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devi ces, and nore specifically, to conpositions and nmethods which reduce
the likelihood of an infection associated wth a nmedical inplant.
Description of the Related Art Infections associated with nedical inplants
represent a major 10 heal thcare problem For exanple, 5% of patients
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(19%9; respiratory tract infection (17%; and bloodstreaminfection (16%
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pyogenes) Implanbr ococci (E. coli), Gam Negative Aerobic Bacilli, and

Pseudononas aerugi nosa are common 25 causes. Once a nedical inplant becones
col oni zed by bacteria, it nust frequently be replaced resulting in
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clini §Q| ﬁ%%'[ﬁ%gpﬁ P m.cEopaxample, 5% of patients admitted 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 nesocomial infections are: urinary
tract infection (28%); surgical site infection (19%); respiratory tract infection {(17%);
: } and blpodstream 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, meshés, sutures,

20 artificial joints, vascular grafts (wound infections); endotracheal and tracheostomy
tubes (respiratory tract infection); and vascular infusion catheters (bloodstream
infections). Aithough any infectious agent cah infect medical implant,
Staphylococci (S. aureus, S. epidermidis, S. pyogenes), Enterococci (E. col),
Gram Negative Aerobic Bacilli, and Pseudomonas aeruginosa are common

25 causes. Once a medical implant becomes colonized by bacteria, it must frequently

_bé replaced resuiting in in_creased morbidity for the patient and ihcreased cost to




been coated with antim crobial drugs. Representative exanpl es include u.s.
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Pol yner - Based Catheters w th 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 %Anti I crobi al i g})re nated catheters and other nedical
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15 One difficulty 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 resulting 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 healthcare 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 fikelihood of an associated infection. The present invention discloses
25 such devices (as well as compositions and methods for making such devices)
* which reduce the likelihood of infections in medical implants, and further, provides

other, related advantages.




nethods-for preventing, reducing or inhibiting the Iikelihood of infections

associ at ed ical inplants. More specifically,: within t
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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
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i nvention or devices are provided which rel ease an
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cattheters ge g., vascul ar and al ysis'ca val ves, cardi ac
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and/ or
15 embodiments, the implant is coated in whole 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 implants, comprising adapting a medical implant (e.g., soating the implant)
20 vyuth 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
- adosage and/or concentration which is less than the typical dosage and/or
concentration of the agent when used in the treatment of cancer.
25 A wide variety of medical implants can be generated using the
methods provided herein, including for example, catheters (e.g., vascular and
N dialysis catheters), heart vaives, cardiac pacemakers, implantable cardioverter

' __deﬁbﬁllators,_ graﬂs (e-g., vascular grafts), ear, nose, or throat implants, urological




concentration which is less than a typical dosage and/or concentration -
which is _used for the treatnment of cancer. Wthin further aspe Qﬁ/@hﬁ)?
i nventi onY¢ REP&346s provided a catheter 10 which rel easePCAUAFEH '
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 other enbodinents, the catheter further conprises a pol yner

wher ei n t higplapgat endotrbShealloe amete bsiomyaubed, ONS shntsherthepdEt Rhplahts, certain
enbodi nent cat het er has ynmer that is pol yurethane or
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t hat 2:18 I.s used ic@; the treatment of cancer. Wthin further aspects of the
i nvent i*bn, MPRELLNAOUZCRGR| 9 draghersdemy ube, CNGHahemt, rasthopedic implandg.eont

selected{c : hSting. of, an a cycl ine fl uoropyrim dine,
~folic aci c(l]r Cgir?trgrggﬁgg%fgapso%g%sp%%gmﬁﬂ?%%%ﬁ'ﬁ@g@rﬁosﬁgﬁ%ﬁ%r ea, or
pl at i num conpértratiohrwiticie isdes® thafeitypida@o andk \é@nde@ﬂtr%%ﬁ%fﬁcf?% .
quoropyrlurén?&l ne and in still another enbodinment the fluoropyrimdine is

5-FU. In &' thatieaimenttof canersr. heart val ve further conprises a pol yner

certain enbod nent s VHTERABEF Ssreely bnR Juvetiony these = Rrgtdes Bertpatast hane or
PLG 10 rehithaeleses GinRphbselbfRd foRd e g@ub%\%lsgtgﬁggégﬁﬁ%?ﬁg { valve.

In still other enbodinents, the heart valve 4 & A 1Q 2/
2 0 07 Werapydeiding felipanid antagonist, podsehylotoxin, eantisathiecing hydroaurea,
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folic aciembodimants,dhe cathetariiyitieraomprises 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
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, podophylotoxin, camptothecin, hydroxyurea,
or platinum 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 hea_rt 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

) _h_eart valve is a _prosthet_ic heart vaive. In still other embodiments, the heart vaive
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- canpt ot heci n, hydroxyurea, or plati num conpl ex. In one enbodi ment, the

cardi ac pzaeekeissr el eases a fluoropyrimdine and in stil not 2/2007
enbodi ment the fluoropyrimdine is 5-FU. |In other enbodi n%(ﬁ‘?gs,oﬁ}%égcardi ac

pacemaker further 10 conprises a polynmer wherein the agent is released from
a polynmer on the cardiac pacenmaker. In certain enbodi nents, the cardiac
pacenaker has a polyner that is polyurethane or PLG In still other

enbodi ments, the cardi ac pacenaker rel aeases an agent that is present on

the cardia er at concentration which is less than the typical
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of - cancer .““5"PTgS éwg@%ww@n theamyEnt BlQldised fRnd apolyhéhbmiHedriak
aspects of eV ' I s, provided a graft which rel eases an agent
sel ected fri gﬁﬁta lﬁée}‘ 3’?‘83@5‘"8& i‘ﬁﬁ"ﬁ&tsgfh%ﬁafgmc nakenbas af paigneptpat isi di ne,

folic aci gobmratbams ertPL@pdoﬂmyémbpéh&odﬁﬁég@g,ﬁbBr%%fdlac §§9é8§¥%3§ SEL. i e

pl ati num corapl ex. I n one enbodi nent, the eas
5 and i n EMid9enkingt Kereeant oni the cardiae patemakgnatiandshiceatrhfiofwiildh ik et her
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15 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 anthracyciine, fiuoropyrimidine, folic acid antagonist,
podophylotoxin, camptothecin, hydroxyurea, or platinum complex. Inone

\{ 20 .embodiment, the implantable cardioverter defibrillator releases a fluoropyrimidine
-and in still another embodiment the fluoropyrimidine 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 relaeases an agent that is present on the implantable
cardioverter defibrillator at a concentration which is less than the ﬂpical dosage

and/or concentration that is used in the treatment of cancer.
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froma polymer on the graft. In certain enbodi nents, the graft has a
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a vascul ar grart - or a henodialysis access graft. In stil

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 rel eases an agent selected from the group conS|st|ng of an
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group consisting of an anthracyc I ne, uor opyrii m I c acl :
ant agdfi sthatjpopreshipt an the graft at:amnmnahﬁraiumn whwunmessrtban toe typlicil dosage

conpl ex. I n,one enbodinent, .the ogi ¢ | npl ant rel eases a

f1 uor opyr Pﬁf’}éf ﬁ%"%ﬁi@a*'ﬂ"ré}m'? Uéﬁ%ﬂ'h@}e fg%m?mr@ aRg%E 6 WD 03/ 099346
S, £ A SN i e e
rel eased br timai |:pp|a]Whu@ﬂ31é%eslﬂmég@1t(salectewﬂrmtthe Igm@;@bbﬁa‘.iﬁtsr@‘fm ments,

t he urol O%B‘g‘ I pl ant has a é& that is pol yurethane or PLG
rel ated e Eﬁ% esﬂUPMYUFW‘!iQi ¢ acidantagonist, EOQOPh!PﬁC’mﬂy cat heter

ur et eq gl éélﬁ%thé&rﬁ%ﬁ?dxyﬁ?e’ﬂ?tor p%tﬁﬁﬂ'?&orwg&.n% Bhe eMbdsi H1en?, thdRh pnt.

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, nose, or throat implant. In certain embodiments, the ear, nose, or
20 throat implant has a polymer that is polyurethane or PLG. In related 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 stilf another embodiment the




In still other enbodiments, the urological inplant relaeases an agent that

is prese n the urological inplant at a concentration which is3)es9 Ag@n
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cancer. Wthin further aspects of the invention, there is provided a 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, canpt ot hecin, hydroxyurea, or platinum
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pol yur et haRePSPIBERNT phan ankiragycine dhiosmrieidinge folic\apidaitegedn

PCT/ US037, i ' Leul opl | shunt, VA shunt,
o o VP anir RS ErdOReER Mook e Rl bofill BReGn M @aases an |

agent t ha@mbsdiprest et endotrdnthe@NGr BAcHEosBEmMA U YeRiteatd %‘6\% I | ess
t han the tr}/cgiinc Jiﬁﬂaﬁ\%ge and/ or concentrati%n t hat i@gdu@gbd | l-ﬁllt?iﬁlian%treat nment

of cancer® efbediragpdbe dugfopyrimiding EnbiFbh, Intdthee i s provi ded a

ort hOf@dié?nbodiments, the endotracheal or tracheostomy tube further comprises a polymer
wherein the agent is released from a polymer on the endotracheal or tracheostorﬁy
tube. In certain embodiments, the endotracheal or tracheostomy tube has a
polymer that is polyurethane or PLG. In stili 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,
flucropyrimidine, folic acid antagonist, podophylotoxin, camptothecin, hydroxyurea,

25 or platinum complex. In one embodiment, the CNS shunt releases a
fluoropyrimidine and in still another embodiment the fluoropyrimidine is 5-FU. In
other 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
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inplant which rel eases an agent selected fromthe group consisting of an
ant hracycline, fluoropyrimdine, folic acid antagonist, podophyli%%t‘f)g'ﬁp,zo(n
canpt ot hedY@3/M9H60oxyurea, or plati num conpl ex. | n one enthsditGREMIG71 he
orthopedic inplant rel eases a fluoropyrimdine and in still another

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 at ed enBbidistemt s a vbatrieulobuesli shunhtipl Washist, 8r aprroshdnet 116 sjilbother or
fixation dev'b In still other enbodi nents, the ort hopedi ¢ 15 i npl ant
rel aeases &N %@mﬁnt‘% rag GNS shwatdriacanes ae agerhibigbis Rresamt emthedgNg shunt

Chat 1s usendieritalin Wi (s g i ihe ReiGy oSG0 BRRE - ShedRRRER LA | "

i nvent i on,istukedén tre tpéatmeﬂaedf@aml ar inplant which rel eases an agent
sel ected from t he group consisting of an. 20 anthracycline,
f1 uoropyrimidine, fdVitindeitheraspagismidbe m&abmﬁhemsumowdeéamrthonedm

hydr oxyur di ment ocul ar inplant
Tol cases. pleR MG R A R o BRI R GO R TR Ol

f1 uor opyr iamkishasgcline, ﬁud?UpyﬂlrﬁudﬂiéT%iK%@@@h@&h%t PO pPGIdtEkin) rml ant further
conprises a polynmer wherein the agent is rel eased froma pol ymer on the

ocul ar 25 CRMpteIRecin ydrexyuren, @mnlaumwnrmmplemeim@mﬂe embodijshenit theas a pol yner

that is han PLG rel ated,.e he ocul . ar Iant is
an 1 nt r a0 STPEPEEE IRBRof Felehcen & BuoeRumiine gori shl awtheretiidiat Be ne
ocul ar Qi rrnha:@fpyhﬁhcﬁﬁ@&e&ﬁﬁ IrPSIRBE eﬁmbaanrﬂémt@tﬁﬁ%lﬁhogedich E;?éi-k"ﬁﬁr{hé ”P' ant at
a concentration which is | ess than he typl ca do ge an or concentration
that is uSemnpriaes a@oﬂymaltwhertelmmecagmls refeasBddRIBeBNPmBEDH HRH3/ 167199 2/

ORI et e ML G N A
e e WAL U Aot A
ant agoni sprOSﬂmjm;ghlytt ot fixation devicenmihaititi ethier emiyolimonts, ¢ide othopédit i num
conpl ? § &:Iar?tsr% aealsgs %?1‘ a%e%(t) mrr%??sl ;ttnl'e%gnta on 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, fluoropyrimidine, folic acid antagonist, podophy!étoxin,
' camptothecin, hydroxyurea, or platinum complex. in one embodiment, the ocular
implant releases a fluoropyrimidine and in stili 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 implant. in certain embodiments, the ocular implant has a polymer that is
_polyurethane or PLG. In related embodiments, the ocular implant is an intraccular
lens or a contact lens. in still other embodiments, the ocular implant retaeases an
' .agent that is present on the ocular implant at a concentration which is less than the

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




a concentration of |ess than any one of 10-4 M 10"5 M 10-6 M or, 10"" M

Al so provi t hods for reducing or inhibiting infection assoei |
a medi cal 9@3‘13’ 16 conprising the step of introducing a nﬁtﬂmosﬂp gétz\m”'

into a patient which has been coated with an anthracycline,
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 otoxi n is et\§ibu efber agneatsofitoe inventioendudp oeitidrs drb@rewsgpsi tion
further cogphbs I These and ot her aspects of the present

| ovenct on EBNbAGTq 8 ByBFing 4 aptFAGYsing. dkiosrysmiiser Biie apidantaganst ed

. descri pt i opodopdthyktdds enstoMactgBydrbRyurdddbt hig ' I y are set
forth herein which describe in rm)r(e g%t a|g1 %e??%’%?oﬁgﬁﬁe&'ﬁo%%%s

conposi t i offEN@sYgfine, uasepyriaiding, folipoatic aatadjomist st pholotoxiki ng such
conpoungs & s, ..and are therefore incorporated by 20 reference
in their entmélg%?mg%%egpm ‘%@té'?‘frﬂr?é’”ﬁ%‘%x IscAresertdn saidi qorippsitioncat
under st oods edradentrifon BERES YHdHa orfd SEFH-US: L5 al so

I ncorporated by reference hererigg)r’]oi ntheir ggfﬁ@e#@%&%ﬁl(ﬁé@ DESCRI PTI ON

OF THE | NVENTI ON Pr Ao provisled rethodsofar iediising ov ibiy infdctisBsbsci@bpf ul to

an 25 undeggpst i hereof to set forth definitions of certain terns that
will be ug‘ye'@‘ gﬁ'grdeﬂ%%hgﬁ'@é?t: CompgFiRg the sl pfintreducinga mediealiimpntintobj ect s

that are patkrtvitich ks beBA ebhRd Wi boci Lative exanpl es
incl ude vascul ar catheters, 9 m'%%gg@%ﬁ@%&%f@'d@fe E’)ﬁﬁ agidy
pr ost Hé i @nikeanist. nedeebylotaxind icamppuiheria kieydroxyureh a6r @ifurs abioRyer ter
efibrillators, v ar grafts, ear, nose, or roat inplants, urologica
defibrillat AR ol A0 throat Inplant: | |
i mpl ant's, endot r ach@4lNoyanous gmbogiments of U gbovk, she anthracydine & s, CNS
shunt's, od&RRESinCor MRG:aMD . 1.onl a 5 As ed_herein, the
term "about” or "consists egg’gfri:' iﬂgﬁwﬁﬁ'%ﬁé{;?@gm‘f@gﬁﬁwf 'qu’cf‘ﬂdi cat ed
st ruct ur eANtagonis! is onethatrgpeate Aamy thePoidopBYIotXMY RSetbB64iliE A Within further
embodiments the composition further comprises a polymer.
15 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 compositions (e.g., compounds or agents and methods for
making such compounds or agents, etc.), and are therefore incorporated by
) 20 reference in their entirety. than PCT applications are referred to it is also

-understood that the underlying or cited U.S. applications are aiso incorporated by
_reference herein:in their entirety.

DETAILED DESCRIPTION OF THE INVENTION

_ Prior to setting forth the invention, it may be helpful to an
25 understanding thereof to set forth 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,

where applicable (e.g., concentrations), fractions thereof, SU%@ZZ?{)O?
tenth and Ydh&fHAdredth of an integer (unless otherw se PEATUSH .

Briefly, as noted above, the present invention discloses nedical inplants
(as well as conpositions and net hods for naking nmedical inplants) which
reduce the Iikelihood of infections in nmedical inplants. Mre specifically,
as noted above, infection is a conmon conplication of the inplantation of
foreign bodies such as nedical devices. Foreign materials provide an ideal
site for nPEsthets heagavalvers canliat pamsmaleds, ooipdatitakle dardibeertdratefibyilaibhesi zed

that there,] | pai rment  of ,host. defenses to inpfection in the

m croenvi r\(f)éﬁs%%} %ﬁﬁ&?ﬁd?%&* qr thlr?ﬁtéw ‘L“éﬁ)lfl’_ﬁlcf':‘|| 'T‘T‘f_ﬁ@'étsf ardairachgaker
medi cal i npA@RIoStAAY hitd! arah%;ééﬁgétﬁé, s SAuNtsNHRARSPEHI ﬁﬂ@?m@@m

eradi cation of such an infection difficult, 1f hot Ir'npossible,’ I'n nost

cases. 20 dmddrdgiplantpl ant failure as a result of infection, with or wthout

t he ) eed to replace the inplant, results in significant nmorbidity,

nort al i?y and cost’ ta%s 't'?%’e'i’l%rgﬁ'b %&%@eé"by"@?’é‘rnorg?%sés@ gesentially af\iefrs 0 r ay of
I nfecti oust agenis d Sy ' h ol | ' . Lhere

exi sts a si gﬁ?of i ?gr%tq Hﬁlﬁbﬁ%{l le;ﬁgg b\FéIQ?’@?gﬁ)gée‘sA@gSgﬁfeg c%{ %ﬁéhgg%f'ﬁegg t he
growt h of hereinage @ bepedersiovdio insitiderdny integelavithintae rangée BRG A&l e

devi ces. The _&tr\pigznt i nvention neets this need by providin drugs that can
be rel easpPf & 91 rRensantionsy diactiens thegeolh seeh raveejentrand one '
antim cr oly, L1 Further, these agents have

t he adde?ugg(/% Qgéﬁ?ﬁ%@eﬁﬁh&%g%}%%ﬂ%%ﬂgﬁgg%{)m op to the chenot herapeuti:c,

agent,10 the drug ut Briefigthsi notédlabeesithe praemt shveation diseiRscdtmadicaoul d be
used to conmbat 10 WD 03/099346 23/02/2 007 PCT/US03/16719 the subsequent

i nfecti on!Plapts (asiwelbes esmapsitions andmathatisvior opaling megiaal tinplentspwhich agent
ngent s: (119 E3A BRe oshbrifteblonR i redreiEPiantd, PR speclcanes prig © ¢
Cinical Abple,afetongis &cdmmd¥addiiplication of the implantation 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 result of infection, with or without the
 need to replace the implant, results in significant morbidity, mortality and cost to
t_he 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 low 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
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Briefly, a wide variety of agents (also referred to herein as 'therapeutic
agents' or_'drugs') can be utilized within the context of the pr

i nvent i on,WQi"?’ﬂgﬁﬂ‘%\n th or without a carrier (e.g., a pol ymrwssaég'gg%{lzgn(n
Il below). Discussed in nore detail below are (A) Ant hracyclines (e.g.,
doxorubicin and 10 mtoxantrone), (B) Fluoropyrimdines (e.g., 5-FU, (O
Folic acid antagonists (e.g., nethotrexate), (D) Podophyl otoxins (e.g.,
etoposide), (E) Canptothecins, (F) Hydroxyureas, and (G Platinum

conpl exes (e.g., cisplatin). A Anthracyclines Anthracyclines have the
_follow ng émlquﬁmtunfeuh@) (Mehdf lsadibialifesidtange aupsiopdy itoudd wa'té ghy Of

organi c gr OH Re/ Rg OR3 ORZ According to U. S
Pat ent 5, SBQ@"%@Q '§UgE ﬁ?ﬁ%aﬁaﬁ@ﬂwgt'@re as fol I ows: is CH3 or CHZC]—I R2

. Is daunosam ne or H,pj

G, B O or rasase [ThdE Sl AR Ec) ka8 ﬁbm@w% Foxy.
or met hoxyForandatiemss(it) Pevites rardr(Oge0linidditapipnestiong! y. R5 and R6 are
hydrogen and R7 and R8 are al kyl or hal ogen, or vice versa. 11 WO 03/099346
PCT/ US03/ 167119 2/ 2 10 7 According to U S. Patent 5,843,903, RL nay be a
conj ugald ed. peptAG@GENTACcording to U. S. Patent 4,296,105, R5 may be an et her
| i nked al kyl group. According to U S. Patent 4,215,062, R5 nay be OH or an

ether |inked al kyl Bgeﬂ,gurawlale VIR tyed i apts dlé&%@er‘r&j fd"ﬁ?{@gﬁg acycline ring

by a group, ther t han 5 such as an al kyl or bran kyl group

having t hel ufig HQ?'N@ %ﬁ@@?)é’ﬁnl%m@ﬁﬂ(ﬂ withirctheaom eGSO O) - RL,
rmy o PJ&%‘?QF@“*’ s Wb i 8Ea B (P heeivBi sogr oo MBS O - v,
where Y i Biscugsediin mbcmdasﬂ @eW@b@ (A)AntHEEYCIhES €8 gP RS Huidi Snd
10 mitoxantrone), (B) F!uoropynmldmes (e.g., 5-FU), (C) Folic acid antagonists (e.g.,
methotrexate), (D) Padophyiotoxins (e.g., etoposide), (E) Camptothecins, (F)
Hydroxyureas, and (G) Platinum complexes (e.qg., cisplatin),

A. Anthracyclines

Anthracyclines have the following general structure, where the R
15  groups may be a variety of organic groups:

. "
e

According to U.S. Patent_ 5,594,158, suitable R gfoups are as foilows:

Ry is CH; or CH,0H; R; is daunosamine or H; R3 and Ry are independently one of
_OH NQO2, NH, F, Ci, Br, I, CN, Hor grdups derived from these; Rs is hydrogen,

20 hydroxy, or methoxy; and Rgg are all hydrogen. Alternatively, Rs and RG are

hydrogen and Rz and Ry are alkyl or halogen, or vice versa.
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Alternately R3 may have the following structure: H3C O NH RO 10 Ro in

which RO is OH either in or out of the plane of the ring, or is

sugar noive@Y3eese as R3. Rlo may be H or forma secondaryczmiso@?ﬁ%?g%o—]
group such as an aromatic group, saturated or partially saturated 5 or 6
menbered heterocyclic having at |east one ring nitrogen (see U S. Patent
5,843,903). Alternately, R o may 15 be derived froman am no acid, having

the structure -C(O CH(NHR11) (R12), in which R11 is H, or fornms a C3.4
menbered al kylene with R12. R12 may be H, alkyl, ~s am noal kyl, am no,

hydroxy, mercapto, pheRyding kLS| Paent® B30l R, SRLLea20
4,296, 105). Exenplary ant h?acycl ines are Doxof ubi ci n, %aur?gjr%tgg%%i n,

| dar ubi ci npPeptitle. Asicoting tonl). i Patenibt, 296,102,0Rsibviayi b, ametheCinkdd alkyl Sui t abl e
comeuncs, Bae WiEorfht . P IR S54SR0 ESR0% Rl 200,
ﬁaﬁgt gl;x%ﬂrogg.i ﬁﬁi)‘?@ als8ibelinketto tHetantRRITBEnSfind by 3 &69&%@%9#6(6),” ng
5 such as an alkyl or branched alkyl group having the C{Q) linking maiety at its end,
such as -CH,CH(CHy-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
Rg ,

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. R 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, Ryo may
15 be derived from an amino acid, having the structure —C{O)CH(NHR;}{R12), in

which R+ is H, or forms a Cs4 membered alkylene with Ry,. Ry may be H, alkyl,

-aminoalkyl, amino, hydroxy, mercapto, phenyl, benzyl or methyithio (see U.S.

Patent 4,296,105). '

| Exemplary anthracyclines are Doxorubicin, Daunorubicin, Idarubicin,
20 'Epirubicin, Pirarubicin, Zorubicin, and Carubicin. Suitable compounds have the

structures:

12




Daunorubicin: OCH3 C(O CH3 OH out of ring plane Ildarubicin: HC(O CH3 CH
‘out of rin | ane Pirarubicin:. OCH3 C(O CH2OH Zor ubi ci n: OCH323/0 2007
C(CH3) (=N) OPBd¢5 OH Carubicin: OH C(O CH3 OH out of rim/moaneng&/her
sui tabl e anthracyclines are Anthranycin, Mtoxantrone, Menogaril,

Acl aci nonycin A, divonycin A Chrononmycin A3, and Plicanycin

Nogal amyci n,

havi ng the structures: 13 23/02/ 2007 WD 03/099346 PCT/US03/16719 R, R R
Ch 0 ~+t ~ Honganl H Mo H v \ral~~~H Nogatanycin O sugar HCOOCH4 | | O
CIS r.t op~a \l Ij 00C a+ Op @ ON O AdanrnyonA N(Cyy, FT FjO

1" RRR Chwawh A COCFycnh, h Ot
R knrycfrr HH H CH Qher repres
doxorubicin derivative (Quagl

H{ SO ChmQy, thA C=t at COCH, 0%
; i hes include, FCE 23762

r.gpat ogr.

_17(18):3911-3923, 1994), annary . Pharm Sci.
82(11):1151-1154, 1993), rubox J.
: R, o OH 0
H3C 0
NH2
R3
R1 Rz R3
Doxorubicin: OCH; C(O)CH,OH OH out of ring plane
Epirubicin:
(4 epimer of OCH; C(O)CH,OH ' OH in ring plane
- doxorubicin)
Daunorubicin: OCH3; C(0O)CH;4 OH out of ring plane
Idarubicin: H- C(O)CH;3 _ OH out of ring plane
Pirarubicin: OCH;  C(O)CH,OH -
Zorubicin: OCH;  C(CH3)(=N)NHC(O)CsHs OH
Carubicin: - OH C(O)CH3; OH out of ring plane

Other suitable anthracyclines are Anthramycin, Mitoxantrone,
Menogaril, Nogalamycin, Aclacinomycin A, Ofivomycin A, Chromomycin A3, and

P_licamyc_in having the structures:
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5 Controll ed Rel ease 58(2):153-162, 1999), anthracycline disaccharide
doxorubicin analogue (Pratesi et al., din. Cancer Res. 4(11): %%%3?%%07
1998), N W®p3/Pider oacet yl ) doxor ubi ci n and PCT/6S03/16719
-Oacetyl-N-(trifluoroacetyl)doxorubicin (Berube & Lepage, Synth.
Commun. 28(6):1109-1116, 1998), 2-pyrrolinodoxorubicin (Nagy et al., Proc.
Nat'|l Acad. Sci. U S. A 95(4):1794-1799, 1998), disaccharide doxorubicin 10
anal ogues (Arcanpone et at., J. Nat'l Cancer Inst. 89(16):1217-1223, 1997),
4- demet hoxy-7-0[2,6-d ideoxy-4-0(2, 3,6-trideoxy-3-am no-a-L-Iyxo-
hexopyr anosyl ) - a- L-1yxo- hexopyranosyl ] adri am ci none doxor ubi cin
di saccharide analog (Mnteagudo et al., Carbohydr. Rgs. 300(Jl):11-16,
1997), 2 14 - - ------------ W03/ 099346 23/ 02/12007 PCTJS /16719

pyrrol i nodoxor ubi ci n{{ Ngytet~at~Proc. Nat't A0@alnumSeig bJ. Sooch.
94(2):652-656, 1997) P ¥l i nyl doxorubi cin anal ogues (Quran et at,
. 38(3):210-216, 1996), ™= Hgﬂjj’

Cancer Chenot her.
enani nomal onyl - p- al agil ng dpxorubicin derivatives (SeitZ7oet lal
Tetrahedron Lett. 36(9)°1413-16,~.1995), cephal osporin "5° dexdPlbi ci n
derivatives (Vrudhula gf _at, J. Med. Chem 38(8):1380-5, 1995),

hydr oxyrubicin (Solary et at, Int. J. Cancer 58(1):85-94, 1994),

met hoxynor phol i no doxorubicin derivative (Kuhl et at, CgncerXghenot her.
Pharmacot 33(1):10-16, 1993), (6-maleimnm docaproyl) hydra ukj cin
derivative P4 ner et at, Bi oconj ugate Chem 4(6):5 ’@ : :
N- (5, 5-di ent- 1- yI) dOXOI'OEIbIO'CIn 10 (Cherif & z
35(17):3208-1 . 376

(Ri panonti et a ,

(B) : " 703-7, 1992), K hydr 8xyRucci ni ni de
ester doxorubicin deﬁ. ] et at, Biochim Bi . Acta
in defiveddves

1118(1):83-90, 1991), pal exynucl eotide doxorqu A
(Ruggi ero et at, Bi OCW a 1129(3):294-302, 35 1991),
nmor phol i nyl doxor ubi cih PA 434960), md rone doxorubicin

anal ogue (Kr apchg 7 J. Med. Chem 34(8):2373-80. 1), AD198
doxor ubi ci n anal og nos et at Cancer Res. 53(14):3682-9, 1991), 4-
dernet hoxy- 3' - Ntrwgro%& xo&g‘)l?i n (Hortﬂgn et Jat, Drug Des. Delivery

CromomycinA, - COCH,  CH,  COGH, O,
Plicamycin H H H CH,

&

Other representative anthracyclines include, FCE 23762 doxorubicin
derivative (Quaglia et al., J. Liq. Chromatogr. 17(18):3911-3923, 1994), annamycin
~ (Zou etal, J. Pharm. Sci. 82(11):1151-1154, 1993), ruboxyl (Rapoport et al., J,
5 Controlled Release 58(2):153-162, 1999), anthracycline disaccharide doxorubicin
B analogue (Pratesi et al., Clin. Cancer Res. 4(11):2833-2839, 1998}, N-
(trifluoroacetyl)doxorubicin and 4'-O-acetyl-N-(trifluoroacetyl)doxorubicin (Berube &
Lepage, Synth. Commun. 28(6):1109-1116, 1998), 2-pyrrolinodoxorubicin (Nagy et
al., Proc. Nat] Acad. Sci. U.5.A. 95(4):1794-1799, 1998), disaccharide doxorubicin
10 . analogues (Arcamone et al., J. Nat’ Cancer Inst. 89(16):1217-1223, 1997), 4-
- demethoxy-7-O-[2,6-dideoxy-4-O-(2,3,6-trideoxy-3-amino-a-L-lyxo-
hexopyranosyl)-a-L-lyxo-hexopyranosyljadriamicinone doxorubicin disaccharide
‘analog (Monteagudo et al., Carbohyar. Res. 300(1):11-16, 1997), 2-

14




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

‘Pharm 20 40(2):159-65, 1988; Wenen et at, Eur. J. Cancer AdinsOngsl2007
20(7): 919- ‘2’8’(0 )0?9864) al kyl ating cyanomor phol i no doxor ubi mmsllmm?ze

(Scudder et at, J. Nat'l Cancerinst 80(16):1294-8, 1988),

deoxydi hydr oi odooxorubi 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' - o- rret hyl doxorubicin (Guliani et at, Proc. /nt Congr.

. Chenot her . Dvrméinsz@@combuzwmz;y et 883Proc3Natlodedd) Ged' U. 18 . Gy Biassr s ci n
4- denet hyoxy doxor ubi cin

Horton et Ant i bj o 7 8):853-8, 1984

<(51nal ogues 1(% / b'?J‘g'thog ’é)to Q@)en@?sueﬁ@wanﬂégf @@(’Qf)f @%epothen984)

. N-L- I eucyl Prtoneicab [ t racycl.ines (Proc.
'nt. Synp. HETHRCdD OB et ,19%7965%}{%%}93‘%@? s 526 5 %5 0 o

7 1983), dprivaideasi(Geitd'et oA- Tatdhodsor L. ma(g)mzmatis d@%gl&@ ﬁh%gﬂ&ﬁﬁ vatives

(U. S %ng@dl 3 aﬁ -(4- m)rtholln(\é doxor ubi cin rivatives
(U.S. n agriv %’8?3\466@8%’@5??@/ nJaMHad4 b@mrréﬁw)ﬂéﬁﬂfﬂ a9B6),n (e ul' i ani
et al, /nh d;bxy.gy}g,qz Olga)(%t)qé I3 7#%%%} Q@%gg e@g orubicin derivatives
(Chan & Wafson; arm g % 11 ; YO 'a‘Pma
Japan 1469°mbm@®ﬂvdﬁxe KukiRiial "EadeqreThdAaRiol Phakdbbs 33 1:10-16

4' - deoxy- }ﬁé@) Eld dr0-4' -i ododoxorubicin (EP 275966), ‘3 ol'i nyl

doxor ubi ci ng ¢ifidocapraylhydragone dgxombioin den@tw(az(W;Ilner etal.,

met hoxy- 1 1Ll Il ves 14, 054)

doxor u% ic ?Fr?c??ubggélqg}r%?’e Q(Eﬁvdél? h?g I@ﬁgg (& gfﬁﬂ'%?%‘g’fﬁeegf-qé'?mmw

3' - dedfi nCreenf warqyaarw%fedl@hmr BB@I'?? :BYD8AAX999D) ECE 23762

3' - deam no- ﬁ_@ ano- 4" - mor phol i nyl 1 13 di hydoxor ubi ci n;
(3' -deani'H6 XY'(‘?‘D am'dimconm'pﬁ@nvmwe)(mmmonmbt ak,Br. 3' Cancer

3 - deam oSO TO0H, NINAORLE it Gelat dreribian dertrivesiDeewnt U. S
35Sl s s > nen BRI ey 1
deri vat i éqlf;:cgz dgng@wegﬂ?pgglem eFdaIucﬂfoq::‘ym diaphys. Acal 1@9(3)rpangdher
ST i our 2o ERBl: GeRiEHicn defatyer (CBX agbas miforantiaheg Car mof ur
doxorubicin analogue (Krapcho ef al., 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-triflucroacetyldoxorubicin (Horton et al., Drug Des. Defivery
6(2).123-9, 1990), 4'-epidoxorubicin (Drzewoski et al., Pol. J. Pharmacol. Pharm.
" _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'l
Cancer inst. 80(16):1294-8, 1988), deoxydihydroiodooxorubicin (EPA 275966),
adriblastin (Kalishevskaya ef al., Vestn. Mosk. Univ., 16(Biol. 1):21-7, 1988), 4'-
deoxydoxorubicin (Schoelze! et af., 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 et 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-leucy! doxorubicin derivatives
(Trouet et“al., Anthrac_y_clines_ (Proc. Int. Symp. Tumor Pharmacother.), 179-81,
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‘Doxi fluridine, Enitefur, 'Tegaf ur, and Fl oxuridine. Exenplary conpounds have

the 20 structures: 0 R F NCAN R 16 WO 03/099346 23/02/%{9-?/2007

PCTI US03/ M9 P¥09B46R>  5-Fl uorouracil H H Carnofur C( 0O NHEGHAY
Doxifluridine A, H Floxuridine A2 H Emtefur CH20CH2CH3 B Tegafur CH B

Il N/ ~ONOOOO"' <co Oher suitable fluoropyrimdine anal ogs include
5- FudR (5-fluoro- deoxyuridine), or an analog or derivative thereof,

i ncl udi ng 5-i ododeoxyuridine (5- 5 |udR), 5-bronodeoxyuridine (5-BudR),

Fl uorouridi ne triphosphate (5-FUTP), and Fl uorodeoxyuri di ne nonophosphate

( 5- dFUMVP) . 1883mBrdeaminorddtnmusthivay é-pigrsidintly dmtaruigisin defivaveés@s.8007 WO
031099346 FGRL 393/ 3 4edMird-3'(4-mortholinyl) doxorubicin derivatives (U.S. 4,301,277)
4'-deoxydoxorubicin and 4'-0-methyldoxorubicin (Giuliani et al., Int. J. Cancer 7
27(1):5-13, 1981), aglycone doxorubicin derivatives (Chan & Watson, J. Pharm.
5 Sci. 67(12):1748-52, 1978), SM 5887 (Phanma 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"-morpholinyl)-13-
dihydoxorubicin; (3'-deamino-3'-(3"-cyano-4"-marpholinyl) daunorubicin: 3'-
deamino-3'{(3"-cyano-4"-morphotinyl}-3-dihydrodaunorubicin; and 3-deamino-3'-
(4"-morpholinyl-5-iminodoxorubicin and derivatives (U.S. 4,585,859), 3-deamino-
3'-(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 ﬂuoropyﬁmidine analog,
such as 5-fluorouracil, or an analog or derivative thereof, including Carmofur,

Doxifluridine, Emitefur, Tegafur, and Floxuridine. Exemplary compounds have the

20 structures:
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HO OH 5- Fl uoro-2' -deoxyuridine: R =F 5-Bronp-2'-deoxyuridine: R = Br -
5-10do-2' -deoxyuridine: R = Qther representative exanpl es of

fl uoropyri H‘i"cﬂi‘%@%‘hal ogs include N3-alkylated anal ogues qfcms‘o];zm%ﬁ%%{ggioﬂ
(Kozai et at, J. Chem Soc., Perkin Trans. 5 1(19):3145-3146, 1998),
5-fluorouracil derivatives with 1, 4-oxaheteroepane noieties (Gonez et at,
Tetrahedron 54(43):13295-13312, 1998), 5-fluorouracil and nucl eoside

anal ogues (Li, Anticancer Res. 17(1 A):21-27, 1997), cis- and trans-5-

fl uoro-5, 6-di hydr o- 6- al koxyuractt—(Van—der—WH—et—at —Br. J. Cancer

. 68(4):702-7, 1993), cyclopentane 5- fRuor our aci | analRegues (Hronowski &
Szarek, Can. J. Chem 1G-Fllofourdd$2- 3 1992), A-OI-flyorouracil (Zhang et

at, Zongguo Yiyao Gongy i 20(11), - 15, 89),
_hm-trinethoxybenzoyI-S'?3eqi§b%-fluo&ggaﬁﬁﬁéa%ké 5H
deoxy- 5-fl uorouri di ne (NPewflusiding ., @em Pharm Bul H 38(4):998-1003,
1990), 1- hexylcarbannyqukjddwggouragkl (Hoshi et at,,J. Pharmacobi o-Dun.
3(9):478-81, 1980; Nhe?gr. et at., enot her apy (BaE%I) 34(6):484-9,
1988), B-3839 (Prajda et™M#eldf | n Vil&OQHCGHS1- 4, Boss),
uracil -1-(2-tetrahydrof Tegafur5-fl uorguracil (Anal etpat, Oncol ogy
45(3):144-7, 1988), 1-(Z2 -deoxy-Z2 -ftuoro—(3=D-arabt-nofuranosyl)-5-
fluorouracil (Suzuko et at, Mdl. Pharnmacot 31(3):301-6, 1987),
doxifluridine (Matuura et al., Oyo Yakuri 29(5):803-31, 1985),

5' -deoxy-5-fluorouridine (Bollag & Hartmann, Eur J. Cancer 16(4):427-32,
1980), 1-acetyl-3-Otoluyl-5-fluorouracil 20 (Ckada, H roshima J. Med. Sci.
28(1 ):49-66, 1979), 5-flworouracil-m 18 WO 03/099346 PCT/US03I 10719
2/2007 fornyl benzene-sul fonate (dP
N -(2-furanidyl)-5-fluorouracj 94
1{2-tetrahydrofuryl)-5-fl uor
believed to function as thera
of pyrimdine. 5 C Folicgaaci

t herapeutic agent is a foFi C
(0]

.LFhese conpounds are
ic agents b serving as antinetabolites
tagoni sts I n another aspect, the

i d ant agoni st

Other suitable fluoropyrimidine analogs include 5-FudR (5-fiuoro-
deoxyuridine), or an analog or derivative thereof, including 5-iododeoxyuridine (5-
5 ludR), 5-bromodeoxyuridine (5-BudRY), Fluorouridine triphosphate (5-FUTP), and

Fluorodeoxyuridine monophosphate (5-dFUMP). Exemptary compounds have the
structures: | |

A7




such as Methotrexate or derivatives or analogs thereof, including
Edatrexate, Trinetrexate, Raltitrexed, Piritrexim Denopterin, 2‘@ 99&007
and Pt er oWW@63/099346 Vet hot r exat e anal ogs have the foll ow ngprgensnais?id
structure: Rt RN ~ RS YRs Ra Rp ~-N R3 R3'R2 R7 10 Re 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 5, 382,582. For exanpl e,
R, may be N, R2 may be Nor C(CH3, R3 and R3 nay H or alkyl, e.g., CH3, R4
may be a single bond or NR where R isOH or al kyl group. R558 may be H,
OCH3, or 15 alternately they can be hal ggens or hydro groups. R7is a side
chain of the general structure: 0 rHO ["~XNHO OOCHN 19 WO

031099346 PCT/US03Qr1lg 2 1 2 0 11 whgreinh = 1 for nmethotrexate, n = 3
hE
0

for pteropterin. The carboxyl gyoups {n t side chain may be esterified or
forma salt such as a Zn2* salt. an an be NH2 or may be al kyl
substituted. Exenplary folic acid ni st conpounds have the structures:

R NYNH2 R5 1 R4 ~-N R6

r4

OH

5-Fluoro-2'-deoxyuridine: R=F
5-Bromo-2'-deoxyuridine: R =8r
5-lodo-2'-deoxyuridine: R=1
Other representative examples of fluoropyrimidine analogs include
N3-alkylated analogues of 5-fluorouracil (Kozai et al., J. Chem. Soc., Perkin Trans.
5 1(19):3145-3146, 1998), 5-fluorouracil derivatives with 1,4-oxaheteroepane
moieties (Gomez ef al., Tetrahedron 54(43):13295-13312, 1998), 5-fluorouracit and
nucleoside analogues (Li, Anticancer Res. 17(1A):21-27, 1997}, cis- and trans-5-
fluoro-5,6-dihydro-6-atkoxyuracil (Van der Wit et al., Br. J. Cancer 68(4):702-7,
1993), cyclopentane 5-fluorouracil analogues (Hronowski & Szarek, Can. J. Chem.
10 70(4).1162-9, 1992), A-OT-fluorouracil (Zhang et al., Zongguo Yiyao Gongye Zazhi
| 20(11):513-15, 1989), N4-trimethoxybenzoyl-5'-deoxy-5-flucrocytidine and 5-
deoxy-5-fluorouridine (Miwa et al., Chem. Pharm. Bull. 38(4):998-1003, 1990), 1-
hexylcarbamoy!-5-fluorouracil (Hoshi et al., J. Pharmacobio-Dun. 3(9):478-81,
1980; Maehara et al., Chemothérapy (Basel) 34(6):484-9, 1988), B-3839 (Prajda et
15 al, In Vive 2(2):151-4, 1988), uracil-1{2-tetrahydrofuryl)-5-fluorouracil {Anai et al.,
Oncology 45(3):144-7, 1988), 1-(2"-deoxy-2'-fluoro-B-D-arabinofuranosyl)-5-
fluorouracil (Suzuko et al., Mol. Pharmacol. 31(3):301-6, 1987), doxifluridine
{Matuura ef al., Oyo Yaku_n' 29(5).803-31, 1985), 5'-deoxy—5—ﬂuorouridihe (Boilag &
- 'Hartmann, Eur. J. Cancer 16(4).427-32, 1980), 1-acetyl-3-O-toluyl-5-fluorouracil
_' 20 (Okada, Hiroshima J. Med. Sci. 28(1_):49-66, 1979), 5-flucrouracil-m- " ' }

e
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R2 Y R3 Ro RT5Rg Ro R R RBR4A RSR6 R7T RB Methotrexate NH2 N N H
N(CH3) H H Edatrexate NH2 N N H CH(CH2CH3) H H A (n=1)

Tri matrexsyg‘]%\’l C(CH3) H NH H OCH3 OCH3 OCH3 Pt eropt @CTWS&MQ\IZQZIQIQ?%
HA (n=3) H Denopterin OHN N CH3 N(CH3) HH A (n=1) H PeritreximNH2 N
C(CH3) H single bond OCCH3 HHOCH3 A a NH HOO OOHNn NOH3 NOOC /'NH
5 HO Tone" Oher representative exanples include 6-S-am noacyl oxynet hyl
mer capt opuri ne derivatives (Harada et a/, Chem Pharm Bull. 43(10):793-6,

10 1995), mar capt opurine (6-M) (Kashi da etat., Biol. Pharm Bull.
1 18(11) : 149%rfylbenzeym-sulfpngtepiRAHASH) F/ahéh(ﬂmmdyl)éﬁ -fuastbazefigB phor i nes

e b1 Al LR ol ReBhgRiD e == ™
04 249- 64, 1994) Trisgb b Sy SAMERALA 1SR EES S BURNUDLAR gl kot ves

(Da Silva et at, Eur . Med. Chem 29
serving ‘as antimetabolites of pyrimidine.

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, Raititrexed, Piritrexim, Denopterin, Tomudex, and Pteropterin.

Methotrexate analogs have the following general structure:

Ry R, N
N AN R
Rs I
Ry P =N
Ry R
Ry Ry Ry
Ry
10 Ry

The identity of the R group may be selected from organic groups, particularly those
groups set forth in U.S. Patent Nos. 5,166,149 and 5,382,682, For example, R,
may be N, R; may be N or C(CHa), R; and Ry’ may H or alkyl, e.g., CH3, Ry may be
a single bond or NR, where R is H or alkyl group. Rsege may be H, OCH4, or

} |
15 .altemately they can be halogens or hydro groups. Ry is a side chain of the general
structure '
A -
: NH |
RO
0
L e
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mer capt opuri ne derivatives (Ratsino et at, Khim-Farm Zh. 15(8):65-7,
1981); -5 indoline ring and a nodified omthine or glutamc acid i

net hot r ex¥O3/08BA6 vat i ves (Mat suoka et at, Chem Pharm BBCTIUSOS?I%G@Q?Q()O?
45(7):1146-1150, 1997), al kyl- substituted benzene ring C bearing

met hotrexate derivatives (Matsuoka et at, Chem .Pharm Bull.
44(12):2287-2293, 1996), benzoxazine or benzothi azi ne noiety-bearing

nmet hotrexate derivatives (Matsuoka et at, J. Med. Chem 10 40(1):105-111,
1997), 10-deazaami nopterin anal ogues (DeG aw et at, J. Med. Chem

40( 3) : 370 BT8NP 7 for Metiaatrmaaite, 0P Befbr pterdistefin 1Thd icdﬁﬂa&@ﬁgionugmmﬁéw

nmet hotrex%'r&f aﬁlalo ues (Piper et at, J. Med. Chem, 40(3):3/7-384, 1997),
i ndol i ne METERABEIRN bResietiied pefoamea aalt pyeh ayaLn(iealt Bk andtRarcan Beem

Pharm Byt . 2 £ ..1996), tipophilic am de nethotrexate
O

derivatives (Pigna al., World Meet. Pharm, Biopharm Pharm
Technol ., 563-4, 19@upmplary futie@cid 3StadBhistcdhponng Mvathe s%ﬁjcﬁJré%dHa et
rt e

DL- 3, 3-di fl uorogl utam c aci d-contai ning mnethotrexate anal ogues

at, J. Med. Chem 39(1):56-65, 1996), nethotrexaje tetrahygr oqui nazol i ne
anal ogue (Gangjee, et at, J. Heterocyct Chem % - ; l1"995),

N- (a-am noacyl) nethotrexate derivatires (Cheu et 1} 20 tat, Pterdines
3(1-2):101-2, 1992), biotin nethotrexate deriveiv et at,

Pteridines 3(1-2):131-2, 1992), B¢ >

fluoroglutam c acid nethotrexate a es (MCGuire ettat, Biochem
Pharmacol . 42(12):2400-3, 1991), Lfet hano net hot r@xat e anal ogues
(Rosowsky et at, Pteridines 2(3f¥13349, 1991), 10-deazaani nopterin P
(10- EDAM) anal ogue 25 (Braakhuis at at® Chem Biol. Pteridines, Proc. Int.
Synp. Pt eri-dires—FelicAci-d-—Dedv..1027-30_1989), y-tetrazole

net hot rexat e _anal ogffe (Ral Ran atRat, Rehem BiRsl . PReri difes, Pic. /nt.
Synp. Pt eMethoneate=oNHg Kci o Derim., MOd;7. 1989), B (L- 2nmakj neacyT)

met hot r exggdredifib | Vajhyeq (fheung;at W%Hz?éﬁckf_pycl eg 28\(}%}%@1- Eeml%g)l’ "o

meta and prtho 1.so S qof nopt er i et at,

03/ 099346P'f9é37965“83gﬁﬁadg'é g%*s@) B 3MH12): 25831 19899CH; OCH;  OCH,
hydr oxynefttEfepiegEe hot PHxalle NDE 267495NH y fl uotbret hiat rexat@=$Mc@uire et at,
Cancer ReSenc#f2(id6) 1 dE17N25N 198Qm, REtyg! utapyl nmeghot r R@LH deyivatives

(Kumar - etpdreximCanch, ReS- ct8i,lH 20488 bond  oCH, H H OCH,

A o .
NH '
HO
o
¢’ ou _ ) \ﬁ

ooC /-\_ o o, N\ CHi,
SO M1
Hooc” Nk g
. :
0
Tomudex

Other representative examples include 6-S-aminoacyloxymethy!
mercaptopurine derivatives (Harada et al., Chem. Pharm. Bull. 43(10):793-6,
1__0_ 1995), 6-mercaptopurine (6-MP) (Kashida ét al., Biol. Pharm. Bull. 18(11):1492-7,
- 1995), 7.8-polymethyleneimidazo-1,3,2-diazaphosphorines (Nilov et af.,
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1986), gem di phosphonat e net hotrexate anal ogues (WO 88/06158), a- and y 5
substituted nethotrexate anal ogues (Tsushima et al., TetrahedroQ3/02/2007
44(17) : 53794B9/09939988) , 5- net hyl - 5- deaza net hot r exat e anal@@aye3/16719
(4,725,687), NS-acyl-Na-(4- am no-4-deoxypteroyl)-L-omthine derivatives
(Rosowsky et at, J. Med. Chem 31(7):1332-7, 1988), 8-deaza nethotrexate
anal ogues (Kuehl et at, Cancer Res. 48(6):1481-8, 1988), acivicin

nmet hot r exat e anal ogue (Rosowsky et at, J. Med. 10 Chem 30(8):1463-9,
1987), polyneric platinol nethotrexate derivative (Carraher et at; Polym

Sci . Techndﬂenqemmmmua!s%dwgﬁ)oaﬁﬁmopﬁh&é '(Chrf@lﬂdgeﬁ?e‘tlak 198/523%
am ne I NS

‘met hot r exa %y di nyri st oyﬁhophat i'dyl et hanol Bi ochim
Bi ophys. %‘”ﬁfi’ 19948 MyethyeD fgiacapy erosiiel mg;}dapmmmaeanal ogues

R Kk d d De
e s L e
Aspect s: 98@*’®ptdxﬂﬂﬁr)e dembuvesmwha@yg; TRARPIRHASE RELNAL Ygay(KI o! f uk

et at, ﬁy_g Pteridines, Pteridines Foli AC| I nt.

Synp. er'i"ﬂP ”‘FQ)?P@IaAﬁ‘P(tleEDb@Whlne@T@mtamnBaaH-beﬁhh@me‘%ﬁ@ﬁéﬁﬁe 989-92,

1986), deoyy ltlgé(g ﬁ;‘&s%ho ri Vatl;é f bber et at, Chem Bi oI
 Pteridi nes er| dines 45(7):h146- D5 05,1997), Rllenh di nes

Fol i d Aci csubstifuted b&ieme. nn@'@bean‘%@ %etl??%{a}é%ﬁﬁ.vg%gmé&gp@ 6? doacet yl

| ysi ne net hotrexate anal ogue (Del ca 'es,

Pt eri di nedNEsTi dhawn. Butled#(12): 228642293&199@)n@enzﬁt§<§2mébﬁﬁénﬁ§{hia‘imﬁc' d Denv.
807-9, .1986 onega. - di am noal kanoi d

Ch Bi
ac?(T contgllq el %é%npﬁﬁ&?'g&ﬁ’f%egﬁw’%'@(?&( '%E@har%f t JaWledBChetem. Phar macol .
35( 15)1@6U0( 3105261119807, 19%95%%@&%&&@&6%@%%62@ %' v gg;%‘”e” &

W ni ck, Methods Enzynol 122 tam enzyne

5- met hyl - §1e8a A3 HA- 6@e§9(zplaeeeamananopténn .5 @Qmeaggé@no?@éﬁ)'e

1986), t otr at e anal ogue (Mastropaol o et at d. Chem

29(1): 155“@@5%%?93" gues ép%a&t frhe Heg'ﬂfe aﬁmdfms(/zeaaar 189%est al , J.

Het i / US03/, 167199 2/ .2 0 0 7
) eyatal e oIty bebiy oAl U ISR (Mefuke &t b Bemenam

1985), cysteic acid and NDCYS
(4, 2490, 528yl 447X ta&z«bmwgee; Nobphiie bmies Aot RaRoHEAITbs gbs??atéu

Chem ﬂé? é‘?%a(!g??%@ %@%5 !}’ L U%Bhgg;eghgﬁrg r}%tc;)ﬁglats?ssinﬁ9%95l)JeL—thre§—u i et
(2S,45)-4- ﬂuoroglutamlc acid and DL-3,3-difluoroglutamic acid-containing
methotrexate analogues (Hart et al, J. Med. Chem. 39(1):55-65, 1996),
‘methotrexate tetrahydroquinazoline analogue (Gangjee, et al., J. Heterocycl.
Chem. 32(1):243-8, 1995), N-{(x-aminoacyl) methotrexate derivatives (Cheung ef

_ V20 | al., Pteridines 3(1-2):101-2, 1992), biotin methotrexate derivatives (Fan et al.,
Pteridines 3(1-2):131-2, 1992), D-glutamic acid or D-erythrou, threo-4-

.ﬂuoroglutamic acid methotrexate analogues (McGuire et al., Biochem. Pharmacol.
- 42(12):2400-3, 1991), 8,y-methano methotrexate analogues (Rosowsky et al.,
Pteridines 2(3):133-3, 1991 ), 10-deazaaminopterin (10-EDAM) analogue
25 (Braakhuis et al.,, Chem. Biol. Pteridines, Proc. Int. Symp. Pleridines Folic Acid
 Deriv., 1027-30, 1989), y-tetrazole methotrexate analogue (Kalman et al., Chem.
| Biol. Pteridines, Proc. Int. Symp. Pteridines 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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1985), fol ate nethotrexate anal ogue (Tronbe, J. Bacterio/. 160(3):849-53,
1984), 5 phosphonogl utam c acid anal ogues (Sturtz & Guill anot, 1%%: 2?}2007
Med. ChenW@H/P346Ther. 19(3):267-73, 1984), poly (L-Iysi REY/USE gexate
conjugates (Rosowsky et at, J. Med. Chem 27(7):888-93, 1984), dilysine
and trilysine nmethotrexate derivates (Forsch & Rosowsky, J. O g. Chem
49(7):1305-9, 1984), 7- hydroxynethotrexate (Fabre et al., Cancer Res.
43(10):4648-52, 1983), poly-y- 10 glutanyl nethotrexate anal ogues (Piper &
Mont gonery, Adv. Exp. Med. Biol., 163(Folyl Antifolyl

Pol ygl ut ard@{¢2)2585 31989) hP&dkymath By&ned'ldfﬂékéfeqlm betagmyale (Rosowsky & Yu,
J. Med. em 26‘110 1448-52, 198 di azoket one and "chl or onet hyl ket one

net hot r ex AHE R Qb"aé%temgﬁgl}r@eet@ﬂ gancer Res 49(16)3k517-25, 1(989),717- 19, 1982)
ved ChonPObaRgE ek PRl e pnlEs RS 84, ColRer R TIPS (1 &
at, JNCI @668), gerddiphodftithate RRtN@akAEBEI0 gaé@%@&@/bm%f h\@b%t ® ate

(Gal i van, l\/bI Pharmacol . 17(1):105-10, 198 hal ogent at ed
der i vaPi v&Ybsiitated meibotr smta)ana@mee (Ts@shina %aé] KsttatiedBord #id)-638587pgues

et hot r exdP 80k emiactses melfbte R cnahaiies (.d28 08, Al B i Chen, 3.
Ved.  Cheramircd feox BRRSINI Lo kY dohvARBS (kb SoViBl ' Il BadER IR vg;g;ld

3",5 - dichloronethotrexate (Rosowsky;
deaza and?{10PBaRi% 1968), Bgima mmnmgamewmmgms (Koehl 4.8, Oxtieer R8s .

and ﬂiﬁéﬁy&ﬁg‘%@@ 168" Revivn relfates ﬁeégéﬁei%w%?%%z%? Wagee” ¢
comowdscase, Basneds a3at) gohragie ERIRNLHERSh R n A g0

t he ther a@felﬂoljaﬂaﬁanfeafmo& (Pmalmm)be‘pf\dn(Bmmm Rolyri91314 44, 1@89), an anal og
unds of this type are Etoposide or Teniposide,

t her eof 0
which h a\;geﬁ%reygfémaﬁﬂr@sgqy}m&pgpggyle@an@a@une {Kinsky et al., Biochim.
Biophys. Acta 917(2):211-18, 1987), methotrexate polygiutamate analogues

(Rosowsky et al., Chem. Biol. Pteridines, Pteridines Folid Acid Deriv., Proc. int.
15 Symp. Pteridines Folid Acid Deriv.: Chem., Biol. Clin. Aspects: 985-8, 1 986), poly-
y-glutamyl methotrexate derivatives (Kisliuk et al., Chem. Biol. Pteridines,
Pteridines Folid Acid Deriv., Proc. Int. Symp. Pteridines Folid Acid Deriv.: Chem.,
Biot. Clin. Aspects: 989-92, 1986), deoxyuridylate methotrexate derivatives
(Webber et al., Chem. Bioi. Pteridines, Pteridines Folid Acid Deriv., Proc. int.
20 Symp. Pteridines\ Folid Acid Deriv.: Chem., Biol. Clin. Aspects: 659-62, 1986),

- iodoacetyl lysine methotrexate analogue (Delcamp et al., Chem. Biol. Pteridines,
Pteridines Folid Acid Deriv., Proc. Int. Symp. Pteridines Folid Acid Deriv.: Chem.,
Biol. Ciin. 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

 methotrexate analogue (Mastropaolo et al., J. Med. Chem. 29(1):155-8, 1986),
pyrazine methot_rexate analogue (Lever & Vestal, J. Heterocycl. Chem. 22(1):5-6,

22
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HOo OH / O / "\\o R Etoposide CH3 Teniposide S HCO OCH3 5 \ OH Ot her

representative exanpl es of podophyllotoxins include Cu(ll)- VP-

(et oposi deWOI3MPPH (Tawa et at, Bioorg. Med. Chem 6(7): POOAISH 25192/1685%7
pyrrol ecar boxam di no- beari ng etoposi de anal ogues (Ji et alL, Bioorg. Med_
Chem Lett. 7(5):607-612, 1997), 40-am no etoposi de anal ogues (Hu,
University of 10 North Carolina Dissertation, 1992), y-lactone

ring-nmodi fied aryl am no etoposi de anal ogues (Zhou et alL, J Med. Chem
37(2):287-92,.1994), N-glucosyl etoposide analogue (Ailevi et alL,

‘Tet r ahedr orl 988k €ystaig@ash) amBhamosysteear)d metrapesbdeanslodunss (40490 92jeq (Kadow
et aL, Bio rqethg?remt Lettt. é%l%vél?- 22, 1992), 4' deshydroxy-4'-nethyl

3 gaul | OF Tetrexpte asteys(FOosqweky etbm/. Med Ches. 26(4))66091 31988),

et oposi de
. 1992), fudr ' ' S g E ). Can
26(5) " 550- 2. 1060) Sn . B e ARt AP, et ot

and/ or DNA cl eavi ng agents.

T ' hi bi.t or.
V0 031 0803 A L FRPRRIIsEYE 36 preisaueedshniz &0 ook Mod Fhamt-Bbim
aspect, thehéMea@peer78, LN pbis (E%!'g?ﬁéﬂtrngtﬁb{%xa% cBijugates (Rosowsky et

al., J. Med. Chem. 27(7):888-93, 1984), dilysine and trilysine methotrexate
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 glutamyl methotrexate analogues (Piper & Montgomery, Adv. Exp. Med. Biol.,
163(Folyl Antifolyl 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 atkyl methotrexate homologs

15 (Piperetal, J. Med. Chem. 25(7).877-80, 1982), lectin derivatives of methotrexate
(Lin et al., JNC/ 66(3):523-8, 1981 ), polyglutamate methotrexate derivatives
(Galivan, Mol. Pharmacol. 17( 1):105-10, 1980}, halogentated methotrexate

__derivatives (Fox, JNC1 58(4):4955-8, 1 977), 8-alkyl-7,8-dihydro analogues
{Chaykovsky et al., J. Med. Chem. 20(10):J1323-7, 1977), 7-methyl methotrexate
3 20 | derivatives and dichloromethotrexate (Rosowsky & Chen, J. Med. Chem. |
17(12).J1308-11, 1974), lipophilic methotrexate derivatives and 3',5'-
_di_chloromethotr,exate (Rosowsky, J. Med. Chem. 16(10).J1190-3, 1973), deaza
- amethopterin analogues (Montgomery et al., Ann. N.Y. Acad. Sci 186:J227-34,
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.

J. Med. Cha#85)3miaty melh@reaatd 889ipgud ifEmenteo UPBaRER0R T BoigaeuRd 1bag pct as
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anal og or derivative thereof. Canptothecins have the follow ng general
structure, R R OR NI X I R NO HC OHS5 In this struca%?'@z)(zio@7
typi cal | yWP O¥8P34€an be other groups, e.g., NHin the caBETEBOFPII%ct am
derivatives. Rl is typically Hor OH but may be other groups, e.g., a
termnally hydroxylated Cl-3 alkane. R2 is typically Hor an am no

contai ning group such as (CH3) 2NHCH2, but may be ot her groups e.g., NO2,
NH2, hal ogen (as disclosed in, e.g., US. Patent 5,6552,156) or a short

al kane containing 10 these groups. R3 is typically Hor a short alkyl such
as C21-15- R4 iX% tyBpdephwlolaxing rmay be other groups, e.g., a

nmet hyl enedi oxy grou | ary canpt ot heci n. conpounds i ncl ude

wth RL Exeﬂp I _
t opot ecan, irinot ec&?@“c{t@'ﬁ@eﬂ',t.Q-tféﬁfﬁl?ﬁ}g&rﬁﬁ%’(tlﬁ%%f’ﬁ,doﬂ yllotoxin, ora
21-1 act - j A1 i i 38,
o 11 e pra oot B QCEE rbredt ExemalEh ONRRHAY BRI Btibpose ™, o

t he strucvofdesipositie|wiiciRhatk the fdlidwirlg sthicfirest C OH R, R2 R3  canpt ot heci n:
HHH Topotecan: OH (CHH3)2NHCH2 H SN-38: OH H C2H5 X O for nost

anal ogs. NH for 21-lactam anaIRogg
| °0’,’&’§\,
HO o
OH
. O

Etoposide
Teniposide

CH,
s
(\ /7/ H,CO N otH,
5 OH

Other representative examples of podophyllotoxins include Cu(ll)-
VP-16 (etoposide) complex (Tawa et al., Bioorg. Med. Chem. 6(7):1003-1008,
1998), pyrrolecarboxamidino-bearing etoposide analogues (Ji et al., Bioorg. Med.
Chem. Lett. 7(5).607-612, 1997), 4B-amino etoposide analogues {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
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, 1980) 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 1l Inhibitors

and/or DNA cleaving agents. - o s
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25 ----- - e W03/ 099346 23/02/ 2007 PCT/US03/ 16719 Canptot heci ns have
the five rjings shown here. The ring |abeled E nust be intact (¢t

rat her tha B%Q{P?%ﬁ/l ate form for maxi mum activity and mpmmm%%/;g%?@%
Campt ot hecins are believed to function as Topoi sonerase | Inhibitors 5
and/ or DNA cl eavage agents. F. Hydroxyureas The therapeutic agent of the
present invention may be a hydroxyurea. Hydroxyureas have the foll ow ng
general structure: O R3~ NN OX R2 R 10 Suitable hydroxyureas are

di sclosed in, for ex le, U S. Patent No. 6,080,874, wherein R, is: R3
.and R2 is an alkyl ﬁ%ﬁ%@ 1-4 carbons and R3 is one of H, acyl,
“nethyl, ethyl, andm res thereof, such as a nethylether. 15 O her

sui t abl e hydr oxyur ee@aﬁ’@e&iﬁe?gs&\? thgrapgufic agentdss Cagmiathety, or 87 665, 768,

. wherei n R anaogocyeiaiié amrbod’ OxRntdifie; ﬁ:ﬁg vihd dehe '
fl uorophenyl thio)-furyl]-2-cycl opeﬁt e%ﬁ"?%(/ ﬁ?%@%’hgé’%ﬁeﬁésﬂdw%r an
al kyl group having 1 to 4 carbons and R3is H Xis Hor a cation. 26 ~ WO
03/ 099346 PCT/ US03&? 49' 2/ 2 B0 P f i tabl e hydroxyureas are

disclosed in, e.g., U S Patem herein R, is a phenyl group
substituted wth one or noréd
reasjjare|]disclosed in, e.g., US

R2 i ¥ a cycl opropyl group;
and R3 and X is H Oher suij
Pat ent No. K,

| 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 typically H or OH, but may be other
groups, e.g., a terminally hydroxylated C;_; atkéne. Rz is typically H or an amino
- containing group such as (CHs),NHCH,, but may be other groups e.g., NOz, NH,,
halogen (as disclosed in, e.g., U.S. Patent 5,552,156) or a short alkane coniaining -
10 these groups. Rjis typically H or a short alkyl such as C;Hs. Ry is typically H but
may be other groups, e.g., a methylenedioxy group with R,
Exemplary campiothecin compounds include topotecan, irinotecan
(CPT-11), 9-aminocamptothecin, 21-lactam-20(S)-camptothecin, 10,11-
methylenedioxycamptothecin, SN-38, 9-nitrocamptothecin, 10-

15 hydroxycampto_thecin. Exemplary compounds have the structures:

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

~ X: O for most analogs, NH for 21-factam analogs
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5 5,066, 658, wherein R2 and R3 together with the adjacent nitrogen form Y
(CH )mwherein mis 1 or 2, nis 0-2 and Y is an al kyl group. IQ30[@2/2007
aspect, tWeoby/@wseyurea has the structure: 0 SOH H2N NHpbyaseriea
These conpounds are thought to function by inhibiting DNA synthesis. G

Pl ati num conpl exes I n anot her aspect, the therapeutic agent is a platinum
conpound. In general, suitable platinumconplexes may be of Pt(IIl) or
Pt(1V) and have this basic 15 structure: R\ x R2 1 Y Z2 27 WO 031099346
PCTI US03/171g 2 2 0 0 7 wherein X and Y are anionic |eaving groups such as
sul fate, phosphate, CanpRcHshavatle TRk g e,snamqme Rihanpgdhbdiby g2m ne,
am no al kyl any may be further substitute and are basmafgly I nert or

bri dgi ng gMysble infant (tl'-?e(ladtt)me:catberebbes cathoxytale ksmyrfer maringxh ScEvity. amdr
Pt(l1V) Z, @%22 ma,t\é be ani onic groups such as 5 hal ogen, hydroxy,

car boxyl at gf"etf) N fate or phosphate. See, e.g., U S. Patent Nos.

i atoms. Soe, o gorMpiHeGrEAE b%!;%’éﬁﬁmdéeﬁ%ﬁ?%é%?”%%;% e

bi spl at$ nLﬁﬂdémd)NArdqavageagemsorrpl exes of the type: z, ~R x| R

F. Hydroxyureas
The therapeutic agent of the present invention may be a

hydroxyurea. Hydroxyureas have the following general structure:

Rs /”\ O0—xX
“N N/
7 AN
Rz Ry
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 R, is a cycloalkenyl group, for example N-[3-[5-(4-
fluorophenyithio}-furyl]-2-cyclopenten-1-ylJN-hydroxyurea; R, is H or an alkyl group

having 1 to 4 carbons and R is H; X is H or a cation.
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Y~‘~'AiItZZZZZZIZ,I/RX\I,A\I/XPtPtPtI~A|-~|

\YR21\YZZZZZZIXI/R R\l ~ X1 A\Ytt 2 72

Y~I i 10?0&% ary pl ati num conpounds are Cisplatin, Cﬁ?'HH ?3%’4?5?2%7
Oxaliplatin, and M boplatin having the structures: 28 V\003/099346
PCTIUSOS/671922007 NH3 NH3 i Pt i -NH3 1 NH3 O G Csplatin

Car boptafin

Other suitable hydroxyureas are disclosed in, e.g., U.S. Patent No.
4,298,778, wherein Ry is a phenyl group substituted with one or more fluorine
atoms; Ry is a cyclopropyl group; and Ry and X is H.

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:

‘@tc{z}n 7
Y- N—

/

{CHy)m ,
whereinmis 1or 2, nis 0-2 and Y is an alkyl group.

In one aspect, the hydroxyurea has the structure:

O
/I-L _OH
H N NH
Hydroxyurea
10 These compounds are thought to function by inhibiting DNA
synthesis.
G. Platinum complexes

R

In another aspect, the therapeutic agenf is a piatinum compound. In

‘general, suitable platinum complexes may be of P{{If) or Pt(IV} and have this basic
15 structure: L | |

2,

Ry X

. >P!

R Y
Z,
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OO0/H x::o0/ H N OOH Oxaliplatin Mboptatin Qther representative’

pl ati num conpounds i ncl ude (CPA)2Pt[ DOLYM and (DACH) Pt[ DOLYM ~Gji i
(Choi et aVOUXPWBIS Phar macal Res. 22(2):151-156, 5 1999) ,PCTIUSG%MﬁEO%?
Cs-[PtCl2(4, 7-H 5-nmethyl -7-o0x0] 1, 2,4[triazol o[ 1, 5-a] pyrimdine)2] (Navarro
etaL, J. Med. Chem 41(3):332-338,1998), [Pt(cis-1,4-DACH)(trans
Cl2)(CBDCA)] % MeOH cisplatin (Shanmsuddin et at, Inorg. Chem 36(25):5969-
5971, 1997), 4-pyridoxate diamm ne hydroxy platinum (Tokunaga etal, Pharm
Sci. 3(7):353-356, 1997), Pt(l1) ... Pt(11) (Pt2[ NHCHN(C(CH2) (CH3))]4)
(Navarro ewvhareiraX a,ndl\haregannﬁﬁneﬂnavﬂﬁgx@hpggaeh 683ulfatk) BRdsphdhd- S cisplatin
anal ogue (Ko urol. Res., 18(3):244-247, 19 6), oO- phenyl enedi a
nine Iigard %@%Y?’i‘tﬁga'?,q Egga?n 1 anpehRe grealkykomine raraine alkyl Baymayshe | J.

| nor 9. 51 Taee s Bfihed S8 pal R Tﬁf‘tdﬂ%@”%’ﬁ)@"’h L BB PRAEE Fbleves

1, 2- di ary|Z&tand Zrardi ram-adstehig Fut Ry I, snawrmspaé@hmniw?@mbagu%a@;m ds and
gl ut at one! beal*_ll ng ci spl ati n anal ogues (Bednar ski norg. Biochem_

62(1): ¥ioxy, carbiatessjen suiate s phosphatei Seanealpddss Rageratns uddi n

et al. i 4):291-301, 1996), 5 orientational isoner
of cis- [Pt(sNH%B?Zlazgmg'ﬁdj%gmqéé{d(@G)}] (Dunham & Lippard, J. Am Chem

Soc. 117(43): 1o7ozsmzamé9&5.humcmhgbké@n@yadadwnfmﬁm@@t% éa@eg
anal ogues 20 (Koeckerbauer & Bednarskl, J. "Pharm Sci. 84(7/):819-23, 1995),
1,2- diar 9|9e¢l|=| - EraderntiNes. 5i4pqert ﬁo@@dﬁﬁ@%%@mnemmmeb@mmmam et al, J.

Cancer PCT/US03?1 1cQ 212 0 0 7 din. Oncol.
121(1): Slﬁylatﬁgﬁ%gg g%g%ﬁ&'@ %‘?‘n ne) pl ati nun(11) conplexes (Pasini et at;
J. Chem Soc., Dal ton Trans. 4:579-85, 1995), Cl-973 cisplatin anal ogue

(Yang et at, Int . Oncol .Z/5(3):597-6@2, 1994),
cis-diam ned| chl oropl at |)4:1Qn{( Ry andx\ils gmnal ogues cis- 1,

1- cycl obut anedi car bosyl at ofER) - 2- Wt <1, 4 5 but anedi ani nepl ati nurn(l1)
and ci s-di ammi ne(gl ycol at6)jpl ar+a (q Ayganp &
Zy Zy
NN
X A X
0 ~
Pt/ \ -

10 | X

Exemplary platinum compounds are Cisplatin, Carboplatm

Oxahplatm and Miboplatin hawng the structures:
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Zinbrick, J. Inorg. Biochem 26(4):257-67, 1986; Fan et at, Cancer Res.”
48(11): 3135- 1988; Hei ger-Bernays et at, Biochemstry 29(36):.

1990;  Ki %QQ&A’O%??“M, J. Exp. din. Cancer Res. 12(4):233?&%8@3%?%9 ?PQyFi
at at, Biochem stry 31(47):11812-17, 1992; Takahashi at at, Cancer

Chenot her. 10 Phammtol . 33(1):31-5, 1993),
ci s-am ne-cycl ohexyl am ne-di chl oropl ati nunm(li) (Yoshida at at, Bi ochem
Pharmacol . 48(4):793-9, 1994), gemdi phosphonate cisplatin anal ogues (FR

2683529), (nmeso-1, 2-bis(2,6-dichloro-4- hydraxypl enyl)ethyl enedi am ne)
~dichloroplatinun(ll) (Bednarskifat al.,.J. o\hj&d. Chem 35(23):4479- 85,
1992), cisplatin anal ogues conthinjng a ¥ethgred dansyl 15 group (Hartw g
at at, J. Am Chem Soc. 114(21):82b2- 99), platinum(ll) polyam nes
. (Siegmann at at, Inorg. Met-ConsainingtPolym Mater., (Proc. Am Chem
Soc. Int. Synp.), 335-61, 1990), cis- °
(3H) di chl or o( et hyl enedi ani ne) §F& nun( | I5®¢'@ast man, Anal . Bi ochem
197(2):311- 15, 1991), trans-di amm nedi chloroplatinum1l) and
cis-(Pt(NH3)2(N3-cytosine)d) 20 (Bellon & Lippard, Biophys. Chem
35(2-3):179-88, 1990), 3H;cis-1,2-

) o HOH
- di am nocycl ohexanedi chl o I atNi nun(l1) and -Ch5- 1, 2- di am nocycl ohexane-
mal onat opl ati num (I11) (Gswal & At Res s em Pathol. Pharnacol .
64(1):41-58, 1989), diani Rocafpox opl um (EP 6321),

trans-(D, 1)-1, 2- di am noc Bheéane carri erZ1 i gand-Bearing plati num

anal ogues (Wrick & Chanéy, 3 Labelled g&qﬁ ~-Radi ophar m

25(4):349-57, 1988), am noal kyl am noant hr aqui none- deri ved cisplatin

anal ogues (Kitov at &{el Eur. J.. Med. Chem 23(4):381-3, 1988),

spiroplatin, carbopPdel FEPTESERIAIIVA Platinym commmungs dnglude{ GRALBHDEL YMichr oyen

at alL, Eugpd DA@'gﬁ@ WA i | /i - 1309 1988),, bi.den ertiary
di ani ne- cont gi ning Ci g&%@l‘:ﬁ%@é# ég%?%‘é?gffb]%@r P’agf'?éf}‘.g‘, ézggf%‘géé’099346
23/ 02/ §0079999(:@ISE[S’@G&(KBW-].—BSJmmng!.—Y-Ghtbm.?,&{Qﬁ&ol&[Z@é}b&ﬂﬁﬁ(ﬁﬁe)} arro
pl ati nun(| él r ]:’p t] Euné{v) Liu & V\ang, Shandong Yi ke Daxug€xuebao
24(1) : 35- 84 9@@‘9; e 4#@3133- e 3B, 1998), [PHcis-1,4-DACH)(trans-
cycl obut agg§icem vi L a1 @{M%arb latin, JMVB ]
et hyl enedi ggﬂﬂ n%éﬁnﬁ?%%ﬁét&ﬂ ubN Mﬁf))&(%%ﬂg Qf’eg% ,3%%&1'5899@ Oncol
9(2): 157-8%1, 1987), A-pyridoxate diammine hydroxy platinum (Tokunaga et al., Pharm.

| Sci. 3(7):353-356, 1997), P{(II) + -« P11} (PtoINHCHN(C(CH3)(CH3))]s) (Navarro et

10 af, Inorg. Chem. 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),
R trans, cis{P{OAc)la(en)] (Kratochwil et al., J. Med. Chem. 39(13):2499-2507,

1996), estrogenic 1,2-diarylethylenediamine ligand (with sulfur-containing amino
15 acids and glqtathione) bearing cisplatin analogues (Bednarski, J. 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 Gis-
[Pt(NH3)(4-aminoTEMP-0){d(GpG)}] (Dunham & Lippard, J. Am. Chem. Soc.
117{43):10702-12, 1995), chelating diamine-bearing cisplatin analogues
'.20 (Koeckerbauer & Bednarski, J. Pharm. Sci. 84(7):819-23, 1995), 1,2-

'_ ' diarylethyleneamine ligand-bearing cispiatin analogues (Otto et al., J. Cancer Res.
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5 JMB and JMP cisplatin anal ogues (Harstrick et at, Int. J. Androl. 10(1);

139- 45,

Chem Soc¥

1987 NPr4)2((PtCL4).cis-(Ptd 2-(NH2Me) 2)) (Brammer 5 /9.
%‘9? $T‘| Commun. 6:443-5, 1987), aliphatic tri CEFEBW%%%{?(JO?

pl ati num corrpl exes (EPA 185225), and cis-dichloro(am no
acid)(tert-butylam ne)plati num 11) conpl exes (Pasini & Bersanetti, |norg.
Chim Acta 107(4):259-67, 1985). These conpounds 10 are thought to function
by binding to DNA, i.e., acting as al kylating agents of DNA It.

COMPCSI TI ONS AND FORMULATI ONS As not ed above, therapeutic agents described
herei n mayClie Onasl.niA 741 Jsth-8n1905) afetietignarfiamelslatnurai compiexesy(Pasini

carri ors ribind CBVECO0E, DR TS dorer OO0, Glofy A5t ABFOBUe i gi n.

carriers

Th I
IS oL LTSl oYY St S8 Be) ARSI,

by way of liSlaﬁatkmue@rcjs-vwmyafnmmwmmme(zﬂ)-z-h&ethylm ion a wide variety
of pol yé;E can be u llzﬁﬂ to contain _and/or deliver one or nore of the

agents

e RIS Hiprineiglyseipto)pigtim i etiygameabl e and

on oo TRBABL 0. 1ERGOBLALANSN(ATOR BT HLB! Mo BXGTRI AP ReR. 01001 adabl €

COI’TpOSI tions inclu

um n agen atin osan yal uronic

aci d, star@il1)SdBb, dgésaﬁeligedserna/elet% Bhﬁhéﬁﬂst@ﬁZQ{Sﬁ)&%ﬁS' ©84d; ul ose,

hydr oxypr

dr oxypr opyl et hyl cel | ul ose,

cellulose
car boxyrre%a&@l? i egegxfbﬁlfhl%@?ﬁ s al d4BR3Ir40a0993; Mursay pialose acet at e

t
ot 1 ans. ChaGTES ARTLTR (X o0, PaRasBiabl B! . Khanely ©nBBiaes L Mot ).
pol y( 1l aé’hadaami 83(y 1:01-150 @993 p elsydrRink-dyaiohestPadin@ dithdrbgalinum(if)
pol y(glyc glga{aﬁt pol y(trinmethyl ene carbonate pol y( hydroxyval erate),
)

poly(hydr

iochenp Bhgpnacoly 484783/ I994E deaFliphosphawlse

o BBl B boolB (R SE A L NBLE) AU PRI Tpes o o) pol vester s

acid),

such polynmers an

Davi ds,
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ploydrexyplet Jlmlemwrﬁﬁ@? Bit%?cﬁ&ﬁt‘étrntﬂﬁtll’)(@@bﬂé’rsﬁpétde?) u Srgo! ymer s of
bl ends of such polyners (see generally, Ilium L.,

gem( daie23):4479-85, 1992), cisplatin analogues containing a tethered dansyl

group (Hartwig ef al., J. Am. Chem. Soc. 114{21):8292-3, 1992), platinum(Il)

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):311-

15, 1991), trans-diamminedichloroplatinum(it) and cis-(Pt{NH3)x{Ns-cytosine)Cl)

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

e

- -diaminocyclohexanedichioroplatinum(ll) and 3H-cis-1,2-diaminocyclohexane-

- malonatoplatinum (It) (Oswald et al., Res. Commun. Chem. Pathol. Pharmacol.

25

64(1).41-58, 1989), diaminocarboxylatoplatinum (EPA 296321}, trans-(D,1)-1,2-

‘diaminocyclohexane carrier ligand-bearing platinum analogues (Wyrick & Chaney,
J. Labelled Compd. Radiopharm. 25(4):349-57, 1988),

aminoalkylaminoanthraquinone-derived cisplatin analogues (Kitov et al., Eur. J.
Med. Chem. 23(4):381-3, 1988), spiroplatin, carboplatin, ipropiatin and JM40
platinum analogues (Schroyen et al., Eur. J. Cancer Clin. Oncol. 24(8):1309-12,

_1988), bidentate tertiary diamine-containing cisplatinum derivatives (Orbell et al.,
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5 "Polymers in Controlled Drug Delivery" Wight, Bristol, 1987; Arshady; J.
" Control l'ed Rel ease 17:1-22, 1991; Pitt, Int. J. Phac 59:173-196 /§?§92007
Hol | and et WR103/099346 Control | ed Rel ease 4: 155-0180, 1986). Repressnded | vo
exanpl es of nondegradabl e polymers include poly(ethyl ene-co-vinyl acetate)
("EVA") copolyners, silicone rubber, acrylic polyners (e.g., polyacrylic
acid, 10 polynethylacrylic acid, poly(hydroxyethyl nethacryl ate),

pol ynmet hyl met hacryl ate, pol yal kyl cyanoacryl ate), polyethyl ene,
polyproplene pol yam des (e.g., nylon 6,6), polyurethane (e.g., poly(ester

e ol e, om0
oxi de), Pl %?%’P(foé?ée%)?ﬁjbﬁﬁﬁ";’/e(g@b? ﬁé&) e‘ﬁb 1@5%@!5)9"3%119{1054 Bgl ymer s
1 AR4d
phibal at o) el e Sy ?@8"%%@&*4%%%{ Gl e bVbredimaion ¢ -

(e.g., al qﬂﬁ@ﬂétopwnﬂwé)ddmﬂ) (Beddperal e Aother Oricbp 982 @Iwag?ryl ic
poI yeth eni

R i e T R AL e
Vedi oi no- 5 Ti-ar i bR s Ao glLT) gt gl Bhém: soe, "

16(11): 11621191:1699mmm99344345aa9arpdhpm@ tRefrbo 7ylf§|6a30i'd '§§§§' gh?&l fek ar1|1§

1995; M I ntl . Ph 118: 25
preferr eé?%%}liﬂﬁgé?ﬁ g F’g&‘%h'@W@fu;\r@rngw(tdluﬁwam)platlnmmal) coagiiales) |

Dol yanhydt T & BEraot Hch Char R lonBes 3bE) oI5 sse sompounds aci q)
wi't h d0poaseethbugkrte figictioalby(nding td/BREG) e. %ﬂn@%@%ﬂ@létfﬁ?r@ ts of DNA'

‘representative polymers include carboxyli ¢ polyners ates
pol yacryl am des, pol ycarbonates, polyethers pol yesters, polyethylenes,

pol yvi nyl put yr@bmp(m A6 FARM pol yur et hanes, pol yoxi des,
pol ystyrenes, polys s 3 N ol ysul foni des, 32 WD 03/ 099346

PCTWB03Q 1 2 2 0 shote@biisee, tHeBpe0Ne é%dtgﬂﬁﬁénberd”il?é}‘éfnsma@ pgrmel - setting

pol ymers, cross | i nkable acrylic and acr ners hyl ene
acrylic defrul atsedn arvaristy of myanmess, andithius may(anltﬂtmnall}scompmd a saredt

Pl S s RISk VAR Bl Y R e B s e e o
15 polymeric origin. The 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
Y can be utilized to contain and/or deliver one or more of the agents discussed
20 above, including for exampie both biodegradable and non-biodegradable
compositions. Representative examples of biodegradable compositions include
albumin, collagen, gelatin, chitosan, hyaluronic acid, starch, celiulose and
derivatives thereof (e.g., methylcellulose, hydroxypropyicellulose,
hydroxypropylmethyiceliulose, carboxymethyicellulose, cellulose acetate phthalate,
25 cellulose acetate succinate, hydroxypropylmethyicellulose phthalate), alginates, |
~ casein, dextrans, polysaccharides, fibrinogen, poly(L-lactide), poly(D L lactide),
poly(L-lactide-co-glycolide), poly(D,L-lactide-co-glycolide), poly(giycolide),
'poly(trimet_hyiene Carbona_te), poiy(hydrpxyvaiera_te),_ poly(hydroxybutyrate),
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5 copol yners thereof, water-insoluble cellulose ester polyners (including
cellul ose acetate propionate, cellul ose acetate, cellul ose acebal2/2007
but yr at e, Weiyb3se nitrate, cellul ose acetate phthal at epcandosnesiour es

t hereof ), polyvinylpyrrolidone, polyethylene glycols, polyethylene oxide,
pol yvi nyl al cohol, polyethers, polysaccharides, hydrophilic polyurethane,
pol yhydr oxyacryl ate, dextran, xanthan, 10 hydroxypropyl cellul ose, nethyl
cel l ul ose, and honopol yners and copol yners of N-vinyl pyrrolidone,
N-vinyllactam N-vinyl butyrolactam N-vinyl caprolactam other vinyl

conpounds bmwcagromﬁt@fe)p@mpk@mytﬁrme)mbbﬁfcﬁ-trﬁﬁ@té@} ?,al | C{&ge havi ng

hydrophlllc esterifying groups, hydroxyacrylate, and ac acid, and
conbi nat i oPRY(hydexealericatit) polelicsinone, iy neicercid), eolyythrtmﬂld atide,

hyd t |1 ul at |l t at Il ul
D M e e
pol yacryl qitﬁymél@tdﬂd%leﬁdﬁjo%hf}ﬁﬂyrﬁe,%l (gég QRBES My MaREL. nD %ﬁéﬁé Q# 3“ .

pol yester, styrene pol ybutadi ene,” acrylic~resin, polyvi

pO: ycarﬁalongpb'mefjfémﬁcTwwdd)mr?dDelmmyWagbt &ristal nwsn;mrmuws Controlled |
E?blﬁél ot FRRE 170 TR Lol o e T 1 aba 930 & ru%?pé{‘q}%z'%&exa”" .
P U1 8 07417

00/ 33704, O req HORERS 11RO el Rl 4%&3@1*9&3275 and

2001/ 15526‘0(ldegﬂaéalbiemlmmnndode pewoeﬂtlylageJdo&lngﬂmétat@M; and U. S.
Patent Nos. 4 500, 676, 4{}3% 865, 4, 629 623, 4. 636, 524 4
4. 795, 741 COROYNETS; Hicore gibenarryiic priymens(e.s, @9@892&03510143 724

3. 837,196 POMsAHactyib a5y Bfidroxgedineiidcryingy Bolyietnimiacyte.
6, 099, 563 polatkPBydrtdicriate], bolgdhylehe mym&en@ éé@aﬁf?&s?aém%ﬁﬁ% 6),
6, 197, 051. 6, 214, 901, 6, 335, 029, 6, 344,035, which, as no ove, are all

i ncor por aP@iyu Wih#f@r (&rerRdyestarnsethaags), p@lyyetlagr ureliaress) opoigester-urea),
F (C)::’ ﬁnlsJSO\?m( @’ﬁ;@%@l} (%(gdg rr%t!g%nseg % ﬁgﬁ%@{eﬁ 5@2’[ IJA%/y!ﬁnré\?ﬁd’f#&s B@l%’?éngg'\éael r ed
b LEPS;LL??’S"?S'S o D O L VAL BN IRAEETt “such as pH
(see, 1. gPO Wﬁyipwof@lpnax poly(@inaraleahol), Ryy(vinzbgoetateephtbalage)]. 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 generalfy, Dunn et al., J.
Applied Polymer Sci. 50:353-365, 1993; Cascone et al., J. Materials Sci.: Materials
20  in Medicine 5:770-774, 1994; Shiraishi et al., Biol. Pharm. Bull. 1 6(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(ethylene-co-vinyl acetate), polyurethane, acid, poly(caprolactone),
poly{valerolactone), polyanhydrides, copolymers of poly(caprolactone) or
2_5 poly(lactic acid) with a polyethylene glycol (e.g., MePEG), and blends thereof.
' | Other representative polymers include carboxylic polymers,
polyacetates, polyacrylamides, polycarbonat_es, polyethers, polyesters,
.__polyethylenes. polyvinylbutyrals, polysilanes, polyureas, polyurethanes,
~ polyoxides, polystyrenes, polysulfides, polysulfones, pol.ysulfonides,
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5 Delivery Systens,"” in Polyners in Medicine ///, Elsevier Science -
Publ i shers B.V., Ansterdam 1988, pp. 175-188; Kang et at, J. 30#9@92007
Pol ymer SeWO4840%4%: 354, 1993; Dong et at, J. Controll ed RETamex1671

19: 171-178, 1992; Dong and Hoffman, J_ Controlled Rel ease 15:141-152,
1991; Kimet at, J. Controlled Rel ease 28:143- 152, 1994; Cornejo-Bravo.et
at, J. Controlled Rel ease 33:223-229, 1995; Wi and 10 Lee, Pharm Res.
10(10):1544-1547, 1993; Serres et al., Pharm Res. 13(2):196- 201, 1996;
Peppas, "Fundanentals of pH and Tenperature-Sensitive Delivery Systens,"”
in Gurny epobtinflbdiidgs, pPubikiines erubbles, Bedrine@s¥ttingi shabbd-lisikle

"Verl| agsgesel | schaft nbH, Stuttgart, 1993, pp. 41-55; Doel ker, "Cellul ose
Deri vat i ve&cliq o matpagedisRedyraes. Ethane aewic acid BPpYwyere styrane acrylic

oo iy : ; A . | > ATy
ool ymar s 1 Sopdifmers, vl adehe oORMGES B Yook SehS nd Seklat BA RS At
(i ncl udi ngcofalymersaspbyy, meRiTHRe] YINBF Smints ResirdS pREhMICBIVIAGA! BRxY! i ¢ acid),

poly(acrylic acid), poly(methyl acrylic acid), copolyners of -such
honopol yrefePolyRersdbererl water-ipsolpbleygedlulogeiasterqiotymers dincluding cedlutaser s such

o s e AR e B He bl e e WU S Col S St
hydr oxypr ogsihsost kb eed Fuﬂhara@e,rémdmlﬁ&rﬁs tW@f)ﬁ%?’(Q?ﬂﬁMbﬁ?@H&%cm | ul ose

acetate succinate, cellulose acetate trinelll
Yet ot her RsHyetBdare giveelsprolyetbylent noided pobminyhalkohnlepafethesd sensiti ve

] | ubl e .pol .25 Lij | Se, I b
Fashi oned M kBifoes: RsBafiyf BolEamna pe Sk aohatd rdrab xanthan: novel
s Attty ORGSR A oahan:
Ul yaoryl 1o Ay o ase; MR cblTps Aol b orkd ool BET T

Synp. Conth-¥inyipRerpliddieo bevinyitactamn, 122467 bl§BolactBon N-vinylechprslhetane oBasri et y,
Desi gn of Stimuli 34 WO 03/ 099346 23/ 02/ 2007

Inc., 1995 " Vbl ecul
PQZ%’/ Uso3/ ?’8‘?’?@3’%@ fi‘%%’@‘ugr@‘ir@l?{)a%ga'?‘&romﬁ%ﬁteGGHW%‘F'{B@&'EW hgvingl i very, "

Cont 1 of | o0 e LE Beiorifparddp. hitiroxiy S 3Rl ackieBeig, S sbiichidions
9( 3) : 425- #BFeofl oelijloskuesiersiand ethersPlatiiyincellulose, hydroxyethyi cellulose,
15 cellulose nitrate, cellulose acetate, cellulose acetate butyrate, 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,

polyvinyichloride, polyvinyichloride acetate.

et

| 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,
'20011175?5 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,
9,246,698, 5,266,563, 5,399,351, 5,525,348, 5,800,412, 5,837,226, 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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107:85-90, 1994; Harsh and Gehrke, J. Controlled Rel ease 17:175-186, 1991;
Bae 5 et at, Pharm Res. 8(4):531-537, 1991; D narvand and D Eng /%5/2\607
Control | ewo ®aldgmse 36: 221-227, 1995; Yu and G ai nger, NB(Z'!EAUSOS/IGTH

Ther mo-sensitive Amphiphilic Gels: Poly N-isopropylacryl am de-co-sodi um
acryl ate-co-n-N-al kyl acryl am de Network Synthesis and Physi cochem cal
Characterization," Dept. of Chemcal & Biological Sci., Oegon G aduate
Institute of Science & Technol ogy, Beaverton, 10 OR pp. 820-821; Zhou and
Sm d, "Physical Hydrogels of Associative Star Polyners,” Polyner Research
Institute, Dept. of Fdmfibatdan b&shRiRAGh a@ﬁﬁy @f'ﬂﬁﬁ%&hrtﬁ@eﬁfé‘cﬁre@é&e
Forestry State Univ. of New York, Syracuse 822-823; Hof f man et
at, "Char aféraéafrt@nﬁg;sraﬂdéorswﬂesp@mfw yegired WSWW@BUF@T ekampi, Pﬂiymerﬁetsponm ve
Hydrogels r.f Bi oengi neer i of \Was ton,. 15 Seatt

v o2 aoee Bl el A BARER WA aaert b Y ansiin th BaRIs DR0S.
Crossl i nkeashelt sesPa9pM (365 Yé. amHmreN@i wr"bﬁenﬁééu;y%me@ﬁrb% Srugnd

Amphol ytic_ Hydrogel s, Dept. of Chem cal & Biological Sci., O egon

Gr aduat® ID@WBM&SESEMS "JoiRohavers im mmnew.,EleaeeSdnence Erblishers B28; 830;

gl( 21) eEzZt 6“2@5 € %R%Bg(eﬁ%ﬁgga‘% %5’92 Ba@ﬁg E@?é’é%’eg) har‘g@‘%g‘ﬁgw

Yoshi da et1988; Ddng eP8L I PGl $a38as21

Controll ed Re' ease 36:"125- 13r3 13:?9192 %u%??rﬁ%a 1é§}'9[bo@ntro§fm% Rel ease

38: 39-47, @9@@}%@%%1&1&1}(152} mum etIaMU ConfrbiferdhReles3B 28343242,
215-228, 1991: Hoff man,

1995 Kat 988 Thoflcamdi St P . S0, Sohedee Aleass 830 Aot Vb mel . .
25 M gy a[@é'PﬁénﬁtRe(seqréngQ?Jélggﬁ‘?swdﬁ Ml 5| Phamiogi gy Sepence

Publ i shers B.V Anst e I ons of
Ther mal | y 28¢vt996; lE’leepa:PdFyaneﬁtali cb'ﬂxﬁl-r mlhmﬂeﬁm&@asmvaseweiy

Di agnostl rd | nt er nati ona nposi um on Recent Advances in Drug
el very Sydleainr indirhy eheb(ada ), Pubatierdng Delor; Wissgmchafichasy- 305.

pCT/ Usos TRbgeDPs et ?BE%E?@%%@ B bodtiZcdRied, , 15 03 000240

18:1-12, DeARativEsAVOD3, mitPetpas dndalahgeRasis. )1B(ob2>)yrﬂ€9§7 %ﬂﬂ@ewaﬁég.
Repr esent at i ve exanpl es of thernogell'ing polyners inclu
15 Berlin). Representative examples of pH—sensattve 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

D ’
e’

20 - include polysaccharides such as carboxymethyl cellulose, _
hydroxypropylmethyicellulose phthalate, hydroxypropyl-methylcellulose acetate
succinate, cellulose acetate trimellilate, chitosan and alginates. Yet other pH

| sénsitive polymers include any mixture of a pH sensitive polymer and a water
soluble polymer.

25 Likewise, polymers can be fashioned which are temperature

 sensitive (see, 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. Intern. Symp. Control. Rel. Bioact Mater. 22:167-168,
Controlied Release Society, Inc., 1995; Okano, "Molecular Design of Stimuli-
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hormp‘ol ymers such as pol y(N-net hyl - N-n-propyl acryl anmi de), poly(N-n 5

propyl acryl am de pol y( N- net hyl - N-i sopropyl acryl am de), pol y(
pr opyl net hﬁ (50 %??ﬁ‘ﬁj pol y(N-i sopropyl acryl ani de), pol y( NCTIUS(’:I:’?E%.QZ/ZOO7
n-di et hyl acryl am de) pol y(N-i sopr opyl net hacryl am de),
pol y(N-cycl opropyl acryl am de), poly(N ethyl methyacryl am de),
pol y(N- net hyl - N-et hyl acryl am de), poly(N cycl opropyl net hacryl am de) and
pol y(N-et hyl acryl ami de). ©Moreover thernogelling 10 polyners nay be made by
prepari ng Eﬁpol ynmers between (anong) nononers of the above, or by

“conbi ni ng SEEPOMBYOBHRpGeisFORT erhpareh€oninallety DARY DBIVeNROINYPRE:Ecd SHieh, S

I dd t th f
ot hyl acryry 2P Enftron BEL Bioser talen A EEHA Lanionies Reiarss Soswttvs b,
L ot Jabnston e, PR, Rdd P{ﬁ) 425 1?%2%%1@117 %éﬁ%rn&t i ves such

representative exa | es of thernogell'ng c

as hydr oxyb‘V%@l‘l J4ilHeseh and Geprke; el IAdhoeted F%?Ha@éWWM@H@QH e
and Pl uronics, such 1%9

oLt oo sl At R sRiiDinan po Qﬁnanm!et.hd:ommwnt
i nventi on Refagwsb‘nmfzqv I Fand @A E0A0 A AT 865 sBRb L A 20

particul at es m cel | es,

oi nt ment s, %’ﬁr%@hﬁ '\biﬁopmoslalca&arﬁmee:o sodjurn 4eppIER)- bo—ﬁIN-%i aﬁ?ﬁlaﬁqé—bw

Pharm 43: %6#‘ ?{8 Langer et at, "Controlled r | ease
macr ool ecu es BieRis 9nd P @VS'CPWEFBF%@HW@&BFEBUMDept 6 Operriica Vat eri al s

P b‘?‘%g%‘%‘}?%%'mﬂﬁﬁ%ﬁr RErepS S Technolagy, Hearon,  * )

69: 265‘-027@R p%azoaaomahm aad Srild, " éiéhl K% 983; and Bava
et at, ?B/ntroLbeg( Rel ease 1:259- , ﬁg%roge Agfbr%gém%rg‘%%ea}l ncor por at ed
by di ssol LEPBIE TP E’dcﬁ‘%ﬁ?éf‘?h @é&ﬂ“&%lQﬂPthGlhmnlstrm@olt@ aff the pol ymer,

bound by Eaviad | rocapsul es. Wthin
certain pref erﬁri)llg%lntg’éln%Bi ds?ﬁo gﬁﬁ@%lﬁlagﬂ% ﬂ\"e‘f’ O RYTRGUSE3 BMABR 3/ 099346
23/ 02/ 200822-BZF/ Hﬁﬁﬂﬁd@ﬁé@ "CPBRREAZAIRN Pord SizB5 QHi4Rgter TR RS Y! ar

for mul at |$ i ls_%ch as coatings mcrospheres (ranging fromndnoneters to
m cr omet er@MH PRANSIVe Hydregels; 1rentasfasBioengineering, Univ. of Washington,

15  Seattle, WA, p. 828; Yu and Grainger, "Thermo-sensitive Swelling Behavior in
Crossfinked N-isopropylacrylamide Networks: Cationic, Anionic and Ampholytic
Hydrogels,” Dept. of Chemical & Biological Sci., Oregon Graduate Institute of
Science & Technology, Beaverton, 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

Y 20 Controlled Release 30:69-75, 1994 Yoshida ef al., J. Controlled Release 32:97-102,
_ - 1994; Okano et al,, J. Controlled Release 36:125-133, 1995; Chun and Kim, /.
.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 Migliaresi et al. (eds.), Polymers in Medicine Iil, Elsevier Science Publishers B.V.,
- Amsterdam, 1988, pp. 161-167: Hoffman, "Appilications of Thermally Reversible
Polymers and Hydrogels in Therapeutics and Diagnostics,” in Third International
- Symposium on Recent Advances in Drug Delivery Systems, Sait Lake City, UT, Feb.
_24-2?, 1987, pp 297»_305_; Gutowska et al J. Controlled éelease 22:95-104, 1992;
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sutures of various size, filnms and sprays. O her conpounds which can be
utilized to carry and/or deliver the 5 agents provided herein ixglgdes007
Vi t am n- b8eep/8Heosi tions (e.g., based on vitam ns A DpcEusosliaary K, see,
e.g., PCT publication Nos. WD 98/30205 and WO 00/71163) and |i posones
(see, U S. Patent Nos. 5,534,499, 5,683,715, 5,776,485, 5,882,679,

6, 143, 321, 6, 146,659, 6,200,598, and PCT Publication Nos. WD 98/34597, WO
99/ 65466, WD 00/01366, WD 00/53231, WD 99/35162, WD 10 00/117508, WO

00/ 125223, WO 00/ 149, 268, WD 00/ 1565438, and WO 00/158455). Preferably,

t her apeut i PalegigRe®i GeRRS, 2iCdMRiIed Fefitsel RAL] PHAPRavdid RPNk 2
manner appropriate to the intended use. Wthin certain aspects o t he

present i nfferit126h2):19R7-200% 4988 i ¢ conposition shoul d be bioconpatible, and
' everal days . .to nonths.

15 rel ease one or rm%e age tf over @ ger od of

Further, therapeuti e%rgﬁ%@g ¥§ Smyes of thetmogefing iplvmars spelidful d %
pr ef er abl yhdiosdl Sh A NS, : yng produced, and
mai nt ai ned un?j%%?@%gs?igl e asz%’g{“ﬂ”ﬂ@a I\h\}\?t[ﬂ?ﬁy%e tal rﬁe%@g@&@;}gof t he present

i nvent i dn,propgeagyiamide), iy(Nanptbygi-Niisosropalachdarhiae))ipphgM-i-n any si ze
ranging from50 nmto 500 m endi ng upon the particul ar use.

Al ternati \PJPQB%"?E'&?F%'S%‘?@: P?'éﬂ&g%ﬁ’ﬁfp%ﬂ? BEride)s aply(N.dpgiettadacramide)pr ay"
whi ch sol igd(NaSol ' 19085 i - IRY. )repared from
m cr ospherﬁeysj(of ggbﬂvz\%pggﬁeatb?gg'ag?d@f %Q’ml"r‘@ﬁé E)Ebl' pﬁ@‘?’ﬁ?’"‘@a‘%‘%ﬁé‘? fromO0.1 m
to 9 m felwinethyacoyiatide)puly(Nroet3dNwethglatBlamide, poly(pr-apeut i ¢
conpositions, of the present invention may also be prepared in a variety of

" East e" oFYa'BPf%fFH%_. apyjargide hane poly( Nathylasrvlagideli Meisover thermegelingnt | on, ;
(s g oy PRLRTR 84y bORRacR i BeBUbi Coll erT hieelithhoBb) FiRorieifBE her " ©

t enper at uthes deove, or dyloenbinihgdich RoPEDBlVHIGs vath GIRYr WaRPSHRbI Soll@ery t han

37C). 37 WD 03/099346 23/02/2007 EE PCI/US03/ 16719 Al so included are
pol yner s, SYEfAS asrimapemess (e-a.2acrylimaeid andederivatives Wereofisugh as

methylacrylic acid, acrylate and derivatives thereof such as butyl methacrylate,
acrylamide, and N-n-buty! acrylamide).

15 Other representative examples of thermogelling celiulose ether
derivatives such as hydroxypropy! cellulose, methyi cellulose, hydroxypropylmethyl
celluiose, ethylhydroxyethyl 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, E.P., Nakagim, A. (eds.) Academic Press, pp. 113-137, 1980;

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

microcapsules. Within certain preferred embodiments of the invention, therapeutic
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tenperature (e.g., 4C) and a gel at body tenperature. Such "thernopastes”
may be readily made given the disclosure provided herein. Wthi

aspect s oprﬂé%”ﬁ*ﬁention, the therapeutic 5 conpositions BCTMS&?EW@(]?QJW :
i nvention may be forned as a film Preferably, such filns are generally
less than 5, 4, 3, 2 or 1 mmthick, nore preferably less than 0.75 nm or
0.5 mmthick, and nost preferably |ess than 500 m Such filns are
preferably flexible with a good tensile strength (e.g., greater than 50,
preferably greater than 100, and nore preferably greater than 150 or 200

‘N cnR), goedmpositidinesievironitiop @l hbReapéulsr forheREbAY sadRSkesodipgDi St or wet
surfaces), _an controlled perneability. Wthin certain gnbodl ment s of

d have ]
t he i nvent ["BAOSRIRECS (faRgipg dfome napemetsss to oiwometersirssize)) mpsies ethaettistgronal
_ingredi ent g;§ ; tant s ... Pluronics such as F-127, L-122,
L-92, L-81 an If-q%:r@#g%'gg'\/@%iaﬁgfeﬂgﬂser aspects of the present invention,
pol yners are provi dHensbapodids WHRRIEH HeQitih '
hydr ophgbi ¢ c?npound, t he _ig?arri er contai ni ng%?%@?ggﬁétﬁéﬁé%ound in
conbi nat'i otPSALE Rroyided heseindnclude vitamiotlrisedmompuisitioast{ede. badtiinn certai n
enbodi nment -heapsl ' rrier ains _or conprises regions, pockets
or granul e\gtag#ﬁ%ﬁéﬁ’og%*og'ﬁ%&?oﬁﬁoﬁ&%&&?ﬂﬂau 2&’@&3/@?& nd W@ thin -
one embodiGBéN163) ahd ipdstiresy (seB, UMY PABROLS 5 SHTREY ' por at ed
within a g{éﬁéx whi cﬁpcont ai ('ns t he hydrggﬁ% i5(':§ dorrp’oqﬂﬁw %’%54&@38
i ncor por at}f7-8 9.t 32 1.16¢146.659.16,20@,588) amePCT Rudlichtsn Nos. Way i ety of
matrices VB!I%”I | ' ' | ncl udi ng for exanpl e,
cay bohydrg'?es arzdwg)%)%gééﬁ mﬁgf,ﬁ%@ﬁ’v&i&ifﬁa&ﬁv@e&wlaﬁ Weextran, 25
met hy | 1el 00/1a%608, w0 dorabsp 2N iveoaR] v=1 tiyges such as
al bumn, coll agen and gel ati n.O\%Utlﬂ?%Eg 't‘gpr@/i?\%%@gr%%ﬁ?r% ts, hydrophobic
corrpoundsoo’r?§§4 @). cont ai ned wi thin a hydrophobic core, and this core

contained within a Ph dr&?hi lic shelf. 38 WO031099346 23/ 02/ 2007
PCTI US03/ 16719 Ot her' SEHRPYErqResiic sainnositiens sbtheeprgsent ingentiop arent ai n and

del i ver tf#hioned in a manner appropriate to the intended use. Within certain aspects of
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 shouid preferably be stable for
several months and capable of being produced, and maintained under sterile
conditions.
Within certain aspects of the present invention, therapeutic
‘s 20 compositions may be fashioned in any size ranging from 50 nm to 500 pum,
depending upon 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 um.
25 Therapeutic compositions of the present invention ray 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).
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agents described herein include: hydroxypropyl (3-cyclodextrin (Cserhati’ :
and Hollo, Int. J. Pharm 108:69-75, 1994), |iposones (see, e'%ﬁ%“§§?BW%7
et alL, Cand¥® 0599346 53: 5877-5881, 1993; Sharna and Straubi mgerusedieiam  Res.
11(60):889-896, 1994; 5 WD 93118751; U.S. Patent No. 5,242,073),

| i posone/ gel (WD 94/26254), nanocapsules (Bartoli et al., J.

M croencapsul ation 7(2):191-197, 1990), mcelles (Al kan-Onyuksel et at,
Phann. Res. 11(2):206-212, 1994), inplants (Janpel et at, Invest.

Ophthalm Vis. Science 34(11): 3076-3083, 1993; Walter et at, Cancer Res.

54: 22017- 2812 inchied)are ponaras tduches HioRicany g7 | Ads PRAACR) . 10
nanoparticles - nodifi eg,yg U S Patent No. 5, 14%?%%%@fgn nopaér:)t I cles

(surface OWeratYE)(e@u.45C) pad @rge! mbbody tBopesae, Juctdthamopsses’ may bki on
U S. Pat ; 4 68 mcelle ur f act ant U S. Patent No. -
g,403,858?,é53'§))r\1?ﬂ%?59'<‘:’8'zb o‘i%ﬂB?'i’fSino‘E% BES (U. )S.(Patent No. 4,534,899),
gas borne di spersi onifih et otRaf 885 d‘t@oflﬁe%rﬁi@ﬂ?ﬁe{tﬂ@fﬂgeﬁﬂ&ay’ gel,

I'C

| otion,_cream ointnent, di spersede vesi cl es, par s or droplets
sol i d- dr 9oT%pesiions 6f thepresent iovetion maphe féihedl aPatfimi Preferably 338h756) ,
pol yneric I Q; and,.m cro- sule) (U.S. Patent No. 5,439, 686),
t axoi d- base ggtené%g@ﬁlyolﬁgs F'??rhg’s@rq? %t@m &b}c'?a@@?f? Rrefesablpigssithamo.

5, 438, 072)0.75 hmintioi OL5aAM! thicRNS npaflfo - 62- 165 -1987),
nanospheres (Hagan et at,. Prg(gwsﬁlpgéfﬁébgyl%.@&@on r o‘léhg%‘.'&\s’iﬁg? © Mater.
22,1995; Rigfaradly flaxiblemithra goodiensiia 2(rangth§2-gl reaténiNaw 50 brefdtaly M Res.

10(7):970- . YOk ma et. at, .J. Contr, Rel. 32:269-277,  1994; ef et

., Sci enggal%%ﬁ?'lgé&élfgg@,‘"ﬁlggfzf?f%wleéfeéﬁharaﬂ 50 gr 2PRAAVem’pgoods4: 493- 498,
1994) 19ndathddiddbopeies (j £2 ; d ents ovi ded herein”
can al so be for rr%l gt’;% a%gé}ésgtaéiy :\%ﬁgeﬁ%sgtﬁp%gé?@%\ﬁg %@%“’S@fﬁ@’ﬁ ng the
conposi t i e@ntwilied permgbleiitg. oxi de or by irradiation), 25 packaged with
preservatives or Ot\é}ﬁt@ sui t abl e excipients suitable for adm nistration to
humans. Sinilarly, n getareamppdimantsiofibednventiongthe thempstiticat het er) nay

Ve ST orRBSIRER B St EmPHeh Ak Biah S SRS S B SUiReptRICIdL ANTS A
Repr esentRiuronicsvadbhcesd F-Hap| 822, L-92, 1-81, and L-61).

15 Within 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

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, including for example,
carbohydrates and polysaccharides, such as starch, cellulose, dextran,
_25 methylceliulose, and hyaluronic acid, proteins or polypeptides such as albumin,
' collagen and gelatin. Within alternative embodiments, hydrophobic compounds

may be contained within a hydrophobic core, and this core contained within a
hydrophilic shell. - _
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A w de vari ety of inplants or devices can be coated with or otherw se

construct fggg)g tal n and/ or rel ease the therapeutic agents prow /2007

her ei n. (e’f))r tati ve exanpl es include cardi ovascul ar &EViUSe416{19. g

inplantable venous catheters, venous ports, tunneled venous catheters,

chronic infusion lines or ports, including hepatic artery infusion

cat heters, pacenakers and pacesneker |eads (see, e.g., U S Patent Nos.

4,662, 382, 4,782,836, 4,856,521, 4,860,751, 5,101,824, 5, 261, 419,

5,284,491, 6,055,454, 6,370,434, and 6,370,434), 10 inplantable
.defibrillators (see Otéegcam@sshatnaa;ehkewmm Bt:lﬁfbd 8 zdntath ﬁi&d&ﬁér the

4, 375, 817, 5 07,385, 5,697,953, 5, 776.
6, 067, 471, ag%ﬁs}é%&ggﬁd ﬁe% @? g%‘g ’5YPr?féhPcﬂyﬁﬁﬁ%ﬁﬁélﬁﬁ?%%fbﬁ@aaaHOH@.vu ces
(e.g.. venntikcBharn, T@@regtmel@mfmHB&o?neé’ﬁgFrépmS?fan%rétQ} ELy aﬁgnerve

sti mul ator_devi ces, dural patches to prevent ep|
fibrosis pdsPei7apRtiedt8inShatema aresStiaubingentPramu fed5! Kobpsscdun)i1g9s:

f th nal h dwe| | thet
feed: g 1 Ubee W oLt SR e Loef fhesomaoasa B425g toneal
I npl ant s franocupspled §BaKSN ¥ arPof M&B&?éapgdgﬁbé’ﬁ g‘i@‘t e é%ﬂ)ﬁﬁgef;uspens' ons

or soli d i npl ants to prevent surgical esl 0 enl Yevi ces

Ee g., é’?"ikﬁ'é‘qfh’ﬁk%ﬁhefsafz.lﬁ’hamdﬂeg 11(2)’2[}16 .E}Ii nmgdﬁ}[lmgalsm(@y‘li)@b{ érl de?/l ges

0 preven r al | opi an tubal i ants, includin

rev2r5| bl t(’a @? E@ﬁl ¥is: 8@9%8 §4J11%§I3|08ﬁ139§3t Vg@'@ﬁleéafng@&ncbr&ea] )

sphi ncter§4aad1m2121r1@fgla ﬂanbﬁ@’lté%g vibRite bH@EQﬁ%aR@H&?’&A‘Q@te“ c stents,
adder

¢hroni ¢ indwel ling cathe ers augnen aps or spllnts
f or vaQovAarenagives < modifiel (UehRatent:Nd &, BI56848e6an |de§.{.g§-facéaat ent Nos.

3,995, 623 4,096, 8 4. 099, 528, 4,134,402, 4,180,068, 25
4. 385, 631’“"@"1%%"%@ at&”‘s’g% §899 383p xohemulsonisalutosy(U.S, Raten208) , urinary
cat het er sN6S®207,68%). niten 1 4,284, 459,
4,335,723, 4,701, %)62 eg@’f%nt}\ﬁfshéa%ng 1%603 8%%273 3&5’2‘% eli§ . orost hetic
heart val Pb@lw corspgundsYLSS. Patbantio. |\b§34 899 ﬁgaéﬁéme%iég@?,%ég% <4, 892, 540,
5, 528, 02 at 0 %%f 4(3 WO 03/ 099346 310 2/ 07 CT. 116719
6, 096, 075, 26"4MN W30 664 )gioam sgrayage, b,tlgrr,lcrgaB) pintraentytliaperged ivesiclesee, e. g.
3, 0961556Cbartﬁal&£’&c§9&lets‘?so%-5oﬂ%icﬂ’ajef}c%o}s??nlcr%é%z?slons (Ué1 lggtScs:nt4 %6 4, 475,972,
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
“\ 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 et al., Science 263:1600-1603, 1994; Bazile et
_ alf. 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 iradiation),
25 packaged with preservatives or other suitable excipients suitable for administration
to humans. Similarly, the devices provided herein (e.g., coated catheter) may be

. sterilized and prepared suitable for implantation into humans.
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4,530, 113, 4,550, 447, 4,562,596, 4,601, 718, 4,647,416, 4,878, 908,
5,024,671, 5,104,399, 5,116,360, 5,151,105, 5,197,977, 5,282,834,/02/2007
5, 405, 379 WGIHP94624, 5 5,693,088, and 5,910, 168), opht haPABIUSHE/ 71l ant s
(e.g., multino inplants and other inplants for neovascul ar gl aucoma, drug
eluting contact lenses for pterygiuns, splints for failed
dacrocystal rhi nostony, drug eluting contact |enses for coneal

neovascul arity, inplants for diabetic retinopathy, drug eluting contact

| enses for high risk coneal transplants); otolaryngol ogy devices (e.g.
ossicul ar b i nMEEHECAL IMEYANTES an tube splints or stents for glue ear or
chronic otitis as an alternative to transtenpanic drains); plastic surgery
i nplants (e.g., breast inplants or chin inplants), catheter cuffs and

orthopedic inplAgnts ﬁr}@;‘gr@sentéﬁv@eﬂb@%iﬁﬁ ihqRedi ¢ prostheses). 15 B. Methods
of Making Medical |nplrants v‘ﬁg“Th‘E?"a%‘eﬂri c Agents |Inplants and other
surgi cal or nedical Al@idecesidipyf ipISAY eF Bdvices eah & .coafst! with 8f othepRiaiened,

| oaded, filled, associated with, or otherw se adapted to release
t her apeut | €oneRied te saptain ands releasenibesherspputic agentsipsovided hesein.i ety of

' [ ' f l.e; di tly .af fjxi t he inpl ant
dovi e 3 ZBCPEEABF PR T Gt PR f R piEes (g EnbiRelebBveliiy « ne
(i npl ant - orcathsters verblspers diiarsd dentslis’ddimetery, cRYorfie RALI6N 1iRgs bRt oF
device into a polyner/drug solution, or by other coval ent or noncoval ent

means) ; ( bRclgging bepatigatter infusiocaratheters) pacemakerstaral padesmakeeleaslsch as a

ther apeut i (Soraegol Suioeht Na ¥ 62 Brbeh-ne2 drha R a8o Tl 4R conposi ti on.
coated t hreagh 824, 8 e ,@@é,Y5I'284,i49§,96,65§,95§?@|,3i70t434?ahBr(i?.?fﬁ.%ti)”t o the N

i mpl ant_or device; (d) by i'nserting the inplant of device'into a sleeve or
mesh wHl cimplantabie defilwiliatifrs (see; @at. o). SviRdteat Nosrhiped49654, 36Mp@S6L i on: (e)

o 58T TR Kl L A W B o
20201 1 1 ) 38 P HOKE e BB BEABSL .6, Byl

adher e t o pehtoneaistamts, wenthizviar atibl shogtss henvegdtinaulgiondetices tdural gitches

insertion. The therapeutic agent or conposition should al so preferably not
degr ade dépp rlerplants to prevent epidural fibrosis post-laminectomy, devices for continuous

15  subarachnoid infusions); gastrointestinal devices (e.g., chronic indweliing
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
| implants, including intrauterine devices (IlUDs) and devices to prevent endometrial : }

20 hyperp!asia, 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 vaives (see,'
e.g., U.S. Patent Nos. 3,656,185, 4,106,129, 4,892,540, 5,528,023, 5,772,694,
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5 storage, prior to insertion, or when warned to body tenperature after”
insertion_jnside the body (if this is required). In addition, it I

pr ef er abl Q"@@%ﬁ’”&fﬁ cover the desired areas of the inpl anPCUUS@gLEVf?QQyz%O-i
smoot hly and evenly, with a uniform distribution of therapeutic agent.
Wthin preferred enbodi nents of the invention, the therapeutic agent or
conposition should provide a uniform predictable, 10 prol onged rel ease of
the therapeutic factor into the tissue surrounding the inplant or device
once it has been depl oyed. For vascular stents; in addition to the above

. propert i esS-OPRE7E0RIFSI&7706, 35BRTBand B,37N083), vl gRdftst (8e@Ndggeni ¢

JSi | form, i gni fi cant turbul bl ood
1 ow (mor e P RagoPe 208D, SfbopP. 300 260 4cieeitiod, 155 AP TALOTE, s
,, ted).4,550Mshi ; | BBA i 0 <) ti
uncoat ed) 8hd 559,%??4,8625“?@,%,86‘?,7%p?fé,reh'?%a'snt1%2%19@5, s oagelapeut | C

agent can _be deposited directly onto al a’ pot Fce (see,
e.g., U S5H¥.8A9, 346,366, 0951,008 mne7 67295280404, 5408BTOXSG0BIgA 2

del i ver ' . I | , t

ai scussba HRE0H8\arkEh 818 1apf pPuinalooRpic Tpisnts Gbg: making mantiamice. (see
th t entoth ' | i st 20 ab d
 Conpost 11 ona, e o oLl iy, Skl BRIRS sohiellenes BXC T nvent 1 on

t her apeut PEEN1giEmss splints fur faitedt dashes) stalrHindReing adrub @}tﬁ?fcoH%'c‘P Rrides T&T)Val ent

attachnen For exanple, for caonpounds that are relatively sparingly
wat er sol E‘E'I‘ngag?e%gmaf’%@l‘mmté,fOftqiiébe%fﬁilﬁgn@lhmdfugeltdingmhtaﬁ in an

or gani ¢ spinke i | Fd {i The 25 sal vept chosen for this
dppl i cat i _or? V\?)E?rg"%@? §|J§ égﬁg?ﬁ%g%{é%r 8@%’9{” QOQW?Y'F‘?@P%@- PRYCUBD| yireri ¢
devi cdOsuimpiants, Ehstaokidntule $piiptor steat bPgRIeRRr & BRI St Jng, sol ution,
wi t hdrawn_and then dried (air dry and/or vacuumdry). Alternatively, this |

drug sol u"["ﬁ%ﬂa%%tobtéa@b%mc rains)t plasticistegesy hplahts (e.gn|taeast ifplantsan be

acconpl i sraghid & r y. i n echnol ogy. The rel ease duration
For thi s A vorBARe5Y e R il dlb o Gridens Wy komeNedont i ng. woul d
-be rel at iarthopesiogprosthedesyoul d be a function of the solubility of the drug
in the body fluid in which it was placed. In another aspect, a therapeutic
agent can be dissolved in a solvent that has the ability to swell or

partially dissolve the surface of a polyneric inplant.

15 B. Methods of Making Medical Implants having Therapeutic Agents:

Implants and other 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

.2_9 therapeutic agent or composition (e.g., by either spraying the implant or device

HE
o

with a polymer/drug film, or by dipping the implant or device into a polymer/drug
solution, or by other covalent or noncovaient means); (b} by coating the implant or
device with a substance, such as a hydroget, which will in tumn absorb the
therapeutic composition (or therapeutic factor above); (c) by interweaving

25 . therapeqtic 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)

cgnstruc;ting the impiant or device itself with a therapeutic agent or composition; or |

41




5 Dependi ng on the sol vent/inplant polynmer conbination, the inplant could
be di pped into the drug solution for a period of tinme such that 4t

can di f f us¥Oi%#¥34¢ he surface |ayer of the polymeric devi @qugg]@a?ly\gglof
the drug solution can be sprayed onto all or a part of the surface of the
I npl ant. The release profile of the drug depends upon the solubility of
the drug in the surface polyneric layer. Using 10 this approach, one would
ensure that the solvent does not result in a significant distortion or

di rensi onal change of the nedical inplant. If the inplant is conposed of
materi al s (fhay otterwise saldpting theciaigiantairidevicedb relehbe trpgutdpoutigenjent.nt 0 t he
surface Ia%&ﬁr_usi? t he above sol vent nmethod, one can treat the surface of
the devi ce’X\hPE %T%%%‘bﬁ@mﬁ?& phiheiipyenienhhe eupesition shosid figmlyn

pol yneric ' it J i face. ampl s _of_. such

ot hods. | e 16 T FRABH! U0 g 558 Bri i fims S MG T0g

nonomer s  thecdpawidiagertbosinhgostin SAUAITEISS. préleratlly Robdddrad@eimhat e

m)noma;g_, net hacrylic acid or methacryl ate nononers. e can then use the
|

di p coati nYORAes piak to ipspition @rivhanodarraed ta bedteaipevatutmalterdosertiont e -t he

t her apeut i;Ge; el he gated syrf.ace of the | nt . For

t her apeut i'ﬁmggen gbg}ﬁ ﬁ{ {h%a'\s/ iggﬁf?gﬁd g’b Pé‘é’LB?’ ‘&\g'?%'ﬁd Q'Eﬁf%k’ﬁﬁ QA of iegver

retention thé debiee® apREnsT sl ingslanttordRUIGEsMbSthLARY bwetly Witk Linfi&inn  For

t herapeuti ¢ agents that contain ionic groups, it is possible to ionically

conpl ex ﬂ%@gu%‘e@ft thecapeulip agente Withih argfetredemlndinientstofithé inmendion,

hydr ophobi nent . For exappl e therapeytic ents contai ni ng am ne

gr oups cartrﬁ é%rég‘%@%e GRS L S uﬁﬁg&}glﬁg Vi %%’6@8% W@gﬁ%‘ﬁesul fate .

( SDS) .10Co fpsiy oM S ' - |
PRSIINGSd r _éﬁe%ﬂhla%é}gg&?@[;%fgr%eqnéum QbR gefh%exgméeﬁ} has

tri dodecynet hyamoni um chl ori ). M toxantrone,

two secon@afgvigaionee drhasteenaiaplayete sFarsvascular stentie isadditioT o thecatpeund can
PCT/USO3;b"'1'19 2 2 0 0 7

oh g? o' hogifies fhe -?%%ﬁ%%@ﬁe@‘%g&éf%o?ﬁé X 923?&6){5@% BuPmBegeMc AU i n an
e PREUNARE U, S SRl Ry OB 00PN GG B 40
coul d t hestepbitself 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., {1.S. Patent Nos.
6,096,070 and 6,299,604}, or admixed with a defivery 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 “Compasitions and Formufations.”
. Within certain aspects of the invention, therapeutic agents can be
attached to a medical implant using non-covaient 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 and/or vacuum dry). Alternatively, this
drug solution can be sprayed onto the surface of the implant. This can be

' accomplished usihg current spray coating technology. The release duration for this
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applied to the device by dip coating or spray coating nethods.

Met hotréxa@gm,fg@g“ 5 exanpl e contains 2 carboxylic acid grgu&s %gg/é;ppg(jo7
t hus be conpl exed with TDMAC and then coated onto the medPEXPHPB Ynt . For

t herapeutic agents that have the ability to formionic conplexes or

hydr ogen bonds, the rel ease of these agents fromthe device can be nodified
by the use of organic conpounds that have the ability to formionic or
hydrogen 10 bonds with the therapeutic agent. As described above, a conpl ex

between th L oni,cal l.y charged ther utic agent and an oppositely charged
- hydr ophobi @e”i:og’nr%fgc%ﬁ@@&’ﬂ” g"-‘pﬁiﬁjyﬁ oﬁeﬁﬂfﬁ vauid e 2 dunctigh abthe salubilitynpl ex
to the nmedofie drig® thbody RudNAWHE ideat . a conpound that has the

ability to form iggﬁ': c or jlhgdrogen I‘lﬁ%giﬁyrﬁterélct ions with the therapeutic

-agent can be i ncor pdn atettier asped hethbrapegticagentican bg didsaiveany basivene
process, 0 | g L oat i rocess. Alternatively, this conpound can
be incorpoll;hgﬂégci5 ﬂh%ta(prﬂﬁy &’O%W‘?’&gf Ighedissalvg thessurtaggiof acpalymesieimplantant  or
during $heDggeremSorthe on | Nt L r nto the

i mpl ant . Thgie _agecr)lt S ecan i%%’%@ @@?‘E‘gpgﬁég‘aﬁgﬁg“e '%Q%M?P%'gé’@i d, stearic
aci d, | aurdiepestint) thealrigbalution furiadiserionl sfitinté SUGHTINAS tHeedillg, cAPRIRGNRST d.,
salicylic tﬁ%i dn)fa 20 c'yl (ioal | phatic acids, aliphatic (stearyl alcohol,

lauryl al condt" Elpyer ofithe Relymesic dleyices Aliematively theistsug saludien can be

mul ti functg 4 : i X1 .C ' taric.acid

pent aerit N %I )O%It‘flg’g%é "%g."g .tl?e %ﬁ%ésdﬁh%fﬁﬁ%lﬁp p%ﬁf)l ftﬁ%?elease profile of the

phosphat i @jugdepandisamondhe solabiliodtHe dnagin the GafBce PERMBHAayEPeidmdli ne,

al _i,:’phaltoi c,and aromptic am nes, natural and synthetic am no acids, peptides
or protei H¥S apYPach.0Rs would ensure thatthe spiventdhes sopresuitin o sigrifitantn be used:
t o nodul ayg ; - 0 | fromth I mpl ant . For therapeutic
- agents that tdhrg@]ebfﬂ@%zﬁoﬁ%léﬁg%fdﬁﬁ?ﬁ& 'C@IEBPIIBP xes or hydrogen bonds,

the rel ease of thedéthedeplant iy esmpdsed GthakiiakaRaPso ABCAIIdE fcofbriddh use of
pol ymers t a; have the ability to formionic or hydrogen bongcs) W t 44 WO

03/ 0993 46_° hesapgiiie ageatrintgdie) susfaee layes usingrthp @bbive salyent meffard, enenpl e,
Ul foni o G BERTRS S0 he ePr e BRI bdpmeeaton mefnod slen 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 hydrocyclosiloxane 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
"y 20 coated surface of the implant.
' | _ For therapeutic agents that havé some degree of water solubility, the
retention of these compounds on a device are relatively short-term. For
therapeuti_c agents that contain ionic groups, it is possible to ionically complex
these agents to oppositely charged compounds that have a hydrophobic
'. 25 component. For example therapeutic agents containing amine groups can be -
~complexed with compounds such as sodium dodecyl sulfate (SDS). Compounds
containing carboxylic groups can be complexed with tridodecymethyammonium

chloride (TDMAC). Mitoxantrone, for example, has two secondary amine groups

: '_a_nd comes as a chloride salt. This compound can be added to sodium dodecyi
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of a polymer. Exanples of polyners that can be used for this appli cation

I ncl ude, > not limted to polyners and copol yners a eparRsy
usi ng acrwg':y@gg‘gi d, nethacrylic acid, sodiumstyrene su%?3@§ﬁw yrene
sul fonic acid, maleic acid or 2-acrylam do-2-nethyl propane sulfonic acid.
Pol ymers that have been nodified by sulfonation post-polynerization can

al so be used in this application. The nedical inplant, for exanple, can be

coated with, or prepared with, a polynmer that conprises nation, a

sul fonat ed f{alfloro olgrrer. Thi s nedical device can then 10 be dipped into a
sol ution tH4 B‘r{%ﬁ? ofofma eemAlexc dMisFHNPIgX cAB beptisaalvedipean orgatmice

am ne- cont g : i PR i A P coating
process. Met hor'{ti?\@(gf%&gﬁ%h ox%ﬁ%@%&aﬁéggggﬁtﬁ?é@ dox?qftﬁépjbagﬁqa%mg&ent S
that can greupsed cooldithus atqepbeé eatpixed Mith SDBNaWis édraplektoult Beamee of
bacteria on the inplant surface can 15 result in a localized decrease in

pH. For potRAYed do thedevigaby dipecoalingorspemaeratinggneitipds. Methelrexate.dor
car boxy# i I . vV, lized increase,in release
o the ? hoy e SoniaS o Rbok I S R e o R B crrmP BT Wi, o1 e s
result of TDMAQrawkthen cobtddéntoané pddical raplahher apeutic agents that
contain carboxylic acid groups, polyners wth pendant end-groups conprising

20 primary, secondaF9r thegapeudicagantsthat Bavethe abilitiés faramiobes crreplexes

dul at | f,the th ti t. .Jh ti f ith
e | abi e % INAIBEAIRRGL b 18icE (R sl adhii Hom e SeE e hndoRisgrt
i mpl ant s byftae Bse!6f BYaRRVESTAPoGRE G BhavERIHaCH ity td f&ﬁﬁonﬁ%rﬁ?ﬁf&%ﬁm erial

used to manufacture the inplant has available surface 25 functio groups .
t hen tiesopdnwiib thedbierapeutioagenhtAndesucibedabowvé, 4 bemplpartietwBen thexanpl e,

if the i surface cont ai.ns cayrboxylic acj roups, these groups can
be convep?epﬁlx Cﬁ@f%@if‘%@"@é’bﬁ@ﬁw{ %"&;%ri‘ 8%?8[?3)& g’e%fgggéﬁpfprﬁwbgf i des,
succi ni i gyinpodsd bé{@bb\(ﬁ%oanéﬁ irfok 90 BERIELa1i6R LEThid BomBRL These
activated canoxyI Ic acid 45 {RO 03/ %g%'%gsP%T; l’J%ggT}s%ﬁﬁ%%ﬁ) algr oups can
t hen be rbaplaetd Inianbtheriensbddiment, encdmppundnthat has ther ability s éovin ionid dre
therapeuthcda enEa é’ﬁ?!{& , HEt hot, heﬁate, m t oxantrone). For surfaces that do
not cont al'f*"8BP} BRRY AEeractfes wiRdne fesapauticageast can be incorporated into the
15 impiant 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 or

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, afiphatic (stearyl alcohol, tauryl alcohol, cetyl alcohol) and

N -
“ritmer”

aromatic alcohols aico muitifunctional aicohols (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
-or 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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groups can be introduced to the polyner surface via a plasnma treatnent
reginme. 5 f | e, carboxylic acid groups can be introduced2w/2/2007
pl asma tre‘g?r?gﬁ%ﬁmsrocess process (e.g., the use of 02 anHF?%USW'@)s a
conponent in the feed gas m xture). The carboxylic acid groups can al so be
I ntroduced using acrylic acid or nethacrylic acid in the gas stream These
carboxylic acid groups can then be converted to activated carboxylic acid
groups (e.g., acid chlorides, succinimdyl 10 derivatives, 4-nitrophenyl

ester deri ' ¢c.) that can subsequently be reacted wth am ne
functi onal ﬂg%%‘é%?ef“ﬁé?g%'?ter%r ELaMPIe therpreylivergantsIEoWalaignaminergracios t i on t o
di rect coveaefirmdendicas ' t herapeuti ¢ agents
with avail apl e funct icone'ﬂI é;(ge% Eﬁg"sgﬂg‘}é’ﬁ %'s(%:%r%’/%ﬁ@%f)fg’ag%qttgé@l’@o”{?f‘dc’g'i‘?é‘Pﬁedi cal
inplant vi8f aPPlyfesr Exameles of polyetess dan can beagseadaping &5 'lﬁaﬁo&%cﬂmf adabl e.

Li nkers th drolytically or enzymatically cleaved are preferted.
These |i nk@tsﬁég'ﬁp%'ﬁ%* %s%‘ﬁﬂ?%fys Ay erpclynersdhat drequepared usingyabrilite; or
phospho&staid taeMscryil®@adill! L4060 rglggrg rel ease af the therapeutjc
agent fromthe maqlriycal i ’rrp{flglﬁrtn, ' Ob?}sgﬁéﬁﬁg?, %Yrepﬁesuﬁﬂ?’f’ra@“{?@?ﬁ'@’élacl%I ant
may be furd” H’e@cﬂt’@ml@dzmﬁhw gropang slilforid acidh Paphe¥BRaGRRY t;]_%ncan conpri se
t he pol ym?ﬁédiﬁ'&jgﬁr | @ d above. The pol ymer coating can be applied by a dip
'(I:'ﬁat i ng Frpt;;ess, %§&ﬁ§§988§f§£@YTSHMaIaO lbbafng irdﬁp@ab{ﬂ;']caﬁop{ ocess.
is coati Bédicalli ifbe r...crosslinked usin ermal ,
chemical, or radiati 8%%?& 9. @ v‘?& %%Aeggfaﬂtted “ﬂfﬁ\’ PLPrepassd W%Bh@ polyagseam
gamma r adit@ticomprizes agfioradi salfonaledtRRMGPSIHAST. | Thi® hikeicd Pe{n% taf rthémdyl ate
25/t helor eég%gse %f. the therapeutic agent from the nedical I nplfant. ™ This
pol ymer cORRFIIAR & splviin theb aemprisethetaminketontaining tiwarapestic Agent.
f 1 exibiliTHe Gfife-comt | Gy = Ql rol,, triethyl citrate), lubricity
(e.g., hyaluronic ac%gﬁd ﬁlﬁfﬁ%ﬁ%%@’éﬁfﬂq ?‘SBPer@ﬂ%%ﬁps&t%ay coatinge. g. |
heparin) Pfocede ketidtregateddnd/ ¥ QpN0N3AE e&ﬁfr{[a:?észm i 49 The
met hods abovg descri be net hods for incorporation ogerzﬁlgg%%;g%@éw agent
into or offtbPA'REINdAIS anmiralian. Additional antibacterial or antifungal
~agents can al so bey iQ‘RR{)Rﬂﬁﬁéﬁﬁe 'prr]ésoen?:g O?Btr:lgtetrig%nntgg Iir%gllanlt rsrterlfggef c':anThese
15 result in a localized decrease in PH. For polymers that comprise ionic exchange
- groups, for example, carboxylic groups, these polymers can have a locaiized
increase in release of the therapeutic agent in response to the localized decrease
in pH as a resuit of the presence of the bacteria. For therapeutic agents that
contain carboxylic acid groups, polymers with pendant end-groups comprising
)y 20 primary, secondary, tertiary or quaternary amines can be used to modulate the
release of the therapeutic agent.
Therapeutic agents with available functional 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
‘example, if the impiant surface contains carboxylic acid groups, these groups can
be converted to activated carboxyiic acid groups (e.g acid chiorides, succinimidyi

| defivatives, 4-nitrophenyl ester derivatives etc). These activated carboxylic acid
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antibacterial or antifungal agents can be incorporated into or onto the

medi cal
t he the
Agent s
(e.g.,
particl
2- p-sul

5 d rior to,. sinultaneously or after the inc Py 20f07
rap‘gut %ﬂg@ggﬁgnts descri bed above, into or onto th& %ﬁ??ﬁ‘?’m | ant .

that can be used include, but are not limted to silver conpounds
silver chloride, silver nitrate, silver oxide), silver ions, silver
es, iodine, povidone/iodine, chlorhexidine,

fani | yanil'i noet hanol, 4,4'-sul finyldianiline,

4-sul fanil am dosalicylic acid, 10 acedi asul fone, acetosul fone, am kaci n,

anoxi ci

apranyc
aztreon

1 @mlmmmtbem bemeﬁ;te@Mcaminerfunctml ghdubs thatape gresdren the
In, oxicillin, a2| danfeni col, azithromycin, .
am ﬂ%%ﬁ%‘ﬁ qI? ?fﬁg%g}eﬁ%f MEPEREWIBR- brodi moprim  buti rosi n,

capr eomyci n, - carbeni gddroe HEV:fdt '&onfa?ﬁ ! HODORReSBhARN Groups, thess. o,

cef anman

dole, cefatri zi ne, uperazone,

cef epi rre Q@ltpéfoanahmntrodm:‘eldmme po@fneieynmwma & plaghOeathrRdrid dbdihEe

cef oni cj

cef ozop an

ceftazi

Fcefo er.azone, cef%:anl de. cefotaxime, cefotetan, cefotiam
Ok %PWPZWEOXY&'@@H %fﬁ’PBécané)@f'ﬁV@Wd \a@ﬁwma treadmentadi ne,

di f n zon [0 | exin,
cephal ogl ﬁﬁﬂg@@%%ﬁ{ﬁ?@og&g {Heb%;ee@fe(g i 5?6’2 %‘u"f] 85@3%%?1?8&‘18 ?geaagas
chl or t et r awpdireheThe cprbokyiizxadtd grou.f.;isafari &1E0 B Ghifoduted MRl AR acill 70
cl i ndanyci n, clonnc cline, colistin, cyclacillin, dapsone, deneclocycline,

di at hymos UPRHREYHR .%@klaéh%ga% ﬁtﬁwos'fme&pmﬁwwhc adidrgrotp® nge then be

doxycyc
fortim

ci 2y SRR SRtV BON T i Bl 2o S FABRRS lcmimeriih s

gran clidi rdesivatigrse gafitroptralylestefyaiRaivel | &8,) thal@e Mbb@quéﬂﬁgﬁ?é‘?éﬁcted

i sepami

| onef | oxa¥

cin, 'H'% osanyci n, kanamycin(s), 25 1 eucomyci n(s) I nc
amlﬁ@eng@iWél aoupg ﬂmaiyife |ﬂﬁ@§er‘ﬁr@0l the )thﬂranm,ltxc amrdpenem

met hacycline, mcro deca e, xal act am
nupi roci n, nadifl oxgﬁﬁﬁ'%&c’% %‘Hﬂg R:b I'WPE?’“ S”Eé??-l Raci n,

ol eandonyd;mérap@tmd @@re’r@@%ﬂh a0 8ilatle %Hcftléﬂhi drbgg S EXh B@cﬂ@aleﬂﬂg 'aﬂ%@ﬁéﬁ to

paronnnyC|n pazuf

oxacl n, en|C| lin N, p1 pacy cl acl d,

pol ynyxi n{h q)meﬁgréi implat wmekmMemm ﬂéﬂé@&d&b[&o(hor{—)

rifanycin SV, rifapentine,

o i BB REUARETS Prat st ARkl QM Bedimancoly Fioevagyice prefeires

rifaximn

r osar anycirfiesd ﬁﬁﬂtér@&@r%@rhﬂnse %%aéé?éﬂl%m&é ThideSfer, AfHYGHEE! B2 ST som cin,

sparfl oxaci n, spectinomyc

20

25

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

s

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
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., hyaluronic acid),
biocompatibility or hemocompatability (e.g., heparin) of the coating.

46




spi ramycin, streptomnycin, succisulfone, sulfachrysoidine, sulfal oxic acid,
5 sul fam %%)6? héjl ne, sulfanilic acid, sulfoxone, teicoplanin23/02/2007
t emaf | oxacin, enocillin, tetracycline, tetroxoprim thi Z&FHSAEGE,

t hi azol sul fone, thiostrepton, ticarcillin, tigenmonam tobramycin,

tosufl oxacin, trinmethoprim iiospectonycin, trovafloxacin,

t uber acti nonyci n, vanconycin, azaserine, candicidin(s), chlorphenesin,
dernostatin(s), filipin, fungichromn, nmepartricin, nystatin, 10

ol i gonycin(s), ci pro]tl axaﬁog, norfl oxacin, ofloxacin, pefloxacin, enoxacin,
rosoxacin, ami f | oxadlhMeHOgs gbaxe deserhametiwdsifor intaspetationadian, peri myci n
A or tuber gheghgbutio Fdent iR dr I CL LI CATIONS In order to
further the unp(}aers?gﬁdtit'ﬁ% d(gf t gr?(%(\j/‘%t'l 8%kdﬁ§§'hg% dntRacteBaln e det ai |
‘bel ow ar e 3Riifieanl ageisicanlalsapp incetporatediint drivete RIASHIEPRHaEReds  and
devi ces prgﬁ/t'lb%g% .hFrei N Br'}efly, as noted above, within one aspect of the
i nvention Tre Jal of a0 'Bf’l%‘ RS §AN hedeprppiated inkalacomig, thamidicaii nhi bi ti ng
an i nf egt iigmlan i ] ; vice or ipmplapt, conprising the
step of in??)odu??ﬁg%it'ﬁﬁmghg%%%gfggg%egr@%ﬂre%@&?%%ﬁtatnﬁﬁp@m' - 8PeRlses a

chenot her fsatibed abeve:, intovoeortorthé heedicAomBlRer ARaHE HatR98Ne fEguces;
inhibits, .or ﬁyr%\ﬁ?nts tr?,e _%r owm h or transm ssion of foreign organi sns
(e.g.. baé’?cé'r’ g aff*grpgt ightegite §tveycompounsis delgersilver, chdayidd, silvdratitrateeduce,
inhibit, efvardye) sive; transmission of foreign organisms in a
patient means t h(g%] t{\{e 89%%%?@'?%%5%’%- BH‘_"S‘P’_‘%{’OPB}%%_&WfB?’_@@H?sm is
reduced, 25-sulfdriyamithoetharil, Wﬂﬁtﬂ%ymaﬁiliﬁé.%é@fa'nﬂ%idbs%!i%bfécﬁ?nt manner
i'n ‘at beaSt é)ne linical outcone, or by any neasure routinely Used by
pers o oAcE latﬁt,qé,ng, 3%gtpsulfone araikacin, amoxicilin, agnphsttericin B, bargiciing n
det er ni ni AgaikNR. § . Ln ferred enbodi ment. the —medical inplant has
been coverg% or ,ngyg@bwa@ﬁmg n, A @m@x:flﬁmg{az,!gaggfqm,g/ 099346
PCT/ US03~atithtodyéinPareonain babirakim, BALEHOAR) R | i di ne
(e.g., 5-FU), folic acid antagonist (e.g., %ng@?iot%g%(naetnré')m%%pﬂa@ﬁﬂw ot oxin
(e.g., etDYBesiBeTapreamyein:crstenicilimy dathomyoia cananahiam, @efalimiiinum conpl exe
e.g., Ci ' Lcul ar referre ents which are utilized wthin
E H eg ont et%?él%%h@éle, g&éﬂ'&lﬂé, cefb&pgrazone, cec%cl%?n, ce?dimr, 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, cephalogiycin, cephalosporin C, cephradine,
chioramphenicol, chlortetracycline, ciprofioxacin, clarithromycin, clinafioxacin,

'y 20 clindamycin, clomocycline, colistin, cyclacillin, dapsone, demeciocycline,

diathymosuifone, dibekacin, dihydrostreptomycin, dirithromycin, doxycycline,
_ enoxacin, envigmycin, epiciilin, erythromycin, flomoxef, fortimicin(s), gentamicin(s),
glucosuifone solasuifone, gramicidin S, grémicid'in(s), grepafloxacin,

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

25 leucomycin(s), lincomycin, lomefloxacin, lucensomycin, lymecycline, meclocycline,
meropenem, methacycline, micronomicin, midecamycin{s), minocycline,

~moxalactam, mupiracin, nadifloxacin, natamycin, neomycin, netilmicin, norfloxacin,
oleandomycin, oxytetracycline, p-sulfanilylbenzylamine, panipenem, paromomycin,

pazuﬂoxacin,. penicillin N, pipacycline, pipemidic acid, polymyxin, primycin,




5 the present invention should have an M C of |ess than or equal to any one
of 104M _10"5M 10-6M or, 10-7M Furthernore, particularly pref

agents ar YOLHMPM e for use at concentrations |ess than tREHUS 1%%/<592128r()7
even 1 % of the concentration typically used in chenotherapeutic
applications (Goodman and G I man's The Pharmacol ogi cal Basis of
Therapeutics. Editors J.G Hardman, L.L. 10 Linbird. Consulting editor A
Goodman G I man Tenth Edition. McGaw Hi Il Medical publishing division.
10th edition, 2001, 2148 pp.)- Finally, the devices should preferably be
provi ded sHEPREEN. dbestamyeinpifantide, rifampim rifamysis SVArifagestiob aifaximin,

Cat het er - As ' cti re,than 30 mllion patients receive
i nf usi on ﬁ%@%‘@; ' ﬂﬁ%ﬁ'ﬁy’%ﬁ%%& _HL%'E Cyenesfogaramy iR, Foxihomygings o) |
hospi tal i zmlamifaﬁlhﬁdihéyshn%ﬁ(clﬁr@%ksdﬁﬁl&ny%eﬁ%ﬁcin.%ﬁb@ﬁ“ﬁcﬁﬁyéiﬁ, pl ace during

their stay in hospital. A variety of nedical devices are used for infusion
t her apy i ntM@INeH!. sligptontcin, ssiceisulfent, solfagieysptieessulfatdxiaaeidous

cat het ef s, : n catheters, total parenteral nutrition catheters,
per i phy ai {ERARNEIRNE, SR ekt subbitne BRSoRTI0 TRIETRot al | y

1 mpl ant ed temotiing StdopLined taARSOBRntl tiahfhenicoR thidtISGidL, BbLAARaM, PPed

pul nonary artery catheters, arterial [ines, an ong-term central’ venous
access cattifatadiis, tigamaneem tobrasycirBriosuflasacioatrimetteopim, bdpectamadia) v,

vascul ar IHER %?rgh terst. are prone to infection by a_ variety of bacteria
and are a Co Gerating tYARERMYRNe BE3TSHINeCFandigidi¥sh 00, 000

bl oodst r eaHflor, i | iy elated to the
presence of aﬂf?ﬁsrrgggrsrgﬂsltg&(ggiffﬁ Egplf@]o(ﬁ eggwnrg?é?pég@{%bg{yggé@s of
bl 00ddPr e aligomysin(s), dprefiaxasin awsfiokduyn, ofiokacih, peflonasinCehbeics Sosmiidre 2
significag .@Oercengar%e 49 WO 03/099346 PCT/US03QL1 92/ 2001 of the

remai ni ng Recin, feroxpaiptgmaflosxeing isrefloxasin: aodmpen Acak Wberidin sant
arterial {Heng@ Bacterem a related to the presence of intravascul ar devices
is not a trivial clinical concern: 50%of all patients developing this
type of infection will die 5 as a result (over 23,000 deaths per year) and

I n those oS | | ospltalization will be prolonged by an average .
of 24 day{yf] il i % t}@@s

In order to further the understanding of the invention, discussed in

15 more detail below are various clinicatl applications for the compositions, 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
- & 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 fransmission
= 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 anthracycline (e.g.,
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to bl oodstream infections include celluli tes, the formati on of abscesses,

septic th@gm‘?@@m&bi tis, and infective endocarditis. Theref or%@@mgzi@ﬁ
c oC

t r emendous inical need to reduce the norbidity and nor F&IUS | at ed
with intravascular 10 catheter infections. The nbost common point of entry
for the infection-causing bacteria is tracking along the device fromthe
I nsertion site in the skin. Skin flora spread al ong the outside of the
device to ultinately gain access to the bl oodstream Oher possible
sources of jnf egtion i ncl ude a contam nated infusate, contam nation of the

.15 cat het e PORUBOICHY 3rd BHioxamrang), luscenysimidiaadelgoSpFLA) folke asio aneigonighe

I nci dence @f gl | [\ the longer the catheter remains in place
and any deg‘% gém@?&%f‘é&gﬁé‘%ﬁ@d@f"&Fe-ﬂo%@ﬂ%&%)vﬂzafn%i@% hygioxyeigiaar | y

- suscept i bl 8nd/Fha platisum complexe (b€ elshRiiR).agent s include common skin flora

such as coagul ase-negative staphylococci (S. epidermdis, S.
saprophyticus) and St{iabcoeterehagents whith(arandtiized aithin theShntext of

net hi ci sl i ' A us i ccount for 2/3 of all

i nfecti ons?;%%gﬁaﬁt EE%B {r'n%‘gg?%@?‘éé’ égﬁ@ﬂ@gﬂ@s %@NS)'F qag'af fpeanyorne eformonl y

i sol ated o | K0, riorfna he, 10-Gad Boseet 8l | : i nfections
tend to be.i Igld?l ent; often og%gur!?ihﬂg aftéééﬂgéﬁlgﬁgﬁ’%f?g%? aggﬁgcﬂfebet ween

cont ani nat§USAPIiTOruse gensantsatisinstiess thaditiat! 1036V %e i evérNBystgheri a from

t he skin ' | jon), .25 and _the onset of clinical illness.

Unf ort un ag(ig P?fé}q%@ﬁ t@f‘%%&c‘éﬁq)djn Ehgrethesaprutieneppiications: (Gaedmaneanshused by
bact eri al Gikman'sTshé Pahras@I6&S] - ltRe ,0j Qti cs ing them
par't i Cl.b| ar lh_é?,di fficul _tr tot r%g?l.% 3 %i{rﬂ‘o%%q@%tEﬁﬁé)HM'(?'oH@QU?é‘WﬁascuI ar
access' Ccat ik Gogsultieg editoes GapunamGlimds TEREPEGEOS McGPviHIEMeaRL »  VRE -

vanconyci gr kSt . ent erocNCCCi G am negative aerobic bacilli,
Pseudonon gﬁlggir@éﬂﬁ%}%gg@?gg s @é@@T@L‘B‘"ﬁI Pm)-2Finally the deviges siypuidsa,
Ki ebsi el | prefgpbly beesrodidea s'f@}ﬂé,af‘a%ﬁ)e%n Etana,éﬁfém% gqeé@%acepaci a, Citrobacter

freundii, Corynebacteria spp. speé Nbst cases of vascul ar
access catheter-related infection require renoval of the catheter and

e WA SRl B " o
pr fe\élc ous lnyi, ™ t al iMore 385986 Rhifitin WaliSn¥ FSEN &nrdSSe fﬁerggytfggrtu?glfyrig s &
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 fines), totally implanted intravascular
' 20 access devices, flow-directed balloon-tipped puimonary artery catheters, arterial
~lines, and fong-term central venous access catheters (Hickman fines, Broviac
ca_theters).
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

infecti_ons are caused by central venous catheters, while a significant percentage
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high, while the norbidity and cost associated with treating survivors i5s
also extrenely significant. It is therefore extrenely inportant éf)ogg\gqj@p
vascul ar AY@8E¥WIMG cat heters capabl e of reducing the incid@ﬂﬁﬁwé% 19

bl oodstreaminfections. Since it is inpossible to predict in advance which
catheters will becone infected, any catheter expected to be in place

| onger than a couple of days would benefit froma therapeutic coating
capabl e of reducing the incidence of bacterial colonization of the device.
An ideal therapeutic coating would have one or nore of the follow ng 15
char act er i stthesembaming b@seldrki relatddPtdpdriphepdlevieiionos chtHaitérstangr@tagat i on
of a wide array of potential infectious agents including nost or all of

t he speci e¥'9% st ed above; (b) the ability to kill, prevent, or inhibit

| oni zat | f b ] d VRE)...th i st
il L1 bt e anti bi ot | cEEGSETY FPeBR 0k BREGHRP ot iR Re R FRES Bobe” used
i n the tremvisetinief canbdmoseyy sl patibAR! ddVeicpiy tits BpR feNRERIh Will-fe. ONEe.

20 woul d not want to coat the device with a broad-acting antibiotic, for if
a strai® oS amssiltdpver 25908 deathstpertyeer)and iithesewhe sanvive, desiel op on t he

i ecti ng 'ASBIZGER A £ BRUHaRERY Snet B dhad vy odBplietensralas | )

Sever al cliadirristbaMihfecBbNS IncRERNGHUMES, PRITOHRAMIGH ddabtdbbady §e%f?cf 25

i ncorporation into coatings for vascular catheters, nanely, anthracyclines

(e.g., ddhemisipbiabitisandiinfextive endusardifis.ubhereforenthdira ésa fremgndobs FU) |
folic acid,.antagoni st e.g. hotrexate), and podophyl otoxins (e.g.,
et oposi de)%."m?ﬂ[&e%dquga?ée ﬁ%@ogﬁ‘ﬁfﬂg‘l’f‘%m fycﬁssaﬁ'ﬁr%wﬂémtavaaew%i ty
agai nsfp Gﬁgtr{e&”ﬁﬁbﬁ@ﬁ‘ﬂi dis) and Staphyl ococcus aureus - the nbst conmon -
causes of vascul ar catheter 51 WD 03/099346 PCT/US01719 2 2 0 0 7

i nfections. Parti culhe moshcefrensregoiatiefdrsirygfoe troinfedtibhaiausing Bavtertd sone,
5-fl uorougac'igl grd aigal o%ues and derivatives thereof which also have
activity TAGENYalonstbgdevigedromithe sertisnesitedRdhea skine iin Aorspread s

| mpor t ant : t A . r ' 0, e

b et | co. QImoAe Bulsi of h8\ddiice BUNARREEGIAHELS: B o tbddtiishy, Oule!

2- mer capt ppssiblespufcasarfdaiptigninchrie Ayoitamingted infusatbacaithRmationa?itiss i num

tuberq’i din, paclitaxel, and canptothecin did not have
5  catheter hub-mfuszqn tubing 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 fo
- 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 signiﬁcaﬁt CNS
infections 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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anti bacterial activity against the organi sns known to cause vascul ar access

‘catheter-related infections. 1. Central Venous Catheters 10 For
pur poses o0 Ong?ST%vent ion, the term"Central Venous Cat wwmﬁ%f%ﬁ(&%og '

understood to include any catheter or line that is used to deliver fluids
to the large (central) veins of the body (e.g., jugular, pulmary, 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,

f1 ow di rec?‘éﬁ’gﬁ’éﬂsﬁdﬁﬁbﬁ'ﬁga).éwu SermtiaararcesdeasyBodthblieeiasepbong- t erm cent r al
VENOUS acCeamps i ch as . H ckman |ines and Broviac catheters).

Representative g%?%ﬁé@”’(@ﬂ%%%%%ﬁ%@@d IdR8ReGI®ed in U S. Patent

.Nos. 3,995,623, 4,0Most4bsds OPGasdbfir acO09% RSt %% & 068,
4,385, 631, 4, 406, 656, 4,568, 329, 4, 960, 409, 5?&?5 ?'é%%,‘ﬁ t%r%‘?‘gffa, 208. As
descri bed FrAYALYIShG catistaomd-aeatmicot withaysiemie antibiofier(dithosgipfew  caused by

tral - . , in the United Stat I ti
23, 000 Ject v iee aeo R E) Hih i RomvPi g e dhe o hgee. Pscmekineror
remains i rpreyibasly, merdlity Ssdcridtdd \nfith'Jasbﬁiaf’ﬁ@tfbs?%‘ﬂ?%ﬁzgﬁ@gﬂ{irﬁ's? REVE e

conplications of central 25 venous catheter In
i nf ect i ve Nigit¥¢ue dhe morbidity sug postassoeiatahwith ireiating Subiorgieato vei ns. | f

t he devic L.pf ected, it nust be replaced at a new site
Pexﬂ&%%@s?%@ﬁ%aé&

(over-the-wre C is not acceptable) which puts the patient at
further risk to deviglsoBergsiaodhi ' | .nsertion such as

bl eedi ng, 52 WO 03/ 099346 PCT] u@g@eﬁfﬂg@ww&ggé‘?%b’lﬁéﬁ%Eﬂ%ﬁeéﬁ and

herot H8r agathpiera gapatile nf resiysirerthe incidérecsfitlodditicaRy inféctivhs O SiReUi &ed. An

effective; [ woul d reduce the incidence of device infection, reduce
the inci dgﬁ@%s@é’g sddt e adtich ratheters will beeome infedtedyamat e, reduce

bl ebi ¢ ?ﬁ“ﬁ‘%ﬁ’é’?ﬁ%‘” K88 P Piack Tfes B COAE L oV Py BB e o1
and/ or r eligtwpevtie coaliny ¢apablepf @dacihahe ﬁi&tﬁrﬁ:@-ofﬂ&bﬁadﬁp%lgni&ﬁﬁéﬂ by in lower
g});tcgl_ I yth%'?l%v{crzg.r Wn%éé’u tLSJap‘éﬁ%é ggétisng 33“0&3 h%?/gtorn%l orvn(::)]l%ucff tﬁg tfofl(ta)tw?r:; N
15 characterist.ics: (a) the ability to kill, prevent, or inhibit colonization of a wide array
of potential infectious agents including most or al 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 multiple antibiotics; (c) utilize a therapeutic agent unlikely to be
used in the treatment of a b!oodstreamrinfection should 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 fo 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 particularly suitable for -
25 incorporation into.coatings for vascutar catheters, namely, anthracyclines (e.qg.,
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 Staphylococcus aureus - the most common causes of vascular catheter -
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In a preferred enbodi nent, doxorubicin, mtoxantrone, 5-fluorouracil

and/ or etoposide are forrrul ated into a coating applied to the s
t he 10 vaé"g zﬂ%ﬁg é%o(”

cat het er
exterior

QOHP9%¥4t het er. The drug(s) can be applied to tRETAEH
systemin several manners: (a) as a coating applied to the
surface of the intravascular portion of the catheter and/or the

us

segnent of the catheter that traverses the skin; (b) as a coating applied
to the interior and exterior surface of the intravascular portion of the

cat het er

and/ or the segnent of the catheter that 15 traverses the skin; (c)

i ncor por at é@fecm@ tﬂwthadd"%nmeﬁewm adents aps doertbiein, imitoxanasne) ar portion of
the catheter e rporate into, or applied to the surface of, a
%ﬂuo ograci an

subcut aneo

d ghglopHes ead Iﬁ’@f’@“"e(; élyer eal whichralemhave aplivityi nf usat e:

conbl na

(f) incor p@@éﬁ@ﬁE&JHéﬁd:&%oﬂaé}gil lr:]’géju ﬁﬁ?&rb@rgogc&) ltﬁg]ﬁ'n[g&#%ﬁttf ﬁlgﬂeutlﬂ'at

junctions and/or infusion t

af or enent i ontall arﬁﬁzaﬁcelgagmm angsuifablefor theigracicewoPbegrboent ifvenhtidnh centr al
venous cat het eE will allow bacteriocidal drug |evels to be achieved

IocaIIy onS¢Yrea

- dhciudipg ?eraércapmwmeo@rmewgam@unm. hysivexyusa,bact er i al

bor no | nf etz o RPRRRUNE B B Ebn Sl RO BULedRE, The” °

drugs. A

at t achnent

are parti
i nt er est
85A |[CT
Bi omat eri

t antibgictefrial activity aggirist ﬂlaomighﬁ‘lsrrisckr%rﬁt@rda&é&a%fzﬁlaﬂ gkcégquired for
to the catheter surface, several polyneric carriers

t he drug
C‘Eﬁté‘?tﬂﬂ%ﬁtﬁﬂd%fleét*qftﬁ use in this enbodinent. Of particul ar
are polyneric carriers such as pol yurethanes (e.g., ChronoFl ex AL
Bi omateri al s], HydroMed640TM [ CT Bi omaterial s], HYDROSLIP CTM [CT .
al s], HYDRAOTHANEEMraCTemien@atbeters s] ), acrylic or nethacrylic 53°°

VD 03/ 099346 PCT/USQi 19 2/ 2 0 0 7 copol yners (e.g.,
pol y(etthyl ene- co- acFgrthe pwpases Qfalhl&mwsmmetha/tednﬁleylmt Vefoug.

nitrocel |
acryl ate

PR B B b

acet ate)) defivarluids¥® thbI8eIcémpPRding 51‘ tﬁ% tg)gjgt(éﬂ-] e[lﬁ@ﬂ%\‘%)lﬁﬁ%@?tf%érna?;teer od

made in a varlety of configurations and si

xac't

wi |1 vary iligc infererivesa sava, superibavenacass, anillaryeisi )g Exdriaples of sudter t a| n
rinciple in the appljcation of this art.
P P %aﬁ%ter? inc ucPe cenqrai venous cglﬂeters total parenteral nutrition catheters,

15

20

peripherally inserted central venous catheters, flow-directed balloon-tipped
pulmonary artery catheters, iong-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,
5,916,208.

S

As described previously, 55,000 cases of bloodstream infections are

caused by central venous catheters every year in the United States resulting in

- 23,000 deaths. The risk of infection increases the longer the catheter remains in

25

place, particularly if it is used beyond 72 hours. Severe complications of central
venous catheter infection also include infective endocarditis and suppurative
phiebitis of the great veins. If the device becomes infected, it must be replaced at

a new site (over-the-wire exchange is not abceptable) which puts the patient at

~further risk to develop mechanical complications of insertion such as bleeding,
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Drug dose can be calculated as a function of dose per unit area (of the
portion of__the device being coated), total drug dose adm ni ster

measur ed gwamﬂgigﬁpropriate surface concentrations of act PUBUS ?@§%p§?%7
determ ned. Regardless of the method of application of the drug to the
central venous catheter, the preferred anticancer agents, used alone or in
conbi nation, should be adm nistered under the follow ng dosing guidelines:
(a) Anthracyclines. Wilizing the anthracycline doxorubicin as an 15
exanpl e, whether applied as a polyner coating, incorporated into the

pol yners  Rfushotheras amg Heineottlendxc dn additionpsyisesmividnibidtic aharapy Meslssar ri er,
t he total orub'hci n applied to the central venous catheter (and

r% se of d&x nou :
t he ot her g%% e ETBFtve therapymayld redyrerthajncidense @f devicesieslies ng

. (range of RBdlicPhetifci | | rred enbodi pent, the

total anount _%f o?rlﬁ%ag%éﬁ%felﬂ&?%ﬁﬁ%agﬁ@g%@@gﬁ%cgiﬁ%&?ﬂ@ﬁkyﬁg%efe@ﬁd t he

ot her conpbaémidence of bemplitativineiswots2€ Bhdsdarditisl obguppiratived ﬂ@eﬁﬁi@)?e of 1 ¢
unit area of the device (i.e. the anmount of drug as a

to 5 The dose r

f unct in%n é?@ﬂ%%&f%@ée%ﬁ%a“dhe £Ratrploenpos cathetas@ndéviredueenthemesd tdr ug i s
appl i ed anghigre tHCRH t L thin,the ran f 0.0 - 100
g per mrQ_é)f %urfaé‘g&g?e?qg @’yt‘%ru It%tﬂ%gf I[r{;drgar"b?%'?(i Eﬁ@ﬁ@%&%ﬁ?@ﬁ?&g

doxor ubi ciwithsteatribivezous cattmpbisdd plazet he devi ce surface at a dose of 0.1
pg/mm - 10 pg/mR. As different polymer and non-polyner coatings wll

rel ease doxor ubi ci NN P@ferfest emgodimearisdoxomebieinomiioxrntiang, peffmairacis shoul d

b i ' i ' ] A I . f the d f h
dovi co. sufraoneCRBRUBH Bmblata e a Rl Heridh ByPeyiace ey of
doxor d8i cvasduarmatirter e drigis)ead®s flicdtd Mefeential vedo ML ARLQP9346

PCT/ USO3A-710 2/2007 is necessary to insure that drug concentrations on
the devi cBY¥ePinse arabuaanesota) @sta evatingsapplied bx theubiterior sunfase df thebe | et hal

t [ ti ' b ' d f L (i. e. [ f 104 M
b t hough TEAVEREd BoflorAShe chibeldaridifibe Seomenbalhg ctaaier Fef ent) - in
pref er r edrarersel thierkin; dopey 4 BbatirYy ASplied t6A5E ﬁlterﬁ)rfdn‘a”%cl&%g?rséﬂrrnfa% ggof the

devi ce sugh that anti-infective activity is malntal ne a period ranging
f rom sevéngintrRy@esulappetion ohthewathiter and/oa tmsdgroentafitye patibesrrat

regtr)lgfi‘inﬁge m'a\)e%s%é'gkf-n? ((:r)?tllc%e}ggr%téé] in?cg Iheecrgoih\//r%en%ownﬁigrq tcz)%;[piri%gsthé or a period
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
Jinfusate; (f) incorporated into, or applied as a coating to, the catheter hub,
junctions and/or infusion tubing; and (g) any combination of the aforementioned.
20 Drug-coating of, or drug incorporation into, the central venous
catheter will allow bacteriocidal'drug levels to be achieved locally 6n the catheter
surface, thus reducing the incidence df bacterial colonization of the vascular
~ catheter {and subsequent development of blood borne infection}, while producing
negligible systemic exposure to the drugs. Aithough for some agents polymeric
25  carriers are not required for attachment of the drug to the catheter surface, several
polymeric cariers 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 Biomateriais], HYDROSLIP C™ [CT.
Bionjateﬁals], HYDROTHANE™ [CT Biomaterials]), acrylic or methacrylic - -
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drug a
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per unit
surface
and/ or i
of surf

30 days. It should be readily evident given the discussions
: lgd.4-hat anal ogues and derivatives of doxorubicin 2007
d‘%r?g@?%ﬁél y) with 10 similar functional activi tyPEgﬂJSBWEQ%{ze(?
purposes of this invention; the above dosing paranmeters are then
according to the relative potency of the anal ogue or derivative
red to the parent conpound (e.g. a conpound tw ce as potent as
cinis admnistered at half the above paraneters, a conpound half
t as ?oxorubicin is admnistered at tw ce the above 15 paraneters,

WEEHi(€-6x Dol et lens-covaciyiic acitheelidosé-denived polyawys (é.9e,
a ' coat L.n I ncorporated jnto the polyners which
PRiEb Gl R "C BRI EER SRR, PR GRIRS afetals pialorafletiglie dose
ardndomethaerdts %dpél?nié?@(% g.gt%oaﬂemya;aﬁe%ocﬁmeéc%ﬁcﬁtgﬁ% %\Pagt her

y

ts of the infusion 20 s shoul d not eXxcee ange of 0.01
rﬁj?ﬂdsltheﬁaobart icularly preferred enbodi nent, the total anount of

lied to the,central venous at heter (and the other conponents of
si on syst enf\g§ﬁ8{5$]dver5@%r‘?amée?saﬁ{ﬁé"a4ﬁ NG yanipty©f configyrations dose

anieh, e eyiiss bimisbhRs AR wih deE G2, BAUBClLPRPT e

area of the portion of the device to I's appli1e
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‘venous catheter {and the other components'of the infusion system) should be in

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 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 to the central

N
e

the range of 1 ug to 5 mg. The dose per unit area of the device (i.e. the amount of
di'ug as a function of the surface area of the portion of the device to which drug is
applied and/or incorporated) should fail within the range of 0.01 pg - 100 pg per
mm’ of surface area. In a particularly preferred embodiment, doxorubicin should

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 shouid be utilized in combination with the
release rate of the drug from the device surface such that a minimum

con.centration of 107- 10" M of doxorubicin is maintained on the device surface. it
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several hours to several nonths. In a particularly preferred enbodi ment the

drug is released in effective concentrations for a period rang
30 days. \$ OPY%%Bul d be readi y evident given the di scusgcmoq%%@q%g?ojtﬂ

herein that anal ogues and derivatives of mtoxantrone (as descri bed
previously) with simlar functional activity can be utilized for the
purposes of this invention; the above dosing paraneters are then adjusted
according to the relative potency of the anal ogue or derivative as
conpared to the parent conpound (e.g. a conpound twice as potent 15 as
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t he devi (:(’s%".@#%r%\J §$@f xceed 5 concentrations of 5-fluorouracil known to be
| ethal to & Freigteat 33 dprulicinds administened al iwies theaateven excess of

104 M5 algapaveterd, @fc §0me embodi ments lower drug levels will be
sufficient). In a preferred enbodi nent, 5-fluorouracil is released from

Utilizing 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 pgto 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 ug to 1 mg. The dose per unit area of the device (~.e. the amount of drug as
a function of the surface area of the portion of the device to wﬁich drug is applied
25  and/or incorporated) should fall within the range of 0.01 ug - 20 pg per mm? of
surface area. in a particularly preferred embodiment, mitoxantrone should be
applied to the device surface at a dose of 0.05 pg/mm’ — 3 ugimm?.  As different
' ] polymer and non-polymer coatings wil rel_ease mitoxantrone at differing rates, the

above dosing parameters should be utilized in combination with the release rate of

25




the surface of the device such that anti-infective activity is naintained
for a period ranging fromseveral hours to several nonths

particul aM9i34Pe¥erred 10 enbodi ment the drug is rel easedPCﬁ’Ué?%géQZ/Z()O?
concentrations for a period ranging from1l - 30 days. It should be readily
evi dent given the discussions 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 paraneters are then adjusted according to the relative potency
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03/099346 PCT/USO P67192 / 2 0 O 7 applied to the device surface at a dose
of 0.1 g/ ﬁﬂﬂﬂem@@@mﬁmmmt@n@ fas dercriped previousty) withsiplay fancticoalt | ngs

will rele t Si ferln a t he,. above d05|n araneters
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is mai ntal ned on the device surface. IS necessary to insure that drug

concent r adedative @staeenpared @@tf&Daranbcmm {cap ceeompourshtvioé asipopadi de

known150 as mitoxantrone is administered at half the above parameters, a compound half as

potent as mitoxantrone is administered at twice the above parameters, efc.}.

(b) Fluoropyrimidines Utilizing 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 fiuorcuracit 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 totat amount of drug applied to the central

venous catheter (and the other components of the infusion system) should be in
the range of 10 ug to 25 mg. The dose per unit area of the device (i.e. the amount

25 of drug as a function of the surface area of the portion of the device to which drug
is applied and/or incorporated) shouid fall within the range of 0.1 ug — 1 mg per
mm’ of surface area. In a particularly preferred embodiment, 5-fluorouracit shouid
be applied to the device surface at a dose of 1.0 pg/mm? — 50 ug/mm’>. As

B different polymer and non-polymer coatings will release 5-fluorouracil at differing
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be lethal to a variety of bacteria and fungi (i.e., are in excess of 10-5
M al though for sone enbodi nents |ower drug |evels will be suf#higi I
a pref err eWOBYAtent, etoposide is released fromthe sul*f:?&.(l:;fes0:!%3":/41iﬂléoO7n
device such that anti- 10 infective activity is maintained for a period
rangi ng fromseveral hours to several nonths. In a particularly preferred
enbodi nent the drug is released in effective concentrations for a period
ranging from1l - 30 days. It should be readily evident based upon the

di scussions provided herein that anal ogues and derivatives of etoposide -
(as descri Fes fhesbenesdgsingpartansitas| shoukilre tiiizealin askribidtinGam e utilized

15 for the this_ invention, the above dosing paranmeters are then
adj ust ed é%%cf?’%g(’ﬂé e O framdbe davige seriace skch that amainseure or deri vati ve
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potent as kisomsebshryite irson ﬂnatti&rged)rﬁtenm'mldr% drivtheadbice RataERh@esd etc. ).

20 (d) gon‘is)l nath th t should be readily evident based upon ) the
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central ve ousrfcat eter, coating. 25 Simlarly an anthracycline (e.qg.
doxor ubi it BYTaRe i%f?‘f%wﬁ%fucl? that aBikyHeeive ardivity és maint@ined doroperiad | ) |

el opos} de) g par el turs EReVRl AT, A pRlicy P BRHErer ot | 1 un

et oposi de) can be combined Wi th trad ant i fungal

agent st o egblodiment éhd tnacy relgaéétﬁnriéffe‘éﬂ#@@@rﬁ%&itﬁa\ﬁoﬁé f3Ep é:%cﬂ%?@fng‘ S
associ ate n increased risk of infection, nbi nati ons
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(for exanple, heparin, dextran sul phate, danapa p ru I Tudin,
AVP, adenBVeLdosgnaametess dee ths liustegiaccordinhterthkbeakatize petericp o et haci n,

(r;ng:g?gg gffeﬁlﬁta‘?\a[:?g%%rr%m&w%qé’s compare8¥o &I’?Ieaggrle%i cbéa?;ghr? t(e gt zla %rlar%%loglncri] &
twice as potent as S-fluorouracil is administered at half the above parameters, a
compound half as potent as 5-fluorouracil is administered at twice the above
parameters, etc.).

(c) Podophylotoxins Utilizing the podophylotoxin etoposide as an

} 20 example, whether applied as a polymer coating, incorporated info the polymers
which make up the device, or applied without a carrier polymer, the total dose of
etoposide applied to the central venous catheter {and the other components of the
infusion system) shouid not exceed 25 mg (range of 0.1 uygto 26 mg). Ina

| particuiarly preferred embodiment, the total amount of drug applied to the central

25 venous catheter (and the other components of the infusion system) should be in
the range of 1 ug 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
.appﬁed and/or incorporated) should fall within the range of 0.01 ug - 100 ug per

2 -
mm of surface area. Ina particularly preferred embodiment, etoposide should be
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eptifibatide, tirofiban, streptokinase, and/or tissue plasm nogen
activator)_to__enhance efficacy. 2. Peripheral Intravenous Cath

the purpost® %Bf?PH s i nvention, the term "Peripheral VenOlECT’ﬁﬂt%%{’grzg%m
shoul d be understood to include any catheter or line that is used to
deliver fluids to the smaller (peripheral) superficial veins of the body.
Peri pheral venous catheters have a nmuch |lower rate of infection than do
central venous catheters, particularly if they are in place for |ess than
72 hours. 15.CnF égception is peripheral catheters inserted into the
fermoral veidPPigdiothe deyice ifacgiat g of Owhpgfinmave Gang/nuni. fAzdifferanthi gher

rate of inf ' T ' . infectians.in a peripheral
Venous. oat RepE g W-B00RR} SPRinds B HSE eldbes R A iremg BE R venous
cat het er s) abbve dogingpararadtcesTsinsliidBat utiliSeX R sdrhBinBlioMVitAHRE HI848 rate Of'

20 and/or etoposide are fornulated into a coating applied

5-fl uorouracil

to t ﬁe sﬂr ﬂ'*aﬁl:‘érugff"qfﬂéhe fevicppeifage sueicibaha coneentation of e ar@d(dfcan be

appliedgto I eno, cat heter system.in seyeral nners: (a
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that traverses the skin;, (b) incorporated into the polyners

conpri se t Ae lsthalie gasrietuef basteriaand fundh§.ec.aaredn excescdf 10iHdr althatgédor nt o,
or “applied surface of . a,.subcutaneous "cyff" around the catheter,
(e) in Sol%Qﬁlggwbﬁdfrﬁéntsﬁ%\yﬁrsgyg;ie q? Wl"ﬁ‘%%ﬂd@?'&f’gd I ﬁtﬁf?y%wdappl ied as a
coating t cembbdiment, R685side! B relda4Ba N Qe bty Skoike totRh B pd (9)
any conbi nati on of _t_helg(gﬁ"orenrgﬁ#ggeftjm% m%?/%ggg;ggg%#?ggga}éﬂb/ 2 0:0;
7 * Thel@ orifactive aetivilyds awaintaipeddonia iperies rdraging fiom sexeesl vems tasevdrdent i cal ™
to those .bed for.central venpus catheters. 3. Arterial Lines and

Tr ans duce?’gaﬁ}?‘P el 8|Par‘f%§@$¥a?f8f%%’8e%°%mﬁm e drugds released ueffedtive opt ai n
accurate donebaestider Bri I t Y LdsS. | aced
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(12-20% of ,arte |(al Jine_ econe L .
etoposide (as described previously) with similar functional activity can be utilized

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 half as potent as etoposide is
administered at twice the above parameters, etc.).

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 Similarly an anthracycline (e.g., doxorubicin or mitoxantrone), fluoropyrimidine
{e.g., 5-fluorouracil), folic acid antagonist (e.g., methotrexate) and/or

- podophylotoxin (e.g., etoposide) can be combined with traditional antibiotic and/or
antifungal agents to enhance efficacy. Since thrombogenicity of the catheter is ‘

_ a_ssociaté_d with an increased risk of infection, combinations of anthracyclines (e.g.,
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i nfected) and the causative organisns are identical to those described "
~above (for_ central venous catheters). 10 In a preferred enbodi

doxor ubi ciHO 0H§%¥YRant rone, 5-fluorouracil and/or et oposiﬂé’l‘laﬂﬁz?'gg)n%ﬂ%?gg
into a coating applied to the arterial line in several nmanners: (a) as a
coating applied to the exterior and/or interior surface of the

I ntravascul ar portion of the catheter and/or the segnent of the catheter
that traverses the skin; (b) incorporated into the polyners which conprise
the 15 intravascul ar portion of the catheter; (c) incorporated into, or
appl i ed t odaeeubiGin paowoxaitione) slumraprimidines {e.gf, f5-fleorouradil), feliccaidet er; (e)
“in solutiaon,l 4 | nfusate: (f Incorporated into, or applied as a
coating to%}‘t%@enﬁégg{%gt g}e??pﬁ[')ex ‘%ﬁe?fﬁaﬂggmﬁ%?x'"ﬁ‘» i’ﬁ'ﬁsieB?Pcﬁlﬂﬁ) 87 b&nd (g)
_any conbi rahibaedkith BRtAFRRSSTRYUARBEShtipkISIel 5¢RS fbi '

guidelines for this enbodi nent are } 'EO §§en§%arﬁt§%'ﬂ@%éﬂgéés@?i bed for
central vélestian stiphateedanamroill; kepiradin, birttiar AMRahdendsimégcar di ti s ( PVE)

Pr ost het i val ves, nechani cal and bioprosthetic, are at a -

si gni f%a%’gﬁ%éd?%qs’%@él)'&ﬂi Hae'é)ﬁb‘i'tﬁF‘éflﬁr ingpmathaginpeciofesamatepat i ent s
devel op HioehRFoduieE &idyPidaoid i ; v I surgery and
prostheti gﬁ\(al ve 2% endodg@r 3|mt iés] tlggg)(%ﬁtﬁgo%#cgée,u%é;j[égoﬁlrg&aggﬁgﬁ%cases of
endocar di €ptfibatide, tirpéllaryftrepekiriasp] and/antissubqiasminogen aotivaiod ter m - t he
risk is grﬁﬁéeSt#@n the first year following surgery with a peak incidence
bet ween t K& SEESHCANd third nonth 60 WO 03/ 099346 PCT/ US03/x190 2/ 2 0 0 7
postoperatively. Mechanical valves in particular are susceptible to
infiection in the 3 nonths follow ng surgery and the microbiology is
suggestive of nosocom alPeri itaventheCathmters a drug coating designed to
preve? col oni zat i %n a}gg infection of the valves in the nonths follow ng
sur ge 9 coul d be of %fiRepurpes@s pt thisinveetion, Hesteant Peripleral Merousipor t ant
medi cal peatlefiR” sHegild BS ] f i .endocarditis has not
changed in the Tast Zdo%gg‘?ésigg’ggéf’ﬁ@aé‘?%ﬁﬂ.‘Q‘%‘ﬁﬁ{e\‘g’&\'}'ﬁ%@"\? Hseif?r gi cal and
sterilizadélver faddhtd heamdiep (msiphicdl) YepaRdaapleas &fthebeayheti c heart val ves

i nclude those described in U S. Patent Nos. 3,656,185, 4,106, 129,
4,892 540, 5,528, ofg,npheral venous catheters have a much lower rate of infection than

do central venous catheters, particulafly 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 t}ave a significantly higher rate of infection. The organisms 1
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 applied to the peripheral venous
~catheter system in several ménners: (2) 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; (c) incorporated into, or applied
to the surface of, a subcutaneocus “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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10 5,772,694, 6,096,075, 6,176,877, 6,358,278, and 6,371,983 Early after

val ve inplantation, the prosthetic valve sewng ring and annul

yet endot NEQP349P348d. The accunul ation of platelets and th?@ﬁﬂﬁ@gﬁ{g‘g?{lg@b?
site provide an excellent |location for the adherence and col oni zati on of

m croorgani sns. Bacteria can be seeded during the surgical procedure itself
or as 15 a result of bacterema arising in the early postoperative period
(usually contamination fromi.v. catheters, catheters to determ ne cardiac
out put, mediastinal tubes, chest tubes or wound-infections). Commbn causes
of PVE include Coadiiedeamiletian and desmgtguidelinesifoy Bissginpbdiment ase

epi derm di sq.....309 t aphyl,ocpccus aureus (239 Gram Negati ve Enterococci
(Ent er obacitag?t?(gac "a@f’?%@%ﬁé&?d‘gﬁﬁﬁgef@r"ﬁaeH%&a‘,@ei%% , Fungi (Candida
al bi cans, Aspergillis: 12%, and Corynebacterium diptheriae. PVE of

bi oprost hetic valves is |argel Z confined to the leaflets (and rarely the
annul us), whereas tRe an 1 fige Ty iUGEShe majority of cases of PVE
i n mechani cal val ve 829 . Unfortynately, eradication of the infecting

o gani omw h ant | nPEPBA s 315 UshiiapiAvpBRES Og O8RS bl PEoGAte
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require repeat open-heart“surgery to replace the infecte ve resulting
i n signifiarteny (ippicallydhe yadinbaneny} ahd bften Esreaini ih pidae fonseeéiabdayss

successf ul treated nmedically, damage to the |leaflets in biogprosthetic
val ves ré%{%@iﬁqq?}q"ief%gwﬁ"é? rqtﬁg? {dection (4r4Q% of artegialingsibegamec ar e
patients wWhacled) 3ridth : : : |

i nfection caﬁsezj b%t g:@a%éf%%%@%&ﬁ%étéﬁ?%ﬁg@ﬁgﬁé@bﬁ%ac\}/eeschég_a @ﬁxﬁ QB
rate and cestralvenpespathetare) rate of 50-65% |Infections caused by
St aphyl ococcus epiderm dis are also difficult to treat as the majority are
caused%y or gani sn¥ & BEfaiTeh embedimentcdexarubicip, mitexaalipae pefluonogeaciim

antibioti I | ' 0 { ' r.ditis.include
val ve. mal Podier PiosRe g RofRAed Mot pBIEL sl e SrBRARRRIA Soiieb T o
conpl i cat meamhefss (@hasas coatirikappliciSo the BRICHBAEAC/OF RiteRdH durfdce cF@msiuct i on
abnormalities, and death (55-75% of patients who develop an infection in

the first NFayasiuly Rortien okihegathgter and/or the segment of the catheter that
traverses the skin; (b} incorporated into the polymers which comprise the

Ftality:__,':

15 intravascular portion of the catheter; (c) 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.
The formulation and dosing guidetines for this embodiment are , \f

| 20 - identical to those described for central venous catheters.

- B. Prosthetic Heart Valve Endocargitis {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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An effective therapeutic valve coating would reduce the incidence of 10
prosthetic val ve endocarditis, reduce the nortality rate, reducz@%}tfe]2 2007
i nci dence V9P 0398161 i cations, prolong the effectiveness of PERHESEAGEYNEL i C
val ve and/ or reduce the need to replace the valve. This would result in

| ower nortality and norbidity for patients with prosthetic heart val ves.
In a preferred enbodi ment, doxorubicin, mtoxantrone, 5-fluorouracil 15
and/ or etoposide are fornmulated into a coating applied to the surface of
the bioprosthetic or nmechanical valve. The drug(s) can be applied to the

pr ost het | cpostaperativaly. seleehahicalangsssin pafticuRB afe SOQIdphibleapMfcesbr i thbe
surface of .the antglﬂl ar ring (particularly mechanical valves); (b) as a
coating appMastPs Wewgswgery angithe maicrphickegy is saagestye(qf aospearial | y

bi t hepiginal - ' i nt | whi ch 20 ¢ i
Ther annul arie¥R: YheorCs o QSRR dperf Qolt Aol Ahfidngion ™' °©
Dr ug- coat i ofghefalves irdthegnomie mmﬁ%@mgbm oM 8810F gkt bepafitinyige ves wi | |

al l ow bacteriocjdal drug levels to be achieved locally on the val vul ar
surface? tRG¥eNtop i thin gnperdantseediealquoblermy athaintidience bbpiosthetiorvalved

b t Rt naf - Whi | duci l.i g bl teni.
ngzgﬂrgnt%@ﬁgﬂdﬁr ugs. noilcp ﬁgg'gf'u"\wgl? '%g%?ﬁﬁé%gg#@gﬂl%ﬁbﬁﬁla?@%‘%g 'gr s are
not requi rsadgitalrandtsteritizata tethnigie. drug to the valve annular ring and/ or

| eafl ets, several polyneric carriers are particularly suitable for use in
thi s enbodi ment. OF Rgafaseetative examplessef papsthelit heant vaiveaindialesthoseich as

Dot B omacer ot Ay SRR Nofra Boentth, b iR 2 0 sl bhonas
PCT/ US@B~BI77 228942 60098, 075, dYDRCEHANEINA bfd, ﬁcmrg’??,@is?' s]), acrylic or

met hacrylic copolyners (e.qg. pply(ethylene-co-acry Ic acid),
cel | ul ose-derived poafaiier vaegmplantatior dhé prastiesticCaitasesiag Angtamide

copl yror &g sR R LGBl AredcchimudePeyor Platgllnend HedmPunas s

Lhereof . _Astaiswedisliie ah excbiottlotion ey (B RnbFbrie\dHd GinibdighQdlf | gur at i ons

and sizes, the exact dose admnistere vary with device size, surface
area and MiEge@anismsieliaateria ean berseeded duphg thecsurgioal progkdaee iselfidras
appl i Gati g0 Qi d'ladcilhia arising in the early postoperative period (usually
“Contamination from i.v. catheters, catheters to determine cardiac output,
‘mediastinal tubes, chest tubes or wound infections). Common causes of PVE
include Coagulase Negative Staphylococci (Staphylococcus epidermidis: 30%),
Staphylococcus aureus (23%), Gram Negative Enterococci (Enterobacteriaceae,
\ 20 Pseudomonas arugenosa; 14%), Fungi (Candida albicans, Aspergitlis: 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 maijority of
- cases of PVE in mechanical valves (82%).
Unfortunately, eradication of the infecting organism with antimicrobial
25 therapy alone is often difficult or impossible. As a result, many patients who
develop this complication require repeat open-heart surgery to replace the infected
lvalve resulting in significant morbidity and mortality. Even if the infection is
successfully treated medically, damage to the leaflets in bioprosthetic valves:

reduces tbe__life_span of the vaive. Particularly problematic are patients who-
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Drug dose can be calculated as a function of dose per unit area (of the
portion of 10 the device being coated), total drug dose admnis m?gr@obp
e

measur ed

A03/8ppsopri at e surface concentrations of acti veC#ug

determ ned. Regardless of the nmethod of application of the drug to the

pr ost het
comnbi nat

Ic heart valve, the preferred anticancer agents, used alone or in
i on, should be adm ni stered under the follow ng dosing guidelines:

15 (a) Anthracyclines. Uilizing the anthracycline doxorubicin as an

exanpl e,
pol ymers
carrier

heart va

whet her applied as a polymer coating, incorporated into the

devieldp aeirfedtiBnidagsed B?%H&ﬁod&%@ﬂé adrRi€eas ﬂfegarmﬂei £80\wsbpout a
0

polynmer, the total dose of xorubicin applied to the prosthetic
| veodaliy rate mod averaliogoperating rateafdd-65%0 InfeptipnsocaBedd)y. |1 n a

Phe. pr ost rePRIRelS SafGanair s Afredtid el o8 ot iy e Caffl e °

dose per
of the s
and/ or 5

Wb anisie destbtahh® Mﬁé&?er(tl'y-av?ilakﬁ]lé Rt aﬂfibi@Eb@l éthe function
t I whi ¢

urface area of the portion o e valve to drug I's applied
i woomboatinnsd)f mosthetit vaive endotarditistieciude yalve mAfudittipn(steridxis, g

perm®2 of surf

doxor ubi
pg/ me -
rel ease

be utili
val ve su
~doxor ubi
drug q@n
surface

speci es

sonme enb
enmbodi ne
anti 5 i
hours to

ce .area. Iln a particul arl eferred enbodi ment
o reowifon yebstest fasmalign, ebeky camblicalions fxuchas sirkes ENS 0. 1
. i £+ ayall n § ' il
GoSREG, cdiSofls)] SlrliciBR SLBAm sy A dBANNEEITSh0BE bAA! | oul o
z wdhoi devetnpbamiafeationvin tire filse2medrehs efteaswgefy)t he drug from the
rface such {_'g%ﬁa,m' ni mum concentration of 10"'- 104 M of
|

cin is mai ehyedhetapeudi valyecoalipg moulbreehicg the ingidansaof that
' - 214 t lve’
R iRl el ooty g B g el i 1D

otoratications, protbrguthg ieffettivenessbethaprexsitesis vafveldht/df redltd aiegh for
odié@nts | ower concentrations are sufficient). In a preferred

nbeeq i epiasedhn valyer diniswedlds reswit imlewern magtaditvand mortigity Brsuch t hat
négﬁédté/ﬁ’ﬁﬁ%ﬁihé% ﬂ‘%arg%lgégi ned for a period ranging from several

evera lcularly -preferred enbodi nent the drug

i s rel eased in eff gatd preferfembbaidrd,doxoRibiginP SitoRantréris) isLdroaracll - 6

nont hs,
her ei hot

20

25

It should be readily evident based upon the discussions provided
hefd/ahetopgside ase fprawlated tintpascasting applied to the surface of the

bioprosthetic or mechanical vaive. 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
leaflets (particularly bioprosthetic valves); (c) incorporated into the polymers which
comprise the annular ring; and/or (d) any combination of the aforementioned. o
Drug-coating of, or drug incorporation into prosthetic heart valves will

allow bacteriocidal drug levels to be achieved locaily on the valvular surface, thus
reducing the incidence of bacterial colonization and subsequent deveiopment of
PVE, while producing negligible systemic exposure to the drugs. | Although for
some agents polymeric carriers are not required for attachment of the drug to the
valve annular ring and/or leafiets, several polymeric carriers are particularly
suitable for use in this embodiment. Of particular interest are polynieric carriers

such as polyurethanes (e.g., ChronoFiex AL 85A {CT Biomaterials],

~ HydroMed640™ {CT Biomaterials), HYDROSLIP C™ {CT Biomaterials],
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doxorubicin (as described previously) with simlar functional activity can
be utilized 10 for the purposes of this invention; the above dosi /2007
par anet er s PR adjusted according to the relative pBEEWS 1 iz"le

anal ogue or derivative as conpared to the parent conpound (e.g. a conpound
twi ce as potent as doxorubicin is adm nistered at half the above
paraneters, a conpound half as potent as doxorubicin is adm nistered at

twi ce the above paraneters, etc.). 15 Uilizing mtoxantrone as anot her

exanpl e of hracycl ine, whether applied as a polynmer coating,
i ncor por at E’%'%St”ﬁ %é@ljﬁmmat@ﬁaw aeiviic oopetiraergicospbmears begrt val ve,

or appl i edmi L Carl.er I .. the tqotal dose of _mtoxantrone
appl i ed tot Iéé gr o%?ﬁ(g'?j W“ﬁ@&&@ (%/‘?ﬁﬁ(?ée'sc%(wﬁa PR f“ee(?Z%Qd rgrogeiieiestge  of
.0.01 g to Seli)se AvetatenBiityists! @diluyose’ fictate ' {4}y total amount
of 20 drug %%pl led to theypros-t het?c heartﬁgﬁ\%ﬂg%ma eeé}ﬁjn t he range of

0.1 g to 1MREACTYAE cepelymess (@igi, polyfethylehetdoevinglacetate)),cas whibaablmak of
drug asga guRgkion of the surface area of the portion of the valve to
whi ch drug 1s applied and/or incorporated) should fall within the range of

0.01 pg - 20 pg per AEfiosthetit héaE alvas Gfe H*dﬁgﬁa%@{akﬂg%@ﬂnﬁgﬁr{aﬁ&ﬁé 58& a

enbodi nent, mtoxantrone shoul d be applie val ve ace a

dose of 0.%8Sgihenexact dogg advministeredi vill smenwith deyive rsiz) durfagnareal SHET
coatings v rql I toxantrone at differing rates, the above dosing
par amter\gegth%ﬁ%%‘%ﬂ'{gq %ﬂ”@q’fg}%ﬁﬁ?g&qmewﬂ ey applicaiarpefdhisart of t he
drug fromDrugdoselcus bswalafftes ' aﬁgp | f 0~ O
10"6 M of mtoxantrone ias na(iantggilénﬂé'ﬂé%or@ﬂae&v Vﬁ?&lﬁ?ﬁ&%ﬁﬁ#ﬁ@ﬂ@mﬂo cessary
to i nsth e thendevica heing c031ety IBKS dARY AL AATINIREBILEN el HiBE8uGHNd -

concent r atyj on the val ve surface _exceed concentrations of mtoxantrone
known to EE&I%Z){'%%S rg"cﬁlﬂof‘f’?)rl't@t@ﬁé&fé‘g"é? dpigsay heydeleamingdgiRegardiessire i n

excess of of the-rh ; ' | rug,levels will be
suffici en? ). | ne_ﬂgibdgirffgp g’ﬂ%@ghy&%ﬁ%@ﬁwﬁﬁmﬁcﬁeﬁ{wﬂq,grll%ggegwﬁa(}fmom t he
surface ofniggBcensgentsucedalommsr ardombinatier, isweuldBd ¥drhinidtsreARindeptired for

a period ing, fromseveral hours to several nonths. In a particularly
pr ef erredfogﬁ%@@ 9 Q‘I’fae'ﬁ}e@g is released in effective concentrations for

a perigd rangi ng fr@imhtriraly8fild Sutilzing 1% 5AnPRycline doxorubicin as an
example, whether applied as a polymer coating, incorporated into the polymers
which make up the prosthetic heart valve, or applied without a carrer polymér, the
total dose of doxorubicin applied to the prosthetic heart valve shouid not exceed 25
mg (range of 0.1 ug to 25 mg). In a particularly preferred embodiment, the total

20 amount of drug applied to the prosthetic heart vaive should be in the range of 1 1g
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 pg per mm? of surface
area. In a particularly preferred e_mbodiment, doxorubicin should be applied to the
25 valve surface at a dose of 0.1 pg/mm? — 10 pg/mm?. As different polymer and non-
- poiymer coatings will release doxorubicin at differing rates, the above dosing
parameters shouid be utilized in combination with the release rate of the drug from
t_'he valve surface such that a minimum concentration of 107 - 10* M of doxorubicin

- Is maintained on the surface. Itis necessary to insure that drug concentrations on
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readi |y evi dent based upon the discussions provided herein that analogués

and derivatives of mtoxantrone (as described previously) wt ﬁ%%ﬁg ?5007
functi onaW@eY9%346y 10 can be utilized for the purposes oPCETRISS i“on;

t he above dosing paraneters are then adjusted according to the relative
potency of the anal ogue or derivative as conpared to the parent conpound
(e.g. a conpound twice as potent as mtoxantrone is admnistered at half

t he above paraneters, a conpound half as potent as nmitoxantrone is

adm nistered at twi ce the above paraneters, etc.). 15 (b) Fluoropyri m dines
Utilizing theefawlemtamrémbeﬁi pencertiation® of deidrubisin imidwextariy lethaMet her

applied as r co ng, i ncorporated into the polymers which nake up -

t he prost H'B'?']FBN e tergrangiynoiédewiard duexeess &f i De M pihguah fort he
total dosachie émsbegﬁ% Wi BAbBSch SBT3 By V2l e shoul o

not exceed 250 range. o arly preferred
enbodi nmentemtiduim2at, tdmb(afubwmimblsafsed ftofn BRDSURIL ST thd ale @BEhRidt anhear t

val ve shoul.d be in_the rangze of 10 pg to 25 . The dose per unit area of
the val%e fiecle aqivityipoRintgned farg Q%”Qﬂ ranging f@iﬁ S@Vetahbowrmaeee@l ea of

t he porti t | i /or I.nc or at ed
shoulod faﬁbr\‘?mﬁst hpﬁa g%ﬁg%@@%?%d%%dﬁf%ﬁﬁ' ?ﬁsedéﬂfeﬁﬁgté Year ea) I'n

a parti cucantgntrtiehs fores pendpe fronﬁ fl BQﬁ@Hﬂh@.C'lt'sh‘é)hWIBé‘réé@hI?%vﬁié?ﬂt' ed to
the val ve surface at a dose of - 50 pg/mZ. As different

pol yrer aﬁas%HP%F%@ﬁC%@@ﬂSﬂy@V'ﬁBd ?wer@n &a%téirﬁﬂdgueelamrcwwatrms ofi ffering

rates, th S ararrete d.be ut ed.i.p co tlon wth
the rel eage cﬁ'g %% (#(%%n quvrlo(sﬁf%) RK/SAWEY g'{]nic %ﬂﬂ&‘fqﬁ i mum -
concenor afor @i ﬁ 4 of thi§ f .gggﬁ "
val ve surfartce pl?blgg r?ecesg\gsyl?rg t??gﬁéi@?@ﬁ? éﬁakarg%te%%@éﬁvé 99346

PCT/ US0237¢couding g the raiamuermtem;sofdhe Bhelqgues:trlwrwatl\rmas tompéared tedhéace
exceed co ions 5-fl uor our aci to, be |l ethal to.nunerous
speci es gf%ﬁ@%@%'fjguﬁ% lﬁ]&pmppu@'{:vwc%,aé Hozvﬂmoﬂfb“i'ﬂ-'% miglisteeRyh for
sone enboghiHEfthe duRve. %M&e@mse Jldfll?sﬁf as Bfén‘fb %)co%:bi?:@vspreferred

enbodi nent, 5-fl uorouracil romt e sur ace the val ve such

t hat ant |admml§9(teﬂedeat€twtaevthta)abose paiameterseetd.pr a period ranging from

sever% hours to seiyeir al nt h In a particularly preferred enbodi ment the
tilizing mitoxantrone as another example of an anthracycline,

dru
’ 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
‘mitoxantrone applied to the prosthetic heart valve should not exceed 5 mg (range’
of 0.01 ng to 5 mg). in a particularly preferred embodiment, the total amount of
20 drug appiied 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
éurface area of the portion of the valve to which drug is applied andfor
incorporated) should fall within the range of 0.01 ug - 20 pg per mm? of surface
area. In a particutarly preferred embodiment, mitoxantrone should be applied to
‘25 the valve surface at a dose of 0.05 pg/mm? — 3 pg/mm?. As different polymer and
hon-potymer coatings will release mitoxantrone at differing rates, the above dosing n
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 insuré that
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is released in effective concentrations for a period ranging from1 - 6
months. It should be readily evident based upon the discussion i
herein t hat"® Gf393d¢ues and derivatives of 5-fl uorouracil (P@‘ﬂmz@%%ggég%7
previously) with simlar 10 functional activity can be utilized for the
purposes of this invention; the above 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
5-fluorouracil is adm nistered at half the above paraneters, a conpound

hal f as potdgid C%eﬂualimgrcgtmﬁojaﬂvej mrﬁﬁ@&jclgta@t@@b@ﬁamﬁﬁgf ﬁmlgxé-m% 15

par amet er s odo otoxins_ Utilizing the podophyl otoxin

et oposi de ggf%ﬁ u B %!éﬁ’ f‘%ﬁ@%‘%épe@ﬁﬁ Pf bactgda Qﬂgfﬂr&gﬁﬁr& @oain exgess of

.i ncor por at ¢a” Mitathéuifh BPLIHE 'etnhoMih t rqst hetjc. heart val ve,
r 'HEGE"'? | Entsqﬁbgr #@95&%@5@5%? s #18'68 i dR3appl i ed

or applied w thout a carrier polynmer, the
to the proBigiTedembedimentimitoxahtrahd isdlesveddashn B A0 <§frtﬁé19§:v8fsu pliig
to 25 r_rg).th%p Rﬁ‘ﬁﬁ%ttj CU|€I’_ y_preferred enbodi nent, the total anount of
drug applied o theF sstvilviis analalainedfar e @esnd ranginefrom schveraldoyes of 1 g
to 5 ny. TdeveffTRoMRS. W lye (i.e.. the anount of drug as a
function of the suﬁ aﬂ(';"(raM %arrggaggﬁ)ﬁ%fgﬁgg?Pﬁ)ﬁ)dgff’e’ﬁﬁae\‘?EHQ/@ rﬁéaﬁﬁﬁjﬂh drug is
appl i ed arRffestive congentraticrissfoy apleviotictahgihly fidint ML FoBHANEEN&I Re01 O - 100
g per mmrgé i@urf.(g%? 25 C?rea. In a particularly preferred enbodi nent,
et oposi de 'S il bt ween e discussianstprevided heesin thadlanalcguct apd at a
dose of O.dbrigative’ sy | £ferent . I r .and npon- pol yner
coatings w el gggﬁégépom @ésda%chﬁgq EF‘?Vﬁ‘ﬁpsﬁ)yeltx\@n& Sif @%&BWE“%EY'WQ

rré’%e theuutit
par a r €28 tizésbfouthd parpdsé o EPREDINDSRHEH td 1 e of the
drug fromgy he val g surfaclgﬁsuchot hatl a conéé%%gaﬁﬁergﬁ)sg@ ﬁ%_%ﬁe[fgfs@rﬁﬂ of 66
WD 03/ 099 teRge9ording 4o Hor el potentyief the amalogeicrelbrioativdgs val ve

surface. kbmbardias ' that dru oncentrations on the valve
surface excegdr con?ﬁﬁé%ﬁ g%@ﬂéﬁﬁcg{eog'o%m@pg it aspetendasal to a variety

of bact er Mitozantrdnerig adfinigterePEEhAINMERYE ' [ SOme
enbodi nent S I{)vver .drug levels will be suffip%hﬁn%e%an@déﬁggﬂvélg?S
enbodi ment$'eBt SpBEPIRATIoNe s pdadnigteredat twiee therdtmve pakambteryadtyg. such t hat

ﬁgb Ir -s1$t gf ggf/;\r/g | ACb)Eilbro Sy iRdhEs "GfliZiSy s Reromimidng ! uééﬂigc?s%vser !
an example, whether applied as a poiymer 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 ug to 250 mg). in a particularly preferred embodiment, the
2 20 total amount of. drug applied to the prosthetic heart valve should be in the range of
10 pg to 25 mg. The dose per unit area of the valve (ie. 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 0.1 pg — 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
poiymer and non-polymer coatings will release 5-fluorouracii 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 107 - 107 M

qf S-ﬂuorouracﬂ js maintained on the vaive surface. Itis necessaryto in_sUre that
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nonths. In a particularly preferred enbodiment the drug is released in

ef fective oncentrations for a period ranging from1l - 6 nonth
be readil Qvév:f’%?é’?ﬁﬁ based upon the discussions provided h@FEﬂﬁogéﬁgz;}QWﬂ
anal ogues and derivatives of 10 etoposide (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

conpound (ﬁ'&% a conmpound twi ce as potent as etoposide is adm nistered at
hal f the COpsEaREians 9N the Wbafmhﬁm yalde Spa‘a@enex@@ect@@mgtramnsom

adm ni st er &« raneters atl nthera .
It should ggure@g%"%g%%%%q%@?g% ﬁ%ﬁroutsl?g%éeg qjé)é’f%)ﬁ her ei non
t hat combi aratin QRSessfofalm}t“hm aatxmhgﬁeér $diné embodMinty %\&érrbr@b lev/é@mmé one),
fluoropyrimdines (e.g., 5-fluorouracil), folic acid antagonists (e.g.,

met hot r ex a3 f1GRRl)- ot %Bmﬁ?ﬁ@d @ﬂmﬂmer(te&ﬂupmelr@pbs|rdle)ase@fr0bethﬁ(}sunfacb| zed to
enhancec t I tIVI of . the prosthetic heart val ye coating.
Sty GARRVARE Shen i B Ll Soury & ReBioney 6%@9?6%;3'19'"95

fl uoropyr lS@véralmu:(seto%ever#n{dW OMré"Béﬂhl:ulaHQ%)?&eﬁfé Y AR ﬁlbﬁjbuﬁﬁ -9,

nmet hot r exat e and/ or podophyl ot oxi ns . 03| can be co ed with

traditi ond$ relpasesi lﬁtelﬁécwmlceatiatlcmm@ab pealgdrrasgmg fmmaneé radriths.atty. Since
t hr onboge t,he prostheti,c he val ve is 25 oci ated WI th' an

i ncreased%sg{gybefreaﬂ%g et baged Eaé?dl'ﬁ?é's?'@“ﬁ pm‘@@@@ﬁhﬁ?ﬁ"&

i t oxant r englogubs HAE ARNYAHed '

ant agoni st s Fg.ug. , meth o?ﬁggﬁgﬂdgﬁ% il odo r@%{igﬁéwbuﬁg?\lﬂtﬁ Sgﬁ?gom de).

can bd0cofnatiedalctivity cart be htmzdnidbr meapld-boseaof ihid inlventisn; ageabevd f or
rin danaparoi d, |epirudin, hirudin, AW,

| t
:)c(lggs?ne %QW@’B @%%% %ggﬁ,terq Accassingd dhe rRialnecpeencysiittes19 2 / 2 0

17 phenyhkRy

di pyr i daml e“)@“’%ﬁ?%‘f;‘{m??%ﬁ%ﬁr Gare 5 W SRR Aol 00, SO b e,
tirof i baniwice mepotaat aaﬁa]uoratmdbmis édeer@d@ﬂﬂdﬂﬂ@@b@Qé ipgpdreters, @ enhance
efficacy. C Pacemaker_ I nfections 5 Overall, slightly greater than
5% of carﬁ?rﬁeowﬁgéﬁﬁﬂ%Pgteﬁ%%WUqf@#f@éﬂ iscRdrginidaiesatityigestheaboya. Car di ac

pacemgerﬁa,%hfetégpéﬁg't to infection in two

(c) Podophylotoxins Utilizing the podophylotoxin etoposide as an
| exampie, 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 ng to 25 mg). In a particularly preferred embodiment, the total ;3

amount of drug appiied to the prosthetic heart valve should be in the range of 1 ug I‘

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/for

incorporated) should fall within the range of 0.01 pg - 100 pg per mm? of surface

25 area. In a particularly preferred embodiment, etoposide should be applied to the
- prosthetic heart valve surface at a dose of 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 vaive surface such that a concentration of 10°- 10° M of

66




general manners: (a) infections involving the pul se generator pocket and/or
subcut aneous portion of the lead, and (b) infections involving 5@5”)2/2007
t ransvenou¥O %% 4¥yvascul ar el ectrode and/ or the generat or PONiUBV3/15719
Represent ati ve exanpl es of 10 patents which descri be pacenakers and
pacemeker |eads include U S. Patent Nos. 4,662,382, 4,782,836, 4,856,521,
4,860, 751, 5,101, 824, 5,261,419, 5,284,491, 6,055,454, 6,370,434, and

6, 370, 434. The nost common type of pacemaker infection involves the

subcut aneous generator unit or lead wires in the period shortly after

pl acenent . SPPOTHieds Mppdaiotd onfthe vave SisfatboNghedadshs ohAsHRINALJrE

“cont am nat | .he surgical site by skin flora at the tinme of pracenent.
St aphyl oc olégﬂcseg'grﬁhgésr W E&@%SW)@%X%@&@@@WN&HQW Pbetoposidedumoninsip

_ Strept ococbé JetksIny BeA i bRl pacter fum acnes, s, .

Ent er obact eri aceae anggg‘ﬁgéglfrg)%y%@%&g"ﬁfée!?uwsﬁgﬁigsNBF“"F‘H'F@‘ Wpe of
i nf ect i on. SoFPe&mMbedimartts tdveridntig tdvieknwilithel iiffcid). iy 4 praiéhad i vel y

strai gh\{sfo&wsr@ tpe 20 i{ﬂ{_ect ed portion of the device is renoved, the

pati ent>i sSTPRHUMER RARPside 5 helersed framithesurfese phthervabesr sich thasanti-ed at a

subsequent | cove SONRY kBlrRaed K Fi0OR] BrbingdBl sVaRh o Thep Sovaby o
L eyttt s 48 0 SR Sl "
significa REEnIFtioRp fosra,peniad ranging fremect Panontss t shgtid tbe?rdaelilyzauﬁetit by

i nfection tign of. th aci ng apparatus that tracks
piect | on oot o HRESANSIANS HA0HEA Nl 1 oREBbEs ARR bRt b e
devi cd0 Tklapaositegas ld%criti%&ﬁévb@sl?%%ﬁ%ﬁmi?ér f%dti%hgfagtggy féé?g JIRDESS

po‘st-prOCﬁd%e%} and can result in 68 WO 03/099346 2
PCT/ US03/ 18719 PUB9seS of tirdovaniinm; ke aperadesiigpartansiets drietherp ubijuBtar Y

nbol i ] 1 h. | Ne [
St aphy! ocaaaBde AR RRSGS R EaRg 05 et s eomamros o the
Ent er obacparentcarapofrife.g. PSAHIOFHDARcELY g‘éfl—ﬁ? s %?b?o%ﬂj(%dlsp%g@gh&%ééé bi cans

(2% are the st common 5 cause of this Serious
5D

i nfecti on? B RBAYe parameters;, @rcanypouridiaticas potenisasioposidans ex. The

gener a& or s @nfhistd 86 Lt RAES thr{eugéo@eep::rlr%rfrnoevtgrds, (gt%f)t en
(d) Combination therapy. It should be readily evident based upon
the discussiqns provided herein that combinations of 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
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
25 associated with-an increased risk of infection, 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
| antithrombotic and/or antiplatelet agents (for example, heparin, dextran sulphate,

. dgnaparoid, lepirudin, hiru_din, AMP adenosin_e, 2-chloroadenosine, aspirin,
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surgically), antibiotics are required for prolonged periods and an entite
new pacenaker system nust be inserted. Mrtality rates associ 2??%%27P007
this condiW@esan be quite high - 41 %if treated w th ZOEWUSH one,
20%if treated with 10 el ectrode renoval and antibiotics. An effective
cardi ac pacenaker coating would reduce the incidence of subcutaneous

I nfection and subsequent tracking of infection to the pericardial and
endocardi al surfaces of the heart. Cinically, this would result in a
reduction in the overall rate of infection and reduce the incidence of

nor e sever pherpfipliazats, dasmbhadis.masiofspaisge, IBaliocasdiguine, dpyadamoied,
bronchitis, uInDnary enbol i sm cardiac %mgetations and even death. An

_effective P$thlicieriding. deaidopradl ahriramab. epfifibatide, drpftbanestrepiekipasanaker
dd | t, I ti [
ower or ¢ ot sl BiERoa P SERAT) Fo RN dcadibbe " Trpl ant s 20 1n°a |

preferred enbodi nent, an anthracycllne (e.g., doxorubicin and

m t oxantrone), Iuoror|md| ne (e g. ,5-FU), folic acid antagonist (e.g
net hot r exat ), ‘and/ &+248a5ReMS §., etoposide) is fornul ated |nto a

coatin applied to eof t ents of the cardi ac pacenaker.
The drgfé(sl)op can be d\%gqﬂsgié)g'ﬁg qrﬁ@teﬁgr&@é%p&nqaﬁéxgg\%fzgl ahﬁWQ eE)a) as a
coating appleced fbnbvaﬁgﬁrh@aﬁtat‘bac THbiacHRacERREA e U 1,éot té mfeét%n% f&t i ng
applied to the surface of the subcutaneous portion o | ead wires; (c)

. i ncor por at@&neraimganngyrs: é@bhf@@@on@m\dwlng;mefmdsa generatmpncheaamﬂus "cuf f "
dth t rt t lied to th

U face. o PHAGHRAREpoifon SEfeveRd.nd Bayebucts Byalfighdareieras 1

23/ 12/ 2001ntré0@39@é98@3,14&é3 Ard/HPReldeneralo? uhﬁe dHRatie é,pcﬁnrglégepvenous '

el ectrode; and/or (f) any conbination of t orerrentloned Drug- coati ng
of , orlr m@l&rﬁ&:whpbrcmscme pacemalerdiaad nmemﬂcbel%dmnhd:ludau BvPhtant eri oci dal

O e R RP BB AT Al d s 20 PR AR e SR80, e oprent
5,284,491, 6,055,454, 6,370,434, and 6,370,434

The most common type of pacemaker infection involves the

subcutaneous generator unit or iead 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 F
20 infected portion of the device is removed, the patient is treated with antibiotics and
| a new pacemaker is inserted at a different site. Unfortunately, infections of the
: 'generator pocket can subsequently spread to the epicardiat electrodes causing
more severe complications such pericarditis, mediastinitis and bacteremia.
Infection of the intravascular portion of the tranvenous electrode
25 poses a more significant qlinical 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 res_uit-in
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of infectious conplications, while producing negligible system c exposure
to the drugs. Al though for sone agents polyneric carriers are ROt/ 4 ﬂ'iior(f"fj
for attadh@dieo9sh the drug to the generator unit, |eads eomusizgétipodes,
several polyneric carriers are particularly suitable for use in this
enbodi ment. O particular 10 interest are polyneric carriers such as

pol yur et hanes (e.g., ChronoFlex AL 85A [CT Biomaterials], HydroMed640TM
[CT Biomaterials], HYDROSLIP CTM[CT Biomaterials], HYDROTHANETM [ CT

Bi omaterials]), acrylic or nethacrylic copolyners (e.g.

pol y( et hyl eopsi€ Ceriiptdtdith, Bﬁém};on@?g}o%'cﬁﬁig:ﬁﬁ@gﬁﬁﬂﬁ SRbYIEh o al-

~nitrocellulose, Cellulose Acetate Butyrate, ose acetate propionate),

acryl at e 15egaiationst aratevdradentio o folaguless Negatve Stdpni/kicbytigb6%ass- vi ny|
acetate)) || bl ends thereof. As cardiac pacemakers are made in a

“variety of ﬁ‘i%‘i‘,'ﬁ‘ﬁp%?ﬁqqhgl%og% a%rﬁﬂ%ég?{éi@'ﬁ%rﬁéf“c‘&ﬁ%@e%ﬁjﬁ"fpﬂ-st ered will vary
wi th devi cps&idifnoridd’d % ' : i maker

coat ed. However, %ertgieglé%ﬁaﬁ(?i/ f%?%%’l]’]dl egg’gﬁ”fség@@?%ﬁﬁ‘{]ﬁggg% Te3ti on of

this arf. €ausg adhie sesoubbrmafpacamatiecinfatibbnTidamenf olBRSoRBIf UNit area

(of the palrf?:ﬁgn of the devjce_being coated), total drutg dose adm ni stered
can be neaBlFFUAN SRCERBRIEK ol Begenerater ansheleatrodes ewst be refaevad(oieng can

car diac | pordo i RURNS S Lo, ORfbrlenEE B h g R’ o % "

cardi ac pacenaker, the anti cancer "agen
conbi nat i dimcestadat sys2Embmustdr insertet. elortalitg rateb eiskodibRY with 8eSédtdition

gui delines; (a) Anthracyclines. Wilizing the anthracycline doxorubicin as
an : exanplcé‘p(t{%@{%é?'g'&p‘ﬁweﬁ tepated Wﬁh?ﬁﬁgfoﬂféﬁa@'pﬁg,, 20%doreatedmdil i nto t he

pol'y_ms{@ éMHt&BeW@JﬁBvéipar{Jgnt@)%ﬁgaker conponents, or applied without a

carrier polyner, the to ose of doxorubicin applied to the pacenaker

shoul d not exceed 2Bnwffecfi@® &R/ pHRBMakWLORNIONAAE rEFIdREMAGIER (range
of 0.1 pg In a particularly preferred enbodi ment, the total

amount of ohggég%@qutg@fgﬁmn andsubgequigat iragldeg _gf' infeqtigntto the pericardial dose per

UL Ak brfocd U SRR oS Rl T SR s ARG ! co)

shoul d f athe overdll raté beinfection and 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.

_‘ ! 26 in a preferred émbodiment, an anthracycline (e.g., doxorubicin and
mitoxantrone), fluoropyrimidine {e.g., 5-FU), folic acid antagonist (e.g.,
methotrexate),landlor 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: (¢} 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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5 range of 0.01 jig - 100 pg per mm2 of surface area. In a particularly
preferred l,irent , doxorubicin should be applied to the pacempkgp/2
surface atw§%§8%gf 0.1 pg/m¥ - 10 pg/ mZ. As differentP(Hc%l’%ﬁgg%gné 007
non- pol ymer coatings will release doxorubicin at differing rates, the
above dosing paraneters should be wutilized in conbination with the rel ease
rate of the drug fromthe pacenaker 10 surface such that a m ni nrum
concentration of 10-'- 10"4 M of doxorubicin is maintained on the surface.
It is nece?s&brgy%ttp i nsure that surface drug concentrations exceed
concentrat I% 348 0b thiplransyerpenalactiode; anst/orif) ary cambinptien obfheci es of
bacteria ag@réiB&fiordds € » are in excess of 10A M although for some

enbodi ments | ower concentrations are sufficient). In a preferred

enbodi ment, 15 doxormmgcédmtihg_df,aireﬁﬁg%cfortﬁﬁmh@ﬁgﬁ?'l&én%ﬁé‘cBécé diagaaker

such t hat %wl nfective activity isS maintained for a period ranging from
several ho bactgto@idal drug iavieds tol e achipead focalyaoh theppadenalet sefbesli ment

L veok S (hus Fod g i B REs bt P SOl e pdselsealon deelognanics] one.
provi ded rm‘ri@fentididsaéorﬁﬂﬁiaﬁ@h‘s_ﬁ,%T%@éﬁéi{{?ghgﬁﬁibﬁfsy%férﬁiie)é?chag%r%uﬁitllggas

descri bedsfg_éevi ously) with simlar func actrvity ca zed for
t he pur pos¥49%f Altheugh fev semie aigentshpolpimerie cduiirs grepastaerliees f@r € t hen

2 conpar HEATERLS 18 i fitneie @RS iaduap lestionpecsereratot ent as
s potent "o dovoruny o aeranariouibRoT o i 1 ABbfiten OEBRRRURE or s,

as potent as doxorubicin i's 25 admni's ters, .
et'c. ) .10ut intetashgrenpelymernc camisrasucinas belyussthanés(e0d., ShreriMERAY B5Ane, !

whet her a ed a I C ' Lncorporated into the_pol ynmers which
make up m%%g%ﬁ'ﬁﬁ%wg&!ﬁﬁg‘ﬁw&ﬁ ﬁ@matgﬁﬁa}, HYHRESL T'I,g [@%l/ie t ot al

dose of ®id ' d range qf 0.01 to 5
ng). In a 71rﬁ é(vt\%ﬂ%!?)sf %%5?“5%@%&35{5%?@@11@%0é@ﬁﬂ%&@ﬁ'& 'y pr 219 erred
enbodi men€opalimerotend. puiy(athlyleoie-cb-agryio atioY,teilRYL Ychved Polyngsi@lge of 0.1

gtol ng.. Thelllgosecféi{ unit area (i _e. the amount of drug 'as a unction
of the suPirRceiulose, GRllvjase Acsiate Butyate, Kellvlaserasetate poopibnate),drangates

15 and methacrylate copolymers (e.g. poly(ethylene-co-vinyl acetate)) as well as
blends thereof.

As cardiac pacemakers 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 pacemaker coated. However, certain principles can be applied

20  in the application of this art. Drug dose can be calculated as a function of dose per 2 :)
gnit area (of the portion of the device being coated), total drug dose administered
¢an be measured and appropriate surface concentrations of active drug can be
determined. Regardless 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 foliowing 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,

t_he total dose of doxorubicin applied to the pacemaker should not exceed 25 mg
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applied and/or incorporated) should fall within the range of 0.01 g - 20 g

per 5 mR2 of surface area. In a particularly preferred enbodi nents /g /2007
m t oxant r oM@ 0&P9éd6d be applied to the pacenmmker surface BCT/arssilme{%% 8(95

pg/m2 - 3 g/m2. As different polyner and non-pol ynmer coatings wll

rel ease mtoxantrone at differing rates, the above dosing paraneters
should be utilized in conbination with the release rate of the drug from

t he pacenaker surface such that a mninmum 10 concentration of 10-5 - 10-6 M
of mtoxantrone is maintained. It is necessary to insure that drug

concent r at {renge of0.1 Ing tp 26enGK &I §pﬁrii@@lﬁrl??§ﬁ@@ﬁe@ erbelimait SrRotapf
m t oxantrone kno to be lethal to nultiple species of bacteria and fungi
(i.e. ar ea’inﬂu%é\l?é’w applied-shom(d bg imtbegange ef t oado Srmadlhedose pervunit dr ug

‘el eased 1Pt pale phpUASrarbhst LG hERe BB Tk or Brroi R odfS o

activity ipacemakeaionesich arucisRfsplied anargimdrpdbd) SAYGIHFhE WRkihths0 several
nonths. .In a particularly preferred enbodi nent the drug is released in

ef f ecti Ve ‘@088 8hP-PAIKoNI g per perid$urfang arep. fInanpartiodakly praferrednt hs. | t
houl d b i i _based t i i i ded herein that
onal oquas, STEURCUbRGIbiCRSEfl BE Apbl [ B8 e tRRaEHTAGA A IS O t h- 20
simlar fwnpgm%-aomgmw. CAR dipRraHtipolviest drl ndrdBolpaP eSS gafwithi S

invention; the above dosing paraneters ‘are then adjusted according to the
rel ative peleasegdoxsrubicinet differoguatas; thieabonet dosingasareogerseshould bére par ent

d : . d .tw t ent  t t ' dm ni st d
ct hal T 1 A0S eSREPRIER wol g o BanR iRt 16 nidosa fn basamkaTonn r one | s
adm nitaX etsadaed sdoh et 4 i BoRSurAtiB K 90°- 16% R bf abRufikiag OPYT I m di nes
as anpl e,

Uilizing the quoroEyrlmdl ne 5-fluorouraci an ex whet her
€

appl i ed agnaintgimed earthe sutfacey, itiswergssant tednsure dhatiserfack yiiey s whi ch nmake up
' ner, the total dose of

th . | i t hout . [ |
511 bor ouranantdioR Bipeg inientatiabe  dexaitin kv i Peethalgo sl 280
o 2209 9 . /116 Lcul arl
g? 2af er pedggen%%fj%nt , étahﬁtﬁugég{)’%é%igﬁf%éé%%zghaéé%@gggﬁ%I nﬁéé iyn t he
range of embpdimentowey coftentdions pes sufficientr ¢ a(preferrediemibedment of drug as

a 15 doxorubicin is released 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. it should be readily evident based
upon the discussions provided herein that analogues and derivatives of
20 doxorubicin (as described previously) with simitar 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
at half the above parameters, a compound haif 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 polymer coating, incorporated into the polymers which make
- up the pacemaker, or applied without a carrier poiyrﬁer, the total dose of

| mitoxantrone applie_d should not exceed 5 mg (range.of 0.01 ug to 5mg). Ina
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function

of the surface area of the portion of the pacenmaker to which drug

Is applied and/or incorporated) should fall within the range o? O.ES’I2P§O-O71
ng per mMEVO eoéveswsr f ace area. In a parti cul arly'preferredpm@d;[% :
5-fluorouracil should be applied to the pacenaker surface at a dose of 1.0

pg/ mMm2 -

50 pg/mR. As different polynmer and non-pol yner coatings wll

rel ease 5-fluorouracil at differing rates, the above dosing paraneters
shoul d be utilized in conbination with the release rate of the drug from
t he pacenmaker surface such that a mninmum 10 concentration of 10-"- 10-' M

of 5-fl uor partiasiatly peeféédEmibdBfment tHestoBESRDSAL ¥f ditg aip?fﬁéa i%hBlEItheSiHr face

drug concentrations exceed concentrations of 5-fluofou

acl nown to be

|l ethal to Hgnargrisl 8jedites! oi. Bhetdaseaeandit Araayii.e( theeamoankofidugasess of

| evels will be sufficient).
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20 can be utilize

for the purposes o I'nvention; the above ddsi ng
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dofse per unit area (i.e. the anount o
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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

similar functional activity can be utilized for the purposes of this invention; the _,\f’

-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.).

(b) Fluoropyrimidines Utilizing the fluoropyrimidine 5-fluorouracil as

an exampie, whether applied as a polymer coating, incorporated into the polymers

which make up the pacemaker, 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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drug as a function of the surface area of the portion of the pacemaker to
which drug is applied and/or incorporated) should fall w thin b@ pggoo]f
0.01 g - MWOoyoospesr nmR of surface area. In a particul arl ¥cpiueés i ﬁd?
enbodi ment, etoposide should 5 be applied to the pacenmaker surface at a
dose of O. 1 g/mm¥Z - 10 g/m¥. As different polynmer and non-pol yner
coatings will release etoposide at differing rates, the above dosing
paranmeters should be utilized in conbination with the release rate of the
drug fromthe pacenmaker surface such that a concentration of 10"5- 10-6 M
of etoposi dearticutalyraier@d erhbodiheRE ¢6S RAGark ﬁg ﬁ}:ﬁiﬁa k grug 10
:concentratlons exceed concentratll gns of et oapogli'dci%?E todb%tlgll P%tclﬁ to a
variety ofhefaegesf aﬂatng%ngm The doseape unit aneadisa tod airdudt bf dlgtdrangh for
_sone enbod r. dru s wil e sufficient). In a preferred
“enbodi ment dm?%’?)gfs hgvgeirféce F‘gﬁf stgﬂ Wﬂlﬂﬂ?gﬁﬁe%%’&%&r&?’ whieh feigdfaker such
that anti - apledtandforagidr d)fTaYed $h Uﬂ'f@ﬂ@dt b

¥ ) © |Hﬁwdthf3% arI yLI gle Z?ﬁ%gg"eﬁ%‘ad. ment

sever al hours to several nonths. In a 15 partic

the drug i< susfesageep.iin aamamcmlaﬂyepnafeuemerrmddaﬁent SBuorupactil sbuldpei ng from
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a antl-mfective 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 5-fluorouracil {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
“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 ihe 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 applied should not exceed 25 mg (range of 0.1 pg to 25

- _m_g)_. Ina particularly preferred embodiment, the total amount of drug applied
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fluorouracil), folic acid antagonists (e.g., nethotrexate and/or
podophyl otoxins (e.g., etoposide) can be conbined with traditi %@31102/2007
ant i bi ot i woaosehbese anti fungal agents to enhance efficacy. pSrie6/16719

t hronbogenicity of the intravascul ar portion of

the transvenous el ectrode

I s associated with an increased risk of infection, 5 anthracyclines (e.g.,
doxorubicin or mtoxantrone), fluoropyrimdines (e.g., 5- fluorouracil),
folic acid antagonists (e.g., nethotrexate and/ or podophylotoxins (e.g.,
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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 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 refative 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
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/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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frequently involves renoval of the entire system and prol onged antibiotic
therapy. An effective ICD coating would reduce the incidence OfZ%i(_{Uf??iO%
rel ated siW@0R9Bed s such subcutaneous infection, sepsis apgdrReiGRS [

An 5 effective coating could also prolong the effectiveness of the I CD and
decrease the nunber of patients requiring replacenent, resulting in | ower
nortality and norbidity associated with these inplants. In a preferred
enbodi ment, doxorubicin, mtoxantrone, 5-fluorouracil and/or etoposide are
formul ated into a coating applied to the surface of the 10 conponents of
the | CD. THeowuail,)fobaacitantiphised(d.q, ARARSIAXaBIARBSpoddbhyRiodns COat i ng
applied to,the §urfa(§§ of the pul se g{enera_tor unit; (b) as a coatlng
applied t&Fné £aperqambingst with raditiongbantibinticaindidreantibadjahi r es; (c)

_incor por at glemtqt | .0 1 rface. of .. a.subcutgneous "cuff’
around t he gﬁ@?&?&ﬂggﬁ%@@@%‘é‘s ft#'rgcr? Q‘??%EOé%lelySOfghggifqvaacﬁ%rpqqr@gn £ the
surface of thertearBvenous bieetregs Isadeocib®dd with af ifre8sd sk GiiMekeish to the

surface.of _t he ey%{jcardi al electrode; and/or (f) any conbination of the
af or emeRt | IHBERCYBINRS. (et doxprdvicinor maitaxgntrane); fuorpyomidineso(eny. 05+ het i ¢

heart I | dalei : l.aci-dal d | Ils to b hi d | |
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and subsedeant etdpusidepeanbe ebmBRed WiBthhREDAAUTR! érﬁﬂériéﬁﬂﬁl’até/@ti %c_ﬁerﬂ% oduci ng
negl i gi ble( system c exposure to the drugs. Altheugh for sone agents

pol yrrer i ¢ (B{i5@aRle heearin dextia suipbateo danaparaidh faprudinf hingindAME, t 0 t he
gener at or d4ahbsink€as | ect rodes everal olyneric carriers are
particul arly E’lsjllntb a%%@*@@?deg‘eg'fﬁena?mFEv @W&?%ﬁﬂ%e opethadyl ar i nterest

ar e polQy menédofensmiats, hydrsRIRSqUIRR Y %}dﬁﬁtﬁé i GChr-onaFlex. 5A 25
[ CT Bi onat Erj alqu%, g.dro.NEdf_540ql'M [CT’3 | onat e'r'fogjlﬂgit’, UWL @518%{ 'CT
Bi omat er i &P&ixa BeMipitarBistrentokinasies hid/oatisse plasrinagéhacr yl i ¢
copol yner g hyl.ene-co-acrylic acid), cellulose-derived polyners
(e.g. ni ?F@%e@?&?%bé,éﬁ%e#ﬁﬁ?%’se Acetate Butyrate, Cellul ose acetate

propi onate), acrylate 76 WO 03/099346 23/ 02/ 2007 PCT/ US03/ 16719 and

nmet hacryl ate choI yners, (e. ? pol yget hyl ene-co-vinyl acetate)) as well as
| . {nfections of Implantable Cardioverter-Defibriliators (1CD)

Overall, approximately 5-10% of implantable cardioverter-

15 defibriflators become infected following implantation (the rate is highest if surgical
placement is required). Like cardiac pacemakers, implantable defibrillators are
subject to infection in two general manners: (a} infections involving the
subcutaneous portion of the device (subcutaneous. efectrodes and pulse generator
unit, and (b) infections involving the intrathoracic components {rate sensing

20 - electrode, SVC coi! 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 fiora.

Staphylococcus epidermidis, Stapylococcus aureus, Streptococdi,

Co_rynebacterium, Proprionibacterium acnes, Enterobacteriaceae and Candida
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bl ends thereof. As inplantable cardioverter-defibrillators have many design

f eat ur es

simlar to those found in cardi ac pacenmakers, the dosiznﬂ 02/2007
«Jpﬂ)s(&e I'n

gui del i nedv9 83/0838oxor ubi ci n, m toxantrone, 5-fl uorouraci lrcanchosi

coating |

CDs are identical to those descri bed above for cardi ac

pacemakers. E. Vascular Gaft Infections Infection rates for synthetic

vascul ar
t he i ngui
grafts).

grafts range from 1-5% and are highest in grafts that traverse
nal region (such as aorta-fenoral grafts and 10 fenoral-popliteal
Al t hough infection can result fromextension of an infection from

an adj acenspemies are fineduetht tagsaseofohis harpbDigRtios. Seeshuraitely, teeatiept conmon

cause of

infection is intraoperative contamnation. In fact, nore than
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15 Ent er obact eri aceae,

seu ive
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St aphy| oc aetdted Salepdfiecas SunhssudclBinBgus IrFBRtGRS sEpaS aBd phlicaraitectapn i ncl ude
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t hr onbosi

SL#)cu_t aneous infection, false aneurysmformation, graft
Eheciraspatingeould glsptnrelong the elastienese abbiei ICBrNddedreasétimbosi s.

Tr eat t ' ; : 0,th ft i drtual ly all i ned
w th syst P hElB tRhullhy Kb Renglf sy o leWmiestins R ane bt aged
manner ( casgbeibted witle tdsenmpfantdle i nfected graft, debridenent of adjacent

i nfect ed

ti ssues, developnment of a healthy arterial stunp, reperfusion

t hr ough an uni nf ect &t psefenas enthadiment, doddnicin ritexantrobe,d-fiyomuidacil
nortalit ' Lth this candition. For ex e, I.f an aortic graft
becones. 80N &g ol BERia 2 poding SppSinaswtaedftBee of feg .
anput g0 ogoirponeHEVAN s FCD! Theldld@) Bﬂ‘l’bgaépg?é@fﬁ Seviel&l Mt a(%i? g%%% and

40% respectively. Representative exanpl es

vascular grafts escri bed
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4, 355, 426 77
4. 530, 11310 thesifiage-pf the sybcukaneous paplon 9kt
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03/,099346 23/02/ 2007 PCTIUS03/ 16719 4, 475,972,
eﬁ’?@fﬁwlraid,c) ipcgmeraied 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 SVC coil electrode; (e)
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

R

infectious complications, while producing negligible systemic exposure to the £

drugs. Aithough for some agents polymeric carriers are not required for

- attachment of the drug to the generator unit, leads and electrodes, several

25

' '.nitrqce_llulose, Cellulose Acetate Butyrate, Cellulose acetate propionate), acrylate

polymeric carriers are particularly suitable for use in this embodiment. Of patticular

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 | a

copolymers (e.g. poly(ethylene-co-acrylic acid), celluiose-derived polymers (e.g.
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5,024,671, 5,104,399, 5,116,360, 5,151,105, 5,197,977, 5,282, 824, -
5,405, 379, = 5,609, 624, 5,693,088, and 5,910, 168. An effective I
graft coatwegsawsded reduce the incidence of 5 conplicati Mmmﬁ&—?ﬁ?/ab(”
sepsi s, haenorrhage, thronbosis, enbolism anputation and even death. An
effective coating would al so decrease the nunber of vascular grafts
requiring replacenent, resulting in lower nortality and norbidity for
patients wth these inplants. In a preferred enbodi ment, an anthracycline
(e.g., doxorubicin and 10 mitoxantrone), fluoropyrimdine (e.g., 5-FU),
folic aci damhinagRRhdite 8 o} an lotgxin (e.qg.,
‘etoposide) is forrruh’lqat edpfg'HEngrgF%gaﬁ%%@%”p‘ﬁ?&e (ng[)a%p%%fé@ﬂ#av@ P the
conponent sblends therendscul ar graft. The drug(s) can be applied in several

~manners:-(a) as a cqQati nl% applied to the external surface of the graft;
"(b) as a coating appfi™@f P@%%@aﬁdﬂﬂ‘@rﬁ@&ﬂeﬁﬂ”ﬂmqmlhﬁvémﬂmt@emn foaturgsaf t ;
and/ or 15 gi&ma | i ‘ ts of both surfaces.
Drug-coati ng orfaf,§ ”?)br ru%d]?‘n%gg%gﬁjgic%gjﬁi%sf gqev(?é%%ﬁ’ g}"'daﬁﬁ?ﬁ t;‘)fwi |1 allow

bact er i dcidgabrutdiain rhitoxahsone, Huaobiaiend depddide PreddiPgatiistargur f ace, thus
reduci ng Cﬁ hrg. i nci dence of bacterial colonization and subsequent

devel opneftertiFaltndhose daseribed abpye fricardiac paserealieraduci ng negl i gi bl e
system ¢ exposure to the drugs. 20 Although for sonme agents polyneric
carriers are not required for attachnert of the f drug, several polyneric
carriers are plrti tilag Graft irsfbtéorfsor use in this enbodi nent. O

particular interest are polyneric carriers such as polyurethanes (e.g.,
ChronoFl ex AL 85A [lbfectiprbraiee farsysihetisyascnau@als nangT freinotrateandbs |

10 TR AL b TN P L By o

cel | ullOs efedmoralmapiitaadhpafs). SAkifoudh Rfdcties @kh ¥eaaEomedlSsEoriaet at e
Butyrate, Cellul ose acetate propionate), acrylate and nethacryl ate

copol ymer§Tqclio fropyas adispentaestaninatad lissuece henstdgeraiusasssiras thiel | as
bl ends t 7.. WO 03/0993 6 PCT/US03116719 As vascul ar
grafts alr}g'&magén rﬁﬁn §§ é%erzéég%cg?n& rﬁﬂﬂ?@f’?’%ﬁgn{éﬁ'ﬂ"@f%s[" fact, more

than half of all cases 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 Coaguiase Negative
Staphylococci.
| Complications arising from vascular graft infection include sepsis,
subcutaneous infection, false aneurysm formation, graft thrombosis, haemorrhage,
7 - septic or thrombotic emboli and graft thrombosis. Treatment requires removal of
20  the graft in virtually all 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 arterial stump,
reperstion 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 grafts 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,
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t he exact dose adm nistered will vary with device size, surface area
design and portions of the graft coated. However, certain prin Cf?/ga
be appli e®Qp/4d¥6 application of this art. Drug dose canpig. llmi

a function of dose per unit 5 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
nmet hod of application of the drug to the vascular graft, the preferred
anticancer agents, used alone or in conbination, should be adm nistered

under the #8Fb®fNg,560si1804 FAOIRI7, Ae5H2, 505, @aémﬁsrrtémwhm%sr%b i zing the
anthracycl;ii'@g?1 oxorubicin as an exanp e, whet her appli'ed as a pol'yner ‘

coati ng, 4 a®.d84i390051118.366) )rorﬂéﬁsmﬂt\/ﬁlﬁ? Wk 6,282, 8Dk, S4B5BYRr graft
conponent s or applied without a carrier
pol ymer, %g’é?'g?‘ﬁ ggg)%gf @%Q?‘L‘#bf@)n appl i ed shoul d not exceed 25 ny

(range of 0.1 pg toARPeffllive MBsculBRGaRGSLBAY WoRl RfteERr. 18 the
t ot al £Dunt of drug appl |“el?j S?]OU gé be in t%eoraa.ﬁ';e?h%?%l@

dose GamRlicaliens sucheas sepsishaemordiagey thgorabosis f embaolism, mﬁpmtbﬁorsur f ace

area of the vascul ar to which drug is applied and/or

i ncor por at eg)&%ﬁoqﬁ%gl ‘?‘BPP‘E%'%%W?W&%@%&EO&G%&W bg T?U"I@H ‘ggaﬁ@ﬂafm of

surface argeafts ﬂea;umn@&ebia@éh@hi Vesﬁlﬁﬁg% R bR %HP%@H ?‘tﬁgiﬂi*&? %h%§h0u' d
ose Yrai

be applied to the vascular graft surtace 20 at
pg/ me. Advilfithese mplapisl ymer and non- pol ymer coat| ngs will release

doxorubicin at differing ra t he above dgsi ng paraneters should be
utilized in conbina '%X?ﬁ‘ﬁ?’ Oidém%@sén lanrB'a‘é\fC"f'ﬂéQGF-Lﬁ)mf‘&ﬁ'ﬂ mad

i DA TS R o %1

doxorubicin i s maintai ned on ure that

surface 2 m&ﬂnqigﬁmtﬁ)caznd/oapommy&mmc(e@o rateposidé) io Mlat@@ﬁﬂb@b@éﬁﬂngk nown
to be | ethal fungi (i.e., are In

| ti eci es of bacteria and
excess of 9RHEf dI\"P tg“?H@%O‘fs‘BP comee%efdhﬁyﬁseulawv@ﬁ J&ﬁ:@!ﬁngdmao@e are

sufficien reIe sed_ fromthe
surface o?m%hﬁg chg%ﬁiﬁ{ahﬁgﬁ ?%E%%b %Eﬁﬁqg g%g&ﬁfﬁéf r@ ;

mai nt ai negraftofb)@spzemamgrajwwgoihie)iﬂite’rﬁalqlllﬁhmbl}%ﬁ‘aé@o? &\é@aﬂ%ﬁ%&MG
PCT/ U %)Ye %3/ 02/ 2007 7several nonth In a particularly preferred
enbodiYren® #5@ (HAlIR9 applied to-alber n?aﬂs of both surfaces.

Drug-coating of, or drug incorporation into vascular grafts will allow
bacteriocidal 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.

- )
RS

20 'Aithough 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 polyurethanes
(e.g., ChronoFlex AL 85A [CT Biomaterials], HydroMed640™ [CT Biomaterials],
HYDROSLIP C™[CT Biomaterials], HYDROTHANE™ [CT Biomaterials]), acrylic

25 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 copolymers (e.g. poly(ethylene-co—vmyi

acetate)) collagen as well as blends thereof
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effective concentrations for a period ranging froml week - 6 nonths. It
should be readily evident based upon the discussions provided E%r/qu/?p%t7
anal ogues Y@ #/0%3#5i vat i ves of doxorubicin (as described premusiAEiy W
simlar functional activity 5 can be utilized for the purposes of this

I nvention; the above dosing paranmeters are then adjusted according to the
rel ati ve potency of the anal ogue or derivative as conpared to the parent
conpound (e.g. a conpound twi ce as potent as doxorubicin is adm nistered
at half the above paraneters, a conpound half as potent as doxorubicin is
adni ni stered at tw 0@ vdieuRbQrsmtsiae Bl vatlely bF cdflightdtldngiang sizes
*mtoxantrone as anot her exanple of an anthracycline, “whether appliéd as a
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of mtoxantrone is maintained. It cessary (0 I nsur

concent r aé¥meleowhether applicacas apobetraoatiagtinairporate® i@ thepdignsant r one
[ i (i.e. are in

knovvnto‘p,ih?’{h%l to multiple species of bacteria andfung
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artigcul ef erred enbodi pent the dru 80 23/02/ 2007 WO 03/099346
IIgCTI U Bﬁ[l'léﬁtg{amount of drug applied should be in Hme range of 1 ug 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) should
fall within the range of 0.01 g - 100 ug per mm? of surface area. ina particulariy
preferred embodiment, doxorubicin should be applied to the vascular graft surface
20 atadose 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
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
multiple species of bacteria and fungi (i.e., are in excess of 10 M; although for
$qme embodiments 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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€ in the range o 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 vascular graft
to.which drug is applied and/or incorporated) should fali withir the range of 0.01 ug
- 20 pg per mm’ of surface area. Ina particularly preferred embodiment,
mitoxantrone should be applied to the vascular graft 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 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
of mitoxantrone known to be lethal to muitiple 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 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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WO 03/ 099346 PCT/ US03/16719 enbodi ment the drug is released in effective
concentrations for a period ranging from1l week - 6 nonths. It 8 26%7
readi |y ewvdesrosbmsed upon the di scussions provided herep@pmhgﬁﬁ pal ‘ogues
and derivatives of 5-fluorouracil (as described previously) wth simlar
functional activity can be utilized for the purposes of this 5 invention;

t he above dosing paraneters are then adjusted according to the relative

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 adm nistered at half

the above ;pajane . €0 d half as potent as 5-fluorquracil is

- adni ni ster ésg‘%!it t\E/jm'%ﬁ:gﬁe'qugcgﬁgéﬁr%gﬁﬁ%ﬁ%f)&o Raging f?@“dc‘ﬁ’e 7d&phyl ot oxi ns

Uilizing wiomtimodephoulebexbadit SRSt B8sés upsh tHRXGERISnRbHNGEd ﬁﬁféjiri\ ed as a
pol ynmer coating, incorporated into the polynmers whi ch make up the vascul ar
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rates, thdasyoelersicdC.hg paraneters should be wutilized in conbination with

t hé retf:ase rate of ttﬁ drug fromthe ﬁ_a_scul ar graft surface such that a
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15 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 vascular graft to which drug is applied and/or incorporated) should fall within
the range of 0.1 ng — 1 mg per mm? of surface area. In a particularly preferred
._ embodiment, 5-fiuorouracit should be applied to the vascular graft surface at a
.} 20 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 vascular graft
surface such that a minimum concentration of 10™ - 107 M of 5-fluorouracii is
maintained. Itis necessary to insure that surface drug concentrations exceed
25  concentrations of 5-flucrouracil known to be fethal 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 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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concentrations for a period ranging from1l week - 6 nonths. - Itﬁﬂ;)@?glzl@ﬁn
readi |y eviWV@M099546ed upon the di scussi ons provi ded herei nedtesosnianal ogues
and derivatives of etoposide (as described previously) with simlar
functional activity can be utilized for the purposes of this invention; 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 conmpound twi ce as potent as etoposide is adm nistered at half the
above par ambadinest the dngpisndidasbd iresffestivertonasnteitiope Ib0e peRod ARigigt er ed

at tw ce tlrlle above p(grameters, etc.) Conbi nation therapy. Tt
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enhance_the antibacterial activity of the vascular graft coating. Simlarly
15 ant hPac{fVENiNy the.akove dusing neaeneiets anei them adjustasbyceording to the ielativienes

bodophy! ot PREP Y @€ dntiogl § syl BIRDafilale RatarlEptiobidtag. 5
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t hronbogeni city of the vascular graft is associated wth an 1ncreased risk

of i nf ect i RATAMEATR, 269MPPURE halé ag potardasraBiarburasil i©administesst atdwide,

fl uoropyr itﬁb(ybgg‘lggéleagg%%ﬁﬁ-ﬁfcgfor‘ouraci ), folic acid antagonists (e.g.,

met hot r exate and oxins (e.g., etoposide) can be conbined with.
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[/ 2 001 F. Infections Assocl ated ants
(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 ng 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 fall within the

range of 0.01 pg - 100 ug per mm? of surface area. Ina particutarly preferred
embodiment, efoposide should be applied to the vascular graft surface at a dose of
20 0.1 pg/mm? - 10 ug/mm’.  As different polymer and non-polymer coatings witl
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
$urface such that a concentration of 10°°- 10 M of etoposide is maintained. It is
necessary to insure that surface drug concentrations exceed concentrations of
25 etoposide known to be lethal to a variety of bacteria and fungi (i.e. are in excess of

1 0 M; although for some embodiments lower drug levels wiil 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 months. In a particularly preferred embodiment the drug is
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Bacterial infections involving the ear, nose and throat are conmon :

~occurrences in both children and adults. For the nanagenent of %z{g}“n‘g%."%

obstructi oWosgewadary to persistent infection, the use of piiRkaiif

tubes is 5 a frequent formof treatnment. Specifically, chronic otitis nedia
Is often treated with the surgical inplantation of tynpanostony tubes 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. conmon bacterial infection, the nost 10 frequent indication for
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annual Iy i he United . States alone, In fact, 85%of all children wll
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sur gi cal t Agicadval ARG : ‘ rfﬁﬁ’F (o) Lt s media S .l ncreasing
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conser v&t i Jesingpatpeneiats arddher adjustadsacveding (dmetreratiod porfneg bi e of the

m ddl e ear?i 4{5 charactéﬁri zed by Eustachian tube dysfunction |leading to
failure of SPHEIYR Qurierivalive asicoginaredtotbe marmrs rompeentiey. ssampouoduses of

otitis nmedivicei€pd : : ' 9 emophi,l us influenza
(20% - Br oy penbhs ERERSRIETS PR R AR o BRI . and

St aphy| ocoeasupoundrteaias pdiebfds efbpesigads semiHisteict! dthRicRABEEBbAL | on of
bacteria, white blood . cells and fluid which, in the absence of an ability

to:drain tW@W&W@'I‘F‘écﬁustaChi an tube, results in increased pressure in the

m ddl eqgar. For man : |.bLotlc t s _25.sufficjient treatnent

and the condition r thh v@?'ﬁﬂ%ﬁt@%ﬁ\'oi}%&'gg%ﬁ Faagily, pvidg ed{Pdfat i ent s

t he condi tthedisbessiors pfavitipdairbys thatcdanitsiRhtiots é*%rﬁ@%clihf@??é_ e conpletely.
effu

In recurrent otitis media or chronic otitis media wt ston, there is a
cont i nuous’CBRIUCHEN BT BYtoKaRIrened i aseryrisnidines fa.g. - Baorourawilp faissacie gr adi ent

SRR i e i e
utilized to enhance the antibacterial activity of the vascular graft coating. Similarly
15 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. Since thrombogenicity of the vascular graftis
associated with an increased risk of infection, anthracyclines (e.g., doxorubicin or
} 20 mitoxantrone), fluoropyrimidines (e.g., S5-fluorouracil), folic acid antagonists (e.g.,
methotrexate and/or podophyiatoxins (e.g., etoposide) can be combined with
-antithrombotic and/or antiplatelet agents (for example heparin, dextran suiphate,
danaparoid, lepirudin, hirudin, AMP, adenosine, 2-chioroadenosine, aspirin,
phenylbutazone, indomethacin, meclofenamate, hydrochloroquine, dipyridamole,
25 iloprost, ticlopidine, clopidogrel, abcixamab, eptifibatide, tirofiban, streptokinase,

~ and/or tissue plasminogen activator) to enhance efficacy.
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t ynpani ¢ nmenbrane (typically with placenent of a tynpanostony tube) ‘
relieves the pressure gradient and facilitates drainage of theoy 2?2@%{7
(through t\K@ Y246 ear instead of through the Eustachian RQIIH@O% @fdmormof
"Eustachi an tube bypass”). 5 Surgical placenent of tynpanostony tubes is
the nost widely used treatnent for chronic otitis medi a because, although
not curative, it inproves hearing (which in turn inproves |anguage

devel opnent) and reduces the incidence of acute otitis nedia. Tynpanostony
tube placenent |s one of the m)st common surg| cal procedures in the United
States with 1.3 nil Nk : ! e B ealrimmiegnts | y al | younger
children and a larg n e of oI der chlldren requi re general
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single greatest risk and cost assocl ate ocedure
deS| rabl e elbstitiction Setmdamtepemfsteramfesﬁdrellm@&sé bﬁﬁngblbme@hhéaical&u@é(@%s ed

at i o? t ynpanost ony tube insertion include chronic
ot orr hggo (%ff?gﬁefﬁﬁgf e ?"ﬁ?'@?ﬁﬂto %ﬁ?‘fgﬁﬂy sheniestitisanedia is aften ragted with
Pseud t i th
the format o e g Ariaton b1 iTea Bet bl M ana LRFoR |l deiy s iGanfly

obst r uct edrdatedwith suegicaldrainage and e petemeandf @kintlsQitant. t ynpani ¢ rrenbr ane

perforation, myringosclerosis, tynpani c nenbrane atrophy (retraction, 20
atel ectasis), and chol esteatoma. An effective tynpanostony tube coating

woul d al | Yl ihen, remmin in place for as long as is required, be
easily renmoved in e office without anaesthesia, resist infection and !
prevent the for matuAnumfotmsaﬁeth:atismrhb@tsedﬁnmantdéeteﬁawbﬁeétm' %:ﬁ@é\t not :
only I§ad to obstruction, but also "tack down" the tube such 25 that

sur gi ¢ F’@ﬁﬂ%@l indication far syegical deerapndbe feasting Cmaﬁsemmgdemam a An

ffect | duce. t
compi1 cat CONTRHGRISNE dtaed Tingiinfe ABueiBBRERH infdulcen | AR costl tipling
pneunni aehis bbndmcm WeSHiRiren HadariRERRA DS 8PS &&@ﬂﬁﬁaed%t 35N aﬂg %@29! da);

mai nt ai n aten é revent obstruction by granulation tissue ria
and/ or cl %U"' ey algnee In fachBH5% of 8B children-will have at least oMDePBOOO 9346

PCTIUSI674f0thistediamnd 600,000 will require surgical therapy annually, The prevalence

15 of otitis 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

R

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 cells and fiuid
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 treatment 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

pontinuoug bgild~up of fiuid and bacteria that creates a pressure gradient across
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menbr ane perforation, nyringoscl er osi s, tynpani c nenbrane atrophy and

.chol est eat oma. Therefore, devel opnent of a tube which does not l%%c 2007
obst ruct ed Wsyo3gosaaal at i on tissue, does not scar in place q&&,@;@3)1£§r§6rone
to infection (thereby reducing the need to renove/replace the tube) would

be a 5 significant nedical advancenent. In a preferred enbodi nent,

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
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of the drgr%aﬁﬁéﬁﬁ(g'gﬁv%'ﬁﬁggg 14 berausgy althosghdiol epeativoit yngsoves carri er s
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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 (usuaily obstructed by granulation tissue, bacteria and/or clot), tympanic
membrane perforation, myringosclerosis, tympanic membrane atrophy (retraction,

20  atelectasis), and cholesteatoma.

R

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 granuiation tissue in the
tube (which can not only lead to obstruction, but also “tack down” the tube such

25  that surgical removal 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

t;bs_truction by g.ranulaﬁqn tissue, bacteria and/or clot); and/or reduce tympanic -
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PCTI USO3/ 16719 which stay in place for several years but have a higher rate

of permanent perforation (5% . As tynpanostony tubes are nade i i
of confi guWVatp/899346 and si zes, the exact dose adm nistered mwsoﬁc@%?tzr@y

device size, surface area and design. However, certain principles can be
applied in the application of this art 5 Drug dose can be calcul 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. Regardless of the

net hod of apphbraat perforftiohhayfihg@sdigrobRennyFERad aRnsiiné Wh8phy Bkd pr ef err ed

anti cancer l%%ent s, used alone or in conbination, should be adm ni stered
c

under the estgpiogia-idesefora fleyalopaant efa tykg whishidoesynsitibeesme Ut i | i zi ng
the anthra ' lein.as._a e | e et her, .appl i ed a pol yner
coating, i g%%tlgd&?ﬁd a?’gépéw%ﬁ)ltﬁgs%& @?’F’Esr')%(&%r E‘n‘wn & &g I F’%@Ipf Snoslto orrz

t ube conpoinéettion (ierétipiddeingi thl dBkd o FahdvdfepiR@d mgﬁbti%)t\g@ul@%baé dose of

doxorubicin applied should not exceed 25 ng (range o jigto 25 ng).
In a paftiSignfigant medicalradvaneamedi. nrent, the total amount of drug applied

'should be in the range of .1 t The dase per unit ar I .e. the
anount of drug as aqggrggfeﬁcg?mgﬂ%@,f%gr eg. %‘I'to’ﬁfg% pﬁ@'ﬁ’ma‘t“he

t ynpanost cant/érétepbsideares oreisled ' ; | shoul d fall

within the ran epof 0.01 pg - ?%g'tggmggﬁq%%@%% gdu{rh%géc@%%fétggﬂqﬁ n a

par ti cul arlyppgnestemydubg Zbeeimig(d) cambe agplied irseienalshaniatsifa) appl i ed to

the tynpa . tube surface a_ do of 0.1 pg/m¥ -10 pg/ mR2.  As

di fferent %g%?'ﬁ%PP‘é%‘fﬁ“’rﬁﬁﬁ-%%W%’é?“f@&&ﬂﬁb%lvmgmos myfube: (asrasedting at

di fferimng dpplies to theanfiPeM ' @ﬁﬁhr Ry '

conbi nat i or@‘vlvi t r? t hgnr el egwﬁg?gu@%t e g}ﬁgﬁ?ﬁgﬁggﬁ@wﬁ%gﬁ%gﬁgﬁﬁngt ube

surface s@appliehta albonpaitsoibatbsodatestandrorgdl) Heerpordied4nty!thé peRswrebi cin is

25 mai nt ai r}gﬁgon the surface. It is necessary to insure that surface drug
concent r atY BHE CARRERGNESNTWRPPEOMYEDEf  doxor ubi cin known to be lethal to

Tl {1 PLe. SPec oS obulne aior Bkl Wb brfion AL HOWRERBRIABE ",
pr ef er r ed wilhdlbv bacteriocidabkdrughéveiato be aehieds® tbdallp Bhithe iy duieeothushe
ty rrpaq%st ?eryucgn%btﬁeslrlf((::igertigeagf t?ancttéria% Z:oionization (and subsequent development of
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,
Cellulose Acetate Butyrate, Cellulose acetate propionate), acrylate and
25 methacrylate copolymers (e.g. poly{ethylene-co-vinyl acetate)) as well as biends
- 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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WD 03/ 099346 PCT/USC3/67192 ' 2 0 0 7 infective activity is maintained-for
~a period ranging fromseveral hours to several nonths. In a paryjz éybp07
preferred womegsssent the drug is released in effective cepgRRbS AN

a period ranging from1l week - 6 nonths. It should be readily evident
based upon the discussions provided herein that anal ogues and 5 derivatives
of doxorubicin (as described previously) with 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 the

anal ogue omrel sagtin pRicaYor COBRAYESHs Rt haSe %@Fi@ﬁér @Waﬁ,ggp- a conpound
a €

~tw ce as potent as _doxorubicin is adm nistered at above
par anet er s PEHOESIpdOMI. Raltympanostomytuls are riadeinubiaiety iof catiuratidrey ed at
twice the a e etc.). . Wiljzing mtoxantrone as anot her
“exanpl e of %ﬁﬁ‘égzrﬁ% n?“%é%r‘fi%%e ac&ﬂ%{%?ddﬂbl"? dvitfy devige sizgesuttacs arRg and
i ncor por at ddsignt HdwiRep CeMERITHNAY - Lube, or

g el Hﬁl [ﬁlﬂ\ﬁ@l%ﬁ% tagPPed):) R&hd %BB@}&:}?BE%WW& Uhs

applied without a carrier polynmer, se 0 oxantrone applied
shoul d Rot Deygdese sambe calsnigtedods 8 flrictigntal deseppr uhitareal(f BRY portishaf | Y

preferred i t. the t | amount of drug applied should be in the
range of Ow%%lﬁ%h%Qﬁ?ﬂﬁ%@g%uggpsg,ﬁd(mlg;s ed cap beymeassed @ndof drug as
a functio tifle swktae ; rdd fi ot IRAN ube to
whi ch dr ugﬁp[iﬂgpap l'ied ang?gﬁﬂgﬁ?%%%cﬂmgﬁgﬁlbg %E?W\H\AB @hﬁ%bgﬁ}ée%sange of
0.01 pg - ¥dhg mrihod ph@pplicatian éidhe darg to thentympaaostomyl b ytheppéliead

enbodi nent Ltoxant rone should 20 be appljed to the tynpanostony t ube
surface at"”ﬁ@a@g f44e .'6'§e%f°‘t‘ij‘ﬁ‘2 or igcombinatipn, should be edannisiestd nademnthe

non- pom’nﬁb]l@@agid@gﬁ,g\@did‘,iﬁg#ease mtoxantrone at differing rates, the
above dosi ng paranetérs s%ou ‘d be utilized in conbination with the rel ease

rate of the drug fr ¢a)Amthragygliness Liiliyinguhe ahthrbegding Wokofublin 8s af Ni mum
concentratijon Mof mtoxantrone is maintained. It is 25

f 10-'- 10-6
necessary %8 "]Dﬁ%ﬁget{lqa{aqp%gq, §S eduner 6eatings inserparatediintodbe polyreers

Cre et et S ORI S e 7"

bacteria and fungi (i e.” areIn

enbodi nenPehimathedotaldosyel doxonibicih &pphisd sheilgot extdbd 2P IR @aAGS of
enbodlﬁenb, m ttOégntrone is rel eased fromthe tynpanostony tube surface
such tat Vaht'9 19 4P &) Vo agartioparly arefereadchembadionantrtha telal 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 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 ug per mm? of surface area. In a particularly preferred
y 20 embodiment, doxorubicin should be applied to the tympanostomy tube surface at a
dose of 0.1 ug/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 107 - 10~ M of doxorubicin is
25 _' 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 lower concentrations are sufficient). In a preferred embodiment,

'_doxoru_bicin_.is released from the surface of the tympanostomy tube such that anti-
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23/ 02/ 2007 WD 03/099346 PCT/US03/ 16719 period ranging fromseveral hours
to several nonths. In a particularly preferred enbodinent the dr |
rel eased i WO&BPEE44 ve concentrations for a period ranging Pmm?;&%izpog

nont hs. |

t should be readily evident based upon the discussions provided

herei n that anal ogues and derivatives of mtoxantrone (as described 5

previ ousl
pur poses

y) with simlar functional activity can be utilized for the
of this invention;. the above dosing paranmeters are then adjusted

according to the relative potency of the anal ogue or derivative as
conpar ed t dfeelyepaotivity iscoaptaimet! {oe aperind rangipguun teverel lasurp ®b eaveras

m toxantr
as pot ent
par anet er

5-fluorouracil as an exa
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i ncor por at edident basedeippol therglistussibig prowders hgreirhibat anaeqess any t ube, or

applied_wi thout a carrier pol

mer, the total dose of 5-fl uorouracil

appl i ed®shiaiptiEs o Sée&ab@@d%ﬁgie@wat?@%p@wioy.sm yithsimiarfgoctianal activity

ticul : ' t ot.al . lied should
e | 't vimBe Elipse s ERULERE o hiknbdhibo, e Hostlie arBRMeterS armo ot
- of drug asthenfadjustéd acairding ¢o e falgtverpgtendyf oft the apaliguebrferivifve as
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o] tube to which drug is applied and/or incorporated) should

fall withi fPERRIed o dee parept gogpound (g peempaundiwiceipsgotentesa. I n a
ticul £ hodi MENL . &= il 20 shoul d lied t
Phe. tympardeRititiis Sehofgied B Nay (s a5t Pirdiigomnp Mgy “as ©

di f f ertt

pstentreRy daxoAUBICIA 1P Al MMStefPat thilke el dbovelpBnsfieterd lg@ouracil  at -

differing rates, the above dosing paranmeters should be utilized in

conbi nat i

on with t KHilizieg sitaxaniiose @b anothatrexgnipleood amanthyagyahinst ony t ube

f 1 Ni ntrati 0''- 10.7 M of .
211 tor ourdiietheoren T RgePBSae, BicorborBtad Bla e RomEB PR Bakeyr 1 ace
drug conceipthatympanesieme s e apbliéd WRhS ﬁﬁrglef %)éﬁ'l?é%'r',rtgrﬁgé)tarﬂ'@é@of o be

| ethal to nunerous species of bacteria and

104 M al

n excess of
ﬂﬂéﬁ)‘gﬁtfﬂm} agphas shauddinobexceeddvmg (dange ofdv@1 sguolS mbk Ina

ffig ] f di . 5-fl il is rel d fromth
¢ ympariset Bryrt i b B ydlimenk hamteCampiitkal el applic 31T Bt o ned

for a
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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 aréa of the portion of the tympanostomy tube te which drug
is applied and/or incorporated) should fali within the range of 0.01 pg - 20 ug per
mm’ of surface area. In a particularly preferred embodiment, mitoxantrone should

be applied to the tympanostdmy tube surface at a dose of 0.05 pg/mm’* - 3

e

;_zg/mmz. 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

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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89 23/02/ 2007 WD 03/099346 PCT/US03/16719 period ranging from sever al
_hours to several nonths. In a particularly preferred enbodinenb§: 955%7
i s rel easesloiogo®bisecti ve concentrations for a period rangEBQHS;{g 9 week ‘-
6 months. It should be readily evident given the discussions d ded
herein that anal ogues and derivatives of 5-fluorouracil (as described 5
previously) with simlar functional activity can be utilized for the
purposes of this invention; the above dosing paraneters are then adjusted
according to the relative potency of the anal ogue or derivative as
conpar ed t gof +g..a €0 und twi ce as potent as

. 5-fl uor our g%tlﬁc%?ﬁrla?@g m %rﬁgtg’g%égggérgﬁglsﬁ V?rﬁgnﬁg&%q" ﬁa‘?aﬂ@{a}%'lll}sji?reger&ﬁrpound

hal f as poemhodiamnbitid daias Feishded ih HOBIIVE SSRIRBaBind 1 SSeri bove
par aneters, etc. c) Podophyl otoxins Utilizing tg(%ne poﬁ?ﬁﬁ@ﬁé%@@ﬁ‘ﬁ

* et oposi de f‘é%m_ajnwgée'&% @?""ﬁhé&%ﬁ@\ﬁ:}}%@@r&%ﬁlyxgid@npbagmbmpmmeidi@;ussigns

i ncor por at@gdyi : rs i,ch make up the tynpanostony tube, or
appl i gd w‘ﬁﬁglgteaget%ﬁ}@r%g&gyﬁ@a?dt é’gg]t'v(ﬁsa‘ﬁ r@fg@‘é”égg%{%‘éﬁsﬁréyﬂae‘éppl i ed
shoul d Hotprexioesig) @h BEnilar Aokl AtivitPchP bd JtitRd B} théé BuBod d&# fidlarly

preferred.enbodi nent, the total anmount” of drug applie be™in the
range of 1MFNgNEhgEboyadogingeasemetans arathen Adjusted hberdimuathefelatiieug as a
function r f.the portion of the tynpanostony tube to

whi ch dr U?F%%Sa%ﬁ%%ﬁﬁﬂﬁf%ﬁf 3%'?:"@#%‘8?3&8&3%%(9 Hemarent gommoyndre g ange of
0.01 pg - cHOPOGNP ehiceTsR e s/ ASxarBe i AdMifAEIJCH Rl e g@&g”ed

enbodi nent, et oposide 20 shoul d be applied to the tynpanos ube surface
at ‘a dosePgfaneliersy afeppound half asribterisaglinit rardrdneds admiiserst S0Rvigeo! yner
coati ngs W I topqgside at differing rates, the above dosing
par anmet ergHer bocLV?cP%ﬁ%%ﬁfqr?’i €& in combination with the release rate of the
drug fromthe tynmpaneFhssPbpltRBdities 8%k b ceptration of 10"5-
10-6 M of etoposi dg(b?s mai ﬁ?aﬁe ot Fgﬁ#g%eﬂl@bgﬁfn&ﬁﬁﬁsﬁﬁgoggqqﬂﬁs
surface dR§XaBRlsewhether appliedaeadobonerccdatiat] ipasrpofated leii@fﬁlinéiﬁoliyﬁﬁ%‘ to be
| et hal tqgﬁic“?\é%l%éﬁ’ ﬂ{’? bacteria and. fungi (I_i .e. are in excess of 10-5 M
al t hough for e’ o@ﬂ?@ﬁ?%tomﬁped?r@oﬂ igd ayithoul a cagierpalymeritbat ). In a
P rerL err Stctgtr?yﬁr abss brsMuordthABPRSHed shold RS HeLd 28b W3NG 8T 0lg &M
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 fali within the range of 0.1 pg — 1

mg per mm?’ of surface area. Ina particularly preferred embodiment, 5-fluorouraci

20 should be applied to the tympanostomy tube surface at a dose of 1.0 pg/mm? - 50

;
o

pgimm?.  As different polymer and non-polymer coatings will release 5-fluorouraci

. at differing rates, the above dosing parameters shouid be utilized in combination
with the release rate of the drug from the tympanostomy tube surface such that a
minimum concentration of 10 - 10”7 M of 5-fluorouracil is maintained. 1t is

25 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 10™*M; although for some embodiments lower drug levels will be
sufficient). in a preferred embodiment, 5-fluorouracil is released from the

tympanostomy tube surface such that anti-infective activity is maintained for a

- 89




such that anti-infective activity is maintained for a period ranging frem
several 90 23/02/2007 WO 03/099346 PCT/US03/16719 hours to sever Oir%aﬁblbs?
figctive

In-a partiwologtdogseor ef erred enbodi ment the drug is rel easgeyiddzh
concentrations for a period ranging from1l week - 6 nonths. It should be

readily evident given the discussions provided herein that anal ogues and
derivatives of etoposide (as described previously) wth simlar functional
5 activity can be utilized for the purposes of this invention; the above

dosing paraneters are then adjusted according to the relative potency of

t he anal oguygyi ' ' anr ent e. a
conpound tvﬁéggﬂég&gg ‘iérﬁ{ﬁ yﬁlgﬁt@ggﬁie ietgga %ﬁ?s%@?@gﬁwmm&gbove

par amet er s embadimpnihe dnag is releaspd iresffe@ivecionpentratorisSord Befibg randgidg at
Combi nation therapy. It s%oul d be

twi th b t , etc.). 10 (d

aadi 1y o NGB WRRGES i ¢ K6hiId HesePURS PRGN diven e G miadinns
R . _ oV ! rone)

1 or opyr | BT esE R EREF bl don B B b ol (B NCEBES) .

met hot r exapegviausly) withoagpmiisofunsiicital Getiaty, cail SO afiida)focMme piposdd & thad t o

enhance the antibacterial activity of the tynmpanostony tube coating. 15
Similarly HWERYQE e pheve desing pasretethare theo edjusieskacnording)to the relative

fl i i RSt . - 1), folj i d i
et hot 1 oxaP2SiER 8! 4 dhatoau dr e ANESS pbmpaitd (B8 e BBt A0
wi th tradi compaindawitdas pofent B8 5Rucribirabll ROAIminkgsridSat HaIfaRb aBese ef T i cacy.

Sinus Stents 20 The sinuses are four pairs of hollow regions contained in
t he bones PYAMERISsR GPMPAUAE hakiBs poteri@astipfiesrouradiltis etimidistered at twocat ed

(et hnoig, WLlar rontal, and sphenoid). Al are lined by respiratory

_rrucosallglni@E)%bgbgip%gwé'ﬁrsﬁ??éched to the bone. Follow ng an inflammatory

nsult such as_an UREEPOdSEIRALIGHIAS YURIAR tHeBAfphdibicXin BldRiMiclad Bhni Li s,
onal Iy sec

a purulent formof sinusitis can 25 develop. Cccas retions can be
retai ned igxanmpde svimeibedepplied asla polyet icbating, indarpotatedhints thabsslymets on of

t he openi (ostea) that draing the sinus. | nconplete drainage nmakes the
si nus pr o%'&@maﬁ‘?&ﬂlﬂ&ﬁym?ﬁ? ?W?W??-H’r %h%@m%egt?ﬁafn%ﬁ?amen the
total dose of etoposide applied should not exceed 25 mg (range of 0.1 ug to 25

15 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
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 ug -
100 pg per mm* of surface area. In a particularly preferred embodiment, etoposide

20 should be applied to the tympanostomy tube surface at a dose of 0.1 pg/mm? — 10

' gg/mmz. 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 107 - 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
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91 23/02/ 2007 WD 03/099346 PCT/ US03/ 16719 Streptococcus pneunoni ae,
Moraxella catarrhalis, Veillonella, Peptococcus, Corynebacteri %/aﬁﬁgszoaﬂd
certain spwoieemsis fungi . Wien initial treatment such as agphlRhHidres:

i ntranasal steroid sprays and decongestants are ineffective, it nmay becone
necessary to performsurgical 5 drainage of the infected sinus. Surgical
therapy often invol ves debridenent of the ostea to renpbve anatom c _
obstructions and renoval of parts of the nucosa. Cccasionally a stent (a
cylindrical tube which physically holds the [unen of the ostea open) is
left in thd1035$£0$areeaismkﬁ:ﬁh§lrEﬁ'@égﬂichﬁan?ﬁiréfbﬁfbﬂ%%tﬁa\ﬁﬁﬂeﬁﬂhé%g Rresence of
-postoperative swelling. Stents, typically made of stainless steel or 10

pl asti c, réﬁ%ﬁ'ﬁg\gm offective concantiptipas fataypernd reagingdionmdokeeibet onenthei ng

d. t b | nf d. b
granut ai i on T BE FEdty sMEaP LB Inef Ao et watiaa hereiadad pootiones o ent

coating  wanmddiealvhiomsasfSFopddRRS (e eschissBhbidviotsh) AR difliardndtRpgr s 1S
r equi re%} be easily renmoved in the office wthout anaesthesia, resist

i nfecti oh &HVipr@rdn vilized for the prmadses ofthiginventian;itbe aboes desing t he st ent
(whi ch can . opstructj.on but al so "tack_down" the stent
such that & E%W%g{yarﬂgﬁﬁ%%&&%@?rﬁé’oﬁé%L%%"Pﬁ'_a%‘/% Reteacy pbtheprAloBieRMt of a
si nus st entleribativh adarsnipéd REGR s | (ﬂi[ﬁj QR does
not scar in place and iqsy?l_ess p?%r@qtsggi nf ect@?ﬁa\%ul l@gmgnéeﬁsﬁéé:égﬁ. 20
In a pref eP? EPPORIEIEIS REministambaltE!idhe above paemeterse a Grfipomddiattg | 7

d/ t ' | at ed .i nt ' lied to th f f
The. oi nus. B0ent % 8RBonPhi ofitsiefy s Tpioedhe AHote paraetnmn stk (a) s o
oat i ngo liedt i T '
coati ng appli ed 1o (LComIRan URishP: T foull P Ry SRERL bl Bt ()

as a coat i g digsyssiens perovided kerepethabcarhbibatitn26f anihiaagemesdad/,or (d)
i ncor por at

Dr g boat i S CBIIg of Grg RRp BrerbPYTIONes (e ches-hprgsrasibriolameid al | ow
Doy g dbostits gt by bt SRR 0, iRt 1
devel opneritilized toi enfsncedhe antibacterial activity of the tympanostomy tube coating.
15 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.

_Sin‘us Stents

J
N’

20 The sinuses are four pairs of hollow regions contained in the bones -
of the skull named after the bones in which they are located (ethmoid, maxillary,
_frontal and sphenoid). All are lined by respiratory mucosa which is directly
. attached to the bone. Foliowing 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 o altered ciliary
| function or obstruction of the opening (ostea) that drains the sinus. Incomplete

drai_nage makes the sinus prone to infection typically with Haemophilus influenza,
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whi l'e producing negligible system c exposure to the drugs. Al though for - ‘
some 92 .23/02/2007 WO 03/099346 PCTIUS03116719 agents pol yneri ¢ 6 £ ﬁl 9% 7
are not reWé@e&gdFer attachment of the drug to the sinus ﬁ@ﬂﬂgoﬁﬁ 9ace
several polyneric carriers are particularly suitable for use in this
enbodi ment. O particular interest are polyneric carriers such as

pol yuret hanes (e.g., ChronoFlex AL 85A [CT Biomaterial s], HydroMed640TM
[CT Bionmaterials], 5 HYDROSLIP CTM [CT Bi omaterial s], HYDROTHANETM [ CT

Bi omaterial s]), acryl ic or nethacrylic copolyners (e g.

pol y(et hyl ﬁ&pﬂmc—oacng/bm@jrﬂ@mdé; M6 fdxelth RanAHRlib V\%*!lomgyﬁ@ﬁtﬁc&

nitrocel | ul CeI | ul ose Acetate Butyrate, Cellulose acetate propl onate),

acrylate a f)ﬁ‘é? (mpenesops sertais specigs optingf.et hyl ene- co- vi nyl

Same cobl oat L ons. aNer gl PRGNt piith 87 antics Fama el BpeyRg
gui del i nes ahdrdedongastdnits afe indkbaxaNIt | ide in
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| mpl ant ed es, are in the urinary tract wwth greater
frequency f ahqlgrr]erﬂﬁ%ég FeMieg “ng‘%ﬁ'ﬂgﬁﬁmﬁé@@fm afthe meicesyhest rat es

of inf ectOwas:d:mhilﬁraacétenltﬂ&ecﬂﬁ&‘?éalpﬁié%hfc}ﬁ (Hngnge ﬁBMsgﬁé’quq %gt%gnd are

i nfected if they remain in'place for. a pr perl
t he nost c@ﬁ%ﬁ%ﬁp@ahg éefbm the @stactondresiure dfaicagenis. mantdiiedareh intRLCY)

Cathetersz‘!.: HEndO mII| adder catheters are inserted into
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clinically significant lon - rat

per day that the annﬁthunatelpahéetms, zan befonBanbtedDrUVBRIBWAYRL I L1 S can
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be treat e%ﬁ\% i
the cat het®?)Y agcg} 'SUE tﬁ%trfﬁf‘ﬂ%@tthﬁfﬁ'smaﬁ%ctf‘fﬁeﬁu@rffech\r&jsmmsﬂeet eodtingnel y
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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 embadiment, doxorubicin, mitoxantrone, 5-fluorouracil
and/or 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 fo

the external surface of the sinus stent: {b) as a coating applied to the internal
(luminal) surface of the sinus stent: (c) as a coating applied to all or parts of both
2_5 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 locally on the tube surface, thus reducing
- the incidence of bacterial colonization (and subsequent development of sinusitis),

_whil_e producing negligible systemic exposure to the drugs. Although for some
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syst emi Ca|"=109136?))|%3c\3¢ll§s blgads Hwseof.ar gel y proven to be ineffective as it
tends g result onlx Lh;@ %EF election of drug-resistant bacteria. An
effective urinary catRop e@i%?f%ﬁ’%d?ﬂ‘%?"l’@ cagplicatipgsrandinfeations t he

bl adder, frest Bte Sanfecbadiann, sl dBsi iddii ORI mits Y ldgmal Bt he
catheter. _An 25 effective cogtg?lﬁg@vt\%)due%h sspfrrde}\gesg h@ﬁbrﬁ)’e’g{g@g"jqﬂﬁ@ei ci dence of
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f or nul at eéb?ﬁfé?%agﬂswaya Fred

G. Infections Associated with Urological Implants

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
} . nosocomial 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. Although

25 . simple cystitis can be treated with a short course of antibiotics {with or without
 removal of the catheter), serious comgplications are frequent-and can be extremefy

- senous. The infection can ascend to the kidneys causing acute pyelonephritis
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to the surface of the urinary catheter. The drug(s) can be applied in _
several manners: (a) as a coating applied to the external surf %‘7(5&/%%7
urinary cawbebmesezse94 23/ 02/ 2007 WO 03/099346 PCTI USO03/ 16 #tanfda}/1ev3o 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 the polyners which conprise the urinary catheter.
Drug-coating of, or drug incorporation into, the urinary catheter will 5
al |l ow bacteriocidal- drug | evels to be achieved |locally on the catheter
surface, thwich catlesuiith $QRRrihd 8hE WHPLeph Kidkdyaddrdge OPeRiapaldr eRediasd
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the uri har Jael ffpakfisdu, BardSon aeohists Sl BB ERSee iy an be

par ti cul ar leytromilyadifigull @F trdlf YinktdrVeSulR PR ®Mock Shd BRGk @{H 87500 BE °F ©°0
are polyneric carriers such as polyurethanes (e.g., ChronoFl'ex AL A[CT

Bi omat ePi apslients)y drhexefde teve [eRist Bamigrtiftndng heldicaHVERDR) pRJTTEMiMEoved

Bi omateri al HY HANETM [ I gmaterials]), acrylic or nethacrylic
copol yrrersuﬁJé%rej.ca W@?H?ﬁ’l\%ﬁg‘é&% Q'EC’QEJ‘%E? E\%F@%@Wé’a pol yners
(e. 9. 15 npithersbbégbafais Cel | ul ose Acetate Butyrate, Cellul ose acetate
propi onate), acrylate and nethacrylate copolyners (e.g.

pol y( et hyl ene- co- vi Nifle racgtt@nehpnaause bf infectiohliebhastetih ¢ypodily féand iri thar y
cat heters e.& suprapubi c catheters) are nmade in a

variety of

20 wi t hip deynd AN ' . teai Lnci pl es-
can' b Spp o s BB Bdtiefa Ba pHRak i inkEaG Us Abbad BTN o
as a functinsertesf, gathomerypda thinshesth of ekodateh tharautroondothd Gahdey firi/drei ng
coated), tot ak, drtjg dose administered can be neasured and appropriate
surface cdf¥ehtiiaingpallyonsidethe sathelerdubing. eveeal spacins of brelgirdress of the

met hod of | ' ;'ﬂﬁ i nar. t er he
preferred %ﬂ%’lidc%ﬁéég Ebag%ncgds?ﬁetgé égd gé)rg}]é%br ! r%Héto‘#ﬁ 'ﬁ§§ %o‘ﬂ ?)Eectéd E.Pe for
' growth. With short-term catheterization, single organism infections are most

15 common and are typically due to Escherichia coli, Enterococci, Pseudomonas
aeruginosa, Klebsiella, Proteus, Enterobacter, Staphylococcus epidermidis,
Staphylococcus aureus and Staphyiococéus saprophyticus. Patients who are
catheterized for long periods of time are prone to polymicrobiai infections caused
by all of the organisms previously mentioned as well as Providencia stuartii,

20 Morganella morg_?nii and Candida. Antibiotic use either systemically or locally has
- been largely proven to be ineffective as it tends to resuit 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,
‘pyefonephritis, 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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shoul d be adm ni stered under the follow ng dosing guidelines: (a) .

. Anthracyclines. Uilizing the anthracycline doxorubicin as an W?QOO?
whet her appia Baesse a pol yner coating, incorporated into the RANARS which
make up the urinary catheter conponents, or applied w thout a carrier- 95
23/0 WD 03/099346 PCT/US03/ 6 19 2 2 0 0 7 polyner, the total dose of
doxor ubi ci n applied should not exceed 25 ng (range of 0.1 to 25 mlIn a p9
9} particularly preferred enbodi nent, the total anount of drug applied
should be in the range of | pg to 5 ng. The dose per unit area (i.e. the

anount of dbugs asoatih ' r f-rhe portion of the.
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particul arl merfserr. d
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pol ymer and non-poly &84t 1L doxqrubicin at, differing
rates, the above dos!ijﬁgJ par aHeQ)?'Z(%rsst‘ au oﬁ)cgrgag'b"ﬁ?'ﬁf'?i’gﬂaWncaéB%BTWg i on
with thé rallesdeciedveidel diubdeviisig e achisVrs BELMASY e JIRLEF sufstd aqf such

that a m n*erHJm cothentration of 10-7 - 10-4 M of doxorubicin is malntained
on the surfacedlPeinciipnceat bagterigl colanizatiami@ndsubbageent deyelopoeatof r at i ons
exceed CONGRMEAakO I G ! e lethal to nultiple

speci es of bacteri amzencgt)?%ﬁg?{a?gr%bfb)g‘rngwHFogjk'?@Q&eé‘ﬂg' > HHEMICt hough f or

sone 15 enBiswentosthk ainays. cAlttoagh Tt $ame agefts Polyréricinierd &ethof’ ef er red
enbodi ment , do%girruagtiﬁci nis released fromthe surface of the urinary
catthet er s'GOHT? ghment gidbe doug tecthp wiringny eathetiensaifacs severah peri od

rangi ngofr PENEEA er.al nths. ILn a particularly preferred
enbodi ment’ the dr ug”?goé%ﬁ)eatggce%mﬁng%t?%r e '%@&%WBP%‘F?% Gf gertigugsr i od
rangi ng f ritterastiacaipolymieritoatriors bk B9 BbRuRanaRaid . BArIFIENA ghxen the
i scussi o .ovi ded herein tha al ogues and derivatives 0 oxor ubi cin
d ri@ 35 ded h t hat | og! d de t b
(as descritbdPipmataraisl| KydraMed649 ' IGH Bbmateriasia HYDROSLICBAfCDe uti | i zed
f th tPhed i he ab dosi t ’ th
or e PEHIPPSRS O, % e above dosing paraneters are then
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as conpar edpolymene(e. paseietRTRAHch e Seidf EAMBEL L il nt as
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nitrocellulose, Celiulose Acetate Butyrate, Cellulose acetate propionate), acrylate
and methacrylate copolymers (e.g. poly(ethylene-co-viny! 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
+ . apptied 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 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

05




25 at half the above paraneters, a conpound half as potent as doxorubicin
Is adm ni stered at tw ce the above paraneters, etc.). Utilizing2 /0 /2007'
m t oxant r ong osievesysot her exanpl e of an ant hracycli ne, Vmetms’q}ﬁ/@iﬁﬁ% 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 PCTI US03/ 16719 m toxantrone applied shoul d not
exceed 5 ng (range of 0.01 pgto 5 ng). In a particularly preferred
enbodi ment, the total anount of drug applied should be in the range of 0.1
pg to 1 ng ' . r ction
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sufficient). In a preferred enbodi ment, mtoxantrone is rel'eased fromthe
urinary il reigase dexarubisingicliffering rates, ithe abeve dosingpatarmeters showdd beai ned,

for a geri ' . fromseyeral hours tp, seyeral nths. In

part i cﬁfartﬁ@z%(?%ﬂaté%‘@? nr_tek?eﬁs«? rai‘? 88“\95 rpg?@ggg@ WEnaLy F@ﬁ'ﬁt‘?fe
concent r atsuefage §0th tha @miRfnirARBhRENTrARIA &f 1PU 101M JRRKBrutidinggioul d be
readily evident given the discussions provided herein that 20 anal ogues and
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functional ti.vity can be utiljzed for ,the purposes of this invention; the

“above  doSPEetNs Earecdrancenisations GteerPrybickt knav ub el ep Srltale
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(e.g. a conpoun
15 embodiments 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 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 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 relétive potency of the analogue or derivative as compared to the
parent compound (e.g. a compound twice as potent as doxorubicin is administered
- 25 athalf 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 appiied as a polymer coating, incorporated into the polymers which make

up the urinary catheter, or applied without a carrier polymer, the total dose of

96




twice as potent as mtoxantrone is adm nistered at half the above -
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fluoropyrimdine 5-fluorouracil as an exanple, whether applied as a

pol ymer coating, incorporated into the polynmers which nmake up the urinary
catheter, or applied without a carrier polynmer, the total 97 230 WD

03/ 099346 PCT/US03/167 9 2/ 2 0 0 7 dose of 5-fluorouracil applied should
not exceed 250 ng (range of 1.0 g to 250 rng). In a particularly preferred
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5-flu uraci |, s released froamthe urinary catheter surface such that
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15 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 fron 1 hour — 1
month. 1t should be readily evident given the discussions provided herein that
‘ ) 20 analogues and derivatives of mitoxaritrone {as described previously) with similar
' furictional 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 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 Utilizing the fluoropyrimidine 5-fluorouracil as
‘an example, whether applied as a polymer coating, incorporated into the polymers

- which make up the urinary cath_et_er, or applied without a carrier polymer, the total
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anal ogue or derivative as conpared to the parent conpound (e.g. a conpound
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podophyl ot oxi n et oposi de as an exanple, whether applied as a pol yner
coating, incorporated into the polyners which nake up the urinary
catheter, or applied without a carrier polynmer, the total 98 23/02/2007
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are t q%n %g |ch:|Se¥15d 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 inonths- In a particularly preferred embodiment the
drug is released ih effective concentrations for a period ranging from 1 hour — 1
month. it should be readily evident given the discussions provided herein that
20 aqa!ogues 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 {o the parent compound (e.g. a compound
twice as potent as_s-ﬂuorouracil is administered at half the above parameters, a
25 compound half as potent as 5-fluorouracit is administered at twice the above
'paranéeters, efc.).
(c) Podophylotoxins Ultilizing 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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according to the rel ative potency of the anal ogue or derivative as conpared

to the parent conpound (e.g. a conpound tw ce as potent as et oa(_a,gi /5807

adm ni st er e o3aboshal f t he above paraneters, a conpound hal as
etoposide is 25 adm nistered at twi ce the above paranet eré{C@‘fSSQ’%?{]d)

Combi nation therapy. It should be readily evident based upon the

di scussions provided herein that conbinations of anthracyclines (e.g.,
doxorubi cin or mtoxantrone), fluoropyrimdines (e.g., 5-fluorouracil),
folic acid antagonists (e.g., nethotrexate) and podophyl otoxins (e.g.,

et oposi de) @L&!edf@ttﬂ:%sﬂﬁlébﬁi@@@.ﬁoulmcﬁ%é(ﬁge%f@n{p géﬁ%ﬁ@é%%%ﬁ 'hlaj.z‘%d to

~enhance the antibacterial activity of e urin

| oo G 4 A0 Fet G SR
ookl s oy
e e e e (e B o o
RIS TNt SR AT
L, ok s 9 BB £ B

to 90% of Hiietant aplymeennd nand@ntiereratingd wil mééeC@tBbosiBé%&@@%ﬁhﬁ with the
[ I ononas

i nci dence | Si the | onger the stent is in place. Pseu

aerugi nosaJ’eﬁgg’?ﬁeéaﬁ%’ft %HHTB%W@@Q@WP'W ufifizedin combinativh vithetbby | ococcus
aur eus 1andrefeaiagdirdg@ G¥ i i ffective tr ment frequently
requires stent rrermvg?é)?n a |ttﬁ%§ﬁb%&}ﬁ§@?r&q °Pr§é&°§3 al g genpantratien v,

ureteral sefel’s 164M beetopesidafis maittamedencs wekessan dlinstifd Haf ¥ufdldt s t hat
An effective ureteral stent coating wou J allow

render them.ineffective.

casy i nserd 8 ONCERIoNS axcrescontentiationsofgtoposide kemu tete Idiraldas | v

r emoved, e%%éigﬁf?ﬁ%éﬁ%%w BRoARE. BT EXbedd 'S 1N otoh for somar v sal ts.
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

i evident given the discussions provided herein that analogues and derivatives of
) 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.g.,
doxorubicin or mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracil), folic acid

' ___antagonists (e.g., methotrexate) and padophylotoxins (e.g., etoposide) can be
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of a ureteral stent which does not beconme obstructed by granul ation tissue,.
does not scar in place and is less prone to infection would bezl%e/rtﬁ'ygio@?
In a pref evo exhoesypodi ment, doxorubi cin, mtoxantrone, 5-fpoo/sesagio

~and/ or etoposide are fornulated 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 ureteral stent;
(c) as a coating applied to all or parts of both 100 23/02/2007 WO

03/099346 FREEHSD BRSNS WrltiBaEiaPAAIVEY of the dritePy Bathai¢oht® the

pol ymers which conprise the ureteral stent. Drug-coating of, "or drug
i ncor por at Pwilariyaathragkrlines (e galdogorbicimpt mitosantond) fucsopyrinidines degg

| evel s to achi ev. .ocal ly on the stent surface, thus 5 reducing the
ot dence. STUBLFENT dphSTe aRARRn (S Rl aiser AR RN

pyel onephr e § Se@podiae) @érmlt)@&smb Wi {rsdsﬁéﬁél%ﬁiﬁﬂ)tie%&Hhﬂ'éﬂtiﬁm@}éﬁt em ¢
exposure to the drugs. Although for sonme agents polyneric carriers are not
requireld fagentaitaenttameateffafacyhe drug to the ureteral stent surface, several
polymeric carriers are particularly suitable for use in this enbodi nent.
O particular interest are polyneric 10 carriers such as pol yuret hanes
(e.qg., ChrigmedraESteAls 85A [CT Biomaterials], HydroMed640TM [CT

Bi omaterial s], HYDROSLIP CTM [CT Bionaterials], HYDROTHANETM [CT

Bi omaterial s]), acr Vreteraistards hee hgliow tubesalitmissies &long.the sides and coils
pon(ethyI? co-acrylic acid), cellulose-derived polyners (e.

nitrocel I @ gg-@?r ensLto| RipvR migeatione 'W@W’?b’i@?ts@'ﬁl%ggé‘é r%ﬁ?é’?dlbé?rid?t@ﬂsonat e),’

| -y - GQ= Vhavl
et atey) ahish AR o BafftilS) (ETGGE: e PRLUSHHORES SO UITY, o
same cldnplhealing ohwretordl arndsesthbsdtsor eaRITAIbDRIRPSRgEYGrarduma.t Teeyari ng

gui del i nes for doxorubicin, nmtoxantrone, 5- fluorouracil and etoposide in
coati ng uPEGeAAndeseqpicaliyvia theshladden onrerewtgneously wadbeikisneyabove f or

oY, PSR opkfGH o 31, 8o B B80S 203 BR LR scatt oY
bacteruria with the incidence increasing the longer the stent is in place.
Pseudomonas aeruginosa is the most common pathogen, but Enterococci,
15  Staphylococcus aureus and Candida also 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
allow easy insertion, remain in place for as long as is required, be easily removed,

20 resist infection and prevent the formation of urinary salts. Therefore, development
. of a ureteral stent which does not become obstructed by granulation tissue, does
not scar in 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 external surface of the ureteral stent; {b) as a coating applied to the intemal

_' (luminal) surface of the ureteral stent; (c) as a coating applied to ali or parts of both
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Urethral Stents Urethral stents are used for the treatnent of recurrent-
~urethral strictures, detruso-external sphincter dyssynergia an§3gl ;«12507
outl et obsvoumtsvess 25 due to benign prostatic hypertrophyerdbggights are
typically sel f-expandi ng and conposed of netal superalloy, titanium

stainl ess steel or polyurethane. Infections are nost often due to

Coagul ase Negative Staphyl ococci, Pseudononas aerugi nosa, Enterococci,

St aphyl ococcus aureus, Serratia and Candida. 101 to 23/02/ 2007 WO

03/ 099346 PCTI US03/ 16719 Treatnent of infected stents frequently requires

oY St sUithicR! biRa/bh ) AR ed RIS nolfm S EY LG Rprtl il (gfdrh)

: 1]
~urethral stent coating would allow easy I nsertion, re zﬁle for as
| ong as isSi8fuired, be easily renoved, resist infection and prevent 5 the
formation of urinary.salts, refore, devel opnment of a urethral stent

Th
- whi ch does not becorfY8I59aHRE PbeT BlugGIngaRCRtosHNG, Hrwretersbstenbwillscar i n
pl ace and § TN ' ' icigl. 1n referred
enbodi nment m&?ﬁ?ﬁ%ﬁﬁ%rﬁrﬁj ltegglgﬁﬂdg%h@ﬁ#j ﬁ%%ﬁ'x%?ﬁﬁ%|5?é'13,§a'ﬁ898§¥'§§305i de are
f or mul ab edreidnciog sheivaidenge appadtedaltaidriigatonr(hag eubdeduent HERBHEMbnt KO St ent .

The drug(s an be applied in several manners: (a) as a coating applied to
the exter ré%e?%'lﬁﬂﬁ%g'gqfof brcterestia). avhiletnsaducing pegligible systemig expgsuretb t o t he

i nt I hfal _ : _ ti i ed
o511 BSOS Bl 5l SN SOl rk BBl 2 P
pol yner s witlachmeohpirthe énigie the eirdterdi sterit 8Hacd. TeVerl peRtdriidaffiers re dr Ug

I ncorporation i n{o, the urethral stent will _allow bacteriocidal drug
ievel s to PRl yewiiable deryss indhistarebediment. sQf paitieylar Interest amgulyrgeridhe

byel onph Bmes e a8 bob MR o, Ao A I E B rRBRERh, ot ori ¢
exposur e HydraMed6#0IY$CT Bidrhamhls] MY BRUSI13BSTVSCIBisfRIdRIgar riers are not

required 8 attachment of the drug to the ureteral stent surface,
several p PTEANE 1 (€T Biematerials]), acrylic or methacrylic copolymers (e.g.

poly(ethylene-co-acrylic acid), celiulose-derived polymers {e.g. nitrocellulose,
Cellulose Acetate Butyrate, Cellulose acetate propionate), acrylate and
15 methacrylate copolymers (e.g. poly{ethylene-co-vinyl acetate)) as well as blends
thereof.
As ureteral stents are prone to the same complications and infections
from the same bacteria, the dosing guidelines for doxorubicin, mitoxantrone, 5-
fluorouracil and etoposide in coating ureteral stents are ide.ntical to those
) 20 descﬁped above for urinary catheters. However, unlike 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 urethrat
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, Pseudomonas

:a_eruginosa, Enterococci, Staphylococcus aureus, Serratia and Candida.
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particularly suitable for use in this enbodinment. O particular interest ,
are polyneric carriers such as polyurethanes (e.g., ChronoFl ex %@@ﬁzb@ﬁ
Bi onat er i Y&93/09934¢dr oMed640TM [ CT Bi onmat eri al s], HYDROSLI PCCUMY/16T19

Bi omaterials], HYDROTHANETM [CT Biomaterials]), acrylic or nmethacrylic
copolynmers (e.g. 25 polyethylene-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
WO 03/ 0993bmairaitobiFedied stents freqeciiyaleqairesspstamis atibistic thetdpy Srgre
conplicati %ns apdfrﬂ]nf ections fromthe sanme bacteria, the dosing guidelines
for doxor J6MOVA!© F&’)‘??iﬁ?rone, 5- fluorouracil and etoposide in coating

ureteral stents are Hiﬁ& ﬁ.@gg,' f: L nary.
cat heters. However, Aun |k(ka'ﬁ?I reéﬂ]f?rgi? rgr%%g{:? %n d%@?%lig‘g?%yf'géerﬁ%'&%Fém
cat het er s,in glagg foehelng ashis vequind; be easty ramdvdd) r@dsiRRIctios Bha Prevent
Pr ost he%icc; Bl ag}d?%r SEhi,ncters Prosthetic bl adder sphincters are used to
treat ihcdhtfaEIRERN RhHrinanysaltal Thetaiore, develppmepkel auwmtivehstenhwhioht . The

Qucual Ty (ocs REPPEThe Pomnalp by af MRSy B oS iV AT BB Mg i ve

St aphyl ocdzssipronetd infeotign Stcapd b bedeficisl. epi dermi di s), Staphyl ococcus
aureus, Pseudononas aerugi nosa, Enterococci, Serratia and Candi da.
Infection i s characled PriRTes embediment; Jexasubicin, milgxanirone, Safibrouragilent

drai nage k4, rati Lte.: I t f infecti Is . through
the inci s%onﬁgt%ﬁfpﬁgﬂgi%%f%'f"@%ﬁege'?@hagﬁ@@ quy%és%?%&epwm%qﬁ@e Hf@ﬂ@gr 15
sphi ndOer stent:cOhediutf S)daptheiaplicdantseeRt rfanhbfd: i(h Pas HIcBhBRY ap que. To-
hel p. conmphat this, intraoperative irrigation with antibiotiC solutions is
often enpt ernalsurfaceithe prathrab stenti(b) as amoating appliedicatidéntessi nct er s
requires t f .the device and antibiqgti.c therapy; replacement
e SR SeEEBY He el (655000 euio 1% 38K oY BBI oo oo
cl eared. durfaiebeaidue(d) FoRsGratdieinte i pARErsSRRICA ChRTpris8ahé DRbthRy! d resi st
I nfection and reduce the :

stent.

15 Drug-coating of, or drug incorporation into, 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 producing negligible systemic exposure to

the drugs. Aithough 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 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 copolymers (e.g.
25  poly(ethylene-co-acrylic acid), cellulose-derived polymers (e.g. nitrocelluiose,
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 ncidence of re-intervention. In a preferred enbodi nent, doxorubicin,

m toxantrone, 5-fluorouracil and/or etoposide are fornulated irgt®»/@2/2007
coating apPd®P*Yét he surface of the prosthetic bl adder mphisestiens 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 ~2 2 0 0 7 Drug-coating of, or
drug incorporation into, the prosthetic bl adder sphincter will allow

bact eri oci dal drug |8§e&rethea stentaate proed td teasanye compications cind gnfetiishs

‘incid ' oNj i d I f
urethrith s TeanFeRrEbadeligbs Bosn o iikings B Gaer IR ETEPEe et ori
exposur e t dubddoerdcidinddsopdidd pH&ihtiha sﬁgﬁg ' rriers are
‘not required for tattac?\?rerllt of trtllfg@éjrr%%@ot eg%riggw%%ﬂgggdder

sphi ncter SE9es abouo éoraurinapyythetars.  Hawever, siniiteetheabimalalicnd destvibbab! e
interest are polyneric carriers

for usesgi ngfhi Loment, OF particul ar
such as por({'/’u"'lrrl éfi ﬁa!n%'gfgétggsf grug @%&Wa‘-‘ﬁ%’!@a AGeUs gxer a eto g gvrakepariads] |
Hydr oMed640TM [ CT Bi omaterials], HYDROSLIP CTM[CT 10 Biomateri al s],
HYDROTHANEIM [ . Biomaterials]), acrylic or nethacrylic copolyners (e.g.
pol y(et hyle%—t%—mm I IS cel | ul ose-derived polyners (e.g_
nitrocellul ose, Cellyl gse.Acetgte Butyrate, Cellul ose acetate propionate),
acryl ate and net haﬁ%ﬁ?@fﬁ'@ﬂaﬁaﬂr‘?&"ﬁ?@ﬂg ysed o kenyineprtinence iangl
acetat ¢)) genensilyl consist bf #BEAuNTEPRIplarkd Shastdrgladdan_sphincters
dre prone to i myiect i ons cguse y ﬂ{q&%&éﬁﬁg@%@ﬁﬁé@?s&ﬁ%& 'ﬁﬁ‘?‘?‘r urinary
cat het er s,SPhifeters san gequiniicateeihyf mfecﬁdﬁxmumg% the fifst ® KRIMHCARLr
5-fl uo{t?ursﬁgée{ gm@1 g:t ogolsi dgd in _coating prosthetic bladder sphincters are
i denti cal Lot ho¥d ko8gvase dNegstive StaphyiacpaeilinckigingSiepbylocssomsver , unl i ke
t he for nulepidepmidisieSEphRdod Lhar Fﬁ%‘ Ldrug r ase 20 shoul d
occur over a 2 to§§?4 \R@gk %eﬂso%{rw%eﬂnsﬁﬁg‘g Sé%?gu%‘%q'gnfqﬁ%ﬁﬂ"s are used.
to treat Segetialand Gasfdidec t infectiands elaracterized by fever, erythema, induration
and purulent drainage from the operative site. The usual route of infection is
| through the incision at the time of surgéry and up to 3% of prosthetic bladder
15 sphincters become infected despite the best sterile surgical technique. To help
- combat this, intraoperative irrigation with antibiotic solutiors is often employed.
_ Treatment of infections of prosthetic bladder sphincters requires
complete removatl of the device and antibiotic therapy; replacement of the device

must often be delayed for 3-6 months after the infection has cleared. An éffective

o

'20_ :p:rosthetic bladder sphincter coating wduld resist 'infect_ion and reduce the
incidence of re-intervention, o o
| _ In a preferred embodiment, doxorubicin, mitoxantrone, 5-fluorouracil
and/or etoposide are formulated into a coating applied to the surface of the
| prosthetic bladder sphincter. The drug(s) can be applied in several manners: (a)
25 as a coating applied to the external surface of the prosthetic bladder sphincter,. |

~andfor (b) incorporated into the polymers which comprise the prosthetic bladder
-~ sphincter. '
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generally flexible rods, hinged rods or inflatable devices with a punp. The
pl acenment of penile inplants can be conplicated by infection (ugggy/2007
the first %[OQE’O??B% hs after surgery) w th Coagul ase Negat iRFE/SI0AMA?P ococci
(i ncluding Staphyl ococcus epiderm dis), 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

PCTI US03/ 16719 i nduration and purul ent drainage fromthe operative site.
The usual route of BPfgeeqatipg dfsondrugingerperationintei tbe prosthitc biaddeof

, 0% ile. inplants,h inf ect ed, despite the best
sterti o ourBifPyilabh BaRbacoi ThE Ry Riulp S en b See Fuiodurg: gat i on
Wit h anti btretincidendaibf Intderi c@fdr%tiémi’bw§ﬁb§eﬁtuﬁgﬁgé@6‘;§mgﬁt 6f’1]°r8fhgiii9”.s of

penile inplants requires conplete renoval o evice and antibrotic

t her apy; r@epi/acwpurd indectiond whils preduding negligihlesysteteicay@dstmrtodhé nont hs
after the Lnfect,i cleared. An effective penile inplant coating would
esi st Bt oS0 ARSI DS Fent BoBEIRTE GierS ot Riregier | 1 a
preferred @ttammémafthectmsgrtd»lBiéibﬂastﬂatib@fé’d?fefregﬁinc%rfshlvraéé’, Rekd 10 and/or

etoposide are fornulated rnto a coating appli to the surtace of the
peni l e i npRlERENc Garded ang(particuanheuitgbbe fozdisiin thiy emidodimanterdt p4rtigulas a
coating applie to the external surface of the penile inplant;: and/or (b)
i ncor por at'ggrﬁgﬂ%e Pﬂ&meﬁ'&‘?ﬁ%‘?@ S\‘A'/HH és p@&%?“ihéﬁeﬁ E@gp&h" paokigy AkfbA :
Dr ug- coat i[0g Bibmaftriaid] Udyd T | ' i ' hBRT® il 15
al 1 ow bact[e_ri oc{ngalnaq(ﬁ]ugy(?rg\%dgqpo {)Ge)ﬁglci: |%32%’gﬁoca ?gﬁsl't!m ?gg\lljmci ng the
i nci dette Biomaterialsyr HE¥DRONHANEL [GT Biamatesalspeacsic ofimathagpyipnt of | ocal

I nfection and, device failyre), while producing negligible systemc

exposure tBPONEESR (RE. ﬁ@wﬁ%&w-&s%g@@@g@iﬂpﬁ%ﬂ%@ﬂmﬁew {er®s are not
required f ' ' ' rfac sever al
ol yrrer 1 ¢ TocILBES Bkicke AP BUIAS, CoRIBRISate RoARhaft 485 of men:.
As peni | e @ndphethasrytate copapeecto(d. gif mity(ethyferracs-omybacdthe | p agivelPast eri a as

occur Wi th, urjnar atheters, the dosin ui del i nes for doxorubi cin,
blendSQh Péo?. g9 '

e
15 As prosthetic bladder sphincters are prone to infections causeéd by
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 impiants are used to treat erectile dysfunction and are
' 'generally 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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m t oxantrone, 5-fluorouracil and etoposide in coating penile inplants are
identical to those described above for urinary catheters. Howee&/02rRoker
t he fornmul WO BA%326 described for urinary catheters, drugpgehgagfrshoul 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 Tracheostony
Tubes Endotracheal tubes and tracheostony tubes are used to nmaintain the
ai rway when ventilatory assistance is required. Endotracheal tubes tend to
be wused to establish an airway in the acute setting, while tracheostony
_tubes are SNWQHOW\hwppnmémmm@idag@an el fpRrativesREUTHhEds 4| rdfieht here is a
fi xed obstr. f:tt(?ﬂr;. i tBe upper airway. In hospitalized patients,

nosoconmi al ’ﬁﬁg' itaroygR Hhe instsiomalthetimasef tegery @ad uprid 3% of penitecond nost
_conmon caus® BTN i pnfection (after urinary tract

"i nfection) arﬁ}g’h{ he msﬁnz%?%ﬁégﬂ%ee%gibgﬁ%?tﬁ"'P rg'%aa‘tt?‘éﬂﬂ'%‘.’gl?ﬂpﬁ'é i nt ensi ve

care unit, ceowatts, altrauperdtivei ifigation wWithefiBivtic $8EENd R &Fe?ﬁé}n&hgé‘d.f atality
rat es o?r 50% Survivors spend on average 2 weeks |longer in spital and
Ta

the annal cost of tHeatmeHofiinfestianscoftnenie inypiants saquiRactenplale rearvapni a i s
t he nost cg : r bi di t and rtality in patients who
require int Eﬁﬁ%ﬁg%ﬁ%ﬁﬁ&gﬁﬁgeﬁg,r @G?ém%‘ﬁaﬁ'gg evfeersifigntbe e for

el ective sdelggedjor 3@ amnttinatdr tie Wbbichaval ParddNes 'igé Sl ni a.
However, patients who are severely ill with ARDS (Adult egplra ry

Di stress SYRINGWOI Eaistinfgetion and reducesngdrcidence obfe-titsobatiimg a
nosoconi al  pneunoni IS thought fhat new organi sns col oni ze the

or cﬁrpna'r!l gnx in int ub(!{ft?lgcfJ féfgg{e?ieq{p!g?tﬂ%egﬁgﬁé@qu (P Milpxapheagy hlverourasil

st omach aare/arsglop@didesl aiefolnOfkE i -y e N

cont am nat.e She endot r acheal tubeWOBg??g?r:lé;&gﬂﬁgrtéﬁ%S@g%%%ﬁB%E%P'k%/orm a

bi ol ayer dfPatl Theojug(el sambe appliedioueverd aranbert: ¢a) a5 4 koatimpappiear osol i ze
i ¢ tracheostony tubes al so

and be cari i intg . the Lungs. Chra :

frequent | ;Bgﬁéggﬁgﬁtag%%% tpr?nﬂeolfrﬂB'@BﬁiaBd A ER)dpeIpRimehinte theause

pneunoni a.polyhikers ifidh mﬁyﬂgbﬂ@éﬁﬁﬁq{%mﬁgumni ainventilated patients are
, Pseudonbnas

St aphyl ococcus aureus (17% aerugi nosa (18%, Klebsiella
pneuroni ae (9%, Drug-coating of, or drug incorporation into, the penile implant will
15 allow bacteriocidal drug leveis to be achieved locally, thus reducing the incidence
of bacterial colonization (and subsequent development of local infe'ction‘and
device failure), while producing negiigible 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
| } 20 suitabie fqr use in this embodiment.
| As penile implants are prone to infections caused by the same
bacteria as occur with Urinary catheters, the dosing guidelines for doxorubicfn, -
mitoxantrone, 5-fluorouracit and etoposide in coat'i.ng 'peririlé'implahts are identical
to those described above for urinary catheters. However, unlike the formutations

25 described for urinary catheters, drug release shouid occur over a 2 to 24 week
period.
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‘25 Enterobacter (9% and Haenmophi [ us influenza (5% . Treatnent requires
aggressive therapy with antibiotics. An effective endotracheal 28272007
tracheost offf ¥¥éicoating woul d resist infection and prewsHURHEDr 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 6 WD 03/099346
PCT/ US03/ 16719 a preferred enbodi nent, doxorubicin, mtoxantrone,
5-fluorouracil and/or etoposide are fornmulated into a coating applied to

t he surface of the endot_racheal ) tube or tracheosto tube Due toits
activity agai nst- Kl b3 RGN 2 ' :§ RO it

for this enbobinent ./ d h tivity
agai nst Pseudononas. %ﬁq&@cﬁgéﬁ 5%%59 eeﬁpéqsit&xnﬁég% aé\éﬁ?%s%o'g?m?ai&?l";/ e he
practice ohirvhy wheAReAfIERN as%r Qf’an@é‘r@fe%m@é” EP8lo Eﬁé@%ﬁé& 8‘&%8'

manners: (a) as a coating applied to externa surface o
endot r achesased tﬁb@ﬁteﬂhhsh rancdisrest iarthie tachie; setiing, ahile tcatcﬂfebﬁ@n@pmbegdré o the

interna§ g ({n oiurfacl’ge r&,&the endotracheal tube or tracheostony tube;
(c) as WB rayMIsdeE iU s Krayiredias vdtenthere e fsgcdbebstauglionin (d)
i ncor por at g i Sy.P n or

T achbost o ee A, O ATpfiaicsb et REb &dimiof BofiSh R AR add o
endot r achetihes pbeyear ant nad’reesmiouﬂynbstkmnvmd)m calib@ul hogpital-boguicka  dr ug

| evel s to bfecgé& ved |ocally on the catheter surface, thus reducing the

i nci dence '8 réff'ﬂé’éﬁt@ﬁtﬁgpm)@@ﬁdhqm%ggmmﬁ,@ellewnt of
| to the
i ugs. At MG A M e et UMY bl Hlfani g Eh HigBeRiGiRF LG 1o

at t achh@ ntdem‘lh with fatnlity rat@std%@r s0U0t Sawhvend spatPol aveiageeRebRMngérine
surface, several poI meric carriers are particularly suitable for use .in

this enbd¥sRiaand (tj)e ganvalaashef regtarasnt is clpse b Bdlars carriers such as
pol yur et hanes 20 (e Bi omat eri al.s Hydr 640TM
[CT Biomaterials], BM&ERW%P%B% EPMRNSPUSEP "Eq“%l'b(/{b

Bi ont er i adnal]hortaiity i petiensy wﬁBﬁ'«’é@ﬁfé’ihhﬁ)aﬁQﬁOW PBfiént§ WHY are intubated
poly(ethyl ene-co-acrylic acid), cellulose-derived polyners (e.g.

ni trocel | @lestiuely Ges-|fon eigetfw@trgee/)sessymm Y%Oaill develep acesacaial
15 pneumonia. However, patients who are severely ill with ARDS (Adult Respiratory

Distrese Syndrome) have a greater than 50% chance of deve{oping a nosocomial
" bneumbnié.x Itls fhb"ught that new organisms colonize the oropharynx in intubated
patients, are swallowed to contaminate the stomach, are aspirated to inoculate the
. lower airway 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_zed with pathogenic bacteria known to cause pneumonia.
The most common causes of pneumonia in ventilated 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 would
resist infection and prevent the formation of biofilm in the tube. An effective

coating wouid prevent or _red_uce the incidence of pneumonia, sepsis and death. In
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propi onate), acrylate and nmethacryl ate copolyners (e.qg. ;

pol y(ethyl ene-co-vinyl 25 acetate)) as well as blends thereof. 26/02/2007
endot r ache O BEBE4and tracheostony tubes are nade in a varkcarysos/od7io
configurations and sizes, the exact dose adm nistered will vary w th device
size, surface area and design. However, certain principles can be applied
in the application of this art. Drug dose can be cal cul ated as a function
of dose per unit 107 WO 03/099346 PCT/US03 123/7 6710 2 2 0 0 9 area (of
the portion of the device being coated), total drug dose adm nistered can
“be neasur ed® BiFETERsROpedimest soxbadicic onitexdntahepsSluofoasdil a6 ug can be

det I ned. f t hod. of plicati f the d to th
endot 1 aohes TARE B OPRUAEAI0BR Soalind, aties i Biasswisecaiive andairachgant s,
“Gosi ng gul 6l | nos. o) Ha e Ao s PR B e Bl imbiRe g | O

dosing quidelines: (a) Anthracyclines.
doxor ubi ci MeiBotEn@tesamplse benrsefiidor tizpbmbobiamnt RS lcIsPRitinGRt | N,

i ncor porgat I 0f, olyners. .which make up the endotracheal tube or

trac heog? oﬁgdljtog%%e% @%ﬁg ﬁgﬁ\esa}c%&ty FgaigshPseiiopanasaerdgioasa.iteey owl glser, t he

t ot al dosebeif 8ene kil G i ed 2 range of 0.1
AR DR PR L SR8 SR [ p gy - ©

to 25 ng). In a particul ar erred e

drug appl i Evesplguanness: (ahas beoatingappliedlioght @xterf8l suFRed@aR: Per unit area
s .a function of the surface area of the portion

i.e. th f .d

E):‘ te he eﬁd%ﬁﬂr%g@?iﬁg?' “t’%%g’ &?Cftﬁ%mb&h%{;bhaﬁb@cwﬁmmedmme mtapal | ed 15
d/or i i it hi f.0.0 - 100

T of | Suronan saldee HHE Cotiraoiidl Rk oriead BRSEnSY idis: T 2 GRABBLDY of n

shoul d1®e anplipd teeall ooparteeofdiut sufabes lankith ¢d ThcbipdFREa FHe B h&gﬁeﬁyr face at
noh- pol ymer

a dose of 1h (g%]rrmz - éq%gg/rmﬂ. As different polyner and

coatings Wit FEPRdsgthe frapiesliube odiragheastamy tbes, the above dosi ng
paramnmeters should b gu g i ination wth the rel ease rate of
the drug fromthe e%ﬁ%ﬁ lrxgégﬁgg?f, @ﬁj‘%@gggg&) ra}'PQé‘Ff@o diifotigekeal tuheee such
that a m Washeostom et wiiiaNowcactdriocidd AhuMedbisEtRs 43iSidh heaifRime@l ned on

t he surface@ﬁkt Is necessary to insure that surface drug concentrations
exceed cofERFIG SUITBAR thus m@dheiincidenceoftbtemcherial edloaization (and

15 subsequent development of pneumonia and sepsis), while producing negligible

systemic exposure to the drugs. Although for some agents polymeric carriers are
not required for attachment of the drug to the endotracheal tube or tracheostomy
tube surface, several polymeric carriers are particularly 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 Biomaterials}), acrylic
or methacrylic copolymers (e.g. poly{ethylene-co-acrylic acid), cellulose-derived
polymers (e.g. nitrocellulose, Celluiose Acetate Butyrate, Cellulose acetate
propionate), acrylate and methacrylate copolymers (e.qg. poly(ethylene-co-vinyl
25 acetate)) as well as biends thereof.
As endotracheal tube and tracheostomy tubes are made in a variety
of configurations and sizes, the exact dose administered will véry with device size,

- surface area and design. However, certain principles can be applied in the

: 'app!ication.of.this art. Drug dose can be calculated as a function of dose per unit
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mul tiple species of bacteria and fungi (i.e., are in excess of 104 M :
al t hough fvg(r) ﬂ%% sone enbodi nents | ower concentrations are suffix3£nRy2007
a preferrei®&ibsHent, doxorubicin is rel eased fromthe LGEXFUSOFIGE ¢ he
endotracheal tube or tracheostony tube such that anti-infective activity
I's maintained fora period ranging fromseveral hours to several nonths. In
a particularly preferred enbodinent the drug is released in effective
concentrations fromthe endotracheal 108 23/02/2007 WD 03/099346

PCTI US03/ 16719, tube for a_period ranging from1 hour to 1 nonth, while
rel ease fr gH&(of E%B%PB&NE dauice hRing ¢oatedydotal drg dereyadroinBtenedtdas. | t

shoul d be peadh | Lygn. the di scussions provided herein that

anal ogues aﬁ?%(ﬁe%'ﬁfl%@g@ﬁrgg hx%o‘%}(g&\? i QR 5@'0@&‘@ ?FB%SW ly) with
sinilar fudeteirimel. Rdgavdieys 6melfethbldf 2BPlicatbAlof tedRIBIgES. Of this

I nvention; the above dosing paraneters are then adjuste according to the

rel ative pBRdai@eheal luhe oatrarbepsiomy tdes.ilvepreferred aoticareeedgémtist bsed par ent
conpoung ( . hLce as tent as, doxorubjcin is, adm nistered
at hal fS]t pdiokh 83&*%@%&@3“%'%%@@%%@%U“&ﬁefﬁaﬁ ollowing 4esing ubi cin i s

admi ni st erguidelineswi ce t he above paraneters, etc.). 10 Utilizing
m t oxantrone as anot her exanple of an anthracycline, whether applied as a

pol ymer coating, i néarpothaaeyclineso Ylizinytherantisrachilioe dodoeubicin dshm
endotrach racheqst o tube, or applied without a carrier

?Ol yner, ff%ﬁé:c ri%fgyﬁ%gérea%@i 'alsttﬁ(r%?llﬁ’ g &0 i @W@Eﬁ%'n%ﬂ"e@@ﬂ!ééﬁ%t ngt )
range of whicKinakeGdi odj _nment , e. . -
total anount of drugt 1% <'I;11gglrfﬂce;d‘!ﬂa'slﬁlf)’:;lﬁa{[’drt e |e;r§%t(}fne)p§lg’fﬁgt'reor"§%r%ﬂ%gﬁ to 1l ng. . .

The ddée pepliethwitheutenciricepolyher, thetotat dae off digkonsbicinfppiiéd SRoGH nobe

surface ar he portio f the endotracheal tube or tracheostony tube
t o which &%ﬁ%gé g% gﬁﬂp&f"é%e aﬂ%‘ﬁ(ﬂg PRl it @ gprtigalilypretemed embedimente r ange

of 0.01 j itk totdQ ; ri I referred
embodi nent, ni tomﬁgﬂg @ho‘ﬁq"ﬁablgé‘t’ggﬁ?%ﬁﬂ%é ﬁ?\%@ﬂ&étﬁiﬁéﬁf@ Eﬁﬁeor 20

t r acheost pRyurit areas(ief theeradurtt of dagy a§ aGulEoPOIMNE suRadamlof tAs di f f erent
pol ymer andnnon-@’(‘)I én;?r coatings will release mtoxantrone at differing ‘
rates, thBOMORSSHqBedottchsabivbear irachgostamydube ito whish drugéoappliest i on wi t h

the rebeaghdbrindoRjorated) should fall within the range of 0.01 ug - 100 pg per mm? of
surface area. In a particularly preferred embodiment, doxorubicin should be
applied to the endotracheal tube or tracheostomy 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
20  combination with the release rate of the drug from the endotracheal tube or
tracheostomy tube surface such that a minimum concentration of 10”7 - 10 M of
doxorubicin is maintained on the surface. Itis necessary to insure that surface
drug concentrations exceed concentrations of doxorubicin known fo be lethal to
multiple species of bacteria and fungi {i.e., are in excess of 10 M; although for
25 some embodiments lower concentrations are sufficient). In a preferred
- embodiment, doxorubicin is released from the surface of the endotracheal tube or
- tracheostomy tube 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 from the endotracheat
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the drug fromthe endotracheal tube or tracheostony tube surface such that
a mninumconcentration of 10"5- 10-6 Mof mitoxantrone is nmai A3 02d420G7
i s 25 nece¥@PIO%ISi nsure that drug concentrations on the eeHhaBacAsceed
concentrations of mtoxantrone known to be lethal to nultiple species of
bacteria and fungi (i e. are in excess of 10-5 M although for sone
enbodi nents | ower drug levels will be sufficient). In a preferred

enbodi nent, mtoxantrone is released fromthe endotracheal tube or
tracheostony tube surface such that anti-infective activity is 109

23/ 02/ 2007 ubpfgzy RS ERABNEIGG/ fkdT0 3/HbRif 18 1 MBbith 2 AR rdi&dseFrdif'sl 0d rangi ng
from severatl, hggrs to several nonths- In a particularly preferred

enbodi nent , TAMECHPTY e woulkhrasge fone fdayttd emonths e it sheuldos reddilpm t he

-endot r achealyj ivbAf rd r ing . fraom1 hour to 1 nonth, while

rel ease fror\#ﬁrgg%ﬁé%%?g%ésﬁ%e&&ghpg neé?faé%ﬁ’tr%ﬁ%%éfnﬂcﬂeé”%mshﬁ. | t

shoul d 5 beloxeadidiry(aswietenbed)preioushg viinsamash fﬂ@%ﬁ&b@éh@ﬁg ARt &f'l'g? e
é Wi

anal ogu%fs z(grcl derivati ges_ of mtoxantrone (as descri revi ous
si mlar -t uf®t'8REPOsEs oY fhiginvealion theiabove dosing patanetprs remsn afiubiigs

[ ti ; at | t th 1dj ust ed ' to th
ol ative ot onaneqy i R R RVEH TS alolers & deatbintn euared ko tear ont
compound (BT compomaley ot AANiED ks BBt T QARG RS drinistorm o

adm ni stereg a}éhhalf t he above paraneters, a conpoun

m t oxant r oRe'3sNg @hPKe PREmsien atommmounddaiibmy potpar aseseirabicktis. ) . (D)
Fl yoropyr i gafi It bli7.) e fluoropyrimdine 5-fluorouracil as an
exanpl e, whet Y?Fegﬁégpptlk@ééggeég%vcﬁ@ﬁf@me%ét?tﬁ : incorporated into the

pol yel@ _whi ch mak &ibiang wtoxaA0hE50 8Rbird RRafold SARNSABLTMLLPE, or

applied without a 15 carrier polyner, the total "doSe o

parti ou Srﬂwgemp"e*@éwﬂ’gm”@at"“?ﬁ"@?”?"?m”@ e Pop oA IBAS shoul d
particul ar, r odi nent , e total anmpunt of drug applied shou
be in the Pﬁﬁéﬁﬁﬁﬁéﬁ%% OZE{F%?@@%*H@YJ&@@. Peappligdiwitheuta caimes. t he anount.
of drug agolyrhemtticitoml 8bsd f rtion, of he

endot rach?)zzdj t ube or trast;:h{zf(&))rgtﬁ ?@@ﬁﬁgﬁe‘aﬁpégﬁﬁgﬁx%%gmq éﬁ”%ﬁ]ﬁ? or 20

i ncor por at’dth G kbRIMg)s dn b particulariyt preferasiyembbditheht ABe toth! Mol of of
surfagg g dd Bgrtghcul ar | % g" eferred enbodi ment, 5-fluorouractl

shoul d be Eg’?ﬁ | e'g“@do in the range 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 endotracheal

tube or tracheostomy tube to which drug is applied and/or incorporated) should fail
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 endotracheal tube or

20  tracheostomy tube surface at a dose of 0.05 pg/mm? — 3 ng/mm?.  As different

N

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 endotracheal tube or tracheostomy 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 multipie 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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t he endotracheal tube or tracheostony tube surface at a dose of 1.0 gg/m®2 "
- 50 g/ As di fferent polynmer and non-pol ymer coatings will 23 @2£2007
5-f uorourvgl‘aﬁ?m”éﬁ‘; differing rates, the above dosing par afé18R934HaUI d be
utilized in conbination 25 with the rel ease rate of the drug fromthe
endotracheal tube or tracheostomnmy tube surface such that a m ni num
concentration of 104 - 10-7 Mof 5-fluorouracil is maintained.. It 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.eMmaiptained f@rxwgembrangmg frovn %Iverabhghra‘i@rswerm mﬂfrttbsil hezmts | ower

d 110 2 99346 P S03/ 1
Q9. ubo ZBARRBN) breed UG AR 1% (elhske Bueicie F%nf@agr@aomm
the endot r gehank ehdbfadied Eﬁéﬁpﬁtp%%dtr%né%hw%ﬁwféh Hlﬁ'&h 3Pk | N ective

act|V|ty is maintained for a period ranging fromseveral hours to sever al
mont hs. | nfedeasegamm |adcﬂcélebytqmyembervaw|®rm’(g¢| ﬁn@mﬂ dayto Smonths it ehedded i n

ef fecti oncetrat S. romthe_ endotrac tupe for a period ranging
From 1 Rour® [t FBeRl SiRn e el Wuhes s Bos g doul o'+ ange
from1l daydérﬁ,aﬁ ég)at,lﬂﬁ At L5 ssions
provi ded herei nvt hat a{?])cfal OroiggHgﬁgsaﬁJ%I VaHo&g?Yhﬁﬁ%ﬁ T%r\grﬁﬂﬁtrgggl ﬁb‘?ﬁl@
descri bed ganche Uulale;i)fomhelpwpmndsmf tifis motantioa) thecibovietdosirgaparbmetérsldreed f or
t he purpo ntio above dosing paraneters are 10 then

f
adj ust ed 35%%%91”% ﬁ@nggp r@Ea 'HBPQI‘E’}PVcﬁft'i‘?i@“ﬁﬁﬂl‘@@ué‘eﬂ\’at&@rﬁﬁ/at i ve as
conpar ed t&rﬁﬂlﬁeeﬂ) %tpé}gwlﬁ I(?q he&ﬂﬁp&ww'& ggggﬁmq%ent as b5-

fluorouracil Is admni'ste ove parane conpound hal f

as pot@®ntmitoxabirbhe is admintsteredsat daifithe abeve gagiméters; @ ddmpaeMealpag amet er s,
etc.). (c) Podophyl otoxins Utilizing the podophyl otoxin etoposide as an 15
exanpl e, RRMNH&S BiyEEangds admmisieed atdwicethe dbeve Pgmmetess.iated t he

Bopl i od i thout & ElnbRSyRHRIGEE iy B Rond NGRS oMbl e
shoul d noanexaeete, 2bhatber 4pHiodesa p&ymepgoamagffmmbordtéu fmdpﬁ{ dp@ewn@ré y
preferred enbodi nent, the total anount of drug applied should be in the
range of Whigh mgke upghe ehdolacheapibenritrachgogiosay (ubeeor ap@iedwithmut & dr ug
as a Tuncth o, phivhils, FH AT God 57 ﬂLortor&?aéaloéﬁph%H Phuld ot exceed 250 mg
(range of 1.0 pg to 250 mg). In a particularly preferred embodiment, the total
amount of drug applied shouid be in the range of 10 ug 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 tracheostomy tube to which drug is applied andfor
20 incorporated) shoutd 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 endotracheal tube or tracheostomy tube surface at a dose of 1.0 yg/mm’ - 50
'_uglmmz. As different polymer and non-polymer coatings wilf release 5-fluorouracil
at differing rates, the above dosing parameters shouid 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 107 - 107 M of 5-fluorouracil is
maintained.. It 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. arein excé_s_s of.1(_)“" M; aithough for some embodiments lower drug
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endotracheal tube or tracheostony tube to which drug is applied and/or
-incorporated) should fall within the range of 0.01 pg - 100 pg R2&/ 02226107
surface aMe¥P4a particularly preferred embodi ment, etqgResigssheoul d be
applied to the endotracheal tube or tracheostony tube surface at a dose of
0.1 pg/m2 - 10 25 pg/ mR2. As different polynmer and non-pol yner coatings

W ll release etoposide at differing rates, the above dosing paraneters
shoul d be utilized in conbination with the release rate of the drug from
t he endotracheal tube or tracheostony tube surface such that a

| foncent r at i GMelswillloe Suffidiebt)Mimb peéfepedichebddimBRl, BifRioRSittaci i r%%asé‘@ﬁ%ﬁar y

0 insure ttﬂ%ﬂé@tr%‘g% @rug concentrations exceed concentrations 0 1

23/ 02/ 2007 7deshibeertiashepstemyduis swoatedsudbrtbanantbinectiveabmint 0 a
variety of ibariibingd 3% bEH rdhhi e in excess of 10"5 M although for
sone embodi r;glnts {;ower dEr)uglj |%ngn§ijfr Iseﬁ%ragﬁ?‘f"isif’éﬁi’?r.al Menths. Jpeéf er r ed
enbodi ment Pasictlsulyi tefarredreshisasieent HEHUAGS SHBASSE] heal

tube or 4 rzhg)laqe%sto tube such that _ant'fd-gi %f ectﬁgmgﬁe}b% %ﬁéﬁ%s‘ai ned
for a perio ereé}r{’)épﬁ@hf?qjélﬂﬁ%@\?ér%mﬁdangng(ﬁrogevdnoaf tovoridigh, Whilea
parti cul ar kMefsch6s" ' the . drug is released in effective
concentrations f {%fﬁ%c’?ﬁ&%%%ﬂoﬁ?(mp%ﬁ&mg ¢ octimosths. dshouldn 1 hour

to 1 nont hbewerdily evideabigiveh tieniigcuddi Sidetdh g@n from1 day
to 3 nonth . sho‘glg_ﬁjlabe readily evident gi veeﬁéspﬁré |§CL¥£U%|Q%E]Q provi ded

herein th a@erg{l y%a . g@u&@qﬁli(_eaﬂiee@ad_f prédoeslgpwith dimilzFusiRnbl Kality
e Lt A i,
e TR b i HfE el
. . he | pdtahf ags- potent as
Gy vt QAR aE BB 8 oAl eSS immoi mamoopstiatiid
Goxor i o or i oxantone o Prseod MGt o BRAEARIER B, 0.
folic acid ant agoni{®d Podophylotoninsh bitilizing tied pedShHASIORA MO BIdSs 8- 9
et oposfigde by SABIP Fhether 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 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 appilied shouid 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
endotracheat tube or tracheostomy tube to which drug is applied and/or
tncorporated) should fall within the range of 0.01 ug - 100 pg per mm? of surface
area. In a particularly preferred embodiment, etoposide should be applied to the
endotracheal tube or tracheosto_my 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. Itis

- Necessary to insure that surface drug concentrations exceed concentrations of
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20 utilized to enhance the antibacterial activity of the endotracheal tube
or tracheost 015?/ tube coating. Simlarly anthracyclines (e.g. A0 RBRGI0T7
or it oxaKOOHNEF £ uoropyrinidines (e.g., 5-fluorouraci IBCTYWAGAC d

antagoni sts (e.g., nethotrexate) and/ or podophylotoxins (e.g., etoposide)
can be conmbined with traditional antibiotic and/or antifungal agents to
enhance efficacy. 25 1. Infections Associated with Dialysis Catheters In

1997, there were over 300,000 patients in the United States with end-stage
renal disease. O these, 63% were treated with henodi alem s, 9%w th
peritoneal empgﬁ%.'@owow/mal o pepgetyiaf dasisiriarant fupgl Heﬁ@dn&lxy%ssof

ool o o8 B A e SR BT et PR BSRSD Bel SURAL RS, L
(AVF; 18% preferaecaemﬁbam@értwetbbbﬁa@ i FAéAsddURdHAIthy sBrfA0d 5 thaldridiotraMsdus

interposition graft in the forearmor leg; 50% or a central venous
cat het er (BPeyor tipsheeginew tube sugh thatastjunfectve adfivitsis Emhamlgé forf a peddg sat e

hr oughg 5- doubl ffed and |l |
gy g caat“?ﬁg“ff“‘tS%Q%@J”h%%&%&?%%C 3 &PSriciBaY arskeBaa | Tnfact i on
is the secgndodnﬁ@@ktﬂ{é?@gsgreieéséifﬁéﬁécﬂvé E@ﬁ&eﬁt?&tuhﬂé o me%téﬁ 2170 of

all deaths) after hear | sease. A significant nunber o those ections
are second#bg ferq perodiraniging fsomrbbenhmd mDntteIV\fhllel'élelalemﬁthlnahyS| s Access

R e T e
henodi al y?é\ﬁde’#ﬁ?%ﬁ thguRcl8siBhe gﬁxga@ocﬁ@rwmt Qﬁalgﬁg&]‘?é{w@%' APatfsiof (Wi hin.

nont h; thought conplic n of surger nont h;

t houg hto t (etdmarcm (atise:téstcnbaat peaaol,is}y)oatree.rmu@v&mcaoﬂaimmt)pem be ,utihzed
appr oxi matel% 2% of AVF s, hecone infected while 11- 16% of PTFE grafts wll
becone i nfEcheRURPsss qf fhisinysiion: theahowe desingRriaMetersareitan adiisteds ul t

o e SEL IR o DR B4E OB SR HhASE ! AR BB e
cont am natpaent ciﬂmonlndt(e@ommpmmﬁetwmf ad pteat hoBtdpdeideds administered
at half the above parameters, a compound half 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-fluarouracil), folic acid
antagonists (e.g., methotrexate) and podophylotoxins (e.g., etoposide) can be
20 dtilized to enhance the antibacterial activity of the endotracheal tube or : 3
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 transplantation. Hemcdialysis requires
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20 St aphyl ococcus aureus, Ent erobac.t eri aceae, Pseudonbnas aerugenosa, and
. Coagul ase Negative Staphyl ococci. Conplications arising from he®li@RySion7

access grawoaidsed i on include sepsis, subcutaneous inf e%ﬁ' R e
aneurysm formation, endocarditis, osteonyelitis, septic arthr Pili@,gs
haenorrhage, septic or thronbotic enboli, graft 25 thronbosis and septic
dealth (2-4%of all infections). Treatnent often requires renoval of part
or all of the graft conmbined with systemic antibiotics. In a preferred
enbodi ment, doxorubicin, mtoxantrone, 5-fluorouracil and/or etoposide are

for mul at ed refdisle acesalih R MU Syrtace. of: the 113 WD 03/099346
23/ 02/ 2007 PCTI US03/ 16719 co#%ag%g%@g]iE}?"Ct%ﬂ)éagf‘i’nst"ﬁ%'??@yﬁ@ @ al ysis access

graft. The afieggyenousdistuie (A\AapI8%) viana spvbemd br'?@g{)mgfa%(ué@éllyaaspﬁffﬁoat ing
~applied to (NS na}l surface of the graft; ( as a coating applied to
the interna ?P monal [ CRASHigpgrat in He fgraarm: ordeqt/21%) ooy cestrat veoads ng

appl i ed 't o catHet@r(32gt B f . For.an AVF, the drug would 5 be
fornul ated i nt o_eg su?gi g@{on?ﬁ{)@gﬁgfﬂ{?g@gﬁ "EOYIFRE*E @Qﬁu‘?fgq'ﬂ'&is%? thraEghi st ul a
at the Sti the peritageuperia a Boulge andfod @gdqﬁnnénéd%ﬁﬂ)démBTal%fiﬁ?‘éétR%}e} nto
henodi al ysh% ? £SS f%@?ts wi. Il allow bacteriocidal drug |levels 'to be
achi eved | 0¢4 @-S&‘P onAfdialysis gmployaduinfestionus itheysedund loaditdg naesef
bacteri al obdexth fptdng ' 9 l,o t.of 10 infectious
conpl i cations, whil e gﬁ”ﬁ%ﬂ%ﬁﬁg@ﬁ%ﬁ’ %?éﬁgﬁgﬁgﬂ?@efe%ﬁ@@aqe@ Ahe drugs.
Al t hough f@gnifoans regwer sf iokg iRfetloradrbistEsnddry 15 e RN S8clRie
at.t,_achmenti&c’)egf the drug, several polyneric carriers are particularly

u

sui‘table f se in this enbodinment. O particular interest are polyneric
carriers such as polyurethanes (e.g., ChronoFlex AL 85A [CT Biomaterial s],

Hydr oMed640TM [ CT 15 Biomaterials], HYDROSLIP CTM [CT Bi omateri al s],
WDRGF%NE‘I&EQ@L&S iAsceseGraftss] ), acrylic or nethacrylic copolynmers (e.g.
poly(ethylene-co-ackylic acid), cellul ose-derived polyners (e.g.

ni trocel | ul ose, Cel KliNg¥&ailse patientsiiaye atdysfurcibhal inseurec Rispbesehapi onat e) ,
Soet s, PRGNS SRR oo T & g es
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
Py, N infraoperative contamination. The most common causes of infection include
| 20: ~Staphylococcus aureus, Enterobacteriaceae, Pseuddmonas aerugenosa, and
~.-Coagulase Negative Staphylococci.

Complications arising from hemodialysis access graft infection
include sepsis, subcutaneous infection, false aneurysm formation, endocarditis,
osteomyelitis, septic arthritis, haemorrhage, septic or thrombotic emboli, graft

25 thrombosis and septic dealth (2-4% of all infections). Treatment often requires
-removal of part or alf of the graft combined with systemic antibiotics.
In a preferred embodiment, doxorubicin, mitoxantrone, 5-fluorouracil

and/or etoposide are formulated into a coating applied tc the surface of the :
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20 An effective henodi al ysis access graft coating would reduce the

i nci dence ‘Qé §§9§gl I cations such as sepsis, haenorrhage, thronbosi3®/02/2007 -
8 #%ditis, osteonyelitis and even death. An PETYE®#1678 coat i ng

enbol i sm
woul d al so decrease the nunber of henodi al ysis access grafts requiring
repl acenent, resulting in lower nortality and norbidity for patients with
these inplants. 25 As henodi al ysis access grafts are nade in a variety of
configurations and sizes, the exact dose adnministered will vary with

devi ce size, surface_grea, design and portions of the graft coated.

However , c&PTROACHF Of e pushetichemodisisisearcessgrafe Eppiliugis)ican bef this art.
Drug d ; L f d it f th
por Ui on of “PRIRANSRLER Mol (3 48 Bhhy Sop S B 0E cxtatet wlerSet ey v

03/ 099346 QG0 )2B0F coRIBY AFHNBH16 TH irtarmahfuriinas YLAdca ot RP@%P
surface copcentrations of active drug can be determ ned. Regardless of the

met hod of HpFSiacR3lBE applied o al agpars ohkothiserfodesl Fai an AVEdhe duugiould he
f d ' - : | ' nbi natiqn, should b
D i < or 25 arARAEd RGBT bR Ao arbing FRECuaRe o} T fetbkies) e nes.

Utilizing trhe cfistiigeacycl i ne doxorubicin as an exanple, whether applied as

a polymer coating, incorporated into the polymers which nake up the
henodi al ysi s access Djbafcoatiognpbmsirgg sogoraitorDaty bemodialybisf daeps gedfts

houl @ not I HudabBiee ) BiglBRs o6 B2 aoRiedon iy onyhS arakpurass, ARy

pref er r ed réBueing bl iNERbncé BELAGEARI I toR arl %@%QB%@&L@%&&&?& in the .

drug as .

range of 1fpg_to 5 ngy. The dose per unit area (I _ e anouln
a fund@ oihigetiquscanplicatiens, avhile wbdutiag pegligible sykterie xpoDgteabyisd S access

graft to i .S applied and/ar incorporated) should fall within the
range of Wﬁp@{hﬁgbgorpgﬂﬂgpg Qfﬁy@ﬁ'ﬁ‘? sRigersarenotiraqeirgshiori cul arl y
pr ef er r ed agabOHEARSThe BRI S80S h&dl ' g al ysi's
access graft surface at ﬁjf:iij?dose oP°W8&Fﬁ1{$§gp‘%b§gﬁ}‘fﬁ@%@§b§& Y%t ent
pol ymer —alitthiempodigiant. € partitgdaninierest ake psignibps WanbsisucRtsdi f f eri ng
rates, th bo dosin ra ers should be utilized in conbipation with
Bt etth Lt iamaley il
the rel B2 Gl brangHeoRl BRA [GE Riemaleyisls], HydrobMedgaar't [Glr f ace
such t5at Bmaterials), 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 copolymers (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 fower 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 appliqation 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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m'ni nrum concentration of 10"' - 1047 M of doxorubicin is maintained on the
-surface.-} 20 it is necessary to insure that surface drug conce@¥/1248607

exceed con®EHBPABHONs of doxorubicin known to be |ethal tpmidosidie

speci es of bacteria and fungi (i.e., are in excess of 104 M although for
sone enbodi ments | ower concentrations are sufficient). In a preferred
enbodi nent, doxorubicin is released fromthe surface of the henodial ysis
access graft such that anti-infective activity is maintained for a 25.
peri od rangigg fromseveral hours to several nonths. In a particularly

preferred c@ @dmemwedawappu@pnaterﬁjr%@é%@nbéhtﬁét&)ﬁgtdf%m}‘eo@%g%h [ ons for
a period rgB%Eﬁ% m1l week - 6 nonths. It should be rea Sdent
gi ven the ?P 9apless elihe mesthpd of Applicatian ogtmsdmgdod&a"l vatives of

. doxor ubi ci hefa8 wi,th simlar functional activity can
be utilized for'af}ﬁ?%dﬁ?g%%ré"@‘r §¥‘=‘ ?’%fé{y%dl%"tﬁane%?m@ssé/a@wwo

PCT/ US03/ 18TMBINGiare should bet diminkaered iR thoBI AL Yosinly G iddpRead] Ust ed

accordlglg to the rel %Ae%potency of the anal ogu I'vati've as

conpar et to the par SYFinese . ilizing the amttoaoykiine dogoabiddobedh as

doxor ubi cigkangmia f the bove aranmeters, a conpound hal f
as potent as oxoruéti)’l.'m |s agg]ﬁéfigmgf‘é P e 'f”f?éi'“@thﬁcﬁ’@bmp%{ﬁaneters

etc.). Ut iwhieh ngkeiupdke himoditlasgs 866838y racycline,
whét her app ﬁh d as polé_| r cﬁstl ng, w’%@?p gtﬁ%@{sl(g{t]o@?%ﬁ g’g}hﬁﬁers whi ch

make up t e%@ﬁ’ ledyyi os;éa@@ma;mﬁmrsmenows dBae bbdoxuruBiein 5plied O

appi i ed wi t r he .t dose of mtoxantrone applied
shoul d notShgglgenegeg%d él%&gqg%@ge%o ﬁ)”@fo% 1g)- Jnigyparticwagy peaferredi| ar | y
pref er1|0edembl@ddnerﬁﬂihe trothfaam@hai of dHIGWRbli&] sﬁ’d&i‘@b@ﬁﬂﬁee%nﬁgog' d be g1 the

range of Q. 1#_. % to 1 . The dose per unit area f drug
as a funcf%rA"8 °§ﬁé’e§wﬂlf atsd (apethecimourd opdritg a9 adiindtien ofhﬁ@?&'fz?é(?’a s

d and/ ted houl d fall
W thin Cnaer e BoRgnErHE: hemagRlys Ko gratt owibhcmimsmpied aador |
parti cul ambgrpbﬁated)@mfu[mnaﬂmth@ef%gegg Q@@é@l‘b&gl d pe fs\fr%;g' ed to the

henodi al ysi s access ?raft surface a
di f f er ent?F8i VhaPagh aﬁlymrefmleyirmnbmmmenn@ﬁjxwdﬂlcrﬁ @h@@a%éﬂﬁﬁéa%f@e at

di ffeyq Nthdrddisiysib E@c@s%oﬁlr%ﬁds%?facg at a dose of 0.1 pg/mm’ — 10 pg/mm?. As

different polymer and non-polymer coatings wili 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.
i ;} 20 Itis necessary to insure that surface drug concentrations exceed concentrations of
- doxorubicin known to be lethal to multiple species of bacieria 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 hemodialysis access graft such that anti-infective activity is maintained for a
- 25 period 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
provided herein that analogues and derivatives of doxorubicin (as described

previousiy) with simifar functional activity can be utilized for the purposes of this
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parameters should be utilized in conbination with the release rate of the

drug fro nodi al ysis access graft surface such that a m @3dM2/2007
concentrgtwé)ﬁﬁ'gpﬁggﬁ 20 10-6M of nitoxantrone is mai nt aPf&FS0F671%

necessary to insure that drug concentrations on the surface exceed
concentrations of mtoxantrone known to be Ilethal to nultiple species of .
bacteria and fungi (i.e. are in excess of 10"5 M although for sone
enbodi ments | ower drug levels will be sufficient). In a preferred

enbodi ment,. m.toxantrone is.released fromthe henodi al ysis access graft
surface 25'“%’%'1':410% ﬁhﬁa%Wﬁ dgsipgp ria\%eqﬁ'@tqr@i”i‘?ﬂ pdiupiedAcsPrling fotheseftiveod
ranging fr AEVENBL an ' referred
enbodi rrent@c{nﬁe@%rug iasa%gﬁgggﬁﬁ?ﬁi%? g@?ﬁ%@%ﬁﬁ%‘%ﬁ?‘%‘? %ngg% [" l3érf (‘g‘gpé’ri od
rangi ng freampounsidivice @& potenhas doxdrublvinuischdmsinistadd lay haW tiskeabowgi ven t he

di scussi ons_proyi ded herein E‘h?t anal ogues and derivatives of mtoxantrone
(as descri%aé%“ﬁeé i HEINPYURG DAT 85 poteqt a6 doxprubicin isagministered at twice.the. - - -
---- W3 0345&98%%@3{6%/63&?7 PCTI US03/ 16719 activity can be utilized for

t he purposes of this invention; the above dosing paraneters are then
adj usted accordi ng Wtilizihg miilelxahiruse petandther ekairiple ehel agieadycliinger i vative

as conpare o the parent conpound (e.g. a conpound twice as potent as
it oxant r dﬂ’@t‘ﬁ‘%' a(i’d’r'fg& A8 Bhlymat coating. incemnasated pkr themolmaersaviishpked hal f

as 5 poten | VA ' L, N Ste t twi th boye.paraneters,

etc.). (b)dplélﬁiéjg?lg{gyrl rg'%lgﬁ‘g%ésar?ﬂ :@lfmrtl]gési Qggrp ﬁu"éﬂlgg@ﬁ- i gpﬁgecgﬁ'ftﬁﬁ"gr%ur aci |

as an exaapiee polynedrhite tataptosslopmitexattoneappliedishbdid ndtexXceed 8tmg i nto the

pol ymi;'rgs (vvhich make up the henodi alysis access graft (such as Dacron L
n),

or Tef | ragge ofB0)% nghtonp Mudn a ragticularly preferrast embpdimantathedotsd of

5-fluoro | @ﬁPJ“' t. . ceed ran of, 1.0 fo 250
ng) . uI n ghg?rub i a[r’%%pg?@? é&#ggm lég@%)éql}ggan,%ﬁ?ﬁgq?g}trgpgi%g%e&epﬂpltg
appl i ed sbmead (debitel amblre of dRGPadh fACDN ST tRE sufffice 3Rt SFARE PeRiorttiithedr €2
(i.e. the amount of drug as a function of the surface area of the portion

of the hehd@Pdia)sissaceess gsalticavhichsirupiscapplied gndiordppirpetatadpsimuid fall
nepr oo st ROPAG kb 5L B PR e e PP o
shoul di5 beprfsrrédembediment, mitoxantrone should be applied to the hemodialysis access
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 hemodialysis access graft surface such that a minimum concentration of 107 -
20 10° M of mitoxantrone is maintained. It is necessary to insure that drug _ E
| concentrations on the surface exceed concentrations of mitoxantrone known to be
'i_etha! 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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t he henodi al ysis access graft surface at a dose of 1.0 g/m®2 - 50 pg/ m®e.
As di ffer%wﬁglé_{nﬁr and non-pol yner coatings wll release 5-flapf@pyagd7
at differing ?é’g, t he above dosing paraneters shoul d bePat/i$waedsi n
conbi nation with the release rate of the drug fromthe henodi al ysis access
graft surface such that a 20 m ni mum concentration of 10-4- 10-' M of
5-fluorouracil is maintained. It is necessary to insure that surface drug
concentrati ons exceed concentrations of 5- fluorouracil known to be |ethal
t o numerous wecies of bacteria and fungi (i.e., are in excess of 10" M
.al t hough f o t¥eanhe sdifizashios theopmmposiesior thevieventioh thetgboveWlokingi €nt) . 1n a

preferred ' -flugrquracil is released fromthe 25 hénodi al ysi s
access gr a?r'%g? gﬁ%ﬁ%ér%%gﬂ Ef(ﬁé'f&e%ﬁ‘?‘?‘?rﬂ'ﬁgé%m‘%/'@@tﬁei ratencyl of theemlagmedrf or  a
.peri od rangiengafiveons sevpad th e t In a,particularly
preferred enbodi nent t Ee drug i gaiegllt é@ﬁg%&}dn(%gf%%?ringgu%%ﬁg%@? BPEBhs for
“a period r&idPtRxanirpBenisl admwinistered atumifhise abovesparahtbtde A e8fipbYn@K5Fgat
given thg gjoﬁ_f.;,ltu §in‘ﬂg)§ Frr ovi ded herein that anal ogues and derivatives o
5-f | uor our acl ?as SOVPRRE administered at twige (37 abOGUBARORGISOEE)TTI2 / 2 0
0 7 previously) w tfn) Fidod fRet d<O Rl | Vi can be utilized for the
purposes of this i nv(Iemr)lt ion. "the a oévseﬂ%hzs'ﬁﬁgﬂepg#%ﬂ@i’wg’% ~uererragiliasst ed
accor di ng £8 Sx#@pleemhether appticd s v miiyrhérecaating ORUSrIRFatdg ity atd Nlydrs
conpar ed t@hfcp%mr%. corIBoggnfi ée. g. a conpound tw ce as pot enY as
5-f1 uorouract| e adhiif eraedialvats aceess gralt (selv as Dascomaontafion), on conpound
hal-f as poamitdagthout b YarRI HaRnher o] 8 at twi.ce the above
paraneters, etc. ). (c) Podog%%'l(‘)%rb@leﬁwbﬁ §{% ”?Wé’r%'(ﬁﬂmﬁ s mot
et oposide ¥EeEA 258 xagrfriange ohéithey teg0 ingdl RSa 9aﬂféb)ﬁ?§nr)pr§@f,fehhg,
mcorpora}rﬁ‘%dﬁﬁlg E%mymr_s whi ch make up the hefodialysis access graft
(such as Dacron ort BMeynt o deygrapndied shotidihe @ tbarangs ofoi ygy 25 t he
t ot al dosen@fn@tmsé ' t. .exceed 25 ng (range of 0.1 pg
to 25 ng). In f?ibpart iégﬁ" ar %é %e?ﬁ%h‘%“ﬁﬁ%fo%ﬂ@ﬁﬁ functien E’{)ﬁhalsuﬁﬁ@ﬁmt of
drug appl iep shibelpdrion ofthe hencuiggsio hedeRYrb 1S Wi i ied /i t
area (i. €.ind Eéo a@xnf_’ of dr ug__as a?? uncti ogg of the guq'ﬂgégggrﬁlgg%@fﬂqrhe
portion of "CHETAETR shavld Jalkwibipdhe rapoer of Q.6 paht ¢ imglpeigming oippifagd and/ or
15 area. Ina particularly preferred embodiment, 5-fluorouracil should be épplied to
the hemodialysis access 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 above dosing parameters should be utilized in combination with the
. release rate of the drug from the hemodialysis access graft surface such that a
oy 20 minimum concentration of 10%- 10”7 M of 5-fluorouracil is maintained. Itis
- 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
- thexcess of 10 M; although for some embodiments fower 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 5-fluorouracil (as described
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15 incorporated) should fall within the range of 0.01 pg - 100 pg per e
of surfacewoq,%%g%I n a particularly preferred enbodi nent, ;ﬁfﬂﬂﬁﬁ shioy o7
to the 0S

be applied henodi al ysi s access graft surface at a e of 071

pg/ M2 - 10 pg/ M. As different polyner and non-pol ynmer coatings wll

rel ease 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 opog i hntal: 1 s ne 0 jnsure that s ace drug
toncent r at Pratousy WM SRIAE fincbpy e R EAERY iz fRo e pitBsePEORE £o o
variety of ibasition;the abdvé doging(dar8mefir® altHRNGRESs18H akBoridY todhé RaLEe f or
sonme enbodi nents |l ower drug levels will be sufficient). Ina preferred 25

enbodi ment POENSH 8% thecanaogies eanderdvative mstcesnaiied i thepparenbcdropaitidaleys.i s

hat i -infecti tivity . i nt aj ped f i od
fangi ng fr omeBYAT 18 cAbal I Elotird i i Dal bR or el or r o
enbodi nént pakenstersg aicompdrirRpsacad poehf @&Sjﬂﬂgr&%&!?ﬁtdﬁﬁihg'fﬁfa Af tiic@er i od

ranging from1l week - 6 nonths. It should be readily evident given the
di scussi on#harknvedmiametersnetchat anal ogues 118 WD 03/ 099346 23/ 02/ 2007

PCT/ US03/ 16719 and deri.vatiyes .of. etoposid as ,descr.i bed previousl wth
simlar functional d‘&“’f’_@f’f%yiﬁﬂxﬁﬁ E{f'ﬁ?ﬂg pador _OtBﬁ’P[ﬁSg%%S‘Qﬁ ag ﬁ}/‘)s
i nventi on; exdfplab@KehdPabplicd 88 EPTRIRscaAliRg! RESrRTAIESiSE tﬁéfagfyﬁé?g to the
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met hot texadtejrporated) 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
_ hemodialysis access graft surface at a dose of 0.1 ug/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 -

20 release rate of the drug from the hemodialysis access graft surface such that a
concentration of 10 - 10 M of etoposide is maintained. It is necessary to insure
that surface drug concentrations exceed concentrations of etoposide known to be
lethat to a variety of bacteria and fungi (i.e. are in excess of 107 M; although for
some embodiments lower drug levels will be sufficient). In apr'eferred _

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. n a 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
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and/ or podophyl otoxins (e.g., etoposide) can be conbined wth traditional
anti bioti C.&ﬁo&ﬂ%ﬂ” antifungal agents to enhance efficacy. Sineg/02/2007
t hr onbogeni cI't #*4 he henodi al ysis access graft is assocpei@teiMdsh{dy an

i ncreased risk of infection, anthracyclines (e.g., doxorubicin or

m toxantrone), 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 hepar%a '\%xt ran sul phate, danaparoid, |epirudin, hirudin, AW,
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tunnel l ed (ﬁgélfgg}og'gzﬂrt hﬁ?t gr ovi de access to the peritoneum e’ nost
common peritonea SAruded perern that cerabingtions pbantheacyeliraishefd, cat het er,
the Swan Nemiorbbisimitrhitoxanirbsd £h -he. Toront o_\Western catheter. In
peri toq&zl dialysis, the peri t)(?)nléunﬂwté@&ﬂ- s@aq'sg'?ﬁiﬁﬁﬁ?‘mﬁ'lf@"%ﬂﬁr ane
acr oss i%ma%‘?ﬂ!%iﬁég.gcanetbetrexmhpa\gﬁﬂodmlbt@xiﬁggg_ﬁ_nteli%ﬂsw g%ﬁ%l ent. 10
Peritoneal sgi ahysis, infections are typically classi fied as rl\l F
peritonitis or exi lﬁ]ag]cg he éﬂﬂ@c‘?ﬁ'ﬁ' aetiviyref thée hemodiatlywi¢ accdsaigesfti ons) .
Exi t - si t e/doating! Siridr§&dritng racteri.zed by .redness, induration or
pur ul ent %i schar_ge(i f rr‘g?né t heéygﬁ???g'gt’zﬁéf’%%ﬁf éﬂ@éﬁﬁtﬂmﬂ)t i ons of the
cat het er . fpgiopyEmidings (esg.nbiiotoravin! Blic BBIEShEShi c gbdom nal
pai n, naug@gs, | S48 qntd system c evi dence of &hlgtg?&'g"%&ﬁgtrexgep
pOdophylotoxins (e.g., etoposide) can be combined with traditional antibiotic
15 andlgr antifungal agents to enhance efficacy. Since thrombogenicity of the
hemodialysis access graft is associated with an increased risk of infection
anthracyclines (e.g., doxorubsicin or mitoxantrone), fluoropyrimidines {e.g., 5-
fluorouracil}, folic acid antagonists (e.g., methotrexate) and/or podophylotoxins
(e.g., etopaside) can be combined with antithrombotic and/or antiplatelet agents
)* 20 (for example heparin, dextran sulphate, danaparoid, lepirudin, hirudin, AMP,
adenosine, 2-chloroadenosine, -aspirin, phenylbutazone, indomethacin
meclofenamate, hydrochloroquine, dipyridamole, iloprost, ticlopidine, clopidogrel,
abcixamab, eptifibatide, tirofiban, streptokinase, and/or tissue p!asminogen
activator) to enhance efficacy.

25 Central Venous Catheters

A variety of central venous catheters are availabie 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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15 I nfection. Unfortunately, the peritoneal dialysis catheter likely pl éys

arole i n.‘p‘%%}?”%%pes, of infection. In exit-site/tunnel i ;}%@ﬁggwggghgoo7

catheter itse econes infected. In peritonitis, the in

frequently the result of bacteria tracking fromthe skin through the
catheter lumen or mgrating on the outer surface (pericatheter route) of
the catheter into the peritoneum Peritoneal catheter-related 20 infections
are typically caused by Staphyl ococcus aureus, Coagul ase Negative '
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coating aqmé aed semipérenaabbenfembirahe acfdss wiith ssiutescemt baexetmdedd to the .

deep cuff; 0&@2 i ncorporated into the polynmers that conprise the graft;
and/ or (f)doy¥! & ceperitraliongiadiedld to a conbination of these surfaces.

Drug-cqating of, or o . ' | L.al wsls grafts 10
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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 itseif 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 peritoneum. Peritoneal catheter-related

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

infection is due to Enterococci, S. aureus or polymicrobial).
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15 in this enbodinment. O particular interest are polyneric carriers sueh
as polyurethanes (e.g., ChronoFl exAL 85A [CT Bi omateri al s], HyQGgwggﬁQQﬂy#
[CT Bi oma™&$38PPpe HYDROSLI P Cm [ CT Biomaterials], HYDROBdANEHM

Bi omaterials]), acrylic or nethacrylic copolyners (e.qg.

pol y(et hyl ene-co-acrylic acid), cellul ose-derived polyners (e.g.
nitrocell ul ose, Cellul ose Acetate Butyrate, } 20 Cellul ose acetate

propi onate), acrylate and nmethacryl ate copol yners (e.g.

pol y(ethyl ene-co-vinyl acetate)) as well as blends thereof. An effective

‘peritoneal dialysis hraptefanat émboddnt, do@uascih hﬁntoké]ﬁfdi'\%“?)-eﬂuﬂf' uracil
conpl i catign as, hospitalization, peritonoitis, sepsis, even

h
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of the devincerpbeitedintetieashlyméstihht eiHgrisofR G ﬂg(g{,,e(rf)e‘gs %%Qt dg’f nmeasur ed
r

and appr opr%)?tg surface concentrations of actlve drug can er m ned.
Regar dl ess? 2 cembingtion ochfmsecurrifacasof the drug to the peri toneal 5

dialysis graft, the E red nt l,cancer nts, used al one or
¢onbi nation, shoul Qplf)‘i (g%lmgnq Al 'W@P%E'HB intg| nesigneg! stfﬁggfgﬁﬁdel i nes:
(a) Antthr amﬂ'allovmeactehbmhal?drﬂ@lé\)é% ABdaa%ued B %?@Pémrkégg.%h%ug%tzégnga”p! €

whet her applied as a polynmer coating, incorpora the whi ch
nmake up t Kedysdng F‘@H@%&ﬂemwfmcyar@i ablonizatipo aedisabésquent devélapment f 10

Tef | h | h | d f
doxor ubi ciieEREr Bttt Bidng Sedlpis ruslgeicprmsirgiabeos ). 1n
a particudaidsy Ahelgh r&%on%mtgga&méd&%]érﬁ%g ar8 TRYRlaufibadhiid appli ed

should be in the range of 1 se per ea (Le_ the
“amount of aHaghnent of thedrigi aevalra! ﬂdiymem: taciers afeefaatﬁéu!éh?sﬁﬁtﬂé it 3k the

peri t qgeal, @i al X5 §mahal 6153 particu utar mtgrieléltg r:lrlespoallyrnlell'lce gar%re]:?s/ g{lch as
polyurethanes (e.g., ChronoFiex 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, 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
incidence of compiications such as hospitalization, peritonoitis, sepsis, and even
death. An effective coating would also decrease the number of peritoneal dialysis

25 grafts requiring replacement, resutting 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,

dgsign and portions of the graft coated. However, certain principles can be applied
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15 incorporated) should fall within the range of 0.01 g - 100 g per nmm? of

surface a§g@sndofysd Particularly preferred enbodi ment, doxgrubi @ haalod 7
be applied tosthe-l peritoneal dialysis graft surface at apd:g&)sogf%};égl g/ m¥

- 10 pg/m¥Z. As different polynmer and non-pol yner coatings will rel ease
doxorubicin at differing rates, the above dosing paraneters should be
utilized in conbination with the release rate of 20 the drug fromthe
peritoneal dialysis graft surface such that a m ni mum concentration of

10-'- 104 C i cdon. i S i ntai ned on the rface. It is_ necessar
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is released in effective concentrations tor a period ranging rom1 week -
6 nont hs. §houithbaldminisierediiingerdhe detliwing desing lyeiddiisestssi ons 122 WO

03/ 099346 23/02/ 2007 RC‘I;{{USO3.16719 pr.ovided herein that anal ogues and
derivatives of doxol@bMBiHag¥s 'Q@CPP‘B%'ES ths: aRth@gysine dpxrasubicis asean

f uncti onal ex@eiply] witeth aHidd A I _ 1S .4l ption;

t he above dqsipng pa? a@ng?@?lg ngsleé éﬁ%ﬁég&o %E’?%BH%O?@%%Z@;%@ ﬂ’le[ %Oe'w]éfsat I ve
pot ency ofwhieke makel unthe neritateal diallysiegest conpaients (sach 26 MadreRbrconpound
(e.qg. 5 ound twi ce as potent as doxorubicin 1s adm nistered at hal f:
Lhe e TehREARPiEd Wit hactamer avlymes the (at dase of slesptskien mpplied

adm ni st er ' c Ll zin 1 t oxant rone
e Manot hor gullndr¥keed 28 mNidide BFOTRS & 25 ikl 1l s pPHicyily efitehar
coating, iemimdpveat, e iotdl @amidunt pOURLIREASpliedi sHauRBtein the riRgé BE1 p@tbtapneal

di al ysi s ?‘Fﬂi%‘&g uch as Dacron or Teflon), or applied without a“carrier
pol yner, seqsy angrarea {igx e aBmenbpbiugdsshiuniction of trexwwtates ny

Loral_amaist oune goftion fihe peReRFbiag Galtfa WricraGite SRR 0000 - The
dose pér incdtporated) should fall within the range of 0.01 ug - 100 pg 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/mm’® — 10 pg/mm?. As different
poiymer and non-polymer coatings will release doxorubicin at differing rates, the
above dosing parameters should be utilized in combination with the release rate of
20 the drug from the peritoneal dialysis 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 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
25  sufficient). In a preferred embodirment, doxorubicin is released from the surface of
the peritoneal dialysis graft such that anti-infective activity is maintained for a
'penfod ranging from several hours to several months. iIn 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 .
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area (i.e. the anbunt of drug as a flunction of the surface area of the
portion of the 15 peritoneal dialysis graft to which drug is appliedaand/®y
i ncor porat P 0FHWAIed fall within the range of 0.01 pg - 20 &&Z{qpnng of
surface area. In a particularly preferred enbodi nent, mtoXa P &% houl d
be applied to the peritoneal dialysis graft surface at a dose of 0.05
pg/Mm¥Z - 3 pg/m¥Z. As different polynmer and non- polynmer coatings wll

rel ease mtoxantrone at differing rates, the above dosing 20 paraneters
shoul d be utilidzed in conbination with the release rate of the drug from
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WO 03/ 09932boR(TArdBRBé466ikY, | t shoul d be readily evident given the

di scussi ons provided herein that anal ogues and derivatives of mtoxantrone

(as described previ ddidlizing mitexantionilasrarfotnsrtxaRiie of&h Liinkyc,eRls De utili zed

for the pu Lhis invention, the above dosing paraneters are then
adj -ust ed a‘ﬁ’ﬁﬁfﬁﬁfﬁgﬂg'ﬁﬂ% PPRMSY coting, ingaegorated into thagiahguersavhich delkivat | ve
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within the range of 0.01 19 - 20 ug per mm’ of surface area. Ina particularly
preferred embodiment, mitoxantrone should be applied to the peritoneal dialysis
graft surface at a dose of 0.05 pg/mm? — 3 ng/mm’.  As different polymer and non-
_ polymer coatings will release mitoxantrone at differing rates, the above dosing:

} 20 parameters should be utilized in combination with the release rate of the drug from
the peritoneal dialysis graft surface such that a minimdm concentration of 107°- 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 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 particularty preferred embodiment the drug is

.re_leased in effective concentrations for a period ranging from 1 week — 6 months
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total anmount of drug applied should be in the range of 10 pg to 25 ng. . The .
dose per unit area (i.e. the anmobunt of drug as a function of t3A02720®7
area of theOPHYMt%ion of the peritoneal dialysis graft tPGHYRIEMRg is
applied and/or incorporated) should fall within the range of 0.1 pg - 1 ng
per 2 of surface area. In a particularly preferred enbodi nent,
5-fluorouracil should be applied to the peritoneal dialysis graft surface
at a dose of 1.0 pg/m®2 - 50 pg/m¥. As different polyner and non-pol ynmer
coatings will re|lease 5-fluorouracil at differing rates, the 20 above
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functional a_ctéi} v?tnggﬁﬂéggﬁhiﬁé?éggﬁﬁét et'gé‘r%‘gg sro%d%tfoghéﬁ@m%n; t he;
above 1@oswhigh prakerug theperitendah einlyst geifidueis asDtonen boTéleh)! & dplive .
pot ency of the 5 analrgl%llje or derivative as conpared to the parent conpound

(e.g. ac g cafiigrqotyeen feiptaldose of Sfsiosenrasit pppledisheuid spkexsgedt hal f
iy oo e 2R AR 13,0 LA B Ao LGRANER, e o
Utilizi ng tolabamodoipdfdrog @pplied hgad ibedn @ite ahgeldt RN 25 ) atheedosappl i ed
as a polyner coating, incorporated into the polyners
per unit area 8.9. the amount of drug as a function 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 ug — 1 mg per mm? of surface area. In a
particularly preferred embodiment, 5-fluorouraci! shou!d be applied to the
peritoneal dialysis graft surface at a dose of 1.0 pg/mm’ ~ 50 ug/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 y N,}
| the drug from the peritoneat dialysis graft surface such that a minimum
concentration of 107 - 107 M of 5-fluorouracil is maintained. 1t is necessary
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
25 10" M; although for some embodiments lower drug levels will be sufficient). Ina
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 make up the peritoneal dialysis graft (such as Dacron or Teflon), or
applied w¢thout a carrier polyner, the total dose of etoposi dez@mjggo(n

shoul d not ¥Q&¥eH ng (range of 0.1 pg to 25 ng). In a pagikeidedo Y
preferred enbodi rrent, the total amount of drug applied should be in the

range of 1 pg to5 ng. The dose per unit 15 area (i.e. the anmpunt 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
wi thin the rang?e of 0.01 - 100 pg per M2 of surface area. In a

particul arl| §10 Seflésmcaddbatreahnwm it gRRA Led t t he

peritoneal gf@% S?{%[ﬁ sgrface %t ba dggg@los]?n%”ﬂs Bﬁ)n%% ﬁtmz As

di fferent poly ) S asives of Wﬁﬂm@mh(agdemribedrmb&p@&@lyf&vﬂﬁ%ﬁh:%‘? at

differing ranetond:aet aneters should be utilized in

conbi nation wit h t hel\?tgﬁz\ég's%ogtgi?gd 5&%%8 WSSPF&W invRatignsthe ehe‘a& di al ysi s

graft surfa%'%@WaMrsaremmemjﬁﬁbdgﬁc%:r?qogfhe ?’Qgﬁzd&ﬁ@gﬂg OS' de is '
ru

mai nt ai ned Aa{lodéf essary to insure that rface §t i ons
exceed concen ”8? ¥t dpeempareadito ire parebtecdmbh@hdf aah‘@rﬁ?@&ﬁ/d of

bacteri a andicd%asd X cess of 10-5 ough or sone
enbodi nent s ;omerﬁag?'htésl?gg%@s?ﬁﬂ ® aﬁ@"ﬁﬂ’?ﬁdﬁ’ é?ﬂ’f)t e|aﬁoae paEinesteeda

enbodi ment Coﬁmpﬂéhdﬁasspommt%%sﬁimé ; f Ih i t oneal
dialysis gra %né;‘tuch at anti-inf ecr?ﬁf\/@gnygﬁ@ﬂs&%g a?#wcg Qgﬁéﬂ"? or a

peri od ran veral hours to several nonths. In a particularly
preferred enbodl ment .S _rel ed in effective concentrations 125
23/-02/ ﬁoo7 \/\0“03/ oég%bédgw?\?&’é'ffe "FEbth M’@fomgtqushewﬁén week -
6 nmont £xarg euWUeﬂherapﬁu@dlgsg bR u s ons or ovi ded
herei n tha‘§v \fﬁ ues and deri vaR ves ggbﬂﬁ'% "r"g) k lyBgrs

y

previ ousl YR therperitenaal dlﬂslrs:sagﬂaﬂ\(smm Q@Da@ﬁ)r%ﬁféﬂ%ﬁjjt %rlg')p .%f ted 5
uste

pur poses ofithdiits ove dosing paraneters are
according to the draglrl%t | \ﬁﬂ?{oi @’EHHPS% REelopasidgapplied deoildatot wrcan] zpar ed

to the pdrgfangewpout sy otent. as etoposide is
adm ni stgred "g&ﬁggl f q’fbr]fa %%(r)r\n/gg W?E’%e{&g‘ﬁés"wgégﬁﬁ’p Bth%neln é@eﬁ)ﬁi@bnt as

et oposi de 370U tMosarplied shoukiviecie thé earafecyrer g !@Wﬁéﬁj l? &3 per Ui

Combi [ oul d be readily evident base
NE8 | Qifed (19 #RYambint Yy fug as a function of the surface area of the pomon of the

peritoneal dialysis graft to which drug is applied and/or i incorporated) should 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 ug/mm?. As different polymer and non-

g } 20 polymer coatmgs will release etoposide at differing rates, the above dosing
parameters shouid be utilized in combination with the release rate of the drug from
the peritoneal dialysis graft surface such that a concentration of 10-- 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

- 25 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 peritoneal dialysis graft such that anti-infective activity is
. maintained for a period ranging from several hours to severai months. Ina

particularly preferred embodiment the drug is released in effective concentrations
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10 the discussions provided herein that conbinations of anthrac;gc?,l/iélze;' ‘
(e.g., d Ldidecl.,n or mitoxantrone), fluoropyrimdines (e.g. 2007
5-fl uorouﬁggiow)p%gﬂf%l ic acid antagonists (e.g., mnethot rexa?t(%fusg?{&mw
podophyl ot oxins (e.g., etoposide) can be utilized 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/ d ins. (e g., et i d be combi ned with traditional
ot bi or et aRding ot 1 wO PB T Rhaan i oBCitiRd (e eVidergiven tosa. o
Cent r al Neﬂismiﬁsqiraﬁmé@h@}eiﬁﬁhﬁlta%aidﬁ\(ﬁg%Hhﬁalr?'&ﬁ}ivég otaéi@%%tégﬁgéso” of

cerebrospinal fluid (CSF) in the 20 brain, is a frequen ount er ed
neur osur gi 8eFCTibedharaviaisharvith sigiler imctiomajectivibt carabé atiiimid fonthe i nf ect i on,
hemor r ha | gnancy. The i,nconpressible fluid exerts pressure on
the brai ng[Fng%%sg&!tthgﬂﬁ\é‘?'ﬁmBa Qe WP RramMeles aipdhenadiystedons shunt s
are condlui dopdigg /ROt ' L Y , ow of
oRling ftheMreldife YoM Id/ Urete Qﬁalﬁﬁiﬁ% Bé Glaﬁn \/_ratt&e(gs &{ntn X "Pﬁ? ltﬁ kpe

CSF fromthe brain to other body conpartne el reve

pressure. FEEeNdgImpiotndde.gCaFdnspalinddwiadas pateat ps ekigoeidetis Sabisteped number
of drai nagg hlaﬁglgtigns I ncl ¥di n% the pleura (ventricul opleural shunt),
jugul ar vel NNV EHIPRR RATAIRIT AP MPoyRd hslf gdatenls efeppsidadum (VP shunt ;

nost  conmeiminidfed§ %&%\%%Qé@g‘%%ﬁtﬁgl US03/ 16719 Unfortunately,

CSF shunts are relatively prone to I nfection, although the

i nci dence has decl i (g dmbination therapy. itehbaldagdrdadiy @Wdent bRERF@n as a
resul t,~0f"; roved surrgi cal. technique. Approximtely 25%of all ‘shunt :

0f ‘
conpl i'at iﬂl?)‘?]ng'sﬁ‘i’sé'%eo ¥ided hegeipndh ingforisrafanthreaydinesfe gshunt  and
these 5 ; iopi £ capte ol i gi cal. | h triculitis,
ventri cul aOxo@Blit 6 AR R D oribioss 18 o BRI RE T nephr 11 5
(with VA shiagbaibts (esp] mettestrexats)HriglodpRyibioxiny M.PGtop%ﬁb?haﬁ gkar dation

or death. %/bst infections present with fever, nausea, vomting, nualaise,
or signs HiZedde eakancs therantibastatial aghivity fithe perithnaal dialysia ghat ooatirlg. er ed

CONSCi OUSAES: . or.gani sns, causi n S shuynt ., infections
con Coagu?gilgarlme-gé\&rlgg@hggg W,O%oggalﬁmn oF m:toxan?rong), %‘oropynmldmes e.q.,
15 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.

J. Infections of Central Nervous System (CNS) Shunts

Hydocephalus, or accumulation of cerebrospinél fiuid (CSF) in the

> L2
LS

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 refieve the fluid pressure.
25 Ventricular CSF is diverted via a prosthetic shunt to a number of drainage locations
including the pleura (ventriculopleurat shunt), jugular vein, vena cava (VA shunt), -

galibladder and peritoneum (VP shunt; most common).
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(67% St aphyl ococcus epidermdis is the nost frequently isolated organisn,
St aphyl ococcus aureus (10-20%, viridans streptococci, Streptocaeg /2007
pyogenes, Weis#P¥doccus, Corynebacteri um Escherichia col |pcjlﬂ1§,9/§¢ﬂf%
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 foll ow ng
surgery. Since many of the infections are caused by S. epidermdis, it is
not uncorrrmn to fi nunfdﬁmnatdhemhﬁirﬂf, akerAaRRICHBAE tb Bbldlofin

"bacterial - H)(heg that protects the organismfrom ?he I mmune
system and e i g(!'a"i'?H?F'd%Feth% dasfised from 2B Foftvenlytyeathagetot@% t he

Tt S SR A

of a terrporary ext er nal ventr
addition t#8 lsrgl@ermhcatmmme duettm &\e@éml@pﬂléﬁt @mﬁfeesq bLthk %ﬁlhﬁpé(nd dthBQQr

therapegtl tts t occur if the shunt is left In place during
t r eat nent é#ﬁ%ﬁl%ls@f‘ Lcaf‘ Wé}?ﬂ/l}ﬁc@l%ﬁﬁp%éﬁé’dnmulltisevératcrtulahat many
NS shunt - oot neentlon, AeninBli: Sl BBV EhS, nhofs bulh Whsrotieh ae®

CNS shunt coating woul d reduce

ventri cul |&Q@res,eqmoatmamﬁe¢lmnmgtmntaalretémaﬁgn,orqggihnwggﬁn ecﬁ{g&dur al
enpyensy, hrl ti E éy wi th VA shunts), seizures, cortical mant nni ng,

127 V0 03/H5B3N iy essiauses, Yomitng: optaiseon sgna efiiaorsasedmuaoraest b An

ef fective resdur8g the. nunber of CNS shunts requiring
repl acemarﬁi rersU?Wﬁ%ﬂfﬁaﬁﬁgﬁ%ﬁgfﬁWQV’%ae%rghedmc’? tegmmasat i ents with
these 1Grplosganisms caasipg GNS siashtaTEesiEs e, Cédy R)e'élgp@ﬂﬁ,&;c

doxor ubi Cl{é]{gngtap?uyfm t oxantrone), fl uoropyr| m di ne ?@ Fol ic acid

ant agoni s %?Wreé’}@f@dls !ﬁw&ﬂiﬁo’mﬁdmmdey\tlpisoiét@d bRya@ismpt oposi de)
e of the components of

is fornul g dabPe li.e toth sur f
the QS st diREod 488k Ph-2088 ViRTar uiphipcice, Sizpiasesmis Brodeapsas a
coati ng aﬁpterecbdcustm@yﬂéﬁeﬁﬂ@ﬂhmsﬂéélﬁ&%h%f 6!|h t a_coatling
applied t nternal (luminal) surface %f t is%h'?"’(‘m d?ﬁq 10 (c) as a
coating a B’B Ql@sagqrugmo%r ttds thougbt thas thef ma,&mty of infections are due to
15  inoculation of the organism during surgery, or during manipulation of the shunt in
the postoperative period. As a resuit, most infections present clinically 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

N’

- of the infection difficuit. 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 would reduce the incidence of
_complications such as ventriculitis, ventricular compartmentalization, meningitis,

: subdural empyema, nephritis (w_i_th VA shunts), seizures, cortical mantle thinning,
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Drug-coating of, or drug incorporation into CNS shunts w |l aIIow/d /- ‘
bact eri ociyggl g levels to be achieved locally on the shunt s@3a@e/ 2005
reduci ng ‘?ﬂgliq‘%g%dence of bacterial colonization and subggaaéﬁq?”“w

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 ’

SRR T Nl PO
HYDROSLI P mmn@t@mn@b?memﬁ%%;@pﬁgm ok ﬁio‘?@ﬁﬁﬁcﬂ%}%yit??&y' e

20 or nethacrylic copolyners (e.g. poly I'ene-co- acr

cel | ul ose- Baisrfewithdaesamimmiarte. g. nitrocel | ul ose, Cellul ose Acetate
' acrylate and nethacryl ate

Butyrate, Cellul ose lﬁcetrabsfer(ﬁgrogl‘%nat e), : |

;:ﬁpol y][rgrim (aé..! pol t(ae?ﬁ ﬁm;’glg Mmant ?’h@@'ﬂ“ﬁ%’ﬂ"%@-%ﬁ@‘%bmfbgm.
ereo it tRdHe) [ /3 : . ! i ons and si zes,

the 25. EX;;IC'[ dose 'aﬁjn?‘?l@ster@g(\%qg'lygy);ﬂ)\)/‘hc?%d%dc@@%@” surface area,

desi gn andnefiwirexaies, arid/otmdopbyplotodaled., etipusity) is foembikited itb BcdoatiRg can
l.ication of this art. Drug dose can be cal cul ated as

gef 3ﬁ§i : gﬁadﬁetﬁgg @egglﬁ)rf%?ﬁi qf the peappBentsit Ui FNSoshusY. The daeg(steambing
cortace coppRod it SovetanRaRiTe\e) S oAR aifed TS T Hr RS s ISP bR G0

PCTI US03/ Bbmab (Hpasarmoating apisigartdites inteinal (lemirilhasfael clems @it ardef the
drug tﬁ}tgﬁ CNS shunt, the preferred anticancer agents, used alone or in’ .
i 61 2% AGAPENG applied e Rllr daglg af bl surfacesol | owi ng dosi ng gui del i nes:

conbi n
et S e D _ . g ¢ .

Sxcnl e, et her - apo g aoatieor, 8P o AR NS BbFaroNnia RS GPpl R e

pol yners bahieciocitakeruglevdis tabiS ashienbd (NP BAMKS sﬁﬁrﬁ%r@lée%%%?@émg

Tefl on), ﬁ;ﬁap lied wthout a carrier polymer, the total dose o
doxor ubi cHf BEiIENe] of Raeiedaltelonizatinsandsubapqueadaveidproert gfgnfectids ng) . | n

Shbat o el pRURRR g Rl R B o R g P!
15 Aithough 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 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
polymers (e.g. nitrocellulose, Celiulose Acetate Butyrate, Cellulose acetate
~ propionate), acrylate and methacrylate copolymers (e.g. poly(ethylene-co-vinyl
acetate)} as well as blends 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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10 area (i.e. the anount of drug as a function of the surface area of the

~portion of the OCNS shunt to which drug is applied and/or incor

shoul d fal WOWPORI3A6 t he range of 0.01 pg - 100 pg per mﬂwﬁmg&y@@‘?g?gaq7
In a particularly preferred enbodinment, doxorubicin should be applied to
the CNS shunt surface at a dose of 0.1 pg/mZ - 10 pg/mZ. As different
pol ymer and non-pol yner coatings will 15 rel ease doxorubicin at differing
rates, the above dosing paraneters should be wutilized in conbination with
the release rate of the drug fromthe CNS shunt surface such that a

_mi ni mum cofElETRIRAY. dRegrrdless of tre metodfofdmplicatinaifthd GrughBithé AN t he
surface. Irmelﬁre@%;%fgrg‘rcé to insyre tgat surface drug concentrations éxceed
concentrations of doxorubl& v wWset Flene peipigambingtion) shqulébg0 speci es of
.bacteria aadmimmiedﬁn(%r,th@fcﬂo%g%&&ﬁ?% : ;4 M although for some

enbodi nents | ower concentrations are s ?Q’Pgﬂrgerﬁ) In a preferred

enbodi nent , doxorudiadF\mﬁl@cyelia@setitilizim@lﬁé’@ntﬁtﬁcﬁzaﬁ% dxohiiciNS §hunt such
is maintained for a period ranging from

t hat anki - [ activit

sever al Sho%)ggs'ﬁ@tg' Qs(’ﬁ\eitgﬁé?p 3552 pplymes cpating.docerppmatest isteethegublpmibedi ment
the drug iwhichlreseed i ' ratihons-~25 for_a.period ranging
from1l -12 .V\;eeks. It tsﬁr?o(gllﬁges@ghtr/@arﬁ?%&g%{%n Sg[P %%R"Pﬁéeﬂ%ﬁsehgem S
provi ded HEHQU areatierndyrogutie wtal ddee of dbkorabichf aghisa'sHBIGI bt BSeed

descri bed [ | {th simlar functional activity can be utilized for

the pur po%@gé?wgomvgm ?érﬁ‘;‘g)t Ha g Ueuians preferped embodineerdy thettbeh

25 Compar oa to hopAPAIET SRS TR BRI of L kb o5 26 3T G meen

conpoulltl @esay(i.cathampounichftdniig s aupCHRNS! (A8 sUR%ES HRlaGifthé SRR @tﬁéer ed

at half tttz%sag i araneters, a conpound half as potent as 8oxorub| inis

admi ni st ere ﬁuww&ﬁ@ﬁ%ﬁép’w@?ﬁi@émpmaieyi) stidwitd fatliwithinitit@xant r one

as anot herarjeasny. . el | 5 whet her applied as a pol yner

coati ng, | heor porg‘tl Bg ?99@‘3!{ e’qﬁ%ﬁ %rg& aGHhieR- prﬁl?é)a iBiaryapref@srethunt (such

as Dacr one@bodsférindoxavabieinshonr 1y bpldd @ (RAIINS Shfls/ e giyh%ég%ga' glose
. jrgt

of mtox rone applied shoul d not exceed 5 ng (range o
mg). In Zﬁhag?mlaﬂby%v -er¥differiepbgolyever andhentptahencoztings afil dr ug

?Ipplal Q?he%hﬁo@%{ Utficih 26 diffdRH§ rﬁfes.oth% a%%vte%o%inggdar;:?lgte?‘so gre}oglgrbeuni tarea
utilized in combination with the release rate of the drug from the CNS shunt
surface such that a minimum concentration of 107 - 10" M of doxorubicin is
maintained on the surface. itis necessary to insure that surface drug

concentrations exceed concentrations of doxorubicin known to be lethal to muttiple

3 ) 20 species of bacteria and fungi (ie., are in excess of 107*M; aithough for some
embodiments 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 simitar 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 pplied and/or incorporated) should fall_w thidBf02 /2400
of 0.01 pgﬁ?lbgmb%aﬁa per 2 of surface area. In a partlcuIPaf?FqigsoﬁP@élgrred
enbodi ment, mtoxantrone should be applied to the CNS shunt surface at a
dose of 0.05 pg/ M2 - 3 pg/mR. As different polyner and non-pol yner
coatings will release mtoxantrone at 15 differing rates, the above dosing
parameters should be utilized in conbination with the release rate of the
that a ni mum concentrati on of

1078 106 RPar e orBout (SHe? PERRAT B helonLaS obdieiy ' bmimgiered ¢ nat

drug conceat half trensbave gaigmeéters, af€orRBs65dh I?BQ%iérﬁ“ab oR]cblcn?\st oxantrone
known to be lethal to nultiple species of bacteria an . arein

20 excess 8fiministefad afitwinsubh above peremetemditergnt s | oner drug levels will be
rs- sufficient). In i r ef ertred enbodi m::nE3 m toxantrone is rel eased from
the CNS shunt surfac {iopantione; as apiber %’@fﬁ@?i@?ﬂ@"lﬂé’aﬁ%ﬁfﬁﬁai ned for a

peri od ﬁan@hﬁmerEb@li@cﬁ@é’&b@iyrﬂ&?%ﬁnﬁg IEEH@B%\%&@W Q e ;Qm%,é) m‘[d aﬂ’g‘%l Y

preferred enbodi nent the IS refease DY Tshe &n s for
a period r‘éﬁ’@Q@NSrSimnl(sucﬂ:%varen o2 Feflon)s boapplicdevitiad al canéat glithepased

upon the Lon | ded herei hat = anal ogues _and derivatives of
m t oxantr g‘h%ﬁ%ﬁ 8¢ iaﬁﬁg?éfh%‘@ﬁ"’é exFeet 5 maangeabP.0dag to ty

can be utig n@dmabam&ﬁl @3 ﬁ%d%fmééﬁﬁ e MRE 1B hm %ﬁgﬁ%ﬁggpgffeﬂ

paranmeters are then adjus accordin ‘he“re

anal ogue @houlst bey i theeange oM 3igetd 1 mgt Thepseer eANRESEN. & ﬂwegam%uﬁpﬁmound
130 V\ﬂ(g?)/ 9346 23/02/2007 PCT/US03/16719 twice as potent as m toxantrone
i s* ad éﬁ'ég pngligreofithe Sﬁﬁ%afﬁr%ﬁ@@@pﬂlomd the i aiumidb fwhigh pot ent as

E?LS?SB%?%"%.‘%%@%“%?’Z& i alePob el BT RaE pERDAoR 2ot "L

exanpl e, wieemm’rofaqmacedar@es m ap@émﬂfara Qrblcned érﬂw»ﬁ@hﬂtrﬁiﬁmaﬂ%néhe
pol ymer s CNS shunt (such as Dacron or Teflon), or

appl i ed \Msggh'é'gt ea?pfwﬁﬁé‘éﬁhepGNﬁrf‘éWﬂt stdaeaaha dose of 6f055kg‘lhmn?r-ear;@tmm2appl i ed
shoul d nofag mﬁ‘?ﬂtﬁgmgﬁamﬁ F\Sﬁ%%ly%er cohtfds Wi FlCadhitoxantrorad | cUlarty

preferred e
15 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 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 muitiple species of bacteria and fungi (i.e. are in
20 excess of 10 M; although for some embodiments lower drug levels wiil be
sufficient). In a preferred embodiment, mitoxantrone 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
N 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 the-r

an_alogue or d_erivative as compared to the parent compound (e.g. a compound -
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amount .of drug applied should be in the range of 10 jig to 25 ng. The dose
per 10 unit area (i.e. the anount of drug as a function of the I
of the porWP8HIYS46 t he CNS shunt to which drug is appliedp@nd&gzﬁggﬂgﬁzeoqa
i ncorporated) should fall within the range of 0.1 pg -1 ng per mm2 of
surface area. In a particularly preferred enbodi nent, 5-fl uorouraci

shoul d be applied to the CNS shunt surface at a dose of 1.0 pg/m¥Z - 50
pg/ m¥Z. As different polyner and non-pol ymer coatings will 15 rel ease
5-fluorouracil at differing rates, the above dosing paranmeters should be

utilized i AWEB@sInetartas mitdxantrbae ﬁsbmaﬁsté@ueat%lf&rﬁ@a%wpéﬂaﬁi@térgfa CNS
10" M 0

shunt  surfg Osu§p|wthat a mni mum concentration of 104-
5-f 1 uor our &ci PO AnPaientas mitoxagtraae issackpipistesed! g twice thesbouer f ace dr ug

_concent r at parsnagesd y. concentrations of 5-fluorouracil known to be |ethal
t o numerous species of° bacteria 20 and fungi (i.e., are in excess of 10" M

al though for sone er(bbﬂluwopyrihﬂdﬁ'fesdpunkmgf méqi@r(ymmmigﬁ,esyf&lj\(gahgeﬁ%as In a
preferred %ﬁ’godl ment -fluorouracil is released from the shun
sur f ace™ suth S¥HIPeWPethen prRligd as aqolvmencoatingminearporated fnto the melymed

rangi ng freRchevke I nths. a.particularly preferred
embodi ment t he dor1 uglpl @%‘%’?3%@8@%@@@?@%%%@@ rl)rtqré’cquﬁ‘% wWitheuta peri od
rangi ng 25cdrigmpolymer theeteles doké 0% BAlofolscil fslie s t he
di scussi on( %}rovi ggéi herein that anal o uesl %?%l g?ﬂ%’at i V%;(B%?(FQSLS'F}%“

5- | uor our'5¥19€ YD 18 42 2P0 Bg)p e v particularly prefdiresi ermbadinfamtathé estal  acti vity
can be utijm the .our of this invention;, the _above dosing
paﬁ-aneitjgrs aé’tgﬁto Lg‘?ljga 182{11358?1@0%0%@%8 ENg& e{br‘éq &?@@%&P@m@?ew t he
anal oglie amitdeea (@t thecarmsuRtuTRRLE GsleOfuh £ conmpound
131 23/ 0242007 Y0 03109934 R e SRS ttﬁm@%‘éﬁgésg)gtgt?"g%fgtﬁ%g°”%n of

5-f 1 uor outt ghughita whish sireg issappitedfancior indoperapat) ahelir fall withinagapound
at twice the above

e o SR ) PRI LB 8l o
T ik e R
j atifgs @il f
et opogkde gpnl.i ﬁﬁuoSrBBI"élcﬁ at'di e%g ergt%s? aerra%ove dosing parameters should be
utiiized 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-fluorouracil is
maintained. It is necessary to insure that surface drug concentrations exceed
. concentrations of 5-fluorouracil known to be lethal to numerous species of bacteria
. } 20  and fungi (i.e., are in excess of 10 M: although for some embodiments lower drug
leveis 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 from 1-12 weeks. It shouid 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 to the parent compound (e.g. a compound
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(range of 0.1 pg to 25 ng). In a particularly preferred enbodi nent, the
total amunt of drug applied should be in the range of 1 g to 23IO2TRO07
dose per UHP®AW4rea (i.e. the amount of drug as a funct iPSH/EO3AEHR sur f ace
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 g/m®2 -10 pg/ MmZ. As

di fferent pol yner and non-pol yner coatings will 15 rel ease etoposi de at
differing B’HF%@? peteat ap Sviucdosriant) ipadrainistencd at hatflte bbovelpatanzstdrs, 5

conbi natio ' el ease rate of the dr fromthe CNS shunt surface
such t hat gongBEr:]@weutanq‘ﬁ%%g? B?ltGBF a’igffg"-or‘i‘dfﬁﬁﬁ/istﬂéj"gf'@b%?fjd’é wice{Be APAYSed. 1t is
necessary paramitderseetth)at surface drug concentrations exceed concentrations

of etoposide known to be lethal to a variety of bacteria and fungi (i.e.

are in excess of 20{aQRPedophyiotdxinghUfikzingihespaitphdiotmat etdposile ayalg | evel s
preferred enpbodi nent, etoposide is rel eased

will bezsufficient)..In a.J

from t h& s%f%é\‘ﬁélg' "g%eﬂf'ﬂrea@{@)dsarﬁﬁl?o@fﬂ'@ﬁ CORURG. AMgarronatedt inte thepRalymptsy | s

mai nt ai nedahigh | [ I ths. Ina
particul arl yl‘ppgfkgﬁ{petgggn'g%%!]ggtn{s{@ ﬁ]g§g¥aﬁé&{' gr?%nz.aéﬁ%ﬁpﬁiéﬁﬂggf ve
concent r atgasiigr fobyme, thertotad dose gf stppbsiokn abplidd shegldot kikc@sd sheng d be

readily ey dent ed, upon the discussion provided herein that anal ogues
and deri va(ﬁ’!?&s"f@?'s 1’9 Eﬁbgg M- (@ Rptieyiphearairesd sarbpdiment;: thedptal | ar

funct i | > _ va: p ST tion: the
above docrmourts! g RIS sHold ) hetaddi oL RBES RinGoTid aSsepeEL " "
pot ench} ofaredgi.e. theadmogure of drolg bk \Wuhyfortef the BDFREE afdh B et ofqagPOUNd

(e.g. a C%ﬁﬁu@gﬂ 132 W003/ 099346 23/ 02/ 2007 PCT/US03/16719 tw ce ‘as
potent as gownt e whichgrvo s applediand/oniacerporated bsheuld salbwithiothe a

par anet er 2s 9 FPRGM 08 LSRARREE OF slaBT BB, YRR DRI cv dent
based upoemtibdinient dbteposidé ehsuldrieyaplidhe titd CNDMurt iPaBatEk s lof |
ant hracyclines (e.qg. doxgrubicin or mtoxantrone), fluoropyrimdines
(e.g., b- P s sy a2 i pa/migr. Asdiffgrent 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 efoposide 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
20 10”°M; although for some embodiments fower drug levels will be sufficient). Ina L
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 utili Z%d to enhance the antibacterial activity of the CNS shutgo/2007
coating. Si rﬂq?’é??ﬁ’ﬁ ant hracyclines (e.g., doxorubicin or rn'(mnmnmme{,
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
(1CP) Monitori ng D?vi ces 15 EVD and I CP nonitoring devices are also used in
the managerd®¥If SHOERIASRIEpPsife is adrmisistered ab balf e aiyprmt maradesss, a coat | ngs

rug- coat o Eeong Ral eRipotéil s TUEB BT R Hnanishdse of BVembecateeer | bed f or
- CNS shunt s parametafsgeta.pns of O thopedic Inplants 3 20 Inplanted orthopedic

devi ces such as prosthetic joints such as hip, knee, elbow, shoulder,
wrist, metacarpal, dfdGesrbinationitherapyt Heshiadd be ecalily] eadderit base® upbm cat i ons

as a regul b i : he.ipplant, O.thopedic inplant infection has
a vari e?; gﬁ@aslg%d&tgﬁg'%i‘pg@f'ﬁ%ﬁ' hﬁreﬂbf%,t C?WPE\%‘PW 5€a¢tﬁqu§E®Q§r(9t%e prost heti c
itsel f, | desdrobiviovalmitdx@ntbne), ﬂ§éﬂ&%§vﬁlﬁidir§&o@eé. & _iﬂggmdr%?@,ntgf&éggdaf fected

limb or even death. 25 The cost of {reating each i nfec s the
cost of thBMAFPRIEE e idoimethatrexatebard pedoptuidtoxiby (8o ketabdsite] chhbeexcess of

$50, 000/ ¢ ) rt edi c. i.nplan dware such as internal and
ext er nal ??@%?? g\%ﬁ/’ﬁg etgg %Bﬂéqcégnagp ﬁ&ﬁgé’r‘g&ée’ Ve shynisoating e Simiaslysuch

i.nf ecti on antbracydliees i(6g:, ek aitis 8PRlitb st : t 133 03/ 099346
23/,02/ 2007 PCT/ US03/ 16719 tr eat ment IR %q?‘??‘{)}[’@a@’%é‘ré tohs to renmove

i if ect 8y Jhousasid delic aridrantagonists (e.ipn neathotrexatekand/6 QB dpRGIord Kk

anti bioti e te of orthopedic prosthetic infection is highest in
the first (‘(ﬁg?r?fﬁ%og %gdsé[’)%gﬁebrea‘f‘?wp?g%ﬁr aqitionahartibiefia andieantifungadr e aft er .
As an exarqgests tble@hBncosticA8¢ | nci dence of rate of prosthetic joint

infection for 2 years is approximtely
(g) External Ventricular Drainage (EVD) Device and Intracranial

Pressure (ICP) Monitoring 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 fo those described for CNS shunts.
} . K. Infections of Orthopedic Implants
' 20

Implanted orthopedic devices such as prosthetic joints such as hip,
knee, elbow, shoulder, wrist, metacarpal, and metatarsal prosthetics are subject to
complications as a result of infection of the implant. Orthopedic implant infection
has a variety of sequela including pain, immobility, failure of the prosthetic itself,
los_sfrgmoval 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 itseif 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 also subject _to sqch infection and infection-related complications. The present
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5.9% per 1,000 joints; the rate then drops to 2.3% per 1,000 joi nt)fs f;{o‘rh -
year 2 to rate of infection also varies depending on t#[0RA2007
Knee pr ost é&?@ggg?e infected twice as frequently as hi pglfcgﬁﬁwléf@?
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 inplantable orthopedic device) at the tine of
i npl ant, ei jrectly or. through airborne contam nation of the wound.
The second tltr‘rB\E'l’t ggﬂ 'F@ﬁgﬁgg"a’@'m‘? BW%HOBE}%@@HV&'G&R&G piosthetiestwithhits ewoh as

wound i nf ediherdnt MR8 CETALIAEG HWithUshiibiditlyselNe third is 15 hemat ogenous
seeding during a system c bacterema, |1 I?‘el y accounting for approximtely

7% of all inplant infeeratornd ortRopédit pedsoneticinfectivh i MgRestTAhd RSt niiEﬁ~1¥h be
conpr om segogts a, rtesgslg&\e{‘cz{ﬂcﬁh%%stem c condition, an illness, a |oca

condi ti on, POT" HEANE REUFARNUGHSY thergrafigscAs avexampléndbe def ence
capabi | Bt y corhBRie8 ihSdén ' b1 : knfections i f the patient
has had prior surg;er v, %’g?fiarggger rla%ﬁ\k}v{))’.?(r?l@ '%%ﬁ'ﬁ&l‘ (kﬂri ,rsb?apqrﬂé’ﬂ??ég'&'i d

arthritis. 5R8ppear 1.900 goios} ther mtethenasrops &y 2396 pbh€,00046thisRAH yakr 2 k@ ecti on
as there ii a éepor;tpgd 8-fold elevated risk of infection as conpared to the
primary pr & hag e Brieeliansiso ypdesdepandingen pheisintc Knek prostbetics afeect i on

I ncreases ' | il Df L,on 6-fpl d. .Various di seases al so

i ncrease t?}(’a&%d ?‘F%fg%% ﬁ?\%@g{é%%'bgéﬁé%g%rngpg&egﬁﬁ%@fo&scfaﬁg? PMis

patients Hab% t 3tegbibowsiupktoa2%, rists 590 P9 Y kiR T80kl 89,

medi cafj ons that conpronising their immnoconpetency, i['e psSoriatic

patien@ have a hi gH@Fre atethmrssaial peshenisme of infgctiore Jipmostoethman i

barrier t L cr.ohes 34 VWO 03/099336 23/ 02/2007

PCTI US03/ %;oﬁid*ﬁﬁf% @R’%E@‘ﬁ“}e i X3ti0 Rigies seewsAnYSamkantable | n pl ace,

can cause orthopedialdevitey BOSRMHE BT ﬁrﬂﬂaﬁpgfﬁhéricﬁfécﬂ?@} ﬂ{rg,_@xpgf drmdnder st ood.
rate o

Different inplant materials have their own | nherent I nf ection. For
exampl e, &° nNatan efetha woumdn gde secoad masthod msprebdsrod9ahiggRiehb®cuksk of

Lk echs CheERISER: Shot 5 P elfre e S BhiE S Yl Bl ™
15 hematogenous seeding during a systemic bacteremia, likely accounting for
approximately 7% of all implant infections.
Risk factors are muitiple. The host may be compromised as a resuit
of a systemic condition, an illness, a focal condition, or as a resuit 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 L i
rheumatoid arthritis. Repeat surgical procedures increase the likelihood of |
infection as there is a reported 8-foid elevated risk of infection as compared to the
~ primary prosthetic replacement procedure. The presénce of a deep infection
~ increases the risk of prosthetic infection 6-fold. Various diseases also increase the
25 risk of infection. For exampie, rheumatoid arthritis patients have a higher risk df

infection possibly as a result of medications that compromising their

immunocompetency,'while psoriatic patients have a higher rate possibly mediated
by a compromised skin barrier that allows entry of microbes.
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nodel s have shown that only a few Staphyl ococcus aureus inocul ated at the

time of i re required to cause an infection, but bacterem2/2007
(hemat ogen%s@ﬂb?g%di ng at 3 weeks postoperatively is sub®Carisoatisno m/)re

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 aphyl ococci, Beta-Henolytic Streptococcus, Viridans Goup Streptococci)
.and ent erococci. Of t EA° 'W%?'i‘%?@%’t hierrenpents thal sprwedtioydacacabeapsesent

in a singl almmhhﬁhbgomgffoﬁ%éd)ébnd%n el ﬁrﬁ%&gﬁ‘%?@@ln @@%@ﬁg r%g- c gram

negative bacilli, Enterobacteriacea, seu robes
-(such as PBRIY&Y Barotetcue aherenBeate of fifdetons AR ieEpldd M@i’a@i&ﬁeﬁ%l
' intected

i nfections far ,12% of infections. The diagnosis of an in

i npl ant ishﬂgg‘?%‘%ﬁt?& UEeehasid-tmen e riskeef infsicion pea ettt b iastickrese,
gener al 5mal ai se, swely i |.Qi L0, .20 | goseni ng of _t he

i npl ant, or even acut en‘swe?o?ti@acg%nng%% %%?%%Blgégmfﬁ?tf%rﬁa - Rabbigal |y
caused by fiedelsViaveisbown tnasamiysarievs SephgfocStaiy heas ibtufisd SHealde
pyognei ¢ Qﬁt"ﬁraé HD‘[ ;LIC. streptococci. Chronic indolent courses are fnore
typical of  'CB S‘F' S'EIHERAIG RuserRpRiacHienclyt badtetagimihemaégenous)f ect ed
ort hopedi GeetPplgadits wealal ' : ol.opged use. of antibiotics and
sur gery to?rgﬁgve thgé‘i%nédgg@éwgﬁiﬁ 'gei'b%{ﬂnagpgmof%aﬁﬂ%@"ﬂéﬁﬂﬁﬂ%nt of the
i nfected Signdisantly ofare basterie, ThisTEMpISASTRSY theARMBoHEARY 8t an Aftirhlis igf ect ed

i npl anfy éﬁg ra .{)eri od of prolonged antibiotic use (V\eerf(s, nonthe  and
S6net i mes @8&#””%“38&@&/@ ecling® Phimplaataitioat i on), it is possible to

i mplant a repl ace 1.3, t hors advocate the use of
antibiotic i.gpr egnzg?g{c}’ Wf%?@%ﬁgglaggg(ﬁge Iiypeiens Are sagsad by ggamnt , but
ci te concPesitive eemmi,dBtaphyloeotdslapéus | Qi QL i stance:;
especi al | F‘ maivq.e LIlin rgsi gt,ance. lij Q%(?nggﬁ?%ggéﬁﬂ\;eéé}é%@'é@féc;ﬁg’

ar t hr odesi'§MPYUGRIEERIOGREEYS MiddangAroumpiSireptooocdi)samieaas®enycii OfsaNe cases.

compr om smq el R PrsiaBE G TP siREein g S amaetis nfagion: sk of
r e- i nfléctQther organisms include aerobic gram negative bacilli, Enterobécteriacea,
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 ‘higth
variable presentation; fever, general malaise, swelling, erythema, joint pain,

\ 20 loosening of the implant, or even acute septicemia. Fulminate presentations are
typicallty caused by more virulent organisms such as Stapylococcus arureus‘ and
pyogneic beta-hemolytic streptococci. Chronic indolent courses are more typical of
coagulase-negati\{e staphylococci.

| Management of an infected orthopedic implant usually requires
o 25 prolonged use of antibiotics and surgery to remove the infected device. Surgery
- requires debridement of the infected tissue, soft tissue, bone, cement, and rembvai
of 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

replapement prosthesis. Some authors advocate the use of antibiotic impregnated
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It is therefore extrenely clinically inportant to devel op orthopedic

i mpl ant's c%gable of resisting or reducing the rate of infection 2/2007
ef fecti ve WOP¥H8}6di ¢ i npl ant coating woul d reduce the |n€FE€ﬁ@§ 7 oint
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 nplants requiring replacenent, resulting in lower norbidity for patients
with these inplants. In a preferred enbodi ment, doxorubicin, ntoxantrone,
5-fluorouracil and/or etoposide are fornulated into a coating applied to

t he surf aceragnt; bt ciiegippeamstregatlinchiheoiakief| MB@DIW@MOHWE@IS@MQ( s) can

b I th t I
't aossecpeehy Hidhegtio KRGS  iBonElofs Bleriheo ARG atiis 8PS (ne
external (ggrfdreltiaing shbdtatch RindcB8samifSbhRrStases( E\)erﬁﬁrhén %ahfeﬁaoﬁibol | ed
to all or parts of both surfaces; (d) as a coating applied to the surface

of the or taiagicaied. ﬂ'@rMnécqmbai@hse\mele\mmmom)sed(m)ysrqaﬂy:,d\ayer ated into
t he pol kS h co ise t sthet.i oints (e.g. articular 20

surfaceém%l’ﬁfyg]%ipaw (éaéryc%glgmbsg( Ofefﬁdnﬁﬁ{‘%/are (e.g. polylactic acid
screws and plates) .@myr@rbré éitrérﬁé@rd@mrc%nfﬁnbm&twaemaa%ﬂﬁabéd.ef t he

cements used to secure the orthopedic 1nplants in place.” Drug-coating of,
or drug i mnplqmﬁ@apahnle oivesisting hogellicing tingl ratet ofinfelcticial Ap\effeativesr i oci dal
drug | evel ved. | ocal n t he i npl ant urfac t hus

reduci ng Pﬁ? OPH EHS&E’@FB‘?‘E‘WH&Y%W%’ ues Bigiigldense ol El'r%ﬁﬁgéﬁmﬁredevel opnent
of infect irﬁéétlcﬁpmt ﬁ%i nc@*&‘fb?oé?ﬁ@ﬂ}’ﬁ'ﬂpn% 4g lkgér%&aﬁéfﬁtaﬁme%e Xposure .
ugh for s po

to the drugs some’ agen cC carfrers are not required

~ for 40t adeatmandaldsddeaieass thaemmtaér qi@lrthmsedlc maranmfeﬁ;u&mg particularly
suitable for use in this enbodi nen ticular interest are polyneric

carriers HRiacementgeapiingin M@EW@Q'W?PQBG@"@WLB@@ aiaRtspol yur et hanes

(e.g., ChronoFl ex %5%!% r

Bi omat eri al s], Débsfﬁéf ?@? nrg’?éé%oéPt[iﬁ?" %&%ﬁ%ﬁ‘f%ﬁ‘“rﬁc"
Bi omat er i ahd/oy eto@osweu @re cmsmmtbammla coatingoappred o (e Surface of the

pol yet hyl ene-co-acrylic acid), cellulose-derived polymers (e.g.

ni t rocel | ¢PHRANENTS O m%yﬁm@étcamiagm yihg @rug(s) can be applied in several

16 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 (plates, screws, etc); {(e)
incorporated into the polymers which comprise the prosthetic joints {e.q. articular

20 surfaces and other surface coatings) and hardware (e.g. polylactic acid screws and | LTk

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 orthbpedic implant will
aliow 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

inthis 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 y(et hylgﬂ)e co-vinyl acetate)) as well as blends thereof. The x§ugs/ofo07
i nterest ca B%SH%e i ncorporated into calcium phosphate rIT/Uspsersyapatite
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. Drug dose can be calculated as a function of dose per wunit area
~(of the porRalBHedRnes te.gmphamoFdet Ay 8564CF Biomatials) HyioRRuB46 istered

b f trat f t
o 15" der oot ARPEROI T & P E S moterole  bBDREIHANEDY [Te dr ug to
~the ort hopa&iomat a ed alone or in
conbi nat i gn 0sﬁc?t?lﬁ&hbaéwg%gnﬁwgfsﬁc?y%%ﬁgﬁ et?%gecgoﬁ)(ﬁ%e\ﬁﬁwgé'b‘%g‘? ﬁﬁ%j& del i n:as
\(/\?.) ﬁ\nt hr ac@id)i Gedlyloserderived paiytrives taghnizoysiivicie, @gm&@hﬁﬁf&r@é exagg' e,
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ng (range of 1l pgto n a par referred enbodi nent, the

total amount of dru@"heappgseﬂ:nﬁmsf@brb&lsbheﬁﬁtﬁ)rﬁ@r@% lﬁfoéal@ﬂfﬁ?hf’ ng. fThe
e surface

dose per @1] S%F e. the_ amount of drug as a function o
area of th CSp(f))ta WWFWW@%W?WB@HQ%OQQW mptigat devicashi ch drug is applied
and/ or incor porated gﬁ;ﬂw e.range of 100 pg per
e ofﬂiurfaceﬂgirjeea)q I'n a pgﬂ;cf}ngé(Ha ?bélg'rag?éﬁ‘?é( ”%tﬁft?(;&f’ﬁg@'{"ago@ﬁ)%ﬁ ubi ci n
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rel ease 5 3¢ "HP'?F*efFQaigd ver, heﬂabmc@te:ﬂm baappkidins shoul d
be utili zgre 23/ 02/ 2007, PCTI US03/ 16719 conbi nati on
with the rekgm'ggic’ér?g?g”ﬁgg B?ﬁﬁégﬁg?ﬁ' ﬁ&agﬁ”{arﬁ gyAadunctinnefidosemesce such
't hat ANy tenpo@ib d

at a ni (o tesn po h@ﬂﬂﬁmﬁﬂaﬂt‘beﬁ%ﬁc&ét@érfﬁgﬁﬁgg de?mﬁﬁeg%qﬁ' ned on

t he surface bI t is necessary to insure at s ug conce ons
exceed an be measured and appropnate surface concentrations of active drug can be

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
. ) 20 which ma_ke up the orthopedic implant components, or applied without a carrier
polymer, the total dose of doxorubicin applied should not exceed 25 mg (range of
0.1pgto25mg). Ina particularly preferred embodiment, the total amount 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 ftinction of the surface area of the portion of the orthopedic
25 implant to which drug is applied and/or incorporated) sﬁould fall within the range of
0.01 pg - 100 ug per mm? of surface area. In a particularly preferred embodiment,
doxorubicin shouid 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 known to be lethal to nultiple species of”
bacteria 5 and fungi (i.e., are in excess of 104 M although fop3sae/ 2007
embodi ment€0 PHYE#6 concentrations are sufficient). In a preNarsoyts

enbodi nent, doxorubicin is released fromthe surface of the orthopedic

I mpl 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. Therefore, in a particularly preferred enbodi nent, the
majority (mmannayomwmn be tiedsd mite of tm&trdg(ﬁrmntrtdmﬁoneﬁﬁc ﬁ‘nﬁalﬁlﬁtuﬂﬁfat@

prevent in while all ow n nor to occur thereafter. It
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conpoun ‘5{'}" i Emﬁ‘ff‘olﬁ’lﬁ‘qeﬁg@ 145 %ﬂt@ﬁvg%@rm edimends laye@ti ni st er ed

at half t # rub| inis
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m t oxant rdrmnﬁman[ﬁcbelftwe(aﬂnd)@dié irapladD$ir@RE hhithfectieeddiRity appl i ed as a
, Incorparated into the polyners which nake up the

pol ymer coat.
or t hopedi @?'ﬁﬁ?%ﬁ’t for BPQH%F@@W@%&@VQWU&W@ Sp\(ﬂryhﬂnnths;héa otal dose of

t t t
2 parti oot SR AEaiog dhd iR o FHRERS o ERER oF ne wrriafil olestesoy
shoul dObe over @i firstes d&j@gerﬁé‘re@ré iAG ;Béméulaﬂy F@?@n@@é%ﬁ?ﬂﬁméﬁl’ thearea (i.
t he amount of _drug function of the surtace area of the portion of the

or t hopedi E‘QJWﬁV&?ﬁa"ﬂ @f tkm dgds rrjeased aygrithe dirsi 7@ kours te preyenbinfzttioshoul d

par i oul avye SRk B FEata il oo Ve nhonBlpdreasl RvRlerl 1o e

or t hopedi pasetPligst theuli$ ABSIoA provideahe?éinQnABarkdé di0ks 4p8 331 VO
03/ 099346 PCT/ US032 190 2/ 2 007 As dirferent p Srr%"roa%%gl NOR: %gl ymer

coati ngs apxqubﬁlrdaggeatmmmmslyawm difndai imglchm:;dactmtyecabbaetlm ng
parangger ?or?lbé) Hurposes 10111 th%s %egntion ?t?gg cr)]\?é (Iigsnrném ptapameters are then adjusted
according to the relative potency of the anaiogue 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 0f 0.01 pgto 5mg). Ina
particularly preferred embodiment, the total amount of drug applied should be in
25 therange of 0.1 ug to 1 mg. The doseper unit area {i.e. the amount of drug as a
function of the surface area of the portion of the orthopedic implant o which drug is
- apptied and/or incorporated) should fall within the range of 0.01 pg - 20 ug per
mm’ of surface area. Ina particularly preferred embodiment, mitoxantrone should

be appljed to the orthopedic implant surface at a dose of 0.05 pg/mm’ -3 pglmmz.
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the release rate of the drug fromthe orthopedic inplant surface such that
a mninu ration of 10"5- 10-6 M of mtoxantrone is nai ged2olg7
is 5 necegg?{»}&?g}ﬂ nsure that drug concentrations on the BGFUSY cegd
concentrations of mtoxantrone known to be lethal to nultiple species of
bacteria and fungi (i.e. are in excess of 10-5 M although for sone
enbodi nents |l ower drug levels will be sufficient). In a preferred

enbodi ment, mitoxantrone is released fromthe orthopedic inplant surface

such t hat t e d ' ciivity is maintained for a 10 period rangin

from sever Z\Ig *%édgét%yﬁs{%vag}&a?o'ﬁﬁﬁ&yﬁy Catingsowl ir%[ﬁﬁs%f"é'\?ixﬁ&éq’% ak he gri gk of
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Therefore, .in one enbodi ment, the majority (or all rug | eased
~over the He&Telease rag@f tha drugrfearative prihemadioimplrit seriace ewch hater mal  heal i ng

: _shoul ds b ily evjdent based ‘th
i soussi on A Sncent o S 14 i mlreShle somarianebotey
m t oxanbr onecesaaryde surd et BRQY LOEEnihtidhd bn ﬁiergdr%rcet xggg '(:8ﬁ'&lnc?%§;%>h%' ty

can be utiljzed for the purposes of this 1nvention; above
par amet er sCiHPtOXEREANG inQwN &aiba detbaldto myultige tspecies babasteria aing Mgygi¢fe.t he

o ceas. popdtPARN TaTiy ARGRGST borima rrabodimpris lower Brunoveloube
par anet er ssuffitietfd). qﬁmmré@émbaﬁn{&s.gﬁﬁﬁtr%é @(%Wé%%%ﬁﬁgdfﬁ,é dm ni stered at

tw ce the above paraneters, etc.). oropyrim I zing the
f I uor opyr iafthgpegic mplanbswiacecsuchdbat anti-infontipé activilyds refintapRdifedaas a

poly coat. .ncprporated.into. the polynmers which nake up the

ort hggfeodi 3’%?‘?%?%[}%'?9 @‘P'?'a?ﬁb’ﬂ dholirs overal manthse rAp geseribed praoaslyitbeal dose
of 5-fl uorigkbiFidctia | = range. 9f . 1.0 g to 250
ng). In a apart i cuc! 'a??%b’g?g?@wgﬁ’féﬁr%g"&’?ﬁﬁﬁg grﬁgst{%[e Itﬁedﬁ'ﬁbgtdaéf?‘ drug

appl i ed Jhetsferebia dne erbodiameye, thé Moty {or AH ofthe diY 1Y FABaNKS ovbiithe ar €2

o the or TAEAPErS arayhtfeCian ehicialapng nappaiihasicads oscirbercpdsnt ed)
PCTI 1 3/ 1 16) 3007 Cer SASR tscl] oM it eSS B BRIFR ot ar 1
pr ef eftPedapatpguisamt dertvativemobultagantrone (as described previously) with simifar
functional activity can be utilized for the purposes of this invention; the above
dosing parameters are then adjusted according to the relative pétency 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 Vparameters, a
) 20 compound ‘half as potent as mitoxantrone is administered at twice the above
parameters, efc.).
(b} Fluoropyrimidines Utilizing the fluoropyrimidine 5-fluorouracil as
an example, whether applied as a polymer coating, incorporated into.the polymers 7
which make up the orthbpedic 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
250 mg). In a particularly preferred embodiment, the total amount of drug applied
should be in the range of 10 ug 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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shoul d be applied to the orthopedic inplant surface at a dosve of 1.0 nger
- 50 pg/ fferent polynmer and non-pol ynmer coatings wl | BASQOT
f’%ﬁﬂ‘l i i i %&Tmﬁgf% d be

5-f | uor our A&i° differing rates, the above dosing para

utilized in conbination 5 with the release rate of the drug fromthe

ort hopedi c i npl ant surface such that a mninmum concentration of 104- 10-
M of 5-fluorouracil is maintained. It is necessary to insure that surface
drug concentrations exceed concentrations of 5- fluorouracil known to be
lethal to n rouszﬁReC|es of b cterla and fungi I n excess of

10-4 M alt §Bﬁ%°%ﬁ{ﬁ?d Rehpaticyady PEﬁf%eﬁs QV@@'WWL 5jgonagiracil
suf ficient )shobiﬂ e S Abas ah Md’?mfn?&%dr#%%g%sg dfS. q /ﬁ@ﬁed fromthe

ort hopedi c i nplant surface such't ective activi na|519t ai ned
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descri bed NBrEPPOUSINSUrGhat surtdce shug ceraanEtipnaexeasid soneentraions 05-zed f or

t he purpos dasi n raneters are then
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i ncor por atmourrmgm@ﬁoﬁpbd@éﬁhoM&&Be&@bﬁnaﬁt h@\s‘)&%&?ﬁlgﬂ ?ew&@él%’h{n
applied without a carrier polyner, the total dose etop | de &
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area of the portion of the ort ope |
to occur thereafter. It should be readfly evudent based upon the discussion

pravided herein that analogues and derivatives of 5-fluorouracil (as described
previously) with simitar 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-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
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 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 the range of 1 ug to 5 mg. The dose per unit area (i.e. the amount of
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which drug is applied and/or incorporated) should fall within the range of

0.01 pg - m? of surface area. In a particularly prebeg/sed/2007
enbodi nment , q%ggosgfde shoul d be applied to the orthopedi PUTHHOHNME/1SuUr f ace

at a dose of 0.1 pg/m2 - 10 5 pg/mR. As different polyner and non-pol yner
coatings will release etoposide at differing rates, the above dosing
paraneters should be utilized in conbination wwth the release rate of the
drug fromthe orthopedic inplant surface such that a concentration of
10-5-10-6 of eto osjde is maintained. It is necessary to insure that
.surface dr %Bﬁ@ PLion; of fe adansdarearad dime pantloormsttrcéo@lhcqmﬁcdml&ﬁmm to be
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Simlarly anthracyclines . doxorubi ¢in
f | uor opyr embadingnt (tbegnajonty (or ail) of the drug is released over the first 72 hours to

prevent infection while allowing normal healing to occur thereafter. It shouid 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 narameters 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 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 mitoxantrone), fluoropyrimidines (e.g., S-fluorouracil), folic acid
- antagonists (e.g., methotrexate) and podophylotoxins (e.g., etoposide) can be

_- utilized to enhance the antibacterial activity of the orthopedic implant coating.
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5-fluorouracil), folic acid antagonists (e.g., nethotrexate) and/or :
podophyl otoxins (e.g., etoposide) can be conbined with traditio 2/2007
antibiotie”%ﬂﬂ¢3¥mantifungal agents to enhance efficacy.PgTﬂgmgﬁyf t{ons
Associated with O her Medical Devices and Inplants Inplants are comonly
used in the practice of nmedicine and surgery for a wde variety of

pur poses. These include inplants such as drainage tubes, biliary T-tubes,
clips, sutures, neshes, barriers (for the prevention of adhesions),
anastonoti g devices, conduits, irrigation fluids, packing agents, stents,
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i nplants (particularly in dentistry), chest tubes, nasogastric¢ tubes,

per cut aned#eNtelgeMhpncaiediicacrol ost ony devi ces, bone wax, and 15 Penrose
drains, hair plugs, ear rings, nose rings, and other piercing-associated

i nplants, as well as anaesthetic solutions to nane a few Any foreign body
when @ aced inhto thefeblingg Assosiated aith GihedidegicapDedced ahdimplant -
particularly in the period imrediately follow ng 1 nplantation. The
drug-coating, dosi n§nplanistare coounarlyiusadimtie pradticeedfansdicir@land segens of ‘
t hese i npl .is identjcal to the enmbodinent, descri bed ahove for 1
or t hopedi 1O idghyarety ﬂ*%‘ﬂ'ﬂ??‘?%n,h%%('apﬂ’gﬁéﬁnﬂi,a"?ﬁ sushAt fERRgSMLBor our aci |
and/ or ebRRPeFTY ; drsg ! LBy omeli fd ge -
sol utions, i ir%fi gg?ﬁ%mp%sgi ds,’ @g?ﬁéﬁeﬁhﬁﬁl(@ﬁﬁ% %@ncoseﬁgﬁu@gﬁ%i lipids,
nut ri t i ona@hastoniddic dexives actmesith dtrigationdluidsi, packing agentey siehts, Bfagldd, on '
transgpitted via infect solutions/fluids used in 25 patient managenent.
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surgery éndasiomplarits,ifadielipbarts qeosthdees), bone grifc skih gjrafisi aetradtedid ect i ons

of Int raogul.ar hﬁ?ﬁes T . .
evices , hgatures, titanium 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.

St

The drug-coating, dosing, surface concentrations and release
_20 kinetics of these implants is identical to the embodiment described above for
- orthopedic implants. In addition, doxorubicin, mitoxantrone, 5-fluorouracil and/or
- etoposide can be added to solutions used in medicine (storage solutions, irrigation
fluids, saline, mannitol, glucose solutions, fipids, nutritional fluids, and anaesthetic
solutions) to prevent infection transmitted via infected solutions/fluids used in |

25 patient management.
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The nunber of intraocular lenses inplanted in the United States has grown
exponenti the | ast decade- Currently, over 1 mllion i gub

| enses ar Z‘I"lbyr%@%g{‘ged annual ly, with the vast .majority (90@5?%@934@%@%&?%
the posterior chanber of the eye. Endophthalmtis is the nost conmon

I nfectious 10 conplication of intraocular |ens placenent and occurs in
approximately 0.3% of surgeries (3,000 cases per year). The vast majority
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be -appl i ed i%é'several manners: (a) as a coatin to the external
surface ofPOSIRLOr hamberyf the eye. (ﬁmzoph@aé'piﬁ‘s issthetroostrmmmore infedtioyk umi nal )

f f " ] |ied 143 WO 03/ 099346
PeT) Loy cecafiirer iffdo dlarletOBlachheRbRid Spurs in apraximately (d%dfe | ens.
and/ or ( dpuigeries§BA0edsésper péb?)_pwhéfvﬁéﬁn%yﬁ;hﬁmé%@tb%& idg | ens.

Dr ug- coat i ng of , or drug incorporation iInt traocul ar nses will allow
bact er i ocC3RMInNaLipn angthave an besetotithiv 48 hoursadfithie proddderd.ens sur face, thus

5 reducing the i nciﬂ%?ﬁ% gf bacteri al cgl oni ﬁ_'at I on_and subsequent
devel opment of i nfect | 0ds CCOHNY BUSES QL endpphthalpiitissare; trAgwWass gi bl e

system c blegatw StabRylbBGcci {principaily Staphylococcus epidermidis), Staphylocaccus

15 aureus, Enterococci, and Proteus mirabilis. Symptoms of the condition include

blurred 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

cases do not require removal of the lens, in complicated cases, visual acuity can

pr—

20 be permanently affected and/or the lens must be removed and replaced at a later
- date. An effective intraocular lens coating would reduce the incidence of
endophthalmitis and also decrease the number of intraocular lens requiring
replacement, resuiting in lower morbidity for patients with these implants.
In a preferred embodiment, doxorubicin, mitoxantrone, 5-fluorouracit
25 and/or etoposide are formuiated into a coating applied to the surface of the
components of the intraccular lens. The drug(s) can be applied in several
manners: (a) as a coating applied to the external surface of the lens;{b)as a

~coating applied to the intemnat (tuminal) surface of the lens; (c) as a coating applied
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drugs. Al though for some agents polymeric carriers are not required for

attachment_aof the drug, several polyneric carriers are particul @&3402/2007
sui tabl e f‘gﬁoﬂég % n this enmbodiment. OF particul ar inter REVEOYGE? yreri c

carriers such as 10 pol yuret hanes (e.g., ChronoFlex AL 85A [CT

Bi omateri al s], HydroMed640TM [CT Biomaterials], HYDROSLIP CTM [CT

Bi omaterial s], HYDROTHANETM [CT Biomaterials]), acrylic or nethacrylic
copolynmers (e.g. poly(ethylene-co-acrylic acid), cellul ose-derived

pol yners (g. nitrocel |l ul ose, Cellul ose Acetate Butyrate, Cellul ose
acetate prSpfichTdass of bothy sufaces theolenscand/ar &) dogarpgrated inte the. pdgmers

pol y(et hyl\gpge %Qm#rige\flth@fé%%at e)) as well as blends thereof. As intraocular
| enses are mage In a variety of configurations and sizes, the exact dose

admini stered wi |l v@rgwolling 8A%r Snifincsiporatich ﬁf&@ntra%ﬁlbﬂ’éns@é‘glilpo” I ons
of the |l ens coated. However, certain principles can be applied in the

appl i cat i cHlo¥tbagigriocidal dniy leyelsde bemohidyeddatallyl art te lass suffasectiiwsn of dose
[ . X ' .of the | bei t , total d d
b i 5 or 4RA sPnck gl Bf bRl ootz R gucE e B O of
active drugfecadusmomplRiaftns,ilie o8RG Reglidible!NR1dMREMA DI04 Cat! on of
e ca

the drug to the intraocular |ens, the pr rred anti cer agents, used
al one or Hugonbithesghder, sehe aigentsepolvdeincarrierssareumsleeqira foel | owi ng dosi ng

B e B o e RS 1
pol ymers inhicémbBlitham. OFPahii R IRE}R al'eegﬁlgﬁ@ﬁﬁ%ﬁﬁr?’esg% a8Pp! i ed w thout

a carrier ol yner, the total dose of doxo Icln ap shoul d not exceed.
25 ny 10r apgiuestharesi(eny, Cor®FiaAL 85A {CP Bidmatériald] yHpdreiigead™epbodi ment
7

2pp fza:'sﬁﬁouﬁ‘? 3] ﬁﬁo&iﬁaw&%?!&%‘&S%%%&%&%ﬁ@%n?t “area
of Che i e echaldh. Sy GomBattiit cBofinerd o BubbRSHARAE cBadifar o) "
shoul d f ag¢idhicethilosa-Herivethpelynfers (.8 Inipgceliulid®, TRiloRse MERA6 BuwrhRce area.

In a part%cmlarl%/réﬁreferred enbodi ment, 5 doxorubicin should be applied to
t he i ntragtif &3¢ PesiRieRppiopatel; agyissand methacrylaly apmolymerpgiom?. As

di 11 eqent pAAHPEINAR VRN BRLETF bs SRR WSS terlSi €2SE
As intraocular lenses are made in a variety of configurations and
sizes, the exact dose administered wiil 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), fotal drug dose administered can be
- 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 anthracyciine doxorubicin as an
' -example, whether applied as a polymer coating, incorporated into the polymers
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 ug to 25 mg). In a particulariy preferred embodiment, the fotal amount of drug
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doxorubicin at differing rates, the above dosing paranmeters should be
utilized iﬁ, 593|‘pat|on wth the rel ease rate of the drug fromahen2/20

i ntraocul ar Iens Yurface such that a mni mum concentrati BRTESONH. " 10- 0 M_
of doxorubicin is maintained on the 10 surface. It is necessary to insure
that surface drug concentrations exceed concentrations of doxorubicin
known to be lethal to nmultiple species of bacteria and fungi (i.e., are in
excess of 104M al though for some enbodi nents | ower concentrations are
sufficient), !leQi cg%err d enbodi pent, doxorubicin is released fromthe
surface of Pﬁe i é [\ el'@ﬁge§ﬁ6lh‘9tt%§tm%n'f'?&¢@i$%§@l‘%t@r@tal(w tye i s 15

par i oul ar [y pr ot or e he el hE LR ST Bokla e fualbnee. " °

particularly preferred enbodi nent I's' re

~concent r at l%‘ﬁ§0 whiph @rumw appluetbmgﬂmgnédrp@ﬂaied)lsﬁomﬂéﬁ within ﬁl@%hgﬂa be readily
provi ded herein that anal ogues and

evi dent ba 0@@# di sclu55| on

derivati ves of” doxor HHPET i S“B‘@%%?'l'eéed“ GrRaftigarly praferred eimbbdiarent,
funct i opal deetribitih ¥ Iy purmposes of this . invention;
the above dosing Ipapg%t%?g'ygﬂrég ?ﬁtgen ¥ °&m§ %RS%'E%%? dpgephé Trelative

pot ency ofP@’ﬁ@' améﬂ’ pglremar Atedifivnt pelymer a0dPangsbijriet &t%tmgémnbiéé%@ound
(e.g. a co ng% as potent as doxorubicin is adm nistered at half
t he above %P ‘t"é grpg fplsanbe mkpye ﬁ@s'ﬁgmmma@rﬁemmlemtlIw:edsln

adm ni st er@enki Ut zin

i t oxant r one asaﬂg#o‘flﬁ]e{rr{ég?%%% Zat%fad fg'ﬁgéﬁﬂﬁf%i%ﬁ’ '@Ocu(ﬂﬁbﬁ"ﬁ rfgﬁ%ﬁ%’él as a
pol ymer cdh@ha@mlmuumcmneatraﬂom mw’f-hﬂ}“‘mhf%&én)ﬁ'&uﬁ"b HBlRainePoh e

intra Iarglaens plied without a carrier polynmer, the total dose of

m t oxaft r SHEAGGH Pt f%@?@%ﬁfydorl%ur@%ﬁiééﬁacergn(gm'gmntmnmsﬂéxqagdto 5 nmg). In
a artic ) e,t unt of drug applied

Shour d be e AEMERAR; BF HEBBR BN TR salatrelle nuBia Bredes MbaIaTRE of 0. 1
vg to 1 mgndTingi (ieseapdn eibéds Wﬂﬂ!\ﬁ*aiﬁouéﬁ%@éﬂﬂ%@ odﬂ'ﬁéﬂ? function

of the surface area of the portion of the intraocular |ens ich drug is
appl i ed aRAPENirakeRy B sufeeipntyhbua preferred mbdmemedomgb.cmf is Gel@dsalp - 20

o0 B SHROES BTt i bl st AT et o dose

of 0.05 pglblmtﬁned EorEgpHENed ranging from several hours to several moriths. 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 half the above parameters, a compound half as potent as doxorubicin is
administered at twice the above parameters, efc.).

25 Utilizing mitoxantrone as another example of an anthracycline,
whether applied as a polymer coating, incorporated into the polymers which make
up the intraocular iens, or appiied without a carrier polymer, the total dose of
mitoxantrone applied should not exceed 5 mg (range of 0.01ugto 5mg). Ina

'particular!y preferred e__mbodiment. the total amount of drug applied should be in
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As different polyner and non-pol ymer coatings will release mitoxantrone at -
differing rates, the above dosing paraneters should be utilizeda3zyop2/2
conbi nat i OHOWPPI34% he rel ease rate of the drug from the iri’thé'é‘iQé'll%/ﬂl éns007
surface such that a m ninmum concentration of 10"5- 10.6 M of m toxantrone
Is maintained. It is necessary to 10 insure that drug concentrations on the
surface exceed concentrations of mtoxantrone known to be lethal to

mul ti pl e species of bacteria and fungi (/. e. are in excess of 10-5 M

al t hough fg{?orsongr@ﬁrrbodi ments |ower drug levels will be sufficient). In a
pref erred 3H98Oh0. 1 ug tot &rg-ridiecdase naslusissea (ko ihe beounhof drogusaa | ens

f : td, -} | tivity.is.naintai d I od 15
angi ng 11 onedyer O e ses Ko RMarton bR RectRurlets LB G B o r e
enbodi ment apgiieddmidgor incoPbrRASEsHOMIEI @iy theCangaTdl Dal1 s 263.@ rPeri od

p

ranging from1l - 12 weeks. It should be readilyevident Dase on the
di scussi on™ThbSrHfase BEgai I a particurdy prefesed sthbbeiment;, mitesaotond slwwdt r one

(as desegri revi tth siml]ar functio ctivity can be utilized
for the‘@putr]?igogps%"%dgt tﬁ%?’ty%maﬁ\ﬁﬁﬁ"gﬁcetaﬁ@ %&WPH&"&%F‘M/@F‘?- are then
adj ust ed amsoiffararg polyrbdlarideAcH-hM9mePBSSHYS Will rbR8s8MABAHFRE afier | vati ve
as conpared to the parent conpound (e.g. & conpound tw ce as potent as

m t oxant r oHEETNG rates, ihe ebewaldesing pafamefersatfoudd bpartitinat ercomianatiompeignd hal -
as potent L1 O rone s admnistered at. twice the above paraneters,
ey, 25 TRoer Tt flie T M dtndBh e hhagaHEns siGaee shrRfi Aemimimum

5- f | uor ourgaténtaionddt FaneHay dﬂﬂﬁf&iﬁﬁtrérﬁ)é)lé @dirdsin8d PR Y %Fe&%ﬁ tg19:

i ncorporated into the polyners which make up the rntraocular [*ens, or

appl i e wiltsiseithad deug corcentratipnzon thésutfadeabxcatosenebnfafidrisasfour aci |

lied shayld 5 f 1,0 250 -
oart | cul anipapltte FAGVE o beeiBRkd Pl paciop Hmctcsm A GRaie: o 14 |
WO 03/ 099 ¥ RS\ | = BORA: f 10
10 0 25 eeootha UGl for g SERTAe i Ioqtl dnbTeidls Wif 205 °

function stfiiciet)s in Bawefearegitemnbodifenp ohitd@mtrohetif foib MPPeMIAE | ens to
whi ch dru%ti ) BFI i ed and/ or incorporated) should fall within the range of
0.1g- 1 rﬁac@ eRsSUsEce gueh dat anidnferiive agtivityiis maimtaipegifof 2 pedad

enboditBeNfanghig fratA" Ve 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 mitoxantrone (as described
previously) with similar functionat activity can be utilized for the purposes of this

20 invention; the above dosing parameters are then adjusted according to the reiative LA
potency of the analogue or derivative as compared to the parent compound (e.g. a -
compound twice as potent as mitoxantrone is administered at haif the above
parameters, a compound half as potent as mitoxantrone is administered at twice
the above parameters, etc.).

25 (b) Fluoropyrimidines Utilizing the flucropyrimidine 5-flucrouracil 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 5-fluorouracil applied should not exceed 250 mg (range of 1.0 pg to 250

mg). in a particularly preferred embodiment, the total amount of drug applied
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5 should be applied to the intraocular lens surface at a dose of 1.0 g/ m¥

- 50 g/ I fferent pol ymer and non-pol ynmer coatings wll €2%e007
5-fl uoroﬁé’i‘ﬁﬁ”gi’g differing rates, the above dosing par aﬁﬁﬁgﬁs@?ﬁ@ul d be

utilized in conbination wth the release rate of the drug fromthe

I ntraocul ar |l ens surface such that a m ninum concentration of 10-4- 10-7 M
of 5-fluorouracil is maintained. It is 10 necessary to insure that surface
drug concentrations exceed concentrations of 5- fluorouracil known to be

| ethal to rQus _species qof bacteria and fungi (i.e., are in excess of
10' M alt ﬁﬁﬁé‘ﬁ%%a'ﬁ@%@gsmﬁa& HeElR < Mgwdhe dpsg Peevail ared (.- the amount

suf fi ci ent of dhugy & PRRIEH grefersll | J0F: Ll is rel eased fromthe
i ntraocul ar | ?r?s surfaceIli gﬂtg% thaltcggﬂ%? 9?&%@%%&2@%ir@t}‘f%uf&ﬁeﬁgﬁﬂt ai ned
for a peri ¥ichsinig igpprjietrand/rdnenrporated)rshotial fadwethal therahdsof 0.1 1@ — 1

parti cul ar|.,(y9 e(r% ﬁer enbodi ment the drug is released in effective
concent rat oM o 3 PUfacs A Pand A garticulsry prefesredeaimiodiment diuogousacit eadi | v
evi dent 5baseslidpeRpbhied & $6 WSted f gﬁ-% rej t(?a"; anal ogu and
derivatives of 25-prElJ)(_)r our aci%‘lﬁ dé):g"agekéqﬁérl e&egbﬁé‘v‘?%ﬁs y‘0 “%'ﬁ sivTfi | ar
funct i onal HGBIMYVi g diffeneitepolytrnén aretindrepolyher RUENNGERIlIGEIchBE S-iudksihEipn; t he

20 above dgsing. paraneters are then adjusted according to the relative
pot ency of& 4'ﬁ%r§r@&%§gh@ Fhovgdasing parameters shguldder U@?Zﬁﬁén pambiratieonpound

(e.g. a copmvthedeldadk = rouraci|l is admnistered at half
t he above par arreter\sgl,qutea%fg?r%gu Jr aIﬂ?eyst'%%gﬁféﬁfe%gss%f@?ﬁﬂ%ma;@iI S

adni ni st erra@iraymtopincentratonadiode - 10MA e baILBrowhEil is-matdisdd. Apophy! ot oxi ns
Utili 21(99 t he od&g%l ot‘%xi n etoposide as an exanple, whether applied as a
pol yme caaetcreﬁ%, IhEGHSIat sdrface: drug sengentiations exeped homasniratipns bfed-

I nt raocul gk i el ] reier I I, t total dose of
et oposi de ggpcﬁ?i%il Shou Hﬁgfq tﬁ(?)‘(%J;g%hﬁéjuﬁgspffﬁﬁgfg%#{%ﬂaﬁﬁg'éSe-nﬁ59. In a
parti cul ain gxqassfoénOEM; emthodyiriittsonidembeditlertsowr dpfig vER vaRBLI €d shoul d
be in 147 %§23/0 /2007 [ WD 03/099346 PCT/ US03/1 719gthe range of 1 pg to

5 ng. The SHESENPe N grprgfeg,egaampchmeph &-fursomnacdis wileaseddram thfeunct i on of the
2ppl | od amioRlich RasTE6d Sl til RPN sl et B apebebg - 100
pg perlS  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 -12 weeks. it 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
| j 20 above dosing parameters are then adjusted according to the relative potency of
” - -the analogue or derivative as compared to the parent compound (e.g. 2 compound
twice as potent as 5-fluorouracil is administered at haif 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 intraocular iens, or applied without a carrier polymer, the totai

dose of etoposide applied should not exceed 25 mg {range of 0.1 ug to 25 mg). In

- & particularly preferred embodiment, the totat amount of drug applied should be in
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m2 of surface area. In a particularly preferred enbodi nent, etoposide:
shoul d be applied to the intraocular |lens surface at a dose o233 {J2pQ00TE
10 pg/ 00%@993%ﬁfferent pol ymer and non- pol yner coat i ng"sCWW"”;Fy@Pease
etoposide at differing rates, the above dosing paraneters shoul d be
utilized in conbination with the release rate of the drug fromthe
I ntraocul ar | ens surface such that a concentration of 10-5 - 10-6M of
etoposide is maintained. It is necessary to insure that surface 10 drug
concentratipons exceed concentrations of etoposide known to be lethal to a
vari ety of tBﬁé@'@Qﬂ‘Hhh@ltq freg. The doseper unit asga ¢ toé abr@umt BF daig dmoaigh f or

nbodgj I I i, | fici o f d
ambadi ront Cnapps R Sldq hea e pten i tiopaciBblensis Wi do8uPar | ens

0 het lod brd/ee k] ca. ! . . . . .
suc at apblied A leﬁtncﬁﬁ)@ﬁlbbybﬁcYulUifafFﬁitﬁlﬁ%é‘gﬂlgfeoﬁSf @0?21%;13—%6 d&@ g from

several hours,to several 15 nonths. In a parti arly pr rre odi nent
the drug i $"Weptustageiarear frea patticularymrefermedtérobsdiment, atppodide shangibag f r om

1-12 Kk L . d di | ident, b d he di [

or ovt ded. naPRlt BrE sl B drfdte 2 oo 1 HOGaR os1 GRS dsor i bed
previ ousl y Miffgkérit polyhéradnd I b@ﬁ?rcésfgﬁ\w rERBs88rdtidside SCQitte g ¢ Ne
purposes of this invention; the above I ng paranetdrs are en gddj ust ed

20 accor di Ffes.dhe Bbove dasing paparnetecy siodultl be witizdd BLeorabindBom withithe as
conpared t e, g. a conmpound twi ce as potent as

he arent conpound (.

et oposi de f’egé%a gﬁ@?éﬁ“g P”h'g\eg'"{rﬁ‘éc%d@és puifageesughsthah aconpenifional f as

otent as 0S§ i AU st ; t \M.C. \ r etc.)..
() “Conbr nat 1 on KherantOHSdY = fafthifbd. e e bSal B i BEaRiuRRes " e
di scusdfondrugreoncentdatiomsaixcetd sbneanthitions ops®pobiderknamactyd REsaltEald. | |
doxorubicin or nitoxant ron?), Tl uoropyrim dines k}g@%b S-fluorouracil),
folic acid'anghy gtflﬁﬁt%%a'('@.‘ﬁlg,' (irpe @RR i excese pf 183 My altbpugh fersome (e. g.
et oposi de i Il n tibacterial activity of the
T aocul b pafRnts foek 6t 0o T B8 SuliferRl o R EsTkS M bagibetu ci n o

m t oxant r ceteposidé isaetaased fioth tssurtace of thé htiBcORd RIR3ARnRRA! ASR3// 16 09 2
/[ 2007 .B%-ﬁ{;I uorouracil), folic acid antagonists (e.g., nethotrexate)

and/ or podBisAYYSEGRItHds Melinjained e ppded ranging omarenienaldonirs to sevedalt i onal
anti bi 5 1 maRtAs Ofn 2 PaHIHR eIl SmbSuitentle ath it fSYsed 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
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
- 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.

Simitarly anthracyclines (e.g., doxorubicin or mitoxantrone), fluoropyrimidines (e.g.,
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~Corneal Infections Secondary to Contact Lens Use 5 Contact |enses are
primarily wsad L the correction of refractive errors, but are 3 ER/ee
after catar actmg%?(igery (Aphaki e |1 enses) and "bandage" | ed${d&UpdcniRed
followi ng corneal trauma. Over 24 mllion people wear contact |enses and
many of themw || suffer fromulcerative keratitis resulting from contact

| ens-associ ated infection. These infections are typically bacterial in
nature, are 10 secondary to corneal damage/defects, and are caused
primarily lg{ﬂ %am Rﬁsh{',i ve Cocci and Pseudonobnas aerugi nosa. The

.drug- coati ng of C¥8Ratic Bsidsariagenista dagi, casthotsexate) andod podophyictexes | bed
above for ig r_@@@& di.tion.. doxorubi.cin, mtoxantrone, 5-

f 1 uor our aci(l tgand/ oﬁﬁ%gggﬁz)??gﬁ@% ‘é""@&’&@lﬁ"’{‘a %ﬁ’t‘cg@taqdé?fsa’g'ﬂc‘&%e sol ution
“to 15 prevé@gentsie eohamwe ¢ffiesnyi tted via infected cleaning/storage
solutions. It should be readily evident to one of skill in the art that any
of the previously nentioned agents, or derivatives and anal ogues thereof,

can be uti Coresl InfedtPn 'RRbAING th Tdn®lkt PEnd DReaPOVe conpositions wi thout
devi at iogg fromthe spirit an _ i nvention. 149 WD 03/ 099346
PCTI USOBAY® 2/ 2 0 EdhtadiddddsEe prtMRLEsek A thPETRRYONAT! YoM CROTI TRE
BROTH DI LUTI ON %@THCD A. M C assay of various gram nega%&é’%&n 'VSosi tive

bact 8r9 i6a ¥R 53559§’s«9é|’3@d(ﬁ§mgatad§@bt@smry mﬂ)lhzlykiaieniles):ad:dé%ngﬁgé\nsterdam
D 1 ) §&PA Rk i of, antim.crohials in liquid nedia, .

p. 52-111. SFﬁ Lorrrggj,swt\f%'!&"g@ Cﬁ'ﬂ‘PFLﬁ"%‘Wﬁs Qugr Eﬁ%‘ﬁ'&f‘wpﬁﬁgwﬁ@ﬁ eantadtt h ed.
Vi1 ans deaseslard maoy BN uiclRonF ke KEraHAE i GRTBRHRLS Yo ©

tested for,_antibacterjal activity against 1solates o , K
pneunni adSMEA5$05(ated isfeatipndeFmestuisfeatiohsSarcatypicatly bactéfatiRgaldrE, 4r@l ni,mum

i nhi bi {r SRERD ' ssay ,ynder aerobic conditions using 96 well
pol ystf/or)e%gem Cl"bgcf ?éﬂé'ggll %@@?’éﬁ%&énaﬁq?ﬁ caygsed mireanly byiGrarvRositiet h at |

37C i ncubﬁc&didrﬁp@]@on(dwg@a\@ﬁgmg@ for nost testing except Cr721 (S

The drug-coating of contact lenses is identical to the embodiment
described above for intraocular 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 skill in the art that any of the
previously mentioned agents, or derivatives and analogues thereof, can be utilized

"j} to create variation of the above compositions without deviating from the spirit and
20 scope of the invention.
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pyogenes), which used Todd Hewitt broth, and Haenophil us influenzae, whi ch -

used Haerrq,p@' test medium (HTM) Tests were conducted i Wo.k] 2200,
15 resul ts arbielb%%fgvi ded below in Table 1. 150 WD 03/ 099346’%5%%%4 19

2l 2507 Table 1 Mninmum Inhibitory Concentrations of Therapeutic Agents
Agai nst Various G am Negative and Positive Bacteria P. K S. Bactrial

Strai n aerugi nos pneunonia E. coli S. aureus epidermdi pyogene a e s s
PAE/ K79 ATCC1388 U81005 ATCC2592 9 3 3 H187 C238 C498 C622 C621 C721 W w

w w w w Drug Gam- Gam - Gam+ Gam + Gam + doxorubicin
10"5 10-1 10' 10-5 10-6 10"7 mtox Ox5 106 10-5 10-5 10-5 10-6

5-fluorouracil 10-5 101 10-6 10"' 107r 10d nethotrexate N 106 N 10-5 N 10-
etoposide N 101 N 10-5 in, 10-5 canptothecin N N N-Niu- N hydroxyurea 104
N NNN104 cisplatin 1" NN N N N ldin NNNNNNNNNNNN

mer captopuri- ne . Gy NN N SVEIERBHIRY BroTH DiLuTion METHOD

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 liquid media, p.52-111. In Loman,
V., ed. Antibiotics in laboratory medicine, 4th ed. Williams and Wilkins, Baltimore,
MD. Briefly, a variety of combbunds were tested for antibacterial activity against
* isolates of P. aeruginosa, K. pneumoniae, E. coli, S. epidermidus and S. aureus in

10 the MIC (minimum inhibi.tory concentration assay under aerobic conditions using
96 weill 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 Hewitt broth, and Haemophilus influenzae, which
used Haemophilus test medium (HTM)) Tests were conducted in triplicate. The

15  results are provided below in Table 1.
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ne Cytarabine N NNNNN 5 Activities are in Mlar concentrations W
wild type wil @adigs@activity B. M C of antibiotic-resistant ] /2007
Vari ous concentrations of the follow ng conpounds, m toxaﬁ?‘?@ﬁgﬁ%’%g
cisplatin, tubercidin, nmethotrexate, 5-fluorouracil, etoposide,
2-nercaptopurine, 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/ US037 671 2/ 2
0 0 7 aureus and a vanconycin ~ resistant pediocoocus clinical isolate in
.an M C assay as descri bed above. Conpounds whi ch showed i nhibition of
gromh (M-C value of <1.Ox 10-3) included: mtoxantrone (both strains),
~nmet hotrexate (vanconycin resistant gﬁgi ococcus), 5-fluorouracil (both
'strains), etoposide (both strains), &1 er capt opurine (vanconycin

resi stant pedi ococchig)imunElaiifioly ComASHHETIERs of Phelapehild Agents NON- DEGRADABLE

POLYMER A coating solAgainsh Viasiops emmggy\ég?ﬁa?idéggg E?ét?;rt]a,af:hr onoFl e>c<h Al ?gA
a W stirri ng. ce

(CT Bi onat grals)-in 100 m C_THF (
di ssol ved, néa oI yrr r dol utfon Ks cqol ed tq roomtenper&ure! 2@. ng
m toxantro °F’§ e 28 H9IDOS_PRfUmMO chI- gelf gt fapeeso| jueidammiol heysyehatfi on is
stirred 4 .ou 1Lxfurelis obtdined. Poliyuret hang 7 sFrench
tubing is {di pped into FHE? d:‘gﬁﬁ?r:’ﬁ%r P 198 JtATER269] 't hen wi t hdrawn. |[The
coat ed t ubde—i ; R ( __Thelsanple il then dried under vacugmto
further rdduce—the rntl yal CR23§nI \/nni‘C"ng tk&ﬁé’%ar LN CSEXANPL BICATHETER -
DI P COATI Nﬁ-ﬁBEe%% EPoIWER 1 AWioatidd@tsol uti gmtis prejpdr ed b
di.ssol vin O PLG (S | Gram - | Gram- | Gram + Gram+ | Gram +
; %’ doxogrubicin 10° 107 10 10° 10° 107 :
mitoxantrone | 10 10°® 10°° 10° 10° 10°®
5-fluorouracil | 10° 10° 10° 107 107 10"
methotrexate | N 10° N 10° N 10°
etopaoside N 10° N 10° 10° 10° -
camptothecin | N N N N {107 [N
hydroxyurea | 107 N N N N 107
cisplatin 10 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
mercaptopuri
_K} _ ne
Cytarabine N N N N N N
5 | Activilies are in Molar concentrations
_Wt = wild type
N = No activity
B. MIC of antibiotic-resistant bacteria
10 Various concentrations of the following compounds, mitoxantrone,

cisplatin, tubercidin, methotrexate, S-fluorouracil, etoposide, 2-mercaptopurine,
doxorubicin, 6-mercaptopurine, camptothecin, hydroxyurea and cytarabine were

_ tested_for antibacterial activity against clinical isolates of a methicillin resistant S.
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di chl or onet hane: met hanol (70:30). Once di ssol ved, 20nmg mitoxantrone is:
added 20 | ymer solution. Once the solution is a hono 2/2007
sol ution, Wg(‘))?@%rs&?hane 7 French tubing is dipped into thep(éTéﬂJ 1 and
then withdrawn. The coated tube is air dried. The sanple is then dried
under vacuumto further reduce the residual solvent in the coating. 152 WO
03/ 099346 23/02/ 2007 PCTIUS03/16719 EXAMPLE 4 CATHETER - DI P CQOATI NG -
DRUG ONLY 1 nL nethanol is added to 20 rrg m'toxantrone Pol yur et hane 7

French tubi he..sof hd Th d
fube is 5o ekl L3 ne ‘?Foé’rcPé& hjelosoalkcian W pesanes

reduce t hedeswsibédaiboveoCwaipouhds WARHCSHIW Mgﬁf T, | P
COATI NG - DRUG | MPREGNATI ON 0. 6 nL net hanol |s adde§ to 2 E\Eﬁ" Eant rone.

1.4 ni DMVAT!{X 1019) inglydad sniewantrorel (hathestizams), mefhrexdate (Manﬁ@'nyélndl pped ‘
into the s v ous e s of time (2 mn, mn, 10 mn, 20
mn, 30 mn Sﬁirﬂrhel?t;ﬁé°°§/3‘és) %"IF b?ﬂés%%a’%&t%%@q @OHI $tféua$)eanq 80 0).

The sanpl e2insertasopdiing fvaad @g@% reduce the residual
solvent in the coating. g,EXAI\/P gn 15 TYF/%%I&%%%& TUBES DI P COATI NG -

NON- DEGRADABLE POLYMER A coati ng sol ution is prepared by dissolving 20 g
ChronoFl ex Al 85A } (CT Bionateri aE i 90 nmL. DMAC. THF (50:50) at 50 C
with stirring. Once dissolved, the solution is cooled to room

tenperature. 20 ng mcrmréﬁomvcmﬁm@éid%r& BedrABactl pbl\RRP! Y Ur et hane
solution. The solution is stirred until a 20 honbgeni ous m xture is

obt ai ned. A stainless steel tynpanostony tube is dipped into the E
pol yner/ drug sol ut i ércoating shkibioniis pepaved biftltssowaigezb ydreohsFlak Al dsaed (80

9 The SR iohuddiR) i 1b6 i BUEACER UGS ot 80HEii g, e’ '
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 polymeridrug solution and then withdrawn. The coated tube is air dried

(80°C). The sample is then dried under vacuum to further reduce the residual

15 solvent in the coating.

EXAMPLE 3

CATHETER — DiP COATING — DEGRADABLE POLYMER

Nt

A coating solution is prepared by dissolving 2 g PLG (56:50) in 10 mL
dichloromethane: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 sample is then dried under vacuum to further reduce
-the residual solvent in the coating.
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~solvent in the coating. 153 WO 03/099346 PCT/ US03/1670 2/ 2 0 0 7 19
EXAVPLE 7 GAYidRdsRs- DI P COATI NG - NON- DEGRADABLE POLYMER A coat231§q{)2/2007
solution is prepared by dissolving 20 g ChronoFlex A 85A P

Biomaterials) in 100 nL THE at 50 Cwith stirring. Once di ssol ved, 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 obtained. Polyurethane 7 French tubing is dipped
into the polymer/drug solution and F;#Et drawn. The coated tube is air
‘dried (80 C). The sanple is then drle vacuumto further reduce the
residual solvent in the coaCatMeTERO B¥AVRERGE SRAENER - DI P COATI NG -
~DEGRADABLE POLYMER A coating solution is prepared by dissolving 2 g PLG
(50:50) in 10 nL dic¢hl oromet hane: net hanol (70:30). Once dissolved, 20ng
etoposi de i s added td Mk H@”Wlojlﬁe?r‘ddﬁdltatz()dng rﬂ&mcantrbaesﬁ’blwraﬁamé'fa
honbgeneousr, } i I 7 French tubing is dipped into the
sol ut i o%andﬁ%b ’ﬁﬁfﬂgw %R '(‘}ff%af‘ﬂ '?‘é"th‘éfaf"’”dr?@jcoapﬁétml eis

t hen drif%ed airrtiied. helsam r@:sfmrahtaﬁédr I n,the |
coati ng. LE 9 CATHEﬁTER - DP C&‘?’FFN%(%JW“ ag 5&%&%’6&% tﬁ{ éﬁ%‘qls added |
to 20 ny ePB&S@‘t'B@E £oRAGr et hane 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 reduce the residual solvent in the
coating. 154 WO 03/ 099346 23/ 02/ 200EXARMIIEIS03/ 16719 EXAVMPLE 10 CATHETER -

DI P COATI NG - DRUG | MPREGNATI ON 0.6 ML net hanol is added to 1.4 nL DVAC

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 to further reduce the residuai 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 BSA
(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 mitoxantrone

ol

is added to 2 mL of the polyurethane solution. The solution is stirred until a
20 homogenious mixture i is obtained. A stainless steel tympanostomy tube is dipped
into the polymerldrug sotution and then withdrawn. The coated tube is air dried

(80 °C). The sample is then dried under vacuum to further reduce the resnduai
solvent in the coatmg
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et oposi de. Pol yurethane 7 French tubing is dipped into the solution. After -
vari ous Swrpgiesigeof time (2 min, 5 min, 10 min, 20 mn, @%@3/ﬁ0\2/2@m§7
was W thdrawn. The coated tube is air dried (80 C. The saﬁ%T 13g6{an
dried under vacuumto further reduce the residual solvent in the coating.
10 EXAMPLE 11 TYMPANOSTOWY TUBES - Di p COATI NG - NON- DEGRADABLE POLYMER A
coating solution is prepared by dissolving 20 g ChronoFl ex Al 85A (CT
Biomaterials) in 100 nL DVAC. THF (50:50) at 50C with stirring. Once

di ssol ved, the polyner solution is c@%@@ﬁroomtemerature. 20 ng
etoposide is 15 added to 2 nL of the "pol et hane solution. The solution is

stirred until a honDEaMHEIER -NDItaTANGS- NohAEREADAA SHAIVIERSS St eel
t ynpanostony tube is dipped } into the polynmer/drug solution and then

Wit hdrawn. The coated tube is air dried (80C). The sanple is then dried
under vacuum to furtf&Palingigektiomis prepartdaly disstiviegt20 g Chirenatiét ARREA 20 -

EXAMPLE 12 . BI.CIN. TO A POLYMER COATED DEVI CE A
pi ece of pg%)gr e{ Eaﬂé‘glﬁ]:ﬁ%[@!ﬂr }%lgﬁﬁ"i"% g Onserdissoisdythen  pl asna
pr et r eabepolysice solutien 8 EHRET td i 0 LyvGethylene-co
acrylic ac(igfdé in THFI nThe sanpl Itgb\?gts r%gpg't Qﬁgﬁ%%%o%eﬁ%tﬁéé%ﬁé@ at ed
tubi ng 159 B¢ polyruefhangeobEn09 e GoREON iSElirt€d intiashomegefiondafixtufs B a

ter: met 38; | ut,i hat cont ai ned 1-(3-
G ety ary et POl BEG T EPATIpiRGR CRESe e e Ro e srusRb oD ci n

After vararehehiwigfirddh The. 1 ; L i t tubing i s, renoved
fromthe solution and ﬁrp‘gg Cgtggggugefsg%r%ﬁ%@@oﬁ%&%&%@%@gﬂ@egryi ng-
fof 24 housier BaguuVity furtieer GAICRNE rédiddaiddRidht PRHEQEIRHE! CI N TO A DEVI CE -
SURFACE A pi ece of polyurethane 7 French tubing that has undergone a
oxygen plasma pretreatnent step is dipped into a water:nethanol (30:70)
sol utit®h that contained 1-(3-di metpyhgipRogr opy!) - 3-ethyl carbodiinm de
(EDC) and 20

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 soﬁjtion, 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 Frerch |
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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10 ng/ nL Doxorubicin. After various tinmes (15 mn, 30 mn, 60 mn 120 mn)
the tubinggigsagpoved fromthe solution and dried at 60 C for 23oh2£2007
foll owed by vacuumdrying for 24 hours. 15 EXAMPLE 14 | MBREGRAY¥ICR OF

5- FLUOROURACI L | NTO POLYURETHANE CATHETER A sol ution was prepared by

di ssolving 100 ng of 5-Fluorouracil into 20 m anhydrous nethanol.

Pol yur et hane cat heter tubing was imersed in this solution for 16 hours.
The cat heter tubing was vacuumdried at 50C for 16 hours. 20 EXAMPLE 15

| MPREGNATI ON OF M TOXANTRONE | NTO P&XH&WE CATHETER A sol uti on was
~prepared by dissolving 20 ng of Mtoxantr =2HCI into 20 m anhydrous

net hanol . Pol yuret hane CatieEesr- DirlGaginggs DRIGEIMBREGATIoN 56 WO 03/ 099346
23/ 02/ 2007 PCT/US03/ 16719 this solution for 16 hours. The catheter tubing
‘was vacuumdried at 50C for 16 hours. EXAMPLE 16 5 | MPREGNATI ON OF
DOXORUBI CI N | NTO POYRIRttTMaNRNchs TR ta, 1sbmit DbAGvahichraptied2®yng

di ssol vin o] ; I cign-HCl, inta 0 .anhydr ous net hanol .

Pol yur et hgﬁtégggtgﬁ'etbg %h?ﬁ%(%mégn? Y q%F}PG{H{PE) thiécﬁql}{tioﬁn Aflgr vatipusour s.

The cat et pariodslaif tiiew@mina s yhiR) 10 hfg 28 mpD 30 9in) te AR Bas MinGrEPLE 17
0

PO_YURETHAHEQ% P COATI NG W TH 5- FLUGROURACI L A Sol ution was préepared by
di ssol vi ng Algf Bibe ig @ircliieddBO *EhdThe Sampled$ tichT oviaf UsderAL8BdmtET

Bi omat eri g|;8pe T t 55C The solution was cooled to room
t emperat ure. Porlagl/ﬁér)ee ear%é'dggﬁ@feé%é" s PalPght ed at one 15 end and di pped

in solution and then renoved i medi ately. This process was repeated three
times wth 1 mnute drying time interval between each dipping process. The
catheter tubing was vacuumdried at 50C for 16 hours.

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
16 added to 2 mL of the polyurethane solution. The solution is stirred until a
homogenious mixture is obtained. A stainiess steel tympanostomy tube is dipped
J} 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.

20 EXAMPLE 12

COVALENT ATYACHMENT 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
acrylic acid) in..THF. The sample was dried at 45 °C for 3 hours. The coated tubing
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EXAVPLE 18 20 POLYURETHANE DI P COATI NG W TH 5- FLUOROURACI L AND PALM TI ‘C‘
ACI D A solyit | as prepared by dissolving 125 ng 5-Fl uor i 12.3/602 3 2 0rty7
HObImR il

of palmtic aci

and 2.437 g of Chronofl ex AL85A (CT Bio in 50

m of THE at 55C. The sol ution was cooled to roomtenperature.

Pol yuret hane catheters were weighted at one end and di pped in solution and
then renoved 25 immedi ately. This process was repeated three tines with a 1
mnute drying time 157 WO 03/099346 23 02/ 2007 PCTIUS03/16719 interval

bet ween each

for

The catheter tubing was vacuumdried at 50C

o heafias Tl iipel 190 & waterptionyl (SOEATTOl o Tt SoutnoNa AS-

M TOXANTRQH e . : [eTe) LNt o.5% Nation
sol ution (Dﬁlﬁéﬁ??nﬁlﬁfﬁ?@%gﬁm{%}ég@@égggp 9 y%?‘d%gf@gtfﬁ)@g&rmn‘r?e\ &ht ed
three ti mevangiustinaesl (18 mist, 80dnini 6@ niih MROIMKE thealubhry WeeRoeashofi tARI N
process. W%ge cat h‘it er tubing was dried at roomtenperature for 2 hours. A

sol uti on

utioh and Aued gt 6 & far 2ows falowed Ry vaseun aring for4d hoursf

dei oni zed water. The catheter tubing was imrersed in the solution for 5

m nutes, and then was washed w th deionized water and dried at room
tenperadure. EXAVMPLE 20 15 CATHETER)ANMPCOATE NG W TH NAFI ON AND DOXORUBI CI N
Cat heters are wei g?ﬁ ed at one end and di pped into 5% Nafion solution

(Dupont) and then

ATIAENETQRPOXARUBIGHN 36 ADEVIRESUREMGRt ed  t hree

times with a 1 mnute drying tine interval between each di ppi ng process.

The
was
The
was

cat heter tubing ! rature far 2 hours. A solution
20 prepared wit ﬁ\,@é%%Bgﬁcﬂﬁ%g{qﬁ%;?c{:'%%gt%’ﬁgibal?ﬁasd‘f"c%égclﬂﬁ ed water.
cat heoaygen phlisnt wesrchiM@ritsash isii fk@fﬂ PR} 5B fethamoMIi@Sondien then' -
vvasheohwi th deionized water and ﬁri ed at room terrpemat ur@. 158
that contained 1-(3-dimethylaminopropyi)-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 mi 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-2HC!

into 20 mi anhydrous me_t'hanol. Polyurethane catheter tubing was immersed in
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WO 03/ 099346 23/02/2007  PCTIUS03/ 16719 EXAMPLE 21 PREPARATI ON OF RELEASE
BUFFER Thewgdsarsaebuf fer was prepared by adding 8.22 g sodi um 2By 021/BN07
0.32 g sodi um phosphat e nonobasi ¢ (nmonohydrate) and 2. 60 FCEHBUYSdFTM
phosphat e di basi ¢ (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 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 IﬁﬁL%AﬁE PEO:{ LE OF THE THERAPEUTI C AGENT FROM A CATHETER A
sanpl e of the PHEPE XuUtE Bowgedhe cothater whingevas vamsinpivedst 50°C for 16 L
cul ture tubpgursld nL rel ease buffer (Exanple 21) was added to 15 the
culture tube. The tube was sealed with a Teflon |ined screw cap and was
placed on a rotating wheel in a 37 C oven. At various time point, the
buffer is wthdrawmm fromthe culture tube and is replaced with fresh
buffer. The withdrawn buffer is then anal ysed for the anount of

t herapeutic agent contained in thiBXAMALd 180l uti on. 20 EXAMPLE 23 HPLC

ANALYSI § OF THERAP%LEQN@,%‘]}IE FER The fal | ow ng
chr omat ogr aphi ¢ condi ti ons m?goggggbﬁé@gﬂaq%?ﬁém Rof the
therapeutic agent in the release nedium 159 4 0 2 2 0 0 7 WD 03/0993A6

PCT/USO / 6419 r CA $bilfion was prepared by dissolving 20 mg of Doxorubicin-HC! into
- 20 ml anhydrous methanol. Polyurethane catheter tubing was immersed in this

solution for 16 hours. The catheter tubing was vacuum dried at 50°C for 16 hours.

10 EXAMPLE 17
POLYURETHANE DiP COATING WITH 5-FLUORQURACIL

A solution was prepared by dissolving 125 mg 5-Fluorouracil and 2.5
g of Chronoflex AL85A (CT Biomaterials) in 50 ml 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

process. The catheter tubing was vacuum dried at 50°C for 16 hours.

—”

EXAMPLE 18
2.0 POLYURETHANE DiP COATING WITH 5-FLUGROURACIL 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 AL8SA (CT Biomaterials) in 50 rﬁi 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 Dip 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
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 DiP COATING WITH NAFION AND DOXORUBICIN

Catheters are weighted at one end and dipped into 5% Nafion
sclution-(Dupont) 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-HCl 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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6 WO 03/ 0993563094492/ 2007 PCT/ US03/ 16719 EXAMPLE 24 EFFECT OF RAADZ/Q007
ACI D ON THE RELEASE PROFI LE OF 5- FLUOROURACI L FROM A POLVRGEHIANEEI LM A
25% w' v) Chronoflex AL 85A (CT Biomaterials) solution was 5 prepared in
THF. 50 ng 5-fluorouracil was weighed into each of 4 glass scintillation
vials. Various anmount of palmtic acid were added to each vial. 20 nL of
the polyurethane solution was added to each scintillation vial. The

- sanples were rotated at 37C until ghe IEQ? had all dissolved. Sanples
-were then cast as films using a casting knhife on a piece of release |iner.
Sanpl es were air dried and tRearPARATEN @diRevRsBBYREcAINder vacuum A portion
_of these sanples were used to perform release studies (Exanple 22). Figure

511 or our act | - EXAVILE e RRBMGE o PO A R 2R GRS NG DRUG
- grade water
was added and the solution was stirred until all the saits were dissolved; If
required, the pH of the solution was adjusted to 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 (Exampie 21) was added to
15  the culture 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 buffér.

- ) The withdrawn buffer is then analysed for the amount of therapeutic agent
contained in this buffer solution.

20 _ EXAMPLE 23
HPLC ANALYSIS 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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ms fresh Mueller Hinton broth. Then 100 | of the diluted bacterial c?lture
were spr eller H nton agar plates. A test mater] {% 2/2007
cat het er ?‘ggi"ﬁ’g ,4dv\\//|'ljth 20 or wi thout drug, was placed on tlif@lfg%ﬁ rgof t he
pl ate. For exanple, catheters are typically 1 cmlong and about 3 nmin

di anmeter (which may be made of pol yurethane, silicon or other suitable
material) and are |loaded with drug either through dip-coating or through
use of a drug-inpregnated coating. The plates were incubated at 37C for
16- 18 hours. Thej zene |of cI%ar ng around a test 25 material was then

nmeasured (e.dg., 8@ dilst incé ftomthe catheter to where bacterial growt h
is inhibited), GhEi nﬁ c?gf egi t he degree of bacterial gromth 161 / 0 2/

2007 WD 03/0993

that may be test
C498 UB1005, P. ugi nosa HI8y, S. aureus C622 ATCC 25923, and S.

B
4% @PCI/ US034 13| 2719 prevention. Various bacterial strains
ed=in
aer

epi derm di s 0621.;8@@ cal pg| yuf et hane catheters coated w th 5-fluorouracil
I"EII;;] ons %
[

tl ude, {buf are not Iimted to, the follow ng: Ecoli

at several 5 cqn a¥ 2.5.mg/mL and 5.0 ng/nL) were exam ned for
their effect agdihst |S.| aufeus. The zone of inhibition around the

S
b

cat heters coat eq ratjort of 2.5 ng/ mL 5-Fluorouracil and placed on
esepssldescri bed above was 35x39 nmm and for the
gl utjon of 5.0 nmg/nL 5-Fluorouracil was 30x37 mm
ghowed jno zone of 10 inhibition. These results
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YMC ODS-AQ 150x4.6 mm, 5 um
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Clains 1. A nmedical inplant which releases a fluoropyrimdine, wherein the

I npl ant ¢ ol .1 gtol ng of a fluoropyridine per rm2 of i @RY2007
surface aﬁggﬁkﬁﬁéﬁgin the fluoropyrinmidine is in an amounfCEUSE¥I67 e t o
reduce or inhibit infection associated with the nedical inplant. 2. The
medi cal inplant according to claim1 wherein said inplant is covered or
coated in whole or in part with a conposition conprising a
fluoropyrimdine. 3. The nmedical inplant according to claiml1l or 2 wherein
said fluoropyrimdine is 5-fluorouracil. 4. The nedical inplant according
.to any one of clains 1 to 3 wherein said nedical inplant further conprises
a polynmer. 5. The nedical inplant go¢Quetpp4d o claim4 wherein said pol ynmer
is a biodegradEbIeTpoI mer. 6. The nedical inplant according to claim4
‘wherein sai d poFjfferT QFRFAMITIOACHIQIEE Rl &is 5B PROFIVIEF 5-FTUGRMRATYi cal

I npl ant according to claim4 e&iin said polymer is a polyurethane. 8.
The nedi cal inplant according RPMA BPIURE "t he pol yurethane is

sel ected from pol y(ester urethanes), poly(ether urethanes),

pol y(ester-urea), AmbonohyY CRIABNEL AWt REF BibmadrialiEoh 63 g: g@gf‘[‘g 0

according to claim4 wherein said polyner a poly
163 23 Fehrepargd robhF. SOmgTHheumedianillwasweightd a6 @aeh P 4 ghass stimiidtdher ei n

said poly [ cel l ul ose-derived pol yner selected fromnitrocell ul ose,
cel | uI'osegg'{ését\Z?@uslﬁﬁ?mtozPagWEC e e adldgdde gaeh yiabp2Omilt of thel. The

medi cal | pplyarsthaecesitidiowhs aghad einesaid.pglyner is selected from
pol yur et hanes, acrylic or netahggcggﬁ}é@%ﬁ%ﬁ#@}g@ﬁﬁa?-@%’ﬁ@gfg? P ved
pol'yner s, relediaB& Guudtitbe satidy had all dissolvede Sam@ss weke Bith dd2e 68 9fms
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-fluorouracil.

EXAMPLE 25
15 RADIAL DIFFUSION ASSAY FOR TESTING DRUG IMPREGNATED CATHETERS

AGAINST VARIOUS STRAINS OF BACTERIA

=) An ovemight bacterial culture was diluted 1 to 5 to a final volume of 5
mis fresh Muelier Hinton broth. Then 100 pt 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

o typically 1 cm long and about 3 mm in diameter (which may be made of
polyurethane, silicon or other suitable material) and are foaded with drug either
through dip-coating or through use of a drug-impregnated coating. The plates
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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12. The nedical inplant according to any one of clains 4 to 11 wherein
sai d pol yniio @fessgles for release of the fluoropyrimdine jo.effé 2€ 2007
concentrations for a period ranging fromseveral hours to sévera nt hs.
13. The medi cal inplant according to claim 12 wherein said pol ymer

provides for release of the fluoropyrimdine in effective concentrations
for a period ranging fromone day to three nonths. 14. The nedical inplant
according to any one of the preceding clains wherein the inplant conprises
0.1 g to 1 pgeVdntiohORiibls BhAE iRt AFREE may i 8- itege
medi cal inplant according to. any orlle cl).'% g] gi mi%%{etdzﬂ—“:l@a\%\ﬁ%@éﬁn '}Oﬁgm'tgr}rpl ant
conpri ses Ko.ghe éolloevigg:F.aof €A28IUB otk A eerugifoss Hi8N Sidureus Cege  ar ea.

16. The ne Lr%q:l i ant caccording.t y one of clains 1 to 15 wherein the
i npl ant co%‘prl s%é%'oa@d oe‘%’gﬁ”?fa’sf@@%ﬂopyri m dine. 17. The nedical inplant
according to any oneQpt h gbl i i OlTRLI 10 g
to 25 f1 uoropyri m di ne. ﬁdigﬁre%th%r%n%agp%ﬁaéfé &né}}ﬁg%tha%ggérg%%&t 0 Sﬁéﬁ'@ne of
t he preeedforcantiations (2.6mdiml andnpOirsg/n Javereanachised for tndieefiesagagait . 19.

The nedi ca% i‘rrl?pl ant. accor ding .to claim18 wherein the second anti-
infective Ag8WEYSs ThE ZaReiof gilihition around thacatheatersicoglpshin a seatiosofebr uar y

anti - ini catpod oon ST anpite dRvhRIE AR dodl 1948 hs ABRY

i mpl ant  acalywiwgs BExAhymranddbr headatbetérd eodtdd it 8sbMbn of BTPRIgHnDY an
antithr oanogic agent or an _antiplatelet agent. 22. The nedi cal "1 npl ant
accor di ng T6Y9RMERE was A7 mm1 Gathaters witheutalrug sbeyed sormprisedfar i n,

dext r ap SUhRBRLA: T‘i@g@?%tﬁfs%ﬁhnlceoﬁ%ltl{gg% Q%O%fﬁééqlﬁ(ﬁl = l?q'}/’gg{q?ﬁ%%%@ (S% Bnanat e,

2- chl or oadenosi ne, aspirin,

hydr ochl oroathetereat idhibjtingdheglevihidf @ izepéus.t 1 cl opi di ne, cl opi dogrel,
abci xamab, eptifibatide, tirofiban, streptokinase, or tissue

15 From the foregoing, it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
Hlustration, 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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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 pacenmaker, 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, or ocular inpl anta%%bn]g}?mqﬁ cal

i npl ant according to any one of the preceding clains ereln the inplant
conprises a coating that conprises the fluoropyrimdine and the polyner.
25. The nedical inplant according to ¢ lai m 24 wherein the coating further
conpri ses an agent that can increase * ility, lubricity,

bi oconpatibility, or henoconpatibility of the coating. 165 23 February
2007 26. A conposition conprising a polyner and a fluoropyrim dine,
wherein saild f| éompgdicall dinplant swiicksekases saifidiotapypicsdinepnvizren the
concentration of less  thap 10-4 M 27. The_conposition accordin Eo claim
26 wher ei n $AP@N |COMRIISES HildiAd0i § ME- ol Aof¥RIPRYIYINe Joer MR etw%a "ti on
according t i i 3\?&{ j i T8] abl e -
pol ymer. Zggu%gé (%ggn%o@?@Lrﬂ{h?c%rd grﬁtdi)h ef: gp%é@?”&?ﬁ?‘?ﬁ@?ﬁ\%ﬁgpg?n t he
pol ymer i soainhibit infeciegrassabiatedwitl tlee mekiical hplaonposi ti on according to
claim26 or claim27 wherein said polynmer is selected from pol yuret hanes,
acrylic or pethaghgl hfedi AP accSBINgkOSGaifle ™ \abreRl BRI fmpRpf ybat e
and net hacryl ate copol yners, "‘and blends™ thereof. 31. The conposition
accor di ng t govgrgdone asfated dnnwhole Lo BOp&dr witbra campositiomgcamprisiog oa

anti-infectpve a ent.d. 32. The conposition according to any one of clainms 26
to 30 furt hbpcropyrimiding.

3. The medical implant according 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 c_laim 4 wherein said polymer 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 an antithronbotic agent or an antiplatelet agent. 166 23
February 2007 33. A nedical inplant according to any one of clains 1 to 25
for use in a method for reducing or inhibiting infection associated with a
medical inplant. 34. The nedical inplant according to claim 33 wherein the
infection is bacterial infection. 35. The nedical inplant according to
claim 33 wherein the infection is due to antibiotic-rogirshAry$oozi ns of

m crobes. 36. The use of a conposition according to any one of "clainms 26 to
32 for the manufacture of a medicanent for the preparation of a nedica

i mpl ant to educdheomedidsl binplantfaacording de sdasimtdedharain saidpdlyadr isnpl ant .

A T

f 1 uor opyri niljitpates EhHa deflosk R etdi®lppdbioss@pri ses 0.1 lug to 1 ng of
fluoropyrimdine per m2 of inplant surface area, wherein the

fl uoropyrim.di ne .S 1.0 . t tiye red Lokt bt i pf.ection
associ at ed v?ndlt h tTkﬁee Mnégjﬁ%]a'ﬁ{ﬁ?ﬁﬂl gﬁ%&rﬁ%@ Yorhciﬁ%?h%%é%qﬁﬁ%gn%&&%]eg I'gi m 37
wher ei n sai defasted o npdigatetianest axryiRd o meticedicvwedpolyiers, cellulose-

fl uoropyrimdi ne by dipping or spraying. 39. A catheter conprising a
coating, whé&EEvadPRYMeE: a¢Rylateand netbaerylate Gepelyyersyandifdends thaseefange of
0.1 gto 1l ng per m2 of the catheter surface area on which the coating is
present. 40.1ZThe Towt metdimal ihpahbiacc8@lingvie ey rondef tlawosopye it dharsin s

5-fl uorouraci | 1. The cafheter o | ai m 39, erein the 5-fluyorouracil

C ;
is in the r&Alk lvier grovkiess f%.rej?ﬁsemg ¢t HIPPIMIERE olfe GFECEV&I ms 39
Lo AL whet SoRcdfifatihR'ibnE pbHbA MafginG AR LeRsaPRGuRTto SRUEraPRIGHIRL.S. 167 23

February 2007 43. The catheter o aim erein the one or nore
‘polyners 'S13.  The medical implant according to claim 12 wherein said polymer
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 pg 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 ug to 50 pg fluoropyrimidine per mm? of implant surface

area.

16.  The medical implant according to any one of claims 1 to 15 wherein the

~implant comprises 1.0 ug to 250 mg fluoropyrimidine.

17.  The medical implant according to any one of claims 1 to 15 wherein the

implant comprises 10 ug to 25 mg flucropyrimidine.

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 98 Hdhfuary 200
fluorpyrimdine in effective concentrations for a period rangerg Zrom 1
day to 3 nonths. 47. The catheter of any one of clainms 39 to 46, wherein
t he cat het er20.s dhecoedical implant saccatdieg do. cldith 18hehemimaehersesbnd | aitim 47,

wherein the.catheter is gonposed of .polyurethane. 49. The catheter of any
one of cl ai H2'°88'§ 39%,'3%g$@%ﬁ"? ﬂé%@é?%/m@"e-conpri ses a fluoropyrinidine
m of inplant surface area. 50. The catheter of

of 0.1 fag to 1 pg per

fa:']y one of @Tai nﬂitfgglrledicagmp}m5 ra;ficnl‘dih@n-rtg:gaa?'b.l‘lg ofclainpsﬂst];esﬂafurther N
uor opyri m e 0 1o er of,. i nt surface area. :

met hod for ﬁébﬂ%ﬁ"}%%n 5&?‘5?5?’880@‘?&‘%”} Nefii) @?tlpéﬁgleﬁggggﬁto 50, conprising

covering or coating a catheter with a conmposition that conprises a

f 1 uor opyri mi2di ne Thgchedicgl implant aceerding dorgny ees of claipis § to 7 Gather
fl i mi.dj-ne: of i N the ..
F1 tor opyr i meA g, nERFS deBFaT S GEn @Bl OB, B AWPect i on

associ at ed adthosihe, Redhic@ladenpsiast . adpiving3 phebybatazore07 indanethacin,
i nfection-resistant nedical inplant, conprising: (a) a central venous

: ising: (a) . Al
catheter, ¢ ofenagals, i hydealaraneipepordipyidanpler eiilorrest, i nbiglapidiveul ar
portion co i an Wols Ny in a a 1.k n € i rior
Pt on of “TRpRIETBEAGLD. SyitagRe ot ° SapUIen Lhe et
pol y( car bonatesminegdraacivatar.

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 accofding 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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nitrocellulose, and 0.1 pg to 1 lag of 5-fluorouracil per nMm2 of the
exterior surface. 53. A nethod for nmaking the infection-resistant nedical

i npl ant of claimb52, conprising coating the exterior surface of the

i ntravascul ar portion of the central venous catheter with a conposition
conprising a poly(carbonate urethane), a nitrocellul ose, and
S5-fluorouracil so that 5-fluorouracil is in an anmunts9kBriad/2gov0 1 |ag
per 2 of the exterior surface. 53. A nedical inplant that releases an

ant hracycline, folic acid antagoni st, podophyl otoxin, canptothecin,

hydr oxyur ea,,or pl ati nunhcongl ex._in an  anount, effective. to reduce or

i nhibit infé&ftioh RLBLTHEREORPIRNGPRESE 2Nd & thyraryrimishne. WieaiRyi cal

i npl ant accepg mggrbgrirﬁlomﬁén&&egéﬁriﬁls@ié@érﬁpbﬁﬁé@atalc%ncéﬂvaro@fﬂofq&s@a_t ed in
whol e or in part W h a conposition conprising an anthracycline, folic

aci d ant agotitan 10pddlophyl ot oxi n, canptothecin, hydroxyurea, or platinum
conpl ex. 55. The nedical inplant according to claim53 or claimb54 wherein
the nedi calR7i npltaBtcon@b@AEES addbrailightoadaiel R evherbin Si€ B AmidiApliant
according to claimb55 wherein the anthracycline is doxorubicin. 57. The
nedi cal i npPaitora¥@sidi ng to clai m 56 wherein doxorubicin is present in an
anount of 0.01 lag to 100 |lag per mm2 of inplant surface area. 58. The
medi cal }ngtz?nlt Ehearo%mfsiﬂm actcﬁimgﬁ?mmleimodom?lﬂﬂwhéreirsthféop%@gr?at in an
amount o . ag, to ag per of inplant surface area.

February 20872 bisglegiggabie aolyaer npl ant according to clai m 55 wherein the
anthracycline is mtoxantrone. 60. The nedical inplant according to claim
59 wherei n 2Bt oxdherompasiionpaasedingito claimazthontlabh 27. Whereagtheopdgmeag per
m2 of inplant surface area. 61. The nedical inplant according to claim59
wher ei n mt%HPP@rﬁ%&?%ad%%@sP@iMm?rn an amount of 0.05 lag to 3 lag per m®2

of inplant surface area.
30. The composition 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 to 30 further

comprising a second anti-infective agent.

32. The composition according to any one of claims 26 to 30 further

qomprising an antithrombotic agent or an antiplatelet agent.
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62. The nedical inplant according to claim53 or claimb54 wherein the

nmedi cal inplant releases a folic acid antagonist. 63. The nedical inplant
according to claim62 wherein said folic acid antagonist is nmethotrexate.
64. The nedical inplant according to claim53 or claimb54 wherein the

medi cal inplant rel eases a podophyl otoxin. 65. The nedical inplant
according to claim64 wherein said podophylotoxin is 8seppg|feo008- The
medi cal inplant according to claim®65 wherein etoposide Is present in an
anount of 0.01 tag to 100 lag per nmm2 of inplant surface area. 67. The
medi cal i npl erein _etoposid esent. in an

t di t | ai m 65 i
Arount of 03t ad MK dapEEE FoRETE 1 ARY she SAGes T 4p 2 Tog e et
nedi cal i nmplagthod¢6raedubmgtct iﬁﬁi@ﬁiﬂ%ﬁe@ﬁorﬁh@édﬁizﬁéd%ﬁ £hiedidimprgt.cal _
i npl ant rel eases a canptothecin. 69. The nedical inplant according to claim

53 or cl ai 4 rej . di.c i mpl ant | e S OX VLU .70. The
vedical | mpPant " BEChhldaT infBRit Sogk By ¥ gliiedS SRudtel e eEER o

i npl ant rel @asesiabinfdd@ionnum conpl ex. 71. The nedical inplant according to
any one of clainms 53 to 70 wherein said nedical inplant further conprises

a pol yner. 02 : . i C I ; - g claim
71 wherein §§i d gggﬁﬁnégﬁi["g'“ﬁ%%ﬁ %"795?’;‘-53%@@0 yr@e@élgghe%(q@d!}’g%?&

i npl ant accéo dititgotioredistant sttaindef miicrobas.d pol ynmer is a non-bi odegradabl e
pol ynmer. 74. The nmedical inplant according to claim71 wherein said pol yner

is a polyuratha I ik Qo= Co- gl | A : | g@alfst Mpl ant
accordi ng tgg'anyﬂrﬁﬁgfsgﬁoﬁ?a%w*ﬁa%r%‘é?@i %Wég?y&lﬁ-@geér’@gdr ggifgtas for
rel ease of #w thaamfdutacycl a mediCament foritle ameparationtaf a pedaahmplbakioa,

canpt ot heci pédu%dcgronzl(l){iglrt?n ection lsgotciiar]auag] vﬁ&né)lmeé(dici:aq implant.
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 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.

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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concentrations effective in reducing or inhibiting infection associ ated
with the nedical inplant for a period ranging fromseveral hours to
several nonths. 76. The nedical inplant according to claim75 wherein said
pol ymer 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 inf i at ed
with the nmedical inplant for a period ranging froml gg?epﬂ'l%?%gglt?hs. 77.
The nedical inplant according to any one of clains 53 to 76 wherein said
medi cal inpld@nt iThea catisdted &f clainhe4dZr wheareist tred iohehear movel peymess ds ac
pacenmaker, inplantable cardioverter defibrillator, vascular graft, ear,
nose, or tiﬂ’gg/é{reﬁ RPPant, urol ogical inplant, endotracheal or tracheostony
tube, dialysis catheter, CNS shunt, orthopedic inplant, thread, suture, or
ocul ar inpl ddt. The eatheiepafidaimnd2,cwehpreirs thegoae polnyorer palydesncomprise

ant hracycline, folic acid ant@&)%réi st, podophyl ot oxi n, canpt ot hecin,

hydr oxyur ea POBMIGNANE i UERG: ‘wherein said anthracycline, folic acid

ant agoni st, podophyl otoxin, canptothecin, hydroxyurea, or platinum conplex '
i s present #f. sailbe eathplesiofiany ene af clawema ta “énwheraiedie ongnoriagrose M 79.

Th it di t | ai 8 .wh in.said hr. | i foli
Rt - ant agoRP A ERRUHE ok Bisas? et ABRES SRt SR h LS b
171 23 Febr g@ry p@R&d rarkmpirem saveesleiours @ devdtahinaaii®. i ne, _
fluoropyrimdine, folic acid antagonist, podophyl otoxin, canptothecin,

hydr oxyur eanor ti =S, pL i ] ﬁ%@ﬂ iLlan. at
concentrati gﬁ of IErr"gsds t aﬁB%%Eﬁ(lﬁF’ @@??%35%8%823’5&8 a c%#soﬂ”ﬁgld?ofogl aim
78 wher ei n sgledsenf e dlyotpyniaidihe! in effeativd centegedtioss, fop@dpogiiod edrapng,
canpt ot heci n, hydroxyurea, or platinum conplex, wherein said

ant hr acycl i ff8m ¥Idl§’éfr%;§5mpm"ﬁi ne, folic acid antagonist, podophyl otoxin,
canpt ot heci n, hydroxyurea, or platinumconplex is present in said
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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 pg to 1 pg 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 ug to 50 ug 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 pg 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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conpl ex, wherein said anthracycline, fluoropyrimdine, folic acid

ant agoni st, podophyl ot oxi n, canptothecin, hydroxyurea, or platinum conplex
is present in said conposition at a concentration of less than 10-7 M 82.
The conposition according to any one of clains 78 to 81 wherein said

pol ymer is a bi odegradabl e polyner. 83. The conposition according to claim

82 wherein the biodegradable polyner is poly(lactide-g9rgbiepyizdey. 84.
The conposition according to any one of clains 78 to 81 wherein said

pol ymer is a non-bi odegradabl e polynmer. 85. The conposition according to
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associ at ed w L cal ol . F r hod
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covering or nitmaseiioipse, emdi @4l ug rpl Anig o Bhafuwroarich rEeyehinel, tHeokiderioaci d
ant agoni st , Bogg%hyl ot oxi n, canptothecin, hydroxyurea, or platinum conplex
such that tRETAER cal i npl ant rel eases the folic acid antagoni st,

podophyl ot oxi n, canpt ot heci n, hydroxyurea, or platinumconplex in an

amount ef f e®B8i ve A methediioe makingthievinfedtivheaesistamt assiical fthplhntof blatrh&2nedi cal

implant. 173 - . . . .
‘P 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.

53. 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.

54. The medical implant according to claim 53 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.

95.  The medical implant according to claim 53 or claim 54 wherein the

medical implant releases an anthracycline.

- 56. The medical implant according to claim 55 wherein the anthracycline is

‘doxorubicin.

57. The medical implant according to claim 56 wherein doxorubicin is

- present in an amount of 0.01 ug to 100 pg per mm? of implant surface area.

_'58. The medical implant according to claim 56 wherein doxorubicin is

present in an amount of 0.1 g to 10 pg per mm? of implant surface area.
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59. The medical implant according to claim 55 wherein the anthracycline is

mitoxantrone.

60. The medical implant according to claim 59 wherein mitoxantrone is

present in an amount of 0.01 ug to 20 ug per mm? of implant surface area.

61. The medical implant according to claim 59 wherein mitoxantrone is

present in an amount of 0.05 pg to 3 ug per mm? of implant surface area.

62. The medical implant according to claim 53 or claim 54 wherein the

medical implant releases a folic acid antagonist.

63. The medical implant according to claim 62 wherein said folic acid

antagonist is methotrexate.

64. The medical implant according to claim 53 or claim 54 wherein the

medical implant releases a podophylotoxin.

65. The medical implant according fo claim 64 wherein said podophylotoxin

is etoposide.

66. The medical implant according to claim 65 wherein etoposide is present
in an amount of 0.01 ug to 100 g per mm? of implant surface area.

67. The medical implant according to claim 65 wherein etoposide is present

in an amount of 0.1 pg to 10 ug per mm? of implant surface area,

68. The medical implant according to claim 53 or claim 54 wherein the

medical implant releases a camptothecin.

69. The medical implant according to claim 53 or claim 54 whereih the

medical implant releases a hydroxyurea.

'70. The medical implant according to claim 53 or claim 54 wherein the

~medical impiant releases a platinum complex.

~71.  The medical implant according to any one of claims 53 to. 70 wherein
said medical implant further comprises a polymer. |
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72.  The medical implant according to claim 71 wherein said polymer is a

biodegradable polymer.

73. The medical implant according fo claim 71 wherein said polymer is a

non-biodegradable polymer.

74.  The medical implant according to claim 71 wherein said polymer is a

polyurethane or a poly(lactide-co-glycolide).

75.  The medical implant according to any one of claims 71 to 74 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 several hours fo several months.

76. The medical implant according to claim 75 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.

77.  The medical implant according to any one of claims 53 to 76 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.

78. 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 10™ M.

“79.  The composition according to claim 78 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.

80.  The composition according to claim 78 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.

81.  The composition according to claim 78 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.

82. The composition according to any one of claims 78 to 81 wherein said

polymer is a biodegradable polymer.

83. The composition according to claim 82 wherein the biodegradable
polymer is poly(lactide-co-glycolide).
84.  The composition according to any one of claims 78 to 81 wherein said

polymer is a non-biodegradable polymer.

85. The composition according to claim 84 wherein said non-biodegradable

polymer is polyurethane.

86. A medical implant according to any one of claims 53 to 77 for use in a
method for reducing or inhibiting infection associated with the medical implant.

87.  Use of the composition according to any one of claims 78 to 85 for the
~preparation of a medical implant to reduce or inhibit infecti__on associated with

- the medical implant.
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88. A method for making a medical implant according to claims 53 to 77,
comprising covering or coating a medical implant with an anthracycline, folic
acid antagonist, podophyfotoxin, 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

implant.
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