i ze Enterocogcﬁﬁfgﬂf@P@BQE%‘Pi%@ﬁ?g‘gﬁ"%@%%@%&ﬂﬁ%ﬁ; 14% ,
Fungi ( Candepifeatloing38 SesORRR B cbhfial derbus Abrefor ynebact eri um

y

di pt heri ae. PVE of bioprosthetic valves Is |arge confined to the
| eafl ets (and rarely the annulus), whereas the annulus is involved in the

majority of cases gf PVE !i n gﬁchani ﬁi vas ves (82% . Unfortunately,
eradication of the hfectENF2orYih m crobial 25 therapy al one
is often difficult AP : ien ( vel op
this conplication r gétglhr er eéggﬁ%&gﬁﬁ‘é‘g’%@ﬁﬁ (éjmgeb[rb)\é/j Sf%stsregp{jétg}@%)%é’g?etﬁf ected
val ve rfesllledchpressursirgadihigs and towdived lnidantheparépidced ieeseriphetdie

I nfection is uccessfully treated nedically, damage to the leaflets in

bi opr ost h& el IpicRll the gadiabartenyd andafiepanisin implaga foresevesakdays! ar | y

Gevel o an IRPEURRIRE S Midh e M BBl 2 aao ErlanaTingg biagsa 0. asue
mor t al i ty infattedpant theatlsative OpGirAsMmeare Riehtiehl GhE5&debaissd Ak Ggused by

._,S§aphyl ococcus epidermdis are also difficult to treat as the najority are..
caused by ceniraeneus calbetershnt to all currently available beta-lactam

| bygtics. Qh ' ' . Of het i. I d ditis jnclud
val ve Dol funct i on' (BERBEPRSE eieRood B3hBIGE HlatSn e ErowRel 1 ¢

- conpl i cat kader eRpeBidasars fo@i@atddNRto HeBBR gﬁﬁl\i\%ﬁﬁ{j@l@ré&érﬁl un&ﬁ?%wn

abnormalities, and death (55-75% of patien evelop an 1nfection in
the first MBNRSHE K&) asfa epating gpplied toAhe eidariirianel/ertintasioe suiface af the coat i ng

ol 0 e e S Pr cort QePLOSITAL ol PoF St iy " o0uce the
- traverses the skin; (b} incorporated into the polymers which comprise the
15 intravascular portion of the catheter; (c) incorporated into, or applied to the surface
qf, a subcutaneous “cuff” around the catheter; (e) in solution in the infusate; (f)
incorporated into, or applied as a coating to, the catheter hub, junctions and/or
infusion tubing; and (g) any combination of the aforementioned.
The formulation and dosing guidelines for this embodiment are

_identical fo those described for central venous catheters.

- B. Prosthetic Heart Valve Endocarditis (PVE)

Prosthetic heart valves, mechanical and bioprosthetic, are at a
significant risk for developing an infection. In fact, 3-6% of patients develop
valvular infection within 5 years of valve replacement surgery and prosthetic valve

25  endocarditis accounts for up to 15% of all cases of endocarditis. The risk of
| developing an infection is not uniform — the risk is greatest in the first year

- following surgery with a peak incidence between the second and third month
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conplicati ons, prolong the effectiveness of the prosthetic valve and/or
reduce th o replace the valve. This would result in |owe 2 Abiotoy7
and nor bi gv?y (gor% patients with prosthetic heart valves. AGT "égﬂfgglfqgjrrg
enbodi nent, doxorubicin, mtoxantrone, 5-fluorouracil 15 and/or etoposide
are formnul ated into a coating applied to the surface of the bioprosthetic
or mechani cal valve. The drug(s) can be applied to the prosthetic valve in
several manners: (a) as a coating applied to the surface of the annular
ring (partlﬁul arly mechani cal valves); (b) as a coating applied to the
surface ofP¢ %p‘?fﬁf"(ﬁ'éy Meshpmical yalees incnaraeular aeciusoeptitie it(l:lr\f@itmasy the )

(3 any. conm oI St e roti0OB I el g, beocbimigh ug
. i ncor por atinfastiomt dherefrthatdreg beating M@él?@@j W plevent é&&hl?ﬁ{%rﬁéh@ﬁiféi@ﬂondr ug
| evel s to b?hachleved | ocally on the valvul ar surface, thus reducing the

i nci dence Yihp¥alves inih eda%ﬁﬁ\isi@liqvangauwewbgequ greatbenmefiin thef  PVE,

whi | | to the d h h f 25
sore. agontelaftoR S BbSaNThERCE) SRR Tk frdidincd o finsrlc Yvene dr ug
to the vaa‘ndecaminml teds ridtrBanged af tHeepbl &4 ngear@.%é%?ﬁ‘é O&Wnﬁé@ﬁ[ é&Yé?ﬁ':r jgrs are

particul arl suitable for use in this enbodi nen particu i nt er est
are pol ynmeéH ¢ical And; sterdization techeiqist. yur et hanes (e. g., ChronoFl ex AL 85A [CT

Bi t I MI[CT B LI.P CTM [ CT

Bi omat o 4l 5] 62 VBCBAT0GIYE PeRUSDILTPsMeHP h@aaD' ES GEROTMRRETM [ CT
Bi-omat er i aile5¢dbed&ﬁTU/BI Pag¥int mtshéfa“ﬂd 185, QOR? fzﬁséffﬁe 5,528,023,

j:nﬁl y(et hyl ene-co-acrylic acid), cellulosé-dérived poly ?

t 1 od® | SHI2094061099, 0% E‘N:E 7%, BA6§278eands|37498% acet ate pr opi onat e) ,
| at d th | th | |
retare)) as wel | e RGNS nRRRube, MaorBRbéinyave e inardds ar e
mede in aaHAdls bre Abt RABHUBIIGALEARE HacdiSitiol BF%E@%& a‘?m‘&%ﬁro?ﬂgﬂf I stered

will vary with device size, surface area an wever
pri nci pl edt barsiteprayipe Iaedancalleritdoraqip:ln foatheoaidtm‘relhdfn andebloniZativg ofiose can be
calcul ate

functi ‘g per unit area (of the portion of 10 the

~device beﬂﬂcdo% 9aPEgS- tgpa S?U eneded diwripg dhe sergical progeduse seléar and

15 aresult of bacteremia arising in the early postoperative period (usually
“contamination from i'.v. catheters, catheters to determine cardiac output, -
mediastinat tubes, chest tubes or wound infections). Common causes of PVE |
include Coagulase Negative Staphylococci (Staphylococcus epidermidis: 30%),
Staphylococcus aureus (23%), Gram Negative Enterococci (Enterobacteriaceae,

- -3 20 Pseudomonas arugenosa; 14%), Fungi (Candida albicans, Aspergillis: 12%), and
Corynebacterium diptheriae. PVE of bioprosthetic valves is largely confined to the
leaflets (and rarely the annulus), whereas the annulus is involved in the majority of

- cases of PVE in mechanical valves (82%). '
Unfortunately, eradication of the infecting organism with antimicrobial

25 therapy alone is often difficuit or impossible. As a result, many patients who-
develop this complication require repeat open-heart surgery to repiace the infected
valve resulting in significant morbidity and mortality. Even if the infection is
successfully treated medically, damage to the leaflets in bioprosthetic vailves.

reduces the lifespan of the vaive Particularly problematic are patients who'
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-_is;;rface exceed concentra S 0 _
speci 6 oprdstwtienialveaantidoangiis, (redace tey mortaligraes sedicelPrediftidahédengh for

appropriate surface concentrations of active drug can be determ ned.

Regar dl es f the hod of application of the drug to the_pros 1x/2007
heart val @é’,“g’f%%”ﬁreferred anti cancer agents, used al one WIDIPW%Q%@

conmbi nati on, should be adm nistered under the follow ng dosing guidelines:
15 (a) Anthracyclines. Uilizing the anthracycline doxorubicin as an

exanpl e, whether applied as a polyner coating, incorporated into the

pol ymers which nake up the prosthetic heart valve, or applied wthout a
carrier polyner, the total dose of doxorubicin applied to the prosthetic
heart val Wévsipuaniinfentioaxeseed 25 Staphylecongus slur@usl asdhey hage agda-85% a

Phe. pr ost MY Ip ER0 S ERACRBRR sk Yoie Ok ARt o Actona Galk i BTy The

dose per Wubdhis&RcE ; <8 i AN on of
t he surface %r@% ofC tr(?Ee)hh‘|ci?g?ll ﬁ'%ﬁr%?lstgﬁgﬁ%lgﬁle to m%@%hrﬁ{érégaﬁ%gacf{odé?lﬁtggo

and/ or i eegapYNaresistaghtouditicireentivavaianliet thetadactges arftib®ots. @ther 100 | ag
per m® .of surface area. articul ar], referred enmbodi pent

doxor ubi cFﬁ Gaaps e p&ﬁ)‘,"g@‘g"gﬁet@rﬁ‘go%" Q'fllﬁ ig%'ugﬁr“@g'@emé f”'&Ctlﬂ)S's(:étQﬂOS@g 1
pg/ me - }ébtﬁgﬁéﬁ%r{, ﬁscglb% ?&ﬁ%fenpghﬁb@ﬁé {:ﬁgﬁgg 'nsgg,héfﬁgﬁ SHBRL! @?l?rw' |

rel ease doxor ubi ci ering rates, ove sing parane s should
be uti | i zbdmosrhagebcerabiitis), earndudtioe abebeaaltiesabadafeattnG5ITEY, dfrpatientshe
val ve surface, su at a m_ni mum concentration of 10-7- 104 M of

h th
doxor ubi chO qeve %‘ﬂ&f?@i@“dﬂtﬁﬁﬁr%arm%@ﬁqﬁlefisg"gﬁé’ﬂessary to insure that
drug concentrati OnSAH%ﬁéﬁi\)@hg?‘!?&%@ﬁ%I@qg S"Z&majfgd%%elﬁlgﬁﬁgf’gpgé ﬁﬁl val ve

ons 0 Xorubl ¢ h Known t o tiple-,

sonme enbodi ments | ower concentrations are sufficient). In a preferred
enbodi nen¢omalisalions; kiolpngdhe efiegtivenassahthe erosihetic iy andior veduee hech t hat

anti 5 i | Vv Y] .S | ' eriod.ranging.fr. sever al
nour s 1 o S ickferRitsl the v 78 Wathd fiSulit i vibp iy ERBEPRRSHE Tofc G ug
i s rel easpatignms Rith @eddthetic Beneoaheat i ons for a period ranging from1l - 6
nonths. It should be readily evident based upon the discussions provided

herein that anal ogl8< prgfermst embodireentodoxaerokisin iitixantranedéSloorduedacil
previ nusl ' L lar functian activit an be, utilized 10 for the
pur pois%jés %’?dl{s‘ﬂh%@pﬁﬁ'%rﬁr? fm %*Sgd%\l%cﬁ%tm%%/}’@%?ﬂatﬂgk'%ﬁgﬁa?% of adj ust ed
bioprosthetic or mechanical valve. The drug(s) can be applied to the prosthetic
valve in several manners: (a) as a coating applied to the surface of the annular ring
(particularly mechanical vaives); (b) as a coating applied to the surface of the valve

leafiets (particularly bioprosthetic valves); (c) incorporated into the polymers which

g ;) 20 compiise the annular ring; and/or (d) any combination of the aforementioned. {}

Drug-coating of, or drug incorporation into prosthetic heart valves will
allow bacteriocidal drug levels to be achieved locally on the valvular surface, thus
reducing the incidence of bacterial colonization and subsequent development of
PVE, while producing negligible systemic exposure to the drugs. Although for

25 some agents polymeric carmriers are not required for attachment of the drug to the
| valve annular ring and/or leaflets, several polymeric carriers are particularly
suitable for-use in this embodiment. Of particular interest are polymeric carriers
such as polyurethanes (e.g., ChronoFlex AL 85A [CT Biomaterials],
~ HydroMed640™ [CT Biomaterials}, HYDROSLIP C™ {CT Biomaterials],
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according to the relative potency of the anal ogue or derivative as conpared
to the p ound (e.g. a conpound twi ce as potent as_doxo ‘gi } N
adniniste?@g&%gﬁgﬁglf t he above paraneters, a conpoundluﬂ&cggﬂﬁ%g t 2%0@7
doxorubicin is adm nistered at twice the above paranmeters, etc.). 15
Utilizing mtoxantrone as anot her exanple of an anthracycline, whether
applied as a polyner coating, incorporated into the polyners which nake up
the prosthetic heart valve, or applied without a carrier polyner, the total

dose of mi I ] led to the prosthetic heart valve shoul d not
. exceed 5 nﬁﬁl@@g}d@"&“a 8(%b*%atﬁﬁaglhﬂff}/'mﬁ"’&"‘?ﬁﬁ@‘%’%‘%@qiy‘“pfse(ﬁeg—r ed

Val ve Shoula e iaes o aCRE EoR). Gty EE AR Eh s (45 BB ge. or ea of

. the val ve GellulosetheetaledButyrabé, Cellugostsacetatesroponatd), béiglaté ahiace area of

the portiaqn Rf tE‘% valve to which drug is applied and/or incorporated)
shoul d f al'TeRAEHTFie CRBOVITR (.-, @pbfielggienez@-}b@ylpmetm. 8 welldsadendsr ea.
In a pagtigwereas! y preferred enbodi nent, mtoxantrone should be applied to
25 the valve surface at a dose of 0.05 pg/m¥Z - 3 pg/mZ. As different

pol yner and non- polAgmeosthetit hegs vaives arenea&ein VAHaPof Bofiiatlds §5d ng
rates, the.aboye dosi paranmeters should be utilized in conbination with
the rel easc‘@eﬁae"@ sfact a&%@%imst@md wilevapumild dayidessize ssucfacetaaea andi ni mum

t ' f Sy -0f. it { I i nt ai ned th |
Curface, Fropa° ks, ol MM ERER PGe 64D etetsten b sty '°

PCTI US03/ Dédd doske ugn benmailated a8 26funbtidh 6f Yase/ Feﬁ&ﬁif 8fed (X AR brtion of
C ncer)‘bra i ons of mtoxantrone known to be lethal to nmultiple species of

‘bdct er'a §uiFRyPeing coategh dotah deaug dese efiministefedvbambe meagurédand one

mbodi | | i 11 ffjcient), _preferred
embodi mengt PPt fitdbe BXEe utlions ol Sl crvie SBh b slelbriinhcRogritesuch 5

‘that antief theenethed ofapplidativnios tHEHRIGAIAE ﬂr@ﬁtpggcfﬁééﬁq?&@“mgqgrg@ég%m ot

several hours to several nonths. In~a particu y preferte
the drug Priicasrenagents.iisedfalens pvin cunbieations shoukd be admimieteratiundagihag f rom

1- 6 no At Sk d.b readily evident based upon the discussions
Rt i e

provi ded herei Hbeﬁ;és and derivatives of mtoxantrone (as

descritbed previ ousl(s) Amthfacgtiimés’ UtiIRG 1RE ahttRSd)dhhd Yoxorubicin as an
example, whether applied as a polymer coating, incorporated into the polymers
which make up the prosthetic heart valve, or applied without a carrier polymer, the
total dose of doxorubicin applied to the prosthetic heart valve shouid not exceed 25
mg (range of 0.1 ug to 25 mg). Ina particularly preferred embodiment, the total
20 -amount of drug appiied to the prosthetic heart valve should be in the range of 1 ug
tq 5 mg. The dose per unit area of the valve (i.e., the amount of drug as a function
- of the surface area of the portion of the vaive to which drug is applied and/or
incorporated) should fall within the range of 0.01 ug - 100 ug per mm’ of surface
area. In a particularly preferred embodiment, doxorubicin should be applied to the
25 valve surface at a dose of 0.1 ug/mm? — 10 ug/mm’. As different polymer and non-
- polymer coatings will release doxorubicin at differing rates, the above dosing
parameters should be utilized in combinat.ion with the release rate of the drug from
the valve surface such that a minimum concentration of 107 - 10 M of doxorubicin

is maintained on the sur_face. Itis necessary to insure that drug concentrations on
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drug igistergdial twicedbe abeve Qﬁfﬁ!ﬂ@

10 can be utilized for the purposes of this invention; the above dosing

par anet er en adjusted according to the relative potenc

anal ogue @ﬂdxzori)?ifgtlve as conpared to the parent corrpoun é"’%g/[ n{)%gr?g
twice as potent as mtoxantrone is admnistered at half the above
paranmeters, a conpound half as potent as mtoxantrone is adm nistered at
tw ce the above paraneters, etc.). 15 (b) Fluoropyrimdines Utilizing the
fluoropyrimdine 5-fluorouracil as an exanple, whether applied as a

pol ymer c at| n i ncorporated into the polyrrers whi ch nake up the

prost het i &N ¥@/ B susiage exeeeesemeeuratpﬂﬁ@uﬂoaowmm &movpokq/berlethahe t ot al

dose of S5k tic he &, ul d not
exceed 25??) ﬂr@é%ﬁe%%es Oof%%?{%%dad; (f%}nggg%h’g%%wg &39?%? focﬁ Erred
enbodi mensprtehemBOdingiras Iewarwdincehtratiois a’?@@tﬁfmﬂerﬁtg H‘&pﬂif@ﬁé@et ic heart
val ve should be in the range of 10 g to 25 e dose per unit area of
t he val veem OQ'm?Hb dgpeicinis f@i&R§8§§fCHn tmmﬁuﬂamoﬁhetwwessuoi‘ahat an@a of
the porgti L v h dru and/ i n orated
shoul d ¥ a H n“’ﬁ?és &3&8@'"‘3‘? ?falpﬁ Od r&lnq%‘é;g BF" itk °L§§J ¥l ea. In
a partICUhﬁfdths PIres PaARAIRR eI emBod }ﬂgp{t plied to
the val ve surface at9 a dosgqgf 1.0 egm T %?ﬁjrglt|5$ gg?ﬁ‘:rfﬁcttﬁepol ymer
and non- pePRGEErations fergs pediod rangingafrernst f—IﬁLmoothsadt shaiid dief rbadiyngvidates,

i zed in conbination wth the

h b houl d
£ eeeageo;/g?%eds ‘9'? ﬁber %%esg%ﬁ? Bﬁ\geﬁ’ eqfé'tngh?’f ealogursandderivativesiagtum

syf e o et dectHhed bralocn Al SHIRE o PRARTARE R BJlirSd "2, 2

710d rfog tlzﬁ)ﬂummtseanf thisinventidre the abbhe dosinggaarbmetdrs airs me‘re@dausve@eed
| uor our aci | nown to be |lethal to nunerous Ee0|es of

ebodi morkreLCREAN(e 6y & pampblih Wice ¢ pOEhERt dordrlnRibisBebnEierer, o

enbodi nent, 5-fl uorour ease

such t hatatdvalfi therﬂbeampaearaeﬁerylet@bmﬁom haltlasgbtémrasadd@riisiginigngi ng from
several h rs.to several nonths. In a&ﬁrtlcul arly preferred enbodi nent the
i®&d- for a period rangl ng from1 -

6 m)_ni‘:hs. 't Shomtﬂliﬁﬁignlﬁﬁ%ke!r)fro%\é' Otpg'gg%i"ﬁﬁ gctﬁaglgerﬁh?a?fg(s: ons provi ded

herein that anal ogues erirvative cri bed
previ ousiwhethet dpictl dsé polymer coating, incorporated into the polymers which make
' up the prosthetic heart valve, or applied without a carrier polymer, the total dose of
‘mitoxantrone appiied to the prosthetic heart valve should not exceed 5 mg (range

of 0.01 ug to 5 mg). In a particularly preferred embodiment, the total amount of

L ) 20  drug applied to the prosthetic heart valve should be in the range of 0.1 ug to 1 mg.

The dose per unit area of the valve (i.e. the amount of drug as a function of the
surface area of the portion of the valve to which drug is applied and/or
incorporated) should fall within the range of 0.01 pg - 20 ug per mm? of surface
area. In a particularly preferred embodiment, mitoxantrone should be applied to
25 the valve surface at a dose of 0.05 ug/mm’ — 3 pg/mm?. As different polymer and

' 'non-pot‘ymer coatings will release mitoxantrone at differing rates, the above dosing
parameters should be utilized in combination with the release rate of the drug from
the valve surface such that a minimum concentration of 10° - 10° M of

mitoxantrone is maintained on the valve surface. It is necessary to insure that
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10 functional activity can be utilized for the purposes of this invention;
.the above Wg%)o%fpar aneters are then adjusted according to the pgl/@2x¥2007
potency of the  anal ogue or derivative as conpared to the PEF&i3/$d9pound
(e.g., a conmpound tw ce as potent as 5-fluorouracil is adm nistered at _
hal f the above paranmeters, a conpound half as potent as 5-fluorouracil is
adm ni stered at twi ce the above 15 paraneters, etc.). (c) Podophyl ot oxi ns
Utilizing the podophyl otoxin etoposide as an exanple, whether applied as a
pol ymer co ymers which nake up the

ahj nincor orated into the pol

. prosthetic «g;(%t CHayEns gn 'E'Sp‘fql‘é%lSW@WCEQd@ﬂWMatMsmnixoxdmOﬂbot al
d f eth h € ' ; I.c -heart I houl d not d
25 20 11y ( “%%’f‘e oy O RS i SoBERS o Rh B B MGG, Siecnareets of -

- enbodi ment 10t Me altlugh forswuatenabodimegtsaipwer 8did vy baSUMGSLG hﬁ.faét val ve
The dose per unit are%i of "t he

shoul d be j he ra of 1 ]ig to5 :

val ve (i. e‘?'{éf“lf'ﬁeed %mﬁ%ﬁmeaf, ’H'JFQP@"&@HQ i$ ﬁeassemfromﬂhe lsarface bate aneasaéh t he
por ti org of thhhgnt et G g | i ed and/or . incorporated) shoul d
fall within tgﬁ r_aéﬁg‘éé g?ﬁ%’ég TQ#,Q&_.A%@P%,%@P "ARgINgfray seyerdl beursitea. In a
parti cul ardeyefa sianthe dnenpardcoeny prefeapad ' . t he

pr ost hetice efirt val ve surface a?.pz; dose ﬁ%oﬁ'?eggﬁl'ﬁ@”w%é'%ﬁéﬁ%ﬁ As

di f f er ent %8 NEINCaRtEatRss. fep pyrasiodrengingdomili+ 6 medrahs.e lteshopibhale at

di ffering readi i 1 ' araneters, should be utilized in

conbi nat i ?l;n v:n@tfe ryi({eﬁ\gb?e eg‘g%'gﬁgét (EQSESS'?W&@P’@&% findthat 3pgleguesandice such
that a codedvativasiobmitokadfore (it feddrip 231 Q2/ 2007
P tf’:opgﬁi de_i g) @',nt aj ned on tﬂéekval veggﬁ?‘ﬁﬁgﬁl\?ﬁ?gﬁﬁl&fgéééggf%aw £ure
‘tHat . drug “R 8RBIsdier Bisspwnoses of this inveotidrg diee efaowdosiﬁggﬂﬁéméiér@%ﬁa of

et oposi detﬂg,xpgﬂ L,.to a.variety of bacteria and fungi (i. e.,
are in excess ‘f‘ét%?g‘qﬁ’ﬁ@ﬂ?ﬁ'a%wa¥'%? DO@BQOEMW%OT dervatiewas | evel s
wi || be sebhpaiedrd the paredt B6RPELRETe 5. | . at ide is released
fromthe suyrface of tﬂ%e_\/_al vebsucﬁ@?aafgggﬁﬁogﬁ?n *g?té)so\,@&ggf’ﬁi ty is

mai nt ai neBPHRAEPNGAS pdrninisterpcgt halbthesehawegparhmeters! & cBAMERIAL hait hs. In a
parti cul aﬁéignpéfﬁ'l%)ﬁa% ?‘g‘oodi nent . th dru,% is released in effective
concentrations tor a Sré) Cdv aAmNysiRsed Abiwice thesabrya paramatesshetd. il be readily

g\é:‘ ?\e/ﬁ y ggsgg uporbiFiBofbSAtmIbRRS PHRHGEE RS ShIhiite BNRl.09ues, and
an example, whether applied as a polymer coating, incorporated into the polymers
which make up the prosthetic heart valve, or applied without a carrier polymer, the
total dose of 5-fluorouracil applied to the prosthetic heart valve should not exceed
250 mg (range of 1.0 HG to 250 mg). In a particutarly preferred embodiment, the

); 20 total amount of drug applied to the prosthetic heart valve shouid be in the range of

~# 10 ug to 25 mg. The dose per unit area of the valve (i.e. the amount of drug as a
function of the surface area of the portion of the valve to which drug is applied

“and/for incorporated) should fall within the range of 0.1 ug — 1 mg per mm? of
surface area. Ina particularly preferred embodiment, 5-fluorouracil should be -

25 applied to the valve surface at a dose of 1.0 pg/mm’® ~ 50 pg/mm?.  As different
polymer and non-polymer coatings will release 5-fluorouracil at differing rates, the
above dosing parameters should be utilized in combination with the release rate of
the drug from the valve surface such that a minimum concentration of 10%- 10" M

of 5-fluorouracil is maintained on the valve surface. It is necessary to insure that
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10 etoposide (as described previously) with simlar functional activity can
be utilized for the purposes of this invention; the above dosi %{92/2007
par anet er YHPPHeEN adjusted according to the relative po'f"gm‘:'?0 Phe

anal ogue or derivative as conpared to the parent conpound (e.g. a conpound
twi ce as potent as etoposide is adm nistered at half the above paraneters,
a conpound half as potent as etoposide is 15 admnistered at twi ce the
above paraneters, etc.). (d) Conmbination therapy. It should be readily
evi.dent based upon the discussions provided herein that conbinations of

ant hr acycl §"H@£opeenirationg @pohgresthetie haat yrlgtSUTRER, exceed copgenihatitingaxf

.g., 5-fd. B folj ' t ' t hqt f d/
bodophyl ot o oeRHIRR Knbwn @ dediefif b nfiMRAB T Tces St bote B RpE . ™
ant i bact eraralin getessi dfyi00fM 1 AithduighSohsdme ehttiudimeats/Rwes dniid BvelsSwitine | arly

ant hracycl i nes r&e. g., doxorubicin or mtoxantrone), fluoropyrimdines
(e.qg.,  5-3uficemliriag prefered embegirnentn bdlyorowasi! [srejeasaddromithe satiacand/ or

9 . ! P T taamass ttine
PotOPT Dot Taé Subh indliARSRlee G850 s ARATREMER 10 Bhercd by Trom
t hr onbogemievitay holirsttb&eRbRS Msiths nﬁ@bhrzréala\‘r?eﬂrgfe%ﬁed@éﬁnﬁebﬁﬁé‘rﬁ tHe GRun

“increased risk of infection, anthracyclines , doxorubicin or
m t oxant r@@if,easeﬂume@‘pyt;:rewmma@exé?fqr @%riqgiﬁran@l iz fron ‘2 @ montfs. dt de)
ant agoni s ol t hqt r exat e, and/ or podophyl ot oxj ns (e.g., etoposide
can be co%ﬁ?é@&%\ﬁe?fﬁ;ﬁwg?%ﬁ’(ﬁ%WW @ﬁdﬁ%ﬁ“Séﬁﬂsp?fat'@Pch%fa&{bét (for
exanpl e, haBRGLBs il b S J ' | " AP,
agenosi ne, Z%hl o?ggggﬁg?ii\%g,%ﬁﬁr%e&g_g%%egg?%égé{fg‘%)ﬂﬁg{fgr 2/ 2 0.
g 1 ﬁgenﬂfﬂmﬁoai&lcﬂwww natm_bemal itipe '@forMFoﬂmgaMﬁf;ismmb rtioht g“reattlwefe batid

i pyridamgle, iloprost, ticlopidine, clopidogrel, abcixamab, eptifibatide,
tirofi bag,80 'Pﬂ?ﬁf%??ﬁ%%@fet Hcﬂdg‘l‘St?qi §§H¥%b'|9a rﬁgﬁdamvamtwy@f)th@o enhance
ef ficacy. | : NRKES [ Lightl r er than
5% of car 3%’g%ggﬁgﬁ€$§%becon@b£ﬁeﬁﬁ ééﬁ%éa%&ﬂégvﬁﬁi r?lém Pﬁglégh%ggv%ﬁ.ﬁﬁ%ar di ac
pacemaker tviee as polird as S-fusrobiesdiiipadiministered gehai e abdwveparaniatersi Bf ecti ons

I nvol ving the pu| se generator £ocket and/ or subcutaneous portion of the
| ead, andCQBPOYR BN A petant @s Srlluerouracilis admiaistared at awicathe abp¥e el ect r ode

and/ ojgt hﬁaﬁﬁgﬁé,@t erc_)gni t. Representative exanples of

(c) Podophylotoxins Utilizing the podophylotoxin etoposide as an
example, whet_her applied as a polymer coating, incorporated into the polymers
which make up the prosthetic heart valve, or applied without a carrier polymer, the
| total dose of etoposide applied to the prosthetic heart valve should not exceed 25
' ) 20 mg (range of 0.1 ug to 25 mg). In a particularly preferred embodiment, the total ¢

o amount of drug applied to the prosthetic heart valve should be in the range of 1 pg
to 5 mg. The dose per unit area of the valve (i.e., the amount of drug as a function
of the surface area of the portion of the valve to which drug is applied and/or
incorporated) should fall within the range of 0.01 ug - 100 ug per mm?’ of surface

25 area. In a particutarly preferred embodiment, etoposide should be applied to the
prosthetic heart valve surface at a dose of 0.1 pg/mm” — 10 ug/mm?. As different
. polymer and non-polymer coatings will release etoposide at differing rates, the
above dosing parameters should be utilized in combination with thé release rate of

the drug from the valve surface such that a concentration of 10°°- 10° M of
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10 patents which descri be pacenmakers and pacenaker | eads include U.S.

Patent , 382, 4,782,836, 4,856,521, 4,860,751, 5,101,824,/02/2

5, 261, 4133‘%%?]&%%%491, 6, 055, 454, 6, 370,434, and 6, 370, 434PCTFH%’3H§§/1@0 c{)m%)n7
type of pacenmaker infection involves the subcutaneous generator unit or

| ead wires in the period shortly after placenent. 15 This type of infection
I's thought to be the result of contami nation of the surgical site by skin
flora at the tine of placenent. Staphyl ococcus epidermdis (65-75% of
cases), St Iogﬁgccus. ureus, Streptococci, Corynebacterium

. Proprioni bacter-any auedEn Beoiiia syrfasee deisdingessaniitd insupe thatsirag e

frequent cedrsRmtafi ' ' | Treatpent of the ,infection at
this point is rteflgg?t?%]/gﬁ/ﬁés/fér'\é? 8&?%@% g/géé(??p?%é:eﬂ a{'m Se‘?:ft?eéﬂpﬁﬁﬁj? KBAWBTOt he

- devi ce is belftialdo atvasieheof terisatd QiR (oM 4rd iARkERIOL ﬂ??l@”glth&éﬂxe%’
pacemaker éof;%' nsert ed 3t a different site. Unfortunately, infections 0f the
gener at or Pock SMoogiments owgredrugyevgls wilibe suffibientipilc armeerresl ect r odes
causi N6 rEmBoGREAL, %t | | chopericarditis, pediastinitis and
bacteremia. Infecti'on % Jﬁ%%%ﬁ%%@@éﬁf%?‘ﬁéﬁ%Qfﬁh%va&%éwamt@mb_s _
el ect r ode infSciiv astivity nonmirtaiped focaphricd raHdiRg FBRPLER NS Qéfe?‘%fnon IS
t hought tq b’ﬁ caused b{cp I nfection of the subcutaneous portion 0o e
paci ng appa?ihers ' A Rarticulacly prafesrag embodiment the dnigds réleased npofesgivbar and
i ntracar dicgacdfifdtion k vi.ce. This jnfection tends to present at a
| ater ti m; (1-6 mn?ﬁ%‘oé)géﬁdp?ao%@éﬁpgw nd BIAtse dtishoyld begeqdilyoayiderst346
PCT/ US03 bastdnpantie dideesiirs poniiReddibii that ANASHRIY Ltis,
__3_E§I«’ no ﬁr y Eogﬁ%()] ism cardiac v%get ations an?j even ea@hd. B%ﬁ&agg'g?%@i Negati ve
*-:E :?phabocgﬁ Os{dsd s gﬁfﬁrﬂheéif:mrﬁam!ﬁ!y) svmmimwmcmcu%a%ub&u? égi%@ gtilizeldb_
nt er obacffk : ongpas , ar ugenosa an ndi da al bi cans
(29 are t hehe?rggﬁj%g O%F}h!s @%ﬁﬂ%ﬂqﬁ? abRYe %Qé’f’gdl%afﬂ@m ére petadiusted
i nf ecti onacchreiagnethe Alativel fotéAEPbIthel dHaRid lesivARY | 8Xaq g
generator and el ectrodes rru’?t be)mr)ermveczzia (Ofeﬁfgnd&ggﬁ\éﬁeggﬁp"&ogr%{q n(g"ieot i cs
are requi PEEN eAMpRUNbiryed pempodsd Anideas potéhtras StoposiBasE BB Riseyst em must
be i nsertﬁ(balg\m%taﬁbpééar at 6s associated with this condition can be quite
high - 4179% 1t treated W th and HBPPEd balbas potemdas etepesidets with 10
el ect todeadministered 3t twitB th® bBHE Parameters, etc.).
(d) Combination therapy. It should be readily evident based upon
the discussions provided herein that combinations of anthracyclines (e.g.,
doxorubicin or mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracil), folic acid
antagonists (e.g., methotrexate and/or podophyiotoxins (e.g., etoposide) can be
20  utilized to enhance the antibacterial activity of the prosthetic heart valve coating.
Similarly anthracyclines (e.g., doxorubicin or mitoxantrone), fluoropyrimidines (e.g.,
S-fluorouracil), folic acid antagonists (e.g., methotrexate and/or podophylotoxins
(e.g., etoposide) can be combined with traditional antibiotic and/or antifungal
-agents to enhance efficacy. Since thrombogenicity of the prosthetic heart valve is
.2_5‘ associated with an increased risk of infection, anthracyclines (e.g., doxorubicin or
mitoxantrone), flucropyrimidines (e.g., 5-fluorouracil), folic acid antagonists (e.g.,
-methotrexate and/or podophylotoxins (e.g., etoposide) can be combined with
“antithrombotic and/or antiplatelet agents {for example, heparin, dextran sulphate,

da_naparoid, Iepiru_din, hirudin, AMP, adenosine, 2-chloroadenosine, aspirin,
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An effective cardi ac pacemaker coating would reduce the incidence of

subcut ane ' tion and subsequent tracking of infection to tR8/02/2007
pericardi a .ogﬁ%ﬁéndocardial surfaces of the heart. d inicﬁ?P@?” W%' woul d
result in a reduction in the overall rate of infection and reduce the
I nci dence of nore severe conplications 15 such as sepsis, endocarditis,
pneunoni a, bronchitis, pul nonary enbolism cardiac vegetations and even
death. An effective coating could also prolong the effectiveness of the

pacenmaker a]?Fd Mrease t he nunber of pacemakers requiring replacenent,
resul ting PRETNOMERZORS indomsthasia, Wlﬂf@‘&?@aﬁ%h%@@hlﬂﬁ@@’ﬁﬁtWDV'F'F&%IEOIG

et bi i
and i toxairyanudombfi Bpridrel A dkanal. SRHARE RPat SufpalifaGin ot
(e.qg. mmﬂo:rmeeplasrandgm aptatph)yb @inbishoe efiicacy. et oposi de) is

forrrul ated into a coating applied to the surface of the conponents of the
cardi ac pacenaker. The drug(s) can be applied to the pacenaker in several

manners: (a) aga cqaikig Fa&g#%,t@eg{}oﬁ#e surface of the generator unit;
(b) as a coating applie t he subcutaneous portion of t he
|l ead wi§ es; (C) ' nC@\ﬂ%IBTs iy §reatéthan B @ﬂcér@l;éd’ﬁ@ace’?ﬁélfé}‘ﬁ%e%mea

subcut anequs "cuff"around the subcutaneous insertion site, (d) as a

coating aﬂ%ﬁep@tﬂ' foliowing i@glanbai@nofC@nd@cemmakqs %eubmuﬁslnfe(oﬁ)mmtvw

t 099346 PCT/,USQ 711 12 0.0 7 to.th f f
: tC ?\2 Itpgng\%[él BNOUS e%’mi:% g%&'n?ea I9NE INYGying |Wf§fﬂr8?°€ﬁ@ ndior oo ©
af or enent isobegtanBHWE sk bﬂﬂné)l%adoénél(&'ﬁnfé%’ﬁ@h@ﬂ{\%‘i\hr?@tﬁ n&RIrdLEC

p@gemakers will allow bacteriocidal drug | evels to be achieved |ocally on.
pacerrﬂl'&é&va%!#lﬁae@ct@de and/or MQemqatcbremm dReimnsentahvemxampﬂ@d of

| t bsequent d t i cat whi |
ot odudtag PRBATY BTGB neESERKER Y pecarmaker ée@é%%m%z@g%% ot somp
agent s PONGEERIoB2CI2 UereD 896 4Nde, 521Ul 866,769 5, 134! 8"‘2"4|h 281819l he drug to

the generat or unit, | eads and él'edirodes, 'several ‘arriers are
particul abl3Bdsdft, S055 454, 6,320,484 1 i 6@TORH4TEN . Of part i cular 10 interest

SRR O TR TN NI LN NG vk S
subcutaneous generator unit or lead wires in the period shortly after placement.
__ 15 This type of infection is thought to be the result of contamination of the surgical site
| by skin flora at the time of placement. Staphylococcus epidermidis (65-75% of
cases), Stapylococcus aureus, Streptococci, Corynebacterium, Proprionibacterium
acnes, Enterobacteriaceae and Candida species are frequent causes of this type
) of infection. Treatment of the infection at this point is relatively straightforward, the
20 infected portion of the device is removed, the patient is treated with antibiotics and b
a new pacemaker is inserted at a different site. Unfortunately, infections of the
- generator pocket can subsequently spread to the epicardial electrodes causing
. more severe complications such pericarditis, mediastinitis and bacteremia.
infection of the intravascular portion of the tranvenous electrode
25 poses a more significant c_linical problem. This infection is thought to be caused by
infection of the subcutaneous portion of the pacing apparatus that tracks along the
device into the intravascular and intracardiac portions of the device. This infection

tends to present at a later time {(1-6 months post-procedure) and can result in
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Bi omaterial s], HYDROTHANETM [ CT Biomaterials]), acrylic or methacrylic

copol yner ol y(ethyl ene-co-acrylic acid), cellulose- derlvgg/mnzynang
(e.qg. nlﬁvggggﬁﬁ?ose, Cel | ul ose Acetate Butyrate, Cell ul 8%d7aWéien

propi onate), acrylate 15 and nethacryl ate copolynmers (e.g.

pol yet hyl ene-co-vinyl acetate)) as well as blends thereof. As cardiac
pacenakers are nmade in a variety of configurations and sizes, the exact
dose admi nistered will vary with device size, surface area, design and
portions of the pacenaker coated. However, certain principles can be

appl i ed 20S¢Ris: Rpdgppditisaphenmonia, brcmdartts plimmnatipembotismbeacideul ated as a

function of unit_ area ort | on. of the device being
coat ed) , to?‘%qgt%gar@o%eena%ﬁﬁtW éc@rgé' EB’é‘e arhleepcshtb6Ipef opri at e

. surface comRRAbASY), SeiphyRko&ld aﬁre%g.@?'ﬁzr'a‘&% Hé%ié?fa%ﬁgg% egar di ess of the

met hod of appl i cation of the dru car di ace the preferred
anti cancer %@&mnagsaedgm@ae(a%) and Canbllda&ﬂtmoams Ql%)}lél@ tBe lﬁ@st&iémrﬁd)ﬁt er ed

under tgle 4331 g dosi n% ui del i nes: a) Ant hracyclines. UWilizing the
ant hr acycl 39&’%’3 G651 éi'g' macgmﬁsrw ecties: Hapalamntiod thiaform pbl yrrer
coati ng, I;ﬁfé@t*mrsarhs% tdthlekN TnBYHERLr Al e?é%t%ﬁé?pﬂgst{b%trg 05N

conponents, or applied w hout a tarrier pol

doxor ubi cﬁhﬂrgip@lm)mﬂbmtmhar@mwmddefbr pi‘tﬂuhgbd’l@éncﬁisfe&@aﬁﬁnﬁﬁ nel 23/ 02/ 2007
WO 03/ 099346 PCT/ US03/ 16719 (range of 0.1 R/ to 25 ng). In a particularly
pr ef er r ed PEBTEFREHS! emﬁﬁuﬁt&edf‘se‘&%umor@f' diales agspriated witbuhig deeditiont he

acfoncti on e e 1 1% HBIRR bt UekibicRi S Bcke; R0 (BRI o wini o

d)ug i1 apfdcirede aembeal dracantibidtivised) shoul d fall within the 5 range of 0.01
pg - 100 pg per mm2 of surface area. In a particularly preferred
enbodi ment, doxor ubfiBeffestiatardine pasemale@r coating:wpuldorwdisee tmincdeacat a

coce ol OBy Rl THE R B PR R S BBRRHERL g

par anet er and badbechrbial suifaddszdhe lﬂ:eﬁﬂm@mﬁédl?? Nhitd WhLIl hestIBIneR & cabs iPf L he
drug frorq t he pacemaker 10 surface such a mninmum concentration of

-7- 104hQ Qyerabrade abinegtionsand reduce the incidence of more severe complications

15 such as sepsis, endocarditis, pneumonia, bronchitis, pulmonary embolism, cardiac
vegetations and even death. An effective coating could also prolong the

effectiveness of the pacemaker and decrease the number of pacemakers requiring

replacement, resulting in lower mortality and morbidity for patients with these
implants.

) 20 Ina preferred embodiment, an anthracycline (e.g., doxorubicin and

mitoxantrone), fluoropyrimidine {e.g., 5-FU), folic acid antagonist (e.g.,
methotrexate), and/or podophylotoxin {(e.g., etoposide} is formulated into a coating
applied to the surface of the components of the cardiac pacemaker. The drug(s)
“can be applied to the pacemaker in several manners: (a) as a coating applied to
25  the surface of the generator unit; (b) as a coating applied to the surface of the
subcutaneous portion of the lead wires; (c) incorporated into, or applied to the
surface of, a subcutaneous “cuff’ around the subcutaneous insertion site; (d) as a

coating applied to the surface of the epicardial electrodes; (e) as a coating applied
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) 20 in the application of this art. Drug dose can be calculated as a function of dose per

mai ntai ned on the surface. It is necessary to insure that surface drug
concentra eed concentrations of doxorub| cin known to be /2007
mul tiple Rg(gg%ﬂg&s%of bacteria and fungi (i.e., are in exceB§T W”%@K%

al t hough for sonme enbodinents |ower concentrations are sufficient). In a
preferred enbodi nent, 15 doxorubicin is released fromthe surface of the
pacemaker such that anti-infective activity is maintained for a period
rangi ng fromseveral hours to several months. In a particularly preferred
enbodi nment :TLFe dr ug i? rel eased in effective concentrations for a period
rangi ng f 8% SHake of hierrnsvenovs elastiode; ard/pedfliany comibimationbafshd  upon

t he di scusgihRiinemidgnegded herein that anal ogues and derivatives of 20
doxonbi cin (as describedpreviously) with simlar functional activity can be
utilized for the pubrogsemtiog oﬁfhr&imgvmﬁrp@ehohhﬁo%@?d‘gc%%%bﬂ%kf!?s’@ﬁm ers
are then aq usted according to the relative potency of the analogue or

derivat i véa bagierindp!dsug e'ﬁa@r@]mfmsmmw endhe pacemakunsurfadece as
pot ent fs hal.f t he above par arret ers, a
corrpoungg ﬁaﬁ%(%d&hgjt @ﬁt'ﬁggg#é:éf%#t iy qoio%t%]rﬁqq s egt deyplerment

~above par a:ﬁ'mfen:tmuseicmpucab{t)mé |Vzr|,,@p,@u[,gmgrﬁe@ Q@;@@MI e o?c%)&?é;? of an

Into the

ant hracycljne, whether applied as a pol yner CToati’'ng,
pol yners FRigsh ANtheughgpr perae mgealimpelymenic capiers ade wot reayireal foar ri er
pol yner, |.i ed ;shoul d not exceed 5 ng

f
(range of tagﬁgri.ﬂ&ﬁ-ﬂ ?ﬂﬂé% i to tggé("?e.’?"t:‘ T‘ ﬁgggéﬁﬁdféﬁ@m?em’@w US03/ 16719
part 1 cul apbiymericl e aﬁa‘%&idmény sﬁda%lé R s HBHE bnfilo %’ng drfiGuanou! d

|n t he ran?e of 0.1 se per uni are
dr 4§ ainteres @r@cmlmeac cafners auﬂaae pahyeretbbngd ¢e.gQ rcm@nopfextALesmcermker

| E? ?bi“p@ﬁgﬁ%ﬁféﬁ i 849ur&Se%%‘%éﬂ%isi%‘r’ééésf‘ééaﬁ{‘ér[lrthiriZ‘Sge

ose of 0 08 o g AR OTINE" (T AP raBal, srTE R BRI LT grer

coati ngs qulymemdm puily(ethgtricort-aatylid nai:fde;melmlosead@rwed § gosi ng
parameter II i zed in conbination wth the reI ease rate of the
drug f ro Eﬁ%&fg’f“ 056 “icstate Bitvrate frelviogenacaiate propionate), acrylate
15 and methacrylate copolymers (e.g. poly(ethylene-co-viny! acetate)) as well as
blends thereof.
As cardiac pacemakers are made in a variety of configurations and
sizes, the exact dose administered wil vary with device size, surface area, design

and portions of the pacemaker coated. However, certain principles can be applied

{Jn_it area (of the portion of the device being coated), total drug dose administered
- can be measured and appropriate surface concentrations of active drug can be
determined. Regardiess of the method of application of the drug to the cardiac
pacemaker, the preferred anticancer agents, used alone or in combination, should
25 be administered under the following dosing guidelines: |
(a) Anthracyclines. Utilizing the anthracycline doxorubicin as an
example, whether applied as a polymer coating, incorporated into the polymers
which make up the pacemaker components, or applied without a carrier polymer,

the total dose of doxorubicin applied to the pacemaker should not exceed 25 mg
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10 concentration of 10-5- 10-6 Mof mtoxantrone is maintained. It is
necessary | ire that drug concentrations on the pacemaker supBaqe2 /2007
exceed cotr})g%Pl @2 J|’6ons of mitoxantrone known to be |ethal XE/HB{FPPe

speci es of bacteria and fungi (i.e. are in excess of 10-5 M although for
sone enbodi ments |lower drug levels will be sufficient). In a preferred
enbodi nent, mtoxantrone is released fromthe surface 15 of the pacenaker
such that anti-infective activity is maintained for a period ranging from
several houyrs to, several nonths. In a particularly preferred enbodi nent the
drug is ref@28eH ﬁuaff@é’étmgb bomearticulriyanelermed embedimsmt rthaditaly from 1

k - 6 ¢ | ' ] b the di i
brovi ded harouitof dhdq SHSIICERG BBT Ine Bl 0 RERE rith M it ain' O
- descri bed aeevieuis ginownt bf Agsish hrictibHdE tHonafacRCiredi dfYhé BBBR dfthd | Zed

for the purazose of this invention; the - ) above dosing paraneters are
t hen adj usHEEMAEEGIOWHEN g Iscapriiediangéonineerposated) shoeilc fell withie thee

derivats vVgaage 6 red conpound (e.g. a.conpound twce as
potent as m %ngpﬁggé {l@ %@%eﬁillkﬁe fesd"%eﬁé??'_ frhg p&%&?‘g&r@aﬁ’rﬁéﬂ@r s, a
conpound remBodirseniptiexdrubRimbhea biel fpfiel So BEHACHE MG S Mo 3 §Qoshgrabove
25 parameteﬁs, etg.). (b) Fluoropyrimdines Utilizing the 1? uoropyrimdine
5-f 1 uor ouPat PO/ — AR rew@mrp) eAS\ﬂHé'ﬁétrpdepel‘ antt asn-pohohgnesatingawilng,
i ncor por at, | al rs.which make up the pacenmker, or applied
without a %g?é‘?g& po! ;i(f/@eart, 589 W%'%@EOV%B(’%DQ PasBgtess showd hei ed shoul d
not exceedtiREd imgombRREIBN HithLtH delethsbQaR58F iRG Y 5323% 7 V0
;:*%099 46 PCT/ US03/ 16719 a particularly prefer rné%me’gg%] [ neér%ﬁa%tgﬁe t ot al
Lafrount!Yof SH?@R}’ $spItheloa sheimum isententration of e 10 NI®fpipxbaubidn . The dose
per unit ' h mount, .of drug as a function of the surface area
of the poﬁaﬁgﬁﬁlg? %{] Hée gﬂ&%ﬁ%kbr’s PECSH ﬁb‘Pﬁﬁrel Wat gyfagesdrugnd/ or
i ncor por atenbentraishseicrlel cHcBhitafidlys seRE®nHiciB: kholinSo: £ 5 of
surface area. In a particularly preferred g%%aik#%n%ogélle% gou{né' € shoul d
be appl i 8RPGes efhactesicernkings (ird. aare iaexeestosfel GTMLaRhq@afmeR some0 pg/ nme.
As di ffeéﬁl%diﬁ%lngssn*er and no -Eap_ol ynmer coatings will release 5-fluorouracil
at differtng Swe Gonginlitiansiang SHciantk dne RiedeTer! Bebedimentod i n
conbi mat | gekoribibinidleased from the surface of the pacemaker such that anti-infective
activity is maintained for a period ranging from several hours to several months. In
a particularly preferred embodiment the drug is released in effective concentrations
for a period ranging from 1 week — 6 months. !t should be readily evident based
upon the discussions provided herein that analogues and derivatives of
) 20 ' doxorubicin (as described previously) with similar functional activity can be utilized
) for the purposes of this invention; the above dosing parameters are then adjusted
- aceording to the relative potency of the analogue or derivative as compared to the
parent compound {e.g. a compound twice as potent as doxorubicin is administered
at half the above parameters, a compound half as potent as doxorubicin is

25 administered at twice the above parameters, etc.).
Utilizing mitoxantrone as another example of an anthracycline,
whether applied as a potymer coating, incorporated into the polymers which make
‘up the pacemaker, or applied without a carrier polynier, the total dose of

'mitoxantrone applied _sh_ould not exceed 5 mg {range of 0.01 ugto 5mg). Ina
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rel ease rate of the drug frbmthe pacemaker surface such that a m ni mum 10
concentray on of 104 _10-7 Mof 5-fluorouracil is maintained. 1t2B902/2007
necessary P IYR{RPe that surface drug concentrations exceeBCHHRE¥EWII9at i ons

of 5-fluorouracil known to be lethal to nunerous species of bacteria and
fungi (i.e., are in excess of 104 M although for sonme enbodi nents | ower
drug levels will be sufficient). In a preferred enbodi nent, 5-fl uorouracil

is released fromthe pacemaker surface such 15 that anti-infective activity
is maintained for a period ranging fromseveral hours to several nonths.
In a partiRa/isiipy praleed embadivantrihe total@nebuny of drue hpplistishould befiect | ve

tratg ' ' f 1. K, - ths. It should b
anai 1y v S0anoDLd VL 60F i el hael RN e dnf arantit o b Pogucs
and der i viahttiszsofhe Suffboe bR SCihe oo GFFEl RRGnidI@Y RO gligtie i i | ar

I

functional activity 20 can be utilized for the purposes o I nvention;
t he above 2RPEH gngiarinmsreerated)shouliialladihins theorangeaf di.Om ue 20hey pet at i ve

pot encyg of or, derivative as c red to the parent conpound
o o 2% omish B N n Gidrtelae pRPerSd Shiticimet, mimBAnone sbaugh el 1
t he above t &6 $h SRR f =P | gilyis

adm ni st eruemgéﬂ@tw cee ﬁ]e abov?ﬁ?g%??rossgqiﬁ% .ﬁﬁg’ém{zc;@%}%’ghylp‘o oxi ns

Ui | zi ng diffrseauiyngl andron-pelyspesiantings willreleasemiitexanirend et diigphg ed as a
pol ynmer c i Lncorporated into the pol yners which nmake up the cardiac
pacenaker ?Q%Pf}ﬁ&ﬂb.‘%a C{%Sm&ﬂrag\eé%r,srqr\gp%p@ Yiized ingembigation ‘dgb thef

et oposi dergippid | 1:Q 25 nmg). In
sayparti culrarl y ﬁ%?gﬂgeﬂugiooﬁﬁgﬁtg?&?ﬁ@t o%%g}n%hgﬁa%?wg’ﬂg’%éppl ied 73 ..,
230 02/1800ZoneaDtEin0 26308 - POT/NUSD itbhAnBorsd BLindirginka. 1fTe nceBsSgarpto 1 g to 5

ng. The dgse ‘%%r ﬁnit ar ea gi_.e. t he ampunt of drug as a function of the
surface alBRoinal Higcanaepiratiens aa the pasaRaken wirlasecxcead wgncentmtisinsed

o sosprtgxaash R & Soldnts N hASs AR Tl R obbied £
shoul d  Satsinapesedf 10° Mhalthaaskeontléhbegininta Iclesiadrl I&els s - 10
g/ nme. As. %f'f etr.ept pol ymer, and non-pol yner coatings will “rel ease etoposide
at di f f er $Whcient). In a'preferred embodiment, mitoxantrone is released from the surface
15 of the pacemaker such that anti-infective activity is maintained for a period ranging
from several hours to several months. In a particularly preferred embodiment the
drug is released in effective concentrations for a period ranging from 1 week - 6
months. It should be readily evident based upon the discussions provided herein
that analogues and derivatives of mitoxantrone (as described previously) with
) 20 similar functional activity can be utiized for the purposes of this invention; the
; - above dosing parameters are then adjusted according to the relative potency of
- the analogue or derivative as compared to the parent compound (e.g. a compound
twice as potent as mitoxantrone is administered at half the above parameters, a
compound half as potent as mitoxantrone is administered at twice the above
25 parameters, etc.).
(b} Fluoropyrimidines Utilizing the fluoropyrimidine 5-fluorouracil as
-an exa.mpie, whether applied as a polymer coating, incorporated into the polymers
- which make up the pacernéker, or-applied without a carrier polymer, the total dose

of 5-fluorouracil applied should not exceed 250 mg (range of 1.0 ug to 250 mg). In
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rates, the above dosing paraneters should be utilized in conbination with
the rel eqf(g rlate of the drug fromthe pacenaker surface such tha/22/2007
concent r att O 5134610" 5. 10-6M of et oposi de i s maintai ned. ®ET/ISO3N6TI@SsSary
to insure that surface drug 10 concentrations exceed concentrations of
et oposide known to be lethal to a variety of bacteria and fungi (i.e. are
I n excess of 10-5 M although for sone enbodinents |ower drug |evels wll
be sufficient). In a preferred enbodi nent, etoposide is released fromthe
surface of the pacenmaker such that anti-infective activity is naintained
for a peri B UEMATPEfsTRGRMbedimentLihs total amoenabf drogtapplicd Bheud@De in
parti cul ar d i t the drug is released in effective
concent r at %ﬁé)nr%hﬁ% gq_r ﬁg H ggg%dcfnggﬁ'b? HBS¢ PERHAIt \%é%ﬁ(z’-f"- tenyRewRt ofidruglasa d be
- readi |y eviudetibn bethedsuriaee 2réd8f fie @riiﬁf‘ﬁ'neoﬁé&éin%(@r ll‘lfwyvﬁic?\ Jhat.  anal ogues
y) W

and derivatives of etoposide (as described previous W EPAR | ar
funct i onal 3RREANjordagprberated) shoet! fativithie theprnges$ . Dhg thi fnd PERARIZON;

t he aboye ' ters are then adjusted 20 according to the relative
potenc?y of t erf% g%%?%%g@ %Paﬁ'épﬁgyﬁﬂr%féf@g oherdiment, Softwareurasilisbotiddeepound

(e.9. a compliedto th paeeiaked sBihed St 0BT A% L GnAHML SRk gk half the

above paraneters, a conpoun as potent as‘etoposi ni st ered
at twice tHerEBoNRlyper andnensolener Joatings vl nélbass 5MotdRAEPNE dilkrsgioul d be
readily e\%ggn#heb%{sed on 25 the discussions provided herein that

conbi nat i ons of Catt Nratirtls prrameters shoulihie ptilizast in combinationawith te) |

f1 uor opyr irsleds® fte OF tig: drudifd ' ' 33 ant agoni sts (e.g.,

met hot rexat e and/ or podophyl o#&%é%}?‘%@ﬂg‘fe&é&%o@% alamIPDUM | zed to

enhand® t kenegntiatiootafroAl 187N of bxfiuotodrheil RARAIRKRSED.CRAS héeess_%mjd arly
I nes

ant hracycl | ne . J.., dgoxorubicin or mtoxantrone), fl uoropyr
(e.g., L %w@f%iﬁﬁaa%%xm“ septrationsrexgeed wﬂﬁemi)I&iGn&ljﬁrﬁaggmlomacﬂ folic
id ant j , d | ot oXi .(e.g.,
ot oposi doy omnt b fetfat 0Tt 8Pl ed BORaF R B e amro i Gitish igal
agent st olénNhalikowgli faraopne Shbodinidmomrgeliig IévsiobilldiesditibAyagEY! ar
n

portion of .the t{@nsyenous el ectrode is associated wi th an 1ncreased risk
of i nf ect PEHeTed gmbrdiment $-Hugrousay! is released oo theqraceakensurface such

f_| uor @Byrihm.ghfﬂﬁﬁe&ﬁre%cﬁvﬁv is maintained for a period ranging from several hours to
several months. In a particularly preferred embodiment the drug is released in
effective concentrations for a period ranging from 1 week — 6 months. 1t should be
readily evident based upon the discussions provided herein that analogues and
‘ derivatives of 5-fluorouracil (as described previously) with simitar functional activity
: ) 20 can be utilized for the purposes of this invention; the above dosing parameters are
- - then adjusted according to the relative potency of the analogue or derivative as
compared to the parent compound (e.g- a compound twice as potent as 5-
fluorouracil is administered at half the above parameters, a compound half as
potent as 5-fluorouracil is administered at twice the above parameters, etc.).

25 | (c) Podophylotoxins Utilizing the podophylotoxin etoposide as an
example, whether applied as a polymer coating, incorporated into the polymers
which make up the cardiac pacemaker, or applied without a carrier polymer, the

. total dose of etoposide appiied should not exceed 25 mg (range of 0.1 pg to 25

- mg). Ina particularly preferred embodiment, the total amount of drug applied
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fluorouracil), folic acid antagonists (e.g., nethotrexate and/or

podophyl ot oxi ns ée. g., etoposide) can be conbined with antithrogBotgz/2007
and/ or anwopq?’é%’%ﬁ“ t agents (for exanple heparin, dextran BUI/pHs(16719
danaparoid, |epirudin, hirudin, AMP, adenosine, 2-chloroadenosine,

aspirin, phenyl butazone, indonmethacin, 10 mecl of enamat e, hydrochl oroqui ne,
di pyridanole, iloprost, ticlopidine, clopidogrel, abcixamab, eptifibatide,
tirofi ban, streptokinase, and/or tissue plasm nogen activator) to enhance
efficacy. D. Infections of Inplantable Cardioverter-Defibrillators (1CD)
Overal | , &ppuightiaiattbeyarigelofd pf to SpmgnThdldese aeduoitaré= (/. € 3heé afidunt bf at or s

b i nfect ed fol l.owing i nplantat i the rate_is highest if i cal
pl acerrent T Fag HoeiR olihg SUifaceipira Bebermarion of INepagaramhas el | |1 at or s

are subj g@elg s | i 'S | kons jpvol ving
the subcut agneouﬂg" %gfaﬁjéar?; ug(%br{)ﬁ%t%@\'}ﬁog'ld( @%m‘@%@%ﬁ%ﬂdﬂ@?pg&& iadrg)d“%ul se
gener at or peunin’ ofsnuiface areaf bra panteularygireferced ambodinieith efop@siicchimpnent s

(rate sensin 0,el ectrode, SVC coil electrode and epicardi al e]ectrodes).
Repr esgnt §?ia%é’?'e%f% |RAcegtakersurace) aha slose &f Ot B@W%enl%uﬁﬁn@ﬂ%e&sri bed in

5. 607, 3850 S a0 FoNEnE e ey Claina i racidk etBpdSie bl i 0
i nf ect i ongates,dbe abope dosidg Paeainkierashouldiaamireatin @Behbatior2Rith ipiight to be

the result of contam nation of the surgical site bé skin flora.
St aphy| ocieare 1als abihgidiug from thep safeee suckthatm oenearitration of

78 w03 obba £ oM 7G8phBNS i B peChi i dS e iuRBCE S of
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removal of the entire systemand prolonged antibiotic therapy. An
ef f ect i vePfiRastermand pingbliled are ineweash of 102 Miaithough fonsermeiambodinentsd si de

o1 et R BRSSOl € e e el b o anc
dect :?isteyrb;eﬁgego m?igfeg}egéyurmi Ghe phBEmakePSUCH PR SRTENLCHTE SHViYNG 10 | over
maintained for a period ranging from several hours to several months. In a
15 particularly preferred embodiment the drug is released in effective concentrations
for a period ranging from 1 week — 6 months. It should be readily evident based
upon the discussions provided herein that analogues and derivatives of etoposide
(as described previously) with similar functional activity can be utilized for the
purposes of this invention; the above dosing parameters are then adjusted
) 20 according to the relative potency of the analogue or derivative as compared to the -’:j,‘
parent compound (e.g. a compound twice as potent as etoposide is administered
at half the above parameters, a compound half as potent as etoposide is
-administered at twice the above parameters, etc.).
(d) Combination therapy. It should be readily evident based upon
25 the discussions provided herein that combinations of anthracyclines (e.qg.,
- doxorubicin or mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracil), folic acid
antagonists (e.g., methotrexate and/or podophylotoxins (e.g., etoposide) can be
utilized to enhance the antibacterial activity of the pacemaker coating. Similarly

anthracyclines (e.g., doxorubicin or mitoxantrone), fluoropyrimidines (e.g., 5-
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associated wth these inplants. In a preferred enbodi ment, doxorubi cin,
mtoxantrcw @wf%&lorouracil and/ or etoposide are fornulated i ne8/02/2007
coating app ¥F’PY the surface of the 10 conponent s of thePCEOSO3MG@19dr ug( s)
can be applied in several manners: (a) as a coating applied to the surface
of the pul se generator unit; (b) as a coating applied to the surface of

t he subcut aneous portion of the |ead w res; (c) incorporated into, or
applied to the surface of, a subcutaneous "cuff" around the subcutaneous

i nsertion ﬁié hé&gigaica éoatlng applied to the surface of the SVC coil
el ectrode; (& % i gdanfrpoasts (. teethaleexaie radior podopbyletmxier di al
o« o dr g | hear pork) B2 bR RS Wi Paictfy BhOEBIE ST Rhtppal, <0 "

of, or drug incorporation into prosthetic

- bacteri oci @mntamgnhm sfftaixzybﬁﬁ:ﬂcéltr&mmﬂwobéﬂi%iﬂ/bf% |hﬂ§valsggla'frziofnz;ﬁ¢ thus
reduci ng ttrp] nci dence of bacterial colonization and subsequent veq opnent

of 20 infeC |tBEHES A\ ?%8’5?%@ asgRriatet vBh @6 ingreaegd rigk bf mfestisneni ¢
t f t t
Conuired fannREycRicl:a AokeHBey & miGHAREL Robtiines (P eads and -

el ect rodesﬂuoﬁwecé)l, fohpcaiqdmntagomatsr(eej St tRGEd 5,1,@/3{ bydo%[m @Bkinsf or use
inthis e artlcular i nterest are Ic carrirers such as

di
pol yur et hgﬁo olg gpn&mde PR EPERINgd W&Maﬂﬂh[@lfbﬂlla)mdler antipidteldthadionlde d640TM
CT Bi { DROTHANETM [ CT
bi ormt 2??3?‘55&?% DI debist] Mafsbre. BeBfois ?%'L(dé"' dvrudm A, |

poI y( et hyladneewneaZ-lchldroaMOQ)ne aspirinl pRENISILLY :fr?ﬁ; ? . g.
trocgl IuI 0 Cel | ul ose Acetate But yr at €, u ose acetaté propionate),

ryl ate 0%'7“@9%3iwer@blmgwmoe,mnpmmsﬂdmw tielogidins, ispigdgres

copol yrrer§b§& fﬁ}a% e acetate)) as wel| as bl ends
t hereof. As |?rp antgg% %:9157@%86@? ére%&é? |3P3206rtf§5%9@8ﬁﬂm@gemgs| gn
feat ures aslivitbto enhdmasefitaynd in cardi ac pacemakers, the dosing

gui delines for 5 doxorubicin, 'mtoxantrone, 5-fluorouracil and etoposide in
coating ICDs are identical to those described above for cardi ac

pace makers. D.  Infections of Implantable Cardioverter-Defibriilators (1GD)

Overall, approximately 5-10% of implantable cardioverter-

15 defibrillators become infected following impiantation (the rate is-highest if surgical
placement is required). Like cardiac pacemakers, implantable defibriflators are
subject to infection in two general manners: (a) infections involving the
subcutaneous portion of the device (subcutaneous electrodes and pulse generator
unit, and (b) infections involving the intrathoracic components (rate sensing

- electrode, SVC coil electrode and epicardial electrodes). Representative -
examples of ICD’s and associated components are described in U.S. Patent Nos.
3,614,954, 3,614,955, 4,375,817, 5,314,430, 5,405,363, 5,607,385, 5,697,953,
5,776,165, 6,067,471, 6,169,923, and 6,152,955,

Most infections present period shortly after placement and are
| 25 thought to be the result of contamination of the surgical site by skin flora.
Staphylococcus epidermidis, Stapylococcus aureus, Streptococdi,

Corynebacterium, Proprionibacterium acnes, Enterobacteriaceae and Candida
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E. Vascular Gaft Infections Infection rates for synthetic vascular grafts
range fro C(?1]-5% and are . 1 highest in grafts that traverse thg3i/m nalo7
regi on (SEIQ B8t o-fenoral grafts and 10 fenoral - popl | PERUSHYHIS)

Al t hough infection can result fromextension of an infection from an

adj acent contam nated tissue or hemat ogenous seeding,. the nopst common
cause of infection is intraoperative contam nation. In fact, nore than
hal f of all cases present within the first 3 nonths after surgery. The nost

common causes.of infection include St aphgl ococcus aureus (25-35% of cases),

15 Ent er o RECETS HELRAUepE gadenftfdbisdupe gbindedionaddnicarpatelys ealsgenti ve

St aphy| ' ) jnGat | i sing.f f1_infectjon includ
 epain et TN tevaFbt el SN Phyhdtd anlfil; ierapy ¢
1 t hronbosi s, haenor r MageffectbeNCiDtciting WoWIH bdgceetahtidanet 8f mfdctihr onbosi s.

Treatnment requires renoval of 20 the graft in virtually all cases conbined
with syst dRietedipidemfteciscaiichgubsntanesous infgetign, sepsis ansl peridandiiedAnn a st aged

' f the i d.graft, ..deptid f adj
o oot & RS bERELIAAT oo Aporalbg RS Ess of FERemand dhepsrsa teon
through amumberiof phtenteabhwary répatERENEFELNENG ™ Ibtﬂlér ﬁﬁ;frgzi ) A0d ARfbidi

mortality associated with this condition. For "exanple, n aortic graft
becones 29Spegiatedanith hese implantg7% nortality rate and a 21%rate of |eg

[ [ ' o f i nfrai i pal afts. th 18% and
205 1 ospoct i vel y.  EupPREEd hednaih Biopibida.fipdintng edfuaeusicr | bed
in U S Paheii side 8%brordfiatet Y a2 dhting aﬁﬂg’e(gﬁ%th?%%%$?&%4 323,525,

4,355,426, 77 03/ 099346 Pcrnso3/ 16719072 s
4) 530191 3p0mPBBENSAT thet|GB2 Theairue(s) 0an Mbppliedd séléral habhar908) a5a024 671

5.104 399, 5 116. .36 151,105, .5, 197, 977, 197 977 5, 282, 824, , .
5. 405, 379?";‘&'!%%@?'@991? tg‘? sedagmaf th&mﬁ%f? generaby unit; (rdssr cpating, apeliadar

SLEL! 5" L0 Syl RSk B0 Pl GRS 61 hESorEl i,
or applied to the surface of, a subcutaneous “cuff” around the subcutanecus
insertion site; (d) as a coating applied to the surface of the SVC coil electrode; (e)
15 as a coating applied to the surface of the epicardial electrode; and/or (f) any
combination of the aforementioned.
Drug-coating of, or drug incorporation into prosthetic heart valves will -
allow bacteriocidal drug levels to be achieved locally on the ICD surface, thus
reducing the incidence of bacterial colonization and subsequent development of
. ) 20 infectious complications, while producing negligible systemic exposure to the r )
drugs. Although for some agents polymeric carriers are not required for
- attachment of the drug to the generator unit, leads and electrodes, several
polymeric carriers are particularly suitable for use in this embodiment. Of particuiar
interest are polymeric carriers such as polyurethanes (e.g., ChronoFlex AL 85A
25 [CT Biomaterials], HydroMed640™ {CT Biomaterials], HYDROSLIP C™ [CT
Biomaterials], HYDROTHANE™ [CT Biomaterials]), acrylic or methacrylic -
copolymers (e.g. poly(ethylene-co-acrylic acid), cellulose-derived polymers (e.g.

nitrocellulose, Ceilulose Acetate Butyrate, Cellutose acetate propionate), acrylate
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and even death. An effective coating would al so decrease the nunber of
vascul ar rafts reqw ring replacement, resulting in |ower nortapBtAy2aNd0Q7
nor bi dity“&l)? 0;3’3:H5ents with these |an ants. In a preferraC@EsdeTent, an
ant hracycline (e.g., doxorubicin and 10 m toxantrone), fluoropyri mdine
(e.g., 5-FU), folic acid antagonist (e.g., nethotrexate), and/or

podophyl otoxin (e.g., etoposide) is fornmulated into a coating applied to
the surface of the conponents of the vascular graft. The drug(s) can be
applied in several manners: (a) as a coating applied to the external

surface ofandrféeﬂ@caﬁate cobdiyamra (e.gapolyethylipheed-viayitdzetdta))eadaky gsuni nal )

surface of éée'@ﬁt%? and/or 15 (c) as a coating applied to all or parts of

both surfa coatl ng of , or drug incorporation into vascular grafts

. wll allow bacteri ggl,,q;l,g} mg chﬁifgv&tetr]%ég B}S doﬁlr‘%ﬁ‘%@éigﬁ& tﬁ&‘g gr aft

surface, thus redu0|ng t I ncl dence o r|a

subsequentsinigaréo dpmerfound in cdrﬂcatcl pacema#kend)| the Aok Rigsguiddlided fBF oduci ng

negl i g|5bl & ¥ })em c (fq%‘p g_ure to the drugs. 20 Although for some agents
pol ymer c YQAPPEIN, mifaxapRpne nilupuracii and etepraidetin ebating ICBs age  sever al
pol ymeri cj I for,use in this enbodinent.
O parti Cuﬁ@%ﬁ{)?ﬁeﬁd%@hé&‘ébﬁgiﬁ,h %&@%g rsr]?(}:(ﬁ s pol yur et hanes (e.qg.
ChronoFl ex AL 85A [CT Biomaterials], HydroMed640TM [ CT Bi omateri al s],

HYDROSLI P CTM ECT Bi,onmt er, al‘t P HYDROTHANETM [ CT Bi onateri al s]), acryl i C
25 or nethacrytic &%&Qﬁ@—@—jﬁ%—%&)l y(et hyI ene- co- acryl Ic acid),

| Iul ose-der i ved trocel | Acet a
Butyrate. Col | ut osdSeAREIaeS fody %{c"fa%cu%wr%ﬁseragﬁe AT are

.copol yrrermgbestm gmﬂsmaaruémge% mHal
bl endio er eof WD 03/ 099346 23/ 02/ 20 CTI uso@‘}'&&?é@"@g s‘f’cau hr
graft "?Pé%iéoq jteal geafisat 9-itb¢)us1ibmﬂﬁzcg@naaamsumﬁdnsezmS:ontdi@nex act dose

adm ni stqh n eyi ce surface area, design and portions
of the gr aﬁé :Eé\‘())gk) Qﬁ é%&‘%'géﬂlrcgorﬁ%w% ?1& ﬁﬁ%‘?@%ﬂ?&ﬁ”ﬁés §B98'P9dthﬁ’n t he
appl i cat Imostafonﬁrhd)ﬁ caﬂie oDnFELBASE itiidpBeatival ot { n of dose
per unit 5 area gof the portion of t hepdevﬁge beﬁmgggt gra ‘%IP%{)% drug
dose admitRfR half efjal sases present within the first 3 months after surgery. The most

common causes of infection include Staphylococcus aureus (25-35% of cases),

15 Enterobacteriaceae, Pseudomonas aerugenosa, and Coagulase Negative
Staphylococci.
Complications arising from vascular graft infection include sepsis,

subcutaneous infection, faise aneurysm formation, graft thrombosis, haemorrhage,

) septic or thrombotic emboli and graft thrombosis. Treatment requires removal of

' 20 | the graft in virtually alf cases combined with systemic antibiotics. Often the surgery
must be performed in a staged manner (complete resection of the infected graft,
debridement of adjacent infected tissues, development of a healthy arteriai stump,

- reperfusion through an uninfected pathway) further adding to the morbidity and
mortality associated with this condition. For example, if an aortic graft becomes

25 infected there is a 37% mortality rate and a 21% rate of leg amputation in
survivors; for infrainguinal grafts the rates are 18% and 40% respectively.

' Representative examples of vascular grafis are described in U.S.
Patent Nos. 3,096,560, 3,805,301, 3,_945,052, 4,140,126, 4,323,525, 4,355,426,

77



be neasured and appropriate surface concentrations of active drug can be

vascul ar g GRS

conmbi nati on, shou
10 (a) Anthracyclines.
exanpl e, whether applied as a polyner coating, incorporated into the

whi ch nmake up the vascul ar graft conponents (such as Dacron or
ied w thout a carrier Eggyner, the total dose of
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Tefl on), 041%5%?!2

doxor ubi ci
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| ess of the nethod of application of the drug 2@/t0P/2007
he preferred anticancer agents, used al offel/Bpt¥ie719

adm ni stered under the follow ng dosing guidelines:
Utilizing the anthracycline doxorubicin as an

%y607.218e4,6870L16, BENBO®E ny). | n
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amount of T60H628, B 608088 and eigtdigesur face area of the portion of the
vascul ar graft to which drug is applied and/or incorporated) should fall
within the range of A9 @legiye vasogaggrsé caatidgofodd rédue thedacidbncaof

particy a@ogrﬁu%ﬁ&fs' LS

vascul ar gr

pol yner ameddryendaieAn sfealild18satg Jvcﬂl?'dﬁﬁée 93?@?% ('ta\‘gé ﬁh%b@h‘%ﬂﬁ%{ﬁ% ng

rates, the above dosing paraneters “shou

Su

rrace

odi.ment ., dgxor ubi cin should be applied to the
?pségg@?@%&@el ?'?I&F{h?@'& ErblisFrr@mMMEaliNT f er ent

I'n CO with

the rel eaSEfisgeguUisINgtRElagemgnt reauiting in loxearuhantalily aht serbidiydospatiedtdat a

curtace. - PRATECREg

surf ace.

such tha

readily evi &9@ based upon the di scussions provided herein that ana
i

and deri¥§ @S¢ cepiingrannlieddo the intemat (lueinal) swfavesifithe grafh aiddod ar

fexa

n of 10-'- 10-4 Mof doxorubicin is naintained on the
gﬁtrsy to insure that surface 25 drug concentrations

exceed concentrati ofpsy afefdR88 HHSi t 1 tipl _
-8pecies of bacteria ang f ' e%’mieuﬂehﬂ%%ﬁtﬂrat&ggig% @%OQBM’%H%%G@ for ©..
sone dfbowitasantsonajwiuoropyriraidine(e.gn $-BUY, fokd &¢iaismRigonidtTedy. pr ef er red

enmbodi rren{n,emciljtcexor

ungi I.e., are in exc o)

Is released fromthe surface of the vascul ar graft

0oL BaBS P PXind erhi HORPRIE) Rrmulsted into persating 1 ¢ o

| t 16719 | ths.
S, N8 SRR B BT A e
concent r aappied if severaparannery: apas e doating hpphek to the SRS sur’féce’sgﬂﬂlﬁd be

ogues

functimnalk) 8¢ bl datifg applied to all or parts of both surfaces.

Drug-coating of, or drug incorporation into vascular grafts will allow

bacteriocidat drug levels to be achieved locally on the graft surface, thus reducing

the incidence of bacterial colonization and subsequent development of infectious

complications, while producing negligible systemic exposure to the drugs.

) 29 Although for some agents polymeric carriers are not required for attachment of the

drug, several polymeric carriers are particularly suitabie for use in this

embodiment. Of particular interest are polymeric carriers such as polyurethanes
~ {e.g., ChronoFlex AL 85A [CT Biomaterials), HydroMed640™ [CT Biomateriais],

| HYDROSLIP C™ [CT Biomaterials], HYDROTHANE™ [CT Biomaterials]), acrylic
25 or methacrylic copolymers (e.g. poiy(ethylene-coéacryiic acid), cellulose-derived

polymers (e.g. nitrocellulose, Cellulose Acetate Butyrate, Cellulose acetate

| propionate), acrylate and methacrylate copolymers (e.g. poly(ethylene-co-vinyl

- acetate)) collagen as well as blends thereof.
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5 can be utilized for the purposes of this invention; the above dosing

par anet er hen adjusted according to the relative potency of3 Agm®/2
anal ogue g‘ﬁ@i’i@?éf&tive as conpared to the parent corrpoun(:P(f(léﬂ.]%’ﬁflé’l’lfféorr{)ogr?d7
twice as potent as doxorubicin is adm nistered at half the above
paranmeters, a conpound half as potent as doxorubicin is adm nistered at

tw ce the above paraneters, etc.). } 10 UWilizing mtoxantrone as another
exanpl e of an anthracycline, whether applied as a polymer coating,

i ncorporated into the polyners which nake wup the vascular graft (such as
Dacron or Teflon), d} vasstlas@rais asumade gmanadety alopiigurativhe ahdtsidesdose of

m t oxantr | t exceed. . (range of 0.01 gto 5ng). In
a parti culqgfgleéagdrde erar%;rﬁ'wesg%‘%giv”gﬁf’fy ‘f"Hg d%p&ﬂ%uﬁgquarqg. ggsign agshl i ed

. shoul d be partiomeofthe geafotofted. Mbvwey i el dricd’; i.e. the

anount of dr as a %ct?oﬁ of the %’u@géghg?(g@égfcgﬁhbgjé;}soér'%elﬁc')ﬁﬁ%é t he

vascul ar @@H&athfbof\,tms(gﬁt dPiHg deseapgn bedakniited as adonpioraddysesierulrit f al |
withingh . - 20 er of surface area. In a

parti Clﬁ aﬁr‘ff@gﬁ?gﬁ’ﬁ@%ﬁ@%ffﬁ&ﬁ? ,bpemgfﬁg@éggf@{@ dibg fagerdraipistered cao t he
vascul ar @eahtasuwed ang a@br@ar@?@@uﬁécc—?c@%&ﬂmtioﬁém tiveSaiPi %'b fis different
pol ymer and non-pol ynmer coatings wll release | Tt oxant Po Bt differi ng
rates, th&ekBiRe oéeggdb@sm@mtmmmapmmm bf theddrug to el Pagraidron with
the relea f rug fromthe vascular graft surface such that a
mi ni mum cgﬁacf{é?ﬁfgﬁf%r&&g?%ﬁﬁ%fgr ﬁ@@@SMJ%?dSﬁPPS%HI sombinadiopashauld hed. 1t is
necessar yaummmmdeuﬁdmh@wawesghgwtgnﬁ%gn the surface exceed

n 0

.cQncentrations 25 of mtoxantrone € lethal .to nultiple species
«of badPeria and furlg)Apthracystisesn Uitiliziag the intiPadydithe dokbAIM N heTansone

enbodi nen r |l evels will be ti sufficient). In a preferred
enbod: nen‘%’?a’hﬂg'f%g&’gﬁ{"%gﬁepﬁ\( ?%\lémé’é’é\éfﬂe'f ?&ﬁﬂ"ﬁﬁ@cbﬁgﬁﬁle)drfn@'mﬁtp%unémce such
t hat ant i whighesik A [ ' ' riod r ing from
sever al houlr_s t% éégelg?a\fégnc%%étrﬁg?ﬁ??\%mﬁgﬁgi(%18‘#58‘7' 96 a5t 8??%&’”@?%0& ment the
drug 80 2mlied ML a WErES/RARRSE tWQﬁis&G)?BExbﬁjbﬁ&ﬂ\ %Pﬁéh 'kt:it%&& tﬁﬁpt | ve

S S

Feadi 1y aABNZ e diRaBAn O heod 25ueh oo paGoviee prefesier erabuimant ogUos
and 3 i Ak totePambuf SrIas bhBRe: SRELIABIGH RS LAt PUS Y5 i Hhe dose
per unit area (i.e. the amount of drug as a function of the surface area of the

portion of the vascular graft to which drug is applied and/or incorporated) should
fall within the range of 0.01 pg - 100 ng per mm’ of surface area. Ina particularly
preferred embodiment, doxorubicin should be applied to the vascular graft surface
20 atadose of 0.1 pg/mm’ — 10 pg/mm?.  As different polymer and non-polymer
coatings will release doxorubicin at differing rates, the above dosing parameters
shou!d be utilized:in combination with the release rate of the drug from the
vascular graft surface such that a minimum concentration of 107 - 10* M of
doxorubicin is maintained on the surface. It is necessary to insure that surface -
25 drug concentrations exceed concentrations of doxorubicin known to be lethal to
muiltiple species of bacteria and fungi (i.e., are in excess of 10*M: although for-
. some erhbodiments lower concentrations are sufficient). In a preferred
~ embodiment, doxorubicin is released from the surface of the vascular graft such

: that_ anti-infective activity is maintained for a period ranging from several hours to
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simlar functional activity can be utilized for the purposes of this

I nvention; the 5 above dosing paraneters are then adjusted accordi3nq 2020l
rel ative Pt ¥EP46f  the anal ogue or derivative as conpar eRCHESEHEVWar ent
conpound (e.g. a conpound tw ce as potent as mitoxantrone is adm nistered
at half the above paraneters, a conpound half as potent as mtoxantrone is
adm ni stered at twi ce the above paraneters, etc.). 3 10 (b)

Fl uoropyrimdines Utilizing the fluoropyrimdine 5-fluorouracil as an
exanpl e, whether applied as a polyner coating, incorporated into the

pol yners %@Yes3l meikes.uln a particatanyl prefgreat empedicrerdshddeu® s releabellign) . or
applied Wéffﬁ%ﬁ%’ g carri.er polyner, the total dose of 5-fluorouracil

appl i ed sHoud &P ENEEgNS eried ENaing from hweeka & saomigs-. Itishoald be

4
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amount of dfrivgtives of doxnoibiicin (aé deberitsad prrousIYS Wit sitkgr AMCHbAA Rtivity he
vascul & %r af.t to whi crl drug i s apfpl i ed and/or incorporated) should fall
wi t hi n > t FENREWlzed foy the purposespfibis inyention: the abave dosiag paraneters are

parti cul aghan BaRERH" | - il _shoul d be.applied to the
vascul ar grar%t @ur?ad?gogt gﬁgg{%%laetw%fadié’rgéygﬁéﬁé ana “&/%%”Vﬂgeﬁiaﬁferent
pol ymer asdmparnechiol themparertaionmgsundid.¢. 4 edpsenddibe akqistasis at di ffering
rates, the abg%e,d,osi ng paraneters should be wutilized in conmbination with
the rel eaS8%QEPKINS gdmaintsiergdat halfithe abave paremeters, ta coupbandhsaliah t hat a

I Ni ' 104, -, 10- f.5-1l Ll intained. It .
s nocosehoy Tt 8° PRkGEtn & dumindeiedip i he e rtpetectios

*cénceﬂ_ﬂr ations of Sl-Jﬁnzmg“mitbaﬁhi_roxkél@%nbﬂxeb%xbﬁ?r@bféﬁaﬁﬂ%%&ﬁﬁewec' es of
bacteria gnd fungi (i.e., are in excess of 10-4 M although for sone
enbodi ment*@etheRapp a|pslsner epatingy incoridrateiddnto) thel polpmerewvhichatake

mbodi : il | d th | ft surf
stch t hat Bt YastRleR e A tsuchiag BpSRESHIAIRE. s dopied wisamt B@ariang! ng 1 rom
sever al _hpolymet,0he e3EI dWseBFthidxarltforid Rk §H56 d rYot%f:te@B rﬁ‘gﬂpﬁﬂaerfgf%{a @f{ \2/207

WO 03/099346 PCTI US03/ 16719 enbodi nent 'the rugrl s release
concent r d#03mg P& ma).plir a particasayiynprefdrresherhbodiahent, thenotdllasnourit offiayg d be

readiyy eyientnBaRGSh HARD r:t;que a5 10 ) . The dose per unit area (i.e. the
amount of drug as a function of the surface area of the portion of the vascular graft
to.which drug is applied and/or incorporated) should fall within the range of 0.01 pg
- 20 ug per mm’ of surface area. in a particularly prefered embodiment,
mitoxantrone should be applied to the vascular graft surface at a dose of 0.05
} 20 . pg/mm’ -3 pg/mm’.  As different polymer and non-polymer coatings will release
‘mitoxantrone at differing rates, the above dosing parameters should be.utilized in
combination with the release rate of the drug from the vascular graft surface such
that a minimum concentration of 10°- 10% M of mitoxantrone is maintained. It is
necessary to insure that drug concentrations on the surface exceed concentrations
25 of mitoxantrone known to be lethal to multiple species of bacteria and fungi (i.e.
-are in excess of 10”° M; although for some embodiments lower drug leveis will be
Sufﬂcient). In a preferred embodiment, mitoxantrone is released from the vascular
graft surface such that anti-infective activity is maintained for a period ranging from

several hours to several months. In a particularly preferred embodiment the drug
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provi ded herein that anal ogues and derivatives of 5-fluorouracil (as

descri bed revrously) with simlar functional activity can be upBl/igzed260r7
t he purpoé@@ 0¥¥9#48i s"5 i nvention; the above dosing par ametREHUSHBASTIREnN

adj usted according to the rel ative pot ency of the anal ogue or derivative
as conpared to the parent conpound (e.g. a conpound twi ce as potent as
5-fluorouracil is admnistered at half the above paraneters, a conpound
hal f as potent as 5-fluorouracil is adm nistered at twice the above
parameters, etc.). 10 (c) Podophylotoxins Uilizing the podophylotoxin

et oposi de tss‘eMSedmaﬁétﬁwevmﬁkbﬁfratm| foPd pRfiod rdYiNg%Bont 9Hddhd: 6
“incorporated into the polynmers which nmake up the vascul ar graft (such as

Dacron or TNt S'b?“"éﬁ’ﬁl*’Pé@'!w\ﬁ?\t'ﬂ@wb@wmmim disclugsiens pfchﬂxiecbha‘ewdose of

P PG IS o ALEE S e e °

shoul d be srmulah&mt:ﬂm aefivily €arl Be utiliZed fOP 9B the
anount fg&gg{e as_ a functlgyn of the surface ar eg Opﬁkestlggr@{l@]ﬁ(m? t he

vascul a qosinghpaRmeters are thﬁp’pﬁdj@dt@lmcordlmgrtntrmredﬂtm)poséimﬁdf fall
wWithin th urface area In a
~particul ar y pr grgroégjegéﬁ@’ d?ﬁﬁﬂ?’%agﬁ({;ﬁg’gﬁa &8rPoys a(ﬁrﬂ BPROUNge
vascul ar gwidet aspstbAtSs AlitoRaleese %fad?ﬂ n%téreﬂla'mglﬂﬂ@a%vr@é rdﬁt? tgrsf Ler ent
pol ynmer and non- polyrrer coatings will release etoposrid ? I Trer I'ng

rates, theEoFRApBARY argp@pantas milosastand i duministéred z¢ tvics theabbwat i on with

the relea e drug fromthe vascular graft surface such that a
;}C ncentrat%%oén'ﬂ%%@(ﬂ%? 10-6 M of etoposide is rrai ntained. It is necessary

e Koy surfggqqda%mﬁﬁﬁnggmm&rﬁg bact ra aﬁ% ftﬁh@%uﬁ)&l@%&sare

etoposrde known to | ethal” to a variety ™

‘i n- excess affexampls, whether W@H dsom pstymermbtmtg BCS POt intd thD pbigHRirs Wi | |
i ment, etoposide is released fromthe

ot ace. oriiLmokS uita VErGiar SafidRueiaE Datan eifelonaes ARARY weRoLL:
a1 Ul ATy oo B ol o Rgal & MR Pornp ) bl DS G5o89 % 800346
PCT/ US03/ (Lramgg Of élOer@tmIZG(hrrg‘)f malpaetmmm,epsﬁeféﬁé@@ﬁm&afm@tpwel 8 r angi ng
from JISV\'egrnc:un{5 ofrﬁ)rug applied should be in the range of 10 pg to 25 mg. The dose per
unit area (i.e. the amount of drug as a function of the surface area of the portion of
the vascular graft to which drug is applied and/or incorporated) should fall within
the range of 0.1 pg — 1 mg per mm? of surface area. In a particularly preferred
embodiment, 5-fluorouraci! should be applied to the vascular graft surface at a
\)} 20 dose of 1.0 ug/mm’ - 50 pg/mm’. As different polymer and non-polymer coatings
~ will release 5-fluorouracil at differing rates, the above dosing parameters should be
utilized in combination with the release rate of the drug from the vascular graft
surface such that a minimum concentration of 10™*- 10”7 M of 5-fluorouracit is
maintained. It is necessary to insure that surface drug concentrations exceed
. 25 . concentrations of 5-fluorouracil known to be fethal to numerous species of bacteria
-and fungi (j.e., are in excess of 10 M; although for some embodiments lower drug
levels will be sufficient). In a preferred embodiment, 5-fluorouracil is released from
the vascular graft surface such that anti-infective activity is maintained for a period

- ranging from several hours to several months. In a particu'arly preferred
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It should be readily evident based upon the discussions provided herein -
that anal ogues and derivatives of etoposide (as described previ2as102/ 2V
simlar fWHEYIYRE activity can be utilized for the pur po®€I/UH3NGTIS

i nvention; the above 5 dosing paraneters are then adjusted according to the
‘relative potency of the analogue or derivative as conpared to the parent
conpound (e.g. a conpound tw ce as potent as etoposide is adm nistered at
hal f the above parameters, a conpound half as potent as etoposide is

adm nistered at twice the above paranmeters, etc.). 10 (d) Conbi nation

t herapy. | €miiegimentsbe d&lg:ilsl releasizd ém effetbedcanmentratibes thrscperiddoanghivi ded

h h I d bi
m t oxant 1 olE§ T PP R Prii; oSGl i reaaty FYGRELPaRSd ypoa 14 Gsaessions
‘ant agoni st proRicd her@ﬁtthé‘ltér%g% 58 Hdeeﬁ oRRLSQ ol (as BEOBASLAS) can

be wutilized to enhance the acteri act|V| ty o vascu graft
coat i ng. SPEﬂVICmSIWWltB mﬁﬂfasoytxbnai@stt‘élﬂl ¢an b akitiredictitie purpBiskeRMis one) ,

fl uorop rimdi nesy_ﬁ fluorouracil), folic acid antagonists (e.g.

et hot r xai"g e ﬁ@%@p‘ﬁ%'ﬁ@ @g{q{gete(%aga thegrasliested @pcemingie herrplative wi t h
L act 1 onaporaic o b choReflets AR B8 conf 8505 o i SR EGRBP IS B ca S 18
of infect |mmp@md"mmyaé poest (ae5gﬂuordmaulu@admﬂw:@t@r&ﬁaﬂhélﬂmw%e)

fl uoropyrimdines (e. 5-fluorouracil), folic acid antagonists (e.g-,
net hot r ex RE2fH B3 5&5‘8%9@ babasmptert ap S-loowpsacitis)adrainistered@tibiviced wi t h

ant ithro | el et agents (for exanple heparin, dextran
myak aﬁo@é‘?éﬂy&??é %Itéaﬁj

+| phate, dan epiru hi rudi n, AMP, adenosi ne,

chl ot@adenosi ne, eé)mdddphylbt‘tﬁ(mh bUtlﬁ_ﬂﬂ@ the bcﬁ&&f@l&@ﬁh%to?&%?ﬁé’%g et e,

hydrochl or oqui ne pyridanole, 25 iloprost, ticlopidine dogrel,
abci xamab,€X&pHA Qu"ﬂ'&im%feapmlieﬂ(ﬁﬁ q)aﬂlymrm@ptrom lna@@orataddmtorthe |ps£ytnmrs

By Uso o riaR s the Vs PORRRER. Clieh 58 nut of Trfidn o ReRiechiihaavar
I npl ant's  cBeridr@olydher] theqbtd! @BSe b‘t‘\éﬁiﬁﬂsﬂﬂa é;ﬂﬁ:e?gsrhodkpﬁ é’ﬂ%ehrﬂsoné are

common occurrences 1 n both children and For t e managengnt of
chroni ¢ (range of 0.1 ug to 25 mg). In a particularly preferred embodiment, the total
15  amount of drug applied should be in the range of 1 pg to 5 mg. The dose per unit
area (i.e. the amount of drug as a function of the surface area of the portion of the
vascular graft to which drug is applied and/or incorporated) shouid fafl within the
range of 0.01 g - 100 png per mm?® of surface area. In a particularly preferred
embodiment, etoposide should be applied to the vascular graft surface at a dose of
} 20 0.1 pg/mm’ - 10 pg/mm?.  As different polymer and non-polymer coatings will
’ release etoposide at differing rates, the above dosing parameters should be
. -utilized in combination with the release rate of the drug from the vascular graft
- surface such that a concentration of 107 - 10 M of etoposide is maintained. It is
necessary to insure that surface drug concenirations exceed concentrations of
25 etoposide known to be lethal to a variety of bacteria and fungi (i.e. are in excess of
10°M; although for some embodiments lower drug leveis will be sufficient). Ina
preferred embodiment, etoposide is released from the surface of the vascular graft
such that anti-infective activity is maintained for a period ranging from several

hours to several m_ont_hs. In a particularly preferred embodiment the drug is
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obstruction secondary to persistent infection, the use of inplanted nedical
tubes is 5 a frequent formof treatnent. Specifically, chronic ogBVigs medoF
is often tW@4VEM3W th the surgical inplantation of tynpaneGrusng/isiises and
chronic sinusitis is frequently treated with surgical drainage and the

pl acenent of a sinus stent. Tynpanostony Tubes Acute otitis nedia is the
nost comon bacterial infection, the nost 10 frequent indication for
surgical therapy, the |eading cause of hearing | oss and a comon cause of

| npai red | anguage devel opnment in children. The cost of treating this

condi ti on Féleasqd ireffectind epncdraraiges ér f pariod kg feetwabk $% Miohtion

annual 'y i United Stafes alone. In fact, 85%of all children wll
have at |e§§5{‘5§ﬁ’ebeefﬁ ¥§V'°£?Pt 88599 uportheissHssbUs, movided Hereie thatr e

. surgical t bﬁél@@ﬁ{esﬁlﬁﬁéﬂ%thatIvﬁ%ﬁf%‘i@ﬁﬁ%tc@@% Je%cﬂé%cg %)Lé\)ét?&fs@g{/i@\esiir?ﬂigacr easi nd

and for severe cases surgica erapy 1S nore
conser vat | {actienalgetivity calbatutiliagd for theMeHpaséHAELRS ingbniidH: 5d higgvof the
m ddl e gar characteri zed by Eustachi an tube dysfunction |eading to

I.S
failureof a‘ﬁ'l'%g Reinelesspre thee Adiystad agcanding dentha relatisspoteneynafitheauses of

otitis medym; : ' 09 mophi |l us influenza
(20%, Br anhaﬁ%ﬁ gpd%ﬁg‘{ag?%%%ﬁ%%gwH%Pé%gf'é%%’ﬁ%ﬂ@%&%&@"?@%é and

St aphy| oc osttesaspotent as lofdde Sharingnidtored at haif $hd BSorCsaaHleals0q of
bacteria, white blﬁp cells and fluid which, in the absence of an ability
to drain tSMRANNGHRIT 23 poteah aa stangsisle is @dministarad at twice Hixeabqueessure in t he
m ddl e earparipbtdi@natcGases antibiotic therapy is 25 sufficient treatnent

and the condi tion resol ves. However, for a significant nunmber of patients
the colflli tion becongs) Combination th&apy! §Néhdild Seﬁéacﬁiﬂﬁhe\yiﬁqlb}éged %pﬁnl etely.
ereis a

I'n recurrgnt otitis media or chronic otitis nedia wth effusion,
cont i nuoudNiSCHsTign® pravidacihersin hateembinations ot asthranycings essyr e gr adi ent

across 84 JMh 0B 007 PCTI LUS03/ 1671 he tynpani c nmenbrane
causi ng pain anﬁrgrgﬁﬁtpégétﬁééér ﬁtﬁ"’%’?{@ '?eét(i%o?r' gfffupﬁ@’fag'sn%%ﬁ@drrenbr ane
(typi cal | antsigohisd ¢ g mendthefredatd YRE PpOASHRNYLD: el(e' i pr essure
gradient and facilitates drai nage of t h%ﬁﬁydgfﬂe@()gé a ftoﬁpgﬁg)n&%}ﬁggout er

utiized to enhance the antibacterial activity of the vascular graft coating. Similarly

15 anthracyclines (e.g., doxorubicin or mitoxantrone), fluoropyrimidines (e.g., 5-

Mluorouracii), folic acid antagonists (e-g.. methotrexate and/or podophyiotoxins

(e.g., etoposide) can be combined with traditional antibiotic and/or antifungal

agents to.enhance efficacy. Since thrombogenicity of the vascular graft is

associated with an increased risk of infection, anthracyciines (e.g., doxorubicin or

20 mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracit), folic acid antagonists (e.g.,

‘methotrexate and/or podophylotoxins {e.g., etoposide) can be combined with
antithrombotic and/or antiplatelet agents {for example heparin, dextran sulphate,
danaparoid, lepirudin, hirudin, AMP, adenosine, 2-chloroadenosine, aspirin,
phenylbutazone, indomethacin, meclofenamate, hydrochloroquine, dipyridamole,
25 iloprost, ticlopidine, clopidogrel, abcixamab, eptifibatide, tirofiban, streptokinase,

andlor tissue plasminogen activator) to enhance efficacy.
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ear instead of through the Eustachian tube - a formof "Eustachian tube.
bypass™”). 5 Surgical placement of tynpanostony tubes is the nost2i/dety2007
used treg‘f%ﬁqggfl’ %r chronic otitis nedia because, alt houghP?;fS(tUS‘?ﬁ%ﬂr6 Blve, it
i nproves hearing (which in turn inproves | anguage devel opnent) and reduces
the incidence of acute otitis nedia. Tynpanostony tube placenent is one of
the nost conmon surgical procedures in the United States with 1.3 mllion
surgical placenents per 10 year. Nearly all younger children and a |arge
per cent age of der c |Idr en reqw re _gener aI anaest hesi a for placenent.

Si nce general dnaestHE tigns, Assqciated yith Ea s Pharoaf faplantsant si de

effects in children e ent.s the reate ri sk and cost
associated with the %%g%%ﬁ%?ts qst*nyglvwgib?%@rﬁqsg hihrogtre qaBen of
anaest het i ssgutrBates fitb&thidhildieh MPIRAER. Ry 1RO FEadePa t'o%hkgl?é of 15
t ynpanostony tube insertion include chronic otorrhea (often e

i nf ect i on Aptrgction aecondanain petsisteritlinfentien, the eiseafimpanied mpelivzs mbes is

S. aure 0 f or ei gn bod ion wi.th ormation o

granul i é f’?ﬁ@éﬂé ﬁ&ffrﬁ?t@ﬁ oﬁpecépﬁ'@ ﬁﬁ”ﬁ%@ﬂ‘éﬁ Wg@o@qutgqptggwﬂh
granul at i QRe Gugfd ) I on,
nmyri ngoscl er osi's, 'mgﬁ?@gwgﬁ?ﬁ?@gﬁﬁ*ﬁ/?@??Qg?q'gﬁm%%q é‘%ﬁ@él s),
and chol edtegtacwith sirgicdlfdzsinayge and ithe pxeamnt toflacsicwasteny woul d aI | ow easy
insertion, remain in place for as long as is required, be easily renoved
in the office without anaesthesia, resist infection and prevent the

f or mat i on T9fnpahastendl Toked | ssue in the tube (which can not only lead to

He tube under anaeschit otitishnedints tirecessasmmorbactéfidienfelclion tHaRaRRSt oy
t ube ulf also,égduce %he i nci dence of conmplications such as chronic
ot orr Hea [T6RAYEN ipdication farsergicad)iherapy, theleadipgicause af hearing inssaand a

obet 1 ucti S ROrHPEREGimBalt i Ritnatl deBE et (TR G br HPai

t ynpani c ttﬁ@c&ﬂﬂlw DRI NdSIhR agelofdiveds @sfimated &t $B B EnmanlGrat i on,
nmyringoscierqsis, tynpani c nmenbrane atrophy and chol esteatona_ Thérefore,

devel opnette Wi ted Slates alenen lafact. 6% qf@Jj(ﬂIMdren will have at least one episode

of otitis media and 600,000 will require surgical therapy annuaily. The prevalence
15 of olitis media is increasing and for severe cases surgical therapy is more cost
effective than conservative management.
Acute otitis media (bacterial infection of the middle ear) is

characterized by Eustachian tube dysfunction leading to failure of the middle ear

) clearance mechanism. The most common causes of otitis media are

20  Streptococcus pneumoniae (30%), Haemophilus influenza (20%), Branhamella
catarrhalis (12%), Streptococcus pyogenes (3%), and Staphylococcus aureus
-(1.5%). The end result is the accumulation of bacteria, white blood celis and fluid
~which, in the absence of an ability to drain through the Eustachian tube, results in
increased pressure in the middle ear. For many cases antibiotic therapy is
25 sufficient ireatment and the condition resolves. However, tor a significant number
" of patients the condition becomes frequently recurrent or does not resolve
completely. In recurrent otitis media or chronic otitis media with effusion, there is a

continuous build-up of fluid and bacteria that creates a pressure gradient across

- 84

‘_iastruction, but also "tack down' the tube such 25 that surgical renoval of

R



.applied to

pol | ; ' tne.t t t ube Drug- t f, d
ncor por at 1o TRE SeiphERel icA Ml e citontga ETHBaS RN BiidseiaEsar g

.levels to ke palsisaregradReabhy faMmihiRe (&arﬁ@‘égélbﬂlﬁ?ﬁmc}lgggr(tégq%rlgﬁq}%gi@rﬂﬂqt he

obstructed by granul ation tissue, does not scar in place and is | ess prone

»to infectjon Fot her eby reducing the need to renove/repl ace the tge)oawahd7

be a 5 siB’rﬂ‘F ¥ nedical advancement. In a preferred enodiusesrg7io
doxorubi cin, mtoxantrone, 5-fluorouracil and/or etoposide are fornul ated
into a coating applied to the surface of the tynpanostony tube. The
drug(s) can be applied in several nmanners: (a) as a coating applied to the
external surface of the tynpanostony tube; (b) as a coating 10 applied to
the inter na}é ﬁl um nal ) surface of the tynpanostony tube; (c) as a coating
£ bY"Bparia mesmtyane cabisisgrifaircasd impalfeat héahng. FepepRERiresr that o t he

i nci dence of bacterial colonization ubseque deve 'ddl e
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Al t hougly for some ag$nt s%ﬂg meric [c)arri ers. are not required for attachment

of the “drug to the Ty GMF gbympanostamy Sdgsriathe aloghwidely used i er s
ti ctreatnh ' ifi ' ' ' Of .particul
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AL 85A [ CThemigtwichaindlirn imiydvedVangaage/ db@lopinernet sid idskes RORERehE, C
[ CT Bi onmat S{Q&J éhti' HYEROT&ANETM@&QCT Biomaterials]), acrylic or methacrylic
copol yner s (U ot inedia apancstomy e Riageimant is ool ofithe enait comsobn
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general designs of t anost ony tubes: grommet- shaped tubes, end to
stay in pIieé'%rS'cﬁ"aﬁéé’gglal‘f%p@%%"t-bﬁmcﬁa}ﬁ@eaﬁlIa@aesihesiatlma hafheper manent

. per forati Gaci@énddsr di It G 9 and T-tubes, 86 23/02/2007 WO
03/ 099346 PCTI US03/ 1%% ﬁ?ﬁ%@%}ﬁ %&'ﬂ@t@"a({?%‘ﬁ?é‘f%ihey%%g'@ greatepve a
hi gher r atfiskeindpmstrasmiated with the procedure), it is desirable to limit the number of

anaesthetics that the child is exposed to. Common complications of
15 tympanostomy tube insertion inciude chronic otorrhea (often due to infection by S.
pneumoniae, H. influenza, Pseudomonas aerugenosa, S.aureus, or Candida),
foreign body reaction with the formation of granulation tissue and infection,
plugging (usually obstructed by granulation tissue, bacteria and/or clot), tympanic
membrane perforation, myringosclerosis, tympanic membrane atrophy (retraction,
-3 20 atelectasis), and cholesteatoma. .

An effective tympanostomy tube coating would allow easy insertion,
remain in place for as long as is required, be easily removed in the office without
anaesthesia, resist infection and prevent the formation of granulation tissue in the
tube (which can not only lead to obstruction, but also “tack down” the tube such

25 that surgical removai of the tube under anaesthetic becomes necessary). An
effective tympanostomy tube would also reduce the incidence of complications
such as chronic otorrhea {often due to infection by S. pneumoniae, H. influenza,
Pseudomonas aerugenosa, S.aureus, or Candida); maintain patency (prevent

_qbstmction by granulation tissue, bacteria and/or clot); and/or reduce tympanic
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't he surfalgPl

perforation (5% . As tynpanostony tubes are nade in a variety of
configuratjon and sizes, the exact dose admnistered will vary d’Q 2
devi ce si %8@%???46?% area and design. However, certain pri"ﬁ@f‘ﬁf’ég é%m/bgO7
applied in the application of this art 5 Drug dose can be cal cul ated as a
function of dose per unit area (of the portion of the device being
coated), total drug dose adm ni stered can be neasured and appropriate
surface concentrations of active drug can be determ ned. Regardl ess of the
met hod of application of the drug to the tynpanostony tube, the preferred
ant i cancer Mggurare paderatignomyri mgos&femlﬁnﬁympamn mahbrdne deoptyramd st er ed

d h Ant h | Util
UheCant hr oo 8atofH IRer R4 Udeldtnedl 6l 5 LB Wit MU SL Bot Pepme & pol voer
coating, lmnme"caﬁ;egramméndnh%dael H8BS fot ¥ p I%Eeadaoistsék%e{a%%g{}osw”y

t ube conponents, or applied wthout a carrier t ot dose of
doxonabi ci infegtipn (Iéar@ya@nucmgtthemeddo25mnge/¢epiagetm tuble) Wolldbé @ 25 np).

In a pagti d errbod ment, the total amount of drug applied
shoul d sﬁﬁ*'ﬁ?@*r’%ﬁjﬁ%ﬁ@dﬁfnﬁ "‘FB ‘5 ng. The dose per unit area (i.e. the
anmount of drug as a f

t ynpanost ony '? ube téﬁ \?m%%f]é?g%oﬁégmpﬁﬁln%ft &%&)'ﬁ%ﬁﬁ‘ “ﬁ'ﬁ’é‘%ﬁb@ﬁ ﬁ? @L‘Bﬁﬁ " fall

wthin t md/qrfgepmﬁid@atquvg\watédmtpga eaatingrabpied o th@ egrfaceal then a
particul a nbodi ment, doxor ubi cin should be applied to the

I referr d 20
t ynpanost (Wi' g'ﬁﬂf’éo@ﬁ he.e The diug(glsan be applied in saveral mapgeraita) asa di f f erent

Paréer tne ol aPRlLT ing SAmA e acol e BARBeRREY LB W he e el 1 n

tHe rdileaspplied ® bt ibleenal(lugnihal) sutface b teayARIPBKtonty AbeS (6) RACE cSathfy t hat
a m ni nrum copq(fntratlon of 10-7 - 10-4 M of doxor ubi c*ln |sw£5 mai nt ai'ned on

o &l orpartssak Both surfgeas:candiern (d3 indosperated ipto thepalymes | ons
ed f be | hal [ tipl
exceed co c%a.ﬁb'%és %tyﬁﬁé?lbg{&n@ﬂlb nown to be lethal to nultiple

species o erra an fe in excess of 104 M although for

sone embodi ments | DWRJ-cEANRESL, b@tjh?ﬁméfp%ré&ﬁrf infd Qﬁé)lymbtﬁn@st fqhé ed
e he

enbodi nent, doxorubicin is rel eas fromthe surface of t ynpanost ony

tube suchWhallowsbactetiocide dregdeesa & benchiseed Jlmmﬂ'@ tabe sﬁrfacanfthus i ve

acti V'15y BRI th8 iRl & ofbGEhS bR ¢ (and Su %ES&S& & %léfosprrgé)ntsoever al
middle ear infection), while producing negligible systemic exposure to the drugs.
Although for some agents polymeric carriers are not required for attachment of the
drug to the tympanostomy tube surface, several polymeric carriers are particularly

suitable for use in this embodiment. Of particular interest are polymeric carriers

) 20 such as polyurethanes (e.g., ChronoFlex AL 85A {CT Biomaterials],

HydroMed640™ [CT Biomaterials}, HYDROSLIP C™ [CT Biomaterials],
HYDROTHANE™ [CT Biomaterials]), acrylic or methacrylic copolymers (e.g.
poly(ethylene-co-acrylic acid), cellulose-derived polymers (e.g. nitrocellulose,
| Celiulose Acetate Butyrate, Cellulose acetate propionate), acrylate and
25 methacrylate copolymers (e.g. poly(ethyiene-co-vinyl acetate)) as well as blends
thereof.
There are two general designs of tympanostomy tubes: grommet-
| shaped tubes, which tend to stay in place for less than 1 year but have a low

incidence of permanent perforation of the tympanic membrane (1 %), and T-tubes,
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nmonths: In a particularly preferred enbodi nent the drug is released in
effective_ concentrations for a period ranging from1l week - 6 n@VR/ 2007
shoul d be WRAH#P9%j46 evi dent based upon the di scussions provicedsdsaseion t hat -
anal ogues and 5 derivatives of doxorubicin (as described previously) with
simlar functional activity can be utilized for the purposes of this

I nvention; the above dosing paraneters are then adjusted according to the
rel ative potency of the anal ogue or derivative as conpared to the parent
compound (e.g. a conpound twi ce as potent as doxorubicin is admnistered
at hal f t hwhigiostay iaplaeefer several yoapschutchavel 4 highed Eatpoff patmaserdtoxor ubi ci n

“is adnini . i he ab Cetc.).  Utilizi
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t ynpanost ony t ube ?eén%!?g%bgﬁﬁféfdi zﬁ)ég %%g%éﬁéﬁgrgénn%%ﬁb%%gfeéﬁﬁn houl d
fall withiapRrppriatersgefaoe conGintiatigns oRBciveparug carPbe HeHiaie RE§Fdidgs 2 :
particul ar m t oxantrone should 20 be applied to the

| referred enpodi nent,
t ympanost o‘?ﬁshg Ubeéﬁ%%'f’?%%‘g}%épo%ofﬁ@é’rﬁg to thes unpanpstany dgubmithe peefeireder ent

pol ymer aryjm@gncé}(gg\érﬁg LS W | e .t trone , at, differing
rates, the above dosing l%ggtg!%}%eorﬁémg gfﬂ%l&ﬁgoi" SH{)F%B?W'T%}W%% %ﬁ':'ewith
tHe rel®adellowing dosingruidilingsf r om t he tynpanost ony tube surface such that a

m ni mum concentrati Eﬁrségf 10-5 - 104 Mof mtoxantrone is maintained. It is
25 necessary to ins sifgacyglingse diiliaing the antbrasiclineedexorfibicn @xaeed

concentr atg ' 5PN l.ethal to . myltiple species of
~ bacteria ?ﬁg L%g?h%ée. %@%@f‘ang @2@%@88?&9:(5?%0%?@5?? ﬁﬂa@'?ﬁ)?fa'.v e
enmbodi menwaictomake dipube ltpmphsostbily thise compbhehRNb) apﬂ)lfécﬁmft’ﬁcﬁ](t%rbéé?ﬂer
enbodi ment, mtoxantrone is released fromthe tynpanostony tube surface
such t hat Palmer; thedetal daseef dexarybicie annliedshestil hot exced 253hG2R0R70f O

- 03/099346 0PG4 W93/ 1A a particularly preferred embodiment, the total amount of drug
applied should be in the range of 1 ugto 5 mg. The dose per unit area (i.e. the

amount of drug as a function of the surface area of the portion of the
tympanostomy tube to which drug is applied and/or incorporated) shoutd fall within
the range of 0.01 pg - 100 ug per mm?” of surface area. In a particularly preferred
-~ 20 embodiment, doxorubicin should be applied to the tympanostomy tube surface at a
dose of 0.1 pg/mm?’ — 10 pg/mm’.  As different polymer and non-polymer coatings
“will release doxorubicin at differing rates, the above dosing parameters should be
utilized in combination with the release rate of the drug from the tympanostomy
tube surface such that a minimum concentration of 1077 - 10 M of doxorubicin is
25 maintained on the surface. itis necessary to insure that surface drug
concentrations exceed concentrations of doxorubicin known to be lethal to multiple
species of bacteria and fungi (i e., are in excess of 10 M; although for some
‘embodiments lower concentrations are sufficient). In a preferred embodiment,

doxorubicin is released from the surface of the tympanostomy tube such that anti-
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period ranging fromseveral hours to several nonths. In a particularly
preferred
a period ﬁgﬁSWWQB“ﬁron1l week - 6 nonths. It should be rea&CHUSayiciaht
based upon the discussions provided herein that anal ogues and derivatives
of mtoxantrone (as described 5 previously) with simlar functional
activity Y) can be utilized for the purposes of this invention;.the above
dosi ng paraneters are then adjusted according to the relative potency of
t he analogu? or derjvative as conpared to the parent conpound (e.g. a
conpound t fi'ediveaGhivite it maintained i peind ranginprfrainssayesal haurhid $everal above

_ 1 i o
Poi o 50 MBS TR Rl PReRRpE SmbCafeel T ASNs i tedn gy eng t ne
f 1 uor opyr i ponlieneraiohs BTOPERS faning REMEKABBKE. 6 WRIRE it 3RBLIGSS Radiy

pol ymer coating, incorporated into the polymers which make up t
t ynmpanost offyidenieases upgsphe slisaissivostpravided hieeein podtyamedggudseand ot al  dose of

oy, T BEa O o BB B Rei SRS BB htnd ity *°
appl i ed  séanibe ubBzdd ok fife p@PBSeSbF s mehﬁo:%gnggpggé;gog@g?agﬁehﬁgg%r@ ca

(i.e. the amount of drug as a function of th portion

. of the tynpenesiusigd agenrding tothé cdiativeigotiesicy pp thieahalogi®or tevativersas ed)

should fal|_ wthin &Ige ran ng per nm® of surface area. In a

f 0. -1
parti cul arYQMRFELLD %Ip%rr‘?ﬂggﬁ"%t?ﬁl"f'&égﬂl &P twige ahBeteat 88 applied to

djl}iferent pol yner and non- pol ynmer coati ngs ease

UJf f erlthg polertsas ddworabiomds ddsiinigteped atevies shs hbNglpdemitetd, ad).i n
conbination wth tt{f,_r,el ease rate of the drug fromthe I_;t{erpaantorry t ube
surface such that a “tHFRSHREAVOBsasANShetexample of ananthecysling, uor our aci |

IS maintai ' 5 ' ] r

concentr at@gértgerleé(py e"e%cci| Za(:%oanggﬁﬁﬁt%lg %ﬁgéﬁ?&g’wf ﬁép‘ﬁé #’3‘% Hﬁﬁﬁe&%\"% B‘@kfeet hal
t o numer oup thpdgmpanostohgaube, er apited Without b-carrierddlymer) teX ERSI gk d04 M
al t hough for sonme enbodi nents | ower drug |l evels will be sufficient). In a

pr ef er r ed TAIRYGBIRER@PPEeY shewldohexread5 mg traseg of P& poto 5mg). Ina
15 particularly preferred embodiment, the total amount of drug applied should be in

the range of 0.1 pg to 1 mg. The dose per unit area {i.e. the amount of drug as a
function of the surface area of the portion of the tympanostomy tube to which drug
is applied and/or incorporated) should fall within the range of 0.01 pg - 20 ug per

mm’ of surface area. In a particularly preferred embodiment, mitoxantrone should

' | ) 20 be applied to the tympanostdmy tube surface at a dose of 0.05 pg/mm” - 3

pg/mm?.  As different polymer and non-polymer coatings will release mitoxantrone
at differing rates, the above dosing parameters should be utilized in combination
with the release rate of the drug from the tympanostomy tube surface such that a
minimum concentration of 10 - 10 M of mitoxantrone is maintained. It is

25 - necessary to insure that drug concentrations on the surface exceed concentrations
of mitoxantrone known to be lethal to multiple species of bacteria and fungi {i.e.

. are in excess of 107 M; although for some embodiments lower drug levels will be

sufficient). In a preferred embodiment, mitoxantrone is released from the

tympanostomy tube surface such that anti-infective activity is maintained for a
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- as conpared to the parent conpound

"gﬁbOdi men
at! a dosethefatbve ;ﬁﬁémé?er's F}[B

t ynpanost ony tube surface such that anti-infective activity is maintained -

. for a 89 23/02/2007 WO 03/099346 PCT/US03/16719 period ranging $59m2/2007

several hov@g3ewsseveral nonths. In a particularly preferrgdpggahgalment
the drug is released in effective concentrations for a period ranging from
1 week - 6 nonths. It should be readily evident given the discussions

provi ded herein that anal ogues and derivatives of 5-fluorouracil (as
described 5 previously) with sinmilar functional activity can be utilized
for the purposes of this invention; the above dosing paranmeters are then

ad) ust ed_ ammrKiangikpitoevelAhbis Rk RNt 'y 2RaAGYSY Glelotval i ve

] conmpound ent as
5- f | or our a¥TPodigend thentirigds eeleasechiml difdchiee gbnventrJidhs et £ periodr. und

hal f as -fluorguragcil is admnjstered at twice 3 10 the above
* par anmet elrogl,'oq@?c‘.ﬁ?e.'?(_cé) m%g'@p ﬁﬁ?nﬂ‘-ﬂfi Pfgeadilv ¢videnf hased ppaoshy Hiscussions

et oposi de prSvided hersIARhAL anditstffas” | r._coating.,
incorporated into the p%laymars E&nﬁ@ﬁédg‘%}j\é@%gﬁ?ﬁgﬁ@w n@&d(?ﬁg"'?%e, or
appl i ecP wiPrRdsly) wilh sinaitar fonativaal adtivity cantbel utilizse f@fthepRipsticderamp! | ed
shoul d nognv%ggﬁ%% bqu gan e of 0.1 gto 25 15 ng). In a particularly
preferred e TetEPPRAGEIYparameiere ase thipngdivsied assording td thebrelativet he
range of poferkcQ of th®and; WI(gT I, t he amount of drug as a
function gf thg surfggaeiaggggﬁg?mﬁtggp%osr?%ﬁ&gp tPﬁlge P?WEHBQPBHS}CJI(%BeatO
whi ch dr ugomgoupghviee asmibtent aswoioxartairedys AiHistbrEalat hairl Sbdhe T ange of
0.01 g - 90 er 2 of surface area. In a particularly preferred
PRt e

FOmRPUMAahROEPhAS Etitaxentrnee is/agrainisterediatttwive sur f ace
g/ m¥. As different polyner-and non-pol yner

coatings wll release et obosi)de at differing rates, the above dosing

paraneters shoul d bib) Fidropssinidirssiutingiigdhe Aubfopyrnfding eRifolialg o8f the
ru romt he anost o ube surface suc at ‘4 concentrafion o -5-
drug f th té(rpr;‘tnytb f h that trat 10-5
10-6 M of *2EEYIBICa ¥ hedharaAnmliad Ae @ Palymies coating sasoyporatéchit thedSolyhsis
surf ace civhigh PRAEERD 1 fyﬂf&an%éfb%?f tube 6F Qf)pr)l?etd \%Hﬁoucifa gatr%glp Scl)lgr?]elr(,r](gém to be
total dose of 5-fluorouracil applied should not exceed 250 mg (range of 1.0 pgto
15 250 mg). In a particularly preferred embodiment, the total amount of drug applied
should be in the range of 10 pg to 25 mg. The dose per unit area {i.e. the amount
of drug as a function of the surface area of the portion of the tympanostomy tube to
which drug is applied and/or incorporated) should fall within the range of 0.1 ug — 1

2 .
mg per mm” of surface area. In a particularly preferred embodiment, 5-fluorouracil

)g ZQ should be applied to the tympanostomy tube surface at a dose of 1.0 pg/mm? - 50

pg/imm?.  As different poiymer and non-polymer coatings will release 5-fluorouracil
... atdiffering rates, the above dosing parameters should be utilized in combination

with the release rate of the drug from the tympanostomy tube surface such that a
minimum concentration of 10- 107 M of 5-fluorouracil is maintained. It is

25:- necessary 1o insure that surface drug concentrations exceed concentrations of 5-
fluorouracil known to be lethal to numerous species of bacteria and fungi (i.e., are
in excess of 10™*M; although for some embodiments lower drug tevels will be
sufficient). In a preferred embodiment, 5-flucrouracil is released from the

tympanostomy tube surface such that anti-infective activity is maintained for a

89



ant agoni st RATPRISETS: FEPARO

E ) 20  should be applied to the tympanostomy tube surface at a dose of 0.1 pg/mm? — 10

|l ethal to a variety of bacteria and fungi (i.e. are in excess of 10-5 M - :
al though for sone enbodinments |ower drug levels will be sufficignt)y2/}noa7
pref erred Wentioddsoent , et oposide is rel eased fromthe surfacershsidies

t ynpanostony tube such that anti-infective activity is nmaintained for a
period ranging fromseveral 90 23/02/2007 WD 03/099346 PCT/US03/16719

hours to several nonths. In a particularly preferred enbodi nent the drug is
rel eased in effective concentrations for a period ranging from1l week - 6
nonths. $ It should be readily evident given the discussions provided

her ei n t hapetiodramyiag fraRtsslaraMaddry &5 seferdl ﬁﬁﬁﬂi@eln(aﬁéar%ﬁfléﬁggﬁgferred
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previously) with simlar functional 5 activity can be uti for the
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et oposi de providb Mersfrethadadbiofaéd ah@%eﬁb%s@ﬁﬂﬁ%r%ﬁ%cﬂ?ag%Eeﬁ'lggd:half as

potent as etoposide is adminiStered at twce the ove paraneters, etc.).
10 (d) EonBiavinishn withesimfgr functiemal wctivibe care bdidtilized faténe phazegswgfahis t he

doxor uni o MBI 58 a1 Bsind PrRiRElsys pin ienusdipdiog Sccsing b e v
foli id Pited ; ) ' | oI
el opos: de)” ean o ey T or SRRt B8 o o RREDHSH Chipbblng (i,

t ynpanost o¢gmpelinsl e asgoter asSisafit@oligaciig bdatyisicrad at hslf the abever ubi cin
or mtoxantrone fl uoropﬁrhg{agi nes ( 5-fluorouracil), folic acid

B

enhance efficacy. Sinus StentS 20 The sinuses are four pairs of hollow
regi ons cont ai ned i ifcxPedbphgiotoxihst btiliziky the meétbﬁrn étbpoaBRS 4 Whi ch
they are Iocate'\d (ethnoid, mexillary, frontal and sphenoid). Al are |ined
by respi r &X8MPetienapRlied as 3 ppbistencoating aesetoratedriatodbegolyoetowi ng an
i nf | ammat Qich t r | atory tract i.nfection or
LT e St PR P ST, 0B UERpeL SRR Skl B, B

total dose of etoposide applied should not exceed 25 mg (range of 0.1 ug to 25

15 mg). In a particuiarly preferred embodiment, the total amount of drug applied

should be in the range of 1 pg to 5 mg. The dose per unit area (i.e. the amount of

drug as a function of the surface area of the portion of the tympanostomy tube to

which drug is applied and/or incorporated) should fall within the range of 0.01 pg -

100 pg per mm? of surface area. Ina particularly preferred embodiment, etoposide

pgimm?®.  As different polymer-and non-polymer coatings will release etoposide at
differing rates, the above dosing parameters should be utilized in combination with
the release rate of the drug from the tympanostomy tube surface such that a
concentration of 10°- 10 M of etoposide is maintained. Itis necessary to insure
25 that surface drug concentrations exceed concentrations of etoposide known to be
lethal to a variety of bacteria and fungi (i.e. are in excess of 10° M; although for
some embodiments lower drug levels will be sufficient). In a preferred
embodiment, etoposide is released from the surface of the tympanostomy tube

such that anti-infective activity is maintained for a period ranging from several

- 90
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25 devel op. Occasionally secretions can be retained in the sinus due to -
altered ciliar function or obstruction of the opening (ostea) b [

t he sinus.WPH3BME#et e drai nage nakes the sinus prone to iP!E’B’USib@E?’:EQyQOW
typically with Haenophilus influenza, 91 23/02/2007 WD 03/099346

PCT/ US03/ 16719 Streptococcus pneunoni ae, Mraxella catarrhalis,

Vei | | onel | a, Peptococcus, Corynebacterium acnes and certai n species of
fungi. When initial treatnment such as antibiotics, intranasal steroid
sprays and decongestants are ineffective, it may becone necessary to
perform suﬂlﬂ”&%m seyegridnentie. b1 a padicuidrycpretbreadnenmbodutegit tiad divgeisapy of t en

T | d ' - th t t t om bst ti d
omoval of REPT e B S (e ERobS SR RPYOH FNSiE o) sgekf M. ube

. whi ch_physiltostiolyd b ketsdityRideBveRing BRcussbA8 pRRATNY herelPiar hRabheos! @
ensure drai nage is naintained even in the pregence of postop rArPYe

swel |ing. 8ndesvalivgsi ¥ Htogosidri@salessribed pesdowthgekitrosinii@r phrsibhsl, T enmai n
in place farssever s qr several weeks hefore being renpved.

Unf or t u%at gp)'/\,ﬁ@t‘%gqg Qﬁ%&d33?&8&’6?1%5‘?5@'}3@'%’@%}“06{/3@9@ gnsingyr anul at i on
tissue thaparsnserssarchash i LObRdi | ! t _goating

woul d al | ow easy i nSerti oﬁ?ﬁfﬁgﬁpa%érﬁb ?ﬂnﬁﬁ%gg %gérﬂv\aé?)q?%ﬂ‘éﬁ%@hggnﬁ&(%’?roéd, be
easily refleilive @stdeenprred dethe parent campesid@si.aa compbahd tWEE &si gtednd
prevent th ion tissue in the stent (which can not

only |ead ?%%g:‘@]ég{dgg% :ag&"%g'ﬁ?é@gﬁu@} theahovgimamelass 2 spmpount halfas

surgical r MB4s 881 T r v nt ,of a sinus
:.zée“nt whi C%ﬂgoes ﬁ%?_becéér:ga‘g@gtéréﬁ%({aet(ﬂﬁélee{h%r%r?&’gjﬁ?%ﬁgﬁgs?f&)' does not
sdar i #H0place and i {d) Eembinatien thetapyedt shsulibe rdalify cR8ERH Batiealy o§0 In a
preferred tﬁnb di ment dox&rdjgi cin, mtoxantrone, 5-fluorouracil gn / or
et oposi de BF SIFHFRANS PLRY erginhat cagbinatione of apthraryclives &xe., of the sinus
stent. ThejdhorsHish ' ' npesrs: (a)..as.a coating
appl i ed 10O REGh of MipntoRe), BloloBy G 08y BubrodrBbik Tl i ng
appl i ed t cntdgorists ée.g93Imethbtrexate) ang bﬂam?raﬁxma e Bt8pSdi8ey o as a
coati ng aplg.h.i eqci to.all or parts of bgt.h_ 2 surfage?; an%/ (;?@)E%ﬁr{ﬁé
i ncor por at®y2§heErhancsdng Retikacipiialiactivibpef the tympasostosydiibecoating.
15 Similarly anthracyclines (e.g., doxorubicin or mitoxantrone), fiuoropyrimidines (e.g.,
S-fluorouracil), folic acid antagonists (e.g., methotrexate) and/or podophylotoxins
(e.g., etoposide) can be combined with traditional antibiotic and/or antifungat

agents to enhance efficacy.

0y Sinus Stents

The sinuses are four pairs of hollow regions contained in the bones
qf the skull named after the bones in which they are located {ethmoid, maxiliary,
frontal and sphenoid). All are lined by respiratory mucosa which is directly

. attached to the bone. Following an inflammatory insult such as an upper
respiratory tract.infection or allergic rhinitis, a purulent form of sinusitis can

25 develop. Occasionally secretions can be retained in the sinus due to altered ciliary

function or obstruction of the opening (ostea) that drains the sinus. Incompiete

drainage makes the sinus prone to infection typically with Haemophilus influenza,
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Drug-coating of , or drug incorporation into, the sinus stent will allow -

bacteriocidal drug |evels to be achieved locally on the tube surbaye2yhog7
reduci ng YRMHOABA¢ence of bacterial col onization (and subsequesus/i6719
devel opment of sinusitis), - while producing negligible system c exposure

to the drugs. Al though for sonme 92 23/02/2007 WD 03/099346 PCT/ US03/ 16719
agents polyneric carriers are not required for attachnent of the drug to
the sinus stent surface, several polyneric carriers are particularly

sui tabl e f%@ use in this enbodiment. O particular interest are polyneric
carriers swiifPlaropelspReumanias, M@)emgall,a datarinalis| BeilBhe®RPdpEdcddcagat er i al s],

Hydr oMed64 | omat eri al s HYDROSLIP *. TM [ CT Bionateri al s],
HYDROTHANE%%FJW aries @T‘; Ce’é%‘ﬂﬁﬂeé‘esd?f fuR@ihacryl i c copol ymers (e.g.

ol y(et hyl ene-co- acr

IEI)I t)r/gcel ?/ul ose, Cel Imﬁggéﬁ%?g%’%%te lgu;é &/’?gt% g, @ebﬁ?g’ﬁ gggéﬁﬁléf%o'dp%‘ﬁBY%nat e),
acryl ate afifid ﬁ'ﬁﬁmaﬂsjar&'saremmﬁeymﬁmay@ec@ﬂﬂeMﬁ?éd%)éb%o%ﬁbhﬂ)gu agetate))
as well asd%ne%}? fttH sinus stents are prone to th e%

conpl i c3t i one L ??tSHs‘;'"lfsr &HFQF@' m@pbaﬁe@nn\w!vmmmmt@mm| i nes
f d d

or doxor ubkteh o réFhb X3R4 Prﬂ(’?ob%mét’o scn’%g’t‘;"aif}g%&%&?'lﬁ = éqr%gfgﬁr'y”g

sinus stents are |dent|ca

tubes. G Oatasionaliysa ﬂeﬂb@a @ﬂlﬁdnmlttbbélwmﬂpﬁﬁlcéwmcﬁdﬁ thelameARyrant ed

medi cal devi,ces are ised n the urinary tract with greater frequency than

in any ot tf?asrt PBAGNLS IR thePstataenssire dsainage ishimgtidainedaves inthe i nf ecti on.

In tact, b fected if th

ramm | n SR PRl g SlerlE YO REN M ol SiGerpsicatormon

cduse B  phasticc cemaih in plaetiopseverd) d&ysﬂ?rféévcel;él'v@‘é@ks%fgﬁtﬁéﬁ? T
at | en

mllion bl adder catheters are inserted into hospitalize very
year in the United Sthipréanateiicthestents sandfecomehifented at besrgrewn b

i nf oot | on Siatif bt (e RAUE it fefiedlics Asle f%w;%n&é%?r{a%été&%@aihéagét ent
i s cat het watﬂtedﬁovﬁlehﬁplt&brﬁon, remain in place for as long as is required, be easily
removed in the office without anaesthesia, resist infection and prevent the
15 formation of granulation tissue in the stent {which can not only lead to obstruction;
but also “tack down” the stent such that surgical removal becomes necessary).
‘Therefore, development of a sinus stent which does not become obstructed by
granuiation tissue, does not scar in place and is less prone to infection would be
beneficial.
) 20 In a preferred embodiment, doxorubicin, mitoxantrone, 5-fluorouracil
A andlor etoposide are formulated into a coating applied to the surface of the sinus
‘stent. The drug(s) can be applied in several manners: (a) as a coating applied to
- the external surface of the sinus stent; (b) as a coating applied to the internai
(luminal) surface of the sinus stent: (c) as a coating applied to all or parts of both
25 .surfaces; and/or (d) incorporated into the polymers which comprise the sinus stent.
' Drug-coating of, or drug incorporation into, the sinus stent will allow
bacteriocidal drug levels to be achieved focally on the tube surface, thus reducing
~the incidence of bacterial colonization {and subsequent development of sinusitis), .

-while producing neg_!igible systemic exposure to the drugs. Although for some
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25 sinple cystitis can be treated with a short course of antibiotics (with
or without renoval of the catheter), serious conplications are $gequentoo7
and can beVeREPWI y serious. The infection can ascend topé&hgsddi@rRYys
causi ng acute pyel onephritis 93 23/02/2007 WO 03/099346 PCTI US03/ 16719

whi ch can result in scarring and | ong term ki dney damage. Per haps of
greatest concern is the 1-2%risk of devel opi ng gram negative sepsis (the
risk is 3-times higher in catheterized patients and accounts for 30% of
all cases) which can be extrenely difficult to treat and can result in
septi ¢ shoageatspoljemsrie damers @& 0% Alq iralFbi [here exists a
“significant, nedical need to produce ? rr%roveﬁﬁé%enn;:&y@% hgqté)rttsl'e@éﬂﬁ’a?bl e of
reduci ng t FEN fl¢farensevasal noiymeriy camiens areparitilarly soitalsistibet s irzes

. patients. Jh it C . cause of infection is bacteria typically found in
the bowel orSOperl rtfe%?ﬁ'g{"%éf etgsit @re golymesic capiars sush asdiadyurethagasn
access to (ele, Chromornad AlYssA RET B  HRRDMEHE3 R .caryied.into the
bl adder_ as the cat hetrﬁr i s ﬁlserte ,?é}lfgaggl]'nHent Ir\/%ﬂ\k/;?((?l t(?epéﬁ%? n(ﬁg]»exudat es
that su? r JURHRAHIP CAT HET dliomatetiats], HYDROTHANE™I[QTi BiahiaredifIs)) e

cat heter t&zh%acéggerall s%%;:d‘?es ofyfaacteri a are able to adhere to the
catheter and formra BT - AN Ethylanecopervlic aeid) stallildserderyedut h.

W th shor poenersqaid AlRCERAGS T elf] WS BGEHAONS gre most 15
conmon and are ty }glgal l'y due to eE@é%%%ﬂ%%%?%é’%(%@%%ﬂﬁ? alepseudononas

aer ugi nos KOMPeS). éichdate Pndtreathackyibier cipabin®irs (&bapawtgﬁg%g%oeﬂhaﬁr mdis,
St aphyl ocggg&? ?ureusI ang St a%géll ococcus saprophyticus. Patients 0 are
catheteri zé %) Ealso"l"l‘if '?5% legds tagrepl.me are prone to pol ym crobial infections
‘cdused0 by all of thespream | tioned as wel |l as Providencia
" stuartii, 20 Morganel Fa %%@%?f%ﬁ%%ﬁh%%m@%ﬁ?esaé‘e"%fsﬁpmS

syst eni caffPin e sapuabaglerimdhé dobiegrylidelpes Yordanaibitin, RtdxaRibestd.ve as it
tends to ﬁ@(fr%lt nlé i.n th(? sel ection of rug-resistant bacteria. An

ef fective' Ut CHEY a5 gieroside Bqatigo musostentsare idenficahtocthbise rieisoiitied t he

bl adder, agsicsStori Lfﬁﬁ"d revent the formation of biofilmin the

cat heter. An Zgw;é ectslejl\?/'n (%%gtgi ng woul d prevent or reduce the incidence of

urinary tract infection,

G. infections Associated with Urological Im lants

15 Implanted medical devices are used in the urinary tract with greater
frequency than in any other body system and have some of the highest rates of
infection. In-fact, the great majority of urinary devices become infected if they

. remain in place for a prolonged period of time and are the most common cause of
J . hosocomial infection. |

20 Urinary (Foley) Catheters

Four-to-five million bladder catheters are inserted into hospitalized
patients every year in the United States. The duration of catheterization is the
important risk factor for patients developing a clinically significant infection — the

| rate of infection increases 5-10% per day that the patient is catheterized. Aithough
25 . simple cystitis can be treated with a short course of antibiotics (with or without
removal of the catheter), serious complications are frequent and can be extremely

'-seﬁ.ous.. The infection can ascend to the kidneys causing acute pyelonephritis
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pyel onephritis, and/ or sepsis. In a preferred enbodi nent, doxorubicin,. _
m toxantrone, 5-fluorouracil and/or etoposide are fornulated intg3accoappoy -
applied MOOHerface of the urinary catheter. The drug(B¥TaSm3/b&iapplied
in several manners: (a) as a coating applied to the external surface of
the urinary catheter; 94 23/02/2007 WD 03/099346 PCTI US03/16719 (b) as a
coating applied to the internal (lumnal) surface of the urinary catheter;
(c) as a coating applied to all or parts of both surfaces; and/or (d)

i ncorporated into tthe polynmers which conprise the urinary catheter.

Dr ug- coat i Miahf caroresdlt ings¢ardog poddong terimkidney Hemagend&terhaps begesatedtl | 5

al l ow bacteriocidal, d l.eve to be achieved |ocally on the catheter
he 149, 4SVSH
surface, t ﬁa%ce%% héi {ig % ﬂg‘ P rfi‘?‘ffg‘m‘@g gfarBiagstye Ferwf Giesink is$-{mas
subsequent roedtR&Eri E L Rary 4t ' d ] whi |l e
pr oduci ng ﬂgg}é{elgjl bl e Eg%%de%gﬁémgﬁgs%?gb?%%ﬁgé fﬁ&?%ﬁ?ﬁ%@éﬁf‘%b‘%om
agent s pol gxieerelyadifficiletostreatandotan resgitiin sdpioshaitaehaeath (ap td Beoslepg to
t he uripar C%E?r}e;lﬁ_‘r surface, several |, 10 polyneric carriers are
particuPar 5@" v ddieEetoes. thrre exists i sigaifierntimedical ngeddarprpdusaimpronedr est
are pol ynmeps | - : ; Elex,.AL. 85A [CT
B omat e 1 o ey EEUIERE SRUEMERT cROUHE M HRRRoEE yrngl{ fAGaRi ot in
 Bi omat er i atatheterx@ROHANETM [ CT Bi omaterial s]), acrylic or nethacrylic

copol ymers (e.g. poly(ethylene-co-acryiic acid), cellulose-derived polyners
" (e.g. 15 nitrocel | ullbsgnosiganmescanseodirdegian isacteriaetypisally éounskindhe

pr opi onat ‘ t | s.(e.q.

PV ny S behem I FE 1 I VLR B DR PRIR O Bl aress e W8 nary
‘cat het 0 s riamally SrikybleatiBe tBaGeris ¢ahdRURirfied #ith e bRYJRF 8s tﬁ@éﬁthbftfra}s
variety of confjgurations and sizes, the exact dose adm nistered wll vary
20 with ddoserteds aim enfir viadke sheathafexudategrthatiwmunds the cattietependidrpl es

can. b ARG Bb The ot B St eSO Rt 58 oo o™
Sort sk csmielo sodoes cadipLhuond AR SIRBREITRIGIS
met hod of gapwih. cdithshodftermn eatiheterizadion, single organism infections are most
- 15 common and are typically due to Escherichia coli, Enterococdi, Pseudomonas
aeruginosa, Klebsiella, Proteus, Enterobacter, Staphylococcus epidermidis,
Staphylococcus aureus and Staphylococéus saprophyticus. Patients who are
catheterized for long periods of time are prone to polymicrobial infections caused
by alil of the organisms previously mentioned as well as Providencia stuartii,
T ) 20 Morganella morq?nii and Candida. Antibiotic use either systemically or locally has
-  been largely proven to be ineffective as it tends to result only in the selection of
drug-resistant bacteria.
An effective urinary catheter coating would allow easy insertion into
the bladder, resist infection and prevent the formation of biofilm in the catheter. An
25 effective coating would prevent or reduce the incidence of urinary tract infection,
pyelonephritis, and/ or sepsis. In a preferred embodiment, doxorubicin,
mitoxantrone, 5-fluorouracil and/or etoposide are formulated into a coating applied
to the surface of the urinary catheter. The drug(s) can be applied in several

manners: (a) as a coating applied to the external surface of the urinary catheter;
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25 the urinary catheter, the preferred anticancer agents, used alone or in

- conbi nation, should be adm nistered under the foll ow ng dosing ggi/det ) nes7

(a) Anthr 0PIBOMS4  Utilizing the anthracycline doxorubici pcagisginsraxanpl e,
whet her applied as a polyner coating, incorporated into the polyners -which
make up the urinary catheter conponents, or applied wthout a carrier 95
23/ 02/ 2007 WD 03/099346 PCT/ US03/ 16719 polynmer, the total dose of
doxor ubi cin applied should not exceed 25 ng (range of 0.1 pgto 25 ng). In
a particularly preferred enbodi ment, the total anmount of drug applied

shoul d be i(b) ahe coatimpapplidd thghé mtérrfmaur‘ﬁh%mgfr@adé?sftH@iuhnéfy?@atﬁétFr-?ﬁ) the
of ’'t'‘he

“amount of dl’tl,% as. a function of the surface area of the portion
e

urinary 5 &3 9apPliRT éhaliptaents obbethissdfagast and/omdpimporpdretdd istwited

fall W thi Bolffers YIS .= 1 er mR of surface area. In a
' P?/ preferr edC&éﬁg%egﬂqﬁe%qa%g‘%gg

particul ar icin should be applied to the

urinary catheter surbagpcedting of,d@lsﬁug}‘inébrﬁo%{o to; &%b%%tatﬁ?mﬁ,ferent

pol ymer _and non- pol yner coati ngs rel ease doxo f'ering
rates, © healé\%%\PéngBQF'ﬁe' %Bé@rﬁ?%tosb% nobieded éochlly ohithé zatheiter uofdeknmuison

wth the rgf o ryg. fromthe urinary catheter surface such
that a mini r?ﬁr% gﬁggﬁ'(?%q(‘feﬁ b%f:&%@-' m@n?@ﬁo'ﬂlﬂﬂ? PEdevelapmagi ¢ft ai ned
on the surérngy tatt infedtienemdaractdreniials White bhéd - centrations
exceed concentrations of doxorubi ci r@inomﬁ to chzﬁq fg?@%ulﬂ{a%@%%ﬁ?pl e

speci es of SHPASHE tothg fiug s nthquahdor same dgentxpaigment: chfididMarahbhough f or
sone 15 e j r entratigns are sufficient). In a preferred
:égfjodi men'?j,é agg%gﬁradotéagmepggﬁéﬁgt&% dtHRaN Catiyetercuirisice: sevaral nary

cat het @0 spotymefatamiord ard pHrSHAME s@E0IY Tdr)iskeSn TRk Ehi r riod
rangi ng from several hour slﬁ{o sel?/%?alfémér/ryr'\?(ﬁgﬁnmb%@adr}ﬁ'ﬁghﬁaﬁg‘%ﬁfﬁlﬁérred
enbodi mentMeRRSt@reigolymerisicasrinrd siioh elsfredytirethanes e.gnCiiroheRfexiAr 85A per i od

rangi ng fn . . = nth. |Lins d be readily 20 evid gi ven the
di scussi or{??]pérlgelgg%@lﬂé#g&ﬂweﬁgﬁban atgrglsliddY DRQSIIE ('g'?‘}[(B'oxor ubi ci n
(as descr iBim@latbrian] shROTAREDY it ai LN Lvity cap be utilized
for the purposes oT] this inventi o[?;;-l-ﬁ]oeég%@%gﬁdgéﬂgktﬁeéﬁ@?gﬁ% are then
adj ust ed CQB?WH’??@P-ﬂmqu(ethmm-mecwﬁtmm, liiR- a6y Plrsir g vat i ve
as congar ﬁﬁroc%lluioge, Celiulose Acetate Butyrate, Celiulose acetate propionate), acrylate

and methacrylate copolymers (e.g. poly(ethylene-co-vinyl acetate)) as well as

blends thereof.

As urinary catheters (e.g. Foley catheters, suprapubic catheters) are

made in a variety of configurations and sizes, the exact dose administered will vary

)} ‘20 with device size, surface area and design. However, certain principles can be

applied in the application of this art. Drug dose can be calculated as a function of
dose per unit area {of the portion of the device being coated), totat drug dose
administered can be measured and appropriate surface concenirations of active

- drug can be determined. Regardless of the method of application of the drug to

25 the urinary catheter, the preferred anticancer agents, used alone or in combination,
‘should be administered under the following dosing guidelines:
(a) Anthracyclines. Utilizing the anthracycline doxorubicin as an
- example, whether applied as a polymer coating, incorporated into the polymers

- which make up the urinary catheter components, or applied without a carrier

95



parent conpound (e.g. a conpound tmnce as potent as doxorubicin is

adm nistered 25 at half the above paraneters, a conpound half a§3pq12pgcnﬁ7
doxor ubi c WD 93098841 ni stered at twi ce the above paraneters, PETESHII6UG | i zi ng
m t oxantrone as anot her exanple of an anthracycline, whether applied as a
pol ymer coating, incorporated into the polynmers which make up the urinary
catheter, or applied without a carrier polyner, the total dose of 96

23/ 02/ 2007 WD 03/099346 PCT/ US03/16719 mitoxantrone applied should not
exceed 5 ng (range of 0.01 gto 5 ny). In a particularly preferred

enbodi nment polyimer,tthe thtabadmsendf dokoribiginaplicd dhobrimhst dxeebd 25tMg (Faiy@eorof 0.1
Vg to 1 ng, ,The dose per unit_area (i.e. the ampunt of drug as a Tfunction

of the surf-dd Qr&nmep. #ha padsiculasty i@fﬁfﬁ‘ff@ thﬁﬂﬁ?e@tath‘?etp@' amepumiof Wre ug i s
5 lied f,.0.01 - 20
og per - mapieRsnoBERBER B Tinad 8814 o i hoerker BB i iR °

m t oxant roanraoallﬂmﬂdiu e aafﬁﬁbticﬁﬁoﬂtﬁetdﬂﬁfdébld?éé)bf% p&itiBh of Whé ARad! a_dose
of 0.05 pg/mMme -3 nme As di fferent pol yner and non-pol ynmer coati ngs

will reb edEiheter &wgtchdimg i appliethand/egincamssated) ehawd all dithimtperangaret er s
shoul d be natz th 10 the rel.ease rate of, the dr from
theuurl narcil*tdcdz)a Hgt PBSL@?‘IL’@'J b@ﬁu\flrmﬂg? A Rl?nﬁ)ﬁﬁ'cé’%ﬁ’(y ﬁ%{f %bn of 1395-

10-6 M of embedigRht AdRkohbidRsAb@UNRIapplied © MEGATARF b!ath@ter'éi‘r?f‘é&@artlﬁat drug
concentrations on the surface exceed concentratlons of mtoxantrone known

to be | et Kigsetad Onlingimme—<ifau/men‘of Asatifenent palycherangi nc(n-pelynmre:oahngsexces s

f 10-5 | t,hough di | drug levels will
cut 11 ci entfit RS ot LR difhe es. The ABpurdesing RASBNERSOU B the «

Uyi naryy  QARRE B cothbihatéh wis thd ?&ﬂou];éte'd?ftﬁéh r@rﬁtth%( 'utrMabﬁcé’iﬁbfetra' ned

for a period ranging rom sever rs to seve
parti cul asutfape stieh thed aemimdmmmmc.‘ehe‘atldnngﬂ)g rtel“MsédoxmrubfcireB;t ive
ing from1 hour -1 nopnth. It should be

fgggler;r 23&"‘%@ %{%WPGLGME’GPS iﬂg§%§sﬂb’(§9|'m ertbalsUfacR4Arugo anal ogues and
derivati vegnedntrition¥ %%é%cg&r(&elﬁt%g@ﬁ% 'o?ﬁg RBIGA ‘ﬂﬁbwho&btenemamd @Mt‘pé%_

~functional activity can purposes thrs
above dospegepafl baeieda andifendilien., ad itséﬁfes%(tﬁfOIf(Iﬁmgam@dglha‘of sbmei ve
pot enc% Oemtbrg)duments lower concentrations are sufficient). In a preferred embodiment,
doxorubicin is released from the surface of the urinary catheter such that anti-
infective activity is maintained for a period ranging from severai hours to several
months. In a particularly preferred embodiment the drug is released in effective
concentrations for a period ranging from 1 hour — 1 month. It shouid be readily
) | 20 evident given the discussions pfovided herein that analogues and derivatives of
doxorubicin {as described previousty) with similar functional activity can be utilized
for the purposes of this invention; the above dosing parameters are then adjusted |
- according to the relative potency of the analogue or derivative as compared to the
parent compound (e.g. a compound twice as potent as doxorubicin is administered
25 at half the above parameters, a compound half as potent as doxorubicin is
~ administered at twice the above parameters, etc.).
Utilizing mitoxantrone as another example of an anthracycline,
- whether applied as a polymer coating, incorporated into the polymers which make

up the urinary catheter, or applied without a carrier polymer, the total dose of
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anal ogue or derivative as conpared to the parent conmpound (e.g. a conpound

- twice as potent as mtoxantrone is admnistered at half the above3/02/2007
par anet er SYyoa3/@®3gonpound hal f as potent as mtoxantrone igcpg6isfgslber ed at
twi ce the above paraneters, etc.). (b) Fluoropyrimdines Uilizing the
fluoropyrimdine 5-fluorouracil as an exanple, whether applied as a

pol ymer coating, incorporated into the polyners which nake up the urinary
catheter, or applied without a carrier polyner, the total 97 23/02/2007
WO 03/ 099346 PCTI US03/ 16719 dose of 5-fluorouracil applied should not

d 250 RO ied. I riticul arl eferred
' z(ﬂ(;ggi ment ?ﬂ?_ﬁgﬁtot a?&g'r(regusﬁ!t&(l)(# H%‘E%%egg%f'ﬁgé%@heg%&déﬁﬁgﬁﬁ 5¥'H§'r'§rﬂge of 10
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are e
“is applied an'%ﬁg? Ofﬂédf%g)r L) Thafraedperainit aea ki e the emaungef dfuglaslag - 1
er nmeiekti l.cularly preferre nmbqdi ment ,.
g? f Iouorouracii:}lérgg{l%gfséﬁ%gégﬁ%#??ﬁ ?é)é'*'ﬁ'goﬁ}'ﬁn %8?'#8?%&0 é’ﬁ'}“frg&%‘gdf; a dose
of 1.0 9/ nepliedsmd/ay/inciporsied)i SHordefll vatHiy BRS rangd Ao PRY Y ggglgcg@l i ngs
osi'ng

wll rel egse 25-ff I Horouraci | at differing rates, the above
par anet er s "ShSUSHTRE® &3t 18 egparticelaiyprefeires eabogiment; hétoxahiase shailg of

concent rat, onr a0 e Bfiery et pdiicslrth Josdo! G wdiics S o
necessary Adiffagant polyher asidrricrcgolgiied cE MM Wil 388 nithaaToRQUEeENt rati ons
of 5- flua Ul aci l known to be |ethal to numerous specles of %act eria and
_Ef;}jhgi (i. g reriiddatasy g akave dasing pammetersshogiid be wiitzeteinadnisihation with ower
1 Pugrour e R 8 RS AR e fndhty Mol tabs sk et mvnimum
ant i - nf econventextion G 19 - S Ot ateScdnfrshe & S Aed ARG Aceddaplsever a

0

hours to severq_l@tm)nths. In a particularly preferred e I en e drug
i s rel eas¥BWe that deig concepiations pathe surfacr excepdrdopdenaaprigofl r om 1 hour -

1 nonth. o , ' evi dent. given the discussions provided
herein t hat'kfahg%‘%é'g‘ﬁ“é@ By I'%E?'i %P'i%@'g ecissf hapletipaand fupgsiigestsrinbed
pr evi ous| gxceustdf 19| dihoufH A6 S8 lenftIdiMbA IGREr BitigUbidils afiflbd o the
pur po?gs of this invention; the above .
sufficient). In a preferred embodiment, mitoxantrone is released from the urinary
catheter surface such that anti-infective activity is maintained for a period ranging
from several hours to several months. In a particularly preferred embodiment the
drug is released in effective concentrations for a period ranging from 1 hour — 1
month. It should be readily evident given the discussions provided herein that
)z 20 analogues and derivatives of mitoxantrone (as described previously) with similar
furictional activity can be utitized for the purposes of this invention; the above
do_sing parameters are then adjusted according to the relative potency of the
. analogue or derivative as compared to the parent compound (e.g. a compound
twice as potent as mitoxantrone is administered at half the above parameters, a
25 compound half as potent as mitoxantrone is administered at twice the above
parameters, etc.).
(b) Fluoropyrimidines Utitizing the fiuoropyrimidine 5-fluorouracil as
- an example, whether applied as a polymer coating, incorporated into the polymers

whi.ch make up the urina;y catheter, or applied without a carrier polymer, the total

97



) §r|ety of bacte
és,

dosi ng paraneters are then adjusted according to the relative potency of =
the analogue or derivative as conpared to the parent conpound (gggoza/zog",'
conpound WOWHE?HE potent as 5-fluorouracil is adm nister eBCHUSHHELSTI% he
above paraneters, a 25 conpound half as potent as 5-fluorouracil is

adni ni stered at twice the above paraneters, etc.). (c) Podophyl ot oxi ns
Uilizing the podophyl ot oxi n et oposi de as an exanple, whether applied as a
pol yrer coati ng, incorporated into the polynmers which nake up the urinary
cat heter, applied without a carrier polyner, the total 98 WD 03/099346
23/ 02/ 2007 do %&Wum@m@s@ SbDU@trmimded Qﬁﬁlm@ﬁasgeuﬂfd oy tegseed 25
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et oposi de at dlffel’l ng rates, osi ng pararre ers
utilized ishouishbe applieshtothe Iunniafy @t&étemhdaeeat atdesebf tittepginrg? -rspm t he

urinary catgzet er urljﬁace su h that a concentration of 10-5 - 10-6 M of
et oposi de HIM fj gEent|po yngerr@lcggg@-py ween Goatings wilhtelease srdluoraurag!

concent ratdtaﬁrerﬁg%fé@ W&r@ﬁg‘ﬁaﬁh&éf&pﬁ%mbéy?\f%ec%%o‘?gl'f:f\h %ht AR

ia ahd fungi are in excess o

me 1énbedimtbetrelehssveatedf ti: HrigEromvthe luriansedthiel e0tfhce bOciRthtef er r ed
enbodi nent,. 15 et 0R05| de is released fromthe surface of the, urinary

cat het er SUEIYRASPNgeRtrationof 40 -8 Aol i-Byorpuraedishmaintaimetlont is per i od

rangi ng f v articula ferred
crbod ment P Retf ions IR AL LB B ortBlrafons Fred B ancEBfios & Ser o
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di scussi ons provided herein that anal ogues and derivatives of” 20 etop05|de

(as descr IMb@Xrass&f 180 M: althaugh far seme embedimenisdowarcdiugi leyels avill be uti | i zed
' 15 sufficient). in a preferred embodiment, 5-fluorouracil is released from the urinary

. catheter surface such that anti-infective activity is maintained for a period ranging
from several hours to several months. In a particularly preferred embodiment the
drug is released in effective concentrations for a period ranging from 1 hour — 1

month. It should be readily evident given the discussions provided herein that

| J 20 an_lalogues and derivatives of 5-fluorouracil (as described previously) with similar

functional activity can be utilized for the purposes of this invention: the above
dosing parameters are then adjusted according to the relative potency of the
| analogue or derivétive as compared to the parent compound (e.g. a compound
twice as potent as 5-fluorouracil is administered at half the above parameters, a
25 compound haif as potent as 5-fluorouracil is administered at twice the above
paranieters, etc.).
{c) Podophylotoxins Utilizing the podophylotoxin etoposide as an
example, whether applied as a polymer coating, incorporated into the polymers

which make up the urinary catheter, or applied without a carrier polymer, the total
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J for the purposes of this invention; the above dosing paraneters are then
adjusted according to the relative potency of the anal ogue or dggi/gat/¥807
as conpar eWOt08/09%3¢6 parent conpound (e.g. a conpound twi Cepag RIRALy S
etoposide is admnistered at half the above paraneters, a conpound half as
potent as etoposide is 25 admnistered at tw ce the above paraneters,

etc.). (d) Conbination therapy. It should be readily evident based upon

t he di scussions provided herein that conbinations of anthracyclines (e.g.,
doxorubicin or mtoxantrone), fluoropyrimdines (e.g., 5-fluorouracil),

folic acid dgtdgtanoside qmpligd ,shmatmmtreamaé@)zsai@g??g@gﬂg.ghgﬂ% g "ﬁ@'ﬁ Bd to

" et oposi de) £ i? 39 2? \gﬂ /099346 PCT/ US03 1 u
enhance t hé %ﬂ-{ @3 Y Bigferec emopdiment; thenietal emeany of diugeaepliedostoultbbe in

_Simlarly ané driyesl4i T d(%g[ I Cl [ .mtoxantrone),

“f 1 uoropyrinidi r@??g.%&?é@@lﬁ?@rouraé:%l&'t%rg?l(’ceﬁ@?&"’a‘?ﬂrﬁé%ﬁﬂ’élﬁs fie.g.,

met hot r exaffe)ctignef feiapfagkatreaioishe pertion of B BM5ry Dht ri?)ewﬁﬁﬁyn@gﬂs Wi th
traditi%nal 8&@16?%:“@“0 and/ or antifungal 5 agents to enhance effl cacy.

Ureteral” SE PePeerPetaladk shewd il wibhintbd eangsi oft0.00lues- H0opgpehe si des
“and coil's n@h? 6 duike SRS t ' tion Ueteral stents are used to
‘relieve obstructions (céu@e%bgﬁﬁg[aﬁe[gé% reﬁﬂqr?%qfﬁwﬁemgoql%ﬁhwlgtb@ the
passage of 2ppliedds theuritary alatteyed Suffes dtidede b &Y gfg?thn?n—a%fﬂlﬁﬂﬁﬁ? s | eaks
fol |l owi ng a %er\é ﬁ(r trauma. They are placed endoscopically~via th
bl adder or igrg AL PalEse ang nenzpeliwaek caalings will refoase taosideofi diffedigy ™5 on up
to 90% of el Hhdthh g % dev.el sigpifjcant L bacteruria wth the
l:nae‘:l degée i ncr eas%n%;ef(wesﬁ?%ﬁ '@?9?/%53 ﬁ%ﬁ‘fb?é’%&? NAfQmbinpten wahdhes
‘agr ugi hes areleasehratenafite dIROMRAE NRBAR, cAtHbteFSLS: | rRBAhaGOCCUS
aureus and { ndi ggi al so cause infecti Q’n. E%f ecti%éeg;tggcgghrfaé%t(:%n?g@%ﬁm ly
requires stiett r®nd¥ af etoposideiis inarintainesht it tsi retcessaryeto amstire Wktasurtanat e v,
ureteral sdghts | nfected. or. encfusted with wurinary salts that
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easy i gse_r\»tarlety, ofitesRiria dridl fahgF@.ef afe AeXcB8Y ofF0 f1; BRALLGE for REnsas! Y
renoved, i
embodiments lower drug levels will be sufficient). In a preferred embodiment,
15 etoposide is released from the surface of the urinary catheter such that anti-
infective activity is maintained for a period ranging from several hours to several
months. In a particularly preferred embodiment the drug is released in effective
concentrations for a period ranging from 1 hour — 1 month. It should be readily
) evident given the discussions provided herein that analogues and derivatives of
j 20 etoposide {(as described previously) with similar functional activity can be utilized
' for the purposes of this invention; the above dosing parameters are then adjusted
-+ according to the relative potency of the analogue or derivative as compared to the
parent compound {e.g. a compound twice as potent as etoposide is administered
at half the above parameters, a compound half as potent as etoposide is
- 25. administered at twice the above parameters, etc.).
(d) Combination therapy. It should be readily evident based upon
the discussions provided herein that combinations of anthracyclines (e.qg.,
doxorubicin or mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracil), folic acid

antagonists (e.g., methotrexate) and podophylotoxins {e.g., etoposide) can be
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20 resist infection and prevent the formation of urinary salts. Therefore, -
devel opnent of a ureteral stent which does not beconme obstructeg3bw2/2007
granul at i @ 43/08%4e, does not scar in place and is | ess prRGEUSS/IFHPect i on
" woul d be beneficial. In a preferred enbodi nent, doxorubicin, mtoxantrone,
5-fluorouracil and/or etoposide are formulated into a coating applied to
the surface of the ureteral 25 stent. The drug(s) can be applied in
several manners: (a) as a coating applied to the external surface of the
ureteral stent; (b) as a coating applied to the internal (lumnal) surface
of the ur eitidizad taeanancetby andibactevial actyitywb theedrinaryaiatheter paating. of bot h
100 23/02/ 0017 WD, 03/ 09934 PC\HﬂUSO /16719 surfaces; and/or,g{kg)

i ncor por at @HRHY gNNRCYRINGEe-g- HoXCRRIGRSF MitoxpREofek flptapyrigidines (e.g.,

Drug-coat i ks ' | r i1 allow
bact eri ocist;l-g?w((gl);J Léga“?'gee %é't?c%“gﬂr@ﬁlbgegdQ\H%{ggfﬁaﬂgzgwg@g?éhﬁ&tg&r ace, thus
5 reduci ndettheetopesidencan bé cbanbirezd with tralditiohabamtisioticaarti/et bagfgngalt

devel o nt o pyel onephritis and/ or bacterem a), while producing
negl i gi I@W&@%@a@fﬁﬁgw{o the drugs. Al though for some agents

polymeric carriers are not required for .attachnment of the drug to the
~ureteral stent surface, several polynmeric carriers are particularly
sui tabl e t tentst hi s enbodi nent. OF particular interest are polyneric

10 carriers such as, pol yurethanes (e.g., ChronoFlex AL 85A [CT ]
Bi omateri als], Hyd Pgwﬁmwﬁﬁ BesT hpliondikas Wit holesvatprasthepsidgsmpdtoils

 caporyer 2 Bhner SEBTBON It QIRGR SRIR] bre ARl Rulle HBSARERNE ©
ol yners (causedbylstoned btimafignandyd] loUheiRite aR! PasaBelof stdrfos, Seied glo@@e

acetate propionate), acrylate and 15 nethacryl ate copol yners (e.qg.
pol yetlfy| Bgalinmolyraigrabanasterspyesior inaks fellowing suegery hetrauma. Ahayrareer al

SLeT S, 2" AR A ORISR B ARe S 8h Bab oL >
e " Soiroad oS Reofon s 0 kB drk A0 gl ot
f or mul at i bastepgiacwitivthe incidence increasing the longer the stent is in place.
Pseudomonas aeruginosa is the most common pathogen, but Enterococci,
15 Staphylococcus aureus and Candida aiso cause infection. Effective treatment
frequently requires stent removal in addition to antibiotic therapy.
Unfortunately, ureteral stents can become infected or encrusted with
urinary salts that render them ineffective. An effective ureteral stent coating would
J allow easy insertion, remain in place for as long as is required, be easily removed,
- 20 resist infection and prevent the formation of urinary saits. Therefore, deveiopment
- of a ureteral stent which does not become obstructed by granulation tissue, does
- not scarin place and is less prone to infection would be beneficial.
in a preferred embodiment, doxorubicin, mitoxantrone, 5-fluorouracil
and/or etoposide are formulated into a coating applied to the surface of the ureteral
25 stent. The drug(s) can be applied in several manners: (a} as a coating applied to
- the extemnal surface of the ureteral stent; (b) as a coating applied to the internal

{luminal) surface of the ureteral stent; (c) as a coating applied to all or parts of both
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for urinary catheters, drug release should occur over a 2 to 24 week

- period. Uethral Stents Urethral stents are used for the treatnggyoaf/2007
recurrent WP &¥¢PHE strictures, detruso-external sphincterpclyssigngfgi a and
bl adder outl et obstruction 25 due to benign prostatic hypertrophy. The
stents are typically self-expandi ng and conposed of netal superall oy,
titanium stainless steel or polyurethane. Infections are nost often due

t o Coagul ase Negative Staphyl ococci, Pseudononas aerugi-nosa, Enterococci,
St aphyl ococcus aureus, Serratia and Candi da 101 23/02/2007 WD 03/099346

PCT/ US03/ 187 {865 and/oe ) indorpoviaesd #itb |§mtefseﬂﬁﬁﬂhtdo)hﬁr%whb%§e%¥§lt em ¢
~antibiotic therapy and renoval of the device. An effective urethral stent

coating wotteBt al | ow easy insertion, remain in place for as long as is
~required, be easily resist infection and prevent 5 the formation
“of urinary salts. Thtﬁer‘rﬁg}fbg»r%gpg8@30(&&5%&0%@35%, ?h‘#‘&WfE'PéﬂtSWiV&'I\ does not
become obsaliouchatetiycigal altug RiveRNtotHsSScRevalPREalPd ' is
| ess prone to infection would beo_benef [ %Y al . Iaﬂ}panpre tgb?g@ﬂf%é@kﬂem,
doxor ub? ci UGG dhaiciienee obbagterabenlerizatiornfaitdsubseqperst disvetopenéritraful at ed
into a coaty N surface of the urethr 10 stent. The
drug(s) czér}) eﬁ%’@gg*‘% ggdé)gbé%é’é%ﬁs'rﬁ'ﬂl‘?e?rgquﬁ'gg %"S%i%%)ﬁt%’@‘%@ﬁ?qséfﬁ% t he
external dhe taggs. Oﬁltrfohgh%reidﬁﬁéibﬁéﬁ@rﬁd%rﬁéﬁc BariRrS aRd hdl%eBipld fiff 1o the
i nt er nal | um nal ) surface of the urethral stent; (c) as'a coating applied
to all or a¥grhmept ofdbe Wrug tor theaweteralraiéntrsurtiice sevarplopalyeeric rbaidrd are

I ' o h hr al tent. 15 Drug-coati f, d
Pacor por ab EEUaRIGRE s rin L emheSinat Clibegwuaneredrephmery
I.gvel sik o chaiers Bu€y Cgﬁ%'i ' th
[ nciedencg o?egﬁc?erﬁgpb?g%ﬂ?géﬂ%%??ﬁ SFJ%Sé[S%%t[ evémodg%ﬁ 219 . ©
pyel onephfiyereMedfiQr (63 Riemeteria)s], MYDROSLIGUOLY [QT Beghateriblsg syst eni ¢

equired HPRYTHANIR ch Biamathiiaiell 5 deomeber sppoberers bugt ace.
several ppbiy(BhylEn&2bldcR}iR 5P, cellulose-derived polymers {e.g. nitrocellulose,

Celluiose Acetate Butyrate, Cellulose acetate propionate), acrylate and

15 methacrylate copolymers (e.g. poly(ethylene-co-vinyl acetate)) as well as biends
thereof.
As ureteral stents are prone to the same complications and infections

from the same bacteria, the dosing guidelines for doxorubicin, mitoxantrone, 5-
N fluorouracil and etoposide in coating ureteral stents are ide.nticai to those
g \ )} 20 descn'l?ed above for urinary catheters. However, unfike the formulations described

~for urinary catheters, drug release should occur over a 2 to 24 week period.

Urethral Stents

Urethral stents are used for the treatment of recurrent urethral
strictures, detruso-external sphincter dyssynergia and bladder outiet obstruction
25 due to benign prostatic hypertrophy. The stents are typically self-expanding and
composed of metal superalloy, titanium, stainless steel or polyurethane. Infections
are most often due to Coagulase Negative Staphylococci, Pseuddmonas

' aeruginosa, Enterococci, Staphylococcus aureus, Serratia and Candida.
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particularly suitable for use in this enbodinment. O particul ar in}eggft
are poly | rriers such as pol yurethanes (e.g., ChronoFl ex 2B/82X 2C07
Bi onaterrg’lrds‘f’,’°9g%§/drowed640TM [CT Biomaterials], HYDROSLI PCHHBEG719

Bi omaterials], HYDROTHANETM [CT Biomaterials]), acrylic or nmethacrylic
copolynmers (e.g. 25 poly(ethylene-co-acrylic acid), cellul ose-derived
polynmers (e.g. nitrocellul ose, Cellulose Acetate Butyrate, Cellul ose
acetate propionate), acrylate and nethacryl ate copol yners (e.g.

pol y(et hyl.ene- co-vinyl acetate)) as well as blends thereof. 102 23/02/ 2007
W0 03/ 0003 1B GE5UPET Fpmke )ffﬁﬂ\é?’h%{e%ﬂf@ﬁfsxstawc Bridhietic tharaey eade

conpl i cat irgp®vansk thetegickons fromthe sane bacteria, the dosing guidelines
for doxorubicin, mtoxantrone, 5- fluorouracil and etoposide in coating

ureteral stents areAndsfectioabirdthral Btsr codrss wobRralRMOYSsY MiseHion) Aédain
catheters. I—%\gever, unli ke the fornulations described 5 for urinary

cat het er s " BRGE Plertlong asHs reaieet be easdy removed reaistiséectipsranstprevent
Prost het i I P | r incters. are used to
reat Cnoant IRdeen BPUkATY taRs "THeteIG. SeVePPaRoLPP Y LEChRASEHMERE | The

. pl acenent doés pobbéduené obsthatee by gFahilageiSsWadoks nePSBAr if &t Mg jshf ection
(usually jn the first 6 nonths after 10 surgery) wth Coagul ase Negative

St aphy| ocBEEIPTPIGEY IRGHgn stk e desedaigl. epi dermidis), Staphyl ococcus
i cot on s ohar acler PEPR] SrmbGalr A G5 Rmmicrt hibiafidne. SHomIFastn
T o e s A Ao IR bl 18"
'.-sﬁhi n¢? er stepkc e dius Brandaiapplieddintseyetal stanstessi (apas argiatin dpptibditsjue. To
ofton onp Byt s frediy slaru ) 58 ristine Pt fa dirintamal not r <
of Tthe. dev, qe e Rt fle Qe PR (Fa#] Caalihg AhBlectio APoriRtis oBRICH has
cl ear ed. Sifasescand/oe(d) icopparstdtinia the paldeerswhichaiompristathengetipal d r esi st
I nfecti or‘gtg&q reduce the ‘
15 Drug-coating of, or drug incorporation info, the urethral stent will
allow bacteriocidal drug levels to be achieved locally on the stent surface, thus
reducing the incidence of bacterial colonization {(and subsequent development of
pyelonephritis and/or bacteremia), while pfoducing negligible systemic eXp‘osure to
the drugs. Although for some agents polymeric carriers are not required for
20 attachment of the drug to the ureteral stent surface, several polymeric carriers are
particularly suitable for use in this embodiment. Of particular interest are polymetic
carriers such as polyurethanes (e.g., ChronoFlex AL 85A [CT Biomaterials],
HydroMed640™ [CT Biomaterials], HYDROSLIP C™ [CT Biomaterials],
| HYDROTHANE™ [CT Biomaterials]), acrylic or methacrylic copolymers (e.g.
25 poly(ethylene-co-acrylic acid), cellulose-derived polymers {e.g. nitrocellulose,
Cellulose Acetate Butyrate, Cellulose acetate propionate), acrylate and
methacrylate copolymers (e.g. poly(ethylene-co-vinyl acetate)) as well as blends

. thereof. _
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i nci dence of re-intervention. In a preferred enbodi nent, doxoni bicin, )
n1toxantnq%aﬂéy%ﬁyorouraciI and/ or etoposide are formul ated i n€8/02/2007
coating applied to the surface of the prosthetic bladder BEHUSSYET1Y The
drug(s) can be applied in several manners: (a) 25 as a coating applied to
the external surface of the prosthetic bladder sphincter, and/or (b)
I ncorporated into the polyners which conprise the prosthetic bl adder
sphincter. 103 WO 03/099346 PCTIUS03/167 0 2 /2 0 0 7 Drug-coating of, or
sthetic bl adder sphincter will allow

drug incorporation i h r ter é
_bacteriocidal drug |}§\§/g‘f“’s‘hfa§-sg‘?‘é‘?§éfﬁ B Pdlapayre complicatione ang) infedtions

i nci dence @bnbiveteinabactelignhaald i %’,&&j,‘{, Vel of
urethritis_ and/or vvou?ld |'npg§ﬁdgﬁgbé%@l?lr§ég§§ ucl n%'gﬁ'eg*f%gﬁﬁén%?s't em c
_exposur e t BUeRErasi @ndgopaside sugtatingrureteral sigrtstase RIHNGEN ftoGheas i er s ar e

not requir r tachment of fhe dr to the prosthetic bl adder

sphi nct er %ﬁ%&g’@é&éi fa‘g'"%ﬁaﬁ’@?ﬁre- X'g%wefvéf-éﬂ'%!i @ thrafarmedations gesaiibarb| e
or usesi nfdr ikag dameh | olyneric carriers
such as pol yur etahanes'I@QTH&%%%MQ@REC%%F?21%%#%?% | QP@'] ,

.Hydr oMed640TM [ CT Bi omaterials], HYDROSLIP CTM[CT 10 Bi omateri al s],

HYDROTHANE], g&c%lz? %ih d |)s’ acrylic or methacrylic copolyners (e.g.
pol y( et hyl'ene-co- = cel | ul ose-derived polyners (e.g.

ni trocel | ul ose, Cel Ipph@pgt : ’ @dly l.ose.acet.at e propionate),
acrylate and nethacryl at éé\g%tgg%ﬁéﬁég%gg. g’fe pol- t%é?%l"bq? 5'88'3 ﬂ?‘?

acet at e) ) generallylconsist of 2 pesutdiiemedhpladt Pise PleshBat bppreéﬁféﬁefblawgrmt ers

ateé prone fections c t he sane bacteria as occur wth urinary

, to.i sed b

(oAt het er s SPRINGteErS Eph e sonplicatackBy infectionorulydn ihe first xmatthrater
5-fl i i i i t het,i d hi t

ot 7Yoo |1seddy Pt CoBR0fisd NadhiGa SRS 0%iding BN 0oERI or unt §ke

t he f or mulepidesmidisieStaphyledotais stirens! PseridiidriisSaerd M@s% eﬂ?ﬁl@ﬁfco%gl shoul d
eriod. Penile Inplants Penile inplants$ are used

occur over, a 2 to 24 week .
to treat g’reg?ﬁﬁlaé‘dmt néectionds gharacterized by fever, erythema, induration
L and purulent drainage from the operative site. The usual route of infection is

_—
=

| through the incision at the time of surgery and up to 3% of prosthetic bladder
15 sphincters become infected despite the beét sterile surgical technique. To help
o - combat this, intraoperative irrigation with antibiotic solutions is often employed.
' Treatment of infections of prosthetic bladder sphincters requires
Comp!ete removal of the device and antibiotic therapy; replacement of the device
‘. ) - must often be delayed for 3-6 months after the infection has cleared. An effective .
| ) __ 20 prosthetic bladder sphincter coating would resist infection and reduce the
' | _incidence of re-intervention, N
: | . Inapreferred embodiment, doxorubicin, mitoxantrone, 5-fluorouracil
and/or etoposide are formulated into a coating épplied to the surface of the
o prosthetic bladder sphincter. The drug(s) can be applied in several manners: (a)'
- 2_5 _' as a coating applied to the externa! surface of the prosthetic bladder Sphincter,.

- -and/or (b) incorporated into the polymers which comprise the prosthetic bladder
- sphincter. ' |
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—.allow hacteriocid
f-.‘KLﬁcide etB

posur o CSPRYTRRYIEE Aol tng - ML AROER A BoBRIF G ar e o

generally flexible rods, hinged rods or inflatable devices with a punp. The

pl acenment ‘g(f)%@ggke i npl ants can be conplicated by infecti 8@,1,@#?5%{[/%\;/@1007

the first nont hs after surgery) with Coagul ase Negati ococci
(i ncluding Staphyl ococcus epidemidis), Staphylococcus aureus, Pseudononas
aerugi nosa, Enterococci, Serratia and Candi da. The type of device or route
of insertion does not affect the incidence of infection. Infection is
characterized by fever, erythema, 104 23/02/2007 WD 03/099346

PCT/ US03/ 16719 i ndur@ation d purul ent. drai nage .fromthe ogperative site.
The usual route of Wpé%qq%?)'ﬂ &s%%@dﬁ?f)@ﬂ'@%gﬂd'i‘@i B’EOSE'%g'Cth%f

surgery angphiictePwil®4iRlv BRAbSCiHAINTHG Myl chiBUES ISP AARL Py DOs!
sterile surgical technique. To help “conbat this, intraoperative 17r1gation
wi th ant i bibetipgiderseuef iavderial colanizatien{hoy sdbsdguEmt derelbpnaint oh{ieghitgns of
penile inplants re irest. cg | ete renpval of the device and antibiotic

t her apy: r%%p c infzction RRUHGEY Nadligible,BYSteRIG¥RPSUS? tathe mont hs
after the §rahgchitgsy il Llesigpl. coating would
resist inf ec?i on an reégéﬁfgﬁ%qtﬁ P@%@ 0 ?@%}lﬁt@}&%'%@rl n a

pref err ed aitasbdiemtof thecitneg e ke prostheticdiaddarapbinderf dufdceusagdrhi 10 and/ or

etoposide are fornulated into a coating applied to the surface of the
penil e i rSIMERErc eiﬁ‘fé'efﬁfér&(%a)m%ﬁ”bé%ﬂigqﬂ fadsedndbis erabodiamentr ©F padicular a

yat i ' -nal ' i | g i nplant . / b
neor por o g ert ot E-RER o B STy bt R Y fnicRRF AR A BER 7 )
Dr ug- coat i[6F Bibmatariati] UdydrodMudsa0dY {OT Bicrhateriahg, ReDRESLIMERNCHi |1 15

| drug |evels.to be achieved locally, thus reducing the:
'Wa%'égérhiﬁp%&ﬁ%b‘ﬁat iloh Biematesialsd) @sarlic aravethapryliat of | ocal

polymeric carriers are particularly’) suitable for use in this

enbodi mennd methasnylate capolumess (2.9. polpiethylend-nooinyl astate)) seiwby ashe sane
bacteria ﬁ?enﬁgwérewt h urinary catheters, the dosing guidelines for

doxor ubi cin, ;

' 15 As prosthetic bladder sphincters are prone to infections causéd by

requi red hitrocelitiasdGeliulede AbstataB ugrétg,o CERuIeE bb&faiéfmo’ﬁiéna?é[ LeffateSever al

the same bacteria as occur with urinary catheters, the dosing guidelines for

~ doxorubicin, mitoXantrone, 5-fluorouracil and etoposide in coating prosthetic
bladder sphincters are identical to those described above for urinary catheters.
However, unlike the formulations described for urinary catheters, drug release

20 should occur over a 2 to 24 week period.

Penile Implants
' Penile implants are used to treat erectile: dysfunction and are
- generaily flexible rods, hinged rods or inflatable devices with a pump. The
placement of penile implants can be complicated by infection (usually in the first 6
25 months after surgery) with Coagulase Negative Staphylococci (including
Staphylococcus epidermidis), Staphylococcus aureus, Pseudomonas aeruginosa,
Enterococci, Serratia and Candida. The type of device or route of insertion does

" not affect the incidence of infection. Infection is characterized by fever, erythema,
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-~ However, Patd

m t oxantrone, 5-fluorouracil and etoposide in coating penile inplants are

i dentical __to.those described above for urinary catheters. Howevés/O&{2R87
the formul BP%RE35 described for uri nary catheters, drug PetresBsasaiooul d
occur over a 2 to 24 week period. 105 23/02/2007 WD 03/099346

PCT/ US03/ 16719 H. Infections Associated with Endotracheal and Tracheost ony
Tubes Endotracheal tubes and tracheostony tubes are used to nmaintain the
ai rway when ventilatory assistance is required. Endotracheal tubes tend to
be wused tq establish an airway in the acute setting, while tracheostony

tubes are SN¢aHOR ARG PERIeRSTiyathage ftdnh ttd aperative siuiThedisoil Wigsiof here is a

fixed obstr J i upper. ai . In_hospitalized patients,
nosoconi al I%Eﬂb&ngﬁitgrogéggl?% P’@W?@@Bmtfrﬂ%gf %ngb’e%ﬁd dade Bg/o efrenilecond nost

. common  causeplahts esphidinfaaadidessite iHaf sk B@?ilve(cﬁirbr;é%{ térchﬂg_'u}é[ Tl e

infection) and the nost comon infection in I'en

care unit, CREDAEHIA iMtranpenative irigatioa vitreantibmiticosuhatiorkQs 863k Bnyicbd at al i ty
rates ower 50% Surv'rvoEs S efndfo average 2 weeks longer in hospital and
the anntal cost of t'EatHEMtOYBreClYR:okRENYS implantorequBgscormnigte pamonaini a i s
the nost coMmenicviteShdintISESH Wl | in_patients who
require intubation. In pati entseﬁ%}?;%ééclyeﬁ?%gg)tfg@é&gY'é%ﬁ'{fépger('ibee. for

el ective sBelgeedor @ swntimafiar Heintetticleas olRard0sRefstie dilBHRARERRI 2.
ﬁ]n:@ Qo are sever elx il with ARDS (Adult Respiratory
Distress Synandi8uldisistiniectian apd redcesiberintidence ofiredetesvantiong a

nosocom al  pneunoni j ) i .Qrgani s col qni ze t he,
oropnarynx in int ubéﬁgtp r&{)égfelcfe%?sﬁ? 8@?&“?&’@%5 ‘%@%%Tﬁf%ﬂﬁ' %g‘itgmgw@cﬂ
‘lg.éo machY a@nsd/erspbpasidel ateofdrmudatbd irtto tahevatihg Woplidd foMhe UMAE R ’tﬁ%ﬁérln%
~cont am nat.ﬁlgiarrhil ?Fdot rgigpeal tube. Bacteria adhere 20 to the tube, forma

bi ol ayer a BAuE} Gam beppplied Bl seueraldnannarsefa) astehaiatingrapplied osol i ze

db i ' j : ' h b I
T equent |y beconemet Uteb P e B A oL REEalen g Duse

pneunoni a.polyrhers mdtch comprise taeipesilcdimpatunoni a in ventilated patients are
St aphyl ococcus aurgus (17%, Pseudonpnas aerugi nosa (18%, Kl ebsiella
pneunoni ae (9%, rug-coating of, or drug incorporation into, the penile implant will

15 aliow bacteriocidai drug levels to be achieved locally, thus reducing the incidence
of bacteriai colonization (and subsequent development of local infection and
device failure), while producing negligible systemic exposure to the drugs.
Although for some agents polymeric carriers are not required for attachment of the

drug to the penile implant surface, several polymeric carriers are particularly

Y20 suitable for use in this embodiment.

| As penile implants are prone to infections caused by the same
bacteria as occur with urinary catheters,l the dosing g_uideiines for doxorubicin, -
mitoxantrone, 5-fluorouracil and etoposide in coating perﬁle inip#ahts are identical |
to those described above for urinary catheters. However, unlike the formulations

25 described for urinary catheters, drug release shouid occur over a 2 to 24 week
period.
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25 Enterobacter (9% and Haenophilus influenza (5% . Treatnent regui res :
aggr essi VQV&G?E@%‘% with antibiotics. An effective endotracheal t2aB&0s%/2007
t racheost ony coating would resist infection and prevEﬁT’UtSWémF’c?r mat i on
of biofilmin the tube. An effective coating would prevent or reduce the
i nci dence of pneunonia, sepsis and death. In 106 23/02/2007 WD 03/099346
PCTI US03/ 16719 a preferred enbodi nent, doxorubicin, mtoxantrone,
5-fluorouracil and/or etoposide are formulated into a coati ng applied to
t he surface of fhe §
activity against" Kl eb ARERGE Bla -
for this enbobinent.
agai nst Pseudonobnas a@%&%&%@gbg? %HQ t%C%%tBW 'J%%S% %s{gjrsréglﬁ "F"ﬁt? thét he

practice oamwemy whenhredlllam’ny asdi btandéli@f@juu@an edarheartubls teRVey e
manner s: as a coating applied to the external surface of the
endot r ac he ethtf’é’tQﬂ"Sh AECHRYY Bripe@gyie setting.axhile tacheastomp tubasdaneo t he

h be;
() e s cidhen prolifigetior ool SOARLE in 1518 4 p el EBSRAKRT in o) °
i ncor por attee Uplpéoaii’\hay pipl bﬁ’@fttéhzemp@ﬁbrﬁ@ MYsbeemMiANHrRDARINIAE 8O 3@9%0”

tracheost oy tube. -coating of, or drug incorporation into,
endot r achd#nes Bge)"iﬁf an ﬁamwmmmpn causewfb@ap@lfamunm dr ug

| | h f h
ot dence MERSItAREr SR Radt MBeAd arkihe Sl himah fraslar sbll of ' "°
pneunoni a mdn&enﬁ itts9 mtéﬁﬁ:d@cﬂ@%ﬁc hBSodtisial Bh@uﬁon%%ta%cﬁjé?% Bggsg e to the .

,.g;)ugs Al t hough for sone agents % yneric carriers are required for
‘at't achtfentdesth wite fajalily r at@Stdver &0%ot Suniveas spehad ooravtermé esdekejongerlie

\s rface nmeric, carr a rti swtablefor use in
t ﬁl s i'g%ﬁ@% na%gﬁgw?lﬁﬂ%#g @?%(gﬂé) Péeg PB carriers such as

ol yur et hanes 20 (e alelnl s 40TM
FCTyBI omat eri al s], ( Bﬂctggg;ﬁ C#’ﬁﬂé?éhcll'%gﬁg%rg%ﬁ al siﬁéﬁ%&ﬁﬁwg}?
Bi omat er i @hé]morﬁw iyl patients whmrMmreyinumampolly rmtzen’(semlgo are intubated

ol y(ethyl c,0 acr lic acid) ul ose-derive
pol y( y ?ec‘ta‘vely (re. for elect?ve surgery% Iless than 1 %/o will develop a nosocomial

15 . pneumonia. However, patients who are severely ill with ARDS (Aduit Respiratory
Distress Syndrome) have a greater than 50% chance of developmg a nosocomial
pneumonia.: It is thought that new organisms colonize the cropharynx in intubated
~ patients, are swallowed to contaminate the stomach, are aspirated to inoculate the
. lower ainNay and eventually contaminate the endotracheal tube. Bacteria adhere
20 to the tube, form a biolayer and multiply serving as a source for bacteria that can
aerosolize and be carried distally into the lungs. Chronic tracheostomy tubes also
frequently become coloni;ed with pathogenic bacteria known to cause preumonia.
The most common causes of pneumonia in ventifated patients are Staphylococcus
| aureus (17%), Pseudomonas aeruginosa (18%), Klebsiella pneumoniae {9%),
25 Enterobacter (9%} and Haemophilus influenza (5%). Treatment requires
~ aggressive therapy with antibiotics.
An effective endotracheal tube or tracheostomy tube coating wouid
resist infection and prevent the formation of biofilm in the tube. An effective

coating would prevent or reduce the incidence of pneumonia, sepsis and death. in
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polymers (e.g. nitrocellulose, Cellulose Acetate Butyrate, Cellul ose
acetate pygRsAReE) . acrylate and nmethacrylate. copol yners (e.g23/02/2007
pol y(et hyl ene-co-vinyl 25 acetate)) as well as bl ends thefE@PSO3a6719
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systemic exposure to t!'ne drugs. Although for some agents polymeric carriers are
not required for attachment of the drug to the endofracheal tube or tracheostomy
tube surface, several polymeric carriers are particuiarly suitable for use in this
embodiment. Of particular interest are polymeric carriers such as polyurethanes
20 (e.g.. ChronoFlex AL 85A [CT Biomaterials], HydroMed640™ [CT Biomaterials],
'HYDROSLIP C™ [CT Biomaterials], HYDROTHANE™ [CT Biomateriais]), acryfic
or methacrylic copolymers (e.g. poly(ethylene-co-acrylic acid), cellulose-derived
polymers (e.g. nitrocellulose, Cellulose Acetate Butyrate, Celiulose acetate
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As endotracheal tube and tracheostomy tubes are made in a variety
of configurations and sizes, the exact dose administered will vary with device size,
surface area and design. However, certain principles can be applied in the

application of this art. Drug dose can be calculated as a function of dose per unit
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rat est5t hgndfor incorporated) should fali within the range of 0.01 pg - 100 pug per mm? of
surface area. In a particularly preferred embodiment, doxorubicin shouid be
applied to the endotracheal tube or tracheostomy tube surface at a dose of 0.1
ug/mm? — 10 ug/mm’. As different polymer and non-polymer coatings will release
doxorubicin at differing rates, the above dosing parameters should be utilized in
20 = combination with the release rate of the drug from the endotracheal tube or
- tracheostomy tube surface such that a minimum concentration of 107 - 10 M of
doxorubicin is maintained on the surface. it is necessary to insure that surface
__drug concentrations exceed concentrations of doxorubicin known to be lethal to
multiple species of bacteria and fungi (i.e., are in excess of 10 M; atthough for
25 some embodiments lower concentrations are sufficient). tn a prefemred
embodiment, doxorubicin is released from the surface of the endotracheal tube or
- tracheostomy tube such that anti-infective activity is maintained fora period
ranging from several hours to several months. In a particularly preferred

embodiment the drug is released in effective concentrations from the endotracheal
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I ncor ggr a : within.the range of_0.1 g - 1 ng per mm®
surfagg i BBfHecrdidhé M {he fange of 0.1 ug fo 7 mg. The dose per unif area (i.e. the

amount of drug as a function of the surface area of the portion of the endotracheal
tube or tracheostomy tube to which drug is appiied and/or incorporated) should falil
within the range of 0.01 ug - 20 g per mm? of surface area. In a particularly

preferred embaodiment, mitoxantrone should be applied to the endotracheal tube or

~-~{: j 20 tracheostomy tube surface at a dose of 0.05 ng/mm? — 3 pg/mm?. As different

polymer and non-polymer coatings will reiease mitoxantrone at differing rates, the
above dosing parameters should be utilized in combination with the release rate of
the drug from the endotracheal tube or tracheostomy tube surface such that a
- minimum concentration of 107~ 10 M of mitoxantrone is maintained. Itis
25 necessary to insure that drug concentrations on the surface exceed concentrations
of mitoxantrone known to be lethal to mulliple species of bacteria and fungi (i.e.
~ are in excess of 10° M; although for some embodiments lower drug fevels will be
sufficient). In a preferred embodiment, mitoxantrone is released .from the

endotracheal tube or tracheostomy tube surface such that anti-infective activity is
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range 18f  &agiet BoRyriBH; thENGt A8Ee BPE-MBIduracil applied should not exceed 250 mg
| (range of 1.0 ug to 250 mg). In a particularly preferred embodiment, the total
amount of drug applied should be in the range of 10 pg to 25 mg. The dose per
unit area {i.e. the amount of drug as a function of the surface area of the portion of
the endotracheal tube or fracheostomy tube to which drug is applied and/or
20 incorporated) should fall within the fange of 0.1 ug — 1 mg per mm’ of surface
area. In a particularly preferred embodiment, 5-fluorouracit should be applied to
the endotracheal tube or tracheostomy tube surface at a dose of 1.0 pg/mm’* — 50
pg/mm?. As different polymer and non-polymer coatings will release 5-fluorouracil
at differing rates, the above dosing parameters should be utilized in combination
25  with the release rate of the drug from the endotracheal tube or tracheostomy tube
surface such that a minimum concentration of 10™*- 10”7 M of 5-fluorouracit is
maintained. M is necessary to insure that surface drug concentrations exceed
concentrations of 5-fluorouracil known to be lethal to numerous species of bacteria

- and fungi (i.e. are in excess of_‘iG“*M; aithough for some embodiments lower drug
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doxorubicin or mto lotoxing dfifivingi ttie peslophylgtoxirbefopueiieysasi | ) .
fol'i c 1&Ci éxample, whether applied as a polymer coating, incorporated into the polymers
which make up the endotracheal tube or tracheostomy tube, or applied without a
carrier polymer, the tota! dose of etoposide applied should not exceed 25 mg
(range of 0.1 pg to 25 mg). In a particularly preferred embodiment, the total
amount of drug applied should be in the range of 1 ug to 5 mg. The dose per unit

20 area (i.e. the amount of drug as a function of the surface area of the portion of the

endotracheal tube or tracheostomy tube to which drug is applied and/or
incorporated) should fall within the range of 0.01 pg - 100 ug per mm? of surface
area. In a particularly preferred embodiment, etoposide should be applied to the
endotracheal tube or tracheostomy tube surface at a dose of 0.1 pg/mm? — 10

25 pg/mm?. As different polymer and non-polymer coatings will release etoposide at
differing rates, the above dosing parameters should be utilized in combination with

“the release rate of the drug from the endotracheal tube or tracheostomy tube

surface such that a concentration of 107 - 10 M of etoposide is maintained. It is

- hiecessary to insure that surface drug concentrations exceed concentrations of
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be 20 utily enhance the antibacterial activity of th 2 2007
t ube or ﬂ%@tﬁog%%tﬁony tube coating. Simlarly anthracycli nggﬁpg{.%é‘.%éw

doxorubicin or mtoxantrone), fluoropyrimdines (e.g., 5-fluorouracil),
folic acid antagonists (e.g., nethotrexate) and/or podophyl otoxins (e.qg.,
et oposi de) can be conbined with traditional antibiotic and/or antifungal
agents to enhance efficacy. 25 1. Infections Associated with Dialysis
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can result fromextension of an infection froman adj acent contam nated
parent compound (e.g. a compound twice as potent as etoposide is administered
at haif the above parameters, a compound haif as potent as etoposide is
15 administered at twice the above parameters, etc.).
(d) Combination therapy. It should be readily evident based upon
the discussions provided herein that combinations of anthracyclines (e.g.,
doxorubicin or mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracil), folic acid
antagonists (e.g., methotrexate) and podophylotoxins {e.g., etoposide) can be
20 utilized to enhance the antibacterial activity of the endotracheal tube or
tracheostomy tube coating. Similarly anthracyclines (e.g., doxorubicin or
mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracil), folic acid antagonists (e.g.,
methotrexate) and/or podophylotoxins {e.g., etoposide) can be combined with

traditional antibiotic and/or antifungal agents to enhance efficacy.

25 B Infections Associated with Dialysis Catheters
' In 1997, there were over 300,000 patients in the United States with
end-stage renal disease. Of these, 63% were treated with hemodialysis, 9% with

peritoneal dialysis and 38% with renal transpiantation. Hemodialysis requires
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henodi al ysofdemtic #sengll fallt® padehts @lsl sy ot?%ﬂtd?araiﬂ%gi%l' hg%ﬂghellef%g ld to be
5 _

achi eved |l ocally-on the graft surface, thus reducing ce of
bacteri al YYNBFALAUHEr ohthoselisfeqliam: aresetoodannio hé didly$is brsdddops

conpl i cat.i; , While producing negligible system c exposure to the drugs.
Al.though for some agents polyneric carriers are not required for

:@att achnent of the drug, several polyneric carriers are particularly

suitable for use in this enbodinent. O particular interest are polyneric
carrie 5@@&‘@5@%@9&@5@5 (e.g., ChronoFlex AL 85A [CT Biomaterial s],
Hydr oMed640T"" [ CT Bi gn?t erials], HYDROSLIP CTnn [CT Biomaterials],:
HYDROTHANETM [CT B ARe ppjients haye adysfungtionat ipmuoe cespringednat (e. g.

gIO![ %/(() g; Ihly m?%gﬁﬂidoﬁrlﬁ%eﬁpgﬁgh{) wfggtgorg elrn\‘é/c?%ngcgf %gemro%jia(lféig access
grafts are characterized as either being early (within month; thought to be a
complication of surgery) and late (after 1 month; thought to be related to access
15 care). Overa 2 year period, approximately 2% of AVF’s become infected while 11-
16% of PTFE grafts will become infected on at least one occasion. Although
infection can result from extension of an infection from an adjacent contaminated
tissue or hematogenous seeding, the most common cause of infection is

intraoperative contamination. The most common causes of infection include

20 - Staphylococcus aureus, Entérobacteriaceae, Pseudomonas aerugenosa, and
- Coagulase Negative Staphylococci.

Compilications arising from hemodialysis access graft infection
include sepsis, subcutaneous infection, false aneurysm formation, endocarditis,
osteomyelitis, septic arthritis, haemerrhage, septic or thrombotic emboli, graft

25 thrombosis and septic dealth (2-4% of all infections). Treatment often requires
removal of part or all of the graft combined with systemic antibiotics.

In a preferred embodiment, doxorubicin, mitoxanirone, S-fluorouracil

and/or etoposide are formulated into a coating applied tc the surface of the
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Cel l ul ose acetate propionate), acrylate and nethacryl ate copol yners (e. g :
pol yet hyl gﬂ?ﬁﬁ@@ iGNyl acetate)) , collagen, PLG as well as_jl endQ3t/rga2é 007
ec 3

20 An eff I ve henodi al ysis access graft coating would r ebfuE>HHiE71

i ncidence of conplications such as sepsis, haenorrhage, thronbosis,
enbolism endocarditis, osteonyelitis and even death. An effective coating
woul d al so decrease the nunber of henodial ysis access grafts requiring
repl acenent, resulting in lower nortality and norbidity for patients with

t hese i npl henodj al ysi s gccess grafts ar de ip a variety of
confi gurat ?@ﬁ?"”éﬁééﬁff«aﬂ"‘%@&y @%‘38?’%&%&%@&?&%@5@%@(@ @R Pewi t h

devi ce si zgpplidrihaeseH B 391 hap

However, C?F': ai nl pri (ralci pl engeﬁﬁ!aggs gp%gapgg%bpﬁéq ﬁ;ethtaeppt%g %%'!rflé}ge%&ﬁn?s art.
Drug dose @&fi; 00 asa evatigeeppiieddo ftbe aitemal fémitesesyrtace affthé geafeandair t he
portion of drug dose admi ni stered 114

devi.ce being coated), total
23/ 02/ 200 ) %%WGQS?EB"‘P&? RV 6$Pgbe‘£'r§%(@09§-a§9f 88 A thep@rugpvoulde
surface canReRiHnufie® o af sRGichMi N less of the
met hod of application (())f(é Sflﬁ%lkarr/'ﬁ)dﬁ {’%ig‘flﬁgéh %@%ﬁﬁ@?@@?ﬁi@%@?ﬂ%ﬂa@f ,ﬁ"et he
pref erred tine iof awrgery.agent s, used alone or in conbination, should be
adm ni st ered under E@g foll ow ng dosing guidelines: 5 (a) Anthracyclines.
Utilizing the anthr a'Y8150RENE 8% sisHg inrosroration inta hemediglieis kecesppiafied as

a pol yner j ' Lt whi.ch ke the

nemod, al v el bactReRLRRHRI YR @ R BEIN AN b o Rl alife! s

appl i ed wirethacing theciacideace pdbyoterial tdlenizaticn aﬁ@%ﬁbéﬁqd&%@éb@lbﬁﬁ%nﬂ@ﬂ ied

S oulq not exceed 25 ng (range of 0.1 pg to 25 ng). In a particularly Do
'ag-;l}ef er' Ped NfBCiRHSFAMRIsEtIORS: evhile: pllodysipgMeatigibly systepisl exdssirmtd thebe in t he

f t 4 Le. th t of d
Functi on o e uellr Sfe SRR RV HEIE G ook BRuiRE s o accoss
graft to attachmantf the damp! deveratpdlypherid S&REROSRIRMICAN LGidHd \‘cfrVMslhhi n the

range of 0.01 pg - 100 piyper. of surface area. In a particularly
pr ef er r ediMetboambadimento K masticular istesastdarbeolymériedaniers Sectlds henodi al ysi s

ol yror apelvuithaBilils. Eofdus abigb B e maierablsharomatond MicH ng
15 Biomaterials], HYDROSLIP C™ [CT Biomaterials], HYDROTHANE™ [CT
Biomaterials]), acrylic or methacrylic copolymers (e.g. poly(ethylene-co-acrylic
acid), cellulose-derived polymers (e.g. nitrocellulose, Cellulose Acetate Butyrate,
Cellulose acetate propionate), acrylate and methacrylate copolymefs (e.g.
poly(ethylene-co-vinyl acetate)) , collagen, PLG as well as blends thereof.

- 20 An effective hemodialysis access graft coating would reduce the

_ \} : incidence of complications such as sepsis, haemorrhage, thrombosis, embolism,
endocarditis, osteomyelitis and even death. An effective coating would also
decrease the number of hemodialysis access grafts requiring replacement,
resulting in lower mortality and morbidity for patients with these implants.

25 As hemodialysis access grafts are made in a variety of configurations
and sizes, the exact dose administered will vary with device size, surface area,
design and portions of the graft coated. However, certain principles can be applied

in the application of this art. Drug dose can be calculated as a function of dose per

unit area (of the portion of the device being coated), total drug dose administered
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rates, the above dosing paraneters should be utilized in conbi nati%n Wt h
" the rel'eaﬁzﬁopﬁa#es of the drug fromthe henodi al ysis access graft2§ (%2007
such that a PHum concentration of 10-7- 104 M of doxor BOT/AKEB/Ic31

mai nt ai ned on the surface. 20 It is necessary to insure that surface drug
concentrations exceed concentrations of 3 doxorubicin known to be | ethal
to nmultiple species of bacteria and fungi (i.e., are in excess of 10-4M

al t hough for some enbodi nents | ower concentrations are sufficient). In a
preferred enbodi nent, doxorubicin is released fromthe surface of the

. henodi al yst3" 48 Ceasusphand spproprinte surfade-dancentritienset dolive Yirig caRbAt ai ned

for a 25 pgstefdin-angs veral hours to several nonths. In a
parti cul arlgfltbgﬁ‘er{fe g'r ?*eé@%"‘@%%%\sﬁ&ﬂ’g‘f‘ﬁg %W@%@W@B@ giug t9 teef ect i ve

.. concent r at hemediblysiscageess gfh ' i - hs. 1t .should be
O eodeens Sfafl, Wbfiorrd Qmiéadgggléﬁg?%r gg‘?ialﬁmﬁr?él"bgues and

readi |y evident %l(ben t he di scussions provi
der i vat i veLTHRINGHRML ShBuidibe adminisiered wetbr the Riibairsg dosing fhidelingd.ar
functiopal activity %ﬁé 6_% utili zedUhor_ t he purposes of this 115 23/02/2007
WD 03/ 099346 PCTI U0 1B7I8CYFnas: | Hlizing thersbeacyslinedoxsupbiniet as sn ar e t hen
adj ust ed @xaonde,nghdtRerd dpplieal At : | e or derivative
as conpar %ﬂ‘.to t he par eéﬁ'tﬁ) cor?godumy?g?gsaggg’qé%&r@&ﬁitg‘?fr&?t}? %%'y‘b"&(%nt as
doxor ubi ¢V MRkRIUR the deswdialysinhtcessgaliaveniRietii®lseich asDEQBRYNd hal f
as’ pot ent 1@505505ij€§ n, s.admnistered at twice the 5 above paraneters,
etc.). Willzi'hg SN @ Carier Rayaer. dhe tasakdasie efrdoxntubicic wpbliee,

e apbouttiosbcn ks e 4534 309 EOLERER' Bl Mol 5,

Ri: -k_e_ ap t he henodi al ysis access gra : _
‘agpi i d werbediment, ﬁ'@rfoiaéa'nmhyOMmgtdp@!ié@tsﬁbuI@CI%?irﬁhe%ﬁé@‘@ﬁ qug Pappl i ed
shoul d nof, e*ﬁg%g e 1.8 &ra&%e of 0.01 pg to 5 ng). Ina partfcularly
preferred Snmodirsnter HAL afes 4P thengmauntd’ diug gsaphinction shiviel slirfes i n t he
range of &eh didhd PorioRDf tHL it area (i.e. the ampunt of drug
as a function oft aﬁ )he Ut acﬁegggglﬁg ?%‘%Sﬁ(ﬂf?{f(g%wglfcnq!{gg harplfdandps
access griaeerpesata) shoultt fajl withimpipd iedeasid) @f i NGYORRY 2 al |
within the gaTrgtaa of .0 Egé(d?g - 20 Vg per mmg g? surfacgér:'?')énaﬁ%ﬁhgc‘g
particul ar _F’y' r?raétl'céﬁ] refastas emhedimant odearubicn sHowid He appigtPtd d to the
henodi &l WefodiaySi8access graft surface at a dose of 0.1 pg/mm? — 10 ug/mm?  As

different polymer and non-polymer coatings will release doxorubicin at differing

rates, the above dosing parameters should be utilized in combination with the

release rate of the drug from the hemodialysis access graft surface such that a

minimum concentration of 107 - 10 M of doxorubicin is maintained on the surface.

20 Itis necessary to insure that surface drug concentrations exceed concentrations of

- “'lw»‘/‘

- doxorubicin known to be iethal to multiple species of bacieria and fungi (i.e., are in
excess of 107 M; although for some embodiments lower concentrations are
sufficient). In a preferred embodiment, doxorubicin is released from the surface of

| the hemodialysis access graft such that anti-infective activity is maintained for a

25- period ranging from several hours to several months. Ina particularly preferred
embodiment the drug is released in effective concentrations for a period ranging
from 1 week — 6 months. It shouid be readily evident given the discussions
provided herein that analogues and derivatives of doxorubicin (as described

| previously) with similar functionai activity can be utilized for the purposes of this
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graft surface at a dose of 0.05 pg/m¥ -3 pg/mR. As different polyner and
non- pol YRy o5i@ad4nNgs Wil | rel ease mitoxantrone at di fferip(gnfjg&ﬁ 7/1321462007
above dosing paraneters should be utilized in conbination W e rel ease

rate of the drug from the henodial ysis access graft surface such that a

m ni mrum concentration of 10"5 20 10-6 Mof mtoxantrone is naintained. It

I'S necessary to insure that drug concentrations on the surface exceed

concentrations of mtoxantrone known to be lethal to nultiple species of

bacteria bhe | - Lt hough f o)
enbodi ne n? gv?rgt\kw@? ‘hdér ﬂ%&ieeééeﬁgé af' ﬁfﬁ%‘%%s%fef %gpe%#iqste(?ﬁgﬁoré&@ té)%gd Slatve
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surface 25 such that anti-infective activity is maintained for a period

rangi ng f rRRAAEMice % pplent as deverublicimismadministared atdialf tbelabove preferred
el . oot | : for | o
Fangi ng. 1 Parafieliita bomob B AR As e oA BRAGE Ahiltisfitio b by tome

di scuss$ ormbope paralpetensregtn t hat anal ogues and derivatives of mtoxantrone
(as described previously) with simlar functional 116 WO 03/ 099346
23/ 02/ 2007 PCT/ UsSobftiignganitaxantiong asandtkeneidnple of orarthmcydimnses of

the rel at PHsHer el 38 Cad el Poafii 3o amd o S edhina reick BokRe ©
par ent companetelidinlydis GEFRAUGARIBLAaS DARASEDE Tefﬁ)"‘n&,”(?f %ﬁiaégr@%dt 3

adm ni stered_at half the above paraneters, a conpoun a potent as
mi t oxant r 6ARiEr Polyamernthettotad dose of mitoxaninena hppledshiauit not excasds yng (b)

o) " R0k 370 G4 LS b, 6 51 mari B8k oratEred diaslingob dng fatel the
pol yners ambiusfio applith3nbeHl A theirSnGE 6EE S ;gq}g&g (r)ré&(irﬁgao@c(is%?&;mt or

Teflon), or applied without a carrier polyner,
5- f | uor oudeeei (V. eathe! arsdunstrofidreg asta filickore ekithe2affate dreaddthopordioh of the 250

nmg). In articularl referred. enbodi ment, the total anmount of drug
appl i ed ?H%UPHBB@@ ﬂc%’ﬁg Qrﬁ'ﬁéjbw fchdug is gpplisd apd/orinsomnsatesy showidi fallr ea
(i.e. th L ' i r e rea.. t.he portion
of the. honminale s BEO035IgR 3RG gl el ol HEERAREC 1o A 5dhGlialy

i ncor por apretirrexhembddiraént, mitbkamtrarieesticund beaippied t the Ao dRfsidBEcEYs

surface
graft surface at a dose of 0.05 pg/mm’ — 3 ug/mm?.  As different polymer and non-
polymer coatings will release mitoxantrone at differing rates, the above dosing
parameters should be utilized in combination with the release rate of the drug from
the hemodialysis access graft surface such that a minimum concentration of 1075 -

20 10° M of mitoxantrone is maintained. It is necessary to insure that drug

‘concentrations on the surface exceed concentrations of mitoxantrone known to be
lethal to multiple species of bacteria and 'fungi (i.e. are in excess of 10° M;
although for some embodiments lower drug levels will be sufficient). In a preferred
embodiment, mitoxantrone is released from the hemodialysis access graﬁ surface
25 'such that anti-infective activity is maintained for a period ranging from several
- hours to several months. in a particularly preferred embodiment the drug is

released in effective concentrations for a period ranging from 1 week — 6 months.

- It should be readily evident given the discussions provided herein that analogues

and derivatives of mitoxantrone (as described previously) with similar functional
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15 area. In a particularly preferred enbodi ment, 5-fluorouracil should be
appl i ed t owd &smobgeodi al ysis access graft surface at a dose of 128/2h2007
50 g/ me. As different polymer and non-pol yner coatings wROUUSEp e
5-fluorouracil at differing rates, the above dosing paraneters should be
utilized in conbination with the release rate of the drug fromthe

henodi al ysis access graft surface such that a 20 m ni nrum concentration of
10-4- 10'7 Mof 5-fluorouracil is maintained. It is 3 necessary to insure

t hat surfaces ncentrations exceed concentrations of 5- fluorouracil
. known to bgﬁhg{hﬁ%ﬁgg 'E?F'éf{?ﬂg"esﬁ'é'cﬂoégs of thisaibwentien; dhelaboveydoginge. , are in
excess of IrdmMer@hbtd : i | ower drug.levels will be
sufficient), In arpr ef w?d&‘gﬁ%ﬁgggn%@@q&ﬁ%@?% BE{EPCY QPV@ Alyer 9rom t he
.25 henodi aldpgvativecrrseemparet todie Pamshteuaipoling (o 8nbicohHothl e dotbhy |
mai nt ai nedafs‘?ﬁitox% Beri od rangi.ng fromseveral hours to several nths. In a
particul ar [ prarerPag s adp tﬁ%ﬁ’tattw the @§ove pectroelees) & corapduaat haifas

concent Sat porsit b9 mifxBRfbAS i %ﬂin@erehrag%&feﬁﬁg ié}l?gyg ,pg}')s{]rhgt?er% k%qggﬁgls | aﬁg

readily evident given the discussions

derivatives of 5-fl ud) Finecipyripsigings ¢tilibad thd 7 6 ~A6T92
/[ 2007 aRb Vi Q SM wWth simlar funcltiihgnal ggﬁ@ﬁ@&ﬁgﬂ@%@gﬁ?ﬁd for
t he purposes g?mpt‘]ﬁ' SRR AAPHed as repelyoee cortitian inqeapermttdting e dlyesrs

adj ust ed awhiehGh T e en of .t he anal ogue or derivative
as conpared to tép\% %g}i@nﬁe'glg%%}r%f ?c%.g%.gr (sUghasPacrenict deflen)pek ent as

5- f | uor ouraplied wthadtra wasteripetymadér, B bt %sé%@ﬁﬂltﬁr&ﬂ%%bﬁl{%’ sfgxb:@cgggtou nd
e

hal f poé ent%§$05-fl uorouracil iIs adm nistered at twce

‘pdr anet er <& M {rapga &b 1 X268 ma)i n zi pagticuarppeaaied ot oxi n
et oposi de gxgbcdtimeRi , . applied a pol yner coati ng,
i ncor porated i nto t’ﬁg@gﬁ?lyﬁgém%maﬂéﬁﬁiﬁwcﬁ@eFfémﬁ:ﬁaﬂEJ?Qnga@de% graft
(such as Magride doselpdd i) are81i. d.QhaRpAdBE oy %!@* i gt pol yner, the
total dose of eioposide appli gd shoul d not. g&géegea _ r?éo?tﬂ?ﬁ?ﬂé#‘?ﬁe 0.1jig
g o 25 ngl) _. 'ﬁﬁ;h ol Qfﬁéld?ot"'i'%?%ﬁhﬁwem@ldwsne?cizesmgtjnaﬂgntwh:c@r Emgd i@tgypu@@gﬁ%_,?f
rug appl i N e 0 o 5 ng. e dpse per unit area
(i.e. the amr)%drﬁ{t gﬁlsﬂ§ﬂ'gr}3@a§h'(ﬂﬁgt@w 8?8{”}@ S_l]rmﬁd@f&?féaoﬁﬁur?aﬂte portion
of t hdSheauuii dhyspatieaiady prafabl ehtbotheht, SibrbsrarRBhbGd Uy o
the hemodialysis access graft surface at a dose of 1.0 ng/mm’ — 50 pg/mm?. As
different polymer and non-polymer coatings will release 5-fluorouracil at differing
rates, the above dosing parameters should be utilized in combination with the
release rate of the drug from the hemodialysis access graft surface such that a

20" minimum concentration of 107%- 107 M of 5-fluorouracii is maintained. Itis

““ﬂ«n./".‘

| \) - Nhecessary to insure that surface drug concentrations exceed concentrations of 5-
- fluorouracil known to be lethal to numerous species of bacteria and fungi (i.e., are
in excess of 10" M; although for some embodiments lower drug levels will be
sufficient). In a preferred embodiment, 5-fluorouracil is released from the
25 + hemodialysis access graft surface such that anti-infective activity is maintained for
- a period ranging from several hours to several months. In a particularly preferred
_. embodiment the drug is released in effective concentrations for a period ranging
- from 1 week — 6 months. It should be readily evident given the discussions

- 'provided herein that analogues and derivatives of S-fluorouracil (as described
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15 incorporated) should fall within the range of 0.01 g - 100 pg per m?2 of
surface aveasmdomsa particularly preferred enbodi ment, etopegjideasid@aa2687
applied to the henodialysis access graft surface at a dose of 0.1 g/mR -
10 g/m®2. As different polyner and non-pol yner coatings will release
etoposide at differing rates, the above dosing paraneters shoul d be
utilized in conbination with the 20 rel ease rate of the drug fromthe
henodi al ysi s access graft surface such that a concentration of 10"5 - 10.6

M of et opogprélfousty) N iAiIBR finctibnhPadiRiE E8RbY tkmzé@k%mﬁe pulsdsesWriigse drug

concentrations exceed concentrations of” et oposide known to be Ilethal to a
vari ety of inygetiesn;ithe ahdve dnging(naremetare arethercadjgsiet! ac@obding tathehetativef or
sonme enbodi ts wer drug levels will be sufficient). In a preferred 25
enbod ment POGNEHGLfEAnaoq s pEdenaiV s indiler 46 % phiant SARMBUT G 6 &
access  gr gbipsiidiivibéhs Pdltent 44 S£RLbMRIraGHS WahniskerBB A halried ap@e 2 Period
ranging fromseveral hours to several nonths. In a particularly preferred
enbodi nént patamalensgaicompaeinedsaitias potehf as biflueraunacik i advninisterddoat tavigeer i od
rangi ng frg]m week - 6 nont ha. It should be readily evident given the

di scussi on FPAPREIRS £ Hat anal ogues 118 WO 037 099346 23/ 02/ 2007
PCT/ US03116719 and dqgf p%abi : i ' i l with
simlar functional cta{:t i 9le }“%&ﬁg‘b’? H@?‘lhgggéﬁ %gﬂ?ﬁ@&%&rﬁﬁ%&r g&g? Léfs'hiyr}s

I nvent i on; exdmeplebwhethdoapplied psagrolyraescaatiag) meorpsiatet inth teosiiginegs to the
relative po nal ggue or derivative as_conpared to the parent

: h.enc of the a ]
conpound (¥ "éak@df&)wmﬁﬂ'@ysﬁéawséW%(%@%ﬁ%@é‘é@d@ﬁ@f@ﬂ}ﬁ%i stered at

o 20 SRS BLES I sy 05Tl BB ey,

I t- shoul d exzeed@dirhy (rnigdeasfto. baged 25pag). Inhepaitisaksly ReferyddhBsdintier i n
t hat conbi nations of anthracyclines (e.g., doxorubicin or mtoxantrone),
f 1 uor opyr i the detakampentpf drug mipplied shewid be intthe rangept1 1o taf mgofhe dosee. g. |

met hot r ex 0 Lot oxin 9. . ¢etoposi.de) can be utilized to
enhance  t IS urftaied et MY sl B oGi 4 2 8RB 1R shidBcs Brabjher
coating. Signidresf the heMIdSlySikidtesss Gralt to VISISR ARG & %‘pﬂfedrﬂﬁd?élam rone),
fl uor opyrim di nes Se. g., 5-fluorouracil), folic acid antagonists (e.qg.,
met hotf%x dreoyporated) should fall within the range of 0.01 pg - 100 pg per mm’” of surface
: ~area. In a particularly preferred embodiment; etoposide should be applied to the
7 hemodialysis access graft surface at a dose of 0.1 pg/mm’ — 10 ng/mm*. As
different polymer and non-polymer coatings will reiease etoposide at differing
rates, the above dosing parameters should be utilized in combination with the

20 release rate of the drug from the hemodialysis access graft surface such that a

J ~ concentration of 107 - 10° M of etoposide is maintained. It is necessary to insure

‘that surface drug concentrations exceed concentrations of etoposide known to be
lethal to a variety of bacteria and fungi (i.e. are in excess of 10”° M; although for
some embodiments lower drug levels will be sufficient). 1n a preferred _

- 25 embodiment, etoposide is released from the surface of the hemodialysis access
graft such that anti-infective activity is maintained for a period ranging from several
hours to several months. fn a particularly preferred embodiment the drug is
released in effective concentrations for a period ranging from 1 week — 6 months.

It should be readily evident given the discussions provided herein that analogues
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‘and/ or podophyl ot-oxins (e.g., etoposide) can be conmbined with traditional-
anti bi oti c w6 osgshsgy antifungal agents to enhance efficacy. Sincg3/02/2007
t hronbogenicity of the henodialysis access graft is associki&Usesrishioan
i ncreased risk of infection, anthracyclines (e.g_, doxorubicin or
m t oxantrone), fluoropyrimdines (e.g., 5- fluorouracil), folic acid
antagoni sts (e.g., nethotrexate) and/or podophylotoxins (e.g., etoposide)
can be conmbined with antithronbotic and/or antiplatel et agents 20 (for
exanpl e hepaid Seridiig | phat e, danaparoid, |epirudin, hirudin, AW,
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peritonitis or exit-si tégl?% Eﬁﬁ%?&%ﬁ le%:ﬁ}"@ﬁg‘l %P. medialysisaccese exafi ons) .

B t- 51 t elcPai) Simila‘rlycariﬂmnsycarn_es({b.@(,Qfdx%hijlﬁﬁﬂ d%i&%%@ﬁéﬁﬂ,i nduration o
pur Egtegﬁ | ‘i‘f}@ﬁ'&% ‘?qi};nés? esé.i‘,grfg,%gé.;g%ﬁ gligracisduar?t:;grr:iifsu(e ooty
-g., methotrexate)
and/or podophylotoxins (e.qg.. etOposid.e) c¢an be combined with traditional antibiotic
15 andlor antifungal agents to enhance efficacy. Since thrombogenicity of the
hemodialysis access graft is associated with an increased risk of infection
anthiracyclines (e.g.‘, doxorubicin or mitoxantrone), fluoropyrimidines (e.g..-'S-
fluorouracil), folic acid antagonists (e.g., methotrexate) and/or podophylotoxins
;) (e.g., etoposide) can be combined with antithrombotic and/or antiplatelet agehts
: ; 20 (for example heparin, dextran sulphate, danaparoid, lepirudin, hirudin, AMP,
J adenosine, 2—chloroadenosine,-'aspirin. phenylbutazone, indomethacin,
meciofenamate, hydrochloroquine, dipyridamole, iloprost, ticlopidine, clopidogrel,
abcixamab, eptifibatide, tirofiban, streptokinase, and/or tissue plasminogen
activator} to enhance efficacy.

25 Central Venous Catheters

A variety of central venous catheters are available for use in
hemodialysis including, but not restricted to, catheters which are totally implanted

such as the Lifesite (Vasca Inc., Tewksbury, Mass.) and the Dialock (Biolink Corp.
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I nfection that causes abdom nal pain, nausea, fever and system c evi dence
of 15 i nf gd bsvesddnf ortunatel y, the peritoneal dialysis cap@pigs2R¥RR4H2007
plays a role in both types of infection. In exit-site/tunnel infections,
the catheter itself beconmes infected. In peritonitis, the infection is
frequently the result of bacteria tracking fromthe skin through the
catheter lunen or mgrating on the outer surface (pericatheter route) of
the catheter into the peritoneum Peritoneal catheter-related 20 infections
are typi capidl e Steaping hve

St aphyl ococci ,&%*%hg‘ra?%r)ﬁ a col .‘9 3I r%&%ﬁ%ﬁp&?ﬁgggﬁﬁgﬁ%ﬂ%a

Ent er obact embadimsgnts @orthalghaposs aregleRribedabeivea, Actinobacter, Serrati a,
Prot eus, Pseudonobnas aeruginosa and Fungi. Treatnment of peritonitis

i nvol ves rapid in-and-out exchanges of 25 dialysate, system c antibiotics

(1 nt r avenopgritaRdalDial\Rls @ppetdreneal adm nistration) and often requires
renoval of the catheter. Conplications include hospitalization, the need
to switch to anot herPdriionealfdialisis yaitetdr3Cire taicallyddublié-cufféd dndhusisred f
the infection is due to Enterococci, S. aureus or polymcrobial). 120

23/ 02/ 2po7catipterstied prwideeagassde g petiongum. pthe Eostecmmasupertaneal

doxor ubi ci &t = £ Mar ' ' re fornmul ated
into a coadt]?lxglbappi |%@8%%g?%%;es%rgf%§éﬁg¢f* ?%@Bf%gth%?nvg%@gegg @ﬁ%og'g/nt hetic
peri t onealcatietey and tigy PdrontoTWesthrh @¢athetéraNn peritdtiddal 8rlydid) the peritdnctmner s:
(a) as a coating applied to the external surface of the graft; (b) 5 as a

coati ng apists 8% arsemipermentie mambrangiasaess whichsolutes canbegrwhanged) as a . ¢
cQating | - ficial cuff; (d) as a coating applied to the - -
*@ep cuff; ertggf)h(g%r?t%g'@t %‘mfﬂﬁo the polyners that conprise the graft;

and/ ort((f) as a coaPiefithnePBlalyik infeclioRsEPé AHiEAN PisdifRrss sidaces.

Drug-coating of, or drug incorporation into peritoneal dialysis grafts 10
wi || al | oweptaniies eoexitdsiie/tinng! intactibes (/. lvatheter iafastions): aE xit-siverturme! gr af t

surface, t . reducing the incidence of bacterial colonization and
subsequent 'ﬁgg\'/o&soﬂwg%q‘te”?#@& fef%\ﬁs’0'8H’dﬁ?’eﬁtqf@r‘l’é‘,"eﬂhgﬁsﬁhﬂﬂgof R e
negl i gi bl exf¥ié SMsGbORAASMIEPSRohS BF }Héf aHifetef PRRIIHRIS R'mSRF 8968 S
polyneric carriers are not required for
infection that causes abdominal pain, nausea, fever and systemic evidence of -
15 infection. Unfortunately, the peritoneal dialysis catheter likely plays a role in both
types of infection. In exit-site/tunnel infections, the catheter itself becomes
infected. In peritonitis, the infection is frequently the result of bacteria tracking
from the skin through the catheter lumen or migrating on the outer surface

{pericatheter route) of the catheter into the perifoneum. Peritoneal catheterrelated

20 infections are typically caused-by Staphylococcus aureus, Coagulase Negative
Staphylococci, Escherichia coli, Viridans group streptococci, Enterobacteriacae,
Corynebacterium, Branhamella, Actinobacter, Serratia, Proteus, Pseudomonas

" aeruginosa and Fungi.
Treatment of peritonitis involves rapid in-and-out exchanges of

25 dialysate, systemic antibiotics {intravenous and/or intraperitoneal administration)
and often requires removal of the catheter. Complications include hospitalization,
the need to switch to another form of dialysis {(30%) and mortality (2% higher if the

infectic_)n is due to Enterococci, S. aureus or polymicrobial).
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attachnment of the drug, several polyneric carriers are particularly )
sui tabl e f@r 0:;%% 15 in this enbodinent. O particular interest a2d8/02/2007
pol ymeric Q9O such as pol yur et hanes (e.g., ChronoFl eRCHUSGBKT{ICT

Bi omateri al s], HydroMed640TM [CT Biomaterials], HYDROSLIP CTM [CT .

Bi omaterial s], HYDROTHANETM [CT Biomaterials]), acrylic or nethacrylic
copolyners (e.g. poly(ethylene-co-acrylic acid), cellul ose-derived
polymers (e.g. nitrocellul ose, Cellulose Acetate Butyrate, 20 Cell ul ose
acetate propionate), acrylate and nethacryl ate copolyners (e.g. 3

. pol y( et hyl ene- co- vi nii|2 efeareadegnbodisnend] tosarubicien dsitaxkatrend . 5-Morelfaslt | Ve

Conpl i cati oL Kbl iRk ed Bin Copia Simibdie e dudies odhg even
~death. An edrhpoténte of bildynthere eioncut cRAie AR it BRIEPY ca ndSEhlane!

di al ysis Zﬁcﬁ%ﬁlg%s reqtrjsi\r(\;{\g replgcl:e_rrengﬁre ulting n wer rmr{)aelty and
norbidity TEHNSTS A t 36 8 lvegting appliat ©. thaextEmal anfle «fitad yeafs (gy af t s
are made in auanrd ety of conti ura}'ons and_si zes, the exact dgse ©
adni ni st er'ed” wi ?{ Qe}'a‘?@/ i @ﬁh%l' ta Q'i"?g‘,a')siH‘fa&@é)fé'P%S[aﬁi&@sasg@lC@ﬁt!ngbort i ons
of the graénpliedaaﬁcbsnlﬂ@wﬁrmff?gi);ﬁ élc@éﬂ'ri]rg&g%% 3 163he Bﬁeﬁ%ph%@ 121 VO

03/ 099346 PCT/ US0316511 2/ 2 O int ication O art. Drug
dose can HBCHRPEIeGInte thespalymerscthaboomprise siee geaft; andior ¢) @8 o efatige portion

of the dey ' t . .total drug dose adm nistered can be neasured
and approprp:bg?aé?dsggpﬁ%ﬁ"a%gh@é %?'ﬁf?&'?%éf active drug can be deternined.
Regardl ess of the nmeinfipdosi ' | ; : e..per.itoneal 5
diialysis graft, the pref ﬁr”ﬁﬁﬂ n@g?'g%éet%s'ﬂ{djug%@igQ%Qn%glg?'sigﬁaﬁs :
‘combi 1k i ¥l allayn barierioeidaltirugileets tribe adhieved todatll loAWhe GralPSirksbd whele! i nes:

et hor  abf s T8 1acHaR R aclelial sglonamibr A s evee) develqmnntats whi ch
Totl ony, or annriconicaftns, WhNE predling BIRIFE' e RpoumRdo e 10
doxor ubi cHfigapAlthetgh Sdtsamb agenteyohederRScatiels &Ratebqlirdd R t0 25 ny). In
D B S, S P eris s A camarts smboder s o ¢ he
amount50f indhidGerASodimlei COF BAMiRLIat et E?é:ﬁolymeric carriers such as
polyurethanes (e.g., ChronoFlex AL 85A [CT Biomaterials], HydroMed640™ CT
Biomaterials], HYDROSLIP C™ [CT Biomaterials], HYDROTHANE™ [CT
Biomaterials]), acrylic or methacrylic copolymers (e.g. poly(ethylene-co-acrylic
N acid}, cellulose-derived polyrﬁers (e.g. nitroceliulose, Cellulose Acetate Butyrate,
" } 20 Cellulose acetate propionate), acrylate and methacrylate copolymers (e.g.
\) - poly(ethylene-co-vinyl acetate)) as well as blends thereof.
An effective peritoneal dialysis graft coating would reduce the
B '_incidence of complications such as hospitalization, peritonoitis, sepsis, and even
death. An effective coating would also decrease the number of peritoneal dialysis
25 grafts requiring replacement, resuiting in lower mortality and morbidity for patients
with these implants.
As peritoneal dialysis grafts are made in a variety of configurations
and sizes, the exact dose administered will vary with device size, surface area,

design and qutions of the graft coated. However, certain principies can be applied
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area of the portion of the peritoneal dialysis graft to which drug is

appl i ed amgd os/09b546i Ncor porat ed) should fall within the ranggTR)fS 913 ]'[32)@2007
100 pg per nmmR of surface area. In a particularly preferre er’r%o I ent ,

doxorubi cin should be applied to the peritoneal dialysis graft surface at
a dose of 0.1 g/mm®2 - 10 pg/mR2. As different polynmer and non-pol yner
coatings will release doxorubicin at differing rates, the above dosing
“paranmeters should be utilized in conbination with the release rate of 20

the d f tdeli ' al, di ' h | Ni 3
concent rat | on o o er 0T f PR s be S RRE BRI Bribfe Rhee

It is necedibarga (obthenpertien ohtte devitabeindrsomtednreatdrayidess RIFSARtred
concentrations of doxprubicin known to be lethal to nultiple species of
bact eri a arfl' PRAYASUICRaNd gparoprateseidace encenlralpnspt agtivghdiugcasdre
enbodi nment C Qe ' fricient), |In a preferred

enbodi mnt#tggﬁﬁgbi ci nﬂ?%é‘% gf)@%s@%ﬂ}ogjg%s (Ia'céttoﬁ} fctgeég ug f‘ﬁb‘ep%‘?ri"f’ﬂﬁ%’al

di al ysi% giialysisgrafy, theatrefenied-dritanténsgarts, ubctialdie SRINMEGhBRGLSQT @

peri od ran%ﬂlg%ér om several hours to several nonths- In a particularly
preferred ¢ RERiINisieEedippder the fellewisg dosinguidelinese concentrati ons for

i od [ f .hs, .t | d,.b di . i dent
i ben the df scussi ondl ABYHERY e R Ba e RBRAC RS PRSI 88 38 ovi ded
her ei n thaaxaamm,wmﬁelambliéﬁrés@bbw&ﬁeﬂfoaﬁﬁéPihé@tip@ﬁéteéEﬁto%g%][oyr?ﬁ S,

previously) with simlar functional activity can be utilize
pur poses dfNighMmakejyp lBgrinesitoneah diadysiv grafosompomenta feicbr as Baerdrhen adj usted -

Cmpar 0 eRenk Br 8B Wi e Erer Bovints, Bap@ieed of doiersbisin appies
doxor ubi cishoulsl rdexoesd 25 ekl Ghnbé ok ol NEg 80 0X arl prQBpaynd half

as potent as doxorubicin is adm ni stered at ?nvg)ggﬁ?@rﬁg%ov paramneters,
etc.). Ut PMboidirgent thedatal eomuniof dneg bpplicekshiplicbefin the amigersicy g tae,

ke 10" -8 FeheBRaliEen L5 ehe Sipeunt of Biipsa fumioorpigho rufem) . or
SRR v SRl o gl Sl € RRbRERAL)
pr ef el edineatisuaiedh should dalt within the range of 0.01 pg - 100 g per mm? of surface
area. In a particularly preferred embodiment, doxorubicin should be applied to the
_peritoneal dialysis graft surface at a dose of 0.1 pg/fmm’ — 10 pg/mm?.  As different
polymer and non-polymer coatings will release doxorubicin at differing rates, the
above dosing parameters shouid be utilized in combination with the release rate of
20 the drug from the peritoneal dialysis graft surface such that a minimum
B \) concentration of 107 - 10™* M of doxorubicin is maintained on the surface. It is
necessary to insure that surface drug concentrations exceed concentrations of
doxorubicin known to be lethal to multiple species of bacteria and fungi (i.e., are in
excess of 10™ M; although for some embodiments fower concentrations are
25 sufficient). In a preferred embodiment, doxorubicin is released from the surface of
the peritoneal dialysis graft such that anti-infective activity is maintained for a
pericd ranging from several hours to several months. In a particutarly preferred
embodiment the drug is released in effective concentrations for a period ranging

from 1 week — 6 months. It should be readily evident given the discussions
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anount of drug applied should be in the range of 0.1 pg to 1 ng. The dose
“per unit ,@3 t he anount of drug as a function of the surRa3dd2f2807
of the portlon P3Phe 15 peritoneal dialysis graft to whi chrcwuspsirgriappl i ed
and/ or incorporated) should fall wthin the range of 0.01 pg - 20 pg per
m2 of surface area. In a particularly preferred enbodi nent, m toxantrone
shoul d be applied to the peritonea] dialysis graft surface at a dose of
0.05 pg/mR2 - 3 pg/mR. As different polynmer and non- pol yner coatings wll
rel ease mtoxantrone at differing rates, the above dosing 20 paraneters
.shoul d be Ut ‘z‘égler%né'aﬁmqa@gu@ﬁ anididerivhtivassdiaime@ralsitia (8§ debeidqug from 3

the perito rf uch at_a mni num concentration of
10- 5Io 10- gﬁ %‘A‘"C’?*'?A %@'ﬂ}%‘ﬁﬂ%&%ﬂfﬁ% ﬁg‘?ﬁ'ﬁ@!{ ﬁ@'a%eﬂt“"?!%d frsde purposes of fiksir e t hat

~drug concéntandivnpihe abiove ipskdr REFEHE & i ans,. of tox nt r one
known to be lethal to rrultlgllgeﬁspecel es o tEact gpéﬁgﬁa g rer@ atiye e |n

excess of PSIENCKOf $he analaguehr deivatyrmsamingstires i thd AVt gé,l,a,go @ %(\n
be suffisi r.ef d i.ment, mtoxantrone is re e ro
the peri to‘r{ilbglia?l)p H%‘glt\@'glgs?gd)%g‘%'ﬁ aéﬁ%&@*ﬁ*ed%ﬁdmﬁtem athaifé@tahweact ivity | s
nai nt ai ned pAmeaterse &ithgcurg months. In a

parti cul ar referred enbodi rrent the drug 1s

concent r at F%?I RPYPAMeteEr el6d. ranging from 1 Week - 6 nont hs 123 Sp[ * WO

03/ 099346 PCTI US023/ 2007. /1] shoul d be readily evident given the
di scussi ons provi dea&ﬁ{éﬂg 'H't?’mi{‘ ScRjfirdler exampledl antantiesmcedling, t oxant r one

ar e pUr potos o L hta P “‘Y‘“@’%m'“‘ﬁi’ﬁ%ééiﬁwé%@? W bpieke Bich TEeke  hon

'jr i pM&ees of this Invention
adi ust & dearipnes! diadysisgraft (sacipas @myoroér Témr@fai étgﬂi%d%th% f’ﬁr val ve
as conpar gd kg Sl;ot;gﬂé)ra {5’}33 n‘gound (e.g. a conpound t e as
m t oxant r one §oae Oﬁmfwxan@o%ap@liqﬁmm eosexc&eﬂfﬂ'fﬁ@lmd haI f
as pot ent(rai'@emeﬁ k@8%ng)S 18 e 2P par ol
etc.). (b) Fluor Opyr ?ém di ne %) %@#ﬁgg{lﬁgr%%ng%@q anhg'le‘;totq uorouract |
as  an exéﬁ'ﬂﬂt@t @qgrmphap}shoeﬂ tasinahe ehgebf ¢.931d f&91 er?] %ﬁgt ed Bt 0 the
pol yner s [d; peritoneal dialysis gra such as Bitron or
Tof1on) or 3 (1 rp,rocﬁ ngg @g,arfpgeth;bq)fythersurfabe ared of theéqsetier of the
5-fl udﬁoupaﬂﬂoheémiily&g Q?QI‘PEH \thi?:ﬂtdrﬁé ‘fseggphed and/or incorporated) should fall

within the range of 0.01 1g - 20 ug per mm’ of surface area. In a particularly
preferred embodiment, mitoxantrone shouid be applied to the peritoneal dialysis
graft surface at a dose of 0.05 pg/mm’ — 3 pg/mm®.  As different polymer and non-
polymer coatings will release mitoxantrone at differing rates, the above dosing
parameters should be utilized in combination with the release rate of the drug from
the peritoneal dialysis graft surface such that a minimum concentration of 107 - 10-
6

M of mitoxantrone is maintained. It is necessary to insure that drug
concentrations on the surface exceed cencentrations of mitoxantrone known to be
lethal to muitiple species of bacteria and fungi (i.e. are in excess of 10°M:
25 . although for some embodiments lower drug levels will be sufficient). In a preferred

embodiment, mitoxantrone is released from the peritoneal dialysis graft surface
| such that anti-infective activity is maintained for a period ranging from several
hours to several months. In a particularly preferred embodiment the drug is

rgleased in effective concentrations for a period ranging from 1 week — 6 months.
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250 nmg (range of 1.0 lag to 250 ng). In a particularly preferred B<92ﬁ2Q07‘
enbodi nmen . total amount of drug applied should be in_th r%

pg to 25 h%?agﬁgsﬁose per unit area (Le. the ampunt of drHéT§§0 1% hetion
of the surface area of the 15 portion of the peritoneal dialysis graft to
which drug is applied and/or incorporated) should fall within the range of
0.1 g - 1 ng per mR of surface area. In a particularly preferred

enbodi ment, 5-fluorouracil should be applied to the peritoneal dialysis

graft surfgc a dose of 1. / - 50 pg/mR. As different polynmer and
non- pol yne SBBE{{Gi t??g'éea\ﬂﬁy IeVFéI”gﬁg’é’?‘gg? AissHstipat Provided peredn thal anglogiyest he
20 above dggad Qeri i L |4 a1 e e

rel ease ratg g g]‘gn‘p‘?ﬁg%ﬁgﬁﬁ%@%ﬂb ﬁﬁ%g?‘ﬁr‘yﬁ@jﬂeﬁ@g? is'tﬂgblr"lg? ?’%W%(@az such
that a ni naetivity candenttiiabd dor thie fbgosesIdi-tRishedntion’, theoaboveadbding s

mai ntained. It is necessary to insure that surface drug concentrations

exceed conb¥AMelessie then sujustrst aeroming to ihaimative prieney phthe analegus ous

i f er | [l i . | t,hough
TPPCLons O IOREHTE o8 b td pdten) BfipbhdEEE0R Btk Wil afbaBro"
embodi ment as Gitbkartrang iscidministereeasal the abbidpapshétepsiepbompaliehair gsaf t

surface such that anti-infective activity is naintai ned for a period
rangi ng f rRMeNRs BHaxanmnesistasgmiaisierad gdhe phove parametarsiaty.).pr ef er r ed

nmbodi t the d ' I i ect | t.rat.i f i od
anging from 1 wee ®) EFSBRRRGaHso LY 1B ORI BB Y By RS bt s
I't shoul d dreexaragle) Wh_éwedgpFn@di ¥ pddanEl S6athY, Atorpérdréd fib nferséiﬁnbgsat_ o
anal ogues and derivatives of 5-fluorouracil (as described previously) with
irjm | atl0  fwhieh maksmm@gi naritgnesl wiaysis graft @&Idhfr?@rDagr_enme?ﬂsB)s oof:pplie'ds )
‘invention;,; si ng,pa ers t hen t according to the
relative a“’dt"g’ﬁ’égl%g:‘['?%frPé’?%mﬁﬁQ’![')%Bﬂgﬁfﬂsed’é?{'@&fPV@@éﬁﬁﬁéﬁeH‘%faf’fﬁ%geﬁgr ent
conpound (Z50gng @ra@mggn{:ﬁgw pg'$i260 Ag). nﬁtaeﬁértiéélaﬁyfdré’@(;}ngzﬁ[gﬁ?&ghﬁnt, the

- adm ni stered at ha ove paraneters, a conpou S potent as
5- f | uor ourtelgl ampyntefrirmg stpptied shouldiecie thé eardooe10 partar®s mgsThetdose . (¢)

el RN G R L
15 portion of the peritoneal dialysis graft to which drug is applied and/or incorporated)
should fall within the range of 0.1 ug — 1 mg per mm? of surface area. In a
particularly preferred embodiment, 5-fluorouracil shou!d be applied to the
peritoneal dialysis graft surface at a dose of 1.0 ug/mm’ - 50 pg/mm’. As different
) polymer and non-polymer coatings will release 5-fluorouracil at differing rates, the
- 20 above dosing parameters should be utilized in combination with the release rate of
) . the drug from the peritoneal dialysis graft surface such that a minimum
concentration of 167 - 107 M of 5-fluorouracil is maintained. It is necessary to
insure that surface drug concentrations exceed concentrations of 5-fluorouracil
known to be lethai to numerous species of bacteria and fungi (i.e., are in excess of
25 10" M; although for some embodiments lower drug levels will be sufficient). In a
* preferred embodiment, 5-fluorouracil is released from the peritoneal dialysis graft
surface such that anti-infective activity is maintained for a period ranging from
several hours to several months. In a particularly preferred embodiment the drug

is released in effective concentrations for a period ranging from 1 week — 6
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whi ch rmake up the peritoneal dialysis graft (such as Dacron or Teflon), or
applied wwéesboogysCarrier polyner, the total dose of etoposide 2ppI0262007
shoul d not exceed 25 ng (range of 0.1 g to 25 ng). In a patdi/esazastty
preferred enbodi nent, the total anmount of drug applied should be in the
range of 1 g to 5 ng. The dose per unit 15 area (i.e. the amount of drug as
a function of the surface area of the portion of the peritoneal dialysis
graft to which drug is applied and/or incorporated) should fall wthin the
range of O. - 0 per mm? of surface area. In a particularly
preferred eﬁ%’gg%ﬁe! }1%‘90'@8 F5derdity evidentgiven hipplis@dsionstpreviged ihbans #at

di al ysi s grahdlogsey 4Rf8ei} . : - 10 g/mR. As different

pol yner andfeg BO{'}@: 2&8 pol ymaratggg'?) ?gg@%é#%“?@%”é?@B&wi%fb)twth $ifrélar ng
‘rates, the 'YBeNRNAskivily camebeantiizetFostheW ipdasi thiszedk i conbination with
the rel easedc{s%ri %f t he drug from the ;ﬂé??tor%&g:thﬁﬁg%dgéag’ &Eazftf()v?urface
such that a contenfreiersre hamadjusted-aschrding tethenetitie potertyid¥tigh ned. 1t

I s necesSarghaloyuesrHcpi r concentrations excéed

concentr at ih(’)vnsdgof et opg‘é?ﬁééaigémg%]dtﬂéﬂ?@?@t corpurdr{ear v eoimpagtder i a and
25 fungi (iWiEe agrpotemt @G dssrafradlis adMinial ne, enbodi ment s | ower
drug levelg will he sufficient). In a prgét?%gﬂa‘fé%oiﬁ aragelefssade i s
rel eased fromoPid helf s patentras hBugreuraddrie atimiisteysd st Bidd theSatsdld hat

anti -i nf ecpargnat6td \é{('t.y is maintained for a period ranging fromseveral
hours to several nmonths. In a particularly preferred enbodi nent the drug

is.rel eased in ef f edc) Pedophyfitbkiid i 7. 03/.099346
PCT/ USQg/ 1@%&9 lE‘or a_ per id(?g ?angi ﬁ{gd ?@gﬁ]ﬁg%m%ééggé@q%ﬁp\fg?wsﬂd%ﬁﬁls'ﬂ"d be

rgadily evi gY"U%W_ef Replied 8% asolyner qoating diedokoratel itBahe %Eg)nﬁ’ef%es and

derivati veghieh n§d irle é ﬂe ri.bed previously) wth simldr functional

activity ca_nﬂmbtz ut i i'l zed 'ﬁ&}‘? ﬁ%lﬁ‘%&é&fg(syﬁhtaﬁi@,aqrnnenﬂ"éﬁmn), bhappsikave

dosi ng par\@ aganna Al ' o the relative potency of

t he anal ogque, or deri vaqmeé?‘%gﬁn%giggg%?%%@g%pé?@@ %@l’ﬂ‘ﬂfgﬂ?k?)(@.eé.%a

conpound t'09 §&NGE 068t era ta25 ergipds iactmriiculaelp rifsied 8H1boagn9ﬁt|i {r[et E’g%above
adm ni ste

par anet er méyr |f.,as potent as etoposide is at
twice the aboye%ﬁ%@%&m@ﬁﬁge intge f@ﬁ@ﬁbpgamigdn 5 imgr @hg dobé pehapitd be
readi 1P evree(ite. Has@BOURPSY drug as a function of the surface area of the portion of the

peritoneal dialysis graft to which drug is applied and/or incorporated) shouid fall

within the range of 0.01 1g - 100 pg per mm? of surface area: In a particularly

preferred embodiment, etoposide should be applied to the peritoneal dialysis graft

surface at a dose of 0.1 ug/mm? — 10 pg/mm’.  As different polymer and non-

20 polymer coatings will release etoposide at differing rates, the above dosing

parameters should be utilized in combination with the release rate of the drug from
the peritoneal dialysis graft surface such that a concentration of 107~ 10 M of
- etoposide is maintained. It is necessary o insure that surface drug concentrations

exceed concentrations of etoposide known to be lethal to a variety of bacteria and
25  fungi(ie. are in excess of 10°M; although for some embodiments lower drug
levels will be sufficient). In a preferred embodiment, etoposide is released from
the surface of the peritoneal dialysis graft such that anti-infective activity is
maintained for a period ranging from several hours to several months. Ina

particularly preferred embodiment the drug is released in effective concentrations
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3 10 the discussions provided herein that conbinations of anthraé:%(}loizn/eg007
(e.g., d b&i.n or mtoxantrone), fluoropyrimdines (e

5-fl uorourwatgali#??ﬁfﬁol ic acid antagonists (e.g., mnethot rexa{’(gs\mﬁ'?‘?' 6719
podophyl ot oxins (e.g., etoposide) can be wutilized to enhance the

anti bacterial activity of the peritoneal dialysis graft coating. Simlarly
ant hracyclines (e.g., doxorubicin or mtoxantrone), fluoropyrimdines

(e.qg., 15 5-fluorouracil), folic acid antagonists (e.g., nethotrexate)

d/ ins  (e.g.. et i d be . combi ned with traditional
ot bi of 1 b b8 Yadding 1 1 g P8 WG Rban i ke s BF cengly SVdqniaien b o
Centr al Nejiymioﬁﬁzir?ﬂicgét)@%}eiﬁhh@tﬁal CaH@dativ éoﬁ@%idﬁt(ialgn of

cerebrospi nal flui in the 3 20 brain, 1s a frequ y encount ered
neur osur gidescrieeshareviasharith sigqilar functiongiedtivily camlbbartiiaed érshei nf ect i on,
henmor r ha l.ignancy. The inconpressible fluid exerts pressure on
the brai n%?g%‘g%er‘?g&tthgﬂ?‘é‘?'ﬁm&a o) pREPEIErS e theaddistedns shunt s
ar e comuidcsofif Rtk teldife HoRAd ] | 1% o Qy of
CSF fromthe brrzq:n to gt he?bbgkgj@dygdg?rfg%r%%)ﬁtﬁ g%?&ﬁyéﬁeﬁé&é@%@géﬁ%}oﬂtﬂg
pressur e. PREENI@IMuotndde. gCaFamnpalintimies ay patent pisastdpedide isshdminigterey nunber
of drai‘na%l? I ﬁ@ge:]it())ns i ncl udi ng the pleura (ventricul opl eural shunt),
jugul ar v ha 3DQUR RATETIR ST AtoPMPAyad NRtRfIBPteahas gianasisiedam (VP shunt ;

oSt  CoMMaRMinidtdfed G} O3 Q%%@ﬁ%é@g%ﬁﬁ T1'US03/ 16719 Unfortunately,

CSF shunts are relatively prone t0 g~ infection, although the

i nci dence has decl i yCombinatidh therapy. Yeshiouidbe réadil036idait bea/iponas a
resul t-of i nproved surrgi cal technique. Approximately 25% of all shunt

‘conpl i'Bat fEndisclissionseprpyided heteindhatraspbingtionspbanthtacyelinesh@.ghunt  and
these 5 it O SiGRk i ant a sl nieal . pr op h as ventriculitis,
vent 11 cur o2 EBEL 5 M SR, o Byl S b adny Pl e epnr 1
(with VA abtagosists (esg] mietiesire)as) drithodBibylctokins 8N GtopByNé)| carhé dat i on

or death. Mbst infections present wth féver, nauSea, vomting, nalaise,
or signs W#lizedde eabance the aptihasterial apiivtysithe peditoresi Hishsirgraftwoatinger ed

consci ous - n 10 or.gani sns. causin S shunt, .jnfections
are Coag ﬁ@?@“&%ﬁ’%‘%@%@%- ,O%%&k%cm or mltoxan%ron%),ci:moropynmldmes (e.g.,
15 5-fiuorouracil), folic acid antagonists (e.g., methotrexate) and/or podophyiotoxins
(e.g., etoposide) can be combined with traditional antibiotic and/or antifungal

agents to enhance efficacy.

J. Infections of Central Nervous System (CNS) Shunts
. Hydocephaius, or accumulation of cerebrospinél fluid (CSF}) in the
:“J 20  brain, is a frequently encountered neurosurgical condition arising from congenital
malformations, infection, hemmorrhage, or malignancy. The incompressible fluid
exerts pressure on the brain leading to brain. damage or even death if untreated.
CNS shunts are conduits placed in the ventricles of the brain to divert the flow of
CSF from the brain to other body compartments and relieve the fluid pressure.
25 Ventricular CSF is diverted via a prosthetic shunt to a number of drainage locations
including the pleura (ventriculopleural shunt), jugular vein, vena cava (VA shunt),

gallbladder and peritoneum (VP shunt; most common).
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(67% Staphyl ococcus epiderm dis is the nost frequently isol ated_organi sm,
St aphyl oc%é%ﬁ osgiheus (10-20%, viridans streptococci, Strept 0co23¥$2/2007
pyogenes, erococcus Corynebacteri um Escherichia coli PORIUEBEI6E1Y a,
Proteus and Pseudononas aer uginosa. It is thought that the majority of

I nfections are due to 15 inocul ation of the organi smduring surgery, or
during mani pul ation of the shunt in the postoperative period. As a result,
nost infections present clinically in the first few weeks follow ng

surgery. Since many Qf.the jnf ons are caused by S. epidermdis, it is
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t her apesit i carf Radtd §lghﬁ?&Qnttc9|n9£a?yfoHlémE Q‘E: S airﬁcyhﬁtgepﬁgﬂl ace during

treatnment. 25 Antibiotic therapy 1s co I cat el Yhat many

anti bioti d-‘?f@l@ﬁrﬁn@ntehm:sniﬂnemnlgitssodubd@aﬂeb@yémr n@‘;ﬁrﬂrstwﬁl\m sﬁﬁhtﬁ fective
CNS shunt %gsil}r uI d rﬁg(ﬂ%e the incidence of conplications suc
ventricul it a&maé‘ RRiagt mentalIretasdation, ondeattngMaist infectidngur aI

enpyensy, it cort.ical ntl e thinning,
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ef f ecti ve Ptesauraguetvas HeadsahedRciieas® coRSCIOUEHAE. The NS ISOHhSH! €aui ri ng
Iacl%r'rent rresul ti nggl n lower nortality and norbidity for patlents Wi th

ENS sluntdnfgetionmeate CaagtaasmNegme staphglcgocc

d bi 5-FU), fol d
e agont o0 2 taphy Bbo M Vel Adis i KB AEHRAG idiatdi arbaishic opos: de)

i s for nul Staphylacbocus auram nm-za%plmﬁdawslfr@&oé&&d‘. @%&&6&%@%@8&3 ts of

the CNS s %{1 The drug can be applied in sever manner
coating a Bel"é?PctcHs't(ﬁ‘éW@ﬁ Wﬁ@ﬂmsﬁﬁﬂﬂw&:m colheKleIxm!ht, Prﬁt@hs@da coat i ng

applied tpg of the sh and/or 10 (c) as a
i o0 s u éﬁ zﬁ’rbgﬂ)%%rﬁ gho b} ﬂ-nag&per apé(ytyo mfect:ons are due to
15 lnoculatlon of the organism during surgery, or during manipulation of the shunt in
the postoperative period. As a result, most infections present clinicaily in the first
few weeks following surgery.
Since many of the infections are caused by S. epidermidis, it is not

uncommon to find that the catheter becomes coated with a bacterial-produced

: '} 20  “slime” that protects the organism from the immune system and makes eradication

. ) - of the infection difficult. Therefore, the treatments of most infections require shunt

removal {(and often placement of a temporary external ventricular shunt to relieve
hydrocephalus) in addition to systemic and/or intraventricular antibiotic therapy.
. Poor therapeutic results tend to occur if the shunt is left in place during treatment.
25 Antibiotic therapy is complicated by the fact that many antibiotics do not cross the
blood-brain barrier effectively.
An effective CNS shunt coating wouid reduce the incidence of
comphcatnons such as ventriculitis, ventricular compartmentalization, meningitis,

subdural empyema, nephritis {(with VA shunts), seizures, cortical mantle thinning,
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Drug-coating of, or drug incorporation into CNS shunts will allow

bact eri ociygths/6hosg | evel s to be achieved. locally on the Zﬂg% {42/ 2007
i SBAseR

thus reducing the incidence of bacterial colonization an

devel opment of infectious conplications, while producing negligible
system c exposure to the drugs. 15 Although for sone agents polyneric
carriers are not required for attachnent of the drug, several polyneric
carriers are particularly suitable for use in this enbodinent. O ’
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desi gn andnefhioinexaied, ard/ermodopbyiotedated., dtopeside), is Ganiukbtedinios cphtsg can

be applied,,i he. application of this art. Drug dose _can be cal cul ated as
a functi O%p@?}eééggwepgq 59T the, ceeEpERents Rf tB%rQN%ﬁh'éﬂ-*— tihe dig(Dcancheg

coated), tRipfikd i v RamtEs NSt 5@% : Dor opreiat e

surface concentrations o? act‘l(/aé rétjgoca %@fggawgg‘ﬁg@%fi@&f%%ﬁ%m

PCT/ US03/ $6120 (bpaea coatin affsigear il thedntetna! ifeminilhsgriaje Gl shint:Ghd?ér t he
the preferred anticancer agents, used alone or in

drug Y tg CNS shunt ,
‘conbi n@ti ﬁ,a%ﬂ%?‘f‘%@pp'%ﬁprﬂ"ﬁ’m Qfhash suHacess| | owi ng dosi ng gui del i nes:

Ant h 4 L 2 AN g ¢ c
Sxhpl e, another - apoT et 8 JA MBI LR MaMS il by

pol yner s bahiechcidakérugievéis tdbe ashisved I06aINTHRhe shaHESufscdDaii® Fediicing
ied without a carrier polynmer, the total dose of

gﬁfx'ofﬂé. cﬁ{? ﬁggﬁleﬂsa of hactetalrlorizatianiand subsequent development phi
et pHinfectisng) . | n
by b GeboRIeRIRehhA pRERR o S SN o B8 T
15 Although for some agents polymeric carriers are not required for attachment of the
drug, severai polymeric carriers are particularly suitable for use in this
embodiment. Of particular interest are polymeric carriers such as polyurethanes
(e.g., ChronoFlex AL 85A [CT Biomaterials], HydroMed640™ [CT Biomaterials),
HYDROSLIP C™ [CT Biomaterials], HYDROTHANE™ [CT Biomaterials]), acrylic
. 20 or methacrylic copolymers (e.g. poly(ethylene-co-acrylic acid), celiulose-derived
J | polymers (e.qg. nitrocellulose, Cellulose Acetate Butyrate, Cellulose acetate
. propionate), acrylate and methacryiate copolymers (e.g. poly(ethylene-co-vinyi
acetate)) as well as biends thereof.
As CNS shunts are made in a variety of configurations and sizes, the
25 exact dose administered will vary with device size, surface area, design and
portions of the shunt coated. However, certain principles can be applied in the
| application of this art. Drug dose can be calculated as a function of dose per unit
' - area {of the portion of the device being coated), total drug dose administered can

- be measured and appropriate surface concentrations of active drug can be
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should fall wthin the range of 0.01 pg - 100 pg per M2 BfTHRFKE® area.
In a particularly preferred enbodinment, doxorubicin should be applied to
the CNS shunt surface at a dose of 0.1 pg/mm® - 10 pg/ m®2. As different
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_ utiized in combination with the release rate of the drug from the CNS shunt
surface such that a minimum concentration of 107- 16 M of doxorubicin is
maintained on the surface. It is necessary to insure that surface drug

concentrations exceed concentrations of doxorubicin known to be lethal to multiple

<y 20 species of bacteria and fungi (i.e., are in excess of 10 M: although for some

: \) e_mbodiments lower concentrations are sufficient). In a preferred embodiment,

doxorubicin is released from the surface of the CNS shunt such that anti-infective
activity is maintained for a period ranging from several hours to several months. In
a particularly preferred embodiment the drug is released in effective concentrations
25 .for a period ranging from 1 -12 weeks. It should be readily evident given the
discussions provided herein that analogues and derivatives of doxorubicin (as
described previously) with similar functional activity can be utiiized for the
purposes of this invention; the above dosing parameters are then adjusted

according to the relative potency of the analogue or derivative as compared to the
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10 drug_as a function of the surface area of the portion of the CNS shunt
to which wioygedesssapp! i ed and/ or incorporated) should fall ki i’%@f&ﬂ@&
of 0.01 g - 20 g per me of surface area. In a particularry preterred
enbodi ment, mtoxantrone should be applied to the CNS shunt Surface at a
dose of 0.05 g/mR2 -3 gg/mz. As different polyner and non-pol yner
coatings will release mtoxantrone at 15 differing rates, the above dosing
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iftenng rates, the above dosing parameters should be utilized in combination with
the release rate of the drug from the CNS shunt surface such that a minimum
concentration of 10°- 10 M of mitoxantrone is maintained. itis necessary to
insure that drug concentrations on the surface exceed concentrations of |
mitoxantrone known to be lethal to multiple species of bacteria and fungi (i.e. are in

20  excess of 10™ M; although for some embodiments lower drug ievels will be

sufficient). in a preferred embodiment, mitoxantrone is released from the CNS

rshunt surface such that anti-infective activity is maintained for a period ranging

from several hours to several months. In a particularly preferred embodiment the

drug is released in effective concentrations for a period ranging from 1 — 12 weeks.
25 It should be readily evident based upon the discussion provided herein that

- analogues and derivatives of mitoxantrone (as described previously) with similar
functional activity can be utilized for the purposes of this invention; the above
dosing parameters are then adjusted according to the relative potency of thé-

an_aiog_ue or derivative as compared to the parent compound (e.g. a compound
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anount 'of drug applied should be in the range of 10 g to 25 ng. The dose
per 10 univi (Le_the amount of drug as a function of the suZBdé /42887
of the portion of  the CNS shunt to which drug is applied P&dd/583/16719

i ncorporated) should fall within the range of 0.1 jig -1 ng per 2 of
surface area. In a particularly preferred enbodinent, 5-fluorouracil
shoul d be applied to the CNS shunt surface at a dose of 1.0 pg/m2 - 50
pg/ Mm2. As different polyner and non-pol ymer coatings will 15 rel ease

5-f | uor our agi iffering rates, the_ above dosing paraneters should be
utilized i ﬁ’g‘é%ﬁgltpﬂgﬁ'\t 1 quﬁ”?rﬁéeﬁ%ﬁémst?adeatd?al&t & abbovg perametens 2CNS
shunt  sur te@gogrhalt B3 ' inﬁ"&SQ - ' fq 39,0, 20-- M of

5-f1 uorouraCiF i's  maintalne @ T |@ﬂﬁ§§g§sé@{&%{%%dnéﬁwécet‘%'ﬁtabgﬁ?f ace drug
. concent r at P¥REerseetd.). concentrati ons of 5-fluorouracil known to be | ethal
t 0 numerous species acteria 20 and fungi (i.e., are in excess of 104 M

f
al though for sone e&ﬁbﬁﬁﬁ%ﬁ?gr'ﬂﬂﬂm&%w&in@ Q%ﬂ@;fﬂpylﬁmhﬁnes Giffiooieatidas | N a
11159 ot Sl AIAYARS ool AR 0SS

surface such that anti-in tive a

rangi ng f reick ewakeaip thelCNStshuselichlas DAdBS or T8fidh)PaF gb‘g,}élda\?ﬁ%& Leferred
enbodi nent__t he erI!Ig ig released in effective concentrations for a period
rangi ng 251Gl -Q_"Qti!ﬁe@k%! dope of fofliaioweck applidd,sheildiant exaed50ag t he
di scussi onfrdHa@e | ' h . s _and derivatives of

5-f1 uorou?fatciglg\ﬁ(fggyi E‘%??gﬁoé)p?éﬁ%bﬁ@gﬁy We?‘ﬁ"%(?ﬁm ImeRlethedgtal activity
can be ut iamaed of dugtdpplipd spoarsb@®in hBirendd¥END LM% i ng
Jpat anmeters a%re tcen adj ust ed accordni n rtr(‘)g?ﬁeﬂ? lelﬁg?izggﬁgbﬁgén)é%‘%ﬁéjthe
Lapal ogle S QERY (&t thecameuppiiting distaiunstiorpaf teetsurfacp areal of thedporfiors eMPound
131 23/02 PCT/ US03/ 16719 tw ce as potent as

5-fl uor ouérgégieﬁsi %Qggﬁ%/‘g’ﬁ%ﬁ 3’?58%?%54% & InERPeraad heheuld &l withie hmound
hal f as potrgetofdst pgt! LaiPLEREI? dfS b B} -~ f A bove
‘paraneters, etc.). ﬁz_}:a) Pgér?)%hyl ot oxiuﬁgeéu?i*%' ?f‘ﬁ’gpﬁ'ga'\g@%%%@ﬁS?oxi n

et oposi de®abodiment, eflumpusacildhoiie be applicdt the GNSGhyResuEss Atidose

oS R0 PSP DATES: A SR Bl o meer pvirasory
et oposb dereersel UGBt AR AiFRHETAts2 thdBbove dosing parameters should be
' utilized in combination with the release rate of the drug from the CNS shunt

surface such that a minimum concentration of 10 - 107 M of 5-flucrouracil is
maintained. It is necessary to insure that surface drug concentrations exceed

\L concentrations of 5-fluorouracil known to be lethal to numercus species of bacteria

¢ } 20 and fungi (i.e., are in excess of 10 M; although for some embodiments lower drug

J levels will be sufficient). In a preferred embodiment, 5-fluorouracil is released from
the CNS shunt surface such that anti-infective activity is maintained for a-period
ranging from several hours to several months. In a particularly preferred
embodiment the drug is released in effective concentrations for a period ranging

25 f{rom 1-12 weeks. It should be readily evident based upon the discussion provided

herein that analogues and derivatives of 5-fluorouracil {as described previously)
with similar functional activity can be utilized for the purposes of this invention; the
above dosing parameters are then adjusted according to the relative potency of

the analogue or derivative as compared {o the parent compound (e.g. a compound
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(range of 0.1 pg to 25 ng). In a particularly preferred enbodi ment, the
total ampunt_ of drug applied should be in the range of 1 pg to B3 2ABE07
dose per YPPW8%rea (i.e. the anount of drug as a functiBgT’HFO%’Wél%urface
area of the portion of the OCNS shunt to which drug is applied and/or

i ncorporated) should fall within the range of 0.01 pg - 100 pg per mmz of
surface area. In a particularly preferred enbodinent, etoposide should be
applied to the CNS shunt surface at a dose of 0.1 pg/me -10 pg/ me. As

di fferent pqlymer and non-polymer coatings will 15 rel ease etoposide at
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such t hat (gbﬁé\%é@gnﬁ%%sf Bﬁtaegf aﬁ%gﬁu _rouir@_cg 'W@%’r}ﬁ%fﬁf@@c@"‘?"str\%tm@i ned. It
S necessmmnmrg,raw)_e that surface drug concentrati ons exceed

concentrations of etoposide known to be lethal to a variety of bacteria
and fungi (i.e. are(¢rPedeophylotdxins WiliSngtheapodophgiotbrin etopssiésbedinment s

| ower u s wll be sufficiept). In.a preferred enbodinent,
et opos .c%eq?’@'pz‘]fé%%eééﬂf ?Qﬁﬂe%ﬁbg q GPB@%’%‘ optingdnemosaad intodhe wolwmegrs
ant i - i nf eGi{hivie uG! ' ' ' f ' ' [ r ever al
hours to sev’(_argﬁﬁﬁouﬁﬂﬁg.mﬁﬁa%‘blgﬁﬁugﬁﬁasrl?écrgpg)?gﬁﬁﬁgndi gﬁ%é%ﬁe‘ﬁ'ﬁ% & drug is
rel eased iGgrgripelymerethedntad dosatof etupdsate appliedi shbuldngl Ged®@B thg- 12 weeks.
It 25 ShOL(| d befr e@c‘ii g gvi o&e/gt based upon the discussion provided herein
that anal G9ES! Snbrgds 29 809) d8 aparticyaby prrfe(rad emabadimestl the éatabus| y) with

Toventt ont e SpRg WG HoRRMLOR HPLhgS0r 1 8 Tl TREERsRA MY, (ne |

r§| at il0e poefieythefarhbent afriirlig @y inctien biiel MBfRe fegRruRdpbdichiof tRar ent
conpound F&g a conpound 132 WO 03/099346 23/02/ 2007 PCT/ US03/ 16719
tw ce as fhung o ugds applietrnder incemerateddishouldfalivithin ther amet er s,

a conpoupg o, otant [ ' I ni stered al twice the above
par anet er s, dg{?(%:_ )@ﬁ(l @) %Qm%f%grﬁ@ﬁg'ﬁ?b% _ai. é!‘{ Qh%&?ﬁ‘%@'@éa\évﬁfgﬁ vi dent
based upoembbdinient ditepusideehoul sy hgeibd Rk TNEZhuRPSINERY HONgo8 of
ant hracyclines (e.q9. doxgrubi ci n or mtoxantrone), fluoropyrim dines
(e.g., 5- oY 19 Ho/PET° i Asdifferent polymer and non-polymer coatings will -
15 release etoposide at differing rates, the above dosing parameters should be

utilized in combination with the release rate of the drug from the CNS shunt

surface such that a concentration of 107 - 10° M of eioposide is maintained. It is

necessary to insure that surface drug concentrations exceed concentrations of

etoposide known to be lethal to a variety of bacteria and fungi (i.e. are in excess of

preferred embodiment, etoposide is released from the surface of the CNS shunt
~ such that anti-infective activity is maintained for a period ranging from several
hours to several months. In a particularly preferred embodiment the drug is
released in effective concentrations for a period ranging from 1 -12 weeks. It
25  should be readily evident based upon the discussion provided herein that
analogues and derivatives of etoposide (as described previously) with similar
functional activity can be utilized for the purposes of this invention: the above
dosing parameters are then adjusted according to the relative potency of the

- analogue or derivative as compared to the parent compound (e.g. a compound
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antagoni sts (e.g., nethotrexate) and podophyl otoxins (e.g., etoposide) can
be utilizeekRedppance the antibacterial activity of the CNS shddy/02/2007
coating. Simlarly anthracyclines (e.g., doxorubicin or nf?yyﬁ?i’('ﬁme),
fluoropyrimdines (e.g., 5 10 fluorouracil), folic acid antagonists (e.g.,
met hotrexate) and/ or podophyl otoxins (e.g., etoposide) can be conbi ned
with traditional antibiotic and/or antifungal agents to enhance efficacy.
(g) External Ventricular Drainage (EVD) Device and Intracranial Pressure

(1 CP) Moni &QickR ' . | CP ni,t or i 8evi ces are also used in
- the management o@%@tﬁ%{ég%%%sﬂ%@%ﬁ)ﬁ@a%ﬂﬁtggﬁ BKE BarYBRIEES. & o0at i ngs
and r el eas€okipnund bslffasipotériterstaySd R idAinidéred-4 0RicedhE B0 ve 2nd
drug-coated | CP .nonitoring devices are identical to those described for

" CNS shunt sP1@M§iERe€iG.bns of Orthopedic I nplants 20 | nplanted orthopedic
el bow;, shoul der,

devi ces such as prosghetic J Q. such Lp,., . kne .

wrist, metacarpal, Z‘tﬁ’&@r‘r’e"ﬁ%ﬂt@?@éﬁhSF%‘ﬁ-ﬁ@?ﬁ%@'dé}eefeéaﬂx gvidenibasestymarcat i ons
as a rebul theofiscusbietisippoviokd hbgih Iﬁ%it%@hbirgtfohgrb?gbﬁv%{?yﬁﬁg% (‘%_ﬁf ection has
a variety of se@u_el a including pain, immobility, tailure o @ prosthetic

itself, ~|9¥OYREHAIMIG@NEPNE): duormyrinidines pegati-fhmroliast), élictded af f ect ed

l[inmb or ev ) st, of tregting each infection exceeds the cost

of the pr iéf\rfg?g ] 5 |g rg?'%ﬁar;rl;%l@roorgf%tgf gnd PQ@??“’%?‘%'"&Aeﬁ=-f@PH°§i¢W entbes of

$50, 000/ castilired @ eharvetthe pegbscte Bty BAHIENS SAHALCa i Sy, 200
ec

external fixation devices, plates and screws are also subj uch
i nf ect i on 2igracyEiaesi(eg- dsxarubicin omptiioxantrons), filitveppriessnés (38, 5@ '

23102/ 90 0 . PCT/ US03/ 16719 treatment includes nmultiple

"'é‘gjer at1|%gn§I *° }ﬁ"%ﬁg\/@ﬁ?%g’gﬁ ?9%?§§iﬁé’t-ir6§t,h°#{‘ﬁe? pad/enpodopimdotentnsr i sks,

conbi ned \(eigh eAopodrié)tdat BESEomBiREd " i b thetic infection

I's highest in the fié?st nont hm 'post@gggﬁ%%%{é@ﬂﬁﬂgﬁaﬁépﬁ?iaﬁﬁ@m@@hti nuously

t here af t &€niRdo gphanearpifisacy.he 5 combi ned i nci dence of rate of prosthetic

j oint. infection for ars .i r oxi_mat el

J (g% é’x‘iernal V%n?lfi)gular Drainag)é {EVD) Device and Intracranial
Pressure (ICP) Monritoring Devices

.15 EVD and ICP monitoring devices are also used in the management

of hydrocephalus. The therapeutic agents, doses, coatings and release kinetics for |
the development of drug-coated EVD's and drug-coated ICP monitoring devices
are identical to those described for CNS shunts.

K. Infections of Orthopedic Implants

_,.: e - K
'u‘ww"

20 Implanted orthopedic devices such as prosthetic joints such as hip,
knee, elbow, shoulder, wrist, metacarpal, and metatarsal prosthetics are subiject to
complications as a resuit of infection of the implant. Orthopedic implant infection
has a variety of sequela including pain, immobility, failure of the prosthetic itself,
losslrgmovai the of prosthetic, reoperation, loss of the affected limb or even death.

25 The cost of treating each infection exceeds the cost of the primary joint
arthroplasty itself by 3 or 4-fold (in excess of $50,000/case). Other orthopedic
implant hardware such as internal and external fixation devices, plates and screws

are aiso subject to such infection and infection-related complications. The present

133



5.9% per 1,000 joints; the rate then drops to 2.3%per 1,000 joints from
year 2 towég,& rate of infection also varies dependi ng on thabécﬂ21»f2007
Knee prost hetlcs are infected twice as frequently as hi ps
prosthetic infections range from 0.5%to 3% elbows up to 12% wists 1.5%
to 5.0% and ankles 1.4%to 2.4% 10 There are three main nechani snms of
I nfection. The nbst comon is colonization of the inplant (prosthetic,
fixation plate, screws - any inpl antable orthopedic device) at the tinme of

inmplant, e hrou ai rbor ne nt am nati on of the wound. -
The secondlt'Ieg @lﬁ&ﬁé%%/@é@ F’P‘? 8R¢ OQﬁJt%Ef’éﬂ‘P"ef ¢ded grosthetics. wéh, itssawen as
wound i nf ecrﬂ1e%htr%k§%%ﬁfﬁblﬁéd$\ht'ﬁua%tﬂf&&tu The third is 15 hemat ogenous
seeding during a system c bacterem a, Skel y accounting for approximtely

7% of all inplant i nTI@%tatemortﬁopekdlb@u:d)s:thetlcalnéecrmhns pighest rethbgwét rﬁBMthbe
conprom se res stemic condition, an illness, a |ocal

condi ti on, HOQ OaPa rafv g’sthf’f‘ c{?lc?'h%%?%m'-%@'y thera afterc Asaancexarapieothe def ence
capabi | 5t YCorﬁb@l@@ indidél o fal S DRMRRAE M&Fh dlhpec%gn el £ g%ér%r% ADB§$%@@£I ent

has had prior sur , perioperative I"at’ toid

arthritis.o. R&@)Bé’t?QQ@ gpintal ther @ée tharedrops ¢ 239 p*ehﬁ Jo0eintd erash @éar 2 f ection
I nfection as conpared to the

as there i d 8-fold el evated risk of

prinary pr@s‘?ﬁé‘?? gmfeo&t@?eﬂﬁo yabes dapending enghe jaink Knge pragdiesticsidrect i on
f di I

ot case t oeidd Blfcdas REMonE o ninS L ERbUOR, Bk Metc AREHGHS radot s o

pati ents HbS% ta 3% gdbows iupkodf2%, vafists t1.5M t8 GS0%Hnd Askids ﬁeﬁ?ﬂlté 2%y,
._S?I c td ons that cogpromising their inmunoconpetency, while psoriatic

s have a hi gHBEre aecthire; B1ain naebanismsdot infection o oidss edmeidmis
R S5, PSRRI i G b VR SERE Snf AU, 1 ce
D Trerent L mplant e e e R B O Rt P o, For
exanpl e, &9 patgqgsuﬁéhgwoumdngﬁw seaxdhvethodids sprdaasir@a-dn a@acéﬂila‘ocd@i( of
'Sﬂfsgg:)f[ IOBPanféctigﬁ; gu Q%Rzlggﬁ%j@ kt?t?rh%p@ss N St:heirdl g Mt
15 hematogenous seeding during a systemic bacteremia, likely accounting for
approximately 7% of all implant infections.
Risk factors are multiple. The host may be compromised as a result
of a systemic condition, an illness, a local condition, or as a result of medications
that decrease the host defence capability. There is also a predisposition to
20 infections if the patient has had prior surgery, perioperative wound compilations, or
- J '. rheumatoid arthritis. Repeat surgical procedures increase the likelihood of
infection as there is a reported 8-fold efevated risk of infection as compared to the
primary prosthetic replacement procedure. The presence of a deep infection
| ~ increases the risk of prosthetic infection 6-fold. Various diseases also increase the
,25_. rjs_k of infection. For exampie, rheumatoid arthritis patients have a higher risk of
-infection possibly as a result of medications that compromising their
immunocompetency,rwhile psoriatic patients have a higher rate possibly mediated

by a compromised skin barrier that aliows entry of microbes.
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nodel s have shown that only a few Staphyl ococcus aureus inocul ated at the
“time of iwploaméesage required to cause an infection, but bacteredBé02/2007
(hemat ogenous) seeding at 3 weeks postoperatively is substSHUP&I4Yor e
difficult and requires significantly nore bacteria. This enphasizes the

| nportance of an antimcrobial 10 strategy initiated early at the tinme of

I npl antation. Sixty five percent of all prosthetic joint infections are
caused by gram positive cocci, (Staphylococcus aureus, Coagul ase Negative

St apryl ococcl . Bet . THEIH K SR 1RSSR ML dlaie eSS ococc)

- and enteroc?cch Oten nultiple strains of staphy
in a singl 8953 ERMEnpeompiosysedoondiorOtHat is POORNISISTsionE! Ysiferdpt RRMISHET am
negative bagcidlis hg\ﬂet robactehi acia, Pseudononas aer ugi nosa and Anaer obes
*(such as Peptostreptocotcus BRarengiied hifastion peer examplpoa yrdtakohnatal
i nf ect i onshinged pristiedic kKhé¥oHds 300 [ Lagnesi s pf ~an infected
i npl ant _i s di ff?cult due to tShem "?‘3 It';’/@ﬁ\sliérgf]g%%é%ﬁroiéer% iGRiastie kage.
_genleral dmal ai se, swel lhmjantgdyiehieeﬁ?: n}ldslt BUs@itble @0nicRA88 BLAP off Fﬁ:ﬂﬂoitl I
i mpl ant, e septicem a. Fulmnate presentations are typically
caused by%n%(?égg\r'}?r@(tgj#éﬂ‘fm i}aﬂﬂ?%ﬂge"é@@P%O(&C&pijlagmduecdam@mhaﬁme
pyognei ¢ hgtrapRardeyieGirsd ks | ronl.£.1 ndol ent. courses are nore
typi cal of cgagul aseynggagfgée&s%t?éggM?@(%&gwb ﬁ?&@ﬁé’ﬁ?mamsﬁwﬁk ected.

or t hopedi EefHipyaS weeksl postoparaiivets is2Subistantaing aehro ekt aRd t&%lg}éscs and
surgery t%igrn?fl}éﬁﬁ t he bnf ected device. Surgery requires debridenent of the
infected trosua giare bpciera. Thisempbasizas theimpariamoe aif anadntitierobifiect ed

gﬁpﬁéanﬂn é"m@y""”méa%”?fatm@{ifﬂﬁ%?ﬂ“@%h&qj otic use (weeks, nmonths and

times a year to ensufe mcrobia '(‘:)Qtion), it is possible to
i npl ant a repl acen@inty fveqsdroenti of ali$RvEthabé MIRSH gﬁg’;
anti bioti @ i.@%r'%%nat d 135 WO 03/099346 P /USO%% %F‘ezé%fs&ﬁ% @mnt ,
but cite EGH cr,é§mmgow Jureus ofoagulsse pleggtienStdphglococeieBeg-ance;
especi al | MepRWEeGtdd L St e. ~Lf bane | oss is extensive, an
art hr odesi Shri 'sﬁofte &;%:??%ﬁyr%@@g"é&nﬁr%gt}ﬁm‘)&ﬁc‘?’kaﬁfg6@%%%0!-eriQme cases.
Even whenmaltiplensteains ofsthphylet@itus @afthe ple@cRBk ieilfedgyerely
conpromi s hysi cally, have 5 signifi c%nt pai né?g‘h%fé?g??@eggmf% 'M-sk of
o i n? g‘ ct@ _Po}/ganlsms include aerobic gram negative bacilli, Enterobacteriacea
r 1]
Pseudomonas aeruginosa and Anaerobes (such as Peptostreptococcus and
Bacteroides species). Polymicrobial infections account for 12% of infections.
The diagnosis of an infected implant is difficult due to the highly
variable presentation; fever, general malaise, swelling, erythema, joint pain,

20. loosening of the implant, or even acute septicemia. Fuiminate presentations are

typically caused by more virulent organisms such as Stapyiococcus arureus and
| pyogneic beta-hemolytic streptococci. Chronic indolent courses are more typical of
coaguiase-negative staphylococci.
Management of an infected orthopedic implant usually requires
25 prolonged use of antibiotics and surgery to remove the infected device. Surgery
requires debridement of the infected tissue, soft tissue, bone, cement, and rembval
pf the infected implant. After a period of prolonged antibiotic use (weeks, months
and sometimes a year to ensure microbial eradication), it is possible to implant a

replacement prosthesis. Some authors advocate the use of antibiotic impregnated
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It is therefore extrenely clinically inportant to devel op orthopedic

i npl ant's GaPARIesspf resisting or reducing the rate of infel(;(gbﬂgog 92/2007
effective orthopedic inplant coating would reduce the incidence of 7joint

and hardware infection; |ower the incidence of prosthetic failure, sepsis,
anput ati on and even 10 death; and al so decrease the nunber of orthopedic

i nmplants requiring replacenent, resulting in lower norbidity for patients
with these inplants. In a preferred enbodi ment, doxorubicin, ntoxantrone,

5-f | uor ouragi ndsi.ar S| re.formul lnto.a,.coating applied to
t he surfac(%wg%nt't %dg't%ocr?g'%%g}%tHggg?ﬁrﬂqemgjeo?%ggi%%é&é} IaQHE'Sﬁ%ﬁ%sq%tﬁﬁg‘(’;s) can
be appl i edspeciaity aicthedifinTesisRhsé. (fHomSods oaktbAsSivapm baArddesishs ofsher nal
i ntraosseous, surface of the prosthesis; (b) as a coating applied to the

ext ernal (P&riorpad any apytatien isfnagessapriosoms casey. Eveasvhencaainfegiapis! i ed
to all . f sur f . (d ti.r lied to th f
of the or ChaHEAeR. ok oelisPt bed BE e SelerBl SriaRiySy ofPEaBohtte at ca i nt o
the polsy meighififaing PafiCARY E&fy & Myl bhetinfedighnt s (e.g. articular 20

surfaces and other surface coatings) and hardware (e.g. polylactic acid
screws and 3 pl at edd)is thardfope egrémichcdinialittimgoitanbtot devebgmpdinepedic of t he

t d t the orth di.c | | ts. i | . - ti f,
or arug | H0BPBG: SERBIE Pie35URe KB R M Ee opinPetRay 1 PHERer | oci dal
drug | evebghbpedie i@ﬁ@n?&?ﬂg{gg\tﬁé‘ﬁltﬁeaﬁc fife iheRIeABL &gﬁéﬁ@ehéﬂa%re%

reduci ng the incidence o erial colonization an guent devel opnent
of i nf ect infestiono iywerdhe irmide noehiflpeogthetic Eilnge, eeglsisg ampitsticst smd everxposur e

~tq the. d . ALt h f t | i i t ired
£, PRl B ST R LG8 e, 10 S
¢ abl ) o \ B o o | .
car i or e piadefent fogind R INRG B HiginSlorBRLEhE U oS TBHMET P 0L ol e
- (e.g., ChronoFl ex An 8preféfdd Binboeairmenta dekorubloi,aiviesbtatrbMe] SFluorouracil

‘Biomaterials], HYDROSLIP CTM [CT Biomaterial s], HYDROTHANETM ;CT
Bi omat er i a1Y/Py etogeside are dormpdateddpln @ soalipbapkliadtothegurtace of the

oL AR M GBS, L B iR S
15  manners: (a) as a coating applied to the external intraosseous surface of the
prosthesis; (b) as a coating applied to the external (articular) surface of the
prosthesis; (c) as a coating applied to all or parts of both surfaces; {d) as a coating
applied to the surface of the orthopedic hardware (piates, screws, etc); (e)
incorporated into the polymers which comprise the prosthetic joints (e.g. articular

20 surfaces and other surface coatings) and hardware (e.g. polylactic acid screws and

T \) - plates); and/or (f) incorporated into the components of the cements used to secure

the orthopedic implants in place.
| Drug-coating of, or drug incorporation into orthopedic implant witl
allow bacteriocidal drug levels to be achieved locally on the implant surface, thus
25 reducing the incidence of bacterial colonization and subsequent development of
infectious complications, while producing negligible systemic exposure to the
drugs. Although for some agents polymeric carriers are not required for
attachment of the drug, several polymeric carriers are particularly suitable for use

_in'this embodiment. Of particular interest are polymeric carriers such as
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5 Cellul ose acetate propionate), acrylate and nethacryl ate copol yners (e.g.
pol yet hyl ewerBRodsisnyl acetate)) as well as blends thereof. The d2ogdaf200
i nterest can also be incorporated into calcium phosphate BFT’WW Papatite
coatings on the nmedical devices. As orthopedic inplants are nmade in a
variety of configurations and 10 sizes, the exact dose adm nistered wl|
vary with inplant size, surface area, design and portions of the inplant
coat ed. However, certain principles can be applied in the application of

this art. n be.calcyl ated as a function of dose per _unit area
- (of the po?toild'g'r';gtg'fsj R??ﬁge'g ‘E‘PHOCFH@‘ el ddpiomateralsld Hydraddees4adMif6irst er ed
can be neaBiomdteiat] AAPDRLI '@ﬁkj : | Lwe drug can

be 15 determ ned. Régardlpdegs%"qg?t eﬁﬁ%@ﬁ%ﬁ@%ﬁ&é%@f{%@@?ﬁ%@}“[ﬁe drug to
“the ort hop&dpraateriaisilancrylic hemptieeyiccopoNmesnes). pagedth§lends@lagymne or in
conbi nat i Ogcidﬁhco I'd be adﬁgn’ nj stered under the follow ng dosing guidelines:
(a) Anthracycti r?(lgg OsErderived RGIVIHIS 4koh Piiogelivinse, Cealivlase AdatatesBatpratexanpl e,

whet her 5apRieligids@ acataf® at | [ r at into the polyners 20
whi ch make up the ortho%eﬁi cnai?ér?b%g%tg(#%gﬁéﬁ?g,? ?CQB‘EJ'W?&S%-Qhout a
carrier poP9it@athyleme-coolmll adetate)pfasdowmipas bicsids tadabi ed shoul d not exceed 25

nmg (range of 0.1 ji.ﬁ?t 25 ). In a particularly preferred enbodi nent,
the total amount of %g’“gé ntaest an pisohe inpormpostedige aalicidmg to 5 ny.

The dose | ' ; t,of dru s, a function of the

surface am()égp b%eh%r@?rntg*yg agl%hﬁ%ﬁgg @ﬁ&ﬁgm%‘{'ﬁﬂ qae?‘f’ﬁf’ﬁﬂt to which drug is

appl i ed and/ or incoﬂmrﬁtmhicsihﬂlﬁﬂsfa@éhaqetihiﬂgrmyémwﬁo%soa]mg - 100
odl

g-.per @n’z of surface %rea. In a particularly preferred e ment’,
dokor ubl ciTFEn YA At 29pp rde¥nisierechwilbrarh wildmplantsizensusacs ase, dbsigndose

R o o M e IR A
A oL 3804 86 SIS AR SO
a m ni mum“Qb&ce(afdhe partion of the implant heiog cdated), totat Hrug dos@mbaindiisiegbcpn  the
surface. khnibg RESEREASNG ta%pwgfn%rtéa sutace ggrgge%(t:rgtigrgsl.] o gcgir\]r%e(?r:lgrg actain%r(]es exceed
15 determined. Regardless of the method of application of the drug to the orthopedic
implant, the preferred anticancer agents, used alone or in combination, should be
- administered under the following dosing guidelines:
(a) Anthracyclines. Utilizing the anthracycline doxorubicin as an
| example, whether applied as a polymer coating, incorporated into the polymers
. f 20  which ma.ke up the orthopedic implant components, or applied without a carrier
) polymer, the totat dose of doxorubicin applied should not exceed 25 mg (range of
0.1 pgto 25 mg). Ina particutarly preferred embodiment, the total armount of drug
applied should be in the range of 1 g to 5 mg. The dose per unit area (i.e. the
amount of drug as a function of the surface area of the portion of the orthopedic
25 impiant to which drug is applied and/or incorporated) shouid fail within the range of
- 0.01 pug - 100 pg per mm? of surface area. Ina particularly preferred embodiment,
doxorubicin should be applied to the orthopedic implant surface at a dose of 0.1
pg/mm’ - 10 pg/mm’.  As different polymer and non-polymer coatings will release

doxorubicin at differing rates, the above dosing parameters should be utilized in
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concentrations of doxorubicin knowm to be lethal to nultiple species of '
bacteri a am?ﬁg'fﬁﬁgi (i.e., are in excess of 1004 M although fo23g&&/2007
embodi ment'® PR concentrations are sufficient). In a pr PRL6719

enbodi nent, doxorubicin is released fromthe surface of the orthopedic

I npl ant such that anti-infective activity is maintained for a period
rangi ng from several hours to several nonths. As described previously, the
risk of infectious contam nation of the inplant is greatest 10 over the

first 3 days., .Theref , in a particularly preferred enbodi nent, the

maj ority (%?’"%'PP?%YVR@ ﬁé"- a’%q%ﬁ}fq tate of mwgdgw the erthppedic mpplast surface
prevent i ndpHtthe - Malen -7 _ ' dhereafter. It
shoul d be readi I{/Ia g}\?@@éﬁ? %Ihg%ﬂé%qﬁgg{rf@heh@?‘s@{}géogﬁﬂ%ﬁbi'%g%"ﬁgwg’ﬁr?nt hat
anal ogues thagudecé.vliis nesesshry woneurdihat Butface daRFLEdeABlieNS Bxsded W th
simlar functional activity can be utilized 15 for the purposes of this

i nvent i on;CANGENURNRNS of sloxabbian KRevarte he lethah to mudiinle specieaof badieng t o t he

rel ati RERRRYi : 4 ader ' ared to the parent
corrpou\r% (e.g. ,F'M'a(ﬂ%btraiprg(;hng lte\%gclbzigs l\g‘o%{{e%{ﬁtgg\slfgﬁ%‘%g%ﬁﬁ(ﬁm@% QW ni st er ed
at hal f t lenabotvatiparreretificient IBNPRIBGed aibcRFMBAL BBkodbicitl B ldticgi N 1S
adm ni stered at twi ce the above dF}arameters, etc.). 20 Utilizing

mi t oxant r &8N Hie AT ths arprredic implant sueldiatiantianfestivh attidty iappl i ed as a

| " . h | whi ch k h
PPt hoped: draih@hed BF 8 LRARS Shoihd heh BBV HBTHo Mak B BomipseRent ol dose of
m t oxant r deecritil prediosBIQUihe Mkliofereefsu coMtahlifdith &ftha n?ﬂa%g gregfég) . In

a. particularly preferred enbodi nent, the total anount o ppl1ed
‘shoul dObeover s daysgeThyrefore, ipg pertitulagly prafercdsanbedimenittther ea (i . e.

Lhe noped Y KiiPaf31 fhe oG rrSed aifr e rahtn BOmBorpuidieiahoul d
fal | withivhilé BowngaRrehl Bedihgdo o thdtehiteMBsRbuIg %%frgggitsg%\gﬁenﬂ ha

particularly preferred enbodi ment, mtoxantrone shoul 'ed to the
or t hopedi basetbtipen theudiscussiont pravidiescherkirthabapglogues and detivativesl@s WO

coat i ngs YO UPEIFUES SeprbRE pMAHS AW FHIRY fnctRbeLaciviy capheisiing
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according to the relative potency of the analogue or derivative as compared to the
_parent compound (e.g., a compound twice as potent as doxorubicin is
administered at half the above parameters, a compound half as potent as
doxorubicin is administered at twice the above parameters, etc.).
“ 20 Utilizing mitoxantrone as another example of an anthracycline,
\) whether applied as a polymer coating, incorporated into the polymers which make
up the orthopedic implant, or applied without a carrier polymer, the total dose of
mitoxantrone applied should not exceed 5 mg (range of 0.01 ugto 5 mg). Ina
particularly preferred embodiment, the total amount of drug applied shouid be in
25 the range of 0.1 pg to 1 mg. The dose per unit area (i.e. the amount of drug as a
- - function of the surface area of the postion of the orthopedic implant to which drug is
~ applied and/or incorporated) should fall within the range of 0.01 ug - 20 ng per
mm?’ of surface area. In a particularly preferred embodiment, mitoxantrone should

be applied to the orthopedic implant surface at a dose of 0.05 pg/mm’ - 3 pug/mm’.
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m ni mum concentration entration of 10- 10-6 Mof mtoxantrone is
mai nt ai nedvo biosesis 5 necessary to insure that ry drug conqqﬁiﬂﬁ% éfi§2o/n2@ﬁ§
surface exceed concentrations of mtoxantrone known to be al

mul tiple species of bacteria and fungi (i.e. are in excess of 10- 5 M

al t hough for sonme enbodi nents |lower drug levels will be sufficient). In a
preferred enbodi nent, mtoxantrone is released fromthe orthopedic inplant
surface such that anti-infective activity is naintained for a 10 period
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f 1 uoropyr as an_exanple, whether applied as a

'ﬁ‘s 5-fl uoroyracil
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applied %Eoul d be in the range of 10 to 25 ng. The dose per” unit area
(i.e. the BREOE '”cﬁ"ecﬁ’fi'@o‘élg‘e&'t’fti}ﬁd?w@ﬁh/dﬂfﬁl'i@fstfﬂﬁ teugisaekmseti aveetheor t i on
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2l 200 Rshould be readily evident based upon the discussion provided herein that
15 | analogues and derivatives of mitoxantrone {as described previously) with similar
functional activity can be utilized for the purposes of this invenﬁon; the above
dosing parameters are then adjusted according to the relative potency of the
analogue or derivative as compared to the parent compound (e.g. a compound
twice as potent as mitoxantrone is administered at half the abave parameters, a
20 compound half as potent as mitoxantrone is administered at twice the above
parameteré, efc.).
| (b) Fluoropyrimidines Utilizing the fluoropyrimidine 5-fluorouracit as
an example, whether applied as a polymer coating, incorporated into. the polymers -
which make up the orthopedic implant, or applied without a carrier polymer, the
25 total dose of 5-fluorouracil applied should not exceed 250 mg (range of 1.0 ug to
2_50 mg). In a particularly preferred embodiment, the total amount of drug applied
should be in the range of 10 pg to 25 mg. The dose per unit area (i.e. the amount
of drug as a function of the surface area of the portion of the orthopedic implant to

which drug is applied and/or incorporated) should fall within the range of 0.1 pg — 1
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ng per 2 of surface area. In a particularly preferred enbodi nent, ’ '
5-f | uor oukAsbinuskgul d be applied to the orthopedic inplantpspik {&2/62007
dose of 1.0 pg/miZ - 50 pg/miZ. As different polyner and non-pol ymer
coatings will release 5-fluorouracil at differing rates, the above dosing
parameters should be utilized in conbination 5 with the release rate of the
drug fromthe orthopedic inplant surface such that a m ninmum concentration
of 10"- 10-7 Mof 5-fluorouracil is maintained. It is necessary to insure
that surfa | ONS [ i or.our gci |
nown' Lo, bad oy R Bp S Bl e FaRCBRP BRTer Bl b dihent. ofugotgie |
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the purposes of this  invention; the above dosing paraneters are then

adj ust ed dBE¥EEIRf 10 Mnelthasigh for some grobediments lowres danglevgtsewitirbeder i vat i ve -

as conpar e t parent c und (e.g..a conpound twi ce as potent as
' 53“ umu%g’ﬁﬁ?e’}tge'&&:?ﬁ?%f{%‘?gﬁ‘wfnéﬁ’# gfﬂ'r@"%ﬂfé@ IS rﬁ%‘%ﬁ?@tf@?'ﬁ,th conpound
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et oposi de .c@g:O_drﬁan@ag tranpiverahihaursdo sepaial subntts. sAp deyenvedpratioly, the
-incorporat eg |fntfo tt helcgo*g/rr_er which nmake up the orthopedic inplant, or
appl i ed wPAGHNECOYR COBIAMMIBRIAR Of hejmplanis orepiest ayer dhe fiest Bavsppl i ed
shoul d notyrexsrsad; ; Ig; . | C Lly
preferr edt‘renbod&dr'r{en%,p %}%T@%e%rﬁ%uéwbgﬁuﬁd@) &éégp'ﬁﬁ?o g(t)& (bsrﬂa(%lzﬁfj&{?eéﬂjﬁ R he
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03/099346 topggéul#%tqgr{eéggr.l gttg sr%ulczi b% r%aéily evident based upon the discussion
provided herein that analogues and derivatives of 5-fluorouracil (as described
previously) with similar functional activity can be utilized for the purposes of this
invention; the above dosing parameters are then adjusted according to the relative

20 potency of the analogue or derivative as compared to the parent compound (e.g. a '

compound twice as potent as 5-fluorouracii is administered at half the above
‘parameters, a compound half as potent as 5-fiuorouracil is administered at twice
the above parameters, etc.).
(c) Podophylotoxins Utilizing the podophylotoxin etoposide as an
25 example, whether applied as a polymer coating, incorporated into the polymers
‘which make up the orthopedic implant, or applied without a carrier polymer, the
total dose of etoposide applied shouid not exceed 25 mg {range of 0.1 ug to 25
~mg). In a particularly preferred embodiment, the total amount of drug applied

- should be in the range of 1 ug to 5 mg. The dose per unit area (i.e. the amount of
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prevent infection while allowing normai healing to occur thereafter. it should be
readily evident based upon the discussion provided herein that analogues and
derivatives of etoposide (as described previously) with similar functional activity
20 can be utilized for the purposes of this invention; the above dosing parameters are
then adjusted according to the relative potency of the analogue or derivative as
. pompared to the parent compound (e.g. a compound twice as potent as etoposide
~ is administered at haif the above parameters, a compound haif as potent as
etoposide is administered at twice the above parameters, etc.).
25 (d) Combination therapy. It should be readily evident based upon
the discussions provided herein that combinations of anthracyclines {e.g.,
“doxorubicin or mitoxantrqne), fluoropyrimidines (e.g., 5-fluorouracil), folic acid
- antagonists (e.g., methotrexate) and podophylotoxins (e.g., etoposide) can be

utilized to enhance the antibacterial activity of the orthopedic impiant coating.
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WO 03/099346 PCT/US03 1 23192/2007 Simlarly anthracyclines (e.g ) '
doxor ubi ¢ oxantrone), fluoropyrimdines (e.g 2 2007
folic am}j‘r%ﬁ{%gg}o‘tﬁn sts (e.g., methotrexate) and/or podophyéé#ﬁé@%‘gg e.g.,

et oposi de) can be conmbined with traditional antibiotic and/or antifungal
agents to enhance efficacy. 5 L Infections Associated with O her Medi cal
Devices and Inplants Inplants are comonly used in the practice of

medi ci ne and surgery for a wide vari ety of pur poses. These include

i mpl ant s | na bes, ubes, cli sut yres, mneshes,
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henost at i d9+gxp$taﬁosld€)5©@hges9)mbun$tw5h tialditiens! arudsmtgiarw/onahtafohgal (breast

I npl ant s, | ant prost heses), bone grafts, skin grafts,
|ntrauter|ar9§ ltﬁazl{é\ﬁ C BIUPY1 i gatures, titaniuminplants (particularly in
dentistry), chest tubes, nasogastric tubes, percutaneous feeding tubes,

col ost ony devi ces, bone_max and 15 Penrose drains, hair plugs, ear rings,
nose riPngs, and- ot héifeg Se@cigted withtQifher Mﬁmmwc@sa\m Implantgnaest heti c
solutions to nane a,few. L An forel %n body when placed into the body is at

risk for devel opi ng!™BRianksareGasmmo W&ﬁeiddﬂlﬂaﬁ Piactice ohengsicine @ndi swigervat el y
fol | owin Wiy fac rations
and rel eggderrg)S Zo%lér?\g{) |f %-?% ggégﬂgéggéll deﬁ gﬁjllé;ﬂ;,; é“r::l{I Fg cﬁaﬁ%g%ﬁgﬁ%ﬁmodl ment

descr i bedbdiaoyE-thbes, clips, sapeds Cmeﬁﬁésﬁrﬁafmerbflfcﬁdﬁé préventiea P adRESAS),
m toxantrone,, 5-fluorouracil and/or _etoposide can be added to sol utions

{u 1;beol in nﬁaﬁﬁpﬂ@f@%fo&@emu}m ngatian fluidstnaskingfagentis stents, steplesanni t ol |
h |
o' pr 48 o retdr Vit coh thi3rs, Bty bR paputh BmeSEr PBRESINGEY 6 Looa on9)

Aasoci at o v Ootl e Dl At TRe oL eHa e FIES, oBmele MABEPRS devi ce
i npl ant s (hﬁe@ﬂé”@}%‘t%rféaggﬁmﬁiﬂiﬁhlaﬂoﬁihesgshsbsme|gIa&&i skirt graftst ind@aetsrare | ens
| npl ant at y QL ORUEH! A AGes SHAARY implants (particularly in dentistry), chest tubes,
nasogastric tubes, percutaneous feeding tubes, colostomy devices, bone wax, and
15 Penrose drains, hair plugs, ear rings, nose rings, and other piercing-associated
implants, as well as anaesthetic solutions to name a few. Any foreign body when
placed into the body is at risk for developing an infection — particularly in the period
immediately following implantation.

The drug-coating, dosing, surface concentrations and release

| J 20  kinetics of these implants is identical to the embodiment described above for

orthopedic implants. In addition, doxorubicin, mitoxantrone, 5-flucrouracil and/or
etoposide can be added to solutions used in medicine (storage solutions, irrigation
fluids, saline, mannitol, glucose solutions, lipids, nutritionat fluids, and anaesthetic
solutions) to prevent infection transmitted via infected solutions/fiuids used in |

25 patient management.
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and corneal infections secondary to contact |ens use. 5 Infections of

| nt raocul avolbspees The nunber of intraocul ar | enses inpl argceﬂF'd}%g{zl[glJﬁROQﬂ
States has grown exponentially over the |ast decade. Curren %/ rl

mllion intraocular |enses are inplanted annually, with the vast majority
(90% being placed in the posterior chanber of the eye. Endophthalmtis is
t he nost conmon i nfectious 10 conplication of intraocular |ens placenent

and occurs in approximtely 0.3%of surgeries (3,000 cases per year). The

vast majority ame dumfddioRspdkeahted il BIRRRILBRANG have an onset within
48 hours of the procedure. € nNosSt co f endophthalmtis are
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“the condit PePPRIMRGITHS Besecialed withiatmogan lens ipaplantatien darctataraphsirgehyobi a,

and cor neahn@®esRal i ré&ggég slg{;%g_g%cggggﬂ?&hal mtis associated with

cataract surgery iInc 2tfrent with system c and/ or
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remvalsofln}g}% IenE{ i n corTEI | cated cases, visual acuity can 20 be

i tr; |

per manent | ens nust be renoved and replaced at a

| ater date. An eff i ' | ar _l.ens coati woyl d reduce t he

i nci dence of endopﬁ?’tﬁaﬁ‘%%ﬁé&gﬁgg%ﬁ%%’ fa%%erse'g!i)ia’fq%@ "’_nﬁ}?glé‘f"t‘%ﬁ Siaft\‘?%’a@ﬁ:ul ar
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these inplants. In a preferred enbodi ment, doxorubicin, mtoxantrone,
5-fl uor our'éfgas aredmplaatest apnugilyswitle the wadt onajotityt(80%) meingeplaced imgeapp! i ed

53 S R aEbubpor SERNE e R rmstont o hay
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The most common causes of endophthalmitis are Coaguiase
Negative Staphylococci (principally Staphylococcus epidermidis), Staphylococcus
15 aureus, Enterococci, and Proteus mirabilis. Symptoms of the condition include

biurred vision, ocular pain, headache, photophobia, and corneal edema. The

treatment of endophthalmitis associated with cataract surgery includes vitrectomy

and treatment with systemic and/or intravitreal antibiotic therapy. Although most

Sy cases do not require removal of the lens, in complicated cases, visual acuity can

20 be permanently affected and/or the lens must be removed and replaced at a later
- -date. An effective intraccular fens coating would reduce the incidence of
- endophthalmitis and also decrease the number of intraocular lens requiring
replacement, resulting in lower morbidity for patients with these implants. -
In a preferred embodiment, doxorubicin, mitoxantrone, 5-fluorouracil
2_5 and/or e_toposide are formulated into a coating applied to the surface of the
components of the intraocular lens. The drug(s) can be applied in severat
manners: (a) as a coating applied to the externat surface of the lens; (b)as a

coating applied to the internal (luminal) surface of the lens; (c) as a coating applied
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devel opnment of " i nfectious conplications, while producing & @’I e

system c exposure to the drugs. Al though for sonme agents polyneric
carriers are not required for attachnment of the drug, several polyneric
carriers are particularly suitable for use in this enbodinent. O
particular interest are polyneric carriers such as 10 pol yurethanes (e.g.,
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or et hacrwhitle c6PPaLY WS fence- 9- pol y(ethyl ene-co-acrylic acid),
cel l ul ose-derived polynmers (e.g. nitrocellul ose, Cellul ose Acetate

Butyrate, Cell ul os®ragepatieg pf,apidomaineprparatign aite irtrsbombiriiessas witle

| 40, .15 | t hyl - co- Vi nyl t | bl end
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design and, portions of the l'ens coate wever, certarn es can
be appl i ethfegliqusconpisations,ivilegirotbting aikligibleusy st@s: 6 dafe fafheu! ated as
a functioB of d;gﬁ_% Bgr unit 20 area (of the portion of the |ens being
coated), CO{%H Y9R feeSBRagesishalymeds cagiers ape agLrasMired dofappr opri at e

surface c td ' term . Regardl ess of the
ot hod of Toaa e drEhe ol BebelehpolvHrt ¥anitis IS RO IAT, e fesiBRer e

ant i cancein thigesrnbodinsed.  Of paetitariinteessTiire pbiypieric itk gch #fm nistered
under ,the foll owi ng dosi &ﬂ gui del i nes: 25 ;E) Ant hracyclines. Wilizing the-

. gnofiiex Al 8APIIET Bineaterialsip plydeaMed640 M dCFmer

ting, ¢ | 7 whi, gh i | |
componan SRRRABRAISE B ORLBE R ICY Fb daet i HIPRORBANE MicT oe of | o
doxor ubi cBiorenelialsy, sdrgkd or ﬂﬁ@thmi@%paﬁln@s((é@%Iﬂéthgfér%r-%a{irﬂ@ab mg). In

a particul arly@g&ef erred enbodi ment, the total "anount
03/ 099346A¢dTcelidasederved polynere (agonilippeliuose oellutbsecAcetateButyeige of 1

9 Tnns SPGB RUlhets o e g3 * et o
15 poly(ethylene-co-vinyl acetate)) as well as blends thereof.
As intraocular lenses are made in a variety of configurations and
sizes, the exact dose administered will vary with lens size, surface area, design
- and portions of the lens coated. However, certain principles can be applied in the
application of this art. Drug dose can be calculated as a function of dose per unit

20 area (of the portion of the lens being coated), total drug dose administered can be

J _ measured and appropriate surface concentrations of active drug can be

determined. Regardless of the method of application of the drug to the intraocular
lens, the preferred anticancer agents, used alone or in combination, should be
administered under the following dosing guidelines: | |
.25 (a) Anthracyclines. Utilizing the anthracycline doxorubicin as an
example, whether applied as a polymer coating, incorporated into the poiymers
- which make up the intraocular lens components, or applied without a carrier
polymer, the total dose of doxorubicin applied should not exceed 25 mg (range of

0.1 pg to 25.mg). In a particutarly preferred embodiment, the total amount of drug
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i ntraocul ar lens surface at a dose of 0.1 pg/mmez - 10 g/mmz. As different
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(as . descﬁot%g f)ér%g\%lt gﬁ%ﬁw r%\ﬁgf;hth?ia%ol"ggofsi?ﬁ&qrﬁ'ﬁ‘ﬁterécﬁhwwtQﬁ giligeddnutil i zed

for the 2@ombimaioasuiti teftoredsa el ofife dhRPERAKS AR APaRBhaTRkELSBle L hen

adjusted  _according to the rel ative_potency of the analogue or I ve
as conpar ptagminiatneenaentration of e’ { 0HM af doxmpobici it Waistagfedut @l as
doxor yly cic) ¢ I nistered .at hal f the above paranmeters, a conpound hal f
a9 poti ? nt bggéged%Egu@éfccﬁsﬁafysmdﬂwrﬁﬁé@ geadrygrercenitions wxcert anet er s,
etc.). 25cbhedniratioss 8F Hex0bi ' i hracycline,
i O Bl B B S en T BT Gy s wni o

whet her ~applied as a polynmer coating, 1ncorpor
-~ make up BREfynai figocanedn exeass obt0 Hphittedight fohsoneeraBsdirntdBlverer . t he

total dos 1.t oxantrgpe applied should not exceed 5 (range of 0.01
pg to 5 ng?r?éepﬁg]éonﬁ)ﬁ?eﬁ IgRt)y I3 erefered e@?ﬁﬂﬂmﬁﬁhﬂoxﬁﬂgtﬁoﬁﬂblaﬂmﬂnt of

drug appl iresh tREUHECOS iHa M5 RS Mot "ot dr g
range of 0.1 pg to 1 ng. The %%géeﬂgé%gggnq %h\égragﬁ ' tl‘%_cg\_/e RV Bunt of dr ug as
a 15 maintained for a period ranging from several hours to several months. In a

particularly_ preferred embodiment the drug is released in effective concentrations

for a period ranging from 1 -12 weeks. It should be readily evident based upon the

discussion provided herein that analogues and derivatives of doxorubicin (as

described previously) with similar functional activity can be utilized for the

20 purposes of this invention; the above dosing parameters are then adjusted

according to the relative potency of the analogue or derivative as compared to the
parent compound (e.g. a compound twice as potent as doxorubicin is administered
at haif the above parameters, a compound half as potent as doxorubicin is
administered at twice the above parameters, etc.).
25 Utilizing mitoxantrone as-another example of an anthracycline,

- whether applied as a polymer coating, incorporated into the polymers which make
up the intraocular lens, or applied without a carrier polymer, the tot;a! dose of

" mitoxantrone applied should not exceed 5 mg (range of 0.0tugto5mg). Ina

particularly preferred embodiment, the total amount of drug applied should be in
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function of the surface area of the portion of the intraocular lens to:

whi ch dru | i ed and/ or incorporated) should fall / 280017
9v0§3\}1g§£18 ygt 8321%7

0.01 Vg - per mmR of surface area. In a particularl

enbodi ment, mtoxantrone should 5 be applied to the intraocular |ens
surface at a dose of 0.05 pg/m2 - 3 pg/mMmR. As different polyner and

non- pol ymer coatings will release mtoxantrone at differing rates, the
above dosing paranmeters should be utilized in conbination with the rel ease

t f th I I f h t hat 1 Ni
Concent r at gnore PEA A6t R e A iveiteaTES MR b vide i o
necessary fuactidh oftblerstiriaatarés BEtHEQSGEEN bﬁiHeoiﬁﬁaB&JIhP%n%%fvﬂf Pt@"—? .

i cies o

concentrations of mtoxantrone known to be lethal to nult
bact eri a a#RPliedagid/qriineorparatedshosd il withfin 1l Gande aflQ. ﬁd)ugh A0oug pere
In a preferred

nmbodi t |
oo e 8Ll e edficualy preffired Enifadimepb MidXanupge shoi o
such that wngpplicalteehé Wratiatidng étﬁfé&%‘d?taad&eéjof@bs qgﬁngd:é }@nﬁﬁ#g' ng

from several hours to several nonths. In a particula
enmbodi mentAs qiiﬁe@mgolygnereirehlwdpo!m@rrteaﬁmgaawdmedmter:auomtdr@rata peri od
rangi ng .t .should be readily evident based upon the

f
di scussi o ﬁflf?e&pg\; Plfs “PT%?E?Y‘P tesipg Bﬁéﬁ’%@tﬁéfss%d yiffiged yesombingtionwith r one
(as descr eV b e dit!for il It biaF IdrN Al dthl ol Ahififndth | | 260

for the purposes of this 20 rnvention 05|ng parane e then
adj ust ed a:oommmgntof e 10 Mtofmtox]autreneys nfauhtbmedn&t B etsagapi vative -

gﬁared to,.the parent conpound npound twi ce as potent as
ik ox

yrg hal §rv Fenesieptians Rajthe ﬁH@a%wﬁee%ﬁ@W@tlQnS Qf corrpound hal f

as potent ar aneters,
crc ). 25 TR TR RACAR fo b (RAL {8 MLPRpritcids blifact e ol i 07 HHE15
5- f | uor oueacasis afs|0~°aW; sitaughdor MﬁEWbmbh@iomran@léO%me' ng,
incorporated into the polyners which make up the intraocular lens, or

appl i ed wPtHEiEq IR é‘rﬁfpfﬂ"‘fﬁb?fyH@‘ﬂ'mQﬂhéﬂtt@K%ntmﬂﬁ)@e’e@ﬁsed filogotheur aci |
PEPL 1 ol oo BPlen R EL SHn T dritaechl e Bt St tined b 146 vo
03/ 09934 6raAGiNgUTsM evélal hour?tdséVbralshonthd. B8 al phri@fafppaSebd 10 P9 to 25
ng. The dose per unit area (i.e. the anount
embodiment the drug is released in effective concentrations for a period ranging
from 1 - 12 weeks. It should be readily evident based upon the discussion
provided herein that analogues and derivatives of mitoxantrone (as described
previously) with similar functional activity can be utilized for the purposes of this
| 20 invention; the above dosing parameters are then adjusted according to the relative
.) potency of the analogue or derivative as compared to the parent compound (e.g. a -
compound twice as potent as mitoxantrone is administered at half the above
parameters, a compound half as potent as mitoxantrone is administered at twice
the above parameters, etc.).
25 | (b) Fluoropyrimidines Utilizing the fluoropyrimidine 5-fluorouracil as
an example, whether applied as a polymer coating, incorporated into the polymers
which make up the intraccular lens, or applied without a carrier polymer, the total
dose of 5-fluorouracil applied should not exceed 250 mg (range of 1.0 ug to 250

mg). In a particuiarly preferred embodiment, the total amount of drug applied
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of drug as a function of the surface area of the portion of the intraocul ar

lens to Whb@kossug is applied and/ or incorporated) shoul dPé]anmﬁf?%@Z]/Eﬂ@"f
range of 0.1 pg - 1 ng per mmR2 of surface area. In a particularly

preferred enbodi nent, 5-fluorouracil 5 should be applied to the intraocul ar
| ens surface at a dose of 1.0 pg/m®2 - 50 pg/mR. As different polyner and
non- pol ymer coatings wll release 5-fluorouracil at differing rates, the

above dosing paraneters should be utilized in conbination wth the rel ease

rate of thehskild®efin @ & éd?ﬁ%f%?é rrlt?g e HYskass U%Hcfﬂe% Eff%,é _ aﬁwpﬂhgu TO

. concentration of 10-4 - 10-7 Mo rouracil” 1s nmdl N
necessary ftdiugsisraiunetion sfitheanafatelayes ohthenportibh o theeeaseuISOBESE I at i ons

of 5- fl UoL Atk hé . kKno to be |lethal to numerous species of bacteria and
~fungi (i.e., araci fsna%‘\iﬁ@gsas" rIReRIRORGted) shopdr Falirvwithis HierangeiiOneng s 1 ower
drug | evel mgwdrlmmeof § ICi-8Rat I ' , e a-fluorauracil
is rel easedg},pr (;nr’rl1 t hg lilﬂﬁe{tdreg?iorgﬁ] )z‘i? "“Féﬁi’c dgéd' f@%iég%{%%ﬁgﬁ%{t ?‘-ﬁ\’%‘oé’@(f'(;e
activit§ ishawd he abnlie footheantpaodutal 188s sanfaiengt & Hose LY SN @)/mAPUL SO t O

several nonths.. | particul arl referred enbodinment the drug is
rel eased ilf !mzecg?@gpeéﬁ'ﬁ ek g@fﬁgowwy@qmqayags Al reteases -Buorouracy

weeks. |t #shrdrfhglatdcasd v'éjsﬁmé pqr di.scussi on provi ded
herein that anal ggues 'gﬁdé%)e‘% (?/ati gé)%@?&%{éf%o'#@ﬁ?é@ﬁ%e(f'gsco TN
pr evi ous| yWith Wetrblesisairbteroffthe dtugpirem the intdcnifiaandsuidd §iidnfoy the
purposes of. this invention; the 20 above dosing paraneters are then

adj ust ed ANBERYN GYNEENYation Qfj LY -0 HWof Scfjuaseuragil ishmaintainedud isr  deri vat i ve

as ‘comgpr e.g. conpound tw ce as. potent as
5jr | uor ou?‘éég%%afrg%agﬁnbﬁéqagggﬁdg %’{]grﬁjél %ﬁﬁ“ﬁ% \Fee’ﬂ‘fregrfé)f‘@?gtfatﬁms@g%pound
hal f as pdiverturasl Kndwnie iesledtil o nemafels SR el Blctbih SRd iR ARO Ve

par anet er etc.). Z%ﬁ’ﬁ c) Podophyl otoxins Utilizing the podophyl otoxin

et oposi de?%gx%ﬁs ot AQmplthaual frrsoms embadiments fovgmdnugde!s mil be

i ' i k the int lar |ens,
Lot bd neificiRhS 14 BBl Srodiety STidoiPacllS si8rSST fahee appi | cd
shoul d notntreceled 162 STEaCE 306 Kt MilinRE[HVE adfvil]3b ma; tairﬁagaﬁgéi erbar !y

prefer%ed'enbodi ment, the total anmount of drug applied s e1rn 147 19
2/ 2 090 BNIRS BanEsysrA heas Wgseskrd manths. In a particularly preferred

embodiment the drug is released in effective concentrations for a period ranging
from 1 -12 weeks. Mt should be readily evident based upon the discussion provided
herein that analogues and derivatives of 5-flucrouracil (as described previously)
with similar functional activity can be utilized for the purposes of this invention; the
: ) 20  above dosing parameters are then adjusted according to the relative potency of
J : the analogue or derivative as compared to the parent compound (e.g. a compound
- twice as potent as 5-fluorouracil is adriinistered at half the above parameters, a
‘compound half as potent as 5-fluorouracil is administered at twice the above
parameters, etc.).
2_5 (c) Podophylotoxins Utitizing the podophylotoxin etoposide as an
example, whether applied as a polymer coating, incorporated into the polymers
- which make up the intraocular lens, or applied without a carrier polymer, the total
dose of etoposide applied should not exceed 25 mg (range of 0.1 ug to 25 mg). In

- a particularly preferred embodiment, the total amount of drug applied should be in
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the range of 1 pg to 5 ng. The dose per unit area (i.e. the armun%3 %‘22;‘5%7
as a fungg¢ 4l he surface area of the portion of the i {#

to which g&%g%%gmtappl i ed and/ or incorporated) should fall g\%\n&ﬁ%%’l A% range
of 0.01 pg - 100 pg per mmR of surface area. In a particularly preferred
enbodi ment, etoposide should be 5 applied to the intraocular |ens surface
at a dose of 0.1 pg/m®2 - 10 pg/m2. As different polynmer and non-pol yner
coatings will release etoposide at differing rates, the above dosing

par anet ers utili.zed in conbination with the release rate of the
drug from ttﬁgpéﬁrﬁ%r(gg'c‘lﬁ? 1q bI"égrsJﬂg‘ij‘ﬁ‘?saf'cBe%%harteﬁa(f-eath@cﬁm@%tr‘a‘tqrﬁﬁ asgf 10- 5-

10-6 M of @umiesicithd SufBtd s | ! urface
10 drug concentrati onsuexceéé'?amr(}%k%gm ﬁggﬁ%%gkﬁééﬁﬁﬁgwa@%abse
| ethal to applied ped/gr isicorratedi) ahanld falinghin(theeangs ef 01D16X§ €380gfg pt' 5 M

al t hough f r§§{m enbodi ments | ower drug levels will be sufficient). In a
pref erred o FHEfREe argp, fvaingsticulariy.pre embrtmeNts alopssislesshaulskbe

i ntraocyl apphRRBtoIHE fntthily b of ' Exiaty s jrai,ntained for a
period r anglpir)lg from rs?netter alléﬁ%ﬂt‘ff %ur?%%ée‘{/%rgggecégﬁr;d}/rﬁ/@ I HB;;‘%'&\"P i cdfarly

preferred diffetatitpelymertendinegpblymer!atings il ride! éts osig@!g;gmé,-ﬁ,gi ons for
a period raqgﬁl‘q fbom -12 weeks. It should be readily evident ased upon
t he di scus¥ ﬁ?a P¥e qorpsdaramptars shavld headtilized inepmpinatipeswigh theet oposi de

< . . . e f ; vy be otilived
for the: pur s @l Btfedntblh Helhirdhe by Hferd Supt il Bnciglionen
adj ust ed 20f HWrbot0fl Mopftetopdridd B Mhintsinde! RNE VieSEsdahe tdMaLAIHRL SUFESS | vative -

_ af)oconF@re to the 3 parent conpound (e.g. a conpound tw ce as potent as
etjop

e FHILIRFeRisatiNsExcged caneentrrtions ©f eteposidekuman tabedethaliocs hal f as

() Conbi nar oo Sistds oA Rlidl e ahudedior A0 TuEabEltnr spee 25 the.

di scussi orampsdirienesion®r ey lehals willHal Eidions. ™ ??‘%@ﬁ%@%b&ﬁﬁléﬂ?

.g.,
doxorubicin or mtoxantrone), fluoropyrimdines uorouracil),
folic aci Elopprideismelraseddram theveuifate eithe étraocmliaddop bytiotimatiangi- (e. g. |

et oposi de); ] uti.l 1 zed to ,enhance the antibacterial activity of the
O nt-PaocuI ?’;{rr‘{é?{e'\ﬁésjg%tg;ky il%g‘galr%gnmd' 9t # PeHRe FanRing Ifriol'?é§e‘(%f.abh9“'i§d$?cﬁq>§ﬁﬁaéi n or

i t OX¥s r anenths Ira paRuT B rBRsirdcPebodititht YK BRUPRYASBHTA LR 7199

concentrations for a period ranging from 1 -12 weeks. !t should be readily evident
based upon the discussion provided herein that anaiogues and derivatives of
etoposide (as described previously) with similar functional activity can be utilized
for the purposes of this invention: the above dosing parameters are then adjusted

20  according to the relative potency of the analogue or derivative as compared {o the

J | parent compound (e.g. a compound twice as potent as etoposide is administered

at half the above parameters, a compound half as potent as etoposide is
administered at twice the above parameters, etc.).
(d) Combination therapy. It should be readily evident based upon
25 the discussions provided herein that combinations of anthracyclines (e.g.,
- doxorubicin or mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracil), folic acid
- antagonists (e.g., methotrexate) and podophylotoxins (e.g., etoposide) can be
‘utilized to enhance the antibacterial activity of the intraocular lens coating.

Similarly anthracyclines (e.g., doxorubicin or mitoxantrone), fluoropyrimidines (e.g.,
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~ 5-fluorouracil), folic acid antagonists (e.g., nethotrexate) and/or

podophy! otwgigsgeeks 9., et oposide) can be conbined with tra%t/hgnﬁB{02/2007
antibiotic and/or antifungal agents to enhance efficacy. HHakyier19
I nfections Secondary to Contact Lens Use 5 Contact |lenses are primarily
used for the correction of refractive errors, but are also used after
cataract surgery (Aphakie |enses) and "bandage" |enses are used follow ng:
corneal trauma. Over 24 mllion people wear contact |enses and many of
themw | | guff . | cerative keratitis resulting from contact
- | ens- assoc?g{ug? lfr%@g?f’?{%ﬁ?'dﬁ{&%@mﬂﬁée@}.dﬂgthatrgxe%iaadlqr podaphdetoxinsi n

nat ure, ar&.40ea809 Ls,..and are caused
bty byl oot b8 R wiRFRReNE] Silaud e R Salitieg
" drug- coat i AgEHP teembatce dfficesys is identical to the embodi ment descri bed
above for intraocular |enses. In addition, doxorubicin, mtoxantrone, 5-
fluorouracil and/or etoposide can be added to contact |ens storage solution

to 15 prev@atneahinésitions Setanganyth €hnvid LicRk §fdeed cl eani ng/ st or age

solutions. It should be readil'y eviden of skill in the art that any

of the Ppreviously fGantadietesgesipsimaily desd forithy e8rrafibPPBicRgEGs: t her eof
eate variation of the above conpositions wthout

can be utiljze to c

devi ati ng ‘%r Odﬁnd?‘ﬁéf 3 B[SPi Ysedfiter sgtatae)seirggry (Aphakiedenseas) and 48amag3/ 099346

PCT/ USO3a7 Ed M TERM NATI ON BY M CROTI TRE

BROTH DI Lw%%l\r/g%g%ﬁﬂl.é:ﬂ' i@’ass‘?&&%%%étr@ ’QQWDE'H%@%%R'?W%HH"EGH tive

bact eri a $enoS admay ethentaiicusior fonporepidiioh leratistBSafhE FdnbYodgat o dam
I qul medl a,

D, 1996. Pusceptibil | 1¥ testing of antimcrobials in liq
p)52-111. 'TH |ated iptectipn. Theseintactions are typicallytbacieriabih cator, aféh ed.

1 {JKi ' . _Briefl a,variety of conpounds were
t est egm?o?e%ﬁégagg?rpgﬁi t%icrﬁ?@t%i?feg aPRd@re Pégﬁ%‘? Bgmﬁf'}%t?y Sendlosive K
pneunoni a&ock. andoPseuddmarRisdRTgiAbdSa and S. aureus in 10 the M C (m ni mum

i nhibitory concentration assay under aerobic conditions using
he drug-coating of contact lenses is identical to the embodiment

described above for intraccular lenses. In addition, doxorubicin, mitoxantrone, 5-
fluorouracil and/or etoposide can be added to contact lens storage solution to

15 prevent infection transmitted via infected cleaning/storage solutions.

it should be readily evident to one of skilf in the art that any of the
previously mentioned agents, or derivatives and analogues thereof, can be utilized

) }, to create variation of the above compositions without deviating from the spirit and
J 20 scope of the invention.
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96 well polystyrene mcrotitre plates (Falcon 1177), and Muell er Hi nton

broth at way&uessagbated for 24h. (MHB was used for nost te éimgo%ﬁig.‘@ﬂ/mﬂﬂ
(S. pyogenes), which used Todd Hewitt broth, and Haem)phl us I nfluenzae

whi ch used Haenophilus test nmedium (HTM) Tests were conducted in
triplicate. The 15 results are provided below in Table 1. 150 WO 03/ 099346
PCT/ US03?1~13 2 2 0 0 7 Table 1 Mnimm Inhibitory Concentrations of
Therapeutic Agents Against Various Gram Negative and Positive Bacteria P.

K. S. S Bactrial Strain aerugi nos.%gﬁggéa E. coli S. aureus epidermdi
pyogene a e s s PAE/ K79 ATCC1388 U 592 9 3 3 H187 C238 (498
C622 C621 C721 W W wt wt w wt Drug 4Gam- Gam- Gam- Gam+ Gam+

Gram + 3 doxorubicin 10'5 105 104 1% %8 6 10'7 mtoxantrone 10-5 106
10"5 10-5 10"5 105 5-fluorouracil 5@ fos 10"7 10 10 met hotrexate N

105 N 1075 N 105 @i@mgm THKP?\I\MQC(N&% I N NNN 10
N hydroxyurea 10 T@%%p#%%l n uberC| Iin N NNN 2-

N N N N nercaptopn
A MIC assay of various gram negative and positive bacteria

5 MIC assays were conducted essentially as described by Amsterdam,
D. 1996. Susceptibility testing of antimicrobials in fiquid media, p.52-111. In Loman,
V., ed. Antibiotics in laboratory medicine, 4th ed. Williams and Wilkins, Baltimore,

MD. Briefly, a variety of compounds were tested for antibacterial activity against

_ ) * isolates of P. aeruginosa, K. pneumoniae, E. coli, S. epidermidus and S. aureus in

10 the MIC (minimum inhibitory concentration assay under aercbic conditions using

| 96 well polystyrene microtitre plates (Falcon 1177), and Muelier Hinton broth at
37°C incubated for 24h. (MHB was used for most testing except C721 (S.
pyogenes), which used Todd Hewilt broth, and Haemophilus influenzae, which
used Haemophilus test medium (HTM)) Tests were conducted in triplicate. The

15 results are provided below in Tabie 1.
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" pedi ococcus), 5-fluorouracil (both st

e 6- NNN nercaptopne 3 Cytarabine NN NN 5 Activities are in Ml ar

concent r atwonseddbse— Wil d type N = No activity B. MC of ,USOT%?_(IQZ/2OO7
antibiotic-resistant bacteria 10 Various concentrations of %e ol I"'owi ng

conpounds, ‘mtoxantrone, cisplatin, tubercidin, nethotrexate,

5-fluorouracil, etoposide, 2-mercaptopurine, doxorubicin,
6- mer capt opuri ne, canptothecin, hydroxyurea and cytarabine were tested for
antibacterial activity against clinical isolates of a nethicillin resistant

S. 151 WD 03/099346 PCT/USJP6782 / 2 0 0 7 aureus and a vanconycin

- resistant pediocoocus clinical isolate in an M C assay as described above.

Conpounds -whi ch showed i nhibition of growh (M C value of <1.x 10-3)

i ncl uded: mtoxantrone (both strains) r'[et hot rexat e (vanconycin resistant
I8 d) " et oposi de(both strains), and

5 2-mer capt opur i ne Mindnyonipbibitone€oacenttativedicd Jbecap)utic BYANRLE 2 CATHETER -

DI P COATI NG - NON- DESBADABVENRG BriiR Negatiabiang Raditivie Bactefapr epar ed by

di ssol vi ng g—Chronoklex AL 85A (. CT Bionpterials) in 100 ni DVAC. THF

0.
O Y 4

(40:60) afl OC wi,Lh L] ring. Offe 1q dissolved, the pol yder dol usion]is
cool ed’ t o |rESWRERPer 2 YFR0S 2@"‘%‘(9"0”%' t & &%ff rjone apeuadd epideronidi |yogénet he
pol yur et hgne—sottt o ‘ﬁ“; °0'1-f 1n§ He-—stirried. untill a hénmogani 08s n xture
i s obtai ngd. Pol yuretg{ja% Y I'—?r F? ?Ltﬂeﬂao?s ?IT%?@SZ i nto the|pol yner{drug
sol uti on gmo—then withdeaw-(—The—coatied_tube @-&Li—d’r ied (80C). The
sanpl e i s[themrdriec e %‘?gm t-o {3 herl $8%8uce tIHebFesi 4417215 Shl vent
in the cofifho EXAYREE-3-CATETER P COAMING - DEHMADABLE| Pt YVER
3 ram - ram - Gram - | Gram + Gram + Gram +
) doxorubicin | 10°° 10 104 10° 107 107
‘ mitoxantrone | 10° 107 10° 10° 10 10

S5-fluorouracil | 10°° 10° 10° 107 107 10

methotrexate | N 107 N 107 N 10°

etoposide N 10° N 10° 10° 10° -

camptothecin | N N N N 10* "IN

hydroxyurea | 10 N N N N 107

cisplatin 107 N N N N N

tubercidin N N N N N N

2- N N N N N N

mercaptopuri

ne

6- ' N N N N N N
N mercaptopuri :

)} ne
\) Cytarabine N N N N N N
9 Activilies are in Molar concentrations
Wi = wild type
N = No activity
B. MIC of antibiotic-resistant bacteria
10 . Various congcentrations of the following compounds, mitoxantrone,

cisplatin, tubercidin, methotrexate, 5-fluorouracil, etoposide, 2-mercaptopurine,
doxorubicin, 6-mercaptopurine, camptothecin, hydroxyurea and cytarabine were

tested for antibacterial activity against clinical isolates of a methicillin resistant S.

161



A coating solution is prepared by dissolving 2 g PLG (50:50) in 10 nmL ~

di chl or ongidpas@osit hanol (70:30). Once dissol ved, 20ng m tﬁéﬁ%ﬁﬁﬂ#§y2007
added 20 to the polyner solution. Once the solution is a honogeneous

sol ution, polyurethane 7 French tubing is dipped into the solution and then
wi thdrawn. The coated tube is air dried. The sanple is then dried under
vacuumto further reduce the residual solvent in the coating. 152 WD
03/099346 23/02/ 2007 PCTIUS03/16719 EXAMPLE 4 CATHETER DI P COATI NG DRUG

ONLY 1 niL ' , i P th 7 F h
Cubing 15 SelSaRl 4 Sartchfiftin Mo laMth i AR FRGAL Rl HEA L BE rseinss <
5 air dri edesciihed shope eCompobads AhicOshovaR! innasisBHToE Grolwih TDIRE vagdyge the

resi dual (sd%bvqét i.n the coating EXAMPLE 5 CATHETER - DI P"COATI NG - DRUG
| MPREGNATI ONYS 18-Hhindeded:ipitoxantrangd Bothostoaingly metheixexate ¢vancomytiml. DVAC i s

10 added a ubjng is.di d,into the sol ution.
Af ter va??gﬁ{say‘%g??%g&o g)t ?ﬁlénggfrﬁﬁﬁ&o& ﬁirﬂgsﬁd"tﬂ?‘%&%"%ﬁ}m%hﬁ% t he
tube e winenchptopuring @vaneahidinirebRidnt pelilocdtb@s). (80 C). The sanple is
then dried under vacuumto further reduce the residual solvent in the
coating. EXAMPLE 6 15 TYMPANOSTOW TUBES - DI P COATI NG - NON- DEGRADABLE
POLYMER A coating solution is prepaﬁﬁ(\@yl_%ii solving 20 g ChronoFl ex Al 85A
(CT Bionaterials) in 100 nt. DVAC T 0: G)S

di ssol ved, the pol ymiATSETER i-©WF COATINOL-NbN-OECRAMBIETMEAERT €. 20 Ny
mtoxantrone is added to 2 nL of the pol yurethane solution. The sol ution
is stirred until a 20 honobgeni ous m xture is obtained. A stainless steel

t ﬁnpanost ony tube i & @aipasolutionds prepaped Yyreligsiviog 2019, Chmmofiek AIBSA
Wt hdr awn P RaRH3%S) 14 180 ML BMACTHEY40:60) at 50°C with stirring. Once

10 dissolved, the polymer solution is cooled to room temperature. 20 mg
mitoxantrone is added to 2 mL of the polyurethane solution. The solution is stirred
until a homogenious mixture is obtained. Polyurethane 7 French tubing is dipped
into the polymer/drug solution and then withdrawn. The coated tube is air dried

(80°C). The sample is then dﬁed under vacuum to further reduce the residual

15 solvent in the coating.

EXAMPLE 3

CATHETER — DIP COATING ~ DEGRADABLE POLYMER

J : A coating solutiori is prepared by dissolving 2 g PLG (50:50) in 10 mL

dichioromethane:methanol (70:30). Once dissolved, 20mg mitoxantrone is added
' '20 to the polymer solution. Once the solution is a homogeneous solution,
polyurethane 7 French tubing is dipped into the solution and then withdrawn. The -

coated tube is air dried. The sampie is then dried under vacuum to further reduce
the residual solvent in the coating.
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at 50 Cwith stirring. Once ~



into the polymer/drug solution and

)

(80 C). The sanple is then dried under vacuumto further reduce the

" residual wolpyaRizyg N the coating. 153 9 - WO 03/099346 PCT/US03/287D2/2087

0 0 7 EXANMPLE 7 CATHETER - DI P COATI NG - NON- DEGRADABLE POPYRMERP3AISIHat i ng
solution is prepared by dissolving 20 g ChronoFl ex Al 85A (CT :
Biomaterials) in 100 nL THE at 50 Cwith stirring. Once dissolved, the 5
pol ymer solution is cooled to roomtenperature. 20 ng etoposide is added to
2 mL of the polyurethane solution. The solution is stirred until a
honogeni ous m xture is obtai ned. POLJ-EXHW pe 7 Fr ench tubing is dipped
hen withdrawn. The coated tube is air
dried (80 C). The sanpl e i sCafwETERH BEb camiey- BagYWR¥0 further reduce the
residual solvent in the coating. 10 EXAMPLE 8 CATHETER - DI P COATI NG -

- DEGRADABLE POLYMER A_coating solution is prepared by dissolving 2 g PLG

(50:50) in 10 nL di EMoMSHENRAISaddacHaRs moanitae)ntrodec Palyeetiared; 20Ny
t i de | - Lyt Once the so] ution i
hombgeneous e uaeinkfs digbediRotE ol Bl HetdneR Vit Sharcanid the s t he

sol uti oR aAi dribdn Twetsatmpeis theheiredalmer U885 ' ' le is
t hen dri e%étndetr. acuumto further reduce the ?‘éé‘?ﬁ(fﬁ% éago t\%%s;%ﬁgfhe
coati ng. KBEE ' EQIOBER - DI P COATING - DRUG ONLY 20 1 nlL THE i s added
to 20 ny etoposide. Polyurethane 7 French tubing is dipped into the
solution and then withdrawn. The coated tube is air dried. The sanple is
then dried under vacuumto further FogwmrRLEm®e residual solvent in the

- coating. 154 WO 03/ 0993&? 23/ 02/ 2007 PCT/ US03/ 16719

THETER — DIP COATING —~ DRUG IMPREGNATION

0.6 mL methanol is added to 20 mg mitoxantrone. 1.4 mL DMAC is
10  added slowly. Polyurethane 7 French tubing is dipped into the solution. After
various periods of time (2 min, 5 min, 10 min, 20 min, 30 min}) the tube was
withdrawn. The coated tube is air dried (80 °C). The sample is then dried under

vacuum fo further reduce the residual solvent in the coating.

EXAMPLE 6
15 TYMPANOSTOMY TUBES — DIP COATING — NON-DEGRADABLE POLYMER

A coating solution is prepared by dissolving 20 g ChronoFlex Al 85A

.. 7 /} ‘ ‘ ‘
J (CT Biomaterials) in 100 mi DMAC:THF (50:50) at 50 °C with stirring. Once

dissolved, the polymer solution is cooled to room temperature. 20 mg mitoxantrone
| is added to 2 mL of the polyurethane solution. The solution is stirred Lmtii a
20 homogenious mixture is obtained. A stainless steel tympanostomy tube is dipped
into the polymer/drug solution and then withdrawn. The coated tube is air dried

(80 °C). The sample is then dried under vacuum to further reduce the residual
solvent in the coating. |
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EXAMPLE 10 CATHETER - DI P COATI NG - DRUG | MPREGNATI ON 0. 6 nL net hanol i'Sk '
added to Iwé ¢dlodyAC whi ch contains 20 ng etoposide. Pol yg@qﬁ%&#ﬁ)ﬁﬂ%ﬁﬁﬁ

tubing is dipped into the solution. After various 5 perio (2
mn, 5mn, 10 mn, 20 mn, 30 mn) the tube was wi thdrawn. The coated tube
is air dried (80 C. The sanple is then dried under vacuumto further
reduce the residual solvent in the coating. v 10 EXAMPLE 11 TYMPANOSTOW

TUBES - DI P COATI NG - NON- DEGRADABLE POLYMER A coating solution is prepared

by di ssolving 20 g ChronoFl ex Al 85%%%9n&t erials) in 100 nL DVAC. THF
(50:50) at 50C with stirring. Once I ssoIIVed the pol yner solution is

cool ed to room t enper SAURETERZODIFICEATINGS IN-DEGAAD AL ERBLIMER ML of the
pol yur et hane solution. The solution is stirred until a honobgeni ous m xture

is obtained. A stainless steel tynpanostony tube is dipped ) into the

pol ymer/ drug sol ut i oft cRating relvtion isnareaared M dissolviner2® ylBhrosoBlek Aligisad 3 -
(800). Theélagm .S i der..vacuum t.o further reduce the residual
sol vent inihe éﬁ%ﬂtl ﬁigswﬁ%gﬁiﬁﬂﬁﬁaﬁ%ém@& TIRGT seirethdREerRUBI CI N TO
A POLYMER [@DAREPsBIGUbER Codlo &8 rad a F | i 4h and
wi t hout an oxygen plasma pret rreatmnepﬁj{]p‘éé’{ag%? :@%ﬁgp%gﬁggﬂ%‘% (%:)Ejét&g;oqﬁémjr of
5% (w w) pYithg Beiarethane soluliony Mhe sobitity is 1stifel urifhe heawYepiowsmitiedsat 45
Cfor 3 h h ted tyhin 5 WO 03/099346 PCT/ US0671~ 2/ 2 0 0 7
was then 3%56%8831 ﬁg)@ﬁgetﬁg@%??@?%@,ng( @&*ﬁ@sdg £ (he pRlvERsdrumselatiord 1- (3-
di met hyl amandaheamithdraws! ITH ubBlid Sir (i) 2 nil or uhi.ci n.
After wvarious tines (15 m E%%%Lﬁ&%glrm n 1@8% nﬁ‘%mﬂﬁ[j?%eﬁ 5"?%m)ve‘d

from t he $®Hdaf vaeuumdo furthet radu®Othe rbsidual sulvest ih thé evBshdqy vacuum drying - -
for 24 hours. 5 EXAMPLE 13 COVALENT ATTACHVENT OF DOXORUBI CI N TOA DEVI CE

SURFACE
10 EXAMPLE 8

CATHETER — DiP COATING — DEGRADABLE POLYMER

A coating solution is prepared by dissolving 2 g PLG (50:50) in 10 mL
dichloromethane:methanol {70:30). Once dissolved, 20mg etoposide is added to
the polymer solution. Once the solution is a homogeneous solﬁtion, polyurethane

15 7 French tubing is dipped into the solution and then withdrawn. The coated tube is

air dried. The sample is then dried under vacuum to further reduce the residual
solvent in the coating.

) . "~ EXAMPLE 9
CATHETER - DiP COATING - DRUG ONLY

20 1 mL THF is added to 20 mg etoposide. Polyurethane 7 Frerich
tubing is dipped into the solution and then withdrawn. The coated tube is air dried. -
The sample is then dried under vacuum to further reduce the residual solvent in
the coating. |
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- A piece of polyurethane 7 French tubing that has undergone a oxygen pl asma
pret r eat Mg oSheRgd S di pped into a water: nethanol (30:70) sol utidd/&%haz2007
cont ai ned 1-(3-di net hyl am nopropyl ) - 3- et hyl car bodi i ni de ( BiYUaR@62 10
ng/ mL Doxorubicin. After various tines (15 mn, 30 mn, 60 mn 120 mn) the
tubing is renoved fromthe solution and dried at 60 C for 2 hours foll owed
by vacuumdrying for 24 hours. 15 EXAMPLE 14 | MPREGNATI ON OF
5- FLUOROURACI L | NTO POLYURETHANE CATHETER A sol ution was prepared by
di ssolving 100 ng of 5-Fl uorouraci lEkﬂRﬂD Ezqom anhydr ous net hanol .
-~ Pol yur et hane cat heter tubing was irmerseo,'l'n this solution for 16 hours.
The catheter tubing wasCyaEaR-DIPELAINGOOH S IMBREBAMASN 20 EXAMPLE 15
~ | MPREGNATI ON OF M TOXANTRONE | NTO POLYURETHANE CATHETER A sol ution was

“ prepared by dissolving 20 of Mtoxantrone-2HCI into 20 m anhydrous

met hanol . Pol yur et hé)ngnﬁ-a’inﬁ lisuasideg taclks4 intnBIMAQ vihich d&ita® 203h@99346

23/ 02/ 2007, S ' i | ution. for 16. hours. The cat heter tubing
was vaclzguurﬁ ggﬁg&atﬁ g(gé?t&%r'é ?(ﬁ e'ﬁ@hﬁ@’.’”ﬁ/&fﬂﬁw 9 yprieNAHtenyareus
DOXORUBH Cleriphis Of REe Y RREHHONGNCAT HEAESD Mis 30 ki )

di ssol vi ngr Zo%gﬁgf Doxor ubi ci n- HCl 1 nt ol 20 ﬂ’%ﬁﬁ?g?%g@g%n%ﬁﬁﬁ%?i

Pol yur et hah€ tube is giideigd\(88 °ComBhe sample isithen deet] uhtienvi@iunt b hours.

The cat hetrgindryhi riied at 50C for 16 hours. U 10 EXAMPLE 17
POLYURETHARE DI EH%%E@@?%‘?%EMH%%A sol ution was prepared by

di ssolving 125 ng 5-Fluorouracil and 2.5 g of Chronoflex AL85A (CT
Biomaterials) in 50 nl of THE at 55C. The sol ution

i

10 EXAMPLE 11
TYMPANOSTOMY TUBES — DiP COATING — NON-DEGRADABLE POLYMER

A coating solution is prepared by dissolving 20 g ChronoFlex Al 85A
{CT Biomaterials) in 100 mL DMAC:THF (50:50) at 50°C with stirring. Once
dissolved, the polymer solution is cooled to room temperature. 20 mg etoposide is
15 added to 2 mL of the polyurethane solution. The solution is stirred until a

homogenious mixture is obtained. A stainless steel tympanostomy tube is dipped

i -
s

into the polymer/drug solution and then withdrawn. The coated tube is air dried

J (80°C). The sample is then dried under vacuum to further reduce the residual
solvent in the coating.

20 ' EXAMPLE 12

COVALENT ATTACHMENT OF DOXORUBICIN TO A POLYMER COATED DEVICE

A piece of polyurethane 7 French tubing, with and without an oxygen
plasma pretreatment step, is dipped into a solution of 5% (w/w) poly(ethylene-co
_ acryi_ic acid) in THF. The sample was dried at 45 °C for 3 hours. The coated tubing
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was cooled to roomtenperature. Polyurethane catheters were weighted at one

15 end ang; d%gﬁﬁ gl N solution and then renoved i medi at el Yp 1];@%({53%@2 2007
repeate ee tines with 1 mnute drylngtlmemterva(f each

d| pp| ng process. The catheter tubing was vacuumdried at 50C for 16 hours.

EXAMPLE 18 20 POLYURETHANE DI P COATI NG W TH 5- FLUOROURACI L AND PALM TI C

ACI D A solution was prepared by dissolving 125 ng 5-Fl uorouracil, 62.5 ng

of palmtic acid, and 2.437 g of Chronoflex AL85A (CT Biomaterials) in 50
m of THE at,55C. Th$ sol ution was cooled to roomtenperature.

Pol yur et hati@® theit fieped intgerwaigemathane! 430:RbsHton that @oplaierd (3ol ut i on and

t hen renoy ,ggmg,%g h al
m nut e dr y(?ﬁjgaﬁlé @%y8&%8%%5@%’%?33%75&%}1@6@{%&%{@? val
bet ween eaiods piphesy 15rmine $6.mikNB0 Gk Z0ahin) the AHIVER reaovedim ask at  50C
for 16 hour EXA% E 19 5 CATHETER DI P COATI NG W TH NAFI ON AND

M TOXANTRGQE‘“O&R %@%afa@% o hedrsdoliowed by yagramaingisedor A4 boBes. Naf i on
solution (Dupont) and then renoved i nmediately. This process was repeated
three tines with a 1 minute drying time interval between each di pping
proces® The catheter tubing was dEXAMPAE tdom tenperature for 2 hours. A
sol ution was 10 prﬁzg)ared wth | b{}%of m t oxantrone-2HCI in 40 m of

dei oni zed water. VAENTHETATHMEN| QFP RERRUBIFH TOAPEVICE $FéRFRA6EUt i on for -5

m nutes, and then was washed w th deionized water and dried at room

t ture. EXAMPL THERE] T TH,NAEL ON AND_DOXORUBI CI N
CSFE:[ Zr g r :r e wei ghﬁﬁgc%éf ne ;J{‘EE\?Q Ef%l?g' upﬁg\/\‘lgﬂlﬁyptgg{gone S
sol ut i on( Dy plaan ﬁrb&aatrrﬁémwb IsTABEe IS ¥ watBr- a1 330:v0FsolafiGRt ed -

three times with a 1 minute drying tinme interval between each di pping

_ process. that contained 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDC) and 20

10 mg/mL Doxorubicin. After various times (15 min, 30 min, 60 min 120 min) the
tubing is removed from the solution and dried at 60 °C for 2 hours followed by

vacuum drying for 24 hours.

15 EXAMPLE 14

IMPREGNATION OF 5-FLUOROURACIL. INTO POLYURETHANE CATHETER

A solution was prepared by dissolving 100 mg of 5-Fluorouracil into
20 mil anhydrous methanol. Polyurethane catheter tubing was immersed in this

20 solution for 16 hours. The catheter tubing was vacuum dried at 50°C for 16 hours.

EXAMPLE 15

IMPREGNATION OF MITOXANTRONE INTO POLYURETHANE CATHETER

A solution was prepared by dissolving 20 mg of Mitoxantrone-2HCI

| into 20 ml anhydrous methanol. Polyurethane catheter tubing was immersed in_
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The catheter tubing was-dried at roomtenperature for 2 hours. A sol ution
was 20 prep@osfedsd N 1 My of doxorubicin-HCl in 40 m of deioni z83A%2£2007
The catheter tubing was i mersed in the solution for 5 nmi RGTAUSI/AY t hen
was washed with deionized water and dried at roomtenperature. 158 WO
03/ 099346 23/02/ 2007 PCT/US03/ 16719 EXAMPLE 21 PREPARATI ON OF RELEASE
BUFFER The rel ease buffer was prepared by adding 8.22 g sodium chloride,
0.32 g sodi um phosphat e nonobasi ¢ (nonohydrate) and 2.60 g 5 sodium

rous) .to a beaker. 1 L HPLC grade water was added

phosphat e di.bas nh
‘and the soﬂ[ﬁ PB‘IH?Rég) s{q *mra dheicathgter ubingswas yaguure diied 15080 forl 16

requi red, hbgspH of the solution was adjusted to pH 7.4 0.2 using either
0.1 N NaOH or 0.1 N phosphoric acid. 10 EXAMPLE 22 RELEASE STUDY TO

- DETERM NE RELEASE PROFI LE OF THE THERAPEUTI C AGENT FROM A CATHETER A

sanpl e of the therapeutic agent-| oaded cat heter was placed in a 15 nL
culture tube. 15 nlL rel ease buffer Ie 21) was added to 15 the
culture tube. The tube was seal ed tfeﬁﬁon | ined screw cap and was

I d h
Durior {5 it nor v s g {RuCE R B%Yimﬁ‘a%@ﬁ%ﬁii%g CATAGRER 1 osh

buffer. The withdrawn buffer is then anal ysed for the anpunt of

t herapeutic agent @osdlaligrewas prédirsd By idigdol i PLC
ANALYSI S %,—E PEUTI C AGENTS | i Sioiyife g0 i of B Wﬁ'ﬁ&?’m

chr omat og oW melangdr Bolysieethane qameterftybmgavasalmafsedfln this
ther apeut g 48R 18 hbO%. T AiEotIF gubmg WhR Yachumdried] at2509’07for 16 hours.

10 . EXAMPLE 17

POLYURETHANE DiP COATING WITH 5-FLUOROURACIL

A solution was prepared by dissolving 125 mg 5-Fluorouracil and 2.5
g of Chronoflex AL85A (CT Biomaterials) in 50 mt of THF at 55°C. The solution
was cooled to room temperature. Polyurethane catheters were weighted at one
15 end and dipped in solution and then removed immediately. This process was
repeated three times with 1 minute drying time interval between each dipping
o process. The catheter tubing was vacuum dried at 50°C for 16 hours.

EXAMPLE 18

20 POLYURETHANE DIP COATING WITH 5-FLUOROURACIL AND PALMITIC ACID

A solution was prepared by dissolving 125 mg 5-Fluorouracil, 62.5
mg of palmitic acid, and 2.437 g of Chronoflex AL85A (CT Biomaterials) in 50 mll of
THF at 55°C. The solution was cooled to room temperature. Polyurethane
catheters were weighted at one end and dipped in solution and then removed

25 immediately._ This process was repeated three times with a 1 minute drying time
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interval between each dipping process. The catheter tubing was vacuum dried at

50°C for 16 hours.

EXAMPLE 19
5 CATHETER DI COATING WITH NAFION AND MITOXANTRONE

Catheters are weighted at one end and dipped into 5% Nafion
solution (Dupont) and then removed immediately. This process was répeated
B three times with a 1 minute drying time interval between each dipping process.
) The catheter tubing was dried at room temperature for 2 hours. A solution was
10 prepared with 1 mg of mitoxantrone-2HCI in 40 ml of deionized water. The
catheter tubing was immersed in the solution for 5 minutes, and then was washed

with deionized water and dried at room temperature.

EXAMPLE 20
15 CATHETER Dir COATING WITH NAFION AND DOXORUBICIN

Catheters are weighted at one end and dipped into 5% Nafion
solution (Bupont) and then removed immediately. This process was repeated
) three times with a 1 minute drying time interval between each dipping process..
_ The catheter tubing was dried at room temperature for 2 hours. A solution was
20 prepared with 1 mg of doxorubicin-HCI in 40 ml of deionized water. The catheter
| tubing was immersed in the solution for 5 minutes, and then was washed with

“deionized water and dried at room temperature.
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EE EEEE ¢c~xE E 70X On UNOQNUNN UWw UU} QQ
ONC (a Gvo@3mesdss0) MO O Oa E QO2cc 700 I-L WO 03/08383462/2007
23/ 02/ 2007 PCT/ US03/ 16719 EXAMPLE 24 EFFECT OF PALM TI C ARG BUSHH/ 167
RELEASE PROFI LE OF 5- FLUOROURACI L FROM A POLYURETHANE FI LM A 25% w v)
Chronofl ex AL 85A (CT Biomaterials) solution was 5 prepared in THE. 50 ng
5-fluorouracil was weighed into each of 4 glass scintillation vials.
Various amount of palmtic acid were added to each vial. 20 nL of the

. pol yuret hane sol ution was added to i [l ation vial The sanples were
.rotated at 37C until the solids had all dissolved. Sanples were then cast
as filnmns PREPARATION OF RELEASE BUFFER

The release buffer was prepared by adding 8.22 g sodium
chioride, 0.32 g sodium phosphate monobasic (monohydrate) and 2.60.g
5 sodium phosphate dibasic (anhydrous) to a beaker. 1L HPLC grade water
was added and the solution was stirred until all the salts were dissolved; If
required, the pH of the solution was adjusted o pH 7.4 £ 0.2 using either
0.1N NaOH or 0.1N phosphoric acid.

10 EXAMPLE 22
RELEASE STUDY TO DETERMINE RELEASE PROFILE OF THE THERAPEUTIC
AGENT FROM A CATHETER

A sample of the therapeutic agent-loaded catheter was placed
ina 15 mL culture tube. 15 mL release buffer (Example 21) was added to
15 the cuiture tube. The tube was sealed with a Teflon lined screw cép and
was placed on a rotating wheel in a 37 °C oven. At various time point, the
) buffer is withdrawn from the culture tube and is replaced with fresh buffer.
: } The withdrawn buffer is then analysed for the amount of therapeutic agent

\) contained in this buffer solution.

20 | ' EXAMPLE 23
HPLC ANALYS!S OF THERAPEUTIC AGENTS iN RELEASE BUFFER

The following chromatographic conditions were used to quantify the

amount of the therapeutic agent in the release medium:
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using a casting knife on a piece of release liner. Sanples were air dried

and t hen va?gglbﬁgﬁover ni ght under vacuum A portion of theg&ﬁﬁ@@%ﬁ%M@O?
t

used to perform release studies (Exanple 22). Figure 1 sh ect of
palmtic acid on the release profile of 5-fluorouracil. EXAMPLE 25 15

RADI AL DI FFUSI ON ASSAY FOR TESTI NG DRUG | MPREGNATED CATHETERS AGAI NST

VARI OUS STRAI NS OF BACTERI A An overnight bacterial culture was diluted 1 to
5toafinal volume of 5 3 ms fresh Mieller H nton broth. Then 100 | of
the diluted bactierical fcufture were spread onto Mieller Hi nton agar plates.
Atest material {(.] cathetef tubing), wth 20 or w thout drug, was '
pl aced on the cerﬂ%réof%th pﬁate. For exanple, catheters are typically 1
cmlong and aboyt®3& mih angter (which nay be nmade of pol yurethane,
silicon or other} stitfgble matefial) and are | oaded with drug either
through di p-coatfing of thropgh] use of a drug-inpregnated coating. The
plates were ingubat-gf 3FC for 16-18 hours. The zone of -clearing around
a test 25 naterildd 3w@p ®hen| nepsured (e.g., the distance fromthe catheter
to where bacterisaf gfowth js jnhibited), which indicated the degree of
bacterial growth "T6l W) 03099346 PCT/US03/31671 212 0 0 7 prevention.
Vari ous bacteri aln:::_sgaims ®hatf may be tested include, but are not limted
to, the follow ng: "Ecplij C4 UB1005, P. aeruginosa H187, S. aureus 622

ATCC 25923, and%S;u,ep dgrmldi § C621. One cm pol yur et hane cat heters coated

—+

o

©
oo

wi th 5-fl uorour CEI-E deve 5 concentrations (2.5.nmg/nL and 5.0 ny/ )
wer e exam ned f rg& i rrjeft against S. aureus. The zone of inhibition
around the cat h¢t@s [codt ed a solution of 2.5 ng/nL 5-Fluorouracil and .-

D =
a2

pljaced on Muiel | er—Hi-rAtot—adar|pl ates as descri bed above was 35x39 mm and
for the cathetels cod:eclcin ajsolution of 5.0 mg/nL 5-Fluorouracil was
30x37 mm Cat hefers withgut] dqug showed no zone of 10 inhibition. These
- results denonstfate tlhe [€ffii cgcy of 5-fluorouracil coated on a catheter at
inhibiting the propt | of2S.| @Ureus_ 15 Fromthe foregoing, it will be
. ) . .
appreci ated thap, =l tlhogdh spgcific
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~enbodi nents of the invention have been described herein for purposes of

i |1 ustrat iyah gspy@gic0Us nodi fications may be made wit hout dﬁ¥%atin 302087
spirit and scope of the invention. Accordingly, the inve OHEoHt
limted except as by the appended clains. 162 Clains 1. A nedical inplant
whi ch rel eases a fluoropyrimdine, wherein the inplant conprises 0.1 g to
1 mg of a fluoropyridine per rm2 of inplant surface area, wherein the
fluoropyrimdine is in an amount effective to reduce or inhibit infection
associated with the nmedical inplant. 2. The nedical inplant according to
-claiml wherein said inplant is covered or coated in whole or in part with
a conposition conprising a fluoro@xXArmEdiEe4 3. The nedical inplant
~according to claim1 or,_2 wherein said_ fluoropyrimdine is 5-fluorouracil.
4. The nedi cal EF&%&F%&W%AW& N THRREFASE PROEILE OFS-ALUCRCBRADIEr ei N sai d

medi cal inplant further conpri “SFE%' | The nedi cal inplant
according to claim4 wherein sal ggpgyr%éﬁﬁéh’gp'%i odegr adabl e pol yner. 6.

The nedical inplant according to claim4 wherein said polyner is a

non- bi odegr adabl e pAl2BYRiw/v)IChroaefleR AiC8EA (OPIEBS ' aim4 _

wher ei 3 sai d pol ?/rrer is a polyurethane. 8.( The rrg%%g)%ﬂrr%f)gg’rﬂaccordi ng

to cl am I?f‘%}i?‘é thHﬁe‘S%mgﬁaﬂ@@rngsr@cﬂi was weighedddtof eanh gfel glass seintillation

ur et hanesyg I%/[f?%%ﬁ \ | y(ester-urea), . and pol y(carbonate

ur et hanejs)lfa 980\/ e e |%%%B%Bﬁ§%?c§8%ééed?cﬁfgeq@% i iglg aﬂ_dBFé’i% Sai d

pol yner i polguretiodng saitidriwas adaby t0 bhek scintifttiohial 76 %Sﬂllp% whp@! ant

according to claim4 wherein said polymer is a cel l u?ose- erived pol yner

s§l ect ed TR A 87 de emtikthe selids bad @il ckssohest aBamples were then cast as films

- using a casting knife on a piece of release liner. Samples were air dried and then
10 dried overnight under vacuum. A portion of these samples were used to perform

release studies (Example 22). Figure 1 show the effect of palmitic acid on the
release profile of 5-flugrouracil.

EXAMPLE 25
15 RADIAL DIFFUSION ASSAY FOR TESTING DRUG IMPREGNATED CATHETERS

AGAINST VARIOUS STRAINS OF BACTERIA

- , An overnight bacterial culture was diluted 1 to 5 to a final volume of 5
| ;} mis fresh Mueller Hinton broth. Then 100 pl of the diluted bacterial culture were
' | spread onto Mueller Hinton agar plates. A test material (e.g., catheter tubing), with
20  or without drug, was placed on the center of the plate. For example, catheters are
typically T cm long and about 3 mm in diameter (which may be made of
polyurethane, siticon or other suitabie material) and are loaded with drug either
through dip-coating or through use of a drug-impregnated coating. The piates
were incubated at 37°C for 16-18 hours. The zone of clearing around a test
25 material was then measured (e.g., the distance from the catheter to where

bacterial growth is inhibited), which indicated the degree of bacterial growth
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butyrate, and cellul ose acetate propionate. 11. The nedical inplant '
accordi ng Wgﬂg,h@gm 4 wherein said polynmer is selected fro “WHSX%@&G;‘I 807
acrylic or methacrylic copolymers, cellul ose- derived pol yners ryl ate
and net hacryl ate copol yners, and bl ends thereof. 12. The nedical inplant
according to any one of clainms 4 to 11 wherein said polyner provides for
rel ease of the fluoropyrimdine in effective concentrations for a period
rangi ng from several hours to several nonths. 13. The medical inplant
accordi ng pfevehfidm Wgﬁmﬁfdtgriﬁ%'h%ir%oﬂ%[rﬁ{ax Hﬁg@ﬂé%eiﬁcfuﬂﬁ gﬁl gl%sﬁotcm'qife%e
fluoropyrimdine in effective concentrations for a perirbd ranging from one
day to thrieethioilheingt £ coh€488 B H0S, M aenigireszoH I8 NAS taureby ez of t he
the inplant conprises 0.1 gto 1 g

S . : :

Plrﬁgreo:oggi%rgb%ggglere APt {e62lr f ace area. 15. The nedical inplant
di t i A I i 1 i |

16 80 g 11 uor opyr  m Qe e caintBfs Eodloliitn 5 FRoMlaEPBTGRES |

i mpl ant5 acwwantigtioms (g raAel eindc.8img/niL )iwerk%exananed forltheir oiffélt agdinst
conpri ses % 0 % to_250 ng fluoropyrimdine. 17. The nedical inplant
accor di ng P-0AHRYS-ohBegpne phinkibition graund hecathetencoatepinnasolubioprdfses 10 g

to. 25 ng f4 e r & A, di : i iLmpl ant _according t.o a ne of
the prec e(% Egﬁ@% %ﬁlﬁrﬁgﬁaﬁigngg'%ﬁﬁﬁlgmf "éﬂ@gﬁtan aHes pliaﬂefse%? F9§c t. 19.
The nedi cabaveasd5x8ecatiand fdothel Qithetss BOEEE iM a SOUBACETEI0 H/ml,

i nfective a‘gent is an anti-bacterial or antifungal agent. 164 20. The

medi cal i pf &Rfowaeibwas 3§x3 6 mmalGatheterhwithout driig showeddamneie of nf ect i ve

gent 4 orohi G it t . .21...The nedical i t ding to:
AN ol o HPEER, Treed Feslleb AT i RSB Bt 2 et or
N anti pl sheetér Ad6MbIting2he FREWARTIS Aurbgp! ant according to any one of

clains 1 to 17, further conprising heparin, dextran sul phate, danaparoid,
| epi rudin, hirudin, AWP,

15 From the foregoing, it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
- illustration, various modifications may be made without deviating from the spirit
and scope of the invention. Accordingly, the invention is not limited except as by
the appended claims.
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adenosi ne, 2-chl oroadenosi ne, aspirin, phenyl butazone, indonethacin,
nmecl of enamat e, hydrochl oroqui ne, dipyridanole, iloprost, ticlopidine,

cl opi dogrel, abcixamab, eptifibatide, tirofiban, streptokinase, or tissue
pl asm nogen activator. 23. The nedical inplant according to any one of the
preceding clains wherein said nedical inplant is a vascul ar catheter,
prosthetic heart valve, cardiac pacenaker, inplantable cardioverter
defibrillator, vascular graft, ear, nose, or throat inplant, urological

i npl ant, endotracheal or tracheostony tube, dialysis catheter, CNS shunt,
orthopedic inplant, thread, suture, orClaignd ar inplant. 24. The nedi ca

i npl ant according to any one of the preceding clains wherein the inplant
conprises a coating that conprises the fluoropyrimdine and the polyner.

25. The nedical 24 h h
comt 1 ses. - agefh RatreC PRk VLR fidsti h HSIoRyBridiey Wherdh e e
bi oconpat i birhplait comprizeB0GaNRELtobH | Yol AltopRitihg berlfm26f iMplant

conmposi tion conprising a polyner and a fluoropyrimdine, wherein "said
fl uor pyri m gudace gres, awrarein imeshuaiopyimidinie isdn a0 amouphelettivet toordate | ess

1E|hﬁgrégyf| nl\{lbﬁﬁéb'TB?e%lggp%§P%@?%cWﬁﬁ% e%l'ﬁ.??gﬂﬂ%l? i tzlfso\r,:h:(r:g)pdlsﬁlgdt o claim

26 or cl ai m 27 wherein the p i s a biodegradabl e polyner. 29. The
conposi tion acco?rhfa'n@‘eﬂéﬁaél'Hlnlﬁ’f%a@@rdlr@l ta Thihdr whereinespidl {mplent iig a

bi od 6
Cl i m 27 wnco a8 B c6eq i wndle® ol RARBEH' B FLEMhEedfod B Fa ' o,
met hacr yl i cficopplsimidise. ceI I uI ose-derived polyners, acrylate and

nmet hacryl ate copol ymers, and bl ends thereof. 31. The conposition according
to any one gf clehg® &t Fplatt BEEording to claim 1 or 2 wherein said

fluoropyrimidine is 5-fluorouracil.

4. The medical implant according to any one of claims 1 to 3 wherein said

medical implant further comprises a polymer.

5. The medical implant according to claim 4 wherein said polymer is a

biodegradable polymer.

6. The medical implant according to claim 4 wherein said polymer is a

non-biodegradable polymer.

7. The medical implant according to claim 4 wherein said po!ymer is a
polyurethane.
8. The medical implant according to claim 7 wherein the polyurethane is

selected from poly(ester urethanes), poly(ether urethanes), poly(ester-urea),

and poly(carbonate urethanes).

9. The medical implant according to claim 4 wherein said polymer is a

poly(lactide-co-glycolide).
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conprising a second anti-infective agent. 32. The conposition according to
any one of clainms 26 to 30 further conprising an antithronbotic agent or
an antiplatel et agent. 166 33. A nedical inplant according to any one of
claims 1 to 25 for use in a nethod for reducing or inhibiting infection
associated wth a nmedical inplant. 34. The nedical inplant according to
claim 33 wherein the infection is bacterial infection. 35. The nedi cal

i mpl ant according to claim33 wherein the infection is due to

Beor a ngt Aty TORGTREIG Ty BeEhrlSF o ] B WA el BRI b &
nedi canent  feelulb86-dRFiee@r pblyaierokeRcfiRdiffdth hg@dc@nmo&é ddIvee Qcetal8i bit

i nfection associated with a medical inplant. A method for making

medi cal i nplbahtratenapdcgilulgse acginje prepionatel ains 1 to 25, conprising
covering, coating, or inpregnating a nedical inplant with fluoropyrimdine
such that tHd.i nThanmeeitealringtantOadcdding fo Mhigf 4 Wheeiopydid npélymer asr
of inplant surface area, wherein the fluoropyrimdine is in an anount
effective t §elestribdrapn polvinsthanas: aarylisnondpethesndie cRrRAlymAEs. ¢alkwassr

I mpl ant. 384,40 | | ' ' [ } mpl ant
a0 g RSO0 AL MS DRt AR e il
A t het LSi . ti wh in th ti [ \

o b AT T RSB ST 5 B 50 S

ST e, o SEETAED bRty Y0 etle AoTpyeRdohe SRy

cl ai m 39, whenegnirativas3of & periodrangihg from sevdral haurgdo stvaal mdnghg.o 25 ny.
42. The catheter of any one of clains 39 to 41, wherein the coating further

conpri ses ong, or TRBI fedidal "RiSlantl @écdrdingThs Sialrh el 2T wRéreih addi 4golyaer ei n
the one or nore polyners is
' provides for release of the fluoropyrimidine in effective concentrations for a

period ranging from one day to three months.

14.  The medical implant according to any one of the preceding claims
wherein the implant comprises 0.1 ug to 1 ug fluoropyrimidine per mm? of

. implant surface area.

15.  The medical implant according to any one of claims 1 to 13 wherein the
implant comprises 1 pg to 50 pg fluoropyrimidine per mm?® of implant surface

drea.

16. The medical implant according to any one of claims 1 t¢ 15 wherein the

implant comprises 1.0 ug to 250 mg flucropyrimidine.

17.  The medical implant according to any one of claims 1 to 15 wherein the

implant comprises 10 pg to 25 mg fluoropyrimidine.

18. The medical implant according to any one of the preceding claims

further comprising a second anti-infective agent.

19.  The medical implant according to claim 18 wherein the second anti-

infective agent is an anti-bacterial or antifungal agent.
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pol yur et hane. 44. The catheter of claim42, wherein the one or nore

pol ynmers conprise polyurethane and nitrocellul ose. 45. The catheter of any
one of clainms 42 to 44, wherein the one or nore polynmers provide for

rel ease of the fluoropyrimdine in effective concentrations for a period
rangi ng fromseveral hours to several nonths. 46. The catheter of claim45,
wherein the one or nore polyners provide for release of the
fluorpyrimdine in effective concentrations for a period ranging from1

day to 3 nmonihs. . h r. of an ne..of .claj ns.39 tao 46, wherein
t he cat het e'?bi' s -a[ﬁgc@%pfcﬁ?%gﬁéﬁ?cggﬁﬂﬁé&&%m @h\gh%@grﬁ&%ﬁeg?h@aﬁ% 47,
wher ei n t he irffathel fherits AoRMOBRh of mitegamiget hane. 49. The catheter of any
one of clainms 39 to 48, wherein the coating conprises a fluoropyrimdine

of 0.1 pg te41 p NP 0f 11 : r . ter of any
one of clai %g 399?%5@%%@%%%%@%&0@{4 %l‘fg)?og%rgﬁ?gaggg”latgp%g% yrim di ne

of 1 pg to LOmptisingrarmaRtitbfornbpticagert wr fancatipbatelzt agént. A met hod for maki ng
the catheter of any one of clainms 39 to 50, conprising covering or coating

a catheter whth if i myr i I r i g, di t hat
t he cat het e?Qborrgplgg@%egf.a!l I@glalti-'g%;fc?r@@ ﬁ%?‘ﬁ?%%f??{ﬁ@?énlq%e?ﬂﬁ%@m%?
i mpl ant sur tacwpriaingahephrm,edexttdre stilphatepganapatoite lepisudin, hirudimp UkMP,
effective to ,reduce or, i,nhibit infection associated with the meﬂical
Tl ant . 168989051AG, | ArleAReReRNS: aAtPHRd: PAPNVRHIEEARE. ¢ AHATSHAEN. (a) a

central venmRlofeARMBIET | nGAMRNIGHhATan | IbIRKRRSH aricpREd! Ol N t he

i ntravascul ar portion ’‘comprises an exterior surface; a coatlng on
t he exteri oclopidogaele abcixamabi, neptifitatide), atirgfioan, ostreptokinaset | ng tisape i si ng

a poly(carbgpate urethane)l, a nitrocellulose, and 0.1 pg to 1 pg of
5-f | uor our aBﬁS"B%?g‘?ﬂrﬁCb‘@}‘?rhe exterior

23. The medical implant according to any one of the preceding claims
wherein said medical implant is a vascular catheter, prosthetic heart valve,
cardiac pacemaker, implantable cardioverter defibrillator, vascular graft, ear,
nose, or throat implant, urological implant, endotracheal or tracheostomy tube,
dialysis catheter, CNS shunt, orthopedic implant, thread, suture, or ocular
implant. |

24. The medical implant according to any one of the preceding claims
“wherein the implant comprises a coating that comprises the fluoropyrimidine
and the polymer.

25. The medical implant according to claim 24 wherein the coating further
comprises an agent that can increase flexibility, lubricity, biocompatibility, or
hemocompatibility of the coating.
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surface. 53. A nethod for neking the infection-resistant nedical inplant of
claimb52, conprising coating the exterior surface of the intravascul ar
portion of the <central venous catheter with a conposition conprising a

pol y(carbonate urethane), a nitrocellul ose, and 5-fluorouracil so that
5-fluorouracil is in an anmount of 0.1 tag to 1 pg per M2 of the exterior
surface. 54. A nedical inplant that rel eases an anthracycline, folic acid
ant agoni st, podophyl ot oxi n, canpt ot hecin, hydroxyurea, or platinum conpl ex
in an anount effective to reduce or inhibit infection associated wth the
medi cal 1 maigant A &mpddiioreshASinBbageR aRa E st obrifildHeTvarerefte! o n
said inplant is covered or coated ole or 1n pa a conposition
conpri si ng &aid Buarhydviding iseqresentiio said corapositiomiat & copoenipdtidrovfoess,
canptothecrqﬁ E¥dm§xyurea or platinumconplex. 56. The nedical inplant
accordi ng t5 P aA¥m™4 or claimb55 wherein the nedical i npl ant rel eases an
anthracycline. 57. The nedical inplant according to claim56 wherein the
ant hracycl i #&- i s ThesxasmpasiiomacasdingHe giaim 28iwherginasaid doommyrimjdine isl ai m
57 wherein %qmﬂrgar%hn is present in an amount of 0.01 lag to 100 pg per
m®2 of inplant surface area. 59. The nedi cal inplant according to claimb57
wherei n doxgrubicin is present in an amunt of to 10 per mm2 of

i mpl ant sur P8ce dneLompsitam acgesdipg de claimy %paﬁlefraé%gwmrngr ths% eqﬂarmarse

wher ei n t he;ant) EHO%E%{%&%&P[)R’ mdp toxantrone. 61. The nedical inplant

according to claim ern mtoxantrone is present in an anount of 0.01

pg to 20 fa per ant rface are The nedi cal i1 npl ant
accor di ng t 9%l ail E}gﬂ n@%or%saaﬁ?ﬁ!ﬂr@ ?E@@r?twh‘i’fe&’h henReIvees: 0. 05

pg to 3 pg p,eéngﬁﬁ),me iri@amBhoRRdace area. 63 The nedi cal inplant
according to claimb54 gor cl?] p m’55 wherein the nedical inplant releases a

folic acrd §8t ag?ﬂ'esg:omposmon according to claim 26 or claim 27 wherein said
polymer is selected from polyurethanes, acrylic or methacrylic copolymers,
cellulose-derived polymers, acrylate and methacrylate copolymers, and blends

thereof.

31. The composition according to any one of claims 26 fo 30 further

comprising a second anti-infective agent.

32. The composition according to any one of claims 26 to 30 further
comprising an antithrombotic agent or an antiplatelet agent.
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64. The nedical inplant according to claim63 wherein said folic acid
antagoni st is nethotrexate. 65. The nedical inplant according to claimb54
or claimb55 wherein the nedical inplant rel eases a podophyl otoxin. 66. The
medi cal inplant according to claim®65 wherein said podophylotoxin 1is
etoposide. 67. The nedical inplant according to claim66 wherein etoposide
is present in an anount of 0.01 pg to 100 pg per nm® of inplant surface
area. 68. The nedical inplant according to claim®66 wherein etoposide is
present in an anount of 0.1 pg to 10 pg per nmm® of inplant surface area.

69. The nedigzal iATRlediYal aﬁpmndlaegorwgc{cﬁaﬁ%%e%f Ahimgm 38 2 edraide g
medi cal inplant rel eases a canptothecin he nedi cal inplant according

to clai m 54 marthed derredycipgar dnhibiting infeetdor assaaited withy @ megieal implant.
hydroxyurea. 71. The nedical inplant according to claim54 or claimb55

wher ei n t he 34nediThel medidahritnplatit eacesding ploatialin3¥ asfidreln the infEegomagdi cal
i nplant according ta any one of clains 54 to 71 wherein said nedical

i npl ant furtb|@§¥er'@b'f"r‘fﬁ9 ¥8s a polymer. 170 73. The nedical inplant according
to claim72 wherein said polyner is a biodegradable polyner. 74. The

medi cal i npl3ant a'hecmeldingt inqoiamtaéonoi‘(ﬂngheroemm 3awhepsihytherinfestion is due

non- bi odegr ada 75.. Th cal inplant according to claim72

b). e
wherei n sai {Q)ﬂg ol %Stant ?}@'WPEWHH ®¥r a pol y(lactide-co-gl ycolide).

76. The nedi cal i npl ant according to any one of clains 72 to 75 wherein
sai d pol ymeB6pr oTheassef of a roehgpasdiont a&m’rdingrtbrmacgne iorﬁe:jailfnsl 26 tca(3i2dfor

ant agoni st , ado |, 0t 0x t ot dr oxyur I atl corrpl ex
in concent r}ﬁopﬁ@?% t\"réec? @@?ﬁ‘%’@ﬂﬂﬁf &H8Pr¥HW85¥9 OE@ é‘%’ "BH 8ci at ed
with the nestiueloriffibRMfet®in Qsélﬁﬂ'ét@é Wit 8 hididdl ipeay.eral _hours to

several nonths. 77. The nedical inplant according to claim76 wherein said

pol ymer 37. A method for making medical implants according to any one of claims 1
to 25, comprising covering, coating, or impregnating a medical implant with
fluoropyrimidine such that the implant comprises 0.1 pg to 1 mg of
fluoropyrimidine per mm? of implant surface aréa, wherein the fluoropyrimidine
is in an amount effective to reduce or inhibit infection associated with the

medical implant.

38. The method according to claim 37 wherein said medical implant is
covered or coated with the fluoropyrimidine by dipping or spraying.

39. A catheter comprising a coating, wherein the coating comprises a
fluoropyrimidine in the range of 0.1 pg to 1 mg per mm? of the catheter surface

area on which the coating is present.
40. The catheter of claim 39, wherein the fluoropyrimidine is 5-fluorouracil.

41.  The catheter of claim 39, wherein the 5-fluorouracil is in the range of 10

ug to 25 mg.

42.  The catheter of any one of claims 39 to 41, wherein the coating further

comprises one or more polymers.
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provides for release of said anthracycline, folic acid antagoni st,
podophyl ot oxi n, canptot hecin, hydroxyurea, or platinumconplex in
concentrations effective in reducing or inhibiting infection associ ated
with the medical inplant for a period ranging from1l day to 3 nonths. 78.
The nedical inplant according to any one of clains 54 to 77 wherein said
medi cal inplant is a vascular catheter, prosthetic heart valve, cardiac
pacemaker, inplantable cardioverter defibrillator, vascular graft, ear,

nose, or throat - npl.apt rol ggical, i nplant, ,.endotracheal or trachegstony
fube. i al yarer ThEhchfteted R QA . MBI el 35 ot ealfreR s o o
ocul ar i npl gatyurdthané conposition, conprising a polynmer and an

ant hracycline, folic acid antagonist, podophyl otoxin, canptothecin,

hydr oxyur ea40r t : i i cyal | l.c_acid
ant agoni st , 46‘odo§4r'?%| %#ﬁé(ﬂeﬁfaml?gﬁnp%zd%%ﬁgwﬂﬁy@?%%ﬁ%y@\{hgfsa?%’ﬁb:[hg%onpl ex
i s present ipohseetttane andastrégadinlose. a concentration of 'l ess than 10-4 M 80.

The conposition according to claim79 wherein said anthracycline, folic

act d ant agonss! , TREANRAMER 6P LY. orkABPERARE Yo MY ILAXIIN e e 8 UM
171 conpl ex, wherein sald anthracycline, fluoropyrimdine, folic aci
ant agoni st pobm&rprwdndde)icbmelamamfdheﬁubrqpyﬁplﬂdipgymleffecti\m“ canicantmations onpl ex

is present in _sai.d, conposjition at con entrat||on f less than 10-5 M 81.
The conposi {?r&p%%%ﬁﬂ% Bmﬁegief’ﬁ“%)% %‘i"f?@aﬁ"ﬂ”ﬁ‘ﬁt hracycline, folic

aci d antagoni st, podophyl ot oxi n, canptot hecin, hydroxyurea, or platinum
conpl ex, whébei nTgaiO@thﬂiemfa@@im Ahewheraio thgpone or diore, paiyhers provide for

o present [HBREEBRNL AP AnERR Y B s Mo RERHcR Tpr St S 1 5o

The conposi froant @@gas dimanthe. cl ai m 79 wherein said anthracycline, folic
aci d ant agoni st, podophyl ot oxi n, canpt ot heci n, hydroxyurea, or platinum

antgon st ¥ poadRRyPATAGH &P SHE cheCer alfE SR A APEe Bld Ep@BlaR 2omp x

i s present tcentraslaictioaspthsitdri on at a concentration of |ess than 10-7 M 83.
The conposition according to any one of clains 79 to 82 wherein said

48. The catheter of claim 47, wherein the catheter is composed of
polyurethane.

49. The catheter of any one of claims 39 to 48, wherein the coating
comprises a fluoropyrimidine of 0.1 ug to 1 g per mm? of implant surface

area.

50. The catheter of any one of claims 39 to 48, wherein the coating
comprises a fluoropyrimidine of 1 g to 50 pg per mm® of implant surface
- .area.

51. A method for making the catheter of any one of claims 39 to 50,
comprising covering or coating a catheter with a composition that comprises a
fluoropyrimidine such that the catheter comprises 0.1 ug to 1 mg of
fluoropyrimidine per mm? of implant surface area, wherein the fluoropyrimidine
is in an amount effective to reduce or inhibit infection associated with the

medical implant.
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pol ymer is a bi odegradabl e polyner. 84. The conposition according to claim
83 wherein the biodegradable polyner is poly(lactide-co-glycolide). 85.
The conposition according to any one of clains 79 to 82 wherein said

pol ymer is a non-bi odegradabl e polynmer. 86. The conposition according to

cl ai m 85 wherein said non-bi odegradabl e polyner is polyurethane. 87. A
nmedi cal i nplant according to any one of clains 54 to 78 for use in a

met hod for reducing or inhibiting infection associated with the nedical

i nplant. 88. Use of the conposition according to any one of clainms 79 to

86 for the 5|Qfep@(rﬁlhféﬁﬁoﬁfre@s@ﬁ'n‘i@dlcélqﬁifﬁﬁt ESMPRSHES(Ha béhtkAlivienbigect i on

associated with the nedical inplant 89. A nethod for making a nedical
i mpl ant  acceatheier, comprisingsarsintragage)lar portipni whazylmmaanntmgasnularommng a

di cal h | | t
podophy! of b PR SEERTEHAE: 505 pLE CoBfing PRt R AR Fiaeesidhe  ha
t he nedi cal intrgagotlar qioqemﬁesmbh@oétmgj @oﬁ@hdm@%%ﬂﬂﬂbﬁ%ona@@@é@ﬁéh@? oxi n,

canpt ot heci n, hydroxyurea or platinum conﬁ?“I ex in an amunt effective to
reduce or i mifrasisliuiogeeand dh a4 dei hiedofbtihareerasihdies amm’ e e exterips

surface.

53. A method for making the infection-resistant medical implant of claim 52,
comprising coating the exterior surface of the intravascular portion of the
central venous catheter with a composition comprising a poly(carbonate
urethane), a nitrocellulose, and 5-fluorouracil so that 5-fluorouracil is in an

amount of 0.1 ug to 1 pg per mm? of the exterior surface.

54. A medical implant that releases an anthracycline, folic acid antagonist,
podophylotoxin, camptothecin, hydroxyurea, or platinum complex in an
amount effective to reduce or inhibit infection associated with the medical

implant.

95. The medical implant according to claim 54 wherein said implant is
covered or coated in whole or in part with a composition comprising an
anthracycline, folic acid antagonist, podophylotoxin, camptothecin,

hydroxyurea, or platinum complex.

56. The medical implant according to claim 54 or claim 55 wherein the

medical implant releases an anthracycline.

57. The medical implant according to claim 56 wherein the anthracycline is

doxorubicin.

58. The medical implant according to claim 57 wherein doxorubicin is

present in an amount of 0.01 g to 100 ug per mm? of implant surface area.

- 59. The medical implant according to claim 57 wherein doxorubicin is

present in an amount of 0.1 pg to 10 ug per mm? of implant surface area.
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60. The medical implant according to claim 56 wherein the anthracycline is

mitoxantrone.

61. The medical implant according to claim 60 wherein mitoxantrone is

present in an amount of 0.01 ug to 20 ug per mm? of implant surface area.

62. The medical implant according to claim 60 wherein mitoxantrone is

present in an amount of 0.05 ug to 3 pug per mm? of implant surface area.

63. The medical implant according to claim 54 or claim 55 wherein the

medical impiant releases a folic acid antagonist.

64. The medical implant according to claim 63 wherein said folic acid

antagonist is methotrexate.

65. The medical implant according to claim 54 or claim 55 wherein the

medical implant releases a podophylotoxin.

66. The medical implant according to claim 65 wherein said podophylotoxin

is etoposide.

67. The medical implant according to claim 66 wherein etoposide is present

in an amount of 0.01 ug to 100 pg per mm? of implant surface area.

68. The medical implant according to claim 66 wherein etoposide is present

in an amount of 0.1 g to 10 pg per mm? of implant surface area.

69. The medical implant according to claim 54 or claim 55 wherein the

medical implant releases a camptothecin.

- 70.  The medical implant according to claim 54 or claim 55 wherein the

medical implant releases a hydroxyurea.

71.  The medical implant according to claim 54 or claim 55 wherein the

. medical implant releases a platinum complex.

- 72.  The medical implant according to any one of claims 54 to 71 wherein

said medical implant further comprises a polymer.
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73.  The medical implant according to claim 72 wherein said polymer is a

biodegradable polymer.

74.  The medical implant according to claim 72 wherein said polymer is a

non-biodegradable polymer.

75.  The medical implant according to claim 72 wherein said polymer is a

polyurethane or a poly(lactide-co-glycolide).

76. The medical implant according to any one of claims 72 to 75 wherein
said polymer provides for release of said anthracycline, folic acid antagonist,
podophylotoxin, campiothecin, hydroxyurea, or platinum complex in
concentrations effective in reducing or inhibiting infection associated with the

medical implant for a period ranging from several hours to several months.

77. The medical implant according to claim 76 wherein said polymer
provides for release of said anthracycline, folic acid antagonist,
podophylotoxin, camptothecin, hydroxyurea, or platinum complex in
concentrations effective in reducing or inhibiting infection associated with the

medical implant for a period ranging from 1 day to 3 months.

~ 78.  The medical implant according to any one of claims 54 to 77 wherein
said medical implant is a vascular catheter, prosthetic heart valve, cardiac
pacemaker, implantable cardioverter defibrillator, vascular graft, ear, nose, or
throat implant, urological implant, endotracheal or fracheostomy tube, dialysis

- catheter, CNS shunt, orthopedic implant, thread, suture, or ocular implant.

79. A composition, comprising a polymer and an anthracycline, folic acid
antagonist, podophylotoxin, camptothecin, hydroxyurea, or platinum complex,
wherein said anthracycline, folic acid antagonist, podophylotoxin,
camptothecin, hydroxyurea, or platinum complex is present in said

composition at a concentration of less than 107 M.

80. The composition according to claim 79 wherein said anthracycline, folic
acid antagonist, podophylotoxin, camptothecin, hydroxyurea, or platinum
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complex, wherein said anthracycline, fluoropyrimidine, folic acid antagonist,
podophylotoxin, camptothecin, hydroxyurea, or platinum complex is present in

said composition at a concentration of less than 10”° M.

81. The composition according to claim 79 wherein said anthracycline, folic
acid antagonist, podophylotoxin, camptothecin, hydroxyurea, or platinum
complex, wherein said anthracycline, fluoropyrimidine, folic acid antagonist,
podophylotoxin, camptothecin, hydroxyurea, or platinum complex is present in

said composition at a concentration of less than 10 M.

82. The composition according to claim 79 wherein said anthracycline, folic
acid antagonist, podophylotoxin, camptothecin, hydroxyurea, or platinum
complex, wherein said anthracycline, fluoropyrimidine, folic acid antagonist,
podophylotoxin, camptothecin, hydroxyurea, or platinum complex is present in

said composition at a concentration of less than 107 M.

-83.  The composition according to any one of claims 79 to 82 wherein said

polymer is a biodegradable polymer.

84. The composition according to claim 83 wherein the biodegradable

polymer is poly(lactide-co-glycolide).

85. The composition according to any one of claims 79 to 82 wherein said

~ polymer is a non-biodegradable polymer.

- . 86. The composition according to claim 85 wherein said non-biodegradable

polymer is polyurethane.

87. A medical implant according to any one of claims 54 to 78 for use in a

method for reducing or inhibiting infection associated with the medical implant.

88. Use of the composition according to any one of claims 72 to 86 for the
preparation of a medical implant to reduce or inhibit infection associated with

~ the medical implant.
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89. A method for making a medical implant according to claims 54 to 78,
comprising covering or coating a medical implant with an anthracycline, folic
acid antagonist, podophylotoxin, camptothecin, hydroxyurea, or platinum
complex such that the medical implant releases the folic acid antagonist,
podophylotoxin, camptothecin, hydroxyurea, or platinum complex in an
amount effective to reduce or inhibit infection associated with the medical

implan’t.
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