WO 03/099§i§& US03/ 16719 COVPCSI TI ONS AND METHODS FOR COATI NG MEDI CAL
| MPLANTS OF THE I NVENTION Fi el d of the |InventiorcThgopigsent
invention relates generally to pharmaceutical 5 conpositions, nethods, and
devi ces, and nore specifically, to conpositions and mnethods which reduce the
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the Related Art Infections associated with nedical inplants represent a major
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Infections associated with medical implants represent a major

10 healthcare problem. For example, 5% of patients admitted to an acute care facility
develop a hospital acquired infection. Hospital acquired infections (nosocomiai
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). Aithough any infectious agent can infect medical impiant,
Staphylococci (S. aureus, S. epidermidis, S. pyogenes), Enterococci (E. coh),
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



di ssem nated infection which can lead to significant norbidity or even death.
In an att #3083 onbat this inportant clinical problem dRGEE3AGIE been
coated with antim crobial drugs. Representative exanples include U S. 5 Patent
No. 5,520,664 ("Catheter Having a Long-Lasting Antim crobial Surface
Treatnment”), U. S. Patent No. 5,709,672 ("Silastic and Pol ynmer-Based Cat heters
with I nproved Antim crobial/Antifungal Properties"), U S. Patent No. 6,361,526
("Antimcrobial Tynpanostony Tubes"), U.S. Patent No. 6,261, 271
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present i nireMantsn WiS AaderiNo. 25624704 & itreisrabial imprrégrated catlaténsi ams  and
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Polymer-Based Catheters with Improved Antimicrobial/Antifungal 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 heaithcare 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.



Figure 1 shows the effect of palmtic acid on the release profile of
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Briefly stated, the present invention provides conpositions and nethods for
preventing, reducing or inhibiting the |likelihood of infections associated
wi th nedical inplants. Mdre specifically, within one aspect of the invention
nmedi cal i nplants or devices are provided which rel ease a chenotherapeutic
agent, wherein the chenot herapeutic agent reduces, inhibits, or 10 prevents
“the growt hBBIER PESGRIBIIGN OF TiHE ERpWINGani sms (e.g., bacteria, fungi, or
“viruses) which are qQn or are associated with the nedical device or inplant.
For exanple, withim'@HE bsiews the efferd of pelenitic asidrediheaklidasplpofilear devi ces

_are prOViﬂﬁg‘”\ggtﬁﬁ&h%ﬁylﬁ@‘%teg{aﬁﬁlﬁ%qi ne, fluoropyrimdine, folic acid

antagonist, p ot carmpt hydr oxyurea, or platinum conpl ex-
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provided which release an anthracycline, fiuoropyrimidine, folic acid antagonist,
podophylotoxin, camptothecin, hydroxyurea, or platinum complex. Within various
15 embodiments, the implant is coated in whole or in part with a compaosition
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, flucropyrimidine, folic acid antagenist, podophylotoxin,
camptothecin, hydroxyurea, or piatinum complex. Within certain embodiments, the
desired therapeutic agent is coated on and/or released from the medical impiant 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, impiantable cardioverter

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



and ocul ar, n?@??#s Wthin certain enbodi nents, the catheter éﬁ%.g., vascul ar
and di al 9%(:)% Tleters), heart valve, cardi ac pacemaker, P§I/E/ae1e
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throat inplant, urological 5 inplant, endotracheal or tracheostomny tube, CNS
shunt, orthopedic inplant, or ocular inplant releases a fluoropyrimde (e.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
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provi ded a heart val . Whi.ch rel eases an agent selected fromthe group
consi sting of an ant‘ﬁ/ﬁ&"!&éﬂ:‘r‘ﬁ%?spﬁq?%@@ﬁy?&’ tam dhereds providedia gathaleni st

Ebodi ront he e o e O o o S R AL M e
anot her erluppysimidines folla anic pptagonist, modaph§iobkin) tamplotisscie e rts, the
oy or I R RIB, o e R et skt reloseme dbropyimidinas o
e o e s oA S0 T VT Vo
03/ 099346 embodiments, the catheter further comprises a polymer wherein the agent is
15 released from a polymer on the catheter. In certain embodiments, the catheter has
a polymer that is polyurethane or poly(lactide-co-glycolide) (PLG). In related
embodiments, the catheter is a vascular catheter or a dialysis catheter. In stiil
other embodiments, the catheter relacases an agent that is present on the catheter
at a concentration which is less than the typica! 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 flucropyrimidine 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
vaive has a polymer that is polyurethane or PLG. In retated embodiments, the ’

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



PCT/ US03/ 364496 o5liaeases an agent that is present on the heart valve at a
concentration Ich is less than the typical dosage and/ oPCT®RC¥RTI%ti on t hat
is used in the treatnent of cancer.. Wthin further aspects of the invention,
there is provided a cardiac 5 pacemaker which rel eases an agent selected from
t he group consisting of an anthracycline, fluoropyrimdine, folic acid

ant agoni st, podophyl otoxi n, canptothecin, hydroxyurea, or platinum conplex.
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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 defibriltator which releases an age-nt selected from the
group consisting of an anthracycline, fluoropyrimidine, folic acid antagonist,
podophylotoxin, camptothecin, hydroxyurea, or piatinum complex. In one
20 embodiment, the implantable cardioverter defibriliator releases a fiuoropyrimidine
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 defibriliator 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. -



WO 03/ 099%05@5}3803/ 16719 Wthin further aspects of the é‘%éﬁ&tﬂifﬂ%’a%t here is

provided a gratft which releases an agent selected fromth sisting
of an anthracycline, fluoropyrimdine, folic acid antagonist, podophyl otoxi n,
canpt ot heci n, hydroxyurea, or platinumconplex. In one enbodi nent, the graft
rel eases a fluoropyrimdine 5 and in still another enbodi nent the
fluoropyrimdine is 5-FU. In other enbodinents, the graft further conprises a
pol yner wherein the agent is released froma polynmer on the graft. In certain
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nose, or 2 id S LSt t PLG In
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i npl ant rel acases an aﬁent that is. Fresent on the ear, nose, or throat
i mpl ant  at AAIRGTRRGENIRI0R thatis sped in thesiseatment oheanesspi cal dosage and/ or
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aspects of the invention, ére 1§ provide
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nose, or throat implant releases a flucropyrimidine 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



03/099346 PCT/ US03/16719 fluoropyrimdine is 5-FU In other embodinents,
?h\é\Durol oYiCBHOPHPl ant further conprises a polynmer wher eiprfg:AgeRt 1S
rel eased froma polyner on the wurological inplant. In certain errbodl_man]ts, |
the urol ogical inplant has a polymer that is polyurethane or PLG In relate
enbodi ments, the urological inplant is a 5 ..urinary catheter, ureteral stent,
urethral stent, bladder sphincter, or penile inplant. In still other ]
enbodi ments, the urol ogical inplant rel aesases an agent that is present on the
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and in still another embodiment the flucropyrimidine is 5-FU. In other
15 embodiments, 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 emoodiments, 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, padophylotoxin, 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



Is released froma polyner on the CNS shunt. In certain enbodinents, the CNS
shunt has ORB¥IWEr that is pol yurethane or PLG |n rel at edCanixoditeramt s, the 7
Wc) 03/099346 PCT/US03/16719 CNS shunt is a ventricul opleural shunt, a VA
shunt, or a VP shunt. In still other enbodinments, the CNS shunt rel aeases an
agent that is present on the CNS shunt at a concentration which is |less than
the typical dosage andl or concentration that 1is used in the treatnent of
cancer. 5 Wthin further aspects of the invention, there is provided a

or t hopedi cCNSrphanmttis ahictiiricutbsiages saonRae/X sisahicer 80/H simtt NA sbn eHerconsi sting
of an ant hr%cycl i ne, fluoropyrimdine, folic acid antagonist, podophyl otoxin, :

canpt ot hecPMPONALEkRy thedaNSHHust selraasecampoent thahisopresenionltheeGNS shumt

or t hopedi c,j a fl opyrimdine and in,still another,k epnbodi nent
the 10 11 uar Bepnoent ity st AR L Folial Bafen abody rangSBBdnet 1 npl ant -
further cEddSRINS tRAVBRT of2cel N the agent is released froma polyner on
the orthopedic inplant. In certain enbodi nents, the orthopedic inplant has a

pol ynerd that is pol Yithin fusther espetts.of e invieatieu, theboidi provided a drehapddiopedi ¢

i mpl ant i s; etic joint or . fixati device. In sti). |l ofher enbodi nents,
t[\rg orthop@'@Rﬁ@Rfcﬂng’ﬁﬁé?@Pf@f&?eéﬁi%gpme‘%ﬁ&m%CB’P%‘éQ’Fﬂ° the orthopedic
i npl ant  at agthreeyRRas! fwirb SYHntldird) fbik: écﬁé%nﬁé@)@h}jéﬂ‘ﬁo&dﬁﬂw%ﬁosage and/ or

concentration that is wused in the treatnent” of canc in further aspects
of the i nveampiihecinehydroxyyreavorigldtinumaozplexi ipbaeembudimentitigmses an agent
selected f th roup, cqQnsi st i of an 20 anthracycline, fluoropyrim dine,
folic aci d&gﬁe?%%fﬁﬁ%?f’%ﬁb@g%‘iﬁ?f‘l %ﬁa%%’y” R% @8R SR anpther emhadimentthep] at i num
conpl exg | fucrBpyfmRALE BSIEY.  RCotREH | [ | m dine
and in still aﬁgt her enbodi nment tﬁeéﬁ’rf’fﬁ%{%{]‘?ﬁ‘ﬁ@%ﬁﬁ @né%fﬂpﬁﬂ%{ her

embodi nent egmptisess wolymemphenein ther adeant is capsedsfomaa polyywaionper ei n t he agent

is rel easedrtf ro%ha_rﬁo@‘/lne on, the ocular 25 inplant. In certain enbodi nents,
t he ocul arPitippedic melang (ﬂﬂ%ﬂf’é‘? embadimentspthe eitkanediciroplapt s apolyshen ed

embodi Ment gat id5oiPhikAnd SPPEBT 1A Feidfed ShBESHEAS, the orthopedic implant is a

prosthetic joint or fixation device. In stiil other embodiments, the orthopedic

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, podophylc‘)toxin,
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 ocutar

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.



|l ens or a contact lens. In still other enbodi nents, the ocul ar inplant

rel aecases AR "AYé#t that is present on the ocular inplant aiyRiERNGEENt ration
which is less than the typical dosage and/or concentration that is used in
the treatnent of cancer 8 WD 03/099346 PCT/US03/16719 Wthin other aspects of
the invention, conpositions are provided conprising a polynmer and an

ant hracycline, fluoropyrimdine, folic acid antagonist, podophyl otoxin,
canpt ot heci n, hydroxyurea, or platinum conplex, wherein said anthracycline,

_fluoropyrimidine, foNitbirasther aspeugooi Bie, InPESHRI LoRIRS NS 3rs BRRGLIC! 1
' hydroxyure@DmBrr. iRl at i num co lex is present in sald conposition at- a
concentrationrory 8FOYREHAMNIN Ghthraeyclivefingropgrididihe, oG adid dtagoist, M Al so

et ot SR A Tl i o

medi cal inplant, conprising t

pati ent \A/rﬁmithfafasﬁfme@uommiaﬁbmé,tf@li@@cﬂrﬁméﬁ&)ﬁﬁ, pBRophidREMPYr i m dine, folic
acid 105anétﬁz%€otnh]st, p@gophyl ot oxi n, canptothecin, hydroxyurea, or platinum
conpl ex: PRSP YA YRR ofrBlatisuaT carhplextinpessenin saitl oagmezitionati S

doxor ubi cidfcehcdht fluorqpwrimdine is 5-fluorouracil, the folic
acid ant aggnicst rfagéﬁ@ne%?ﬁr&éggy OQﬁd’fﬁﬁe Mo?fgpﬁgl"& M ar.i19 dvoposi de. W t hi n

f h nmbodi Alsdn et R . | . .15 Th d
her  aspect e, of fha proeent | meenttan e oRaearR RiotEERoraRe ance to

ot her aspechts’ of fhe present invention w econe evi

the fol | o'Hy? RRUF! daPReL conprrising thedstep i tiediudngr Aasdicdl impRdinkd an.
various r orth herein which describe in nore detail certain
pr oced%?aggﬁ%ﬁ%ggh%i%ﬁ% z%ogt%q Wﬂga?p%‘dﬁ&?ysﬁm%gj@ﬁf@yatwdm filidsacfdbr  maki ng
such ¢ amtatponist, possphylotekia; ¢ h et ' rporated. by 20
reference in their ent ifyeoty.I V%a‘erﬂgtgdﬁrgp i ca’lg{l'@%%’ darg:gé)tE PP@@"?% it is also
under st ood t hat t he Wit vajipugjembodimants bf e abppld, ¢aé aptFadfcind|i$ 0

I ncor pora ‘i . in, in their entirety. DETAI'LED DESCRI PTI ON OF
THE | NVENt'IdI% gﬁﬁ%ﬁ"ﬁ)?; ﬁﬁﬁgéﬁfﬁ%ﬁ’f‘%ﬂm@pﬁem@fvem pdlworeyragihthe éolicsdgid ul to an
antagonist is methotrexate, 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 referencein their entirety. W.hgn PCT applications are referred to it is also

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

DETAILED DESCRIPTION OF THE INVENTION

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

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

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

inserted into a body. Representative examples include vascular catheters,



25 undersh@{;gi% t hereof to set forth definitions of certain ternms that wll
be used tt6er. _ "Medical inplant" refers to devi cePCHUIBIEHELs t hat
are inplanted or inserted into a body. Representative exanples include
vascul ar catheters, 9 WO 03/099346 PCT/US03/16719 prosthetic heart val ves,
cardi ac pacenakers, inplantable cardioverter defibrillators, vascular grafts
ear, nose, or throat inplants, urological inplants, endotracheal or
tracheostony tubes, dialysis catheters, CNS shunts, orthopedic inplants, and
ocul ar i rrplpmfbetiesh@art wabeshedrdiat, padmalmrmaﬁwmuhbtewardnewﬁtbrsd@‘" mmaensi al ly
of refers to 15% qf an|y I ndi cated structure, value, or rana@ Any nuneri cal

ranges reci'esgatgraltsnear gope, yhipaldnelast welopical irrianisy endeteaaphieahr hi n t he |
d, th f h
e one T ent HCALGORRPLRES TENHE dineBRKAS SR BlnobePRunRRE. B ot ey 10-

Briefl y, ascolar gdplabte;e, the present invention discloses nedical inplants (as

wel | eﬁcorrpom tions and nethods for making medical inplants) which reduce
the 1ikelihood of i nASMSESRETER, thellesm "abapt” ant QOHWB@%petlaifmf‘érefytsms not ed

above, infecids o) ant i on of f

bodi es sucﬁfaag%ﬁggy%@eﬁgg%@g{mhb‘?%% &néﬁgét é’ r%’tgqsd'gﬁt (gl te for
mcro 15 ohgesin snstd be aindamiosdt m@ltﬂ@@f?mtége'r%ﬁﬁﬂté%ﬂﬁbt}ﬁﬁ' affird hat there
is an i npai r{'rent of host defenses to infection in the m ¢€roenvironnent

sur r oundi n§PRICAR €5.gn cRacentrations)feactiona thereef, rsaich asexticctEinth and ants

articul ar on .and e eradication of such an

Pnf el:t :Jon hMPﬂé?&F& é# 'ﬁﬁé‘% (IUH%(§ 39"16?'3‘"5‘? de%g%q) cas:as I20 Medi C;I I mpl ant
failurdgas a result Bheﬂylfésqtdtéa,ab%é hh@rprééérttqg\feﬁtf&% di8868e4 Rteﬁﬁz%' ace the

i nplant, results in S|gn|f|cant norbidity, nort ty an cost to
heal t hcar eiMB)/aptsrias ayel @Sﬁ@@p@SliIQnaamdeetaodajoraﬁaklngenedloalan@mnsmﬁ@ﬁabl e of

Cher api es. s hEBIEMaad o iiestoRe rmBrcal Broiants PGSR ARRBEC er | &
and above, infection is a common compiication of the implantation of foreign bodies
such as medical devices. Foreign materials provide an ideal site for micro-

15 organisms to attach and colonize. It is also hypothesized that there is an
impairment of host defenses to infection in the microenvironment surrounding a
foreign material. These factors make medical implants particularly susceptible to
infection and make eradication of such an infection difficult, if not impossible, in
most cases.

20 Medical implant failure as a resuit of infection, with or without the
need to replace the implant, results in significant morbidity, mortality and cost to
the healthcare system. Since there is a wide array of infectious agents capabie 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 implantabie 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 shouid resistance develop to the chemotherapeutic agent

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

10



25 fungi on inplantable devices. The present invention neets this need by

provi di ngW@puepe3ewhat can be rel eased froman inpl antabl e %ﬁﬁlﬁ%d whi ch
have potent antimcrobial activity at extrenely | ow doses. Further,” these
agents have the added advantage that shoul d resistance develop to the

chenot herapeutic agent, the drug utilized in the coating would not be one
whi ch woul d be used to conbat 10 WD 03/099316 PCT/ US03/ 16719 the subsequent
infection (i.e., if bacterial resistance developed it would be to an agent

that is notheusdgeqsestin®etibRid.i § Yi ' re detail bel ow are (1)

' Agent s; (I%ée Conposi ti ons ancl(zl roz’ﬁﬁ%?fﬁ%?gt‘%%%‘?ﬁ&wﬁﬁﬁe qu d i ni cal
Applicatio ."téhqt.’SRGENﬁ@BSiaefarWibioaicw de variety of agents (also referred to
herein as ' therape%ii{g %%%ntsl or 'dr ggls ) can be utilized within the context

" of the present inventréircdNhYe ditaihbelowaredbugentsH) Compositipns andpol yner ;

see sect i oforulfRIreWii DB s ' i_l. below are (A) Anthracyclines
(e.g., doxor ubli cin a¥1d) ?(?v%'%tgbéﬁ{!yzrggﬂcgi(%?‘g%a%?%‘pyri m di nes (e.g., 5-FU),

(© Folic acid antagonists (e.g., nmnethotrexate), (D) Podophyl otoxins (e.g.,
et oposigle);, (E)p thecins, (F) Hydroxyureas, and (G Pl ati num conpl exes
(e.g., cisplatim)- A~ Anthracyclines Anthracyclines have the foll ow ng general

structure, where thgRay 19 yari ety of, organi c groups:
According to U S. Pat ent’ SV%‘%U%%B[WS%% I(Q%ﬂ rﬁi%[?ﬁistoﬂegeﬁ’saﬁ’f ollows: Rl is
CH3 or CHheramRaticageats’os &rugs) can be UBSzaWithih BE Soh B?%%}E%none of CH,
NO2, NHZ2, H or groups derived fromthese; RS thydrogen, 20

. Br.. I, CN I
hydr oxy, d&*‘?{ﬁf’ﬁ&?}?eﬁ’w@ Rowiheite earien(aig.o gerolymet serateictioh Y, bdfswand R6 ar e
hvdr ogen , | en r vice versa. .11 WO 03/ 099346
P>C/:T/ U%OB/ g%géeaw n%}e%fe?al%é%w 4t (H?JL\R ricyciihes (6.4., daxoribicin and
10 mitoxantrone), (B) Fluoropyrimidines (e.g., 5-FU), (C) Folic acid antagonists (e.g.,
methotrexate), (D) Podophyiotoxins (e.g., etoposide), (E) Camptothecins, (F)

Hydroxyureas, and (G) Pfatinum 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 5,694,158, suitable R grbups are as follows:
Rt is CH; or CH.0H: R, is daunosamine or H; Rz and Ry, are independently one of
OH, NO,, NH,, F, Cl, Br, |, CN, Hor groups derived from these; Ry is hydrogen,
20 hydroxy, or methoxy; and Rg are all hydrogen. Alternatively, Rs and Rg are

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

11



According to U. S. Patent 5,843,903, RL nay be a conjugated peptide. According
to U S. PaVEIF¥34%6 105, RS may be an ether |inked al kyl R§TUSI3/16880r di ng to
U S. Patent 4,215,062, R5 nay be OH or an ether |inked alkyl group. Rl may

al so be linked to the anthracycline ring by a group other than C(O, 5 such as
an al kyl or branched al kyl group having the C(O Ilinking noiety at its end,
such as -CH2CH(CH2- X) C(O) -R1, wherein X is Hor an alkyl group (see, e.g.,

US Patent 4,215,062). R2 may alternately be a group |inked by the

functional group =NANEGRG ¥ UvbePateitt 5843, 90608 raalE Be Sconjidaay!  or
substi t ut ede%ggnyi ring. Alternately R3 may have the followng structure: H3C

10 in whi cPERYIEsAEPrEingilerUiSy Ratertid 298, 10heRpmayebe antethenlinkgd atkyli s a second

sugar noi u . (o} form.a .se dar mne with a grou

S s nSrusAS i o SO PH BEa S B2 1ot Rl S ORGP ef Kl Bl or od”

het er ocycl igtouaRi heayadisd B83ihked to e anthFddyRHS rih§ 8§ éJgr%UpF’&héﬂha%’ @@6903) :
€'s

Alternately, R1O nay 15 be derived froman am no acid,  havi ng ture

- C( O) CHNHRYE) @rep)alkylipr baneitedraliyli group hevingdhesC(©) (Bkimgheictyl atitkghene Wit h
R12_  R12 . i Kk am_no, , hydro nmer capt o, phenyl,
benzyl or %ﬁﬁ?ﬁﬁ?ﬁ@ba@éb‘@g@?’gat @h?f%",%é,"mg?n a@é‘&ﬂﬁ?‘&’r Sﬁeﬁn?rﬁ-a'éy%)cl-l i nes
are Doxor ulPatémt.4, DEI062 MRS iy 1A 2RIy k't e unhi Nk

Zor ubi ci n, and Carubi ci E gSui 'Eyabl e con@)uﬁ%&ﬁ%@k‘ﬁ@ B“s‘ffrulﬂlgpélﬁéetﬂ%qé WO
0310993: 16 DoRGIGBIYI, whereyiis abgroup:suct 4is aphemyt cokubstitatedpheny Ying.

Daunor ubi Cigfa 448" 3br{153'/ Rave the following structure:

HsC o

NH
Rg |

10 R1o
in which Rg is OH either in or out of the plane of the ring, or is a second sugar
moiety such as Ra. Rq may be H or form a secondary amine with a group such as
an aromatic group, saturated or partiafly saturated 5 or 6 membered heterocyclic
having at least one ring nitrogen {see U.S. Patent 5,843,903). Altemately, Ry may
15 be derived from an amino acid, having the structure ~C{O)CH(NHR41)}{R12), in
which Ri1 is H, or forms a C34 membered alkylene with Ry, Ry, may be H, alky!,
aminoalkyl, amino, hydroxy, mercapto, phenyl, benzyl or methyithio (see U S.
Patent 4,296,1085).
Exemplary anthracyclines are Doxorubicin, Daunorubicin, Idarubicin,

20 Epirubicin, Pirarubicin, Zorubicin, and Carubicin. Suitable compounds have the
structures:

12



~ Pirarubicin: Zorubicin: Carubicin: PCT/US03/ 16719 Rl R2~ OCH3 C(O CHZO-l OCH3
C(O) CH2OHYFB UM%t of ring plane OH in ring plane OCH3 C( ph-ghiBoftd,put of ring
plane H C(O)CH3 OH out of ring plane OCH3 C(O CH2OH 0 OCH3

C(CH3) (=N)NHC(O) C6H5 OH OH C(O CH3 OH out of ring plane O her suitable

ant hracyclines are Anthranycin, Mtoxantrone, Menogaril, Nogal anycin,

Acl aci nonycin A, divonycin A Chrononmycin A3, and Plicanycin having the
structures: 13 WO 03/099346 M toxwlTof R Cg,yvnyan A COCH(CH,)= CH, COCH, H U
mf han A COCYl CF[, cfxH CFF3 Pisfn H Q@6 PCTTUS03116719 R, HR P
noganl H OCH, H R4gai anycin osugar O her pepresentative

ant hracyclines include, FCE 2 e OH
Ry 0 OH e}
H3C o
NH2
R3
R1 Rz R3
Doxorubicin: OCH;  C(O)CH,OH OH out of ring piane
Epirubicin:
{4 epimer of OoCH C(O)CH,0OH inri
doxorubicin) ’ (O)CH: OHin fing plane
Daunorubicin: OCH; C{O)CHj; OH out of ring plane
Idarubicin: H C(O)CH;, OH out of ring plane
Pirarubicin: OCH;  C(O)CH,OH -
Zorubicin: OCH;  C(CH3}(=N)NHC(O)C¢Hs OH
Carubicin: OH C(O)CH; 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



derivative %)%J I ia et al., J. Liq. Chromatogr. 17(18):3911-3923, 1994),
annanyci n WP230%%8¢#6 al ., J. Pharm Sci. 82(111):1151-1154, IAa3yse3nahoxyl
(Rapoport et al., J. 5 Control | ed Rel ease 58(2):153-162, 1999), anthracycline
di sacchari de doxor ubicin anal ogue (Pratesi et al., din. Cancer Res.
4(11):2833-2839 1998), N (trifluoroacetyi)doxorubicin and

4' -0 acetyl-N-(trifluoroacetyl)doxorubicin (Berube & Lepage, Synth. Conmun.
28(6):1109-1116, 1998), 2-pyrrolinodoxorubicin (Nagy et al., Proc. Nati Acad.
Sci. U S A 95(4):1794-1799, 1998), disaccharide doxorubicin 10 anal ogues
(Arcanone et al., J. Nat'l Cancer Inst. 89(16):1217-1223, %997), O de

met hoxy- 7- 0[2 6-d i deoxy-4-0 (2, 3, 6-trideoxy- maxpdli MO- dcd- hyxo-

i syT'] adri ami ci norear@oxBK4bi Ci Bodh, sacchari de

Sar bohydr . Res. 300(1):11-16, 1997), 2 14 VIO

ol i nodoxor ubi ci n ( Nagy éf%!“;ﬂ c. Nat'l Acad.
Sci. U S A 94(2): 6 1997), norpholinyl doxorubicyn anal ogues (Duran
et a!., Cancer Chem)tPi‘er peol* 38(3):210-216, 199®) o *n

enani nomal onyl - p. . al ani ge.doxorubicin derivatives (Seitz et al., Tetrahedron
Lett. 36(9):1413- 16 1995), cephal osporin 5 doxorubicin derivatives (Vrudhul a
et al., J. Med. Chem 38(8):1380-5, 1995), hydroxyrubicin, (Sal° net al.,

Int. J. Cancer 58(1):85-94, 1994), met hoxynorpholino doxo ubi ci dvative
(Kuhl etal. ficer Chenot her. Pharmacol . 33(1):10-16,7 %993
(6-mal ei m o'I“’)GIp/drazone doxgesupi cin derivative (W gl _g
Bi oconj ugat e (1) {~3993 ¢+( 5, 5-di acet oxypenti 1-yl): doxorub| cin
10 (Cherif & Farquhar, B5(17) : 3208- 14, 1932), CE 23762
met hoxynor phol i nyl doxd yder, i°va| ve (Ri panonti et alae ﬁ J. Cancer
65(5):703-7, 1992), N- hyd&roxysdcci it m de ester doxopuhi ci.n iMat i ves (Demant
et a!'., Biochim Biophys cta 1 ):-§3-90, 1991), pol ydepxynucl eoti de
doxor ubi cin derivatives ;%TSE/F Bi ochim Bi Act a :
1129(3):294- 302, , mor phol i nyl doxor ubi ci n deri ves ( EPA 434960),
m t oxant r one doxoru ci'n ggal ogue (RJKr ar&cho et aL, J. d. Chem
34(8):2373-80. 199134nAD1 o), o coor, M wo

ChwomompinA, - COCH,  CH,  COCH, CH, o

Plicarmycin H H H cH,

Other representative anthracyclines inciude, 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-pyrrofinodoxorubicin (Nagy ef
al., Proc. Nat' Acad. Sci. U.S.A. 95(4):1794-1799, 1998), disaccharide doxorubicin

10 analogues (Arcamone et al., J. Nat'l Cancer Inst. 89(16):1217-1223, 1997), 4-
demethoxy—?-O—[Z,6—dideoxy—4~0-(2,3,6-trideoxy—3—amino-a—L-lyxo~
hexopyranosyl)-a-L-lyxo-hexopyranosyljadriamicinone doxorubicin disaccharide

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

14



| | Ci : -9, 1991), 4-
- doxorubi ci n anal ogue (Traganos et a!., Cancer Res. 51(14):3682-9, :

genethoxyl®00$@%w£%Iuoroacetyldoxorub|C|n (Horton et al., EE§@SEﬁ&7“PEL:VGry
6(2):123-9, 1990), 4'-epidoxorubicin (Drzewoski et aL, Pal. J. aéga ol
Pharm 20 40(2):159-65, 1988; \Wenen et al., Eur. J. Cancer Cin. col .
20(7):919-26, 1984), alkylating cyanonor pholi no doxorubicin derivative
(Scudder et al., J. Nat'l Cancer Inst. 80(16):1294-8, 1988), y Cal
deoxydi hydr oi odooxorubi cin (EPA 275966), adriblastin (Kalishevskaya e -

. Vest l” NEgh’-”'d“ggﬁshxolrg(ﬁﬁlzg’j (‘Nlafgéétgaglf’é%%)jﬂ%z)ﬂggé Sci,d?f) 3§YQO§2(2th€5%'_g55( Schoel zel
sty Moo Dt . ORI e
) SS eg}) t heSPhakﬁvtal%glﬁgéPs )%g{%Sé%gi)WP?m%tﬂ§@iﬁ9 dﬂxmmhid:ihii In ana: ogues
doxor uby ci 1 et Lvat L vee: (1t areiodien LG8 g 2Yey Taas) Cobbabspann <ymp
Tunor B = APHEBHER dpriva@sEYudRINEY 86/ 099 CIRGH! SRS éé@-%%égg% <

' I NQ: 3. -(4-net haxy-1 - pi peridinyl) doxorubic!n derlvatl'v_es '
> 3‘1’26‘5”52?131550%@59}{1239% ehohdrt Holargen 5@(69685&1%.dBﬁ4)g§nanakjéme?Jit{g#\in§ét N
1 ’ 1 'I . . . 1 _ _ H I n u y

£, 201 27 orokiiske QuNARNRNGRE LR b sl SRt (Lt o el
Vat son. J _199&)1(%mﬂe@ddocﬂbi%ydlg%xo}@&%}n derlVatf8 (whifria'Jray Japan 1468: 20,
g 1420;: 1 : :
4 - dboxy- ERCSTIHE G6Ty AP baRttdx 9B b6 FHiacetvgpesy 1-itpioolbion]
- Y- derd paid (R 0}s(1342 'ng?- ' - (4-_ et hoxy- 1- pi peri di nyl)
door Ubl oy dary v arduRE: 4 B Gra 3aa By 05T aday KCr 5t or ai o
mor phol i nGWR@ymrphalinUdSxofmbfit d6ftiveRisleATHIGS §IE§:3F{ @xﬁé‘éﬁr‘ 4" 10
mor phol i n rubi cin: ?l-_deam'no-3'-(3"-cyano-4‘-m)rp0 rnyt)-13- .
i doxor MBS 1, il NPy ooy pcninydeasier amonibiin cyys s O n 3
di hyqoxorl L (3 y i vle) 30k by dauynor ubi ci n; and 3'-deam no-3' -
Carmor phoy Eryed BiodBEASe sl U U0 TRl Blieaneticiposds, sso)
"-nor phol i nyl - 5- _ n-
3' - deam ndox@ubICH deivativgs IRBGGIEd & A1y BiodMHOBINHAALE 1 1RIANES Shb S
4,314,054) _and 3 15 deami no- 3- ( 4- nor phol i nyl ) doxor ubi Gi n “derAvatPves (U. S.
4’ 30 1’1 77?93{5 morpholinyl doxorubicin derivatives (EPA 434960), mitoxantrone
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-triflucroacetyldoxorubicin (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):919-28,
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 af., Leuk. Res. 10(12):1455-9, 1986), 4-
25 demethyoxy-4'-0-methyldoxorubicin (Gidliani et al., Proc. Int, Congr. Chemother.
16:285-70-285-77, 1983), 3'-deamino-3'-hydroxydoxorubicin (Horton et af., J.
Antibiot. 37(8):853-8, 1984), 4-demethyoxy doxorubicin analogues (Barbieri et al.,
Drugs Exp. Clin. Res. 1 0(2):85-90, 1984), N-L-leucyl doxorubicin derivatives

(Trouet et al., Anthracyclines (Proc. Int. Symp. Tumor Pharmacother.), 179-81,
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B. Fluoropyrin dine anal ogs In another aspect, the therapeutic agent is a

f1 uoropyri O&qugdﬁﬁal 0g, gsuch as 5-fluorouracil, or an andldgu¥P/188¥i vative

t hereof, including Carnmofur, Doxifluridine, Emtefur, Tegafur, and

Fl oxuridine. Exenplary conpounds have the 20 structures: R 16 WO 03/099346
R, R2 5-Fl uorouraci | HH Car mof ur C( Q) NH( CH2) 5CH3H Doxi f 1 uri di neA, H Fl oxuri di neA2H
Em t ef ur CH2OCH2CH3B Tegaf ur CH B C PCTI US03/ 16719 Qther suitable

fluoropyrinidi ne anal ogs include 5-FudR (5-fl uoro- _deoxyprl_dl ne), or an anal og
or deri vat i W83} rEdeaminedc(dstiathe- 1 pitstising Ldoxtrnbicirbdnivatives (U.S.

F1 or odeonyt | HPRD: AHBRRUCH o aRRIeRIoxcr bR G b B 87 Dne
struct ur es:4'48o}Ac%ShIR M- MR/ dEH it &Gilidhi ML 1 J Kfrice?
27(1):5-13, 1981), aglycone doxorubicin derivatives (Chan & Watson, J. Pharm.
5 Sci. 67(12):1748-52, 1978), SM 5887 (Pharma Japan 1468:20, 1995), MX-2
(Pharma Japan 1420:19, 1994), 4'-deoxy-13(S)-dihydro-4"-iododoxorubicin (EP
275966), morpholinyt 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
\N l
O)\N
l
R4
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OH 5-Fl uoro-2' -deoxyuridine: R == F 5-Brono-2'-deoxyuridine- R=Br

5-1 odo- 2' -WMe@xys46di ne: R =1 Other representative exanpl e?C@fU 3116719

fl uoropyrim di ne anal ogs i ncl ude N3-al kyl ated anal ogues o -PPuorouraCi I
(Kozai et al., J. Chem Soc., Perkin Trans. 5 1(19)-3145-3146, 1998),
5-fluorouracil derivatives with 1, 4-oxaheteroepane noieties (Gonmez et al.,

Tet rahedron 54(43):13295-13312, 1998), 5-fluorouracil and nucl eoside

anal ogues (Li, Anticancer—Res—3#1 A} -21-27 1997), cis-_and trans-5-

fluoro-5, 6-di hydro-6-al koxyuraci| (VaRider WIt et alRp, Br. J. Cancer

1 68(4):702-7, 1993), cych-epeprbanRid-fquorouraciT analpgues (Hronowski &
Szarek, Can. J. Chem 10 7%%: 1162-9, 1992), A-OI-fluorouracil (Zhang et al.,

Zongguo Yl yao Gongye ZazHPMPB[{11): 518(QMNH{H&RCH: H :

" M- trinmethoxybenzoyl - 5' -Bexiftyrdiné| uor acyti di ne and 5' g deoxy-5-fl uorouridine
(Mwa et al., Chem Phargp, -EJ(] 38(4):998-1003, 1990), 1 -

hexyl car banoyl - 5-f | uorouracr | %shi 1 al, J. Pharmelcobi o-Dun. 3(9):478-81,
1980; Maehara et alL, Chdmbitelwapy (BaSHLPCBYCH): 484- 98 1988), B-3839 (Prajda
et 15 at., In Vivo 2(2) Adghns 1988),.¢ H
uracil-1-(2-tetrahydrof =5= i i Oncol ogy

45(3):144-7, 1988), 1-(2' -deoxy-2'-fl uoro-p-D arabi nof uranosyl)-5- fluorouracil
(Suzuko et alL, Mol. PhannacoL 31(3):301-6, 1987), doxifluridine (Matuura et
aL, Oyo Yakuri 29(5):803-31, 1985), 5-deoxy-5-fluorouridine (Bollag &

Hart mann, Eur J. Cancer 16(4):427-32, 1980),
1-acetyl-3-0-toluyl-5-fluogouracil 20 (Ckada, Hroshima J. Med. Sci.

28(1):49-66, 1979), 5-fl uorouracii-m 18 £099346, PCT/ US03/ 16719

fornmyl benzene-sul fonate (JP 55059213) 4k N.- (R-fuyrangidyl)-5-ftuorouracil (JP
53149985) and 1-(2-tetrahyd r yl J- 5-F | for g i fLJJP 52089680). These
conpounds are believed to fun n as therapetisc agents by serving as

antinetabolites of pyrinidine. | 5]C. Folic acid antagonists

o}

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

Fiuorodeoxyuridine monophosphate (5-dFUMP). Exemplary compounds have the
structures:
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I n anot her aspect, the therapeutic agent is a folic acid antagonist, such as
Met hot r exd¥YR 0P984 i vati ves or anal ogs thereof, including PEFUWRA6HY
Trimetrexate, Raltitrexed, Piritrexim Denopterin, Tornudex, and Pteropterin.
Met hot r exat e anal ogs have the follow ng general structure: Rid 10 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, R3 may be
N, R2 may be Nor C(CH3), R3 and R3'" may fH or alkyl, e.g.. CH3, R4 may be a
single bond or NR, where Ris H or alkyl |group. R5,6,8 may be H, OCH3, or 15
alternately they can be hal ogens or roups. R7 is a side chain of the
general structure: n 19 WO 03/099346 RCT/ 3/16719 wherein n = 1 for

nmet hotrexate, .n = 3 for pteroptgyin. Tige cafboxyl groups in the side chain
may be esterified or forma salt 1 salt. RO and Rio can be NH2
or may be al kyl substituted. Exenp lic acid antagoni st conpounds have
the structures: F?, N~NHZ # R4 HI R3 RO 5 RoR R2 R3RARS5R6R7R3

Met hot r exat eNH2NN HN( CH3) HHA (n=1)H rexat eNH2NN HCH( CH2CH3) HHA (n=1)H

Tri metrexat eNH2CH C( CH3) HNHHOCHS3 Pteropteri nOHN N HNHHHA (n=3)H

5-Fluoro-2'-deoxyuridine: R=F
5-Bromo-2'-deoxyuridine: R =8Br
5-lodo-2’-deoxyuridine: R=1
Other representative examples of fluoropyrimidine analogs include
N3-alkylated analogues of 5-fluorouracil (Kozai et al., J. Chem. Soc., Perkin Trans.
5 1(19):3145-3146, 1998), 5-fluorouracil derivatives with 1,4-oxaheteroepane
moieties (Gomez et al., Tetrahedron 54(43'):13295-1 3312, 1998), 5-fluorouracil and
nucleoside analogues (Li, Anticancer Res. 17(1A).21-27, 1997), cis- and trans-5-
fluoro-5,6-dihydro-6-alkoxyuracit (Van der Wilt et al., Br. J. Cancer 68(4):702-7,
1993), cyclopentane 5-fluorouracit 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-trimethoxybenzoyi-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-flucrouracil (Anai et al.,
Oncology 45(3):144-7, 1988), 1-(2"-deoxy-2'-fluoro-B-D-arabinofuranosyl)-5-
fluorouracit (Suzuko et al., Mol. Pharmacol. 31(3):301-6, 1987), doxifluridine
(Matuura ef al., Oyo Yaku_ri 29(5):803-31, 1985), 5'-deoxy-5-fluorouridine (Bollag &
Hartmann, Eur. J. Cancer 16(4):427-32, 1980), 1-acetyl-3-O-toluyl-5-fluorouracil
20 (Okada, Hiroshima J. Med. Sci. 28(1):49-66, 1979), 5-flucrouracil-m-
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Denopt eri pOHNN CHSN( CH3) HHA (n=1)H Peritrexi mMNH2 NC(CH3) Hsingle

bond OCH3HMAMEAH6 HO CHI Tonudex O her representative exarmlBssizngigde

6- S- am noacyl oxynet hyl mercaptopuri ne derivatives (Harada et aL, Chem Pharm
Bul | . 43(10):793-6, 10 1995), 6-nercaptopurine (6-M) (Kashida etalL, Biol.
Phan-n. Bull. 18(11) 1492-7, 1995),

7, 8- pol ynet hyl enei m dazo-1, 3, 2-di azaphosphorines (Nilov at a!., 20 WO

03/ 099346 PCT/ USOS/ 16719 Mendel eev Commun. 2:67, 1995), azathioprine

~ (Chi f ot i ddSBY!baZenE-syifopnts (JPREERIHITS), %((Q)fu%ﬁdﬁ 5- ﬂlx%%l)rac:ﬂ?j&yl D- gl ucopyra

20(2) " 140- 6o eR BBl SRR b rensah O RGRI4880)es  (Rat si no ot al
Khi m-Farm Zh. 15(8)1655-05,“‘)@)%&% ar éehé{]}@ ltbr?ﬁmg} g"’(ﬁ%ﬁ%é%b@@’dl fied or ni t hi ne

or glutam c acid-bearing nethotrexa eriva Cc9eafs by chem
Phar m BulServiag @y gpntimesabidiss; of [99imidinel kyl - substituted benzene ring C bearing
nmet hotrexate derivatives (Matsuoka at aL, Chem Pharm_ Bull.

44(12):2287-2293, 1996), benzoxazine or benzothi azine noiety-bearing

met hot reexat e d€.i vaFoli®scit Mt géet al., J. Med. Chem 10 40(1):105-111,
1997), 10-deazaam nopterin analogues (DeGaw et al., J. Med. Chem

40(3):370-376, 1997)n afdotd apt
(3): Jn afotenaspatt, 1t étmmﬂewa®&QsQ'Q%§§6?f@§@&ﬁét Te97).

nmet hot r exat g,_an gues Pl per et al . Chem 40
i ndol i ne mYFRES] fof Hstivativeser aneldgsdbensed, iodlatimgokdatasxate, , Chem

Phar m Bfﬂn*netv%%t@ 3 hilic am de met hot r exat e
derivatives (Pignat gﬁﬁ ﬁ%féa %lr]téa%\/%?n%&ﬁﬁ%ﬂl I?témfﬁﬁ Phar m
Technol . , MsgBottexat® abilogh hale &9 1R Yederhl SAKQGMt ani ¢ acid and

DL- 3, 3- d|f| uor ogl ut am ¢ aci d- cont ai ni ng met hotrexate anal ogues (Hart at alL,

J. Med. Chem 39(1):58-65, 1996),
\\\’/Rg
/N
Rig

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 5,382,5682. For example, R,
may be N, R, may be N or C(CH3), R; and Ry may H or alkyl, e.g., CH;, Ry may be
a single bond or NR, where Ris H or alkyl group. Rsgg may be H, OCH,, or

10

15 altemnately they can be halogens or hydro groups. R; is a side chain of the general
structure:
- -
) NH |
HO , T
0
i g oH |
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t hot rex 3 rahydr oqui nazol i ne anal ogue (Gangjee, at al., J. Heterocycl.
Chem 32(%& %@ #% 1995), N-(a-am noacyl) nethotrexate der PEEUNETATheung et
20 alL, Pteridines 3(1-2):101-2, 1992), biotin nmethotrexate derivatives (Fan et
al., Pteridines 3(1-2):131-2, 1992), D glutamc acid or D-erythrou, threo-4-
fluoroglutam c acid nethotrexate anal ogues (McCGuire et al., Biochem
Phar macol . 42(12):2400-3, 1991), P,y-nethano nethotrexate anal ogues (Rosowsky
et al. Pteridines 2(3):133-9, 1991), 10-deazaam nopterin (10- EDAM anal ogue
25 (Br aak hwherein nat 1 foGmethotixate, rPterfndptmepteﬂhoq'heldﬁrbo@;@aouﬁ @rthdi nes
Folic Acid Derl v %%(79? 30, 1989%r -tetrazol e nethotrexate anal ogue (Kal man
at al., ch¥ffchgininaybesstasifipdor iorpca salhsuctsgam 2Pt saltdiRseandBid canoe d
Deriv., 11 noacyl) nethotrexate derivatives (Cheung at

b, or rﬁa%g% %H}}g%bséﬁ’utﬁq‘g . ( .

al ., Het erocycl es 2 89), neta and ortho isoners of am nopterin *
(Rosowsky at al., J. Emdpia@wmnc&mma@m@asﬁ@oaﬁaé HS0SHS LhSciadsl 2) : 2582,
1989), hydroxynet hyl met hotrexate (DE 267495), fl uoromet hotrexate (MQiire

et al., Cancer Res. 49(16):4517-25, 1989), poI ygl yt anyl net hotrexate
derivatives (Kumar et alL, Cancer Res. 46(10):502 Né'émdi phosphonat e
met hot r exat e anal ogues (WD 88/ 06158), Bs and y 5|jsubstitut ¢d net hotrexate

anal ogues (Tsushinma et al., Tetrahedroh 44(RgJ):
5- met hyl - 5- deaza met hot r exat e anaRe

am no- 4- deoxypt eroy) - L- oni t hi ne deri bs ( osovvsky ett aL, J. Med. Chem
31(7):1332-7, 1988), 8-deaza nethotrexat€ anal dgues (Kuehl et al., Cancer Res-
48(6):1481-8, 1988), acivicin met Hot r exat e anal ogue (Rosowsky et al., J. Med.

10: Chen® 30(8):1463-9, 1987), polynericlepl atinol methotrexate deri vative
(Car r aher at al— Pol \lm Sci-——Technol (pl Pnurﬁ 35( Adv Bi_oned.

Pol ym): 311-24, 19871?0 Fﬁt Htxt r ex&be- del nyri st Byphop%atl d%et hanelam ne
(Ki nsky at Mathotrex@iteochitin N Biophys H Actiycily (2) - g11- 1&.4 1984) et ot rexat e

pol ygl ut ar padiexaal OgHeS N (Rp sovvs at e Bi I d nes Pt eri di nes
3 np. C%ltCHF ng]s Foﬁ'l'd Ac?“cf . Chem,

Folid ACId Derlv Pr :
Biol. Clin’ R EREs: "%1850%' Cﬁ@@@) polNH y- gl ut ﬁrryl fREhot Q’x}bhte @@Hsvatl ves

(Ki sl iuk aPteggpterinche@H BNol N Pt er Hdi et H A(n=3) H
Denopterin OH N N CH3  N{(CH3j) H H A(n=1) H
Peritrexim NH; N C(CH3) H single bond OCH; H H OCH,3

A o
NH
HC
)y 0
O OH n

HODC/\ Y
Hoog™
-~ vqr
Tomudeax

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 af.,
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Pteridines Folid Acid Deriv., Proc. Int. Synp. Pteridines Folid Acid Deriv.:
Chem , BiWQ.03@%4#. Aspects: 989-92, 1986), deoxyuridyl ateppe };d%%_‘; i[é'ite

derivatives (Webber at al., Chem Biol. Pteridines, Pteridines d Acid
Deriv., Proc. Int. 20 Synp. Pteridines Folid Acid Deriv.: Chem, Biol. Chin.
Aspects: 659-62, 1986), iodoacetyl |ysine nethotrexate anal ogue (Del canp et

aL, Chem Biol. Pteridines, Pteridines Folid Acid Deriv., Proc. Int. Synp.
Pteridines Folid Acid Deriv_: Chem, Biol. Chin. Aspects: 807-9, 1986),

2, . onega. - Memfereasl Gangivsh. a@7d xat n ues (McGuire at
“al., B ochgm Phar macol . 35( 1513% %%gf gg '?@gﬁ%ilg%?ﬁ Fﬁ rg met hotrexate

deri vat i veS/QeREMe PO RAR- @‘k 19961) hndthyl -Brgivovdyraddagyi ﬂ&ﬁbpt@ﬁ?ﬂﬁ%b i Cheﬁ]

|
%(gf e %’ﬁ%ﬁ%@g@“pﬁﬁéﬁ 27 nﬂ%lggp?’g;'gf?ﬁg%h&eﬁ{agﬁtm;Skdamcmaﬂxb/ﬁylet al .

J. Med. ChewercapdgurinkXPerivatidad \/ Lhot 1 xat anal ogue (Lever &
Vestal, J. Heterocycl Chem = 2 atf'”geg% KA G0 o A6 e Dea3 6 716 1985)

cysteic ac'ﬂﬁomﬂj”m)ﬁnd)ﬁsnemﬁedondthmé bpgIuexdic 29), y-
y ) %m@bgﬂgbemagﬁoté%%S) 5607

tert- butyI ﬂ%%ﬁa%é sterlséhosowsky et at

1985), fl Al URER PERhthemaPbaiie Byl AT tat6et15a 1981}, gLy cl es
23(1): 45- Bub tﬁ'&tﬂr Tronmh . Bacteriol.
16(()(23) 849 use?m?%?sz?ﬁﬁsﬁﬁ“@honogﬁ‘ﬁ%ﬁoﬁeéﬁﬁ%gy%w%ﬁ{ﬁ%%@gat@@m fzta& Qui | | anot |
Eur. ). Merhharm. iindd( 2871845, 1868), EonzdEle 2 oPBihiaial 0°)
met hotrexa].h(g ﬁ?ﬁ%@/@}teg (Rosowsky et at . ag 93, 1984),
dilysine a %@eth%?FeeQ%ﬂ\@fWI%(WMa(afm s.aihw&d Rosemsky, J. Og.

Ch O ( Qo( 1. ot t t at, Ca Res.
25010) 264 D500 11, O, 10 e U R A BTl PRt ik gulobegii per &

Mont orrer hem 40(53: 704378, 199D\ 5.deakbdfied f t es): 95- 100,
19g3)g Jg i Y %I gr orret hot ri?i(at :ak( %osom%ftr;ﬁgm\j/so{dhldﬁéggg%ﬁ‘ rira
26(10): 14 GQE“@{ gAnalqguesdRines wé ahnd Metil Ghenevd(d):3re383e 1B IOt r exat e

iga;)?g;gf%?ﬁ:ﬁﬁigi?f;?ﬁgj%;ﬁhpo %}&tﬁ%fv'aé'% b”%%zééga’ lgggzn o
philic amide methotrexate derivatives (Pignatelio
15 etal, World Meet. Pharm., Biopharm. Pharm. Technol., 563-4, 1995), L-threo-
(2S,4S)-4-fluorogiutamic acid and DL-3,3-diflucroglutamic acid-containing
methotrexate analogues (Hart et al,, J. Med. Chem. 39(1):56-65, 1996),
methotrexate tetrahydroquinazoline analogue (Gangjee, et al., J. 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 af.,
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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15 (Piper et al., J. Med. Chem 25(7):877-80, 1982), lectin derivatives of

net hot r exa¥V@ 93P et al., INCI 66(3):523-8, 1981), pol ygl RCHESs/15B0NOt r exat e
derivatives (Galivan, M!. Pharmacol. 17(1):105-10, 1980), hal ogentated

met hotrexate derivatives (Fox, JNCI 58(4):J955-8, 1977), 8-alkyl-7,8-dihydro

anal ogues (Chaykovsky et at, J. Med. Chem 20(10):J1323-7, 1977), 7-nethyl

nmet hotrexate 20 derivatives and di chl oronet hotrexate (Rosowsky & Chen, J. Med.
Chem 17(12):J1308-11, 1974), lipophilic nmethotrexate derivatives and 3',5'-

di chl or oneBACK2)E582e1988)s hyddoxyméthydthodesate Bk P8raddl90-3, 1973), deaza
anet hopter n anal ogues (NMontgonery etal!., Ann. N. Y. Acad. Sci. 186:J227-34,
1971), MXoBEOPIRihokEe R AMcCLES S B8, Copge) Read49(6):45¢7-25] 4988)] honpcystei ¢ 25

2 ant1 ot RgP AR R PRHE Rl alEs i Yamd 3685 Cotti ihiss AbpmIGR0, " 0

Podophyl | ot 886))getmdiphes _naaémhetréMeta%kng@ét(Wo%%%ﬁéxéag,pnﬁ-aﬁd Yompounds of

Podophyl | otoxin, or a erivative or an anal og thereof. e

this type gylstityiedsaeibetresate rnalqgussdd@ sustimahetraty detrbbedion| Hid NE53713-8E Ures: 5
Q her repr tat] 2xanpl es of podophyl | ot oxins include Cu(ll)- VP-16

Cet opos: te] Sooh iy A 3ReE FadhofRLAR Ahalgl oS fierds 647 NocoirHbood:  1998)
pyr r ol ecar owray1a-Hed Vi ; ' ' at .. ,Bi Med.

Chem Lett. 7(5): 607‘-]%%2,y %ﬁ'ﬁﬁ%?gﬁy%@?ﬁﬁﬁﬁgySﬁ‘té{f"ojgd"e’%&%‘%"Uni versity
of 10 Nort &7(@anéB2Ta 1988} érdeazometikd8@Nate gnhlaguos (Kuehigt anJCEhesk Rey! ani no

et oposi de I ou et at, Med. Chem 37(2):287-92, 1994), N-glucosyl
et oBoside 4@@&@%‘3(’%@&%’"&'“QE*?“]‘%%%{RWLL 0?805@&45)‘&!7313\4;@, 1893), Y
et oposigle &rehy ey . - Bi oor Che t. . 2(1):17-22,
Toany G e SO A g BBl ot R e gERvelivsgBiapliet cner

Lett 15 2(a0)Pdpn3Sts Tedesd) (Plomnd)| 35pA0V. Boficod Polyie )3n#l2ag4es7) Si nha et al .,

Eur. J. Can ertr 26{ 5.)_: 290-3, '1990) and E-ring desoxy etoposide anal ogues
(Saul ni er I0e exate-y dimyristoyiphophatidylethanolamine (Kinsky et al., Biochim.
Biophys. Acta 917(2):211-18, 1987), methotrexate polyglutamate analogues
(Rosowsky et al., Chem. Biol. Pteridines, Pteridines Folid Acid Deriv., Proc. Int.
15 Symp. Pteridines Folid Acid Deriv.: Chem., Biol. Clin. Aspects: 985-8, 1986), poly-
y-glutamyl methotrexate derivatives (Kisliuk et al., Chem. Biol. Pteridines,
Pteridines Folid Acid Deriv., Proc. Int. Symp. Pteridines Folid Acid Deriv.: Chem.,
Biol. Clin. Aspects: 989-92, 1986), deoxyuridylate methotrexate derivatives
(Webber ef al., Chem. Biot. Pteridines, Pteridines Folid Acid Deriv., Proc. Int.
20 Symp. Pteridines\ Folid Acid Deriv.: Chem., Biol. Clin. Aspects: 659-62, 1986),
iodoacetyl lysine methotrexate analogue (Delcamp et al., Chem. Biol. Pteridines,
Pteridines Folid Acid Deriv., Proc. Int. Symp. Pteridines Folid Acid Deriv - Chem.,
Biol. 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 (Mastropaoclo 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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. ' believed to act as

. d. Chem 32(7):1418-20, 1989). These conpounds are
%optl\)/?sorrer‘g?@3’f)?9gﬂ‘ hibitors and/or DNA cleaving agents. 2§Cm59§4(99§34:3 .
PCT/ US03/ 16719 E. Canptot hecins | n anot her aspec]'E , tcge Ehte[]ag_elrjltsl ﬁa\e}ge?hel S

[ [ [ t her eof . npt ot heci
Canptothecin, or an analog or derivative : necins have the .
| eral structure. 5 in this structure, X is typic y O, _

L?Llaswgpguggn e.g., NHin the case of 21-lactamderivatives. Rl is typically
H or OH, but ’ nay be other groups, e.g., atermnally hydroxylated Cl.3

al kane. R 1985}, gpstein aqid Bndihoatoyeieto acid apéAb FERS S, 0 £ 8243 22,
"but may be raups e.g., NO2, NH2, hal ogen (as di'sclosed 71, ’efg_, U S.
Pat ent 5, 5@@@% ﬁh@ﬂ“ﬁ@‘ﬁ%ﬁ'?Stéf%@:i‘fés%waﬁfﬁfﬁzg@e?’l @faigwl, Igs@ﬂiﬁgl?tmr?a%)be Cher
[ . |
ot oupe, &, goindted thofelate shHERYES (RURImA et ol ibfRure lmpidiNed n’ compounds
i ncl ude to%BSé};ﬁﬂateimetmmrez@t@ arfdldguel(TromBe 271 AA98ABL 93?@?{?3%%3 198¢)s.

-fart S)- canpt ot hecin, 10, 11- net hyl enedi oxycanp :
Sl ni ? ;o ?né%? @Pn@tﬁfﬁ*cl@'%%@b@ye&(@u&t&e@umarrE»t,eEp,t A MeoapRundeshave the

ThEA . i p_H HH Topotecan: OH (CH3)2NHGH2 H SN-38:
f)tar ﬂCthulrEs TQ& 3%3%%@@?3?3’3’@ sing) mpihotiexale copindates (ROSMOSBBE099346

; e The ring | abel ed
i tyiteprtp e Xl it AR TR
activity afiva es (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(Foly! Antifoly! Polyglutamates):95-100, 1983), 3'.5'-dichloromethotrexate
(Rosowsky & Yu, J. Med. Chem. 26(10):1448-52, 1983), diazoketone and
chloromethyiketone methotrexate analogues (Gangjee et al., J. Pharm. Sci.
71(6).717-19, 1982), 10-propargylaminopterin and alkyl methotrexate homologs
15 (Piper et al., 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, 19877), 8-alkyl-7,8-dihydro analogues
(Chaykovsky et af., 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'-
dichioromethotrexate (Rosowsky, J. Med. Chem. 1 6(10):J1190-3, 1973), deaza
amethopterin analogues (Montgomery et al., Ann. N.Y. Acad. Sci 1 86: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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m nimum toxicity. Canptothecins are believed to function as Topoi sonerase |

| nhi bi t or SYOR3/8¥d#r DNA cl eavage agents. F. Hydroxyureas WME/EH8n6peuti c
agent of the present invention may be a hydroxyurea_ Hydroxyureas have the
foll owi ng general structure: ~ _"O-x R3, NRZ Rl 10 Suitable hydroxyureas
are disclosed in, for exanple, U S. Patent No. 6,080,874, wherein R is: R3
and R2 is an al kyl group having 1-4 carbons and R3 is one of H, acyl, nethyl,
ethyl, and m xtures thereof, such as a nmethylether. 15 Qther suitable

hydr oxyur eas ar8. di sEbdsmd/libtoxirss g., U.S. Patent No. 5,665,768, wherein R is
a cycl oal kenyl group, for example N-[3-[5-(4- '
f 1 uor ophenyl t hi o) - f uinarother aspscbgbatlerapeyiiq rgeylds exedaphyild®xirs oFaor an

al kyl group..havi 0.4 rbo and R3 is H X is,Hor a catjon. 26 WO
03/ 099346 g‘é‘ﬁ%ﬁ%%f&%@'@ ﬁﬁ%fe%ﬂf'%’é%m'ama?@fe%%%ef@%{vaﬁsaaﬁ geeside e g.
U.S. Pat enbr Nenipo<d@ 39niéi Bavihee Gibwig sfuduriieny! group substituted with one
or nore fluorine atonms; R2 is a cyclopropyl group; and R3 and Xis H O her

sui tabl e hydroxyureas are disclgsed in, e.g., US Patent No. 5 5,066,658,
wherein R2 and R3 toget her with% cento nitrogen form (Cz)n N (CH2)m
wherein mis 1 or 2, nis 0-2 and I |_group.

OH

Etoposide
Teniposide

CH,
s
[
(\ /7 HCO OCH,
5 OH

Other representative examples of podophyllotoxins include Cuflt)-

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), 4p-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).

L]

These compounds are believed to act as Topoisomerase Il Inhibitors
and/or DNA cleaving agents.
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In one as ﬁ t he hydroxyurea has the structure: SOH H2N NH Hyd roxyurea 10
These comgg ﬁa 931% thought to function by inhibiting DNA pgyiishgfdfo G

Pl ati num conpl exes I n another aspect, the therapeutic agent is a platinum
compound. In general, suitable platinum conplexes may be of Pt(l1) or Pt(1V)
and have this basic 15 structure: Z2 27 WD 03/ 099346 PCT/US03/ 16719 wherein X
and Y are anionic |leaving groups such as sulfate, phosphate, carboxylate, and
hal ogen; R, and_R2 are al kyl, am ne, am no al kyl any nay be further

, substituted, and- ar e‘ﬂélﬁfglgwi_sﬁi nert or bridging groups. For Pt(ll) conplexes
Z, and Z2 are non- eX]I ste For V) Z, and Z2 may be ani onic groups such as
5 hal ogen, hydroxy, 85"9 flaspect, élﬁmerae%mtmmnbns Phompbtacein, Sean €.9., U S

. Patent  Nosnaldg 288efikivand 5 bl e um conpl exes may contain

nultiple Pt atoms. See, eéo? % é‘g"qﬁtﬁéhﬁ}% tR%?Qd?Q‘”@QQGQﬁ@' Siregore97. For
exanpl e bisplatinurn and tr| pI ati num conpl exes of the type: Zi Zzi X | /R
X\ R Pt Y~—~ A It\Y Z, I~ Ai®X Pt Y | A Its Y R- Its

HiC——" OH

| 5 in this structure, X is typically O, but can be other groups, e.qg., NH in
the case of 21-lactam derivatives. Ry is typically H or OH, but may be other
groups, e.g., a terminally hydroxyiated C;.5 alkane. Rz is typically H or an amino
containing group such as (CH3)NHCH,, but may be other groups e.g., NO,, NH,,
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 CaHs. Ry is typically H but
may be other groups, e.g., a methylenedioxy group with R,

Exemplary camptothecin compounds include topotecan, irinotecan

(CPT-11), 8-aminocamptothecin, 21-lacta m-20(S)-camptothecin, 10,11-
methylenedioxycamptothecin, SN-38, 9-nitrocamptothecin, 10-

15 hydroxycamptothecin. Exemplary compounds have the structures:

R‘ RZ R]
Camptothecin: H H H
Topatecan: OH (CH,),NHCH, H
SN-38: OH H CHy

X: G for most analogs, NH for 21-lactam analogs
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z2z, z, Z, Z, 1I/IR R\Ix Pt Its Y Z2 z2 10 Z2-,, Pt R3 Y~ 1 z X

Exenpl ary WOB{0%4¢ conpounds are Cisplatin, Carboplatin, OQwhugdsakip, and

M bopl atin having the structures: 28 WD 03/099346 NH3 | PI NH3 O Cisplaiin
Car bopl abn Oxal i platin M boplatin PCT/US03116719 O her representative platinum
conmpounds include (CPA)2Pt[DOLYM and (DACH)PtjDOLYM cisplatin (Choi et al.,
Arch. Pharmacal Res. 22(2):151-156, 5 1999),

Cs-[PtCl2{4, 7-H 5-nmet hyl - 7-o0x0] 1, 2,4[triazol o[ 1, 5-a] pyrim dine)2] (Navarro

et at, J. Med. Chem i) i

C12) (CBDCA)] YMECH ci sp|§t| n (Shansu&‘%?fﬁ’)eert"{dﬁéﬂ“‘?ﬂog“”é @?‘M@ﬁ%é?d Eoeo-

5971, 1997)must-ieyintaddithe daclomemather thaalv earpopyiatel forn) foF okasim@en 8Etiviaty. and>har m
minimum toxicity. |

Camptothecins are believed to function as Topoisomerase | Inhibitors

5 and/or DNA cleavage agents.

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

hydroxyurea. Hydroxyureas have the following general structure:

0
Ra /“\ O0—xX
N
10 Suitable hydroxyureas are disclosed in, for example, U.S. Patent No.

6,080,874, wherein R; is:

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

15 Other suitable hydroxyureas are disclosed in, e.g., US. Patent No.
5,665,768, wherein R, is a cycloalkenyt group, for example N-[3-[5-(4-
ﬂuorophenylthio)~furyi]-2-cyclopenten,-1-yi]N~hydroxyurea; Rz is H or an alkyl group

having 1 to 4 carbons and R is H; X is H or a cation.

26



Sci. 3(7):353-356, 1997), Pt(lIl) ... Pt(lIl) (Pt2] NHCHN(C(CH2) (CH3))]4)
(Navarro MO4¥98Hé | norg. Chem 35(26):7829-7835, 1996), XAmGswmispbatin
anal ogue (Koga eta!., NeuroL Res. 18(3):244-247, 1996), o-phenyl enedi am ne

| i gand bearing cisplatin analogues (Koeckerbauer & Bednarski, J. Inorg.

Bi ochem 62(4):281-298, 1996), trans, cis-[Pt(QAc)212(en)] (Kratochw | et at,
J. Med. Chem 39(13):2499-2507, 1996), estrogenic 1, 2-diaryl ethyl enedi am ne
ligand (with sulfur containing am no 15 acids and gl ut at hi one) bearing
~cisplatin anal ogues QtBedsuitable hydroxyneng arBidbeheed in,6261 1. 5Paf99 flo,
- cis-1, 4-di6€ 1 9g%cl ohexape. Cci SR| atin anal ogtges (Shanmsuddin et alL, J. Inorg.
Bi ochem ?91‘? Wherein Ro i3 phenylgrpup substiuied withere opmose §uorine

[ Pt (NH3) ( LN - ( ibpard, J. Am Chem_ Soc.
| S5 R g el M R R

117(43):10702-12; garing cisplatin anal ogues 20

(Koecker bauer & Bedi@theksyitable RydtoRyurBak arddlstlosdd 9 23¢., 1985Pateht Rio.
t

di aryl et hy eapi ne |igand-bearing cisplatin anal ogues  (Oto et at,
Res. 2§ v\év@%yggéaﬁ%efﬁ@rﬁwoé&ém@th@r with tioe @giacenbnifropesors). 1995)
(et hyl enedi am ne)platinum(1l) conplexes (Pasini at at, J. Chem Soc., Dalton
Trans. 4:579-85, 1995), Cl-973 cisplatingapal ogue (Yang at al., Int. J.

Oncol . 5(3):597-602, 1994), cis-di_d ¢dighl oropl atinun(l1) and its anal ogues
cis- 1, 1 -cycl obutanedi carbosyl at 6{(2F /-z,met hyl- 1,4 5

but anedi am nepl ati nunm(11) and ci s-di anm ne(gl ycol ato) pl ati num (C aycanp &

Zi nmbri ck, é{‘é‘ | .norg. Bi ochem_ 26(4):257-67, 1986; Fan at al., Cancer Res.
48(11): 31 -eé‘?'“i@g%? Ohei B OBerndy sis AN alky! 9WRheni stry 29(36): 8461-6, 1990;

Ki kkawa et al., J_ j R . 233-40,  1993; Murray at al,

Bi ochem stry 31(47) ﬁ%{%%%fi%t %gﬁ;f&qxaﬁgﬁ%i’élg@? géf?tu ncer Chenother. 10
Pharmacol . 33(1):31-5, 1993), cis-am ne-cycl ohexyl am ne-dichloroplatinun( I1)
(Yoshida at al., Biochem Pharrnac® . 48(4):793-9, 1994), gemdi phosphonate

ci splatin anal ogues (FR 2683529), (feso-1, 2-bis(2,6-dichloro-4-

hydr oxypl enyl ) et hyl enedi ani ne) di ropPhkt i nun(11) (Bednarski at a!., J. Med.
Chem_ 35(23):4479-85, 1992), dipl ati AMHanal ogues containing a tethered dansyl
15 group (Hartw g at aL, J. Am H%]I%%Ul%%c' 114(21):8292-3, 1992), platinun(ll)

J. Cancer

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

G. Ptatinum_compiexes
In another aspect, the therapeutic agent is a ptatinum compound. In

general, suitable platinum compiexes may be of Pt(H) or P{IV) and have this basic

15  structure:

44
R X
\Pl
| >
Z;
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pol yam neswfoﬁi egmann et aL, Inorg. Met-Containing Polym MMater., (Proc. Am_
Chem Soc. W% ip. ), 335-61, 1990), cis- PCT/US03/16719
(3H) di chl oro( et hyl enedi am ne) pl ati nun{l 1) (Eastman, Anal. Bi ochem
197(2):311- 15, 1991), trans-d ianm nedichloroplatinun(ll) and
cis-(Pt(NH3)2(N3-cytosine)d) 20 (Bellon & Lippard, Biophys. Chem
35(2-3):179-88, 1990), 3H-cis-1,2- diam nocycl ohexanedi chloroplatinun(ll) and
3H-ci s-1, 2-di am nocycl ohexane- mal onatoplatinum (11) (GCswald eta!., Res.
Conmun. Ch&herginthend Yrireraraonit leavid glaups-saieh ak98Mate, phosphate,

di am nocar hoxyl a iatjnum (EPA 296321), trans-(D, 1)-1,2- diam nocycl ohexane
carrier |i gaﬁ%wf@%’.%‘ ﬁiaﬂé'ﬂiﬁm %l?flg%@@tﬁ%élk(w\ﬁmlsﬁ, anoalksyl arsmay bieabel | ed
Conpd_ Radngiha : - : I, I | am nqanthr.aqui ngne-deri ved
cisplatin anal ogét?le)gg%&ﬁ’ g\ﬁégatrégl?? ?céﬁ??nejt_ Wa@hﬁéﬂfpﬁ%@é\gg%%?aﬁ%) :

spi ropl at i &; acdrhaeaionrexisteno Fet PNGIZY al#R, mblyald AMBhiRRAGGIESH SShr oyen at
al ., Eur5. f? Cancer  Cin. Oncol. 24(8):1309-12, 1988), bidentate tertiary

di ani ne2coRPRORNNEYPYYICRIbMYIAtEcestonBulfate graphasiphate.” See, 0., WS0BABINSZ46

PCT/ US03/ 1 O4 lp@r ' 152(2):125-34, 1988), platinun(ll),

pl ati nun(l @I)&'(ﬁigg@m% %ﬁgﬁ(ﬁmg Yi ke Daxue Xuebao 24(1):35-41, 1986),

ci s-di ammine(1, 1- cy8Suibhit pramiueacbowidxeton ' | atpn, JMB)

and et hyl enedi i ne- nal o?g?o I at'ib'(r?ﬁn(l | ) %‘?k/ﬁ%ﬂ)an?@’igﬂg‘ﬂee?%{még?bt her .
Oncol . 9( 2?:915'3[%]&3@;@3‘?‘)3,- 5\54Q§R@1@ﬁddﬁ\©8%89?51 &ior exampleobspatictiar sitd | ck et at,
Int. J. An . - - 1987), (NPr4)2((PtCL4).cis-(Ptd 2-(NHMe)2))

( Branmer eg{pa tmu?@é&é%e#q%%g@«e tW’&hem Commun. 6:443-5, 1987), aliphatic
tricarboxylic acid platinumconplexes (EPA 185225), and cis-dichloro(am no
acid)(tert-butylam ne)plati ngrr(l | ) conpléxes (Pasini & Bersanetti, |norg.
Chim Acta 107(4):259-67,X1985)% TheQ‘e\clomJ@unds 10 are thought to function by
bi nding to DNA, i.e., ac':)Lg/gPt s al kyl atirig agents of DNA. 1. COMPOSI TI ONS AND
FORMULATI ONS As noted ab , ]the ti c|%rg¢nts descri bed herein may be
fornmulated in a variety of nanners, and hus nmay additionally conprise a
carrier. In

10 X

Exemplary platinum compounds are Cisplatin, Carboplatin
Oxaliplatin, and Mibopiatin having the structures:
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this regard, a wide variety of carriers may be selected of either pol yrrerlc or
non 15 polwf?%‘i%rl gin. The polynmers and non-pol yner basegcgggdsigr®» and
formul ati ons which are discussed in nore detail below are provided nerely by
way of exanple, not by way of limtation. Wthin one enbodi nent of the
invention a wide variety of polynmers can be utilized to contain and/or
deliver one or nore of the agents discussed 20 above, including for exanple
bot h bi odegradabl e and non- bi odegradabl e conpositions. Representative

exanpl es of bi odegradabl e conpositions |ncl gﬁp’ al bum n, coll agen, gel atin,
“chitosan, hyaluronic acid, stardh, cel | ubpSe~sand derivatives thereof (e.g.,
nmet hyl ceI | ul ose, hydroxyprop)ﬂ_ TUrose hyc!; d%ypr opyl net hyl cel | ul ose,

~car boxynet hyl cel | ul ose, cellul oge acet . piit hal at e, 25 cel l ul ose acetate
“succi nate, hydroxypropyl net hyl cel I ul ose phthal ate), al gi nates, casein,
dextrans, polysaccharides, fi brismegen, podwsgdin| actide), poly(D, L |actide),

pol y(L-1actide-co-glycolide), poly(D,L-Iactide-co-glycolide), poly(glycolide),
poly(trimethyl ene carbonate), poly(hydroxyval erate), poly(hydroxybutyrate), 31
WO 03/ 099346 PCT/ US03/ 16719 pol y(caprol act ong), poLy(aI kyl car bonat e) and

pol y(orthoesters), polyestS s pol y( hydr oxy Ierkc aci d), pol ydi oxanone,
poly(malic acid), poly(tar L anfRydrides, pol yphosphazenes,

pol y(am no aci ds), copoly s @f ai;iz rs d bl ends of such polyners
(see generally, Ilium L. eds ; ers in Controll ed Dr ug
Del i very" Wi ght, Brlstolo 1987 Arshady, J° Contir ed Release 17:1-22,
1991; Pitt, int. J. Phar. 59: 175796, 1990 Hsbbasmd et aL, J. Controlled

Rel ease 4: 155- 0180, 1986). Representative exanpl es of nondegradabl e polyners

i ncl ude pol y(et hyl e@hebl:anreqﬂntatw platnurq’ cB\tzﬂodund@Oﬁ@hNéf?CPA)ZFtﬂ[jm_orm] r ubber,
acrylic poet 'ﬁg:, i‘ H aci d, 10 met hyl acrylic acid
pol y(hydrom t‘ﬁ%@'r’E’M EY' atip ﬁﬁ?ﬁb@rﬂh fscha O@I Res. 22(2):151-158,

| yal kil | ) |
SO e e “%‘“%'sfé?"’ et @%@%ﬁ@élﬁﬁ(*ﬁﬁeﬁgm%mﬂés> o
pol y(est eref@. ed)Medpﬁhgmcéﬂ@oﬁaﬁeaﬂ q0bay ek dis- PADRCAREanES. 9-. pol y(ethyl ene

oxide). PRYRERBEA] S 2MeOH cisplatin (Shamsuddin et ai. . Inorg. Chem. 36(25):5969-
2971, 1997), 4-pyridoxate diarmmine hydroxy platinum (Tokunaga et al., Pharm.
Sci. 3(7):353-356, 1997), P(ll) +«. P(11) (Ptp_[NHCHN(C(CHg)(CHa))]4) (Navarro et
10 al, Inorg. Chem. 35(26):7829-7835, 1996), 254-3 cisplatin analogue (Koga et af.,
Neurol. Res. 18(3):244-247, 1996), o-phenylenediamine ligand bearing cisplatin
analogues (Koeckerbauer & Bednarski, . Inorg. Biochem. 62(4):281-298, 1996),
trans, cis-[Pt{OAc),ix(en)] (Kratochwil et al., J. Med. Chem. 39(13):2499-2507,

1996), estrogenic 1,2~diarylethylenediamine ligand (with suifur-containing amino

15 acids and glutathione) bearing cisplatin anaiogues (Bednarski, J. Inorg. Biochem.
62(1):75, 1896), cis-1,4-diaminocyclohexane cisplatin analogues (Shamsuddin et
al., J. Inorg. Biochem. 61(4):281-301, 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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oxi de), PI h&s,.and poly(tetranet hyl ene glycol)) and vinyl polyners [e.qg.,
15 pol yvi r}g{)ggllr)@gff'?done, pol yvi nyl al cohol), polyvinyl ace%&‘&%&ft‘ﬁ’d?at e)].
Pol ynmers may al so be devel oped which are either anionic (e.g., alginate,
carrageeni n, carboxynethyl cellul ose and poly(acrylic acid), or cationic
(e.g., chitosan, poly-L- lysine, polyethylenimne, and poly (ally) am ne))
(see generally, Dunn et al., J. Applied Polynmer Sci. 50:353-365, 1993;
Cascone et al., J. Materials Sci.: Materials 20 in Medicine 5:770-774, 1994,
Shi rai shi @H’”»a@ﬁ?OIBF&FU)Zﬁﬁa?r,rﬂ\QQEml(bﬂlyleﬁ(erﬂa)mmnﬁiﬂaﬂﬂ@ﬁ(ll) chagdexeEh@adsaiodi and

118: 257- 263! 210b&1Oharq COPART Yabref S Ao har' 8/ depPonerelagudde
pol (et hy| enrecera ml 1208kt el c0900yr 0080 s Ak ineEhISEEABAIAGH 20E)

poi y(val erol actone), pol yanhydrides, copolyfers o oly(ca or 25
pol y(I act i §s apalggues tis- & 1pycipbutgresivarpbsydatb(ZR)-B-metMiPE®) , and bl ends

t her eof her .represeptatjve pol.ynmers include carboxylic polyners,

pol yacePat @‘?"Sﬂ'ﬁ?ﬁ%‘?@?ﬁ%fﬂ@,a“&o@ diayana(glycolsimplatinamy Clayam Ber s,

pol yet hyl eprsoridROlY MoRY! | iy \ | 3 ur et hanes,

pol yoxi des, porli ystyr e%s@yg\cj) ’@s%?‘é‘@gé?%goﬁggﬁ ?%ﬁgg?[’p(g?@%éz’%%sni des, 32 WO
03/ 099346 PE1INLIS035-D67998 Hobigei-Betimjsidles, BRyTHehiFP ROES6)BUBRST 3090:

t her nmal -se% ' n‘g’ polca?/mar , cross-linkable acrylic and nethacrylic polyners,
ethyl ene a %F‘ g 'dJcéﬁQ)IC\}’f?er%?{nC§f§"ﬁ§né2(ééiﬁ Bi40, 198goMumayst ali nyl acet ate

polymers a WBf(&7): ' 4acC . r.s.and . _copolynmers, epoxy,

mel ani ne, ggﬁggpﬁ% no (rﬁggﬁ]@i Bﬂ’eﬁ%ﬁ’ gggél?@%@r% ??aﬁﬁ”@c%ﬂ?ﬁ’@fzs t her eof ,
wat er - i1is oPhistneacoél 33(h pS e-509be8B), m-amesc&dw@é%rﬁﬂae&ﬁbthlﬁ&db?ﬁmuwﬂz ate
propi onate,  cel ] ul ose acetate, cellul ose acetate butyrate, cellulose nitrate,

cel | ul ose QOshilacetaks Bioched. Riatmacet ¢86):13781894), pemydiphgsghpnate i done,

| yet hyl : | yst i de, L. yvinyl . al cohol , | yeth ,
ol yeachad SriatH oo B R IBEIBO8) IesRet BBi(s oSyl e o Hoxtran
xant han, 1Gydrgypeyemyibnsdihhild) SichiGpBthusf il B aSRirsiand ahomgb.ym s and

copol yners_of N-vinyl %yn-ol i done, N-vinyllactam N-vinyl butyrolactam
N-vi nyl capferadbd)44vRds, 199RyIcisphatinoamaleghes contaminga tetbadandamsydups,

acrylajs agduBRHIRGY bPLE LAY "Ehem. Soc. 114(21):82923, 1992), platinum(il)

polyamines (Siegmann et al., Inorg. Met.-Containing Polym. Mater., (Proc. Am.
Chem. Soc. Int. Symp.), 335-61, 1990), cis-
{3H)dichloro{ethylenediamine)platinumy] I} (Eastman, Anal. Biochem. 197(2).311-
15, 1991), trans-diamminedichloroplatinum(i) and cis-(P{NH3)2(N3-cytosine)Cl)

20 (Bellon & Lippard, Biophys. Chemn. 35(2-3):179-88, 1990), 3H-cis-1,2-
'diaminocyclohexanedichioroplatinum(tl) and 3H-cis-1 ,2-diaminocyclohexane-
malonatoplatinum (I1) (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, carbOplétin, 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 af.,
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" hydrophilic esterifying groups, hydroxyacrylate, and acrylic acid, and

conbi nat i OME 03M¥aseof ; cel lul ose esters and ethers, ethyl g *hﬂ&ﬂﬁﬁ
hydr oxyet hyl cellul ose, 15 cellulose nitrate, cellul ose acetate, C 1 ul ose
acetate butyrate, cellul ose acetate propionate, polyurethane, polyacrylate,
natural and synthetic elastonmers, rubber, acetal, nylon, polyester, styrene
pol ybut adi ene, acrylic resin, polyvinylidene chloride, polycarbonate,
honopol yrers and copol yners of vinyl conpounds, polyvinylchloride,

pol yvi nyl chbey.iGemadetaat 522 R ReRr { Blaki te relating to
"pol yners ag%ftheir ) prepar{a{zi on i'nglgu éa‘ggﬁ&aﬁ@?%ﬁ?@g{m 1 ‘%@%7,
98/ 12243, nappgaYike Ggrue Mpbao P THIF41009837 64-di@AFAISAE21- 00/ 09190,

as their correspondi ng

S oot et oot SRR R Gareri, Jhe) Andsshy lebadamrtinG. Go.
g: ?gg: gzg:mgbﬁg},p%%ﬁ?mé%%@@i?ééé :eiéé'?%égi,z%"z 89@23&%%5359@”0%%&}2 525, 348,

5, 800, 412,JM8 g8¢ IMSismata analbgues BHRTIKISal6 /M0T. Aafol 610?7 144445 6. 090, 995,
6, 099, 563,19%-@%?"%%@ ché‘ioé'dfgé 6,121,027, 6,156, 345, 6, 7)9, 817, '6, 197, 051,
6,214, 901, &' &30 o (FACRALCIHABICI2yNHAMe RY) (Rsemmentsab, JaEkeml Socncor por at ed
by ref er er®igerhnCbhiun. gMd3 st 3 )/ 46 .PCT/ US03/ 16719 Pol ynmers can be
fashioned in a vari etny of 3f%'r‘br%%ﬁwa}i%aggé’%?azgo’rgg'f:e@a%déaagﬂ‘é?’m@&ﬁ cs and/ or

wi th speci(EPA ¥522bkandmipdichioss(antind exB(oh-Sutyah EHRGFGH tagtr‘binf.r@éﬁésoned to

rel ease a rapeutic ent upon exposure to a specific tri event such
as pH (seé?ggfﬁb‘g,%jel@qe@g IBergs ChimcAela tI(#),25267 . Ke8H) ditesselongpdunel i very
Systens) " ar® tHAIGHIRY Binkiib Wl El. sevier Science, Publishers B.V.,

Ast er dam 1988,g\hpp. i'?&'s-'li Esﬁ?“i?ﬁ%%‘?“éﬂ-gvgxﬁw F’é&ﬁﬁgﬁﬁwg%ﬁ ot UNA43- 354,
1993; Dong et aL, J. Controlled Rel ease 19:171-178, 1992, Dong and Hoffman, J_

Control | e¢h Rel eAphe 1 - lﬂ et aL, J. Controlled Rel ease
28:143- 152, 15647—ch SRULATIANS Cont r ol | ed Rel ease 33: 223- 229,

1995; Wi and 10 Lée S . 1544-1547,, 1993; Serres et al.,
Pharm Res. 13(2):16%56?6{1T§bd§%9§?&8é tgc?sz,age

%‘rﬂ 755 pereisi mambeand

Tenper at ufarsiatsd i & ealty iof aranners, and thus may additionally 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 exampie 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., methylcellulose, hydroxypropylceliulose,
hydroxypropylmethyicellulose, carboxymethylceflulose, cellulose acetate phthaiate,

25 cellulose acetate succinate, hydroxypropylmethyicellulose phthalate), alginates,
casein, dextrans, polysaccharides, fibrinogen, poly(L-lactide), poly(D,L lactide),
poly(L-lactide-co-giycolide), poly(D,L-factide-co-glycolide), poly(glycolide),
poly(trimethylene carbonate), poly(hydroxyvalerate), poly(hydroxybutyrate),
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Systens,” in Gurny et a/. (eds.), Pulsatile Drug Delivery, Wssenschaftliche
Vertagsges‘@ploé@?f’éﬁ mbH, Stuttgart, 1993, pp. 41-55; Doel ker¢rAiSislleuioose
Derivatives," 1993, in Peppas and Langer (eds.), Bippolynmers 1,
Springer-Védag, 15 Berlin). Representative exanples of pH sensitive polyners

i ncl ude poly(acrylic acid)-based polyners and derivatives (including, for
exanpl e, honopol yners such as pol y(am nocarboxylic acid), poly(acrylic acid),
pol y(net hyl acrylic acid), copolynmers of such honopol yners, and copol yners of

pol y(acryl Ima!w(cam)alme)amlydammbﬁatéqlghd%lﬂbﬂﬁseﬁéﬁyﬁéggstapﬁve) Qt her pH
rpoxyne

sensitive poI mers 20 include pol ysaccharides 'such as cel I ul ose,
hydr oxypr of}? %(BYW?P%‘@'MM 2¢id). potyshioxanonehpdiyoralic apiv), oy (ritoald acudjpse acet at e

succi nat e, y &&?r@ acem)?]e tw mel | il a(t_)[f’ chitgsan and al gi nates. Yet other
pH sensitiV ¥y PPRENGaRNRISs: RPYaMEe %F'%ﬁ sepRlymede obesger and a

t | ok I h
ﬁnﬁérafﬁr;”@f‘;??.? ASlendSol U imoRd| LRI A, ih A PEBRER, WX ol R)°

Tenper atur ePSymers iW@OﬂWD&ﬂCbBrug CebiferytiVrigh, Bistal) I‘IQSVVArdP@djﬁaJi rOdnitforee d
in_Proceed. Inte Synmp. Control. Rel.

Eﬁgggfnm e Ié%% Jﬁl} %ggmgg'ﬁt er’i)’/e’ah@eﬁgégé" %l@@? Hpﬂ@nd etgbsf. Okano,
"N ccul ar o e M SHOIBR 0308 BTSSR A, Fosponsi v

Hydrogel s for Tenporal Control Ivery, Intern. Synp.

Control . R&ondegradeble paiyreers naelumémﬂéthwmw C@Jvlrtwial?&bﬁ,ﬁ)?(eg@qql et y, Inc.
1995; JohnstonI et aL,. Pharm Res 9(3):425-433, 1992; Tung, Int'1 J. Pharm
107: 85- 90, Cyeelymerp Silicong quihary R@Yilgpomrﬁdﬂgeopmqnl@ama 175- 186 1991; Bae

Cont r o e R AnPEEIC O @é‘%"@%’e?@ﬂme?@“”%@ge&%%ﬁm M consi i ve

Anphi phi | i ooly@ﬁwhzyaﬁbéwlﬁtepp@ny@mﬁl@@ ehé@ Al
acrylate-c kyl acryl am de Net vvo)rpbp’gr/nt hesi g&and Igr?y(sel %0256'8’616(56

I
Char act er | ?8&?"691% “%ﬁfbﬂ Pely(eentieihanes) By sgheniretuines) ralgestdiadapt e
Institute %'Y%fs&%ﬂe%f&ﬂgng&l O&*Vetﬁ%?sv er gt;OBbly(ethylene oxide}), po!y{pmpylene

oxide), Pluronics and poly(tetramethylene glycol)) and vinyl polymers [e.g.,

15 polyvinyipyrrolidone, poly(vinyl aicohol), poly(vinyl acetate phthalate)]. Polymers

~may also be developed which are either anionic (e.g., alginate, carrageenin,

carboxymethyl cellulose and poly(acrylic acid), or cationic (e.g., chitosan, poly-L-
lysine, polyethylenimine, and poly (allyl amine)) (see generally, Dunn et al., J.
Applied Polymer Sci. 50:353-365, 1893; 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. 120:115-1 18, 1995; Miyazaki et al., Int'l
J. Pharm. 118:257-263, 1995). Particularly preferred polymeric carriers include
poly(ethylene-co-viny! acetate), polyurethane, acid, poly(caprolactone),
poly(valerolactone), polyanhydrides, copolymers of poly(caprolactone) or

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

Other representative polymers include carboxylic polymers,

polyacetates, polyacrylamides, po!ycarbonates, polyethers, polyesters,
polyethylenes, polyvinylbutyrals, polysilanes, polyureas, polyurethanes,

polyoxides, polystyrenes, poiysulfides, polysulfones, polysuifonides,
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10 OR, pp. 820-821; Zhou and Srnid, "Physical Hydrogels of Associative Star
Pol yners, W@&?’W Research Institute, Dept. of Chemi stry, p€oukens nf

Envi ronnental Science and Forestry, State Univ. of New York, Syracuse, NY, pp.
822-823; Hoffrman et at, "Characterizing Pore Sizes and Water ' Structure' in
Stimuli-Responsive Hydrogels," Center for Bioengineering, Univ. of Washi ngton,
15 Seattle, WA, p. 828; Yu and G ainger, "Therno-sensitive Swelling Behavior
in Crosslinked N-isopropylacryl am de Networks: Cationic, Anionic and

Anphol yt i cpoliyidylbgides, pyfeijonef nBbemg apbrfaiBic C%Qb&i?tlne cr%ssqr‘ﬂ%%’b G aduate

Institute of _Science & Technol ogy, Beaverton, m et at,
Phar m Resacry@? ayd meshacyyic q@merss@éhﬁen@lacryhplaanmaa@sner&( Syréitagghc 1991;

d | '
Contr ol 1 Sueeskivd= VB 8E TRRBaR A ey, Vi ac gl pelmeEuaRd | eace
36: 125- 133codcﬂﬁﬁerscbp@xyaﬁfblarﬁld@ other ﬁﬂbrreﬁihg%lﬁ{zoﬁgﬁﬁg@é AEZ 1996;

D Emanuel e and Di narvand, |ntl . Pharr 118: ono et al., J.
Contr ol ﬁedcq@'!éfﬁ%@ ther e@izwazeetnsmu@ie celifibsmastet Phlymens (incildingrdialogeHy dr ogel S

Cont | 25 M et al ed
ity ks Wk e e e A e
pp. 161- 16d6lukdabismethte pﬁm;éteaéh@ﬁﬁxmesT ré@j] @ﬁﬁwaﬁ;};ﬁ Pol ymers and

Hydrogel s in Therapeutics and D agnostics, er na?’i onal  Synposium

on Recent Mv@hmléselglvcbia.Jgolyethy\l@Twoﬂyelmw:n;ﬁ?ifgoﬂc&rmlﬁthyrs UT, Feb. gsg 2:7%

1987, 7-30 Control |l ed Rel ease 22:95-104, 1 5
VO 03/ 8893‘%‘3 Eﬂé‘%’? %ﬁ@@@h@aw@emme@ﬂwmmwmme slaxtsanReanthae, 18: 1- 12,
1992; RaavieldroRiprépy! cefzmééénTetﬁgrﬁgelmﬁlezén&?%Znﬁ O)ﬁ-n 23R %%H??ﬁgeserg ative

exarrpl es of thernogelling po ners's
pol y( N- thwanPWdowIMwwlldeN-le wm&am @pwh?lc(faﬂr@eau@ea ,other

Pol Y(N F‘ZévEPﬁxw@b?-@Baﬁ%'eS%r b s cpRpiat angmainp et hovig
oL yacr o e YRR YR SRR ol e il <7
thereof; cellulose esters and ethers, ethyl cellulose, hydroxyethyl cellulose,

15 cellulose nitrate, cellulose acetate, celluiose acetate butyrate, cellulose acetate
propionate, polyurethane, polyacrylate, natural and synthetic elastomers, rubber,
acetal, nylon, polyester, styrene polybutadiene, acryiic resin, polyvinylidene
chloride, polycarbonate, homopolymers and copolymers of vinyl compounds,
polyvinyichloride, 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,
3,246,698, 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, 5,110,483,
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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cycl opropyl met hacryl am de) and pol y(N-et hyl acryl am de). Mreover thernogelling
10 pol ymer®0 H%@mﬁﬂynade by preparing copol yners between (armimgsesnsmgers of

t he above, or by conbining such honopol yners with other water sol uble polyners
such as acryl nononers (e.g., acrylic acid and derivatives thereof such as

met hyl acrylic acid, acrylate and derivatives thereof such as butyl

nmet hacryl ate, acrylam de, and N-n-butyl acrylamde). 15 Other representative
exanpl es of thernogelling cellul ose ether derivatives such as hydroxypropyl

cel lul ose, methyl cePolrmse,canyisk mensmRyhEvdnety of Rriidl &e, d&‘r@ﬂ'r@b@é&@xyet hyl
cellul ose, and Pluronics, such as F-127. A wide variety of forns may be .

f ashi oned Biatasensiics apdloryyith srecif desirad pioperiasorfori axamplereplymeregampl e,

d-sh d | | filns, | d
Coturest BPadiBReaREIIEI%s A MERBeuHEROBRY dici s Bciiie I S 3petie sagadtiig, ™
Goodel | et egbnt sdh aslpHHEss e. Bhﬁl{éllbr%?aﬂ’%emrﬁéﬂy Sé@%gd&ﬁ@&ﬁrg?t at .

" Cont roI | ed rel ease of macronol ecul es from pol ymers Bi onedr cal PoI ymers,
Pol yrer Bc  Melidey:-$ystams.” i Lofkuenstin ddediciner /i BEisewigr SafencedybliGhedbBNg, E. P.

har o St ASEaiam RRATe o7 B8, kBB ek o I Aonudiihiviser Sb 1B b 35% 1 o5,
1083; and Bave: Bonglot al 1 CHIIRL Réfe eg%flﬂé%%%%?m%g% Ho@gAL 3 may be

i ncor por at ed by dissolution in the polyne occl usion matrices of the
pol yrer, b&awirofigd Rsveasents: n4m5@e399a);ri<aaneapis,u1 Ladralled Releasica@ayBes_ Wthin

t ai di nents of t th tic 36 WD 03/ 099346
PCT] USO3) 18740 EHRoaNEIREVE Al dhr d OBUOIeY Releren e 228 1992 NbRBY such as
coatingy k6! PARNR MRS, (1r0§ﬂﬂ'1;$ﬂ 4L, Wé@@f@éﬁ\?é?{r@f BB ?3@@52(:0@0“”0'8

pastes, threads or sutu various Size ‘and sprays

whi ch can B61 uiﬁigﬁ fm;bpas "d?aundamntﬂi@bf pid! aneTetnperatbres@endiivdDemgigd her ein
I ncl ude vi %a conposi tions based on vitamns A D, E and/or K,

see, e.g_, 819"?)% b (g‘éﬁnﬁf(% apeds. M@@?ﬁ@@@@g Belivesp Wissenschaftiiche
Vertagsgesellschaft mbH, Stuttgart, 1993, pp. 41-55; Doelker, "Cellulose

Derivatives," 1993, in Peppas and Langer (eds.), Biopolymers |, Springer-Verlag,

13 Berlin). Representative examples of pH-sensitive polymers include poly(acrylic
acid)-based polymers and derivatives (including, for example, homopolymers such
as poiy(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 carboxymethyi cellulose,
hydroxypropylmethylcelluiose phthalate, hydroxypropyl-methylcellulose acetate
succinate, cellulose acetate trimellilate, chitosan and alginates. Yet other pH
sensitive polymers include any mixture of a pH sensitive polymer and a water
soluble polymer.

25 Likewise, polymers can be fashioned which are temperature
sensitive (see, e.g., Chen et al., "Novel Hydrogels of a Temperature-Sensitive
Pluronic Grafted to a Bioadhesive Polyacrylic Acid Backbone for Vaginal Drug
Delivery,” in Proceed. intern. Symp. Control. Rel.-Bioact. Mater. 22:167-168,
Controlied Release Saciety, Inc., 1995: Okano, "Molecular Design of Stimuli-
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| ' 4,499, 5,683, 715,
and |iposones (see, U S. Patent Nos. 5,534, , 5, _ _
goé;élggé)”08?@§gﬁ679, 6, 143, 321, 6,146,622, Stfgg}gggé1angﬁﬁggvgﬁﬁkgcab&$20
0s. WO 98/34597, WD 99/ 65466, WO 00/ 01366, , ,

gg?il¥gg8, WO 00/ 125223, WO 00{1_49,268],c ME 00/1565?3?hv22?i2? a?gllfggﬁ?éhed
Preferably, therapeutic conpositions of the presen ention are fashione

' r appropriate to the intended use. Wthin certair p .
Lpegez?nPﬁvenFFonP the therapeutic conposition should be bioconpatible, and 15

ey aneut T pormon SOk, By TR O TG R S PR e Ll o e
(2, 7o A k] Ui i oCoeamatmurt sy
e £ e R ML ARE AR oL 8 b £ s0 o
{0,500, m  SeBEAd goBqo thermbiy 0! Cifoldl KEIASh et b 1y udiopest
cose"ng? Sl ey iy b atas O s Emangto e Segbly
From 30' M0 100 A8 Tncag Y B cops: Nl Shownespruisomampngmi on' ey
e enbod ot o e e R ot L s o1 e whi ch
e Fioe s Eosk synthesiseand BeysicashpmicalCRRaOIoRLalg] eBeBl drthRrictly and soli
Fermer at ureoP el P Ofson SRBGal it gg'a’eie?e”g}%%e?mmi%ygvag}?\;m; | uded are
o b A0 an gl G ot S, g Bl Gy Bl PsPoiele sy be. T eadi |y
mde. gi velPaMBeH deolamer Reseawidestitats, Eept. ¥ Chemist9! ColldS opsPect s of the
I nventi on ed ASnHRAEARAEAS and Forestry, State Univ. of New York, Syracuse, 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 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, 1894; Yoshida et al., J. Controlled Release 32:97-102,
1994; Okano et al., J. Controfled 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. Controfled Release 16:215-228, 1991; Hoffman,
"Thermally Reversible Hydrogels Containing Biologically Active Species,” in
25 Migliaresi et al. (eds.), Polymers in Medicine Iil, Elsevier Science Publishers B.V.,
Amsterdam, 1988, pp. 161-167; Hoffman, "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 ef al., J. Controlled Release 22:95-104, 1992;
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5 conpositions of the present invention may be fornmed as a film Preferably,
such fil ¥Oa¥e%enerally less than 5, 4, 3, 2 or 1 nmthi ®cT/useseshy ef er abl y
less than 0.75 mmor 0.5 mmthick, and nost preferably less than 500 p. m
Such filnms are preferably flexible with a good tensile strength (e.g.,
greater than 50, preferably greater than 100, and nore preferably greater
than 150 or 200 N cnR), good 10 adhesive properties (i.e., readily adheres to
noi st or wet surfaces), and have controlled perneability. Wthi n certain

embodi ment papisid b ABARE | P00k BRed h@re%@s% £ 126%%%3&,8@ Lgg comprise

addi ti onal ingredients such as surfactants I foRIcE sUc - F-127,
L-122, L- 92?68L48(11,2)a®97420ﬁ)2)1995) Wthin further aspects of the present

i nvention, polyners % %grow ded which are adapted to contain and rel ease a
hydr ophobi ¢ conpound,~4H entative @rarﬁ%’ﬁﬁéifH‘WQQ@@'Wﬂpﬁ@UhéiUdemound in

conbi nat i Oﬂom%lﬁnférﬁﬁﬂygﬁé iN- n’%ﬁ@%} ﬁﬁopggcﬁﬁﬁﬁe &Oiy&hl n certain

enbodi nents, the polyneric car er C j"ons, pockets or

granul e$ oprepyaaylamide), bpMN%QhVGNZQopmmﬂﬂgm.da)rp@ gu]m within one
enbodi nent of t]he i nvention, hydrophobic nmpound i ncor porated wthin

a matrix wRTSWRsHasriamida. n%r%mwiawmdah POMNI. mmelhbi,acrylmnrqﬂ)r ation

f th b
oo ROl Shdal eRA RS, BRI adbror BaclatyirLmRidng” " P
pol ysacchaetr%aetrwclwrmrd@t)a;raVﬁN -frRithyHNeSthy té%ﬁgﬁbhﬁﬁb) g8l ygﬁl hyl cel | ul ose, and

hyal uroni ¢ aci d, proteins or pepti des such as album col | agen and
gel ati n. \AFY‘FIPH"O&HY{’B?W&PW@@MW rmMBl -ethylacoyidroigied. dorpoverdhermagelieg

pycr opicl i Eobdts Fual b ARA% 06 nieRe pe Foelymts Payves  Limens BPemeror ay
L ges b dbdye koL A ARkt o BRI SS
108: 69- 75, SUYVAF acryimosomess (& ge aceylig.acidShad derieativels.thelGafeach Res.
methylacrylic acid, acrylate and derivatives thereof such as butyl methacrylate,
acrytamide, and N-n-butyl acrylamide).
15 Other representative examples of thermogelling cellulose ether
derivatives such as hydroxypropy! celluiose, methyi cellulose, hydroxypropylmethyi
cellulose, ethylhydroxyethyi cellulose, and Pluronics, such as F-127.
A wide variety of forms may be fashioned by the polymers of the
present invention, including for example, rod-shaped devices, pellets, slabs,
20 particulates, micelles, films, moids, sutures, threads, gels, creams, ointments,
Sprays or capsules (see, e.g., Goodell et al.,, Am. J. Hosp. Pharm. 43:1454-1461,
1986; Langer et al., "Controlled release of macromolecules from polymers", in
Biomedical Polymers, Polymeric Materials and Pharmaceuticals for Biomedical
Use, Goldberg, EP., Nakagim, A. {eds.) Academic Press, pp. 113-137, 1980;
25 Rhine et al, J. Pharm. Sci. 69:265-270, 1980; Brown et al., J. Pharm. Sci.
72:1181-1185, 1983; and Bawa et al., J. 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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53: 5877-5881, 1993; Sharma and Straubinger, Pharm Res. 11(60)-889-896, 19941-
5 WO 93/ 18Y8%3/09934 patent No. 5,242,073), fiposome/ gel (\W-PALRHRSH |
nanocapsul es (Bartoli et al., J. Mcroencapsulation 7(2):191-197, 1990),

m cell es (Al kan-Onyuksel et al., Pharm Res. 11(2):206-212,1994), inplants
(Janpel eta!., Invest. Ophthalm Vis. Science 34(11): 3076-3083, 1993; Wlter
et a!'., Cancer Res- 54:22017-2212, 1994), nanoparticles (Violante and

Lanzaf ane PAACR), 10 nanoparticles - nodified (U S. Patent No. 5,145, 684),

“nanopar t i chempsitiohaiare prmdidd ,gdm(éégg%é_?q%@gg,ams ”@F?@%Fﬁﬁ%@ t axol

emul si on/solution (U S. Patent m Cé gPant) (U.S.
Pat ent No. "E?rﬁégf,‘%sgﬁ}angmﬂlminamph&iemholrhiphﬂn@l@mmgé)éggﬂ)sés fPab sy oNo.
4

4,534, 899) i spersion (U.S. Patent No. 5, 301, foam spray,
"gel, loti oﬁ?ﬂg}&eg%m?'gfjgtsfénﬁ&%% EPEYE vesicles, 15 particles or droplets

solid- or |iquid- a%ﬂ}%@'c%md&hﬁ&é’%ﬂi&ﬁ!; ?e?@i%d E:%aggmt arr'i'&brgg&%g?@e;g?)’ _

polynmeric shell (nano- and mcro- capsule

t axoi d- Basd@erds ppodded berein inchudewitaate-bashil ‘t@ﬁﬁlﬁ)@,ﬂfonél{b_?, tE’a%feggin No.

5, 438, 072)vita(nl|‘h gﬁ% gmrlﬁll ORS %Iar r et _al., Pharm Res. 4:62-165, 1987),
nanospher es I—'Iag at- @OT KpieR . 9nPirhpuliligation Bost WD 9830208 aatWO Mat er .

22, 1995; ¢enm [ oy L9 2- : n.etal'., Pharm Res.

10(7) : 970- 974: %@a{'ﬁg@gﬁ{eﬁ(g&?g %COPE#‘%'% %'%’%%i%@g%g-?iég&??%ﬁ et al.,

Sci ence 26388867916,033,32496; 1482659, 6,200,598 . and)PCT A BlicaliSh Nogﬁqf@?’? 498, 19$4>
ereln can al so

d inpl . No. 4,882, 168). Th t d
32 f L?ﬁf&@%ﬁ%@fﬁfﬁeﬂefﬁ%@ﬁwﬁn&@pa3@63\«@. @(?/53%5? .t\?Végtragﬂ\gﬁlmghmrrposi tion

with etbhylemermosdeva@io | Fobaa Ohr At i th preservatives or
ot her suitabl e exci p(?er??‘)slzsgjz:éf g%?tgo?ﬁ%%ﬁ'p{?ﬁ‘?@gggﬁﬁ@ Wehs. Similarl Yy,
t he devi c¥/Ppp@Ab5)ed herein (e.g., coated catheter) may be sterilized and

prepared suitable }‘\#; } ngl antation into humans. 39 WO 031099346 PCT/US03/16719
I11. MEDICAL | MPLANTEIRTabkdhespeutic compustiopalof thepbreseat iviahtts yas i ety of

MR s e R

the present invention, the therapeutic composition shouid 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 capabie 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 pm to 9 pum, from 10 pm to 30 pum and from 30 um to 100 pum.

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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5 Representative exanpl es include cardi ovascul ar devices (e.g., inplantable
venous caVfRdpa346 venous ports, tunnel ed venous catheters P(Cl}msmhs‘nbnf usi on
lines or ports, including hepatic artery infusion catheters, pacenakers and
pacesnaker |eads (see, e.g., U S. Patent Nos. 4,662,382, 4,782, 836,

4,856, 521, 4,860,751, 5,101, 824, 5, 261, 419, 5, 284,491, 6, 055,454, 6, 370, 434,
and 6,370,434), 10 inplantable defibrillators (see, e.g., 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, AS0BTLAEA are Polphidr2ach 3B PiGrord%- 955)%.&%%% giagan rosurgl cal

devices (e. ventricul ar peritoneal shunts, ventricular at r| shunt s,
nerve sti mﬁc’lﬁf’?ﬂauﬂﬁw Sed°Clardn geiat bedy temmperatups. aBush fthepnepasnds” eiyibe al

fibrosis p evices for. continuous 15 subarachnoi d infusions);
gast roi nt eﬁs)%s ng%c?%v&%w cgﬁdos'ﬂ'ﬁr%ﬂwge‘fﬁ%ﬂ%? ling catheters, feeding tubes,
portosysteni ¢ shunt SWnﬁwaétSothefa@éé‘dté%ﬂheﬁﬁ&éﬁtﬁﬂ?%e tHéFBééh’}gs for drug

del i ver% peritoneal dialysis catheters suspensi ons olid i nplants to
prevent suP@F@ﬁﬁmaﬂﬁ@étW}a‘seg@nvem may pedeuned ais(Lfilgh., PHfefdbie subip! ant s,

i ncl udi ng ne deV| and devices to prevent endonetrial 20
hyper pl asi g al I“g‘%{ LA 'ﬁﬁﬁ hfi‘ 1‘5%52 oF herudhigl. mevepeaferablysiess tharzat i on

devi ces, — 0a Rl 60 il hickeBhd mad o Siokli) 1RhAG £86S, AL RE él.ngragtfg[ al

i rrpl ants for i nconti nence, ureteric sten roni c I

bl adder auBfRieralty fisdhle woth avgapd tensilepstientth (eg., g?éawﬁﬂﬁﬁmt efefdd 1% venous
cat heters Pat enf Nos. 3,995,623, 4,072, 146 4,096,

4,099, 528, &'je%i%ﬁfﬁi'giooz@ﬂ%ﬂ‘%%f elegably greaterthangl Sber 266 N/anB6g0629,

Nos. b o160 Tio. b ope sdt, Bk ANGIEE o B BPiG S een S v a1
e

4,710, 169, cmml!sdmmaamw) prost hetic heart val ves (see, .g., US. Patent
Nos. 3, 656, 185, 4, 12& %29 4,892,540, 5,528,023, 5,772,694, 40 WD 03/ 099346
PCT/ US03/ 16719 6, 096"Viihin Cegtairy gmbppiments sty Zweatidn gha the@Baltic vascul ar

gr 22284(22 4 475 9”73365}9%5@ggﬂ%,%oazqc@%aﬁ'ﬂﬁieééf 1ég”%@gam§égﬁ gi? 416,
4. 878, 908, PEir@tds §iich as F-127, L-122, 1-92, 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 methylceliulose, and hyaluronic acid, proteins or polypeptides such as albumin,
coliagen and gelatin. Within aiternative embodiments, hydrophobic compounds

may be contained within a hydrophobic core, and this core contained within a
hydrophilic shell.
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5,104, 399, 5,116, 360, 5,151, 105, 5,197,977, 5,282,824, 5,405,379, 5,609,624, 5
5, 693, 088 WRAAH9834910, 168), opht hal mol ogic inplants (e.g., pefikfpeifp! ants and
ot her inplants for neovascul ar gl aucoma, drug eluting contact [enses for
pterygiunms, splints for failed dacrocystairhinostony, drug eluting contact

| enses for corneal neovascularity, inplants for diabetic retinopathy, drug
eluting contact |enses for high risk corneal transplants); otolaryngol ogy
devices (e.g., ossicular 10 inplants, Eustachian tube splints or stents for

gl ue ear or chronic Othiet £5rriass @Bt vl i i npanj ¢ drajns);
" plastic suqrﬁqrt% inpl ants (e.g., b?%gshﬁé?%%lSaéﬁltjtglge%?&g‘%ﬁstﬁmiw‘i‘ﬂ‘("@ﬂhecat het er
cuffs and desfiriber hereininciyde: GydrocgprepyEflcydoddame (e rRaPshleRAas) - 15 B.

~Met hods of j;MaKi | nts havi ng Therapeutic Agents |Inplants and
"ot her sur glnéal P@?%@%@%'Tégﬁ@és"%?%%%&@d,Shéﬁﬁ@é al., oanceciRes, conbi ned,

| oaded, 1835617 7.0851980 Shtiidland S 2LBREY, PAaAAORLES 114 4 538 chlier 2Pout ©

agents conpositions of the present inventron i n a var
ncl udihg W

i ncl udi &) 98t &J.S( Bateby Noi 5,242/07 3afliposbme/ded(WIeod/mebeq)t or device a 20
t her apeuti or ,£0NpPosi i (e.g., by either spraying the inplant or
devi cg wirﬁ?@’gg@%i'%"ﬁ%ﬁgﬁ &'ga#’ii ﬂf’g@e’@?ﬂﬁ#@ﬁﬁhﬂzlih@ i18p) $980)omicbfies ce into a
ol ymer / driAtkansOhydik! r t r coval ent nmeans); (b) by
oat i ng the Emp oot &b PR R, TR a1E Pl IR B R ettt vhi ch
will in tupYpsiiRehtbalin/is. (Suermmedd(i t): GOPP.OSBS] 103 WYalldh el QP,E‘%'A,%(%J% tor

red

above) ; X ' I |.ng 25 therapeutic conposition coate “(or the
pol ynér |( %’#1;7 %@ﬁ%@o%{’%ﬂ%@g Viplante @mnfamfme RAAGRYi ce; (d) by
i nser tiong nfahépélﬂ@llﬁmm&ﬁiﬁé’@g.'}%? Pafld N, § Fﬁe’%ﬁg%ﬁs . g%éﬁff'ﬁge icfrp”});'nfegr of

or coated with a therapeutic conposition;

devi ce i t §eqdifiad)(Y.S Ratentajre B, 399, 363N taxol cRORRAHIGRIN (0§, PheD 03/ 099346
PCT/ US03/ 7§%g%f6)8 ?y ot herw se adapti 2’% the inplant or device to rel ease the
t her apeut I & 2gentSSIVPIchlle (sirectantldd. SnbBatentdiat 5,468,858 synthetiti on, t he

conposi ti pRossHb™ ddrk f L he, | g t or device during storage and
at the tige of ihsert iﬁc?r%d%ﬁg@t'%é%@p%uﬁ%% gﬁ’r%? bem%dﬁmfﬁtsw (g‘n%ul d al so
pr ef er abl Yatestt Nee §ra@desedyrfoam, spray, gel, lotion, cream, ointment, dispersed 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 emuisions (Tarr et al., Pharm Res. 4:62-1 65, 1987), nanospheres (Hagan et
al., Proc. Intemn. 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 impiantation into humans.
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5 storage, prior to insertion, or when warnmed to body tenperature after

i nserti on WOS%84¢ he body (if this is required). In additiRGT/USEG/sNOUl d
preferably coat or cover the desired areas of the inplant or device snoothly
and evenly, with a uniform distribution of therapeutic agent. Wthin
preferred enbodi nents of the invention, the therapeutic agent or conposition
shoul d provide a uniform predictable, 10 prol onged rel ease of the therapeutic
factor into the tissue surrounding the inplant or device once it has been
depl oyed. Hdr vASEDIGAL $MPOANTS n addition to the above properties, the
conposition should not render the stent thronbogenic (causing blood clots to
form, or cause significant turbulence in blood flow (nore than the scent

i tsel f woul d be £xpeqitlolanaalisfidicd imPBfdincoat ed) . 15 Wthin certain

enbodi nents of the i gent can be deposited directly
onto all or a porti om alde Vi i |éﬁt%rc%v9:esdéhb%c&’éltea%trl\l@ﬁotheﬁmQBG 070
and 6,299,604), or adm xed wt elivery systemor carrier

pol yrer, | |(E$U’§€H‘étedd@ cpntaimandios r@eea@mmemmﬁ)c agarﬂ:$1prc3/1dmpheted1 t o all or a
portion of see atents, patept cat i ons, and references
listed 2 a%%@rggg EYG g’@dﬂﬁ §|'?$Hﬂ§ CQFﬂiOY—{?ﬁCHE’] é%e (e-gpimp lantaBlevaneugspect s
of the i nvagtheiers, VBREEPGU GuARaBYH YoRBls Bathe gértsa&m%ﬂ.é;ﬂfﬁs&fﬁr\{sa% r hoTRd, ant

usi ng non- coval ent attac nts For exarrp e, conpoun
relatively lgpladinl@epamaderysmfuﬂuirecmem,e;uaoemsaﬂa:blaad pdtesnamepRiaad can be

di ssol ved ol yent fied trat The 25 sol vent
Choson T or ©REs® BBl hcae g NS G620it AstiA 556 APSERIL 48000 el || ng of t he

| T, h d to th
ol it Ton. vt 2 2 IR a1 B0s ST B P DB B 08B A el nac el v,
t h| S d‘rng igpiartaie deﬁhnllﬁo:sp({sa@reeigqnj S. rlaeem;jvdgﬁagelﬁ,gsm'% qup,lglggg Tgl S ;:an
acco rrent _spray coating technol ogy. e rel ease duration
for t hi snAprl 3@ gé?o’%ég%égﬂérﬂ@é@%ﬁlé qhi)@%ﬂ%dé;%ﬁ@ 6RoGIA6IAT T.el at i vel y
;520{,\}“ gﬂd| ‘{@%@9?? &nd 6"1?‘)%'9%@))0Be&ﬂﬁo@@n‘égHéutréllcapée\}tges P rb'gverqtrt%n grPody fluid

peratoneal shunts, ventricular atrial shunts, nerve stimulator devices, dural patches
and implants to prevent epidural fibrosis post-laminectomy, .devices for continuous
15 subarachnoid infusions); gastrointestinal devices (e.g., chronic indweliing
catheters, feeding tubes, portosystemic shunts, shunts for ascites, peritoneal
implants for drug delivery, peritoneal dialysis catheters, and suspensions or solid
implants to prevent surgical adhesions); genitourinary devices (e.q., uterine
implants, including intrauterine devices (IUDs) and devices to prevent endometrial
20 hyperpiasia, 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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I n anot her aspect, a therapeutic agent can be dissolved in a solvent that has
the abili WOexeswel | or partially dissolve the surface of laCl%é(?ﬁgﬁflbc I npl ant .
5 Dependi ng on the sol vent/inplant polynmer conbination, the inp coul d be
di pped into the drug solution for a period of tinme such that the drug can
diffuse into the surface layer of the polyneric device. Alternatively the
drug solution can be sprayed onto all or a part of the surface of the
i npl ant. The rel ease profile of the drug depends upon the solubility of the
drug in thgoseoiace, 1pel Gl I i t his approach, one woul d ensure
“that the sol vent d%ggghgg??rsé%gf‘?%ﬁr?ngl@?gﬂlgélgbé’ﬁ?CU'aFE P(FeM &g di mensi onal
change of 3.B86568i &@DSJ’WL3;&45,05‘2,uhﬂﬂam,&f!323,§290ﬂ@gﬁq@603 4Mt&s al's that do
of a therapeutic agent into the surface l“ayer using

The above LBIGARE FEBhA7. 382 50n bkl 18, Hob041 AGEOES S0BES 0a4j67a w1 3

pl asma polg/aef kggts h | ol yneric layer is deposited
ont o t?ﬁe (;I;ﬁiggf:ggg'usr’? 2%’?.6 bEé)g%Eﬁg? : %p@&éﬁ ' %5\5@‘2 5’%@@@38- %ﬁ%?lﬁéﬂe coating of
devi cesdd 3,088 uared 69101689 Usp HIMARTBRGSic i %0 Si ne nononers,
acrylic acjd, acrylate rmnogtt? met hac@gllriﬁ,g%hgc ' 'bﬁ@r!ant 'zt{lé)?%(/ 3taé'g0rmnorrer s.
One can t PEIETAIRIANHE fofi neovaselagletcepragrugcdating gomathedsegiRscr i bed above to

I ncor pora | G nt_into the 20 coated surface of the inplant.
For theraﬁ%’?@@@%%ﬁ?@g? %%%'I%(gsgc@&%ta Kyostorpy. dfeg elutisgiceptaat tenses fier

retention cofnetdheeevmlmuﬂ%p%t@fcﬁ%véﬂeﬁic@éﬁnéﬁéttﬁ#,i %%itﬁ%ﬁrct Y &Per m For
it 1's p e

t her apeuti c-agent s that contain ionic groups, Ssi Qoni cal | y
compl ex {15, f‘éb'é'ﬁh§'3ﬁ§061ﬁ%§Bﬂeply!ntﬂ)mt9&aﬂylm@mgwdd\ﬁcé§1@é.g.h%@ic@la’?ydrOphObi c
25 congpon I e therapeuti nts containi ng anm ne groups can be
conpl exed%\?\nbitaﬂﬁggr%%oun g tsuhgﬁpg'gtséj&:ﬁ?ﬂ%g LG leag gr £hfORIq Eitis)as @onpounds

cont ai ni nglteanaltion Yo trangtefipRiC@RINRS: §9 ] i,dodecynet.h ni um
chloride (TDVAC). M toxantrone, %r%? @x%ﬁ@gﬁé\@@%&ég%dﬁﬁéw 'gh?ﬂggr oups
and cormes 9ASNIR iOwIasis i catbgtar culfhiasdaotiopedit: icaame (addadnients@di um dodecyl 43

WO 03/ 099 : £19 sulfate in order to forma conplex. This conpl ex
can be di ggg?é)éead-é ?‘J’ﬁ&zﬁ&%ﬁé‘ani C

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
sofution, or by other covalent or noncovatent means); (b) by coating the implant or
device with a substance, such as a hydrogef, which will in tumn absorb the
therapeutic composition (or therapeutic factor abovey); (¢) 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 impiant or device itself with a therapeutic agent or composition: or
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sol vent which can then be dip coated or spray coated. Doxorubicin has an am ne
group and POUPH™Hes al so be conpl exed with SDS. This conpl e&T/tsed/d7tshen be
applied to the device by dip coating or spray coating nethods. Methotrexate,
for 5 exanple contains 2 carboxylic acid groups and could thus be conpl exed
with TDMAC and then coated onto the nedical inplant. For therapeutic agents
that have the ability to formionic conplexes or hydrogen bonds, the rel ease
of these agents fromthe device can be nodified by the use of organic

conpounds t(f)dly diagrvisdadaping the ipldridPdedtetto eica%E 198 B rafedRNEgen t h the
t herapeutic agent. As descri bed above, a conplex between the ionically

char ged t héVilije preferrggesmbediments oftpesnvaritipnc trer gardpdsitiompholdddirmtynpound can
be prepare ' .application of this conplex to the nedical inplant. In
anot her en%gﬁ?%té{nott%gdnp@gq%(?ﬁﬂ&wf;ﬁ "Hgéi?rﬁgeélﬂc(?tttgef'ﬂ‘q g‘?’ﬁ??%’ﬁf"qm@ hydr ogen-
bond i nt er atdrapagtiohbéntditoiRIsHRAIJLICIRBIprERRaBG nof GBERRIANGEH Nt O the 15

I npl ant during the manufacture process, or during the coating protess.

Al t er natdi vé&tgragehpriprdo mpssrtich, canvisn waoneg or hodyl tarmperature eriter iepGdry Ter  t hat
is applied.t he, | .ant or _during.the process of |oading the therapeutic
agent i nt oﬂ%sﬂge @lﬁe%"?% FdP éﬁ‘ﬂ‘."’eﬁﬁeé'é agag'ﬂf‘s’t gapuld pretesebly soaloneevrs (e. g.,
pal mtic aghdldeStapal o R | ey | i i r tic acids
(e.g., benzoi (_:eaci d, éségl(?g}%dmﬂ“g!&l{?f)cdé%éj%:moggﬂe{flggﬁgg e a‘?ﬁﬁs“’?‘“ﬁ@%at iC
(stearyl aMissiftion efithgtapalitohgent. dkfithin priefotal dmbodimato Bhtticinebabip! s al co
mul ti funct alc%hols eg. .Citric acid, tartaric acid,

Lonal .g., .Cl
pent aerit hkfge%n@\e"?pqq {5 2ent er gompgRIbepIEhEHIg providel 3 weiform, predictable,
hosphagi d i _ P i di ne.
B phat e BrobRFEsHAeateds neTRERRRNEL Bt inRLBRl PovP SUHRL A nadR Aot | des or

prot ei ns. Podeerampice it lsas bédrydeplbged.5 ForosrtarlAbmls! intadiiich RARepveed to
nodul ate the release of .5 Fluoruracil fromthe i rrgi ant. For therapeutic
entd

agents t haPTRgries. fae geMpesifion sheeldwetgrndectbrptertdbrombodsric (gasingonds, t he
e e o RIS Tl T AR A A B Bt et o v
03/ 099346 stent itself would be expected to cause if it was uncoated).
15 Within certain embodiments of the invention, a therapeutic agent can
be deposited directly onto all or a portion of the device (see, e.g., U S. Patent Nos.
6.096,070 and 6,299,604), or admixed with a delivery system or carrier (e.g., a
polymer, liposome, or vitamin as discussed above) which is applied to all or a
portion of the device {see the patents, patent applications, and references listed
20 above under “Compnsitions and Formulations.”

Within certain aspects of the invention, therapeutic agents can be
attached to a medical impiant 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 impiant 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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PCT/ US03/ 16719 the therapeutic agent. For exanple, therapeutic agents
containindW%ﬁ?ﬁ@iﬁroups can formionic conplexes wth sul pOrySomis7ar boxylic
pendant groups or end-groups of a polyner. Exanples of polyners that can be
used for this application include, but are not limted to polyners and
copolynmers that are prepared using acrylic 5 acid, nmethacrylic acid, sodium
styrene sulfonate, styrene sulfonic acid, maleic acid or

2-acryl am do- 2-met hyl propane sul fonic acid. Polyners that have been nodified

by sul f onatietiodufsioating yoedd batréiatveadBhak SRS 88 4 Rurtdlbs oRRRY dhadygn.  The
medi cal mgijtgntd, for exanpl e, can be coated with, or prepared with; a“pol ymer
that conprP's8E 9 [THihe bedy fluidbinavkigh it was plaeegner . This nedi cal device can
“then 10 be dipped i |t i that conprises the an ne-containing _
t her apeut i %eagent. q&%gayr%ﬁ?ﬁgbégg?éﬁ%ﬁaﬁﬁuﬁégﬁ'ﬁ% eglféﬁl"eéd%aéoé‘@f‘ge appl i ed
by a spraythabbas thg atplitp teswell Ve bhAfIIE YRkEVANHe doaLy Bk G - | es of
t her ape ti@ agepnts that can .bebused?i nthis gppl i %gp:f%rgblﬁgﬁlcg%wﬁ that the
presence o e%%@%g pg then selMentfimpllan polymreraentinatior, 3he ésplant could deocal i zed

decrease | i FS. that conpri | oni xchange groups, for
exanpl e, chlgé?xyﬁ)E:heg%ég? ,'&%OHE’.E%S’S%%?E%WM@* e dJugl Gapadiffuseniptease in
rel ease ofthelsarfabeizee ot ine REaALHE Beﬁi@é.pfd\ﬁéﬁ-,altgg?fy{}ﬁeI&ﬁ@é#@gggggﬁ[@a’fﬁati n pH

as-a result of the presence of the bacteria- erap

contai n catiiR¥eA Prtoadiar agpartipbthepuirfaceod the inplpen dBin relesk@pRIRSCABEPT | Si ng 20
primary, L,ar r..quaternary am nes can be used to nodul ate the
rel ease 01‘5&9 ﬁgg?%%?%ééﬁ *hc? %Od‘cé}?ﬂ'@ C’ﬁtféeﬁ aﬁd}ﬂi@eé&@‘ﬁ% Peivmeriolayeradlsingunct i onal
gr oupsi@arthiseappeyadte Bhb Ywoldd EASHIRAhAO: ' | t._surface ysing ,
several chem cal nmethods. If the pol {/‘%%r%f\)gé%rlrgtsgépg usglgn o' ﬁfﬁrgcture t he

i npl ant hdtistagign|ogklimensipnalahapgefolithe imedidal gnplaps t hen these can be used for

coval ent attachnment Iﬂ% the agent. For anple if the inplant surface
contai ns carboxyl i c et d"GERhSComRRsEd %T‘B%‘ﬁé‘ Rat ge nebalew inserparation i vat ed

P b peue o P 5 Rk W AL o

can treat the surface of the device with a piasma polymerization method such that

15 athin polymeric layer is deposited onto the device surface. Exampies 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 possibie to ionically complex
these agents to oppositely charged compounds that have a hydrophobic

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

and comes as a chloride salt. This compound can be added to sodium dodecyl
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WO 03/099346 PCT/US03/16719 groups can then be reacted with am ne functional
groups t hAYO&"¥¥%sent on the therapeutic agent (e.g., mMBCAGISOFELR,

m toxantrone). For surfaces that do not contain appropriate functional groups,
these groups can be introduced to the polyner surface via a plasna treatnent
regime. 5 For exanple, carboxylic acid groups can be introduced via a plasma
treatnent 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

usi ng acr ykulfatadn drdsr to fethacomplexadhid domplbg cgabesdisssived Fhes ergatnigoxyl i c

acid groups _can then be converted to activated carboxylic acid groups (e.g.,
acid chl or FB@?C“ ‘@G‘Egicﬁﬂ&hﬁv Pe1dip goptasen speay caated: [Rprisubicinckacan agiingat i ves,

etc.) that i i RY.. i gnal oups that are
pr osent onTRp FHECARY Sk Hsoth ARG NASBR, this MEFH Gl tRei n (o © -
t he i npl antappiad Bdbe debize bhhdipaggitingorageiy SoatinghmatidsaistnbiBghteofsd!  9r oups
can be coval entl y attached to the nedical inplant via a |inker. These |inkers

can be degF3HBRBIECABNaRS cEsbasyicairas Deoups) andeeaild s be somplmedywitieal | y or
ti . Th i nk [ : ter,
enzynma ICalrb“ﬂ/%%ﬁgﬁﬂﬁﬁﬁgﬁ%&%ﬁmgg5%%‘&?23’{61845“?; ers can conprise azo, ester

am de, thioester, onds. To further nodul ate the

rel ease of the t her apguhibfarRiRRadd ol Raviresl Bl BRbAloniPQbHigE-! of the

entire medical inplant nay be further coated 20 w'th a polyner. e pol ymer
coating caR' Byirpeer bonds tpeirplease of dhess agants frovethedavigotymbe roodifiedly can be

ting . i iy |
Gepost ¢ i on 1S Bl 8PLRBRAITBRG oS eR hiVe BTS00 1030 fanie or hid B8 i
usi ng tiber Behds wieNthedherapeutié dgaht. OAs 6@3&%%&;9@%\)&' S donfidlex bgl,,%%éﬁ/{h@ et light,

e-beam ganmma radi ation, x-ray radiation) ni qués 1 n order urt her
nodul at e 22BNy chargeddhefapehtictadgeni pad enopmgsitelyfohanydchiydreghelic i mpl ant .

T B TBomBB O e B iy 0 Beieabr o 1y
g gbgr_i n?yg!crht%lﬁlgti. I ﬂﬂ%gr eﬁw&m}é Bobb¥ng thdtSRIATRBIAPH ok ib&icSr
hydrogen bond interactions with the therapeutic agent 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, lauryt 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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WO OS/OQQ%@@ PCT/ US03/ 16719 The net hods above descri be nethods for

I ncor por at GP34¢ therapeutic agent into or onto a nedi cCadriRRRHe

Addi tional antibacterial or antifungal agents can al so be incorporated into
or onto the nedical inplant. These antibacterial or antifungal agents can be
I ncorporated into or onto the nmedical 5 inplant prior to, sinmultaneously or
after the incorporation of the therapeutic agents, described above, into or
onto the nedical inplant. Agents that can be used include, but are not

limted to&hoEPestinpoemtds s, th b aGbAR cotitdi i . Sil
limted to grex@mpls) theedpetitié a@éﬁ@_co?ﬂétﬁﬁ[g dﬁﬂ-h,{é,% I.ﬁw%?SI ver

oxi de), si | .. Silyer particles, iodine, povidonell hexi di ne,
2- p-sul fan{; @@rﬁ“i“ﬁ?ﬁ'%ecf’ﬁﬂ%’ﬁsp ithy sulionie pRgamEAWid perdant gsaldsor drang@epal i cyl i ¢

acid, 10 aofdpalstielope t , ] in icillin, anmphotericin B,

ampicillin, 2%‘3 fi_| ! i%r,"a;é%i fwlg'ﬁgﬁ tQ%ﬁ% H?@?@’éh%%‘mﬁ%mcmel.i n,

azi danf eni '¥iare nat limited typolgmens bind @opolyreRs gt ase Breﬁ&g@gg%pgg}g,@ , bi apenem
car ponyci n

br odi nmopr i m. L.rosin, eapreonycin, earbenicillin, ;7 carunonam
cef adr o%i I%B'd‘crﬁ%ﬁﬁmiﬁlaﬁ',d- égﬁd’é‘m plyrens sWienstem shueoe sulfomt elcid]imnle&fct Ni T,

cef di t or enor Z8EQRIMBe-217 , | Xi e, ~cefinenoxi ne, cefm nox,
cef odi zi e, g.gfggi cid cgmgr' gzotr?es,uq?géh@f%qr{inm mefatiAtdavedeasef ot et an,
cefoti am 'Bedigedpy sulforaiop post Potmeiatibh a%hdso b iroge. cefprozil,
cef r oxadi N4e rg\gftaéj dine, cefteram ceftibut en,0 cgg'%rgaljgiﬁse@&& I800onam

cephal exi n. & BSHEALGIRAHfor exprwle Sgarhecated eyithy adbr@,aretthﬂitﬁ{a%wrcol ,
0

chl ort et r agxiCddrmmstiseS| I ' rithromycin, clipnafioxacln,
cl i ndanyci n, _clnmc??g{é:ﬁﬁé’, Qéoﬁé@%@%h%?@ﬁ’y@ 1 i ihits mesicahdevigesanitbeycl i ne,

di at hyttbsef ¢pred titdalsatition tHathysHhosddsaBE YRRk ikl in, _doxycycline,
enoxaci n, -enviomycin, .epicjllin, _e‘?ﬁ hr onyci ﬁéj&fongrif)'bé?ﬁg%éw%g?'ﬁ{s)

gent ani Ci rfhs%)?m'n T%@@WR%‘H@E‘@GP%@Q@W,H gs@beapiied Sy a0say, ebaiing S) -

gr epaf | oxagddbss. ' LI.Lin, 1 mpene | sepam ci n, josanycin,
kanamyci n?@ , 25%@%’%{* r%?'{sj)d,&%ﬁﬁ)d%ﬂfé? ﬁ?‘awﬁi‘ér &d&%@pﬁphc agenisdhgtci n,

| ymecycl i §@n beawsleddy this applicaiehopenem net hacycl i ne, nicrononicin,

m decanmycin(s), mn csycl I ne noxal act am nupirocin, nadifl oxacin, natamycin,
neonycin, netilmi ci S iHepwn Mémmpreseheanﬁbawte'ria,orﬂhytimbraﬁtméglﬂaa@can

p- sul figni kedunran bz dRA RSN PH. P& polymirs 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 carboxyiic 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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pazufl oxacin, penicillin N, pipacycline, pipemdic acid, polynyxin, primcin,
47 WD 03/ 098BH9B¢T/ US03/ 16719 quinaci | in, ribostamycin, rPEBMSEEIETIS f anpi n,
rifamycin SV, rifapentine, rifaximn, ristocetin, ritipenem rokitamycin,
rolitetracycline, rosaramycin, roxithronycin, salazosulfadi m dine,

sancycl i ne, sisom cin, spar#l oxacin, spectinonycin, spiranycin, streptonycin,
succi sul fone, sulfachrysoidine, sulfaloxic acid, 5 sulfam dochrysoidine,

sulfanilic acid, sulfoxone, teicoplanin, temafloxxcin, tenocillin,
tetracycl i ngroubSthAXHH hdYy ' .eal ol f t hi on,
ticarcilli 2@ t Fgermnam to%éégén@w,eé}th@%ufyp%@a@%}aﬁsl %Fﬁ%epf)'ile%%tﬁgb&t onycin, -

t r ovaf | oxactherapeueagent feogry oiathotvexatemitoxantasreder i ne, candi ci di n(s),
chl or phenesi n, dernost ati gés% filjpin, fungichronn, mepartricin, nystatin,
10 ol i gonycin(s), ci profsuEeges Hatsle rtsentain appransiate functipasl ereapstheseoxaci n, -

rosoxacin, grag I | i I floxacin, perinycin A
or tuberci m,ﬁbéakgﬁ%t% H@rﬁ%%rdq?@ﬁégﬂﬁg{d%ﬁ%aﬁl& |tﬁ?agff‘88$f furt her
t he unde? sterdixagnpé, ddneoxylicerid Qmupéimﬁﬂ'ohﬂced5iar@ﬁ%sﬁ% ﬁrbéml?&how are
various clinical applications for the conpositions, nethods and devices

provi ded hel8FFSS BOCESS (P-gatheuteal Bh@nd/onEOnpn astampepanttin die fdeel gawent i on

met hods arg; [ : t] reduci -and/or . inhibiting an i nfection
associ at ed ﬁxﬁrgyaﬂﬁgﬁ @?ﬁ?@ééﬁggr@ﬁpﬁ i) gﬁp%lgﬁﬂgpg?qlgspg@gyigba@g or

i nt r oduci ngnethiacnydic pald ianhe 3ag Gtreaeh CRhedd BABRLy MY | ;

chenot her apeuti ¢ agent, whergei n the cheermt hera%%?ggg(gé%?éﬁgﬁgebs? I nhibits,
or prevent SCANEMNgd Knpetivated eambexylicaod grodips (¢, gnidushienidesysuteintmidybact er i a,
fungi, VJ A d heregin, agents th reduce, inhibit, or prevent
the gr o‘\f/yt h do%d‘lléﬁgénss %ﬁ?tﬁ@ﬁew eisgq’é‘eé'ﬁg@fegsar?}%ﬁé‘ait a8 supgequentlyherractetht t he
growt h or - iwidnamireshAStictial aréiehanaR! BRRAMDA tnd BliERcZRdaNi bi ted, or
prevented in a statistically significant nmanner 1n at Ieast” one clinical
outconme, or by any ni¥asgdéiiondudirael govated bopdingriechs impiaet durfacey, ki | | in the

2%0 d??re ﬁt qh?’%@%ﬁﬁé gggﬁtistvﬁ hi gv%iiggiedﬁtngtriggaq ig?gupgshgar;s gg%bvglgnﬁy %&giﬁéé tGOd
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, triethy! citrate), tubricity (e.g., hyaluronic acid),

biocompatibility or hemocompatability (e.g., heparin) of the coating.
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medi cal inplant has been covered or coated with an anthracycline (e.g., 48 WO
031099346 #9888/ 16719 doxorubicin and mtoxantrone), fl p@f@g‘y {6Figdi ne
(e.qg,, 5-FU), folic acid antagonist (e.g., nethotrexate), podophyl ot oxin
(e.g., etoposide), canptothecin, hydroxyurea, and/or a platinum conpl exe
(e.g., cisplatin). Particularly preferred agents which are utilized within the
context of .5 the present invention should have an M C of |ess than or equal
to any one of 104M 10-5M 10-6M or, 10-7M. Furthernore, particularly

preferred agents ar elhesmiettmias abboe deseribs n?éiﬁ&ﬁ“fo?@rffo?&?rahﬁ%{ %han that 10%
e o

5% br ev % of the . concentration typically us I'n che erapeutic
appl i cat i gﬁ%ﬁ”&b‘ﬁ&ﬁﬂﬁ”'dﬁ%’ orgNgameditabinmianteidditogiat ahtiBasesalefr Ther apeuti cs.

Edi t ors J.4ptif . L i nsultin ditor A Goodrman G nman
Tenth Editi r&:ré é"%?ﬁmsl.-% |a'%5g%%é'{£&r6‘%ﬁﬁﬁ)‘£‘i? RbO‘EF%\}ﬁ%i"aﬁﬂaca_lomﬁlami These 2001,
2148 pp. ) .antibaalerin| ot dreifoes agsnshain b i l; Lded sterile, and
suitablge f.or use .in hunaﬂ?.a As f\‘/ascul ar lr%gtﬁ;hcg?%rg-’ tﬁcﬂ?ﬁﬁﬁ%@ﬁi ons ' More
than 3 m'ﬁ”Pfad‘i PRt 1% strauitaneen sty or s thenincheposptioraotithie tharapBufid 8gerk, Uni t ed
States. | yds %.0f Al spitalized patients have at |east one vascul ar
cat het er in@%ﬁ%%%égﬂﬁél?r'\rgatdﬁgpfo ea'g?ei"ﬁaﬂ'ggcg?fetaw\.geﬂtmaﬁ 68k befuseddi cal devi ces
are used ifcudeé,tiulsr@not iaikaPl diNek Hey oLeshideled.t o, peripheral
i ntravenoys catheters, _ce'nt_r al lvengﬁgﬁgg?ﬁéej{eég'é%ll\{egt%ﬁa?rérggr 8%9@rnéq[r)atﬁut rition
cat heters b@r‘?’%‘l’év 8oy ionsn silver e rtictes, iadine pmiigoreioliRiee BRI Gdihbnes) .
totally i LAk | ar,, 20,.access, devi ces, flowdirected
bal | oon- t ?B%—ggﬁ%ﬂ%ﬁé@%ﬁéﬁ@egf -g4lipicianiiine, drsyfiagilamidosalicyliarmdid, ong- t er m
central0 vecedasalferes siceisiRé®, Bntikh &k BRolicifs ’anﬁfh%\[él?c?rﬁ ]BC%HE)E%W s) .

infe

Unf or t unat el Eé .vascul ar access catheters are prore 10 _By a variety
of bact er PRAGHIN. Aricysling mpsamyein serbekatinpastsdxiclin and&etdrdy, O the 25 100, 000

o Soemee SPEHBER SR AR08 binBoEhatiih bimeos wasemwimbl codk: cam
butirosin, capreomycin, carbenicillin, carbomycin, carumonam, cefadroxil,
cefamandole, cefatrizine, cefbuperazone, cefclidin, cefdinir, cefditoren, cefepime,

15 cefetamet, cefixime, cefinenoxime, cefminox, cefodizime, cefonicid, cefoperazone,
ceforanide. cefotaxime, cefotetan, cefotiam, cefozopran, cefpimizole, cefpiramide,
cefpirome, cefprozil, cefroxadine, ceftazidime, cefteram, ceftibuten, ceftriaxone,
cefuzonam, cephalexin, cephaloglycin, cephalosporin C, cephradine,
chloramphenicol, chlortetracycline, ciprofloxacin, clarithromycin, clinaftoxacin,

20 clindamycin, clomocycline, colistin, cyclaciliin, dapsone, demeclocycline,
diathymosulfone, dibekacin, dihydrostreptomycin, dirithromycin, doxycycline,
enoxacin, enviomycin, epiciilin, erythromycin, flomoxef, fortimicin(s), gentamicin(s)

glucosulfone solasuifone, gramicidin S, gramicidin(s), grepafloxacin,

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

25 leucomycin(s), tincomycin, lomefloxacin, lucensomycin, tymecycline, meclocycline,
meropenem, methacycline, micronomicin, midecamycin(s), minocycline,
moxalactam, mupirocin, nadifloxacin, natamycin, neomycin, netilmicin, norfloxacin,

oleandomycin, oxytetracycline, p-sulfanilylbenzylamine, panipenem, paromomycin

pazufioxacin, penicillin N, pipacycline, pipemidic acid, polymyxin, primycin,
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I nfections_are caused by central venous catheters, while a significant

per cent ageWAP3 P98/ 099346 PCT/ USO3/ 16719 of the renmi ni ng PEE®SIzse1y el at ed

to peripheral intravenous catheters and arterial |ines. Bacteremia related to

the presence of intravascular devices is not a trivial clinical concern: 50%

of all patients developing this type of infection will die 5 as a result

(over 23,000 deaths per year) and in those who survive, their hospitalization

wi || be prolonged by an average of 24 days. Conplications related to

bl oodst r earfiulfActin; Wrestamytiodefacade uifatrasn, Afamytior SMtifapesina bisegsses, septic

t hr onmbophi q,gsg&itez.h apd inf ec‘(i ve endocarditis. Therefore, there is a trenendous:

clinical ne e B PHOKEIMYEIM [Q)itetRREYishne dopaKpmysid gp¥kramyicin

i ntravasculgalazz L erad ot 1 QL The oint of entry for the
o SRV, ot SR O oMo Py ne | ner ion -

i nfection-causing bacteria i1s” tracking a
site in t hepshmycirSisiraploneycin, spicemdifehongiifabRryeuldhe sughiokiteadgVi ce to

ul ti mat? y ﬁﬁl E@c‘%‘ess_ .0 the bl oodstream QO her possible sources of

i nfectioh iHCP 'm‘é'a%%ﬁaéaiwiw@ﬁﬂf@m%@ﬁe@mmﬂn,@mﬂoxm, 15 cat het er
hub- i nf usi i ng il : | spital, persopnel e ipcidence of

i nfection ?ﬁg&g@?égeﬂt'ﬁﬁ*%é;geetrré\%}ﬂ;én@,a[ﬁw%r?éﬁ%cﬁa WOFWT%PQC&’%SAYP%W devi ce
remai ni ng iticasilling ti@maonane, tbbmﬁnyéln,ﬂ@@ﬁﬁoia%irﬂ%ﬁbﬂ#ﬂ;ﬁimmo%‘;b%%%%u)iré?‘lme' The nost

comon infectigus agents include common skin flora such as coagul ase-negative
st aphyl oco @Waﬁ@ﬁa%it%@rﬁpﬁl@py@n. vanrapysin, azaseriaedaBidigpdip(gcoccus aur eus 20
(particul ar m- Lei bl z:. Lesistant S. aureus). which account for 2/3
of all i nfcgbé)trl ons.> r@é‘&é@i’%@gﬂ%'(}eﬂ“ggg FRIP'(S‘CEJ&H&% esnysidtinne nost
commoniY  iotigbrayeiel(9)] apriftRadihOAbHIBRabo8bcid 3Rbkalih 2 | CNS
infections tend to be indolent; often occur rCiI rig)%g%%'h’a&?%)%gw’z{%%acﬂbri od
bet ween coREIREIN. dlergxacin, temafioaxnir, lomaflheaciedperahydrw eretubercidis Aasteri a
fromthe slﬂ'}@"&uri ng i nplantation) 25 and the onset of clinical illness.
Unfortunately, fiost clinically significant CNS infections are caused by

bacterial strains that are resistant to nmultiple antibiotics, making them

parti cul arll\}( difficult to treat. O her organi sns known to cause
- CLINICAL 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.qg.,
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vascul ar %g(g ss catheter-related infections include Enterococci (e.g. E. coli,

VRE - - ﬁif%”ﬁ resi stant enterococcci), G amnegative apcpkeRafp |11,
Pseudom)nas 50 WD 03/099346 PCT/ US03/ 16719 aerugi nosa, Kiebsiella spp.,
Serratia marcescens, Burkhotderia cepacia, Citrobacter freundii,
Corynebacteria spp. and Candi da speci es. Myst cases of vascul ar access
catheter-related infection require renoval of the catheter and treatnment with
systenic antl bi gtlcs (al though few 5 antibiotics are effectlve) W th
vanconycin Béfprn icirhandi migxafitréhe)l BGoroASrimiid dg u rtality
associ at ed tE'be\éﬁscul ar acce?ggcat hetAZr-reI a@g i nf eg;ﬂlﬂgcng(f%a" Qj’r’i“St\/\hl | e the
nor bi di ty t&%’?&‘a QP@@IDW’@H@XW(QQ i eigpsside), vansptbtheains Byd Y LRIE! Y

_signifi cangnd/bpalp%ﬂfhu% %xg %reqenﬁ%q/atgﬂportant to devel op vascu_ ar access 10
i c

cat heters capabl e of ng t e of bl oodstreaminfections. Since

it is inpossible tchmnedaﬁy pkéfeﬂdM%@@ﬁts"WhJEH %@Uﬂﬁie%’ Bh'g fé? %gg%? Ri)m‘ SCt ed,

any caghe{p expected to be in placé | onger than a Co

benef i t”f r oS fﬁé?\a%@eﬂ|S€loal§1dna\fegarcw@mf¢essrthaa@u@qng; fohenyi i gence of
bacteri al p@#mm Gr\ﬂfor Beg/fj An ideal therapeutic'coating would have
one or nore of Iow mti ‘E’E’rr?'sﬁq@%Ula(lhpfﬁfﬂ@edlagbntsyarbo kill,

prevent, 0$Ltlt|able| forUs@@t @dikht?e@itﬂa% of poten | nf ecti ous
agents i ncl udi n'g@ nost or all of ?heesggﬁ%rﬁl&ﬁl |O§/¥ 5d[?a%o‘?/ n 546’)0 fthee abil | ty to

kill, pre/&Rcenfatiomiypisaily vsedir ztaammneceipetmcta@fpmeat{oﬂéq@o%%n%}‘ﬁaﬁ@d VRE) that
are re5|st@,q}h ﬁQ CPH ]'r[aﬁ tlbl tiCs; th utilize a therapeutic agent
unlikely to use aﬁ' Ogjcal Basisiof eanRisd sEditerm J.Gf Matdneam thioul d one
devel 0@(”—"ﬂbifdOmﬁﬂamlﬁé)%lﬂ)r@@éo%ﬂ%nt@ulrﬁgﬁ“reﬁ{helﬁ&%raclﬁﬁgth a broad-acting

antibiotic if a strain of bacteria resrs rawrHilh Madicalwer e to

devel op orP'-{bL@‘B@WVd%O”ﬂ%@Hdlon; BO@B riidBeprs ) SFRBING tﬁé@@bﬁf@?%h%idt he pati ent
y usef

since the e resistant to a potentiall
t her apeut |dc€fg?%e¥/ ﬁ%&%@gt@g‘%fﬂ”grﬁ‘ﬁ‘téﬁﬁcféf usgénbemane. particul arly SUI tabl e
for 25 incorporation into coatings for vascul ar catheters, nanely,

ant hracycl i nes (e g,
Vascular Catheter-Associated Infections

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 fong-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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doxor ubi cin and mtoxantrone), fluoropyrimdines (e.g., 5-FU), folic acid

ant agoni st¥O0&0Y346 et hot rexate), and podophyl ot oxi ns (e. g PCT¥S9B0EI8e) . These
agents have a high degree of antibacterial activity against CNS (S.

epiderm dis) and Staphyl ococcus aureus - the nost common causes of vascul ar
catheter 51 WD 03/099346 PCT/ US03/16719 infections. Particularly preferred
agents are doxorubicin, mtoxantrone, 5-fluorouracil and anal ogues and
derivatives thereof which also have activity against Escheridia coii and

Pseudonona®f der egnainsg. cdsesiase irdltdd @ peripher@tistradioust@thatbls s hganger
agents are suitable for the practice of the present invention as 5 several

agents, indl&®i ng 2- nercaptopurine, 6-nercaptopurine, hydroxyurea,

cyt arabi ne, cisplati | di aclitaxel . .and canptothecin did not have
antibacterial activi P}%mfdgﬁﬁagfeq%%g%rt %Rf%ﬁ%‘cﬁr%\}\'/ﬁrqvésﬁ%g CYSE A Bt ccess -
cat het er - r ¢fivaslexdinicaf e@ﬁde?ﬁfsso%of@ﬂrﬁdti@htsv@é\@l%aifﬁwg&ﬁfesofliﬁfe{fzgén WiEgRuUr poses

of this invention, the term"Central Venous eters" shou be under st ood
to incl dde 28R esdk kRY2%P00 Heathsiner yeer\aretinttboselahowarvivé hdis to the | ar ge

| i ns af .t he. “g.. i uaul i | iliac, inferi
born tauy, YBsaRobbt SaPBE hrdiGnded bl BRAVE0d 0! Wi cCoBIlsatans teltthgt or o |
i ncl ude cemd bidodveeaMSnicatites &fcﬁjdetégu%hite%?{r%‘fb%gpoﬁ'w55&&#;:18&3&6{%% ers, 15

peripherally inserted central venous catheters, owdirec oon-ti pped
pul nonary Hreabppblebitis, end infieotigs endocarditisr Thevefom)therede atraraéhedgy s (such as

H cknan li@@nﬁ%ﬁnd Ertoviac c%heter. % Rgprese‘nt ative exanples of such

cat heters dE&EEPHEYUERING 150 eApd (prytality asspogted withontravaggularogs, 860,
4, 099, 588, cathele?dnit@hond. 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 bl oodstream

infections are caus@tepyostentmon peim s enay fatthesnfevksn ciedhg bAcldwa iyhi t ed
States resg{l t i.n&é} n %3,(?00 deaths. The risk of infection increases the |onger
the cat het SPCKIBGRING the deyice-omdhe insastien sje in thetskin, Skiadlasappread72 hour s.

Severe combldngah 80EIR of fldlice to ultimately gain access to the bloodstream. Other

possible sources of infection include a contaminated 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 (particularly 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 biood of hospitalized patients. CNS infections tend to
be indolent; often occurring after a long latent period between contamination (ie.
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
infectiqns are caused by bacterial strains that are resistant to multiple antibiotics,
making them particulary difficult to treat. Other 6rganisms 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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25 venous catheter infection also include infective endocarditis and

suppur at | W& 038¥dei ti s of the great veins- If the device heeop®skfbhected, it
nmust be replaced at a new site (over-the-wire exchange is not acceptable)
which puts the patient at further risk to devel op nmechani cal conplications of
I nsertion such as bl eeding, 52 WO 03/099346 PCT/ US03/16719 pneunot horax and
henot horax. In addition, systemc antibiotic therapy is also required. An

ef fective therapy woul d reduce the incidence of device infection, reduce the

i nci dence astuginosalddietssialid sfwcSkasta h@ﬂ@&ehté,eeﬁmﬁo?&érfaycép%{c% reduce the
I nci dence r@ggfg@l%{cati_pns (such as endocarditis or suppurative phlebitis), 5
z

prol ong t %?f&’sQO&rtha@tE;f@mnmlandé&Mdagpéame.r and/ or reduce the

Torbi dity for - pati oHeStEAREbna b A G Bklarab Brad e goaceaure - pr of er r ed

enbodi nentemdeaiar tie catheter AreMpshiFRIMe witﬁ'sfykfé?ﬁieLHrﬁﬁoitiﬁs qgo%g%éoposi de are
vasc

formul at ed {Etﬁ a coating applied to the Surface o e Yar cat heter.
The dr tg( §URIRHCHRrefffaGtike). matht vancosncirabeing tioe Sriapbheticite. AY Hicitichad sever al
8d

manners: GOedvi nSedi l.ied to the exterior surface of the

i nt ravascgl avr|(’?l|]cc;5cl))|€1 tion hg\? g?sﬁo?actﬁgﬁ"é YASSHRY GrCetecaibgitsrelatd infectiontiviet er t hat
t r aver ses higine wéile the (orbidBy angQati dgg?q | t | pterior and exterior
surface of the intravaschaP port?%bn 0 éé{j ﬁ@hég%%gge%d?\ggé'l/so? afsﬁ’e segnent of

t he cat heE¥FePRltsiQmligadyer ses the skin; (c) incorporated into the polyners

whi ch conprise the intravascul ar portion of the catheter; (d) incorporated
into, or applied tol k%e?%tﬁﬁ ‘%tée'ﬂgl,y IpPQigetiorveinp vasaular agcesnid t he

cat hetl@r ; céibptdry capablE 0P Redutir hhi ' ' rporated Lnto, or applied
as a coatjng to, tﬁi cat het er gﬂﬁmﬁih&}jﬁﬁg% ?ER@%%?‘%?‘ 'ﬁfr%f:ﬁ%ri'%né't"ﬁﬁi'tdﬁ; and (g)
any conbi BRSSPI 0 predicioadvans whieh.cafietérsugiitesbiidinficte®larfl UJ

I ncar pora tﬂ@te'r'é&ge %Q(-{: ger?t r?l vlenous catheter will allow bacCteriocidal drug
| evel s to De achievede D& Pags lppgerthpn & euple of dayswouldsenestifroimg t he

P 5 Sk ikt i e
exposur e 1§ daviced rAnyideahenapmhicfaating Mud) havs oReloy MRS G the following
15 characteristics: (a)the ability to kill, prevent, or inhibit colonization of a wide array
of potential infectious égents 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 bfoodstream_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.qg.,
doxorubicin and mitoxantrone), fluoropyrimidines (e.g., 5-FU), folic acid
antagonists (e.g., methotrexate), and podophylotoxins (e.g., etoposide). These
agents have a high degree of antibacterial activity against CNS (S. epidermidis)

and Staphylococcus aureus — the most common causes of vascular catheter
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25 carriers are not required for attachment of the drug to the catheter
surface, sBEPAI34h0| yneric carriers are particularly suitabtButevicame in this
enbodi ment. O particular interest are polyneric carriers such as

pol yur et hanes (e.g., ChronoFlex AL 85A [CT Bionmaterials], HydroMed640TM [ CT
Bi omaterials], HYDROSLIP CTM[CT Biomaterial s], HYDROTHANETM [ CT
Biomaterials]), acrylic or nethacrylic 53 WO 03/099346 PCUUS03/ 16719
copolynmers (e.g., poly(ethylene-co-acrylic acid), cellulose-derived polyners

(e-g, nitrindettionboarticsaryupreserrds apaite S0 dpkeiubicisahiekanforReet at e
propi onat e) Jlacgc}/l ate and nethacrylate copolyners (e-g-,
pol y( et hyl eRdUCEYRH|andapplgouss ans desivatives thereafavhich eisediavesadiivitgent r al

th ' f fi. t] . d si , th t
dose adm ni yarst Fchefool it PRRLGMPaRes S8VauthARS LR dps anto desitgat .
However, centtalhaniicancémagents are beitan® idrade ipPar%i‘&@ G brldrf ﬁhv%fnti{amait art.
0

Drug dosg can be cal cul ated -as a function of dose per unit area he
portion Bf S§YfElRIENS indudigg Qomesenptopuring, Gematsaptemrirmdyhytisixguash, can be
measured an r |.at e rfacg concentratioons of active drug can be

det er m ned. %é%gﬁ%?é:%gut@fj%ﬁ@b?@{cﬁ%d’%ﬁtaéﬁgIaf‘gé’tai"&ﬂﬁo’i'}!ectm@'dd?%@abf@ t he
central venantthactiriaehefivityldiindl R BFdHsHAE kh I ed.alone or in
conbi nation, should be a rréb%l stered éum@? tﬁ‘gngglcﬁggf%g%éﬁﬁce@s& del i nes:
(a) Ant hr ac§@heigetelatgdiinfegtions.t he ant hracycline doxorubicin as an 15 exanpl e,

whet her applied as a polyner coating, incorporated into the polyners which
make up the device, or applied without a polyner carrier, the total dose of

doxor ubi cin applied tio theaans ahous tiseteat heter (and the other conponents
of the infusion system) should not exceed 25 ng (range of 0.1 ~tg to 25 ny).

In a p¥ticul arly prsirdhe pdrpedesdif tininvenkion| hieabrarnOuRtrPTesug applied to
t he central venoys heter (and the other conponents of the infusion
system sh 0%%8\959@5 i%ouﬁcﬂée PQEGE‘?'(‘B‘? {0 ingclydeqny qrgjhetqzh@r ting thatds used to ar ea of
por i on of e aer <t 1o A icoaf ol e o Bl 10 avdlRe iRl sdpomour o
fal | withirliadénfeaorens cdva) supgrior idia cava, BgiNary 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 resulting 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 aiso include infective endocarditis and suppurative
phiebitis of the great veins. If the device becomes infected, it must be replaced at
a new site (over-the-wire exchange is not acceptable) which puts the patient at

further risk to develop mechanical complications of insertion such as bleeding,
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mm 2 of surface area. In a particularly preferred enbodi nent, doxorubicin
shoul d 29VB&3/8%9846 ed to the device surface at a dose of Opgrusad¥h _ 10
Ptg/ MR . As different polymer and non-pol yner coatings will rel ease
doxorubicin at differing rates, the above dosing paraneters should be
utilized in conbination with the release rate of the drug fromthe device
surface such that a m ni num concentration of 10-'- 104 M of doxorubicin is
mai nt ai ned on the device surface. It 54 WD 03/099316 PCT/ US03/ 16719 is

necessary pheuiofurax BAaheHitorRn 4 BbEAbh AR Ml iyl 2, X oo

concentrations of doxorubicin known to be' {0 Ul
bacteri a 'efitdredurdy effeclive therapy wotd estuicafthéd Gnelddnoal dituavide ihisctisgne
ns are sufficient). In a preferred enbodi nment ,

enbodi ment ncent.r
" doxor ubi crénddlcgviﬁé recé(geerlfe?fftﬁ‘%é)sttrﬁé‘”% leclion, srducRdhe avartadity @ity nedluce

anti - i nf etid veidagté B r a om,several hours
to several m)nlt hs. n&%mgg‘?dt@?gr(i‘#%g%%@?%‘?‘f%@g Orgggé(i"%g' %pI‘?(? tHsr)'ug S
rel easéd Prpleng @@teffﬁe?tlummmmhe censallvinoas paticter el ARduck t9hded 130 days.

It shoul drebﬁ @ q%l?et i ven the discussions provided herein that
anal ogues' ahd” GG F‘?Pb”tdﬂ tpveIsadaldy abd dnprbiditydas bstients t h 10

simlar fWﬂﬁTCbﬁf}g.ﬂvéfbh Y:‘aiﬁ’et&%r\ngﬁa ilized for the purposes of this
i nvention; the above 03| ng par ers are then adjusted according to the

rel ative potency ofIn & pefared egivedimette BbXaHibich, FitdxaPRBheds ibofdifadpr ent
conpound é?@ npound tw ce as potent as doxorubicin is admni stered at
hal f the 8B éeG’ Pé‘ﬁ’@taé?§°"'&"a@gﬂﬁt§lﬁ1§0$mqamlfegdt)ém sadfackrbthebi cin is

al f
e anot oy ey et 1R SRS o R RATE b e Bl vartpussSinelel ymer coat i ng.

as anot her exanple o an ant I ne

i ncor porasseaﬂemnlt! setéral pahpess: $ayvdd Qhoaﬁrk@applliedtb%é%\/dé‘r%r sﬂﬁaﬁ@%“ frRd Wi thout a
carrier pohﬁ the total dose of mtoxantrone applied to the central venous

cat het er aasfq%ar darkien ebthssirihater andionthe seamentrof 20e sattterthahoul d not
crceed S P89N 8in oDl b Jpbflo S i e ol sl sBESLS °
the intravascular portion of the catheter and/or the segment 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; {(€) 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.. ChronoFiex AL 85A
[CT Biomateriais), HydroMed640™ [CT Biomateriais], HYDROSLIP C™ ICT
Biomaterials], HYDROTHANE™ [CT Biomaterials}), acrylic or methacrylic
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cat het er (g&ﬂ)%g§4€ther conponents of the infusion systen) should be in the
range of .16 mg. The dose per unit area of the devi RCYUSE/16§e anount
of drug as a function of the surface area of the portion of the device to
which drug is applied 25 and/or incorporated) should fall within the range of
0.01 g - 20 g per nmmR2 of surface area. In a particularly preferred

enbodi nent, mtoxantrone should be applied to the device surface at a dose of
0.05 .g/mR - 3 g/m2. As different polyner and non-pol ymer coatings wll

rel ease ni opalymeasae.gt. piyi(Edyiarg-cabesylic tdrrl), RN edSived @@g@@pg gg_é_ shoul d
be utilized.i neﬁlogoi n&tion wth the release rate of 55 WO 03/09934
PCT/ US03/ 16FFSIHIOSEr Lglylosa eriateiButrates Gellilose sigetate maopianaie) anryhate

concent r at i;p@ REthh8n/Bate ; fonit e _Ls naintai on the device
surface. It is nece?%é?fa?%lyfﬂr}ggg %@-'t‘%ﬂ%ﬁ{ﬁ(ﬁ%‘%%é’m ?8%68“5?538.’1\' 23S devi ce
surface extdswisdbameiit rati ons of mtoxantrone known to be lethal to nmultiple
speci es _of bacteria and funPi (i.e. arein 5 excess of 10-5 M although for
some enBodi nents | owd# gpligh Yanasiscatheterpare matigiin remripty dbhcenfiguedtiorsed

enmbodi nment ikoxa ' I ed fromthe surface of the device such that
anti -i nf ect. P\@esqza@cgf melr%y tgﬁ%gﬁﬁ@?l%ge(ﬁeg(ﬁf\ g\a'b’é’?"ﬂ’bﬂe‘f'_ﬁ?@fzﬁgsf‘ﬁ%‘?ﬁ aga/and| hours
to several desighhdHowaver, qeatEin pHh@ple% dIFbEBpBILERIAL L ﬂ&at‘d??oﬂ[idéga i~
rel eased in effective concentrations for a period ranging rrom1 - rﬁ'o days. It
10 shoul d ¢ 98¢ con beicaiawatgthasra funstion f desé pes upit avealat the peitibr st

i var T ulHeies bebictGiad. ol Bi6 fosR einpiea nan b weaeuredand s
i nvent i1On; appepAkeysurfiRel didhceRBRAGRS 6f §ct?vreedr[1§9c@m% &@%ﬁﬂ@%ﬁfgﬁgﬁggﬁeme

relative potency of the anal ogue or derivative as conpar
conpound ( &f the methodpd apolicationeofabe pivug td thEbceartrarivbaxas tamater theadm ni st er ed

at half th raneters,, a conpound half as potent as mtoxantrone is
admi ni st er é@gﬁgﬁ\?ﬁ@%ﬁ@ﬁéaﬁﬁwwﬁ%ﬁ éﬁz’élee‘?rs‘[‘ cefnbinationy pheviddreopgministarates
Utilizing gh@e;ﬁhgqmwﬁé Hbﬁ'hgegﬁdé ifd@rouracil as an exanple, whether applied
as a polymer coating, i1ncorp rated Into the polyners which make up the

device, or applied via)Anibracyclinese rUtiizing e, arithecyeir deesabiein & 2R
I):‘ uor O‘féacja)lcar%&%[ im?ngti{e?' a}JP)ﬁ!e SQ tar[?cl)iyr\l/n%p gggtir?ge,‘tir?cegrggra(tgg (ijntcta rt]ﬁe gélgﬁ"lrerg orponents
which make up the device, or applied without a polymer carrier, the total dose of
doxorubicin applied to the central venous catheter (and the other components of
the infusion system) should not exceed 25 mg (range of 0.1 pgto 25 mg). Ina
particularty 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 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 ug per
mm’ of surface area. In a particulany preferred embodiment, doxorubicin should
25  be applied to the device surface at a dose of 0.1 ug/mm? - 10 pug/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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the infusion system) should not exceed 250 ng (range of 1.0 pg to 250 ng). In
a parti cUPEPOYP3Hr ef erred enbodi ment, the total amount of peikogp@dié ed to the
central venous catheter (and the ot her conponents of the infusion systen)
should be in the range of 10 pg to 25 ng. The dose per unit area of the
device (i.e. the anmount 25 of drug as a function of the surface area of the
portion of the device to which drug is applied and/or incorporated) shoul d
fall within the range of 0.1 jig - 1 ng per mR of surface area In a

parti cul ai @emammmsmmbam dragtconﬁe,ﬁtmw@wrﬁweldem%&f 5‘% Byl ed to the
~ device sur;&g tnﬂa§ se of 1.0 pg/m®2 - 50 pg/ mi-. erent pol ymer and

non- pol yne ShAPYOTHBicirnlsaow fa G@i&ih@ldclmufaplechpfe’cmsldf@aﬁﬁeﬂé@ 03/ 099346
PCT/ US03/ %6 fLes Si arapeters shoyld _be utilized in
' i i ah%g{;?;@ arel ,@00Y 51 9 c[)"gl g‘?"ﬁ' ?%%efrﬁ%’dd{@@mééo‘é’ﬁﬂace such

conbi nati on wt release rate

t hat a nmi pPmeenirabons arg Bt&ﬂ" cient)ofin &Gréferdkld gm%@ifneﬁt fdd&%"r&ﬂ&.ﬁ% Lelé%eﬁ' nt ai ned

on the deﬁl ce sur:‘ga IS necessary to insure t hat rug concen i ons on
the devi cHORPEAY E%’é@'&f @e‘d@?\@é@hMEomnfettl\Eemtuﬁywnﬁmﬂambﬂ%t0 be

| ethal top | nd f e., are in excess of 104
M alt hougﬁﬁ%fé g riﬁ’&ﬁ\ s%%eﬁ%&% gnv\%q,ve&e?ldaon é” é‘ RANiUIaly mrefered ent). In a
pr ef er r edembbdierdite dhsd isuelcaded biféd ace of the
devi ce su h that anti - Fir?cf ective activi tyéﬁjgﬁﬁéﬁ?tyﬁﬁ %’g’%”%ﬁ%?@% rangi ng

from seve %m ouPLays. deshauld baveadily. eviderd gieert ihewliseusgiopseirevided 10

mbod d ff t f d
Fanging. e 4ot Ayl E R v S o Gored «ﬁg?”%sié‘é%%ﬁeéf‘ni@w?,;ﬁ& ibeussi ons

provi déd similaefumctitwa a@ﬂaﬁ E4€Be R LOKI 2 (as
descri bed g evi ogsfl y) W t)ﬁ Si mel aﬁlzé‘iﬁ%ttw?%hg gg% P\Ep{é H]ngﬂy@b(ih?l lized for

the purp egfosing Baramalars are; thermadjlatmk/accnbmdm?gom mg@r;sot@ﬁ@ éMhen adj ust eg
accordin pot enc e anal ogue or derivative as conpare
to the pgr %%tnta&gw{)ouné }/'gt“ée g 8&1?65?#1@ th?\ﬂalf%“ EomRAUNG (eag socdmpownlir aci | i s
adni ni st einick a4 pbi@nt at e xoRBEN RASENRIRESd & MHB%QQ%‘@%{%P% Ot ent as

5-fluorouracil is adnmnistered at tw ce the ove
compound half as potent as doxorubicin is administered at twice the above

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 pgto 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 wﬁich 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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(c) Podophyl otoxins Utilizing the podophyl otoxin etoposide as an 20 exanpl e,
whet her apPPi®¥8°346 a pol yner coating, incorporated into t h@GFNSPIBEES whi ch

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

et oposide applied to the central venous catheter (and the other conmponents of
the infusion system) should not exceed 25 ng (range of 0.1 leg to 25 ng). In
a particularly preferred enbodi nent, the total anount of drug applied to the
central 25 venous catheter (and the other conponents of the infusion systen

shoul d be ithe dulgefromrthe defick qufate suchyhatEhmirtosen percantidtioareda oot 1igfe devi ce
(i.e. the ﬁmynt of drug as a function of the surface area of the portion of
the devi ce™ 8" THPERNERRR)IS; Bainkgingd e the deyiee isuEgEpoltds aayessmvit@linsgre wit hin

the range ¢f41Q%4 Iné ; . Of . partdi cularly
preferred er%oc’i | %é’n??e’qe'?%ﬁg'é %&rethghrgo%fc% Sb‘eii égg%egéﬁgﬁ)@éﬁéﬁﬂo@ﬁ‘tﬁsos/ 16719
appl i ed t ontittsadeune &nswnftade lsthatteetiptd spediePof Faderia 38d IHAGR e Asredif f er ent
pol ymer _and non- pol _y@r coati nf%s wll release etoposide at diftering rates,

r

the ab8ve SY6R3ef naithqughsieo spaerrmbedimentsilower dovp lavels wil v t h t he

16, £°5° 1080 Plenth NG Ehisferid® Prbigintet) fifaRai it Eiased Hark yisiracq o 0" ©
necessary béthedgevice biieH that téﬁti—irﬁé@ﬁ%“é%tgﬂit}(@ﬁ\a%ame 89X inefiod 9?5@2@ fRorgeed

concentrations of etoposide known to ethal to a variety o teria and
fungi (Le_Seweral houmsiesseyerm mantiss. Mn aparisutgnyfeferedrembodiodintiime srigower  dr ug

| evel s wi | fficient). |In a preferred enmbpdi nent, etopaside is rel eased

from the SLSI’ %a%a}%gf’hﬁqecﬁi%%?%cegﬂgho?ﬁ raapﬁrfqd)rf@gmg il/g Mt i s

mai nt aitged shodldd DR eVidBaT Gdeh HTHREYSSGhs Bmfcﬁe&wec{éﬁ.vm%g%na geds. In a
h rel ease ectrve

particularly preferred enbodinent the drug is In e
concent r at BOAslerivativespefmitakardroger(gs desantied p2Qiclsiyd witht sisitacfuhclienaleadi | y

evi dent bas dt upon t he. di scussi ons rov'&egs, herein that anal ogues and

deri vat i ve&CHYY %yﬁ‘af@d(fagﬁmp @30 PYeRIQN: e gRove APSIAG f unct i onal
activity cag | Li ; L DS ny L.on. ove
dosi ng par gmrezt?g?tg;éa!r#eeztﬁﬁgn]a%g%ﬁ%%%%gﬁjreg{gggﬁﬁ‘? rﬁ%g%'%gp ﬁtgngéﬁgﬁe\éﬂ%@g@%% of the
anal ogue ofledeativess eempareddophe pdrdnt colmpoupdr(et acMBU thecd as potsHtpound

twce 13 pgg %}{ox%%trgag ?sogé%?niétgre%dgg t'rn]alllfs tthgraeb((j)ve parameters, a compound half as
potent as mitoxantrone is administered at twice the above parameters, etc.}.

(b) Fluoropyrimidines Uﬁlizing 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 pg to 250 mg). Ina
particularly preferred embodiment, the total amount of drug applied to the central
venous catheter (and the other components of the infusion system) should be in
the range of 10 ug to 25 mg. The dose per unit area of the device (i.e. the amount

25 of drug as a function of the surface area of the portion of the device to which drug
is applied and/or incorporated) shouid fall within the range of 0.1 ug — 1 mg per
mm’ of surface area. In a particularly preferred embodiment, 5-fluorouracil shouid

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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at half the above parameters, a conpound half as potent as etoposide is
adniniste“@dﬁﬁvmﬂﬂfce the above paraneters, etc.)_ 20 (d)IQﬁﬁﬁmagghgn t her apy.
It should be readily evident based upon the discussions provided herein that
combi nations of anthracycfines (e.g_, doxorubicin or mtoxantrone),
fluoropyrimdines (e.g_, 5-fluorouracil), folic acid antagonists (e.g.,

met hotrexat e) and podophyl otoxins (e.g., etoposide) can be wutilized to
enhance the antibacterial activity of the central venous catheter coating 25

Simlarly ratesatitemm}étﬁdsﬁg Atatheted RS LAY imcg%?rﬂétﬁ&%?m the
fluoropyrimdine (e.g., 5-fluorouracil), folic aci antagoni’st (e.g.,
met hot r ex dBEPS@FHE &F therdugdrym dhedevice suface sudptsitdenirtmanbe conbi ned wit h

diti Lhi.at i.¢ and/.ar tifungal . agents to enhance efficacy. Since
thr omboger A EyraPRidfd arbE N o7 P8 Gei & Baniand an thnatestescanridceic of

i nf ecti on |t isowbbssry anmisOfe Mat Bf@dﬁdeﬂﬁéti§% ?ll'z thedeVits %ﬁg;g%%%ﬁ?%edg ,

PCT/ US03/ 16719 doxor ubi cin or m t'oxantrone uor opyrim
5- f | uorduCRBFeNiratipgs iof Sdttiodourani kiywmi $4 be (ethgl to MEhdRUESYRER sBTYRleria

dophyl ins (e, 0... etoposide) gan be conbined with antithronbotic and/ or
g(r)lt ?& at gltag‘? fﬁé%&'f%%%*r’ ﬁﬁspPQO h@géﬁ‘i‘wegh e someermbpginaens lawerdgragoi d,

' ' ' ' d ' =ch nosi .ne, .aspirin,
P!t i Wil oMen g IRNaBIABrod chshubnd QS SRR BB K (o o
i 1 oprost, the sirysiedifribe deviopisdoly tiedt, araibiafectiva BtivigPb inhaihglinéleiortd g&fddan.
strept oki nase nd/or tissue plasmi nogen activator) to enhance efficacy. 2.
Per i pher al *191pg &9@%@&1"?’!& SevVErRIEBPnthRe N amastedary prafesed nvent i on, t he

L Toer eRRherAAOWR,g 7bIeEH Tn FRANE LRGN PRA G IaNgRE a0y

catheter or line that 1S use ver

super fi ci &pnvéi-rdd deyst Heshmdy beReadipherdniVeniheCaisBRisRifs fravRied Much | ower
rate of ipfection than do central venous catheters, particularly if they are
Petein et apgiggue

i place o s e XSLdn b bcpront g 1 cr
o Cal0 AERBL ) i ) Gl e LB
above dosing parameters are then adjusted according to the relative potency of
15 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 Ultilizing the podophylotoxin etoposide as an
20 example, whether applied as a polymer coating, incorporated into the polymers
which make up the device, of 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 ugto25mg). 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 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 pg per

mm?’ of surface area. In a particularly preferred embodiment, etoposide should be
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that cause infections in a peripheral venous catheter are identical to those
descri bed WOP9F6r central venous catheters). |In a preferprenusemssdinent ,
doxorubi cin, mtoxantrone, 5-fluorouracil 20 and/or etoposide are fornmul ated
into a coating applied to the surface of the peripheral vascul ar catheter.
The drug(s) can be applied to the peripheral venous catheter systemin
several manners: (a) as a coating applied to the exterior and/or interior
surface of the intravascular portion of the catheter and/or the segnent of

t he cat het eappliedtto theadevise sutfhee sk arioselyf 0. npg/raer at BXlLEMIM2t AS dFfi¥AEr S Wwhi ch
25 conprise_the intravascul ar portion of the catheter; z_c Jincorporated into,
or applied PY¥YMEREN DPPRAYBEr Coatingswill splease etoneside ardiffedng rdesdhbet er, (e)

0 =0 ol B il SECHA 5B Rl BERY .88 s

conbi nat i orthefdragnéoaf theateidd sntste SEHR03/BABBHRRATSHURDS! 4§ MPoiThe
formul ation ,and dosi ng, guidelines for this enbodinent are identical to those

descri bed fYPPRYHR jsamairiapad andhralayics sigfaca: tibisi ngcessanstodnsurgthatdruger s

recoure r CoieeRERIORSh b G Spite BheondhRtalns AP eRnasRermonen ta O
artery (tymelthaltd haariati & baté@d ¥hd Jshi 0f & CArd RBIicBsE Bf ?tlygfvg (%}ﬂéyéﬁk‘ﬁ al

days. Arterial lines have a very high rate of infection rial
| i nes becorf®M¢ grbeduagnts tewendrugdevelsiwikbesyffitieans lareprafentical to those

d i bed (f t.ral theters). 10 In a _preferred enbodi nent,
doxor bt ci ret iR o GREAS s efat B e Shihor obtrsRibe Susihebantt at cd
into a tatihfegtivattivig ié thdimgirid BF baderﬂobr}ﬁn{;?gagsf%fﬁfrsglégrdgﬂepﬁsre tﬁisrﬁ(/?ée\a}as' a

coating applied to the exterior and/or inter sur ascul ar
portion of m@athsaimatherticuleihopreféred egibediment thbalrogihadleisddiateffectivver ses t he

por ] on o CHEEAL RiBdot 8 eBio aBABUTERA T 0 Gver Tapuickbs readibeviismace of
a subcut anepiged pdhtha@uRitidsibRs préViled Rbreih Mat'dhatifuds' Y dlhivatGel Bfusate: (1)
etoposide (as described previously) with similar functional activity can be utilized |
15 for the purposes of this invention: the above dosing parameters are then adjusted
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., S-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., S-flurouracit), 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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incorporated into, or applied as a coating to, the catheter hub, junctions
and/ or |Yﬁﬂ§@8ﬁ“iublng and (g) any conbination of the aborawesidened. The
formul ati on and dosi ng guidelines for this enbodinment are 20 identical to

t hose described for central venous catheters. B. Prosthetic Heart Valve
Endocarditis PVE Prosthetic heart val ves, nechanical 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 replacenent surgery and

pr ost het i @oxatupisirper mammet); Buaroppimidindsile. ¢/ p5ooihitadl), Rlik scrses of

' endocardltl devel opi.ng an infection is not unlforn1- the risk

is greate&( grqnﬁﬁ%(efgr gpt%gerxatq 8[‘11%9@50@'['13(!@*@?(@5\/(?{% %IOD%IGIE) ol dence bet ween
th / 16719 t |
Mechan cal o R i e B Rt B eihe 3 momt hs

fol | owi ngdgmr@resyiphaté taeaparoido b pituagy Hurﬁdmugmstaﬁgﬁogﬁenosocom al infection.
Ther ef drugecoatl ng desi %ed to prevent col oni zation and infection of

t he val vegq "PRESHRSISH @SPEIN BheRybylazgee yindeukthdsn, ofedofeanmaenefit in the 5

preventi opy I em The incidence of prosthetic

val ve engo@fgrﬁ Os%dlhas 63;}{&8'@% i r?ﬁ ﬁ'ﬁ%p'glg'?t clpgidogse sa‘a‘ééﬁi’“? » signi ficant
advances eptifitstidg] mfb@'ﬂ(itr%bﬁfmﬂtés@afahﬂibrt@%@B%ﬁﬁnn gai&z o/€ exafm' es of
prosthetic Eeart val ves include those described in

3, 656, 1858NAaNGeeeiicary. 4 892 540, 5,528,023, 10 5,772, 694 6, 096, 075

6,176,877, 6,358,278, and 6,371,983 Early after valve inplantation, the
prosthetic valve sewing ring and annulus are not yet endotheliali zed_ The
accunul ation of pla2.el etRerghérainnbabersousatathbrrsi te provide an excel | ent

| ocatign for the adherence and col oni zation of mcroorgani sns. Bacteria can
be seéged during trF@fét]@@umsegrﬁé@dm\@ntmeeﬂhre term dBefiheral ¥snduds of bacterem a

| f L
ot het or s CAHTHerEREndup B8 LAREHIb o IshicBary Ralfetel ol etinased Boes. chest
tubes or wwedﬂunﬂtwneoaﬁéne@g@ﬂpﬁe@ﬁ%%ﬁ%! R¥fRs of the body.

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 h_ave a significantly higher rate of infection. The organisms
that cause infections in a peripheral venous catheter are identical to those
described above (for central venous catheters).
In a preferred embodiment, doxorubicin, mitoxantrone, 5-fluorouracil
20 and/or etoposide are formulated into a coating applied to the surface of the
peripheral vascular catheter. The drug(s) can be applied to the peripheral venous
catheter system in several manners: (&) 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 appiied as a coating to, the catheter hub,

junctions and/or infusion tubing; and (g) any combination of the aforementioned.
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i ncl ude Coagul ase Negative Staphyl ococci (Staphyl ococcus epidermdis; 30%,

St aphyl oco¥P P& H#eus (23%, G am Negative Enterococci (EntRCUBSSII6T9aceae, 20
Pseudononas arugenosa; 14%, Fungi (Candi da al bicans, Aspergillis: 12%, and
Corynebact erium di ptheri ae. 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 nmechanical valves (82% . Unfortunately,

eradi cation of the infecting organismw th antimcrobial 25 therapy alone is
often difficult or inpedsirbliletiodand doasing guidekms foathieehshoddendseel op this
conplication require repeat open-heart surgery to replace the infected valve
resul ting i’%e'glcgmaftﬁeﬁ%ﬁefﬁ’r%dd{g’f)?eﬁ'?'iﬁ' ¥Rsoug|Gathetersyen i f the infection is
successfully treated nedically, damage to the leaflets in bioprosthetic valves
reduces the lifespan of the valve. Particularly problematic are patients who
61 WO 03/099346 PCT/ 8S03/ A6eBsl deeelaod Taansdfeecs i on caused by Staphyl ococcus
aureus, as they have,a 50-85% nortality rate and overall reoperation rate of
50-65% | nfections cAHSER IKes aeaysed toctsewartasial blaodi ghasesr ebtairsacatiratiei cul t t o

treat asst QG . . Lshe.resistant to all currently
avai | abl'e @%%&%Eﬁ’%ﬁ?‘{@??ﬁaﬁg %&' %@ﬁﬁgg‘c YiaE%Pfa&ﬁg BA BPOEfR: i ¢ val ve
endocar di tiasteiyuaypidauyvmta\rsdmaﬁgq?tainarbf(eﬁtr@fmﬁfm placBIYF by , abscess
formation, enboljc conplications (such as stroke, CNS henorrhage,

cerebri ti s\MEBhIRRS hayie auenrhiahiratecy infestion ¢12-ROYo6E AteGallinpabecote  who

devel o [ ' £ 2 t hs, aft . ff [
thor apeut 1 4VoaOh aA8 o ol barfalls R iRl bo%E otbenben Seevatiot val ve
endocar di ticentralatbzf@eshbmele?_al ity rate, reduce the incidence of

conplications, prolong the effectiveness of the prosthetic valve and/or reduce
the néddéd to repl acelnaprefatred emvidimant) dbxoashitin, mitokamesnad-fadrotpacind

oot o P BB bRl BTG o es e spblea s ine AuSudtinon bevarobi de ar e
O o o ol anirera (apad edafig bipBled B iiFeRUACASRYRL indifor SHLREQPIAST ' © Of

mechani cal val ve. e drug(s) can led to the pros
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 formutation 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

60



valve in several manners: (a) as a coating applied to the surface of the
annul ar rWRP30984 ti cul arly nechani cal valves); (b) as a eoahisogi@pp! i ed to
the surface of the valve leaflets (particularly bioprosthetic valves), (c)

i ncorporated into the polyners which 20 conprise the annular ring; and/or (d)
any conbi nation of the aforenentioned. Drug-coating of, or drug incorporation
into prosthetic heart valves will allow bacteriocidal drug |evels to be
achieved locally on the val vular surface, thus reducing the incidence of

bact er i al pslaperathichovadariehyefleah pARKRABRIE BsBnutRVE infltidoR iRTRdUCT nO
negl i gi bl estsystem c exposure to the drugs- Although Tor 25 sone agents
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annul ar ri; / | et;s, several pol ric carriers are particularly
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al s|7,

Hydr oMed640TM [tCT Bi omat eri al s], [ I omat er | 62 WO
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heart val ves are naBfepraseatativeiesanmés obpiosthetiatHeansyvamis ingiudethoddie exact

dose adm nj re L1 var i t evice size, surface area and design.

However , 2‘8?#3‘?%&8‘?%&36?%& I\ng&ngtfg’aamﬁ'i%boﬁ'ﬁ29:l1‘538%,|§l4905,152§r02@f. this art.
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microorganisms. Bacteria can be seeded during the surgical procedure itself or as

15 aresult of bacteremia arising in the early postoperative period (usuaily
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 medicaily, damage to the leaflets in bioprosthetic valves

reduces the lifespan of the valve. Particularly problematic are patients who
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exanpl e, whether applied as a pol yner coating,
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15
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and/or etoposide are formulated into a coating applied to the surface of the

bioprasthetic or mechanical valve. The drug(s) can be applied to the prosthetic
valve in several manners: (a) as a coating applied to the surface of the annular ring
(particularly mechanical vaives); (b) as a coating applied to the surface of the valve
leaflets (particularly bioprosthetic valves); (c) incorporated into the polymers which
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 leveis to be achieved locally on the valvuiar surface, thus
reducing the incidence of bacterial colonization and subsequent development of
PVE, while producing negligible systemic exposure to the drugs. Although for
some agents polymeric carriers are not required for attachment of the drug to the
valve annular ring and/or 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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15 Utilizing mtoxantrone as another exanple of an anthracycline, whether
appl i ed awoD3{g3yérer coating, incorporated into the pol ynacgaydasgergake up
the prosthetic heart valve, or applied without a carrier polyner, the total
dose of mtoxantrone applied to the prosthetic heart valve should not exceed
5 ng (range of 0.01 pgto 5 ng). In a particularly preferred enbodi nent, the
total amount of 20 drug applied to the prosthetic heart valve should be in the
range of 0.1 p.g to 1 ng. The dose per unit area of the valve (i_e. the

anount of HYRBOTHANE UhIIT BioredtetitR]), Seliaef nitteaerofic Lyl | @ of the valve
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surface sig®Phat a ni ni mum concentration of 10-'- 10-6 Mof mitoxantrone is

mai nt ai ned on the vaglve surface- |t is necessary to insure that 64 WO
03/ 099346 PCT/ US03/ %8??3315?{5%%‘8%%@!’(??&? SR’ d vRyiety of sosiguratienseacked

concent 1 aisensitloxakct 856 5O AstokRPN -y B} RURAL 50, Lo spget oo of

bacteria and fungi (i.e. are in excess 0

enbodi mentgsigavdiowrves, ¢astagt prindiplesmnshd pplieann the bpphcatidhalfenis et enbodi nent
m'toxant_rcq}g idB %?I e%sedlfrlomthe urface of the valve such 5 that

anti-i nfect I ve actrUrByFaldidted as8 Riigtipn of 4opR pebunit area (¢ the patioawasr al  hour s
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released in effective concentrati or a perrod rangl - 6 nont hs.
It shoul daperopriagisuracetaterntrbtcrsioimuivetdrag dian GiessdtoninBtORedpfdiBss ei n t hat
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ST o ankensPayeroas a5 RnE ) e8! IR, Y L AR EE RPS
compound f{dlowingdesing guiddlines:ce as potent as
15 (a) Anthracyclines. Utilizing the anthracycline doxorubicin as an
exampie, 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 appilied 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 pg
to 5 mg. The dose per unit area of the valve (i.e., the amount of drug as a function
-of the surface area of the portion of the valve to which drug is applied and/or
incorporated) shoutd 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
25 valve surface at a dose of 0.1 pg/mm? — 10 ug/mm’. As different polymer and non-
polymer coatings will release doxorubicin at differing rates, the above dosing
parameters should be utilized in combination with the release rate of the drug from

the valve surface such that a minimum concentration of 107 - 10™* M of doxorubicin

is maintained on the surface. it is necessary to insure that drug concentrations on
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mtoxantr% Is adm nistered at half the above paraneters, a conpound half as
potent as "WWOYRHAY one is adnministered at twi ce the above FS&AAHEBA6H? etc.).
15 (b) Fluoropyrimdines Utilizing the fluoropyrimdine 5-fluorouracil as an
exanpl e, whether applied as a polyner coating, incorporated into the polyners
whi ch make up the prosthetic heart valve, or applied wthout a carrier
polynmer, the total dose of 5-fluorouracil applied to the prosthetic heart
val ve shoul d not exceed 250 ng (range of 1.0 jig to 250 nmg). In a

par ti cul ar the yales eurfack extrmti cawtentratien®06f dotalibieimkitiviofo s kghaing! i ed to the
prosthetic hﬁ{art val.ve Boul d be in the range of 10 g to 25 ngy. The dose per
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surface areabotimentpdoorubich isyrefyagtbe fiondl tRNAAEH dEMithe FafelicAUhaChAt-Shoul d be
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that a m nconoentratiorsfaral peodfankiify frofk0t Z \n - ] L SvigBhnt ai ned
on the val ve surface- I‘_‘t !lbs_necaess_ar yoto insurpg{htsﬁalgé%tgl%%g%?%l%g%g@ﬁtn
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cpect es. of SERiBI3S Bsprifed bRAGIN uin SFRSE fuskodhat Saby chi ba tlisagh 1 or
sonme emdodiomeid Sulpewes of fHig irveY8bs; the ldbobe do§wgf 6&%%&&351’% ftﬁ%rﬁé&\t}g{eﬁe d

enbodi nent, 5-fluorouracil is released fromt surface ve such
t hat ant i -3¢f0sding e the relgtiveypotenopofthel aredodurr ordemvativd asaaughpiye tothe sever al

ol eased M EnFeuBOUE i kapRioUnd twEe 2 MuPres ARMgPREN RamInSEatont hs.
I i ikl o ot i TR
similar 1@ministeicdratl twine theiabpve pardreeters,|étzdgd for the purposes of this
ir QYS?T{I/ n;p ot Qﬁ Csbg}/elrltﬂ%?nsgi rrr]ﬂo grgt?onneé aesr gngtrhéear teggrrllup?edg)fuasrg gr?ther‘ggy%{ir?tia,ng to the
whether applied as a polymer coating, incorporated into the polymers which make
up the prosthetic heart vaive, 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 shouid be in the range of 0.1 ug to 1 mg.
The dose per unit area of the vaive {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 fail within the range of 0.01 ug - 20 pg 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°- 106 M of

mitoxantrone is maintained on the valve surface. It is necessary to insure that
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anal ogue or derivative as conpared to the parent conpound (e.g., a conpound

“twice as PpOA®@MINSs 5-fluorouracil is administered at half ﬁ%
paranmeters, a conpound half as potent as 5-fl uorouracil il;s ad%gm{g]?ered at

tw ce the above 15 paraneters, etc.). (c) Podophylotoxins Uilizing the
podophyl ot oxi n et oposi de as an exanple, whether applied as a polynmer coating,
I ncorporated into the polynmers which nmake up the prosthetic heart valve, or
applied without a carrier polyner, the total dose of etoposide applied to the
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that a concentration of 10.° rallg- %% { 8%@6‘9%%35"0@% 8 kshbe 16719

et oposi de readilysgvidet hasednpom the diseasSorid PRI hd B REPIRADIUL LGS Ur € L hal
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In a preferred 5 enbod t, etoposi :

val ve suckharadjustad iaccondinectoi the rekitive ipbiericy mééﬁéf?gg?t)?ﬁeﬁ}{é)tﬁfe' d ranging
r

fromseveral hours to several nonths. In a particu y preterred enbodi nent
mpgaed

the drug | PA'SSY ceatrouad (eshevrmraundriwideas pofesitiaed rangi ng from 1
- 6 nont hﬁwitokéntwg%dhﬁai’é%gghg hgwg@ggﬁovebggi%%é{gon t he di scussi ons provided

herei n that anal ogues an rrvativ S, & compound half as
potent as mitoxantrone is administered at twice the abave parameters, etc.).

15 (b) Fluoropyrimidines Utilizing the fluoropyrimidine 5-fluorouracit 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 valive to which drug is applied
and/or incorporated) should fall within the range of 0.1 png ~ 1 mg per mm? of
surface area. Ina particularly preferred embodiment, 5-fluorouracil shouid be
25 applied to the valve surface at a dose of 1.0 ug/mm?’ - 50 pg/mm?*. As different
poiymer 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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10 et oposi de gas described previously) with simlar functional activity can be
utilized WOOMONIDurposes of this invention; the above doRGRUEHATEt ers are
then adjusted according to the relative potency of the anal ogue or derivative
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 15 adm nistered at twi ce the above paraneters, etc ).
(d) Conbination therapy. It should be readily evident based upon the
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m t oxant r oiejeleddeddn @pfetive ebmamta i | ol d |
ant agoni sts_(e. gp , et h(;t rexat e angﬁ%ﬁorﬁ)%%%%{gg% lr‘]r)s:m}ie g¢ ﬁlogﬁ)%o%i de) can
e &

be conbi ne@"akid adily Byidepbbasedaupbirotheatis¢yssinne poviapettere(fthat exanpl e,
heparin, d te,. da roid, lepirudin, hirudin, AMP, adenosine,
2-chl or oadgﬁ%g}%gg? 'éhg Bfepivﬂt,'ve@ﬂn%qﬁgpb'wigs PEFLURER Piyiaus sty Bilesz one,

i ndonettitac fuhctivhal RARRREEH Be JiNdededy ' Rl 9@?{}5} Cthe 4 ost,
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I nfecti onsgﬁﬁ@éﬁral l,, .slightl éw%r eat eré%han 5% of cardi ac pacenakers becone
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15 parameters, etc.).

{c) Podophylotoxins Utilizing the podophylotoxin etoposide as an
example, whet_her applied as a polymer coating, incorporated into the polymers
which make up the prosthetic heart valve, or applied without a carrier polymer, the
total dose of etoposide applied to the prosthetic heart valve should not exceed 25

20  mg (range of 0.1 ug to 25 mg). In a particularly preferred embodiment, the total
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 vaive to which drug is appfied and/or
incorporated) should falt within the range of 0.01 ug - 100 pg per mm? of surface

25 area. In a particularly preferred embodiment, etoposide shouid be applied to the
prosthetic heart valve surface at a dose of 0.1 pg/mm?® — 10 ug/mm?. As different
polymer and non-polymer coatings will release etoposide at differing rates, the
above dosing parameters should be utilized in combination with the release rate of ’

the drug from the valve surface such that a concentration of 10°5- 10° M of
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I ntravascul ar el ectrode and/or the generator unit. Representative exanples of
10 pat ent WO@30846lescri be pacenakers and pacenaker | eads i;;@qh&,g%g,&@ Pat ent
Nos. 4,662,382, 4,782,836, 4,856,521, 4,860,751, 5,101,824, 5, Gi, A{ 9
5,284,491, 6,055,454, 6,370,434, and 6, 370,434. The nost common type of
pacemaker infection involves the subcutaneous generator unit or lead wires in
the period shortly after placenent. 15 This type of infection is thought to be
the result of contami nation of the surgical site by skin flora at the tinme of
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Ent er obac{@the demesesuf thipgaedtonniae atoveeerry (A %netitd a@é%rﬂédﬁ%@dcans (2%
In

are the 5 cause of this serious form of pacemaker ection.
Tr eat man'Erg §§or§ ﬁ\rSJP’RB? ﬁ?'ﬁg"e PRIEBEY Phihe analegue epdpivative Bsecopmered totheand

el ect r odepafans toRBolRITY §d3 B ol antibiotics are required for
or ol onged Peri od?ﬁangggngent i &ﬁg&%& a?sa]%t@ﬁ as efoposide i$ administered
at half the above parameters, a compound half as potent as etoposide is

15 administered at twice the above parameters, etc.).
(d) Combination therapy. It should be readily evident based upon

the discussions provided herein that combinations of anthracyclines (e.g.,
doxorubicin or mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracil), folic acid
antagonists {(e.g., methotrexate and/or podophylotoxins {e.g., etoposide) can be

20  utilized to enhance the antibacterial activity of the prosthetic heart valve coating.
Similarly anthracyclines (e.g., doxorubicin or mitoxantrone), fluoropyrimidines (e.g.,
S-fluorouracil), folic acid antagonists (e.g., methotrexate and/or podophylotoxins
(e.g., etoposide) can be combined with traditional antibiotic and/or antifungal
agents to enhance efficacy. Since thrombogenicity of the prosthetic heart valve is

25 associated with-an increased risk of infection, anthracyclines {e.g., doxorubicin or
mitoxantrone), fluoropyrimidines (e.g., 5-fluorouracil), folic acid antagonists (e.g.,
methotrexate and/or podophylotoxins (e.g., etoposide) can be combined with
antithrombotic and/or antipiatelet agents (for example, heparin, dextran sulphate,

danaparoid, lepirudin, hirudin, AMP, adenosine, 2-chloroadenosine, aspirin,
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pacemaker system nust be inserted. Mortality rates associated with this
condi ti on WOMMEQuite high --- 41 %if treated with anti RQU$S/1&T0ne, 20%
if treated with 10 el ectrode renoval and antibiotics. An effective cardiac
pacemaker coating would reduce the incidence of subcutaneous infection and
subsequent tracking of infection to the pericardial and endocardi al surfaces
of the heart. Cinically, this would result in a reduction in the overal
rate of infection and reduce the incidence of nore severe conplications 15

such as sepdiesylbetaiocear ﬂﬁbﬁ&than‘mmabmndﬂﬁméph&drb&htoﬁ}dum,&li%iyrﬂiﬁ?ﬁﬁib.s m
cardi ac velget ations and even death. An effective coating could also prolong

the ef f ectPPERbdEIonidipgciopidegtalabarnmab ertiibatigadiralipgns stebtgkiaseker s
requirin - ' e s tality and norbidity for
pa?i ent sgvvia{ _%rﬁgggg%}iaﬁp@gﬁ%& 5%’%‘%’5‘9%5?@% 8@'1035%0di ment, an a%t hracycl i ne

(e.g_, doxorubicin and mtoxantrone), fluoropyrimdine (e.g., 5-FU), folic
acid antagoni st (e.qg. Jret hotrexate), and/ or podophylotoxin (e.g., etoposide)
is formulated into a ce e e surface of the conponents of the

di ker. T f b ' to.th k i |
camner oS (e s h coster St GRBierInaRRY Bheatias GRS Reramr uni 1t (b)
as a coati m@fe@ﬂ@ﬂ'fbmﬂmﬁ’ng impRntdtichaCCa@iad ;B‘é‘cerﬁz?]!geﬁ’gta?é‘sﬂﬂj%c ihi‘é?:%oﬁfin & | ead

wires; (c) incorporated into, or applied tot surface of, a subcutanheous
" cuf f " ar oulggNerR manseus.dakinfections émtdhdng die pulsederesatar pookdti argl/@ppl i ed to t he

surface of Lcardial electrodes; ,(g). as.a coating applied 69 WO 03/099346
PCT/ US03/ 16“7‘%“’@5%%%@%é’éﬁ“%k‘aﬂh@“‘? &%if& 808 "é‘(Oé‘egg 5%%‘,"3%\@‘&“5(” any
conbi nat i ointpdvakb@ ' &A@t n ' ration

i nto cardi f!lc ggcgngrkg';égﬁ%ﬁl%u@?%vg%%%gri oc'?' dgﬁB{ﬁsggfqtgée%lg( 3 h{bggigpachi eved

| ocal | ytOon patentp whinhedescribe phaemakbrs s paesinakagebds inonddglo® e atbnbact er i al

broduci ng. RS QIO B2 o 5. b OLaEE. ¢ SO0 &y INJe0 A HOLGS or  Some agent s
pol ymeri ¢ eaygd #96 69685164, d 89045892686 370,434,
The most common type of pacemaker infection involves the
subcutaneous generator unit or lead wires in the period shortly after placement.

15 This type of infection is thought to be the result of contamination of the surgical site
by skin flora at the time of placement. Staphylococcus epidermidis (65-75% of
cases), Stapylococcus aureus, Streptococci, Corynebacterium, Proprionibacterium
acnes, Enterobacteriaceae and Candida species are frequent causes of this type
of infection. Treatment of the infection at this point is relatively straightforward, the

20 infected portion of the device is removed, the patient is treated with antibiotics and
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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attachnment of the drug to the generator unit, |eads and el ectrodes, several
pol ymer i cWOdBH0PBAe are particularly suitable for use in thigiagheghgent. O
particular 10 interest are polyneric carvers such as pol yurethanes (e.g.,
ChronoFl ex AL 85A [CT Biomaterials], HydroMed640TM [CT Bi omateri al s],
HYDROSLIP CTM [CT Biomaterials], HYDROTHANETM [CT Biomaterials]), acrylic or
nmet hacrylic . copolyners (e.g. polyethylene-co-acrylic acid),

cel l ul ose-derived polymers (e.g. nitrocellulose, Cellulose Acetate Butyrate,

Cel | ul ose agrifladoEsRItRNaL r 415 t hacryl ate copol yners (e.qg.
~ pol yet hyl ene- co- vi nyl acé?a?%??ﬁ%éxbog\tcﬁtésp&@?oe%ef'ﬁ)é’?(%@f .Carﬂé‘g)(bar di ac
pacenaker sVegetativagaandrevenvdeste! CoabuesiNgymatiSiashadehech (%95 of t he exact dose
ith device size, surface area, design and portions of

dni ni st er.eg. il |
' ? hren Béieﬁ&ﬁ%ﬂw%%h §§{p¥1 GRS aureps 42 AoprEEnterghlasterinoeabd6%npl i ed 20 in t he

appl i cat i seQfdotttng £ cal.cul a as functi on of dose per
unit ar ga ( of ge pg?é{r%]%?\r%#g(tﬁ@s%ea\c/légggﬁgiai%fc%%sdgéga ?Fetlgpémﬁrqg@ra@ge

adm ni s? ercagise ©d thid serimas foredofpad eARReP Mfe &lo. SHEESENt i pons of active
drug can be get erm ned. Regardl ess of the nethod of a;@‘g@?‘ge{?‘%ﬁﬁ* of the drug

to the card5HON SAPEMRKYPPIERnd herganeraten andelecindes ragetiitesremised (akeme or in

conbi nat i i | o2 5 Lni.stered ynder the foll ow ng dosing guidelines:

(a) Anthr gg‘{/%??ﬁgs%t@tﬁgza?%gé @Wgeagiqu{ RFOQES}%?‘? R%”%‘ifx%‘?@ﬂ&nﬁf%e\an exanpl e,

whet her - afmacoukansysten MOSIbSRERED, MIHLDRIES Séedciliey Wi (R iR, I o7
P r

make up the pacenaker conBorjents, or applied w thout a carrier , the
total dos&3BRSHLE high ci 41 % pireatad mitht ardibictice rmidres, 2096 ifltebatat witkceed 25 ng 70

WO 03/ 199 34&-tRG, rg%%ﬁ%%&agﬁé{w&e of 0.1 gto 25 ng). In a particularly

preferred enbodi nent, anount of drug applied should be in the range

of 1 g to 5 ng. TheAdasffech®s ciRiidc padetBaker Datihl (i L RfihdE g, as. a function
of the surface area of the portionpof t he pacegg‘&erI to v(\:/%it% ' edmles applied

and/ or i neéﬁbm%@musgﬁmign fegd| subsequentittackbigr afrigiection @ he gericat@@ 9 per M2
of surfacendlcfiochfid sBAGLLE S A NodX eéi?ﬁiéaﬂﬁ’;, this would result in a reduction in

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.qg., 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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enbodi nment . i cin should be applied to the pacenmaker surface at a dose
of 0.1 gfwgﬁg%gg)p. g/ mR. As different polynmer and non- pofyHESO3E6Z ngs wil |
rel ease doxorubicin at differing rates, the above dosing paraneters should be
utilized in conbination with the release rate of the drug fromthe pacenmaker
10 surface such that a m ni mum concentration of 10-7- 104 M of doxorubicin is
mai ntai ned on the surface. It is necessary to insure that surface drug
concentrations exceed concentrations of doxorubicin known to be lethal to

nul tiple d4pée sutfage phibedransvancus alegirodée; and/ontfeahy cenbragionforifgd4 M

al t hough f q _enmhodi nents | ower concentrations are sufficient). In a
preferred %%%%’HP%lS doxorubicin is released fromthe surface of the

pacenmaker such that h=doti | AP kS - B .ned for erj.od
rangi ng from sever al @rﬁ)’grdgag'ﬁgtggﬁrdﬁ%ér%%‘?hﬁﬁ%Q%t&g‘?'?$8&f’8ﬂa$eg‘ir‘8#'er red
enbodi ment allpe hicteridcidalelregizeels to Inf Acitibialocany BRtRAbaeAHakECEuRader | 0d
rangi ng 5fr m 1 ek -.6 months. It should be readily evident base tpon the
di scussi ong U5} SRAUGIND therrsidengmef bardedr) ralonizatianeand subsesgieot degeldpmentibi ci n
(as descri be sQ&3h ] l.pg Lar i enal activity can be utilized
for the pu?p?gg%t%gs thlés{,ﬁcla%rtéér]itv?ﬂg’r% A't% g&@@é{ggﬂg@q ﬁ%ﬁtﬁ@ﬂ“a%ﬁmeg? % hen

adj usted  dcegs. dhlttgugh fohgome! aganiepoghRiYcapfiedshfte HoR FQiROfor d€T | vati ve as
conpared to, the Bdarfent conmpound (e.g. a conpound twi ce as potent as

doxor ubi ci AUPENTERM of thedlrug to the generataianibleads padatetteodss, secermpound hal f as

tent i Cd ] 1,0 t twi. th b t , tc.).
XT3 g PONReH St arebfiiohg St Rirlst A dnisrirabgdiment OF waidewer — -
appl i ed0as irderest a@Dolvmbrmmér@%%ﬁ%rsaécﬁﬂ;rbma%e%h@.g?ﬁ%mﬂoﬁ \CBsRBKE  Up
e

t he pacenaker, or applied w thout carri‘er polyner, total 'dose of
m t oxant r ofe! Biginatemalsi oldydromMadedl (T Biomateriats) cHYDRDSLIRICTd[GTg) _ In a 71

amount of - SRBTROEEY daY BRHHANE T I Bimpltgiil oot o eigcile The dose per
U s, ConsmEre gy cabyhaaqatitc SHOF LAOSL kG PERARTSTEEL. . sho
fail withi RitiogellviapgeCelluloseAceiate Botypatep€eliulose 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 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 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 anthracyciline doxorubicin as an
example, whether applied as a polymer coating, incorporated into the polymers

which make up the pacemaker components, or applied without a carmier polymer,

the total dose of doxorubicin applied to the pacemaker should not exceed 25 mg
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5 mR2 of surface area. In a particularly preferred enbodi nent, m toxantrone
shoul d b¥OHF#P13e to t he pacemaker surface at a dose of PAPdas@épe -3
p.g/m2. As different polyner and non-pol ymer coatings will release

m toxantrone at differing rates, the above dosing paraneters should be
utilized in conbination with the release rate of the drug fromthe pacemaker
surface such that a m ninmum 10 concentration of 10-5 - 10-6 M of m toxantrone
is maintained. It is necessary to insure that drug concentrations on the

pacemaker (éaﬂge&lf@-'engw%(m@)celntaaérﬁicﬂl&rly@fef@frb@@ﬁﬁdcﬁ%nﬁ'TF?&";M%IO be lethal to
mul tiple sagﬁ&igﬁs 8f bacteria and fun%i (1r.e. are in excess of 10-5 M
al t hough f SLOMAARRIIRE FhoUIchhR i Beugnoe sl s:giol§ mge Thewddsegeenin)t. | n a
. preferred gabod ) r | S..released fromthe surface 15 of the
pacemaker sucﬁdét @5%13%@?@%@%3%@%%99? sml %urffhﬁerﬂrﬁﬁﬁéﬁ"q gerign@éthed rangi ng
from severacemakerstotwhisiedaigis appitdsndldt iﬁcd}Pb#aitédb Houya RAGS i figk embodi ment
a

I
t he dr%g IS reééagfed in effective concentrations for a period rahging from1l
week - b "AEHE ASY-OT #9snldi 1o Ber M| sprieek deer. bus edrticpéaivt prefediceC US S| ONS

vt

i ded ok derivat | f it oxant descri bed
P ovi sl o Sdipedr BoxAIBEAPHTRIGRE APTLd 6 e e emplss Siiare 2ba dooe affe
purposes 1 pineni Avenigan?. t A ifRROMSDIMRENSH P ROATRIHS: by 2] ust ed

ve

according to thg rel ati ve potency of the anal ogue or deriva s conpar ed
to the paf@fese Wa'n(%ﬁ&ferwg:@mmmom desiag pacdraster@shoili eant rone is

adm ni ste i . abqv araneters conmpound hal f as potent as

m t oxant rgﬁgze?jsmggﬁbﬁ?%@grvg@ @teprte:i/ﬁaég r?{?ebfatgﬁ\%“gg'oﬁh%wkeét c.). (b)

FI uor dfyr saftatenamhihil & ZiinitndhechbuaraR ol N ou dpnBHIAGH s 25 an

exanpl e, whether applied as a pol yner coating, |ncorporate % the pol ymer s
whi ch mak&'afyaingd opdbe suKace. Hris appessedy W insare that saradedngp! yner, the total

ggg eng;)].c ?gﬁ%@aﬂ%%@f%%gﬁ% M%@elgno%énotowge !(ettl"?ar; o mOJItiplléo P-g to

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,

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 shouid 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 pg to 5 mg). ina
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a particul arl referred enbodi nent, the total amount of drug applied should
be in thewpé%/f@ 3¢ 10 g to 25 ng. The dose per unit area (PCBUSEGNS7BNOUNt Of
drug as a function of the surface area of the portion of the pacemaker to
which drug is applied and/or incorporated) should fall within the range of O.
1 ug - 1ng per m2 5 of surface area. In a particularly preferred

enbodi nent, 5-fluorouracil should be applied to the pacemaker surface at a
dose of 1.0 g/mm2 - 50 ug/mMmR2. As different polyner and non-pol yner coatings
wi |l el eag@rcuianiopreferaed Endodihéhie thegtal maicamt of deupbpyRFasiug bean amet er s
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her ei n t hat@igsalhsghoyedinsingipanametisseshald be futilivedim awhbingtisn déthahé bed
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to the parent compound (e.g_ a conpound tw ce as potent as uracii is
adni ni st er depuse thitidrug hencerdratiopa cartbeeasemakenspdacelehaddd E&hceRBhBHNs as

5-fl uorouragil, is_.adm npi stere t twi ce the above paraneters, etc.). 25 (c)

Podophy! ot %)i M@@P‘W'ﬁ{g’?@’“‘? Hégﬁi%tbﬁ% BriRlesRackoat breteda and fungifbt.e, whet her
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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 hatf the above parameters, a
compound half as potent as mitoxantrone is administered at twice the above

25 parameters, etc.).

(b) Fluoropyrimidines Utilizing the fluoropyrimidine 5-fluorouracil as

an 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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WO 03/ 099346 PCT/ US03/16719 should be in the range of 1 pg to 5 ng. The dose
per unit ¥Wo/00934€. the anount of drug as a function of theg esfigns area of
the portion of the pacenmaker to which drug is applied and/or 1 ncorporated)
should fall wthin the range of 0.01 g - 100 g per mM of surface area. In a
particularly preferred enbodi nent, etoposide should 5 be applied to the
pacenmaker surface at a dose of 0.1 g/ mm® 10 pg/ m2. As different pol yner

and non-pol yner coatings will release etoposide at differing rates, the above
dosi ng parapetteutrlypesiettebemtiddimeat the iarRhoatt h EBpfdiEshi&ligase rate of
"the drug fromthe pacemaker surface such t@ragﬁtcég?ﬁe\g%pgé?cgﬁh%@d D5. 10-6 M

of etoposi & FEI%EI W 40ded> mg. The desepsruyit awa (Neuthe dridintsfidrasasdy ug 10
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enbodi mentappliedwet/dinrhEueld shi il e : a preferred enbodi nent,
etoposide is released fdr)om ttﬁeswghirdf%ggﬁ%%ﬁ% e'%gg%gﬁgge’r‘g s‘uﬁﬂ"gc'l)l%{tmm

ant i -i i ecfisygage araa.t iy 4 partiowlary @refedeﬂ@mtaomm@hg@-n@?gb:%nfsmmozﬁé/ eral hours
to severalarﬁ;ﬁﬂ%gos Inal Eart i cul ar Id)F/) preferred epbodi ment the drug is
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herein t hatI anal %bgg@g gﬁghggﬁyat ] veoséq'@gg&'%E%E?%gﬁ{"g?%@@i?ﬁ @daring evi ousl y)

wi th sinilratest theatiovealosingt parametearshonidibé LtikRM ih omitheatidRgses of this
I nventi on; '%he atiov? dogi ng araneters are then adjusted 20 according to the
rel ative POCEREIAGP {hfdug f‘gﬂlﬂée prceeakesuriasestichdngtar ednitrirhhe  par ent

urod d 1w : t L de i dministered at
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adni ni st elsdirathatwudece Haigtmoenprationebresad &drbehtralihs Wf‘ﬂhﬂﬁidjr%lht herapy. It
shoul d be readllﬁﬁ?V|d nt based upon 25 the discussions provide erein that
t

conbi nat i SREWHHO RRIGhEEIONUMRIEUS spgCies of brotersiaridfungi (iret, axai Batels, of
f 1 uor opyr HOHeR-MBolEh brsod L folic acid. antagonists (e.g.,
met hot r exat e and/ orspodogﬁﬁ %’F@éﬁﬁ@&?gk}dv o ‘@’{Jgg%\gq?%\yj" l&%‘_ﬁ“%gen& iniezed to
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ant hr ggychines (e g.. doxorubicin or mtoxantrone), fluoropytimdines (e.g, 5
45 2 intai
hat 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 previousiy) with similar functional activity
20 can be utilized for the purposes of this invention; the above dosing parameters are
then adjusted according to the relative potency of the analogue or derivative as
compared to the parent compound (e.g. a compound twice as potent as 5-
fluorouracil is administered at half the above parameters, a compound half as
potent as 5-fluorouracil is administered at twice the above parameters, etc.).
25 {c) Podophylotoxins Utilizing the podophylotoxin etoposide as an
example, whether applied as a polymer coating, incorporated into the polymers
which make up the cardiac pacemaker, or applied without a carrier polymer, the

total dose of etoposide applied should not exceed 25 mg (range of 0.1 pg to 25

mg). Ina particularly preferred embodiment, the total amount of drug applied
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74 WD 03/099346 PCT/US03/16719 fluorouracil), folic acid antagonists (e.qg.,

met hot r exad¥V@ 03AWAYr podophyl otoxins (e.g., etoposide) can Hea/essshimed with
traditional antibiotic and/or antifungal agents to enhance efficacy. Since

t hrombogenicity of the intravascular portion of the transvenous electrode is
associated with an increased risk of infection, 5 anthracyclines (e.g., '
doxorubicin or mtoxantrone), fluoropyrimdines (e.g., 5- fluorouracil), folic
acid antagonists (e.g., nethotrexate and/or podophylotoxins (e.g., etoposide)

can be combhagd bai ihhh@rdridehsonigts & AGATE dass bBt ahghbRta @Q@%éam‘o%gt granpl e
heparin, dextran sul phate, danaparoid, |epinidin, hirudin, AW, adenosi ne, .

2- chl or oad@rygas a fenctigasif the sufaengrasuefthe pertiomabinet fameinmg ket @o whidhof enanat e,
hyd hl j ' i, danpl ' t i.cl.opi di ne, clopi | '

abci xanab, S R EnplbR ABURP Figfooralct sPBuis tfoifa theinad: S8 825 1ogsma nogen
act i vat or) pomeiirsfracs ke C a BarticiffitrBired onBBURMAPLBRoside should

Cardi overter-Defibrillators | eral I',” appr oxi matelz nplant abl e
car di over t be appligrbta heipacemaker sudaoe at aideseed Of bhywinhg 10mpganthat ixen (t he

rate is highest .if rgi cal | acenent ..is required). Like cardi ac pacenmakers,
i npl aIn;5 ab: g'?%gﬁ'ﬂtbpfx?%lj%{’%]ﬁgncg}-gofilf%jcg@{ths%vq:iﬂ#e&qq%@,mpﬁsp@@tmp manner s:

a) infectg ' | i ot Vi ubcut aneous
Gl bt T odes o ol e o A e R B 10 e

i nt r at hor atileaseoiaid abhesirug diven tensacenaerelueizceateh MG eohtertifiphigide and

epi cardi al ,ghectkodes). Representatjve exanples of ICl's and associ ated
conponent s1§r é*@e%?ﬁ%@ﬁ%'ﬁeﬁf mapaingd: INsecessarydodmspredhatsurtss, drag375, 817,

5, 314, 430. (ctRRaloR o o BBy BB of Ehppsde KRR KA B 02, °23

and 6, 152, 955. Mbst ctions present peéer e and are

25 t houghtoft badberia hed fiewi|ite. @ire toakEaBsNHE M OAItHARHSTOF 9bAR erfibb@intdhts ki n
flora. St aﬂ’r%l ococcus epiderm dis, Stapylococcus aureus, Streptococci,
Cor ynebact '@¥eh AfugHleyglsi Wil s ifigienthn Heastefepad anabediment satopesidads Candi da

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

15 particularly preferred embodiment the drug is released in effective concentrations
for a period ranging from 1 week — 6 months. It should be readily evident based
upon the discussions provided herein that analogues and derivatives of etoposide
(as described previously) with similar functional activity can be utilized for the
purposes of this invention; the above dosing parameters are then adjusted

20  according to the relative potency of the anatogue 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-flucrouracil), 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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75 WO 03/099346 PCT/ US03/ 16719 species are frequent causes of this type of

i nfecti onWOMHGPHenately, treatnent frequently involves r @3/19';19'[ he entire
system and prol onged antibiotic therapy. An effective | CD coating woul d reduce
the incidence of infection- related side effects such subcutaneous infection,
sepsis and pericarditis. An 5 effective coating could al so prolong the

ef fectiveness of the |ICD and decrease the nunber of patients requiring

r epl acemanf'i, resu;é; i&?g in lower nortality and norbidity associated with these
i npl ants. flupraunacit) foliceatic abedorens (e. §OXtHGHS ' - fluorouracil
and/ or et 2(%osi de ar,g ;or nmul at ed i nt(o_%I coating ég‘%ﬁ |igg)ﬁta§6é$?’ggf$ﬂfﬂsace of the
10 conponerit%’ GPPPHES! €3 beicombings! with sraditivaabpntibiett ami/sesmttahgarnners: (a)

t4 j . f the .pul 2 t it b)
Coati g aps R RRARCE Y S Frihobatubiiy 86 SpessHa portasn oad w i es:
(¢) i ncor poe dtapdvéntius, eieﬂfo@@!ais@dcﬂagbd ﬂ%ﬂa ?Hriﬁ&%‘é}sé’é {is@oﬁlﬁ?%qlfi aneous "cuff"
e: as a Tng ap

around the subcutaneous insertion site; coa P8d to the
sur f ace® of? W@Cg‘?}@eéd?{g'r;qfé@wtb@lé;Or(fef)oxanfroae),a]uocm;tyiriﬁgd;a@gl(é_ﬁq 4.0 the surface
of the epi irahine r and/or, (f) a conbi nati on of the

af or enent ifgﬁgﬂ%@%”ug’ﬁgt@gﬁi %&ag?’?'sﬁr(ecﬂ"u@eﬂﬁ’é@xﬁ@r and/enrednahvintosinket i ¢ heart
val ves wi I(e.g. adtbposibeltat boebMbinedrwith hﬁfﬁg}cﬁnﬁgﬁ@ nd} F%ﬁ}/pj%ﬁegcal Ly on the | CD

surface, thus reducing the incidence of bacterial CO FIEA subsequent
devel opnehtO’ §%aBpie Rerarin, destranaplphats:, idanapansiid, |lepiRid Uhiudch, peabi gi bl e

system c X drugs. Although for sone agents polyneric carriers
are not rgggwgés‘f%ghbgﬁdﬁm aB’P'"PhBﬁ%fPXM‘tﬁéo@%é” ethacioy,  unit, |eads and

el ect ridde snedafeaamate, PRIYIBRIdEqGRE! ¢ icul.arly.suitahle for use in
this embodiment I par oo A ARGt AR AgAnGIc BEnroSh iElorliie iaiocaied o6

pol yur et héh@%(a('@.bg.ep iftatigaotioBhamLsteptolbadeC BnBISIRERS bRlsFhinoddglr OMed640TM [ CT
Bi onat eri g}: to}j'\(%ﬁﬁ#éf C;FM %CT Bi omat eri al s], HYDRO?HANET CT

Bi omateri a g‘h acry SFfra hacrylic copolymers (e.g.

pol yet hyl ene-co-acrylic acid), cellul ose-derived polyners (e.g.
nitrocel | ul oseD Cel |yl o0se Acetate Butyrate, Cellul ose acetate propionate),
acryl at e . Infections of Implantable Cardioverter-Defibrillators (ICD)

Overall, approximately 5-10% of implantable cardioverter-

15 defibrillators become infected following impiantation (the rate is highest if surgical
placement is required). Like cardiac pacemakers, implantable 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. Pateﬁt Nos.
3,614,954, 3,614,955, 4,375,817, 5,314 430, 5,405,363, 5,607,385, 5,697,953,
9,776,165, 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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76 WO 03/099346 PCT/ US03/16719 and net hacryl ate copol yners (e.g.

pol y(et hyl WR3EBIY¢ nyl acetate)) as well as bl ends ther eof PCEESI3MeTIANt abl e
cardioverter-defibrillators have many design features simlar to those found
i n cardi ac pacenakers, the dosing guidelines for 5 doxorubicin, mtoxantrone,
5-fluorouracil and etoposide in coating ICDs are identical to those described
above for cardi ac pacenakers. E. Vascular Gaft Infections Infection rates for
synthetic vascular grafts range from 1-5%and are highest in grafts that
traverse tlseeceguradiequent causesurfithissymoot inidotionr Ainfonahatelyatrdatriéht

fenoral -poplitea g{yaLYts). AIthOtr:tgh i nfection can result from extension of an
i nfection frovCRHY ByPYESHEMyAt ahiirantise sysiemeant prolorgashenitieticibenimy, t he

Than hal T of il casdll reekRIoddihO AR fod)ee ARMAMAGE bBMfeckaey- e~ -

nost  conmuelataiiside effecisrfuettsubguidielous enfStedt) \sepsiR EiiiSpéritaptits. ( AR~ 35% of
cases), 15@§nt er obact eri aceae, Pseudonopnas aerugenosa, and Coagul ase Negative
St aphy| GcoCECING FRAtINGAqUR glsararelong the effectivanesa of ¢redGD iantialecreasd thel ude

sepsis, s Lnfectd.on, | anpeurysm formation, .graft thyonmbosis,
haermrrhag(l'al‘?' ﬁ’rligi%{? ﬁgﬁ%ﬂgtgtrﬁ(ﬁ%'hggtr?@gg%@SP{? r%?%ts"bq E‘rqPWPﬁF&ﬂﬁ?& d MBI Nt
requires r assucihiedfwillOtiede igipfritsi n virtually all cases conbined with systemc

antibiotics. Oten the surgery nust be perforned in a staged manner (conplete
resection of the inftadielgrettembedimentcinxorukicinadijitaxamtrone fiefiu@dutadisues,

d | . terial ,st ) .Usi th h I nf ect ed

o ol R Ay ST e R A 1 o124

condi t i1@n. cbAtpoRsARYfahe IIGDQTTr%OdﬁJPFs)Q:raﬁfBe BSORRER s%@et‘di'fnféﬁr%gs:t(?zég ds a3r%
r.

mortality rate and a 21 %rate of leg anputation in survivors;
i nf r ai ngui RaRiRG applied tedhe sudecant thisBpulaa gendtstoremit (b) asbhycoatifg ppphedt at i ve

exanpl es of, ¥ASGHt AL F1RL WopdiEnasSS ;r)(iJRi%g dithelead 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 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, severat
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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Patent Nos. 3, 096,560, 3,805,301, 3,945, 052, 4, 140, 126, 4, 323,525, 4, 355, 426,
77 \\O 03/ WOIBABISIRCT/ US03/ 16719 4, 475,972, 4,530, 113, 4, 55Q,44% %@67‘%22, 596,
4,601, 718, 4,647,416, 4,878,908, 5,024,671, 5,104,399, 5, 116,3‘3 , 5,151, 105,
5,197,977, 5,282,824, 5,405,379, 5,609,624, 5,693,088, and 5, 910, 168. An
effective vascular graft coating would reduce the incidence of 5
conplications such as sepsis, haenorrhage, thronbosis, enbolism anputation
and even death. An effective coating would al so decrease the nunber of

i ity For par date COR P B2 EA e IEHE by Ace BT ARtvslaEmnt . an
ant hracyclbiQi@S(ﬂéeng,f- doxorubicin and 10 mtoxantrone), fluoropyrimdine

~(e.g., 5-FUY, foli cAaci di antagoni st (e.g., methotrexate), and/or
podophyl ot oxi n (e. g"*° "BPgPEAIG sardievertartefibritaiorshaveamanyidesign feppiréed to the

surface Okintike (¢ HERRIEIMAirPCarilE PR2MAIRES I8 HbsingRudeiiicSh, Can be - applt ed

in several manners: (a) as a coating app dPr surface of the
gr af t ; I byloyegrubiciromitaxgnappe,; BAub@UAE] art ﬂo@ééid@'iH%Bﬁﬁ%iél‘;’é%ﬂ%e of the
graft; an%?og. ]ﬁ &J?cg as a coating applied to all or parts o ot h surfaces.
Dr ug- coat [4F§Y6¢ © St?r‘ff’g“cﬂh%@ﬁ@ﬂ@f@f&ﬁfﬂiﬁpmaﬁammew. grafts will allow
bacteriocidal drug levels to be achieved locally on the graft surface, thus
reducing the incidence of bacterial colonization and subsequent devel opnment

of infectious Eco hscaitar dvraft lnkictiengr oduci ng negli gi bl e system ¢ exposure to
the drugs. 20 Although for sone agents polyneric carriers are not required for

attachment of the lAfRgYON salgs fan sysihstinvassutzamgraits aarayecirgart-5%UA@Y Ay Sui t abl e
for use iRighBi Syzalenl rticular. interest are polynmeric carriers
such as p@lgbgétz? Ranes b{’@&%ersg&é)mﬂ )gegg\gng%%:r[ e apfterfameral grafts and
Hy dr o VB d 6H0Tivh il weafes)] Alitabugh MYBRRLAS: %Mt{f@n %&fa}ﬁﬁo%r d}raainS] :

a

I—|YDROTI—|ANE§\$&L Bi omat enal s]); acrylic 25 or ne cryl1c copolynmers (e.g.
pol y( et hy&HOR from pY riacest egntaginated dissuelor hemetogeioysareeding, the

ccryiae £t e ar SR B R o il Goomogbre”
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 alt 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, 4,355,428,
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acetate)) @%Ilggen as well as blends thereof. 78 WD 03/099346 PCT/ US03/ 16719
As vascul a d’P P46 are nade in a vari ety of configurations RBECHUSIWS19 t he
exact dose administered will vary with device size, surface area, design and
portions of the graft coated. However, certain principles can be applied in
the application of this art. Drug dose can be cal cul ated as a function of
dose per unit 5 area (of the portion of the device being coated), total drug
dose adm ni stered can be neasured and appropriate surface concentrations of
active drugh86h9B8, 48803 AGE0, R arS82596,0f 60T 1881 8ad Ofe, AHg 6@ i on of the

drug to th raft, the preferred anticancer agents, used dlone or in:
conbi nat i on,’d%ﬁgz# %’582'3&9@&1@& P IS thd 97 877 oic8g . &Pdls BPSgRITalel i nes: 10
(a) Anthrag/ehd Bes_s Hoildsal racycline doxorubicin as an exanple,
whet her appli ed as'_sa’ pol ym’argggoé |0Ei‘36§1| ncorporated into the polynmers which

meke up the vascul ar Agr efféctivenfaeoei grfEesatingSwORaN BAuQS thBGiH:BBPace af appl i ed
w t hout carri.er . O|¥J%I’ the total dose of doxorubicin applied shoul d not

exceed FMAIGRNNS 3s sgp§is haemeThage tarapabasis, erabdlisnpramhmitatich
nbodi t, | t lied should be in th f 1
Co B g Ty ehuddth Aan R Soolild NoRRPYLS Hetreatedna gusibes of wpseion of t he
surface  ar @aft reguiingiepldcemarit, fSseliiash ubdtr MbAbity PR P phiedgP! i &

J01 g *-

d
and/ or incor, ogat ed) should fall within the range o g per M
of surfaceYdd5es¢ {hplaptsticularly preferred embodi ment, doxor ubicin shoul d

be applied to the va I ft surface 20 a dogse of 0.1 .g/mMm2 -10 g/ m2.
As different pol yrrerﬁg%(??%fgn-ego 'Qﬁ% Ime gsﬂq AYLrIENAIng 2-ga SoxgBibigingngi n at

di fferitfy maitoxantrohe), ADOKDYHARHIAG (83 e ,rt%uc%E%rﬂﬁ@Snigf@ %Zed- in

conbination with the release rate o rug fromt asctitar graft surface

such that HSHTAR) eRd@TROdoPbIOtIXIN (9.9~ eldpbsideis fatontatebiivtors bSatiy Nt ai ned
exceed conclRieehld bk SBBEE TS 6o BPRneon! lhovBREISL AR (e dB(S)phe bspeci 65
of bacteri applisti insterdiiménnerd! @) a3 £XSARY Hpitdto'the BLEPNUUALL of the
graft; (b) as a coating applied to the internat (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 leveis 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 ormethacrylic copolymers {e.g. poly(ethylene-co-acrylic acid), ceflulose-derived
polymers (e.g. nitrocelluiose, Cellulose Acetate Butyrate, Cellulose acetate
propionate), acrylate and methacrylate copolymers (e.g. poly(ethylene-co-vinyl
acetate)} collagen as well as biends thereof. -
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sonme enbodi nents | ower concentrations are sufficient). In a preferred

embodi nenVO @@Brebi cin is released fromthe surface of thepaesyiAs graft
such that anti-infective activity is nmaintained for a period ranging from
several hours to 79 WD 03/099346 PCT/ US03/ 16719 several nmonths. In a
particularly preferred enbodi nent the drug is released in effective
concentrations for a period ranging froml week - 6 nonths. It should be
readi |y evident based upon the di scussions provided herein that anal ogues and

derivatives of doxoAshbiasicolargfaftesermbesd s SYHONSf ithesim | ar. functional
“activity § can be utiljzed for the pUT poses ofl&?hi @P%%%thlahg;an?ﬁgeﬁbove

dosi ng parBHErRTdoseadministeradjwib ver witle device gizep stiffece efeat idesignairRncy of the
_anal ogue ' ' red to the parent conpound (e.g. a conpound

" twice as gﬁjﬂé %fgﬁéég%(fg‘?%ar}%@%%evﬁ’&rﬁ%aﬂ pRciPlgs capibe aprlieddothe par anet er s,
a conpouncppitdtiorsof thietaent DAR; AE0EAPHE 8Icl L Qi r ed twi ce the above
par aneters, e%c.k})ﬁ.’LI 10 Util i-lefgng m t%ﬁgﬁfggkgdtgdsjg%%g h(eé‘t}o‘?'e%f:(?fﬁeen%f”%

ant hr a£c|ai"?\% of thh epRien of spe devicabeingodates), tetabdrugdHoseihinRiakb8¢ahnt t o the

pol ymer s [ t he vascular graft (such as Dacron or Teflon), or
appl i ed wwfghrgg?g[ggggpw%gpr%{@??ﬁ’éFf?C‘? %@”Q%F'@It'oﬂ%%aéwwlwgmbe)ne appl i ed

shoul d nodewtaweal. SREGardlcRRHT I mdihdd of %ﬁgfcgtiérlgg%pqlir:ﬁggoSﬁ%%%gpu@r: % t he

preferred enbodi ment, the total anount o rug

range of GFE!E*-ﬂﬂfgD{QSEFIeiﬂrgntld’q‘medagenl;seu:;emiabnarcean cbmbirtdien, g,an?tbeof drug as a

function %ﬁmgte%%f@(feertﬁr ga\ of. the portion of the vascular graft to which

drug is applied an i | wthin the range of 0.01 Pg
i ¢ iolloyying dasingrmiidelines _

- 20 d@ per M of WrakPacFines! RArd | referred enbodi nent,

nm t oxant rone shoul d@ge appl‘?fed o M@Z@stéﬁl%gbﬁé%qiﬁes({ﬂxpgﬁﬂc'ﬁtasa?rbose of 0-05

20 Pg/ MvRexaImplegmimther appiied &6 ermyiympobyatig, #ubrpsratdtnid Bie SAFhEROS Wil |

rel ease ' one at differi rates, the above dosing paraneters shoul d
be utili Z@QFC?‘WQ'&%HB%?%Y?W'% Qfﬁﬁgﬂ@m@%@u%ﬁé Recremer defimn)f oom t he

I oA ool LR SCUSERLERY e by ©
concent r a8¥&esl Bnmgr{eanger of ¢ pepdosimgdn e paAIUERF preferred embodiment,
15 the total amount of drug appfied 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 ug 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 - 107 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 lethai to
multiple species of bacteria and fungi (i.e., are in excess of 10 M: although for
some embodiments lower cancentrations 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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25 of mtoxantrone known to be lethal to nultiple species of bacteria and
fungi (Le.WORBIBH excess of 10-5 M al though for sone enbddinmesmastioner drug
l evel s will be sufficient). In a preferred enbodi nent, mtoxantrone is
rel eased fromthe vascular graft surface such that anti-infective activity is
mai ntai ned for a period ranging from several hours to several nonths. In a
particularly preferred enbodi nent the drug 80 WD 03/099346 PCT/ US03/ 16719 is
rel eased in effective concentrations for a period ranging from1 week - 6
mont hs. |t sshetal chdothy eich birtUlAiGireRARACLHBORIMAHE L BRYPR! BRSSBHGY T ded
herein that_ anal ogues and derivatives of mtoxantrone (as describe
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par ent CoNpRYRStived d¥ doko AHRARYAS debih ithSsil SR S
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m t oxant of@nibe uitined farttbe purpisasvafdhistieeraiboy the AV BISHE pakirfieters AR (D)
Fl uor opyri n%di nes Uil Zircgrggth fl uoropyrimdine 5-fluorouracil as an
exanpl e, whathausiGHIacsq ?P@lﬂ RiRtvedipdencyof the @manaust enderivative lae pol yner s
whi ch make chmpah@i 1aBe Wafbnid, . Teflo or applied

P R peen iR bo b (g ST o508 Rlisf s

wi thout a carrier polymner, the 0seé 0 %Sppl i ed should

not exceed deBOrubigin isradngieistéred. 4t Hadf the abble PRyambferd Pasibsuh@hhy A1 ef erred
enbodi nent %eh!x?ﬁt otal 15 amount of drug applied should be in the range of 10
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graft 0.01 ug to 5 mg). In a particularly preferred embodiment, the total amount of drug

(]

15 applied should be in the range of 0.1 ng to 1 mg. The dose per unit area (i.e. the
amount of drug as a function of the surface area of the partion of the vascular graft
to which drug is applied and/or incorporated) should fail within: the range of 0.01 ug
- 20 pg per mm’ of surface area. In a particularly preferred embodiment,
mitoxantrone shouid be applied to the vascular graft surface at a dose of 0.05

20 pg/mm? -3 pg/mm?.  As different polymer and non-polymer coatings will release
mitoxantrone at differing rates, the above dosing parameters should be. utitized 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. 1t is
necessary to insure that drug concentrations on the surface exceed concentrations

25  of mitoxantrone known to be lethal to multiple species of bacteria and fungi (i.e.
are in excess of 10° M: although for some embodiments lower drug 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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surface such that a m ni num concentration of 10-'-- 10"" M of 5-fluorouraci
I's maintwionsd9dts i s necessary to insure that surface dryg. gﬁghgations
exceed 25 concentrations of 5-fluorouracil known to be |ethal 10 nunerous
species of bacteria and fungi (i.e., are in excess of 10-4M although for
sone enbodi nents lower drug levels will be sufficient). In a preferred
enbodi nent, 5-fluorouracil is released from the vascular graft surface such
that anti-infective activity is naintained for a period ranging from several

hours to s ’ g LN a rticularly preferred 81 WO 03/099346
- PCT/ US03/ 1%%%5%%@od%ﬁécr{'tvetcﬁgcg? Iqns fpep PgERd ra3t0ieg frept 1 weakonGent rat i ons for
a period raogibsg It hcuwt b - adi Ly evi dent based
e \WegHil e\ﬁdém%}%%gtdp{)nstﬁg gls%uggﬂég Béorv-iq;%{:i

_upon the discussions provided hereint anal ogues a | PRTE of
' 5- 11 uor our'#@i Anglaguerand dbadatives of inttostaplroné (45 Gestribatl preVitidipP@lhact i vity can

be utilize h rposes of this 5 invention; the above dosing paraneters
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into the REMIRINY hat ul ar. graf t uch as Dacron or
Teflon), or applied wisfﬁ%tgﬁkgs H@tg%gﬁtéer{'@%c% %/Gﬁ)élp, 5iRd a&i‘f’ﬁpt ®8BO¥¢ et oposi de
appl i ed sh@eadmetsos, elRdeed 25 ng (range of 0.1 g to 25 ng). In a particularly

preferyed enbodi ment, the total 15 anpunt of drug applied should be in the
range of 1 pg to 5 hg FiqEopyimidiaes Hiilizing theflydropyrimidineabdiuctowhcitlasly as a

rug i o a1 e AEReRBERIR] ad doVN RARy himalelading e shener 0. 01 g -

drug is applied and/or 1 ncorpor

100 g per whigh ofakswrf theevagcelar glaft (@ublatkiTadrér bY TRHEN S5 £5hii i ment |
et oposi de shoul d be applied to the vascular graft sur)T ac%g%'teearmg‘gisdg‘aof 20 0.1

g/ me.  10§PHIR POk, thectol doge of freffuospiranib applisidsteauld vat exmed@sd mgr el ease
et oposi de (Ring@idi ey [:§% 286 5g). URS YTy Bldtg B3 LA S Houl 4, Pe
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 pg/mm’ — 50 pg/mm>.  As different polymer and non-polymer coatings
will release 5-fluorouracil at differing rates, the above dosing parameters shouid be
utitized 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-flucrouracil 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
levets 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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utilized in conbination with the release rate of the drug fromthe vascul ar
graft surPEBMHER that a concentration of 10-'- 10-6 M of petoBoHid® i S

mai ntained. 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 10-'M although for sone enbodi nents | ower drug
levels will be sufficient)- In a preferred enbodi nent, etoposide is rel eased
fromthe surface of the vascular graft such that anti-infective activity is
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therapy. It should be reagi 'y evident HEas'eg$ Sg%ﬁn'g?ﬁ%@gf@%’ag‘% C's""Bprovi ded
her ei n t hatPafamsiarat a compofind hah mamaténtes s faomuracitieaimibistéRdat twice

m toxantro bl uoropyrimdines (e.g., 5-fluorouracil), folic acid
ant agoni stgﬁ%g.b&?p %tFFSef?&?i and podophyl otoxins (e.g., etoposide) can be

i1 zeth h . Al I - d n be
o LT to ennance {erPaRbbAGSting RN iy pBloRRTab R AbRASEE AL o 021 1 10

f I uor opyr i rax@inmmie, whetber, agplietil asoa polymedr doatihg| ineoRRirste@nhRARBIpthfméR 9- -
nmet hot r exat eq nd/ or l‘Foﬂophyl otoxins (e.g., etoposide) can be conbined with
traditi onal VY MAKSURINg YasEriaR AFatt (RhghIas Baerrnorileflenh anapplisd withoyt a Si nce

t hr onbogeni Giriet nglylﬁ@f'? tﬁ@l%féild%%eq{f%ftépés?de applied should not exceed 25 mg

(range of 0.1 pg to 25 mg). In a particularly preferred embodiment, the total

15 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 pg - 100 pg per mm’ of surface area. Ina particularly preferred
embodiment, etoposide should be applied to the vascular graft surface at a dose of

20 0.1 pg/mm® - 10 pg/mm?.  As different polymer and non-polymer coatings will
release etoposide at differing rates, the above dosing parameters should be
utilized in combination with the release rate of the drug from the vascular graft
surface such that a concentration of 10°- 10° M of etoposide is maintained. Itis
necessary {o 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
10° 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 to several months. In a particularly preferred embodiment the drug is
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- associated with an increased risk of infection, anthracyclines (e.qg.,

doxor ubi ciWf 83092861 t oxant rone), fl uoropyrimdines (e.g., ﬁUﬁhﬂBh% acit),
folic acid antagonists (e.g., rethotrexate and/or podophy otOX|nsH%e.g.,
et oposi de) can be conbined with antithronbotic and/or antiplatel et agents
(for exanple heparin, dextran sul phate, danaparoid, |epirudin, hirudin, AM,
adenosi ne, 2-chtoroadenosine, aspirin, phenylbutazone, indonethacin,
mecl of enamat e, hydrochl oroqui ne, dipyridanole, 25 iloprost, ticlopidine,
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i nf ecti on, furkdonseacatity o3 B I O i.$..5.a frequent, form of
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frequently wi.t h. surgi cal drainage and the placenment” of a sinus stent.
Tynpanost o%élé'g@éegp%ﬁ‘fagw&qsﬁ%“ww 40 the parenheempebnenie gbacompoahdi nf ect i on,

the nost tlicd A€ BURIHL gk 2 ; Lcal rapy, the | eading cause of
hearing | oss andga cgm%lﬁ%té%%%% 'P%%Pg‘ghﬁgngﬁégév%%@%ﬁ%@ in children.

The cost ofortpeend hyf as potent asditopaside s eithindteredun 8Ricetlthe agg@? of fiveis
esti mat ed ;?éra%%lt?risl I{ygn annually in the United States alone. Tn fact, 85% of
all children h&¥e" at | east one epi sode of otitis nedia and 600,000 w ||

nereast ng and for saeeonanaBoninertf. Mt BHAGI5 a0 pudknticsedtrait  ve than
conser vat i 10 diohEgONBrovidedherei tHa sombidiohBaf epttirabydifbeed bon of the m ddi e
The. m dal SBaTIIE 5K P EnEER b HGRPYHTU oS (e.60 Anibrbroarsmd faf avid £ | 5 ned a
are 20 StramiQARas 8 ooARIERS e I Boad S IRBAAL 15! dnents L200
utifized to enhance the antibacterial activity of the vascular graft coating. Similarly
15 anthracyclines (e.g., doxorubicin or mitoxantrone), fluoropyrimidines (e. g., 5-
fluorouracil), folic acid antagonists (e.g., methotrexate and/or podophylotoxins
(e.g., etoposide) can be combined with traditional antibiotic and/or antifungal
agents to enhance efficacy. Since thrombogenicity of the vascular graft is
associated with an increased risk of infection, anthracyclines (e.g., doxorubicin or
20 mitoxantrone), fluoropyrimidines (e.g., S-fluorouracit), folic acid antagonists (e.q.,
methotrexate and/or podophylotoxins {e.g., etoposide) can be combined with
antithrombotic and/or antiplatelet agents (for exampile heparin, dextran sulphate,
danaparoid, lepirudin, hirudin, AMP, adenosine, 2-chioroadenosine, aspirin,
phenylbutazone, indomethacin, meclofenamate, hydrochioroquine, dipyridamole,
25 iloprost, ticlopidine, clopidogrel, abcixamab, eptifibatide, tirofiban, streptokinase,

and/or tissue plasminogen activator) to enhance efficacy.
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cat arr hal '2«0(%200/% Streptococcus pyogenes (3%, and Staphyl ococcus aureus
(1.5% . The'e %¥¥6uIt is the accumul ation of bacteri a, whi PeTHBOBY 7Rl | s and
fluid which, in the absence of an ability to drain through the Eustachian
tube, results in increased pressure in the mddle ear. For nmany cases
antibiotic therapy is 25 sufficient treatnment and the condition resolves.
However, for a significant nunber of patients the condition becones
frequently recurrent or does not resolve conpletely. In recurrent otitis
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- a forrgof . Eustz%&xr)]i an_tube bypass"). 5 Surgical placenent of tynpanostony

tubes i< t HeMRBENtIpHa of rgatment; Specifisally. chronieptiis megia is oftareiiéatebavitius e,

al t hough n | T v ' which.in turn inprqves | anguage
devel opne n? §\e gﬁiég?éréé‘é’ﬁg 'edsr&?‘l?rem?mﬁ@%ﬂ@%“cﬁgsé v f@gcﬁhir?ﬁ"g SHUSFILS. 'S %?HHSHH% torny
tube pl acerteated withrsergitaltdraingigetantiAREPlacerié @t T3 siRLOSRAMT es in the United

States with 1.3 nmillion surgical placenents per 10 year. Nearly all younger
children and a | arge percentage of older children require general anaesthesia

for place a8 ggs&l anaesthesia has a higher incidence of
significant side erfec children (and represents the single greatest risk
and cost associ at ed Vidus bt PeaRAY Y ot bolrind? Bat@RbPiloh He HBg, NuTber

d to. Conmon conplic ¥

of anaesthetics that the child is expose atrons 15
t ynpano$t odpaugptindicatien ferrsurgicalierapy; thve leading cdvsa dfdfeaeingdoss aad bnf ection

by S. | i pfl Pseud .S ,
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i nf ection, thiplcoBariBe it eAMRER inABR IHaSEE 8 V6 B hilAbd ap 55 :pi@élﬁg anB@%{ﬁh: a

and/or clot), tynmpanic nenbrane perforation, nyringosc a
menbr ane ath@philed Stateaaidnen, In fact, 85% of all children 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 middie 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 accumuiation 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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easily renmoved in the office without anaesthesia, resist In and

prevent the formation of granulation tissue in the tube (which can not only

| ead to obstruction, but also "tack down" the tube such 25 that surgical
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t ynpanostony tube would al so reduce the incidence of corrpl [ catlons such as
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t anost o oatl applied to all or parts o surf aces;
a%g}) or (d)mﬂ%%@éﬁﬁs i Pﬂﬁe$gt%tﬁ£\9vgh Wnu!honemlcmmlamemmnostony

t ube. I:@ugyembaNelag afl, gﬁ ék f stony tube will
al | ow bacteri oci da drygg ve ghét}ggrlg(gg ;ﬁlﬁeg{éé%é‘ tﬂ@%PF?"%ﬁ%ﬁ@ﬂdﬁ@”‘%rface
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pol yneric carriers are partic it the number of
anaesthetics that the child is exposed to. Common complications of

15  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 aiso “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 andfor clot); and/or reduce tympanic
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sui tabl e fg‘; E’Z@S‘i’n this enbodinment. O particular interest are polyneric
carriers 200% #€ pol yuret hanes (e.g., ChronoFl ex AL 85A PCT/USPEMEL®ri al s],
Hydr oMed640TM [ CT Bi omaterials], HYDROSLIP CTM[CT Bi omateri al s],
HYDROTHANETM [ CT Biomaterials]), acrylic or nethacrylic copolynmers (e.gqg.

pol yet hyl ene-co-acrylic acid), cellul ose-derived polyners (e.g.
nitrocellulose, Cellulose Acetate Butyrate, Cellul ose acetate propionate),
acrylate and 25 nethacryl ate copol yners (e.g. polyethylene-co-vinyl acetate))
as wel | as Beewdane padordibn, yeingosclerdsim tgapanialmelebizgisatadpHyyamanost oy

t ubes: t - d_tubes, which tend to stay in pl for I than 1
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t ynpanost onpfactibeétharebynredecing the\riddabyreiovepapladdtiaé kg watlldbsizes, the
exact doge ad&hni stered wll vary with device size, surface area and design.

However , > cePPINFAB MeErH) adyapsamssat.appl i ed in the application of this art 5
Drug dose can be cal gyl f lan of dose per unit ar of the
portion of the devi gg a@%ﬂgﬁ%r@cdogﬁng%?%%& g?"%”"gﬁ’rh&'@WOHPSE‘Z'P&’%%‘H' be
measur ed arahd/epgoppsidataee forisRdIaRCS BbARd ShSice todkd | n be
determ ned., Regardl ess of _t he method of ap;ﬂ ?F(B}Ztior? o% Stmﬁgg%?gtg”\e?o t he

t ynpanost orlfPapestopydupe e flberdrg(d wandemernliedgarseveral seshreirsir(a) as ai n
conbinatio : 1 ni,stered . undep . the 10 foll ow n osin ui del i nes:
(a) Anthr a(r:b)(/)c‘;:‘l?i Pﬁé@gh%ﬁ‘ﬂ#‘g %S%Wésﬂﬁ?cﬁ? QESII"@HVW«E)&HB?‘QP%?L@P%(&@S@\%O ithpl e, -
whet hert1@prpplidd as tHe iped i ' ' [.S,: i ch
TKE i ey ) Shdfac e RS Fong 10 (Bfd Bbind"

pol ymer, t [fPrligd & alies pads ofibaty sisfanes; apglor () inbarpothtadiintexbe pelydfersy (range

arount of QMg ESuRPre ENBURERaS Kb Fange of 1)1 to 5 . The dose per
unit area (i.e. the Drug-coating of, or drug incorporation into, the tympanostomy tube
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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amount of drug as a function of the surface area of the portion of the

t ynpanost Y 0¥eMses6t o which drug is applied and/or i ncorporﬁéﬁg%oﬁ@ﬂl d fall
within the range of 0.01 g - 100 pg per mmR2 of surface area. In a
particularly preferred 20 enbodi nent, doxorubicin should be applied to the'

t ynpanostony tube surface at-a dose of 0.1 pg/m2 - 10 pg/mR2_ As different
pol ymer and non-pol ynmer coatings wll release doxorubicin at differing rates,
t he above dosing paraneters should be wutilized in conbination with the

rel ease rawdiahfstap@ plaug fér sevetd) g MANRI A MighbHPRe S B ch that a
“m ni num concent r.at |é§ of 10-7 - ?04 M of doxort?bi cl nei%gp% ?rrﬁ;&#t ai ned on the
g’é-r

surface. |PeFratiap gstymparestemyiubes are madedn agrariednobdrfigurfimsexceed
concentr at i I C tg be |leth o multiple species of
| oRopizes, B Sbhi el vabe ity o e eurince sume and

bacteria and fungi .,

enbodi nent designe How@ver weHain sHitkifes can bbi £iRB I reed enbodi ment,
doxor Ubb\i\;ﬁﬁg rel eased fromthe I%Er;‘:ace oéf‘mtﬁhg)i? §Hﬁé;%€f§§ta§2%§of§8%aggch t hat

anti 87 23 perploalted a9 aduneticreof deseper wnit arebg oMBieicHigR & f Or a
period rang, 3 . lshours to,several nonths. In a particularly
preferred %&%ﬁé@%ﬁ@\égggpbgo@aw dossdmisierestean ke mesrsised padi ons for a
period ranapprgpfiaiersutiace ncerrAlom i readily, gvident based
upon the di scussi ons provi ded Bere%ﬁﬁ?ﬁg‘%e gﬂ'gﬂs)%ugg daeﬁ%ggn%%rﬁ‘?a?f of

doxor ubi ci ¥ Panefbed of Beplicatien bt glugvibtthe Symphrsstbmpalibonak pRefolisdt y  can be

utilized fgr. ses _qf this jnvention, the above dosing paranmeters are
t hen adj us%gﬁ:ggg%'gé%orﬁﬁ L{sggtql&ner 8 Brqapbingtiem shogid beyadmnibieged undedihei vat i ve

as comparfellowingtda@irRpgaaéiregnpound (e.g. a conpound tw ce as potent as
doxorubicin is adm nistered at half the above paraneters, a conpound half as

10 potent as doxor uiRLAnthracyclines. sttiizing se hmihescyicite aBRYRILRA B8HEr S, etc.).
R et L RN
Lot oo e S A i A, Wiy 56 T
15 parti cuROMSK, fiestotaldode efiosbmibitin appited shauld ABPERGedS 28/ raRgs bEd Shoul d
be in 45 g1 ug to 25 mg). in a particularly preferred embodiment, the total amount of drug
applied should be in the range of 1 ugto 5 mg. The dose per unit area (i.e. the
amount of drug as a function of the surface area of the portion of the
tympanostomy tube to which drug is applied and/or incorporated) shoutd falf within
the range of 0.01 pg -~ 100 pg per mm? of surface area. in a particularly preferred
20 embodiment, doxorubicin should be applied to the tympanostomy tube surface at a
dose of 0.1 pg/mm? — 10 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. Itis necessary to insure that surface drug
concentrations exceed concentrations of doxorubicin known to be lethal to multiple
species of bacteria and fungi (i.e., are in excess of 10~ M; although for some
embodiments lower concentrations are sufficient). In a preferred embodiment,

doxorubicin is released from the surface of the tympanostomy tube such that anti-
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t he range ) |ig to 1 ng. The dose per unit area (i.e. the amount of drug
as a funcﬁ%%’%?h?he surface area of the portion of the tyRPENVSEYHTPL t ube to
which drug 1is applied and/or incorporated) should fall within the range of
0.01 g - 20 g per mmR of surface area. In a particularly preferred

enbodi ment, mtoxantrone should 20 be applied to the tynpanostony tube surface
at a dose of 0.05 g/mm®2 -3 g/me. As different pol yner-and non-pol yner
coatings wi]l release mtoxantrone at differing rates, the above dosing
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effective cibroa@diusied encorfling ta thereiative poginey of thoandloyeetsr defivatetdts. |t
shoul d be readé%% Svir%jent based upoa t he di scussions provided herein that
anal ogues aft RAPAIRHE Baregt COMPEYURA{ e gha compaimddmiascas Botant @si ousl y) with

nal ogues At RIPAIACNY B & 91 ou
Tnvent | on: - { et aRana. dagierar aliot e S5 bl AR o e

rel ati vid pratenicas déxdrhbicimna laamigistsred eit W@éiiwgagg\,@?g@ﬁ&@rg,%ﬁﬁe par ent
conpounfle.g. a co und twice as potent as mtoxantrone i s adm nistered at

hal f the above par amet8Zilg mtexpmneahanethes egampletofan anthescyatinane i s
adm ni st er agh@het 44 ov.e..nar ISy 4ELC..) . B{WFI uor.opyrim di nes
Utilizing the PFU%&@%?!’%S% hpﬁﬁ-%%ﬁlﬁgbﬁ'ﬁ@ﬁmt?g mtgﬁ?wg)pé &S wipie \F/T@k%ppl i ed
as a pol ynmaup thedyimpgnostonyi thbeabesppliidovittitfut RO HABF &oly%h‘%ﬁe BRSPS bf1e
t ynpanost or’%, tube, or applied without a carrier polyner, the
itoxantrone applied should not exceed 5 mg (range of 0.01 ug fo 5mg). Ina
15 particularly preferred embodiment, the total amount of drug applied should be in
the range of 0.1 pg to 1 mg. The dose per unit area (i.e. the amount of drug as a
function of the surface area of the portion of the tympanostomy tube to which drug
is applied and/or incorporated) should fall within the range of 0.01 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 ng/mm? — 3 B
pg/mm’. As different polymer and non-polymer coatings will refease 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 107 - 10°® M of mitoxantrone is maintained. Itis
25 necessary to insure that drug concentrations on the surface exceed concentrations
of mitoxantrone known to be lethal to multiple species of bacteria and fungi (i e.
. are in excess of 10° M:; although for some embodiments fower 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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total dose of 5-fluorouracil applied should not exceed 250 ng (range of 1.0
Hgto]ﬁwmﬂﬂm%iIna[mmicmaﬂy[NﬂewedeMmmnqu%ﬁ&&mflammm of
drug applied should be in the range of 10 pg to 25 ng. The dose er unit area
(i.e. the ampbunt of drug as a function of the surface area of the portion of
t he tynpanostony tube to which drug is applied and/or incorporated) should
fall within the range of 0.1 Pg - 1 ng per M\ of surface area. In a
particularly preferred enbodi nent, 5-fluorouracil 20 should be applied to the
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I S nmai nt ai PCT/ USQ3/ 167 eriod ranging from several
hours to gg\t}g}rc gl(yfrtrtg%tg ﬁgi.g\el"%%lglg%ﬁ%‘ﬁgﬁsa?cl"ppﬁegf@%g%gar%@ﬂ]pﬁ’gﬁﬂ%e-lgeadrug i s

rel eased icampbliadtwice asopstent asiiitoRanteHe & REHinRYLAMIHAE thd Log] week - 6
mont hs. It ShOL¥| d be readily evident given the discussions prow%led herein

that anal B§HEECERY aedmpeund aalf a8 petent as moitoxanitioné s adetrdstehrDabiwge Vi ous! y)

wiit h sigm h@agé{@cﬁé Ciiwm ty can be utilized for the purposes of this
i nvention; the abov@%&%‘%h%ﬁc‘ araneters are then adjusted according to the

rel ative potency ofb)tFiaofsiRrigitinés @mfﬂiﬁﬁlﬁevﬁc??%ﬁ%ﬁ{eegﬂ&?@bg%%parent

conpound e.g. a conpound twi ce as potent” as 5- rour aci i st er ed
at hal f t AR €XBEPLe. yheiher 2pnliedascopplymet deating dscqpbened atio thd boRffeg acil is
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pol ymer ctulidoge df Befudrotrict @pphédshbifid Pt ¥REE&H 250 mg (range of 1.0 pg to

15 250 mg). In a particularly preferred embodiment, the tota! amount of drug applied
should be in the range of 10 1g 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. Ina particularly preferred embodiment, 5-fluorouracii

20 should be applied to the tympanostomy tube surface at a dose of 1.0 ug/mm? - 50
pgimm?.  As different polymer and non-polymer coatings will release 5-fluorouracil
at differing rates, the above dosing parameters shouid be utilized in combination
with the release rate of the drug from the tympanostomy tube surface such that a
minimum concentration of 10™- 10”7 M of 5-fluorouracil is maintained. 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 107 M; although for some embodiments lower drug levels wiil be
sufficient). in a preferred embodiment, 5-flucrouraci is released from the

tympanostomy tube surface such that anti-infective activity is maintained for a
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whi ch rrakewtﬁ) t he tynpanostony tube, or applied without a carrier polymer, the
total doseY 0¥98H6si de applied shoul d not exceed 25 ny (raergendbsfs7ieog to 25
15 nmg). 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.
t he ambunt of drug as a function of the surface area of the portion of the

t ynpanostony tube to which drug is applied and/or incorporated) should fall
within the range of 0.01 gg - 100 g per mR of surface area. In a particularly
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total dose of etoposide applied should not exceed 25 mg (range of 0.1 ug to 25

15 mg). In a particularly preferred embodiment, the total amount of drug applied
should be in the range of 1 ug to 5 mg. The dose per unit area (i.e. the amount of
drug as a function of the surface area of the portion of the tympanostomy tube to
which drug is applied and/or incorporated) should fall within the range of 0.01 ug -
100 pug 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 10°- 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; aithough for
some embodiments lower drug levels will be sufficient). In a preferred
embodiment, etoposide is released from the surface of the tympanostomy tube

such that anti-infective activity is maintained for a period ranging from several

90



t'he di scussi ons provided herein that conbinations of anthracyclines (e.g.,
doxor ubi cM &¥09pdssoxant rone), fluoropyrimdines (e.g., 5- fﬂéﬁﬁ%h@ﬁ%' ), folic
acid antagonists (e.g., nethotrexate) and podophyl otoxins (e.g., etoposide)
can be utilized to enhance the antibacterial activity of the tynpanostony
tube coating. 15 Sinmilarly anthracyclines (e.g., doxorubicin or mtoxantrone),
fluoropyrimdines (e.g., 5-fluorouracil), folic acid antagonists (e.g., ]
nmet hot rexat e) and/ or podophyl otoxins (e.g., etopoz ide) can be conbined wt
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[ | I dr ai nage nekes the sinus prone to infection
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infected s %tﬁlg{.agg%BB%@F '3 ﬁa%?eﬁ?‘il@hhﬂ"gﬁ/mwv@élﬁfﬁﬂmﬁt etof). t he O(C)st ea toI I
' bst ' I r -1 he mucosa. casionally
L aront (a oyl ndri ool CriRanafO therms? 1t LhoRBieTeStnt g R wen oot ca
open) is |@ﬁtdi$w5{>‘iﬁésm&ﬂde@h?mtr@tgomtimiers@f ﬁﬁft{ﬁg@ygggs g@fl_ggt 13 Innlt 258 teel
resence o .operat.ive swelling. Stents, typica € ) 3 :
(F;r 10 pl as@?@?&é@ﬁﬁrﬁmt%aﬂﬁﬁegi F‘HB"O&(VEP%IPG%(@Q-'@rﬂ%OEmlf),\f@e:I@:Idbef ore being
removed.  antagonists (e.g., methotrexate) and podophylotoxins (e.g., etoposide) can be
utilized to enhance the antibacterial activity of the tympanostomy tube coating.
15 Similarly anthracyclines (e.g., doxorubicin or mitoxantrone), flusropyrimidines (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, maxiliary,
frontal and sphenoid). All are lined by respiratory mucosa which is directly
attached to the bone. Following an inflammatory insult such as an upper
respiratory tract.infection or allergic rhinitis, a purulent form of sinusitis can

25 develop. Occasionally secretions can be retained in the sinus due to altered ciliary
function or obstruction of the opening (ostea) that drains the sinus. Incomplete

drainage makes the sinus prone to infection typically with Haemophilus influenza,
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Unfortunately, the scents can becone infected or overgrown by granulation

ti ssue thatwﬁéwa%(’?%ﬁ them ineffective. An effective sinus steatrgswausng woul d
all ow easy insertion, remain in place for as long as is required, be easily
renoved in the office w thout anaesthesia, resist infection and prevent the 15
formati on of granulation tissue in the stent (which can not only lead to
obstruction, but also "tack down" the stent such that surgical renoval
beconmes necessary)- Therefore, devel opnent of a sinus stent which does not
becore obst SliepEgobsUS preETubalpRlcaRIMGAtAINRAISNVEiIRAaa, i Pedtbakguand is |ess
prone to inh%ﬁig{% %.uld be beneficial. 20 In a preferred enmbodi nent,

doxor ubi ci n,” NTEFRAIFIBhacNes and srgingpeciesaidurgi. et oposi de are formul at ed
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surface @f the si anstbstent; (c) as a coating applie or f both
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Si nus stent 3 | . r..drug i ncorporation.intgo, the sinus stent
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subsequent dﬁéelopnent of sinusitis), I I'e" produci ng ne

exposur e t o°%hd CREQYS lefhin theuesia to ensweslrahagd id MA0LREY KSH WS/ 16719 agent s

ol ynmeric ' equired f ttachment of the drug to the sinus
gt e%t sur f ;@%?égé%%%ﬁt%‘%rﬁhﬁgﬁweﬁ'ﬁgri SIS yRICaly thadg @Htgin!ﬂﬁ%tmm@rf or use in
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removed in the office without anaesthesia, resist infection and prevent the

15 formation of granulation tissue in the stent (which can not only lead to obstruction,
but also “tack down” the stent such that surgical removal becomes necessary).
Therefore, development of a sinus stent which does not become obstructed by
granulation tissue, does not scar in place and is less prone to infection would be
beneficial.
20 B

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
(Juminal} surface of the sinus stent; (c) as a coating applied to all or parts of both
25  surfaces; and/for (d) incorporated into the polymers which comprise the sinus stent.

Drug-coating of, or drug incorporation into, the sinus stent will aliow
bacteriocidai 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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acetate)) as well as blends thereof. 10 As sinus stents are prone to the sane
conpl i cat voh83/emasiei nf ections fromthe sane bacteria, the gg,ﬁlbg& gglitgdel I nes
for doxorubicin, mtoxantrone, 5- fluorouracif and etoposidé’i ¢! i ng sinus
stents are identical to those described above for tynpanostony tubes. G

I nfections Associated with Urological Inplants 15 I nplanted nedi cal 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
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devel opi ngprgpianatedgairyive sepPaiethddriigtd & ' - ol 'I.gh'gg In catheterized
patients andt%(g:l ounts_for 30% of LZ?I cac?gs'*rﬁa}n%i(tgﬁ'gam%{e RGNV, difficult

to treat & 32well esiblensisgheeathock and death (up to 50% of 5 patients).
Therefqre, there exiyst Lgni ficant i cal need to produce inproved

urinary catheters cg%a rlugs %ﬁ%’%e%ﬁcﬂrﬂﬁe ﬁ&eisr?ﬂ‘%l@%‘@"%?h%ﬂsi?mmf@tlaos i nfection
in cat hetfeonh Hedsarae beolesia, (leeddsisd gGRBIRYS BRESSoRbidM GELL00 s bacteria
typically found in the bowel or pesr;i neum t hat gcrlrg:i)gfgﬂerﬁﬁ%xq%?@% g‘p t he

cat het er ﬁaog&]r%l%@&§@ppgdemcoatmg sinus stents are identical to those described

above for tympanostomy tubes.

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

93



10 nornal ly sterile bl adder. Bacteria can be carried into the bl adder as the
cat het er igvopﬂ@é?%ed, gain entry via the sheath of exudat e®CTHE03/same ounds
the catheter, and/or travel intralumnally inside the catheter tubing.

Several species of bacteria are able to adhere to the catheter and forma
biofil mthat 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, Pseudonbnas aerugi nosa,
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has™ been | gKigenglyificelhta estarichest esdiiltie saptit shbegsd Heatre@!th 5% i N t he

sel ecti o? of .dru}g-.@gﬁsrift anf1 bacteria. An effective urinary catheter coating
woul d al PowPBURRISK nthsrefoss, thateexisisa sipadigant medicakneqdicepiodone amgraweevent t he

formati on ofriRiQfdstkabm ; : effective cpatjng would prevent
or reduce the irgci dence %#%Bfela‘?\ﬂ%’ﬁ@’ g?ﬁe itrﬁ%%qqeocgﬁuwg ﬁ’ﬁ@bﬁ?ﬁq’%,'” and/ or
sepsis. | n gatpetefricededtienisodi ment, doxorubicin, mtoxantrone, 5-fluorouracil

and/ or etoposide are ,Forrrul ated into a coating applied to the surface of the
urinary catheter. The ¥ Gpstsommpmeaugsfiinteciion ichantetia typicaiyrfound &) thas a

ti ' : f th i theter; 94 WO
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urinary cat HEeRPd. gain g0y aia thg sleativef exudgtesithat somatndstientatheteheand/bnar y
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growth. With short-term catheterization, single organism infections are most

15 common and are typically due to Escherichia coli, Enterococdi, Pseudomonas
aeruginosa, Klebsiella, Proteus, Enterobacter, Staphylococcus epidermidis,
Staphylococcus aureus and Staphylococcus saprophyticus. Patients who are
catheterized for long periods of time are prone to polymicrobial infections caused
by alt 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 result only in the selection of
drug-resistant bacteria.

An effective urinary catheter coating would allow easy insertion into
the bladder, resist infection and prevent the formation of biofilm in the catheter. An

25 effective coating would prevent or reduce the incidence of urinary tract infection,
pyelonephritis, and/ or sepsis. In a preferred embodiment, doxorubicin,
mitoxantrone, 5-fluorouracil and/or etoposide are formulated into a coating applied

to the surface of the urinary catheter. The drug(s) can be applied in several

manners: (a) as a coating applied to the external surface of the urinary catheter;
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exposure to the drugs. Although for some agents polyneric carriers are not
requi red oo ozewashment of the drug to the urinary catheteg ﬁﬂg&ﬁf@z sever al
10 polyneric carriers are particularly suitable for use in(f P38 Bdi ment . o
particular interest are polyneric carriers such as pol yurethanes (e.g.,
ChronoFl ex AL 85A [CT Biomaterial s], HydroMed640TM [ CT Bi omateri al s],
HYDROSLIP CTM [CT Biomaterials], HYDROTHANETM [ CT Bionmaterials]), acrylic or
met hacrylic copolynmers (e.g. poly(ethylene-co-acrylic acid),

cel | ul ose- ¢iErasvedop@ 1Rd(t8 168k i Wil , | ul ose Acetate
“Butyrate, g?l | ul ose a%/g?ﬁat g tgf%%i%%’&'?@ﬁ'@ﬁ?ﬁwaﬁ% OafgﬁtJe r‘i’épﬂ%ﬁﬁﬁ%t?é (Ebpol yners
(e.g. pol yPefrfAatRa-apelied hyal acparst ef bothsunebesamd/éf @) deorReaRef intdhelr | Nary
cat heters &SI %ergw e%] cat heters, suprapubic cat hetersS are nmde In a variety
“of configuParine Rl GroRdse thearinasy falBIEE. adni nistered will vary 20 with
devi ce size, surfacepas es, : ..certain principles can be
applied_in the appl i catgﬁg%éo cﬁh?ﬂs&gjpt'. ﬁég‘{tﬁﬁ’é‘éﬁ{"cﬁ}? Bﬁ"%lcé'ﬁ'f%?%‘ﬁmas a
functiof opllovbseteperidaninugdewss {wbe abhieped lo@ily oh thBalRybCs ReiNg Koat ed) ,
total drug can_be nmeasured and appropriate surfacé

dm ni stere ) asu
concent r at {Bgig)é%%gftﬁgé@q:q,@ceoqfﬂ@c@d@l salopzadiphi( Ard sulbkenuent dsselopmieheofret hod of
appl i cati ogrigdrytt i ] et.er. the preferred anticancer
agents, use(Ij a ollr?gt gfélglr?h%(?%ﬁg?éncgﬁeﬁéf%ﬁ%tﬁ%ég%%n%aﬁgﬁﬁ@?’eﬁyé MfRder the
fol | owi ng @IS tihgalrige sAltiia)ghMar bb.ﬁ)@)/@dérﬂ@ﬁoiyme%rici Hrfigrst g Rt hr acycline

doxor ubi ci n_as ampl e, whet her applied as a polyner coating, incorporated
into the p%%'ffﬁ&gor %Cgﬁ“%%th?pﬂmaéo the HERgYcathedeesudanesreatat, or appl i ed

wi't houtjga et cRiohO: rfjglml ol r. the total dose of
doxor ubi ¢i'n Aep T d e afepatiidty Sl B A BB mentg i Festisuiapy - 1 a
parti cul arlngerp$tea‘rerpodgdne!id)mfﬁmrﬁuchté’@pd@@r@'thér@t{@tg.Péhﬂfdégrl%@ﬂf?bbﬁd shoul d be
in the rart%jgf 1 to 5 rE%’I TheTgoseléer unit area (I1.e. the anount of drug
as a functidn~BMalefialsl, FvdaMentdd oiCT Hiometarials], by DR@SUIR 63 yCB cat heter to
whi ch dr uBibfaaedis1ER NRCRI QT d} should fall wthin the range of
0.01 g - 100 g per A Eﬁf\ ace fgﬁ’e@%%e%wﬁﬁﬁ%m ArPGBERtisr r ed
copolymers (e.g. poly{ethylene-co-acrylic acid), celluiose-derived polymers (e.g.
15 nitrocellulose, Cellulose Acetate Butyrate, Cellulose acetate propionate), acrylate
and methacrylate copolymers (e.g. poly(ethylene-co-vinyl acetate)) as well as
biends 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 appropniate 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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enbodi ment, doxorubicin should be applied to the urinary catheter surface at a
dose of 0. WQ¥/48#86 10 g/mme. As different polymer and nonPEBlughETsTEDAt | NGS
will release doxorubicin at differing rates, the above dosi ng paraneters
shoul d be 10 utilized in conbination with the release rate of the drug from
the urinary catheter surface such that a m ni mum concentration of 10-7 -
10- 4M of doxorubicin is mintained on the surface. It is necessary to insure
that surface drug concentrations exceed concentrations of doxorubicin known

to be | et hapolymemthé tqthkbdosensfciossnaicipasppicd shafl Aot icebl 25 mgdFfhddofeXCess
or .sone 15 enbodi nents | ower concentrationS are

of 104 M t.hou .
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parti cul ar | gmpuet efidred aeERALIRNGT thets HItd aréarcﬁ'tﬁélﬁsﬁiohhrbf%é %ﬁhéﬁf 4 b

non 0 e

concentrgtions for a period ranging from1 hour - 1 th. Tt s
readi |y 20 Ghefento yhiggriruais appfiegdsandine insomardtet) isaoeidriatl hathiratrel regges and

derivati | €] I bed ' l ith siml f ti |
activity om0t BB PYORE bR AP e Shirps atel ol pineiddbtARGRed he' above dos ng
par amet er s erhbodi@mt,alixafiticin sREGRS I%%B?ﬁiéﬂ e’ lﬁ%%ﬁth@ﬁéfﬂﬁ%c@f the

anal ogue or_derivative ag conpared par ent conhpoun aatcaonpound
twice as pdlassiofds! aghamibi 1 mo/mmidisniifersnt polydBeradndhadr-polyenerametings

araneters, nd half as,potent as doxqrubicin is adm nistered at tw ce
!to he above p“z‘é'?é%é?g%?"%‘%@!cjﬁ %'ﬁ?'i'“zg FRfes &@%ﬁj@f@lr&p@\mm% sheuigibe of WIan -
ant hr acy@! ingized Wedhisinadw Wit dhé fe@aR8! yf@g:ﬁf tﬁg?ﬁu'aggrp{de@\%\%rﬁ%ﬁ%ggqei%: fi th‘e

pol ymers which make up the urinary cat ﬁe1 r,
pol yner, t H&rage guch that aomird@uiNaadedien JPAT UDBY Mt UdxBHibriang r one appl i ed

shoul d not ceed (range of 0.01 pgto 5 ng). Ina particularly

pref erred '8&'?&‘&?%%@”’?%8&" BrRRGASSEFY Wringueepibet sdrfagediug be in the range
of 0.1 pg tedntenBatiohRx3iesq Lo §dworSbichNGoaiPunt., of. 4rug as a
function of the surface ar egiﬂ@?e#ﬁﬁg‘og%rc?iadoo%éoo 'ph}rw"rﬁtgﬂgﬁ %é’?ﬂé?g'?u%ﬁev\hi ch
drug is 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 se\)eral
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 read'ily

20  evident given the discussions provided herein that analogues and derivatives of
doxorubicin (as described previously) with simifar functional activity can be utilized
for the purposes of this invention: the above dosing parameters are then adjusted
according fo the relative potency of the anatogue 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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- concentrati ons on th sur

5 applied and/or incorporated) should fall within the range of 0.01 pg - 20 pg
per mmR WO &medmee area. In a particularly preferred enb 1%/6 It oxant rone
should be applied to the urinary catheter surface at a dose d pg/ mMm2 - -
3 pg/mR2. As different polymer and non-polynmer coatings will rel ease
mtoxantrone at differing rates, the above dosing paraneters should be -
utilized in conmbination with 10 the release rate of the drug fromthe urinary
cat heter surface such that a m ninmum concentration of 10-5 - 10-6 M of
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conpared to the parent conpound (€.g. a cohpoun W C t as
mi t oxant r SHEEMNG rates Mesebovaidesing pbfarhétersastmd peraiieé®irscorabir BtiGowRAUNd hal f

as pot ty rone i stered at twi ce the above paraneters,
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pol ynmers  which nake up the urinary cat hgtg}?HaﬂqameH 1 g CERAY 1 carrier
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15 sufficient). In a preferred embodiment, mitoxantrone is released from the -urinary
catheter surface such that anti-infective activity is maintained for a period ranging
from several hours to several months. In a particularly preferred embodiment the
drug is released in effective concentrations for a period ranging 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 utifized 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 totat
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of drug asge ngél on of the surface area of the portion of the urinary ‘
catheter t3'% et drug is applied and/or incorporated) sh&GTASOHME7IN t hin
the range of 0.1 pg 1 ng per nmmR of surface area. In a particularly preferred

enbodi ment, 5-fluorouracil should be applied to the urinary catheter surface
at a dose of 1.0 pg/m®2 - 50 pg/mMmR2. As different polynmer and non-pol yner
coatings will release 5-fluorouracil at differing rates, the above dosing

par anmet ers shouIF gﬁguti lized in conbination 10 with the rel ease rate of the
drug from t A85& Pl Adluprousasibarplios shad neuetcesdal5Samgrtranigaint tOpgetasg i on of

10-4 - 10- ofi, 5- 114 racil i intained. It is necessary to insure that
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a peri 0d°r aﬁglﬁk‘g&“@ﬁ%%&'@:@?@oh@&pgm{@egé§éggp Abmiths theraageaf itoug arl y
preferred emposkrmmme of Bers | Y. ' t] C ations for a
period ranging frrom T hout:'riéi:'E é‘l%a_ %ﬁﬁﬁi&@ggkg;ﬂ%f—%g ér%%%‘ﬁ%ngﬁ'@é‘?fpubqqpen t he
di scussi onsShid beepplied & thet irinarg Catireaoguremeadt desd ¥ad OYRPMAT — 50

5-fl uorouracé@n(]as de !?ri bgd grevi oysly) with simlar functional activity can
be utilized” t'hé\sﬁﬁ EBLRONYMer 3Nd NoRvRAIYMER coatirgsanivreleage S-gprparamiiet er s
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potent %8 Swith the welearsi fate of thendraSioen & aindrgldathdier ARey& ARHANBIErS. a 25
conpound hal f .as as S5-flugrouracil is admnistered at tw ce the above
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in excess of 107 M; although for some embodiments lower drug levels will be
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 pericd ranging from 1 hour — 1
month. It should be readily evident given the discussions provided herein that
20 anﬂalogues 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-flucrouracil is administered at half the above parameters, a
25 comppund haif as potent as 5-fluorouracil is administered at twice the above
parameters, 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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a particularly preferred enbodi nent, the total anmount of drug applied should
be in theveaseessf 1 g to 5 ng. The dose per unit area (i anmount of
drug as a function of the surface area of the portion of %’ﬁ‘éf‘]ﬁwlﬁa}ﬁy cat het er
to which drug is 5 applied and/or incorporated) should fall within the range
of 0.01 g - 100 jig per mmR 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/mm®2 - 10 g/mR2. As different polynmer and non-pol ymer coatings
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i nventi on; ve' uo%g PR aRErS sRoyd et yilized i %mb@atiam-dﬁﬁagl tS o the

relatl u8 prliemeyrats ofthe dig Bt heQirly LML ABCEURALES 1 0ol hic, - bar en!

cormpound (e;g-;a conpound tw ce as potent as etop ey at

hal f the aBol pHt M eteposidecismaintainéd ft inReRalsay (ARsBiCPAPEGfads 25
adnm ni sterg,q' g‘lo Eg\%?e[ t he aboge Bar aneters, etc.). (d) Conbination therapy, It
shoul d be Teddify=NAIEREXE8CE §oligRmrations ofietanesideoknovm tvbetthiicoei n t hat
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et hot r ex2MBROGIMenkolivphging levelsswilldegsuliceMpOR] & pleBABIRENGKINE03/ 099346
PCTI USpg/ ]&Z&&;ide 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 & 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 utiliz.ed
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., S-fluorouracil), folic acid

antagonists {e.g., methotrexate) and podophylotoxins (e.g., etoposide) can be
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utilized tQ enhance the antibacterial activity of the urinary catheter
coating- SR ant hracyclines (e.g., doxorubicin or m t BRENEIISEY
fluoropyrimdines (e.g., 5-fluorouracil), folic acid antagonists (e.qg.,

nmet hotrexate) and podophyl otoxins (e.g., etoposide) can be conbined with
traditional antibiotic and/or antifungal 5 agents to enhance efficacy.
Ureteral Stents Ureteral stents are hollow tubes with hol es along the sides
and coils at either end to prevent mgration- Ueteral stents are used to
rel i eve obstllizedite gshaneatiesantibacterai astidty ofdhe gmiaaoydatheercaaiing.t at e t he

passage of % @? &ﬂj‘ to allcew 10, healing of ureteral anastonpses or |eaks
following s {”3 @a TBPYCIIRES (§1geydoxQIubignQrdpiteratons) uareRyrimiginesdels. adder
or per cut angaUstalrYdi | LGy Of 1 Qf v L f to 90% of
ureteral stents dgndd' 'Of&)hﬁgéig?éggé{%?"gﬁﬁsme %’n’?b oé%xgg L]I‘aiwg %@h& ﬁégﬁqﬁ%i dence

i ncreasi ng (en@. ttopgeide) ban beawimbised withl teavitionaPaetibioi® aRE/ReNYlingasa i s the
nost corrémn Sﬁ‘%éh?f?%{l}" but Enterococci, 15 Staphyl ococcus aureus and Candi da
al so cauge ¢ T 1aNESrli¢3Ye treatnent frequently requires stent renpval
in addition to antibiotic therapy. Unfortunately, ureteral stents can becone
I nfected or encrusted with wurinary salts that render themineffective. An

ef fective UleiemshBlestent coating would allow easy insertion, remain in place

for as long as is reﬁi_i red, be easily renoved, 20 resist infection and prevent
the formation of urindeierabstests amdialiow labeswidl hlesalongdhe sideseret adilsst ent

which d : .ed .. ' ti d [
bl'ace and 1A 0EEEATE BRYERMRIGRIRY, YRR IS ARt e stptnbishey
enbodi ment ,(cdosaxt tpswines ofimalighahEe)) o faﬁsin‘tété%ewagﬁ'%oﬁ&%%, c?rttS%g@i e are
f or mul aiﬂed into a coating applied to the surface of e ureteral stent.

The dr ulf{ s)healiRasé uegipral agastemasesailicakeiodowing syrgery ar tenanangheppte ed to the
external AR Rlos BB A e oSt S e TR b 2151 1o
al | or par traicadbifi®idhAIBrAORIUNPRIGI% diatolerl¥tdRE LRd 30% develop significant
bacteruria with the incidence increasing the longer the stent is in place.
Pseudomonas aeruginosa is the most common pathogen, but Enterococci,
15 Staphylococcus aureus and Candida also cause infection. Effective treatment
frequently requires stent removal in addition to antibiotic therapy.

Unfortunately, ureteral stents can become infected or encrusted with
urinary salts that render them ineffective. An effective ureteral stent coating would
allow easy insertion, remain in place for as long as is required, be easily removed,

20 resist infection and prevent the formation of urinary salts. Therefore, development
of a ureteral stent which does not become obstructed by granulation tissue, does
not scar in place and is less prone to infection would be beneficial.

In a preferred embodiment, doxorubicin, mitoxantrone, 5-flucrouracil
and/or etoposide are formulated info 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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surfaces; and/or (d) incorporated into the polyners which conprise the

uret eral Wexmnwe34dr ug-coating of, or drug incorporation i ,U§$ﬁ€ﬂgetera
stent will allow bacteriocidal drug levels to be achieved locally on the
stent surface, thus 5 reducing the incidence of bacterial colonization (and
subsequent devel opment of pyel onephritis and/or bacterem a), while producing
negligi ble system c exposure to the drugs. Although for sone agents polyneric
carriers are not required for .attachnment of the drug to the ureteral stent

surface, sawficak: M/Mmhﬁboﬁﬁjrﬁ{égﬁt@ﬂ%p g,%j.scwh%‘l%ﬁdﬂsteat legurf% r Eé‘[use in this

" enbodinent. O partic r interest are polyneric carrier S

pol yur et ha#est. (e. g., ChronoFl ex AL 85A [CT Biomaterials], HydroMed640TM [CT
Bi omaterial s], HY LI P CIM [’ﬁT Bj omateri al s], . HYDROTHANETM [ CT

“ Biomaterials]), acryl e GRS E%fciwg NOERIP R o 1Begireteral stent will

pol yet hyl eqiRwEBadi&hddidA R&d | el r . 9

nitrocel | ul ose, Cél I!ul ose %gisggeﬂéé%@%ﬁfocﬁg\??ﬁ%%gggigé'i?%’6}?%i onate),

acryl ate aedudipg tes maidepcaioé bacipabycatosizéBorg(arPsusehlEheds déhibRYds acet ate))
as wel | as_bl endg..thereog. As ureteral stents are prone to the sane
conpl i cat | YFONGRGIS, ARYOT BRsterarigh, While msicigoiegiiohle sysletisexmpsyre tel | nes

for doxor YRk G ' t - racil and _etoposide in coating
ur et er al g ![a g?#. %rbsé;méﬁ%ﬂtf{)@%ﬁn? %g{% h{glsj‘g({ t%eﬂ%g 2rpegr %B@V@qf‘g?d l?ﬁ"i nary
cat het er s.attashmeat of theldrike td the: dretaral @bhpaSTARS SEVERApOAleriddaRddy 44t het ers,

drug rel ease.czgaorrl d,%%&u%é) over a 2 to 24 week period. Uethral Stents Urethral
stents ar @M Yosu! F H5€ fretids embpdinente (Pt particiaminterest aretpolgseric

det r us exehidra! ' gi et obstruction 25 due
to benign pr(l)e'i‘}tgastu ?g%ﬁ’b%ﬁe)ﬁr?tgéﬁ%é/[‘%hé c?[@ﬁ‘?@%?@ﬁ%@bf%"@@ﬂﬁ{sgxpandi ng and
conposed diydreMatic4QECal Biosnatéridish) HYDROBRIM DAY SCTEGIatridhg! Yur et hane.

I nfection st_pften due to Coagul ase Negative Staphyl ococci,
Pseudononj'gység)r%&%s alC TERipaiatedals]), agylipaymedmantyiic copolyusersSerg.ati a and

Candi da. Jp%?y(my%g‘/egc%ggﬁlicf %ﬁ}?é@ﬁm%gg-jd%rived polymers (e.g. nitroceliulose,

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-
fltucrouracil and etoposide in coating ureterai stents are idéntical 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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Tr eat ment g} I.nfected stents frequently requires system c antibiotic therapy
and renoviC B9HE device. An effective urethral stent coakCHySHaerd al | ow
easy insertion, remain in place for as long as is required, be easily
renoved, resist infection and prevent 5 the formation of urinary salts.
Therefore, devel opnent of a urethral stent which does not becone obstructed by
granul ation tissue, does not scar in place and is |less prone to infection
woul d be bepeficial. In a preferred enbodi ment, doxorubicin, mtoxantrone,

5-f1 uor our g@?ﬁtm%md)/f drfeetedstanitd dreguentlp requimsesystarhio amtibaicitherappiriged to the
surface of | n%vgfgfttﬂé‘a .10 stent. The drug(s) can be applied in several
manners: (a§3 as a co teﬁf{feappl led to the external surface of the urethral

stent; (b) as a coatigpge ' t ' I Ly, nal) .surface of the
urethral stent; (c) as aﬁﬁg{a?ﬁ%&gﬁﬁﬂﬂ%ﬁgﬁou&é ag@g#?%%#”%e ¢ 'eM@ces;
and/ or (d) i plasiefor as ixhg axt is rebeired | hereasiywhindvedo st 6ok aﬁépré@éqt stent.
15 Drug-5cpg‘é+?% Of'b or, dr u'gl |agcor oration into, the urethral stent wll allow
bact eri oci PAoP &l drsatysalis. dharelpse, develanmenimfaeretirahstestwhinbe, t hus
reduci ng t ek de I ' jon, (and subsequent devel opnent

of pyelonephritis gﬁﬁ g{bsﬁg%erﬁéﬁérgﬁg‘%bﬁgggg'o% Y gt B'iaﬁ?é‘"gy%t emic
exposur e t ¢esstprondta gecthint Woulghbe benesfivi. agent s pol yneric carriers are not

required for 20 attachment of the drug to the ureteral stent surface, several
polyneric carriers at®d Psefered arabedimeant. daxosuliioin, mitoxamtrome, 5-fudrodiaoint . Of

i cul ar 4 iC, - i er. | h 9.,
Phr onoH ox el etost EaRoNiBcq 6 o d Bt Te Fers i sied dno arathia
HYDROSUIOP Stiit] The Birog®) ean 8bHnpliedPBRSTHANRENHERT I@i éﬁ@fc‘aég@ Shbtiedfs Y/ i € or

met hacryliﬁéqcopol mers (e.g. 25 polyethyl ene-co-ac I c acl
cel | ul ose- H¥ £X¥eH13) sHifaer of the. wethiak steoki(bl o s epatite bpplieas b hedh®irealBut yr at e,

o oy DSBS B oL Y Sl o Somvstoss oo
surfaces; and/or (d) incorporated into the polymers which comprise the urethral
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 bacteriat 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-vinyt acetate)) as well as blends
thereof.
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PCT/ US03/ 16719 As urethral stents are prone to the sane conplications and

i nf ecti on¥0 #¥WYH346he sane bacteria, the dosi ng gui del i nes g@F,y ?q,g;&? gbl cin,

m toxantrone, 5- fluorouracil and etoposide in coating uretera ents are
identical to those described above for urinary catheters. However, unlike the
formul ati ons described 5 for urinary catheters, drug rel ease should occur over
a 2 to 24 week period. Prosthetic Bl adder Sphincters Prosthetic bl adder
sphincters are used to treat incontinence and generally consist of a

periurethral inplantAs drethrpl steareRte MENPEOFIGIME cB S i rs _can be
“ conpl i cat efdf\%@i’ﬂl nfection (usually i npat he first 6 ﬁoﬁ?ﬂgﬁg‘r{%r Q%C?*Paﬁry) wth

Coagul ase & yanebags WI%&’&@OSWQ Seideiineg f@tdgpnbciocmitexamprdg s di s)
St aphyl oc aer a, Enterococci, Serratia and
" Candi da. ?ﬁ%@@gﬂgﬁ etqp?%r%ﬁ%t@%&%iag $)d @r]é;?eﬁtﬁf’{ﬁ Kerbcalitadigset i on  and
purul ent dtescribem abovrior hginaBeEsthbes. SHbRevEN ank tipn is
t hr oug tr}e I nci sion at the ?Fme of surgeﬁ\/f ang ﬁélpﬁieofo%}'%fngé?gg%ﬁ?qq c bl adder
15 sphi [ Wiy Gatheters ediugaretrasgi sheuldhechs sives a @ fiol 24 weelgpeadd t echni que. To

hel p conbat this, intraoperative irrigation with antibiotic solutions is
often enpl oyed. Treatnent of infections of prosthetic bladder sphincters

requires i@ Blagluey Siphivfctérge devi ce and anti biotic therapy; replacenent of
the device nust often be delayed for 3-6 nonths after the infection has

cleared. An eff ecti Veosthetipbladdaesphindtbesiarer ussphionei indopditibRee &?@' d BESi st
I nfection I.NCi I ntervention. In a preferre

enbodi mentg% nge{ligg:%&éf QFa HF['BS?&H??WF@“%%W%B‘PB@P‘&BI of Pféﬁtﬂe@iﬁ%adﬂmm de are
f or mul at edphmtmracan@bldwnﬁi&atéﬁ&f Infeddof @YERER L fFé?%SmB{@a)st gLic bladder

sphincter. The drfﬁ%&ﬁ) can be led in seve manner Fas a coati ng

appl i €@ t SUEGREYY Qulaaeﬂ\mtwe Stamnhrmh(ahalodlbbﬂﬂﬁ{yi@@j&bngt er; and/or
Cohi e or BB e BRI R A BB TBIAS Serinobe, Eitbrococer, "
Serratia and Candida. Infection is characterized by fever, erythema, induration
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, mitaxantrone, 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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Dr ug- coat i r;lg §f r drug incorporation into, the prosthetic bladder sphincter
will allow'bq ?@P' Hei dal drug levels to be achieved | ocal | y PCIRIf93M€dCi Ng

t he incidence of bacterial colonization (and subsequent devel opnent of
urethritis and/or wound infection), while producing negligible systemc
exposure to the 5 drugs. Although for some agents polyneric carriers are not
required for attachnment of the drug to the prosthetic bladder sphincter
surface, several polyneric carriers are particularly suitable for use in this
enbodi nent. O parti chreg-coatingo® st deuginpotporstioreinta thé erestheshbRSIder

I t har (e q. Fl e L 85A [CT Biomaterial s], droMed640TM [ CT
D onat or 1 o Sph ot Begseribetdan i byl dp PRIAHICRIDRGHNANERVEOTG |
Bi t i al i ' t AV . .
oLy (et hy| e incenus o taétefiBl LAY pidh (RRAINERlEnt Feitionment of urethiits

ni trocel | ul 8B&or @skindlinfeetidmewaile pladuyoing AeglietblewyermiseXpabarelbaRLONAL €)
acryl at eg agd nmet htgcréllﬁ?t e %géol ynmers (e.g. polyethylene-co-vinyl acetate)) as
wel | as °bl 8HEgS- FHiBPUgh forspme agepisinalymenie cadiess asp hohisgeireddore prone t o

i nfections g@é@ﬁgermbftﬁ%grwhgﬁgﬁ%ﬁ%g%ﬁggg;ﬁér’]i\h\né{e(hlsﬁg%lg%; catlhet ers, the

dosi ng gui del i nes for XOT bl ¢i'n, Flaland et oposi de

i n coating polgmeniecaoierblane garticsidtiyifitabfe BF 8sk 4 His ebddimbhP ped
above for wuri narga cat heters. However, unlike the fornul aﬁponés(gfe‘g%?i%’éag for

urinary cat fEeslarealyneds easiers suehas palywrethanes ée.ga ChronoBiéxvikesAher i od.
Penil e | npl i L2 { to treat._er | nction and are
gener al | ;rp f@?ﬁ@%ﬁ g] Wﬂ{dﬂ%\\élgds%@s @ri ?W@Fﬁﬁﬁbﬁﬁ@%@-’%ﬁiﬂu{g%um. The -
pl aceme® oBiopetétials], MY DROTHANE Be[COBRIM A8FHSE]) DX al ly in the

first 6 25 m)ng hs after surgeré) wi t h Coagul ase Negﬂgpﬁf:?ghgt%g%é@ﬁ?ococci

(i ncludi ng © Gisdect Poly(elby atasiylic scaphsellndasecderivad solgneRSEUGoNDNas
aer ugi nosa, p; 0GCI ryati.a d I da. The type of device or route of
insertion olterg%lﬁj(rl)%%a élgit(égI%eﬁﬂgi%gﬁr@géyelﬁjﬁs@c??%ﬂ € prRpihetenacylate

charact eri zart mgteRy@bie &pANIIRER (e?é?‘bo%ﬁﬁfié}%g@é—@myl 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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PCT/ US03/ 16719 induration and purul ent drainage fromthe operative site. The
usual rouw® @99e3saf ection is through the incision at the Biég[?”@fﬁ surgery and
up to 3% of penile inplants becone infected despite the PP e sur gi cal
technique. To help conbat this, intraoperative irrigation with antibiotic
solutions is often enployed. 5 Treatnent of infections of penile inplants
requires conplete renoval of the device and antibiotic therapy-, replacenent
of the device nust often be delayed for 3-6 nonths after the infection has

cl eared. Amdetrdirsmtd i i ting.woul d_resist infection and
- reduce the inci denécﬁf%@%gé gl-t ?F\gt“grg %ﬂ#{no{rﬁ'%ﬁ)ﬁ) eég[bvlgesf' r {88 UsHBLGUtRAL

doxor ubi ci Wfegtiondx througinéhe Befsioroaiomeashe of dRgaRHRy u;?idjﬁ%sci)ﬂ?efﬂi%e formul at ed
into a coatiﬂggtg\pppl ied to the surface of the penile inplant e drug(s) can

- be applied™ & amens degpile the best sterilengpraiopl ieetinique. Mhehatxt er nal

surface of i i i /[or (D) gncorporated into the pol yners which
0 OB, traoBB AR i RO it Ayl R B o | nto. the

conprisg the penile 1 nplan ug-coa

peni l e Prpl ant will TraéStraddtawitfactend Sk i =Y

| ocal ly, thﬁg reduci ng the i _n(;i dence @'(C)‘jf bac"?ﬁe)té?‘;sli '%\é@tr%ﬁitcga ?%%q?’gﬁﬁgp
subsequent 2'd8§ deyisreand tibialicdherapye canlaveraent of dey dewcé andstofipn behi | €

pr oduci ng Wy T a] P ) osure tp the drugs. Al though for sonme agents
pol yneric d(i:]é]lgir,‘lécgfrolsP 32? @%’@ﬁé‘%fe&%ﬁqﬁgé@é@n 5?? ﬁéﬁ%ﬁtﬁ%?ﬁ?ﬁé’e RNMg ifwlartie penile
| plant s uedaing wouly essit IDRCNOREE rédidd MESnABEnERbH deGHldN digh0 Sui tabl e for

use in this enbodinent. As penile inplants are prone to 1nfections caused by
the sanme bacteria d8 ad¥elared embodinentydoarhicior mitokastrotas iSmuatdugRli nes f or

[l ants e o PIAg S Brinel B Fnolibues e surinee ordte mecia o
However, umnipidd. The dragsy tah ib@%pggd mgﬁyérgpﬂaﬁgérsglj@% 8@8@’8&‘5@% g drug

rel ease shouJd occur over a 2 to - wee peri o
PCT/ US03/ 18119 erdernalsedere ak theseeniedtmadanti amd/an) ncuepeakeinth Fieacheost ony

Tubes polymers which comprise the penile implant.
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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Endotracheal tubes and tracheostony tubes are used to nmaintain the airway when
venti |l at or WRA8¥$%¢4nce is required. Endotracheal tubes tendpco/usesiarsed to
establish an airway in the acute setting, while tracheostony tubes are 5 used
when prol onged ventilation is required or when there is a fixed obstruction in
t he upper airway. In hospitalized patients, nosocom al pneunobnia occurs
300,000 tines per year and is the second nost conmmon cause of

hospital -acquired infection (after urinary tract infection) and the nost
cormmon i nfectionti n |lofectipas Asaosiateidwitin € ndotradsé atandaFractkmstomyaadeani al
pneunonia is a frequent,K cause 10 death with fatality rates over 50% Survivors
spend on average 2 m@v@tmﬁge'{tuﬁ)ﬁs Fngdmaheostanay tubesarawsieddostainfain theat nent

is close tog; Il : | i.a §S st n use of excess
mor bi dity e areh epaERel SsRlartBI IR e AGidRE ) R PaS BB et s who
are int ubateskd tel extatilishlan diwsy irf Bk RIES EENBgSWHIE TELhedQEmVI1BSS érﬁ% willh

devel op nosocom al 15 pneunobni a. However, patients who aré severely ill with

ARDS ( Adul t USe&kphenpigngad wntitationdgrnaaudined ohwhendheresatadixadhabst@tios france of
d | opi ] [ It is th ht. { hat new organi sns col oni ze
e or bpnar TelRpRramhay, | PRSITEN & pabions? SR Mgk Huma S0 008
stomach, artimes per pérthridds iti® 686 SHErioRE comBR! %ﬁisré‘%(%@ﬂ?ﬁé{&% bg‘l ly

e

contam nate the endotracheal tube. Bacteria adhere 20 , forma
bi ol ayer anBfaipp(after usiven Wactisfestisolane tHeomobacommion infeationamiCger osol i ze

and be carr(i | S ly.,int.o the lungs. Chronic tracheostony tubes al so
frequently %ag%ggge lbg{‘%%ﬁ?’éﬂv‘?\fﬁ? %E%P&Qﬁ?@’agé’@@é'moé“%ﬁo%\ffeﬂ@e%tmepneunoni a.

The nDS10 c i@ wWiRYs Y GIEFOhoR | [ ' t aphyl ococcus
aureus (17%, Pseudoﬁtnygjgt aer ugi no@'as?ﬁ%,% éﬁ%té‘gg?'gﬁ%gg%?u‘%ﬁ'fsaé’“gﬁ%‘, 25
Ent er obact diospded anthithermmapbostud tieatmennizaidsefp. $Tb@RiNENt requires
aggressive therapy wigh antibiotics., An effective endotracheal tube or
tracheost ony tube codtadfialpleHmopEsisdheimed corynonsauge el excesstmortbidityat i on of
bi of i | min ddembk i Y I RGs oul d nt _or reduce the
i nci dence of p_neu?rlg%i'[ﬁ?a@;erggwoaﬁgugggétksg?er{\mlk%p%%g)”%’@ﬁ%mu ated

electively (i.e. for elective surgery), less than 1 % will develop a nosocomiat

15 pneumonia. However, patients who are severely ilt 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 fungs. Chronic tracheostomy tubes aiso
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 (9%),

25 Enterobacter (9%) and Haemophilus influenza (56%). 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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PCT/ US03/ 16719 a preferred enbodi nent, doxorubicin, mtoxantrone,

5-f 1 uor ouMgEIY98HE/ or et oposide are fornulated into a coaidpgs@RpbLed to the
surface of the endotracheal tube or tracheostony tube. Due to its activity
agai nst Kl ebsiella pneunonjae, nethotrexate can also be useful for this
enbobi ment. As cisplatin and 5 hydroxyurea have sone activity agai nst
Pseudononas aerugi nosa, they can also be of sone .utility in the practice of
this enbodi ment. The drug(s) can be applied in several nmanners: (a) as a

~coating applPrelgred enttmdimeet; dekosbidinaRitofartife, SH@BH&SB@?Bd/})rbe. Orl )
um na

tracheosto t uhe, as a,coating applied to the interna

surf ace. of %Rgsgﬁcﬁ% ?%fEH’i%{?d iiiga epatingaannliedtothe sutase ¢ictheandatraciagaing 10
_applied towdklorefach f t rf.aces. .and/or. (d) jncorporated into the
“polyners  whi ch ggn%?%tég@ttﬁggeﬁé%ﬁp e{%haecg'lww aganst &'P%’ﬁ’@ﬂ@&é‘ﬁifﬂ?"!%e.

Dr ug- coat i mgthsfirexate chrugisd beQisealldbi B eMbebintdIR. ARIM Iﬁtﬁbgﬁé tube or
tracheogtor%ét ube %uNH | all ow bacteriocidal drug |levels to be achieved locally

onI t he ca’? E’é‘f”"% F*‘é%é?m?rﬁﬁ%i"ﬁlgagéilnﬁgPswdwmgMosbagfeqrdaa)a|§0 .

col oni zat i 4SU ng.  devel o nt. of pneunpni a and sepsis), ile

pr oduci ng '%'negl %ﬁ%%ﬁ"@%g}%yng&h%%@ﬁ g%ﬁ?"%%ﬁﬁ‘@@.’“ﬂﬁ k80&e dnplieddme agent s
pol yneri c ssweralenanrers: (anad alcdavhg plied tiHaASHERA s@rffaée%"gft qug to the

endotrachealdé)&ube or tracheostorny tube surface, several pol'ynmeric carriers
are parti ctiogtighed|itebe petragheastemy tubeii(b) as atvodting applicd tometihghar | nt er est
are poly IrSinGR [, Q ret hanes 20

(e g - Chr onsina spHEGs oftie LrpuBRa¥al Che 3F Greirontrmy teoricb anecating]

HYDRCSLO P applib{ €7 aBoopaie6f bdthlsurfdd BRI HNE RS acrylic or
met hacrylic .copol yners (e.d%.g posluy(et hyl ene- é’gmad@r@?’?{c ac?oggr{,eﬁéoj}%ﬁ%se- derived
pol yners (V) CRMPrise é1q endstracheal lubeawdrasbebstbmyBubgr at e, Cel | ul ose acet at e

propi onate), acryla \nd_met hacryl ate copolyners (e.g. poly(ethyl ene-co-vinyl
25 acetate)) as wel aggg?tg]ﬂjgﬁpﬁﬁp&ﬂco ratiRvinte dhe sndetrachest duhe acheost ony

t ubes ar e traatieo$tonsy tubé wal MowwbaSeRbLuf &Ugﬁ@?eiéw b& ia%ﬁgeﬁlg}jg(g%q‘?ﬁgam dose

adm nistered wll vary with device size, rrace area r?.”tﬁSwever,
certain prAate) sufacantve regiting the imcidemcepf baciiabtolohizblibs (#{d - Drug dose

can b al unction of dose per unit
Sy sﬁHgé&L?eqwtﬁav&oEmen of pneumonia an% 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(ethyiene-co-acrylic acid), cellulose-derived
polymers (e.g. nitroceliulose, Cellulose Acetate Butyrate, Celluiose 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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107 WO 03/ g&g&%ﬁ PCT/ US03/ 16719 area (of the portion of the device bei ng

coat ed), 3 ?‘H@ dose adm ni stered can be neasured and BgpUSHyicaie surface
concentrations of active drug can be determ ned. Regardl ess of the nmethod of
application of the drug to the endotracheal tube or tracheostony tube, the
preferred anticancer agents, used 5 alone or in conbination, should be

adm ni stered under the follow ng dosing guidelines: (a) Anthracyclines.
Utilizing the anthracycline doxorubicin as an exanple. whether applied as a
pol yner coa®iefgof heckirion af e deice bhmgprda}@rﬁ)r totavdrug dosBkRIniRistded can

endot r ache cheost.0 be conponents, or 10 applied wthout a
carrier poﬁiflrrewrrg%% ﬁéd '{"%‘?QPP@B%{%?U ?W@Ffﬁt"a‘b‘bpf@ﬁw@lﬁug@anme exceed 25
ng (range ofeterrhined. tReai?d ed enbodi mrent, the
total anount 01"" Ic?r ug a%ﬁsllggggﬁm% %eﬁﬁéépﬂ@(:%ti%ﬁg?% Jf“?l ’F?E.O 5 ng. The dose -

per unit arerdqtiacbeatthbe amtracheostoduabastha ﬁréfé?ié@éhti&fanké‘reaﬁéﬁléalzs%gar ea of
t he porté f the endotracheal tube or tracheostony tube t e rug is

appl i ed 153‘§H‘8P6P‘ ‘F‘?{Egﬁna i hppid he @dmirigierediundienthetfellowingaiosfng). 01 Tig -
100 Pg per goificirelk: surface area. In a particularly preferred enbodi nent,
doxorubi cin" should be applied to the endotracheal tube or tracheostony tube

surface at a dose of (@) Antljdag&MVBes, L@ﬁﬁhgﬂ'ﬁe aﬁﬁ'lrgéjcilﬁé%%(ow ﬂe above

non- pol ymer__coat.i rel ease doxorubicin at fering rates,

dosi ng par & Sxample n\gﬁ@ﬁpaa%:e\g 23 . pelymer mtlognmcnmarmdvmtdtrtefmlymél%ase rate
2 i mum conce A R Rea U8 P ichaBRERUNLBP Forparenta, srned on the
oot Al o ponoa Kalrar e, Wl BB A o ONLR AR ShbaR BT
bacteria af°PaRgh g (@nge & 8.1 pgé&é’ésngbfIn]e!)piam:calaﬂblw@@rrfeﬂremgédl
Goor uby o e Ao BE0RIAB) BB SRo i begh thn chianmt  ubo fimp bho doce.
tracheost omper unhereai(le. thahnBht of MUGHd ¥ furfkiibh\dr e 554! JLal G for a period
portion of the endotracheat tube or tracheostomy tube to which drug is applied
15 and/or incorporated) should fall within the range of 0.01 pg - 100 ug per mm? of
surface area. Ina 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
embodlment 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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rangi ng from several hours to several nonths. In a particularly preferred
enbodi mnentwohsoesyuy is released in effective concentrations fromthe '
endot r acheal 108 WO 03/ 099346 PCT/ US03/ 16719 tube for a peff&¥SPH¥MgIthg from 1
hour to 1 nonth, while release froma tracheostony tube would range from1
day to 3 nonths. It should be readily evident given the discussions provided
herein that anal ogues and derivatives of doxorubicin (as described
previously) with simlar functional activity can be utilized 5 for the

pur poses otyuddYos aiga¥iBRLL QG ove,dgsing, paraneters are then adjusted
“according to thear% a?{é@&gg{f@ﬁ@% rltchg ﬂ%’%ﬁoﬁb@eﬁ’eﬂ%ﬁfﬁ?ﬁt@ ve as conpared to
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m toxantro f apt hracycline, whether applied as a
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endot r aBhefor theiberposes bAIIEPSEMBH: O 8bo0s dlégiﬁhigfa‘i'ar‘ﬁle{é?g %&e ?Pge%?%@rgd pol ymer,
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the total dose of mtoxantrone applied shou exceed f 0.01
pg to 5 ngfcCaing ipdhe fekativernofenmesfdhe exatotusdomasivativd s Ok Raréd R of drug

15 applied : lh the range of 0.1 pgto 1 . The dose per unit area
(i.e. the p%ﬁ%@“@&@@g&aasc%mgﬁﬂ%q piRe g R%%”@ﬁng@é%u@ﬁédsaﬂmiﬁetqﬂedt i on of

t he endot ratdieithe dbabe p@farﬁét@?é]%oc%rﬁﬁa{uﬁd‘ﬁﬁlfﬁg pg{&%ggﬁdggggniﬂﬁc-ap | 'ied and/or
) i'97s

I ncorporated) should fall wthin the range o ’B per mm2 of

surface ar¥@dnNNstergdsd twicedbambgvepafameteds, entipdi ment, ni t oxant rone shoul d be

applieggto the endoty .tube or 20 tracheostomy tube surface at a dose of
0.05 pg/m2 - 3 pg/ Wgﬂgs%'&?)ﬁr‘g@@ﬁtas Wtb%?x%ﬂﬂerﬂf@nwtbmvclﬁ@ati ngs will

el ease mwhathol apyiedado dbbkAic ealiAl Sheololibrc I g BRLA-ERHIELEL S Shov! d

be utilized in conbination with the ase rate O

endot r ache#! theydlogiacheal duks ot agheasihems tnbfe ae i Witkbua cBirddrMum
Mof mtoxantrone is maintained. It is 25

necessary N, tCiomalotg of lodnpies Zopiarksomid met spdestbmexisangs of

concent ratd.0fhag to 5 mg). Ina particularly preferred embodiment, the total amount of drug

15 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 endotracheal
tube or tracheostomy tube to which drug is applied and/or incorporated} should fall
within the range of 0.01 g - 20 ng per mm’ of surface area. In a particularly
preferred embodiment, mitoxantrone should be applied to the endotracheal tube or

20  tracheostomy tube surface at a dose of 0.05 pg/mm?® — 3 ng/mm?.  As different
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. Itis

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 d rug 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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of mtoxantrone known to be lethal to nultiple species of bacteria and fungi
(i.e. areWHOHRYEs of 10-5 M al though for sone enbodi menPETIUSBEI6TEY Ug

l evel s will be sufficient). In a preferred enbodi nent, mtoxantrone is

rel eased fromthe endotracheal tube or tracheostony tube surface such that
anti-infective activity is 109 WO 03/099346 PCT/ US03/ 16719 nai ntai ned for a
period ranging fromseveral hours to several nonths. In a particularly
preferred enbodi nent, the drug is released in effective concentrations from
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Sa
coating, incorporated into the polymers which nake up the t ube
or tracheosthemadiusited apeordingl fodbie vilaticripotent§ of the aralogot wrderivathe 4ot al dose

f 5-fl | | ed_shoul d d 250 . f 1.0 to 250
my - in'a s IBRE Brepl R eholildEina or R utes 55 ARisMESol drug appl | ed
shoul d be imitbkentioneds admidiSteded at RRIF AL add\Re ﬁ%%%e?\@fsh a%rﬁ?cl?%nﬁﬁaélk% htehe

anmount of drug as a function of the surface a 0 € por
endot r achediotentzs mitoxaritsrenistasininistéyed tah twickahe dibage ipairampldredtand/ or 20

I ncor porated) shoul d within the r e of 0.1 g - 1 ng per of surface
area. In a particul ar(Lil:MPBW'EUdBTP&omﬁ%'HQ,thgﬂﬂpmﬂyémld@'ﬁl 5-Buerousdicasappl i ed

to th | - d f 1.0 g/ me
g0 . o e SR, Wi oplibd o SN c8 ARG MRSt Bud BT pOmress
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utili Ze‘Ij 5 | nczacrﬁ)grb ;i)or??r%ieug, rt]he total dose of 5-fluorouracit 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 porttion of
the endotracheal tube or tracheostomy tube to which drug is applied and/or

20 incorporated) should fall within the fange 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 ug/mm?’ — 50
ng/mm?. As different polymer and non-polymer coatings will release 5-fluorouracil
at differing rates, the above dosing parameters should be utitized 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 (/.e. are in excess of 107 M: although for some embodiments lower drug
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25 with the release rate of the drug fromthe endotracheal tube or

t racheost omg 08/0d384¢ surface such that a m ni num concentration of 10-4_ 10-7 M

of 5-fluorouracil is maintained. It is necessary to insurBCHVHE/SE¥ ace drug
concentrations exceed concentrations of 5-fluorouracil known to be lethal to
nuner ous species of bacteria and fungi (i.e. are in excess of 10-4M although
for sonme enbodi nents | ower drug 110 WO 03/099346 PCT/ US03/ 16719 levels wll be
sufficient). In a preferred enbodi nent, 5-fluorouracil is released from the

endot r acheddvdidm 1y 0 surf ace that anti-infective
“activity i sV mai nt ai ?\lgefg@fgﬁg' Z'{ gg?%%gae@%%ﬁpg:%EEWQPQC?'H%W%&@ kewer al
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t he pur poseeg of fIhi s invention; the above dosin araneters ar § then
adj usted afTTPH FYndblrRHieastanay fuhe wouldirepgefrotht dagab aguen®s. destio@i i ve as

conmpar ed t ge t&&yiRAL R .(e.g. a conpound twice as potent as 5-
fI uorour aci [ "?és\dliggarm ni é@%@ﬁ”ﬁ%&%@{pg%ﬁgr@mg%@m analoggesengound hal f as
potent as defVativeouf Blubriuradn@sticscAbES p viéd!lﬁ%\éi!m?inﬁlgggue araneters, etc.)_

(c) Podophy] oéoxi,ns Utilizing the podophyl ot oxi OpOS| I0Q! acfixityy appl e,
whet her ap%qrf @ ubilized fapihpiurpeses phiis invemtiq tiag abovei@sihg aPsh¥ides are Whi Ch

Take. uto! MheAAIAAF BEa UG 16K (il @Qﬁ%@ﬁ&@&{g‘é&e@aﬁé@&%rﬁ&%ﬁg3& 25 my
L L R R L
| agi phramadtens) aforbpsurRtRdinge area of the
oot |0 Sy AR I A SRl R T et s pn 2o © 100 o
per m2 of surface (c)Podophylotoxins Utilizing the podophylotoxin etoposide as an
15  example, 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 pg to 25 mg). In a particularly preferred embodiment, the total
amount of drug applied should be in the range of 1 pg 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 fali within the range of 0.01 pg - 100 ug per mm? of surface
area. In a particularly preferred embodiment, etoposide should be applied to the
endotracheal tube or tracheostomy tube surface at a dose of 0.1 ug/mm? — 10
25 pg/mm’. As different polymer and non-polymer coatings will release etoposide at
differing rates, the above dosing parameters should be utilized in combination with
the release rate of the drug from the endotracheal tube or tracheostomy tube
surface such that a concentration of 107 - 1g¢ M of etoposide is maintained. Itis

necessary to insure that surface drug concentrations exceed concentrations of
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area. In a particularly preferred enbodi ment, etoposide should be applied to
the endot WA&LB®EP34 ube or tracheostony tube surface at a doB€TwROBI6IIPgG/ ML -
10 25 pglmR. As different pol yner and non-pol ymer coatings will release
etoposide at differing rates, the above dosing paraneters should be utilized
in conbination with the release rate of the drug fromthe endotracheal tube
or tracheostony tube surface such that a concentration of 10-5 - 10-6 M of
etoposide is maintained. It is necessary to insure that surface drug
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etoposide is 15 adninistered at tw ce the above paraneter _
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15 administered at twice the above parameters, etc.).
(d) Combination therapy. It should be readily evident based upon
the discussions provided herein that combinations of anthracyclines {e.g.,
doxorubicin or mitoxantrone), fluoropyrimidines (e.g., 5-fluerouracil), 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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elrerI oyed, ‘P%P é%:e? { A’?‘sb‘?r ”é@'dﬁﬁ'ds'lse'ﬁﬁwﬁ@s e exshadgephdialysantirodgh | ur e
atient8_ (the. 0] : _ I | sease. .signi ficant nunber of

F hose i nf (ect irf)ér}g aerl‘g‘]I1 gg%ﬁ%@% Ct%?)féﬁﬁgggﬁé%"@%d:peﬂﬁ%@%@ﬂ’%ygﬁtcégleft‘?f- 10

Hemodi al ysRega@iassof theaform dfidiagsis foaigloyed, pRebReH & th@‘ﬁ%c@n&'l’éﬁdﬁﬂbc%é al i mune
susceptible to infection.” Infections of

response t&e&e makes y’ugm particul ar Iuy

henodi al yst'<eaE BsEnalialurepatients (4 o% ad all daathe) afier hearthtisorgeear | y (Wi t hin
nmont h; t hodighitic ' F " f surger nd |ate (after | nonth;

t hought to be réerﬁar?ﬁ'&b%trgﬁgﬁéé'g%%w@%%ee)ge %ﬁﬁwatoglh?éggyﬁ'&ﬂr%‘éﬁd%%proxi mat el y
2% of AVF'itsefecone infected while 11- 16% of PTFE grafts will becone infected
on at | east one occasion. Although infection can result from extension of an
i nfection froman adj acent contam nated tissue or hematogenous seeding, the

nmost ctimdtemadisfsfAddeksedhfd is intraoperative contam nation. The nost
common causes of 1 nfection include 20 Staphyl ococcus aureus,

Ent er obact eri aceae, Kiiretydfailragsatiefts 8R0S dys@nbtional immune response that

makes them particularly susceptible to infection. Infections of hemodialysis access

grafts are characterized as either being early (within month; thought to be a
complication of surgery) and late (after 1 month; thought to be related to access

15 care). 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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Coagul ase Neéqat | ve Staphyl ococci. Conplications arising from henodi al ysi's
access grawt P&t on i ncl ude sepsi s, subcut aneous i nfect PGHUSeIM6E® aneur ysm
formati on, endocarditis, osteonyelitis, septic arthritis, haenorrhage, septic
or thrombotic enboli, graft 25 thrombosis and septic dealth (2-4% of all

i nfections). Treatnent often requires renoval of part or all of the graft
conbined with systemc antibiotics. In a preferred enbodi nment, doxorubicin,

m t oxantrone, 5-fluorouracil and/or etoposide are fornulated into a coating
appl i ed to $HBPRURMEEEthsf syirtileticl BeMOd RBAED 9GAG SREA. USAS/dHGJ(EY cagmeonent s of

t he synt het i | S access, graft. The drug(s) can be applied in

sever al mané rdsé:aq?gfe%é?g'a@ggﬁia) gﬁﬁl ‘?Q?&“B@F’Pﬁﬁgé fdemal pedace of thehe
graft; (b) fla(nCeRtd Pdat j t | : k.nal rface of the
graft; and/%r% %tic)) as a %?ﬁgdégﬁﬁgg‘ébﬁﬁgpﬁ‘%ﬁ%@ S %)fftﬁg&r%%sq.ﬂd(%rces. For
an AVF, thelCliP8g Galing @pplied toaiiol phed of bbth surkaves] Far anVR e BhRFREURY ound

t he outsg'debo; th tfistul a at. tP_e time of surgery Drug-coating of, or drug

i ncor porat i oh A HURRE A P ufgical Wmpleakpigeed peoung the catsideobthetfetilacitdiae dr ug

| evel s to hﬁn@@lpg@pg@g,-l ocal ly-on the graft surface, thus reducing the

I nci dence of bacterial colonization and subsequent devel opnent of 10

i nfectious conpli cat iRnug;costingefpsrodhugiinesrbeeitioniiMotheHSISRLR £08eS Ej?&‘tst o the
rugs. o] r sope. agents polyneric carriers are not “required™for
d Alth F%{‘] f ngﬂ t | _ t d
att achnent ‘B ﬂg%ﬂﬂfﬁﬂo grug laysls/teehe achiayed localiver thagtaftsurtadey tiaug t abl e
for use inelhkifgamd e . icul ar .interest are po ric carriers
such as pol yur ef hanes ﬁ&gffg@ﬁ%{ﬁgﬁﬁ@&r O SRI[ S%gl('ﬁﬁt ggqu]vgnt of
Hy dr o Vel 4 0nfectipGTedibpRiationt ewhié plod ibIE Vs tefrlc Bl fid 1,
HYDROT HANE'Iﬁ'gJ&CT Bi onat erial s]), acrdWigrret hg&cr ﬁ[(l;c @tg%%)r?)}ér)r@lr'i (e.g.
pol yet hyl efE-8%. 4thgughfor seme) agerds polyoeericieariioscanpalof mequirdasiog.
ni trocel | ulpsen C Bytyrate, . Cellul ose acetate propionate),
orylate anear R PER R eRy Samiort o baicuRel soitoblyior et at ) ).
col I agen, Htisemiridimant. OEpSISCLBE efest AR PHlyREHEChiss BRI al ysis access
graft coati ng woul d reduce the
polyurethanes (e.g., ChronoFlex AL 85A [CT Biomaterials], HydroMedg40™ [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-viny} 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,
resuiting in lower mortality and morbidity for patients with these implants.

25 As hemodialysis access grafts are made in a variety of configurations
and sizes, the exact dose administered will vary with device size, surface area,
design and portions of the graft coated. However, certain principles can be apptied
in the application of this art. Drug dose can be caiculated as a function of dose per

unit area (of the portion of the device being coated), total drug dose administered
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i nci dence of conplications such as sepsis, haenorrhage, thronbosis, enbolism
endocar di ty¢@oz/@sigonyel itis and even death. An effective coating would al so
decrease the number of henpdial ysis access grafts requiri nBtVERAEEent
resulting in lower nortality and norbidity for patients with these inplants.
25 As henodi al ysis access grafts are nmade in a variety of configurations and
si zes, the exact dose adm nistered will vary with device size, surface area,
design and portions of the graft coated. However, certain principles can be

applied i Rl lon of this art. Drug dose can be cal cul ated as a
- function o%hrfjlg‘"ge pew&ﬁéﬁ’fa%‘?rgﬁ”? SH@EWPBHBW”%W@@@QiM benibg coat ed),

total drugleteseinadniRugat@eadoflihé mgg@g%%g@%t@géﬁﬁg%lﬁﬁéecan be neasured

and approggi ate surface concentratio det er m ned.
- Regar dI ess SPOYiAYSigeaasess orafafe prefeirehanficarver dguetst asédgionBeFagi al ysi s

access gr ; referred anticancer agents, used alone or in conbination,
o s b Edmbih o B o SRR ke dhe idiowing desing iguistslings ( a)

Ant h /cli Ut liaes .cin as an. exanpl e,

et hacY oLl oy ae SFARMbEgCREd B6ikng B SMPIAREE BofiuBlin Saane Cuni ch

meke up t FEaRRi®hethel appliedemssa QOanermﬁﬂ@@,eiﬁb@rpbwéth% tﬁ@gag,ﬂqe% Teflon),
u

or applie ] t a carrier polyner, the total dose of doxo Icin applied

shoul d no?"’ﬁ% Eﬁaﬁeé’é’ ‘f?ﬁ W%@Y%lﬁ agcespgraficcaspergnts (such ambaconl @t | v

pr ef er r ed Teflog)rbPehpRH wi f.dr applied should be in the

range of 1hpgﬁ¥g®5b ng.wlf't?\%ﬁgg%erﬁ%rewgﬁ@%' tﬁ?é%ay&.’%{ 8{%%"05%[3%3%"9%@ as a

functi on &POYKRA exteed2d mgaanfe bhe. peg td RS tiha Lal ¥sd cess graft
et e s P Pt

to whi i | i and/ or _incorporated) shoul | he range of
0.01 p@-l- %%db'ﬁeﬁ‘g&%g@"@mwpé%g arrlied should bein thautamgkyof dref &r 5 ed
enbodi menmg. dAheddsal kd : i the 15 henodi al ysis access graft
surface at ga dosed%ﬁédmfﬁga?g%%%é%woﬁg'?ﬁfrgfugﬁgs ag‘i"?(%@f’é?{tth%éwﬁw and

hon polyrerea sthegetn o hodealjasacubt yrarel, A UG AL, 200"
the drug p%ﬁ?ﬂ%ﬁéﬁﬁﬁﬁé@%’f@“&%é@%gegﬂé@-tmsw=f 4@ g upsh rrhadf surface
area. In a particularly preferred embodiment, doxorubicin should be applied to the
15 hemodialysis access graft surface at a dose of 0.1 ng/mm’ - 10 pg/mm?. As
different polymer and non-polymer coatings will refease 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 167 - 10 M of doxorubicin is maintained on the surface.
20 ltis necessary fo 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 reteased 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 simitar functional activity can be utilized for the purposes of this
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m ni mum copcentration of 10-'- 10-4M of doxorubicin is maintained on the
surface. Zﬁmvpmpguﬁecessary to insure that surface drug conE€RUReHi6019s exceed
concentrations of doxorubicin known to be lethal to multiple species of
bacieria and fungi (i.e., are in excess of 104 M although for sone

enbodi nents | ower concentrations are sufficient). In a preferred enbodi nent,
doxorubicin is released fromthe surface of the henodi alysis access graft
such that anti-infective activity is maintained for a 25 period ranging from

several houR¥entions eeabevendoring parametepnatsd thenaadjysted ateoniasy teteadisipat t he
drug is rel ' ffective concentrations for a period ranging froml week .
- 6 nont hs.ﬂ?ﬁ h%f{}f‘g %‘%fqgé’go‘?r@?@@ﬂ&%ﬁ? cgmpared (R e RereakremBound (eigdad

her ei n t hatcoafs w@URiceas pBRIn ¥8ldoksautidi L criked
previously) with si m'(I:ar Pﬁnctiongl i‘éﬂt&?lﬁféeﬁgﬁét&g&uéfﬁ?gﬁ %%Jr%t he purposes -
of this 115a/NesrseoasasipPamd HBIIsLBRESt asdexdrubiain ishrinsibRvercdasitiitenpeamet er s

are thern adj ed accordi to the relative potency of the anal ogue or
%o % iapdretire A

derivativ e parent conmpound (e.g. a conpound tw ce as

potent as doxorubi ci ntjiigingdfiteMaHtRInRL2EndiRbE el‘%}ﬁf’%bc\éa?}%gh?%%’tﬁﬁésé a conpound

hal f as pot ellrgthgs dnc});égrubl cinis admnistered a

par anet er s,\w N appiled] asza pglymer @oatihg oneopsraadtimethe ErsfhieR mak

ant hracycl i ne vvhet(;]er applied as a polynmer coating, ;pﬁ?glr‘poratled ‘?anteo t he
pol yner s witiPdhe hgediglysis iccaesamtisyish @sddawen ogiaflen) sushpéed Bitbowa or
Teflon), orcapiH dofn [ the total dose of mitoxantrone
appl i ed shoul d nﬂot eé\ﬁégﬁ%%gal%)s%gﬁpb'g%&@?ﬂgﬁgg@kEg spguld rmj)e_xcpﬂgg Plrticularly

pref erriéd dremgeiofénd1 pgite Stragpl In @padialaely Qiéf&re%l@hb@@’in%?ﬂ%&@f‘aﬂ n the range

of 0.1 gtol rTq The dose per unit area (i.e. the amount o rug as a
function oMU ArugarRliedsheuld he inthe fapgedit 0 heg thdmndi Ehgsioseeceni gr af t

(oo " S\ MELRE R4 & SRUROR e Al ol *"°
I Fee R, ST SOy WO BT SHgiTn 0
pol yner coa‘f*ﬁhﬁbélev&angerf)épégkm nRPascaperone aftsudfate aréagly apesticuldiy above
dosi ng 15 preferred embodiment, mitoxantrone should be applied to the hemodialysis access
graft surface at a dose of 0.05 ug/mm? - 3 pg/mm?.  As different polymer and non-
polymer coatings will release mitoxantrone at differing rates, the above dosing
parameters should be utilized in combination with the release rate of the drug from
the hemodialysis access graft surface such that a minimum concentration of 10 -
20 10° M of mitoxantrone is maintained. Itis necessary to insure that drug
concentrations on the surface exceed concentrations of mitoxantrone known to be
lethal to multiple species of bacteria and fungi (i.e. are in 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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paranmeters should be utilized in conmbination with the release rate of the drug
from thewenpaisadsysi s access graft surface such that a mg@_@m concentration
of 10-5 - 20 10-6 Mof mtoxantrone is maintained. It is n E%?r‘ o insure
that drug concentrations on the 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 although for sone enbodinents | ower drug levels will be
sufficient). In a preferred enbodiment, mtoxantrone is released fromthe

henodi al ysigt that anti-infective activity is
" mai nt ai ned f(ln‘l?@g%gzor(?% Z%gﬁg{%%ﬁ'ré% Q/fgpla?lmv l?t”s 'T%ag‘éﬂ?eﬁ’(h‘ﬂmgmnt hs. In a

parti cul ar Pgrapresers aredhenadjlistRnacddiging ity thé ﬁalatI= \%' &ﬁéﬁ%{ %ﬂhgfa}cn?f:oggin&ﬂrd be

concentrations for a period ranging from1l week

readily evfjﬂrévr‘?tt“’ﬁﬂ?é??’{‘%eﬁlt%m%%r@ntc@mwm& bea eompbha,tj taRalaagsnt and
derivative reV| ousl| with simlar functional
116 WO 03/%982456% *“%?7’%%%@8‘??%8?@*@}1‘? ﬂ"%@a{ﬂm&?@e@ qosRpaung half amses of

thi s i nfenpétent ag hmtoabnwmeiissadaﬂms%\*earﬁft@ré ted, according to
the relative potency of the anal ogue or dgr It%t%%g@gg?a%#% 8Bca)tco t he parent

conpound (e.g. a cor{ﬁbﬁhwfpﬂvﬂmlqumwmmngaberﬂubmp@ﬁhf@ﬁ@&m,oa@bmaen skered at
hal f the ahP¥e Rafe potent as mtoxantrone is

half as 5
adni ni stered at ?’rvm ce ﬂf?? 85’@8?/@”% gf coalifige ")COVQCH?tml lﬂtﬂﬁip)polmelnsnes

Utilizing whehfrﬂlajmmpmd merdbdialyrd 450 whet her appl i ed
as a polyne ating, i ncorporgtged I nt o%{%(éucﬁ%ﬁelﬁgcr%%n?ﬁ Rk 8 up the

henodi al ysé?‘?? ’88(%@’9” ﬁ&ﬁfﬂé’(fsﬂ%yme!s tReiota ose oTéifrma)urla@n gpglri]ga gl»,rgﬂ, tE{Igut a .
carri uracil applied should no excee
250 rrg{(% Pg}n’agégsgfzs?hﬁgg'%% Ogggf Hgyo 2?&1 O)ijﬁ Q"tﬂ“é.ﬁ"ﬁ?y prafeged ed enbodi nent,
the total emimditenf, ths tgaPaBbiRLIEQ Ia?p@e?‘d %ﬁbdlé}%e if hag{qeéq(} 1@]« & {?9225 my.

The dose per unit area (i.e. the am) rug as a %urface
area of tH'ng-Uﬁquﬁﬁ Ber Wméamdndlmbyasnmm&!fd&sg gs affbn&tﬁ)mtﬁ@sdﬁé@e' s applied

and/ or i t faI thlnthe range of 0.1 g - 1 ng per mmR of
surface 15%9 gér gg{h%l ‘ﬁ% ‘38?#\8 Mfimpdia yﬁﬁé‘?ﬁ?%@’@hﬁb‘dh!@hmg & dpplied andémi | shoul d

be appl i edndooporated) should fall within the range of 0.1 pug — 1 mg per mm? of surface

15 area. In a particularly preferred embodiment, 5-fluorouracit should be applied to
the hemodialysis access graft surface at a dose of 1.0 pg/mm? — 50 ug/mm?’. As
different polymer and non-polymer coatings will release 5-fluorouracil at differing
rates, the 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”- 107 M of 5-fluorouracil is maintained. It is
necessary to insure that surface drug concentrations exceed concentrations of 5-

- fluorouracil known to be lethal to numerous species of bacteria and fungi (i.e., are

in excess of 107 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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t he herm‘digj(%/ i@ﬁgcess graft surface at a dose of 1.0 g/m®2 - 50 g/ MmR2. As
di fferent po @} P**8nd non-pol ymer coatings will release 5-fPGHUSHHETIY at
differing rates, the above dosing paranmeters should be utilized in
conbination with the release rate of the drug fromthe henodi al ysis access
graft surface such that a 20 m ni mum concentration of 10-4 - 10-7 M of
5-fluorouracil is maintained. It is necessary to insure that surface drug

concentrations. ex&sed cancentrations of 5- fluorouracil known to be lethal to
numer ous spBEVERISH ihcsiaylag fupstionalastivity can beartiized fordhe psspaegesiaf-thisM

lth h f e, ' .| | | i | b fici o
ref o Sod oimyeAfn: TR0 LS MR Al N atblonacs im0 b ik Aekad &
access gr af potency ef thesaitdodlnbr aahvativef RAdSaratth hd Pﬁ*@t@bﬁghpggl%% a

period rangi ng fromseveral hours to several nonths.
preferred EpHBAUMEIWICE Be potent assS-flebeasad isadofifistered et batfthatbavé ons for a

period rangj m. 1 _week -..6 nths. It should be readily evident given the
di scussi gnsb%%&%té%da#gm%npmif%%a?%aﬁgg Sprawiacy is adednistered al twieeur aci |
(as descri b dbbie\Warapet934 \PCT/ US03/ 16719 previously) with simlar
functional activity can be utilized for the purposes of this invention; the

above dosing par anet e} Pade phybotoxiis ditdidingdbepdidophtiotdxire etctlogidevss apot ency
of the anal r derivative, as conpared to the parent conmpound (e.g. a
conpound t\/\g)g‘ﬁﬁ%lg B’gf’{g‘ﬁf aBQi{%q ?P@&‘{IDWSEP‘Patf@-m’W@E@E@ e pelyfmersie above 5
par anet er s, which R GS tRAhEnR iR aft! Ichor] lni stered at
twice the above parggrreters@g{%§5%%§§§ﬁz}agFgﬁ'g(f}g?%@%lﬁto@fT%nl)l’ga{ he
podophy(18t oappliedivithusit deansenpolymes thé mtathdﬁeﬁetaﬁééib@@p@ﬁe@ shehMRIt coati ng,
whi ch nake up the henodi al ysis access graft

I NC( ted int h I
(Such' as. DattesioD ToHIEE SIsT1 181 tagh 60 1 & ReticURbeprEr@Todbampadimentie t ot a

dose of et opRlLEe | oélﬁ?qii nge, of 0.1 .pg to 25 np).
In a particularl ya% telr%f?f:je'g@e OSQ%HPW§ﬁ‘§h%§9§§e%’m&%mo$ n@rﬁ'&e S ed
shoul d be i perturt areagie.ahe hngour of dagy ad BEUBEKE ofBE sifabe & of thee- t he
amount of dru a function of the surface area of the portion of the

henodi al ysi gO"geﬂggg@ed?egp?di@b(W@esg et fswhighl dreg iaegpided and/or

15 incorporated) should fali within the range of 0.01 pg ~ 100 pg per mm? of surface

area. In a particutarly preferred embodiment, etoposide should be applied to the
~hemodialysis access graft surface at a dose of 0.1 pg/mm? — 10 ug/mm?®.  As

different polymer and non-polymer coatings will release etoposide at differing
rates, the above dosing parameters should be utilized in combination with the

20 release rate of the drug from the hemodialysis access graft 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 10° M: aithough 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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15 incorporated) should fall within the range of 0.01 pg - 100 pg per mm®2 of
surface aV@P¥M934& particularly preferred enbodi nent, et 09’8‘%%1% shoul d be
applied to the henodialysis access graft surface at a dose 0 g:.""lmi%/rmﬂ - 10
pg/ m2. As different polynmer and non-pol ynmer coatings will rel ease etoposide
at differing rates, the above dosing paranmeters should be utilized in
conbination with the 20 rel ease rate of the drug fromthe henodial ysis access
graft surfacgtdsuch that a concentration of 10--- 10-6 M of etoposide is

mai nt ai ned anflldernyatiasas A podide (45 ; L ol cqoncentrati ons exceed
concentrations, of etoposi dpeb knO\th %&ggba%%ﬁg?él?gﬁgﬁéﬁ'aéSW%P”%cteri a and
fungi (i.eCHly an ﬁgféﬁdé@rm@msm ofthisghvértion; $EmBbGRDAN;HENt s | ower drug
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ant i - i nf ectieseatetdswidnypdred t@ Ry 84 iod ranging .fromseveral hours
to sevetal rmﬁpgs, I_r?mz;p pra_rticul gr%&gB‘?@Pg??(ggéghggglﬁ}‘fg’wgttwgetﬁ%@otﬁgt
rel eased i fi° E13ROSIdeVs adptivicierediat balf tHeoabavepsaranbiémNaicdthddupR RLiMgek -- 6

months. | 5oehp adi_ Ly .evj dent given the discussions proviaded herein
t hat anal o%%es %gt%s@/'gggéﬂ S Bsbvre Bve sbenedparemetentsi ees). of et oposi de
(as described previ qu$Coinbmhfion! thk f i qnal tivity can be utilized
for the purposes of tﬁi s i nvention: Lt e g%ﬁ@é‘a (?sﬁeﬁgﬁyﬁﬁ'fjé pased upen t hen

adj usted atesisfiusgions th%édetbhatdinmqi@bmmyat@hstdﬂ%nﬁrﬂ%ﬁgfr\%sg%g derivative as
i i

conpared t par .. conpound (e.g. a conpound tw ce as p t 5. as
et oposi de ﬁ%g%%aﬁiOz%'Foéaﬁﬁpnﬂhlﬂg‘ofW”MOQS pagafellereprarily;doipoanid hal f as

ot ent 1@is @&ttagorsstd€eigs rAGINLHH ' e above, paraneters, etc.). (d)
%orrbi nati on.t her aps?lglst shogﬁé%z%ﬂgghp%\hégtlogﬂﬁt(aebgas%@p%@ﬁ) caméedi scussi ons
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'), toll '

m t oxantr S iy rim dines (e.g., 5-fluorouraci acid 10
ant agoni s@%?'gg’g%wyh%}t BeYEes{ gl pdrmssHbicty @xinitexdrdrane), et oposi de) can be
)
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and/or podophylotoxins (e.g., etoposide) can be combined with traditional antibiotic

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), flucropyrimidines (e.g., 5-
fluorouracil), folic acid antagonists (e.g., methotrexate) and/or podophylotoxins
(e.g., etoposide) can be combined with antithrombotic and/or antiplatelet agents
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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fl uoropyri e.g., 5-fluorouracil), folic acid antagonists (e.
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traditional antlblotlc 15 and/or antifungal agents to enhance efficacy. Since
t hronbogenicity of the henodialysis access graft is associated with an

I ncreased risk of infection, anthracyclines (e.g_, doxorubicin or

m toxantrone), fluoropyrimdines (e.g., 5- fluorouracil), folic acid
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heparin, de t | hi rudi n, AMP, adenosi ne,
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hydr ochl or oqui ne, di pyridanole, iloprost, ticlopidine, _clopidogrel,

abci xamab, tiflbatj Fle, i rofiban, streptokinase, and/or tissue plasm nogen
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(Vasca |8c. cathemks Hat proidis Scdestie thE Deiaietnk THE: Md 03/ 099346
PCT/ US03/ 16719 M ddl eboro, Mass.). (r?tra venous casﬂg)gﬁﬁs&% éﬂl;ﬁ))rgge to

i nfection a@é ys@rﬁ%faﬁtﬁéﬁesglﬁ@ar& ﬁmTqukboﬁeame&rdehaddmgsoBﬁrl t oneal
catheters are typically double-cuffed

Di al ysi s rs _Peritone

and tunnel | Eﬂﬁ&%réﬁﬁ%‘?iﬁ’@"ﬁ%ﬁ SE?%\H% tSEc'@'é%ertt%"Qﬂé’*?Jﬁlﬁt%ﬁélﬁHmest
Snan Neck. M agaars SO B a6 e B e e Sy Biendiiedts ™ onea -
di al ysi s, tédewpardonoesttationagradicad. a semi perrreabl e menbrane across which

sol utes gan be exchanged d %a concentration gradient. 10 Peritoneal
di al ysi % i nfections ardPYsa Cialysis igstions ag tyrically ﬁéﬁS!fﬁéﬂStQﬁhen s or
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i nfections are characteri ze yre
t he infections are characterized by redness, induration or purutent discharge from the

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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exit site or subcutaneous portions of the catheter. Peritonitis is nore a
severe i nweosowpe hat causes abdom nal pain, nausea, feve g system c

evi dence of 15 infection. Unfortunately, the peritoneal digfﬁg-gy%%ﬁheter
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5-f | uor our aci 0Eg%%)r(@éﬁif%%i@?éﬁ%ggomgf'ﬁﬁﬂﬁ? 8T fe/ot (B st @ Reptiispl i ed to the
surface ofappfied tcenpaibimtonadf théke: symideati c peritoneal dialysis graft. The
drug(s) can be applied in several manners: (a) as a coating applied to the

external surface of QrHecgpting of, Obyirgy msosparation indo peritonedi dialkhegiarser nal
l'um ; ft. (,C S a,coati.n applied to the superficial
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attachment of the drug, several polymeric carriers are particutarly 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 polyrhers (e.g. nitrocellulose, Cellulose Acetate Butyrate,

20 Cellulose acetate propionate), acrylate and methacrylate copolymers (e.g.
poly(ethylene-co-vinyl acetate)) as well as blends thereof.

An effective peritoneal dialysis graft coating would reduce the
incidence of 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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design and portions ¢&) Anthracytlinesattidzingiohe vathracgllihaidoxBRibiGh Rl can be

applied 12 1099346 PCT/ US03/ 16719 in the application of this art. Drug
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di al ysi s grgft tq%){éref eérred anti cancer agents, used alone or in conbination,
shoul d be 0PI QiExcged Radra (FagediGbhitado 25smal Wua patticokssty freferred
Ant hr acycl idpg@sodiHeht &7 t r | i doxaqr,ubi.cin as an _exanpl e,
whet her “appl i edd"?jgh% t%%%ﬁ%ér}ﬁ%gﬁé}rﬁﬁg%ﬁb@?%ﬁ%@gg’% 'Httael"f‘fégeba #8185 whi ch
make up t hengéttie dossapedina a@h%i.g,%b@mg@fﬁ%‘f%?r?é%%m dQPﬁ{e%hrgIcelo bi ci

e ose of doXorubicin

nopl ot ar88BHRE Dortion of the pertoneal disiysié graft to which drug i appl
opl i ed pentoneal dialysis graft to which drug is applied and/or
15 incorporated) should falt within the range of 0.01 pg - 100 pg per mm? of surface
area. In a particularly preferred embodiment, doxorubicin should be applied to the
peritoneal dialysis graft surface at a dose of 0.1 ng/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. Itis
necessary to insure that surface drug concentrations exceed concentrations of
doxorubicin known to be lethal to multiple species of bacteria and fungi (i.e., are in
excess of 10™M; aithough 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 severat hours to several months. In a particutarly preferred
embodiment the drug is released in effective concentrations for a period ranging

from 1 week - 6 months. It should be readily evident given the discussions
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shoul d not exceed 25 ng (range of 0.1 g to 25 ng)_ In a particularly preferred
enbodi ment Wt ds@oesaé al anount of drug applied should be in the range of 1 g to
5 ny. The dose per unit area (i.e. the anount of drug as &AGHIREI&Aof the

surface area of the portion of the peritoneal dialysis graft to which drug is
applied and/or 15 incorporated) should fall within the range of 0.01 g - 100 g
per nmm2 of surface area. In a particularly preferred enbodi nent, doxorubicin
shoul d be applied to the peritoneal dialysis graft surface at a dose of 0.1

jig/m2 - Togdea ' | yner..and n- pol.ynmer coatings wll
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readily evij Hent gi ven the di scussi o_nas 122 l\7\:2) 0 8%9%?@0%7%6@916719 provi ded
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area (f.e. the amount of drug as a function of the surface area of the portion of the
15 peritoneal dialysis graft to which drug is applied and/or incorporated) should fall
within the range of 0.01 pg - 20 ug per mm’ of surface area. Ina 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 multiple species of bacteria and fungi (i.e. are in excess of 10~ M;
25  although for some embodiments lower drug levels will be sufficient). In a preferred
embodiment, mitoxantrone is released from the peritoneal dialysis graft surface
such that anti-infective activity is maintained for a period ranging from several
hours to several months. In a particularty preferred embodiment the drug is

released in effective concentrations for g period ranging from 1 week — 6 months
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make 10 uS"Q%”B%‘Fitoneal dialysis graft (such as Dacron oRCT&fS0@my719 or
applied without a carrier polyner, the total dose of mtoxantrone applied
shoul d not exceed 5 ng (range of 0.01 pg to 5 ng). In a particularly
preferred enbodi nent, the total anmount of drug applied should be in the range
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should fail within the range of 0.1 ug — 1 mg per mm? of surface area. In a

particularly preferred embodiment, 5-flucrouracil shou!d 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 - 107 M of 5-fluorouracit 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 embadiments lower drug levels will be sufficient). In a

preferred embodiment, 5-flucrouracil 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. Ina particularly preferred embodiment the drug

is released in effective concentrations for a period ranging from 1 week — 6
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(b) F uoraﬁyri mdines UWilizing the fluoropyrimdine 5-fluorouracil as an
exanpl e, EH@P934ppl i ed as a pol ymer coating, incorporat eg, Sﬂéo t he polyners
10 which nake up the peritoneal dialysis graft (such as Da rd Yprieide | on), or
applied without a carrier polynmer, the total dose of 5-fluorouracil applied

shoul d not exceed 250 ng (range of 1.0 pg to 250 ng). In a particularly
preferred enbodi nent, the total anount of drug applied should be in the range
of 10 jig to 25 nyg. The dose per unit area (i.e. the amount of drug as a

function ofmphidiss utr fhackd BE eaadify 4 ~partion of the peritoneal dialysis
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5-f | uor our acmipoukd QX 5 |gt & nmerqus speci es of bacteria and fungi
(i.e, are i npexcess O%?}gg&f@} {'ﬁbg{o@%@dﬁ aam‘”'?t%ﬁ%d ahtydes tenaoveower drug

| evel s wi | PaEngiarst td.ent). In a preferred embodi ment, 5-fluorouracil is

rel eased fromthe perbjbo{r}eal di al ysis %r aft surface such that anti-infective
activity is maintai A&4Pp ePhylriexbE Utfigingdhé podoplsgvesi ctdpHEigelR several

mont hs 101 nerarpplet wbeihar b Lr mpodirent the drug is released in
effective concentrati onsngéfégSéfoﬁ% e Qrindgincrmarategdate theolyveD 03/ 099346

PCT/ US03/ 18RiEh mafe s thel peritbnehiciiagsis ekt v i t he di scussions
provi ded hﬁftﬁ&ﬂ t%at. ar]al ogues z;anSIderi vg%(jic\ﬁedssqg?&ggfq\ﬁ%ﬂ%)r QE?PPh%
descri bed previ 6Ugl 5" kY mesithe tatal daseroftatoprsideabpidd shaiad nbeeutd 4 zed for

t he pur posmeg (Ringeltif® 1 Eqn:\ the abave  dosing parameters are then adjusted
accor di ng to(t he rel at nggtﬁgﬁﬂ%ymo% pfi"ﬁ‘é“'@”&ﬁéﬁfﬁgﬁg epibatimenttthe éotals  conpar ed

to the par¥Reuriaidoumapgliedshaule BEMPtHLrange of 1 Hg to 5 mg. The dose per unit
15 area (ie. the amount of drug as a function of the surface area of the portion of the
peritoneal dialysis graft to which drug is applied and/or incorporated) should fall
within the range of 0.01 1g - 100 pg per mm? of surface area. In a particularly
preferred embodiment, etoposide should be applied to the peritoneal dialysis graft
surface at a dose of 0.1 ug/mm? — 10 pg/mm?.  As different polymer and non-

20 polymer coatings will release etoposide at differing rates, the above dosing
parameters should be utilized in combination with the release rate of the drug from
the peritoneal dialysis graft surface such that a concentration of 107~ 10 M of
etoposide is maintained. It is necessary to insure that surface drug concentrations
exceed concenirations 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 reieased from

the surface of the peritoneal dialysis graft such that anti-infective activity is
maintained for a period ranging from several hours to several months. ina

particularly preferred embodiment the drug is released in effective concentrations
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tw ce as pgﬁg&b g 5-fluorouracil is adm nistered at half the above

par anet er s, @’%ﬁound hal f as potent as 5-fluorouracil isP&dHSEkp/s678% ed at
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di ffering rgdreat cdrigodRPieg dpsi f t i.Lized i
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graft surf a¥daliibm abhue pararoeteesta edinpound hal'as-potéittad\etehosigb@osi de i s

mai nt ai ned. L necessary. to. insure that surface drug concentrati ons exceed
injsfer(i 48 Buicadhg ;

concentrati® ICgdhg qbRMe PerajBeless. s}t 0 a variety of bacteria and 25

fungi (i.e. are in e : - h f Q enbodi pents | ower dru
I evgl s(vm' Il be suffi g?’:ﬁ??mlréggﬁp}ygﬁie@ggﬁ%lgg{enéeﬁt%ﬁyé’f’@%& ngec?gp?@ easedg
from tHe shefdigsessibns beoviged hersathaticemtshationsasitanttaBydifial @R i - i nfective

activity is, maintained for a perjod ranging fromseveral hours to several
mont hs. | n 9PXOFRiEID of ilaxanispre ) fusmryipudings te. gt Hefldorogradil) relicasied i n

ef fective mg@}ﬁg@ L an / 3 US03/ 16719 for period rangi ng
from1 week --°S nog‘néfﬁ§%%égr%\gﬂﬁggag'§9pr°§§8’?ﬁ§(oé\w SEQPé’ﬁ' &3andSscussi ons
provi ded hertézer teherthamoalthg ueibaokidesdiil of Bfe DériBhARRLAR @ c%ﬁﬁﬁ%‘ bed
previously). . with simlar functional activity ‘can be utili eg or the Purposes
of this i nvin¥pdhantrcyslines(qigsidexopiicimer eitoxantondk fluedjpysinidines (e.g.,
15 5-fluorouracil), folic acid antagonists (e.g., methotrexate) and/or podophyiotoxins
(e.g., etoposide) can be combined with traditional antibiotic and/or antifungal

agents to enhance efficacy.

J. Infections of Central Nervous System (CNS) Shunts

Hydocephalus, or accumulation of cerebrospinél 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),

gailbladder and peritoneum (VP shunt: most common).
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5 according to the relative potency of the anal ogue or derivative as conpare
to the péhg(bﬂm%uﬁpound (e.g. a conpound tw ce as potent afcf@g‘g‘gl[sﬁzﬂe S
adm nistered at half the above paraneters, a conpound half a t as
etoposide is admnistered at tw ce the above paraneters, etc.). (d)

Conbi nation therapy. It should be readily evident based upon 10 the
di scussions provided herein that combinations of anthracyclines (e.g., .
doxorubi cin or mtoxantrone), fluoropyrimdines (e.g., 5-fluorouracil), fglel)c
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[ i.cal condition arising fromcongenital nma :
?2? ggtn .t g;\%'@mra‘ ﬁ%ﬁég@?'o&mﬁﬁl’\%ﬁaﬁe durgheMpyemiap pekitis @Vlﬂ'l\b‘?ehu?is)gr E sd -
ur e aseities, ot hemdt bral - e d. th.if untreated.
g[lﬁfltss are éongsui ts dgl acedéi@ﬁnl?ﬁ'g’ \F/rgér#ar'ﬂ% es (])(ﬁ{?ﬁae/eagpal PR PfACHRLS: the f1 ow

AeeMavity faver, neusseh sontitinty, malaney brEighs ofiMdréAddEHGataid ! Ui d
|g];esg§r|:e].c gg \{ﬁ; ricul ar F is diverted via a prosthetic shunt to a nunber of
drai nage IFOCaH %tﬁ;gch ?ﬁ?’leﬁg?ﬂf ?htespd GPRSEIQEsNEsSe Uihepmeat edmsioant ), j ugul ar

] ; ; I i eum shuynt ; nost
Lot ST A R e B e
rel ati vel ¥6p¥oRtaphylogecalsogpidermitisfie the ast feybongliséBtsd Bl‘tﬁaﬂ%'?n‘?)e has decli ”f
from 25% ears ago tg) é%‘@ at, present as a result of Inproved surgica
t echni que%&%‘%cﬁﬁ? aniPus £ dP-#0%) ViridaRe streptnepreicSirepiosoacies plgenest he
devel opreEntélocostiRC EoffheBhclehting @é%eﬁ&qatcﬁﬁ,slslebsielia, Proteus and

Pseudomonas aeruginosa. It is thought that the majority of infections are due to

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 resuits 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
biood-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,
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5 can | ead os?d 1i.ficant clinical problens such as ventriculitis, ventricular
conpart nental i"zat Sn, meni ngitis, subdural enpyenma, nephri t PST/UGRY16739A
shunts), seizures, cortical mantle thinning, nmental retardation or death.
Most infections present with fever, nausea, vomting, nalaise, or signs of

I ncreased intracranial pressure such as headache or altered consci ousness.
The nost conmon 10 organi sns causi ng CNS shunt infections are Coagul ase -
Negati ve Staphyl ococci. (67% Staphyfococcus epidermdis is the nost
frequently ‘?’gaﬁyaéf%a“tﬂt'@amrg@ﬂh. An gifaglivrecating wowid @so dddea88dhe Mimbaans

strept 0COCGhf NG enes, . Enterococcus, Corynebacterium
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organi smduring surgery, or during manipulation of the shunt in the

post oper ative peri od.InAsprefereaciémbodissent| af aathirengiine ¢ésgntdmioribie ang i N t he
first few Ska? I i ng_sur.ger Si y of the infections are caused by
S. epi de’“?mrmfs, .‘{O%Fi'c%{gpymgW%@-Q-ogfcﬁewg?(%ﬁch Aatagapigb{@g..becones coat ed
with a bactraeihatreratedusttloRshdspHyiBoxihhe ) i ndaly s Lrom.t he

i mmune system and nekes eri‘%gg iy&&éoxnog {ghggtﬁggééé)l '%Eg%ln?lflgfe%f@afﬁg%ég ore,

the treat métPiedfo sssurfatesafithe compemeintseofther@NS rskapy afhd aRsh(8f éanpe! acenment
of a tenporgry nal, ventricular shunt to reljeve hydrocephalus) in
addition t oaq’ré}é‘sﬁﬁms‘%v%{ﬁh'f‘ai‘“?fﬁt (328 CPENNG APalRd 91 te: arnat sysface ¢idbe

t her apeut i GhuUBBYb! §s baRGtih g | fineli snl Lnepl ace durin
treatnent 25 An'tq i Ibi otic t'héé)?g%gétlg tsd %’&r‘;@ﬁ"ﬁ%@&“ !béi)tsﬁgg?%(?{ B}%ﬁurﬁﬁﬁ@p/gr

ant i bi ot cdchas asoating epplidicto &l ooparks af othasuifaees.ef f ectivel y. An effective
CNS shunt coating woyl d reduce the jncidence of conplications such as
ventriculitis, ventri-ttHI£PAHRGREQNAEME dcGorperaten inte MY ishusts willatidwr al

W0 031 009340 e Sl o Ygs T b el BEEREon B¥ Yt suMae oPradedingoat | ng
woul d al so tiie inciteseetdidantenabcolonlzafidld apH WibseqG&htidevBRD S B Bloud esul ting
in I over n%&%n%'li'cé%nasr,]gvhﬂg rp?tl)c(ijdcti%/g fnggr;:iigiglgtsly%?etrrS;icve\:xtpgsIBrtlaetoethlergi?llgsrit >
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 Biomateriais], HydroMed640™ [CT Biomaterials],
HYDROSLIP C™ [CT Biomaterials], HYDROTHANE™ [CT Biomaterials]), acrylic
20  or methacrylic copolymers (e.g. poly(ethytene-co-acrylic acid), celiulose-derived
polymers (e.g. nitrocellulose, Celiulose Acetate Butyrate, Cellulose acetate
propionate), acrylate and methacrytate 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 wili 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

128



’ ) . . . . d 5

n a preferred enbodinent, an anthracycline (e.g., doxorubicin an
LitoxgntrBﬁ%9¥mﬁ$ﬁoropyrinidine (e.g., 5-FU), folic acid ap¢tpg kﬁyl(ehgb’a
met hot rexat e), and/ or podophylotoxin (e.g., etoposide) is fornﬁ ate TLe
coating applied to the surface of the conponents of the CNS s ur;.d ne e
drug(s) can be applied in several manners: (a) as a coating applie oI
external surface of the shunt; (b) as a coating applied to thellgternaII o
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cont [ gut n Ul 4R SpBRESoUE B2 et gl Tahions S1coTae dads perumyt v h
devi celki zeea iy, tlee amiatof db@?iﬁb ﬁngﬁﬁﬁ%rfréﬁ'pé;ﬁré%e EE'QSOQ?%J %n}) grgtoat ed, However,

i ofthe g dose
i inci pl es can be applied in the icatiomn GO PR ug
gg.::lt giancglr‘-diﬂﬁségﬁ’at tgavhich dreg igcﬁppﬁmdmséarpmorpnrated)adlﬁ@ldféfn wilinpeg tion of the

Rt Lo R e SR L R B
PCT/ US03/ peititirlens tokoresiciRosauld beSSpEd O BN SRl SARBLL S04 PRy the drug
to the G\'ﬁ.fﬂ&%n’ﬁ — 10 pg/mm?.  As different polymer and non-polymer coatings will
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. Itis 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 severa! 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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t he prefergﬁg anti cancer agents, used alone or in conbination, should be
adm ni st er UMt he fol |l owi ng dosing guidelines: (a) Ant REAGPBE¥iGTes.
Utilizing the anthracycline doxorubicin as an 5 exanple, whether applied as a
pol yner coating, incorporated into the polynmers which make up the CNS shunt
conponents (such as Dacron or Teflon), or applied wthout a carrier polyner,
the total dose of doxorubicin applied should not exceed 25 ng (range of 0.1 g
to 25 ng). In a particularly preferred enbodi nent, the total anobunt of drug
appl i ed shob®@nbeompouRd(¢.angeoapognt dwitenas pdteat de slexpribicinis adiragtered i . €.

t he anount functjon of the syrfgce area of the portion of the -
CNS shunt tg'f'\‘/ﬁftlg‘% a%?’d’% RaLargy r?'e‘i‘icﬁ'ﬁ@PHPgihﬁ‘gé}sp%qtﬁ%ﬁﬁ d@*ﬁmg'@fr\‘ B 1 within the

range of 0. 8dmphistert@CatR@ideheHRVA Has AnbRGE a. In a particularly preferred
enbodi nent, doxorubicin should bg appp%irne%qt’o&%ﬁé CNS shunt surface at a dose

of 0.1 tg/m® -10 pg/Wiizingmitdkértesrenas pobiheeexanplaohamahiracydkinal i ngs Vi i i
15 rel eage \Hﬂﬁt?,r“bi cll n, at (:‘I{%Iferiqr}%_r ates, the apove dosing paraneters should
be utilized M ELABPIRE FDA PRIMTETGABING, g arates isto teealymigrs whishtrhakeNS

ST SRR 4 3 U o iy

is maintained on the surface. IS necessdr

concent r at i fdotek deslotmitoramtratd amslied§ srbuidnobérddrdke A rhfgd 6f d).@t1gliﬂ td ©
mul ti pl e 20 %@cies of_b:i\c eria and fungi (i.e., are in excess of 10-4M
al t hough f oF "SBmil" 2 HRstich ?f%&ﬁ@@fé%?ﬂt?@ vaent the ote) ameuntuifidneg epplied I n a

referred oejfeRfi rebi.cjin,l I romthe surface of the CNS
ghunt such t hat gﬁﬁt-qenrggggio\lfgfg@tté\%/irf@f@@ﬁgP%togf HB'&af‘?ﬂ{’zf'BE?W&UF'&ﬂbi ng
f rom seler alrup @srasfunotise vetrel surtitehsrea lof thépdaion &ghgdws BhEAALNASIcR Thodi ment

the drug is,released jn effective concentrations 2 or a period ranging from

1 -12 weeksrUP{s epRjicAnsior issarpoyated) slaorld dal withimibe rdinge of 8itdnsy peoyigled
pr evi ousl y) TR o s aiRe NS iGuR PSR ebteien dBIPEIORE  pur poses
e oo et SRS S8 AUNPRIRIR: 120558 o 098 AR 3 2
03/ 099346 l%g(g;\; Petyteer and non-polymer coatings wilt 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 10°- 10 M of mitoxantrone is maintained. Itis necessary to
insure that drug concentrations on the surface exceed concentrations of |
mitoxantrone known to be lethal to muitiple species of bacteria and fungi (i.e. are in
20 excess of 10™° M; although for some embodiments lower drug levels witl 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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parent conpound (e.g. a conmpound tw ce as potent as doxorubicin is

admi ni st eW@d3034hal f the above paraneters, a compound happrageehent as
doxorubicin is admnistered at twice the above paraneters, etc.). Utilizing
m t oxantrone as anot her exanple of an anthracycline, 5 whether applied as a
pol ynmer coating, incorporated into the polynmers which make up the CNS shunt
(such as Dacron or Teflon), or applied without a carrier polyner, the total
dose of mtoxantrone applied should not exceed 5 ng (range of 0.01 g to 5

my) . In a ipace agpotent ys priviantrete ThONHBBied AR REHboD %Fﬁm&tfe(sdraug appl i ed
shoul d be in_the rl_gai}fge of 0.1 gto 1 ng. The dose per unit area (1'."e. the

amount of YR RRIfas potest psmilsrantiens ix administersal atftwidecthpaiboven of the CNS
shunt to WHrahetdt Usdciys applied and/or incorporated) should fall within the
“range of 0.01 ."'g - 5".tg per mm2 of surface area. In a particularly

preferred enbodi menib) Picesppiirfidiess UBHbid B AOH| € hunt surface
at a dose of 0.05 p,g/nmz -ﬂg c?g/mfe. AsI %Ii fferenP?ﬁ@fdﬁr‘%?ﬁé’%ﬁlﬁﬁ%ﬁ#ﬁ%I ymer
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to be | et KEINGEPfhA ngde 258pes). ds apattiavizdy peefenddiomtgidifiene thafali N 20 excess

of 10-5 M [ .S e dingnts |lower drug levels wll be

suffi ci ent%n%qmn%gg&degﬁlpgmg?% ' rappe Ok dAtadRed mgr Ehe dose perom t he CNS
shunt Hur futtearsal G, th@ bt of ' ibh bk te 4 | piained for. a period
ranging fr omrse\c/ler al hogrus ?o&fsug?/éeér %fﬁ‘"ﬁ%%?\ﬁgwﬁ %agé%a%e%coﬁl it P?ﬂlﬁpéﬁer red
enbodi mentthe k&S shunj te which dmged dpplied Bedibr irzogmorars) sAbUAMTSN hRhirdnge! | od

ranging fr 2 weeks. 25 It,should be readily evident based upon the

di scussi ﬁ%@%@f%@%ﬁ@% PERRIM %{:%H'%?&Gége%-néﬂ adaricaaryeprefdmad t oxant rone (as
descri bed ept)diravst, BXudrddrasil g il ivity can be, utjlized for

t he purposes of this i n\EeLrlltai o%!‘ﬁlﬁiﬁebefa%%ﬂq%?'s? %\Fépéljl]l;rﬁgygfgge EF@dlloﬁsn adj ust ed
accor di ng of 4-G k@mne] -a60\g/pot’endy differemtepoianet agliaoApofi@idNMRiatiMgs 4@ compar ed

tot helSp a?&@gsé: 3—%8}Jonuqa&?élgdiffgrir?é) rr?tgg,ntﬂe 1a%gve dosing parameters should be

utiiized in combination with the release rate of the drug from the CNS shunt
surface such that a minimum concentration of 10™ - 107 M of 5-fluorouraci 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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WO 03/ 099346 PCT/US03/16719 tw ce as potent as mtoxantrone is adm ni stered at
hal f the aMy¥@39434neters, a conpound half as potent as m POTASHI/TES i S

adm nistered at twi ce the above paraneters, etc.). (b) Fluoropyrimdines
Utilizing the fluoropyrimdine 5-fluorouracil as .5 an exanple, whether
applied as a polyner coating, incorporated into the polyners which nmake up
the CNS shunt (such as Dacron or Teflon), or applied without a «carrier
polymer, the total dose of 5-fluorouracil applied should not exceed 250 ng
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(i.e., are jpn.excess of 10°4 M although for some enbodi nents | ower drug
| evel s wil |Arﬁ%“@(ﬂﬂ? firyd applied ?WPL%AS bedn the angeiduieind Mg Theidesripecinit i s

rel easeth f reph (L ehENRICHAYBE df éfﬁ?uﬁéfﬁlﬁ drital ﬁgﬂ‘%r'ée %géagﬁ{;b‘éio%% s

mai ntai ned for a perio rangi ng trom sever al ©n a

par ti cul ar IGNBrsbimttosvhick ninoglismpplicdrmdisiiacompor sleapsmsuti rﬂa;ﬁ@vftﬁiﬁtthée .
concentrations fgﬁiﬂ? period ranging,25 from1l -12 weeks- It should be readily
evi dent badg8g9%BbYUI M9 41 QQ ug Peb Py el suréare areneiln a particalady pefesrednd

oo e bodmh LML ndh3 HRERDTE o ECUE suio S Sidetn, «ne
above dosi g1 pg tei0spgimimt. e diflbrent BelyARE AhAI th-bOYRIE cbaliRdd W Pot ency of
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. itis
necessary to insure that surface drug concentrations exceed concentrations of
etoposide known to be lethal to a variety of bacteria and fungi (i.e. are in excess of
20 10" M,; although for some embodiments 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. ina 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 fo the parent compound (e.g. a compound
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t he anal ogue or derivative as conpared to the parent conpound (e.g. a conpound
131 WD 03%@)%9?834PCT/ US03/ 16719 twice as potent as 5-fl uorewiesisiishs

adm nistered at half the above paraneters, a conpound half as potent as
5-fluorouracil is admnistered at twice the above paraneters, etc.). (c)
Podophyl otoxins Utilizing the podophyl ot oxi n etoposide as an 5 exanpl e,

whet her applied as a polynmer coating, incorporated into the polynmers which
make up the .CNS shunt (such as Dacron or Teflon), or applied without a
carrier poMFRAS PPifNt BsEipPasidrisaidreintperetde haliphé abowd patanaets exceed 25 ng

(range of gyh ot 1D articul arl referred enbodi nent, the total
anount of drua%p%ﬁ?lggsgﬁg?ﬁtasﬁEOF? “35(?1@ ?‘Eﬂ'@ét%ﬁd?tﬁﬁ'cﬁdh%aﬁgveme dose per
unit 10 arparafneters, tfeg. anount of drug as a function of the surface area of the
portion of the CNS shunt to which drug is applied and/or incorporated) should

fall within the rargkComisinatiopgherai}0 Wghpeld bevagly éuﬂéﬁpls‘a@oe@men a
de shoul d be applied to the CNS

parti cukar f d enbodi nent, et oposi |
shunt S%rfﬂg\ée&%ct%sgilbhgféovd?eé)g?rf"b W"‘%l'ﬁﬁtﬁgﬁmmhﬁécmﬁﬂeﬁ@gt. pol yner and
non- pol ymedox®abitings nitd i a ifferi rates, the above
dosi ng paraneters shoul fag%én%ﬁ!ﬂﬁ?@%ﬁﬁﬁ&@%%@?%h rwmﬂgﬁ@'(’r%@“éase rate of
the drug f2R¥agenies (Ag. ghethbtresate] and podophylbRIirg (6QCEBhHSHEPBaRHe10-5 - 10- 6M
of et oposilﬂﬁ ég n%i nt ai gﬁd I_E is . necessary to insure that surface drug
concent r at T'ORES I EUENCeINE antipagteaakaciivty of N&eshunbupating. bBirhitripal to a
vari ety ofarhiBeic@tlinesaBe. fd8kutiki : i ss of .20.10.5 M al though for
sonme enbodi mentgél O\ﬁgl?@dl’ ug et{l/agpg'rvr\ﬁ'h%aggogég?lfjefo@ﬁf'm'd'f‘ﬁsZe-gpr%f erred
erbodi Hentfluosewpebi fdic iasidr mitagerstsf(eqn hbhotexhRg %”QIOF%%O%OM such that
anti-inf ertbir%e tﬁét i.Vi té is maintained for a period ranging om several hours
to sever al' ifont REOSIHS) canbie compingd) witty tradiippalcanibistidiareyr artituntyalg | s
rel eased idyeptd ®ENIRAACE @ %rati ons for a period ranging from1 -12 weeks. It
25 shoul d be readily evident” based upon the discussion provided herein that
anal ogues and deri vég) Externd \éﬁrﬁﬁ@aiéiﬂ)(aﬁﬁaé@ﬂ&\?bpﬂﬂvﬁeeﬂﬂ@H%Xéra‘?@élh simlar
n

functional, acti vi e utilized for the purposes of this 1nvention; the
above Pressure ﬁépfmn?toring Devices purp

.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 fo
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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dosi ng parqgﬁbg&@} e then adjusted according to the relative potency of the

anal ogue or derivative as conpared to the parent conpound (&CFUK3BEPound 132

WO 03/ 099346 PCT/ US03/16719 twi ce as potent as etoposide is adm nistered at

hal f the above parameters, a conpound half as potent as etoposide is

adm nistered at twi ce the above paraneters, etc.). (d) Conbination therapy.

It should be readily evident based upon 5 the discussions provided herein

t hat conbin?ti ns of anthracyclines (e.g., doxorubicin or mtoxantrone),

f1 uoropyri m fﬁﬁﬁﬂénl(@?’a@!?s stinke pearations)tp rémbie infectad prosthgtics. stith kCown,

met hot r exat 0, Ot OX1.1S .Q., etoposide) can be wutilized to
RS Pl g Bl e

enhance the anti bacte NS shunt coating. Similarly

ant hracyclines (e.g. ,Tﬁ@méuﬁioﬁhepgaj_cr’qrb%gﬂé {rggﬁgm%![%%?)éé t@nﬁ%g&%nghe g.,

10 fluorouracil), folic acid antagonists (e.g., ) b

pog/ophyl o: QEP?FSOPG(@.‘@'!{ t@m@m@nﬁeponmﬁ?;stwmm ?ﬁ?'. \Iazﬁ.xs% Bnteklam\;;tle_?ﬁél Fmt i biotic

and/ or agti : nhance efficacy. (g ernal Ventricul ar

Dr ai nageg( EV%?QEL?\% '@gagﬁ?}e ﬁgﬁr[a?%gfgmsgpehqu@gﬁﬁ?@@ﬁ@? Y9BFS tsoannrgxiDelelyes 15

EVD and | CP5:1986pkepn j000 jdiais: es hd) nt  of .

hydr ocephal ys. LIFIzhe Jtherfafpeut i craggg??l's§%$§§$'3dgcf%}ie'ng§@§bﬁ®g5@%¥§§rﬁit‘?let i cs

for the dev@! gbﬁéﬁte @finfeclien sisatvedieR\igpending ah the-jomt! Releb GrosmBIitORIdT

%{ew ces _arf,féleg@Niggl Stﬁp tuhoﬁe (Sjg\?cu ed for Cl\tlS shunts K_'Infections of
thopedi c I'mplants 20°I TIERTEES SYRshopogiaer psostbetic infedtions rpnosfioet i c j oi nts

such a5 1110 S% TS, S St | B TSI, IEL 110

prosthetics are subject to conplications as & f the

i npl ant 100; hopedi ¢ i tererre thrbeahainnmediamismy aF inféotiopf Tﬁ@%@étscdln%hmg ng
pain, i mmbéo'lér&)’ .falg ﬁre OLagt he prosthetic itself, [loss/renoval the of
prosthetic, 1@ %@Wﬂ?& e ingant (prosietiss istioaplatenserewsevany idgdamtabRs The cost

of treati ngortRspecidieicd) o 15 SRR ilpfarkt Othe? airs2y BF el bibote
contamination of the wound. The second method is spread from 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 result
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

nsk of infection. For example, rheumatoid arthritis patients have a higher risk of
infection possibly as a result of medications that compromising their

immunocompetency,lwhile psoriatic patients have a higher rate possibly mediated

by a compromised skin barrier that aflows entry of microbes.
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art hropl awd'o§/&9?3%|f by 3 or 4-fold (in excess of $50,000/case). her
orthopedi ¢ ~1'np 48t hardware such as internal and exter nalpdiuswiensdevi ces,
pl ates and screws are also subject to such infection and infection-related
conplications- The present 133 WD 03/099346 PCT/ US03/ 16719 treatnment includes
mul tiple operations to renove infected prosthetics, with its own inherent

ri sks, conmbined with antibiotic use. The rate of orthopedic prosthetic

i nfection is hi ghestT i n trile fi r?t nonth post operatively then declines

. continuously there af EdmPIg it Shibecements shal eepsureeitlin placdermecqisa at e of

prost het i ca oeaNM RS ABT LS. xi npt el .9% per 1, 000
joints; the rate t hen dr%p?lsﬁ()j 2.%@!‘%5%%%*&0‘?’%§%¥6n@ enbimantio. The
.rate of i rhaefiplhaxedbeiranndsherentrs ogidEctidie EH Xamie oF nREASPIRLLTS ar e

I nte

i nfected tw s fr ently as hips. Shoulder prosthetic ctio range
from O. 5%%059 Qosfgeﬁg&geg P8 #01tp9es the dsksoflinitivo ob a0temptb-prlstie knde 4% t 0

2.4% 19 There are Rhy; | ' of infection. The nobst common is
col oni zation of the i &gﬁ?’ gﬁié(?grggg?ﬁ%h%g Spycent Odﬁ‘%ﬁé?n sarleRe. Rapbjt

i npl ant ablecdeds hanapsiiwen teations) a fiw S HYIGE RS | ' irectly or
t hr ough ai El??orlne cont am natigbn of %\XDung. L%ﬁ%&%@%ﬁ@%@?ﬁ%ﬁﬁ'”@pread from
an adj acef! "PRENACIEAtIFLiq Fase Futfectionwbuhbadteleetit (nemaiigeeess) Or Si nus

tract. TheebdlingGt! noys: seeding. during a_systenic bacterenia,
li kely account P%é B?’f)%eﬁ‘sgspapgrigo% %‘Lﬁ%ﬁ P %@?)S@'%Qﬂv ’W?f%ldifﬁﬁuiﬁ Andeequires. Ri sk

fact ors asignifightilphere Dhetehias tTHBYmMBRaSIOED [Mn?ﬁ&ta%%e%f{aﬂ%ﬂnmag@ﬁ} systemc
ul 0

condi tj.on a local condition, or as a res ions that

n.illness,
decr eade ?“%teﬁéﬂé'?' i3 @qely & shaatbneiafympleméaten.s al so a predi sposition to 20
infections if the ' rior.surgery, perioperative wound
conpi | ati ons, or E%@fnﬁeo%égﬁaﬁr [t‘?@.Strﬁﬁﬁ%HPy'ﬁfﬁ%ﬂPB%gf%ﬁmbﬁgramcrease
the |i kel pogitie: ahcoi,i(Statiyiceacass HeLs, Céag?l%@?\fetg%ﬂvésft%{]&%el eva?gg‘ﬁri sk of
C

i nfectiong as nmpared to the prinmary prosthetic repla qcorgpb re. The
% ,
presence BEMP '&grﬁ}%@f@ﬁcu&n\/lf idars Eagers Strieptadosti) ahd phesbbeddi CORH ect i on

6-fold. Vaildhssthing 8P ESpRlR NS &35, g)peesent in a single prosthetic infection.
15 Other organisms include aerobic gram negative bacilli, Enterob'acteriacea,
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 Stapyiococcus arureusl 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 rembval
Qf 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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.25 risk of infection. For exanple, rheumatoid arthritis patients have a
r

e
hi gher ri sRDOPHection possibly as a result of medicati oRSTARY16719
conprom si ng thei I mmunoconpet ency, while psoriatic patients have a hi gher
rate possibly nediated by a conprom sed skin barrier that allows entry of
m crobes. 134 WO 03/099346 PCTI US03/16719 The inplant itself, and the cenments
that secure it in place, can cause a |ocal i mmunoconprom sed condition that
is poorly understood. Different inplant materials have their own inherent
rate of i nfeSEpenbutmite mﬁm%r,ega%mme tisk pbdaveloping gedibjpticgesietanceknee has

20-ti t ' i pfect | f tal -to-plastic knee. 5 An. inplanted
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i gnifi tly. bacteria. Thi. hasi the i t f
anti m orobi N IGTE ARt e ooty g SRS T T Fctie 1 he of §mplantation. Sixty
five percent of all prigshdretdie dxfteRlery BifiShi Hﬁ)oﬂa‘gtf@%f‘éio%n%ag&gf:pos't"’e

cocci, (Staphylococcus aureus, Coagulase Negative Stap ococcl , a-
Henol ytic M Dcapahle of Ksistugres réducipg $he etbad dnfeclicandn effeetiacocci . Ot en

mul tiple strains of staphyl gcoccus, cap be present in a single prosthetic

nf ecti on. CLGORRRE DI Palis MUK Gehiserabine amnan dldgis A0G oA |

Ent er obact g4fedf&t lowEs ' éﬂ?ﬁ 0 S

Pept ost r ept ococcdscgnd%gggitagﬁ%? gﬁé@%@%@?‘é‘@’%% ym{; ’cﬁ@i’%ﬁgﬁq%{@&\ﬁ%ns account
for 12%bf destlsaridaiso débreade dignosirbeobf arthopédic imglanttejiriigs di fficult due
to the highl vari abl e presentation; fever, general mnalalse, swelling,

eryt hena, jr%%ﬁf’e'b‘&f‘h,re%‘d "I‘QJE'S'BWF’_F\Q‘QSbiqitMéO'T paflents withtheseimplaotse septiceni a.
s St apyl ococeus ar uf Ladraeret e erE BRIy e e B aled g oo
i ndol ent  candéwretopesideas: foypulkaed fifto LaRAMGAEHIBEIS e SuFi@Pbhacocci .
components of the orthopedic implant. The 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. articutar
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 tocally 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. Aithough for some agents polymeric carriers are not required for
attachment of the drug, several polymeric cariers are particularly suitable for use

in this embodiment. Of particular interest are polymeric carriers such as
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resulting in | ower nihehirdgs v fridéreRfbh®  ; inpl ants. In a preferred
enbodi nent ,, doxor ubi ci n, gm toxanrterone, B%_éft}l@u%?%ﬁgrﬁgaéls? 'ﬁgﬁﬁ'&v%’fmet oposi de are

0
f or nul at eop’TOr?PEa@ Y dWdrewyapplitei eatings bhehs middies deflickbe conponents of the

ort hopedi c i npl ant. r s) can be a led in several 15 manners: (a) as a
coat i n%happl ied to &ﬁ@éﬂ&a&"ﬁ%@%%@ nAgrigheobeonfiguratimesirtesi s;  (b)
as a ctt ismpsape eettt Hosé BanmRERFER il R WG i ace of the prosthesis;
(c) as a coating applied to all or pérﬁ&gﬁmﬂma@ﬁ%eaégggc?859%993'96’0&i ng

appl i ed t GMNHRO W%féée@ﬂptaﬁéCD%eﬁoHMdenmeﬁwL pm(;cﬂb@bﬁ;%{)_ gé:é%td iﬁt c): (e)

i ncor por at ; [ ch conprise the prosthetic jolnts (e.g.

articul ar t@%a?ﬁlﬁ@géﬂ?f Qﬁ%%g? I@'Pgs‘{ﬂsﬁﬁé' calcyigien amal funotionaf dote per

pol yl act i aindcrel @sfrt aideh of tha ' ' rporated . into the
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conponents_of the cements used to secure g°§%ﬁpg¥‘ﬁ‘§t9f‘ﬁj pl ace
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 shouid not exceed 25 mg (range of
0.1pgto25mg). Ina particularly preferred embodiment, the total amount of drug
applied shouid 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) shouid fall within the range of
0.01 ng - 100 ug per mm? of surface area. In a particutarly preferred embodiment,
doxorubicin should be applied to the orthopedic implant surface at a dose of 0.1

ng/mm’ — 10 pg/mm?.  As different polymer and non-polymer coatings will release

doxorubicin at differing rates, the above dosing parameters should be utilized in
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Dr ug- coat i g‘g?of . or drug incorporation into orthopedic inplant will allow

bact eri oci 03{5‘}9%'6I evels to be achieved locally on the i npbPanuselirdzace, thus
25 reducing the incidence of bacterial colonization and subsequent devel opnment
of infectious conplications, while producing negligible system c exposure to
the drugs. Although for some agents polyneric carriers are not required for
attachnment of the drug, several polyneric carriers are particularly suitable
for use in this enbodinent. O particular interest are polyneric carriers
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However, certain principles can be applied in the application this art.
Drug dose cBANKENedifof@ renad eaging o Seyeraithadios to peveralimonthar s (of t he

£ f J - hei ted). total dmi ni st er ed b
P onsur od- oS ErbaR RN, M HOEbERRectioll FontiRalion or Bimimplan b areatecns . -
det er ni 1ed.oveetras fitses Hagh. trh@réfsié)waQ{arﬁcR}?éHi;PaFéfQHlee&ﬁﬁebgﬁrﬁFHﬁtﬁeo the

orthopedic inplant, the preferred anticancer” agents, us ohe or in
conbi nat i odN2igAUAalheof thesirug i raleasednier thé Grst 312 tonirs ¢o gesiongirgedtidel | nes:

whet her  appt e ARG hosrifhubd fo Ao Relassratiahoi ee feasiyanydants 20 whi ch
make up t heaset PRATHE distDbaih FOVBEI BRI 15t ARAbLGS Yid BONaReS 2t i
doxorubicin (as described previously) with similar functional 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 anthracyciine,
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 5mg). Ina
particularly preferred embodiment, the total amount of drug applied should be in

25 therange of 0.1 pgto 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 pg - 20 ug per
mm? of surface area. ina particularly preferred embodiment, mitoxantrone should

be applied to the orthopedic implant surface at a dose of 0.05 pg/mm’ — 3 pg/mm?.
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pol ymer, the total dose of doxorubicin applied should not exceed 25 ng (range
of 0.1 pdA¥9%4ey). In a particularly preferred embodi nantryudeaeiot al anount
of drug applied should be in the range of 1 gg to 5 ng. The dose per unit
area (i.e. the anmount of drug as a function of the surface area of the
portion of the orthopedic 25 inplant to which drug is applied and/or

I ncorporated) should fall wthin the range of 0.01 tg - 100 g per M2 of
surface a;&a.g#n a particularly preferred enbodi ment, doxorubicin should be
appl i ed t ot AEESRROpERRrENdMIEpolymaricaatings will s eahitdkahtroged? - 10 g/ mme.

As diff "ol ti i1l rel d bicin at

T mg RS MRS, 1 o RO oo B0, DS bt liged iy pombioatinn ity Vo

. 03/ 099346 (RETELSOBHAE B QR ASHhitRS o%&@e&i@%ﬁ%h?é&ﬁ%éea Lﬁqff@@% he drug from
a a m

the orthopedic inplant surface _such I uim conc 8n of 10-'- 104
M of doxorTHEHR Gasicaalraticn ofetD dn10t Meokmitbrartronktis infaifeRRSSAE ) L0 i nsure that

surfaces dr trati gns exceed concentrations of doxorubicin known to be
| et hal e? 0 *n%eﬁ?%ff ggé’}?é‘é‘? ﬁ@?&r UG, scsntratisng pp the syiface exceedaecandentretiorss of
10- 4M al tdienigdxah®bns RABVRTY Bl entrations are sufficient). In
a preferred enbodi ment, doxog.galt |(%|F§”J|n§m§(ra %égeggeg? &9%&5'?%@”‘2% €-of the
or t hopedi AR ipP¥EASSAIIR" Mialthangh fomsame iewebcaitrhims idwbSdngBbigMiggef OF a

period rangi fyom several hours to several nonths. As escri bed previously,
the risk o%g' "l“sni%né,;?'in&%re Fﬁdaﬂm%?ﬁgirﬁ‘?ﬂto\‘"'tpﬁéntmﬂﬂ isneleaseqd froat thet 10 over the

first 3 daythopddelig | 3 17 e ed enbodi t, the majority
(or aIQ of t ho dr_ug%{ngs?gﬁig'gﬂ{fy\?g?hﬁﬁgg?| res%&ig'gy WOWP???'ng?%rv%nt i nfection
whi | e Yl | GRiiag rarging froesavienal Haurs te sevdrhEmeafHse s dséso‘iibealgi‘e\hsuéﬁatﬂ%' y

evi dent l}gﬁ ?-'f n the di scussion provided herein that anal ogues™an
derivatives gJ In %‘3&?6‘?&8[‘ nnaten gblherimptant py axsatest loyer thetfirss3 diayar f unct i onal

activity qaardie | b : e s, 0f.this invention;, the above
dosi ng %ar amet errésﬂdaér)g@?ﬁ‘g%ég{]j%t’sweédm B@;@gfogi '8"{':5‘6@89;'%{%3?%?@ P6rdRey of the

anal ogue d&rstd@rhouss tospressntiofantior dvhile AloRindg A6 B! r@%l‘fﬁ?wﬁcgﬁ.tgereaﬁeporrpound
twice as ﬁoﬁt@n&d as doxorubicin is admnistered at halt the above paraneters,
a conpoun Hid B reqgil gYIdgat basgchrpen Hendiseussinn prioyideddtbrain that ce t he above

par anmeser $nalybies and derivatives of mitoxantrone (as described previously) with similar
functional activity can be utilized for the purposes of this invention; the above
dosing parameters are then adjusted according to the relative potency of the
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 Ahalf as potent as mitoxantrone is administered at twice the above
parameters, etc.).

(b) Fluoropyrimidines Utilizing the fluoropyrimidine 5-fluorouracit as
an example, whether applied as a polymer coating, incorporated into.the polymers
which make up the orthopedic impiant, or applied without a carrier polymer, the

25 total dose of 5-fluorouragil applied should not exceed 250 mg (range of 1.0 pg to
250 mg). In a particularly preferred embodiment, the total amount of drug applied
should be in the range of 10 ug to 25 mg. The dose per unit area {i.e. the amount
of drug as a function of the surface area of the portion of the orthopedic implant to

which drug is applied and/or incorporated) should fall within the range of 0.1 pg — 1
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20 Utili zi %m' t gxantrone as anot her exanpl e of an anthracycline, whether
applied as %W?f‘ér coating, incorporated into the pol yner BCERISeH14TEke up
the orthopedic inplant, or applied without a carrier polynmer, the total dose
of mtoxantrone applied should not exceed 5 ng (range of 0.01 pg to 5 ng). In
a particularly preferred enbodi nent, the total amount of drug applied should
be in 25 the range of 0.1 pg to | ng. The dose per unit area (i.e. the anount

of drug as a function of the surface area of the portion of the orthopedic

i mpl ant t o \WPE BEF @ pfisurfage prea diremgadiculanypreferadeembsdindrd, 3-Albrodradi n t he
range of O. - : r of. surface grea. In a particularly preferred
enbodi nent , Q#O‘?Iggbfn%?p '%g tgﬁ%%PgngB%d'ﬁb'BPI sutugaqq.'@t %BPﬁ%BééliQ:uﬁl/mm%mﬁpOsur face
at a dose ofgmPB. P diffbrent 3 / 36719 As
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di ffering ratderingeatapdhe aboverdpsiay paretresterssshmuldl bb &tilizdd inZ@nbiRag@yPi nati on
W th thﬁ1 rwﬂ}ﬁ‘ﬁﬁe rate of tgﬁT druu%ffromthe ort hopedi c i npl ant surface such
that a i ni ¢ SriEash rale ob thedrupgrem the ogthgpegic inplsnt surfase sieh it ai ned.
It is 5 necagfigivm tond Bt -dr e | n.t.he surface exceed
concentrations of #%%ﬁ%’??odggbkng\ﬁ @?%ﬂ%@ﬁﬁ%ﬂﬁ%ﬂ}%ﬂ‘?ﬁ“&Pe 'E'Seci es of

bact eri a andetensgry (0 insureathat surfacecds® incéftrbtidds akddeaudhchArafONEof 5-

enbodi ment s_| ower q | evels will be sufficient). In a preferred enbodi nent,

ru
mi t oxant r onBUYTOUFAL é‘é‘gﬁ’@ tp thed to pumesprsisRediepPbacteta had dusgidhet, hed
anti-infect jpvg ¥ HBY M- | ' eriod ranging fr. sever al
hours to sever ﬁgﬁx?ﬂsMﬂtﬁgggﬁﬁ@gﬁgé@gﬁ@? S IPWer drr”iggﬁv F"Y"Egéct i ous

cont ani @t i sufficient)hén anpéfenied emBoEiRteB! 5-AMSTourAE! EirkRhsdd #aKSthe Therefore, in
one enbodi rrelgt% t he. nyj oritr%;w(or all) of the drug is released over the first

72 hours t oOBReRRME implaRksuriasevsahdthat antivinfectiveradtivith sahpingained Gecair
her el n t hai 0% EAIAR SEB NV | B e Rpribta AR dnferbad AiedenspaDe
Y Mo ehslbSconbuAlToy e SRR LR b Pl Do
the relativ hggfcgﬁcxy opartipylarly preferred embodiment, the majority (or all) of the drug is
15  released over the first 72 hours to prevent infection while altowing normal healing
to occur thereafter. !t 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, efc.).
(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 pg to 25
mg). In a particularly preferred embodiment, the total amount of drug applied

should be in the range of 1 pg to 5 mg. The dose per unit area (i.e. the amount of
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analogue or derivative as conpared to the parent conpound (e.g. a conpound
twice as PHRBIMEHE nitoxantrone is administered at hal f thﬁcﬁ@gMﬁﬁﬂgraneters

a 20 conmpound half as potent as mtoxantrone is adm nistered at twce the
above paraneters, etc.). (b) Fluoropyrimdines Utilizing the fluoropyrimdine
5-fluorouracil as an exanple, whether applied as a pol ynmer coating,

I ncorporated into. the polyners which nake up the orthopedic inplant, or
applied without a carrier polyner, the 25 total dose of 5-fluorouracil applied

houl d not desgcasea filtBionwf (Heag gy cef cularly
‘;rggerrgg eg%gr#drrent Olt‘rﬁ]e(tot al an%rﬁﬁ%fghégm%ﬁ%fr{?éDghggﬁd@%blﬁ#h the range

of 10 g to% Ug #haPrlisdensiar inerrpozated) thouéd falhe.tiannumangn‘om 09
function ofgpd h t he orthopedi c inpl ant to
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Bartlcu%arlalfﬁﬁpzeferred enbodi nment &gﬁﬁ?ﬂ%éﬁ'r%ggﬁa%ﬂ] #é; éﬁ ie to the

or t hopedi ct arfts differant eolymex M@s@m{aot}m&rmgbtm@s wnlﬁ@eleaw dtBosids a}g]l fferent
pol ynmer a ti n s wll reI ease 5-fluorouracil at differing
rates, t hgﬂ gm%g%%ﬁﬁ%aég 89 H3LPEISTS Egoﬂpqu widiget ip sembinadionovitts wi t h
the rel eastheraleaseof: tbhﬂtﬁgm fi? e such that a
m ni mum concentr at |a(‘)n of 104g- (ﬁﬁ“t@@%ﬂﬂ?b%&?l iré&ltjrgg'leffg? ?E&?TL“ ﬁlaai ned. It is
necessary YCPAtatien oftl” <lir Mod edbpxgs:d@mmatmaheanﬂ|§Xy§@§§béi?&9%h?@t ions of

5- fluoro own.to be. lethal to nunmerous species of bacteria and fungi
(i.e., %Qtlc%dr{a%%e 98?”&?5‘4@%9"3@8‘&6%ﬁomntgaswesmmmigwq\mm belr ug

l'evel suw llethabtold vaidt] o baak i Gke 5 uracil is
rel eased fromt hev or?t?o di cla ﬁhg ng§ @Er?%ﬁg eg(gggg?ﬂg(? ’glntaft;' %gﬁﬁ ve
acti vi ty |S§ﬂ?ﬁae'mbadmwt$ ex drpg ieveds willigs sgffitient) Iewesraferheurs to several

nont hs. rev ous risk of infectious contan nation of the
i npl ant | s gr eat egf%z) IG&8 r?'\éf’??ggmﬂéy? surfacerafftbe erthppedic paptant sbian | y

e’ o ek et e Sl R Sl R o
ocour t hersggeltaérnonms dsaldsdribed pendously, dié dexbf MS@RBUEIRBAtARRaTELS BF'ﬁ%' on
15 lmplant 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 normai healing to occur thereafter. it should be
readily evident based upon the discussion provided herein that analogues and
derivatives of etoposide (as described previously) with similar functional activity
20 can be utitized for the purposes of this invention; the above dosing narameters are
then adjusted according to the relative potency of the analogue or derivative as
- compared to the parent compound (e.g. a compound twice as potent as etoposide
is administered at haif 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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provi ded herein that anal ogues and derivatives of 5-fluorouracil (as described
previ ously QP{RMp i | ar functional acti vi ty can be utili zeRCY¥UBOXNIGEI9pUr poses
of this invention; the above dosing paraneters are then adjusted according to
the relative 20 potency of the anal ogue or derivative as conpared to the

parent conpound (e.g. a conpound twi ce as potent-as 5-fluorouracil is
adm ni stered at half the above paraneters, a conpound half as potent as
5-fluorouracil is admnistered at twice the above paraneters, etc.). (c)

Podophy| ot cXMigriyianthracydines ée.podispbpititioxdir mithaptendg lasrapyrinAGineX q8R).E,
i ncorporated into the polynmers “which

whet h hed yne ting,
ke up  he IR B0l A ki b So dnneRBIRteATDRlor Perbpeyigireis 1 ho

total dose (gfg., i i : 220 ran of 0.1 pgto 25
D) in e e o e ode Pl cBRURA i RekBhR S o BB AR yRoa g Bppl ed -
shoul d be iagentstoremymcefeffitacyo 5 ny. The dose per unit area (i.e. the anpunt
of 140 Wc) 03/099346 PCTIUS03/16719 drug as a function of the surface area of
the portion of the orthopedic inplant to which drug is applied and/or

0

i ncor porsat ed) shoul d ihklioNd ASURRiAEE Wit OfeP v g of surface
area. In a particularTy preferred empodient, d-be applied to

the orthopedic i npl adtptantsd acecahmaniogsedhn the braddd® mediling eﬂféf@(?r e
di fferent 5)0 mer and non-pol ymer _coatings will rel ease etoposide a?
differing reftdwide varielyof pumeseng Thesamaledesinplontsaush ast diairmeg tubesonbi nat i on
with the € : r romthe ot edi c ipplant surface such
that a co%@%ﬁf?gy??ﬁ%ecgﬁ g'1 : eg, %%-Sbeﬁfl BTIEES Qfgf'gé)f?‘éemnﬁ Adhegionsy, s ;
necessary boashstic déviads, SURdAee irGHEo0rs AINES i C c {rations of
et oposi ge known to be 10 lethal to g vari et yn%éé%%dg{j@erlﬁg %%ﬂtsf S{r%&('i .e. are
in excd¥s #iterigr veng cana fiftsuig rernbelization@gentso pumpst (forltoseielideny@fl evel s wil | be
sufficient ; d,. enbodj ment, etoposide is released fromthe
surface of }Q%’éa%@%giﬁf‘é&?%1ﬂﬁ?"%ﬂonﬁﬂt IS3Ht8; Tilers. cosmaticdmplants y i s
mai nt ai ned(freastinAsnRIfcRIFhRENTS, B ! Ogi ; N5e AS
descri bed preuvi ogg?g, the ri s“l5<] gf Pnf%@%ﬁ%’sb%@%rf#hsaﬁlﬁ?ﬁﬁ'rt‘tﬁ%%nne

devices (1UD), ligatures, titanium implants (particularly in dentistry), chest tubes,

nasogastric tubes, percutaneous feeding tubes, colostomy devices, bone wax, and
15 Penrose drains, hair plugs, ear rings, nose rings, and other piercing-associated
implants, as well as anaesthetic solutions to name a few. Any foreign body when
placed into the body is at risk for developing an infection — particularly in the period
immediately fotlowing 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, mannitot, glucose solutions, lipids, nutritionat fluids, and anaesthetic

solutions) to prevent infection transmitted via infected solutions/fluids used in
25 patient management.
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15 inplant is greatest over the first 3 days. Therefore, in a particularly
preferred“mb ¢4hent, the majority (or all) of the drug immedosasag 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 derivatives of etoposide (as described previously)
wth simlar functional activity 20 can be utilized for the purposes of this
i nvention; the gbove dosing paraneters are then adjusted according to the
rel ative potenJg'of!ﬂﬁémﬁﬁﬁﬂﬁgméaﬁﬂwd§rDuabrwapaam conpared to the parent
conpound (e.g. a cogﬂfund tw ce as potent as etoposide is admnistered at
hal f the above para %P@C‘a‘eéﬁfﬁﬁwfﬁapﬂ!Cagdw@mpiagts ietlopepe dee i s

~adm ni st er@sicdhtfianng : tc.).. 25 (d nmbi nati on t herapy.
I't should be O?gadi | y%e%/%%ggn%t%%glstgghﬁép%tﬁﬂr?%%se ’&‘@%ﬁ‘éﬁ%@“&%@%%ﬁ}ﬁ@f ein that

conbi nat i ot edrmnaatinfeativos seemndagy ® contdexiensikei N or ni t oxantrone),

fluoropyrimdines (e.qg., 5-fluorouracil), folic acid antagonists (e.g.,

nmet hot rexat e) and podophyl otoxins (e.g., etoposide) can be wutilized to

enhanceb t HafegtibhdatinbballapCbhydd Y of the orthopedic inplant coating. 141 WO

03/ 099346 PCT/ US03/16719 Simlarly anthracyclines (e-g., doxorubicin or

m t oxantrone), fl uorlowymimbel afdatrdcsuar lenged i e b ' '

ant agoni st s \&Feﬁ( , et hot r exat e% and/ or podo%?@?giﬁhié Uf(ﬁé%!g.s?atgfhg%si de) can

be conbi nédOUMFPPPERtAlly Qvar thanlesbdenade. dorentlyanverf Limgitibn iragealirt 0 enhance

Pl ant s donses ABIAPAARAE AARGAE) BhE el ebihiPY iingivces geip 1 o a w de
vari ety ofposterjposhambéhesthel dy@. UbleddpgRohaRits %Hﬁ@ﬁﬂ)%t 9694%9&&&@3%% bi'liary
e

T-tubef% cl 'rrﬁai sutures, meshes, barriers (for the prevention o si ons),
anast oftot COMREGRLULOT inBaeeilaslens plagganersrand ascdss inpripkbXigatee L% oFt ent s,

staples, L@ ek vV, L ters nbol i zati gn agents, punps (for the
delivery of rgﬂ%r(ggjggt%g?fb%ﬁgﬁ%lgt Qﬁec\Jqs AUQTK a(%%%&é%‘f@'%'ssue fillers,
cosneti ¢ icoplaaninatior( dneaave BAINRBE Withiar %urisra@k@?@cep{,@t heses), bone

grafts, skin grafts, intrauterine devices (IUD), Tigatures, titaniuminplants

(particularly in de’,{hgg{aqg;)cpnuﬁ@rgpaumtendophthalmitis are Coagulase

Negative 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
endophthaimitis and also decrease the number of intraccular 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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nasogastri ¢ tubes, percutaneous feeding tubes, colostony devices, bone wax,
and 15 Penwgggm@P%Wns, hair plugs, ear rings, nose rings, aRGTESHEI6T19

pi erci ng-associated inplants, as well as anaesthetic solutions to nane a few.
Any foreign body when placed into the body is at risk for devel oping an
infection - particularly in the period imediately follow ng inplantation.
The drug-coating, dosing, surface concentrations and release 20 kinetics of
these inplants is identical to the enbodi nent descri bed above for orthopedic
i npl ant s-  ItA addipertsrf bodx eurtdies of theidra antifari{e) indofdorafcaUunRCthb RN

et oposi de %a? Qe added .t o solutions used in nedicine (storage sol ut’ions,
irrigation VPPLFALOPNSE e lenSnannitol , gl ucose sol utions, |ipids, nutritiona

fluids, and t hetr Gy Sokill i ) i nf.ect, itted vi
oot e ool arpes 'F DrfagOHG of Bl i ioh M8 S8 15380 S el 0046
PCT[ t JS03/ BipvbaCtenidaitalidong lAetowi il achisiddIdoaly ah th@t&ﬁ%@fﬁgﬁetrﬂfsi nci pl e

I nfecti qns of medi.cal device inplants in the eye.are endophthalmtis
associ ated "GHYHNS the wsidense of basteriabralanization and subsequendtdeselogarent ofind

i nf i t |ens .. 5 Infecti f Int I
Lanses The opar et AORERBRE A1 RkEERs FTigHE syslemic Rbesiresatng at oo has

grown expoudengs. ahlthougihefor sb@el RNt 861 RTIc QA tér&no@\‘&guiﬁed‘?ou lon
th the vas

i ntraocul ar , | enses are inplanted annual ly, wi majority (90% being

placed i n £HECHHESE @rthedregsnveral polymeregariemnduppartiallaty issitalictibeus®st
appr oxi mat 5 3 SRR ORI SB[ E8a0 aeri; carfers pHeh pBst mejor |ty are
O cedare, Soparetbana @TyNTI OB AN [T BRATMIT RARMIBIATSIC TS e
St aphy| oco&@metsrialsdi R PROSIIBIEY! [EToBiomatepalsk HIYHRGTHAUER jE Pcoccus 15
aureus, EnB%rﬂﬁt%?igiS’]), %Egzlicl? %Q%Gelfﬁagp&ﬁcagci);ljglimersg Fgé.olg‘dy(%ih;lgge-%g-g@r;liicon el ude
acid), cellulose-derived polymers (e.g. nitrocellulose, Cellulose Acetate Butyrate,
Celiulose acetate propionate), acryiate 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 iens 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 caleulated 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 appiied 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 pgto 25.mg). Ina particularly preferred embodiment, the total amount of drug
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blurred vision, ocular pain, headache, photophobia, and corneal edema. The
treatnent“ﬁ?m@W&Hﬁhthalnltls associ ated with cataract surgefiyydoaghHees
vitrectony and treatnent with system c and/or intravitreal antibiotic

t herapy. Although nost cases do not require renoval of the lens, in
conplicated cases, visual acuity can 20 be permanently affected and/or the

| ens nmust be renpbved and replaced at a |ater date. An effective intraocular

| ens coating would reduce the incidence of endophthalmtis and al so decrease
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this etbosurface.. it@ npesdsh ioalhsur%ttﬁéﬁéi}rfa%'équﬁ | rs,such as 10
pol yur et hanes ., Chr ofn}quI ex AL 85A [CT Bi rrcéﬁg{?wg?tﬁ%rsﬁ ?%NEd64OTM [CT
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as wel | a¥OBRl Bsssiriaseoééie intraocular lens such that antr‘lnfect:ve activity is
15  maintained for a period ranging from several hours to several months. Ina
particularly preferred embodiment the drug is released in effective concentrations
for a period ranging from 1 -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 intraccular lens, or applied without a carrier polymer, the totél dose of

mitoxantrone applied should not exceed 5 mg (range 0f 0.01 ug to 5mg). In a

particularly preferred embodiment, the total amount of drug applied should be in
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As intraocular |lenses are nmade in a variety of configurations and sizes, the
exact doseV4U¥¥P¥Pered will vary with lens size, surface aPewuUsSoEsi7gn and
portions of the |l ens coated. However, certain principles can be applied in the
application of this art. Drug dose can be cal cul ated as a function of dose per
unit 20 area (of the portion of the |lens being coated), total drug dose

adm ni stered can be neasured and appropriate surface concentrations of active
drug can be determ ned. Regardl ess of the nethod of application of the drug
to the intr&gdange of Ddnsg ta hengr igfecdossipaminicaneady. e agedraountSdirgd; @8y or i n

combi nationg shoul d be adm ni stered under the follow ng dosing guidelines: 25
(a) Anthr ac@‘@?ﬁ’%‘%&h@ﬁqrﬁaﬁ?ﬁé% ﬁ’gfww'%yérh%@t@@waulﬁr@i ta wychadrugeisanpl e,

whet her - appAdgidd andhARbJBIaERRAI INGRRSKETSThd B Gpine PR ymes  whi ch

make up the |r21traocul ar S conmponents, oOr app
pol ymer, t hent of aurfdcs ered. kicx paniouiirly preletieecerabodihfb it Ohitex&r R e2ehdilid (r ange

of 0.1 #c to %5. )., Ln a particularly preferred enbodi nent, the total
anount o %‘?%apa'&&'%@ﬁm@l% IesTRuIgEy atey doseppi0&da/mend -d 3hay/inm’ he range
of 1 pgto ) s he  anmount of drug as a
function ofﬁst ﬂigerse-tf{ra%gggﬁ%rée}g{ Bwtoh%eg%to%ﬂs%f'}“h%e?ﬁﬁ ‘F‘QBE@I’I‘%‘?”G’ gfens to which

drug i s apdiff@ihgamatésthe abovepdbsing Parametdrs shalild U&Eﬂﬂiz%dtin%ogﬂ;ﬁ%iﬂwmq. 01 txg
- 100 pg pﬁ[‘@%% of surface area. In a particularly preferred enbodi nent, 5

doxor ubi ci P3€ FRie e deng Bomibe inftacsuiar lems beraces sudrattat atmimirdose of 0. 1

pg/m2 _ 1 ; \-f fere nmer._and non- pol .coatings will release

doxor ubi ci %dgt%:]]l %#Oer‘rat?fngb ra esM?ﬁﬁltéﬁ%\}@n&d&"ﬁﬂ"%ﬁ?éﬂgﬁéﬁ BeCHRFENG D e utilized

in  contd nansuwe thattdruy ke neeheRims i feQfurtdie %%@df&ﬂ%ﬁ@ﬁdr{y(gaocu' ar |ens
A 0

surface such. that a m ni num concentrati on of oxorubicin is
mai nt ai ned B¥PXEREONE kognndede iethal to mediipds apgcies of bacteeiatdrat fuagr (. ecarelinug

i 1 pl o saereeonto o ARG e ot ebpfimien Bierurig iowis vt baoa 1y
B erer ] S, ety el R MR ARG S ) |1 ¢
intraccular 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-flucrouracit applied should not exceed 250 mg (range of 1.0 ug to 250

mg). Ina particularly preferred embodiment, the total amount of drug applied
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fromthe surface of the intraocular |ens such that anti-infective activity is
15 mai nt aPEP P86 peri od ranging from several hours to sevigiabagpeths. In a
particularly preferred enbodi nent the drug is released in effective
concentrations for a period ranging from1l -12 weeks, It should be readily
evi dent based upon the discussion provided herein that anal ogues and
derivatives of doxorubicin (as described previously) with simlar functional
activity cgn bhe utilized for the 20 purposes of this invention; the above
dosi ng par @8 inie renga ohdPust ted25 age hdidogetper URR aieh Ald. Vi BRLERCY Of the

" anal ogue lyat 4 . as mpared to the parent conpound (e.g. a conpound
twi ce as S%ftdgﬁg aéga %ﬂég%?rhﬂﬁgf’ﬁwrécﬁm%PEW?rM'O%tPfH’@lmtrB*h@JiafblemetqDar aneters,

~a conpoundwhishfdr@sis BH aA8/H9 Lghd d I ni.stered at tw ce the above
paranmeters, etc.). ?Sﬁ%tl i zi ngﬁﬁﬁgiag%qbrég%g'@gﬁm‘% € mﬁpﬂfﬁﬁﬂgaﬁ

ant hr acyclMa@er Mithcehwriagparead ima partmilaHyBsrefsasd S@bobfssHtPORabRAAGL O the

pol yners V%HO%[B @FS !.%U:E E}Fe_i ntraocul ar |l ens, or applied without a carrier

pol yner, the to gisgElodne infraqpularienmauriang ateaidesmaf 8 Ong/mexcesd 5 ng (range
of 0.01 jii@/inen™> BB Miffel j 1 ferr.ed enpodi nen t he total
amount of L%ru appl i ed gﬁg)t?l' 'teé@h%g%@% SRR rsy8pagriach he range

of 0.1 pg atdlifiering.ratese thenatmveatosimg paintdtefd skould BE LR zfgmlﬂ{wé‘t%rﬁs a
function Qf. tqﬂe s,&rfaoe area of the portion of the intraocular lens to which
drug is 3’8}5\ Ed®EAGE &tei A e Poratrem) the itaasulan lenswsutface singh thange of 0. 01 gg

- 20 1.0 pRRIMmIRZ LAy n-1 particul arl ref erred enbodi nent,
i toxantronelrgtrl]oulog&%%f@g%lﬁd % @hcga?ﬁlﬁr%r a}éﬁ Xla@ﬁe"@er fldée at a dose of

0.05 glthmmecesganpig insPre thas sdifhfedri caMRehaliond xR RRAICERBLtGRALINgS Wi | |
rel ease m'hgxant r.ﬁ&e at, differing rates, the above dosing parameters should

be util i zd4CTIRGHEING Iooke Rihal to Pmerevs speciesipbbattetiaand tugi(i@midhe
of 1 toxam £one 10 e o i verfle Ry SIS 00F Rk vels wbbearug

of mtoxantrone is nmaintal ne

concent r askigientin I lreprefarfarcempydinesht CRNGERI AL i781e85ed FohPi@Nt F one known to
be | et hal .tto nu‘?tieglrse speci es of bacteria and fungi ?I .e. arein excess of
10-5 M alMHaeeHRr{ edvshdnateantisinfastive adtivity iseuaingined forlagperiod

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-fiuorouracil is administered at half the above parameters, a

compound half as potent as 5-flucrouracil is administered at twice the above
parameters, elc.).

25 (c) Podophylotoxins Utilizing the podophylotoxin etoposide as an

example, whether applied as a polymer coating, incorporated into the polymers
which make up the intraccular lens, or applied without a carrier polymer, the total
dose of etoposide applied should not exceed 25 mg (range of 0.1 pug to 25 mg). In

a particularly preferred embodiment, the total amount of drug applied should be in
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suffici ent)w In a preferred enbodi nent, mtoxantrone is released fromthe

i ntraocul avQ 8HY3r f ace such that anti-infective activity PETrsostemned for a
period 15 ranging from several hours to several nonths. In a particularly
preferred enbodinment the drug is released in effective concentrations for a
period ranging from1 - 12 weeks. It should be readily evident based upon the
di scussion provided herein that anal ogues and derivatives of mtoxantrone (as
described previously) with simlar functional activity can be utilized for

t he pur poseshefangsiof 20g tmGeng.i Tins dcbé@p@b@hfuﬁal%s(ii.Bgtfﬁaérﬁﬁﬁﬁ%ﬁdrﬁg%st§1en
adj ust ed ac?orh:gi ng.to the relative potency of the analogue or dérivative as
conpared t o '{HECPH e sudegoared ¢fdhg portioncefithe imteaaaniardens tpohioht das is

i t t i Vi s { ¢ , d hal f
pot et as. PR EABE MRt b Fe PREShA L Bhciers, erc)
25 (b) Fl uorupyof sirticeesreb! ih bZidicdiagy HlASraMShitddthast étécﬁciléﬁeg&ﬁ(ﬂ@j %,835 an

exanpl e, whet her apﬁl Ied as a pol yner coating, Incorporate | ymers
whi ch nake @pPESLId thernisaesidar lees surface abpldosel oDt hpgmra? ca1y ji@mmbdl yaer, t he

total dose 2o rouraci| applied shoul d.not exceed 250 ng (range of 1.0 ¢
to 250 nm) gﬁ{err]esrg dg%.gﬂﬂﬁ?ipm-p%&%qmmg ET@WQ efopeside: | di t of drug

appl i ed 14&&&,&%%&36@0@‘5{5{6&3@?&1&?@@%% gglp%di ig cto%iﬁ%{i}%ﬁv%g&o rtg to 25

ng. The dose per unit area . the anount rug as a %f the
surface ar eEelegse rate pbthea dmigdfornities inttaceokzulars dwefrmet sichhbEl cBhbdntkiorpp! | ed

dl [ -at hould fgll. within the | f 0.1 -1 m  of
Ut ace ar e Mo 10 phF ol Hparifs s Matdrined drbGarAERTY 16 ns etk sficos. shoul d
be appl iled Ha étﬁlcbﬁiréﬁ@t%'é%eédeé%cémrgﬁg%e Qﬁ%tgg{i%s k?nf%wh 2 r% %_to 30

ugl m2. As different polynmer and.non-po i ngs
5- 1 uor our a¥afiety 8f bagterieranddung és, atdia exbeyeofl o7 R aRAsAGR tGsors@ioul d be

't raocul ar S DRGNS St e vidk Wil DerpfiEientls dn ccprefaTTed amsbdoert 10- 7M of
2t o S o A Ol L a0 010
infective activity is maintained for a period ranging from severat hours to several
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 haif 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-fluorouracit), folic acid
antagonists (e.g., methotrexate) and podophylotoxins (e.g., etoposide) can be B

utilized to enhance the antibacterial activity of the intraocular lens coating.

Similarly anthracyclines (e.g., doxorubicin or mitoxantrone), fluoropyrimidines {e.qg.,
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- fl uorouraC|I known to be lethal to nunmerous species of bacteria and fungl
(i.e., aré¥OPHM8¥ess of 104 M although for some enbodi mep¢frykRngh4dr Ug

|l evel s will be sufficient). In a preferred enbodi nent, 5-fluorouracil is

rel eased fromthe intraocular |ens surface such that antl -infective activity
is maintained for a period 15 ranging from several 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 readily
“evi dent baééhizomamacat hehiélasiUsth ' an and
“derivat i ves, 0 5-f dor our aci | %{hrﬁggggd h%kﬁreeg?%&saf‘%gw %Pﬁﬁgl ?Sﬂ

functi onal \%€ ’eF}{prﬁd@éﬁa!béemﬂbuzecﬂwitbltratdht@nauaﬁmseﬁc Qﬁdﬁo*ﬂ'aﬁtduﬂ%’;%f‘t' on; the 20
- above dosi g gerggq@gﬁﬁﬂ%%l;e t hen adjusted according to the relafive potency of
t he anal ogue or déri vati Ve conpared to the parent conpound (e.g. a conpound
twice as potent as 5-fluorouracil is adm nistered at half the above

paraneters,. a fP ound hal f as potent as 5-fluorouracil is adm nistered at
tw ce the H#PovE gndarydo)Corgact(lensRdsmophyl ot oxi ns Utilizing the
podophyk ot oxi n etop s an exanple,. whether applied as a pol yner

coat i ng‘f’ i ncor por at g(snoqq‘ﬁ?t SRS BRIy Used &of thalcermeptiomef reftactios Ul ar | ens,

or appli edendrshiputtara 5 I dose of etoposide applied
shoul d not, exceed 25 %%iﬂ%@ %lf%éit gd}g &g@%ﬁﬂfle IPRses) %P?BQP%I y

pref err ed 'BR$RSOAREISE] foﬁfmwlngmam@mntnaofodijm ﬁﬁﬁbh?@oﬁ% aybs Rewll 147 WO
03/ 099346 ,g%l’é ?ﬁ" /16718 t he riaml%Tﬁr | ug ose per unit area
(i.e. the anp o71agY 9f theen will s tfi%%utﬁerath@ lseraflm:easalttm fedmtcaatgeer ti on of
t he i ntradend-aEsdcdiSd h [or i ncorporat ed) should
fall withinthe r angeqrgfewgrfp)lmégg'dfiﬁﬁm argg?ypl bActealin fatuipeare | n a
parti clf arsegopdast de ﬁemeahﬁmuhlagerde,fecﬂi @Qﬁér@&:aﬁﬂ@glﬁjm%d? nﬁgﬂjakgg‘)%ﬁ\! ‘% t
eren

|ntraocul ce at a dose of 0.1 g/m2 -
pol yner andoéﬁg%ﬁ%g H@qu’&%ﬁ?W@@Wﬂsﬁl rel ease et oposi de at differing rates,

t he above dosing pa ized.in combination with the
rel ease rate of thewg‘?ﬁ}g EOQ%J)PC&??(H reﬁegrlsp%q{g:cg for theerabedimentt a

concent r atdesaribed above for intraocular lenses. In addition, doxorubicin, mitoxantrone, 5-

,u-h.._.

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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of 10-5 - éQ;G M of etoposide is maintained. It is necessary to insure that
surface 1 d¢“ﬁ’%ﬁncentrations exceed concentrations of etBgb¥Bdiekown to be
|l ethal to a variety of bacteria and fungi (i.e. are in excess of 10-5 M

al t hough for sonme enbodinents |ower drug levels will be sufficient). In a
preferred enbodi nent, etoposide is released fromthe surface of the
intraocul ar I ens such that anti- infective activity is maintained for a period
rangi ng from several hours to several 15 nonths. In a particularly preferred
embodi nent the drug is rel eased in ef2AMPLES concentrations for a period
ranging from1 -12 weeks. It should be readily evident based upon the

di scussi on provi ded herein that anal ogues and derivatives of - etoposide (as
described previously) with simlar fegngipepglq activity can be utilized for

t he purposes of this invention; the above dosing paraneters are then adjusted
20 according to t heMiQIRETERMINAGIMBYMiIFRATIRREZBROTYDR UDIONNETVGS | ve as conpar ed
to the parent conpound (e.g. a conpound twi ce as potent as etoposide is

adm nistered at half the gfve araneters, a coggound hal f as potent as

etoposide is adnini frere a S\ﬁgdlzf VEHRU BB NeaAHYe fad Posiive bactdri)
Jol Qg on Lher ARy MIE A¥ys e coRRALEN SXEARMY Resec Ry ARcldiam,

di scussions provided herein"that conbrnations o

doxor ubi ci H.cI9% Sommnbdmye)estihgwanﬁmrabréimaicﬁm fhedid T 52190 PURAGhan, folic
acid ant a_gbp_n%t S .é_e E \ g’gt hot rexat e) and podﬁg 1yl ot oxi ns (e.q. , et oposi de)
can be ut i’ SeANfiBoliRs ihi@borateramedising. 4ih afl. Williamistandowilkine, Battimewey! ar | ens
coati ng. oLl = I3 . Lubi cin or. mtoxantrone),
1 uor opyr i o Smely. SAINE SR EPERne Sy SEAT I aibas Boabbe R Bsans 1)
folic acidistategohPsserugmosa, Knphb@inbaikat €) camc@_cgp;@é}qggbyggg@gianﬁ?us( =y ? :

et oposi cbe) ca&‘%ez conbined with traditional antibiotic andlor antifunga
agent s 1o il dmimmusinhibiosy ceasentrationtdssay ubdeoadmbjc tondiionsasingens Use 5

Cont act | eq LJmar ed tor the c cLi of refractive errors,
out are ar g RaPR PR hlofo AT Bl X E Rl i iehes Flaher bestfauge
37°C incubated for 24h. (MHB was used for most testing except C721 (S.
pyogenes), which used Todd Hewitt broth, and Haemophilus influenzae, which

used Haemophilus test medium (HTM)) Tests were conducted in triplicate. The
15 results are provided below in Table 1.
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| enses are used foll ow ng corneal trauma. Over 24 mllion people wear contact
| enses an&“ﬁﬁﬁ@’ﬂﬁ themw || suffer fromulcerative keratigd®Sus®gktibi ng from
contact |ens-associated infection. These infections are typically bacteri al
in nature, are 10 secondary to corneal damage/defects, and are caused
primarily by Gram Positive Cocci and Pseudononas aerugi nosa. The drug-coating
of contact lenses is identical to the enbodi nent described above for

i ntraocul ar | enses- In addition, doxorubicin, mtoxantrone, 5- fluorouraci
and/ or etoposide can be added to contact |ens storage solution to 15 prevent
infection transmtted via infected clean ing/sto rage solutions. It should be
readily evident to one of skill in the art that any of the previously
~mentioned agents, or derivatives and @ggéqgues thereof, can be utilized to
create variation ofy, 05|t|o S mnt ut deviating from the spirit
and 20 scope of the&ﬂﬁy Eﬁﬁﬁ% %?%§§§$9 W@@éé eﬁﬁ*ﬂUSdﬁﬁi%ﬂlg EXAMPLES
EXAMPLE 1 M C DETE SaVBROMPeiliveTBaneNaTHOD A M C assay

of -vari oug gram neg |v¢,anu positiverbacterj-a5-M-Cassays—were énndncted
essenti al || \8aeiadRem | ,m% ﬁﬁ%&ﬂkﬂ% Ry 1P9 uscaptéﬁiljly testimng of
antimcrohials in |ifgui il ér?gn J.eplgfm’g(mti’)ﬁ’igﬁﬁ’? ¢s in
| abor at ory nedi ci ne, mngg'l— R\i‘¢¢13@gs GEHHoEY ATG ?159901 tHore—M—Brefly, a
vari ety of__conpounds swere tejsged for jantibactgria ivity against isolates
of P. aeruyginosa, K |wmrunoni@es E. CQt4og S @Mzuer nHpgsand FEHHress in 10
the MLC (mdninuminhiwttory [cenCentratj;0n asjsgy undergerobit Q&ruiti)ns usi ng
96 well poDyst yrene |nbmamot i tir@rapl-at €9 (;grb,a,l_cort;,hh/j), AR, Vet @"ra -;7+,“rt bn br ot h
at: 37C |nng§&ﬁg1Torup4n Vg s gsgd—for st LCQ‘?&Q.CXCC%‘J 21/ (S.
pyogenes) , $Ib“ usgd—fodd-Hewtt-brgth an emophi | & i nf | Jel¥zae, which
used HaempBHPIAOMe 41 10medi um 193TM ) Te¥fs war® conduc €f i n trligfi catb. The
15 resul t $ Sdueroprovi|ded bel dwa®n Tabl[egf. 107 107 107

methot‘rexate N 10 N 10° N 10°

etoposide . N 107 N 100 10° 10%

camptothecin | N . N N N 10% N

h.ydrmfyurea 1 04 N N N N 107

c:splat_m- 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 activily
B. MIC of antibiotic-resistant bacteria
10 Various concentrations of the following compounds, mitoxantrone,

cisplatin, tubercidin, methotrexate, S-fluorouracil, etoposide, 2-mercaptopurine,
doxorubicin, 6-mercaptopurine, camptothecin, hydroxyurea and cytarabine were

tested for antibacterial activity against clinical isolates of a methicillin resistant S.
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150 WO 03/ g%)%ze}a% {;QT/ US03/ 16719 Table 1 M nimum I nhi bitory Concentrations of
Ther apeuti C Al { Agai nst Various Gram Negative and Posit P¢EUBaRIEI2 a 5
Activities are in Mlar concentrations W = wild type N = No activity B. MC
of antibiotic-resistant bacteria 10 Various concentrations of the foll ow ng
conpounds, mtoxantrone, cisplatin, tubercidin, nethotrexate, 5-fluorouracil,
et oposi de, 2-nercaptopurine, doxorubicin, 6-nmercaptopurine, canptothecin,
hydr oxyurea and cytarabine were tested for antibacterial activity against
ciinical is3irgbesndr waneemicit resistanesediocticus.clificki Softe Bagh Mia assay as

St r ai naer ug | coli S. aureusepi derm.di pyogene aeSS

PAE/ K7 9ATC%%%§%%%§§R&’FE&§E‘QQE“§%?M% p&g@m {MIE welweefnt wt

DrugG am - Ghox 1GHihc F : LG " -610-410-510- 610- 7
m t gxant ronel0- 510:}-5)6;%%%@5{?;@%%?%5- I ﬁ‘orggéjﬁ%’éﬁélibg%gﬁﬁégﬁgQ%nﬁW 10~

met hot r exat"ENBBRILEdBIN00CES)eb dinosiutebll fHsth 8traibR], ttopsaaw | RsthatiHNMP- N

hydr oxyug eaél-ﬂfgw&g&éné: {vsax%l(:g;r{yg%lor-eg%’t\la’\lr&"\lpediococcus).

EXAMPLE 2
CATHETER — DIP COATING ~ NON-DEGRADABLE POLYMER

A coating solution is prepared hy 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 sampile is then dried under vacuum to further reduce the residual
15 solvent in the coating. |

EXAMPLE 3

CATHETER ~ DI COATING — DEGRADABLE POLYMER

A coating solution is prepared by dissolving 2 g PLG (50:50) in 10 mL
dichioromethane:methanol (70:30). Once dissolved, 20mg mitoxantrone is added
'20 to the polymer solution. Once the solution is a homogeneous solution,
polyurethane 7 French tubing is dipped into the solution and then withdrawn. The

Coated tube is air dried. The sample is then dried under vacuum to further reduce
the residual solvent in the coating.
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t uber ci di NNNNNNN 2- NNNNNN mer capt opuri ne 6- NNNNNN ner capt opuri ne

Cyt ar abi n&YRAMNRE4E51 WO 03/ 099346 PCTI US03/ 16719 aur eus ang-au¥@igHycin

resi stant pedi ocoocus clinical isolate in an M C assay as descri bed above.
Compounds whi ch showed inhibition of growh (MC value of <1.Ox 10-3)

i ncl uded- mtoxantrone (both strains), nethotrexate (vanconycin resistant
pedi ococcus), 5-fluorouracil (both strains), etoposide (both strains), and 5
mer capt opuri ne (vancomnycin resistant pedi ococcus). EXAMPLE 2 CATHETER - Dip
CQOATI NG - NON- DEGRADABLE POLYMER A devebiPgEsel ution is prepared by dissol ving
20 g ChronoFl ex Al 85A (CT_.Biomaterjals) in 100 nL DMAC. THF (40:60) at 50C
with stirring. Once 10 di SS%W?RHQ‘P&W?W@F BRIYGONON is cool ed to room

- tenperature. 20 ng mnmitoxantrone is added to 2 nL of the pol yurethane

solution. The sol utipgpyi b ta | hompgeni ous nj xture i s obtained.

Pol yur et hane 7 Fr anhﬂELurEnfaﬁgdrﬁoLE%d%@ O%Oﬁpg rﬁﬁ‘%‘%ﬁ%ﬁe%‘&)’%@*&%’ﬁﬁi on and

t hen wi t hdFegieh tabisg éodipped intbehé SoRitibn GhitBen mg}awﬂth?hé%ﬁme% tgﬁ then dried
under V$Cl|¥#1dt.0 fi&her reduce the residual 15 solvent in the Co ?hsg. EXAMPLE
3 CATHETERS! IBFd FeMBle ispherdriagiLmdrovammmn Ao tartharrgdsad tHa reBidus) pr epar ed

by di ssol véfigerd i@ - & 4ipg: 50)  i'n 10 nmL  di chl or onet hane: met hanol (70:30). Once
di ssol ved, 20ng m toxant fone i s added

EXAMPLE 5
- CATHETER ~ DiP COATING ~ DRUG IMPREGNATION

0.6 mL methanol is added to 20 mg mitoxantrone. 1.4 mL DMAC is
10 added slowly. Polyurethane 7 French tubing is dipped into the solution. After
various periods of time (2 min, 5 min, 10 min, 20 min, 30 min) the tube was
withdrawn. The coated tube is air dried (80 °C). The sample is then dried under

vacuum 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
soivent in the coating.
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20 to the Q,gbgr@gr olution. Once the solution is a honbgeneous sol ution,

pol yur et han Patch t ubi ng is dipped into the sol ution an@gcuhiensmétindr anwn.
The coated tube is air dried. The sanple is then dried under vacuumto
further reduce the residual solvent in the coating. 152 WO 03/099346 EXAMPLE
4 CATHETER - DI P COATI NG - DRUG ONLY PCTIUS03/16719 1 nL nethanol is added to
20 mg m toxantrone. Pol yurethane 7 French tubing is dipped into the solution
and then withdrawn. The coated tube is 5 air dried. The sanple is then dried
under vacuumto further reduce the reSKAMRLE 8ol vent in the coating. EXAMPLE 5

CATHETER - DI P COATI NG~ 5 VPREGNATI 0.6 nL nmethanol is added to 20 ng
mtoxantrone. 1.4 nL SBRB*%HGEQ"%%%&“%T N;DEGRARARLEPRAWEER French tubing is

di pped into the solution. After various periods of time (2 min, 5 mn, 10 mn,

20 min, 30 m the t ks t i i drjed (80 O).
e sample st nendr cqaug sotibh ik SBardHey BRSHRIG 280G CRoRbEIcAIZBA ol veni
in the coatiGigBiomatpra) & 180 MNVRARGETONE WitlBErringD! Gn&ONEsNTed, DEGRADABLE

POLYMER A coat | .ution is prepared by dissolving 20 g ChronoFlex Al 85A
(CT Bi orr%\t e‘?ﬁﬂ%’}"g? Sﬁs’ﬁk"iﬁdﬁ feolefAerong tempermstyreai2Gmoctaposidetis addedto Dasle

di ssol ved, d¢fh LAk, | 5...CO0l 1o,rogmtenperature. 20 )

m t oxant r one ﬁ?;p@ %Ig?gatﬁ g S%mrtri(éﬂbfﬁtehé;oq%tgqq!/éFé'frﬁaﬁ@t'igﬁl?ﬂ?%ﬁ“'qtl'ﬁe ngl@tlﬁon is
stirred untobtainedoPbiynuebaneds randt tittnd fs ABHEH RRE the ShildHdiag sBhash

t ynpanost o {HRe |.§de| pBedﬂ?l nto the polynerldrug solut| on an en’
wi t hdr awn. *flie"EBYEW BWBe ing eaatediubeds aralied)(80TGE Fherpheplesistthen ddeied
undgr vacuuidep vhelidMes fRGEahaS SRR soRdht i%%elcrc])a%irqg. coating.

10 EXAMPLE 8
CATHETER ~ DIP COATING ~ DEGRADABLE POLYMER

A coating solution is prepared by dissotving 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 soiﬁtion, 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 soivent in
the coating.
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153 V\D 03/ 099346 PCT/ US03/ 16719 EXAVPLE 7 CATHETER - DI P COATI NG -

NON- DECRARAIBE/BY9REI. YMER A coating solution is prepared by gb%ﬁ]%w@?g 20 g
ChronoFl ex Al 85A (CT Biomaterials) in 100 nL THE at 50 rring. Once
di ssol ved, the 5 polynmer solution is cooled to roomtenperature. 20 ng
etoposide is added to 2 nL of the pol yurethane solution. The solution is
stirred until a honobgenious m xture is obtained. Polyurethane 7 French tubing
is dipped into the polynerldrug solution and then withdrawn. The coated tube
is air dried (80 C). The sanple isranpgdeigd under vacuumto further reduce
- the residual solvent in the coating. 10 EXAMPLE 8 CATHETER - DI P CQOATI NG -
DEGRADABLE POLYMER A c&‘é'tTHﬁ{ersoIDmg@nTle—pIBEpfaﬂfeleRmy\mdic&sol ving 2 g PLG
(50:50) in 10 n di chl or onet hane: net hanol (70:30). Once dissol ved, 20ngy

© et d dded | ut t he sol ut
horbgencous sal ut i of® ‘BbrVRIRGUHdREdass 1o fAALIDNAS: WaioheanigipedOimg o t he
sol ution atgpoblien %l%h@ff?e\%?ﬂlﬁmﬁ%ﬁﬁg 1§ BRBeldSinicPte (il Ale . 2ampce s then

dried under vacuumto further reduce t Fyerg %tl ng.
EXAVPLE 9 PeorisErfitiRne (Diiin, COMT,NG mirDROGnEN3Y @ih) thertubeHRas svideigh.t 0 20 ng

et oposi de: ane .7 Fr o ing is dipped into the solution and then
wi t hdr a\/\nThg%Sg@g:tf’g‘a 5 8hd ”?gr@? Cij :ampigds dagrprded underevacduimetd under

vacuum t ofyfrielr hefuce8AE ¢8sili t in the coating. 154 WO
03/ 099346 PCTI US03/ 16719 ]E@ﬁ §oﬁr§nfgﬁigﬁT%€¥EQ - DI P COATI NG - DRUG | MPREGNATI ON

10 EXAMPLE 11

TYMPANOSTOMY TUBES — DiP COATING — NON-DEGRADABLE POLYMER

A coating solution is prepared by dissolving 20 g ChronoFilex Al 85A
(CT Biomaterials) in 100 mL DMAC:THF (50:50) at 50°C with stirring. Once
dissotved, 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 stainiess 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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0.6 nmL nmethanol is added to 1.4 nL DMAC which contains 20 ng etoposide.

Pol yur et haMé® #3/4%9%6ch tubing is di pped into the sol ution. APCBUSYRIGIOUS 5
periods of time (2 min, 5 mn, 10 mn, 20 mn, 30 mn) the tube was w t hdrawn.
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 TYMPANOSTOWY
TUBES - DI P COATI NG - NON- DEGRADABLE POLYMER A coating solution is prepared by
di ssolving 20 g ChronoFl ex Al 85A (CT Biomaterials) in 100 nL DVAC. THF

(50:50) at BaCtvér HippbllfifitonwafdiGRethdhsIS8 tjson is cool ed
to roomtenperature. 20 ng etoposide |ss(1t5)vmz§ &nﬁnqgga@@ﬁghq (;gol yur et hane
sol ution. THEYlamingproeylyBiethydatmatiiinide (EEIﬁbgmﬁQOUBgﬂﬂw(DbR@rLb&nﬁ)bAﬁéﬁed A
stainless s tube i.s di into the polynmerldrug solution
and then V\n{'cﬁgJ Wﬁlié%ﬂ? é)dmfrhﬁg g &D G mi)iteg tU?'BG('E’) rerpedstiomitbei s t hen
dri ed undersolagatiand @né@rftbérﬁ’ dd#ﬁ\, e coating. 20
EXAMPLE 12 COVALENT ATTAgHI\/EI\F(I;r '%ﬂ%%%ﬁﬁg@%ﬂ o%@&é‘ﬁﬁ&? E?(B&tf‘gt?%%vl CE A

pi ece of pol yurethane 7 French tubing, with and without an oxygen plasm

pretreatgent step, is dipped into a 0 f 5% (w w) pol y(et hyl ene-co
acrylic acid) in THF. The sanple mségﬁx’@!’d- t845 C for hours. The coated

t ubi ng 155 WO 03/ 09934\ wat er. met hanol
(30: 78) sol ution that céﬁﬁéﬁéﬁﬂ%ﬁ55&§9%n§%élpgﬁlr&%[P)’re\g'gf/Isg}kgA&:t hyl car bodi i m de

(EDC) and 20 ngl nL Doxorubicin. After various tinmes (15 mn, 30 min, 60 mn

120 nin) the tubing iApieesniedlyretand@ FréﬂbhltwtﬁiEA i RliergorRDaC for 2
hours follag O\éﬁaﬁ éivacuum dr mg for .24 hours MPLE 13 ALENT ATTACHVENT
OF DOXORUBI G %W%@%’BR hBiepAs ginded iate pwiajerimethane! (BOEF®reoiutiombi ng

that has unBsy@msindd 1 FHiFR: e ste ed,into a
wat er : net hanol (30: 70) géla H)HQ &653;';'5%%05”30""9"69 (E%EPEHd 20
10 mg/mL Doxorubicin. After various times (15 min, 30 min, 60 min 120 min} the

tubing is removed from the solution and dried at 60 °C for 2 hours followed by
vacuum drying for 24 hours.

15 EXAMPLE 14
IMPREGNATION OF 5-FLUOROURACIL INTO POLYURETHANE CATHETER

A solution was prepared by dissolving 100 mg of 5-Fiuorouracil into
20 ml anhydrous methanoi. Polyurethane catheter tubing was immersed in this

20 solution for 16 hours. The catheter tubing was vacuum dried at 50°C for 16 hours.

EXAMPLE 15

IMPREGNATION OF MITOXANTRONE INTO POLYURETHANE CATHETER

A solution was prepared by dissolving 20 mg of Mitoxantrone-2HClI

into 20 ml anhydrous methanol. Polyurethane catheter tubing was immersed in
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t hat contai ned 1-(3-dinethyl am nopropyl)-3-ethyl carbodiimde (EDC) and 20 10
mg/ mL Doxwouisioedazs After various times (15 nmin, 30 nin, q,ﬁm%%g n) the
tubing is renoved fromthe solution and dried at 60 C for 131 1 owed by
vacuum drying for 24 hours. 15 EXAMPLE 14 | MPREGNATI ON OF 5- FLUOROURACI L | NTO
POLYURETHANE CATHETER 20 A sol ution was prepared by dissolving 100 ng of

5-Fluorouracil into 20 m anhydrous nethanol. Pol yurethane catheter tubing
was imersed in this solution for 16 hours. The cat heter tubing was vacuum
dried at 5f&d 1 MPL |, MPREGNATI ON OF M TOXANTRONE | NTO

- POLYURETHARE ﬁé?ﬁg?gh%u ?ﬁb ¢ #%?f&?é‘é?sb‘gﬁ%wg’sﬁw ALSOE fey 16t

M t oxant r dwes2HCI into 20 ml anhydrous nethanol. Pol yurethane catheter tubing

~was imersed in 156 WD 03/099346 PCT/ US03/ 16719 this solution for 16 hours.

The catheter tubing was vacuumdried at 50C for 16 hours. EXAMPLE 16 5
| MPREGNATI ON OF DOXORUBI CI N | NTO POLYURETHANE CATHETER A sol uti on was prepared

by di ssolving 20 ng of Doxorubicin 20 m anhydrous net hanol .
Pol yur et hane cat heter tubing was Hﬁ@@ﬂhﬁﬁthi s solution for 16 hours. The

cathet & tubi ng waspr@ouHTONIGE PBxBRUBRH: N9H P%ﬁv@s%f‘l’ HANE EATREAMPLE 17
POLYURETHANE Di p COATI NG W TH 5- FLUOROURA! ution was prepared by

di ssolving 125 ng 5-Fluorouracil and 2.5 g of Chronofl ex AL85A (CT

Bi omat enal s) in 50 AisoitionHEaaprepad Bhissolvitiy 20 mg\esDeROBRIA-PIOT }RH
tenmperatu yr et hane c ters were weighted at one 15 end and di pped in
sol ution azﬁcfn f df%%?o@‘&ﬁ“ﬁ'}ﬂtlregij%{Péﬁtpanerﬁ?@eg@rd@@ga wassimmersed in this

soiution for 16 hours. The catheter tubing was vacuum dried at 50°C for 16 hours.

10 EXAMPLE 17

POLYURETHANE DiF 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 m! 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 Acip

A solution was prepared by dissolving 125 mg 5-Fluorouracil, 62.5
mg of paimitic acid, and 2.437 g of Chronoflex AL85A (CT Biomatenrials) in 50 mi 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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repeat ed tﬂ{ﬁﬁ times wwth 1 minute drying time interval between each dipping
process. T YPREer t ubi ng was vacuumdried at 50C for 16Paourses1dXAMPLE 18
20 POLYURETHANE Di p COATI NG W TH 5- FLUOROURACI L AND PALM TI C ACID A sol ution
was prepared by dissolving 125 ng 5-Fluorouracil, 62.5 ng of palmtic acid,
and 2.437 g of Chronoflex AL85A (CT Biomaterials) in 50 M of THE at 55C. The
solution was cooled to roomtenperature. Polyurethane catheters were weighted
at one end and dipped in solution and then renoved 25 i medi ately. This

process wasinterpaldiatdethieaeh dipmsg Prddass. Thei dith&ted Ik ' 099346
PCT/ US03/ 16%&,2# nt gr val bet weenﬁ%g(r:h di ppi ng pr oces@‘@#@?égﬁeﬁiéf ng was
vacuum dri € org (f‘%?- 16 hours. EXAMPLE 19 5 CATHETER Di p COATI NG W TH
NAFI ON AND M TOXANTRONE Cat heters are wei ghted at one end and di pped into 5%
Nation solution (Dupont) and then renoved i mredi ately. This process was -
repeated three tines with a 1 mnute drying tine interval between each

di ppi ng process. The catheter tubing was dried at roomtenperature for 2
hours. A solution was 10 prepared wi EXAMREE 3O nit oxantrone-2HCI in 40 m of

dei oni zegl water. The cgal [ [ rsed.in the solution for 5

m nutes, and then was was'ﬁggqjl\%t ITng;I 0 |z%f\'§'? HE“OFRENEat room

tenperature. EXAMPLE 20 15 CATHETER DI P COATI NG W TH NAFI ON AND DOXORUBI CI N

Cat heters are wei ght exhthétep8reeneightst 8i ORSEnd Hna cﬁff@é%‘frﬁ?%r'y%ﬁ%wt' on (Dupont)
e e

and then renmpved i mmedi ately. This process was repea fles with a 1
m nute dr yisﬁ?}‘tppﬁ@@ﬁﬂ@@r@lt BB tremered somediigtplyn s pagess wabhepeatdiet er t ubi ng

was dried rature for. 2 hours. A solution was 20 prepared with 1
my of doxo?ﬁrgi%gl n-%—i@miean?%nﬁqe C@V'"&éi”&%f@%ﬁ%@me%%@pnmmwss.

The catheter tubing was dried at room temperature for 2 hours. A solution was
10 prepared with 1 mg of mitoxantrone-2HCI in 40 m! 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 DoxXoRuUBICIN

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.l
The catheter tubing was dried at room temperature for 2 hours. A solution was

20 prepared with 1 mg of doxorubicin-HCl 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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tubing was imersed in the solution for 5 mnutes, and then was washed with
dei oni zedW0x¢993asd dried at roomtenperature. 158 WO 0310&9@6&3 IyPLE 21
PREPARATI ON OF RELEASE BUFFER PCTI US03/ 16719 The rel ease buffer S prepared
by adding 8.22 g sodium chloride, 0.32 g sodi um phosphat e nonobasi c
(monohydrate) and 2.60 g 5 sodi um phosphate di basic (anhydrous) to a beaker.
1L HPLC grade water was added and the solution was stirred until all the
salts were dissolved. If required, the pH of the solution was adjusted to pH
7.4 0.2 using either 0.1 N NaOH oEXAMPINX phosphoric acid. 10 EXAMPLE 22

- RELEASE STUDY TO DETERM NE FFLEASE PROFI LE OF THE THERAPEUTI C AGENT FROM A
CATHETER A sanpl e of the thef SFATATEONRRELBASEARIFERL het er was placed in a 15
. mL culture tube. 15 nL rel ease buffer (Exanple 21) was added to 15 the culture

tube. The tube was Sﬁﬁ@bdgé%%rwsl%Bé}epﬁﬂ@&p%ﬁ#&a%o%ggg' was placed on a

rotating wheel in a 37 C oven. At vario B fer is withdrawn
fromthe cHleide O:3beg sadiiint phospHate etbraibabicl(rrmdhpgihé&r and Flap g t hdrawn buf f er

is thenca for, the.amount of therapeutic agent ‘contained in this buffer
sol uti on. @5’*@%{}5%@% i oy destus) tya hrekaPElTHBLAGENTS WateRELEASE BUFFER

The fol | owagaghs PR ¥ 3BDHiSH GRAAkiELINS sed to quantify the anount of
t he therapeutic agent in th_é rel gg'gtrbﬁe%hn%[ﬁ]f% %gﬂﬁ%%‘éf@)flﬂéﬂ US03/ 16719
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 cuiture tube. The tube was sealed with a Teflon lined screw cép and
was placed on a rotating wheel in a 37 °C oven. At various time point, the
buffer is withdrawn from the culture tube and is replaced with fresh buffer.

The withdrawn buffer is then analysed for the amount of therapeutic agent

contained in this buffer solution.

20 EXAMPLE 23

HPLC 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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7 0 x 0 0 WD 03/099346 PCT/ US03/ 16719 EXAMPLE 24 EFFECT OF PALM TI C ACI D ON
THE RELEABE® BRMFUEE OF 5- FLUOROURACI L FROM A PQYURETFMNI:},&IZ]},&M%AE%@)/(V\// V)
Chronofl ex AL 85A (CT Biomaterials) solution was 5 prepared in TH-""50 mg
S5-fluorouracil was weighed into each of 4 glass scintillation vials. Various
amount of palmtic acid were added to each vial. 20 nL of the polyurethane
sol ution was added to each scintillation vial. The sanples were rotated at
370C until the solids had all dissolved. Sanples were then cast as filns using
a casting knife on a piece of rel ease Iiner.fS?Lrpl es vverle ai \rNeslgl 5gegnflot hen

' i over ni ght under vacuum A portion o ese sanpl es 0
égrg(r)r%d rel easg studi es (Exanpl e AMELEUZ2L 1 show the effect of palnmitic

- acid on th AARS i 5 i FEXAVPLE 25 15 RADI AL DI FFUSI ON
ASAY FOR TESTI NG TR0 TIMHELRRPER ATREHERE sl G UARmolBASHRAI Ns OF

i i ' final vol ume
BACTERI A An overni ght bact eri akrauhporerEEsARE Fieed 1 to 5 to a _
of 5 ms fresh Mieller H nton broth. Then 100 p.| of the diluted bacteri al
culture were spread onto Miueller Hi nton agar plates. A test material (e.g.,

cat heter tubing), w4V} Chranedex f&;&@zlf\l(ﬁﬁslBiphmib@;hé@);s%mtg)ggﬁ?g gr n?nfi tnhe
ers, are typicall cmlo t o ]
8 : :trrgt eslr: O?mﬁjr |§ciﬁaﬁr'§§Hggé@r§%§e§‘i‘P°%ﬁ9ﬁ\Bé? Héﬁ@?e%'iniq eae! of 4 gtassrscinidlation e
materi al ) vl arodsoadeghtdfighliidhdd Wasd adbdy %'ngﬁjkigl. C%ﬁérll_ntg.} [ through use
of a drug-i npr egnat ed coating- The plates were I ncubate for 16-18
hours. Theokyrihame splution mgsadseddo@achsicintillation 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-flucrouracil.

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 §
mis fresh Mueller Hinton broth. Then 100 ! 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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25 material _was then neasured (e.g., the distance fromthe catheter to where
bacterial §YO®U934€ i nhi bited), which indicated the degree péThaeyarial growt h
161 WD 03/099346 PCT/ US03/ 16719 prevention. Various bacterial strains that may
be tested include, but are not limted to, the following: E.coli' C498

U 31005, P. aeruginosa H187, S. aureus 622 ATCC 25923, and S. epidermdis
0621. One cm pol yuret hane catheters coated with 5-fluorouracil at several 5
concentrations éégé mgf mL and 5.0 ng/nL) were exam ned for their effect

agai nst  S.PTRUFAI. Yadousohasteial istrains thabmayimtedtadiachathbiese saadnsiced N a

sol ution of;,2 57 OF. i | aced on Muel |l er H nton agar plates
as described’ tr%b%%\/gs %&3@51%%@2} g?ﬂ@”l%ﬁaﬁé?%?@g-ﬁd’?éﬁ G622a sol ution
of 5.0 ng/ MTCE-25920! aindaS dpid@middSgeim Catheters wi thout drug showed no
zone of 10 inhibition. These results denonstrate the efficacy of

5-fluorouraci| coat ed®mca pawretitame cathetens boated gvithh®-fge Mrbcipht Severyr eus. 15
From t hes f Lhg. [t be a cia t hat, al though specific

erbod mont SO Rk Mo 08 b0 En s cterasxariined fomibe pdepbagainet

i ITustrati @&, awvéds. oRe PBHE bF FRiBi it devi ating fromthe
spirit and scope of ?he inventt?lgdr]\?a@éor F% y,t%%%%q%%gh?isﬁ’mpg ot limted

except as RS maleladfiumtedaci andplacesRoMIREPPRAEH aBar f)l'é&@éé@@&i@do‘l ME Ve
claim 1. %bgggi caal $r¥ ant ich rel eases an anthracycline, _

f1 uor opyr i A HEA% 3P R @ngdpniferalheterpaentrg inBealutiorcefripd sngledi n,

hydr o re&.-F i Rl aedical i nplant according to claim1
V\%ere;(%usai d ?%?Lg%té“ ?Vggrﬁggvere x&@%%?%@"ﬁ%ﬁ&ﬂé%ﬁ%%%@ﬁ tg a '

conpositd oinhibitipni Jihege aesudtstdenamstizt@ehe efficacy of 5-flucrouracil coated on a
catheter at inhibiting the growth of S. aureus.

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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fluoropyrimdine, folic acid antagonist, podophyl otoxin, canptothecin,

hydr oxyur 8 03899346 at i num conpl ex. 3. The nedi cal inpl ant @eges@igagot 0 claiml
or 2 wherein said anthracycline is doxorubicin or mtoxantrone. 4. The

medi cal inplant according to claiml or 2 wherein said fluoropyrimdine is
5-fluorouracil. 5. The nmedical inplant according to claim1l or 2 wherein said
folic acid antagonist is nethotrexate. 6. The nedical inplant according to
claiml1l or 2 wherein said podophylotoxin is etoposide. 7. The nedical inplant
according to claim2 wherein said copddBti on further conprises a polyner.
.8_ The nedi cal hﬁglanp according to claim7 wherein said polynmer is a

- bi odegrabl e or a Hgﬁ?odegradable pol ymer. 163 WD 03/099346 PCTI US03/16719 9.
- The medi cal inplant according to claim7 wherein said polyner is a

pol yur et hane. 10. The nedi cal inplant according to claim7 wherein said

polymer is a poly(| astmetheslomplayt ehictereledsbs athantARftyeie i Mpl ant according to
any onguof cl.ai to 10 wherein said fluoropyrimdine is 5-fluorouracil.

ai 7 to 1l ,
12. Th WBVE‘Q!J{;%P%@C'Q@@@QQW@. pesaihwiaiexinoeampiatiesaii, rhysiao d/uneali aral

i npl anP]aiﬁ uf e@ﬁ@g‘ar catheter, prosthetic heart valve, cardi ac pacenaker,

i mpl antabl e cardioverter defibrillator, vascular graft, ear, nose, or throat
i npl ant, urological inplant, endotracheal or tracheostony tube, dialysis
catheter, CNS shunt, orthopedic inplant, or ocular inplant. 13. A

conposi tion, condrisi N Begisa) irplanhaccandiagtiackimc wherein Shidomuantiisi di ne,

folic agideddt 2eLSh wl*%?edglp fﬁyda?f With 'y co%gg)stit?ctmhggrlngﬁsirqé %rnoa)l( tHﬁa%?(blinog.
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-biodegradabie polymer.
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pl ati num con('g)l ex, wherein said anthracycline, fluoropyrimdine, folic acid

ant agoni st w %Q?B{j'ﬁyl ot oxin, canptothecin, hydroxyurea, or pkahispsig-gonmplex is
present in said conposition at a concentration of |ess than 10-4 M 14. The
conposition according to claim 13 wherein said anthracycline,

fluoropyrimdine, folic acid antagonist, podophyi otoxin, canptothecin,

hydr oxyurea, or platinum conplex, wherein said anthracycline,
fluoropyrimdine, folic acid antagonist, podophyl otoxin, canptothecin,

hydroxyurea, or plati nlime owtidatknpBnpaEsSAing 1 S&hf7 WHITBRS 4/ 3
concent{)aggh%\}of | ess than any one of 10-5 I\% 10-6 M or @?’é}a ﬁ)ﬁ'%”ﬁ'ﬁe
conposi T é%lﬁdi ng to claim13 or 14 wherein said fluoropyrimdine is
5-fluorouracil. 164 WD 03/099346 PCTI US03/ 16719 16. A nethod for reducing or

inhibiting infection associated with a nedical inplant, conprising the step
of introducing int® a Tea imedicafimBidh€atcdrAMgAB claildy een covered or
coated w t@ ?H ant hracycl i ne, flrﬂ%’ropyri m digﬁe,c?m gjﬁgtg‘?‘g ngcﬁ’t)%@%réﬁ?
podophy?BY3atiHe-cosgleRfidedei n.  hydr oxyurea, or platinum conpl ex. 17. The net hod
according to claim 16 wherein said fluoropyrimdine is 5-fluorouracil. 18. A
medi cal inplant according to claiml for use in a method for reducing or

I nhi bi ting infectilon a¥sovkeaicafinibibft AcdPEhgb aing}%‘l”%%'dgfiﬁﬁﬁg%@e i cal

i mpl ant__acgor di ng to claim 18 wherein said ~compdslition ?8es a
pol yner‘o’.a'i@‘.’or?ﬁé imichine i S-fiuprosracibccor ding to clai m 19 wherein said pol ymer is
a bi odegrabl e or a non-bi odegradabl e polynmer. 21. The nedi cal inplant
according to claim 19 wherein said polymer is a polyurethane. 22 The nedi cal

i npl ant accordi ng2t o qhai fedi@ i ' iS ,a L )

pol y(! act} de- co- gl ycol i de). 53 %ﬁt%e%%t&aipag%@ﬁﬂ A2 BHGrelg seist aeglicghe of

cl ai ns 'TPlanbiss VGW@maihef&i',d)rbﬁbhetio}myeeﬁrﬂaﬂki'é}%ai'cﬁaépiabé#%ﬂé'ﬁ Fblantable
cardioverter defibrillator, vascular graft, ear, nose, or throat implant, urological implant,

endotracheat 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,
podophyilotoxin, 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 10" M

15.  The composition according to claim 13 or 14 wherein said
fluoropyrimidine is 5-fluorouracil,
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24, Use of a conposition according to claim13 for the preparation of a

medi cal | W @Afoedy@ reduce or inhibit infection associateddﬂﬁgﬂ$ﬁynedica
i npl ant. 165 WO 03/ 099346 PCT/US03/ 15719 25 The use accor di %73 m 24
wherein said polyner is a biodegrable or a non-bi odegradabl e polyner. 26. The
use according to claim?24 wherein said polyner is a pol yurethane. 27. The use
according to claim?24 wherein said polyner is a poly(lactide-co-g lyco lid
e). 28. The use according to any one of claims 24 to 27 wherein said

f1 uoropyrim di ne 4igs 5/&:*\39{09%?%&11 ﬁh”ﬁﬂga{ﬂﬁecﬁﬂ ﬁSkl ng@gemclillmc:gl:l : ggl ants,

conprising covering or coating

f1 uor opyedmldmmantf@impnmg meaabﬁgﬁr%tﬁiduc:r%ﬂﬁpé‘lﬁbﬁéﬂ)ﬁ ﬁredﬁiaj%ﬁfah?c' n,

hydroxyvk}EJ ﬁgl ati num conpl ex. 30. The nmethod according to clalm?29 wherein
“said fl F'&B??l QicR¥ered QICpﬁtﬁﬂwﬁh@@lanfh@tycl'ﬁeeﬂmpgdmahnerfdh@gckio cl ai m 29

‘i"ggr ei %rﬁ@gﬁd%féfegbc‘fc?dhyﬁd?gXiﬁnéam&%yheéc%j hcy)/rdrc():x%%trgad or%l)latlnBPn ngm%irexby | pregnati on.

17. The method according to claim 16 wherein said flucropyrimidine is

5-fluorouracil.

18. A medical implant according to claim 1 for use in a method for

reducing or inhibiting infection associated with a medical impiant.

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

medicat implant to reduce or inhibit infection associated with a2 medical implant.
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25  The use according to claim 24 wherein said polymer is a

biodegrable or a non-bicdegradable polymer.

26. Theuse according to claim 24 wherein said polymer is a

polyurethane.

27.  The use according to claim 24 wherein said polymeris 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 impiant with an anthracycline, fluoropyrimidine, folic acid antagonist,

podophylotoxin, camptothecin, nydroxyurea, or platinum complex.

30.  The method according to claim 29 wherein said fluoropyrimidine is

S-fluorouracil.

31.  The method according to claim 29 wherein said medical implant

covered or coated by dipping or by impregnation.
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