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represent a major 10 heal thcare problem For exanple, 5% of patients
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10 healthcare problem. For example, 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 nosocomial infections are: urinary
tract infection (28%); surgical site infection (19%); respiratory tract infection (17%);
and bloodstream infection (16% and rising). A significant percentage of these
infections are related to bacterial colonization of implanted medical implants such
as Foley catheters (urinary tract infections); surgical drains, meshes, sutures,

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

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

be replaced resulting in increased morbidity for the patient and increased cost to



In an attenpt to conbat this inportant clinical problem devices have been
coated with antim crobial drugs. Representative exanples include US. 5

Pat ent NowO0935234664 (" Cat heter Having a Long-Lasting Antipararsobiahe Surface
Treatment”), U. S. Patent No. 5,709,672 ("Silastic and Pol ymer - Based
Catheters w th Inproved 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 nedical articles and

met hod for their preparation”), U S. 10 Patent No. 5,902, 283

("Anti m criebhabithdmpe egohtdorsh fiRd Riscted dedickeerv@rag alsoutddorat s”) U. S.
Patent No. 5,624,704 ("Antimcrobial inpregnated catheters and other
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the antibiotic(s) used in t he device coati ng The devei opnent of
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infection. The present invention discloses 25 such devices (as well as
conposi ti émplaats]) Wed.(datent Neo. HaRk# T§4d{Atindicrdialsinpregnaied edtheters fand
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Polymer-Based Catheters with Improved AntnmlcroblaI/AntlfungaI Properties”).
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 likelihood of an associated infection. The present invention discloses
25 such devices (as well as compositions and methods for making such devices)
which reduce the likelihood of infections in medical implants, and further, provides

other, related advantages.



BRI EF SUMVARY OF THE I NVENTION 5 Briefly stated, the present invention
provi des conpositions and mnethods for preventing, reducing or inhibiting
t he |i kel wbao@9sie i nfecti ons associated with nmedi cal i nplrpamisos/Mime
specifically, within one aspect of the invention nedical inplants or
devices are provided which rel ease a chenotherapeutic agent, wherein the
chenot her apeuti ¢ agent reduces, inhibits, or 10 prevents the growh or
transm ssion of foreign organisnms (e.g., bacteria, fungi, or viruses)

whi ch are on or are associated with the nedical device or inplant. For

exanpl e, BRIBF DESERBPEON OF THEEDRAWING on nedi cal inplant or devices are
provided which rel ease an anthracycline, fluoropyrimdine, folic acid
ant agoni st, podophFigoretishowsdhe teffebteafi paimhigdiaik potiea releaseppraffilenofim

conplex. Wthin various 15 e dinents, the inplant is coated in whole or
in part ﬁ@°§“€8ﬁ%ﬁ8ﬁ1?BRwuggﬁﬁP?éﬁﬁﬁkan ant hracycline, fluoropyri nidine,
folic acid antagoni st, podophyl otoxin, canptothecin, hydroxyurea, or

pl ati num ¢ ects of the present invention provide nethods

onplLex. Ot her as
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coated on and/or released fromthe nmedical inplant at a dosage and/or

concent r agssnciated atithi medicakimpiamtst Mdoregpiecticallio svthin amel Aspectobtioent r at i on

of the agent when used.in the treatnent of cancer. 25 A wide variety of
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provided which release an anthracycline, fluoropyrimidine, folic acid antagonist,
podophylotoxin, camptothecin, hydroxyurea, or platinum complex. Within various

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., coating the implant)

20 with an anthracycline, fluoropyrimidine, folic acid antagonist, podophylotoxin,
camptothecin, hydroxyurea, or platinum complex. Within certain embodiments, the
desired therapeutic agent is coated on and/or released from the medical implant at
a dosage and/or concentration which is less than the 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
dialysis catheters), heart valves, cardiac pacemakers, implantable cardioverter

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



defibrillator, graft (e.g., vascular grafts), ear, nose, or throat inplant,
urological 5 inplant, endotracheal or tracheostony tube, CNS shunt,

ort hopediwoiogpbamt , or ocul ar inplant rel eases a fl uoropycimsdg1d7e g. ,
5-FU) at a dosage and/or concentration which is less than a typical dosage
and/ or concentration which is wused for the treatnment of cancer. Wthin
further aspects of the invention, there is provided a catheter 10 which
rel eases an agent selected fromthe group consisting of an anthracycline,
fluoropyrimdine, folic acid antagonist, podophyl otoxin, canptothecin,
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a fluoropyrimdine and in stil anot nb ment uoropyrimdine is
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a vascul ar cat ialysis” ca nment s,
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sel ected fromthe group consisting uor opyri m di ne,
folic aci dlsamfcaxgbaitﬂ;aimpndmfpcraficet oxi n, canpt ot heC| n, hydroxyurea, or
pl ati num conpl ex. the heart val ve rel eases a 25
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wherein the agent 1s refease

certai n eflbodipyentidine fotic hela!rantag@hstepb@@pt@lcﬂ@kmmambtmhemﬁ aryxyeédane or
PLG In related enbodi nents, the heart valve is a @gost heti c heart val ve.

In still Of REKINEFLERINAEX: 4N opAemiadimentthacathelgrasieosesadiuponyisidines 719
rel aeases af\a |ﬁgﬁlﬁanéthﬁée{rﬁoﬂﬁﬁ he ‘ﬂﬂortogﬁdnﬁﬂﬁe &l rgimﬁ goncentration

which is ess than t [ ca osa /or concen R that is used in
t he treat menitodirhents, the catheter further comprises a polymer wherein the agent is

15 released from a polymer on the catheter. In certain embodiments, the catheter has
a polymer that is polyurethane or poly(lactide-co-glycolide) (PLG). In related
embodiments, the catheter is a vascular catheter or a dialysis catheter. In still
other embodiments, the catheter relaeases an agent that is present on the catheter
at a concentration which is less than the typical dosage and/or concentration that

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 heart valve further comprises a polymer wherein the agent
is released from a polymer on the heart valve. In certain embodiments, the heart
valve has a polymer that is polyurethane or PLG. In related embodiments, the

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



cancer. Wthin further aspects of the invention, there is provided a
cardiac 5 pacenaker which rel eases an agent selected fromthe group

consi st i ryoaB/ogas46 ant hracycl i ne, fluoropyrimdine, folic acrdasasmagoni st,
podophyl ot oxi n, canptothecin, hydroxyurea, or platinumconplex. In one
enbodi nent, the cardiac pacenaker releases a fluoropyrimdine and in stil
anot her enbodi nent the fluoropyrimdine is 5-FU In other enbodi nents, the
cardi ac pacenaker further 10 conprises a polyner wherein the agent is

rel eased froma polyner on the cardiac pacenaker. In certain enbodi nents,
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cancer. WCBRAF®-further aspects of the invention, there is provided a
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treatment of cancer. 5 WO 03/099346 PCT/US03/16719 Wthin further aspects

of the i nPelehane RePEG. dnstibptheseraboslimentswtie pardiaccpanesmatier sglengses
sel ected f BCHBeWﬂﬂaqrsob'r%sgﬂpgﬁ ?ﬁé E'Qrd%fc r?a{?;eﬂ%@} %‘EXC' InE&‘\tratlon which is less

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

Within further aspects of the invention, there is provided a
implantable cardioverter defibrillator which releases an agent selected from the
group consisting of an anthracycline, fluoropyrimidine, folic acid antagonist,
podophylotoxin, camptothecin, hydroxyurea, or platinum complex. In one

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 a polymer 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 typical dosage

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



fluoropyrimdine, folic acid antagonist, podophyl otoxin, canptothecin,

hydr oxyurea, or platinumconplex. In one enbodinent, the graft rel eases a
fl uor opyrwoiodiosss4d and in still another enbodi ment the fl eorapys/ianidi ne is
5-FU. In other enbodinents, the graft further conprises a polymer wherein
the agent is released froma polynmer on the graft. In certain enbodi nents,
the graft has a polyner that is polyurethane or PLG In rel ated

enbodi ments, the graft is a vascular graft or a henodial ysis access graft.
In still other enbodinments, the graft rel aeases an agent 10 that is present

on the graft at a cvmfrﬁmrﬂ{ér%p%ﬂscd% the irhveffior hﬁ@retlg‘?)ré\YBé8%lg{A?f3§\?ﬂ&
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urol og1| cal m%?otﬁgélanJJroxyurea or platinum complex. In one embodiment, the ear,
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 still another embodiment the



conprises a polyner wherein the agent is released froma polyner on the
urological inplant. In certain enbodi nents, the urol ogical inplant has a
pol yner wbaB/ops4@ol yuret hane or PLG |In rel ated enbodi nemcT/Ushies719
urological inplant is a 5 urinary catheter, ureteral stent, urethral stent,
bl adder sphincter, or penile inplant. 1In still other enbodinents, the

urol ogi cal inplant rel aecases an agent that is present on the urological

i npl ant at a concentration which is less than the typical dosage and/or
concentration that is used in the treatnment of cancer. Wthin further
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agent 19el eal6FadHeNbE FECERIPMG ANsd %Idﬁge@aség aﬁrﬁg{é' nS¥fektddrrom the
fluoropyrimdine, folic acid antagonist, podophyl ot oxi n, canptothecin,
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CNS shunt. In certain enbodi nents, the CNS "  shunt has a
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PCT/ U§g3/ em %)%lments the endotracheal or tracheostomy tube further comprises a polymer
wherein the agent is released from a polymer on the endotracheal or tracheostomy
tube. In certain embodiments, the endotracheal or tracheostomy tube has a
polymer that is polyurethane or PLG. In still other embodiments, the endotracheal
or tracheostomy tube relaeases an agent that is present on the endotracheal or

20 tracheostomy tube at a concentration which is less than the typical dosage and/or

concentration that is used in the treatment of cancer.

Within further aspects of the invention, there is provided a CNS shunt
which releases an agent selected from the group consisting of an anthracycline,
fluoropyrimidine, folic acid antagonist, podophylotoxin, camptothecin, hydroxyurea,

25 or platinum 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



CNS shunt is a ventricul opl eural shunt, a VA shunt, or a VP shunt. In stil
ot her enbodi nents, the CNS shunt rel aeases an agent that is present on the
CNS shuntwoaB/og3eoncentrati on which is | ess than the typi ear/usozages and/ or
concentration that is used in the treatnment of cancer. 5 Wthin further
aspects of the invention, there is provided a orthopedic inplant which

rel eases an agent selected fromthe group consisting of an anthracycline,
fluoropyrimdine, folic acid antagoni st, podophyl otoxin, canptothecin,
hydroxyurea, or platinumconplex. In one enbodiment, the orthopedic

i mpl ant  r 8 sPeinRisfd ueitaBYbpEUFHI RAUAN @ VA sBlMt! br AN Seuntenhedli gBRr the 10
fluoropyrimdine is 5-FU. In other enbodi nents, the orthopedic inplant

further comRdigests the CNEshut selapasesan agent thas isrpreserieen theddiNg qcbwnylner
h | t
oo o Ao BBl b iR BERRT ABRL mpl cBbbARRE b L

or t hopedi ¢s Lgdd aNthel tFea®melt 85¢dMRierC joint or fixation device. In still
ot her errbodl ments, the orthopedic 15 inplant rel aesases an agent that is

presentd on the orthW@dndUﬁhﬁII@nﬁcﬁtOféheméﬂn,rtbere)ﬁ pravided iasorthapedichan
the typic a concentra used i.n the treat ment of
cancer. V%R%%?W?mpﬁéaffﬁea&%g%}t 3@&?@%%{78%?8@0‘{%8?%5'?%”%? ¥t ded a ocul ar
i npl ant %hﬂﬂab?&lﬁ@sﬂﬁor@by%ﬁfﬁe Sf@h@géueqhn‘i c?HH|§th60&d&%t§QiH5| sting of an 20
ant hracycl i ne | uor opyrimdine, folic aci nt agoni st, podophyl ot oxi n,
canpt ot he@amptﬁsh@pmxyud@ayur@a pr pletinum eonpiexx In one@rrd)o@mneuﬁ thent |, the_
ool PR Bbl BBy 2B AR 3R Ta Pu 3ol A8k LRk ™
furtherg ﬂgﬁﬂipfﬁﬁd@eDQSWr IMbPe? efbddfmaste Nhe mﬁcﬁie@ﬁ:smbléﬁtqnhﬁerpol ymer
on the ocular 25 lant. In certain enbodi ments, the ocular inplant has a
pol ymer tlﬁetnnrb‘esmomqlwmef wheeein theragent]ig r@easedaflommlymn@ thehe ocul ar
i nplant is trao uIar ns or, a.conta nstll
enbod mrenpCopRAIGRRaE ingr it Pipdugeal” He offiSnedd idbiantds ABeMmesn « ne
ocul ar i mphang p@tyuaetﬁgﬁé%am@t I|ﬁmerétucp@mb§diln@érﬂsttherbrihlagedtcwmp%h iglgsage
and/ or concentration that is used in the treatnment of cancer.

prosthetic joint or fixation device. In still other embodiments, the orthopedlc

15 implant relaeases an agent that is present 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, podophylotoxin,
camptothecin, hydroxyurea, or platinum complex. In one embodiment, the ocular
implant releases a fluoropyrimidine and in still another embodiment the
fluoropyrimidine is 5-FU. In other embodiments, the ocular implant further
comprises a polymer wherein the agent is released from a polymer on the ocular

25 implant. In certain embodiments, the ocular implant has a polymer that is
polyurethane or PLG. In related embodiments, the ocular implant is an intraocular
lens or a contact lens. In still other embodiments, the ocular implant relaeases an
agent that is present on the ocular implant at a concentration which is less than the

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



WO 03/ 099346 PCT/US03/ 16719 Wthin other aspects of the invention,
conpositions are provided conprising a polynmer and an ant hracycli ne,

f 1 uor opyrwmoiodiogssgds f ol i ¢ aci d ant agoni st, podophyl ot oxi n, PcamsO®idTeci n,

hydr oxyurea, or platinumconplex, wherein said anthracycline,
fluoropyrimdine, folic acid antagonist, podophylotoxin, 5 canptothecin,
hydr oxyurea, or platinumconplex is present in said conposition at a
concentration of |ess than any one of 10-4 M 10-5 M 10-6 M or, 10-' M
Al so provided nmethods for reducing or inhibiting infection associated wth

a nedical inplant, U@ bfiditsbbéts Of @i Plvehtid, adnspdsttichsEREipeadidédp! ant
into a patient which has been coated with an ant hracycli ne,

f 1 uor opyr FEINGFREY § BPlymes@nd arvanthrasyelines fluopusiprginet okt acidcantpgenisteci n,

i ex, Wt hi ' nbodi f the above,
the. ant b 85eRBoRk SHBRRBHE st es, AR BN SRR e S804 di ne 1 <
5-f | uor outagirheydiRg, fidrbpyrrfidthe, d8liceatdd bhtadoRisTBdHIphQlotddn, and the

podophyl otoxin is etoposide. Wthin further enbodinents the conposition
furthed ceamptaibecia, pydrowyirealsr ptataum secpiehisrpraspridn saisf carhpositiasaht

i nvention_wll ne _evident _upon r ce-d e.foll ow detail ed
descripti 8#0888&?@0&%@8?%% ?fBEQn? ﬂﬂifjgﬁtﬁon@’ @Qri S ﬁﬁ" &Eences are set
forth herein which ApgcirobrRietm&Bbas ttrabilicing ¥ irHibiting AFeshdESsHciated
conpositions (e.g., compounds or agents and methods for rmaking such

conpoundsWith aagedical inaplant, compiisingahe isterobintrofduciog ponediedl inyplat intefar ence
I n thei ] r.et P I cat i f d to.j.t is,.al

under st ooftH e RS hepi oAy T ph it AeScing, fiikGpybifidine J5u¢ 688

i ncor por abﬁ%%bwst,gsrﬁd%rpﬁpmomr@nﬁbtbfhebhhﬁihzdw&ywe%t, Yr plhOhl-&EBpeRCR PTI ON

OF THE INVENTION Prior to setting forth the invention, it may be helpful to
an 25 under st andi ngWithin vafiouscesbedimantsotithiel atiavieothe arfthtamythnenist er ns t hat

Ll e VR BRI eSS o BV e S b el e Bla i) °°°
i ncl ude vaaRdbaist EAmBEHRFeXate? and the podophylotoxin is etoposide. 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. When PCT applications are referred to it is also
understood that the underlying or cited U.S. applications are also 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

hereinatfter.

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

inserted into a body. Representative examples inciude vascular catheters,



WO 03/ 099346 PCT/US03/16719 prosthetic heart val ves, cardi ac pacenakers,
| npl ant abl e cardi overter defibrillators, vascular grafts, ear, nose, or

t hroat i mwbanngy34ar ol ogi cal inplants, endotracheal or trachasss/oary9 t ubes,
di al ysis catheters, CNS shunts, orthopedic inplants, and ocular inplants.
5 As used herein, the term"about” or "consists essentially of refers to
15% of any indicated structure, value, or range. Any nunerical ranges
recited herein are to be understood to include any integer within the
range and, where applicable (e.g., concentrations), fractions thereof,
such as ongobetib head vais, Bamé@gédénﬁékeﬁt@ iMp&a8ble(candi8Sertet b St rs,
indi cated). 10 Briefly, as noted above, the present invention discloses
medi cal i AscHler graftes eaemosasoctmmsrmpim lm@gmﬂ hmdsnﬂsoendmmqmahedl cal

| ant whi,ch d | i kel hood f dj c | ant
Vore- spetitTHERrr R LTRs: davsintubei8r o B, ohSerflc AReaRt: ABd i on of
the i nmpl ardfidrampidnt§ or ei gn bodi es  such as rredl cal devices. Foreign

materials provide an ideal site for mcro 15 organisms to attach and
coloni z2. It is al sAAsiyper hersirydbe tarat "abloet"sori "sonsistsiagsantiatyra mffetsdst

def enses to égof tion Jn%ﬂ m.croenvi ronment surroundi n a forelqg(f)
material . Tha&elaly Brica rUEtfiee KR lUP ngl| TAR08- Z\é\y YA {/'arlﬂ?&f@ﬁ'f le to
i nfecti on rdinnErs Qo Yeathderstosd t@fncﬁ]&féhar%nm'téﬁé?%ir%‘tﬁy fahige Wnl; w'hferé‘ot

i npossi ble, in nost cases. 20 Medical i'nplant failure as a result of

i nfection annhcablar(exg ,tmwntrabonsjefeat:tmsrtbgle@tesmheasuong tenth amcenéts in
signifi ca d| t | it d cost to. the healthcare system Since
there is ﬁ' '8{&)’ ?%‘?%l%%ge%@ﬁf%é@ﬁggl e of causing nedical

i mpl an1onnfect|0_ns_ B ea@hbf%hsab%vélmyﬁﬁegémmmﬁind]@a %é’hedk'%?rap' es

capabl e of inhibiting the growth of a diverse spectrumo acteria and 25
fungi on iimplants tas wetllemooemos‘tms[andgeamoda\ferrmabmgn'eedlsalt|mpiamsz)amlh|bp|
provi di ng | eased ro nt abl e an whi ch

have poter{?g %ﬁ]erﬁtkeﬁ Bﬁ&g \9’i”t°‘3/1 aledég?t BR |£;p @W%&% ica r%sn'écl‘ t hese
agent s ha\éfbo‘vaelnf@tﬂiéﬂqs%ddb?«%éﬁ%om&aﬁd'fp&ﬁ tﬂerl Ia?ﬁélﬂﬁ'?of‘*@ \Aeg%rfgo&@st he

chenot herapeutic agent, the drug utilized in e coat | ng not be one
whi ch V\DUlSﬂle@SlmedICBbde‘Ommt Foreign materials prowde 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 impossibie, 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
the healthcare system. Since there is a wide array of infectious agents capable of
causing medical implant infections, there exists a significant unmet need for
therapies capable of inhibiting the growth of a diverse spectrum of bacteria and

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

10



10 WO 03/ 099346 PCT/ US03/16719 the subsequent infection (i.e., if

bacterial resistance developed it would be to an agent that is not used as
an anti biwoioe)993s scussed in nore detail below are (1) Ageatrdajsof/id7yo
Conpositions and Fornulations; (111) Devices, and (1V) Cinical
Applications. 5 1. AGENTS Briefly, a wde variety of agents (also referred
to herein as 'therapeutic agents' or 'drugs') can be utilized within the
context of the present invention, either with or without a carrier (e.qg.,

a polynmer; see section Il below). Discussed in nore detail below are (A
Ant hr acycltheeabgeu@nt .rd@ew G iiffbatiétial PeditthA¥@abeIBBed it(uld be to an
Fl uoropyrimdines (e.g -FU), (O Folic acid antagonists (e.g.

met hot r exa@9et thabjs Wﬁw&)@fmﬁﬂmoﬂ@ g., etoposide), (E) Canptot hecins,

(F) Hydroxyureas, Iexes S tin).. A

Ant hr acycl i nes Ant h?j]g%)‘%ggﬂé% g"}aﬁ@) Vf’l%%'&\é%@ﬁf&ﬁb é)%mpﬁﬁ'g'ﬁ?%?n%ere

the R 15 Fermlh‘-’eloﬁQy(llh))eDévM@élé?deI\QfCﬁngeﬂm ligagsHas: 0 R6 0 Ra R R f"CH
R5 0 R3 OR2 According to U.S. Patent 5, 59gp158 suitable R groups are as

follows: R is CH3 or CH2OH R2 is daunosamne or H R3 and R4 are

i ndepenglent |y OH, NO2, NH2, F, d, Br, 1, CN, H or groups derived
fromt%sg (A@Elq.i- rogen, 20 hydroxy or nethoxy; and R6_8 are all

hydrogen. Al ternatl Beietly, i ehridey S%erhé{ 198 ¢E¥erRd tRhePdlH 438 are al kyl or
hal ogen, or vice versa. 11 WO 03/ 09934 / US03/ 16719 According to U. S

Pat ent 5, gherapgetic Rgentsyondrugoegrugutiized within the context of the present
invention, either with or without a carrier (e.g., a polymer; see section |l below).

Discussed in more detail below are (A) Anthracyclines (e.g., doxorubicin and
10 mitoxantrone), (B) Fluoropyrimidines (e.g., 5-FU), (C) Folic acid antagonists (e.g.,
methotrexate), (D) Podophylotoxins (e.g., etoposide), (E) Camptothecins, (F)

Hydroxyureas, and (G) Platinum complexes (e.g., cisplatin).

A. Anthracyclines

Anthracyclines have the following general structure, where the R

15 groups may be a variety of organic groups:

According to U.S. Patent 5,594,158, suitable R groups are as follows:
R1 is CH3 or CH20H; Rz is daunosamine or H; R3 and R, are independently one of
OH, NO2, NHa, F, CI, Br, I, CN, H or groups derived from these; Rs is hydrogen,
20 hydroxy, or methoxy; and Re.g are all hydrogen. Alternatively, Rs and Rg are

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

11



peptide. According to U.S. Patent 4,296,105, R5 may be an ether |inked

al kyl group. According to U S. Patent 4,215,062, R5 nmay be OH or an et her

| i nked alwglosjogmeap. R, may al so be |inked to the anthracyciriuses/tdi7mg by a
group other than C(O, 5 such as an alkyl or branched alkyl group having
the C(O linking noiety at its end, such as -CH2CH(CH2-X)C(O -R1, wherein
Xis Hor an alkyl group (see, e.g., US. Patent 4,215 062). R2 may
alternately be a group |inked by the functional group =N-NHC(O-Y, where Y
is a group such as a phenyl or substituted phenyi ring. Alternately R3 may

have the follow ng %CBF&IH?&) U@@é’teni\mﬂ@oﬁlm rhdly B‘@'a%n#gglaitéd OH ei ther

in or out of the plane of The ring is a second ‘sugar ety such as
R3. RI10 nﬁgﬁpﬁjéeHA@cOHdmgmaUé‘ed?meatWZaﬁrﬂﬁé Rasmayab@amememmheaalkyan

et er ocyc T g AR BT SL PRlin Lol B2 e Bl ool o ag Sipat koo alkyt
5, 843, 903)g ro&rbtgg &é%@ bBJJPuKEBXo%'{éQﬁth?é%fybﬁﬁé‘nﬁ@Waﬁﬁrog?‘diﬁeratﬁbﬂc@,\“ ng

the structure - (NHR11) (R12), in which forns
menber el aaurcwa@r@ a\lkylroerIanceralkmgrbap Haviagkhe C(Oarlmhioglrkglbty atrifsremd,

2206, 105 B B K GRE R P BBeETE X O PUBD Y] OrsirisPaos Gt S )

itable
Compounds e BPS.082) CRAmAY SRTHACE f 2 GRS USRI f a?”m o
R~ OH H FN-8HEONHavhere Y is a group such as a pheny! or substituted phenyi ring.

Alternately R; may have the following structure:

HaC

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. Ryg 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, Rio may
15  be derived from an amino acid, having the structure ~C(O)CH(NHR1)}(R12), in
which Ry1is H, or forms a C34 membered alkylene with Ry2. Ri; may be H, alkyl,
aminoalkyl, amino, hydroxy, mercapto, phenyl, benzyl or methylthio (see U.S.
Patent 4,296,105).
Exemplary anthracyclines are Doxorubicin, Daunorubicin, Idarubicin,
20  Epirubicin, Pirarubicin, Zorubicin, and Carubicin. Suitable compounds have the

structures:

12



R3 R, R-e R3 Doxorubicin: OCH3 C(O CH2OH OH out of ring plane Epirubicin:
(4" epimer of OCH3 C(O CH2OH OH in ring plane doxorubicin) Daunorubicin:
OCH3 C(OwbBds33eut of ring plane Idarubicin: H C(O CH3 @dramsv3/of719 i ng

pl ane Pirarubicin: OCH3 C(O CH2OH O Zorubicin: OCH3 C(CH3) (=N) NHC( O) C6H5
OH Carubicin: OH C(OCH3 OH out of ring plane Oher suitable

ant hracyclines are Anthramycin, Mtoxantrone, Menogaril, Nogal anmyci n,

Acl aci nonycin A, divonmycin A, Chronmonycin A3, and Plicanycin having the
structures: 13 WO 03/099346 PCT/ USOB/ 516719, R, Rz R3 Adenoganl H OCH3 H OH
O Irk ~ ' Nogal arrycin 0-sugar Sugar. 0 OH OgFiy OH H3co ocH, CHI
rvbtoxantmme 0 ocry 0 CF6 OR2 : ’ 2( '\ OOHO™Hp

R, 0 OH o)
H3C 1o
NH2
R3
R1 RZ R3
Doxorubicin: OCH; C(O)CH.OH OH out of ring plane
Epirubicin:
(4’ epimer of OCH; C(O)CHOH OH in ring plane
doxorubicin)
Daunorubicin: OCH; C(O)CHj OH out of ring plane
Idarubicin: H C(O)CHs OH out of ring plane
Pirarubicin: OCH;  C(O)CH.OH !
Zorubicin: OCH3;  C(CH3)(=N)NHC(O)CgHs OH
Carubicin: OH C(O)CH3 OH out of ring plane

Other suitable anthracyclines are Anthramycin, Mitoxantrone,
Menogaril, Nogalamycin, Aclacinomycin A, Olivomycin A, Chromomycin As, and

Plicamycin having the structures:

13



Ra F~C OHS OH 0 Adaci nonycin A O Ntckh Fbhc OOF-CCH R F~C,l ' HOR,
R~ 0 diwrydn A COCHdi,)2 CH COCH3 H - ChrorrorWln A3 COCH3 cH, COCH3
CH3 Ri canwonisibdd4dd CH3 Ot her representative anthracycl i ne®cirrusosidey FCE
23762 doxorubicin derivative (Quaglia et al., J. Lig. Chromatogr.
17(18):3911- 3923, 1994), annamycin (Zou et al., J. Pharm Sci.
82(11):1151-1154, 1993), ruboxyl (Rapoport et al., J. 5 Controlled Rel ease
58(2):153-162, 1999), anthracycline disaccharide doxorubicin anal ogue
(Pratesi et al., din. Cancer Res. 4(11):2833-2839, 1998), N
(trifluoroacetyl)doxorubicin and 4'-0Oacetyl-N(trifluoroacetyl)doxorubicin
(Berube & Lepage, Synth. Commun. 28(6):1109-1116, 1998) , r &
2- pyrrol i nodoxor ubi cin gNagy et al., Proc. Nat'ddhsadws SCbey Wi S. A
95(4):1794-1799, 1998), arid8 doxor ubi ci neddvanakoguescofr canone et
§9(16):1217-1223, 1997), 4- dengthoxy-7-0O-[2,
eoxy 3-am no- (X-L-1yxo- *** *‘zp#
hexopyr anosyl ) -a- L- I xo exopyr anosyl ] adri am ci none dox r<pb| 1
di saccharide ~anal og* MBnteaguge~et>al ., Carbohydr. Re%” 300{ f) 11- 16,
1997), 2 14 WO 03/ 0993§ﬂ§am,E@T/ US03/ 16719 pyrrolinodoxorubicin (Nagy et al.,

Proc. Nat'l Acad. Sci. U S. A 94(2):652-656, 1997), m)rphollnyl

doxor ubi ci n anal ogues (Duran et al., Cancer Chenother. .
38(3):210- 216 1996), enam nomnal onyl - (3-al ani ne doxonapi ¢l n i yatakves
(Seitz et alf® c**g’etrahedr on Lett. 36(9):1413-16, 1995) ' Ofok N 5

doxor ubi G at fves (VrudthJ
1995), hydrox r
met hoxynor phol i no dox
Phar macol . 33(1):10- 1%
derivative (Wl Il ner et

al ., J. Med. Chem38( 0-5,
ak Il nt. J. Cancer :O§5 94 1994),
de ivative (Kuhl et al., Cancer ichenot her .

""" (é mal ei ni docapr oyl ) hydr a# oxor ubi cin
""" N(CH),

oH o] Adlacinomycin A

Chromomycin A, COCH,
Plicammycin H

%
gz
K’}i

R, R,

Olivomycin A COCH(CH,), CH, COCH,
CH, COCH,
H

Other representative anthracyclines include, FCE 23762 doxorubicin
derivative (Quaglia et al., J. Lig. Chromatogr. 17(18):3911-3923, 1994), annamycin
(Zou et al., J. Pharm. Sci. 82(11):1151-1154, 1993), ruboxyl (Rapoport et al., J.

5 Controlled Release 58(2):153-162, 1999), anthracycline disaccharide doxorubicin
analogue (Pratesi et al., Clin. Cancer Res. 4(11):2833-2839, 1998), N-
(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'l Acad. Sci. U.S.A. 95(4):1794-1799, 1998), disaccharide doxorubicin

10 analogues (Arcamone et al., J. Nat'| Cancer Inst. 89(16):1217-1223, 1997), 4-
demethoxy-7-0-[2,6-dideoxy-4-0-(2,3,6-trideoxy-3-amino-a-L-lyxo-
hexopyranosyl)-a-L-lyxo-hexopyranosyl]adriamicinone doxorubicin disaccharide
analog (Monteagudo et al., Carbohydr. Res. 300(1):11-16, 1997), 2-

14



Bi oconjugate Chem 4(6):521-7, 1993), N-(5,5-di acetoxypent-1-yl)
doxorubicin 10 (Cherif & Farquhar, J. Med. Chem 35(17):3208-14, 1992), FCE
23762 mewbasypsaphol i nyl doxorubi cin derivative (R panmontcTatSoahe7i9 Br. J.
Cancer 65(5):703-7, 1992), N hydroxysuccinim de ester doxorubicin
derivatives (Demant et al., Biochim Biophys. Acta 1118(1):83-90, 1991),
pol ydeoxynucl eoti de doxorubicin derivatives (Ruggiero et al., Biochim

Bi ophys. Acta 1129(3):294-302, 15 1991), norpholinyl doxorubicin
derivatives (EPA 434960), mtoxantrone doxorubicin anal ogue (Krapcho et

al ., J. MpgrroliftRitxorMi&h (REJy¥ =88k, A1 Nat PANRB ScHQxos, ‘W'QM(Q -Gabggue
(Traganos et _al., Cancer Res. 51('14):3682-9, 1991),

denet hoxy1897)Nmarpholinyl daxeruplcimanalapies (Dyraoratas, @anaer Chanagﬁdbes

I 3= d b , Pol. J.
phar macel PHBALPET 380431312 1Bs 4938 <hasE “rvéléh&hé%azrﬁn“é’ﬁomb g cancer |
ain. OWCQénvéi%@(S@&?e?Ql T&%Hroﬂﬁ'ﬁ(@ﬁ%@@@of@? f@Ar ubi cin
derivative (Scudder et al. Cancer | nst B): 1294 8, 1988)

deoxydﬁhydemr@bmdemmweﬁ (VE@AUI@?@QHG)I, Meafdﬂftelnasia 81) 1360- 5,3?9953kaya et

al ., Vest | 21-7 9 deoxydoxor upi ci n

( Schoel ze{;| %rpx&rublcwp_é%?(la éaE] ?’H(izg’a’i‘iﬁa’s”’%% gg’%é) 19914)2g\et oxymorpRolmo
deret hyoxuoﬂomemrmaéwémé%um@m Q‘,@n%l' @ﬂbnﬁth@l PhﬁFr’f;QEol 384y 160091 -
Chenot her. 16: 285-70- 285-77, deam no- 3' - hy roxydoxor ubi cin
(Horton ef993), (6 -maleinridogsinsoy!) M(@O@Bﬂ})@mm@azx}env&tmﬂﬁilllrnyeoreyadoxor ubi cin

85- 90, 1984
N L 1 oty EIRGRUERI CPRTEONET (LS et daesiypanis] m@)gfewmge (P oc.
I nt . SPNPCHSHTY FE CﬁWi&i Ohert. 155(8#):3268 V\@ P@ézg) US03/ 16719

1983), 3 deam no- 3' - (4- met hoxy- 1- pi per| di nyl) rubicin derivatives
(U.S. 4, G@llhmm)qrpbomjédnmmbmn derivasive {Ripamonti ebaiqrBrbi.cCanaker i vat i ves

S o DR 705, e A ARG e Bl gofat i M g aratyRa IR vat  vos
(Chan & V\éié/OFB/oéhmP*méﬁnysESA%@111@({)3@9(37@13%0@8 u§i¥b§§§7 (Phar ma

Japan 1468: 20, 1995 har ma "Japan 1420:719; 19
4' - deoxy- qmapbuumqmmmes(laug@emml (BI@CI(/IEPB/@?S@BA&:Q 1(11!29(531)(294!%30)2

doxorqgi C%&g eHo\fp (Ial}lne dc(JxoP'A‘bldc':leﬁ4 eesr?\)atlves(IQS,&1 432868) réltoxantrone
doxorubicin analogue (Krapcho et 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-trifluoroacetyldoxorubicin (Horton et al., Drug Des. Delivery
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'!
Cancer Inst. 80(16):1294-8, 1988), deoxydihydroiodooxorubicin (EPA 275966),
adriblastin (Kalishevskaya et al., Vestn. Mosk. Univ., 16(Biol. 1):21-7, 1988), 4'-
deoxydoxorubicin (Schoelzel et al., Leuk. Res. 10(12):1455-9, 1986), 4-

25 demethyoxy-4'-0-methyldoxorubicin (Giuliani et al., Proc. Int. Congr. Chemother.
16:285-70-285-77, 1983), 3'-deamino-3'-hydroxydoxorubicin (Horton 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-leucyl doxorubicin derivatives
(Trouet et al., Anthracyclines (Proc. Int. Symp. Tumor Pharmacother.), 179-81,
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met hoxy- 1- pi peridi nyl) doxorubicin derivatives (U S. 4,314, 054),
doxor ubi ci n-14- val erate, norpholinodoxorubicin (U S. 5,004, 606),
- deam wo33/09846 cyano-4" 10 nor phol i nyl doxor ubi ci n; PCT/US03/16719
3' -deam no-3' - (3"-cyano-4"-norpholinyl)-13 d i hydoxor ubi ci n;
(3'-deam no-3' - (3"-cyano-4"-norpholinyl) daunorubicin; 3'-
deam no-3' - (3"-cyano-4"-nor phol i nyl) - 3-di hydr odaunor ubi ci n; and
- deam no- 3' - (4"-nDrphoIinyI-5-ininodoxorubicin and derivatives (U S
4,585, 859), 3'-deam no- - (4- et hoxy- 1- pi peri di nyl) doxorubicin
deri vati ver9sBy. ﬁdeénﬁﬂda0§14mmy31 Fﬁ)eca@mvlmx%rlﬁﬁicumd@nmwésydu .sdoxor ubi cin

derivatives (U.S. 4,301, 2 . Fl uor opyri m di ne anal ogs | n anot her

aspect, t He31hesapalteamingest(4rmorhelinydr Wlllbwldldﬁélvah\éﬁ&)@ S. 4.301.279),

5-fl ' e t f ng._Car nof ur

oxi 1 uri d e iRpeBRiF RSl et ein i el @byt ) Caghtounds have
the 20 St27(l13)t5lﬁ3519@1) B@lyEoné\ld@(d\JubBin dé@éf@e@%bﬂ%%\ﬁ/a?s@ﬁl USﬁBériﬁ719 R,
R2 5-Fl uorouracil Car nof ur O NH( CH2) 5CH3 'H Doxifluridine A H

Fl oxur idi reci.7(H )E?ﬁ&-é?u‘rQ@Q (Rharmegddnan 126826 1950 MX&@ e 0 N O
(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"-morpholinyl} daunorubicin; 3'-
deamino-3'-(3"-cyano-4"-morpholinyl)-3-dihydrodaunorubicin; and 3'-deamino-3'-
(4"-morpholinyl-5-iminodoxorubicin and derivatives (U.S. 4,585,859), 3'-deamino-
3'-(4-methoxy-1-piperidinyl) doxorubicin derivatives (U.S. 4,314,054) and 3-

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

B. Fluoropyrimidine analogs

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

20 structures:

0
R, F
~y I
O)\N
R,
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co O her suitable fluoropyrimdine anal ogs include 5-FudR (5-fl uoro-
deoxyuridine), or an analog or derivative thereof, including

5-i ododeowpusiogisse (5- 5 | udR), 5-bronodeoxyuridi ne (5- Bu#Rr/ushs/ugnouri di ne
tri phosphate (5-FUTP), and Fl uorodeoxyuri di ne nonophosphate (5-dFUWP).
Exenpl ary conpounds have the structures: 17 WO 03/099346 PCT/US03/16719 O
RNH HONO O OHS5-Fluoro-2'-deoxyuridine: R=F

5-Bronp-2' -deoxyuridine: R= Br 5-1o0do-2'-deoxyuridine: R =1 Oher
representative exanpl es—ef+tueropyrm-dine—analoegs—inelude N3-al kyl at ed
anal ogues of 5-fluorouraci| (Kozai etfial., J. Chem &ec., Perkin Trans. 5

1(19):3145- 3146, 1998), 55;:]{,5*5@]@@{ aciy derivatives WH h 1 4- oxahet er oepane

noi eties (Gonmez et al Tetrahedron 2 3312, 1998),
5-fluorouraci| and nucC@SERHE anal o&d@ﬂ*@ﬁ ErH% er Res. 17(1
A):21-27, 1997), cis- abbxifluaidsres- flA4or o-5, 6-di hydrcH 6- al koxyuracil (Van

der WIt et al., Br. J. Alneb8(4) : 702 7, 1993), cl opent ane
5-fl uorouracil anal ogues ronovvskl ?Szar ek, Can. Chem 10
70(4):1162-9, 1992), A- Bmitafuor our aciGH @*et aI B Zongguo Yi yao Gongye

Zazhi  20(11):513-15, 1988afur N4-tri meg hoxybenzoyl -5’ 1-deoxy 5-fl uorocyti di ne
and 5'- deoxy-5-fluoroogrigime (Mwa et—at———Chem—Pharm—Bul | .
38(4):998-1003, 1990), 1- hexyl carbanoyl-5-fluorouracil (Hoshi et al., J.
Phar macobi o-Dun. 3(9):478-81, 1980; Maehara et al., Chenotherapy (Basel)
34(6):484-9, 1988), B-3839 (Prajda et

Other suitable fluoropyrimidine analogs include 5-FudR (5-fluoro-
deoxyuridine), or an analog or derivative thereof, including 5-iododeoxyuridine (5-
5 ludR), 5-bromodeoxyuridine (5-BudR), Fluorouridine triphosphate (5-FUTP), and
Fluorodeoxyuridine monophosphate (5-dFUMP). Exémplary compounds have the

structures:
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15 al., In Vivo 2(2):151-4, 1988),
uracil-1-(2-tetrahydrofuryl)-5-fluorouracii (Anai et al., Oncol ogy

45(3): 144W0,030988) , 1-(2' -deoxy-2' -fl uoro-(3-D arabi nof ur coayshy/1d519
fluorouracil (Suzuko et al., M. Pharmacol. 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-fluorouracii 20 (Ckada, Hiroshima J. Med.

Sci. 28(1):49-66, 1979), 5-fluorouracil-m 18 WO 03/099346 PCT/ US03/16719

f ormyl benzene-sul fonate (JP 55059173), -(2-furanidyl)-5-fluorouracil (JP
53149985) and 1-(2-tetrahydrofuryl)rS-flyorouracil (JP 52089680). These
conpounds are believed to function asTtherfpeutic agents by serving as
antimetabolites of pyrimdine.,» C F Iig/gggd ant agoni sts I n anot her
aspect, the therapeutic agent is f ol Pe&"ac ant agoni st, such as

Met hotrexate or derivatives or anal tihereof, including Edatrexate,
Trimetrexate, Raltitrexed, Piritrexi nopterin, Tornudex, and
Pteropterin. Methotrexate anal ogs the foll owi ng general structure:

Rii R Ny RS'Y \l Rg ~~N Rs R3 R3B Ro R 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 exanple, R may

be N, R2 may be N or Al dw,%( . Hpr-glkyl, e.g., CH3, R4 may
be a single bond or NR?-%éurde?glg,}iragomr}_ '_a ‘kyl Rgrgup. R5, 6,8 may be H,
OCH3, or 15 alternately t¥rEyoRar? sieonyuiiesis oR hBPro groups. R7 is a side
chain of the general 5-lodo-2’-deoxyuridine: R=|

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 et al., Tetrahedron 54(43):13295-13312, 1998), 5-fluorouracil and
nucleoside analogues (Li, Anticancer Res. 17(1A):21-27, 1997), cis- and trans-5-
fluoro-5,6-dihydro-6-alkoxyuracil (Van der Wilt et al., Br. J. Cancer 68(4):702-7,
1993), cyclopentane 5-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-fluorocytidine and 5'-
deoxy-5-fluorouridine (Miwa et al., Chem. Pharm. Bull. 38(4):998-1003, 1990), 1-
hexylcarbamoyl-5-fluorouracil (Hoshi et al., J. Pharmacobio-Dun. 3(9):478-81,
1980; Maehara et al., Chemotherapy (Basel) 34(6):484-9, 1988), B-3839 (Prajda et
15 al, In Vivo 2(2):151-4, 1988), uracil-1-(2-tetrahydrofuryl)-5-fluorouracil (Anai et 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 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-O-toluyi-5-fluorouracil
20 (Okada, Hiroshima J. Med. Sci. 28(1):49-66, 1979), 5-flucrouracil-m-
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structure: O NH HO O OHn 19 WO 03/099346 PCT/US03/ 16719 wherein n =1
for methotrexate, n = 3 for pteropterin. The carboxyl groups in the side
chain maywbe3mesizesified or forma salt such as a Zn2+ sal tCTR&0aNaI1R10 can
be NH2 or may be al kyl substituted. Exenplary folic acid antagoni st
conmpounds have the structures: R NYNH2Z RS 1 Ry N RERZ RBRo R7 5 R8
Ro R RR RBRA RS RE RTRB Mthotrexate NH2 NN H N(CH3) HH A (n=1) H
Edatrexate NH2 N N H CH(CH2CH3) H H A (n:1) H Trimetrexate NH2 CH C(CH3) H
NH H OCH3 OCH3 OCH3 Pteropterin OH NNHNHHHA (n=3) H Denopterin OH N

N CHB N Ciimytbhabesseibnbte (BPr85050178), G2 ufGhiey)s Husiotghen (bpnd OCH3 H H
" 33140985) and 1-(2-tetrahydrofuryl)-5-fluorouracil (JP 52089680,

These compounds are believed to function as therapeutic agents by
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, Raltitrexed, Piritrexim, Denopterin, Tomudex, and Pteropterin.

Methotrexate analogs have the following general structure:

Ryq Ry N Rg
T
Rs |
Ry = =N
Rg Rz
Ry Ry Rio
R7
10 Re

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 5,382,582. For example, R
may be N, Rz may be N or C(CHa), R; and R3' may H or alkyl, e.g., CHs, R4 may be
a single bond or NR, where R is H or alkyl group. Rsgs may be H, OCHg, or

15  alternately they can be halogens or hydro groups. R; is a side chain of the general
structure:

NH
HO ’

o} OH
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OOHN CH HOOC~~ OCH3 S N~~ 1 INH HOOC NH 1 / O Tonudex O her
representative exanpl es include 6-S-am noacyl oxynet hyl nmercaptopurine
derivati vwe o3Mazacla et al ., Chem Pharm Bull. 43(10): 793P&T/UK03/1E95) ,

6- mer capt opuri ne (6-MP) (Kashida et al., Biol. Pharm Bull. 18(11):1492-7,
1995), 7, 8-pol ynet hyl enei m dazo-1, 3, 2-di azaphosphonnes (Nilov et al., 20 WO
03/ 099346 PCT/ US03/16719 Mendel eev Comun. 2:67, 1995), azathioprine
(Chifotides et al., J. Inorg. Biochem 56(4):249-64, 1994),

nmet hyl - D- gl ucopyr anosi de nercaptopurine derivatives (Da Silva et al., Eur.
D Med. Chiamered®2)¢ it néifotrd 99¢) nérsdfo? éﬁér%)ﬂféﬂn THY GABORAIbAR fidhbval i ves
(Ratsino et al., Khim-Farm . 7, 1981): 5 indoline ring and a
modi fi ed cRide ehainenay bgleﬂtﬂlfﬁed oa(ﬁmmh beam hrast 307 esedtt Ro atet Ryatdnves

( Mat suoka 45( 7) 1146- 1150, 1997), al kyl -

substi t ut %%%ngr{ﬂﬁﬂ @%‘F‘?d;g met hotrexate derivatives (Matsuoka et

al ., Chem Pharm Btlempi44(rditd a&aSa?ft cé%%und?%@@?lﬁibﬂﬁc@hs

benzot hi azi ne i ety- bearl ng met hotrexate derivatives tsuoka et al., J.
Med. Chem 10 40(1):105-111, 1997), 10-deazaami nopterin anal ogues (DeGr aw
et ial

et al., J. Med. Chem 40(3) 370-376, 1997), 5-d 2n and

5, 10- di deazaam nopterin nethotrexate mgnal ogues J. Med.
Chem 40(3):377-384, 1997), indolineinoiery-b t bot rexat e
derivatives (Matsuoka et al., Chéehn 71332- 1337, 1996),
| i pophilic am de nethotrexate derivag natel | o et al., Wrld
Meet. Pharm, Biopharm Pharm Techrs , 1995), -threo-

(2S, 4S)-4-fluorogl utam ¢ aci d andRDL-3)3-di fl uorogl utani c aci d-cont ai ni ng

5 Re

Ro Ry Rz Ry Ry Rs Rs R; Rs
Methotrexate NH, N N H N(CH,) H H A(n=1) H
Edatrexate NH, N N H CH(CH,CH3) H H A(n=1) H
Trimetrexate NH, CH C(CH;) H NH H OCH; OCH; OCHj,4
Pteropterin OH N N H NH H H A(Mn=3) H
Denopterin OH N N CH; N(CH,) H H A(n=1) H
Peritrexim NH, N C(CH;) H single bond OCH; H H OCH;

A: o
NH
HO
/ (o]
o] OH n

N CH
Hooc/\E o n:l:r—c3 l \( 2
; s N NH
HOOC/\NH/U\@/
o

Tomudex

Other representative examples include 6-S-aminoacyloxymethyl
mercaptopurine derivatives (Harada et al., Chem. Pharm. Bull. 43(10):793-6,
10 1995), 6-mercaptopurine (6-MP) (Kashida et al., Biol. Pharm. Bull. 18(11):1492-7,
1995), 7,8-polymethyleneimidazo-1,3,2-diazaphosphorines (Nilov et al.,
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met hotr exat e anal ogues (Hart et al., J. Med. Chem 39(1):56-65, 1996),
nmet hot r exat e tetrahydroqui nazol i ne anal ogue (Gangjee, et al., J.

Het er ocycWo o3@bmsms  32( 1) : 243-8, 1995), N-(a-am noacyl) netrlaatusexat7es
derivatives (Cheung et 20 al., Pteridines 3(1-2):101-2, 1992), biotin
met hotrexate derivatives (Fan et al., Pteridines 3(1-2):131-2, 1992),
D-glutamc acid or D-erythrou, threo-4- fluoroglutamc acid nethotrexate
anal ogues (McCGuire et al., Biochem Pharmacol. 42(12):2400-3, 1991),

(3, y-net hano met hot rexat e anal ogues (Rosowsky et al. Pt eri di nes

2(3) : 133- Werddtdev Cénﬁmﬂﬁ@z@ﬁnﬂgg@?tﬁa'tmoéﬂf@e @ﬁMtld@g%Jt Q0UE /Aery( Br aakhui s et

al., Chem Biol. Pteridines, Proc. Int. Synp. Pteridines FoliC Acid
Deri v. 1@206@" 96(8p249-p4t 299497 tlethyiR-gbicopyranesiseaherpaptapkeinean et al.

Chem " 35y S0 B el byt R Gt et 2ier Sz, 198D byl ai
Het er OCyC|n%?r08§t6§hnﬁéaeﬁvatwlagf%ﬁ)atsnﬁ@éfiala%lﬁf Iemi 298250(? % -Aqggepterin

(Rosowsky et al 1 WO 03/099346 PCT/ 719
32(12) 5258210hm98@}; aﬂW@imn@ﬁmtWithmefmtgimmlrea(;lﬁﬁ)%mgQﬁc)tj'\oyexate

ol val ut adgTvALCRAMASRRe del: CRem ElaRuiul 28741 St oot
46(10) : 503@b§tituteb%&ﬁen§ﬁ‘fﬁbcb BBQﬁﬁ@%@ﬁ&ré@t@%@ﬁ %‘ltf\fg?, Lges (%qﬁl O Al

88/ 06158), a- and y 5 substituted nethotrexate an
Tet rahedr@ﬁm(ﬂf@fnﬁm 84(12): 20882298 m&rl)ybeﬁzwym oreidnzbttéazine anal ogues

d
(Ros ows ky Msiebeamhg mBirolreraR defysfvee IMBToRY sbarg)” Mad A et hot r exat e
anal ogges 4@@}9@5 £11,3bg7 %fﬁe@zagﬁﬁnoptéﬁrﬁ Q}\al%éﬁésgD%%%ﬁ}eéS {M&%g 9

met hot r exat € ‘anal ogue (Rosowsky et al
1987), poIGjn'evlftO(%) 3%0-3366, mm&-ldemaaammmemtamcé5(10adldedimrzfarmhop@Inn Pol ym

et hot r ox BGEHERG AREoG PENGBREE! Bl LM AR ADORB IR AcISM: | Bi ochi m

Bi ophys. ﬁﬁfdﬁng H&lé’t)y t?éajfmbgneﬂﬂ%?r@(a "G’érﬂ%h(/@é(ﬁﬁgts%ké’ E{ #It 3@72& g}nggues

(Rosowsky et al Brol. Pteri | nes I nes r| V.

Proc. Int Buﬂ54437 DtﬂSSPﬂéﬁdeﬂﬁs) i phdlicfarnidieDeethotrex@tecterivabied Plghaﬂello

Aspects: BRT Swond tdet. 'Bhatm., Biopharm. Pharm. Technol., 563-4, 1995), L-threo-
(2S,48)-4-fluoroglutamic 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-(a-aminoacyl) methotrexate derivatives (Cheung et

20 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), B,y-methano methotrexate analogues (Rosowsky et al.,
Pteridines 2(3):133-9, 1991), 10-deazaaminopterin (10-EDAM) analogue

25 (Braakhuis et al., Chem. Biol. Pteridines, Proc. Int. Symp. Pteridines Folic Acid
Deriv., 1027-30, 1989), y-tetrazole methotrexate analogue (Kalman et al., Chem.
Biol. Pteridines, Proc. Int. Symp. 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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y-glutanyl nethotrexate derivatives (Kisliuk et al., Chem Biol.
Pteridines, Pteridines Folid Acid Deriv., Proc. Int. Synp. Pteridines
Fol i d AciwobDempas4s6 Chem , Biol. Cin. Aspects: 989-92, 1988)Us03/16719
deoxyuridyl ate nethotrexate derivatives (Wbber et al., Chem Biol.
Pteridines, Pteridines Folid Acid Deriv., Proc. Int. 20 Synp. Pteridines
Folid Acid Deriv.: Chem, Biol. din. Aspects: 659-62, 1986), i odoacetyl
| ysi ne net hotrexate anal ogue (Delcanp et al., Chem Biol. Pteridines,
Pteri di nes Folid Acid Deriv., Proc. Int. Synp. Pteridines Folid Acid
Deriv.: Clyem2).25820h986), hpdroﬁ»?%ﬂmmeﬁ%e%atel@ﬁég)267495

2, orrega - di am noal kanoi d” aci d- cont ai ni ng trexat’e anal ogues (McCGuire
et al., Bﬂ@@mmthphaxatadmcGM(emy QaotenBes. 2459(16)36517 6] y88Yt amat e

Cocneymos PoREN TRy Bin6 e G Ao [ nadeligh dopmceh Ao as OO BPRRES ot ol

J. Med I Rgue
ast rOpacglggﬁe%%gﬁhlph@§9hc?na?té9l‘$&%tréw&%t8%‘é‘d u%s @%@?G@é&?%%

met hot Pex aulbstiiutedoyathofresaterar@log syl sushlrﬂamtealodrytrbhedﬂoem4(1273(5[3)7558'g 22
03/ 099 [ US03/.16719 198 tei ' opQc ei c _aci

Vrr\gt hot rexiégggg ggvz—g-cfe@zggﬁetgg%katéysqagf %&h&%@ﬂ &g&d{ Noddrer s

( Rosowsky affindl4-deckyplérSyi glﬁ‘fﬁ‘!hl@@(ié?N&%S Ro%%@ék et b up Mé@;@%m 1085) |

met hot r exat e anal ogues ( sus Il ma et at., Het erocyc es 23(
f ol at e meBROHrIS3E 88) Bydeazarmetidrexate Baglbgues (Kudli@t 3} ; B48cérResl984), 5

Chem - - R ¥hideS. el Hesidh Faethaseiaté asaiapue Hepoimsey ehak inbetkar e
conj uggt e@h@ﬁp%@(‘é}(’ﬂ&t—g 487), p;olyr'}@ﬁc pﬁ':!@r%'ls Y@&Eé@@d%ﬁrat&%ﬁ@ageﬂ%éﬂ he

and trilysine nethotrexate derivates 0SOWS
49(7) : 1308 9PolyaB | mchhqld(}?yelymﬁ RE(Adx BBiemgdaPotyne):3at-24, Ca8t)er Res.

43(10):4648-5 1983 th t Pi per &
Vot gbirer J1etRaleXai s inRets ubbpenatdap e (K pafy ot 1. Biochim: (k .

| yol vvs u,
\IJD.O K/gdm ghen’?mZ;G/(Q?[g)]é)fl)/ﬁ48?§g)81%8&§ m%ﬁ@?ogé%péhwahfa&ao yI kgtone
met hot r extResawslysafets Cheéam @iadePtaridides, Pleridihes Folidatid Deri| G?roill?ﬁ.l&

2 honol o
1982) ’151089 p?’rtgﬁﬂlnes EOIPJE I<:|ql)ear|r\]/d &'ér%" Brlrglt Eﬂ%rﬁe\gp%[c?s 9%5 8,1 86) poly-

y-glutamyl methotrexate derivatives (Kisliuk et al., Chem. Biol. Pteridines,

Pteridines Folid Acid Deriv., Proc. Int. Symp. Pteridines Folid Acid Deriv.: Chem.,
Biol. Clin. Aspects: 989-92, 1986), deoxyuridylate methotrexate derivatives
(Webber et al., Chem. Biol. Pteridines, Pteridines Folid Acid Deriv., Proc. Int.

20 Symp. Pteridines Folid Acid Deriv.: Chem., Biol. Clin. Aspects: 659-62, 1986),
iodoacetyl lysine methotrexate analogue (Deicamp et al., Chem. Biol. Pteridines,
Pteridines Folid Acid Deriv., Proc. Int. Symp. Pteridines Folid Acid Deriv.: Chem.,
Biol. Clin. Aspects: 807-9, 1986), 2,.omega.-diaminoalkanoid acid-containing
methotrexate analogues (McGuire et al., Biochem. Pharmacol. 35(15):2607-13,

25 1986), polyglutamate methotrexate derivatives (Kamen & Winick, Methods
Enzymol. 122(Vitam. Coenzymes, Pt. G):339-46, 1986), 5-methyl-5-deaza
analogues (Piper et al., J. Med. Chem. 29(6):1080-7, 1986), quinazoline
methotrexate analogue (Mastropaolo et al., J. Med. Chem. 29(1):155-8, 1986),

pyrazine methotrexate analogue (Lever & Vestal, J. Heterocycl. Chem. 22(1):5-6,
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15 (Piper et at., J. Med. Chem 25(7):877-80, 1982), lectin derivatives of
nmet hotrexate (Lin et at., JNCI 66(3):523-8, 1981), polyglutamte

met hot r exaoa3@esvat i ves (Glivan, MIl. Pharmacol. 17(1) Pe@hrs281671980) ,
hal ogent at ed net hotrexate derivatives (Fox, JNCI 58(4):J955-8, 1977),

8- al kyl -7, 8-di hydro anal ogues (Chaykovsky et al., J. Med. Chem
20(10):J1323-7, 1977), 7-nmethyl nethotrexate 20 derivatives and

di chl oronet hotrexat e (Rosowsky & Chen, J. Med. Chem 17(12):J1308-11,
1974), lipophilic nmethotrexate derivatives and 3',5' - dichloronethotrexate

( Rosowsky, 1985), Msdtei€heian ankBfidrd cyktdil Gl méﬂx?ﬂl)e,xaféeéﬁélo @é@gdwm
anal ogues (I\/bn'ltmgrrery et al., Anyr]?léN Y. Acad. Sci. 186:J227-34 %1)

VX068 ( PhdpHEPUl sasthotresae esters §Bosowsiy efyals o Me&lcm«eahd?a(u@mﬁ%,t&&ﬁm

d
sot as andenhas MReRERER Rbu TS e s1eh; KRS et PO 4PT 1o D
Podophy! | otgssi), ﬁSIaié\n%ﬂ@cStF@(atélaﬁQI@buef(h@rﬁﬂlﬁUaB%léfe‘r@l aﬂa@mgx £9- 93 1984),
Podophyl I otoxin, or a derivative or an anal o? t her eof enmpl ary conpounds

of thidt ﬁ@sah@wcal@pm aeid analogysisdStirtred Guillamoh&ues 4. tded. b hami-1@him.
o b el o SR P R,
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
chloromethylketone methotrexate analogues (Gangjee et al., J. Pharm. Sci.
71(6):717-19, 1982), 10-propargylaminopterin and alkyl methotrexate homologs

15 (Piperetal., J. Med. Chem. 25(7):877-80, 1982), lectin derivatives of methotrexate
(Lin et al., JNCI 66(3):523-8, 1981), polyglutamate methotrexate derivatives
(Galivan, Mol. Pharmacol. 17(1).105-10, 1980), halogentated methotrexate
derivatives (Fox, JNC/ 58(4).J955-8, 1977), 8-alkyl-7,8-dihydro analogues
(Chaykovsky et al., J. Med. Chem. 20(10):J1323-7, 1977), 7-methyl methotrexate

20 derivatives and dichloromethotrexate (Rosowsky & Chen, J. Med. Chem.
17(12):J1308-11, 1974), lipophilic methotrexate derivatives and 3',5'-
dichloromethotrexate (Rosowsky, J. Med. Chem. 16(10):J1190-3, 1973), deaza
amethopterin analogues (Montgomery et al., Ann. N.Y. Acad. Sci. 186: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.
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VP- 16 (etoposide) conplex (Tawa et al., Bioorg. Med. Chem 6(7):1003-1008,
1998), pyrrol ecarboxam di no-beari ng etoposi de anal ogues (Ji et al., Bioorg.
Med. Chewo oB@d4346 7(5): 607-612, 1997), 4(3-am no etoposi decarmsbygaes (Hu,
University of 10 North Carolina Dissertation, 1992), y-|actone
ring-nodified aryl am no etoposi de analogues (Zhou et al., J. Med. Chem
37(2):287-92, 1994), N-glucosyl etoposide analogue (Allevi et al.,
Tetrahedron Lett. 34(45):7313-16, 1993), etoposide A-ring anal ogues (Kadow
et al., Bioorg. Med. Chem Lett. 2(1):17-22, 1992), 4' deshydroxy-4'-nethyl
et oposi de (Saubni er Pelophyllotdtig®rg. Med. Chem Lett. 15 2(10):1213-18,
1992), pendulumring etoposide anal ogues (Sinha et al., Eur. J. Cancer
26(5):590-3, 1990) bmandthei agpentsibeherappoti dgertrialadtuasphyatokini eraet al .

J. 32 141 d bel d t t
Topoi sorrecsﬁg\éatlvle(qrrﬁﬂ "H“"E 89 gherﬁﬂﬁ/ %’fe'BRE?ygF@ﬁggﬁgg%éfe rsgtypgff‘l ‘(99383?3346618
PCT/ US03/ $pTdMposide CRARhHARhBJolloWiRd Siri@lréaspect . the therapeutic agent

is Canptothecin, or an analog or derivative thereof. Canptothecins have
the foll ow ng general structure. RZRZIORLNX NO RaHICOH5 In this

structure, X is typically 0, but %o ot her groups, e.g., NHin the case
of 21-lactamderivatives. Rl is typiu OH, but may be ot her

R2 is typically H or
may be ot her groups
> Patent 5,552,156) or

groups, e.g., a termnally hydroxyl ated Cl-3"allkane.
an amno containing group such as ( 92N QL

e.g., NG, NH2, halogen (as disclosed(in
a short aI kane containing 10 these groups. 5
al kyl such as CH5. R4 is typicallysH but : o

Etoposide CH, Z I
Teniposide S RN
<\ /7/ H;CO OCH,
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
analogue (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 analogues (Sinha et al., Eur. J.
Cancer 26(5):590-3, 1990) and E-ring desoxy etoposide analogues (Saulnier et al.,
J. Med. Chem. 32(7):1418-20, 1989).
These compounds are believed to act as Topoisomerase |l Inhibitors

and/or DNA cleaving agents.
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may be ot her groups,

canpt ot heci n conpounds i ncl ude topot ecan,

9- am noc awptosymsed n,
I oxycanpt ot heci n,

SN- 38, 9-nitrocanptothecin,

e.g., a nethylenedioxy group with RL. Exenpl ary
irinotecan (CPT-1 1),
21 -l actam 20(S)-canpt ot heci n, 10, 11pcmashyiened

10 15

hydr oxycanpt ot heci n.

Exenpl ary conpounds have the structures:

Rl R2 R3 Canpt ot heci n:

HHH Topotecan:

R R3O RLNI EX

N O H3C OH

C21-15 X O for

nost anal ogs, NH for 21-

OH (CH3) 2NHCH2 H SN-38: OH H
| act am anal ogs 25 WO 03/ 099346

PCT/ US03/ 16719 Canpt ot heci ns have the five rings shown here.

The ring

| abel ed E nust Ebe i Qagitofhebims| act one rat her than carboxylate form for

maxi mum activity and mninmumtoxicity. Canp

tothecins are believed to

function as Topoi soffeareiber aspathedherapsutigggent ipareptethesie Oa@gnt s. F.
d ti t of th [ nt. javention a
vl oxyur S0 At AMREeréort CtbrRindalls REVE ERupLOWER bR g, o
N N
R 0

R2 R

2 Ry

H:gC_—.~ OH

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 C4.3 alkane. R; is typically H or an amino

containing group such as (CHs3),NHCH,, but may be other groups e.g., NO,, NHa,

halogen (as disclosed in, e.g., U.S. Patent 5,552,156) or a short alkane containing

10

these groups. Rjis typically H or a short alkyl such as C;Hs. Ry is typically H but

may be other groups, e.g., a methylenedioxy group with R;.

Exemplary camptothecin compounds include topotecan, irinotecan

(CPT-11), 9-aminocamptothecin, 21-lactam-20(S)-camptothecin, 10,11-

methylenedioxycamptothecin, SN-38, 9-nitrocamptothecin, 10-

15 hydroxycamptothecin. Exemplary compounds have the structures:

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

X: O for most analogs, NH for 21-lactam analogs
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10 Suitable hydroxyureas are disclosed in, for exanple, U S. Patent No.

6, 080,874, wherein R is: 2 S R3 and R2 is an al kyl group having 1-4
carbons awmd oR89493s6 one of H, acyl, nethyl, ethyl, and m xtorasos/ngieof,
such as a nethylether. 15 O her suitable hydroxyureas are disclosed in,
e.g., US Patent No. 5,665,768, wherein R, is a cycloal kenyl group, for
exanple N-[3-[5-(4-

fl uorophenylthio)-furyl]-2-cycl openten-1-yl]N hydroxyurea; R2 is H or an
al kyl group having 1 to 4 carbons and R3is H Xis Hor a cation. 26 WO
03/ 099346 PCT/ USO3/ tfStotHace havdl thaliive ridrsmewsr1as. ahe igiaberads i n,
e.g., US Patent No. 4,299,778, wherein R~ is a phenyl group substituted
wi th one dnrustdieeintact Ghe tectoag atber tRani earboxyate dpma)fpr mgxpupm antiditiRandnd X
is H Oher. sui ta}bl.e. hydr oxyureas are disclosed in, e.g., US. Patent No.
5 5, 066, 65@'?'%’&81“9%2 and R3 together with the adjacent nitrogen form \
(CH2)n Y N (CH2) mCamib@icRin® aré belifledto fhdcﬁor@agTBoBQisé’nie?a@I Rhibitorgr oup.
I n one aspect, the hydroxyurea has the structure: , OH H2N NH Hyd
roxyur éa ENdTd3NA cleayegadgeatse t hought to function by inhibiting DNA
synthesis. G Pl atinum conpl exes

F. Hydroxyureas

The therapeutic agent of the present invention may be a

hydroxyurea. Hydroxyureas have the following general structure:

0
“N N/
/ AN
R, R,
10 Suitable hydroxyureas are disclosed in, for example, U.S. Patent No.

6,080,874, wherein Ry is:

and R; is an alkyl group having 1-4 carbons and Rj3 is one of H, acyl, methyl, ethyl,
and mixtures thereof, such as a methylether.

15 Other suitable hydroxyureas are disclosed in, e.g., U.S. Patent No.
5,665,768, wherein R4 is a cycloalkenyl group, for example N-[3-[5-(4-
fluorophenylthio)-furyl]-2-cyclopenten-1-yl]N-hydroxyurea; R; is H or an alkyl group

having 1 to 4 carbons and R3 is H; X is H or a cation.
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I n anot her aspect, the therapeutic agent is a platinumconpound. In
general, suitable platinumconplexes may be of Pt(lIl) or Pt(1V) and have
this basiwokpIsus ucture: Z, R\Pt R Y 2 Z2 27 WO 03/ ®@9A%63/16719

PCT/ US03/ 16719 wherein X and Y are anionic |eaving groups such as sulfate,
phosphate, carboxylate, and halogen; R, and R2 are al kyl, am ne, am no

al kyl any nmay be further substituted, and are basically inert or bridging
groups. For Pt(1l) conplexes Z, and Z2 are non-existent. For Pt(IV) Z, and
Z2 may be anionic groups such as 5 hal ogen, hydroxy, carboxylate, ester,

sul fate or phosphat ©th&eglitabledhydrékytireFabantiscibesd irftS$8UES IPstadt Ko250, 189.
Suitabl e plati num conpl exes may contain nultiple Pt atons. See, e.g., US

Pat ent No$.,299,40% veheseud: B, BBIERY rowrmsulstititpd avithi s ot macmflugrine
triplatin npl exe h N4 R [ R X\ RR Y Pt \ AN Pt\ Y Z2
72 7~ Z, iRy B 835?3‘;‘?"58\?' grG8 bR Bpa X - Ty R ' ' Y 727272
Zi ZI X /R2 R\ [X Other suitable hydroxyureas are disclosed in, e.g., U.S. Patent No.
5 5,066,658, wherein R, and R3 together with the adjacent nitrogen form:

£

Y N—

/

(CH,)m
wherein mis 1or 2, nis 0-2 and Y is an alkyl group.

In one aspect, the hydroxyurea has the structure:

0]
/“\ _OH
H,N NH
Hydroxyurea
10 These compounds are thought to function by inhibiting DNA
synthesis.
G. Platinum_complexes

In another aspect, the therapeutic agent is a platinum compound. In
general, suitable platinum complexes may be of Pt(ll) or Pt(IV) and have this basic

15 structure:
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Y Pt I A\Y Z2 72 7Z2\ R3 Pt Y'- Z 1 10 X Exenplary platinum conpounds
are Cisplatin, Carboplatin, Oxaliplatin, and M boplatin having the

struct ur ewn 0389988 03/ 099346 PCT/ US03/ 16719 NH3 NH3 | O @®cPiuso&Ziec7i - NH3 i
NH3 O | | O Cisplatin Carboplatin OO HHi:'"c:'iz ONONH OHO
Oxal i platin Mboplatin Qher representative plati num conpounds i ncl ude
(CPA) 2Pt [ DOLYM and (DACH) Pt[DOLYM cisplatin (Choi et al., Arch.

Pharmacal Res. 22(2):151-156, 5 1999),

Cs-[PtCl2(4,7-H 5-nmethyl -7-o0x0] 1, 2,4[triazolo[1,5-a] pyrimdine)2] (Navarro
et al., Jwhibsin XChedy #d(EhiortdRavity grb8pSsuch B (stifsitel pRodddd (t r ans

carboxylate, and halogen; R and R; are alkyl, amine, amino alkyl any may be
further substituted, and are basically inert or bridging groups. For Pt(Il) complexes
Z1 and Z; are non-existent. For Pt(1V) Z, and Z, may be anionic groups such as
5 halogen, hydroxy, carboxylate, ester, sulfate or phosphate. See, e.g., U.S. Patent
Nos. 4,588,831 and 4,250,189.
Suitable platinum complexes may contain multiple Pt atoms. See,
e.g., U.S. Patent Nos. 5,409,915 and 5,380,897. For example bisplatinum and

triplatinum complexes of the type:

10 X

Exemplary platinum compounds are Cisplatin, Carboplatin,

Oxaliplatin, and Miboplatin having the structures:
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Cl2)(CBDCA)] '/ ZMeOH cisplatin (Shanmsuddin et al., Inorg. Chem
36(25):5969- 5971, 1997), 4-pyridoxate diamm ne hydroxy platinum ( Tokunaga

et al., PWeros0993sci . 3(7):353-356, 1997), Pt(ll) ... Pt(IIPCT/US03/16719
(Pt2[ NHCHN(C(CH2) (CH3))]4) (Navarro et 10 al., Inorg. Chem
35(26):7829-7835, 1996), 254-S cisplatin anal ogue (Koga et al., Neurol.

Res. 18(3):244-247, 1996), o-phenyl enedi am ne |ligand bearing cisplatin

anal ogues (Koeckerbauer & Bednarski, J. Inorg. Biochem 62(4):281-298,
1996), trans, cis-[Pt(0OAc)212(en)] (Krat ochml et al., J. Med. Chem
39(13):2499-2507, 1996), estrogenic 1,2-dia yl et hyl enedi ami ne | | gand (with
sul fur-containing amno 15 acid$ and gl tmpane) bearing cisplatin

anal ogues (Bednarski, J. | no?g_F["B‘%S‘ehe n | 624175, 1996),

cis-1, 4-di am nocycl ohexane cisplLatin a oues (Shanmsuddin et al., J.

| norg. Biochem 61(4):291-301, 1996), 5 owrientational isonmer of cis-

[ Pt (NH3) (4- ami noTEMP- O) { d( GG gspatit Dunhansageslsinppar d, J. Am Chem Soc.
117(43):10702-12, 1995), chel ating diam ne-bearing cisplatin anal ogues 20

(Koecker bauer & Bednar ski, J. Pharm Sci. 84(7):819-23, 1995), 1, 2-

di aryl et hyl eneam ne |i gand- bear| ng cisplatin analogues (Oto et aI J.
Cancer Res. 29 WD 03/099 PCT/ US03/ 16719 CI n\/ Oncol . 121( 1) 31 8,
1995), (ethyl enedi am ne) p?}nch {{ hni et al., J. Chem
Soc., Dalton Trans. 4:579-85 Pj§99 |sp atl anal ogue (Yang et
al., Int. J. Oncol. 5(3): 5 Oﬁhz ci %m nedi chl oropl ati nun(I1)
and its anal ogues ci s- 101 cycl obut anedl caf bos 2R)-2-methyl-1,4 5

but anedi anmi nepl ati nun(11) and °é1""§'""d| ammi ne(gl V'&?‘fﬂ'“at o) pl ati num (C aycanmp &
Zinbrick, J. Inorg. Biochem 26(4):257-67, 1986; Fan et al., Cancer Res.
48(11):3135-9, 19880 thei ppres@ntativesplatinurh Cpnm'ommderim@mdey CRA BB DLY M6,

ot ol BrOdRARRRPaaYsBaeEnsChol S Ak Redtatacel B S0 Bhee.
Chent @r 19@@? R'ﬁl@-f[PKQRh 7 3I3$-Hetﬁ§4 ﬁoxéﬂg,gﬁf)f[tnazolo 1 5- a]r?ynmldme 1 (Navarro

ci s-am ne-cycl ohexyl am ne-di chl or opl at’i nun{I1) , Bl ochem
Phar macol et@B(A)Mé@SCBem:L%@) 33@63&8d|1998)5;[)ﬂ’|t(ma{1e4 DA@Iﬁ)(transr anal ogues (FR

2083529) ROt Ao e P e e U 1P B0 LT 058}

5971, 1997), 4-pyridoxate diammine hydroxy platinum (Tokunaga et al., Pharm.
Sci. 3(7):3563-356, 1997), Pt(ll) ««« Pt(ll) (Ptz[NHCHN(C(CHQ)(CH3))]4) (Navarro et

10 al, 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),
trans, cis-[Pt(OAc)zlz(en)] (Kratochwil et al., J. Med. Chem. 39(13):2499-2507,
1996), estrogenic 1,2-diarylethylenediamine ligand (with sulfur-containing amino

15 acids and glutathione) bearing cisplatin analogues (Bednarski, J. Inorg. Biochem.
62(1):75, 1996), cis-1,4-diaminocyclohexane cisplatin analogues (Shamsuddin et
al., J. Inorg. Biochem. 61(4):291-301, 1996), 5' orientational isomer of cis-
[Pt(NH3)(4-aminoTEMP-O){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 cisplatin analogues (Otto et al., J. Cancer Res.
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Chem 35(23):4479-85, 1992), cisplatin anal ogues containing a tethered
dansyl 15 group (Hartwig et al., J. Am Chem Soc. 114(21):8292-3, 1992),
pl at i numwo)s/omsheam nes (Si egnann et al ., | norg. Met. - Corcaiusb3rg7Rol ym
Mater., (Proc. Am Chem Soc. Int. Synp.), 335-61, 1990), cis-

(3H) di chl oro( et hyl enedi am ne) plati nun{I1) (Eastman, Anal. Bi ochem
197(2):311- 15, 1991), trans-di amm nedi chl oroplatinun(ll) and
cis-(Pt(NH3)2(N3-cytosine)Cl) 20 (Belton & Lippard, Biophys. Chem
35(2-3):179-88, 1990), 3H-cis-1,2 diam nocycl ohexanedi chl oroplatinun(I1)

and 3H ci g, @n@b@ﬁbﬂfﬂml—@ t%%@ﬂe%lb%%ﬁ@'obd%' (®asinial -,
Res. Commun. Chem Path Phar macol 4(1):41-58 89),
di am nocaebhakyd. a(fhmhaSomu@a(tEPK@%ZZSYP -85,r1895).(T)-973 displatin analogue

ey LS SNFICHE 4 i AR bR SRR ER U Shc”
ani noal kyI.@réhatb@@barc?sqmI1W&%ﬁmrsb§ﬁé@mm _nabAgLes. (Kitov et al.
Eur. J. . Chem 23(4):°381-3, 1988), spitoplatin, carboplatin,

i propl & i rbumdmmeplpllaumﬁlwmm@ls{c@mmlr(esgcholmnjpbitmam ClaaampJ& Cancer

G spi ati ndRE JAITUG<BPERoE POCR280-67 J9B0ET o5 PbBb e e TSR0/ 16710 |
I norg. Chigg114a4851p3088: ﬁ%gu ebaorla;i%%t, /pla?édﬁéw%ﬂé%kg(%' )BlabneTabYy: (Liu &

Wang, Shandong Yi ke Daxue 35-41, 19 ci's-di anm ne(1, 1-
cycl obut a#@dﬂam@calyUaEap)ﬁllthanﬂWRe)s ( 2@ 128344, |1r993,]MB|)'raarm al.,

O oo s OB BTG D SR (PR el Bl it other
al ., It . Pharrﬁ@&'épb%(%t@(ﬂé 19@%2 Nﬁ@amﬁ@é@lohexy!ammae-d|chlorop c%tlnum(ll)

(NPr4)2((PtCL4 Cis (Brammrer et
Chem Corm‘(xmhldh angl, BIOW)thqHMM&M):?Q&Qr H284)| gemacd:ptiosmmmatmm

gglngl) (ei(g?f:i P@%}%%‘Qﬁl(&ﬁ]ﬁmf’yl b OF@%@?S&@;Q@WO-& Bersanetti, Inorg.
Chim Actg y%?%ﬁkn?l?&h?%ne&%ﬁ%e) di Eﬁéﬁoyﬂ%%ﬁi?é&ﬁé@ ét'%?’UQWeBO function

by bi ndi ng acting as al nts
COVPCSI TI Oﬂ@mm(zmm d%%scmniamdaabbgees t:bataamgutaﬂethagmiﬁm&%scr i bed
her el ny MY, D8, (Hartwig et al., J. Am. Chem. Soc. 114(21):8292-3, 1992), platinum(ll)
polyamines (Siegmann et al., Inorg. Met.-Containing Polym. Mater., (Proc. Am.
Chem. Soc. Int. Symp.), 335-61, 1990), cis-
(3H)dichloro(ethylenediamine)platinum(ll) (Eastman, Anal. Biochem. 197(2):311-
15, 1991), trans-diamminedichloroplatinum(ll) and cis-(Pt(NH3)2(N3-cytosine)Cl)
20 (Bellon & Lippard, Biophys. Chem. 35(2-3):179-88, 1990), 3H-cis-1,2-
diaminocyclohexanedichloroplatinum(il) and 3H-cis-1,2-diaminocyclohexane-
malonatoplatinum (1) (Oswald et al., Res. Commun. Chem. Pathol. Pharmacol.
64(1):41-58, 1989), diaminocarboxylatoplatinum (EPA 296321), trans-(D,1)-1,2-
diaminocyclohexane carrier ligand-bearing platinum analogues (Wyrick & Chaney,
25 J. Labelled Compd. Radiopharm. 25(4):349-57, 1988),
aminoalkylaminoanthraquinone-derived cisplatin analogues (Kitov et al., Eur. J.
Med. Chem. 23(4):381-3, 1988), spiroplatin, carboplatin, iproplatin 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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formulated in a variety of manners, and thus nmay additionally conprise a
carrier. In this regard, a wide variety of carriers may be sel ected of
ei t her powgmenis4o©r non 15 pol ynmeric origin. The pol yner s pamdSosne7po! ymer
based carriers and fornul ations which are discussed in nore detail bel ow
are provided nerely by way of exanple, not by way of limtation. Wthin
one enbodi nent of the invention a wide variety of polyners can be utilized
to contain and/or deliver one or nore of the agents discussed 20 above,

i ncluding for exanpl e both bi odegradabl e and non- bi odegr adabl e

conposi ti piesy. Geipl. ¢8eNY 8L(2yE 26X311I988) qﬁatmumtﬂgrméimmr@(mp(rm@&wgﬁ s include
al bum n, collagen, gelatin, chitosan, aluronic acid, starch, cellul ose

and der | \?Q?Pm Vikerleasue ugpao a'é(ﬂh@ﬁ 1, 1965 sis-dipenaiogpt, 6py| cel | ul ose,

bt hal at cTARBRaHIEE Lo BRI A Y T B R 0B E T MR O
pht hal at emakﬂimmamﬁn(n)qmaon émnwadmhyﬁwrg(gﬁm Bbb1ggogen,
pol y(L-Iactide), DLIactld | actide-co-gl ycol i de),

pol y( DOL- Métartsiell‘d%c@lpjamlarteéqguwl-gﬁ(rgtnyg@r aoet. J. ﬁadyqltw st 3P4

e/ Usoa) 18 e N B EN B I RE TRk (RO SRR RER ) e S0 g oasas

pol y(ort h@ﬁéhﬁf(}‘o)mmpm 5'238%, 5987p<ényshéwfreémk/% b@ldgﬂéﬁﬂum Bemyftixesanone,
pol y(mali c aci %2? tartroni c acid) {)ol anhydri phosphazenes,

pol y(ani n& psarﬁbe@lom(ammamg)i utyia@mde)ﬂletrmnd cemplexgs| yrer s

Control | ed
brug Dol | FZ%sﬁ & prisfetginador i ch TRt Aids'en, 1968 ThFre somagiRie
17:1-28, aRSthoufhtth fuhdtion by biRBMg toTNA/Be. 18&mg@§9lkyiéﬂhb@@@nf%tof®NA J.
Control |l ed Rel ease 4:155-0180, 1986). Represent ative exanmplc

nondegr adabl e pol ynmers include pol y(ethyl ene-co-vinyl acetat e) ( EVA")

copol ymer||s§ ?msmégﬁ E%#éHMUQ%%S (e.g., polyacrylic acid, 10
pol ymet hyl acr hacryl at e),

pol ymet hyl net hacr yl & fotedrsoi@! h’)érﬁfiéurt éﬁteaeéentiéal NREMYME)P Be
pol ypropl ene, polyam des (e.g., nylon 6,6 pol yur et hane (e.g., poly(ester
ur et hanesfP"npb'iltgq Btehearialy of manesss, apd IﬂwSe@taE additionylly comprise a carrier. In

this regard, a wide variety of carriers may be selected of either polymeric or non-

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
can be utilized to contain and/or deliver one or more of the agents discussed

20 above, including for example both biodegradable and non-biodegradable
compositions. Representative examples of biodegradable compositions include
albumin, collagen, gelatin, chitosan, hyaluronic acid, starch, cellulose and
derivatives thereof (e.g., methylicellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose, 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(glycolide),
poly(trimethylene carbonate), poly(hydroxyvalerate), poly(hydroxybutyrate),
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pol y(carbonate urethanes)), polyethers (e.g., poly(ethylene oxide),

pol y(propyl ene oxide), Pluronics and poly(tetranethylene glycol)) and
vi nyl polwowss9y3es g., 15 pol yvi nyl pyrrolidone, polyvinyl actaised/)6r19

pol y(vinyl acetate phthalate)]. Pol ymers may al so be devel oped which are
either anionic (e.g., alginate, carrageenin, carboxynethyl cellul ose and
poly(acrylic acid), or cationic (e.g., chitosan, poly-L- |ysine,

pol yet hyl eni m ne, and poly (allyl amne)) (see generally, Dunn et al., J.
Applied Pol ymer Sci. 50:353-365, 1993; Cascone et al., J. Materials Sci.:

Materi al s (b € | . Pharm
Bal | 16( f’%?’ a0yt o By BIncefon B dna S s Botvoslsl

120: 115- 118@1Y( mmxwal@razaqad @olygioxanone| poly(m#icaacie), POB/(2BiTori6 3rid).095) . |
Parti cul ar] d t hyl n

neetate) - TR EoRRRE TN iR AT ATl e, I beis Hhihet one)
pol yan hydrao@ﬁﬁersc@ﬂ%mm §f mcmlyﬁe@%@b A, p@bvleka@ts ‘%eé’sc) d)

wi th a polyethyl ene gl ycol and bl)yends 't her eof
r epr esént aPplyegssiiry Fentollert u@Dehvem'kan@t @19)?@911887 &rehydyceft éloesrplled

polyacryl des e o) r I er.s et hyl enes,
pol yvi nyl /ﬁ?%q g??p%%cjép? i%?m @é’/y gg T Q‘&u arglan cpﬁ)o% Xi des,

pol yStyref%trdﬁ/@ﬂ)ﬁ?é/ééded@%&m'%s¢§$®n%pr@§éh{§ﬁ\|/é @f'ér%ﬁ:s 2 \WO 03/ 099346
PCT/ US03/ 16719 pol nyl hal i des, pyrrolidones, rubbers, thermal-setting

pol yners, r@ndgg:adah MﬂeESclnylude mlu(eﬂ'ﬁ'ﬂermecb(yb/mwl @@ﬂt@t@(iVAé‘l) hyl ene

lic acid ners, rene . Vi n acetate
ol ymer s ZRABBREFHERee PHST S6oBE pbhistirs 8BS RARAC S A e e, opoxy,
mel anifee, délﬂﬁ*éth?@bﬂﬂ]c BeRd, Bély(er?BQ}étﬁylﬁ@tHiﬁg?léte)aﬁﬁyﬁleﬂﬁﬂﬁw{&?ﬁafeher eof

wat er -i nsol ubl e cel I'ul ose ester” polyners udi'n |'ul ose acetate

pr opi onat @olyadivieyaoeacrtateapelyetuwliénd, @@B/m@[deae,epdiyammde g.ahyian 663,
ht haI

f),
ol yi ny1 FRMsHADR 6557 R e Ry LBBates caru(BryBhancoh SaukEster- Yy vi ny)
al cohol , pRIYeEiBehate urBPlanadpChalyEERss ( él?%.gﬁeg'(éthyféng‘?ix)’ F@g{bgopylene

pol yhydroxyacryl ate, dextran, Xxant han, r oxypropyl net hyl
cel | ul ose oxigey, Hbmmﬂ mpelyétattamﬁwlwﬂag&cdﬂ) and VInwy[bqjyme(ﬁ ledpne,

N-vi ny1l a%toﬁmnyll\pl)-y\(riohxon bUtOY r(9.n"§} I%gholwpoly ¥|nyfgg ta{eagﬁtﬁgatgﬁ.hsglymers
may also be developed which are either anionic (e.g., alginate, carrageenin,
carboxymethyl cellulose and poly(acrylic acid), or cationic (e.g., chitosan, poly-L-
lysine, polyethylenimine, and poly (allyl amine)) (see generally, Dunn et al., J.
Applied Polymer Sci. 50:353-365, 1993; Cascone et al., J. Materials Sci.: Materials

20 in Medicine 5:770-774, 1994, Shiraishi et al., Biol. Pharm. Bull. 16(11):1164-1168,
1993; Thacharodi and Rao, Intl J. Pharm. 120:115-118, 1995; Miyazaki et al., Int'l
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

25 poly(lactic acid) with a polyethylene glycol (e.g., MePEG), and blends thereof.

Other representative polymers include carboxylic polymers,

polyacetates, polyacrylamides, polycarbonates, polyethers, polyesters,
polyethylenes, polyvinylbutyrals, polysilanes, polyureas, polyurethanes,

polyoxides, polystyrenes, polysulfides, polysulfones, polysuifonides,
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vi nyl conpounds havi ng pol ar pendant groups, acrylate and nethacryl ate
havi ng hydrophilic esterifying groups, hydroxyacrylate, and acrylic acid,
and conbiwetmoss46 t her eof ; cel l ul ose esters and et hers, etaylusogid7ud ose,
hydr oxyet hyl cellul ose, 15 cellulose nitrate, cellul ose acetate, cellul ose
acetate butyrate, cellul ose acetate propionate, polyurethane,

pol yacryl ate, natural and synthetic el astoners, rubber, acetal, nylon,

pol yester, styrene pol ybutadi ene, acrylic resin, polyvinylidene chloride,
pol ycarbonat e, homopol ynmers and copol yners of vinyl conpounds,

pol yvi nyl glyRiryiialides) wﬁdnubﬁé% QUbBErsefiriaRsetifg BRRNRS8NERLS iRk S g P! es of
patents relating to pol'ynmers and their preparation include PCI Publication
Nos. vmzazwnc%uulmetzmaprygspmg/mers, etbgleneldotylicomrid apglymeds, 38réde adbofiz1842,
00/ 09190, 00/|09088 0 /09@3 | 2001/ 17575 Fnd 20Q1/ 155%29%8’ well as their
cor r esponGPRYYIEES. VI aFEEle Bplyiners ARd GOROBIR SnYINKiGEe g5 @nd

4,582, 865, 3, 743,

5 085 a9 °BoRERr Shoxt Menind. otfler asirdffhsins? BhendiEnolkhert) afdsy

5, 266, 563005Q®9@;831&re6f m'&ranﬁyluslﬁ&muubﬂ estergstyraes, (irs|@iag 6&ltylose

5,997, 517, 07,833, .6,071 447 090, 995 99,563, 6,1

6, 110, 483aCE f@?%E?E’Psz'*Ptebc%'%’s&ﬁfr ?96 1%'“%’15? ‘%??fi‘@#gﬁte éegﬁﬂs%ottrate

6, 335, 029 rated by
refer encecﬁﬁjltéééel?rgé)‘é}let ?%?%&‘ 3@@%@83@%@%&?&8@ i.lr |;%KQI‘%OPOI ymers can
be fashi opelyethylwa/glyc@swadvethghene oxidd, Ipotieéivi altohel, palyetrwdtsr act eri stics

d/ th f de d ties. F | e, I
Fashi onod PBYSREMAEEs P A ROEreIbns: qpﬁyrfw‘?éé‘%%&ﬁ#%@"&%‘?a&;ﬁé%%
t
sl ?Q?Jé’gﬂ?a?e%m”@é‘bé“%?eﬁ'é’}e&ﬁ@?s"ﬁ'ﬁ%e PhbopSl e angeRpdb iR by

EI seV| er Skviaylpgrroliddries heviaylBctam, NAnByIémMnlacleﬁBN viny! capioldddm, Ktmg et

d PI i - 354, t al Controll ed
Rl bave 1YY EombaUN S BRE" RRASAREITRURG. STVl BlotaRcHale:aeang

Lo 141 hygkii dAemghogiousl ry G amag B ook el ity
Lee, Phar therBef cellli¢d®gstetsidnd Bthers, 1648 @ ceBaloseshydroayethylRigdiukmse Res.
13(2) 1159 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,
polyvinylchloride, polyvinylchloride acetate.

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

25 4,795,741, 4,913,743, 5,069,899, 5,099,013, 5,128,326, 5,143,724, 5,153,174,
5,246,698, 5,266,563, 5,399,351, 5,525,348, 5,800,412, 5,837,226, 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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201, 1996; Peppas, "Fundanentals of pH and Tenperature-Sensitive Delivery
Systens,"” in GQunny et al. (eds.), Pulsatile Drug Delivery,

W ssenschwbtoBioedses Ver | agsgesel | schaft nmbH, Stuttgart, 1998T1/Uusp3/ 1419 55;
Doel ker, "Cellul ose Derivatives,"” 1993, in Peppas and Langer (eds.),

Bi opol yners |, Springer-Verlag, 15 Berlin). Representative exanples of

pH sensitive polyners include poly(acrylic acid)-based pol yners and
derivatives (including, for exanple, honopol yners such as

pol y(am nocar boxylic acid), poly(acrylic acid), poly(nethyl acrylic acid),

copol ymers of such hpRelsydERy iSe faumibrizepalayvariely 6f fop@ly Wik idekiréd agibdse and
acryl mononers such as those discussed above). Qther pH sensitive polymers

20 i ncl udehgprstersiics anddewviduspedific dwm&@r@@eﬁws dwiIriexpeyde, polymers can

et ars’ SRRl G afe 8 LPEBRUR Soribiiha ARG g TS ipctrpBha s

Yet ot her guidnt 56648 bMesB8)! & GE Helleh @k HA S CHaMIBAIKL S8IERegutediDRggSi ti ve
pol yner and a water sol ubl e pol yner. 25 Li kew Se, polymers can be

f ashi orfed Q@iw@w avstemsipeialuners Isd\ﬁsdlcmedl/( Elseviee SgiencerfublistersiB.V.,” Novel

d els e re t n ted t ive
|F-jgl ;ggryl | i@{%ﬂfgg%ﬁ’é’ Fisn@«?gkﬁg? elf)raﬁg 4%‘?”6\‘7?‘%/ mef SC'PF‘ géagg{beﬁs nt ern.
Synp.  Cont19ei3: DBAY-et B. OQCGontP@IIe@rReféasé% 11768178 G@@prgbh§@n8¢#cﬁﬁﬁ@1 Spciety,
Inc., 1995: Okano, "Molecular Design of Stinuli 34 WO 037099346

PCT/ US03/ M@lleﬁé%qjm 121/ 0529 d P81 1 ieim stahot lontofied ReleaseR8iy43-

Del i very, C tern Y, Rel.,,... B0 . ter.

22: 111- 1121520859‘? SgidBrly aéodn@PQ%{’] %’ea 695: 2056 1988l gnd
Phar m1d?eiee9(3?v)3nﬁ2§e§313)(1®99\52|»4 1T5mg 19581 $eﬁes E’Fé’lr ’Pharr%oﬁ?e§51‘3l9 19894,
Har sh and Gehrke, J. Controll ed Rel ease 175- 1991; Bae 5 et al.
Phar m Res’2018(1a$6 Fppssy7 Fundamentils of punan@lmampeamu&@sltlw Detivery ol | ed

pelkip VAN IR ey St R
ey o o el bt et At BBy L
I nstit ut e RErvBEvemTt 993, TePrppa®gyd LBogerdeds.), Biopolymers |, Springer-Verlag,
15 Berlin). Representative examples of pH-sensitive polymers include poly(acrylic
acid)-based polymers and derivatives (including, for example, homopolymers such
as poly(aminocarboxylic acid), poly(acrylic acid), poly(methyl acrylic acid),
copolymers of such homopolymers, and copolymers of poly(acrylic acid) and
acrylmonomers such as those discussed above). Other pH sensitive polymers
20 include polysaccharides such as carboxymethyl cellulose,
hydroxypropylmethyicellulose phthalate, hydroxypropyl-methylicellulose acetate
succinate, cellulose acetate trimellilate, chitosan and alginates. Yet other pH
sensitive 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,

Controlled Release Society, Inc., 1995; Okano, "Molecular Design of Stimuli-
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10 OR, pp. 820-821; Zhou and Sm d, "Physical Hydrogels of Associative Star
Pol ynmers," Pol yner Research Institute, Dept. of Chem stry, College of

Envi r onnewDaB/o8siuence and Forestry, State Univ. of New YorkKISys/acouse, NY
pp. 822-823; Hoffman et al., "Characterizing Pore Sizes and Water
"Structure' in Stimuli-Responsive Hydrogels,"” Center for Bioengineering,
Univ. of Washington, 15 Seattle, WA, p. 828; Yu and G ainger,
"Therno-sensitive Swelling Behavior in Crosslinked Nisopropylacrylam de
Net wor ks: Cationic, Anionic and Anpholytic Hydrogels,"” Dept. of Chemi cal &

Bi ol ogi calRe‘:spbnstB &% RS rApdras Cohttd FeddDrudSDe Vg " & Paseeal NE¥m.
Beaverton, 829- %30 Klm%t al., Pharm Res. 9(3):283-290, 1992,

Bae et al .S yn%a&?ﬁt’qfie@e/ Sizot sWates 2221 16912, Gemteolled Release Sodietycne:r ol | ed

Rel e 3 Yo, e 32:97-102,
lggias&aﬂc?%gt chl?nsjrgr?ét %ﬂ? ﬁ&ﬁ?@é?éﬁ%?%@lgggg%g@? GW and Kim
J.  Cont r olgi7egb-Be) 15 HFsBAnd GehkROQ. cfasr’@rm/@ueﬂe@e@mmmsn\eendggi Rae J
Pharm 118:237-242, 1995; Katono at al. . Controll ed Rel ease 16: 215- 228,

1991; Hof f&iah, PhaiarRes.| 8(4 ey eh37 b 9';91H5Pjh@yéh§ aodr&) EmanmgleBuoCogtroéed y

E sevier SR 0081 <o 808 0 o0 SorBget SNP R EmEES R AR BB e,
" Appl i cat iGes: PSly NRbpRddyIadruAfide-BbBoditph ﬁwa&e&fbdnwmk%@}wamwe

Therapeutics and _Di agnostics,” in Third |International Synpdsium on Recent
Advances Ne@dgsmmw@d%sewhesml GhacacterizgtionSTDeplebf Chemicat & 1987,

b5 099340 SRGFHEES FgoRieguate AR Af ReShes Rfsehnpipu teavatiise > 1
18: 1- 1) TRZp.R2aver B Aouddnd Smtﬁ"'PhysB@ISH dr@éél%)ofl@;930139&b28ta1=995)

Representative exanples of thernogel ?/rrers i ncl ude honopol yners
such as p(ﬂo}')(ﬂ\ﬁ tﬁ‘qumeNReSpawylnamiuga &ﬁpde() Chrrnigtri- Golegerafpy | acr yl ani de) ,

Doy B T 0. 186 Ul B T B KT
pol y(N-i swaczmd RIS ¥l M dhhradktAtd\PerE Ses Und Water Sl irP0!l Y (N-
et hyl met hyacryl am de), pol y( N\ et hyl - N- et hyl acryl am de), pol y( N
Stimuli- Responsnve Hydrogels," Center for Bioengineering, Univ. of Washington,
15 Seattle, WA, p. 828; Yu and Grainger, "Thermo-sensitive Swelling Behavior in
Crosslinked N-isopropylacrylamide Networks: Cationic, Anionic and Ampholytic
Hydrogels," Dept. of Chemical & Biological Sci., Oregon Graduate Institute of
Science & Technology, 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.
20 Controlled Release 30:69-75, 1994; Yoshida et al., J. Controlled Release 32:97-102,
1994, Okano et al., J. Controlled Release 36:125-133, 1995; Chun and Kim, J.
Controlled Release 38:39-47, 1996; D'Emanuele and Dinarvand, Int' J. Pharm.
118:237-242, 1995; Katono et al., J. Controlled Release 16:215-228, 1991; Hoffman

“Thermally Reversible Hydrogels Containing Biologically Active Species," in

25 Migliaresi et al. (eds.), Polymers in Medicine Ill, Elsevier Science Publishers B.V.,
Amsterdam, 1988, pp. 161-167; Hoffman, "Applications of Thermally Reversible
Polymers and Hydrogels in Therapeutics and Diagnostics,” in Third International
Symposium on Recent Advances in Drug Delivery Systems, Salt Lake City, UT, Feb.
24-27, 1987, pp. 297-305; Gutowska et al., J. Controlled Release 22:95-104, 1992;
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cycl opropyl met hacryl am de) and pol y(N-et hyl acryl am de). Mbreover

thernogel ling 10 polyners nay be made by preparing copol yners between
(anpbng) meooawys4®f the above, or by conbi ni ng such honopalryrses/ss7ee t h

ot her water soluble polynmers such as acryl nononers (e.g., acrylic acid and
derivatives thereof such as mnmethylacrylic acid, acrylate and derivatives

t hereof such as butyl nethacrylate, acrylamde, and N-n-butyl acrylam de).
15 Ot her representative exanples of thernogelling cellul ose ether
derivatives such as hydroxypropyl cellulose, nethyl cellul ose,

hydr oxypr opxh&EtRul Getirb, 1 5 Rrol&d haél/é%@r@w%hi'égf‘?ﬂéa%l%s&a/ aPfiaf.ur oni cs,

such as F-127. A wide variety of forns may be fashioned the polynmers of
t he prese‘ﬁ@sﬂri’(/b?\bﬁ%? 200&:I1965hg for exanple, rod- shaped deV| ces, pellets,
sl abs, 20 particul m.cel | fil ?33 nol ds sut res, ads gel s,

creans, ointnents, ggegergﬁt%eaﬁwe@s y%em?-?g&“'”g Bl '8? Am J.
Hosp. Phar%m&ﬁbl%@fk @6@1135 pél?@@-mét@lgﬁ’fn-ﬁbggiaggylynerg ;58&/)(‘?@ reI ease of

macr onol ecul es from pol yners onedl ¢ | yneric Materials
and Pha¥ newepylacadamide), pBily{Meaethyl-N-issprop@cdiiamide) Epcﬂy(,N Nakagl m A (eds.)

65265, 270roRBRas YRS BN sorshaya Beride) poiNap-aiabBecHATadelnd
Bawa et alp ody byts@ﬁf&ﬁyﬂhéﬁﬁc%rﬁu@%? p%iﬂﬁﬁcy%ﬁypro%ﬁgér)ylamlé@?t hg/( [y be

i ncor porate dissolution’int usi‘on 1n matrices of

t he pol ynmthyib@ﬂmyadnylaugﬂﬂa)l poity(N- mdthﬂé\?;—et@a@yiaapdel) @b@fl;l: n m ;:Ir gcggs%es.
031 099346 PERPIDATBAEY SBURIGORHobHE-slhulasrR s MpraeYerdaguuRgaling

f or mul | eSrs( to

i cr ot ey .‘R%ﬁ?é?*’ﬁﬁ%?%?ﬁ”?ﬁ% S%E’Wsutsuﬂr%é’% fertbg) RBRORRRELE, |2

and spr ay ghe @bhee, ardnpeambisinghsuch lmnoﬂm#ymbré wite dther veater yolable/ polyrdets ver

t he agent rovi ded herein incluyde vitarm n-based orrp05|t|ons (e.qg.,
based on SR A% AVIRIONGIGES 4Rl GeTVAC 2 and dGTvaBER BRIOr SHER 88 Nos. D

g% ggzg%ﬁfﬁe;gt yﬁcrﬂgla@dl%}ylé‘t%daﬁd' (QEGIZER (I’%?@of $lick ad BlitGhelRrylae®34. 499,

acrylamide, and N-n-butyl acrylamide).

15 Other representative examples of thermogelling cellulose ether
derivatives such as hydroxypropyl cellulose, methyi cellulose, hydroxypropylmethyl
cellulose, ethylhydroxyethyt 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, siabs,

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 et al., J. Pharm. Sci. 69:265-270, 1980; Brown et al., J. Pharm. Sci.
72:1181-1185, 1983; and Bawa et al., J. Controlled Release 1:259-267, 1985).
Agents may be incorporated by dissolution in the polymer, occlusion 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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5,882,679, 6,143,321, 6, 146,659, 6,200,598, and PCT Publication Nos. WD

98/ 34597, WD 99/ 65466, WD 00/01366, WO 00/53231, WO 99/35162, WO 10

00/ 117508wvo\W®0@B4d 25223, WD 00/ 149, 268, WD 00/ 1565438, aneCWDSIH7158455) .
Preferably, therapeutic conpositions of the present invention are
fashioned in a manner appropriate to the intended use. Wthin certain
aspects of the present invention, the therapeutic conposition should be

bi oconpati bl e, and 15 rel ease one or nore agents over a period of several
days to nonths. Further, therapeutic conpositions of the present invention

shoul d pr elopiRittbrRer8 tRdViged Hnoﬁ-@%ﬁtﬁér H&?ioﬁ@,ds%{’%})lgﬁaﬂ{ Jeing

produced, and mai ntal ned under sterl condi t1ons. certain aspects
of the presisrspherasnfranging tiiver apearmeters B micropesersiiosizejgastss, tlebdsoed in
any size ranging,.from 50 nnflto 500 m dependi ng upon the particul ar use.

Al t ernat i \?é‘ﬁ‘aesgtfﬂﬂ”%‘rﬂégf fIMSANd3Rfa%sso be readily applied as a "spray”

whi ch sol i diTies i nigngy E4tEb oL RRch i B3B3 By Y iR ERREed 1 om

m crospheres of a wide arra sl zes, In Ing for “exanple, f
to 9 mbd f ragentsOprpwided Heimincddé vitamBBbasddcdrifositiorb(elhe bagedibh C

conposi tions of resent invention pay also be prepared in a variety of
" pggt e'l' orVﬂ@g\'”sf %h[SrBE apg?ore‘&,aq?&, &.9-vi £ hiRvbAeian et WehP8/3P20% gad WiQent i on,
t her apeut i hd iy | de ' a L At ature
(o gt ol Shd B0 moE (S5 1) Pl NP5 300 2 B B PIF 5 AR

t enper at urbe8826¢9,,6, &4dB2M1 6,148)659¢ 61200898, and RCRPublticatizer MdsirwO ower t han

: S03/16719 Al i ncl uded I : h
Pl U oni ¢ ESIAESTa T GROGHES, oSt 366, i dlsset auPSe B892 WS) and a gel
b DPE y 5 ?@Q i ven the
gitsclogﬁsouﬁe prZ?Pg,;g/%gp@?g@gﬂ@?@@gﬁq@o@&% S c?lf)épﬁg’gléng:a\r/\tGi on, the

t her apeut i00/84&5posi ti ons of the present invention nay be forned as a

fil Preferably, such fil are generally less than 5, 4, 3, 2 or 1 mm
tlhi (r:nk ;mre prelyer ag’r%fer%ggqgﬁ@qeu ic comp03|¥|ons of the present invention are

fashioned 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 should preferably be stable for
several months and capable of being produced, and maintained under sterile
conditions.

Within certain aspects of the present invention, therapeutic

20 compositions may be fashioned in any size ranging from 50 nm to 500 um,
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 um to 9 pm, from 10 um to 30 um and from 30 um to 100 um.

25 Therapeutic compositions of the present invention may also be
prepared in a variety of "paste” or gel forms. For example, within one embodiment of
the invention, therapeutic compositions are provided which are liquid at one
temperature (e.g., temperature greater than 37°C) and solid or semi-solid at another

temperature (e.g., ambient body temperature, or any temperature lower than 37°C).
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0.75 mmor 0.5 mmthick, and nost preferably |ess than 500 m Such fil ns
are preferably flexible with a good tensile strength (e.g., greater than
50, prefewabbypoosgs eater than 100, and nore preferably greacerusohadrid50 or
200 N cnR), good 10 adhesive properties (i.e., readily adheres to npist or
wet surfaces), and have controlled perneability. Wthin certain

enbodi nents of the invention, the therapeutic conpositions can also
conprise additional ingredients such as surfactants (e.g., Pluronics such
as F-127, L-122, L-92, L-81, and L-61). 15 Wthin further aspects of the

present i nNshinclided Reé pBKFferélsichRisPudARk MARE IWRIES apdAqli@dt & Ry ont ai n and
rel ease a hydrophobi c conpound, the carrier containing the hydrophobic

conmpound '@MeeiANrR4€idort M) BRd & gelmbbbgrdtemperatups. oS et thernmuplagtesp mayehe

Wthin cerpai odi ts,. the pol ric carrier contains or conprises

regi ons, 6%%?2&@5%‘?8%?&&‘& g'§d8?u'%rﬁ§xg$?qrﬁ?@"hydrophobi ¢ 20 conpounds. For

exanpl e, within OneVﬁfﬂ?@%ﬂBﬁhFeraépécf@offh‘éqmvérﬂfbn,*t'ﬁ’ffh%? te conpounds may
ydr ophobi c

be incorporated within a matrix which contains the conpound,
fol | owdd 1§pMPesHiopscathepresent ingentinn imay et formed las apfilhy neraferably; sicr . A

variety o ri can be utilized in this regard, including for exanple,
car bohydrfzfai{rﬂgg%ﬁg%%@@%?ééﬁﬁ P ded g’s%erh% ggnst{"ﬁg’c’ﬁ,or%@iq?%flagyégsﬁ@@ﬁr an, 25

met hyl cel IourDeen 0R0S MWAHIEIC Bing rﬁ@éttcbrei@éﬁlﬂéé% tR&n BBD péhéﬁ%lrﬁﬁ)ﬁ/{ﬁ as

al bumin, collagen and gelatin. Wthin alternative enbodi nents, ophobi c

conpounds Prefasabhiefiexibleawittea gaodiiensile strengtptoyi, greateethaarfi, phiferably e

contt 1SS AE fof S el B S KB SERLAT

a9 aiesanbod s o Sy G ol RSl

et al., CgAokeledeperme®il®877-5881, 1993; Sharnma and Straubi nger, Pharm

s T i AR Rl b Rt

M cr oencapsmpasitiens €ar alskodomSrse addfidnalMdrlileRts such as surfactants (e.g.,
Pluronics such as F-127, L-122, L-92, L-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 methylcellulose, 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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(Al kan- Onyuksel et alL, Pharm Res. 11(2):206-212, 1994), inpla®.ts (Janpel
et al., Invest. Ophthalm Vis. Science 34(11): 3076-3083, 1993; Walter et
al ., Cancwpo B®39346 54: 22017- 2212, 1994), nanoparticl es (Vi ®cantse3/asvao
Lanzaf ane PAACR), 10 nanoparticles - nodified (U S. Patent No. 5,145, 684),
nanoparticles (surface nodified) (U S Patent No. 5,399, 363), taxol

emul sion/solution (U S. Patent No. 5,407,683), mcelle (surfactant) (U S
Pat ent No. 5, 403,858), synthetic phospholipid conpounds (U S. Patent No.
4,534,899), gas borne dispersion (U S. Patent No. 5,301, 664), foam spray,

gel, lotion, cream Owhéld®Ribrs tRhtSRSY FRMIYEDE hiffed tolconkdh bh@'d‘éﬁvéfrthgr opl ets
solid- or liquid- aerosols, mcroenulsions (U S. Patent No 6),

pol yner i c agrets desadpred herein intleice: hydipsypredyl @tb}@lOdDatFMCSNdﬁatEarltBlgoﬁBG)

d- based f t t (U S. Patent No.
5 a9 oragt o PHAE Tokdeere Nobeh ippSgTes ice Bl Sihuta efdls SA060 RegaT)
nanospher &3: 5{87'@95’68193 99! Sharfiz0nhd $fﬂémgze$yﬁﬁam¢%§ gk dB@'sng%gea%%aNat er.

22, 1995 Kwon et al., Pharm 20 Res 192-195; Kwon'et al rm Res.
10(7) &70 WO L3/ 18163y bh%. Rateal No. 512420531 mpoﬂﬁhe/gBIZ(WG%W541,994 Gef et

l., S 263: S

84! 493028?;‘%%%@?? n@ ﬁH@F%{f‘/l i ?’(F Qe"'ﬁ%ﬁsé’ tio 41%18i526§80 fﬁ@eﬁﬁ%nts
provi ded hakghOMARsAlIa/. bﬁhéf% %@tﬁ@)%eé}z@ Qégé)e.mﬁlgmqaéﬁubeﬂet(g 9.,
treating the conposition wth ethylene oxide or rradi atlon 5

packaged wWivest oribakraivis; Ssiesceci4itt): 3076-3082 1@96: Wmt st alul@amnee Resr

ot ot cothaDy 278 B Ratbeaftads ahidSpiRnd S E’?@é@: e: Tl antati on
i nto hemaRaNoSEHINES QAR U BCPAtER Rl 87143 6d4)! ar{l\qr:gg ANTS A.

Representative Medical Inplants A wde variety’o nts or deV| ces can
be coat ed mddified)U&. iatenitdvo. 5c398%:363)ctaxdl emulsmm‘(snlutlomr(w ®rPatehtase t he

it SO B B A PR SRR
Lol 2 PRSI R IO AchS 250 BOOE Bl dpers it o
Patent No. 5,301,664), foam, spray, gel, lotion, cream, ointment, dlspersed vesicles,
15 particles or droplets solid- or liquid- aerosols, microemulsions (U.S. Patent No.
5,330,756), polymeric shell (nano- and micro- capsule) (U.S. Patent No. 5,439,686),
taxoid-based compositions in a surface-active agent (U.S. Patent No. 5,438,072),
liquid emulsions (Tarr et al., Pharm Res. 4:62-165, 1987), nanospheres (Hagan et
al., Proc. Intern. Symp. Control Rel. Bioact. Mater. 22, 1995; Kwon et al., Pharm
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
al., J. Pharm. Sci. 84:493-498, 1994) and implants (U.S. Patent No. 4,882,168).
The agents provided herein can also be formulated as a sterile
composition (e.g., by treating the composition with ethylene oxide or by irradiation),
25 packaged with preservatives or other suitable excipients suitable for administration
to humans. Similarly, the devices provided herein (e.g., coated catheter) may be

sterilized and prepared suitable for implantation into humans.
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(see, e.g., U S Patent Nos. 4,662,382, 4,782,6 836, 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
i npl ant abWe odedda3ls i | | ators (see, e.g., U S. Patent Nos. 3pP6TAIS9H4G719
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)); neurol ogi c/ neurosurgi cal
devices (e.g., ventricular peritoneal shunts, ventricular atrial shunts,
nerve stinul ator devices, dural patches and inplants to prevent epidural
fibrosis post-|am nectomny, devices for continuous 15 subarachnoid

i nf usi ons)lil. gasMEDIQAE$MPLAINTEVIi ces (e.g., chronic indwelling catheters,
feedi ng tubes, portosystem c shunts, shunts for ascites, peritoneal
inplants for drug delivery, peritoneal dialysis catheters, and suspensi ons

or solid inplagts t®, LEN&RE S eg,lic%ﬂ p sions); genitourinary devices
(e.g., uterine i HTHES_I'TTUY_U'M_H'Q_I_FFF@%‘UEE i ne devices (1UDs) and devices
to prevent endorret r '@Wld@%éﬂéﬁ%pi’nﬁ%ﬁs dr el RR5RAnlB S atbdRitAYrthérMdd!di g

reversible sterilization devices, fallopian tubal stents, artificial
sphi nct er sCQm@rup@ldl torcenmralandff@plr@!aase fhﬂ therapm:ﬂmagentseprowdeddneremst ents,

h t t | i nt
For vashyASREsRREE eaapleydnghde CaraiEveLR Beuss (g 0" iPlaiahe veRbias
3,995, 623, cAn&éds, 1ARods BI%s GRneléd Q%ﬂoé@gathétér's"%rﬂ@ﬁlc |ﬂfu§%ﬂ Iﬂ%’or%%rts
4,385,631, 4,406,656, 4,568,329, 4, 208), urinary
cat heters Iosledmgdweyatluasersﬂarfmn m@etasmememaaapaaesnamerzead%g

heart val ege( $8e U Sopgtent (o 2 bnp e 7 836 Koede 837 A 860 530" 4505 540,
5,528, 023,5, 507%@46%614@9@2@&/4@&9%%33@4 697, Jféila%d @aegg;gqg,go 6,176, 877,

6, 358, 278, ‘and 6, 3 83). vascul ar grafts (see, e. ,
3, 805, 801, m'[plamablesmf bzﬂjalm (526, €.4,,328, ﬁ’aﬁantchﬁBB 64121695443468}95!2

5. 024, 6714 3B B%. 2684 430, 2403 5 Bl dets. 507 94, 76,168 8 0B 1
5 405, 379,6,9266993 52/ 63152,95%3); Q%ﬁrol@@gln'éu%s@»@@ﬁ)dem%t @ad ”Wzrﬁﬂélﬂaf mpl ant s

(e.g., multino inplants and 'other inplants for neovascu ar gl aucomm, drug
eluti ng cqrariened| shents, Ventncqﬂaeam@i elmmts,srpﬁrvetssnﬁm’tof dévieek, dural patches

dacrocyst aI r st.o ut i contact | ens
y J' im antsrtTgbrevengepIduraIrﬁ%ros?s post- Iam?ne ?omy, éevsces for continuous

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

20 hyperplasia, fallopian tubal implants, including reversible sterilization devices,
fallopian tubal stents, artificial sphincters and periurethral implants for
incontinence, ureteric stents, chronic indwelling catheters, bladder augmentations,
or wraps or splints for vasovasostomy, central venous catheters (see, e.g., U.S.
Patent Nos. 3,995,623, 4,072,146 4,096,860, 4,099,528, 4,134,402, 4,180,068,

25 4,385,631, 4,406,656, 4,568,329, 4,960,409, 5,176,661, 5,916,208), urinary
catheters (see, e.g. U.S. Patent Nos. 2,819,718, 4,227,533, 4,284,459, 4,335,723,
4,701,162, 4,571,241, 4,710,169, and 5,300,022,)); prosthetic heart valves (see,
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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corneal neovascularity, inplants for diabetic retinopathy, drug eluting
contact lenses for high risk corneal transplants); otol aryngol ogy devi ces
(e.g., oswpaaloga34d 0 i npl ants, Eustachian tube splints or @rentsss/ian9 gl ue
ear or chronic otitis as an alternative to transtenpanic drains); plastic
surgery inplants (e.g., breast inplants or chin inplants), catheter cuffs
and orthopedic inplants (e.g., cenented orthopedic prostheses). 15 B.

Met hods of Making Medical |nplants having Therapeutic Agents |nplants and
ot her surgical or medical devices nay be covered, coated, contacted,

conbi ned, ¢ ggBlers, 61768y, 6350978 8Ad W 37%,983) 0hdNINN GanafaRt edy to rel ease

t herapeuti c agent's conpositions of the present invention In a variety of
manner s, iM9BERG3, 80D, 30 adPKE.05Ra%, 9P, tRE, éc323/525,f4, 3551426 04,4 AB,97@pl ant or

ol ant - of S0 LA 025 Bbo ke Be0g 1 o e B 4TS heTBRR ant or
devi ce i nigon g, 399 KTRIA, 460, 18PHU5] M7 708 34 NG 876, PBog@AGOVal ent

means); (b) by coating the inplant o evice W th a substance,’ such as a
hydr ogél , SwiiE08&idnd 5,810468),aphthddmolmic trhpleaisgetd. cmutlimpdsiplarts afdr

th tig fact X by i nt i .25 th ti osition
e e Dby bl L 50 T g JBeund oS
i mpl ant  Oit&loNiLA®S, sbﬁﬂtatf%rf ﬂaﬂé@ﬂééﬁ&@y&taﬁhih@g{cﬁ‘ﬂ}, dRlig BRYihG @ohfcPIehsBl fSV e OF

mesh which i $ conprise or coated wt t Herapeuti c”conposition; (e)
const r uct cageaheedyqdcutarity imganis foridiateltic retindpaihy, deug phdingcoattt  or

ition; 41 ) 03/ 099346 PCT/ US03/ 16719 f) b h i se adaptin
Che’t npl alffisss iliobdisk oRatal eBSPREIDHAP BV RO dRYICes (s RENCURE! or r o
embodi e nifpRhtd, BRistdbrRH BB splife GBS0 @tne%'a%t Enfdnidbtis a?sdﬁaﬁ;e to the

i npl ant or device during storage an Ime of 1nsertion.

t her apeut attergéine to traostepysinid dnairs)opibstiassmgepy iefaats|(y. gndiredsigmgdantglur i ng
5 storage, iar to . .insertion, or en warned to body tenperature after
inserti onor%gi'ﬂ@ﬁq 8 Saﬁft?ﬁ@‘ﬁﬁlﬂ Frinaneglis IMRIgNts (8- dad@mead it shoul d
pr ef er abl yREFEdIEPrESMEEes)t he desired areas of the inplant or device

snmoot hly and evenly, wth'a uniform distribution of therapeutic agent.
Wthin preferred enbodi nents of the invention,

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

20 therapeutic agent or composition (e.g., by either spraying the implant or device
with a polymer/drug film, or by dipping the implant or device into a polymer/drug
solution, or by other covalent or noncovalent means); (b) by coating the implant or
device with a substance, such as a hydrogel, which will in turn absorb the
therapeutic composition (or therapeutic factor above); (c) by interweaving

25 therapeutic composition coated thread (or the polymer itself formed into a thread)
into the implant or device; (d) by inserting the implant or device into a sleeve or
mesh which is comprised of or coated with a therapeutic composition; (e)

constructing the implant or device itself with a therapeutic agent or composition; or
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the therapeutic agent or conposition should provide a uniform predictable,
10 prol onged rel ease of the therapeutic factor into the tissue surroundi ng
t he i npl awD 030993devi ce once it has been depl oyed. For vasedlrarsosiem s, in
addition to the above properties, the conposition should not render the
stent thronbogenic (causing blood clots to forn), or cause significant
turbul ence in blood flow (nore than the stent itself would be expected to
cause if it was uncoated). 15 Wthin certain enbodi nents of the invention,
a therapeutic agent can be deposited directly onto all or a portion of the
devi ce (Se®by®tlenvisdadaptifRf BBimPRIt or @e@i@@t@?&geé’é@tr@ tR8fhpedfid ageht adm xed
wth a delivery systemor carrier (e.g., a polyner, |liposone, Or vitamn
as di scus¥¥éthinpesfeiredisinatodimentspifitieel invention, the camqmrttqnmhomdd filalydevi ce
(see the ent s ate appli.catians, refer s listed.20 ove under
 Conpos t PARETLRanBa Rl BPBruSS Sifhe sistads ARH At B BRe ot SSias R0enc i on.

t her apeut hferageicagém dPeonfobieh ahollt AsEpréfealoly ABl diratie baangon- coval ent
attachnents. For exanpl e, conmpounds that are relatively sparingly

wat er $ol atﬂregarprmtt@mseﬁm @bM@entmmerbwdmd)demeraterejaﬁsmhs@tﬁonn an

| v d tratiap. The 2 I h f t hi
bl 1 cat i SIVGE e Bt Bt £quiedh s CoreHem orn i Pre FEC Saater SoPymer i ¢
devi ce SUEH@G&.reMe%wfwé iMgIRhESHd AR érhsathhﬁaﬁh msmy WiirPa UiGormg Ol Ut i on,
wi t hdrawn and then dried (air dry and/or vacuumd Al'ternatively, this

drug sol utistibutian dighenapayiciagento Witkinquefeared ejﬁbmmmantqwfathe invEnitencan be
acconpl i shed, usi ng. current oat'n t echnol oqy, The r Ie se duration
For thi s 15 B e S ses Pl mBbafida shosid DGR cooomh PrRsTetEd be -
rel at iqgel *Slrcﬁdlﬂgﬁéd ?E"Féiaé@é'ﬁ te l?ﬁ‘er@pét&'tﬂ?fa‘cﬁﬂ iffo th@?ls&?é EQl‘réuﬁding me infiSlaff Ug N

t he body In which it was placed. In another aspect, a therapeutic
agent canobdevicesaobeddwasrbeaersdﬂpleyﬁd Emra\tasttahartstmntabnIaddylondo$hebbom

partial y di sspol ve the surface Dependi ng on the
Dol vent /| RIREETeSanS ATPESHEN SaOHEOt PR ST CIQribagnt (SBUHMN o ¢ he
drug sol upjeRa cfl@t% 18 1618 eﬂcmseté@ﬁfémhuﬁménéehﬁ b‘l”dd!ﬂﬂcﬁ@(‘m@ké fHsp@ngnt o the
surface | ayer of e po fymerlc device. Alternativel e drug solution can
be stent itself would be expected to cause if it was uncoated)

15 Within certain embodiments of the invention, a therapeutic agent can

be deposited directly onto all or a portion of the device (see, e.g., LI S. Patent Nos.

6,096,070 and 6,299,604 ), or admixed with a delivery system or carrier (e.g., a

polymer, liposome, or vitamin as discussed above) which is applied to all or a

portion of the device (see the patents, patent applications, and references listed
20 above under “Compositions and Formulations.”

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

25 solvent chosen for this application would not result in dissolution or swelling of the
polymeric device surface. The medical implant can then be dipped into the
solution, withdrawn and then dried (air dry and/or vacuum dry). Alternatively, this
drug solution can be sprayed onto the surface of the implant. This can be

accomplished using current spray coating technology. The release duration for this
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sprayed onto all or a part of the surface of the inplant. The rel ease
profile of the drug depends upon the solubility of the drug in the surface
pol yner i cwbag®ea34dJsi ng 10 this approach, one woul d ensur ePchatsos/ngi1sol vent
does not result in a significant distortion or dinensional change of the
medical inplant. If the inplant is conposed of materials that do not allow
I ncorporation of a therapeutic agent into the surface |ayer using the
above sol vent method, one <can treat the surface of the device with a

pl asma pol yneri zati on nmethod such that 15 a thin polyneric layer is

deposi t ed methed bheodiiy weulibd AgativelXsHaM 88d Koufisd a FORStRPOSH thé‘%b%ﬁlty
paryl ene coating of devices, and the use of various nononers such

hydr ocycl @ theosraigen i bady ﬂpldaowwmlta\tasmla@&ﬁ yl at e nononers, nethacrylic
acid or nethacryl at

coating methods desﬁ}?'ﬁé}ﬁeéﬁm%c etrfceﬁg%é %P%éjes Fﬁe%ten%?%%\é?ﬁ ﬁﬂt‘éﬂstplrﬁ%/o
the 20 coahgthasuhé adfitPio $Wel bApadally dlE@élvé'ﬂ‘i’é §9ﬁé&§é 6f 288RherichAbldiyve some

degree of water solubility, the retention of these conpounds on a device
are reldat iRepepdisgan ﬂmqtvemtumplanmeob!pmutcomtar@m thehimnplantncauilchbe oni ¢
groups, it

har gou cORRERE PR ATub 3obtnT0Ln BaRGEBLIS lRifalHE drae pon dRRRE G

t her apeut itige @@rmes;agemﬂhalmrﬁ@m@@e\gé@umeﬁ@ﬂva? thé 8RR §1686brearbgonpounds
such as sodi um dodecyl sulfat'e (SDS). Compounds “containing carboxylic

groups casptayedomio ek od avaarhoftthewdecq ok the/implant. Urhe refeasei profile THT) .

M t oxantrgne, for ex ndar am ne grou .gnd c s as a
chi or | de. S deRind 8T Bis P itV e Mkt o ind Sl ol ies o

03/ 099346 thEhpbiRizh1 6rd Woutd' bhdire thé‘t tﬁé@%fveh?d&@é Hbﬁre%gm 8%ignlfitiapt compl ex
can be dissolved in an organic solvent which can then be dip coated or

spray coatdigfortipo o dimensionaiashange afitheemedioalijmpladt. coul d t hus al so be

I d with SDS. I | d then b the d b
Gi'p conting or spr alf RGAPRGY FeartecotreraisdaL o6 Bt e BRpfBr of ns

2 carboxylgfg tﬁ@ﬂagegﬁ@ggémaﬂ@ tﬁ@‘é‘uﬁa&@@e‘?%sﬁ@%é%@e%‘xﬁént HWSa, and then
coated onto the nedica
can treat the surface of the dewce with a plasma polymerization method such that
15 a thin 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
20 coated surface of the implant.

For therapeutic agents that have some degree of water solubility, the
retention of these compounds on a device are relatively short-term. For
therapeutic agents that contain ionic groups, it is possible to ionically compiex
these agents to oppositely charged compounds that have a hydrophobic

25 component. For example therapeutic agents containing amirie groups can be
complexed with compounds such as sodium dodecy! sulfate (SDS). Compounds
containing carboxylic groups can be complexed with tridodecymethyammonium
chloride (TDMAC). Mitoxantrone, for example, has two secondary amine groups

and comes as a chloride salt. This compound can be added to sodium dodecyl
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For therapeutic 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 uswooBomsgani c compounds that have the ability to fPomraSo®ni7es or
hydrogen 10 bonds with the therapeutic agent. As described above, a conpl ex
between the ionically charged therapeutic agent and an oppositely charged
hydr ophobi ¢ conpound can be prepared prior to application of this conplex
to the nmedical inplant. In another enbodi nent, a conpound that has the
ability to formionic or hydrogen bond interactions with the therapeutic

agent can duffatdia@raer Btfeemitdmples. Thid 66}4&?@& AABGisENGed G BEJIHIE
process, or during the coating process. ternatively, this conpound can

be i ncor pcicatesd whithocan theatbendippsiajedber spray costedappoxardbicin hasean aplisat or

dur i h dj h ' i h
ool ane - orBU8 53 Saflo A8 She AEmPIESERRat SOF S coBlae et BishES et ear i ¢
aci d, | aurdgpliagidlihe @dviddBY idfp 864ty orSpPAREGSHIRLINGthddR: MethBRBZRECIHRCI d,

salicylic acid), 20 cylcoaliphatic acids,” aliphatic (stearyl al cohol ,
| auryl %l @xaoiple centpinsad caithoixyliaacd groupsaand cauld dhigd be abopleredtwithunct i onal

al cohol s ( citric acid, tartaric..aci.d, entaerithratol), |ipids
(e.qg., pho@ﬁéﬁm{hgﬂoﬁqaﬁ%q oﬁﬁoéﬁﬂﬂ??'@ll'g\pfﬁiﬁol amine), carbohydrates,
sugars, spernine, SpRf méilaF_euu@égémgfméi HAVE tRE BTty © BFhGSic coRplidierl and
synt hetic am no acids, peptides or proteins. For exanple, a fatty acid 25

such as pdrmydrageadiandsatheneeleasedofitbesmagents dronh the éévies eanbeFnddified ur aci |
fromthe ,jinplant. _For therapeutic.agents that. have the abiljity to form
oni ¢ combeRERe s offanic saRPRURHS 1 RavE dhe 2bubp Torm e gbhvdrobREm ¢ ne

i mpl anfo cafpnlg wildidd @\‘éraﬁéhtfcf@téﬂﬁ.eAQfdeaéﬂib(éH?é%\w%thFﬁfYIEXtb@ﬁ/vé’é?'l fely to
formionic or hydrogen bonds with 44 W) 03/ 099346 PCT/US03/ 16719 the

t her apeut iieniegiyrehargend therapeutis; agénd eagdant oppasitehyt charged hidriopbobici ne gr oups

o S Sty S ke TR R BE RS o 01
appl i cati gmpiane! HignothEHEMBORINMERE, bicmﬁ&@nHQhM%é%bﬂgﬁt&Wﬁl ipARIcH that
are prepared using acrylic 5 acid, nethacrylic acid, sodium styrene

sul f onat e hydtogesrsorslintaractiorscwith theatherapeaticcigent can be incorporated into the

15 implant 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, aliphatic (stearyl alcohol, lauryl alcohol, cetyl alcohol) and
aromatic alcohols alco muitifunctional alcohols (e.g., citric acid, tartaric acid,
pentaerithratol), lipids (e.g., phosphatidyl choline, phosphatidylethanolamine),
carbohydrates, sugars, spermine, spermidine, aliphatic and aromatic amines,
natural and synthetic amino acids, peptides or proteins. For example, a fatty acid

25 such as palmitic acid can be used to modulate the release of 5-Fluoruracil from the
implant.

For therapeutic agents that have the ability to form ionic complexes
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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or 2-acryl am do-2-nmethyl propane sulfonic acid. Polyners that have been
nodi fi ed by sul fonati on post-polynerization can also be used in this

appl i cat iwn.03/0943e6 nedi cal inplant, for exanple, can be coacedases/idri9 or
prepared with, a polynmer that conprises nafion, a sulfonated

fl uoropol yner. This nedical device can then 10 be di pped into a solution
that conprises the am ne-containing therapeutic agent. The

am ne-contai ning therapeutic agent can also be applied by a spray coating
process. Methotrexate and doxorubicin are exanples of therapeutic agents

that can thetherapeditic ddunt. #BPEk&MbieQtherhbeltic &GS cbARinind8mNeEsRNpe Of
bacteria on the inplant surface can 15 result in a |ocalized déecrease in

pH. For p&RPIRIT iaikeomplexes yath srfopicexctrabexylic peadpst groups ex angiasoups

boxyl i t | | i zed _ipcr ' |
o the”t ndf Ssiififer LEERFoBS o BBEeEE el YR o BEE apbleAiBE et n ae o
result of pubarePneSIRER 1©fpdififeRAEAEEDFolyhers thaekRPBIEbhFe PGSR Bickiat

contain carboxylic acid _gougs, polymers with pendaﬂrﬁ) end- groups conpri si ng
20 pri rfar Acid @ShaeyNc acidr s9divg syrefeaufonaley styreneesulfonic aeidumatkic acid

dul | f the th i . Th i i th
et | abl e of oA VAT ooy olenShEREHbAE A2 YPoueRt R RekS A8 reci cal
i mpl ant  suddifed by 'snlﬂam'bﬁrp'ﬁst-@bﬁﬁﬂéi&bﬁaﬁbgﬁ%o bé uEEin P YPRIcaGon®L er i al

used to nanufacture the inplant has available surface 25 functional groups
t hen t hesdhednediealigwiant oior ese@ipia canthesetated witbf ot prepargshwith,Fo polyeeanpl e,

e conver D togleef TAER ¢ SRt D08 braRaRg. o Beal pavichean ige,
succi nion @l dipske inkRh isvRion4had édrﬁ&’ﬁ’@%)&he%’iﬁiﬁé—c@ﬁfdir’ﬁ?%ithé‘r%p@&t?c) a%él',{}_ese

activated _carboxylic acid 45 WO 03/099346 PCT/US03/ 16719 " groups can then
be react edhgiamingracntaining dherapeutiqagentscantaiso heapplied byta spray keating

ot cont aPreaas st faPeatAne shar A 5k xRl SheimheutSAoBaS hEt oduced
to the polyAwe edfia®s vbplicatRinasma treatnent regime. 5 For exanpl e,
carboxylic acid groups can be introduced via a plasnma treatnent

It is known that the presence of bacteria on the implant surface can

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

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 implant surface contains carboxylic acid groups, these groups can
be converted to activated carboxylic acid groups (e.g acid chiorides, succinimidyl

derivatives, 4-nitrophenyl ester derivatives etc). These activated carboxylic acid
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process process (e.g., the use of 02 and/or CO2 as a conponent in the feed
gas mxture). The carboxylic acid groups can al so be introduced using
acrylic awodsmes4eret hacrylic acid in the gas stream Thesectarshoxyhs c acid
groups can then be converted to activated carboxylic acid groups (e.qg.,
acid chlorides, succinimdyl 10 derivatives, 4-nitrophenyl ester
derivatives, etc.) that can subsequently be reacted wth am ne functi onal
groups that are present on the therapeutic agent. In addition to direct
coval ent bonding to the inplant surface, the therapeutic agents with

ol ant. vio0PT PR Brer i MR 2o R FELBERE b8 prde e SR S .

Li nker s t ltherapeetibudent (¢td. calethot@xatd) ziiteaneahe)y cl eaved are preferred.
These |inkers can caonprise azo, ester, am de, thioester, anhydride, or

phosphoest er bonds. FPé spfpeeethatgauichcentaieapripeegie functianal grasmspthesec

f ical i i f h ' i cal_i npl
may be 1 udpdrs AEPftod e tne BN 3te Yt PR GaRr iR Efimeonpr | <e
the polfynefa exasple itb@iiy acidireups e i6Pdlded waR NSsMBRidabfely a dip

coating process, a spray coating 8r ocess or a plasnma deposition process.
Thi s coat iRBCREPIOLESTHE:g- Be U0l Qe andior Crssa icarpEnest inghe fleachads

heni cal , i At | i gh | iaolet light. e-b
G raci S aE! e bRyl acd o sCear 6 veithiriiied ing afYlic pofitur at o
25 the relmehacyiic b ih it gasytreamagRiysef dppkyie JERIg@abs icBR!tREW be Thi s

pol yner coati ng can further contain agents that can Increase the
f1exi bi | i tgpnyeried to actiyatedcarbpxylicyasid araips (erd. eagig ichiorideat syccirlimisivi ci t y

(e.qg.,4yaluL,Qni Cl: ' Jhilit r.,.henmoconpat abi | i e.d.,
hepar i%{] ?)erv'& %@\/egsogtrﬁlﬁéphe Ig\%%gg%bﬁggfé’ é@?”/t Rkl qu?ﬂgy hétréw%‘?}gd above
descri be nthasime fanctidhz grsupRtthanakf prasémeirppeUhbfapedfifbgbAt © or onto a
medi cal inplant. Additional antibacterial or antifungal agents can al so be

i ncorporated into ofn aAdifon kedifeet cayplentppaging tatssimplant susfeceettieal  or
oSl R S80Sk BB A B2 e Bl acBgh o
agents,  the medical implant via a linker. These linkers can be degradable or non-
15 degradable. Linkers that are hydrolytically or enzymatically cleaved are preferred.
These linkers can comprise azo, ester, amide, thioester, anhydride, or
phosphoester bonds.
To further modulate the release of the therapeutic agent from the
medical implant, portions of or the entire medical implant may be further coated
20 with a polymer. The polymer coating can comprise the polymers described above.
The polymer coating can be applied by a dip coating process, a spray coating
process or a plasma deposition process. This coating can, if desired, be further
crosslinked using thermal, chemical, or radiation (e.g., visible light, ultraviolet light,
e-beam, gamma radiation, x-ray radiation) techniques in order to further modulate
25 the release of the therapeutic agent from the medical implant.
This polymer coating can further contain agents that can increase the
flexibility (e.g., plasticizer — glycerol, triethyl citrate), lubricity (e.g., hyaluronic acid),

biocompatibility or hemocompatability (e.g., heparin) of the coating.
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descri bed above, into or onto the nedical inplant. Agents that can be used
I ncl ude, but are not |imted to silver conpounds (e.g., silver chloride,
silver niwoaBmed4ei |l ver oxide), silver ions, silver parti @cagysosactine,

povi done/ i odi ne, chl orhexidine, 2-p-sulfanilyanilinoethanol,

4,4 -sulfinyldianiline, 4-sulfanilamdosalicylic acid, 10 acedi asul f one,
acet osul fone, am kacin, anoxicillin, anphotericin B, anpicillin,

apal cillin, apicycline, apranycin, arbekacin, aspoxicillin, azidanfenicol,
azithromycin, aztreonam bacitracin, banbernycin(s), biapenem brodinmoprim
butirosin, capreonyThsmethobenbove Hescribzametivgeifor inediporativanaf £ef adr oxi |,
cef amandol e, cefatrizine, cefbuperazone, cefclidin, cefdinir, cefditoren
cef epi me, thesapeutia agrnt intecriontare Mmedicaligwiantnddditienat aisibactasiebar zi e,
cefonicid

cet oropr aa"RLBRrAGERD Ean o5 4 FbiEra Rt dio EBHER o Bl THAEH e

ceftazi di amtibastétigranantifaidal agéras caneld ihterprsted imefon spRRRe Meaial exin,
cephal ogl yci n, cephal osporin C, cephradine, chloranphenicol,
chl ort & r 4ERI@Nt REOr te} piryHitapeaLsiv or aftar theripeprperationqfitha thesrpeutis, agemts,

cl i ndanyci C | & LSL : L Ll 10, e e | ocycli ne,
i ot yros PR BRUE 5 o 68l Bt He UGBy WoegRARERT pETTES

doxycycl i irludesbaxard not liemitadotaysiiver cdﬂ‘ﬁFGLijﬂmdsi (®.g.e 5 camYdeNsilvier itratef |
fortinicinés), gent am ci n(s) gl ucosul fone sol asul fone, gramcidin S

grami ci di S\ oxigledpsivesiansi pilver gagines, dadine, pavidans/ipding, chisthexiding,

| oot 1 oxadiR oA ah Ao SARATY £ ks iiny Gar AT e Ridihreos ol Bl
et haclyc| avediasulfdry) agewisOiforid, desiRAMA] A XicilliA, BespHOtéritin B, BMPRIAAL am

mupi roci n, nadifl oxacin, natamycin, neonycin, netilmcin, norfloxacin,
ol eandony @pralcillisk @picyelins: @prareycCip. aipekasini gspsicilin sagidamfasiealpenem

ol vyt ne 2o, sX860hn BEGEGh b ebe e RIBAGE Fief el iEiorrrt | ¢
ri bost anyeutiosin, capredenydin, foararicillini EampeiyRinS¥ardrhddianédfagroxli f axi m n,

ristocetin, rit icg)ipem rokitamycin, rolitetracycline, rosaranycin,
r oxi t hr ongefamanaoig, cefaitizinadeetbuperazorenefeidim eefdinis eefditaren sgefepimsxaci n,

:5??;:1%2 irrg&jaegblra?ts, %ieﬁ)‘aﬂ%? icQﬁne%torxﬁﬁ)é,Ochéfﬁ"\iinndx, %gfﬁ%ﬁzslr%lef c(:)e ohicnsolf Icfe ocpr?arrgzsooniec,ji ne.
ceforanide, cefotaxime, cefotetan, cefotiam, cefozopran, cefpimizole, cefpiramide,
cefpirome, cefprozil, cefroxadine, ceftazidime, cefteram, ceftibuten, ceftriaxone,
cefuzonam, cephalexin, cephaloglycin, cephalosporin C, cephradine,
chioramphenicol, chlortetracycline, ciprofloxacin, clarithromycin, clinafloxacin,

20 clindamycin, clomocycline, colistin, cyclacillin, dapsone, demeclocycline,
diathymosulfone, dibekacin, dihydrostreptomycin, dirithromycin, doxycycline,
enoxacin, enviomycin, epicillin, erythromycin, flomoxef, fortimicin(s), gentamicin(s),
glucosulfone solasulfone, gramicidin S, gramicidin(s), grepafloxacin,
guamecycline, hetacillin, imipenem, isepamicin, josamycin, kanamycin(s),

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

pazufloxacin, penicillin N, pipacycline, pipemidic acid, polymyxin, primycin,
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5 sul fam dochrysoi di ne, sulfanilic acid, sulfoxone, teicoplanin,

temafl oxacin, tenocillin, tetracycline, tetroxoprim thianphenicol,

t hi azol suwbane9osuhi ostrepton, ticarcillin, tigenonam tolPcamsos/ 719

tosufl oxacin, trinmethoprim trospectonycin, trovafloxacin,

t uberacti nomyci n, vancomnycin, azaserine, candicidin(s), chlorphenesin,
dernostatin(s), filipin, fungichromn, nepartricin, nystatin, 10

ol i gonmycin(s), ciproflaxacin, norfloxacin, ofloxacin, pefloxacin, enoxacin,
rosoxacin, amfloxacin, fleroxacin, temafloaxcin, |onefloxacin, perinmycin
A or tuberquirthailin aitbstdrhgcin ifamide/.rifdnbN, GAMMIRISVCATHgNGne rifakiasn, t o
further the understanding of the invention, discussed in 15 nore detail

g ol : . . : :
bel ow ar e "$¥GeY0s MEiRgNane JOKigIPY¢ie atolitpiracyeling, Fesaramyeisi {OHREMYRIOhods and
devi ces prQw b ' e W L. aspect of the
i nvent i on S%Zg’gg'sf&ﬂéﬁ%ﬁ%’r%{ucgée'% Sg%ﬁﬂg'beg?eﬁrﬁg%(ae?%\ég@??h@?'%gﬁﬂy or inhibiting
an i nf ect ispiraassivg isabpdmydir) suacisalbridsuffashrgsoidine! BwFaAdkic agpri si ng t he
step of_introducing into a patient a 20 nedical inplant which rel eases a

chenot er Spamidochgsaidingratfaniiciasid, seiexana deiaprianine teinxacieduces,

(o, badPRoFIR iyl S RMbE th BBt dPiae Rouligic BB EHRR, 200 o

i nhi bit, cicagmilbyeienidreang) tobkainin,to SUfdRash, 6imethobAme L @BpedteRycHs I n a
patient means _that the growh or transm ssion of a foreign organismis
reduced, SVAARXanIN.duber@Ctineray@in: w@nGoMyEin tazaseting fangicidiagg).f i cant manner

in at |lea . N (O . . re.r.oufi used by
per sons of 5P Bfeies fEnosithfil g AR HERBLRRuER it

det er nioni RYgdMYcIHPEIEciprdTiakadinherfloRaciAERsKaeR) pefloXein Ebixaah, Fddokash, has
been covered or coated with an anthracycline (e.g., 48 WO 03/099346

PCT/ US03/ e8vifloxacim fisrexacin. iematioaxainlamefloxaoin, garimycipariukaraidinang. |
5-FU), folﬂj‘&"ﬁgi d antagonist (e.g., nethotrexate), podophylotoxin (e.g.,
et oposi de), " canpt ot heci n, hydroxyurea, and/or a platinum conplexe (e.g.,
cisplatin). Particularly preferred agents which are utilized within the

context ofy, ~ INICAL APPLICATIONS

In order to further the understanding of the invention, discussed in
15 more detail below are various clinical 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
a medical device or implant, comprising the step of introducing into a patient a
20 medical implant which releases a chemotherapeutic agent, wherein the
chemotherapeutic agent reduces, inhibits, or prevents the growth or transmission
of foreign organisms (e.g., bacteria, fungi, or viruses). As used herein, agents that
reduce, inhibit, or prevent the growth or transmission of foreign organisms in a
patient means that the growth or transmission of a foreign organism is reduced,
25 inhibited, or prevented in a statistically significant manner in at least one clinical
outcome, or by any measure routinely used by persons of ordinary skill in the art
as a diagnostic criterion in determining the same. In a preferred embodiment, the

medical implant has been covered or coated with an anthracycline (e.g.,
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5 the present invention should have an M C of |ess than or equal to any one
of 10AM 10"5M 10"6M or, 10"7M Furthernore, particularly preferred
agents arwo osw93abl e for use at concentrations |ess than trhatusa®¥%715% or
even 1 % of the concentration typically used in chenotherapeutic
applications (Goodman and G I man's The Pharnmacol ogi cal Basis of
Therapeutics. Editors J.G Hardman, L.L. 10 Linbird. Consulting editor

A. Goodnman G I man Tenth Edition. McGawHi ||l Medical publishing division.
10th edition, 2001, 2148 pp.). Finally, the devices should preferably be

rovi ded V, | .ar
provi ded sicsehliscndifh MHbEANRe) SugkahriighuTEne. sty nDNE Sl antagonist

i nfusi on t(aeax armtfmhmxatd)ypmdnnﬁybtoﬂﬁ (&Jai, ta«)bci‘ﬁnaé)esambtbtheah,, hyslddayairea) |
hospi t al i zedéoatl nts have at | east one \Sascul ar catheter in place during
i t

their stay™ tPYM COMRISXS £8-¢- §fsPIRL)cal devices are used for infusion
t herapy i ncl ud| ng, Py ' | n
catheters, central ventl)%lgér(l:%?hetﬂéﬁsg?@gﬁmgg?ggggg \M{ ' |(génm%)étq{eters
peri phe althq présmmv@dtlouelshoalb have@msMbG ofh Esentsart Bt Sqlhalrte%h?/ onetal |y

I

I npl ant ed 0 access devices, flowdirected balloon-tipped
pul monary 1z9r ’t{%tl\é’r é(r; erfutihermprg Partigitanoprgfereedragems @5 venous
access Cats@ﬁé@lbsfoﬁ égmdenﬂ%ﬁonﬁe‘gg 13N hca% Bed %b/s)or S04, %[P‘?ﬁefe 'y
vascul ar access catheters are prone to |n ectio var | 8t

and are a coonemtatiomutypicafly bk@d)dsctrrermtherémmc@lpphﬁtlofnbe(bedﬂ:ﬁﬂé}Q)O
bl codstre |nfe§1 in US hospital s_each year, _nany are relatedtothe
presence ﬁ- F%}KWFQ*OQE@/ agis ot Jhegpamtics. Editor dds.dHardmany, L

bl oods{g e f nﬂﬂ?g a
si gni qu:a?\Lt% Bg@cgﬁrb%ge %%g’%ﬁ gg@éﬁﬁﬁéﬁﬁ@%@?@@qg%&gﬁk@' Mg%!laﬁi ng
cases are pruehmlagidmsnmmmhedaiom ROO B\EIABUsp. J: aFimallg ithe dadicas kRowial | i nes.
Bacterem a r te a presence of intravascul ar devices is not a
trivial clff PE‘%’Y SIP(E%Y' ed Qm%fa”glqu'tﬁﬁleif@ﬁt’§edébé'lnéﬂ$ng this type of
infection wll die 5 as a result (over 23,000 deaths per year) and in
t hose who survive, their

A. Vascular Catheter—Associated Infections

bact eria

More than 30 million patients receive infusion therapy annually in the
15 United States. In fact, 30% of all hospitalized patients have at least one vascular
catheter in place during their stay in hospital. A variety of medical devices are
used for infusion therapy including, but not restricted to, peripheral intravenous
catheters, central venous catheters, total parenteral nutrition catheters, peripherally
inserted central venous catheters (PIC lines), totally implanted intravascular
20 access devices, flow-directed balloon-tipped pulmonary artery catheters, arterial
lines, and long-term central venous access catheters (Hickman lines, Broviac
catheters).
Unfortunately, vascular access catheters are prone to infection by a
variety of bacteria and are a common cause of bloodstream infection. Of the
25 100,000 bloodstream infections in US hospitals each year, many are related to the
presence of an intravascular device. For example, 55,000 cases of bloodstream

infections are caused by central venous catheters, while a significant percentage
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hospitalization will be prolonged by an average of 24 days. Conplications
related to bloodstreaminfections include cellulites, the formation of
abscesseswogpvddes t hr ombophl ebitis, and infective endocamrdirttises/16Finer ef or e,
there is a tremendous clinical need to reduce the norbidity and nortality
associated with intravascular 10 catheter infections. The npbst comon
point of entry for the infection-causing bacteria is tracking along the
device fromthe insertion site in the skin. Skin flora spread al ong the
outside of the device to ultimately gain access to the bl oodstream O her
possi bl e suie AsmAhing ¢ Reki£8 rbiRtdd e eRipherd! Mirnainets icatHtiels@nd arterial
contam nation of the 15 catheter hub-infusion tubing junction, cf
hospital pgeesonnel . The i nci dence of infection increases the | onger t he
cat heter renains in ?ce and a&%% vice renmaini %ﬁn situ for. nore than

72 hours is particul"af§/eOIR B HPZhe?F?eseHBEtOf"H fUlpRAREeE SN A Fent s
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yl ococ
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i nfecti ) t | i th t |
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Unf ort unat el clinically significant I nfectiqns are caused by

bact eri al Cﬁ'#a% rhese tr?artEdHP%ﬂ?eeé]ogP'g\tX ap@ MRl %?%S%'ﬁtﬁgl"‘ﬁh regava%% g them

parti o4 ardaphedef ihfcibhst 0 treat. Ot her organisms known to cause vascul ar

access catheter-related infections include Enterococci (e.g. E. coli, VRE -

vancomyci n-resi st anﬂ'hermestomnmnohppirﬂaoaantrg@mtheénfaetimbbauﬁag:bhtﬁena is
03/16719. aerugi nos ebsi el | a spp. ,

Gorrati 8 fEFRBOAREY e e Wior o Hoest ste & fectid: oK kEagargad
o Yo oe AP0 b 0, AR LB pSESo B MEROM TSR
wi th syst e@essibknsaowrces ot mféaionhinclgde éemmtamlnated infusate, contamination of the
15 catheter hub-infusion 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 to
be indolent; often occurring after a long latent period between contamination (i.e.
exposure of the medical device to CNS bacteria from the skin during implantation)
25 and the onset of clinical illness. Unfortunately, most clinically significant CNS
infections are caused by bacterial strains that are resistant to muitiple 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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5 antibiotics are effective), with vanconycin being the drug of choice. As
mentioned previously, nortality associated with vascul ar access

cat het er -weloabnews4é nfection is high, while the norbidity ®ad/usos16719
associated with treating survivors is also extrenmely significant. It is
therefore extrenely inportant to devel op vascul ar access 10 catheters
capabl e of reducing the incidence of bloodstreaminfections. Since it is

i npossible to predict in advance which catheters will becone infected, any
catheter expected to be in place |onger than a couple of days woul d benefit

froma tleregeodd Kisssaéliagos aBabha MartesbepisNBuiki/deral dtpaem, of bacteri al
col oni zati gn of the device. An ideal thera((‘%aut I ¢ coating woul d have one or

nore of tf@’?@?qtéﬁ/ﬁwq%%m@flasﬁnm@ﬂd ndi¢ spetiesty to kill, prevent,

o o o oot o0t 22 o e €L BBl LB B

kill, prevembvalast tlhélbatlhletercéﬂdotfﬁéétﬁ{dn@Wltﬂfsybﬂaﬂ?ﬁtérdnﬁbbﬁ%k'alﬂ%u@N%@nd VRE)
that are resistant to multiple antibiotics; (c) utilize a therapeutic agent

unl i kel%y edtibiticsaeeeffectivab witheraneemycist being|toe daig ebehdics. ohs Mantished! d one

d I want to coat road-actin
ant b ot 1 Sy nGRat dcoditba i vasty Aot tErRRHls FRBted Relonie were
t o devel opigh) wHile thewiarBidity analdodt aseanaed wit tPyRImeurvivb@at By of the
patient since the infecting agent would be resistant to a potentially

usef ul th@?"ﬁﬁ@\ﬁ’iw%gn'fmeral cl asses of anticancer agents are particularly

suitable for 25 in coatin ascul ar_catheters,

nanel y, anthracycli ﬁg%ﬁ%é%'r@@xf&gﬁqg Vdmpé’“ﬁﬂgpag?xec%%ﬁ%?{ea cess

f1 uor opyr icathéitere capablg- of rédidihg tHeincricnek @f bﬁiUd%ﬁ@Qhﬁhfec(nSnQ Since it is

met hotrexate), and podophyl otoxins (e.g., etoposide). These agents have a

hi gh degr &Bpegsibiate perdietin advanes whioh Qﬁjmtﬁ!ﬁ wilNscoBre infécled.rérgi s) and

St aphyl oc e auses of _vascul ar, ca 51 WO
051 095346 CRETURTSR e e b4 rrbete BREET Bad coneipie) dareen kbelErom ar e
doxor ubi Ctﬁbraﬁé&t@@@tlhgrt%pab@'éﬂ re@laHE #ed lncﬁﬁq\céréﬂb@gfé?él enenigstibryat i ves
t hereof which also have activity agarnst Escheridia coli and Pseudonobnas

aer ugi nos#he devicg Anjdgal dhrrapeutineeatingavould have one or more of the following
15 characteristics: (a) the ability to kill, prevent, or inhibit colonization of a wide array
of potential infectious agents including most or all 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 bloodstream infection 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 to develop on the device it would
jeopardize systemic treatment of the patient since the infecting agent would be
resistant to a potentially useful therapeutic).
Several classes of anticancer agents are particularly suitable for
25 incorporation into coatings for vascular catheters, namely, anthracyclines (e.g.,
doxorubicin and mitoxantrone), fluoropyrimidines (e.g., 5-FU), folic acid
antagonists (e.g., methotrexate), and podophylotoxins (e.g., etoposide). These
agents have a high degree of antibacterial activity against CNS (S. epidermidis)

and Staphylococcus aureus — the most common causes of vascular catheter
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not all anticancer agents are suitable for the practice of the present
invention as 5 several agents, including 2-nercaptopurine,

6- mer captwpuwsiosms4e hydr oxyurea, cytarabine, cisplatinum tPrabases/ dizm
paclitaxel, and canptothecin did not have antibacterial activity against

t he organi sms known to cause vascul ar access catheter-related infections.
1. Central Venous Catheters 10 For the purposes of this invention, the term
"Central Venous Catheters" should be understood to include any catheter or
line that is used to deliver fluids to the large (central) veins of the
body (e. g.infdctighs aPartRlidrB/ prefdredtPagents abd d@¢orubidfre hifixahfBAe Cava, superi or
vena cava, axillary etc.). Exanples of such catheters include central
venous catfréitiefosiragilangd apzipguepad dedvatives dhereaf whickralso haveectivityer al | y
inserted cent.ral-venous cathetgrs, flow directed bal.loon-tipped | ponary
artery cat AGUBRESTY R AR B uordits S it RBPareR G et the!

H ckman | i mssalledlicBheat sfertabRes @iable foReRs SERAESbE ¥R SreaBRl iBvetionsach
catheters are described in U S Patent Nos. 3,995,623, 4,072, 146

4, 096, 880, seVerd RSP, including 24mR[CapiaBiNe68-mercap®pesne, AydtosyBEs,

4, 568, 329, 960, 409. , 5 176,661, . 20 5 916, 208. As crib evi ously,
55,000 caselegPrs SoRatPBERhEC sRARY” S0 caRR Iy eERAEs abl (Ao

cat het er s @wpiarterBphactivityldiRildtithedrg@ntineS ki@entd EAGd asctfriR@esieat hs. The
risk of infection increases the |longer the catheter remains Iin place,

parti cul ar¢atheteryelated infestionsyond 72 hours. Severe conplications of central
25 venous catheter infection also include infective endocarditis and
suppurative phlebitis of the great veins. If the device becones infected,
it nust be replaced fat aearamil Sehous Oattietéde- Wi re exchange is not
acceptabl e) which puts the patient at further risk to devel op nechani cal
conpl i t@tions of indwrithepumasesas this aeintion, the tewd (Benied3MoRET/ US03/ 16719

th d_h h | it , t e i bj i th i
oot o SRR SRR B Maerslofd iy el s e s Al lihisetot ot ce
i nfection,deliv8EiG8s H‘gﬁé Bfdemeranfvesatdnd bBay\(é B §6ddian pulrtsyCenidigl,

nmortality rate, reduc
iliac, inferior vena cava, superior vena cava, axillary etc.). Examples of such

catheters include central venous catheters, total parenteral nutrition catheters,

15 peripherally inserted central venous catheters, flow-directed balloon-tipped
pulmonary artery catheters, long-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,

20 5,916,208

As described previously, 55,000 cases of bloodstream infections are
caused by central venous catheters every year in the United States resuiting in
23,000 deaths. The risk of infection increases the longer the catheter remains in
place, particularly if it is used beyond 72 hours. Severe complications of central

25 venous catheter infection also include infective endocarditis and suppurative
phlebitis of the great veins. If the device becomes infected, it must be replaced at
a new site (over-the-wire exchange is not acceptable) which puts the patient at

further risk to develop mechanical complications of insertion such as bleeding,
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the incidence of conplications (such as endocarditis or suppurative
phlebitis), 5 prolong the effectiveness of the central venous catheter
and/ or r ewoma/0943e6 need to replace the catheter. This woulpdTresesid719 n | ower
nortality and norbidity for patients wth central venous catheters in
place. In a preferred enbodi nent, doxorubicin, mtoxantrone, 5-fl uorouraci
and/ or etoposide are fornulated into a coating applied to the surface of
the 10 vascul ar catheter. The drug(s) can be applied to the central venous
catheter systemin several manners: (a) as a coating applied to the

exterior ?ﬁ'éb?rfb@h&faxtaﬁh% he'n%tﬁ@?’a@@(?H'a%'altfb‘P\rEi/é%Em‘?é ar?t otf BRI isafigy or the

segnent o he catheter that traverses the' s as a coating applied
to the intrequiced. a%deﬁ&cteaeltberalyrwwé reducd the incideaseastddace pdedtionn of t he

cat heter and/or, the of .the catheter that 15 traverses the skin; (c)
i ncor por atr%%“(f%tﬂ? 'Pﬂaeﬂ n@?@dw‘ﬁ%ﬁ IFBAYAN. Sedygsetheimertaliiy &tei '@duﬁﬁrt i on of

the cat hetgg mc(d@ncb%%f)ﬁﬁgeét d % h aS'end B%Hd‘ﬂ% (5 Pﬁratﬁl!érﬁf@%ﬂ Qi » usat e

subcut aneous "cuff' arou e cat et er; I on
(f) indor mmlangdhé affex;tlvenesquf fhecbemtravermis magheter ahdver cedduetthe reeld,to

junctions and/ or 5| on ub| n and conbi nation of the
aforerrenti%&@ﬁ t%c G¥rcd [slmgﬂgfresg}&gpwsr FWE@FW&’H’(”‘SFP'?'FM@" peHentsent r al
venous  CciiredSrabhod &eﬂﬂét? %lbﬁgl dal drug levels to be achieved
locally on the catheter surface us reducing the incidence of bacteri al

col oni zation of t heln/aspwfbered ematbddiment, (cmuermld)aaqm@rﬁntdmeeBdmmuraoﬂ bl ood
borne i nfect, e p{godum ncg negl gl bl e system c exposure to the

drugs. Al @Hg(&jﬁ}t%ﬂs' geHiated it aeicaling epplgd [athe suracaef thequired for
at t achgent g éul%h@atﬁéfég ﬁ‘ﬁe%ﬂ (EZEQI‘?B@ ?Héé %ﬁv& ée??(r%f@ o&oé%fﬂg{ekc carriers

are partlcu y suitable Int

i nt erest aystepoinysexeral wanmdrer (@) asdncﬂmgdppueetdﬂmm@déﬂotgsurfa@@rdmngl ex AL
85A [CT Bi orrat erjials Hydr oMed640TM [ CT Bi omateri al s], HYDROSLIP CTM [ CT
Bi onat er i 4163 ER@ﬁ’}llRNI@fm eathates rithe §F§9me<§'&9§/‘lh|ecca(§'ﬁetﬁé§"‘r?écr ylic 53

ke e S v e
But yr at e, tr@lritnah/aswlarcpnrame obtrmna!heﬂeE)andm ity ségment of the catheter that

15 traverses the skin; (c) incorporated into the polymers which comprise the
intravascular portion of the catheter; (d) incorporated into, or applied to the
surface of, a subcutaneous “cuff’ around the catheter; (e) in solution in the
infusate; (f) incorporated into, or applied as a coating to, the catheter hub,
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 on the catheter
surface, thus reducing the incidence of bacterial colonization of the vascular
catheter (and subsequent development of blood borne infection), while producing
negligible systemic exposure to the drugs. Although for some agents polymeric

25 carriers are not required for attachment of the drug to the catheter surface, several
polymeric carriers are particularly suitable for use in this embodiment. Of 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
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and net hacryl ate copol yners (e.g., poly(ethylene-co-vinyl acetate)) as well
as blends thereof. 5 As central venous catheters are nmade in a variety of
conf i gur awpmam993and si zes, the exact dose adm nistered w IPCTEOy1674 h

devi ce size, surface area and design. However, certain principles can be
applied in the application of this art. Drug dose can be calculated as a
function of dose per unit area (of the portion of the device being
coated), total drug dose adm ni stered can be neasured and 10 appropriate
surface concentrations of active drug can be determ ned. Regardless of the

net hod of 3pBlyhfeb k&@.,?iolﬁ(@ﬁyfgdégcéélgcrh/n@ aﬁﬁ?,téeﬂhlo‘é_@%@eﬁ%ﬂﬁﬁ&% éetbqge

preferred anti'cancer "agent's, “use one or in conbination, shoul
admi ni st endbceallnidee, Chluldse AceliateBdtysateg Cglitidet ianetate pepidwdtd), acpddtenes.

Utilizing the anthracycline doxorubi ci s an 15 exanpl e,. whet her applied
as a pol yﬁé‘B rﬁg}ﬁ‘ﬁpﬁ’za,téicﬁ%'lymﬁ’ﬁ?%ﬂ-1iWﬂe&\¥@rﬁ6‘FC§7?’r’é‘V§a%ﬁe&@WR afp the
devi ce, Ol aRR!therkop t hout a polymer carrier, the total dose of

doxorubicin applied to the central venous catheter (and the other
componént s of the Asfagsirahveryatsargthatecibe mate éx avadeBofrapnfigaragensf 0.1 ¢

to 25 . In.a particularly preferred enbodi nent, the total anount of
dr ug aggl) 284 $78% %@#F&Peé‘g %‘ﬁﬁﬁ%g&%{fméﬁ“ﬂt%\ﬂcq RigeotYEaCeHRBANENt s of

t he i nfusiyagighy HiGMyethQetHh Bﬁ?ﬁﬁlest% Sé‘aniegﬂ;inlh&abgn%tiw-oﬂma 0S€ per

unit area of “the device (1.e e anount o ug as unction of the

sur f ace aiDragdbselvanberdaladatel dashe furetion ef Hosevpec bnitlaran (of theapgttioaafand/ or

I ncor porated) should fall wthin the range of 0.01 - 100 g per ., mR2 of
surface a&%aeY'ﬁegeB‘quqa&FWafq@ drpgdose ”@ﬁ'ﬁ?d?%ﬁg,bedﬁﬁéﬁﬂﬁﬂcﬁnﬁ shoul d 25
be applg ed e 46y ST8Emir OF&{M

di fferent 8gfby&rrrer a%é(%%%ggﬁggng?ﬁigg?g%?r%Icgnzbee?éease 'Hgé'oru I Cl ﬁssg\ts

di f f eri ngof thet methadhef apiplivatiatost thg drag sorteccentsdhoahcusdeathetdrithed i n
combination with the release rat f the drug fromthe device surface such

that a m RIGIEMPE ANLEARGELEOEAtSH1S§@ alone argn £Lofjtinationy showd beadrainisienedai ned

on the deyhagr #e' hskin Io‘osir@‘l N HY099346 PCT/ USO3/ 16719 is necessary to
I nsure that drug conceﬂtratlo s on the device surface exceed

(a) Anthracyclines. Utilizing the anthracycline doxorubicin as an

15 example, whether applied as a polymer coating, incorporated into the polymers
which make up the device, or applied without a polymer carrier, the total dose of
doxorubicin applied to the central venous catheter (and the other components of
the infusion system) should not exceed 25 mg (range of 0.1 ug to 25 mg). Ina
particularly preferred embodiment, the total amount of drug applied to the central

20 venous catheter (and the other components of the infusion system) should be in
the range of 1 pg to 5 mg. The dose per unit area of the device (i.e. the amount of
drug as a function of the surface area of the portion of the device to which drug is
applied and/or incorporated) should fall within the range of 0.01 pg - 100 ng per
mm? of surface area. In a particularly preferred embodiment, doxorubicin should

25 be applied to the device surface at a dose of 0.1 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 device surface such that a minimum

concentration of 107 - 10™ M of doxorubicin is maintained on the device surface. It
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concentrations of doxorubicin knowm to be lethal to nultiple species of
bacteria and fungi (i.e., are in excess of 104 M although for sone

enbodi nermve iBowsre concentrations are sufficient). In a preTtarsogds719

enbodi nent, doxorubicin is released 5 fromthe surface of the device such
that anti-infective activity is maintained for a period ranging from
several hours to several nonths. In a particularly preferred enbodi nent
the drug is released in effective concentrations for a period ranging from
1 - 30 days. It should be readily evident given the discussions provided

her ei n t hid necessaguesinam® that dntdoneenBatichexen thal dévicd ssrstrseideead
previously) with 10 simlar functional activity can be utilized for the
pur poses &PNESMEALIORS & doyprubigie knawe j@ be dethabtogaritinte snesies of baeteriaadj ust ed
accordi ng | atd ve y. . r derivative as

conpar ed tal hetfﬁﬂﬁéégé%ké E:ho??%%éggﬁﬂe&fgm étlt}g)o ﬂgfbﬁgéﬁ{e\?\enn&tgo rgeﬁ%tlgﬁ/{ar as

doxor ubi cicontenteationsizst suffidient). Nald prefaratheveofmieHtEd®Xcrubigin i§ paRaseW hal f
as potent as doxorubicin is adm nistered at twi ce the above 15 paraneters,

etc.). U fromthegsuacexfine gruicasughdatantinteetve astivitydis aminteineddor ae,

whet her appl:i ' i at into th ol.yners which
ke up- DRt fariting r8M LGRS R sordtPBRIL IR s flerafy RERBRET dose
of i t oxaembokmenttpkidedg iLrddusedanieffattivedshteneation fir a(S@éHédtrlaﬁgwgher
conponents of the infusion 20 system should not exceed ng (range of 0.01

g to 5 ngfrom h-=3Gdrysclisheylgd beyieadily pedeahgiven thendiscussionsopravidedount  of

d | : c r..(and the ot her co nents of
The’; o s N8feit St haRfilele Hn o Gty o B Qe PG HeS oot rel BRRA WS e
uni t aiteasiiildr fendlioniat gctlvity @antbecutiiged for the plirpesedsof tRislineHtibantHal t he

surface area of the portion of the device to which drug is appl i ed 25
and/ or i n@BPYRAasipgPaskmateads Aeg thefiadiusted recerdingstodhe gelative potery off per M2

shout d bete,giiBaye Pr BefiRiyeis BrdarBly i Mt BErREEIMBPER 1 By REPOURE e,
As differ eite agqlotemrasdiskoraticipds MaRiiniSepéd BERalMHd abRlegni8matdraxant rone at

differing rates, the above dosing paraneters should be utilized in
conbi nat i 6AMRPHAA NAK asdaiertas dpOrebichss AEMiBEEISS A6VRICT INeSABIVES 719

15 parameters, etc.).

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 ug to 5 mg). In a 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 (i.e. the amount of drug as
a function of the surface area of the portion of the device to w‘hich drug is applied

25 and/or incorporated) should fall within the range of 0.01 pg - 20 ug per mm? of
surface area. In a particularly preferred embodiment, mitoxantrone should be
applied to the device surface at a dose of 0.05 ug/mm? — 3 ug/mm?. As different
polymer and non-polymer coatings will release mitoxantrone at differing rates, the

above dosing parameters should be utilized in combination with the release rate of
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the drug fromthe device surface such that a m ni num concentration of 10-5
- 10-6 Mof mtoxantrone is maintained on the device surface. It is
necessar ywnasiopsué € that drug concentrations on the devi eeTaisos/ac7e9 exceed
concentrations of mtoxantrone known to be lethal to nultiple species of
bacteria and fungi (i.e. are in 5 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 surface of the device such
that anti-infective activity is maintained for a period ranging from

several habe srdgfrésvipealeviverédiaicelstich thatrd mivi YoRdert@tiba@f agbodprent t he
drug is released in effective concentrations for a period ranging from1 -

30 days. IM oipitspanirangis maidaingd evitde devige sarfacee Itds secessaonto ipsdre ded

herein th nd derl | ves m toxantrone s descri bed
previously at&m@ hoch%gmé hS%’;ﬁv'ce rfq;etes;(c(elg CBQC%Htf 6%1°£'§(§§for t he

pur poses @ﬁltd%&ln&ohé\l@IBWnQB bet @maatzpmltmswme@af FaRERS andfgndilies) sdiinist ed
according to the relative potency of the anal ogue or derivative as

conpar & txceseoht et albeygiufen spmeembodinentsiiower wreg: lexsispailidiet 15 as

m t oxantr L s .adm ni stered a al f the above arane ter co und hal f
s bt encuiishtf (L h pRIFEST ePafifhen: BoRSRord RrBRBRES Hont L SN He: er o.
etc.). (Dbloflhaiae@py subh ﬂidl%ﬁtl%febtl\ié a&ivith s MaiapRYTbN: Pensd %ﬁqlh@mm aci |
as an exanple, whether applied as a polyner coating, incorporated into the

pol ymers SRMeTEh hatirsetolgeveral nienihgeln @Paat@plarbfcpraiGtFMLﬁtmaodemt the gooigy ner |

t he total of , 5 | uor our aci..| lied.t thecntr eous at heter
(and the & RsasshB Tl BReTEtpns e ferg Lrndinel i f Ao €a 250
(rangeif sholidi baréaan?@.déai giveA tie d@,@nésléwé prdvidedf I8l Pdt sARedueent . the
total anmount of drug gp led to the central "venous catheter (and the other
conmponent @ndqurwetlveﬁg misoxantenenias siesotikiedpreaviousty) evithesigdanfunttionalt o 25
ng. The dqs of, the devic > 5 .of drug as a
function (?ICFY' %B?#gﬁz%ﬁ ﬂ?ﬁplfrl‘?@s’ﬁ%Pf hgﬁ]'"?f?mt'% tﬁ%@ﬁ%\ée 585'RH| ch drug is
applied a'b@/r@rheie"r‘@ ar&m&taﬁasté@%b&dﬁfﬁ fo tme trBlaflvé BStern@Wﬁtr%f atQaIénge orl Ny
per mR surface area. I'n a parti arly preferred enbodi nent

5-fl uor ouﬁ@ﬁvatl%mubdmpb@chtpﬁhe @arem cohwagedi(eq. demmm,lrutt\/\ecejaseotﬁ‘ntl. 0

g/ rm®2

fel eas é": 5 an'U'E,?)@ﬂIrg@eﬂs 39%%@&@? ﬂb)(%g{heaa%ovgop%r me erltg,ra ggr%tpbﬂﬁg h\éviflals
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 device, or applied without a carrier polymer, the total dose of 5-

20 fluorouracil applied to the central venous catheter (and the other components of
the infusion system) should not exceed 250 mg (range of 1.0 ug to 250 mg). In a
particularly preferred embodiment, the total amount of drug applied to the central
venous catheter (and the other components of the infusion system) should be in
the range of 10 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) should fall within the range of 0.1 ug — 1 mg per
mm? of surface area. In a particularly preferred embodiment, 5-fluorouracil should
be applied to the device surface at a dose of 1.0 pg/mm? — 50 ug/mm?.  As

different polymer and non-polymer coatings will release 5-fluorouracil at differing
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WO 03/ 099346 PCT/US03/16719 rates, the above dosing paraneters should be
utilized in conbination with the release rate of the drug fromthe device
surface swolisbbmste a m ni rum concentration of 10-4- 10"' FC®fUS03/16719
5-fluorouracil is maintained on the device surface. It is necessary to

i nsure that drug concentrations on the device surface exceed 5
concentrations of 5-fluorouracil known to be lethal to numerous species of
bacteria and fungi (i.e., are in excess of 104 M although for sone
enbodi ments | ower drug levels will be sufficient). In a preferred

enbodi mentateb; theubovEdRing paranthte@sPduld BaTutiifee ifwohiigatin Wiketéevi ce such
that anti-infective activity is nmaintained for a period ranging from

several hégIEase rte &f Headrugdimdhe pavige sarface sheh that grefrémued 10 enmbodi nent

the drug i . inseffeghi ve con rat i for erjod ranging from
1- 30 dafépéﬁt%g@g%fd%be 1roea_ iol¥§_'g |r§§r%%”§@gﬁﬁ?'ﬁgd&ﬁs@ﬁ V&S _891 ded
herei n t hatis aeabsing o m3dreigiat Walg ¥sicepirafiond bAtesHante stiacsegrcddded
previously) wth simlar functional activity can be utilized for the

pur pos&s 6Pneenteatipns oh brftuerounasil kadwn o Bedethyl loarumences speciesaidactetiaust ed
accordi ng t lative ney~af,. 1 h nal oqgue or derivative, as
compar ed_FROWAS oAl HGBBERATY o b Sanbii B3R SiBaolpiéns Ryl

5-f | uor oulaeid willcslifficteat) e e e préfef@lferhbsditRaY, &-MadroURICAIS rel@asePiBaund
hal f as potent as 5-fluorouracil is admnistered at tw ce the above

par arret er $he surgace, of(tby deyigesgh dbhata@ntsin{aative activityt isenaiotiinped fosacmperied

et oposi de . 0.e e et her, a I ed_as a.pql yner coating,

i ncor por atr%ig"iqs_ﬂ{%%} %%VQE%WM? i\g}s%qréhmﬁﬁ{gé. ﬂBatW'g‘@_@ﬁ%B,re%F_eé\ppl i ed

Wi t houp a eodirBéntitBb is fdeaskatinleffdemR &ncePtrafiosd i Apdidda@ngmgt he
central venous catheter (and the other conponents of the " infusion systemn

shoul d nofrogxtec daysglt shawlg beoradilv eyident gigenrif)e disaussiopmprovisiedar | y
preferred, _enbodi nent., the taotal. appunt drug_appligd to the central 25
Denous cal e qlangiach® aflfraven b 2 DB Padr Brkertfed R iiFhour o be
in  the ranesiLiadfuliclichd? ablvityldh BOERIRE foltHd p@bBae®bf tHIEINJENEEE thd - ©-
the anobunt of drug as a function of the surface area of the portion of the

devi ce t oahpve Hoging parametgsp Arecthearattjested acopndingatocthip reladive gofemicy ofii t hi n
100 urface area. | articularly

e oS A0S oo g AR 25 5Bouhd 8 PECHHRD
twice as potent as 5-fluorouracil is administered at half the above parameters, a
compound half as potent as 5-fluorouracil is administered at twice the above
parameters, etc.).

(c) Podophylotoxins Utilizing the podophylotoxin etoposide as an
20 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
etoposide applied to the central venous catheter (and the other components of the
infusion system) should not exceed 25 mg (range of 0.1 ug to 25 mg). Ina
particularly 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 pug to 5 mg. The dose per unit area of the device (i.e. the amount of
drug as a function of the surface area of the portion of the device to which drug is
applied and/or incorporated) should fall within the range of 0.01 pg - 100 pg per

mm? of surface area. In a particularly preferred embodiment, etoposide should be
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57 WD 03/099346 PCT/ US03/ 16719 applied to the device surface at a dose of
0.1 g/mrn2 - 10 g/mR. As different polyner and non-pol ynmer coatings wll
rel ease ewopoesystes at differing rates, the above dosing pacarmsieiegishoul d
be utilized in conmbination with the release rate of the drug fromthe
device surface such that a concentration of 10-5 - 10-6 Mof 5 etoposide is
mai nt ai ned on the device surface. It is necessary to insure that drug
concentrations on the device surface exceed concentrations of etoposide
known to be lethal to a variety of bacteria and fungi (i.e., are in excess

of 10"5 Mamlitttugie device soreceabadbseof 6.1 @yrmT+ U0 gtved’s Ad diffelent
sufficient). In a preferred enbodi nent, etoposide is released fromthe
surface oqusﬁae'a e@nwbﬁn@matlaas jwill tﬁbeasfer eleppside 2t diffaring ratesmmt ai ned

for a peri
parti cul arﬁ(bq’ %59%3% ! ?‘%g{' retggnﬁgﬁﬁ{é%gse@% ﬂ% ?ef' cst% r\%e of
concent r attheﬂmd ﬁonﬂheeievﬁié gmfwier@cﬁrtn@ﬂ d conciht@tiph .of D shodlMiobe readily

evi dent_ based upon the discussions provided herein that anal ogues and
deri vat? veiorgsideisopaistaieed 88 tB@é’@ViCQéﬁlrfﬁﬁ%v||td§|§Ie9§SS/arY ko Kispre tat guect i onal

dosi ng par aneparaldds ithe Sl sorkpPUBBATERE o bk FARATE KRR ot

t he anal odeletial ttea ivarbiyvsf mtwrmr fimgt 0.et Ih?e iPakesds OPTPIUNAItHARIgH: foRt
conpound twi ce as potent as etoposide is administered at half the above

par anet er $O0Me @@ﬁﬁ@iﬁ‘?ﬁ{“ﬁéﬂwe%{#uﬁé@% wilkbe:seffieientle In @ m&fﬁffﬁdst ered at twice

roadi Ty ot TRSAERL Stpsias i RibasR AT it ArtBl e el ahe®

conbi nEd i anfectife ammya@yrﬁmtamd(far 8 period eXRding o séVerll HGUr3Hd EOEAI
fl uoropyri m di nes (e.g., 5-fluorouracil), folic acid antagonl sts (e.g

net hot r exdP@)thndn B@@WWW)@W@Q@"@MI“&FM%F’M isgaleased inieffectived to

25 51 1 ar ey Car ARk daenil hdito Hopb 15, GBI 1 SRRMRE Rladh BpraBRet 7O

f1 uor opyr ibdsdd upon(tke GlSCUESlBhSI@fM@@hérbm fret bhaRguls ant aeRhfites(SF: O
met hotrexate) and/or podophylotoxin (e.g., etoposide) can be conbi ned wth

t radi t i on&toRAfidiast descahad ereviausly ¥ wityaimikag&undlions! a¢tivity candkefutiizeg. Si nce
thr O"b@e%lpfhgypu%oégé oﬁﬁmhﬁveerqtlon, 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
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

associated with an increased risk of infection, combinations of anthracyclines (e.g.,
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associated with an increased risk of infection, conbinations of

ant hracyclines (e.g., 58 WD 03/099346 PCT/ US03/16719 doxorubicin or

m t oxant rwoap/0od3kaor opyri m di nes (e.g., 5-fluorouracil), frolrrusoaci7de
antagoni sts (e.g., nethotrexate and/or podophyl otoxins (e.g., etoposide)
can be conbined with antithronbotic and/or antiplatelet agents (for
exanpl e, heparin, dextran sul phate, danaparoid, |epirudin, hirudin, AWM,
adenosi ne, 5 2-chl oroadenosi ne, aspirin, phenyl butazone, indonethacin,
mecl of enamat e, hydrochl oroqui ne, dipyridanole, iloprost, ticlopidine,
cl opi dogr eloxoibidir 8BitoxaGsid)i fh@drbdﬁnimtdirﬁeﬁ q’féo@ns-f@brcﬁpé@ibi fofis @cidand/ or
ti ssue plasm nogen activator) to enhance efficacy. 2. Peripheral

| nt r aveno@§tagRnks - g.. metheirexaie apdiosPoderbylotonins (era eptoposide) ean ber m

or 1 i he- 1 RRmEFLE R SRS ST AnSels Nl HoBhRTor S i ey = "'

super fi ci alextrenh Balphhte, anaeshsid, RegiFude Mudwe AMPS Lishbsiher s have a nuch
| ower rate of infection than do central venous catheters, particularly if

they abe iErehioraadenesing aspirimahenylbhiazose, indemettwcik cegsioienamatger i pher al

cat heters| 1.0t Oy f ral i .cal |ed "femral |ipes") which
have a si BW ?@g)n?q@ﬂéﬂddéﬂﬁjﬁ@g @qpr%{%tf ﬁg%)ﬁ@ime,fk)@ldoorgégln?é%an@ at cause

i nf ect i ongpiifibaideetitofban dtreRoianase:; Hndriraissaé pldsranbgemhctivatéhese
descri bed above (for central venous catheters). In a preferred enbodi nent,

doxor ubi ceAhangg efigaet one, 5-fluorouracil 20 and/or etoposide are
formulated into a coating applied to the surface of the peripheral
vascul ar catheter. The drug(s) can be applied to the peripheral venous
cat heter systemin 2everBériptarabintravémusSathetargt i ng applied to the
exterior and/or interior surface of the intravascular portion of the
cat hetl® and/ or t heFeeigantrpeses efitbisoaventiosy thentermt Peviphersd Veheuski n; (b)

i ' | i,ch 25 ise the.i . | ti

of *tho_cacrpls° shOaR ol 6 ThdSud NP baheidy B b A e SRS BF 'L

subcut aneg@epverduifds toaﬁ@Uﬁ%lléhﬁ}&%h@ﬁlﬁéupe(rﬁdiali%iﬁ@bﬂhb%d n the infusate;
I e

(f) incorporated into, or app as a coating to, the cafheter hub,
Peripheral venous catheters have a much lower rate of infection than

do central venous catheters, particularly if they are in place for less than 72 hours.
15  One exception is peripheral catheters inserted into the femoral vein (so called
“femoral lines”) which have a significantly higher rate of infection. The organisms
that cause infections in a peripheral venous catheter are identical to those
described above (for central venous catheters).
In a preferred embodiment, doxorubicin, mitoxantrone, 5-fluorouracil
20 and/or etoposide are formulated into a coating applied to the surface of the
peripheral vascular catheter. The drug(s) can be applied to the peripheral venous
catheter system in several manners: (a) as a coating applied to the exterior and/or
interior surface of the intravascular portion of the catheter and/or the 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 subcutaneous “cuff’ around the catheter; (e) in solution in the
infusate; (f) incorporated into, or applied as a coating to, the catheter hub,

junctions and/or infusion tubing; and (g) any combination of the aforementioned.
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junctions and/or infusion tubing; and (g) any conbination of the

af orenenti oned. 59 WD 03/099346 PCT/ US03/16719 The formul ati on and dosi ng
gui del i nesofoen9dsié s enbodi nent are identical to those desecirhmsds/ian centr al
venous catheters. 3. Arterial Lines and Transducers Arterial lines are
used to draw arterial blood gasses, obtain accurate 5 blood pressure

readi ngs and to deliver fluids. They are placed in a peripheral artery
(typically the radial artery) and often remain in place for several days.
Arterial lines have a very high rate of infection (12-20% of arterial |ines
becone infected) amdetibenglatisabhd@oingajliGehes!f6r iMkeabeaimdr ardose
descri bed above (for central venous catheters). 10 In a preferred

enbodi nentidertigablotbpee deserbesiioncentn@l, vepos gathetersci | and/ or et oposi de are
formul ated into a coating applied to the arterial line in several nanners:
(a) as a coating applied to the exterior and/or interior surface of the
intravascul ar porti @n of ArtleeaCkihbeted Tamtiducetsdne segnent of the catheter
that traverses the skin; (b) incorporated into the polyners which conprise
the 15 i ntravascul aAriesat lings ae used te slrawasterial kipo passev raltad acaute or

i t f f beut —cuff" d the .catheter;
R sof ot i iSRhe e RTBadRos A Vel EORRIS TEY pre BeC mppRreieal o ¢
coating t arterpgysiehiietherabiabartbi) aht OMenaBaM in plake fdraeverdlidags., and (9)
any conbi nation of the aforenmentioned. The fornul ati on and dosi ng

gui del i ned\riesial fingsshasenad ¥eREhigh aate of duferiiom( 12:20%: of artesiadlinkssbeddreel f or

central ve ers. B Prosthetic art Malve Endocarditis (,PVE)

b ost et | aage] bRl EusalvR SroRNF R e el Brlibse degribe dughe'for

si gni fi carlentrableriods caeiegb@pi ng an infection. In fact, 3-6%of patients
develop valvular infection within 5 years of valve repl acenent surgery and

prost Hét i ¢ val ve 25Ineadorfgredtarebedivenhdoxpabicip, mioidusarte, Hluosewasil of

d ditj Th i.sk of. d | opi A nf i j t.upif - th
Fisk s gPRir&ioedeidea forbfied Pt A BRuns agbled fuing Al ihe BLaeverl dence
bet ween t hgariRGoNd) 888 doiting a@hédto 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 comprise the
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 guidelines for this embodiment are

20 identical to those described for central venous catheters.

B. Prosthetic Heart Valve Endocarditis (PVE)

Prosthetic heart valves, mechanical and bioprosthetic, are at a
significant risk for developing an infection. In fact, 3-6% of patients develop
valvular infection within 5 years of valve replacement surgery and prosthetic valve

25 endocarditis accounts for up to 15% of all cases of endocarditis. The risk of
developing an infection is not uniform — the risk is greatest in the first year

following surgery with a peak incidence between the second and third month
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60 WO 03/099346 PCT/ US03/16719 postoperatively. Mechanical valves in
particul ar are susceptible to infection in the 3 nonths follow ng surgery
and t he mwvorlysheogy i s suggestive of nosocomi al infecti @eaT/UFhgI@iore, a
drug coating designed to prevent colonization and infection of the valves
in the nonths foll ow ng surgery could be of great benefit in the 5
prevention of this inportant nedical problem The incidence of prosthetic
val ve endocarditis has not changed in the |ast 40 years despite
significant advances in surgical and sterilization t echni que.

Repr esent aloskspeAal. e¥leehamEASIMRL if aae @B cepiHid €SinftaRR indescri bed
in U S Patent Nos. 3,656,185, 4,106, 129, 4 892, 540, 5, 528, 023, 10
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m croorgani sns. Bacteria can be see during the surgical procedure itself
or as X5 @reention afithisampertant Faeéncalspnmglem iThe ircidénycepafqiroptbetic vatyeper i od

(usual l'y nta tion fromi ca cat heters etermne cardi ac
out put , ﬁggpggraltﬁghas[ n%tecg‘angﬁgérf the, ‘[Ség‘@ PGS 'ftQﬂ‘?g causes
of PVE i ngkdles drpsabfiiatioNe8aidiyfe. St aphyl ococci (St aphyl ococcus

epi derm di s; 30% St aphyl ococcus aureus (23%, G am Negative Enterococci

(Ent erobacteri ac eae Represardativeneramplas o@emﬁlaetlclrm@rt vavesyinc{udarttiose

bi opr oot hERETa oS PR S B 706 TnD Tl B PBda 5 ol y the
annul ug) , 59ET 694, éb%éve%lﬁsla??' B3B8V eAb, landld)g7M@Rgrity of cases of PVE

i n mechani cal val'ves (82 Unfortunatély, eradication of the infecting
organismw th anti mEnalrlatafth vai2s imbandgtiona ttumprasthetict valvedséwing wing aimd

oS b oo ot bt o g B8 e S B e B SRS ¢ g
e e e e
val ves microorganisms. Bacteria can be seeded during the surgical procedure itself or as

15 aresult of bacteremia 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, Aspergillis: 12%), and
Corynebacterium diptheriae. PVE of bioprosthetic valves is largely confined to the
leaflets (and rarely the annulus), whereas the annulus is involved in the majority of
cases of PVE in mechanical valves (82%).

Unfortunately, eradication of the infecting organism with antimicrobial

25 therapy alone is often difficult or impossible. As a result, many patients who
develop this complication require repeat open-heart surgery to replace the infected
valve resulting in significant morbidity and mortality. Even if the infection is

successfully treated medically, damage to the leaflets in bioprosthetic valves

reduces the lifespan of the valve. Particularly problematic are patients who
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reduces the |ifespan of the valve. Particularly problematic are patients
who 61 WO 03/099346 PCT/US03/ 16719 develop an infection caused by

St aphyl ocwomam9sus eus, as they have a 50-85% nortality racemsnsiicaver al |
reoperation rate of 50-65% Infections caused by Staphyl ococcus epidermdis
are also difficult to treat as the majority are caused by organisns
resistant to all currently avail able beta-lactamantibiotics. O her 5
conplications of prosthetic valve endocarditis include valve mal function
(stenosis, reqgurgitation), abscess formation, enbolic conplications (such

as st rlede(%iﬁp é?ﬁmdtlﬁﬁ%usé@b?@tééﬁﬁéoo&gggﬂgdsoﬁs AR AR 4 Bbasse, and

death (55-75% of patients devel op an i nfection |nthef|rst 2 nont hs
af t er sur geaniglity rate eﬁﬂen/eralbrebberahpeuatecof\@ 68%c dafeactignswalsed eyluce t he
i nci dence e endogardjtis uce the nortal I%\éyr ate,

th
RO o S A R T S T i I AT MR SR
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result in Iower nortality and nor y patients wt prosthetlc heart
val ves 5 | nomqﬁcaﬂi@sr@‘cbresmem vwalne endoxandutts inclnde vatvexaalfurastien (stenosis,
5-fluorouracil. 15 and/ or oslde fornﬁl at ed |nto a coating applied

to the suffg¥gitagon) %bsoﬁsﬁ 108} ?E‘ ic GRERAFAIONS (F4sR s stRke.drNg(s) can
be appl i eehfritiRcPtawhhifis) eone!@étab dﬂhoﬁ%‘éﬁ(&“ aNB e RV Fatie ting

applied to the surface of tThe annu ring (particula y nmechani ca

val ves); @Whp m/edop:aaunfeqlcnpplthecﬁrstd mbathswffeacsergn‘ry)t he valve leaflets

(particularly bioprqst I.c val ves) I ncor orated I nto the poI ner s

whi ch 20 conprise t%@%%ﬁﬂ]’%f’hef?ﬂﬂmca q)poqt Waydcedutethe ipridgnce HE _
af or enent iL,an8hatic W =h 0 etic

heart val \IF/)es ﬁnelc \;‘?e g éarg?grrlfegglegéﬁé H{rbu ﬁpr\r?e r@&uéégtg'egb gbg%Brocal |y
on the vak:ouipehcatmnsf, acEoNg theseffefcmdelnesu_:pﬁthe prmhdmwv@bnbmvedwc&l the

Syst om o BSRRRROIRES ke A g LA BRI /oW Ty GORBORAOHEY e
T st o 115 10 (1e e sy
for use in this enbbdamesferre@enzodiment, aoxobnibigieshitexantiooley 6dluotowacit i er s
15 and/or etoposide are formulated into a coating applied to the surface of the
bioprosthetic or mechanical valve. The drug(s) can be applied to the prosthetic
valve in several manners: (a) as a coating applied to the surface of the annular ring
(particularly mechanical valves); (b) as a coating applied to the surface of the valve
leaflets (particularly bioprosthetic valves); (c) incorporated into the polymers which
20 comprise the annular ring; and/or (d) any combination of the aforementioned.
Drug-coating of, or drug incorporation into prosthetic heart valves will
allow bacteriocidal drug levels to be achieved locally on the valvular surface, thus
reducing the incidence of bacterial colonization and subsequent development of
PVE, while producing negligible systemic exposure to the drugs. Although for
25 some agents polymeric carriers are not required for attachment of the drug to the
valve annular ring and/or leaflets, several polymeric carriers are particularly
suitable for use in this embodiment. Of particular interest are polymeric carriers
such as polyurethanes (e.g., ChronoFlex AL 85A [CT Biomaterials],
HydroMed640™ [CT Biomaterials], HYDROSLIP C™ [CT Biomaterials],
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such as pol yurethanes (e.g., ChronoFlex AL 85A [CT Biomaterial s],

Hydr oMed640TM [ CT Bi omaterial s], HYDROSLIP CTM [CT Biomaterials], 62 WO

03/ 099346WB@3/0WB8/ 16719 HYDROTHANETM [ CT Bi omat eri al s]) pcaarsgb/iicrior

met hacrylic copolyners (e.g. poly(ethylene-co-acrylic acid),

cel l ul ose-derived polyners (e.g., nitrocellul ose, Cellulose Acetate
Butyrate, Cellul ose acetate propionate), acrylate and nethacrylate

copol ynmers (e.g., poly(ethylene-co-vinyl acetate)), as well as blends 5
thereof. As prosthetic heart valves are made in a variety of configurations

and si zeHYDROTKANE [T Bashraterials) aorywt bt memrﬁarcrgrrd Coptaphes (eige, surface
area and dem&ym However, certain principles can applied in the

appl i cat i AMetylane-ea-acrylipagig).desdle Qrij%@eéaﬂodﬂm%ﬂsdd Qa,sanOCthldQSeon of dose

Gose admi N DERE et e Cotdse S PRl VB S ncent r at 1 ons
of active msthgcrye l@@pdl@h@r@’(é\ﬁd pdEQQmF/F@r@S@ -vifi{l ddeeataRt BedveRfasaRBhdsat i on
of the drug to the prosthetic heart va t he preferred anti cancer

agent s,5 ud@@regf-one or in conbination, should be administered under the

fol |l ow ng dosing gu a nt hr a Irnes I L1 zi the

ant hr acycl i ne doxor 0 ﬁ%{b%@\%&rcégaﬁt \)fg/ﬁﬁlaée rﬁ% & Red Ve V|°é8° amw

coat i ng, lsme@rW@taeﬁdbeé@dhhﬁsﬂé@éd/Wﬂr@arywhlrpdwwﬁizﬂpsdrﬁ%epéreéTahet ic heart
val ve, or applied without a carrier polyner, the total dose of doxorubicin

applied té’eﬁﬁé‘ rﬁ%@‘rﬁ't ¢%’Tm@@f'ﬂCl@éﬂ&@fEmaD@llaﬁn the @pplicaten Qf@|(sramnge of

0.1 to ferred enmbodi nent, ., the tota

am)ugt of §OABP |e(?0(fa§'&f|§{eéda% %{‘HE?PE %ggﬁ? P%PO%%%W&“%BO&' tcﬁe range
of 1 g0 tmhédﬁﬂceﬁbmgmfeﬂe@)etotﬁrdrhgafo%é é@fmrh@ﬁaréé'c‘éﬁtfém@asurbb%n@”ount of
drug as a function of the surface area of the portion of the valve to

whi ch dr u@PPECRiigte Fedactmernuentiations pf)a@ttveor;rug lvanibe determimedhiRegandlessinge of
ebodi men®” et & aPidliihBE e Bl R nd e Rtk sea A T BEEER o dose
of 0.1 p. ghtitéhcer HYedlsiBed Aforidi drf |ﬁrc@ﬁibrrﬁéllo)ﬁ”@ﬁomﬂﬂ%e%?nrn&‘?ér)éaﬁfnd‘éi;‘ﬁ%é ngs
w Il release doxorubicin at differing rates, the above dosing
following dosing guidelines:
15 (a) Anthracyclines. Utilizing the anthracycline 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 carrier polymer, the
total dose of doxorubicin applied to the prosthetic heart valve should not exceed 25
mg (range of 0.1 pg to 25 mg). In a particularly preferred embodiment, the total
20 amount of drug applied to the prosthetic heart valve should be in the range of 1 ug
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 pg - 100 ug per mm? of surface
area. In a particularly preferred embodiment, doxorubicin should be applied to the
25 valve surface at a dose of 0.1 ug/mm?* — 10 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 valve surface such that a minimum concentration of 10”7 - 10 M of doxorubicin

is maintained on the surface. It is necessary to insure that drug concentrations on
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paranmeters should be utilized in conbination with the release rate of the
drug from the valve surface such that a m ninmum concentration of 10-7_
10-4 M ofwomswoeasé cin is maintained on the surface. It | #Cmasess@y to

i nsure that drug concentrations on 63 WD 03/099346 PCT/ US03/16719 the
val ve surface exceed concentrations of doxorubicin known to be lethal to
mul tiple species of bacteria and fungi (i.e., are in excess of 10-4M

al t hough for sone enbodi nents | ower concentrations are sufficient). In a
preferred enbodinment, doxorubicin is released fromthe surface of the
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10 for the purposes of this invention; the above dosing paranmeters are then
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as potent caﬁcaﬂmrohblf@ﬁ & pefod MR dME reFrefl - mbmrrse it Qﬁonﬂé%\éereﬁéﬁya@ﬁafﬁts !
etc.). 15 Utilizing mtoxantrone as anot her exanple an ant hracycl i ne,

whet her appbeddpas the gtslcysm@ns:pmwdeg! héraindhpbamaleguésand daevqiwleymérs V\,hl ch
make up the ost hetic heart valv or, a carrier

The t ot a1 UAERRbET (5] ddsciRranenayii dlih SERlar dingtionabacudyican be pupes”

shoul d notorake pefhdsedbfthidhentish; Pelbdelddsh raMé?et% é?@rttt\ér%‘dijﬁ%féﬂ
preferred embodi ment, the total anount of 20 drug applied to the prosthetic

heart val aecesiing to the relativéy potemoy of tife analogue or dervgative EBsecampareddo theni t
area of the valve

Aot B (SR TREE e T % R SRIAC A A
i ncor por ageRIf BROMSV é‘éﬂanﬁ@tér‘% B chhpolAl $aifds ;Sbtgﬁt & doxdhuBiches e of
surface area. In a particulariy preferred embodi ment, mtoxantrone shoul d
be appl i edadminigerechat wd:&'&esabd\@qmrame&erdoete Jof 0.05 g/ m? -3 g/ m2. As
differ %nt pol ymer a['J?hzmg mitoxantrone as another example of an anthracycline,
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 ug to 5 mg). In a particularly preferred embodiment, the total amount of
20 drug applied to the prosthetic heart valve should be in the range of 0.1 ug to 1 mg.
The dose per unit area of the valve (i.e. the amount of drug as a function of the
surface area of the portion of the valve to which drug is applied and/or
incorporated) should fall within the range of 0.01 pg - 20 ug per mm? of surface
area. In a particularly preferred embodiment, mitoxantrone should be applied to
25 the valve surface at a dose of 0.05 pg/mm?* — 3 ug/mm?. As different polymer and
non-polymer coatings will release mitoxantrone at differing rates, the above dosing
parameters should be utilized in combination with the release rate of the drug from
the valve surface such that a minimum concentration of 10°- 10 M of

mitoxantrone is maintained on the valve surface. It is necessary to insure that
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non- pol ymer coatings will release mtoxantrone at differing rates, the
above dosing paraneters should be utilized in conbination with the rel ease
rate of tweodmesg4é rom the valve surface such that a m ni ramusosioEmnd r at i on
of 10-5 - 10"6 Mof mtoxantrone is nmaintained on the valve surface. It is
necessary to insure that 64 W 03/099346 PCT/US03/16719 drug
concentrations on the valve surface exceed concentrations of mtoxantrone
known to be lethal to nultiple species of bacteria and fungi (i.e. are in
excess of 10-5 M al though for sone enbodinents | ower drug levels will be
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parameters, a conpound hal f
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dose of 5-fluorouracil KP li'ed to the prosthetic heart valve shoul d not
exceed 2%mmadipsied@scording B hetrelatise patgncylaf tihe paalogueloadesivativef as r ed

nbodi | t lied ta th t het h t
vaive shosParatedfh R ERrefl R o Rses SRR i A8 eBleRRASuni ¢ area o
the valve nﬁltoxéntréﬁ@lsaéB?ﬁl'h‘isté}feddét%lﬁﬁe%bo@é‘ﬂﬁ?drﬁé‘te?ef d Simpdlid e g§ea of

the portion of the valve to which ug 1s applied and/or I ncorporated)
shoul d falpptemttaa|nmtq>4aetroaageeadmrwster@ at twigepthpeabavearédmetars fetcd. area. In a

parti Cllél arly pref er(b%‘ht?gpoopdyirrn%miheg_ glhzmg t'f|1 afFuoropyhrlmldlne gﬂuorouracnl as

an example, whether applied as a polymer coating, incorporated into the polymers
which make up the prosthetic heart valve, or applied without a carrier polymer, the
total dose of 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

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 (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 0.1 ug — 1 mg per mm? of
surface area. In a particularly preferred embodiment, 5-fluorouracil should be

25 applied to the valve 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
above dosing parameters should be utilized in combination with the release rate of
the drug from the valve surface such that a minimum concentration of 10*- 107 M

of 5-fluorouracil is maintained on the valve surface. It is necessary to insure that
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25 applied to the valve surface at a dose of 1.0 .tg/m®2 - 50 g/ m2. As
different polyner and non-pol yner coatings will release 5-fluorouracil at
di fferi ngwoatm®e934¢ he above dosing paraneters shoul d be utciriusesi1d7mo
conbination with the release rate of the drug fromthe valve surface such
that a m ni mum concentration of 104 - 10-7 M of 5-fluorouracil is
mai nt ai ned on the valve surface. It is necessary to insure that 65 WD

03/ 099346 PCT/ US03/16719 drug concentrations on the prosthetic heart valve
surface exceed concentrations of 5-fluorouracil known to be lethal to
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pol ymer coating, incorporated into the polymers which make up the
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should be in the range of 1 pg to ng. The dose unit area of the
val ve (i. @omqowademﬁmpqienﬁamg ﬂej@rwra@hlstadﬂmnlsmredI%twueftlaeebaveaa of the

porti o of aParﬁete?s e?c.s_o whi ch drug is applied and/or
(c) Podophylotoxins Utilizing the podophylotoxin etoposide as an

example, whether applied as a polymer coating, incorporated into the polymers
which make up the prosthetic heart valve, or applied without a carrier polymer, the
total dose of etoposide applied to the prosthetic heart valve should not exceed 25

20 mg (range of 0.1 ug to 25 mg). In a particularly preferred embodiment, the total
amount of drug applied to the prosthetic heart valve should be in the range of 1 pg
to & mg. The dose per unit area of the valve (i.e., the amount of drug as a function
of the surface area of the portion of the valve to which drug is applied and/or
incorporated) should fall within the range of 0.01 ug - 100 ug per mm? of surface

25 area. In a particularly preferred embodiment, etoposide should be applied to the
prosthetic heart valve 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 release rate of

the drug from the valve surface such that a concentration of 10°- 10° M of
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I ncor porated) should fall within the range of 0.01 pg - 100 pg per me of
surface 25 area. In a particularly preferred enbodi nent, etoposide should
be appl i edotos/ovd3ec prosthetic heart valve surface at a doverafsofidripg/ nme -
10 pg/me. As different polynmer and non-polynmer coatings will rel ease
etoposide at differing rates, the above dosing paraneters shoul d be
utilized in conbination with the release rate of the drug fromthe val ve
surface such that a concentration of 10-'- 10-6 M of 66 WD 03/ 099346

PCT/ US03/ 16719 etoposide is maintained on the valve surface. It is
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Conbi nation therapy. It should be readily evident based upon the

di scussi orfer thedrreesesfthisinvamdion: thebabrve dosing parameierscarel ther sidjustey |

i Ci 1 f] i i di .d., 5-fl il),
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prosthetic heart valve coating. Simlarly anthracyclines (e.g .
doxor ubi ciahhalf the abgveparametersf awompeundrhali arepoteet gs etop®sidetisr our aci | ) ,

folic 1%Ci %d%ﬁ}\igge?g(ii %E R/viéeeﬂ% abor(/eet gé)r%rmeeﬁgrts,ee Cr_m)c.i/ or podophyl ot oxins
(d) Combination therapy. It shouid 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

20 utilized to enhance the antibacterial activity of the prosthetic heart valve coating.
Similarly anthracyclines (e.g., doxorubicin or mitoxantrone), fluoropyrimidines (e.g.,
5-fluorouracit), 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., 5-fluorouracil), folic acid antagonists (e.g.,
methotrexate and/or podophylotoxins (e.g., etoposide) can be combined with
antithrombotic and/or antiplatelet agents (for example, heparin, dextran suiphate,

danaparoid, lepirudin, hirudin, AMP, adenosine, 2-chloroadenosine, aspirin,
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(e.g., etoposide) can be conbined with traditional antibiotic and/or
antifungal agents to enhance efficacy. Since thronbogenicity of the

pr ost het iwohwasd34eval ve is 25 associated with an increasedPCralso®ic719

i nfection, anthracyclines (e.g., doxorubicin or mtoxantrone),
fluoropyrimdines (e.g., 5-fluorouracil), folic acid antagonists (e.g

net hot r exat e and/ or podophyl otoxins (e.g., etoposide) can be conbined with
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cardi ac pacenekers becone infected follow ng inplantation. Cardiac .
pacemakers are subject to | nf ect ion i n_two general manners: (a) infections
i nvol ving the | se ~i¥id e[ infetio) subcut aneous portion of the
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the tinme of placenent. Staphyl ococcus epidermdis (65-75% of cases),
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strai ght f & 2@ 491 tehe52854 N 820 ad4 pand 6BY034.he device is renmpved, the
patient is treated with antibiotics and a new pacenmaker is i nserted at a

different site. Unfdheunesteommomtypst ofpaceoiakenfection 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

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 epicardial electrodes causing
more severe complications such pericarditis, mediastinitis and bacteremia.

Infection of the intravascular portion of the tranvenous electrode

25 poses a more significant clinical problem. This infection is thought to be caused by
infection of the subcutaneous portion of the pacing apparatus that tracks along the
device into the intravascular and intracardiac portions of the device. This infection

tends to present at a later time (1-6 months post-procedure) and can result in
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generator pocket can subsequently spread to the epicardial electrodes
causing nore severe conplications such pericarditis, nediastinitis and
bact er emwo oBf$ed i on of the intravascul ar portion of thePCTaArSI®ENIUS

el ectrode 25 poses a nore significant clinical problem This infection is
t hought to be caused by infection of the subcutaneous portion of the
paci ng apparatus that tracks along the device into the intravascular and
intracardi ac portions of the device. This infection tends to present at a
later time (1-6 nonths post-procedure) and can result in 68 WO 03/ 099346
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the overall rate of infection 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.

20 In a preferred émbodiment, an anthracycline (e.g., doxorubicin and
mitoxantrone), fluoropyrimidine (e.g., 5-FU), folic acid antagonist (e.g.,
methotrexate), and/or podophylotoxin (e.g., etoposide) is formulated into a coating
applied to the surface of the components of the cardiac pacemaker. The drug(s)
can be applied to the pacemaker in several manners: (a) as a coating applied to

25 the surface of the generator unit; (b) as a coating applied to the surface of the
subcutaneous portion of the lead wires; (c) incorporated into, or applied to the
surface of, a subcutaneous “cuff’ around the subcutaneous insertion site; (d) as a

coating applied to the surface of the epicardial electrodes; (e) as a coating applied
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met hotrexate), and/or podophylotoxin (e.g., etoposide) is fornmulated into a
coating applied to the surface of the conponents of the cardi ac pacenaker.
The drug(wp o3pgws4be applied to the pacemaker in several neamarsss/id7ad 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 wres; (c)

I ncorporated 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 69 WO
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acetate)) as we ends thereof. As cardi ac pacenakers are na
vari ety ofCT&idmgtarials]oydraiede4DZ'e (CT Biematesiats] dd¥BROBLIF GTLIGT wil | vary

coated. " ivafrady PR EROMARELT I r Homalenalil] red oot meReMiSp | oati on of
(of LB’ pSTRYTEAY T REPRAERLAL AR E ] Uil Bhdngn, i el 2100
nitrocellulose, Cellulose Acetate Butyrate, Cellulose acetate propionate), acrylate
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 inthe 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 the cardiac
pacemaker, the preferred anticancer agents, used alone or in combination, should
25 be administered under the following dosing guidelines:
(a) Anthracyclines. Utilizing the anthracycline doxorubicin as an
example, whether applied as a polymer coating, incorporated into the polymers
which make up the pacemaker components, or applied without a carrier polymer,

the total dose of doxorubicin applied to the pacemaker should not exceed 25 mg
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can be measured and appropriate surface concentrations of active drug can
be determ ned. Regardl ess of the nethod of application of the drug to the
cardi ac weaempdsas, the preferred anticancer agents, used Ppalrarses3/od719 n
conbi nati on, should 25 be adm nistered under the follow ng dosing
guidelines: (a) Anthracyclines. Uilizing the anthracycline doxorubicin as
an exanple, whether applied as a polyner coating, incorporated into the
pol ymers which nake up the pacemaker conponents, or applied wthout a
carrier polyner, the total dose of doxorubicin applied to the pacenaker

shoul d nOt(rzﬂg@Qﬁ@.?ﬁ?m257rﬁg)(\0ncé3(3919i8€ﬂéﬂyB@?ékﬂ@@?dnﬂtﬁ?dl&en(,ftl@é\ﬂﬂaIOf 0.1gto

25 ng). In a particularly preferred enbodinent, the total anount of drug
appl i ed siFRuUNtPEdiug aprliedatgalicbe in the rrogs ofd.1ariesd mes & hpalosamer unir ea
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particularly preferred enbodinment, doxorubicin should be applied to the

pacenmailer raige at@0imga Hispg err MUN1oksutface-area. i mparticataryl prefareadt pol yrer
d - pal . i ]| | d bi ci t dif i t , t
Shove fon RnpEimane bakeRnlin shofl iR 18 1 bSetnRker Stk dRe Gy e

rate of tle1 dgiemt LoD tdynvac ARakRsreACpSIiYiERERd FeRpdIiAEr Sodtings WM
concentration of 10-7 10-4M of doxorubicin is maintai ned on the surface.

It is necdeleasg doxoruhisin at diffating ratea.dbe dbaye dosimgeparaaetera shexlddesi

concentrati.ons, of dgxorubicin. kno t o be thal to |tiple species of
bacter | o S AFOTRIRIOR iR oif RlaselienS ot fisie B ot bfear®one
embodi e nissirfhedicts tHat athinhURNSortetratidd bE1@NL 10 MoRddRiIRERES

enbodi ment, 15 doxorubicin is released fromthe surface of the pacenaker

such t hat reaintainesfacthesurfaget ilvistnecessanyitairguie thatsurfacedrigd rangi ng from
several haqurs Ho several nonths. Hn a ﬁartiﬁulakl¥ EEeLerQﬁq enbﬁgipent
the drug iSMPRMEAIDAR Sfeed FRRTTEAIOBA OLHPFALPEHL TP 1% OB FtNeldo MlPlEg 11 om
1 week - @pBEBiBLIE batteris Pl ngE( BE 2R iy eRdsd 11 0BAF &LlthouBRForl diinéli Scussi ons
provi ded herein that anal ogues and derivatives of 20 doxorubicin (as
descri bed eprandimeastsyywer concsntdatians argstfficant). 4 aiprefeyredeambedioneint,i zed
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 similar functional activity can be utilized
for the purposes of this invention; the above dosing parameters are then adjusted
according to the relative potency of the analogue or derivative as compared to the
parent compound (e.g. a compound twice as potent as doxorubicin is administered
at half the above parameters, a compound half as potent as doxorubicin is
25 administered at twice the above parameters, etc.).
Utilizing mitoxantrone as another example of an anthracycline,
whether applied as a polymer coating, incorporated into the polymers which make
up the pacemaker, or applied without a carrier polymer, the total dose of

mitoxantrone applied should not exceed 5 mg (range of 0.01 ugto 5 mg). Ina
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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 conparwo iBovshe parent conpound (e.g. a conpound tw cecaTPyHIEN as
doxorubicin is adm nistered at half the above parameters, a compound half
as potent as doxorubicin is 25 admnistered at tw ce the above paraneters,
etc.). UWilizing mtoxantrone as another exanple of an anthracycli ne,

whet her applied as a polynmer coating, incorporated into the polyners which
make up the pacenmaker, or applied without a carrier polyner, the total

dose of  mdrtietday preerpatpbirdddrhent! theetal axered obdily dgpieaehelidbdih g to 5
ng). In a 71 WO 03/099346 PCT/US03/ 16719 particularly preferred
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pacemaker surface such that a mninmum 10 concentration of 10-5 - 10-6 M of
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levels will be sufficient). In a preferred enbodi nent, mtoxantrone is
rel eased fingie that dfug caseertmtionsandhp pacamaker suidice exaeedrmoncentfatiomsy e

tivity i ' ' ' ' fr | _h 1. I
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shoul d be readily evident based upon the discussions provided herein that

anal ogues syfftgiens). | 2 prederred embodiments aitoxantsonteisoeldased fiosv theusirfacew t h

15  of the pacemaker such that anti-infective activity is maintained for a period ranging
from several hours to several months. In a particularly preferred embodiment the
drug is released in effective concentrations for a period ranging from 1 week — 6
months. It should be readily evident based upon the discussions provided herein
that analogues and derivatives of mitoxantrone (as described previously) with

20 similar functional activity can be 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
compound half as potent as mitoxantrone is administered at twice the above

25 parameters, etc.).

(b) Fluoropyrimidines Utilizing the fluoropyrimidine 5-fluorouracii as

an example, 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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20 simlar functional activity can be utilized for the purposes of this

I nvention; the above dosing paraneters are then adjusted according to the
rel ati ve wotosngg4©f the anal ogue or derivative as conpar @dTiusos/EF1par ent
conpound (e.g. a conpound tw ce as potent as mitoxantrone is adm nistered
at half the above paraneters, a conpound half as potent as mtoxantrone is
adm ni stered at twi ce the above 25 paraneters, etc.). (b) Fluoropyrimdines
Utilizing the fluoropyrimdine 5-fluorouracil as an exanple, whether
applied as a polynmer coating, incorporated into the polyners which nmake up
t he paCenPé(@énticOl@rl?Wéfeﬁ@d\ﬁrﬁMﬁweﬁt GRE Edtar arReLMBTdrud E@pﬁéﬁ %omﬂ@%@ mc’f
5-fluorouraci| applied should not exceed 250 nygy (range of 0 gto 250 ny).
In 72 WO thsrangsab! pagte)@63ng.cieodose per unitatear(.s. tbea‘mwrﬁcpfemh@ds @ent

The dose. JaNEUR ofhe ShMAREBR fEing RRlidn SFtnaaseRers? RTghibHs %rt?hff o
surface argplied ahhmrm%drp@r@téﬁ) éhb@ldo@wmﬁefhet @n@@lo@b ﬂﬁg‘g1 g’ﬂ&éﬂ o
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utilized in conbination with rel ease rate of the drug fromt
pacemaker rai@ss ﬁ@eam)/@rﬂqslm p@!’amewlr&ﬂhomﬁ berm@émd intdoonbinaticrowith tH®-' M of
5-fl uorour |nt IS nec ssar ure that surface drug
concentr at" ?@ﬁ'ge Srergah% ﬁ?’?‘éb?&ﬁge%‘? 8L Y Qgﬁg{a RHBWH o be I et hal

{0 NUMRT OWBHNEBREARA &f1d3‘a<31oe’rM%f@lﬂhcfrHuwcuGé rr%nntar"ﬁé@ 'It”is%%@§§ar2fto 10-4M
al t hough for sonme enbodi nents | ower drug levels wll be sufficiént). In a

pref err ed irguse dhatewurface dr ngoem&fmatlbns 9xce¢cbasmtnltnabam$ heSlmoeombeil surface
such 15 t

o sover bl TN e BAli R . GO
enbodi mentqothg; QMgpSforrﬁrﬁé%ﬁibddnneﬁtfsfl&%i aﬁque%a@w Bb 's‘aff&.érg eriod
rangi ng from 1 week 6 nonths. It should be “readily evident based upon
t he di scupsefenedmmoodieenhd-Bugroutasil imredéaspaefsorartte pacemaker surface such
15 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 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 S-fluorouracil is administered at twice the above parameters, etc.).
25 (c) Podophylotoxins Ultilizing 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 ug to 25

mg). In a particularly preferred embodiment, the total amount of drug applied
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derivatives of 5-fluorouracil (as described previously) with simlar
functional activity 20 can be utilized for the purposes of this invention,;
t he abovewdmsiyg4par aneters are then adjusted accordi ng traTiUuses/1@hati ve
pot ency of the anal ogue or derivative as conpared to the parent conpound
(e.g. a conmpound twice as potent as 5- fluorouracil is admnistered at half
t he above paraneters, a conpound half as potent as 5-fluorouracil is

adm ni stered at twi ce the above paraneters, etc.). 25 (c) Podophyl ot oxi ns
Utilizing the podophyl ot oxi n etoposi de as an exanple, whether applied as a
pol yner ceabulbe intBerafiabe ignb G hPETROUYSE Her uMitbrda (Tek theldmblst srar di ac
pacemaker, or applied wthout a carrier polyner, the total dose of
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differing rates, the above dosing parameters should be utilized in
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and fungi (i.e. are in excess of 10-5 ast hough for sone enbodi nernts
| ower dr ugf bacteris amdlfUngie(IsLaﬁeltmemeS)s oﬂ‘rD aMpalgiaughelor eatredemeodimentsoposi de
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for a period ranging from 1 week — 6 months. It should be readily evident based
upon the discussions provided herein that analogues and derivatives of etoposide
(as described previously) with similar functional activity can be utilized for the
purposes of this invention; the above dosing parameters are then adjusted
20 according to the relative potency of the analogue or derivative as compared to the
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/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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(as described previously) with simlar functional activity can be utilized
for the purposes of this invention; the above dosing paraneters are then
adj ust ed w0 ;Boewnei ng to the relative potency of the anal ®eguasos/1¢esi vati ve
as conpared to the parent compound (e.g. a conpound twi ce as potent as
etoposide is admnistered at half the above paraneters, a conpound half as
potent as etoposide is admnistered at twi ce the above paraneters, etc.).
(d) Conbination therapy. It should be readily evident based upon 25 the

di scussi ons provided herein that conbinations of anthracyclines (e.g.,
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folic acid_antagonists met hotr exat e and/ or podophyl otoxins (e.g.
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(for exa”@d‘aenB&Hérthm& §34& u?é”aBBﬁ ﬂﬂgﬁék%g,l |Bb§rpl'e{hlé%$nn hi rudi n,

AMP, adenosi ne or oadenosi’'ne, | i aZone, i ndonet haC| n,
10 mecl®f enectafeeantatelr mebderiogquine, dd:yﬁ&énﬁmbpsostltmwmhe dlbgsidegieti ne,
cl opi dogr el abci xamab, eptifibatide, tirofiban, streptokinase, and/or
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| mpl ant abl o\ illators (ICD) Overall, approximtely 5-10%
of i npl antagﬁfgé%@ ﬁ%@?? df?‘ydefi brillators become infected fol | owi ng
inplantation (the rate is h| ghest if surgical placenent is required). Like

t |l ators
cardiac pacemalbers In{TBtllc?nnso Im Ian%abl éard%verter—%e%bril!ators(ICD)

Overall, approximately 5-10% of implantable cardioverter-

15 defibrillators 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 electrodes and pulse generator
unit, and (b) infections involving the intrathoracic components (rate sensing

20 electrode, SVC coil electrode and epicardial electrodes). Representative
examples of ICD’s and associated components are described in U.S. Patent Nos.
3,614,954, 3,614,955, 4,375,817, 5,314,430, 5,405,363, 5,607,385, 5,697,953,
5,776,165, 6,067,471, 6,169,923, and 6,152,955.

Most infections present period shortly after placement and are

25 thought to be the result of contamination of the surgical site by skin flora.

Staphylococcus epidermidis, Stapylococcus aureus, Streptococci,

Corynebacterium, Proprionibacterium acnes, Enterobacteriaceae and Candida
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subject to infection in tw general manners: (a) infections involving the
subcut aneous portion of the device (subcutaneous el ectrodes and pul se

gener at orwowaio®9s4@nd (b) infections involving the intrathecaaises/ecamponent s
(rate sensing 20 el ectrode, SVC coil electrode and epicardi al el ectrodes).
Representative exanples of I1CD s and associ ated conponents are descri bed
in US. 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. Mbst
i nfections present period shortly after placenent and are 25 thought to be

t he resul tspetiesa@nt fgiguahi causes df ks Sypedbfdalectibh.e Upyorildate!§,| ttdament
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r

Cor ynebact@auarily ivejyessamexa 9@&@%}6@@@@9%@@1&1ia@éib@é;:éh%ragmndi da f
75 WO 03/099346 PCT/ : ' Nt . . is t
ALk 1o <BRRRS fbul fed 8 e Mo d et iBbch oy (1o° ©

I nfection. Unfortuna trea equen

entire systelatedside pffetenged sabtutanebus idféstiord ¥ephd afli freithndtis. Gih coat i ng
woul d reduce the incidence of infection- related side effects such

subcut 2ne&ifective eqatingreould plsppralpagpes efectivieness ohthedCot e deorease e ng

pat i ont s ruier B Beliefs Toaffhg YoRaGInen, e B e L FRLER G ot i

associ at easgbditedheigetieselimplzsinvs.| n a preferred enbodi ment, doxorubicin,
m t oxantrone, 5-fluorouracil and/or et gposi de are fornulated into a

coating applied to ima psefefrgd erapodiment loxerhitienmioxantione, pdivoraurecitir ug( s)

can be a | i - I : | g a led.t,0 the surface
of the pg%btejfogeertl rozsﬁdéeférﬁenfio?;ﬁ[]%%dgggé §)08§§P§|§88g%§)h @8 sDutngc?ﬁét%%rface of

t he sulgcuicanponentzasfitheICDf THeedruges) cuhbeSapglied ih BE@SBPMANAErs: (4)as aOr
applied to the surface of, a subcutaneous "cuff" around the subcutaneous

i nserti oncaating appliedds the sudere gf tsppuleeigenenater unit; fics atoating adiecoi |
o oot 000 ) el s SOBLRR AP LR L A AT et BR SRR
of , or drggapphked fothatsupfack of Ga BUStARIdUS “BERT droviall YesS sibdutaneous
insertion site; (d) as a coating applied to the surface of the SVC coil electrode; (e)
15 as a coating applied to the surface of the epicardial electrode; and/or (f) any
combination of the aforementioned.

Drug-coating of, or drug incorporation into prosthetic heart valves will
allow bacteriocidal drug levels to be achieved locally on the ICD surface, thus
reducing the incidence of bacterial colonization and subsequent development of

20 infectious complications, while producing negligible systemic exposure to the
drugs. Although for some agents polymeric carriers are not required for
attachment of the drug to the generator unit, leads and electrodes, several
polymeric carriers are particularly suitable for use in this embodiment. Of particular
interest are polymeric carriers such as polyurethanes (e.g., ChronoFlex AL 85A

25 [CT Biomaterials], HydroMed640™ [CT Biomaterials], HYDROSLIP C™ [CT
Biomaterials], HYDROTHANE™ [CT Biomaterials]), acrylic or methacrylic
copolymers (e.g. poly(ethylene-co-acrylic acid), cellulose-derived polymers (e.g.

nitrocellulose, Cellulose Acetate Butyrate, Cellulose acetate propionate), acrylate
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al l ow bacteriocidal drug |levels to be achieved locally on the I1CD surface,
thus reducing the incidence of bacterial colonization and subsequent
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system c exposure to the drugs. Al though for sonme agents polyneric
carriers are not required for attachnent of the drug to the generator
unit, leads and el ectrodes, several polyneric carriers are particularly
suitable for use in this enbodinment. O particular interest are polyneric
carriers such as pol yurethanes (e.g., ChronoFlex AL 85A 25 [CT

Bi omat er i %'n&]metHﬁngg‘g_rYél_&%Egl}gMérgeﬁi ﬁgi?g&ﬁiﬂéﬁ@-]:o-wmtal) GMEFEs
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thereof. As inplantable cardioverter-defibrillators have many design
f eat ur és dokeiubiin, troitexandrenepbirldiorauracir andetqpaseiesik eosting eDd@se ng

gui delines, for xorybicin, mtoxantrone, 5-flyorouracil and etoposide in
coati ng |t€i§§’?'8?'§°qﬁ‘a%%5?%%{lbepcﬁr3%§8f B@glﬁcﬂiﬂg& [® for cardiac
pacemakers. E. Vascular Graft Infections Infection rates for synthetic

vascul ar grafts range from 1-5% and are highest in grafts that traverse
t he ingui nal rEgi onVaseider geafhinfedtionsnoral grafts and 10 fenoral - popliteal

grafts). Although ipfection can result fromextension of an infection from
an adj acent cont ami ?‘élﬁmtri‘%%%%”5Yn%@ﬁ%¥6§%ﬂﬂﬁag%é%l’i’%{ro'?‘hkf’g}hﬁ%q af»mmon
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commori Oc aferesrabpoplitealgriatis). i AitHaud iSteapdry can cesulsframrestengi@boBado of cases),

15 Enterobacteriaceae, Pseudonobpas, aerugenosa, and Coagul ase Negative
St aphyl oc ﬁ?tl_oncfgqﬁ}ﬁ J?%‘?fg C&PF%F'HBteprt ¢ hematogengys $eqding. 8 i ncl ude

Sepsis,  most common cause of infection is intraoperative contamination. In 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 Coagulase Negative
Staphylococci.

Complications arising from vascular graft infection include sepsis,
subcutaneous infection, false aneurysm formation, graft thrombosis, haemorrhage,
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,
reperfusion through an uninfected pathway) further adding to the morbidity and
mortality associated with this condition. For example, if an aortic graft becomes

25 infected there is a 37% mortality rate and a 21% rate of leg amputation in
survivors; for infrainguinal grafts the rates are 18% and 40% respectively.

Representative examples of vascular 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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subcut aneous infection, false aneurysmformation, graft thronbosis,
haenorrhage, septic or thronbotic enboli and graft thronbosis. Treatnent
requi res wormMgdz4®©f 20 the graft in virtually all cases ceowbiusestienmd h
system c antibiotics. Oten the surgery nust be performed in a staged
manner (conplete resection of the infected graft, debridenent of adjacent
infected tissues, devel opnent of a healthy arterial stunp, reperfusion

t hrough an uni nfected pathway) further adding to the norbidity and
nortality associated with this condition. For exanple, if an aortic graft
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5, 609, €24 copirigatigEBsucknas Semsie heeBorrhage: thyotribasisy astuliam, gmﬂtatmat i ng
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woul d al s@raferreRpstng foplduematt, r@%uNﬁ%WbWer rBlb Rt ahé%&brbid?tgféﬁ;%twem

resulting in |lower nortality and no dity for patients h these
i npl ant s. With taepe énplentsd enbodi nent, an anthracycline (e.g., doxorubicin

d 10 d d t
(evg. . met hotrexat §) 2 PARETGE SABRID A ainasY5ine (s gpelefaficnand 97" ©
f or mul g edmtdkbﬂtr@népﬂhb ynﬁﬁcﬂ’ihé‘%@ gt,%- FU? f‘éh’é héeearthgdigt (egyrponents of the

vascul ar graft. The d 2)4’ can appli in sever aI manners (a) as a
coating a@pﬁth@tnexaiei h?@d tmd@ahYbU.‘r)dra(ﬁagofetQm@ldeg)nafqu;nu(ai¢d o & comdingng
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graft; (b) as a coating applied to the internal (luminal) surface of the graft; and/or
15 (c) as a coating applied to all or parts 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.
20 Although for some agents polymeric carriers are not required for attachment of the
drug, several polymeric carriers are particularly suitable for use in this
embodiment. Of particular interest are polymeric carriers such as 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-vinyl

acetate)) collagen as well as blends thereof.
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the incidence of bacterial colonization and subsequent devel opnent of

I nfectious conplications, while producing negligible system c exposure to
t he dr ugswo28ogdsahough for sone agents polyneric carriersrprarasaoic7nequi r ed
for attachnent of the drug, several polyneric carriers are particularly
suitable for use in this enbodinent. O particular interest are polyneric
carriers such as polyurethanes (e.g., ChronoFlex AL 85A [CT Biomaterial s],
Hydr oMed640TM [ CT Bi omaterials], HYDROSLIP CTM[CT Bionateri al s],
HYDROTHANETM [ CT Biomaterials]), acrylic 25 or nethacrylic copolyners (e.g.

pol y(et hyl ene- co- aciag idscarir draftscalel Mbas f d9aH¥ G cBAtiYIBESnE 8nd sizes,
nitrocel l ul ose, Cellul ose Acetate Butyrate, Cellul ose acetate propionate),
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area, design and portions of the graft coated. However, certain principles
can be Jap@reapfithe praionagfghe davicerbeiig coated htetal dugglatesadromistéredaaincul at ed

f [ Lt 5 f the lon of th evi ce being
coated) 8PS MheSPratiaie 3t BPER cbirerBHoRS oL BBl Sig st  at e
surface copeaiingd.i Ragafiestdfithe nitHEd @R BpPIRatidR e IHE 88k toRREFLEEGSS Of the

met hod of application of the drug to the vascular graft, the preferred
ant i cancegdrafydhe prefaged aatiearcasagentss osbd métriecor, in shobinktive, shouldrdest er ed

d t he fal.l .oni dosi | delipes: 10 .(a) Anthracyclines. Utilizing the
gﬂtﬁ;acyglaidﬁgn'gﬁ%f‘ggﬂﬂﬁsrzﬁ%afghjoavﬁmgé{%éfﬁﬂ QdgiiieSher appiied as a pol yner
coatin@ incorporat ef) ARRaéy@ime. YURIAng mmh.raavaméo%amumeﬁ%an graft

conponents (such as cron or Teflon), or applied wthout a carrier
pol yrer , EKampig, avhallogreanifiied @sor pblyoiar captihg,éocarhorated imio thepalgadr@5 ny

(range of i rile B 2 yPhueL i BPpbs e T SR TR R 2 e
IrSs bS] gUpIe MRS caret bayammme el dosgorpfr e AR i R e,
i ncor por atxeged Roumgi(range of 0.1 ug to 25 mg). In a particularly preferred embodiment,
15 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 vascular graft to which drug is applied and/or incorporated) should
fall within the range of 0.01 ug - 100 pg per mm? of surface area. Ina particularly
preferred embodiment, doxorubicin should be applied to the vascular graft surface
20 atadose of 0.1 pg/mm? — 10 pg/mm?.  As different polymer and non-polymer
coatings will release doxorubicin at differing rates, the above dosing parameters
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
some 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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fall within the range of 0.01 g - 100 g per R of surface area. In a
particularly preferred enbodi ment, doxorubicin should be applied to the
vascul ar woabwposuws face 20 at a dose of 0.1 g/m2 - 10 g/ nPET/USe3/di7id er ent
pol ymer and non-polyner coatings will release doxorubicin at differing
rates, the above dosing paraneters should be utilized in conbination with
the release rate of the drug fromthe vascular graft surface such that a
m ni mum concentration of 10-'- 104 M of doxorubicin is naintained on the
surface. It is necessary to insure that surface 25 drug concentrations

exceed CONgQBEAMArARS FH?%Q?Q%Eéi?lygérﬂfe'fw\éh%’di%ﬂt%‘?a}fgfig rﬁ},@‘égﬁ woﬁgh for
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readi ly eyj dent. based upon the di scussigns provi ded herein that anal ogues
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functi onal il by f - i nventi on;
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pot ency ofdoxpeubigimisogdministe cker atvalf the above qaarmaeteds,ta)gmlhﬁomd balg aeorrﬁo:JPd
e.g. a conpoynd fw ce .as .potent. as  doxorubicin is adm nistered at ha

'E hegabove pg’g‘?rgr?ét runicip i3 AEIRIsiR e atatyncq)&e@povgsoqjgm%i efcn- i s
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m toxaﬁ{rone as anotqﬁ'g%hgxrgirrp et%ﬁéan arﬁ){t'?ﬁraé?fg?[%l?\g?gn\%?ﬁﬂﬁgaggpI led as a

pol ynmer codtstingr, appliedrgsaa polgoheir mbatind) enqorpgrated intd trehpoigiers whichheak@scul ar

graft (such

ST e SR A S T T KA
01 o g1 o RoRer i R BER SRR Wil JTo
uni t area0(@1 pg ta hengrnounpartituidriy gpreferrad feamtzidiment thé tetalkambasteof aregp of
the po1r5t | %?)pﬁéd grbc)eulg%%%Hltﬁé r rgaef ct)f 0.1 ug 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 fall withir the range of 0.01 ug
- 20 ug per mm’ of surface area. In a particularly preferred embodiment,
mitoxantrone should be applied to the vascular graft surface at a dose of 0.05
20 pg/mm’ -3 ug/mm’. As different polymer and non-polymer coatings will release
mitoxantrone at differing rates, the above dosing parameters should be utilized in
combination with the release rate of the drug from the vascular graft surface such
that a minimum concentration of 10°- 10 M of mitoxantrone is maintained. It is
necessary to insure that drug concentrations on the surface exceed concentrations
25 of mitoxantrone known to be lethal to 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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to which drug is applied and/or incorporated) should fall within the range
of 0.01 .tg - 20 g per R of surface area. In a particularly preferred
enbodi nerwp ogiobox@nt rone shoul d be applied to the vascul arcgrasbs/iauy f ace at
a dose of 0.05 20 g/m®2 -3 g/mR. As different polyner and non-pol yner
coatings will release mtoxantrone at differing rates, the above dosing.
paraneters should be utilized in conbination with the release rate of the
drug fromthe vascul ar graft surface such that a m ninum concentration of
10-5 - 10-6 Mof mtoxantrone is maintained. It is necessary to insure

that drug ¢oHeagtd i LRl BRohOEnHIHATS: %;38989 S ROAEL bR 28 of

m t oxantrone known to nu € Speci acteria and fungi
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levels will be sufficient). In a preferred enbodi ment, mtoxantrone is

rel eased fihahatdeovessand derivajives of gioxaptoreitas dereribgd previeetlyx Wit acti vity
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ranging from1l week - 6 nonths. It should be readily evident based upon

t he di scudBe @ralogus\ardiedivalivesas compareddiedhe paeentsemneeindvgtd. weeorapound

m t oxantr ( | | OUS . W i 10l nctional, activity
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par anet er coagoundetalbsl psteatiagetoxdhtiongd B ddiBinistédi atewiReithBayooé the

anal ogue or derivative as conpared to the parent conpound (e.g. a conpound

twice as [RAametess. ¢ittoxantrone i s administered at half the above

Pt e 1he above. _paraneldfobyAhidest b g Wi HRIGE Mifidiie S30pR sl £ The
f1 uor opyr ian ekample; Whethiepapplidd afia polmexeuting, inebAidrstedante! the ofimérs

pol ymer coating, incorporated into the polymers _which make up the vascul ar
graft (suc¥hiel Makerumthervapetiapayaft suchgs|Dasionor fielien)aor appliederithityaner

(he total clpas et WY ASblor S S -E P Bt SholBAF i Bl 200°
amount of (eng@ &FPIRD ingdo DFOuhE). DA d partibelafippesfefred EntshdiPeRb thi@totdine dose
per 15 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 vascular graft to which drug is applied and/or incorporated) should fall within
the range of 0.1 pg — 1 mg per mm? of surface area. In a particularly preferred
embodiment, 5-fluorouracil should be applied to the vascular graft surface at a
20 dose of 1.0 ug/mm?* — 50 ug/mm?. As different polymer and non-polymer coatings
will release 5-fluorouracil at differing rates, the above dosing parameters should be
utilized in combination with the release rate of the drug from the vascular graft
surface such that a minimum concentration of 10™*- 10”7 M of 5-fluorouracil is
maintained. It is necessary to insure that surface drug concentrations exceed
25 concentrations of 5-fluorouracil known to be lethal to numerous species of bacteria
and fungi (i.e., are in excess of 10™ M; although for some embodiments lower drug
levels will be sufficient). In a preferred embodiment, 5-fluorouracil is released from

the 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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unit area (i.e. the anmount of drug as a function of the surface area of the
portion of the vascular graft to which drug is applied and/or

i ncor por awedp/osdseal d fall within the range of 0.1 .ig - PCcmysp®re7m? of
surface area. In a particularly preferred enbodi nent, 5-fl uorouraci

shoul d be applied to the vascular graft surface at a 20 dose of 1.0 g/mR -
50 pg/ mMmR. 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 fromthe vascul ar

graft surérsedimeahtiehdrugds releasedninaifeeand candcantratibnd fgk a pdfbd rdvgitig
5-fluorouracil is maintained. It is necessar(i/ to insure that surface drug
g
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the vascular graft surface such that anti-infective activity is maintained
for a perildentieantierapavestasing rarametensrasettioers aditistad arserdisg to theyrelative

parti cul ar e . 4 di nent the drug
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6 rmont hs. dompluadltdidecas sateht ¥s 8 fiudeslirabifBestirHiptereiaat afabs abevis  provi ded
herei n that anal ogues and derivatives of 5-fluorouracil (as described

pr evi ous| PRr@Netersi seorapounthbalf an fotend @is\i-flyoredradids administered aktwice

pur poses | ' I Qn.\ t he above dosing paraneters are then adjusted
accordi ngq{‘%gph\ze E%}Iaﬁ?qgftes’ 8{[;bo)fency of the anal ogue or derivative as

conpared to the par ¢tPsdupRHbEbXKiAs Atilking HERSBHUPHYWiGEN afodeRidRYs a8

S5-fluorouracil is adm nistered at half the above paraneters, a conpound
hal f as pé&xamPlevhetheignpligdasia polymedepating dnearpatatedinie the pelyaissy e

araneters,,. inss Utilizing tthe podophyl ot oxin

et oposi de WU ke EsbEasldP B GHEH 8o of o thay St BRIRR L

i ncor por atcaéridrifolyrhdre tHeoboyareiose ofMatopdsiiekeppliedidmupssiEx@bedP8fhg (such as
Dacron or Teflon), or aggl led without a carrier polyner, the tofal dose of

et oposi de (E3NERIE@- LHE P 8510@). dr Gelarticslarty prefeaad enfjodimeny thet®d ng). In a
parti CI"g ara'rP(OtR\rt %“ SFJgegppEﬁgHOs%iOMé int trﬁ% rta%g Iof 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) 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 vascular graft surface at a dose of
20 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 release rate of the drug from the vascular 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
25 etoposide known to be lethal 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 a
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 tc several months. In a particularly preferred embodiment the drug is
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15 amount of drug applied should be in the range of 1 g to 5 ng. The dose
per unit area (i.e. the anmount of drug as a function of the surface area
of the powonimwnIsiict he vascular graft to which drug i s appdrasoaneiior

i ncorporated) should fall within the range of 0.01 g - 100 g per mme of
surface area. In a particularly preferred enbodi nent, etoposide should be
applied to the vascular graft surface at a dose of 20 0.1 g/me - 10 g/ m®2.
As di fferent polyner and non-polymer coatings will release etoposide at
differing rates, the above dosing paraneters should be wutilized in
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surface such that a concentration of 10-5 - of etoposide is
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enbodi ment, etoposide is released fromthe surface of the vascular graft

such that dosing paﬂaemettexmaradhemadwsmﬁ acdonding e the mflata/qomteocy ofathgi ng from
several hours to s I months. In a,particul ar ferred enbodi nent
The drug 1 TS5 Bedin B Retaced S b errert raotu o &4 Eempodn

concent r attiesad Eéteﬁt BS letPb i@ dinihisRFed atRalf the Qb@?%‘bjé'r%metérts ghoul d Dbe
readily evident based upon the discussions provided herein that anal ogues

and deri varonpraunst halt @%DQi&D‘é%@@MEﬂﬂIﬁlﬁtﬂmpmﬁdtﬁM)ﬁ\m‘e abeveri | ar
functional _acti n be utilized for the purposes of this invention; the

ity c
above 5 dcﬁqrﬂ@% Paﬂtg ters are then adjusted according to the relative

potencypof the anali@gygenBind@bh\AbiaEYy. a8 SRANBYEGalify ERBcRES ound
(e.g. a conmpound tw ce as potent as etoposide is adm nistered at half the

above par aheudigosissians pooyidech erean thath copbirationa©f entpasydliees ¢e.gdni ni st ered
houl d be PEQAI QT AMEAIEEk pGIvAENgS L doc-WopRell date é’%ﬁﬂ cin tha
1 Lior opyr | e iaS ( E HE ol Ralear o e 8 05 e DR e
met hot r exattiéizechtb pohbkte/thetantibastetiel activity b flesvakeulargratheoating.  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 graft is
associated with an increased risk of infection, anthracyclines (e.g., doxorubicin or
20 mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracil), folic acid antagonists (e.g.,
methotrexate and/or podophylotoxins (e.g., etoposide) can be combined with
antithrombotic and/or antiplatelet agents (for example heparin, dextran sulphate,
danaparoid, lepirudin, hirudin, AMP, adenosine, 2-chloroadenosine, 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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utilized to enhance the antibacterial activity of the vascul ar graft
coating. Simlarly 15 anthracyclines (e.g., doxorubicin or mtoxantrone),

fl uor opyrwoiodioyssse (e.g., 5- fluorouracil), folic acid ant ®gonisst/ss7{®. g. ,

met hot r exat e and/ or podophyl otoxins (e.g., etoposide) can be conbined with
traditional antibiotic and/or antifungal agents to enhance efficacy. Since
t hronbogenicity of the vascular graft is associated with an increased risk
of infection, anthracyclines (e.g., doxorubicin or 20 m toxantrone),
fluoropyrimdines (e.g., 5-fluorouracil), folic acid antagonists (e.qg.,

met hot r exat e aifd/ or |pfedigpisyAssoeiates with.Bar, Net©pas iTheédatd aipldrgs conbi ned with
antithronbotic and/or antiplatelet agents (for exanple heparin, dextran

sul phate, danapar oB@CtE}l’@;bifﬁmtIOlmS imvalvidg the e noael@nddhioat are common

2-chl he domet h | of t
rooh! oPgagRAges RIA shiareR ARG EAMS S F R e (HORBE AN el ChPBEi dogr ol - -
abci xamab obeftittfidrPséddiRian {0 gdrsReEht irffEERIN, % 088 8f im gwaﬁlt’e&armédi|§§|Utﬁbes,

pl asm nogen activator) to enhance efficacy. 83 WO 03/099346 PCT/ USOS} 16719
F. | nf éct iadieauent demaotideatiment. ESpecifically, amdnithotiistmédiplianften Baatesr with

bot e ehi 1 e AUl TnfenBtBRlr RSSHaRSmkeS oft SO Shugfe R Tadiny
secondar y tleatdtPwith Surftalidrhinagé aAd tﬁé‘%la‘é%?néhft of ARIARt &dniredi cal tubes is 5

a frequent formof treatnent. Specifically, chronic otitis nedia is often
treated with the surgical inplantation of tynpanostony tubes and chronic

sinusitisH a6 ﬂfbest reated with surgical drainage and the pl acenent
of a si numn‘sﬁywmmntony Tubes Acute otitis nedia is the nost conmon
bacterial infecti OnAchﬂ,ﬂot'i’fRSrhed%Qs fﬂéa%gﬂ&om%ncﬁédt%lfr?écﬁd” Ghé Alost her apy,
t he | eadi ng cause of hearing |oss and common cause of 1 npaired | anguage
devel cﬂ@rrelfrequant::ndlcat:en foruegicaltheraipyt thedeadlgg cabse oébealmrug tossiamdchi | dr en
under the age of five ted at $5 billiaon e United
States al GRBMYTHCRYURG ¢ of 'm@fﬂa quagh; JeyriaPyeIn ﬁS eat Lr¥1§a{395t BEtée%ttﬂ%ode
of otiti StIﬂE‘ébﬁdlﬁBH u@@ﬂﬂcﬁ@ﬁ unbf the®sHd brvaUs %gl%fatédqﬁtr SPYillRARHMy i he

preval ence 15 of otitis media is increasing severe cases sYJrg| cal
t her apy i $herbnided Sdates alone. In fact, 85% of all chlldren will have at least one episode

of otitis media and 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
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 fluid
which, in the absence of an ability to drain through the Eustachian tube, results in
increased pressure in the middle ear. For many cases antibiotic therapy is

25 sufficient ireatment and the condition resolves. However, tor a significant number
of patients the condition becomes frequently recurrent or does not resolve
completely. In recurrent otitis media or chronic otitis media with effusion, there is a

continuous build-up of fluid and bacteria that creates a pressure gradient across
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effective than conservative managenent. Acute otitis nmedia (bacteri al

i nfection of the mddle ear) is <characterized by Eustachian tube
dysfunctiwo oBegdisng to failure of the mddle ear clearaneerrmsoeliagtism The
nost comon causes of otitis nedia are 20 Streptococcus pneunoni ae (30%,
Haenmophi l us i nfluenza (20%, Branhanella catarrhalis (12%, Streptococcus
pyogenes (3%, and Staphyl ococcus aureus (1.5% . The end result is the
accunul ati on of bacteria, white blood cells and fluid which, in the
absence of an ability to drain through the Eustachian tube, results in

i ncreased the easpdrtc nieribvengicdtsRgasin ah@impainyd Besesy. Fdricbtrafiors of fher apy is
25 sufficient treatnent and the condition resolves. However, for a
si gni f i cadYMRaRBerembransstyrieally witfieplesament ofe beepanrosteomy dukaitrelevescur r ent

does n | | | v... L0 Lecurrent I3, medjia or, chronic
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bacteri a tainstefpbeBraugh peElistachias hid — ad60s of Busthizh Q3Ybass”).
PCT/ US03/ 16719 the tynpani c nenbrane causi ng pain and i npaired heari ng.
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tynpanostony tubes is the nost w dely used treatnent for chronic otitis
medi a bec & gsutegtitissuediandympanastory tube plagamesnids oneaf thgymoshcemnman t ur n

oh o Ty AR e PR LR SRR HER o LS SRR pieemect et | °
procedy esieal NBEriEI {6Ghdaralngrat éﬂhdé;é’rfggipb%é?ﬂaéélb%l@é} cRlR&R Efilie per 10

year. Nearly all younger children and arge percentage of ol der children
require @enerallangasibssinder placemept.aSineergenesil mpaegibesadiasahighenesi a has a

thael nol S el e ¥iorih et s et ibeBioreitlaholRpfrtents (RuAJE cesRtest /'
desi r abl e risR dnididst A8 cBtER Niththe ROSERIFEELIIS Sebibaie td 8matlthé Auhtbepposed

to. Common conplications of 15 tynpanostony tube insertion include chronic
otorrhea (apBesieticethad thenchilst is @xpbyedsto. Common complications of

16 tympanostomy tube insertion include chronic otorrhea (often due to infection by S.
pneumoniae, H. influenza, Pseudomonas aerugenosa, S.aureus, or Candida),
foreign body reaction with the formation of granulation tissue and infection,
plugging (usually obstructed by granulation tissue, bacteria and/or clot), tympanic
membrane perforation, myringosclerosis, tympanic membrane atrophy (retraction,

20 atelectasis), and cholesteatoma.

An effective tympanostomy tube coating would allow easy insertion,
remain in place for as long as is required, be easily removed in the office without
anaesthesia, resist infection and prevent the formation of granulation tissue in the
tube (which can not only lead to obstruction, but also “tack down” the tube such

25 that surgical 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

obstruction by granulation tissue, bacteria and/or clot); and/or reduce tympanic
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pneunoni ae, H. influenza, Pseudononas aerugenosa, S.aureus, or Candida),
foreign body reaction wth the formati on of granulation tissue and

i nfecti orwo opbesged ng (usual |y obstructed by granul ati on t Peswsp3/bact eri a
and/or clot), tynpanic nenbrane perforation, nyringosclerosis, tynpanic
menbrane atrophy (retraction, 20 atelectasis), and chol esteatoma. An
effective tynpanostony tube coating would all ow easy insertion, remain in
pl ace for as long as is required, be easily renoved in the office wthout
anaest hesia, resist infection and prevent the formation of granul ation

tissue innidbradnelRriomtic! n‘?ﬁﬂwg’&@&leﬂfﬂly tyﬁagnk%@@mrx@éﬂrébh dng also "tack

down" the tube such 25 that surgical renoval of the tube under anaesthetic
becones n@beﬁmey)maA'ﬁherefdrecdev(&tommﬁpmf@hmﬁwlmuheiomLmlotlbad:Qmereduce t he

i nci dence gf,[cot Ilcatl u chr n|c .ot rrhea often due to

i ect 1 on oBsrSSBR b itanlion RS, Aoes AohScarl e s s Bitibaoa.
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granul ation tissue, bacteria and/or clot); and/or tynpanic 85 WO

03/ 099%46 skDifloas0BletB:Al edvanaemente perforation, nyringosclerosis, tynpanic

nb t h h t f d I t t ube whi ch
docs not becons, oblt 7 EET B St ERORRRAL FBROTIE T URToRs: SSLFOUHCH hce

and is | egndRir@épdsiie ér'éff%%h%fbd ﬁw’f@é%ﬁhﬁ&?ﬁﬁhé&ﬂt&t‘ﬁ éiﬁf%@e Pthe

remove/ repl ace the tube) would be a 5 significant rre i cal advancenent. In a
pr ef er r ed teymbanhistemy tulpk x dheidiug(s) can b@maphemm&se@éllmamlmrsda) las aand/ or

d f | d f f th
S st 6ot Saptterl the ety d SRR S AL Bt e iube: ke 0ol as a
coat i ng aléBbllé‘djtottﬂetam%rr%t(féFrﬂﬁél §Hr‘f§f’eﬁ§ftﬂ% tgmga gacgﬂp@ Bé'l%eeoam%; as a

coating 10 applied to the internal m nal tynpanosto
t ube; (c) applied toodtmmprtsaqifmotb@urfaces landrforgey trmoqforbtaidhntaﬂh‘éamdmnerand/ or

br ig- Coat WLFMBRS e TREBEROMMH HBR.  nt o, e ympanost omy & ube will
?'thW bact eri oci dal Dﬂﬁdiaoétﬁﬁ@ebﬁ of BriRFinB6IHoRPMRSh hRE thd YyrPardsforhy Rfbes Ur T ace,
will allow bacteriocidal drug levels to be achieved locally on the tube surface, thus
15 reducing the incidence of bacterial colonization (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 blends
thereof.
There are two general designs of tympanostomy tubes: grommet-
shaped tubes, which tend to stay in place for less than 1 year but have a low

incidence of permanent perforation of the tympanic membrane (1%), and T-tubes,
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15 reducing the incidence of bacterial colonization (and subsequent

devel opnent of mddle ear infection), while producing negligible systemc
exposur e wo jessds ugs. Al though for sone agents pol yneri @caarsos/es7s9 ar e not
required for attachnment of the drug to the tynpanostony tube surface,
several polyneric carriers are particularly suitable for use in this
enbodi nent. O particular interest are polyneric carriers 20 such as

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

Bi omat er i abisich stacinydlace for seeétahgeyisibut Gapelaymigher fate of permanent

pol y(ethyl ene-co-acrylic acid), cellulose-derived polyners (e.g.
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conf i gur atapprepriats dusfaze sontdritrativasiof detve afliy cirbbe detéritindd. VREYandidds
devi ce size, surface area and desi%n. tHowever, certain principles can be
G,

appl i ed i Pfithe mgiped ehapplicagien ohthe oghetyrgpranasionyiube thaptfeaedd as a
contedy . iAo tetS dselidine Bt inctTBfbtiod bl S Eafitt Efed Bt ape

sur f act0 cdoltemingalosintsguiiel’dst ve drug can be determ ned. Regardless of the

met hod of application of the drug to the tynpanostony tube, the preferred
anti cancer agents, u3tAnthragyctines.nUglizing the aotiracyeioe doxerubinin as ener ed

e e e ELMAA 8RB AU i A HARE S P BonthAr, 2 72,
coating, ivasioh pedlet @sltHetympahesieehyitesconibdridhtsTdf@pphed Rethby® aafrdrony
t ube conponents, or applied without a carrier
polymer, the total dose of doxorubicin applied should not exceed 25 mg (range of
15 0.1 ugto 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 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 ug per mm? of surface area. In a particularly preferred
20 embodiment, doxorubicin should be applied to the tympanostomy tube surface at a
dose of 0.1 ug/mm? — 10 ug/mm?.  As different polymer and non-polymer coatings
will release doxorubicin at differing rates, the above dosing parameters should be
utilized in 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 muiltiple
species of bacteria and fungi (i.e., are in excess of 10 M; although for some

embodiments lower concentrations are sufficient). In a preferred embodiment,

doxorubicin is released from the surface of the tympanostomy tube such that anti-
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pol ymer, the total dose of doxorubicin applied should not exceed 25 ng
(range of 15 0.1 gto 25 ng). In a particularly preferred enbodi nent, the

t ot al anowoto3o$9zds ug applied should be in the range of 1pgTiusoSiarye The
dose per unit area (i.e. the amount of drug as a function of the surface
area of the portion of the tynpanostony tube to which drug is applied

and/ or incorporated) should fall within the range of 0.01 g - 100 g per
m2 of surface area. In a particularly preferred 20 enbodi nment, doxorubicin
shoul d be applied to the tynpanostony tube surface at a dose of 0.1 g/ m®

- 10 g/ rmﬁnfeéﬁvéﬂatf:tf\ﬁiﬂy&smndﬂﬁbwéarfonaQ@eﬁ@GTﬂ?iugﬁbnﬁ@@IérQI%uer keverhpase
doxorubicin at differing rates, the above dosi ng paraneters shoul d be
r

utilized iMoRBEDIMaasicUldrtyPrefsredemsdimentdhefrudis raleaged inatfedtive

M of - doxorabeetaersb TEEnBd eGP I ek TR SRS, KSR 1y | nour o

that surf asfight besed ap6R e aibtOsiodX SRAMHedBremt that 49416g@és glgxor ubicin
known to be lethal to nultiple species of bacteria and fungi (i.e., are in

excess f degyatiyesfidaxaedicioas dascrinagurevionatys witbwimilardhoetanaactiviy ar e

sufficient). .In a pr r odi Jtent. oxorubicin is.released fromthe
sur f ace oA vRBTRERE R rE0RE IR ovaRiR e 4P R Sul bughirters 48

PCT/ US03/ tRérd 9djusttidesddovding € the fe¥ative piemndy2bMAe ahaloglerfTdeddatiangs ng from
several hours to several nonths. In a particularly preferred enbodi nent

t he drug icomRraredietng parenteaimpeund egickpemacuamhivite@spotentiasd rangi ng from
1 week - 6 ths. .1 hoyl d [ Il evident, based upon e.di scussi ons
or ovi ded RIGRBUPR i SRR 5rsk e abevE RergBeeds Heatpaid fr e
descrifged goteni faUsdxXorubitihlis abifinisterdd BCiwiN e Asdvie\idrimetads, &g.)utilized for
the purposes of this invention; the above dosing paraneters are then

adj ust ed accordi ng tiilizing mitdxantreae gstanethersixanmie ahan @gthvaeycliver i vati ve as

FESARUI R s B Sy R RS-
as 10 pot g thalyMpXAGt8ingitibé Sorapplied Withoatla brieMpe rhéletPevR deae dfet ers,
etc.). Uilizing mtoxantrone as anot her exanple of an anthracycline,
whet her appiloxaatrase appled akould oot exeged horg (fanae eti0iOitug tohe Ml ymer s whi ch
make 16 particularly preferred embodiment, the total amount of drug applied should be in
the range of 0.1 ug to 1 mg. The dose per unit area (i.e. the amount of drug as a
function of the surface area of the portion of the tympanostomy tube to which drug
is applied and/or incorporated) should fall within the range of 0.01 ug - 20 pg per
mm? of surface area. In a particularly preferred embodiment, mitoxantrone should
20 be applied to the tympanostomy tube surface at a dose of 0.05 pg/mm?” — 3
pg/mm?.  As different polymer and non-polymer coatings will release mitoxantrone
at differing rates, the above dosing parameters should be utilized in combination
with the release rate of the drug from the tympanostomy tube surface such that a
minimum concentration of 10° - 10 M of mitoxantrone is maintained. It is
25 necessary to insure that drug concentrations on the surface exceed concentrations
of mitoxantrone known to be lethal to multipie 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

tympanostomy tube surface such that anti-infective activity is maintained for a
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up the tynpanostony tube, or applied without a carrier polymer, the total
dose of mtoxantrone applied should not exceed 5 ng (range of 0.01 g to 5
ng). I n awbD3pagsté cul arly preferred enbodi nent, the total pamaises/ 169 dr ug
applied should be in the range of 0.1 g to 1 ng. The dose per unit area
(i.e. the amobunt of drug as a function of the surface area of the portion
of the tynpanostony tube to which drug is applied and/or incorporated)
should fall within the range of 0.01 g - 20 .ig per mm2 of surface area.
In a particularly preferred enbodi ment, m toxantrone should 20 be appl I ed

to the tymRaABEFhAGHg itdAE sevdraRREurSito @ed@@en@ntr% O HpaMiBulady peéfBféd AS

di fferent polyner and non-polynmer coatings will release mtoxantrone at
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surface sug rfcgaiftﬁé"ahalo@b%trldéﬂva% ¥ &ambﬁréa&bnﬁ@ba%hfc%p@uné%\boa

03/ 099346 PCT S03/ 16719 period ranging fromseveral hours to sevéral

mont hs. | sompganditeidesas 9otpnéaermt@danfemmt$| anministéreddat inglfitee abbeased i n
effective concentrations ran nths. It

f 1 K, -
Shoul d be PREATFIEYS & parBeunh bl 8 polEnt A8 T Sntong s SdgTaoteinstieh IR 't ha
anal ogues te abehes Fy,%tméf(gﬁs @fc.yni toxantrone (as described 5 previously) with
similar functional activity can be utilized for the purposes of this

i nvention; the abovéb)dﬂypngpwaMBBerHtllm@g th&aﬂumdpm@mea&duomungmtas t he
eriva

e B e b PRI a By e BB b atndSr
S o o or DASPACTBNERY o R TUSUNS g shy Bl s one 1
Fl uor opyr itetebdesssofif-fludnoiunacit dpplitd lsbookiwotraxdee@ 250fmgitrange a0 pg to
15 250 mg). In a particularly preferred embodiment, the total amount of drug applied
should be in the range of 10 pg to 25 mg. The dose per unit area (i.e. the amount
of drug as a function of the surface area of the portion of the tympanostomy tube to
which drug is applied and/or incorporated) should fall within the range of 0.1 ug — 1
mg per mm? of surface area. In a particularly preferred embodiment, 5-fluorouracil
20 should be applied to the tympanostomy tube surface at a dose of 1.0 ug/mm?* — 50
ug/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 tympanostomy tube surface such that a
minimum concentration of 10*- 10”7 M of 5-fluorouracil is maintained. It is
25 necessary to insure that surface drug concentrations exceed concentrations of 5-
fluorouracil known to be lethal to numerous species of bacteria and fungi (i.e., are
in excess of 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
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an exanpl e, whether applied as a polyner coating, incorporated into the

pol ymers which nake up the tynpanostony tube, or applied without a carrier
pol yner, wbas/otst@l dose of 5-fluorouracil applied shoul dpraotusexomed 250 ng
(range of 1.0 g to 15 250 ng). In a particularly preferred enbodi nent, the
total anmount of drug applied should be in the range of 10 g to 25 ng. The
dose per unit area (i.e. the anount of drug as a function of the surface
area of the portion of the tynpanostony tube to which drug is applied

and/ or incorporated) should fall within the range of 0.1 g - 1 ng per m?

of sur f acepearioglaranymgafrgrarsel6tdl AbLIN torsehverdl esbraR®oth apatticularfy prefeptdpci | 20
shoul d be ap ed to the tynpanostony tube surface at a dose of 1.0 p.g/ m®R
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M of 5-fluorouracil is maintained. It is 25 necessary to insure that
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t ynpanost ony tube surface such that anti-infective activi ttggl s mai ntai ned
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nmont hs10 | tthe abuléd paearhee, letc gvi dent gi ven the discussions provided herein
that anal ogues and derivatives of 5-fluorouracil (as described 5
previously) with sinf)Bedephylotexias Hiitiziog the pedopiwlatoxinieteppsids as e
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S5-fluorouracil is adm nistered at half the above parameters, a conpound
hal f as pdet@htosg obetopasideanatied sheulddiht exceed 88 reg (renpe ef O1loug ke28bove

par arre{5e r Smg)e.tl?\'e} 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 g -
100 ug 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
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 tympanostomy tube surface such that a
concentration of 107 - 10 M of etoposide is maintained. It is 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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(c) Podophylotoxins Utilizing the podophyl otoxin etoposide as an exanple,
whet her applied as a polynmer coating, incorporated into the polynmers which
make up twe myngsasost oy tube, or applied without a carri ecTasoyneng the
total dose of etoposide applied should not exceed 25 ng (range of 0.1 .tg
to 25 15 ng). In a particularly preferred enbodi nent, the total anmount of
drug applied should be in the range of 1 g to 5 ng. The dose per unit area
(i.e. the anmobunt of drug as a function of the surface area of the portion
of the tynmpanostony tube to which drug is applied and/or incorporated)
shoul d f al hownstthisavéraémoattge lafa ﬂamﬂ:ulgrly pidfOrret! @neodinmaBt ke dug issce ar ea.

In a particularly preferred enbodi nent, etoposide 20 should be applled to
the tynpanG33a37 1P GHECUNS ForGENHRlIgNY 62 RAY rfngwsﬁzom Tgeelyr pon

di fferent f aRad by
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surface sucr} t hat concentration of 10-5 - -6 Mof etoposide is
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enbodi nment derivatiee adrwg\dafe/@tcsthm parebiecanpdured @ng.)a cd>mpaum eliee meotent
enbodi ment, etoposide i s released fromthe surface of the tynpanostony tube
such t hat %gfoppmdg& Adminjgieres ?R/h@'fsth%tmvsu%amﬁ&ﬁrsﬂa 5@?‘1985”‘? Qﬁlj ia8g from

sever al In a
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readily evi dentwtgsl ven the discussions provided herein that anal ogues and
deri vat i ve9eSHS@eB8ionsinievided hgeain thal camuinatiops Af antpeyrlisefie-r functi onal
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dosing par ARt er s ar e uste accor i ve potency of
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conpound tvm ce as potent as et o&c;m de is admnistered at half the above

par amet er sutiliged i gaberretherantidaciesiabagtiviy obthsplysiranostoray tibe eaadingd at
twice yhe aRaiLRy RAIRIEI&Gihgs (E5C-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.

Sinus Stents

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. Following an inflammatory insult such as an upper
respiratory tract infection or allergic rhinitis, a purulent form of sinusitis can

25 develop. Occasionally secretions can be retained in the sinus due to altered ciliary
function or obstruction of the opening (ostea) that drains the sinus. Incomplete

drainage makes the sinus prone to infection typically with Haemophilus influenza,

91



10 (d) Conbination therapy. It should be readily evident based upon the
di scussions provided herein that conbinations of anthracyclines (e.g.,
doxor ubi cwo 0/09931¢ oxant rone), fluoropyrimdines (e.g., 5-flcaarsosnaad|),
folic acid antagonists (e.g., nethotrexate) and podophyl otoxins (e.g.,
etoposide) can be wutilized to enhance the antibacterial activity of the

t ynpanost ony tube coating. 15 Simlarly anthracyclines (e.g., doxorubicin
or mtoxantrone), fluoropyrimdines (e.g., 5-fluorouracil), folic acid
antagoni sts (e.g., nethotrexate) and/or podophylotoxins (e.g., etoposide)

can be cor8itepastodclis pheasiohiaen MoraxdlialiapéirisalrRN Wetlonai,iFepidedccuggent s to
enhance efficacy. Sinus Stents 20 The sinuses are four pairs of holl ow
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Qccasional |y a st entnfertunatelidhesignts gae bekpoe ipfeptecat dvergomasby he | unmen

o b ORI S ekt PP el AR bR cBBlgE e
st ai nl ess wiuRPhIIGW ed8y MsRPdre remBIfAihIbldde PF a8foh@hs SENRUbd Ay 8adlly sever al
weeks before being renoved.
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
granulation tissue, does not scar in place and is less prone to infection would be
beneficial.
20 In a preferred embodiment, 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 to
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
25 surfaces; and/or (d) incorporated into the polymers which comprise the sinus stent.
Drug-coating of, or drug incorporation into, the sinus stent will allow
bacteriocidal drug levels to be achieved locally on the tube surface, thus reducing

the incidence of bacterial colonization (and subsequent development of sinusitis),

while producing negligible systemic exposure to the drugs. Although for some
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Unfortunately, the stents can becone infected or overgrown by granulation
tissue that renders themineffective. An effective sinus stent coating
woul d al Iwevoe@g9s4é nsertion, remain in place for as | ong a®Crausoggriy ed, be
easily renoved in the office wi thout 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

surgi cal renoval becones necessary). Therefore, devel opnent of a sinus
stent which does not becone obstructed by granulation tissue, does not
scar in plaeptapslymerit @afichs BREndOreghires ForQittadRHicht BEthe@08fth fhékinug0 I n a
preferred enbodi nent, doxorubicin, nitoxantrone, 5-fluorouracil and/or

et oposi de stged Sﬂm‘aﬁgl%&V@dalmﬂwnalccwlerﬁgar@mﬁrtl@dalmoswtablsinrfmendlmst he sinus

tent. Th tl
apel 1 ed 't grtatinght PhascdRF ingest e ediERtc TBER Suphpt AbhureBateng”
appl i ed t gelghechrdh8FR&IAL ééN[CﬁB'lam§férr|5f%;%ﬁromﬁ630mﬁ3'lsBﬁﬂﬁateﬁﬁﬂs} as a
coating applied to aII or parts of surfaces; and/or (d)

i ncor pér aﬂ‘é\ﬁDRﬁlScUlPlﬁ‘e ﬂGWﬁemtmlﬁth@R@THAW¥ [ETrRBismstenials]), acrylic

Dr t t t th tent |1
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devel opnment “of sinusitis), | e produci ng negligi ble systemc exposure to
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pol yneric ca rs arﬁ n& r q[lee for attachnment of the drug to the sinus
stent surfP4EE te Vsl 23 Giﬂ‘g E®rriers are particularly suitable for use

in thig enbodi nent As@n&%tbh&%r@grbﬁé?dﬁt%tsa?ﬁ@c&‘?llp)féﬁfd aFrﬁfl f&:ﬂ&f‘mh as
pol yuret hanes (e.g Chr onoFl ex CT Biomaterials roMed640TM
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Bi materl or, methacrylic c lymers (e.q. ,

ol v et hy Ttaueadibad plopoSiedy coatnd sings STeits Brsientica Yadhase desgribed

ni trocel | ywhese fortghpdhesenfyagbase Butyrate, Cellul ose acetate propionate),
acrylate and net hacryl ate copolyners (e.g. poly(ethyl ene-co-vinyl

acetate)) as well as blends thereof.
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 complications are frequent and can be extremely

serious. The infection can ascend to the kidneys causing acute pyelonephritis
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10 As sinus stents are prone to the sane conplications and infections from
the sane bacteria, the dosing guidelines for doxorubicin, mtoxantrone, 5-

f | uor our aw0lo3asd4@et oposi de in coating sinus stents are ideotrivsad/i7o t hose
descri bed above for tynpanostony tubes. G Infections Associated with

Urol ogical Inplants 15 I nplanted nedical devices are used in the urinary
tract with greater frequency than in any other body system and have sone
of the highest rates of infection. In fact, the great majority of urinary
devi ces becone infected if they remain in place for a prol onged period of

time and awkich ken mesilit ioerarhgcans Bngfternm kipryHantagelf Reihiaps of ghedibstnar y
(Foley) Catheters Four-to-five mllion bladder catheters are inserted into
hospi t al | ZoACeRUEitBa( 2% viskyf gexelopingigramunegativesersisqtherfigk igud-imesn of
cat heteri ' i ol I ' l2nb | ent Y ing a
clinicall ﬁ':‘ég}ﬂ? F?E@%’%‘eﬁmﬁ&ebﬁéqé %’?ﬁég"j“?gafo(e? 307% ?ﬁ?@é%.g%ﬁ(hﬁ@} §%@§g 5-10%

per day t hetretiedy pifiduititd tiedit aad Raheesaeid. septit Rouek ard debf{up ©YsEh bfs can
be treated with a_short course of antibiotics (with or without renoval of

the cathetRatigntsyeTheigboreotinre existona sigaificant medioal naad te arpduse dxpraves! y

ovel onephi s ESREE0FBRE R Rl it 6% S B PESenim scarring
and | ong toathoteiizbipyatidmmage. Per haps of greatest concern is the 1-2%ri sk

of devel opi ng gram negative sepsis (the risk is 3-tines higher in
cat heteri zed pati entl§€dnest£oayUAR Sapsg oBipdedipnds baetesadypiaaiciouodin the

R ST Y ghih b phinddin 83 3B 6 o QBRI G RSB ERESS  1

to 50% of S ore, there'exis cal need

to protluceormplipsesile blatoer \Baaehetan beapidl ditdthe dugénes (Haccdthetedance of
urinary tract infection in catheterized patients. The nost common cause of

i nf ect i on INserigdl gain eDtEKYia dhe pheath v @xudater dhattssrsiungs the cathetan andior ar e

o hoer. LR TLREEE L R GRS S et A
able to adhere to the catheter and form a biofilm that provides a protected site 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 Staphylococcus saprophyticus. Patients who are
catheterized for long periods of time are prone to polymicrobial infections caused
by all of the organisms previously mentioned as well as Providencia stuartii,

20 Morganella morganii 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,
pyelonephritis, and/ or sepsis. In a preferred embodiment, doxorubicin,
mitoxantrone, 5-fluorouracil and/or etoposide are formulated into a coating applied
to the surface of the urinary catheter. The drug(s) can be applied in several

manners: (a) as a coating applied to the external surface of the urinary catheter;
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inserted, gain entry via the sheath of exudates that surrounds the
catheter, and/or travel intralumnally inside the catheter tubing. Several
speci es oWwolBobsns a are able to adhere to the catheter amdTimosn&1di ofil m
that provides a protected site for growh. Wth short-term '

cat heterization, single organisminfections are nost 15 conmon and are
typically due to Escherichia coli, Enterococci, Pseudononas aerugi nosa,

Kl ebsi el l a, Proteus, Enterobacter, Staphyl ococcus epidermdis,

St aphyl ococcus aureus and Staphyl ococcus saprophyticus. Patients who are
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The drug(s) can be applied in several manners: (a) as a coating applied to
t he ext er rXPOSUFE todBesirugh eAlthaughr for sameeaagants palyerio 320998 462 not

of 't he ur i'8agyed it e thefe Bt g8k W whfark St CiMBioe) SRR & oF bot
surfaces; pungheric tairiersary partiatiady s0k4blé f6r uROINMARISMBEdifene 0P paRR uldRe

urinary catheter. Drug-coating of, or drug incorporation into, the urinary
cat het er \interestsre pobnericceariescushl asdpalgurethasnes (eq. behesioFiexed- 898al |y on

col oni zat 151 SaRERE Tsh B A YA der Ho bRt T BYPROSEFERTIST i on and
bact er eni Bioméférs]p HYDROTHANEIMi[gTIBiBN =SR], a®WRASUREtHaenliBe dr ugs.
Al t hough for sonme agents polyneric carriers are not required for

at t achnmentcopplynrrs degg poly(ethgleneiceaagrylicaacidl, eelldlose-slesyved polymars (e.g.

15 nitrocellulose, Cellulose Acetate Butyrate, Cellulose acetate propionate), acrylate
and methacrylate copolymers (e.g. poly(ethylene-co-vinyl acetate)) as well as
blends thereof.

As urinary catheters (e.g. Foley catheters, suprapubic catheters) are
made in a variety of configurations and sizes, the exact dose administered will vary

20 with device size, surface area and design. However, certain principles can be
applied in the application of this art. Drug dose can be calculated as a function of
dose per unit area (of the portion of the device being coated), 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
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10 polyneric carriers are particularly suitable for use in this enbodi nent.
O particular interest are polyneric carriers such as polyurethanes (e.g.,
Chr onoFl ewoAB/ 08846 [ CT Bi omateri al s], HydroMed640TM [ CT Bi ecatusos/ad7sg ,
HYDROSLIP CTM [CT Bionmaterial s], HYDROTHANETM [ CT Bi omaterials]), acrylic
or nethacrylic copolyners (e.g. poly(ethylene-co-acrylic acid),

cel l ul ose-derived polyners (e.g. 15 nitrocellul ose, Cellul ose Acetate
Butyrate, Cellul ose acetate propionate), acrylate and nethacrylate
copolynmers (e.g. poly(ethylene-co-vinyl acetate)) as well as bl ends
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adni ni st er®d ngitP125mey I paitichady dreferredambedirfent dhetetal amauniesfidyng

, A li.ed i lication,.of . thi .
br g dose e anBUpEH 868 S5 B 6ifer TredBe Bl LRl Enesr 1 e
portion ofanidintdsdrGaleififctipadfafe suHatalarel 8othdQsRtiorpnthai inghed can be

measured and appropriate surface concentrations of active drug can be
det er nihefatiRigaionvbish dsig isreppiied eod/@rfineppbrated) sould falllwitiin the tange5 t he

i f d.anti ts d i
corbi nat | oh 00 Ehe 8Bl St o SPiee SRR BrePrlrvElY RefaB8ing oul del i nes:
(a) Anthr agytsddimesnt, ddkbhitadingnblig ENAbYIREMS the Grif 9K daihétel Bulsccdst a exanpl e,

whet her applied as a po%}yrrer coatjng, incorporat ed’into the polynmers which
make up t K@sgaffat pomamhet1drng/ompondatdifferent pglpimee dndinohepalymecesatings 95 WO
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range of 1 g to 5 ng. The dose per unit area T(7i .€. the anount of drug as a
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at a dose of 0.1 g/me 10 g/ mR2. As different polyner and non-polyner
coat i ngs species of bacteria and fungi (i.e., are in excess of 10™*M; although for some
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. [n a particularly preferred embodiment the drug is released in effective
concentrations for a period ranging from 1 hour — 1 month. It should be readily
20 evident given the discussions provided herein that analogues and derivatives of
doxorubicin (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 doxorubicin is administered
25 at half the above parameters, a compound half as potent as doxorubicin is
administered at twice the above parameters, etc.).
Utilizing mitoxantrone as another example of an anthracycline,

whether applied as a polymer coating, incorporated into the polymers which make

up the urinary catheter, or applied without a carrier polymer, the total dose of
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will release doxorubicin at differing rates, the above dosing paraneters
should be 10 utilized in conbination with the release rate of the drug from
t he urinawg ocavyseé er surface such that a m ni rum concent ratusa3/od7140- 7 -
10-4 M of doxorubicin is naintained on the surface. It is necessary to
insure that surface drug concentrations exceed concentrations of ‘
doxorubicin known to be lethal to nultiple species of bacteria and fungi
(i.e., are in excess of 104 M although for some 15 enbodi nents | ower
concentrations are sufficient). In a preferred enbodi nent, doxorubicin is
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activity is maintained for a period rangin m sever a to several
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conpound (@%.O?gu'g%(f?pﬁﬁfﬁdqf‘\ﬂ ‘g%%ﬁ%"aﬂbpf-ﬁ{?"%‘% egpadimsnt initoxanizens ahewldr ed
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is adm nistered at tw ce the above paraneters, etc.)
ni t oxant r dreediffereat polyerereatanmore polymen caatifgsawiicklease mithaintreneappl i ed as a

Cat bt cr . BFeTEAIS T BROE JaE4 PRI relBE) a3 beHiged @ CorBBaten wEhie
03/ 099346 ] '
(ranggﬁgf t@%@%??%@? %WB@‘?P ﬁr&%{}?g{t@&gfg&gér%e e éggﬁnﬂﬂﬁﬁhe

t ot al anowoncedftratiangofalil- Ha* Mhofuhidoxamtione i$ heaintainge. df isthekbegsdrg td my. The
dose per unit he amount of drug as a function of the surface

area of t H@%S%%g#{&é?gf‘ﬁ%"t[ﬁti%&%ﬂ BgHERE? SxEeqdh PeRCrAgoNs o6 appl i ed
oL o SPBBERRLI B Bl KA i alcf Shafig i 3%
shoul d bexapgs oetD1M; titkough forispmeserbodiments foaes datig ieveaseilltfe 0. 05 g/ M2
-3 p.% mé%]fﬁcient). In a preferred embodiment, mitoxantrone is released from the urinary
catheter surface such that anti-infective activity is maintained for a period ranging
from several hours to several months. In a particularly preferred embodiment the
drug is released in effective concentrations for a period ranging from 1 hour — 1
month. It should be readily evident given the discussions provided herein that
20 analogues and derivatives of mitoxantrone (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 catheter, or applied without a carrier polymer, the total
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As different polyner and non-pol ymer coatings will release m toxantrone at
differing rates, the above dosing paraneters should be utilized in

conbi nat iwD 0094340 t he rel ease rate of the drug from thepamiusas/ys7eat het er
surface such that a m nimum concentration of 10-5 - 10-6 M of mtoxantrone
Is maintained. It is necessary to 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 (i.e. are in excess of 10-5 M

al t hough for sonme enbodi nents |ower drug levels will be 15 sufficient). In

a pr ef er r etbsendf &dflumnuracitidppied shoule aner(&erJaBMn'fg(mmgdﬂ@f UOIugRtby250cat het er
surface such that anti-infective activity is maintained for a period

ranging fF8m I5e, RATEUIRE Y PEet ?Ueg(@\/n@m'mﬁﬁhﬁ%tot@'@raoquﬁdw apPNedor ef err ed
embodi mentsph{ify éjfdjlgre'r%néglo?qﬁig t%) shoé ﬁ%lgS?gggFﬁH& E?éddggs tHe! Oémﬁu&ﬁ“ od

rangi ng from 1 our y evi

di scussi omf dpngpas de‘dnbtmmoﬂthé@&ﬁaa@a%wbﬂgaqmrmrdoﬂmwutmbry/&&h@fer to
m t oxa as descri bed previously simlar functional activity

can be t.VY '% gy Etprﬁ’@eﬁ@ﬁﬂ@é%c%ﬁmf?iﬁ@ shaulgfall svithin the rapee ef Odlokg nd'
par anet er Sm&?er e I@égJﬁaégEeaqeé‘; ﬁP%Q?H%uLaQIy;ATEferr%oaérhggdl %%?@Hué’{gu?%cﬁp ound

anal ogue or nt- conmpoun

twi ce as rsobehtbeiapphe:d)boahé uoinary cathetet suShes a0a dbsdak fi.ot igymmkrov g0
par amet er s, 5 conmpound hal f as Jootent as mtoxantrone is adm ni stered at

twi ce the P@HG /b%ﬂﬁfﬁé%rpao,'yfa%ar) neypolyMfscopYings vl felsnserd-fluerongadine
LLFSLEPVL?SP?*%@?#C&S?%?%*E%' ot R aud BRI fRor, i nar

cat het# , with thppkieade watehsfuhe dr@gafrdjmethe mmhuﬁpdjathéié@ stifaed sQoh tWat 43/ 099346
PCT/ USOS/ 16719 dose of 5-fluorp &:'led shoul d not exceed 250 ng
(range of Minimuy qopceninatiqrgf 1q 1:9 erQfl UPHIAGH ieMmaintaimed nibogi rrent t he

dose por depseriid fetROHeRurBarlhid dihaRirylind Ao inBr ST ace

area of t Imﬂopnrrambknom‘m tdbe lothalas Zwarirbes epedies bf Bhdteha @hégur*@ (ﬂ@beeed
and/ or incorporated) should fall vmthlntherawge of 0.1 .ig 1 ng per m®

of surfacd §KeRSS cffn1)0a Mazlthaughder sope embhadimentsdowenang, legels mibbsur aci |
15 sufficient). In a preferred embodiment, 5-fluorouracil is released from the urinary

catheter surface such that anti-infective activity is maintained for a period ranging
from several hours to several months. In a particularly preferred embodiment the
drug is released in effective concentrations for a period ranging from 1 hour — 1
month. It should be readily evident given the discussions provided herein that
20 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
twice as potent as 5-fluorouracil is administered at half the above parameters, a
25 compound half as potent as 5-flucrouracil is administered at twice the above
pararﬁeters, etc.).
(c) Podophylotoxins Utilizing the podophylotoxin etoposide as an
example, whether applied as a polymer coating, incorporated into the polymers

which make up the urinary catheter, or applied without a carrier polymer, the total
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shoul d be applied to the urinary catheter surface at a dose of 1.0 .ig/ m?
- 50 g/mR. As different polyner and non-pol yner coatings will rel ease
5-f1 uor ouweamslovszas¢ di ffering rates, the above dosi ng parametrarses/sitoul d be
utilized in conbination 10 with the release rate of the drug fromthe
urinary catheter surface such that a m ninum concentration of 104 - 10-7 M
of 5-fluorouracil is maintained. It is necessary to insure that surface
drug concentrations exceed concentrations of 5- fluorouracil known to be

| et hal to nunerous species of bacteria and fungi (i.e., are in excess of
104 M al t¢hosegdf dtoposiderapplidabshorddnst bxcemd 25 mg (ravge sf Ovlllg foe25lng). In

suffici ent%. I.n refferred enbodi nent, 5-fluorouracil is released fromthe
urinary c Pﬁg'ccé‘%_r@@rr? geedsePediment.4he totahameynt,f drgappligd skowdibetigi ned
for a peripd réﬁ@?bf‘gggftb%g.e’fﬁé@bs?%‘é’?gnﬁgréfﬁ%r. e gﬂghh§of¢rpg%siave

particularly preferr enbodi nent t r Is released 1n e
concent r atfuonsorf of tha spefate dreanfinegpdrtiomoftheournary tathetarttb.wHith dhguisd be
readily_evid .n%@g\id en the discussi ongeélprovi ded herein that 20 anal ogues and

deri vat ? ve¥PRIE YdreriPacated) oud &lirwibun the @nos iGN T worH08iug perr
: S A8 J R e th
funct i onal maetdribic& arealany Wlw@g}@g?%ﬂédw&gﬁﬁgngc?@%&dréegg@a pgn: the

above dosing paraneters are then a accor ve

pot ency ofapiied tatiz ognay @athtser siafacecatasdespil ¢ dug/mni’he 19 aganin.c oxgpound
(e.g. a congound twice gs potent as 5-fluorouracil is adm nistered at half
t he above PHPEREPRYEET aNNORRRIYNIRA CRalinasWill feleane eirposide aliterngi | i s
adm ni ster ' , ; Avl.Qf oxi ns
Utilizing I?ﬁeesqg%%é%ﬁ% %‘%.%r)‘( Eggﬁ%gg e ell(gbgnmﬁﬁeg%#p?éerﬁgmﬁg?ﬁg}r& Kéﬁ% ied as a

pol ymet0 c aatease, ratenafahedrad frdmi thieaurinaey pathgtezrstirfaslisabh twdtea coghdehration nary
catheter, or, applied without a carrier polynmer, the total 98 WO 03/ 099346
PCT/ US03/ 1979 - oM A etenasiissisdraigtained dit inpetassab: odRswethabsyracer ange of
0.1 gto Lol r di |, anmount
ot L ab g apt BEgnchlratirB L6 cBht g o BbtRALKIERN 10 bORA'E e D]

area (i . e.vdriety ahmaoterinand furgi de. are iniordassrofa thealthouader esrre of the
portion of the urinary catheter to which drug is 5 applied and/or
i ncor por at¥APOLMSIMSIoWEr Aryg tavels wildersiff@en). h apr %fgf"eg(ﬁﬁan(bmﬁéh

15 etoposide is released from the surface of the urinary catheter such that anti-
infective activity is maintained for a period ranging from several hours to several
months. In a particularly preferred embodiment the drug is released in effective
concentrations for a period ranging from 1 hour — 1 month. It should be readily
evident given the discussions provided herein that analogues and derivatives of

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 podophylotoxins (e.g., etoposide) can be
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m2 of surface area. In a particularly preferred enbodi nent, etoposide
should be applied to the urinary catheter surface at a dose of 0.1 g/m®2 -
10 g/ nm2.wo3/0ek3hd er ent pol yner and non- pol yner coati ngs WCrlusngl@ase
etoposide at differing rates, the above dosing paraneters should be
utilized in conbination with the 10 release rate of the drug fromthe
urinary catheter surface such that a concentration of 10-5 - 10-6 M of
etoposide is maintained. It is necessary to insure that surface drug
concentrations exceed concentrations of etoposide known to be lethal to a

vari ety ofutitiaed ¢ esharue thergitibbétetial adtwity of thecairmrptathtér ddatingt hough for
sonme enbodj nents |lower drug |evels will be suffici enté. In a preferred
enbodi nentSiMmilagy gpthsacydiees & geldexeatpigin ermitxariienelc Bueppymaidinesierg:.
catheter su . el V€ Vi j j i neri od
rangi ng f fécj)ﬁﬁhbs&e)\t/}g%cgf}qélgcu?égtag?éggbgsrtgfé'g "o n%ﬂé&e)@ég&%ﬁaﬁ ?&%%M?t%lﬂgr eferred

enbodi ment(etgheetdpogidé scarebe asebindt With eatbitivhal aribistietdrl/dboasifldala period
ranging from1l hour - 1 nonth. It should be readily evident given the

di scuss? orf9epEolp ed@nseefliGgaCyhat anal ogues and derivatives of 20 etoposide
(as described previously) with simlar functional activity can be utilized
for the purposes of this invention; the above dosing paraneters are then
adj ust ed UretarabStegtst o the rel ati ve potency of the anal ogue or derivative
as conpared to the arent conpound (e.g. a conpound twi ce as potent as

et oposi de i s adni ni éﬁeﬁe&! stents [age hotlow talbrs with Apleseleng thessidesrpoditilhal f as

N . . ;o ) h :
orc ). (o enes b o repHnfilr At “URafth lsbhy EienerPiel iR oBRE ol on
the di scugsawrl tpy steheedr hrflighaindy)ato faeiiite Bid Sassagk IRtIHARCYELD ARw (€. .,
doxorubicin or mtoxantrone), fluoropyrimdines (e.g., 5-fluorouracil),

fol i c Hti dealing afuisteratapastgmosas oninraks allaving surgssyieprauoweoxiney qre. g. |
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ant hr acyclmigesbidi®idilm foaebHRIpbE0% offutQ¥rNEicpieand BOUPaSRIEH Bighificast
(e.g., b5-fluorouracil), folic acid antagonists (e.g., nethotrexate) and

podophy! otb@gtaigria pithdhe insidanseiinenpasing the lengesithe atet ishintnlags. t i onal
anti bi oti CPs%ﬂ%%%nggtaiema?rqgéa 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 saits. 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 internal

(luminal) surface of the ureteral stent; (c) as a coating applied to all or parts of both
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5 agents to enhance efficacy. Ueteral Stents Ureteral stents are hol | ow
tubes with holes along the sides and coils at either end to prevent

m grat i orwosetsu@al stents are used to relieve obstructi oreT/(SoaUTed by
stones or malignancy), to facilitate the passage of stones, or to allow 10
heal i ng of ureteral anastonbses or |eaks follow ng surgery or trauma. They
are placed endoscopically via the bl adder or percutaneously via the
kidney. A mcrobial biofilmfornms on up to 90% of ureteral stents and 30%
devel op significant bacteruria with the incidence increasing the |onger
the stent dusfacBsPhii6r (d) RsusOaRPIRtARYsHiass Whichhenifik thetmaaraat hogen,
but Enterococci, 15 Staphylococcus aureus and Candi da al so cause infection.
Ef f ect i ve SteRlat ment frequently requires stent renoval in addition to

anti biotic therapy. fortunatel y, . ureteral n bec i.nfected or
encrusted with uri ngk‘p@fr%tdrp%%&rpqrﬁﬁ% éftﬁ'g ni té’V' ective
ureteral SéIIQWbé?&éﬁcbdi&lal\mudﬂéve%tb% San¥védReaNy @mhé%ﬂt Qur‘fébdﬁ)'tlﬂﬁ?é? for as
long as_is required, be easily renoved, 20 resist infection and prevent the

f or mat i ®n reducing tlag {ncistence of Phetesitbealpnidatien (andesubseatient develapraentsifent
ranul tlontls not sc

bl 'ace and EEBERE BrRE ket o Mg s bl dhea RS sy StoFTe atiisuf€R oo

enbodi mentthe AeXGY. URItIUGh BT §ma@§@ﬁ&epol§mtehé@émerr§@ré nofrd@LREd gdroposi de are
formul ated into a coating ied to the surface of the ureteral 25 stent.

The dr ug(@ﬂa@ame@éoaﬁmdm t@ ﬂw%leﬂeéeral stenhagiace, sayeratpalyowdicioagie@Eiréed to
the exter rface he ureteral stent;:, ( pplied.to the
i nt ernal np%rmﬁ"f%ry ?“'9%?@96&38#”% %emb&dgpght ‘?‘)e?ﬁ"%‘:@é '”g%reapé a(? lWBe%\‘bpl i ed
to al l1er pwiés sQ:Eh@%tdblydr@@laW@s%/gOWﬁoP@I/AllW { [O7 BomsterbRges: and or
(d) incorporated int ol ymers whi ch Be ureteral “stent.

Dr ug- coat iHigireMed640 r[Q:;T Brmﬂtp@alal ﬂﬁfDlR@ﬁL [GTRiematerilslnt will al |l ow

pactor o)W oL, U Pl eSO BN Sl i oo M
devel opnergolykthylene-co-acrylic acid), cellulose-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 identical to those
20 described 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 urethral
strictures, detruso-external sphincter dyssynergia and bladder outlet 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

aeruginosa, Enterococci, Staphylococcus aureus, Serratia and Candida.
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pyel onephritis and/or bacteremi a), while producing negligible systemc
exposure to the drugs. Although for sone agents polyneric carriers are not
requi r ed worsosst@achnment of the drug to the ureteral stentcIwshaocg)o sever al
polymeric carriers are particularly suitable for use in this enbodi nent.
O particular interest are polyneric 10 carriers such as pol yurethanes
(e.g., ChronoFlex AL 85A [CT Biomaterials], HydroMed640TM [CT

Bi omaterial s], HYDROSLIP CTM[CT Biomaterials], HYDROTHANETM [ CT

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

pol y( et hylTeeatnuent af infécted atariy freqeehtil RGeS By stechi® ahybielis thetaly and
nitrocellulose, Cellulose Acetate Butyrate, Cellul ose acetate propionate),
acryl at e &a@0Y8! ofdbpgevigeat e copol ymers (e.g. pol y(et hyl ene- co- vi nyl

ccelate)) e vell e bbdse JABEA Sl SoliFL6E ARACB S, AEaBHERETAg

sanme conplications ect1 ons fom sane

gui del i nesn pricedoxas [0Pgeiss rehlifed e euxfly rémolédlaesidt Mfedtioanthdehrepest de in
coating ureteral stents are identical to those 20 described above for
uri nar% c e fareration b weipany, saltsl iTkerefaee, fdsvaigpatant 9§ adsetbraliséent whieh ur i nary

Srents. L ke 4R bELSRR SRl SRy RS rBads S et SEd ATt Bora

st ri ct ur esessdmrohe 20 irfsttRinaduldid teidficiglyssyner gi a and bl adder outl et
obstruction 25 due to benign prostatic hypertrophy. The stents are

typical |y sel f - expahtfmiefargd @mprstieentidoxetubicisupiexantwne, Siftupnounacil

st ai nl ess I r cti . e t offen eto

Coagul ase U o B hgRRec o Biieahl aoBlid R ik ® o s e

St aphyloc gearts Tagldug(s) S batdppliedth SevstatRanAdrs: A0 £33 089FHPappliedto
PCT/ US03/ 16719 Treatment of infected stents frequently requires systemc
ant i bi ot i e AXlesnd} suface petheviethsal staat; (R\asce coalingaprliad tedhaintermnadl st ent

Comt 9 Rl NS o] 73 efhaB el 5 MBI T ol s on
of uri nar gugatés andner(@f meerpotsicalifd BB tpoRimars WiRtEampsite the WRitRIAI
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. Although for some agents polymeric carriers are not required for

20 attachment of the drug to the ureteral stent surface, several polymeric carriers are
particularly suitable for use in this embodiment. Of particular interest are 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. nitrocellulose,
Cellulose Acetate Butyrate, Cellulose acetate propionate), acrylate and
methacrylate copolymers (e.g. poly(ethylene-co-vinyl acetate)) as well as blends

thereof.
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does not becone obstructed by granulation tissue, does not scar in place
and is less prone to infection would be beneficial. In a preferred

enbodi nerwp odoswrabi ci n, mtoxantrone, 5-fluorouracil anacaruses/ogosi de are
formul ated into a coating applied to the surface of the urethral 10 stent.
The drug(s) can be applied in several manners: (a) as a coating applied to
the external surface of the urethral stent; (b) as a coating applied to the
internal (lumnal) surface of the urethral stent; (c) as a coating applied
to all or parts of both surfaces; and/or (d) incorporated into the

pol yners whi ch conpAissgethnal sieststarabrorss mrthe shndcommplicaions @ndfinfeationl ug
incorporatlon into, the urethral stent wl allom/bacter|OC|daI dr ug

| evel s t o 98" Hiensan)e Farteria) We W'?%@U@?E’Pﬁs fon dexeribigin fAItoXAWORENE- t he

i nci dence g [ t of

pyel onephr I{J%@@%ﬁ%@é@@% @r% e'ﬁn a?%t\}/v&&{?grﬁ?@%#%’Hﬁgﬁ%ﬁg{?%esyst em c

exposur e tdescritied abagsfor Arihbgugithéters. sidoweagre nhBkepthleyfornilationy déstribedr e not

r equi red for 20 attachnment of the drug to the ureteral stent surface,

sever al® p(ﬁ‘PrWHé'ﬁ%C%%‘PF‘?rér@rUeréleaﬁﬁrshPH'&’l%ﬁquj'/°¥ﬁ'|'@QHP@‘H“M?GKJB@ i this

enbodi nent. O part| cular interest are polyneric carriers such as

pol yur et hanes (e. g. ChronoFI ex AL 85A [CT Biomaterials], HydroMed640TM
p$thet ¢ SM [CT Biomateri al s] HYDROTHANETM[CT

Bi omat er i aI s] ) acr¥)l ic or t hacryl i c copol yners .

pol y( et hyl ene- co- acFyesteetichlgsiderghingtescargdisegdda tmtmpgn@@egand
nitrocell r i onate),
acryl ate ghﬁét%,“ tcﬁﬁ%n%%ﬁ?@e@gl%gtﬁ%ﬁ%rsé% e p|‘;§éhqgh9§§%r§§§$gﬂ\£/§h d%gcet ate))
as wel | asphineteds cat iberceofiplich@sd W]n‘féﬂtﬁaqaé@alwlth@ﬂ?dtBGﬁdnﬂths/é‘fteur et hral
stents are prone to the sanme conplications and infections fromthe sane

bact erfida, SHIIENL4ithGOgaLeriNrasative Stapiviraasctiintlusing Staphyierascus.- |
fl t
those. - aeepideRfisl SBENyREobE.S SEL TP M fdhhag dENbRACERBESRIER 1 ©

f or mul at i Gesratiastwdi Cartida f Mfeuromuarchamérezeemy felier @rytears thdupgtidrd occur

over a 2 to 24 week period.
and purulent drainage from the operative site. The usual route of infection is

through the incision at the time of surgery and up to 3% of prosthetic bladder
15 sphincters become infected despite the best sterile surgical technique. To help
combat this, intraoperative irrigation with antibiotic solutions is often employed.

Treatment of infections of prosthetic bladder sphincters requires
complete removal of the device and antibiotic therapy; replacement of the device
must often be delayed for 3-6 months after the infection has cleared. An effective

20 prosthetic bladder sphincter coating would resist infection and reduce the
incidence of re-intervention.

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;
and/or (b) incorporated into the polymers which comprise the prosthetic bladder

sphincter.
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Prost heti c Bl adder Sphincters Prosthetic bl adder sphincters are used to
treat incontinence and generally consist of a periurethral inplant. The

pl acementwofo3pywsd heti ¢ bl adder sphincters can be conpli earaody7inf ecti on
(usually in the first 6 nonths after 10 surgery) w th Coagul ase Negative

St aphyl ococci (i ncluding Staphyl ococcus epidermdis), Staphylococcus

aur eus, Pseudonobnas aerugi nosa, Enterococci, Serratia and Candi da.
Infection is characterized by fever, erythema, induration and purul ent

drai nage fromthe operative site. The usual route of infection is through

the incision at theDrugRoating ¢f ardrug@itorsbrafiorsitef therppssthelid slaBhadder 15
sphincters becone infected despite the best sterile surgical technique. To

hel p contsahincteravill aHewmstariacidas dryg leyalsiterpemamevast iopaliy, thusgeducingns i s

requi r o5 (Etient R oldloaibh B fup SieERbl bt dorERLrPElF acement
of the dewngifor woliid fdctibnPeviiliRl phegdcihg hedligibROsshsmifdxostifeaoithbect i on has

cleared. An effective 20 prosthetic b a_dger _sphincter coating would resi st
i nf ect i<on daw@s. r Athaugh fiee somgcageate polymerie-caniers\asa nobrequineddorpr ef er r ed

nbodi ment i Ci i, t t - i | d/ t i d
ool ot oatiaRRRat et fen G1d M BIsRRTE Haddet RpRICR < B8 b brdln. o bl adder
sphi nct er polyigedl tLHiS)s SR pdrEc AN is@idadlé‘f(ﬁ'Q)é%riﬁI'thimﬁl%oﬁmeﬁ?)Oﬁéar%%ul%r

coating applied to the external surface of the prosthetic bladder
sphi nct er jntetasipse pelymerisarprRisauet asrnalyurathapesy awr SChionohlexMpdsAe t he

b Ug- coat 1570 Egpmatsrial OBl Ieh Bomaterey Y RSk P ieTuer
sphi ncfeer BMMb;@ialngvameiEdw[cwlrsi&nh?ef%hss]),ta@r;hi@ ATheRuedi¢ ocal Iy, thus

reducing the incidence of bacterial colonization (and subsequent
devel opnegepelymeare{ &g poky(ethylanecovanylit acid e celldnie-derivedpplymens (ag.

neol O bl S oS, ARTBS Bk Biofalt Calingth aRRel o RS s208REE
pr ost het i anllrAgthatns4tbidapbRimery (. 8C BolyfMPEBAL-co-vinyl acetate)) as well as
blends thereof.

15 As prosthetic bladder sphincters are prone to infections caused 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 implants 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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polyneric carriers are particularly suitable for use in this enbodinent. O
particular interest are polyneric carriers such as polyurethanes (e.g.,
Chr onoFl exoAB/o8B4 [ CT Bi omaterial s], HydroMed640TM [ CT Bi eacmtusnd/ad7sq ,
HYDROSLIP CTM [CT 10 Biomaterials], HYDROTHANETM [ CT Bi onaterial s]),
acrylic or methacrylic copolyners (e.g. poly(ethylene-co-acrylic acid),
cel l ul ose-derived polyners (e.g. nitrocellulose, Cellul ose Acetate
Butyrate, Cellul ose acetate propionate), acrylate and nethacrylate
copolynmers (e.g. polyethylene-co-vinyl acetate)) as well as bl ends

thereof . lihdéeatiphesidrirlenblamtite FOMitAe bperatREItB! TRE ubQall BLRCHf ons caused
by the sane bacteria as occur with urinary catheters, the dosing
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for uri naryomigtiBiseintracBeridive alrigaten Athditivldtic @efition8 Y& bftén emipfoydd. week
period. Penile Inplants Penile inplants are used to treat erectile
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St aphyl ococcus aureus, Pseudononas aerugi nosa, Enterococci, Serratia and
Candi da. Teeatingywuld repistiislection podreduse thadecidernse afvesntereentionf ect t he
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the time of surgery and up to 3% of peni inmpl ants becone infected
despi t e t HEWPkRYt Thedlrugs) san decanplied imaegrral maonerst (a) asoarbaatinchapplied

L 0! S hE b REp S SEMI RSP Bl o B TR e of
t he devi cepaiflerWhieh @ohiprisB@hapinilé fRRpIARENMENt of the device must often be
‘ Drug-coating of, or drug incorporation into, the penile implant will
15 allow bacteriocidal drug levels to be achieved locally, thus reducing the incidence
of bacterial colonization (and subsequent development of local infection and
device failure), while producing negligible systemic exposure to the drugs.
Although for some agents polymeric carriers are not required for attachment of the
drug to the penile implant surface, several polymeric carriers are particularly
20 suitable for 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 doxorubicin,
mitoxantrone, 5-fluorouracil and etoposide in coating penile implants are identical
to those described above for urinary catheters. However, unlike the formulations
25 described for urinary catheters, drug release should occur over a 2 to 24 week

period.
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del ayed for 3-6 nonths after the infection has cleared. An effective penile
I nplant  coating would resist infection and reduce the incidence of
re-interwsotooses4d n a preferred enbodi ment, doxorubicin, RrCTmsasia7one,
5-fluorouracil 10 and/or etoposide are fornulated into a coating applied
to the surface of the penile inplant. The drug(s) can be applied in
several manners: (a) as a coating applied to the external surface of the
penile inplant; and/or (b) incorporated into the polyners which conprise
the penile inplant. Drug-coating of, or drug incorporation into, the penile
implant will 15 al IrdectiastAssooctedivitdrirgidimebés| dral bachebstergdlubesal |y,

t hus reducing the incidence of bacterial colonization (and subsequent
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for urinary catheters, drug rel ease should occur over a 2 to 24 week
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acute setting, while tracheostony tubes are 5 used when prol onge
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electively (i.e. for elective surgery), less than 1 % will develop a nosocomial

15 pneumonia. However, patients who are severely ill with ARDS (Adult Respiratory
Distress Syndrome) have a greater than 50% chance of developing a nosocomial
pneumonia. It is thought 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 colonized 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 (8%),

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 would prevent or reduce the incidence of pneumonia, sepsis and death. In
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patients. In the intensive care unit, nosocom al pneunonia is a frequent
cause 10 death with fatality rates over 50% Survivors spend on average 2
weeks | omgerosiom34hospi tal and the annual cost of treatnentrcrasob/osesto $2
billion. Bacterial pneunbnia is the nost common cause of excess norbidity
and nortality in patients who require intubation. In patients who are

I ntubated electively (i.e. for elective surgery), less than 1 %w ||
devel op a nosocom al 15 pneunoni a. However, patients who are severely ill
with ARDS (Adult Respiratory Distress Syndrone) have a greater than 50%
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woul d  r esinslotiaghealitube ontracheesiemy tubrs (bpasatdoatingfapplied td theiinterm@l t ube.

An effecti . ' | d r.r ce,the ingiden of  pneunoni a,
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embodi n@ntapplied @ ahiof barts 6F bothediirfaees; afd/bt WDiReErasiate b Bie poyPRAST de are
formul ated into a coating applied to the surface of the endotracheal tube
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can be applied in several manners: (a) as a coating applied to'the
ext er nal Satheieeswfaaenthus reducing the incidence of bacterial colonization (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, Cellulose Acetate Butyrate, Cellulose acetate
propionate), acrylate and methacrylate copolymers (e.g. poly(ethylene-co-vinyl
25 acetate)) as well as blends thereof.
As endotracheal tube and tracheostomy tubes are made in a variety
of configurations and sizes, the exact dose administered will vary with device size,

surface area and design. However, certain principles can be applied in the

application of this art. Drug dose can be calculated as a function of dose per unit
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endotracheal tube or tracheostony tube; (b) as a coating applied to the
internal (lumnal) surface of the endotracheal tube or tracheostony tube;
(c) as a woasiopg4d0 applied to all or parts of both surfaeesusasidd7ay (d)

i ncorporated into the polynmers which conprise the endotracheal tube or
tracheostony tube. Drug-coating of, or drug incorporation into, the
endotracheal tube or tracheostony tube will allow bacteriocidal drug

| evel s to be achieved locally on the catheter surface, thus reducing the
i nci dence of bacterial colonization (and 15 subsequent devel opnent of

pneunoni a ared (6EPeiportiombi the duVRstUséiAG coa@d) abldl BrugsyGdeLad RindteRIW s t 0 the
drugs. Although for some agents polyneric carriers are not required for

attac hnentb%me@ﬁéreﬁ’rfmﬁ @réprpﬁéaf@rﬁuﬁiacacqwaentraimlsmflactm@ Hatgs@am?e t ube

f 0 iers,are par ul ar Ult e for use in
fﬁirsacgnbg g'rn% eBOQéggwlg%%%ﬁhelrﬂ @Pg o[f QPE %'(S’Pﬂfréﬁ?ﬁ &’btbgrs such as
pol yur et haét&fbtr%@hé@l tdbe oFtraeNEddtenyAlbS Ihe b?@?eﬁb@%hééh&‘ enﬁé@é@%dMOTM
[CT Blorraterlals] HYDROSLIPCTMFCT Bi omateri al s],

Bi omat et i &21@1g or wbiaatm shetilsbe gtiministerrs ymdardhe éol@wmg dosing

pol y(et hyl &Iﬁ% acrylic acid), cellulose-derived polyners (e.g.
nitrocell ucﬁgse el | ul ose Acetate Butyrate, Cellul ose acetate propionate),

acryl ate and net hacry) Ahfhrﬁ@?@lnyé?r @mﬁﬁn@th@@ﬂmtﬁé&tybb/rheeasxcﬁ@bwrﬂaé an 29
acetate)) as well as blends thereof. As endotrachéal tube and tracheostony
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the pref ergeedinanirés ange fe éﬂ@lﬁhﬁof eRths §foHcﬂBﬁ o‘PEhé Surf R BEHf @ shoul d be
adm ni stered under the follow ng dosing guidelines:
portion of the endotracheal tube or tracheostomy tube to which drug is applied
15 and/or incorporated) should fall within the range of 0.01 ug - 100 g 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 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
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 endotracheal
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(a) Anthracyclines. Uilizing the anthracycline doxorubicin as an exanple,
whet her applied as a polynmer coating, incorporated into the polynmers which
make up twe osfpesie acheal tube or tracheostony tube conpon@atraSo®I67i9
applied without a carrier polyner, the total dose of doxorubicin applied
shoul d not exceed 25 ng (range of 0.1 pg to 25 ng). In a particularly
preferred enbodi nent, the total anount of drug applied should be in the
range of 1 pg to 5 ng. 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

t racheost aatye fotlepdribdviingthgdirerd 1 Bo @Bl @dnthl vriledeRiask Meph BOr at ed) shoul d
fall within the range of 0.01 g - 100 pg per Mz of surface area. In a
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t ube or tapgﬁﬂ'é 33 ﬁ/ 6% esalaq]ve[m{g ¢iS: Fiftbcti ve acti vi ty is maintained
for aqeriod rangi ruﬁmi.hgmufcﬁaéﬂfrahe@wr@tﬁ& e%é%%lé'ofﬂﬁ%hh%ac dliné
particularly preferred eénbodinment the drug is released in effective
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m1 hour .to ase froma
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the ab%ve app c?ghgl%%ré% tqes raar{gee éfrbe1 ug u‘ls}n%C.iThe 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 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 endotracheal tube or
20 tracheostomy tube surface at a dose of 0.05 pg/mm? — 3 ug/mm?.  As different
polymer and non-polymer coatings will release mitoxantrone at differing rates, the
above dosing parameters should be utilized in combination with the release rate of
the drug from the 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 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

endotracheal tube or tracheostomy tube surface such that anti-infective activity is
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according to the relative potency of the anal ogue or derivative as conpared
to the parent conpound (e.g. a conpound tw ce as potent as doxorubicin is
adm ni st eweds/gs4hal f the above paraneters, a conpound halPCTasIpoi7ent as
doxorubicin is adm nistered at twice the above parameters, etc.). 10
Utilizing mtoxantrone as anot her exanple of an anthracycline, whether
applied as a polyner coating, incorporated into the polyners which nake up
t he endotracheal tube or tracheostony tube, or applied without a carrier
polynmer, the total dose of mtoxantrone applied should not exceed 5 ng

(range of m&n@indt fc? BBpefbd rahBirdy ReH lseElaRhbYrsPbefeRBFAth@HRedimEnt , the
total amount of drug 15 applied should be in the range of 0.1 pg to 1 ng.
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sufficient). In a preferred enmbodi nent, mtoxantrone is released fromthe
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shoul d15 carrier polymer, the 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 endotracheal tube or tracheostomy tube to which drug is applied and/or
20 incorporated) should fall within the range of 0.1 pg — 1 mg per mm? of surface
area. In a particularly preferred embodiment, 5-fluorouracil should be applied to
the endotracheal tube or tracheostomy tube 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 above dosing parameters should be utilized in combination
25 with the release rate of the drug from the endotracheal tube or tracheostomy tube
surface such that a minimum concentration of 10™*- 10”7 M of 5-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. are in excess of 10™M; although for some embodiments lower drug
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5 be readily evident given the discussions provided herein that anal ogues
and derivatives of mtoxantrone (as described previously) with simlar
functi onawoasmyssisd y can be utilized for the purposes of trhiraSosivend i on;

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 twice as potent as 10 mtoxantrone is adm ni stered at half
t he above paranmeters, a conpound half as potent as nmitoxantrone is

adm ni stered at twi ce the above paraneters, etc.). (b) Fluoropyrimdines
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ront hs15 | r1a><%mple, whether applied as a polymer coating, incorporated into the polymers

which make up the endotracheal tube or tracheostomy tube, or applied without a
carrier polymer, the total dose of etoposide applied should not exceed 25 mg
(range of 0.1 ng to 25 mg). In a particularly preferred embodiment, the total
amount of drug applied should be in the range of 1 ug to 5 mg. The dose per unit

20 area (i.e. the amount of drug as a function of the surface area of the portion of the
endotracheal tube or tracheostomy tube to which drug is applied and/or
incorporated) should fall within the range of 0.01 pg - 100 pug per mm? of surface
area. In a particularly preferred embodiment, etoposide should be applied to the
endotracheal tube or tracheostomy tube surface at a dose of 0.1 ng/mm? - 10

25 ug/mm?’.  As different polymer and non-polymer coatings will release etoposide at
differing rates, the above dosing parameters should be utilized in combination with
the release rate of the drug from the endotracheal tube or tracheostomy tube
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
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particularly preferred enbodi nent, the drug is released in effective
concentrations 5 fromthe endotracheal tube for a period ranging froml
hour to Iwowmsbdp34evhil e release froma tracheostony tube womlusos/aa1ge from 1
day to 3 nonths. It should be readily evident given the discussions

provi ded herein that anal ogues and derivatives of 5-fluorouracil (as
descri bed previously) with simlar functional activity can be utilized for
t he purposes of this invention; the above dosing paraneters are 10 then

adj usted according to the relative potency of the anal ogue or derivative as
conpar ed tatopdedernent t¢bapethatio(®vgrietq of bapreradndfungi (38. aretinrixcass &f
quorouraC|I IS adn11|stered at half the above paraneters, a conpound half
as pot ent! OadEalthoyghdar seme qub%’ﬁ‘ﬁﬁlss'@é’ﬁégrl&|et’9\]i5d€”lbﬁé5h@i§dﬁ/§ )-piranet er s,

ol oL CTrERRATNEOAKINE dbbbidl RIS AR SLOXd oAU ECA" 10

exanpl e, et her mer coating, | Nncorporate

pol yners  tube ohtra&i@ﬁﬂ@my h@b@ﬁd@‘t mhﬂﬁ-hnfédﬂﬂﬁé attivity ¥ heatbipeY foLH Peridd
applied without a carrier yner, the total dose of etoposide applied
shoul d Shotaegipg &g seygyal '('@lérﬁd@ sgverml mogths iP5 particularly referetcul ar | y

ange of  EPHER e ol if RiEascd FpiEbng chohidRBht FBnt b it Bsheal ig s

a functi onuled fdrizeperivd eegirgy feeémof hddreopomohth) wiiletrBRasefdeh bacheal tube or
tracheostony tube to which drug is applied and/or |ncor@ora ted) shoul d

fall w.th.twchﬁ@stpawgeb@wvwlmar@efrqroo1 daytar 3 mantes. Kshpeided Y In a

parti cul ard I I 0 10 e -
endotrachea é’gértﬁ dg&ﬁlggig @y |u%déﬂé)%rr?g'\§z%§? 'og; ggs?ga c1‘6”(8&_{\5@@?/é?‘?rz - 10
25 g/ me. eﬁ;ipdbldé @Iseddscabey Hesviedsly NWith BiphiliRlingtieahl adiitMchh bealtfiases

et op05| de at di fferls(j% rates, the above dosing paraneters should be

utilized ifoF hErRsPRESSHT thistinventiea; the akove dosing parameicts arg theo mdiusted

dot h t hat ne ati on
et 2o ebolliP b EASUEREIAN dRE andLBLER BHS AR L carBBRE AL |
t hat surf aaferticeenppumegBld. %i(td?ﬁﬁo@i@ﬁﬁéb 66 PO RIH: hatdtonssidd islddmiifat&ad099346
PCT/ US03/ 16719 etoposide known to be lethal to a variety of bacteria and

fungi (i.@&thalféhe abeve paramgters] @-mpound: hdlampetent as etopssistedsnent s | ower
drug lﬁvela%n%lsiergg aﬂ\'/v Eé %ee Qgc))ve ﬂ)gra?neters, etc.).

(d) Combination therapy. It should be readily evident based upon

the discussions provided herein that combinations of anthracyclines (e.g.,
doxorubicin or mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracil), folic acid
antagonists (e.g., methotrexate) and podophylotoxins (e.g., etoposide) can be
20 utilized to enhance the antibacterial activity of the endotracheal tube or
tracheostomy tube coating. Similarly anthracyclines (e.g., doxorubicin or
mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracil), folic acid antagonists (e.g.,
methotrexate) and/or podophylotoxins (e.g., etoposide) can be combined with

traditional antibiotic and/or antifungal agents to enhance efficacy.

25 l. 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. Hemodialysis requires
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preferred enbodi nent, etoposide is released fromthe surface of the
endotracheal tube or tracheostony tube such that anti-infective activity

i s mai nt avoado$sne a period 5 ranging from several hours t®ecsases/ad7inont hs.
In a particularly preferred, enbodinment the drug is released in effective
concentrations fromthe endotracheal tube for a period ranging from21 hour
to 1 nonth, while release froma tracheostony tube would range from 1 day
to 3 nonths. It should be readily evident given the discussions provided
herei n that anal ogues and derivatives of 10 etoposide (as described

previ ousl yeligbleacsbsd toathefua@@miae@géteapttybwanya%rsmglcany bieggsy for the
purposes of this invention; the above dosing paraneters are then adjusted

accor di ng arteriovenpes Astulac(AYEL 4884, via a Bynthetis budge orafdestaly 8 P Fis conpar ed

d d
aam st eraieioy RRER IRetebSln (B AR & Te8ra®R) 6 Rl "BERsnt e
et oposi de dzhdter B8N Bérﬂbﬁéal&inal&%‘?@g&n?& RRRR e@@héﬁ@é 8f élaly%fé t}wodgﬂ')

Conbi nati on therapy. It should readi |y evident based upon
di scuss? ortfepesianss varedeuhlenufied@idriunnelled peritameal idiaysis caﬁsrete(re

d b fl fl )
ol e act d<eGpss A B PR e aianaiR ARl Byresinr Bullsismopod %ﬁfgr%‘aéi
et oposi de)ofcratdm RPatilliczsslichts esRnGt amhféa@rm Ié%%%éh%sé’a%' Wty of the

endotracheal tube or tracheostony tube coating. Simlarly anthracyclines
(e.g., do@@@%@tmumber@ftmnnfe@he% afd senomohery 16 erdialygie.pgogedure

5-fl uorour%%’f folic acid antagonists (e.g. net hot r exat e) and/ or
podophyl ot hs (e.g., etoposide) can be conbined with traditional
antibiotic and/or antifungal agents to enhance efficacy. 25 |. Infections

Associated with Dialysis Catheters In 1997, there were over 300, 000
pati ent& iMJﬂHQ_M&é@%E&éﬁ.e 1a Swi t h end-stage renal disease. O these, 63%
were treated with h di r?ﬁms 9‘V t opeal, .di al ysis and 8°ovvith

renal transplantati Hiep31g %%ﬁ?r%é@% igh £agoNse t
PCT/ USO3/ 1a41és thefd bé\ﬂb@laﬁ?‘é%@edtfblé fbeinVéb‘ﬁSH' "f‘r’ifeéb(&ﬁsem ﬁéfﬁb@i@‘yk% feels

surgically created arteriovenous fistula (AVF, 18%, via a synthetic
bri dge gr adrefts asieharacteripad-gs either being early (wnthln month; thought to be a
complication of surgery) and late (after 1 month; thought to be related to access
15 care). Over a 2 year period, approximately 2% of AVF’'s become infected while 11-
16% of PTFE grafts will become infected on at least one occasion. Although
infection can result from extension of an infection from an adjacent contaminated
tissue or hematogenous seeding, the most common cause of infection is
intraoperative contamination. The most common causes of infection include
20 Staphylococcus aureus, Enterobacteriaceae, Pseudomonas 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 all 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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arteriovenous interposition graft in the forearmor leg; 50% or a central
venous catheter (32% . Peritoneal dialysis requires regular exchange of

di al ysat ewdhisowgls 5 t he peritoneum via a doubl e-cuffed anectrusngid7ed
peritoneal dialysis catheter. Regardless of the formof dialysis enployed,
infection is the second | eading cause of death in renal failure patients
(15.5% of all deaths) after heart disease. A significant nunber of those

i nfections are secondary to the dialysis procedure itself. 10 Henodi al ysis
Access Grafts Kidney failure patients have a dysfunctional inmmune response

that nmakeonpeEensot thewyatHeticHestaNalybik eictess gifagc tTHndrug(d)eehi sans  of
henodi al ysis access grafts are characterized as either being early (wthin
nont h: t hGRpHEd ihseeral maphgis tatason conting arplieg)to dhe extgrealseffeee of theont h;

appr ot maiy: Gear g BEERTd e Bicihal gl sbrtGZhr B wlenviar < i

becone i nfefasd coating abpitst tooalEoOS&BSbELth AuHABsE hFor & AVET BB drag warisd t
fromextension of an infection froman adjacent contam nated tissue or

henmat ogendigsfosBattedyinte Asurgisal inwhans wlacedsaroynd the edtsiderpfitbe fistwa abtber at i ve
cont am nattf'nqélof;l'&],gelp}pst common causes of infection include 20
St aphyl ococcus aureus, Enterobacteri aceae, Pseudonobnas aerugenosa, and

Coagul ase Negative Siragiephtng ot ior deagHdofEdraBes indé heddidly9snmb yraftysi s
access graft infection include sepsis, subcutaneous infection, false
aneur ysm 4l gHew bactasiegisiahdaia lexels te becanhjeved: Ipeallysupthegraftshrface shus

doal th (> 598 e rBlaehl RERALtEre FEBhEauH Abd sined oL ER 0 8RBRE 86 e
or al 10of infeetigusaédmpkuatibng dwile ProdlyisingMeyligibld By ¥éinfcSexpdsufe & ker r ed

enbodi ment, doxor ubi cin, mtoxantrone, 5-fluorouracil and/or etoposide are
f or mul at edv@g-oAkhush foRgomppIgests pelymesicoariels @rehot reguired fwD 03/ 099346

TS0/ AREAmeRPERARSNS, EchlhoRE A RePE TR A BB o T
external smtHigembeldirhdst. Of particular interest are polymeric carriers such as
polyurethanes (e.g., ChronoFlex AL 85A [CT Biomaterials], HydroMed640™ [CT

15  Biomaterials], HYDROSLIP C™ [CT Biomaterials], HYDROTHANE™ [CT
Biomaterials]), acrylic or methacrylic copolymers (e.g. poly(ethylene-co-acrylic
acid), cellulose-derived polymers (e.g. nitrocellulose, Cellulose Acetate Butyrate,
Cellulose acetate propionate), acrylate and methacrylate 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 lower mortality and morbidity for patients with these implants.

25 As hemodialysis access grafts are made in a variety of configurations
and sizes, the exact dose administered will vary with device size, surface area,
design and portions of the graft coated. However, certain principies can be applied
in the application of this art. Drug dose can be calculated as a function of dose per

unit area (of the portion of the device being coated), total drug dose administered
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graft; (b) as a coating applied to the internal (lumnal) surface of the
graft; and/or (c) as a coating applied to all or parts of both surfaces.
For an AW iloeosds ug woul d 5 be fornul ated into a surgi calpcrmsbamnd7ipl aced
around the outside of the fistula at the tinme of surgery. Drug-coating of,
or drug incorporation into henodi al ysis access grafts wll allow
bacteriocidal drug levels to be achieved locally on the graft surface, thus
reduci ng the incidence of bacterial colonization and subsequent devel opnent
of 10 infectious conplications, while producing negligible systemc

exposure fcantbeemedsurgs. antl 4gogiatt Burearopeetttgiopeldf Befive daRf ddrfhs are not
required for attachnment of the dru several polyneric carriers are

par ti cul adeierainedbRegautiesssef the rﬁnettgb@ obabRlitiatienor ther dpgrteitbell ar i nt er est

B omat et SPLPdalgs ShEaRhaRr he SR EhRARR ol g SRl Bt o
Bi onmat er i @bAibindtiAREAGUNBEM driifistdFedHder i flldwirkCdoding gaideliddiacrylic

copol yners (e.g. poly(ethylene-co-acrylic acid), cellulose-derived
pol yneBs (e.g. nitré@eAnthiraexclings. | Ulilging eaantheacpoling dexorubicel asgmse

i . h | at. | _q.
ol yot ny! ERaBIE yiksnBCingb g Boller 2GRS i BT S P pEimers her cor
20 An eff mawmahemhalwwiagge%&cgéﬁéﬁamwamww@hra%ctyéﬁoh_faﬁ

i nci dence_of conplications such as sepsis, haenorrhage, thronbosis,
enbol i sm TeBeroebABPladkWithutagaraer pelsmendhe teial dese of doxerdii¢isapplied coat i ng

. . oraf Sl
repl acemeano B BrBoed 20 thyBoho8 bt BLRT g 2 R, et BrstEehe s i ¢ n
t hese 1i0mpleatbodimant, fise tmwmwﬁfar@gtsmﬁedggrm@baﬁ@tﬂm&éﬁﬁewa Al sty of

configurations and sizes, the exact dose adm nistered w vary wth
devi ce si Mg Therdageeperrusit areg ése-dhe ampund of doigsava funatiografthe sodacsd.

. = . . plisn i t ot |

g dose S55 Bt Belerih 81 5 oy &R HesRS ot al ool Brogh & arled aptfors ne

portion ofndohsord®d)eeobiki fal wethiRt Bd)rang@®bRb.odr ug- 406 agastiFinind bes@hckl4 WO
4%

03/ 099346 PCT/US03/16719 can be neasured an propriate surface
concent r aBreshsing pagiculagdy drefgrredrenpzodiment, doxorubicin should be applied to the

15 hemodialysis access graft 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 hemodialysis access graft surface such that a
minimum concentration of 107 - 10 M of doxorubicin is maintained on the surface.

20 ltis 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 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 doxorubicin (as described

previously) with similar functional activity can be utilized for the purposes of this
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determ ned. Regardl ess of the nethod of application of the drug to the
henodi al ysi s access graft, the preferred anticancer agents, used al one or
in conmbiwatmos34ehoul d be adm ni stered under the foll ow rgTAe3/M719
guidelines: 5 (a) Anthracyclines. Utilizing the anthracycline doxorubicin
as an exanple, whether applied as a polyner coating, incorporated into the
pol ymers which nake up the henodi al ysis access graft conponents (such as
Dacron or Teflon), or applied without a carrier polyner, the total dose of
doxorubi cin applied should not exceed 25 ng (range of 0.1 g to 25 ng). In
a parti culimdnfiopr tiecaboae dddirenpadineets, arcltheh atplstethacoording to they redgpld ed
should be in the range of 1 g to 5 ng. The dose per unit area (i.e. the
amount of Wwyﬁtﬁegﬂﬁ@QPSr?r@Ie”Vﬁ%vesﬁfi cappared odhgParent coMmRIUGH (679-tehe
henodi al ysi ; ' 1 |S ' A por at ed)
shoul d faI%IOﬁq t ?f\t‘%’tl eggr %%gté?kjg%’%bg% Isl?)%ggk%gr%d%nng{agfth%&rg?g%e area. In

a parti culpardiyetorsfacomgoand bdif Bre potertasadaxeirabicindh adhthiberepal tvack the t he
15 henodi al ysis access graft surface at a dose of 0.1 g/m®2 - 10 g/ MmR2. As
di f f er ent 358V§ PEFamaRETHACHol ymer coatings will rel ease doxorubicin at

differing rates, ”ﬁﬂili?igpvrﬁitél&%itr%ﬂe r%ﬁ%%ﬁg|o??ﬁgnﬁﬂakwﬁgyi fl

conbi nation with the ease rate o m heno Si S access

graft surfwtetheuadplicdats apolyimeir coating necarpo adted into thel Polymetd whidd wbke
doxorubicin is maintained on the surface. 20 It is necessary to insure that
surface dMRghediesadialyeis aesees@@lld suemasacsen enselan). arkiglivthPUkBown t o

be | et hal c%gfﬁg%rﬂére HPREAIH 80t ﬁ?@eﬁbgﬁpg\%gpﬁéﬁ]%oél. Pg{ ex@d &g €XCess

of 10-4 M for sone enbo concen I'ONS ar e

suf fi citent(dangerof®.@t af o Hatg enbadparioularigd prefered@mbadiment, @hs estalf rom t he
surface of the henodialysis access graft such that anti-infective activity
i s mai nt aidRAHM S deupappjiad wulhbgimierrapae £ Ot ug thdung Tthe desapal umibnt hs.

In a parti 'y odi IS I LN _effective
concent r sty he. ¢ §15icEht BFan EEREERby dtthe Bifface el SRATE BolBniifiF ) b
readi | y eWetitlialgsig @iecesegrftto wasicloarg iBrapplidé dnbmréhdorpbraitedsbiovdi Ry and

derivatives of doxorubicin (as described, previously) wth simlar

f unct i onaWithin the rapgeaf OdE! ug r RO2eareragnny 19d spdaer geaa. dn & paricglagywo
03/ 0991%46 p?gyrg§%%l}c§cm%nt mitoxantrone should be applied to the hemodialysis access

graft surface at a dose of 0.05 ug/mm?’ — 3 ug/mm?. As different polymer and non-
polymer coatings will release mitoxantrone at differing rates, the above dosing
parameters should be utilized in combination with the release rate of the drug from
the hemodialysis access graft surface such that a minimum concentration of 107 -
20 10 M of mitoxantrone is maintained. It is necessary to insure that drug
concentrations on the surface exceed concentrations of mitoxantrone known to be
lethal to multiple species of bacteria and fungi (i.e. are in excess of 10° M;
although for some embodiments lower drug levels will be sufficient). In a preferred
embodiment, mitoxantrone is released from the hemodialysis access graft 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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I nvention; the above dosing paraneters are then adjusted according to the

relative potency of the anal ogue or derivative as conpared to the parent

conmpound We.og/09s46 conpound tw ce as potent as doxorubi ci nPcI/BdmMadrist er ed

at half the above paraneters, a conpound half as potent as doxorubicin is
adm nistered at twice the 5 above paraneters, etc.). Utilizing

m t oxantrone as anot her exanple of an anthracycline, whether applied as a
pol ymer coating, incorporated into the polynmers which make up the

henodi al ysis access graft (such as Dacron or Teflon), or applied w thout a

carrier padivry cah Be Utied fo#@8€ pAfpdsel OF &s MvRatiemhe @Bosb@ekidgnot exceed 5
ny 10 (range of 0.01 .tg to 5 ng). In a particularly preferred enbodi nment

t he total Paiamglarsafe Hrarga@p@tleﬁ@@cgmw th the relative @otenoyeof diie analogugoro 1

ng. The do upit are e amount, of dr unction, of the
surf ace arcgei'vgfv‘? A CRBIPAIEhiO etpreéen HETRAY rgsaa B%“'Bjréﬁ‘"fe 83 PRIFEh drug
i s appli e%s&ﬂﬂé%ﬁnttdﬂ@é%@hﬂﬁr@@re@ BPHélﬂtrfeaéﬂ;ové’bérQh{Etérgea rc@ﬂ‘%%uﬁa haifs 9 -
20 g per nm® of surface area. In a particularly 15 preferre nbodi nment ,

m t oxarh r dndenitasuntdoxantgne! is @dministened btiwice theysbevenparaswtenyr etct). surface at

d f 0.05 g/ d
coatings wiil rol eadd EisRBRtpiioes, UElne e apudnicne SauBturatheng
par anet er Sarﬁé}@-hhﬂeb@hémelr lappfikd 8s sqmwrﬁ@rt Etingl morawareelrﬁe&ﬁe Blytn&ts the

drug from the henodialysis access graft surface such that a m nimum
concent r atwhieh gfakeoip inedemadiglyhisafccass grafhisuoha@siBacrain ot Zefiord, ol t i s

hat d h
Concent r xAroHied Bt 3 Shrier R ARG B 858 o2 Bibibrodhl ABPIRSTER R et o
bacteri® an@edn90 nhd (r%ngéro‘ﬂ'mpg?”l‘&g ), IQ'apdMiculdhy priéred or sone

enbodi ments | ower drug | evels w f|C|ent In a preferred
enbodi nentembadivenh the tadal ampentexfsisdg fapplmct ﬁmmebedm He/singeat dOgsg tor2f t

Fangi ng. 7B QIRATSH PO &g s 8 ARouhar Held 7R B4 RGN GahesHias cf or r ed
Fangi ng. frosee o (e tbribn of oAb R e e RN Ry Bmpelish A O
di scussi onrscqmp@‘aieiﬁdsmembﬁaﬂ within thenrangguwé 9.1 pod- teng pertmmésaf efirfade oxant r one
(as de%: ' Iabrgagi ﬁwrae \;/)Ia |cu|I3/r?y pre%err]red emLodan:elr\rt]Cé thr%luréLc should be applied to
the hemodialysis access graft surface at a dose of 1.0 pg/mm? — 50 pg/mm?. As
different polymer and non-polymer coatings will release 5-fluorouracil at differing
rates, the above dosing parameters should be utilized in combination with the
release rate of the drug from the hemodialysis access graft surface such that a
20 minimum concentration of 10™*- 10”7 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., are
in excess of 10 M; although for some embodiments lower drug levels will be
sufficient). In a preferred embodiment, 5-fluorouracil is released from the
25 hemodialysis access graft surface such that anti-infective activity is maintained for
a period ranging from several hours to several months. In a particularly preferred
embodiment the drug is released in effective concentrations for a period ranging
from 1 week — 6 months. It should be readily evident given the discussions

provided herein that analogues and derivatives of 5-fluorouracil (as described
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WO 03/ 099346 PCT/US03/ 16719 activity can be utilized for the purposes of
this invention; the above dosing paraneters are then adjusted according to
t he rel atwoasposency of the anal ogue or derivative as comparzsds/iaig he
parent conpound (e.g. a conmpound twi ce as potent as mtoxantrone is

adm nistered at half the above paraneters, a conpound half as 5 potent as
mtoxantrone is admnistered at twice the above paraneters, etc.). (b)

Fl uoropyrimdines Utilizing the fluoropyrimdine 5-fluorouracil as an
exanpl e, whether applied as a polyner coating, incorporated into the

pol yners pvevichslypluith simildrefuhetivrdl abty\ﬂiya:aaotweeemlz@dabttr(eaawboaés cﬁfabrson or
Teflon), or applied without a carrier the total dose

5 f | uor our'ﬁ&‘mt“)@pfﬂq ahpvendraing ﬁafam@e&%r@é\éegaéwﬁéeq pegRydingsto 1h@reﬂ§tn{eb 250
In a#ﬁﬁ%& Iﬂ%la%ﬁﬁl q‘?faeérroeeq vaﬁ\gé)gg'c?ﬁfb?ge& {beth%%a% R Hun (e

applled S nge of ose per A area

(i.e. the wmmindotfm@hragpasarmaélﬂaﬂumonra@fl is bethémEat teifete@bol/Be portion
of the henodi al ysis access graft to which drug is applied and/ or
i ncor po$ atRAFMELRIE| @ cpmpou Mif@&memtaafg%ﬂapmrqmb@ ad"ln'ﬁtﬁfﬁ‘é?t tipe of

surface 1 rti arly preferred enbodi nent, 5-fluorouracil
shoul d be5thg %gv%llpgrﬁn?%ré’hegrrb)’di al ysis access graft surface at a dose of

1.0 pg/ M2 - 50 pg/ (ERPodephylidtbginenUtiihy s pedsbhyidtokinlatopdsid®as ahgs Wi | |
rel ease 5-fluorouracil at differin 08&1 rates, the above dosing paraneters
shoul d be @HaMRIe.cHhetHeE appliackhas amolimer qaaling Brarposated ilodhe PRYMATEY f r om

the henodi ghixs hsaidcgel AbLiaRNIY A5sS ek 1IRh & BRBhY U poBEent rati on

of 10-4- 1 oroura 'S na neces ary to insure

t hat sunfaamahéﬂu@tr@oﬂe@@tnieatpcﬂmﬁeremmlal@@@@Qﬁfet@ddmapﬁhea shbhwomaur aci |
known to be lethal to nunmerous species of bacteria and fung ., are in

excess of egeadidd mo(ranegPiilt Mgdﬁ@f"éﬁ%bdf‘rﬁaﬁ@%'cp@ﬂérpr‘éfﬁ[@ |e@\1@%m@m| be
suffici ent ?ua 16631 mBLAT Sfdrﬁgta%gﬁ c?'sH&G!H bedn th ?5@%“&{' A 'ggg[rg @ﬁ§e¢9’o£ om the

25 henodi al ysi's access ace such 't IVI y is

mai nt ai netpdramit skef¢ire. Qlde l‘a&ﬂﬂlnltlgf8&@@§§Vtﬁ1@bnhﬁlﬂh§s@@a§e§d@a&ifﬂﬁ@nt hs. In a
particularly preferred enbodinent the drug is released in effective

concent ratQQﬂf\%n potheharaediglysis-Argrag QraffP@n‘Ml'CVl@élkg is @pptigdtans/on t shoul d be
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area. In a particularly preferred embodnment 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
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

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. 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
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117 WO 03/099346 PCT/ US03/ 16719 previously) with simlar functiona
activity can be utilized for the purposes of this invention; the above
dosi ng pawemshesge are t hen adj usted according to the rel atcrasopod7ency of

t he anal ogue or derivative as conpared to the parent conpound (e.g. a
conpound twi ce as potent as 5-fluorouracil is admnistered at half the
above 5 paraneters, a conpound half as potent as 5-fluorouracil is

adm nistered at twice the above paraneters, etc.). (c) Podophyl ot oxins
Utilizing the podophyl ot oxi n etoposi de as an exanple, whether applied as a
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appl i e® adg/depaside soastpivisdered)atdiafithe abave parameters. leecerapgencdhalbasl g -

100 er f e. . a rticul arl referred egbodi nent,

et opgsPde Ps od%& %é‘g(;%%? |sezgﬂrﬁ®|s[t%%d Eﬁ%&itﬁ%fgpggggé%'gg{e&’a%t?' surface at a
dose of 0.1 g/ mz - (d)ICeMBIFatid¥ thétablenesiourd by readinnelidermt-t2ebd on
coatings will release etoposide at differing rates, the above dosing

par aret er $heHisgHesiors provideddierein beheembinatanswt anthrrcyziines(eegise rate of

the drug fy h i I s.araft surf such that. a .
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activity ifisorspyikidines (4.g!, sARSbLURLRIIY, 0@ NSd BhRIGoRRYS (Y., MdbstPetfepever al
months. In a particularly preferred enbodiment the drug is released in
ef f ect i ve abgirdodepbyletexinse. . goppside) aan bagomhined witbdraditiopatentibbistic
15 and/or antifungal agents to enhance efficacy. Since thrombogenicity of the
hemodialysis access graft is associated with an increased risk of infection,
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 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 plasminogen

activator) to enhance efficacy.

25 Central Venous Catheters

A variety of central venous catheters are available for use in
hemodialysis including, but not restricted to, catheters which are totally implanted

such as the Lifesite (Vasca Inc., Tewksbury, Mass.) and the Dialock (Biolink Corp.,
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It should be readily evident given the discussions provided herein that
anal ogues 118 WD 03/099346 PCT/US03/ 16719 and derivatives of etoposide (as
descri bedwpremdsus! y) with simlar functional activity caoThmsosidzhie zed for
t he purposes of this invention; the above dosing paraneters are then

adj usted according to the relative potency of the anal ogue or derivative
as conpared to the parent conpound (e.g. a conpound tw ce as potent 5 as
etoposide is adm nistered at half the above paraneters, a conpound hal f as
potent as etoposide is adm nistered at twice the above paraneters, etc.).
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danapar oi diowrepconetntratibhiguadient. AVP,  adenosi ne, 2- chI or oadenosi ne,
aspirin, phenylbutazone, i ndorret hacin, mecl of enamat e, hydrochl or oqui ne,
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o1 D ogahafl bR AR esbihE e TR DR ond PRI Thece,
are avai | ahfeetidrey aresshardttefiastopy PSS, |hdgiaﬂ|6hﬁﬁ,puhmbnmhcﬁeﬂ§é Fiowh &k t O,
catheters which are totally inplanted
exit site or subcutaneous portions of the catheter. Peritonitis is more a severe
infection that causes abdominal pain, nausea, fever and systemic evidence of
15 infection. Unfortunately, the peritoneal dialysis catheter likely plays a role in both
types of infection. In exit-site/tunnel infections, the catheter itself becomes
infected. In peritonitis, the infection is frequently the result of bacteria tracking
from the skin through the catheter lumen or migrating on the outer surface
(pericatheter route) of the catheter into the 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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such as the Lifesite (Vasca Inc., Tewksbury, Mass.) and the D al ock
(Biolink Corp., 119 WO 03/099346 PCT/US03/16719 M ddl eboro, Mass.).
Central womum9IBat heters are prone to infection and enbodcmarsz1d7oy t hat
pur pose are descri bed above. Peritoneal D alysis Catheters Peritoneal

di al ysis catheters are typically double-cuffed and tunnelled 5 catheters
that provide access to the peritoneum The nost conmon peritoneal dialysis
cat heter designs are the Tenckhoff catheter, the Swan Neck M ssour

catheter and the Toronto Western catheter. In peritoneal dialysis, the

peritoneum acts as|mapesferel Bt EmeERTRIcXBRIREIH OPRoXdHtRIheS BLiltloRSuraain be
exchanged down a concentrati Ii%&‘gradl ent. 10 Peritoneal dialysis infections
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lays a raqle.in both tvbes of. jpfection. In exit-site/tunngl, infections,
!to heycat he%@ﬁ“%c{]goetl% Sﬁ'@@ﬁ%@ cuffh@asezago qf{‘gp%?qq'tegﬁpﬁri‘%,Se?‘ﬁguﬁ’r{?éct lon is
frequent | yndofsoratsitiinto Bl fraghers that Eamstisd thd gt bRE/oS k) Bstdéquiag t he
catheter lumen or mgrating on the outer surface (pericatheter route) of

t he cat heBepligthtooa chambinationefdhene Refacesneal catheter-rel ated 20 infections
are typically caused by Staphvl acqccus aureus. Coaqul.ase tive

St aphylococe . _EsonPrIERPaiREsh 8P BRI BeRtbers T, Nt PRuBRRarvss afts

Ent er alpac@l hisaBacteHEMBPORG!EVAIS T bBRARYERIballyAH thBQPak 8Faceehiat | a,
Prot eus, Pseudonpbnas aerugi nosa and Fungi. Treatnent of peritonitis

i nvol ves reguaing thedneidence eklbaciagalscalonizatian and suhsequentdevalepraant ¢fi ot i cs
(intraveng neal, adm ni .and often requires

r enoval ofnﬁ(ﬁgorb%gc?c{%é@t?{iggwi@ﬁppﬂﬂgginr?é’ﬁélih%t #%E%FFaﬁPﬁP?aﬂeoﬁ?,tr‘et he need
: geswi t ch dhgysanNRitHRIghTfEF $3RE adleAtsySdIgmeR Carmtid af®hbflelgtired 230  hi gher i f
attachment of the drug, several polymeric carriers are particularly suitable for use
15 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. poly(ethylene-co-acrylic
acid), cellulose-derived polymers (e.g. nitrocellulose, Cellulose Acetate Butyrate,
20 Cellulose acetate propionate), acrylate and methacrylate copolymers (e.qg.
poly(ethylene-co-vinyt acetate)) as well as blends thereof.
An effective peritoneal dialysis graft coating woulid reduce the
incidence of complications such as hospitalization, peritonoitis, sepsis, and even
death. An effective coating would also decrease the number of peritoneal dialysis
25 grafts requiring replacement, resulting in lower mortality and morbidity for patients
with these implants.
As peritoneal dialysis grafts are made in a variety of configurations
and sizes, the exact dose administered will vary with device size, surface area,

design and portions of the graft coated. However, certain principles can be applied
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infection is due to Enterococci, S. aureus or polymcrobial). 120 WO

03/ 099346 PCT/US03/16719 1In a preferred enbodi nent, doxorubicin,

m t oxant rwo®3/0%34é uorouracil and/ or etoposide are fornul acedsesiaiIa
coating applied to the surface of the conponents of the synthetic
peritoneal dialysis graft. The drug(s) can be applied in several nmanners:
(a) as a coating applied to the external surface of the graft; (b) 5 as a
coating applied to the internal (lumnal) surface of the graft; (c) as a
coating applied to the superficial cuff; (d) as a coating applied to the

deep cuff;in ¢ applmad:bp@ifa‘hgdrtl rDrOgtdmepmlnytm':‘d‘@Icmlbmd sogapunctiontdieloge plek ;
and/ or (f) as a coat ing _applied to a conbination of these surfaces.
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negl i gi bl e system ¢ exposure to the drugs. Al though for sone agents
pol ymerd ¢ dRlysip &raftdhe preferred anticarcer @gents Uaed Aafe @TincReImalipn. sever al

polymeric ‘F\?J[de t?% gdmrﬁst@%é hﬁ#‘ér%!a¥o|ﬁ3@v15$95§m§;2{5ﬂ¢§ﬁe&5 in this embodi ment.

o partlc greet neric carviers pol yur et hanes (e.g.,

Chr onoFl ex AL 85A [ @) Bhﬂﬂﬁi:?f:lu@é§] Utilidiag enddemeddyiclind doXbrabrireas ahs],
HYDROSLI P CTM ['CT Bi omateri al s], HYDROTHANETM [ CT Bi omateri al s]), acryl i C

or met hacifRMPlRIMaethaerRPIES a5 a pelyistasptisacineerpatodinto the pabymers

cel | ul ose I t

utyrate, Do ERReF R ETS S il s B st oS A A BabRE o o
copol yreer STefleny or applisd ithylitenearier bbmﬂeram@tt@faﬁ?)ibsééf M@ldru@i%nrbé%ﬂ
thereof. An effective peritoneal dialysis %raft coaté@% woul d uce the

i nci dence ShPuklMglaxeaed @RdNg (ramgaLf ot potakbZag) on,a prsiicylarvpreferredepsi s,
o0, Even R LGB NG 09 B BA SA SRR S,
nortal i ty rgdrheddselpéyuditareddt. b ethesamodiitioftdpgs 8s lafhéirof the snerébéoneal
dialysis %rréa; E)fs thz%er E)aortrrglrﬁI %f !thne Ser\l/tg%:ltc}/ al%ls%?gfft Ito \;J/L%wdeﬂs is applied and/or
15 incorporated) should fall within the range of 0.01 ug - 100 pug 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 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
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 embodiment, doxorubicin is released from the surface of
the peritoneal dialysis graft such that anti-infective activity is maintained for a
period ranging from several hours to several months. 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
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and sizes, the exact dose adm nistered will vary with device size, surface
area, design and portions of the graft coated. However, certain principles
can be appbicedyizd WO 03/ 099346 PCT/ US03/ 16719 in the applrcratsosns7ad this
art. Drug dose can be calculated as a function of dose per wunit area (of
the portion of the device being coated), total drug dose adm nistered can
be nmeasured and appropriate surface concentrations of active drug can be
determ ned. Regardl ess of the nethod of application of the drug to the
peritoneal 5 dialysis graft, the preferred anticancer agents, used al one or

i n conbi natrdovided helein titht @ aduies ispldelceid ativeiesf dd@riisitinqas rigsehissdg
gui delines: (a) Anthracyclines. Uilizing the ant hracgcl i ne doxorubicin as
an exanplPEeVigisly haith sisplardenciional a@ivinean beaitiliggd foribe pyspesesPfithiso t he

pol ymers i%@g?mﬁ%wet&%iﬁé%EW%SU%QE%éﬁ? Eéj.ug{e%];%cic§@ﬁ,8 rg?e E‘Le%éﬂ?& h as

Dacron or 1on), or app a carrier dose

of doxor ulpotdrityaiiphé edalogh@'@lrdeﬂ@éti\@@eaﬂnﬁémﬁﬂo(théb@ﬁérft)fcofhpbuﬁdT(@.g.25 ng) .
In a particularly preferred enbodinent, the total anount of drug applied

shoul d e SPAPOKHETYisgeasopotenhag dexprgbicifyis apreinigtrred géhalithe abeve (; . e.h t he
f i e : i.an.
Dort tonoalP At pGTs. & cotpbufngl ab PBicHtas Moon i 1 oM @R ot ibkir o)

shoul d f aldbovwé plaramétees raagge of 0.01 p.g - 100 g per nm®2 of surface area.
In a particularly preferred enbodi ment, doxorubicin should be applied to
the peritoneal di aMjiizisggriteanyope asa@ngthes exaswlepf an angiraaclinel0 g/ me.

5 o Pl IR BRI SOSORR B

conbi Nl | @p the plritdieal GlaBRsegialtt(SucH a2 Oacheh 6F Térdn) an dgptiel Vithoangal
dialysis graft surface such that a mnimum concentration of 10-'- 10-4 M

of doxor ulsRHies Podyrel Hieatiotrl dosa of Rutoxanirere applied shoulé pekexgegdimonsur e

t hat surf r n raty ans ' f 0 ubi cin
nown' o Seneel SOCRIREIMY) AN TETtay BaRied A aRimBln BT “ure 1
excess of ahfbuht bF dald &spiigd sheuidsse® welradjeends LeWe! Mm@ MRdds pamiar e 25
sufficient). In a preferred enbodi nent, doxorubicin is released fromthe

surface ofrea ti€. fa amenekef diuglagsa Binglian of thecsurfaseraraatof thewertionwé thect i vity
IS na|1|1§ a'p@ﬁ%nfe%f dl%|ySiS graft to which drug is applied and/or incorporated) should fall

within the range of 0.01 pg - 20 pug per mm? of surface area. In a particularly
preferred embodiment, mitoxantrone should be applied to the peritoneal dialysis
graft surface at a dose of 0.05 pg/mm* — 3 pg/mm?.  As different polymer and non-
polymer coatings will release mitoxantrone at differing rates, the above dosing

20 parameters should be utilized in combination with the release rate of the drug from
the peritoneal dialysis graft surface such that a minimum concentration of 107 - 10"
% 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 mulitiple species of bacteria and fungi (i.e. are in excess of 10° M;

25 although for some embodiments lower drug levels will be sufficient). In a preferred
embodiment, mitoxantrone is released from the peritoneal dialysis graft surface
such that anti-infective activity is maintained for a period ranging from several
hours to several months. In a particularly preferred embodiment the drug is

released in effective concentrations for a period ranging from 1 week — 6 months.
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period ranging fromseveral hours to several nonths. In a particularly
preferred enbodinment the drug is released in effective concentrations for
a period wengiosg46 from 1 week - 6 nonths. It should be readirlusogwi7aent

gi ven the discussions 122 WD 03/ 099346 PCT/US03/16719 provided herein that
anal ogues and derivatives of doxorubicin (as described previously) with
simlar functional activity can be utilized for the purposes of this

i nvention; the above dosing paraneters are then adjusted according to the
relative potency of the anal ogue or derivative as conpared to the parent

conpound (Iesigoul@ be readippevidetivdioen & Mot YiorRSpraoiied Hairsinthatsarkivhydsst er ed
at half the above paraneters, a cong und hal f as potent as doxorubicin is
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appl i ed and/ or mcorgorated) should fall wthin the range of 0.01 g - 20
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drug fromwitheat 9e1a|rm@rrmdymar, dhe tital dpsefaf Ssliudraveacyappliet ahowld mob excerd
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bacteria and fungi él .e. are in excess of al t hough for sone
embodi mentper lupitéareal (igy tm@amoym\pfdirun@mfuno@oemme surfaceparebef thel

15 portion of the peritoneal dialysis graft to which drug is applied and/or incorporated)
should fall within the range of 0.1 ug — 1 mg per mm? of surface area. In a
particularly preferred embodiment, 5-fluorouracil should be applied to the
peritoneal dialysis graft surface at a dose of 1.0 pg/mm?” — 50 pg/mm”.  As different
polymer and non-polymer coatings will release 5-fluorouracil at differing rates, the

20 above dosing parameters should be utilized in combination with the release rate of
the drug from the peritoneal dialysis graft surface such that a minimum
concentration of 10™*- 10”7 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., are in excess of

25 10 M:; although for some embodiments lower drug levels will be sufficient). In a
preferred embodiment, 5-fluorouracil is released from the peritoneal dialysis graft
surface such that anti-infective activity is maintained for a period ranging from
several hours to several months. In a particularly preferred embodiment the drug

is released in effective concentrations for a period ranging from 1 week — 6
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enbodi nent, mtoxantrone is released fromthe peritoneal dialysis graft
surface such that anti-infective activity is maintained for a period
rangi ng fwormsenses al hours to several nonths. In a parti edgrarshyiqgueferred
enbodi ment the drug is released in effective concentrations for a period
ranging from1 week - 6 nonths. 123 WO 03/ 099346 PCT/US03/16719 It should
be readily evident given the discussions provided herein that anal ogues
and derivatives of mtoxantrone (as described previously) with simlar
functional activity can be utilized for the purposes of this invention;
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Uil VRXHTR t her

aplpl : éhngsdqﬁp%%iﬁm@%%gﬁﬁgwf ﬁ%jfgkégéfﬁég%ﬁ%l lrtl? gﬁ%[ rhezéhpol ynebtgy % whi ch nake

up the @eraﬁ&h@lﬂ orglefivptive ang@ﬁlpa(redlmtfaspaDamr@mmunTbm gxr? comp?arprgl i ﬁd »
ith thttld r aci i ed shou

N ENOU 2 LR 4 b B il 8 e b 10
enbodi mentcoripfundtiiifds poeHDhs BlfuGrsEragiP R éd?'ﬁ n%?&%%t%ld&ﬁhéf&%o(/énge of 10

g to 25 ng. The dose per unit area (i.e. the anount of drug as function
of the surﬁad@@emféaet@f) the 15 portion of the peritoneal dialysis graft to

001 g o 10 por PO OdeRh oS Kigo UG e fisdaryidiony Cprsii agan oo O
enbodi 1@ntexabié, W&Hé@ﬁﬂ)éheﬂ@sﬂé ?»o%émélahﬁg |heoﬂp6%teﬂﬁtbtt98?61¥nfgr§| ysis

graft surface at a dose of eren mer and
non- pol ynevhighymakegw thiel perﬁm%ﬁalws gcaft@uch(alleatrodlofﬂ'eﬂmn)gor ap@ied t he

el case. r AU 2 BHERRAGTRT i (el (R ol GHERSidR 2Py kst Pobeieesec s uch
o nt i ned U f g ehoreRate 29, r8). IR arkEany bRlp el clfRiHBR: g BI2l ons
exceed corameeuntaf dmgsamlmanmﬂ beairathd rangaofin (tgotdo® mee el ddse parramitous
speci 5 Ofarle3<";1jl /Ieerthea a%%%n[ of griug(eils' 5 'fdnc%re] oif ﬂ\eeégr?ascse é)rfea of the portion of the
peritoneal dialysis graft to which drug is applied and/or incorporated) 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 peritoneal dialysis graft
surface at a dose of 0.1 ug/mm?* — 10 pg/mm?.  As different polymer and non-

20 polymer coatings will release etoposide at differing rates, the above dosing
parameters should be utilized in combination with the release rate of the drug from
the peritoneal dialysis graft surface such that a concentration of 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 several months. In a

particularly preferred embodiment the drug is released in effective concentrations
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25 104 M al though for sone enbodi nents | ower drug |levels will be
sufficient). In a preferred enbodinent, 5-fluorouracil is released from

t he peritwoaalgi@l ysis graft surface such that anti-infectrivses/aidvity is
mai ntai ned for a period ranging from several hours to several nonths. In a
particularly preferred enbodi nent the drug is released in effective
concentrations for a period ranging from1l week - 6 124 WD 03/ 099346

PCT/ US03/ 16719 nonths. It should be readily evident given the discussions
provi ded herein that anal ogues and derivatives of 5-fluorouracil (as
descri bed for 2pedod Fanging fromsi mMdear— 6 motths. onahoalktbevidayilg @avideat givehitggd f or
the purposes of this invention; the above dosing paraneters are then
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5-fluorouracrl i m ni a t a e para ers, a conpound

hal f as peuerdsessofhis linantiohatiel aboveaddsiny sdrafrrAetark Whéere atijusteabove
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et oposidde 3580iNg toghexakave polgnsy i thexppaipade A& dariyiveras carapareddo the

[ ' h I i.£h,; i & i.alysi ft
(such as. BarersSolhpeiaRe o Sl WiFF ot 98 RGeS REgrBerR
total dosat bhlf theopiowicdparapRitérdasompolinddialfeicsstentas eftoskidenge of 0.1 g to
25 ng). In a particularly preferred enbodi nent, the total anount of drug

appl i ed sRgONisiesed At wiee thenalovst parageterscetgy. The dose per unit 15 area

(i.e. the anmount of  dr . J h r ar. f e partion
of the peritoneal di a‘?l‘g"s‘ﬁi"agt#%’fjm %’Jnghi?{:#O (eruégiré&g@p?\'{@%ﬂg)ﬁa%gt“pgn

i ncor pior atieslfisstssidrb pravidedvhdrBinmthbheormbingto®d oPafthratgclindd@.4, per M of
surface area. In a particularly preferred enbodi nent, etoposide should be

appl i ed t Soxpwibjsdn PE BltexaNtmng )y Buerogyrmidines (et ai.c B-foreurgeibefolie agidl g/ me -

10 g/ m2. i t r ner,_coat.ings . wll rel ease
ot opost de el Sl R, B R Lo BRaST Ry P8 e B BPEodh st B b
utilized iutlizeuoi ariaings thié biftibdterisll 22666y 68the pefitdritrl diangsid gt cddiifg.
peritoneal dialysis graft surface such that a concentration of 10-5_ 10"6 M
of et opoSimansanthrasyalinrsde.9.1 dpxormbisiseamifoxantrana, fuarppyrireidirfesde. ¢ir ug
concenr at5'—fﬂﬂ)§ouracil), 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 cerebrospinal fluid (CSF) in the

20 brain, is a frequently encountered neurosurgical condition arising from congenital
malformations, infection, hemmorrhage, or malignancy. The incompressible fluid
exerts pressure on the brain leading to brain damage or even death if untreated.
CNS shunts are conduits placed in the ventricles of the brain to divert the flow of
CSF from the brain to other body compartments and relieve the fluid pressure.

25 Ventricular CSF is diverted via a prosthetic shunt to a number of drainage locations
including the pleura (ventriculopleural shunt), jugular vein, vena cava (VA shunt),

gallbladder and peritoneum (VP shunt; most common).
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exceed concentrations of etoposide known to be lethal to a variety of
bacteria and 25 fungi (i.e. are in excess of 10-5 M although for sone
enbodi nermve iBowsrs drug levels will be sufficient). In a pcafEsos/esi19
enbodi nent, etoposide is released from the surface of the peritoneal

di alysis graft such that anti-infective activity is maintained for a
period ranging fromseveral hours to several nonths. In a particularly
preferred enbodi nent the drug is released in effective concentrations 125
WO 03/ 099346 PCT/US03/ 16719 for a period ranging from1l week - 6 nonths.
It should be readiIyhéNMMﬁnuygDSEmhhhaem@hﬂ&usqunsn@nndédﬁdpmgrein that
anal ogues atlves of etoposide (as _described previousl
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conmpound (saugt ceamplicgtionsdrd due ¢o e poicdvpment etiofeotordef ihe shdmt ahstiessed at
hal f the above dpar aneters, a conpound half as potent as et OFOSI de is
adni ni st eC88 'aad {Q,pigRificaRt %B@@bpﬁ?&ﬂ%%?@asé’f’etrﬁu"t{%)‘/ew% 3hati on t herapy.
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t hat conbi nat'i ons ant hr ac c oxoft u IS Or it oxan rone),
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rrethotrexate%ﬁﬂand podophyl ot oxins (e.g.,. etop o&deél can be wutilized to
enhance t IREe |V‘6t<5‘cff3¥é‘? b ﬁﬁu%ﬁﬁ |V9F"I'W‘93fm§‘|ﬁ!§ep@F $1g8% ebiInCErasegdnisagppiel

coati ng. ' bi-¢l ntrone),

fl uoropyripﬁﬁdﬁgéh%@ggﬂ%%@éﬂlq%gerréﬁrc gg?f ?l%gsg (ﬁ’ gcr}ln ggtaéqrgrg‘éﬁl sts (e.g.,

met hot1Gex arganisme/causipgdii® shahoixfetsiong are)Coagtilape Ned@live Stagr/lcworbi ned
with traditional antibiotic and/or antifungal agents to enhance efficacy.
J. Infect(Bh%: &a@éfﬂcpﬁPUW@%’lﬁ@ wgﬁmce%é)eqsﬁndlmolar%@r@éﬂﬁm Jus, or

accunul at 'Sgﬁ'plgocco%ﬁﬁpﬁﬂ C?O'W)' QIrﬁgﬁg)stlJeB}otc%cu §9e€tr0?:k>§?u§ n@fc%or quently

encount ere ur osur gi Ca on arisin rom¢on tions,
i nfection Emermoccrdsa@@,ryrmbamriugnmenahne dolicKilsbsietia Piagedd amgl  exerts

pressure %r]sebggm%wails gelru%?r?c;sgg IE i% tlt’)\(r)ggi;rr\]t tﬂgtng?\geemgji)rig/vc%r}nf(je%’ﬁégs iau]fe (lleTet troeat ed.
15 inoculation of the organism during surgery, or during manipulation of the shunt in
the postoperative period. As a result, 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
of the infection difficult. Therefore, the treatments of most infections require shunt
removal (and often placement of a temporary external ventricular shunt to relieve
hydrocephalus) in addition to systemic and/or intraventricular antibiotic therapy.
Poor therapeutic results tend to occur if the shunt is left in place during treatment.
25 Antibiotic therapy is complicated by the fact that many antibiotics do not cross the
blood-brain barrier effectively.
An effective CNS shunt coating would reduce the incidence of

complications such as ventriculitis, ventricular compartmentalization, meningitis,

subdural empyema, nephritis (with VA shunts), seizures, cortical mantle thinning,

127



CNS shunts are conduits placed in the ventricles of the brain to divert the
flow of CSF fromthe brain to other body conpartnents and relieve the
fluid preeeous®e3zd Ventricular CSF is diverted via a prostaaiisos/situnt to a
nunber of drainage |ocations including the pleura (ventricul opleural
shunt), jugular vein, vena cava (VA shunt), gallbladder and peritoneum (VP
shunt; nost common). 126 WD 03/099346 PCT/ US03/16719 Unfortunately, CSF
shunts are relatively prone to devel oping infection, although the incidence
has declined from25%twenty years ago to 10% at present as a result of

i nproved stedtat Atardatbn o deathAR efédtRealonting o alsb dethelite BRMUIMBEAL | ons
are due to the devel opnment of infection of the shunt and these 5 can | ead
to signi fid&dYS shpRisdgALibPgheRiasegbh rasultieg i lpwer martalityard moghidiy for

conmpar t ment_ gl ' I ngitis, subdural enpyema, nephritis (with VA
shunts), %@%Qﬁs?\@r?{hceg’rgﬁﬁ‘ a t‘%ﬁantle t hi nning, nental retardation or death.

Most infections preserdrefédnidd drabedimentustanthvauyiclindte.gmalogbadici®angi gns of
i ncreased intracranial pressure such as headache or altered consciousness.
The nost dbim@ntrooe) fyareryrigidiagdesy, TRY)sieliaacidaniagenisis(esag.e Coagul ase

Negati ve cl 67% cc epidermdis ig.the nost
frequentl ?‘H ?‘5@%&? ge%?’oérn(% ri%O%O,pﬁg@?%h@%gc§g§%%5?da%r'%t?§ gr@%t_eéd%) 2 W%r‘@ans
st r ept ococspplieitd Y QOtRRUS thy eBRpBRentstTites ONS sHEnt. GheYd@BRNcahivEM
Escherichia coli, Klebsiella, Proteus and Pseudononas aeruginosa. It is

t hought t IR@pPlieddn feyasal maneers; (F)asta eaating applied te dha sxternalgusiace of d7e t he

: : _ . . . £ th o th
post oper att YL BRFHS §EoRing ap Bl [AnRaReR Rudndhalh oo SN s iy
the fi1et (cf syvaweaking bppliciMoll GUSARS ¥f bothRuFab@Y of the infections are
caused by S. epidermdis, it is not uncomon to find that the catheter

becomes coat ed wi t h Rfugeating af, -5dsda nserpmatien inte CNSHabuptsovikbetlewt he
o gam o el B BB AN SRl O ok PPt i P
removal ( angirdidéterdfaenRal cobniatioNRAH ALY sqiditiRledpRidrt 0 irféctiignt to
relieve hydrocephalus) in addition to system c and/or intraventricul ar
ant i bi ot i €omypdicaigns, while producing negligible systemic exposure to the drugs.
15 Although for some agents polymeric carriers are not required for attachment of the
drug, several polymeric carriers are particularly suitable for use in this
embodiment. Of particular interest are polymeric carriers such as 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), cellulose-derived
polymers (e.g. nitrocellulose, Cellulose Acetate Butyrate, Cellulose acetate
propionate), acrylate and methacrylate copolymers (e.g. poly(ethylene-co-vinyl
acetate)) as well as blends thereof.
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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Poor therapeutic results tend to occur if the shunt is left in place during
treatnent. 25 Antibiotic therapy is conplicated by the fact that nmany

anti bi otiwe odovssat cross the blood-brain barrier effectiwemyusodm7ed fective
CNS shunt coating woul d reduce the incidence of conplications such as
ventriculitis, ventricular conpartnmentalization, nmeningitis, subdural
enpyema, nephritis (with VA shunts), seizures, cortical mantle thinning,
127 WD 03/ 099346 PCT/ US03/ 16719 nental retardation or death. An effective
coating woul d al so decrease the nunber of CNS shunts requiring
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I's formul at nto a coating a e Surface of the conponents of

the CNS shunt. The @amﬁﬂ)racyﬁllm Bpiting the anthexsCRte GBXITEDRIN 48hnas a
coati n% applied to the external surface of the shunt; (b) as a coating

appl i ed t 6X@API.Yhathar appligdiats polymersoatiag. inperporaied lntqml?e gelymuerﬁc) gs a
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achi eved withalut ¥ carrigriiyghenthetotdlaese df laxorudtilsis applied Sitouid abeersof
bacteri al colonlzatlon and subsequent devel opnent of infectious

conpl i cat %089 (RRGRT S baddp #§ rﬁ@ly ing? particylagly dreferred merbediment tthe tataligs.
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carriers such as pol yuret hanes ﬁ ., ChronoFl ex AL 85A Bi omateri al s],
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15 release doxorubicin 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 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
20 species of bacteria and fungi (i.e., are in excess of 10*M:; although for some
embodiments lower concentrations are sufficient). In a preferred embodiment,
doxorubicin is released from the surface of the CNS shunt such that anti-infective
activity is maintained for a period ranging from several hours to several months. In
a particularly preferred embodiment the drug is released in effective concentrations
25 for a period ranging from 1 -12 weeks. It should be readily evident given the
discussions provided herein that analogues and derivatives of doxorubicin (as
described previously) with similar functional activity can be 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
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acetate)) as well as blends thereof. As CNS shunts are nmade in a variety of
configurations and sizes, the 25 exact dose admnistered will vary with
devi ce siwe,03pusfi@ce area, design and portions of the sheatr/usoaiaad
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 adm nistered can be
measured and appropriate surface concentrations of active drug can be 128
WO 03/ 099346 PCT/US03/16719 determ ned. Regardl ess of the nethod of

appl i cat i qrarert donepalindy el @ d dempdNIndstwied as pobent pisefoxordsiciang hemnisterapent s,
used al one or in conbination, should be adm nistered under the follow ng
dosi ng guidiérlfibe abpys parametars, @ GorerouNg: half 25 Retenhas dakerubisitisi ne

doxor ubi ci : : r | i as a polynmer coating,
incorporat%ﬁﬁ'ﬁggeg%éﬁg'g%ﬂﬁgﬁg%|%rr\ne?rg eeﬁcg)'the CNS shunt conponents

(such as Dacron or Tafizieg)miteXaropkisdthnothéreidmsie @fbhigpthraeydifmer , t he
total dose of doxorubicin applied should not exceed 25 ng (range of 0.1 g
to 25 my) Whether appliedas applymer spating dnearbew@terd Hito theeolyatess whagvmﬁke of

Or ug 2pP! g RN dnltf (<ich I A0GR P Tetor), b2ampiEr wiliiy 10058 Boief . -

area (i.e. € anoun as”a functi ! .
portion ofthé tatal €988 siitdxdneronkiaphlied sholld rRektesy a%ngegoomr @G esl)
should fall within the range of 0.01 g - 100 er of surface area.

In a parti%c®Bar N2 paeicelaryPretaness 'mecﬂ!b%be@gta amognb@ﬂ@ug;@fali@qii ed to
h S - .
:)oFyrcr:eNr Z%ﬁ%%@ﬁ@%ﬁf%%ogfﬁﬁgﬂ&% ﬁﬁb%‘lg RONS sce}%)r(go@atgf%tﬁé gi‘%ﬁ%‘b&i ng

rat es,10 helrapay e fdnstigrioPheaurtacs aredoting gertion bf theZENSI ShupPdVARKI O Wi t h
the release rate of the drug fromthe CNS shunt surface such that a

m ni mum c6¥eé@ i araliedansiyoriipcorporated) shauid falloxithin the rangesof h@l ngaid®add on t he

surtace. ShoinIGPSIERREA, IR R PR B RN, e
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enbodi nents | ower concentrations are sufficient). In a preferred
enmbodi mentAs different polymer and non-polymer coatings will release mitoxantrone at
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 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 multiple species of bacteria and fungi (i.e. are in
20 excess of 10” M; although for some embodiments lower drug levels will 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
drug is released in effective concentrations for a period ranging from 1 — 12 weeks.
25 It should be readily evident based upon the discussion provided herein that
analogues and derivatives of mitoxantrone (as described previously) with similar
functional activity can be utilized for the purposes of this invention; the above

dosing parameters are then adjusted according to the relative potency of thé

analogue or derivative as compared to the parent compound (e.g. a compound
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doxorubicin is released fromthe surface of the CNS shunt such that
anti-infective activity is nmaintained for a period ranging from several
hours to wewsfmgd34eronths. In a particularly preferred enbedirresas/1d7e drug
is released in effective concentrations 25 for a period ranging from1 -12
weeks. It should be readily evident given the discussions provided herein
t hat anal ogues and derivatives of doxorubicin (as described previously)
with simlar functional activity can be utilized for the purposes of this
i nvention; the above dosing paranmeters are then adjusted according to the

rel ative pwtienay pofent e naittdadlore 05 adeinistatddvat 1asf hergbavedarametees 129 WO
03/ 099346 PCT/ US03/ 16719 parent conpound (e.g. a conpound tw ce as potent
as doxor ubf¥NRCYNd Balhaspetant ag mifaxanione ihadKistereshatimicstng abpveonpound

hal f as poﬁ;rg[.n sd%;égr ubicinis admnistered at twi ce the above
paraneters, e ce??r Il zing mtoxantrone as anot her exanple of an

ant hracycline, 5 V\he{bhErutﬂrbDWmdﬁ‘sesammkM?‘ﬂhe(ﬂQ@Ed midiRe B-MPredradil kst 0
t he polgmars whi ch nake up the CNS shunt (such as cron or Teflon), or
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range of Ocakrigr palyrhefndhe Tdtel dRscofiBfludhdutaci =pliel shouldnitaxeedd 266 mid dr ug
as a functjon of the surface area of the portion of the CNS shunt to which

drug is apf@neaRiahlrertoi3eomedr it @ gprtisninulypretarred gmhedimens, thatetel of 0. 01

.tg - 20 L k tiCcu ref.eryed

enbodi mn%m%8§t0%¥§%ﬁéﬁgi%gﬁlgbggngé)%fa?‘ggacgf& Of;ﬁé)%ngqﬁhe TPife at a
dose ofi00. @it greanRe.-tRe@nddht of Asudibé beurdtiondst teRUrfade arsoffb YWartorto@t | Ngs
will release mtoxantrone at 15 differing rates, the above dosin

par amet er sthe KNP ghuet tetwhich daug is appiet eadiasrinegrppratedleshaalicktad evithan theof t he

drug from shunt r ) t m,ni .concentration of 10-5
- 10-6 M or%an%e%@gn}tw(?ﬂeﬂésg %ﬁqﬁWt laéfglé%‘g@el ?'%las lﬁ@gﬁi@ﬁlﬁl@m Bref?ﬁggjre t hat
drug concegrhbadimens Sludrderadilr Sractl B appibd@NBeTNSshafts@fadd dtaxdsdd one
known to be Iethal to nultiple species of bacteria and fungi (i.e. are in

20 excess ¥f1-Qeghnmy —HG pe/yn " f & diterentpelyaiemandnaroplymer aeatingsevil wi | |

be 15 release 5-fluorouracil at differing rates, the above dosing parameters should be

utiized in combination with the release rate of the drug from the CNS shunt
surface such that a minimum concentration of 10*- 10”7 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
levels will be sufficient). In a preferred embodiment, 5-fluorouracil is released from
the CNS shunt surface such that anti-infective activity is maintained for a period
ranging from several hours to several months. In a particularly preferred
embodiment the drug is released in effective concentrations for a period ranging
25 from 1-12 weeks. It should be readily evident based upon the discussion provided
herein that analogues and derivatives of 5-fluorouracil (as described previously)
with similar functional activity can be utilized for the purposes of this invention; the
above dosing parameters are then adjusted according to the relative potency of

the analogue or derivative as compared to the parent compound (e.g. a compound
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sufficient). In a preferred enbodi nent, mtoxantrone is released fromthe
CNS shunt surface such that anti-infective activity is maintained for a
peri od r amQiong993hie om several hours to several nonths. |In acpasos/oaiar!y
preferred enbodinent the drug is released in effective concentrations for
a period ranging from1 - 12 weeks. 25 It should be readily evident based
upon the discussion provided herein that anal ogues and derivatives of

m toxantrone (as described previously) with simlar functional activity
can be utilized for the purposes of this invention; the above dosing

par anet er swigeeast ftaentesl 85lLBFbAEEIPIHIMINIsErbd &t half#hd ¥BoROpSRGYetefs hhe
anal ogue or derivative as conpared to the parent conpound (e.g. a conpound

130 WO 03,09%oupd paif/asgugentas 5-fluprauracibis asionisisterad atitwios dhe aboee i s
adm ni st er | £ the above paranmeters, a conpound half as potent as
m'toxantrgggarﬁétepsar%t%ﬁ‘stered at twice the above paraneters, etc.). (b)

Fl uor opyri mi di nes Ud)IPdddishyi1boxXihs QUMY et ppylotdiah etpdside &Sand an

exanpl e, whether applied as a polynmer coating, incorporated into the
pol ymeBs expMplie, wdiethemanied @92 polymer Coaling. ancabaorated mto e palginersor

appl i ed wthqu rier«pel r..the total dose of 5-fluorquracil

appl i ed \é\w&%%ﬁg? u@?bg&ﬁ\l%gﬁuﬁﬁ&u@gﬁ Nk 9_rge Q)OO'Q%‘?P'\%)W %‘?3

parti cul achitigppelypidrethesRAdioBB oF etdddlideddpHlied AMPURE ndifexdE8d 28RRY | ed shoul d
be in the range of 10 g to 25 ng. The dose per 10 unit area (i.e. the
anount of (@ndg 049 ang tmebira®). dn a partisulafnpeefarred eptbadimepiothe totalof t he CNS
shunt to ' IS | ied and/ or incorperated). should fall within the
range of 0. i@\tgfq%lgga%igamugfb%mmgdgn%ng p19§06§ B }’EL‘?PQ?IWrHF‘@ferred
emboditgentred(ilel tHe avbant of ErigWsth RACBOPLE B JRfdcBarElsr BlpirtisHE e at a
dose of 1.0 g/m¥Z - 50 .ig/m¥Z. As different polyner and non-polyner
coatings WNS shntite whigedsiy isiappied aodior incodpdratad )rsipoulst fa withivethebov e

051 0 DA AR 80T 18U ekl Mtk ReS A DI By e, e
of 10-4 - epbodibml efopbkider HIREFbE abplied® hbatNEGhuht s&ﬁad@&tea'séééé’of 0
I nsure that surface drug caoncentrations exceed concentrations o
5-f | uor ouPdcig/mmowd Otug/men’t efadifferentpotpmenand peoipetyroér doatings vl
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 etoposide is maintained. It is
necessary to insure that surface drug concentrations exceed concentrations of
etoposide known to be lethal to a variety of bacteria and fungi (i.e. are in excess of
20 107 M; although for some embodiments lower drug levels will be sufficient). In a
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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20 and fungi (i.e., are in excess of 104 M although for sone enbodi nents
| ower drug levels will be sufficient). In a preferred enbodi nent,

5-f 1 uor ouwemslosdsge r el eased from the CNS shunt surface su@aTiUsas/ 16719
anti-infective activity is nmaintained for a period ranging from several
hours to several nonths. In a particularly preferred enbodinent the drug
is released in effective concentrations for a period ranging 25 from1l -12
weeks. It should be readily evident based upon the discussion provided
herein that anal ogues and derivatives of 5-fluorouracil (as described

pr evi ousl Wyvicenas potentras atopositztis @adalinistered bt falf te dmvet pdrapeterson t he

pur poses of this |nv ntion; the above dosing paraneters are then adjusted
accor di ng PRI halas pelepbas Raposide is Rminiaiesediat Bricaihe dbevie as
conpared t @Eté?é“étet conpound (e.g. a conpound 131 WO 03/099346

PCT/ USOS/ 71 twice’as potent as 5-fluorouracil is adninistered at half
the above paranet er d) @Gomibinatiom thévalply. d6simmile be rasdlﬁfé\hdl@mtdwsédldpolns

adm ni stered at twi ce the above %@r aneters, etc. (c) Podophyl ot oxi ns
8p

Utilizithg thad %H%BWPERV&;@%“@? t gembinatipns of é&@ﬁ%ﬁYé"n%@t Ger applied as
| he CNS
bt ( suc8hididh o RiRKARLBHELLSIBHRIIALS 1B -0 RGACE Kigid 1° TN

the total ahtsgonidts é.gposettiotraxdte) add pbaopiliniokingXegedetdposige) éarabge of 0.1
gto 25 rr% I n a articul arl_g preferred enbodi nent, the total amount of
drug appl i“tzeh q;@e-thetaﬁg aeiReal antivity pf et NS shynt tortingss2inilarlyuni t 10
area (i.e. f a of the
portion of n:tlﬂgc%éggﬁgm to E%rw%rgeggiﬁlﬂpgg)pgﬂﬁﬁﬁgsﬁécgrﬁ:’grat ed)
shoul di¥ alfluovedrhgit), fdfie acrdaangag@mst@ (€)y. gmethbi@xgten @ndrorpodbphybiaes area. In
a particul arIy preferred enbodi ment, etoposide should be applied to the
CNS shunt §19r,f%teao%l@e)apadb%%cgmb'r@d1wgz Wﬁﬂ'tlonQ@rﬁﬂﬁW angoraitfengait pol yner
and non- pgq} nags y 15 rel ease etoposide at differing rates, the
above dosi ara ers cehoul'd be utilized in conbination with the rel ease

rate of the dr ug fr¢g) ExteredVaitvicularsDrdinsge $EVD) Deeicetand Neteaéranialon of
10"5 - 10-6 Mof et 05)05| de is maintained. It is necessary to insure that

surface dirgseurecdGP Manitering DexiFesoncent r ati ons of
15 EVD and ICP monitoring devices are also used in the management

of hydrocephalus. The therapeutic agents, doses, coatings and release kinetics for
the development of drug-coated EVD's and drug-coated ICP monitoring devices

are identical to those described for CNS shunts.

K. Infections of Orthopedic Implants

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,
loss/removal the of prosthetic, reoperation, loss of the affected limb or even death.

25 The cost of treating each infection exceeds the cost of the primary joint
arthroplasty itself by 3 or 4-fold (in excess of $50,000/case). Other orthopedic
implant hardware such as internal and external fixation devices, plates and screws

are also subject to such infection and infection-related complications. The present
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et oposi de known to be lethal to a variety of bacteria and fungi (i.e. are
in excess of 20 10"5 M al though for sonme enbodi nents | ower drug |evels

will be swbfiBoysmé). In a preferred enbodi nent, etoposidecrasogigased from
the surface of the CNS shunt such that anti-infective activity is

mai ntai ned for a period ranging fromseveral hours to several nonths. In a
particularly preferred enbodi nent the drug is released in effective
concentrations for a period ranging from1 -12 weeks. It 25 should be
readily evident based upon the discussion provided herein that anal ogues

and deri vatéateenbinciides osiitiele(drates s torehope enfeotesd prostivetibs, With k6wn
functional activity can be utilized for the purposes of this invention; the
above dodhhRyephrishe cembingdowithantibigfie8s@d according to the rel ative

ot ) Compound. 139 eSS0 idRERc meRRr SREAGH S Rahd iR BT i N
et oposi de post egeiativelyened detlinesl dontihgoadip terp aftareAsah exampi®tpeund hal f as

potent as etoposide is adm nistered at twi ce the above paraneters, etc.).
(d) Corbi rfRMkiRed fsidange of raterpfprestbetic isiiinfection st yasss isdarpeximaselyhe

di [ [ i that j ' r clines (e.g.,
doxor ubi o B Va0 RS, e 3R wERTRLATI 2% 80 EORDIOEKT o SBat 2ot 5

folic acido. aMmegmosinfedtidntiso MBS EerRIRY oAt PatoKNYeorR¥iNetics ardd-
etoposide) can be wutilized to enhance the antibacterial activity of the

CNS shunt irfgstadityicespsireavently ambins aSheylderprosthelic infaetiansutange frasn

ant agon SO oG BERE WPAg 1236, ilfaisRdBIHIBEGHIRE 1 b 2 Bk oposi ae)

can betconbi ned w t Mhieredid these mai ridehahistsodrdhfettic THeUm@al corffAtis t o
enhance efficacy. (§%|)t External Ventricul ar Drainage (EVD) Device and

| nt r acr anicglonizatieasaiitee midpnt (asesthetic. fiyativy pleée, sceevE/baayimpleptatimi t or i ng
devt oe5 Bl o) B B RISORA, Pl VAR D A S o
dr ug- coat ednfavhinationdf theugowrnt Bt b&EbDMetHYd IBGpeR)d £6% an adjacent focus
of infection, such as wound infection, abscess or sinus tract. The third is
15 hematogenous seeding during a systemic bacteremia, likely accounting for
approximately 7% of all implant infections.
Risk factors are multiple. The host may be compromised as a resuit
of a systemic condition, an iliness, a local condition, or as a result of medications
that decrease the host defence capability. There is also a predisposition to
20 infections if the patient has had prior surgery, perioperative wound compilations, or
rheumatoid arthritis. Repeat surgical procedures increase the likelihood of
infection as there is a reported 8-fold elevated risk of infection as compared to the
primary prosthetic replacement procedure. The presence of a deep infection
increases the risk of prosthetic infection 6-fold. Various diseases also increase the
25 risk of infection. For example, rheumatoid arthritis patients have a higher risk of
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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are identical to those described for CNS shunts. K. Infections of

O thopedic I nplants 20 | npl anted orthopedi ¢ devi ces such as prosthetic

j oi nts swb 0w, knee, el bow, shoul der, wrist, netacaPpaIUSOaNI19

nmet at ar sal prosthetics are subject to conplications as a result of
infection of the inplant. Othopedic inplant infection has a variety of
sequel a including pain, imobility, failure of the prosthetic itself,

| oss/renoval the of prosthetic, reoperation, loss of the affected |inb or
even death. 25 The cost of treating each infection exceeds the cost of the
primary joint arthibgliaptantitselélanddhe Teorerds ﬂlﬁt@e(:lime ibloqease, @an cause
$50,000/ca Q her ortho edlc | ant  hard su i.pt ernal and

ext er nal 9%\?“ 'S HIRACEEEO aegtcggdgﬁ)@atge} SROOTY d&féﬁo‘i Qj'f%é?mt'a’pﬁmh

i nfection n@élénél@fr%%'tﬁé‘ir be«haﬁﬁ&eﬁpfmé 'o?ﬁ-#ééﬂb% ﬂ&}%xaﬁﬁﬁ@f}} metat- tm%%{ 099346

PCT/ US03/ 16719 treatnent includes nultiple operations to remove infected
pr ost het i ¢¥nged prhsthetic knae hlaa [28rtemes thestisk ofttiofauition df airhétabtu-plastic kneelse.

The rate of orthope ro tlc i.nf ection in the first nonth
post opg’gr atively thgﬁ‘ H&Wﬁ L deYighis Mos §P§Fec92'8[éet%d'f‘%ét‘°“ garpAneRabbite, the
5 conbi neghddidd ASNE 8h&kn E@t%@a%@ﬁéﬁ#l&dc@b@%ufﬁs ﬁéélﬂé‘teﬁoj ﬁﬁ%rs s
approxurately 5.9% per 1,000 joints rate then ros to per 1, 000

joints fr@fnrmelant 2retrequited torbauseaare indéctiomf, bot bactesdnsio (Ivemamgedepehdl ng on
the joint. rost are. infected tw ce a e ntly as hip

Shoul der SPEAPAA O PRSI SutsensGnes G Tb AR iadliest o 1206
wists 1. §f’§’r\‘ifibaﬁtl9%cﬁ=@%a%fﬁﬂaesl' h13 émph@sized the JrQﬁ)JMC% e érilfn‘ﬁﬁrdﬁéln
mechani sns "of infection. The nost comon I s oni zat1 on | ant
( pr ostet istrateigyxnitiated qarbt at the imevsf impéantatiorpl ant abl e or t hopedi ¢ deV| ce)

t the time of inpl th t| through airb t ti
of 1 he wound.  The sobhEveBEsal PLALprOSHIP e Bt Keaanacen Coverty aam

i nfectionpogitigd c@ém“@iﬁﬁ’n;}l&é&%ﬁé %Grelﬁb@g%?ﬁlé% ﬁéd&fﬁe@tﬁ@'ﬁyloé&%l s d is 15

hemat ogenous seedi ng during a systemc terem a accounting for

appr oxi mateinyolytis Strepliococays) b{rndanaf@@upﬁtaaptmcxﬂcl)fadtMSroaoecm(DIftenpI e. The

host may be Ituﬂ {ralns o% starﬁwy?ocro%gbjsl E:an be present in a single prosthetic infection.

15 Other organisms include aerobic gram negative bacilli, Enterobacteriacea,
Pseudomonas aeruginosa and Anaerobes (such as Peptostreptococcus and
Bacteroides species). Polymicrobial infections account for 12% of infections.

The diagnosis of an infected implant is difficult due to the highly
variable presentation; fever, general malaise, swelling, erythema, joint pain,

20 loosening of the implant, or even acute septicemia. Fulminate presentations are
typically caused by more virulent organisms such as Stapylococcus arureus and
pyogneic beta-hemolytic streptococci. Chronic indolent courses are more typical of
coagulase-negative staphylococci.

Management of an infected orthopedic implant usually requires

25 prolonged use of antibiotics and surgery to remove the infected device. Surgery
requires debridement of the infected tissue, soft tissue, bone, cement, and removal
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

replacement prosthesis. Some authors advocate the use of antibiotic impregnated
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of a systemic condition, an illness, a local condition, or as a result of
medi cations that decrease the host defence capability. There is also a

pr edi sposwbioenyisas 20 i nfections if the patient has had pripom/s0s/geny,
perioperative wound conpilations, or rheumatoid arthritis. Repeat surgical
procedures increase the likelihood of infection as there is a reported
8-fold elevated risk of infection as conpared to the primary prosthetic
repl acenent procedure. The presence of a deep infection increases the risk
of prosthetic infection 6-fold. Various di seases al so increase the 25 risk

of i nf ect icemenftdsuteitareheernshregamiirgj theaidkofi davelapiig entitiotianesistadjegher ri sk
of infection possibly as a result of nedications that conprom sing their
i mmunocons&EPesidlly mathédlipsevistanse PFhonedess isxensive, @fetrthradesipiselien y

medi at ed ] . SKi LLLEr: 0 kClh: . 134
0 031 09053t RRs AR RSN ISt Be o o et BN BT
secure it eradiphtedetheqailieh@use b Iéfos@lerbiyravmsromsapapsicalgneiid on that is
poorly understood. Different inplant materials have their own inherent

rate ofo i §fasdiGashpainRndesaiipd dighuristeefae-intectiebal  hi nged prosthetic knee
h 20-ti th [ Laf | . -1 Q- Dl ' Al
s 20, 1es <11 e O R ) B BT SRR oo

I npl ant ed device is nD suscep

have showimplaats capabléof ewisihgnybdeseg tie @ité efmfédlienu | sfbdiitet he time of
i nplant are required to cause an infection, but bacterem c (henmatogenous)

seedi ng aPropedikdmplant 6pating vouldyredycs thssingisienae 1of jaiatranddhdrdivee t  and

requires . SLofif i . Lak... TR i i t ance of an
bt i or obTePRG GRS BendRt b hend By & RDRN, AR MR RN o1
Si xty 10 veept; e@dtalsd détreaps @5 herhber bdriopadiciehplams r@dj@iriﬁ%USEd by gram

positive cocci, (Staphylococcus aureus, Co%%ul ase Negative Staphylococci,
Bet a- Hen#®Riasemsent spsibtinivuewermorkigity fannatipnist wighh thesedeipjarésid

enterococci. Oten | & | .0C C resent in a
cingl o prosi heti o i M dertBheaRhRidineRl BhARBGR AR RS, BB gRER!
negative badjdrldtopdeideambRenhartéartte a JoaaHg appiasteUlifaes af @l Anaer obes
(such as Peptostreptococcus and Bacteroides species). Polym crobi al

i nf ect i on§OEWENERAtS gfdhe opthppedit inplant.ohse drug(s) can be applied in several
15 manners: (a) as a coating applied to the external intraosseous surface of the

prosthesis; (b) as a coating applied to the external (articular) surface of the
prosthesis; (c) as a coating applied to all or parts of both surfaces; (d) as a coating
applied to the surface of the orthopedic hardware (plates, screws, etc); (e)
incorporated into the polymers which comprise the prosthetic joints (e.g. articular
20 surfaces and other surface coatings) and hardware (e.g. polylactic acid screws and
plates); and/or (f) incorporated into the components of the cements used to secure
the orthopedic implants in place.
Drug-coating of, or drug incorporation into orthopedic implant will
allow bacteriocidal drug levels to be achieved locally on the implant surface, thus
25 reducing the incidence of bacterial colonization and subsequent development of
infectious complications, while producing negligible systemic exposure to the
drugs. Although for some agents polymeric carriers are not required for
attachment of the drug, several polymeric carriers are particularly suitable for use

in this embodiment. Of particular interest are polymeric carriers such as
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The di agnosis of an infected inplant is difficult due to the highly

vari abl e presentation; fever, general nalaise, swelling, erythema, joint
pai n, 20 wowesesismg of the inplant, or even acute septi cenpaT/uSud/mi7nat e
presentations are typically caused by nore virul ent organi sns such as .

St apyl ococcus arureus and pyogneic beta-henolytic streptococci. Chronic

I ndol ent courses are nore typical of coagul ase-negative staphyl ococci .
Managenent of an infected orthopedic inplant usually requires 25 prol onged
use of antibiotics and surgery to renove the infected device. Surgery

requires dedNirdgiEpes (8fg td)l@rohB?%‘%Uﬂ.%‘SAF@PBiorﬁQtfeTrlan'] a%ytﬁomeso%@?nt and

renmoval of the infect ed ant After a period prol onged antibiotic
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arthr od@su@elltéosﬁa@ﬁatemop@namj acryllaterpod adtbacrykate copsiymeys (eng.sorre cases.

Even wh ti ted, the patient be Ieft |
compr o SEMIRDYTRE £ NLaE B Faaan eBde atker car ry o hi gh risk of

re-infection. It isTtHeed@ %e.rﬁéﬁe%fee&h xlssldeﬁheaﬂgbyatbamwc,%umo devel op
orthopedic inplants capable of resisting or cing the rate of

i nf ect i cn.phaspbatesythydeoxyapatitepenitiogs mpltbamemealldeagloaeul d reduce the
I nci dence of joint ower .the_i ncjdence of

nd d fecti
prosthetic failure, %? ar \garelﬂlﬁgtﬁ%%e g?ﬂ?ie '\'?691"%@?%85?‘?{‘ IgRtioNs N decr ease
the nuppersids, eid @%&@b@e 'a@maﬁ‘l@fe?eé WilWérS/Wth |ﬁﬁ%ﬁt¢5‘?ﬁ@ %hﬁafr*gr%\r'%%'dégldn”

| ower morbidity for patients with these inplants. I'n a
enbodi nentagnddeartionsbotihe, impiand xaatedo ridowéever) a;mtamrpanmblesarai'{lmeappl‘mnhai de are
fornul ate

o ape: i AR AL S S TR ()
T T
t he can be measured and appropriate 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 make up the orthopedic implant components, or applied without a carrier
polymer, the total dose of doxorubicin applied should not exceed 25 mg (range of
0.1 pg to 25 mg). In a particularly preferred embodiment, the total amount of drug
applied should be in the range of 1 ug to 5 mg. The dose per unit area (i.e. the
amount of drug as a function of the surface area of the portion of the orthopedic
25 implant to which drug is applied and/or incorporated) should fall within the range of
0.01 ug - 100 pg per mm’ of surface area. In a particularly preferred embodiment,
doxorubicin should be applied to the orthopedic implant surface at a dose of 0.1
ug/mm?* — 10 ug/mm?.  As different polymer and non-polymer coatings will release

doxorubicin at differing rates, the above dosing parameters should be utilized in
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prosthesis; (c) as a coating applied to all or parts of both surfaces; (d)
as a coating applied to the surface of the orthopedi c hardware (plates,
screws, ewo)3/0¢s)s incorporated into the polynmers which ceapriss#idrine
prosthetic joints (e.g. articular 20 surfaces and ot her surface coatings)
and hardware (e.g. polylactic acid screws and plates); and/or (f)

I ncorporated into the conponents of the cenents used to secure the
orthopedic inplants in place. Drug-coating of, or drug incorporation into
orthopedic inplant will allow bacteriocidal drug levels to be achi eved

| ocal |y orcobribenatiopl witt tieirdieas, ratdosthe 2rug @dac tHotishddie insisiastesubface
bacterial col on| zation and subsequent d veI pment of infectious
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sui t abl e foohcersteations df iosorBsA IkﬁBWh to Ok |@El IcCiuRibld SHRIIGSf Bdctemp! yneri c
carriers such as 136 WD 03/099346 PCT/ US03/ 16719 pol yuret hanes (e.g.,

Chr onoHl ex@nalfuBGiAL. ¢ caresinoexaess o4l 8] M; ajtipuak fEawpme prbodinentsiewenl s] |
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cel | ul osefren theeslrfle)sTRhS oﬁﬁogedlﬁllrfnb@@\ebhd;ﬂ m,anﬁﬂrhfeuhwscm?n@t e
Butyrate, 5 Cellul ose acetate propionate acrylate and nethacryl ate

copol yner nqiatagnedder ¢ rarieg rangingdram ﬁyvera beursdp)sexsrakmantas As ends

phosphat e CSrongiPaeYloslh e AR B del SF1B bbb RO EPR pe

i npl antgs aver morﬁswdayyaTrh@:teYor@f mC@Pétt@uraallylme%r@ademwm&\em&het he exact
dose administered will vary with i ant size, surface area, design and

portions dnajemty (Phil)aithe audis. rele@md@wer therfirat A2 ppursctopireventanfeptiomppl i ed

th C l,cul ated a function
o dose patiegibi farmidieid 1o FEsl8 FEREEE " Rhp R eRhl elliedy) "ot o
drug dose bagdéd Dbsh et discasslon praBAsIRE@irn At ARAIOYREE B8 dEfivhies of
concentrations of active drug can be 15 determ ned. Regardless of the

met hod of dayprubicin (amdescribed pievigusly) witle similardpeetianal activity can be utilized
15 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 half as potent as
doxorubicin is administered at twice the above parameters, etc.).

20 Utilizing mitoxantrone as another example of an anthracycline,
whether applied as a polymer coating, incorporated into the polymers which make
up the orthopedic implant, or applied without a carrier polymer, the total dose of
mitoxantrone applied should not exceed 5 mg (range of 0.01 ugto 5 mg). Ina
particularly preferred embodiment, the total amount of drug applied should be in

25 therange of 0.1 ug 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 orthopedic implant to which drug is
applied and/or incorporated) should fall within the range of 0.01 nug - 20 pg per
mm’ of surface area. In a particularly preferred embodiment, mitoxantrone should

be applied to the orthopedic implant surface at a dose of 0.05 ug/mm? — 3 ug/mm?>
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i mpl ant, the preferred anticancer agents, used alone or in conbination,
shoul d be adm nistered under the foll ow ng dosing guidelines: (a)

Ant hr acycwbDrem9osik i | i zi ng the ant hracycli ne doxorubi ci n agcanusogxamnpl e,

whet her applied as a polynmer coating, incorporated into the polynmers 20
whi ch make up the orthopedic inplant conponents, or applied w thout a
carrier polyner, the total dose of doxorubicin applied should not exceed 25
ng (range of 0.1 .tg to 25 ng). In a particularly preferred enbodi nent,
the total amount of drug applied should be in the range of 1 pg to 5 ng.
The dose pks differdnt aoandriarel ndrivpolyarapeottings wilugleaseanitaxatitions aof t he
surface a&g of the portjon of the orthopedic 25 i ant to which drug is

npl ant hi ch dr
appl i ed arfifQiNg 9ies Hof abR\H desinaiParameterssheyld bendilized jrcembingtion with- 100

.- i A . ' t,
Gokor ubi e [FMELE e oF Bk iy ForR3he bRHOBELY IRPERELIASCRIMEER. | oce
of 0.1 g/mimfnumiddncégtratich ofA0 i 13°&Meoft mpokafi®neds tndio@irze. oRr coat i ngs

will release doxorubicin at differing rates, the above dosing paraneters
shoul d be NFCFFPFUP iNFUIBthandres LoRLINELiPLY POS SUBFIS eXeratheHwentationg h t he

| . t t edi Cir . . t hat
ot mom oo Tikahitne kHwhio B8Pl ARBR SoodBh Gfkacielid 6F i ik, 0o 1
surface. lareiirsexesssss A0y M;aalihosighdot swhe suibairaedisugwepaagritvés iwinbeexceed

concentratigns of doxorubicin known to be lethal to nultiple species of
bact eri a SUHiEHRUngia preferred gmbodiments Butoxgntrane isneleased dieghtieor some

enbodi nmen | : ' f L1 Gl o : f ar,

embodi monto " SBea PR i OOt uR SpB bR By R RE8 10f opea o

i npl ant0 s yehiotrahgiag fiom séwsrhi Neursad isevénal monthisi Ag démtﬂ)eﬁgjreﬁongly,i the

rangi ng from several hours to several nmonths. As describe grevi ously, the
risk of i risk&fivfectiqusroatamigation obthe implantis arratest qyes theofitst 3clayser t he

first 3 d I | 1Y | (L ar] f e i

o] or i by (2ETAPTY T pRE BmighiAeRE e AGHY ol of e nBIp POsER pdfe
prevent i MirstGt2 laours tdhprevent Infedtion vakile@lowiegnbrdal keliegus ocbarteafdfter. | t
shoul d be readilgeevident based upon the discussion provided herein that

anal ogues 'esfipulbpe veadilyyidant based uppn dhe dissystier OFoviker pewin hadl y) with
sim | afg flé?\%‘dg?l@@lana%éri%fiyescmnRgxe'rﬂ‘tk)lniez(gg 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 mitoxantrone is administered at half the above parameters, a
20 compound half as potent as mitoxantrone is administered at twice the above
parameters, etc.).

(b) Fluoropyrimidines Ultilizing the fluoropyrimidine 5-fluorouracil as
an example, whether applied as a polymer coating, incorporated into the polymers
which make up the orthopedic implant, or applied without a carrier polymer, the

25 total dose of 5-fluorouracil applied should not exceed 250 mg (range of 1.0 ug to
250 mg). In a particularly preferred embodiment, the totai 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 ug — 1
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15 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 conparwo ososlke parent conpound (e.g., a conpound tw PETASBIPO/ENt as
doxorubicin is admnistered at half the above parameters, a compound half
as potent as doxorubicin is admnistered at twi ce the above paraneters,
etc.). 20 UWilizing mtoxantrone as another exanple of an anthracycline,
whet her applied as a polynmer coating, incorporated into the polyners which
make up the orthogedic i npl ant, or applied without a carrier polyner, the

total dosemgfpermrosbsurfanecarepplih etk pefereed estbodini@nt( 5@ RhcD. 01
.Xg to 5 articularly preferred enbodi nent, the total  anount of

drug appl {g%ﬂ)%%laﬂp t%thﬁyﬁh?@eﬂ%@@@ﬂt sorfacg at g dpspyl 1Thegimyse ]Ef@r uni t
UL e M

i ncor por atada)lff@h@txlacbsf ahe abb\liehd@snh@ afaiﬁgl@rs)éh&lﬂ)begﬂrhzé’@|rDc<§}nB|$\étlorﬁmQ of
surface_area. particul ar Ici/ﬂgpre erred enbodi nent, mtoxantrone should

be app|$ed~%th%@'€zﬂserféfﬁe@f theidigg fem therarthapesic impledsusce sgsh @matrae -3
g/ me. 13%‘(\%9@{ &%%éﬂﬁﬁf f’g@g{e Jr@jfvgcxw ﬁugﬂouhe PQW@@% |§‘ Bes the

non- p0| ynmer coatl ngs w antrone a

above dosimaregaagtelimyise hutyusfaee duld bodsshtiaion® BREesd tomteattiafions Bess el ease
rate of the drug fromthe orthogedlc I npl ant surface such that a m ni num

concent r atflusRoyRCcH kpewn tg bedethpblio nHMeresA spesiesof bagleraanddyngi (.ei, arg

essar t C r
Concent i SO, aftolbarChp S Fhbalmelfl, Ve g AV BIR R ERe e es o
bacteri® asufidientyli In(a peeferrad @mbbdiness S-Miordéhatil I reidddeauydim s sone
enbodi nents lower drug levels will be sufficient). In a preferred

enbodi mentorthapregicampiansuriace stieadhat antidhiectiee act’@\htypemaintamﬂdafm asur f ace

such t hat rlod ran

from sever oHﬁﬁéﬂgf)f}O\s{ﬁ?gséﬂaY%ﬁrs t§ S%%Eioﬁﬁsoe’gg 8?8% ‘Prﬁv'ot“ﬁ& | sk of
| nf ect i ousriskasftimfatisus euntairidtioni oTihamplbat i9igeadtest ordrahe ik 3fddyst 3 days.
Therefore,_in one enbodinment, the mpjority (or all) of the drug’is rel eased

over the Fhergiorgn ararticularly peaferied entogsiment, thie majcsity 6uii aily oh thendriugieal i ng

to occy t#éF‘e 288 oVEr the first 72 hours to prevent infection while allowing normal healing

to occur thereafter. It should be readily evident based upon the discussion
provided herein that analogues and derivatives of 5-fluorouracil (as described
previously) with similar functional activity can be utilized for the purposes of this
invention; the above dosing parameters are then adjusted according to the relative
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-fluorouracil 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 pug to 5 mg. The dose per unit area (i.e. the amount of
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It should be readily evident based upon the discussion provided herein that
15 anal ogues and derivatives of mtoxantrone (as described previously) with
simlar wWonehyomal activity can be utilized for the purpeseasos/1d7/nd s

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 (e.g. a conpound tw ce as potent as mtoxantrone is adm nistered
at half the above paranmeters, a 20 conpound half as potent as mtoxantrone
is administered at twice the above paraneters, etc.). (b)

Fl uor opyr idrugliasesfudtiidn 8f the durRick 2464 ePiHd partlbAof thd draeipkdidpladtsto an
exanpl e, whether applied as a polyner coati nl%tf I ncorporated into the
a
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embodi rrentshommebé Qb@liedatﬁsllhébrmf)pdcﬂlégm%wt's@ﬁacéapwd@s@%fDn1 Ldrerhangg of 10
g to 25 ny. Theg dose per unit area (i.e. the amount of drug as a function

of the SunBdvey ars«diderentpolymeriand nsin-polgmer coatirgsi \&llllraiplaaatetapDSldmatch dr ug

13070 0/ WBE e et FIRE B S44nG R tetefandha Bertidigea i o Prugn wifl -
par ti cul arhy rélegée F4te df @RIy TRIM ¢héoﬁh§9éd1élirﬁ5|bht sm éhé?ﬁhapal ied to the

ort hopedi c i npl ant surfasce al a dose of 1. . As different
pol yrrer aﬁ@nﬁ@?ﬁéﬁlﬂfwxfe colx i Mo atwmwudeelsaaw@:»ﬂ ubn%nemﬂary mlnawfef ering

rates, bov o] ters shoul d beU|I|zd|nc i nat j 5 with
he ol endnf BB RG SoRARRRDE 2iasd ponattations HF Fianbs ERmond' okt hot
a m nigrunetBaneentamity enbaétedi8 atd f&ﬂgﬁ(: M &e iRextess @M@"CNM altfo JgH fBPa' ned.

It is necessary to insure that surface drug concentrations exceed

concent r atspoesezbogiménts mandicg levietrowil heosuffciest)han atrsefiearedr ous speci es of
bacteri a an

enbodi nent™d” oétf\@g ngu%oqsé e'ﬁge\ﬁaﬁ?ggcesg‘%ﬂf'%qcﬁcg%? Orthﬂp%él'ﬁl'r@l"%f’féﬁc

enbodi MenthatrtilincBveé aetivityli§ mAeh@RFvRfr %%Erfo'iﬁan@irnbrfRi?ﬁngeHaVHbé’f@ttosUr face
such that anti-infective activity is nmaintained for a period ranging from

sever al heaveral ovandhva sl dassribéd preddouily dhé bield opindedtiousicpntarhieation of the
15 implant is greatest over the first 3 days. Therefore, in a particularly preferred

embodiment, the majority (or all) of the drug is released over the first 72 hours to
prevent infection while allowing normal healing to occur thereafter. It should be
readily evident based upon the discussion provided herein that analogues and
derivatives of etoposide (as described previously) with similar functional activity

20 can be utilized for the purposes of this invention; the above dosing parameters are
then adjusted according to the relative potency of the analogue or derivative as
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., 5-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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risk of infectious contam nation of the inplant is greatest over the first
3 days. Therefore, in a particularly preferred enbodi nent, the majority
(or all) whosl®3ds ug is 15 rel eased over the first 72 hoursTiusoprEvent
infection while allowi ng normal healing to occur thereafter. It should be
readily evident based upon the discussion provided herein that anal ogues
and derivatives of 5-fluorouracil (as described. previously) with simlar
functional activity can be utilized for the purposes of this invention;

t he above dosing paraneters are then adjusted according to the relative 20

pot ency ofSitniiaripaatiegtielings Ly, dakonBichs of BRI, flleropafirfingso@gund
(e.g. a corrpound tw ce as potent as 5-fluorouracil 1s admnistered at half

the above S-farapeacd) §0“Caa@‘éﬁﬁtﬁ§lﬁd'8h%1(& gasngibeteenatekansi/or mm&toxmm
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as a pol ym@@nm@tem@ncewa@prat ed into the polymers which nmake up the
orthopedic inplant, or applied without a carrier polymer, the total dose

of etoposide applled shoul d not exceed 25 ng (range of 0.1 g to 25 ng). In
a partigcul arly pref ‘?ﬁf@%r%'m%'cm?é@ withWtneP ARl B oeQ arfy | g@aﬁﬂg' ed

shoul d be in the ra t he
anount of 140 WD 034@9&&&%:@6&8&5@8@1@6@% 16 p@me@fwm:h@anefsut@@y

surface area of the portion of the orthopedic inplant to which drug'is
appl i ed amr/aaw'd%@ﬁqimpépewpsgaomhaw Hdudg lmnlantsrseclnaﬁghsa@age tadlesy - 100 g

er Mk of cul.arl. rred enbodi t oposi de
Shoul d be PR T356¢S Fhe SlvRspRbhes Bl NG FE ol e TR s 2 G0 Be g1
- 10 5 9/ ewmBstofrotit dévedesN coR@litsRFigatish MABs HUCKIRY adehdd, | Si8ists Véthbleke! ease
etoposide at differing rates, the above dosi ng parameters should be

utilizZéd infedeontgneaeaveniiltars, hembcpi@aﬂ@m agsets; puepsf(far e deu@rv obm t he

th d t rat 0 6 M of
ot oposi de T FRaie) HEnBSBHC HeP bl dsathg o e e ErSr el et g
concent r athreast xsIesd, fens anplaAts Elﬁtﬁ’ésé@)%ﬁé&%ﬂBW%Fﬁtsbﬁﬁtﬂélxtérﬁ{ém| to
a variety of bacteria and fungi .e. are in excess of al t hough for

some enbodemens {IURlgatyresy titaniemn dmplants (pardaiidncingdantistry) chepttebesr ed

nasogastric tubes, percutaneous feeding tubes, colostomy devices, bone wax, and

15 Penrose drains, hair plugs, ear rings, nose rings, and other piercing-associated
implants, as well as anaesthetic solutions to name a few. Any foreign body when
placed into the body is at risk for developing an infection — particularly in the period
immediately following implantation.

The drug-coating, dosing, surface concentrations and release

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, lipids, nutritional fluids, and anaesthetic
solutions) to prevent infection transmitted via infected solutions/fluids used in

25 patient management.
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enbodi nent, etoposide is released fromthe surface of the orthopedic

i npl ant such that anti-infective activity is maintained for a period
rangi ng fwormssessas al hours to several nonths. As descri bedTmrsewieus!| y, the
risk of infectious contam nation of the 15 inplant is greatest over the
first 3 days. Therefore, in a particularly preferred enbodinent, the
majority (or all) of the drug is released over the first 72 hours to
prevent infection while allow ng normal healing to occur thereafter. It
should be readily evident based upon the discussion provided herein that
anal ogues and Mer i Jafectiess AssatiatpdsiitheO¢alar treplantshed previ ously) with
simlar functional activity 20 can be utilized for the purposes of this

i nvention; the abovel NfoRiNPIBARTaREANS of mpdicat drvicarimrlantsdn theceyalai®y to t he
relative ; rivatiy r ar ent
compound (B RBB AR ML s FodSneRiTROt Btaraft 1Ge8f ea o
hal f the adreveorpaakinkictioss secarumppticodtactleas up@t ent as etoposide is

adm nistered at twi ce the above paraneters, etc.). 25 (d) Conbi nation
therapy. It should be readily evident based upon the discussions provided

herei n & hahtde0BRS BPHI%%EN%F! gRLdy acyclines (e.g., doxorubicin or

m t oxantrone), fluoropyrtrmaines (e.g., 5-fluorouracil), folic acid

antagoni sts (e.g., MHRiMmBEEsTENtradcliMOeaPsy ingiigntedsn (e Onite@BBRES hEE) can
be wutilized to enhance the antibacterial activity of the orthopedic

i mpl ant  cSHPWVAEXPeAgNtghyo/en Yunlest desadgsoRurrento oves himillien ynteaechilascycl i nes

51 Pror oonGas relnfbiarted SRR ARb e VHSLRBIG-NIdtoR Rei0d pliced im s
podophy! otppsterior chantber of tHpeyd. dEhdSFHthAIMiBO Bthe ot fifédtual
antibiotic and/or antifungal agents to enhance efficacy. 5 L. Infections

Associ H eFomRrlisatiomef intiaaredlar les\nlacementcandhetcuns in approkimately &:3%cafnmonl y

used int t [ Ci and s r far wi.de variety of

pur poses. %@é@e%l @gtfoudézéaél%gc}e;rr}{%gr)s tr]@he \Zésqgﬁ%?rtggaéefc‘iﬁség ,Sur%?qli ary T-tubes,
clips, sutdohesminaBshend Haaerdrediset Withirl #8 hBuRVEMhé PRoctidussihesi ons) ,
anastonoti c devices, conduits, irrigation fluids, packing agents, stents,

stapl es, 10 inferi orTheemasicearampnicagses obemdonhiaalmits agehoagulpsams (for the
delivery Ci\flegative Staphylococci (principally Staphylococcus epidermidis), Staphylococcus

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

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, resulting in lower morbidity for patients with these implants.

In a preferred embodiment, doxorubicin, mitoxantrone, 5-fluorouracil

25 and/or etoposide are formulated into a coating applied to the surface of the
components of the intraocular 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 internal (luminal) surface of the lens; (c) as a coating applied
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t herapeutics), henostatic inplants (sponges), tissue fillers, cosnetic

i nplants (breast inplants, facial inplants, prostheses), bone grafts, skin
grafts, iwoDroawobvesné ne devices (IUD), ligatures, titanium iPCplEas/s6719
(particularly in dentistry), chest tubes, nasogastric tubes, percutaneous
feedi ng tubes, col ostony devi ces, bone wax, and 15 Penrose drains, hair

pl ugs, ear rings, nose rings, and other piercing-associated inplants, as
wel | as anaesthetic solutions to nane a few Any foreign body when placed
into the body is at risk for developing an infection - particularly in the

period i rarafibapefty of bbirosirgek mptrRlent] 4it/or (8 itddifo st infdthed@Siymers
surface concentrations and rel ease 20 kinetics of these i nplants is

i dent i cal Which seMBfigRdeens. descri bed above for ort hopedi ¢ inplants. In

addi ti on, doxorubic fl uor .o il .and/or, eto os de can be
added to sol utions qu%%%ﬁ)ﬁi@ 8?@?119(5?8@%% 0?0"%5? 5”HESCU'PF Pnaﬁ 6' fluids,
sal i ne, W@ﬂd&\lvtbalcter@iclmamgﬁl@wtslt@ﬁé adhiéiﬁe@slocéllytdd fHeqBas suﬁéﬁéjf’chu@nd

anaest hetic sol utions) Prevent infection transmtted via infected

sol uti énsmduﬂlrwsth@s@wdrences pa@te@aithlmnaaj@mand sq@q\a@wwment of

PCT/ US03/ I ant s e principle
I nfecti ongn q%%%ﬁ%% 5@@ ngéhg @fﬁ@ﬁ&'g% emﬁgms ?’B'C 88b'ﬁttﬂéF% tis

associ at edryygst hAHH&MgﬁG@Hé@he'a@@ﬁts‘ paNaBtathfiers afe ﬁ@tf@haﬁéd fg#r gery and
corneal infections secondary to contact |ens use. I nfecti ons of

| nt r aocul aftackimselsofthe diugisevers pplymea'mﬂraerSI ammthuimﬁm@ble foruse United

h | | 1
w1 ot R BoRAR Bt et BRSPS PR, st e oty
(90% 1oei polyptatagdes (b.ghenremsriex ARBSATETBIbNtelidls], %rol\ﬁ@@wwr@*rm tis is

t he nost common infectious 10 c& npli cation of intraocular |ens placement

and occur Biamatgpplshui WRREISLIB. G%[6IT Biomagerialels HYDROTHANEY [6aT year). The
12 o OBl Bt B B B AR 2L S BB BRR  L
Coagul aseacid), cellulose-derived polymers (e.g. nitrocellulose, Cellulose Acetate Butyrate,
Cellulose acetate propionate), acrylate and methacrylate copolymers (e.g.
15 poly(ethylene-co-vinyl acetate)) as well as blends thereof.
As intraocular lenses are made in a variety of configurations and
sizes, the exact dose administered will vary with lens size, surface area, design
and portions of the lens coated. However, certain principles can be applied in the
application of this art. Drug dose can be calculated as a function of dose per unit
20 area (of the portion of the lens being coated), total drug dose administered can be
measured and appropriate surface concentrations of active drug can be
determined. Regardless of the method of application of the drug to the intraocular
lens, the preferred anticancer agents, used alone or in combination, should be
administered under the following dosing guidelines:
25 (a) Anthracyclines. Utilizing the anthracycline doxorubicin as an
example, whether applied as a polymer coating, incorporated into the 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 particularly preferred embodiment, the total amount of drug
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Negati ve Staphyl ococci (principally Staphyl ococcus epidermdis),

St aphyl ococcus 15 aureus, Enterococci, and Proteus mrabilis. Synptons of
t he condiwibaa/peses ude bl urred vision, ocul ar pain, headackrer/yshoaphobi a,
and corneal edema. The treatnment of endophthalmtis associated with
cataract surgery includes vitrectony and treatnment with system c and/or
intravitreal antibiotic therapy. Al though nbst cases do not require
renoval of the lens, in conplicated cases, visual acuity can 20 be
permanently affected and/or the | ens nust be renoved and replaced at a

later datapplidth sebiledis inehé rargoeid ag td 6meg CTIRE doge perlisit arduce. thee
I nci dence of endopht hal mtis and al so decrease the nunber of intraocular

| ens requidMaypt of éﬂ!%@%ﬁé‘#ﬁcnqne@dh@ SHEa¢mareshthenpotian @S/thﬁcbmtl'«’imuﬂ&fnt s with
these | MDIGM & whibh 3rd & igd FRATh B rar AR SHatRl fliyitrTh 10X P ”0

5-fl uorouraci oposl e are pplled

to the sumf@tpgoﬁot)hfg p@O‘ﬁﬁﬁ@f@hﬁa@é atde |hrd patculaay dr@t’é&ed%dﬂ”ﬁh@ﬁﬁ) can
be applied in several : (a) as a coating applied to the external
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or drug incorporation into intraocular lenses will allow bacteriocidal
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for attachnment of the drug, several meric carriers are_PartlcuIarIy
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copolynmers (e.g. poly(ethylene-co-acrylic acid), cellul ose-derived
pol yners {remythersuriasedfthe s¥eocalar lansosishAbet anteirdectiveactivity is

15 maintained for a period ranging from several hours to several months. In a
particularly preferred embodiment the drug is released in effective concentrations
for a period ranging from 1 -12 weeks. It should be readily evident based upon the
discussion provided herein that analogues and derivatives of doxorubicin (as
described previously) with similar functional activity can be utilized for the

20 purposes of this invention; the above dosing parameters are then adjusted
according to the relative potency of the analogue or derivative as compared to the
parent compound (e.g. a compound twice as potent as doxorubicin is administered
at half the above parameters, a compound half as potent as doxorubicin is
administered at twice the above parameters, etc.).

25 Utilizing mitoxantrone as another example of an anthracycline,
whether applied as a polymer coating, incorporated into the polymers which make
up the intraocular lens, or applied without a carrier polymer, the total dose of
mitoxantrone applied should not exceed 5 mg (range of 0.01 pg to 5 mg). Ina

particularly preferred embodiment, the total amount of drug applied should be in
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Cel l ul ose acetate propionate), acrylate and nmethacryl ate copolyners (e.qg.
15 pol y(et hyl ene-co-vinyl acetate)) as well as blends thereof. As

i ntraoculwo oBeyses are made in a variety of configurati ongcanuo3/si7zes, the
exact dose adm nistered will vary with | ens size, surface area, design and
portions of the |ens coated. However, certain principles can be applied in
the application of this art. Drug dose can be cal culated as a function of
dose per unit 20 area (of the portion of the | ens being coated), total drug
dose adm ni stered can be neasured and appropriate surface concentrations
of acti ve the rangzaof ©é pgdet emy. Tad doBegar dhitssea (i d. ktee ariohatofdrugrrela cati on
of the er#g to the intraocular |ens, the Breferred anti cancer agents, used
al one or iNEiERRT e SeHface Aera of the Poging ofitoe diteapawiardens teewhishidsvd ifg dosi ng
gui del i nes; : | It Ltk t racycl bpe orubi cin
as an exZ"#BF%? g%@%@'@%ﬁ%@%’%%Q'@“rr@?‘%%ﬁ??%b'o'?‘dyégr8@#&?‘2 into the
pol yners it ohsurtdae aneat he d pdrtiqasty preféreds eabmaanent, itoRBn@die sesliwi t hout
a carrier the total dose of doxorubicin &?pl i ed_shoul d npot exceed

25 myg (& ar?@gaoﬁgg&‘i’ ihgyintrgogulapipns sufage st atdase ofQ.96 pabmr? r-é’dkll@/ﬁ’tmzdihrrelnt ,
nCthe araditicten? pofiikd abirhofth iR Baaihdy i YelRdsd fltkanfiRBe E TnE of 7

drug as a diffeniegiratespthd bisoveudb<isg parseetefs sisul@Beltinfe®in dditbinatisraamH! ar
|l ens to which drug is a&pl i ed and/ or incorporated) should fall within the

range of the teleaggyrate phthedrygdeam thepinrosulpr lens suriage sush dhada mingouas | y

preferred | t s(:joiém' [¢C] . led fQ t |.ntraocul ar

| ens surfgggpéa}ﬂ%%@oosfé%of 1Mbdgqg';bn)%‘gﬂ%€6$§'/amn;§}ne§5 'ngﬂegg% ryrg | ymer and
non- polQy misue® Edtrigsg bhterteltions en tHexarube ektedd cohddndratiogs bat es, the
above dosing paraneters should be utilized in conbination with the rel ease

rate of t W@P%angone §RPWAdo betlethetia mpltiplenspenies elclkadierisand fizngi §. aviang ium

concent  ath i of 49 s 4 Qb RN, e Bp Il R BRC, et e 10

sur f ace. 'S necessar I nsure 1t sur ( QFi ons exceed
concent r atsuffisendfl 16exorefdrred Brivameritomitexamttdidl istreleddbd fldhethapeci es of

bacteria and fung?i (i.e., are in excess of 10-4 M although for sone
enbodi nentrdraosukar lens surface such that anti-infective activity is maintained for a period

15 ranging from several hours to several months. In a particularly preferred
embodiment the drug is released in effective concentrations for a period ranging
from 1 — 12 weeks. It should be readily evident based upon the discussion
provided herein that analogues and derivatives of mitoxantrone (as described
previously) with similar functional activity can be utilized for the purposes of this

20 invention; the above dosing parameters are then adjusted according to the relative
potency of the analogue or derivative as compared to the parent compound (e.g. a
compound twice as potent as mitoxantrone is administered at half the above
parameters, a compound half as potent as mitoxantrone is administered at twice
the above parameters, etc.).

25 (b) Fluoropyrimidines Utilizing the fluoropyrimidine 5-fluorouracil as
an example, whether applied as a polymer coating, incorporated into the polymers
which make up the intraocular lens, or applied without a carrier polymer, the total
dose of 5-fluorouracil applied should not exceed 250 mg (range of 1.0 ug to 250

mg). In a particularly preferred embodiment, the total amount of drug applied

146



concentrations are sufficient). In a preferred enbodi nent, doxorubicin is
rel eased fromthe surface of the intraocular |ens such that anti-infective
activity we 032b99saé nt ai ned for a period rangi ng from sever @CThs03/s6719D
several nonths. In a particularly preferred enbodi ment the drug is

rel eased in effective concentrations for a period ranging from1l -12
weeks. It should be readily evident based upon the discussion provided
herei n that anal ogues and derivatives of doxorubicin (as described
previously) with simlar functional activity can be utilized for the 20

pur poses chould lse imtherranga of 1 B egab@emdoThegopapanahitseafie. tHeeamadptust ed
according to the rel ative potency of the anal ogue or derivative as conpared

to the p& ERY9 88 AdHDeRPN & the Séﬂrféﬁﬁﬁﬁ%mafm iesohihedntrageulard’es thicin i s
adni ni St eften BhugRldocfide ABRY TAAHSERA shouft CRATAMI thd'Bhbed? oPPhgTY as
doxorubicin Is admnistered at twce t above paraneters, “etc.)." 25

Utilizi ng mgperamTafreraseaned.har a pasivplalygireforreé mbediyiidrit & fluorslieidier
applied as, a ole?/mar,coati ng, incorporated into the polymers which make up
t he int aé@GPgirb aprliedyp the Mtrageuldrient suriaceata deseel IRad/MMe 0t al dose
of mtox e ' { : 9 >y D) .
Tn a par Cone | 2 BERRAE 0 noB60 e b MAP e Shutiobfach 1k

shoul d be at diffefing NGB 3 HROME RESTAGBOR/MdEAOshduie be antieedin ddbmbipatibri 0 1 nU.
The dose per tgﬁgit area anount of drug as a function of the

i.e. th
surface arél r?'ﬁ’@sﬁé?é:Qfﬁh%fmﬂegﬁomhfaé@&ﬂ%aﬂ|@fh%3‘t"63%$ldﬁh ata is

applied a ' W |- i thin t f 0l g- 20 g
per | g onetuReRCER A er T Wre oLl iF o RS (s
m t oxattt r oeeesswyitalifsubetra gliface deug tendentrationsibiceddedncertrboss &t5-a dose

of 0.05 g/ ym2 - 3 g/mP. As different polyner and non-pol yner coatings
will el edegrodraghkEnawninsbeaethalitp rumergus spedes ofbaciBe @nddungid @aremet er s

11 1el cderaedlivyiroaionatpry :
The i ntr ace i e A A ioRah BF sl Brdddfime Al ABa R KL PRI o8 T 5T

10. 6 M of soificerantinenpreferrethienibadimeeht, biflubfouraciessaleaska fibbn tHesur e t hat
drug concentrations on the surface exceed concentrations of mtoxantrone
known to WEraQoui|lenssyRAGs pHch thabenteinfestiveantivity is matrtained for@ periodare in

15 ranging from several hours to several months. In a particularly preferred
embodiment the drug is released in effective concentrations for a period ranging
from 1 -12 weeks. It should be readily evident based upon the discussion provided
herein that analogues and derivatives of 5-fluorouracil (as described previously)
with similar functional activity can be utilized for the purposes of this invention; the

20 above dosing parameters are then adjusted according to the relative potency of
the analogue or derivative as compared to the parent compound (e.g. a compound
twice as potent as 5-fluorouracil is administered at half the above parameters, a
compound half as potent as 5-fluorouracil is administered at twice the above
parameters, etc.).

25 (c) Podophylotoxins Utilizing the podophylotoxin etoposide as an
example, whether applied as a polymer coating, incorporated into the polymers
which make up the intraocular lens, or applied without a carrier polymer, the total
dose of etoposide applied should not exceed 25 mg (range of 0.1 ug to 25 mg). In

a particularly preferred embodiment, the total amount of drug applied should be in
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excess of 10-5 M al though for sonme enbodi ments | ower drug levels wll be
sufficient). In a preferred enbodi nent, mtoxantrone is released fromthe
i nt raoculwo oBeyms4cur f ace such that anti-infective activitpcrasnmmiamneai ned
for a period 15 ranging fromseveral hours to several nonths. In a
particularly preferred enbodinent the drug is released in effective
concentrations for a period ranging from1l - 12 weeks. It should be
readi |y evi dent based upon the discussion provided herein that anal ogues
and derivatives of mtoxantrone (as described previously) with simlar

functi onalthachnyé b1 ¢a@noBemyt Thé 28de e uhi ardd (iIROTRSabuhhbfdrdl dsvent i on;
t he above dosing paraneters are then adjusted according to the relative

pot ency offuneliorsefdhe guefase atea of/the pastiers ot ihepatradcular lehe tpaheit drugrgpound

.g. 7 t it t [ I ni d at half
the-above ML ae I BB e R AT W i Peest O D PBre e
adm ni st ergh’ af stifh6& ardd)eInabPeXticRRHAIRERFEd ePhodimeRP diddoside fhould be
Fl uorogg/rl mdines Wilizing the fluorooyrimdine 5-fluorouracil as an

exanpl €& @rfligdito Hppintragcualer lensaiuyiase at eatdsepf 0. hpgmor at Hiug/mro’.t ke

pol ymer s I ch ke up the intraocular |eng, or applied wthgut a carrier
pol yrer, tHEFEE gﬁ?]an(S?QchP”Sch'YWSF 8?ﬁat5195|W'§'5§||8P§ egqmr% ﬂtd{]'ﬁ%rﬂ?eed 250 ngy
(range of rktdd, thd SocdRld tHin@ePAERd It hgat. the

t ot al armurnt of drug ap?oslnimegaMG \?\D 03‘*,%%S%ﬂé“%%ﬁu@s%@?@g?%méﬁﬁﬁ| d be in
t he range refease rategofithe 2pugrforthe intoaecyterlens surfagceesugh that atdoacantmation  of

d f ti f .t f J f th ti of t i nt |
feng to DR Pl giof ShsRita RTRaRlaed i e Seap @bt a Furtaceni n -t he
range of Qir%% cbBcentratiod dxetedEBn&dntiiioha of leﬁfp%%ide' tg"cﬁvrpﬁf bé fhATth %

preferred enbodi nent, 5-fluorouracil 5 should be applied to the intraocular

| ens sur f aadiett ofbatteréa and furgi i, y/anerih exceds af 10RM; alhodighffer sothe pol yner and
non- pol yner c(gcgtinswill re at_ differi rates, the

above dosiHPYIME '8?”?"9&& ?f%%g”iﬁle siu é‘%)léjri;tﬁck{)%f‘?fﬁfrﬁgﬁm%wme%e_ rel ease
Concent ot o e e T N S DS QR B Ry et AT ™10
necessar y infecliveactiyity ismaintaine@ddoda pgriod mamging &ono severatiemars tosewveral at i ons
of 5- 15 months. In a particularly preferred embodiment the drug is released in effective
concentrations for a period ranging from 1 -12 weeks. !t 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 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
25 the discussions provided herein that combinations of anthracyclines (e.g.,
doxorubicin or mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracil), folic acid
antagonists (e.g., methotrexate) and podophylotoxins (e.g., etoposide) can be
utilized to enhance the antibacterial activity of the intraocular lens coating.

Similarly anthracyclines (e.g., doxorubicin or mitoxantrone), fluoropyrimidines (e.g.,
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fluorouracil known to be lethal to numerous species of bacteria and fungi
(i.e., are in excess of 10-4M although for sonme enbodi nents | ower drug
| evel s wiwbobeosssaufficient). In a preferred enbodi ment, S5eChusnewraci| is
rel eased fromthe intraocular |lens surface such that anti-infective
activity is maintained for a period 15 ranging from several hours to
several nonths. In a particularly preferred enbodinent the drug is

rel eased in effective concentrations for a period ranging from1l -12
weeks. It should be readily evident based upon the discussion provided
herein t hag figsraLRYEolRNSkidahtagRhiS e, gf rsthotrOkAY é‘r‘?d/br F@éo 6k.H§d
previously) wth si'mlar functlonal tivity can e uti

pur poses db.& Heteposidentarope combirg@ wittotraditiosalrantibéot@nartdiosartifengdien

adj ust ed accogsd{oh%1 to tﬁ% rel ati ve potency of the anal ogue or derivative
as conpar &¥ NeRFE &Ti@GHpound (e.g. a conpound twice as potent as
5-fluorouracil is admnistered at half the above paraneters, a conpound

hal f as potent as 5-fluorouracil is adm nistered at tw ce the above

par anet er £oraeal nfectigng SBCWMME&QQ@QL&MBQ zi ng the podophyl ot oxin

et oposide as an whet her appljed a ol yner coatin

incorpo‘)irj ated into t?rgpﬁﬁﬂt argmn r%R%ecﬁB)rtﬂﬁ%Cgﬂ??téﬁfbﬁfl rgfr gP%\f?s or
Shoul d not sl EEIeUsdaR etk BT S AHaNE iFhedt) A beR) |
pref err ed lerdesdirawrised fmltmvm@k:arnwlrtraumaofomn@ A jod ri pdo;slbtwéall chatdach 147 WO
03/ 099346 ,PCT/ US03/ 1671 t he a 0se per unit area
(i.e. the SHR&SRNINaRY 88”5"5" 39’" lﬁ}ﬂ-ftfqoghu@%rthg ‘g%ngm&@salt'@a fem eprtaghr t i on
o | DHGRIMAIa ol R TFGSd [ietichs ABRISES UG IR REPEIGS)
a par tiCulsecoyday ¢é eomes! éartmadehﬂf&qts earmpmelchseUcpmmhrbjebﬁGrapi Pesitiveo t he
intraoculgiplen %urf ce at a dose of 0.1 g/mR2 - 10 g/mR. As different
pol ymer aftPGFbATHEFGHIIMERAS ARYYNASA rel ease et oposide at differing

rates, the above doq— I 4 n wth
the release rate of h?%ﬁ%?ég@fgﬁ?ﬁg&ilg?%ﬁ édt gtr?stiﬁseu aé:dgﬁ%hgh that a
concent r atdesorilpdd difove for diradciManferestesp dis iadditios, dmarualchedmtdxhntrsnél@essar y

to insure _that sy Ir J:
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
to create variation of the above compositions without deviating from the spirit and

20 scope of the invention.
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10 drug concentrations exceed concentrations of etoposide known to be
lethal to a variety of bacteria and fungi (i.e. are in excess of 10-5 M

al t hough Wworo3seases enbodi nents | ower drug levels will be eafffises/edtiy. In a
preferred enbodi nent, etoposide is released fromthe surface of the

i ntraocul ar |l ens such that anti- infective activity is maintained for a
period ranging fromseveral hours to several 15 nonths. In a particularly
preferred enbodi nent the drug is released in effective concentrations for
a period ranging from1l -12 weeks. It should be readily evident based upon
t he di scussion provided herein that EXAMPIE®s and derivatives of etoposide
(as described previously) with simlar functional activity can be utilized
for the purposes of this invention; the above dosing paraneters are then
adj usted 20 according to the rel atig@appgngy of the anal ogue or derivative
as conpared to the parent conmpound (e.g. a conpound twi ce as potent as

et oposi de i s adm NVE @esdrvaaTionl 8y Miogoalyar 8RoaHDEIROS MerHoonpound hal f as
potent as etoposide is admnistered at twice the above paraneters, etc.).
(d) Conmbination therapy. It should be readily evident based upon 25 the

di scussi ons provi de@- her Mlif assay of ¥atipyfagraphaeaativenans pesitive brelefia. g. |

doxoruly cin or mto t f I, L g o IR o r il),
folic ?ci d ant agon@?sa{sgg%W,enlf‘nlg?{!lg@r{éé(% gej%ﬂgaﬂ&(ago%éﬁﬁé?‘%g%”ﬁsg&?’%"b ,
et oposi deD. d896b8uscdptibilipetbsting en Baarréblglsantigbidahediaap.52c111vid Noknt he
intraocul ar lens coating. Simlarly anthracyclines (e.g., doxorubicin or

ni t oxant r dhedd. Antibigtisn it iekptarsmedicine, 4tved \WBilliEsns 90d ABilkinsy/Badirapres 719

odophyl ot Bhiefy. & {itglof cBRbAGRAY Bke 8idh for BRBRNCRA i PEAH
anti bi ot i ¢sokatdé of Paséiubinesal K. pasirheniae, ENbGIN S eplider@ndils arfPSNE@eus in

I nfecti ons Secondary to Contact Lens Use 5 Contact |lenses are primarily
used f& theMe(miusninkibiiosy careaniationmssay Unget aerpbicaongitipnsdisitia er

cat ar act r ie. | e | " NSgES. ar sed foll ow ng
cor neal t?guvg%{ H&é@?@% 'ﬁﬁclrﬁﬁgena%ge%p% glc\%@gﬁafginqnadclﬁugﬁ%rﬁggongw ghﬁﬁy of
them wi | | 3gec firisubhteanion Raar FAHBwe gk tforsmb sstektihd 8xédR I antact

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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| ens-associated infection. These infections are typically bacterial in
nature, are 10 secondary to corneal damage/ defects, and are caused

primari | ywby3@peas Positi ve Cocci and Pseudononas aer ugi n@sa/usoses719
drug-coating of contact lenses is identical to the enbodi nent described
above for intraocular |enses. In addition, doxorubicin, mtoxantrone, 5-
fluorouracil and/or etoposide can be added to contact |ens storage solution
to 15 prevent infection transmtted via infected cl eani ng/ 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 t hereof,
can be utilized to create variation of the above conpositions w thout
deviating fromthe spirit and 20 scope of the invention. 149 WO 03/ 099346
PCT/ US03/ 16719 EXAMPLES EXAMPLE 1 M&pPFTERM NATI ON BY M CROTI TRE BROTH
DI LUTI ON METHOD A. A\ZI C assa of various gr agr am ni_%atl ve and positive bacteria
5 M C assays were HHU'&’E”elB ltopnht-PargRralieng Of dPeraneuby ASgBSer dam  D.
1996. Susceptl bi lity Agaibst HQ”%‘FS @ﬁ@mrNQQ%'M?é!ng Fositiveg@eeieriddi a, p. 52-111.

I n Loman, —et—Antt+hjot+es || e Gratﬁly freth-e+he 4tl§ ed—WEH-=ans and
W I ki ns, B%' %mé?%%m M2, gifd {J)‘ié’umo% é%&/{ Of5 GORRQUN éldw t ;r?f Srsje for
ant i bact ef | activipty al ns bso ates of |P. aerugip e ae,
E. coli, $ eprderm (WIQE/R?IQI SATEETFES| UBH0b8 [t ARCMgga (i o nhi brtory
concentration assay jupder aergbic conditions| gsing 96 well palystyrene
mcrotitr¢ plrates (Hahfgn L1[7@d33g and |NEgl er[ ¢z on DI gy at  [akeqf ncubat ed
for 24h. (VHB Was USEftfor Nbgf testing excepkt C721 (Pwt PYOTENES), Whi ch
used Todd|[bewy Tt broldGramand FBRAPPNI T USrap\T TUERAPE,  WIGEIM +usect;,§|a,e.n03hi | us
t est nedi gmrETVD S el mouctEen Tt rcater eI Tresutts are
provi ded | paan IQ‘{H{T A 1 1 w0 03086346 B9 Usass 1% 10 10

mitoxantrone | 10” 10° 10° 107 107 10°

5-fluorouracil | 10° 10°® 10 107 107 10*

methotrexate | N 10 N 107 N 10°

etoposide N 107 N 107 10°® 10°

camptothecin | N N N N 10 N

hydroxyurea 10" N N N N 10

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

ne

Cytarabine N N N N N N

5  Activities are in Molar concentrations
Wit = wild type
N = No activity
B. MIC of antibiotic-resistant bacteria
10 Various concentrations of the following compounds, mitoxantrone,

cisplatin, tubercidin, methotrexate, 5-fluorouracil, etoposide, 2-mercaptopurine,
doxorubicin, 6-mercaptopurine, camptothecin, hydroxyurea and cytarabine were

tested for antibacterial activity against clinical isolates of a methicillin resistant S.
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Table 1 M ninmum I nhibitory Concentrations of Therapeutic Agents Agai nst
Various Gram Negative and Positive Bacteria P. K S. S. Bactrial Strain
aer ugi noswpneussmi a E. coli S. aureus epiderm di pyogene PaTAS83/s67RAE/ K79
ATCC1388 UB1005 ATCC2592 9 3 3 H187 C238 (498 (622 621 C7r21 W wt wt w
w w Drug Gam- Gam- Gam- Gam+ Gam+ Gam+ doxorubicin 10"5 101
10-4 10-5 10-6 10"' mtoxantrone 10-5 10-6 10-5 10-5 10"5 10-6
5-fluorouracil 10-5 101 10-6 10"" 10-7 10-4 nethotrexate N 101 N 10-5 N
10-6 etoposide N 10-5 N 10-5 101 10-5 canptothecin N N N N 101 N

hydr oxyur eaurdis dndNaNaNcdmiOm reGis&;ﬂt@bdi@cé@cdb Mrﬂtdﬂnd‘dléﬂe it apeVID déghyNadN N N
NN 2- NNNNNN nercaptopuri ne 6- N NNN rrercatopurl ne

Cyt ar abi nélegcibad ppavay Compeuynds whieh sapweﬁmnmvbntlan of grveht(MIE; =wld
type N =Nopagh sy iddfuded: mitoxantrone (both strains), methotrexate (vancomycnn

resistant pediococcus), 5-fluorouracil (both strains), etoposide (both strains), and

5 2-mercaptopurine (vancomycin resistant pediococcus).

EXAMPLE 2

CATHETER — DIP COATING — NON-DEGRADABLE POLYMER

A coating solution is prepared by dissolving 20 g ChronoFlex Al 85A
(CT Biomaterials) in 100 mL DMAC:THF (40:60) at 50°C with stirring. Once
10 dissolved, the polymer solution is cooled to room temperature. 20 mg
mitoxantrone is added to 2 mL of the polyurethane solution. The solution is stirred
until a homogenious mixture is obtained. Polyurethane 7 French tubing is dipped
into the polymer/drug solution and then withdrawn. The coated tube is air dried
(80°C). The sample is then dried under vacuum to further reduce the residual

15 solvent in the coating.

EXAMPLE 3

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 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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B. MC of antibiotic-resistant bacteria 10 Various concentrations of the
foll ow ng conpounds, mtoxantrone, cisplatin, tubercidin, nethotrexate,
5- f | uor ouwemBslo9oset oposi de, 2- nercapt opurine, doxor ubi ci nPCT/US03/16719

6- mer capt opuri ne, canptothecin, hydroxyurea and cytarabine were tested for
antibacterial activity against clinical isolates of a nethicillin resistant
S. 151 WO 03/099346 PCT/US03/16719 aureus and a vanconyci n resi stant

pedi ocoocus clinical isolate in an M C assay as described above. Conpounds
whi ch showed i nhibition of gromth (MC value of <1.0Ox 10-3) incl uded:

m t oxantrone (both strains), methot E¥RLEWanconmycin resistant

pedi ococcus), 5-fluorouraci bot h strai nsé t oposi de (both strains), and
5 2-mercaptopuri ne (vancom;lt‘\T ETERT HIRRPAP %FW&%Y. EXAMPLE 2 CATHETER
- DI P COATI NG - NON DEGRADABLE POLYMER A coating solution is prepared by

di ssolving 20 g Chr gngFl } | LN C. THF
(40:60) at 50C wit hols@llfrrﬁlétrqébog%gd%g[%?ggﬂgﬁﬁxgbﬁén%o@%rr%g tionis

cool ed t o Freach tubinmeisadipped irdd thgsolaiiérodad thameithGraagd eThd soatedttutsy ist he
pol yur et hane ;sol ution. The solution is stirred until a honbgenious m xture

i s obt & nelll diRH -y (PR EATRIEE i3 ther AHAd LURERhAGW Y Iphuther reduserthe regidyaber / dr ug
sol ution agqﬂ/etrﬁﬁpth@dé&(aﬁgvm The coated tube is air dried (80C). The
then dried un

sanple is r vacuumto further reduce the residual 15 sol vent
in the coating. EXAMPLE 3 CATHETER - DI P COATI NG - DEGRADABLE PCOLYMER A

coating solution is prepared by dis I g PLG (50:50) in 10 nmL
di chl or onet hane: met hanol (70: 30). &%W&él ved, 20ng mtoxantrone is

added 20 to the pol yrrea:Aﬁ@rg&Lqmpc%A%mthR@%h@rahe@NA ¢ hompgeneous
sol ution, polyurethane 7 French tubing is dipped into the solution and then

wi thdrawn. The coated tube is air dried. The sanple is then dried under
vacuumto further r&duot mettanoeisi atided te @0viegtmitoxanteneod i mpy. 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 residual solvent in the coating.

EXAMPLE 6

15 TYMPANOSTOMY TUBES — DIP COATING — NON-DEGRADABLE POLYMER

A coating solution is prepared by dissolving 20 g ChronoFlex Al 85A
(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
is added to 2 mL of the polyurethane solution. The solution is stirred until a
20 homogenious mixture is obtained. A stainless steel tympanostomy tube is dipped
into the polymer/drug solution and then withdrawn. The coated tube is air dried
(80 °C). The sample is then dried under vacuum to further reduce the residual

solvent in the coating.
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152 WO 03/ 099346 PCT/ US03/ 16719 EXAMPLE 4 CATHETER - DI P COATI NG - DRUG
ONLY 1 nL nethanol is added to 20 ng mitoxantrone. Polyurethane 7 French

t ubi ng i swoiopped4é nto the solution and then w thdrawn. Thecrtasved7iube is
5 air dried. The sanple is then dried under vacuumto further reduce the
residual solvent in the coating. EXAVPLE 5 CATHETER - DI P COATI NG - DRUG

| MPREGNATION 0.6 nL nethanol is added to 20 ng mtoxantrone. 1.4 nL DMAC is
10 added slowy. Polyurethane 7 French tubing is dipped into the solution.
After wvarious periods of tinme (2 min, 5 mn, 10 mn, 20 mn, 30 mn) the
tube was w thdrawn. The coated t ubEXAMMRILE 7dried (80 C). The sanple is
then dried under vacuumto further reduce the residual solvent in the

coating. EXAMPLE 6 15ATHRBANOSIIAATINBESION-BFBREPASEENGLYMRRON- DEGRADABLE
POLYMER A coating solution is prepared by dissolving 20 g ChronoFl ex Al 85A

(1,5 o1, AJSBB s F

di ssol ved, the pol yner soFution is"c

ni t oxant r ¢OF Bibmatestidds) i 02 ML TEIF 46D TO Withrstita eOpek didseied Tt sol ution
is stlrred until a 20 honpgeni ous mixture is obtained. A stainless steel

t ynpan Sst BRYyMerselytionds seeted Pripem APPSRty 28 Mg eopraideds added theml
W Nl 20 o feodioRichic 08, i 2ihc 88 i 89 uoudendABhEalS cifien. e

under vacuum 0 Ut her ducs resrd E;e 5153 wo

03/ 099346 oBGIMadEIRYIbrétfaneEXANCch tdbicd T BiPpBd-intel tRe @@Mhémjru INohktigR GRADABL E
POLYMER A coating solution is prepared by dissol vi nq_ Chr onoFl ex Al 85A
and then withdrawn. The coated tube is air drled (80 C). The sample is then dried

under vacuum to further reduce the residual solvent in the coating.

10 EXAMPLE 8

CATHETER ~ DIP COATING — DEGRADABLE POLYMER

A coating solution is prepared by dissolving 2 g PLG (50:50) in 10 mL
dichloromethane:methanol (70:30). Once dissolved, 20mg etoposide is added to
the polymer solution. Once the solution is a homogeneous solution, 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 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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(CT Biomaterials) in 100 nL THE at 50 Cwth stirring. Once dissolved, the
5 polyner solution is cooled to roomtenperature. 20 ng etoposide is added
to 2 nL wDmhespeol yur et hane sol ution. The sol ution is stiPcmAdosd7i9 a
honbgeni ous m xture is obtained. Polyurethane 7 French tubing is dipped
into the polymer/drug solution and then withdrawn. The coated tube is air
dried (80 C. The sanple is then dried under vacuumto further reduce the
residual solvent in the coating. 10 EXAMPLE 8 CATHETER - DI P COATI NG -
DEGRADABLE POLYMER A coating solution is prepared by dissolving 2 g PLG
(50:50) in 10 nL dichl oronet hane: meXAMRPLE {F0: 30). Once di ssol ved, 20ngy

etoposide is added to ((pre EOl yﬁr c}g\l uti 0@. Oqce the solution is a
honogeneous sol ution, pdtyERAaAB Y THG BRVR 'MEBFAY TN di pped into the
solution and then withdrawn. The coated tube is air dried. The sanple is
then dried under vaguimtdefHinbhR addedu6a 4 \duglich SHtaiRBba Hgt he
coati ng. EXAMPLE 9 CATHETE% - D I - L ib 1 ‘?H 95 added
to 20 ny etomssdalePolyatethamd Fditendh fbawris dippeud imdp trse sblpiad Aftdrovdrives

sol utiaon and theP_ i awn. coated tube is air dried. The sanple is

then dr e®eAdR P Ué“@&%?ﬁ\ipcﬁfrni-prr ﬁ@r’“‘Pe%ﬂ:EB”vt%"V@smﬁdﬁbe YEsWathdrawin. ¢ he
coating. Y54 éé@té@f&%%%‘éﬁrtd?% @gﬁ);ﬁég%@%%h% %9%@%@@'@ COATI NG

- DRUG | MPREGNATI ON 0. a I'ch contains

20 ng et dptisErdeduddtheuresiduahsolvemrintiodcoatingig i s di pped into the sol ution.
After various 5 periods of time (2 mn, 5 mn, 10 mn, 20 mn, 30 mn) the
tube was withdrawn. The coated tube is air dried (80 C). The sanple is then
dried under vacuumto further reduce the residual solvent in the coating.

10 EXAMPLE 11

10 EXAMPLE 11
TYMPANOSTOMY TUBES — DIP COATING — NON-DEGRADABLE POLYMER

A coating solution is prepared by dissolving 20 g ChronoFlex Al 85A
(CT Biomaterials) in 100 mL DMAC:THF (50:50) at 50°C with stirring. Once
dissolved, the polymer solution is cooled to room temperature. 20 mg etoposide is
15 added to 2 mL of the polyurethane solution. The solution is stirred until a
homogenious mixture is obtained. A stainless steel tympanostomy tube is dipped
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 ATTACHMENT OF DOXORUBICIN TO A POLYMER COATED DEVICE

A piece of polyurethane 7 French tubing, with and without an oxygen
plasma pretreatment step, is dipped into a solution of 5% (w/w) poly(ethylene-co

acrylic acid) in THF. The sample was dried at 45 °C for 3 hours. The coated tubing
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TYMPANOSTOW TUBES - DI P COATI NG - NON- DEGRADABLE POLYMER A coati ng
solution is prepared by dissolving 20 g ChronoFl ex Al 85A (CT

Bi omat er iwb33/09934d.00 nL DVAC: THF (50:50) at 50C with stir PCmgISOOMIes

di ssol ved, the polyner solution is cooled to roomtenperature. 20 ng
etoposide is 15 added to 2 nL of the pol yurethane solution. The solution is
stirred until a honbgenious m xture i s obtained. A stainless steel

t ynpanostony tube is dipped into the polynmer/drug solution and then

wi t hdrawn. The coated tube is air dried (80C). The sanple is then dried

under vacuy4s frenfdi ’\Préétﬂntd gwérﬁn@ﬁmamogé}md@ sol@orPiMat bonthlffeqCRA.i ng. 20
EXAMPLE 12 COVALENT ATTACHMENT OF DOXORUBI CIN TO A POLYMER COATED DEVI CE A

pi ece of rﬁmn?thyﬁm@ﬁefopyﬂr%ﬁﬂwmaummgmdw(EBCamj\dvﬁQ hngtmL@oxomtxjxein Aftbasa

t t t. st nt t (y w t hyl en
eryl e adtipth HPies s ThB” 3l mineSo.dut de s lire e Bind §rehobGiiiom e Coat od
tubi ng 15%cWAcAH PSR ET F &FE32 ASUSFollNeSd Bf)%c?urﬁ%‘?ﬁnb%roz@hours.

wat er : net hanol (30:70) solution that contal ned

di et hyl am nopr opyl ) - 3- et hyl carbodi i m de (EDC) and 20 nyg/ niL Doxor ubi ci n.
After é/al’iOUS times (15 mn, 30 m'%(/%@%@ﬂ&lzo mn) the tubing is renoved
fromthe solution and dried at 60 ours foll owed by vacuum drying

for 24 hours. 5 EXQGHEENSAICAMMERNYOFTIDASAIERIN Tof deOiseRRFaER TO A DEVI CE
SURFACE A pi ece of polyurethane 7 French tubing that has undergone a

oxygen plasma pretreatnment step is dipped into a water:nethanol (30:70)
solution that cont & piece of palydietaney T &nemebpiubmng thathas hpdlergobedi i ni de

(EDC) and b|C|n After ,various, ti 0,.mn,
i 120" moRyeene B oreRlnehite i WbBhe iR Sif e et Bl "¢ for
2 _hours f ghatyuphiRed 14BCAIEIYINMING pFdyl)23% hgvéa?b ditmig&ARBIET ahtl JgVPREGNATI ON
OF 5- FLUOROURACI L | NTO PCLYU THANE %’X‘I) T ocim! @
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 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.
20

EXAMPLE 15

IMPREGNATION OF MITOXANTRONE INTO POLYURETHANE CATHETER

A solution was prepared by dissolving 20 mg of Mitoxantrone-2HCI

into 20 ml anhydrous methanol. Polyurethane catheter tubing was immersed in
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A sol ution was prepared by dissolving 100 ng of 5-Fluorouracil into 20 nm
anhydr ous net hanol. Pol yurethane catheter tubing was imersed in this

sol uti on Wworosa®3hours. The cat heter tubing was vacuum dri edTatSoy0214 or 16
hours. 20 EXAMPLE 15 | MPREGNATI ON OF M TOXANTRONE | NTO POLYURETHANE
CATHETER A sol ution was prepared by dissolving 20 ng of M toxantrone-2HCl
into 20 mM anhydrous nethanol. Pol yurethane catheter tubing was i mrersed in
156 WD 03/099346 PCT/ US03/ 16719 this solution for 16 hours. The catheter
tubi ng was vacuumdried at 50C for 16 hours. EXAMPLE 16 5 | MPREGNATI ON OF

DOXORUBI Cliis IsilfoR@ Y WﬁEbﬁNErWé'ﬂﬁ&%'?\tdb:ﬁg WaishRRUNRSIIIERES B 1Y 16

di ssol ving 20 ng of Doxorubicin-HCl 1nto anhydr ous net hanol

Pol yur et hagrsat het er tubi ng was i nmersed in th| s solution for 16 hours.
The catheter tubing was vacuumdried at 50C for 16 hours. 10 EXAMPLE 17
PCOLYURETHANE DI P COATI NG W TH 5- FLUOROURACI L A sol uti on was prepared by

di ssolving 125 ng 5-Fluorouracil and 2.5 g of Chronoflex AL85A (CT

Bi omaterials) in 50 nl of THE at S5FxaNipgEs ution was cooled to room
tenperature. Pol yurethane catheters were wei ghted at one 15 end and di pped
in soltion and t AMRREGNATIGNIOF POXOREBISININTT RIS YprRETEHRASE CRasETERepeat ed t hree
times with 1 mnute drying tine interval between each di pping process. The

cat heter tubing was ,vacyumdried a urs., EXAMPLE 18 20
POLYURETHANE DI P CORTSAWSIAfy WP Br ﬂq@%mﬁﬁéptv'm% B2 84 BPXormeicin-H ftait i on
was prepanginbyntidrae e S5p Ltic
acid, and 2. 437n|'ﬁ1 of Chr%oﬁex Egegﬁé?@cglzggkg%élfglpgﬁ%mﬁﬁe%%d%ﬁlto THE at
55C. The soltmonditnr taboursol e tatheteo obirgpasataguem dadyatr #°Kafoe 16 hours.

10 EXAMPLE 17

POLYURETHANE DiP COATING WITH 5-FLUOROURACIL

A solution was prepared by dissolving 125 mg 5-Fluorouracil and 2.5
g of Chronoflex AL85A (CT Biomaterials) in 50 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
20 POLYURETHANE DiP COATING WITH 5-FLUOROURACIL AND PALMITIC ACID

A solution was prepared by dissolving 125 mg 5-Fluorouracil, 62.5
mg of palmitic acid, and 2.437 g of Chronoflex AL85A (CT Biomaterials) in 50 ml 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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catheters were weighted at one end and di pped in solution and then renoved
25 immedi ately. This process was repeated three tinmes with a 1 mnute
dryi ng tiwe 034&346\0 03/ 099346 PCT/ US03/ 16719 interval betreearsogaciv di ppi ng
process. The catheter tubing was vacuumdried at 50C for 16 hours. EXAVPLE
19 5 CATHETER DI P COATI NG W TH NAFI ON AND M TOXANTRONE Catheters are

wei ghted at one end and di pped into 5% Nafion solution (Dupont) and then
renoved i nmedi ately. This process was repeated three tinmes with a 1 mnute
drying time interval between each di pping process. The catheter tubing was

dried at nferd BERASEH da¢h aagpngfd}eéés%. Thes BAtbte?MUNRG Wil WRICBRAT 8fedhih 1 U

of m toxantrone-2HCI in 40 dei oni zed water. The catheter tubing was

i mer sed PR°Eier $®hauison for 5 ninutes, and then was washed with deionized
wat er and dried at roomtenperature. EXAMPLE 20 15 CATHETER DI P CQOATI NG

W TH NAFI ON AND DOXORUBI CI N Catheters are wei ghted at one end and di pped
into 5% Nafion solution (Dupont) and then renoved i nmediately. This
process was repeated three tinmes with a 1 mnute drying time interval

bet ween each di ppi ng process. The ERPSAMELE 12 ubi ng was dried at room

doxor ub oi -+l i 40 HE6R e BhDe YT R RARE o RN i ng s

immersed in the solution for 5 mnutes, and then was washed with dei oni zed

water and dried at Cg@metbRBeNidhRd tDhe\MAP3nPADPAE ifte Bk S ioh6 719
EXAMPLE 21 PREPARATI ON OF RELEASE BUFFER The rel ease buffer was prepared by

addi ng 8. 32lu§osdBupent) @nddhereemovesbingmediatelyn phisspsheass was epesited

(monohydr ?ﬂr%)a tf?ipéjs v%itﬁs% Pminute 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
solution (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-HCI in 40 mi 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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5 sodi um phosphat e di basi ¢ (anhydrous) to a beaker. 1 L HPLC grade water
was added and the solution was stirred until all the salts were dissol ved.
I f requiwed3ovdses pH of the solution was adjusted to pH 7P&T/IGOR147$9 NQ
either 0.1 N NaOH or 0.1 N phosphoric acid. 10 EXAMPLE 22 RELEASE STUDY TO
DETERM NE RELEASE PROFI LE OF THE THERAPEUTI C AGENT FROM A CATHETER A
sanpl e of the therapeutic agent-|oaded catheter was placed in a 15 niL
culture tube. 15 niL rel ease buffer (Exanple 21) was added to 15 the
culture tube. The tube was sealed with a Teflon |lined screw cap and was

pl aced on a rotating wheel in a 37 EXAMERE At various tinme point, the

buffer is withdrawn fromth u tu nd_ s _replaced with fresh
buffer. The w thdrawn bufngr’%T.Hé\tRf\ﬁéH Ogﬁgqléégﬁbf%?a?he anount of
therapeutic agent contained in this buffer solution. 20 EXAMPLE 23 HPLC
ANALYSI S OF THERAPEUﬁbGeI%@EbFB%ﬁ‘erBElpEé&ﬁeBW%iﬂ'gae.zmj kAR

e

chr omat ograPh_i c conditions were used to quantify t anount of the
t her apeut ic®logigienP- 320 sadiupephesnhalreaionabasis mepobgdaed 3re 26F/9US03/ 16719 L

¢ 0 mgo slcl)giu%) thsé%A}Je 'Hitgacs:’ic (%n?wlydl%%s) % E%akeor. EI L‘]HQLB grgzie Rvater
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
0.1N NaOH or 0.1N phosphoric acid.

10 EXAMPLE 22
RELEASE STUDY TO DETERMINE RELEASE PROFILE OF THE THERAPEUTIC
AGENT FROM A CATHETER

A sample of the therapeutic agent-loaded catheter was placed
ina 15 mL culture tube. 15 mL release buffer (Example 21) was added to
15 the culture tube. The tube was sealed with a Teflon lined screw cap and
was placed on a rotating wheel in a 37 °C oven. At various time point, the
buffer is withdrawn from the culture tube and is replaced with fresh buffer.
The withdrawn buffer is then analysed for the amount of therapeutic agent

contained in this buffer solution.

20 EXAMPLE 23
HPLC 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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UX C%Ca U OLnLO UwwUU > QQ U (UpC C a) Caa) 7UC
NO O0.aC j O0OXF FL X0 W 03/099346 PCT/US03/16719 EXAVPLE 24 EFFECT
OF PALM TWO @yD46€ON THE RELEASE PROFI LE OF 5- FLUOROURACI L PCFROWS/#6719
POLYURETHANE FI LM A 25% w/ v) Chronofl ex AL 85A (CT Biomaterials) solution
was 5 prepared in THF. 50 ng 5-fluorouracil was weighed into each of 4
glass scintillation vials. Various anount 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 the solids had
all dissolved. Sanples were then cast as filns using a casting knife on a

| ece of release liner. Sanples wer i ried and then 10 dried overnight
gnder vacuum A portion of these séﬁﬂﬂ@éL%é?% used to perform release

studi es ( Exanpl oHe l gt ihd,on the
rel ease profil egz%%)g-%ﬁ%%ﬁcr égl?wE%}QN%%fgsg%kfgﬁE I%MM&EB\I ASSAY FOR

TESTI NG DRUG | MPREGNATED CATHEARERBA POLYURETHANE FILM

A 25%(w/v) Chronoflex AL 85A (CT Biomaterials) solution was
5 prepared in THF. 50 mg 5-fluorouracil was weighed into each of 4 glass scintillation
vials. Various amount of palmitic acid were added to each vial. 20 mL of the
polyurethane solution was added to each scintillation vial. The samples were
rotated at 37°C until the solids had all dissolved. Samples were then cast as films
using a casting knife on a piece of release liner. Samples were air dried and then
10 dried overnight under vacuum. A portion of these samples were used to perform

release studies (Example 22). Figure 1 show the effect of palmitic acid on the

release profile of 5-fluorouracil.

EXAMPLE 25
15 RADIAL DIFFUSION ASSAY FOR TESTING DRUG IMPREGNATED CATHETERS

AGAINST VARIOUS STRAINS OF BACTERIA

An overnight bacterial culture was diluted 1 to 5 to a final volume of 5
mis fresh Mueller Hinton broth. Then 100 ul of the diluted bacterial culture were
spread onto Mueller Hinton agar plates. A test material (e.g., catheter tubing), with

20 or without drug, was placed on the center of the plate. For example, catheters are
typically 1 cm long and about 3 mm in diameter (which may be made of
polyurethane, silicon or other suitable material) and are loaded 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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AGAI NST VARI QUS STRAI NS OF BACTERI A An overni ght bacterial culture was
diluted 1 to 5 to a final volunme of 5 ms fresh Miueller H nton broth. Then
100 pl ofwoleoghiskait ed bacterial culture were spread ont oprllmaish®re7H nt on
agar plates. Atest material (e.g., catheter tubing), with 20 or wthout
drug, was placed on the center of the plate. For exanple, catheters are
typically 1 cmlong and about 3 nmin dianeter (which may be nade of

pol yur et hane, silicon or other suitable naterial) and are | oaded with drug
either through dip-coating or through use of a drug-inpregnated coati ng.
The pl at eprevantioni éarbas ddcteriaBstoding trat 16ay Be hested inclire, bohereofotdineitad ng

around a te mat er ur ed di sta romthe
cat het er %%%\ﬁi‘%@w'ﬁg éPf’V&?%ﬁQ%Bﬁggsﬁlqﬁﬂ’%&f)égﬁ1%(§cﬁ”f‘?‘l’én€g§ﬁed t he
degree of Ayat o599% 4haVe. @F,J&%,M%QQQB% PCT/ US03/ 16719 preventi on.
Various bacterial strains that may be tested include, but are not limted

to, the follow ng: Erneotm p@%&etuame(néthe?ersama@ wilb &-Hk83urasil ahesewrral C622

w th 5311 Gopeeiansae SOl AnT S L elBh) Fars SxaMIEeoN IS SR S8sioShy/ nl)

vere examgnegdy Tﬁ@kén@éfiﬁﬁhtﬁﬂﬁér@%hd tife C?M'é?é@co%ﬂ% A SoIGfior B bi tion

around the catheters coated in a solution o Fl uorouracil and
pl aced on2Mueid/mt GHFhosouraghang pkcesd castetb@‘rHlbm a@dlrcmatew&ts @sclbedm and

for the catheters ed in SO uti n . of rour

30x37 mm Eﬁi’%&@é@gﬁbﬂﬁ%?na err?ocofg‘?%”ﬁb? S?b'?'P g %“LThese
resul ts demmnstdiphal Jvagsefén ﬁﬁﬁyc%fthe'ieifsW@rﬁ&Hro@G? EhB\%B‘ﬁ@ RYhedor, catheter at
inhibiting the growh of S. aureus. 15 Fromthe Toregoing, 1t will be

appr edilat athibitiam., Thksé cemyiits epwinfsirate thebefficamyntfS-horbhedilrooated omahave been
descri bed herein for oses Oi‘lﬂﬁiésl ustration, various nodifications my

be made wFg r%évh'gﬁ'inﬂ he Bt @UFFYS- and scope of the invention.

Accordingly, the invention is not Iimted except as by the appended
clainms. 162

15 From the foregoing, it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the spirit
and scope of the invention. Accordingly, the invention is not limited except as by

the appended claims.
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WO 03/ 099346 PCT/US03/16719 CLAIMS We claim 1. A nedical inplant which
rel eases an anthracycline, fluoropyrimdine, folic acid antagonist,
podophyl owosng9seaanpt ot heci n, hydroxyurea, or platinum ceapleses/ 119 The
medi cal inplant according to claim1 wherein said inplant is covered or
coated in whole or in part with a conposition conprising an anthracycli ne,
fluoropyrimdine, folic acid antagoni st, podophyl ot oxi n, canpt ot heci n,
hydr oxyurea, or platinumconplex. 3. The nedical inplant according to
claiml1l or 2 wherein said anthracycline is doxorubicin or mtoxantrone. 4.
The nedi cal inplant according to cl@.AIMSor 2 wherein said
fluoropyrimdine is 5-fluorouracil. 5. The nedical inplant according to
claiml or 2 whef&iGl3i8kid folic acid ant agoni st is methotrexate. 6. The
medi cal inplant according to claiml or 2 wherein said podophylotoxin is
etoposide. 7. The nmedical inplant according to claim2 wherein said
conposi tion further &Aovgides éaplanpehichieeleaSes Bhear@icodineg, npl ant accor di ng
to clajm 7 wherein said polyner is a biodegrable or a non-bi odegradabl e
pol ynefuorepyingings felsoacid apagopish odophylotexingampiathes, hyafxxHIEa & or di ng
to cl aim; L, said polymer is a polyurethane. 10. The nedi cal inplant
accor |I%g'¥l’t|ﬁ(§(+&§@lén§l('7 wherein said polynmer is a poly(lactide-co-glycolide).
11. The medi cal inplant according to any one of clainms 7 to 10 wherein
said fluoropyrimdine is 5-fluorouracil. ] ) o _
2. The medical implant according to claim 1 wherein said implant is
covered or coated in whole or in part with a composition comprising an anthracycline,
fluoropyrimidine, folic acid antagonist, podophylotoxin, camptothecin, hydroxyurea, or

platinum complex.

3. The medical implant according to claim 1 or 2 wherein said

anthracycline is doxorubicin or mitoxantrone.

4. The medical implant according to claim 1 or 2 wherein said

fluoropyrimidine is 5-fluorouracil.

5. The medical implant according to claim 1 or 2 wherein said folic

acid antagonist is methotrexate.

6. The medical implant according to claim 1 or 2 wherein said

podophylotoxin is etoposide.

7. The medical implant according to claim 2 wherein said composition

further comprises a polymer.

8. The medical implant according to claim 7 wherein said polymer is a

biodegrable or a non-biodegradable polymer.
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12. The nmedical inplant according to claim1l or 2 wherein said nedical
inplant is a vascular catheter, prosthetic heart valve, cardi ac pacenaker,
i mpl ant abWwe o3oega3dé overter defibrillator, vascular graft, eam/Uusassei19 or
throat inplant, urological inplant, endotracheal or tracheostony tube,

di al ysis catheter, CNS shunt, orthopedic inplant, or ocular inplant. 13. A
conposition, conprising a polynmer and an anthracycline, fluoropyrimdine,
folic acid antagoni st, podophyl ot oxi n, canptothecin, hydroxyurea, or

pl ati num conpl ex, wherein said anthracycline, fluoropyrimdine, folic acid
ant agoni st,  podnphylTHeoxkdicacignmamtidueetrding ity Blai Yulieereirosaif patyinferTs @onpl ex
is present in said conposition at a concentration of less than 10-4 M 14.
The cAWHEIEHR- according to claim 13 wherein said anthracycline,
fluoropyrimdine, folic acid antagonist, podophyl otoxin, canptothecin,

hydr oxyurea, or platinum conplex, wherein said anthracycline,

f 1 uoropyri m di nei0.f olThe medidafRipatticebrding eslealy I7atiearem ssiapplypidrasian,
hydr oxyur ea, or platinumconplex is present in said conposition at a
concerfal¥lacidewo-glgedlidehan any one of 10-5 M 10-6 M or 10" M 15. The
conposition according to claim13 or 14 wherein said fluoropyrimdine is
5-fluorouracil. 164 WO 03/099346 PCT/US03/16719 16. A method for reducing
or inhibiting inflectiToe regiesl iipshtidcbrdingesas@bné BPLRMhs 700MRNWBérRH t he
step of introducing into a patient a nedical inplant which has been

cover é@idfuerepye@iding i$ afluateuredkycl i ne, fl uoropyrimnidine, folic acid

ant agoni st, podophyl ot oxi n, canptot hecin, hydroxyurea, or platinum conpl ex.
17. The method according to claim 16 wherein said fluoropyrimdine is
S-fluorouracil. 188. Aheatdegiehl infamHccording & didinh @ dHl2iwAerein 8sidUnedital a

met hod for reducing or inhibiting infection associated with a nedical

i npl anfplary is Fvasewar exthetenrasihelie beadivalve, catliag pacesnakesr mmantable

it . [ I .20, . The . i cal i nplant di
fgngfza?n#@gem éégﬁhné@gﬁf*gﬁ@@ﬁ?ﬁ g}/alr'r,er{ose, OF thrOst |nn1?)?a'n?,auro'lor8|)ca?r1]mplaa%ﬁor 'ng
endotracheal or tracheostomy tube, dialysis catheter, CNS shunt, orthopedic implant, or

ocular implant.

13. A composition, comprising a polymer and an anthracycline,
fluoropyrimidine, 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.

14.  The composition according to claim 13 wherein said anthracycline,
fluoropyrimidine, 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 any one of 10° M, 10° M, or 107 M.

15.  The composition according to claim 13 or 14 wherein said

fluoropyrimidine is 5-fluorouracil.
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a bi odegrabl e or a non-bi odegradabl e polynmer. 21. The nedical inplant
according to claim 19 wherein said polyner is a polyurethane. 22. The

medi cal iwploangsaccording to claim 19 wherein said pol ynePCrasoaic719

pol y(l acti de-co-glycolide). 23. The nedical inplant according to any one of
clainms 19 to 22 wherein said fluoropyrimdine is 5-fluorouracil. 24. Use
of a conposition according to claim13 for the preparation of a nedical

i nplant to reduce or inhibit infection associated with a medical inplant.
165 WD 03/ 099346 PCT/ US03/ 16719 25 The use according to claim 24 wherein

sai d polynmer is a6bi odegethbl ¢ooedacingrormiggiiag atfablich asdaciged wih. a The use
according, to claim?24 wherein said polyner is a polyurethane. 27. The use

accor fjm?gi'@% irgplanin conRitséneine sap of Woéﬁﬁingiiétoa? patierit a medical in;plarlﬂ ,
Lo £ ide). 28 T di v i 4
POl y(I ffidrfigs<hadl X&\?&%rbg%)r coafed witl 8”%@@5??{5@?2@{%{%%}%5@1@ A&%?Cﬂa' Al

to 27 wherein sard uorop?rlmdln d for

nmaki ngantadionsst, podplphglotoxit, uapHHteineGir: BYerdxy0red, or pRAMUAGcEMpRRAI cal i npl ant
wi th an anthracycline, fluoropyrimdine, folic acid antagoni st,
podophyl ot oxi n, canpt ot heci n, hydroxyurea, or platinum conplex. 30. The

hod di I ' id fl o di IS . .. .
-1 uor our aci 1 3t Thie ol IEkaha Rl 17 WPRIGL RGP imng i ca
i mpl anb-flupey@aeil or coated by di pping or by inpregnation. 166

18. A medical implant according to claim 1 for use in a method for

reducing or inhibiting infection associated with a medical implant.

19.  The medical implant according to claim 18 wherein said

composition further comprises a polymer.

20.  The medical implant according to claim 19 wherein said polymer is

a biodegrable or a non-biodegradable polymer.

21.  The medical implant according to claim 19 wherein said polymer is

a polyurethane.

22.  The medical implant according to claim 19 wherein said polymer is

a poly(lactide-co-glycolide).

23.  The medical implant according to any one of claims 19 to 22

wherein said fluoropyrimidine is 5-fluorouracil.

24.  Use of a composition according to claim 13 for the preparation of a

medical implant to reduce or inhibit infection associated with a medical implant.
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25 The use according to claim 24 wherein said polymer is a

biodegrable or a non-biodegradable polymer.

26.  The use according to claim 24 wherein said polymer is a

polyurethane.

27.  The use according to claim 24 wherein said polymer is a

poly(lactide-co-glycolide).

28. The use according to any one of claims 24 to 27 wherein said

fluoropyrimidine is 5-fluorouracil.
29. A method for making medical implants, comprising covering or
coating a medical implant with an anthracycline, fluoropyrimidine, folic acid antagonist,

podophylotoxin, camptothecin, hydroxyurea, or platinum complex.

30. The method according to claim 29 wherein said fluoropyrimidine is

5-fluorouracil.

31.  The method according to claim 29 wherein said medical implant

covered or coated by dipping or by impregnation.
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