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COMPOSITIONS AND METHODS FOR 
COATING MEDICAL IMPLANTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/447,309, ?led May 27, 2003, Which 
claims the bene?t under 35 U.S.C. § 119(e) of US. Provi 
sional Patent Application No. 60/383,419, ?led May 24, 
2002, Which applications are incorporated herein by refer 
ence in their entireties. 

BACKGROUND 

[0002] 1. Technical Field 
[0003] The present invention relates generally to pharma 
ceutical compositions, methods, and devices, and more spe 
ci?cally, to compositions and methods Which reduce the like 
lihood of an infection associated With a medical implant. 
[0004] 2. Description of the Related Art 
[0005] Infections associated With medical implants repre 
sent a major healthcare problem. For example, 5% of patients 
admitted to an acute care facility develop a hospital acquired 
infection. Hospital acquired infections (nosocomial infec 
tions) 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. 
[0006] The four most common causes of nosocomial infec 
tions are: urinary tract infection (28%); surgical site infection 
(19%); respiratory tract infection (17%); and bloodstream 
infection (16% and rising). A signi?cant percentage of these 
infections are related to bacterial coloniZation of implanted 
medical implants such as Foley catheters (urinary tract infec 
tions); surgical drains, meshes, sutures, arti?cial joints, vas 
cular grafts (Wound infections); endotracheal and tracheo 
stomy tubes (respiratory tract infection); and vascular 
infusion catheters (bloodstream infections). Although any 
infectious agent can infect medical implant, Staphylococci 
(S. aureus, S. epidermidis, S. pyogenes), Enterococci (E. 
coli), Gram Negative Aerobic Bacilli, and Pseudomonas 
aeruginosa are common 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 the healthcare system. Often the infected device serves 
as a source for a disseminated infection Which can lead to 

signi?cant morbidity or even death. 
[0007] In an attempt to combat this important clinical prob 
lem, devices have been coated With antimicrobial drugs. Rep 
resentative examples include US. Pat. No. 5,520,664 (“Cath 
eter Having a Long-Lasting Antimicrobial Surface 
Treatment”), US. Pat. No. 5,709,672 (“Silastic and Polymer 
Based Catheters With Improved Antimicrobial/Antifungal 
Properties”), US. Pat. No. 6,361,526 (“Antimicrobial Tym 
panostomy Tubes”), US. Pat. No. 6,261,271 (“Anti-infective 
and antithrombogenic medical articles and method for their 
preparation”), US. Pat. No. 5,902,283 (“Antimicrobial 
impregnated catheters and other medical implants”) US. Pat. 
No. 5,624,704 (“Antimicrobial impregnated catheters and 
other medical implants and method for impregnating cath 
eters and other medical implants With an antimicrobial 
agent”) and US. Pat. No. 5,709,672 (“Silastic and Polymer 
Based Catheters With Improved Antimicrobial/Antifungal 
Properties”). 
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[0008] One dif?culty With these devices, hoWever, is that 
they can become coloniZed by bacteria resistant to the anti 
biotic 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 dissemi 
nated infection. Secondly, if an infection develops, it cannot 
be treated With the antibiotic(s) used in the device coating. 
The development of antibiotic-resistant strains of microbes 
remains a signi?cant healthcare problem, not just for the 
infected patient, but also for the healthcare institution in 
Which it develops. 
[0009] Thus, there is a need in the art for medical implants 
Which have a reduced likelihood of an associated infection. 
The present invention discloses such devices (as Well as com 
positions and methods for making such devices) Which 
reduce the likelihood of infections in medical implants, and 
further, provides other, related advantages. 

BRIEF DESCRIPTION OF THE DRAWING 

[0010] FIG. 1 shoWs the effect of palmitic acid on the 
release pro?le of 5-?uorouracil from a polyurethane sample. 

BRIEF SUMMARY OF THE INVENTION 

[0011] Brie?y stated, the present invention provides com 
positions and methods for preventing, reducing or inhibiting 
the likelihood of infections associated With medical implants. 
More speci?cally, Within one aspect of the invention medical 
implants or devices are provided Which release a chemothera 
peutic agent, Wherein the chemotherapeutic agent reduces, 
inhibits, or prevents the groWth or transmission of foreign 
organisms (e.g., bacteria, fungi, or viruses) Which are on or 
are associated With the medical device or implant. For 
example, Within one aspect of the invention medical implant 
or devices are provided Which release an anthracycline, ?uo 
ropyrimidine, folic acid antagonist, podophylotoxin, camp 
tothecin, hydroxyurea, or platinum complex. Within various 
embodiments, the implant is coated in Whole or in part With a 
composition comprising an anthracycline, ?uoropyrimidine, 
folic acid antagonist, podophylotoxin, camptothecin, hydrox 
yurea, or platinum complex. 
[0012] Other aspects of the present invention provide meth 
ods for making medical implants, comprising adapting a 
medical implant (e.g., coating the implant) With an anthracy 
cline, ?uoropyrimidine, folic acid antagonist, podophylo 
toxin, camptothecin, hydroxyurea, or platinum complex. 
Within certain embodiments, the desired therapeutic agent is 
coated on and/or released from the medical implant at a 
dosage and/or concentration Which is less than the typical 
dosage and/or concentration of the agent When used in the 
treatment of cancer. 

[0013] A Wide variety of medical implants canbe generated 
using the methods provided herein, including for example, 
catheters (e. g., vascular and dialysis catheters), heart valves, 
cardiac pacemakers, implantable cardioverter de?brillators, 
grafts (e.g., vascular grafts), ear, nose, or throat implants, 
urological implants, endotracheal or tracheostomy tubes, 
CNS shunts, orthopedic implants, and ocular implants. 
Within certain embodiments, the catheter (e.g., vascular and 
dialysis catheters), heart valve, cardiac pacemaker, implant 
able cardioverter de?brillator, graft (e. g., vascular grafts), ear, 
nose, or throat implant, urological implant, endotracheal or 
tracheostomy tube, CNS shunt, orthopedic implant, or ocular 
implant releases a ?uoropyrimide (e.g., 5-FU) at a dosage 
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and/ or concentration Which is less than a typical dosage and/ 
or concentration Which is used for the treatment of cancer. 

[0014] Within further aspects of the invention, there is pro 
vided a catheter Which releases an agent selected from the 
group consisting of an anthracycline, ?uoropyrimidine, folic 
acid antagonist, podophylotoxin, camptothecin, hydrox 
yurea, or platinum complex. In one embodiment, the catheter 
releases a ?uoropyrimidine and in still another embodiment 
the ?uoropyrimidine is S-FU. In other embodiments, the cath 
eter further comprises a polymer Wherein the agent is released 
from a polymer on the catheter. In certain embodiments, the 
catheter has a polymer that is polyurethane or poly(lactide 
co-glycolide) (PLG). In related embodiments, the catheter is 
a vascular catheter or a dialysis catheter. In still other embodi 
ments, the catheter relaeases an agent that is present on the 
catheter at a concentration Which is less than the typical 
dosage and/or concentration that is used in the treatment of 
cancer. 

[0015] Within further aspects of the invention, there is pro 
vided a heart valve Which releases an agent selected from the 
group consisting of an anthracycline, ?uoropyrimidine, folic 
acid antagonist, podophylotoxin, camptothecin, hydrox 
yurea, or platinum complex. In one embodiment, the heart 
valve releases a ?uoropyrimidine and in still another embodi 
ment the ?uoropyrimidine 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 embodi 
ments, the heart valve has a polymer that is polyurethane or 
PLG. In related embodiments, the heart valve is a prosthetic 
heart valve. In still other embodiments, the heart valve relae 
ases an agent that is present on the heart valve at a concen 
tration Which is less than the typical dosage and/or concen 
tration that is used in the treatment of cancer. 

[0016] Within further aspects of the invention, there is pro 
vided a cardiac pacemaker Which releases an agent selected 
from the group consisting of an anthracycline, ?uoropyrimi 
dine, folic acid antagonist, podophylotoxin, camptothecin, 
hydroxyurea, or platinum complex. In one embodiment, the 
cardiac pacemaker releases a ?uoropyrimidine and in still 
another embodiment the ?uoropyrimidine is S-FU. In other 
embodiments, the cardiac pacemaker further comprises a 
polymer Wherein the agent is released from a polymer on the 
cardiac pacemaker. In certain embodiments, the cardiac pace 
maker has a polymer that is polyurethane or PLG. In still other 
embodiments, the cardiac pacemaker relaeases an agent that 
is present on the cardiac pacemaker at a concentration Which 
is less than the typical dosage and/or concentration that is 
used in the treatment of cancer. 

[0017] Within further aspects of the invention, there is pro 
vided a implantable cardioverter de?brillator Which releases 
an agent selected from the group consisting of an anthracy 
cline, ?uoropyrimidine, folic acid antagonist, podophylo 
toxin, camptothecin, hydroxyurea, or platinum complex. In 
one embodiment, the implantable cardioverter de?brillator 
releases a ?uoropyrimidine and in still another embodiment 
the ?uoropyrimidine is S-FU. In other embodiments, the 
implantable cardioverter de?brillator further comprises a 
polymer Wherein the agent is released from a polymer on the 
implantable cardioverter de?brillator. In certain embodi 
ments, the implantable cardioverter de?brillator has a poly 
mer that is polyurethane or PLG. In still other embodiments, 
the implantable cardioverter de?brillator relaeases an agent 
that is present on the implantable cardioverter de?brillator at 
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a concentration Which is less than the typical dosage and/or 
concentration that is used in the treatment of cancer. 

[0018] Within further aspects of the invention, there is pro 
vided a graft Which releases an agent selected from the group 
consisting of an anthracycline, ?uoropyrimidine, folic acid 
antagonist, podophylotoxin, camptothecin, hydroxyurea, or 
platinum complex. In one embodiment, the graft releases a 
?uoropyrimidine and in still another embodiment the ?uoro 
pyrimidine is S-FU. In other embodiments, the graft further 
comprises a polymer Wherein the agent is released from a 
polymer on the graft. In certain embodiments, the graft has a 
polymer that is polyurethane or PLG. In related embodi 
ments, the graft is a vascular graft or a hemodialysis access 
graft. In still other embodiments, the graft relaeases an agent 
that is present on the graft at a concentration Which is less than 
the typical dosage and/or concentration that is used in the 
treatment of cancer. 

[0019] Within further aspects of the invention, there is pro 
vided a ear, nose, or throat implant Which releases an agent 
selected from the group consisting of an anthracycline, ?uo 
ropyrimidine, folic acid antagonist, podophylotoxin, camp 
tothecin, hydroxyurea, or platinum complex. In one embodi 
ment, the ear, nose, or throat implant releases a 
?uoropyrimidine and in still another embodiment the ?uoro 
pyrimidine is S-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 throat implant has a 
polymer that is polyurethane or PLG. In related embodi 
ments, 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. 

[0020] Within further aspects of the invention, there is pro 
vided a urological implant Which releases an agent selected 
from the group consisting of an anthracycline, ?uoropyrimi 
dine, folic acid antagonist, podophylotoxin, camptothecin, 
hydroxyurea, or platinum complex. In one embodiment, the 
urological implant releases a ?uoropyrimidine and in still 
another embodiment the ?uoropyrimidine is S-FU. In other 
embodiments, the urological implant further comprises a 
polymer Wherein the agent is released from a polymer on the 
urological implant. In certain embodiments, the urological 
implant has a polymer that is polyurethane or PLG. In related 
embodiments, the urological implant is a urinary catheter, 
ureteral stent, urethral stent, bladder sphincter, or penile 
implant. In still other embodiments, the urological implant 
relaeases an agent that is present on the urological implant at 
a concentration Which is less than the typical dosage and/or 
concentration that is used in the treatment of cancer. 

[0021] Within further aspects of the invention, there is pro 
vided a endotracheal or tracheostomy tube Which releases an 
agent selected from the group consisting of an anthracycline, 
?uoropyrimidine, folic acid antagonist, podophylotoxin, 
camptothecin, hydroxyurea, or platinum complex. In one 
embodiment, the endotracheal or tracheostomy tube releases 
a ?uoropyrimidine and in still another embodiment the ?uo 
ropyrimidine is S-FU. In other embodiments, the endotra 
cheal or tracheostomy tube further comprises a polymer 
Wherein the agent is released from a polymer on the endotra 
cheal or tracheostomy tube. In certain embodiments, the 
endotracheal or tracheostomy tube has a polymer that is poly 
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urethane or PLG. In still other embodiments, the endotracheal 
or tracheostomy tube relaeases an agent that is present on the 
endotracheal or tracheostomy tube at a concentration Which is 
less than the typical dosage and/ or concentration that is used 
in the treatment of cancer. 

[0022] Within further aspects of the invention, there is pro 
vided a CNS shunt Which releases an agent selected from the 

group consisting of an anthracycline, ?uoropyrimidine, folic 
acid antagonist, podophylotoxin, camptothecin, hydrox 
yurea, or platinum complex. In one embodiment, the CNS 
shunt releases a ?uoropyrimidine and in still another embodi 
ment the ?uoropyrimidine 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 embodi 

ments, the CNS shunt has a polymer that is polyurethane or 
PLG. In related embodiments, the CNS shunt is a ventricu 
lopleural shunt, a VA shunt, or a VP shunt. In still other 
embodiments, the CNS shunt relaeases an agent that is 
present on the CNS shunt at a concentration Which is less than 

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

[0023] Within further aspects of the invention, there is pro 
vided a orthopedic implant Which releases an agent selected 
from the group consisting of an anthracycline, ?uoropyrimi 
dine, folic acid antagonist, podophylotoxin, camptothecin, 
hydroxyurea, or platinum complex. In one embodiment, the 
orthopedic implant releases a ?uoropyrimidine and in still 
another embodiment the ?uoropyrimidine is S-FU. In other 
embodiments, the orthopedic implant further comprises a 
polymer Wherein the agent is released from a polymer on the 
orthopedic implant. In certain embodiments, the orthopedic 
implant has a polymer that is polyurethane or PLG. In related 
embodiments, the orthopedic implant is a prosthetic joint or 
?xation device. In still other embodiments, the orthopedic 
implant relaeases an agent that is present on the orthopedic 
implant at a concentration Which is less than the typical dos 
age and/or concentration that is used in the treatment of 
cancer. 

[0024] Within further aspects of the invention, there is pro 
vided a ocular implant Which releases an agent selected from 
the group consisting of an anthracycline, ?uoropyrimidine, 
folic acid antagonist, podophylotoxin, camptothecin, hydrox 
yurea, or platinum complex. In one embodiment, the ocular 
implant releases a ?uoropyrimidine and in still another 
embodiment the ?uoropyrimidine is S-FU. In other embodi 
ments, the ocular implant further comprises a polymer 
Wherein the agent is released from a polymer on the ocular 
implant. In certain embodiments, the ocular implant has a 
polymer that is polyurethane or PLG. In related embodi 
ments, 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 concentra 
tion Which is less than the typical dosage and/ or concentration 
that is used in the treatment of cancer. 

[0025] Within other aspects of the invention, compositions 
are provided comprising a polymer and an anthracycline, 
?uoropyrimidine, folic acid antagonist, podophylotoxin, 
camptothecin, hydroxyurea, or platinum complex, Wherein 
said anthracycline, ?uoropyrimidine, folic acid antagonist, 
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podophylotoxin, camptothecin, hydroxyurea, or platinum 
complex is present in said composition at a concentration of 
less than any one of 10'4 M, 10'5 M, 10'6 M, or, 10'7 M. 
[0026] Also provided methods for reducing or inhibiting 
infection associated With a medical implant, comprising the 
step of introducing a medical implant into a patient Which has 
been coated With an anthracycline, ?uoropyrimidine, folic 
acid antagonist, podophylotoxin, camptothecin, hydrox 
yurea, or platinum complex. 
[0027] Within various embodiments of the above, the 
anthracycline is doxorubicin or mitoxantrone, the ?uoropy 
rimidine is 5-?uorouracil, the folic acid antagonist is meth 
otrexate, and the podophylotoxin is etoposide. Within further 
embodiments the composition further comprises a polymer. 
[0028] These and other aspects of the present invention Will 
become evident upon reference to the folloWing detailed 
description and attached draWings. In addition, various refer 
ences are set forth herein Which describe in more detail cer 

tain procedures or compositions (e.g., compounds or agents 
and methods for making such compounds or agents, etc .), and 
are therefore incorporated by reference in their entirety. 
When PCT applications are referred to it is also understood 
that the underlying or cited U.S. applications are also incor 
porated by reference herein in their entirety. 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] Prior to setting forth the invention, it may be helpful 
to an understanding thereof to set forth de?nitions of certain 
terms that Will be used hereinafter. 

[0030] “Medical implant” refers to devices or objects that 
are implanted or inserted into a body. Representative 
examples include vascular catheters, prosthetic heart valves, 
cardiac pacemakers, implantable cardiover‘ter de?brillators, 
vascular grafts, ear, nose, or throat implants, urological 
implants, endotracheal or tracheostomy tubes, dialysis cath 
eters, CNS shunts, orthopedic implants, and ocular implants. 
[0031] As used herein, the term “about” or “consists essen 
tially of” refers to 115% of any indicated structure, value, or 
range. Any numerical ranges recited herein are to be under 
stood to include any integer Within the range and, Where 
applicable (e.g., concentrations), fractions thereof, such as 
one tenth and one hundredth of an integer (unless otherWise 

indicated). 
[0032] Brie?y, as noted above, the present invention dis 
closes medical implants (as Well as compositions and meth 
ods for making medical implants) Which reduce the likeli 
hood of infections in medical implants. More speci?cally, as 
noted above, infection is a common complication of the 
implantation of foreign bodies such as medical devices. For 
eign materials provide an ideal site for micro-organisms to 
attach and coloniZe. It is also hypothesiZed that there is an 
impairment of host defenses to infection in the microenviron 
ment surrounding a foreign material. These factors make 
medical implants particularly susceptible to infection and 
make eradication of such an infection dif?cult, if not impos 
sible, in most cases. 

[0033] Medical implant failure as a result of infection, With 
or Without the need to replace the implant, results in signi? 
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cant morbidity, mortality and cost to the healthcare system. 
Since there is a Wide array of infectious agents capable of 
causing medical implant infections, there exists a signi?cant 
unmet need for therapies capable of inhibiting the groWth of 
a diverse spectrum of bacteria and fungi on implantable 
devices. The present invention meets this need by providing 
drugs that can be released from an implantable device, and 
Which have potent antimicrobial activity at extremely loW 
doses. Further, these agents have the added advantage that 
should resistance develop to the chemotherapeutic agent, the 
drug utiliZed in the coating Would not be one Which Would be 
used to combat the subsequent infection (i.e., if bacterial 
resistance developed it Would be to an agent that is not used as 

an antibiotic). 
[0034] Discussed in more detail beloW are (1) Agents; (11) 
Compositions and Formulations; (Ill) Devices, and (IV) 
Clinical Applications. 

1. Agents 

[0035] Brie?y, a Wide variety of agents (also referred to 
herein as ‘therapeutic agents’ or ‘drugs’) can be utiliZed 
Within the context of the present invention, either With or 
Without a carrier (e.g., a polymer; see section 11 below). 
Discussed in more detail beloW are (A) Anthracyclines (e.g., 
doxorubicin and mitoxantrone), (B) Fluoropyrimidines (e.g., 
5-FU), (C) Folic acid antagonists (e.g., methotrexate), (D) 
Podophylotoxins (e.g., etoposide), (E) Camptothecins, (F) 
Hydroxyureas, and (G) Platinum complexes (e.g., cisplatin). 
[0036] A. Anthracyclines 
[0037] Anthracyclines have the folloWing general struc 
ture, Where the R groups may be a variety of organic groups: 

R5 0 R3 

[0038] According to U.S. Pat. No. 5,594,158, suitable R 
groups are as folloWs: R1 is CH3 or CH2OH; R2 is daun 
osamine or H; R3 and R4 are independently one of OH, NO2, 
NH2, F, Cl, Br, 1, CN, H or groups derived from these; R5 is 
hydrogen, hydroxy, or methoxy; and R6_8 are all hydrogen. 
Alternatively, R5 and R6 are hydrogen and R7 and R8 are alkyl 
or halogen, or vice versa. 

[0039] According to U.S. Pat. No. 5,843,903, Rl may be a 
conjugated peptide. According to U.S. Pat. No. 4,296,105, R5 
may be an ether linked alkyl group. According to U.S. Pat. 
No. 4,215,062, R5 may be OH or an ether linked alkyl group. 
R1 may also be linked to the anthracycline ring by a group 
other than C(O), such as an alkyl or branched alkyl group 
having the C(O) linking moiety at its end, such as iCHZCH 
(CH2iX)C(O)iRl, Wherein X is H or an alkyl group (see, 
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e.g., U.S. Pat. No. 4,215,062). R2 may alternately be a group 
linked by the functional group :NiNHC(O)iY, Where Y 
is a group such as a phenyl or substituted phenyl ring. Alter 
nately R3 may have the folloWing structure: 

NH 
R9 | 

R10 

in Which R9 is OH either in or out of the plane of the ring, or 
is a second sugar moiety such as R3. R10 may be H or form a 
secondary amine With a group such as an aromatic group, 
saturated or partially saturated 5 or 6 membered heterocyclic 
having at least one ring nitrogen (see U.S. Pat. No. 5,843, 
903). Alternately, R1O may be derived from an amino acid, 
having the structure 4C(O)CH(NHRll)(Rl2), in Which R1 1 
is H, or forms a C3_4 membered alkylene With R12. R12 may be 
H, alkyl, aminoalkyl, amino, hydroxy, mercapto, phenyl, ben 
Zyl or methylthio (see U.S. Pat. No. 4,296,105). 
[0040] Exemplary anthracyclines are Doxorubicin, Dauno 
rubicin, ldarubicin, Epirubicin, Pirarubicin, Zorubicin, and 
Carubicin. Suitable compounds have the structures: 

H3C O 

NH; 
R3 

R1 R2 R3 

Doxorubicin: OCH3 C(O)CH2OH OH out of 
ring plane 

Epirubicin: OCH3 C(O)CH2OH OH in ring plane 
(4' epimer of 
doxorubicin) 
Dauno- OCH3 C(O)CH3 OH out of 
rubicin: ring plane 
Idarubicin: H C(O)CH3 OH out of 

ring plane 

Pirarubicin: OCH3 C(O)CH2OH O / 

Q 0 
Zorubicin: ocH3 C(CH3)(:N)NHC(O)C6H5 OH 
Carubicin: OH C(O)CH3 OH out of 

ring plane 

[0041] Other suitable anthracyclines are Anthramycin, 
Mitoxantrone, Menogaril, Nogalamycin, Aclacinomycin A, 
Olivomycin A, Chromomycin A3, and Plicamycin having the 
structures: 
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[0042] Other representative anthracyclines include, FCE 
23762 doxorubicin derivative (Quaglia et al., .1. Liq. Chro 
matogr. 17(18):3911-3923, 1994), annamycin (Zou et al., .1. 
Pharm. Sci. 82(11):1151-1154, 1993), ruboxyl (Rapoport et 
al., .1. Controlled Release 58(2):153-162, 1999), anthracy 
cline disaccharide doxorubicin analogue (Pratesi et al., Clin. 
Cancer Res. 4(11):2833-2839, 1998), N-(tri?uoroacetyl) 
doxorubicin and 4'-O-acetyl-N-(tri?uoroacetyl)doxorubicin 
(Berube & Lepage, Synth. Commun. 28(6): 1 109-1 116, 
1998), 2-pyrrolinodoxorubicin (Nagy et al., Proc. Nat ’lAcad. 
Sci. USA. 95(4):1794-1799, 1998), disaccharide doxorubi 
cin analogues (Arcamone et al., .1. Nat’l Cancer Inst. 89(16): 
1217-1223, 1997), 4-demethoxy-7-O-[2,6-dideoXy-4-O-(2, 
3,6-trideoXy-3-amino-0t-L-lyxo-hexopyranosyl)-0t-L-lyxo 
hexopyranosyl]adriamicinone doxorubicin disaccharide 
analog (Monteagudo et al., Carbohydr. Res. 300(1):11-16, 
1997), 2-pyrrolinodoxorubicin (Nagy et al., Proc. Nat ’lAcad. 
Sci. USA. 94(2):652-656, 1997), morpholinyl doxorubicin 
analogues (Duran et al., Cancer Chemother. Pharmacol. 
38(3):210-216, 1996), enaminomalonyl-[3-alanine doxorubi 
cin derivatives (SeitZ et al., Tetrahedron Lett. 36(9):1413-16, 
1995), cephalosporin doxorubicin derivatives (V rudhula et 
al., .1. Med. Chem. 38(8):1380-5, 1995), hydroxyrubicin (So 
lary et al., Int. .1. Cancer 58(1):85-94, 1994), methoxymor 
pholino doxorubicin derivative (Kuhl et al., Cancer 
Chemother Pharmacol. 33(1):10-16, 1993), (6-maleimi 
docaproyl)hydraZone doxorubicin derivative (Willner et al., 
Bioconjugate Chem. 4(6):521-7, 1993), N-(5,5-diacetoxy 
pent-l-yl) doxorubicin (Chemf & Farquhar, .1. Med. Chem. 
35(17):3208-14, 1992), FCE 23762 methoxymorpholinyl 
doxorubicin derivative (Ripamonti et al., Br .1. Cancer 65(5): 
703-7, 1992), N-hydroxysuccinimide ester doxorubicin 
derivatives (Demant et al., Biochim. Biophys. Acta 1118(1): 
83-90, 1991), polydeoxynucleotide doxorubicin derivatives 
(Ruggiero et al., Biochim. Biophys. Acta 1129(3):294-302, 
1991), morpholinyl doxorubicin derivatives (EPA 434960), 
mitoxantrone doxorubicin analogue (Krapcho et al., .1. Med. 
Chem. 34(8):2373-80. 1991), AD198 doxorubicin analogue 
(Traganos et al., Cancer Res. 51(14):3682-9, 1991), 
4-demethoXy-3'-N-tri?uoroacetyldoxorubicin (Horton et al., 
Drug Des. Delivery 6(2): 123-9, 1990), 4'-epidoxorubicin 
(DrZeWoski et al., Pol. .1. Pharmacol. Pharm. 40(2):159-65, 
1988; Weenen et al., Eur. .1. Cancer Clin. Oncol. 20(7):919 
26, 1984), alkylating cyanomorpholino doxorubicin deriva 
tive (Scudder et al., .1. Nat’l Cancer Inst. 80(16):1294-8, 
1988), deoxydihydroiodooxorubicin (EPA 275966), 
adriblastin (Kalishevskaya et al., Vestn. Mosh Univ., 16(Biol. 
1):21-7, 1988), 4'-deoxydoxorubicin (SchoelZel et al., Leuk. 
Res. 10(12):1455-9, 1986), 4-demethyoxy-4'-o-methyldoxo 
rubicin (Giuliani et al., Proc. Int. Congr Chemother 16:285 
70-285-77, 1983), 3'-deamino-3'-hydroxydoxorubicin (Hor 
ton et al., .1. Antibiot. 37(8):853-8, 1984), 4-demethyoxy 
doxorubicin analogues (Barbieri et al., Drugs Exp. Clin. Res. 
10(2):85-90, 1984), N-L-leucyl doxorubicin derivatives 
(Trouet et al., Anthracyclines (Proc. Int. Symp. Tumor Phar 
macother.), 179-81, 1983), 3'-deamino-3'-(4-methoxy-1-pi 
peridinyl) doxorubicin derivatives (US. Pat. No. 4,314,054), 
3'-deamino-3'-(4-mortholinyl) doxorubicin derivatives (US. 
Pat. No. 4,301,277), 4'-deoxydoxorubicin and 4'-o-methyl 
doxorubicin (Giuliani et al., Int. .1. Cancer 27(1):5-13, 1981), 
aglycone doxorubicin derivatives (Chan & Watson, .1. Pharm. 
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), morpholi 
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nyl doxorubicin derivatives (EPA 434960), 3'-deamino-3'-(4 
methoxy-l-piperidinyl) doxorubicin derivatives (US. Pat. 

No. 4,314,054), doXorubicin-14-valerate, morpholinodoxo 
rubicin (US. Pat. No. 5,004,606), 3'-deamino-3'-(3"-cyano 
4"-morpholinyl doxorubicin; 3'-deamino-3'-(3"-cyano-4" 

(3'-deamino-3'-(3" 
3'-deamino-3'-(3" 

cyano-4"-morpholinyl)-3 -dihydrodaunorubicin; and 

morpholinyl)-13 -dihydroxorubicin; 
cyano-4"-morpholinyl) daunorubicin; 

3'-deamino-3'-(4"-morpholinyl-5-iminodoxorubicin and 
derivatives (US. Pat. No. 4,585,859), 3'-deamino-3'-(4 
methoxy-l-piperidinyl) doxorubicin derivatives (US. Pat. 
No. 4,314,054) and 3-deamino-3-(4-morpholinyl) doxorubi 
cin derivatives (US. Pat. No. 4,301,277). 

[0043] 
[0044] 
pyrimidine analog, such as 5-?uorouracil, or an analog or 

B. Fluoropyrimidine Analogs 
In another aspect, the therapeutic agent is a ?uoro 

derivative thereof, including Carmofur, Doxi?uridine, Emite 
fur, Tegafur, and Floxuridine. Exemplary compounds have 
the structures: 

0 

R2 F \N I 

0%? 
R1 

R1 R2 

S-Fluorouracil H H 

Cannofur C(O)NH(CH2)5CH3 H 
Doxi?uridine A1 H 
Floxuridine A2 H 
Emite?sr CH2OCH2CH3 B 
Tegafur C H 

CN 
0 / o o 

\ 
O N O 

B 

O 

C 

[0045] Other suitable ?uoropyrimidine analogs include 
5-FudR (5-?uoro-deoxyuridine), or an analog or derivative 

thereof, including 5 -iododeoxyuridine (5 -1udR), 5-bromode 
oxyuridine (5-BudR), Fluorouridine triphosphate (5-FUTP), 
and Fluorodeoxyuridine monopho sphate (5 -dFUMP). Exem 
plary compounds have the structures: 
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O 

HO ' NA. 
O 

OH 

5—Fluoro—2'—deoxyuridine: R I F 
5—Bromo-2'—deoxyuridine: R I Br 
5—lodo-2'—deoxyuridine: R I l 

[0046] Other representative examples of ?uoropyrimidine 
analogs include N3-alkylated analogues of 5-?uorouracil 
(KoZai et al., J. Chem. Soc., Perkin Trans. 1(19):3145-3146, 
1998), 5-?uorouracil derivatives With 1,4-oxaheteroepane 
moieties (Gomez et al., Tetrahedron 54(43):13295-13312, 
1998), 5-?uorouracil and nucleoside analogues (Li, Antican 
cer Res. 17(1A):21-27, 1997), cis- and trans-5-?uoro-5,6 
dihydro-6-alkoxyuracil (Van der Wilt et al., Br J. Cancer 
68(4):702-7, 1993), cyclopentane 5-?uorouracil analogues 
(HronoWski & SZarek, Can. J. Chem. 70(4):1162-9, 1992), 
A-OT-?uorouracil (Zhang et al., Zongguo l’iyao Gongye 
Zazhi 20(11):513-15, 1989), N4-trimethoxybenZoyl-5' 
deoxy-5-?uorocytidine and 5'-deoxy-5-?uorouridine (MiWa 
et al., Chem. Pharm. Bull. 38(4):998-1003, 1990), l-hexyl 
carbamoyl-5-?uorouracil (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 al., In Vivo 2(2): 151-4, 
1988), uracil-1-(2-tetrahydrofuryl)-5-?uorouracil (Anai et 
al., Oncology 45(3): 144-7, 1988), 1-(2'-deoxy-2'-?uoro-[3 
D-arabinofuranosyl)-5-?uorouracil (SuZuko et al., Mol. 
Pharmacol. 31(3):301-6, 1987), doxi?uridine (Matuura et 
al., Oyo Yakuri 29(5):803-31, 1985), 5'-deoxy-5-?uorouri 
dine (Bollag & Hartmann, Eur J. Cancer 16(4):427-32, 
1980), 1-acetyl-3 -O-toluoyl-5 -?uorouracil (Okada, 
Hiroshima J. Med. Sci. 28(1):49-66, 1979), 5-?uorouracil-m 
formylbenZene-sulfonate (JP 55059173), N'-(2-furanidyl)-5 
?uorouracil (JP 53149985) and 1-(2-tetrahydrofuryl)-5-?uo 
rouracil (JP 52089680). 
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[0047] These compounds are believed to function as thera 
peutic agents by serving as antimetabolites of pyrimidine. 
[0048] C. Folic Acid Antagonists 
[0049] In another aspect, the therapeutic agent is a folic 
acid antagonist, such as Methotrexate or derivatives or ana 

logs thereof, including Edatrexate, Trimetrexate, Raltitrexed, 
Piritrexim, Denopterin, Tomudex, and Pteropterin. Methotr 
exate analogs have the folloWing general structure: 

R1 1 R] N R9 

\ Y R5 

R4 / / N 
R6 R2 

R3 R3, R10 

R7 
R8 

The identity of the R group may be selected from organic 
groups, particularly those groups set forth in Us. Pat. Nos. 
5,166,149 and 5,382,582. For example, Rl may be N, R2 may 
be N or C(CH3), R3 and R3‘ may H or alkyl, e.g., CH3, R4 may 
be a single bond or NR, Where R is H or alkyl group. RM,8 
may be H, OCH3, or alternately they can be halogens or hydro 
groups. R7 is a side chain of the general structure: 

O 

NH 

HO 

O 
O OH 

II 

Wherein nI1 for methotrexate, nI3 for pteropterin. The car 
boxyl groups in the side chain may be esteri?ed or form a salt 
such as a Zn2+ salt. R9 and R10 can be NH2 or may be alkyl 
substituted. 

[0050] Exemplary folic acid antagonist compounds have 
the structures: 

R0 R1 R2 R3 R4 R5 R6 R7 R8 

Methotrexate NH2 N N H N(CH3) H H A (n = 1) H 

Edatrexate NH2 N N H CH(CH2CH3) H H A (n = 1) H 

Trimetrexate NH2 CH C(CH3) H NH H OCH3 OCH3 OCH3 
Pteropterin OH N N H NH H H A (n = 3) H 
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-continued 
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R0 R1 R2 R3 R4 R5 R6 

Denopterin OH N N CH3 N(CH3) H H 
Peritrexirn NH2 single bond OCH3 H 

R7 R8 

A (n = 1) H 

H ocH3 N C(CH3) H 

II 

AI 0 

NH 
HO 

O 
O OH 

HOOC/\ o 

Tornudex 

[0051] Other representative examples include 6-S-aminoa 
cyloxymethyl mercaptopurine derivatives (Harada et al., 
Chem. Pharm. Bull. 43(10):793-6, 1995), 6-mercaptopurine 
(6-MP) (Kashida et al., Biol. Pharm. Bull. 18(11):1492-7, 
1995), 7,8-polymethyleneimidaZo-1,3,2-diaZaphosphorines 
(Nilov et al., Mendeleev Commun. 2:67, 1995), aZathioprine 
(Chifotides et al., J. Inorg. Biochem. 56(4):249-64, 1994), 
methyl-D-glucopyranoside mercaptopurine derivatives (Da 
Silva et al., Eur J. Med. Chem. 29(2):149-52, 1994) and 
s-alkynyl mercaptopurine derivatives (Ratsino et al., Khim. 
Farm. Zh. 15(8):65-7, 1981); indoline ring and a modi?ed 
omithine or glutamic acid-bearing methotrexate derivatives 
(Matsuoka et al., Chem. Pharm. Bull. 45(7):1146-1150, 
1 997), alkyl-sub stituted benzene ring C bearing methotrexate 
derivatives (Matsuoka et al., Chem. Pharm. Bull. 44(12): 
2287-2293, 1996), benZoxaZine or benZothiaZine moiety 
bearing methotrexate derivatives (Matsuoka et al., J Med. 
Chem. 40(1): 105-1 1 1, 1997), 10-deaZaminopterin analogues 
(DeGraW et al., J. Med. Chem. 40(3):370-376, 1997), 5-dea 
Zaminopterin and 5,10-dideaZaminopterin methotrexate ana 
logues (Piper et al., J. Med. Chem. 40(3):377-384, 1997), 
indoline moiety-bearing methotrexate derivatives (Matsuoka 
et al., Chem. Pharm. Bull. 44(7):1332-1337, 1996), lipophilic 
amide methotrexate derivatives (Pignatello et al., World 
Meet. Pharm., Biopharm. Pharm. Technol, 563-4, 1995), 
L-threo-(2S,4S)-4-?uoroglutamic acid and DL-3,3-di?uoro 
glutamic acid-containing methotrexate analogues (Hart et al., 
J. Med. Chem. 39(1):56-65, 1996), methotrexate tetrahydro 
quinaZoline analogue (Gangjee, et al., J. Helerocycl. Chem. 
32(1):243-8, 1995), N-(ot-aminoacyl)methotrexate deriva 
tives (Cheung et al., Pteridines 3(1-2):101-2, 1992), biotin 
methotrexate derivatives (Fan et al., Pteridines 3(1-2): 131-2, 

N cH3 

- S N NH 

HOOC NH )kg 0 

1992), D-glutamic acid or D-erythrou, threo-4-?uoro 
glutamic acid methotrexate analogues (McGuire et al., Bio 
chem. Pharmacol. 42(12):2400-3, 1991), [3,y-methano meth 
otrexate analogues (RosoWsky et al., Pteridines 2(3):133-9, 
1991), 10-deaZaminopterin (10-EDAM) analogue (Braa 
khuis et al., Chem. Biol. Pteridines, Proc. Int. Symp. Ple 
ridines Folic Acid Deriv., 1027-30, 1989), y-tetraZole meth 
otrexate analogue (Kalman et al., Chem. Biol. Pteridines, 
Proc. Int. Symp. Pteridines FolicAcidDeriu, 1154-7, 1989), 
N-(L-ot-aminoacyl)methotrexate derivatives (Cheung et al., 
Helerocycles 28(2):751-8, 1989), meta and ortho isomers of 
aminopterin (RosoWsky et al., J. Med. Chem. 32(12):2582, 
1989), hydroxymethylmethotrexate (DE 267495), r-?uo 
romethotrexate (McGuire et al., CancerRes. 49(16):4517-25, 
1989), polyglutamyl methotrexate derivatives (Kumar et al., 
Cancer Res. 46(10):5020-3, 1986), gem-diphosphonate 
methotrexate analogues (WO 88/06158), 0t— and y-substituted 
methotrexate analogues (Tsushima et al., Tetrahedron 
44(17):5375-87, 1988), 5-methyl-5-deaZa methotrexate ana 
logues (U.S. Pat. No. 4,725,687), N6-acyl-N0t-(4-amino-4 
deoXypteroyl)-L-omithine derivatives (RosoWsky et al., J. 
Med. Chem. 31(7):1332-7, 1988), 8-deaZa methotrexate ana 
logues (Kuehl et al., Cancer Res. 48(6):1481-8, 1988), acivi 
cin methotrexate analogue (RosoWsky et al., J. Med. Chem. 
30(8): 1463-9, 1987), polymeric platinol methotrexate deriva 
tive (Carraher et al., Polym. Sci. Technol. (Plenum), 35(Adv. 
Biomed. Polym.):311-24, 1987), methotreXate-y-dimyris 
toylphophatidylethanolamine (Kinsky et al., Biochim. Bio 
phys. Acla 917(2):211-18, 1987), methotrexate poly 
glutamate analogues (RosoWsky et al., Chem. Biol. 
Pteridines, Pteridines Folid Acid Deriv., Proc. Int. Symp. 
Pteridines Folid Acid Deriv.: Chem., Biol. Clin. Aspects: 
985-8, 1986), poly-y-glutamyl methotrexate derivatives (Kis 
liuk et al., Chem. Biol. Pteridines, Pteridines Folid Acid 
Deriv., Proc. Int. Symp. Pteridines Folid Acid Deriv.: Chem., 
Biol. Clin. Aspects: 989-92, 1986), deoxyuridylate methotr 
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exate derivatives (Webber et al., Chem. Biol. Pteridines, Pte 
ridines Folid Acid Deriv., Proc. Int. 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, 1986), polyglutamate methotr 
exate derivatives (Kamen & Winick, Methods Enzymol. 122 
(V1tam. CoenZymes, Pt. G):339-46, 1986), 5-methyl-5-deaZa 
analogues (Piper et al., J Med. Chem. 29(6):1080-7, 1986), 
quinaZoline methotrexate analogue (Mastropaolo et al., J. 
Med. Chem. 29(1):155-8, 1986), pyraZine methotrexate ana 
logue (Lever&Vestal, J. Helerocycl. Chem. 22(1):5-6, 1985), 
cysteic acid and homocysteic acid methotrexate analogues 
(U.S. Pat. No. 4,490,529), y-tert-butyl methotrexate esters 
(RosoWsky et al., J Med. Chem. 28(5):660-7, 1985), ?uori 
nated methotrexate analogues (Tsushima et al., Helerocycles 
23(1):45-9, 1985), folate methotrexate analogue (Trombe, J. 
Bacteriol. 160(3):849-53, 1984), phosphonoglutamic acid 
analogues (SturtZ & Guillamot, Eur J. Med. Chem.iChim. 
T her. 19(3):267-73, 1984), poly (L-lysine) methotrexate con 
jugates (RosoWsky et al.,J. Med. Chem. 27(7):888-93, 1984), 
dilysine and trilysine methotrexate derivates (Forsch & 
RosoWsky, J Org. Chem. 49(7):1305-9, 1984), 7-hy 
droxymethotrexate (Fabre et al., Cancer Res. 43(10):4648 
52, 1983), poly-y-glutamyl methotrexate analogues (Piper & 
Montgomery, Adv. Exp. Med. Biol., 163 (FolylAnZifolyl Poly 
gluZamaZes):95-100, 1983), 3',5'-dichloromethotrexate 
(RosoWsky & Yu, J. Med. Chem. 26(10):1448-52, 1983), 
diaZoketone and chloromethylketone methotrexate ana 

logues (Gangjee et al., J Pharm. Sci. 71(6):717-19, 1982), 
10-propargylaminopterin and alkyl methotrexate homologs 
(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 methotr 
exate derivatives (Fox, JNCI 58(4):]955-8, 1977), 8-alkyl-7, 
8-dihydro analogues (Chaykovsky et al., J Med. Chem. 
20(10):]1323-7, 1977), 7-methyl methotrexate derivatives 
and dichloromethotrexate (RosoWsky & Chen, J Med. Chem. 
17(12):]1308-11, 1974), lipophilic methotrexate derivatives 
and 3',5'-dichloromethotrexate (RosoWsky, J Med. Chem. 
16(10):] 1190-3, 1973), deaZa amethopterin analogues 
(Montgomery et al., Ann. N. YAcad. Sci. 186:]227-34, 1971), 
MX068 (Pharrna Japan, 1658: 18, 1999) and cysteic acid and 
homocysteic acid methotrexate analogues (EPA0142220); 
[0052] These compounds are believed to act as antimetabo 

lites of folic acid. 

[0053] D. Podophyllotoxins 
[0054] In another aspect, the therapeutic agent is a Podo 
phyllotoxin, or a derivative or an analog thereof. Exemplary 

compounds of this type are Etoposide or Teniposide, Which 
have the folloWing structures: 
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R—V O O O 

HO O 

OH 

O 

< O 
R - 0 

CH3 

s 

U H3CO ocn3 
OH 

Etoposide 
Teniposide 

[0055] Other representative examples of podophyllotoxins 
include Cu(II)-VP-16 (etoposide) complex (TaWa et al., 
Bioorg. Med. Chem. 6(7):1003-1008, 1998), pyrrolecarboxa 
midino-bearing etoposide analogues (Ji et al., Bioorg. Med. 
Chem. Len. 7(5):607-612, 1997), 4[3-amino etoposide ana 
logues (Hu, University of North Carolina Dissertation, 1992), 
y-lactone ring-modi?ed arylamino etoposide analogues 
(Zhou et al., J. Med. Chem. 37(2):287-92, 1994), N-glucosyl 
etoposide analogue (Allevi et al., Tetrahedron Len. 34(45): 
7313-16, 1993), etoposide A-ring analogues (KadoW et al., 
Bioorg. Med. Chem. Len. 2(1):17-22, 1992), 4'-deshydroxy 
4'-methyl etoposide (Saulnier et al., Bioorg. Med. Chem. Len. 
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): 141 8-20, 1989). 
[0056] These compounds are believed to act as Topoi 
somerase II Inhibitors and/or DNA cleaving agents. 

[0057] 
[0058] In another aspect, the therapeutic agent is Camp 
tothecin, or an analog or derivative thereof. Camptothecins 
have the folloWing general structure. 

E. Camptothecins 

R2 R3 0 

[0059] In this structure, X is typically 0, but can be other 
groups, e.g., NH in the case of 21-lactam derivatives. R1 is 
typically H or OH, but may be other groups, e.g., a terminally 
hydroxylated C l_3 alkane. R2 is typically H or an amino con 
taining group such as (CH3)2NHCH2, but may be other 
groups e.g., NO2, NH2, halogen (as disclosed in, e.g., U.S. 
Pat. No. 5,552,156) or a short alkane containing these groups. 
R3 is typically H or a short alkyl such as C2H5. R4 is typically 
H but may be other groups, e. g., a methylenedioxy group With 

R1. 
[0060] Exemplary camptothecin compounds include topo 
tecan, irinotecan (CPT-l 1), 9-aminocamptothecin, 21 -lac 
tam-20(S)-camptothecin, 10,1 1-methylenedioxycamptoth 



US 2008/0113000 A1 

ecin, SN-3 8, 9-nitrocamptothecin, 10-hydroxycamptothecin. 
Exemplary compounds have the structures: 

R1 R2 R3 

Calnptothecin: H H H 
Topotecan: OH (CH3)2NHCH2 H 
SN-3 8: OH H C2H5 

X: O for most analogs, NH for 21-lacta1n analogs 

[0061] Camptothecins have the ?ve rings shoWn here. The 
ring labeled E must be intact (the lactone rather than carboxy 
late form) for maximum activity and minimum toxicity. 
[0062] Camptothecins are believed to function as Topoi 
somerase I Inhibitors and/ or DNA cleavage agents. 

[0063] 
[0064] The therapeutic agent of the present invention may 
be a hydroxyurea. Hydroxyureas have the following general 
structure: 

F. Hydroxyureas 

[0065] Suitable hydroxyureas are disclosed in, for 
example, U.S. Pat. No. 6,080,874, wherein R1 is: 

/ / S R2 
R3 

and R2 is an alkyl group having 1-4 carbons and R3 is one of 
H, acyl, methyl, ethyl, and mixtures thereof, such as a meth 
ylether. 
[0066] Other suitable hydroxyureas are disclosed in, e.g., 
U.S. Pat. No. 5,665,768, wherein R1 is a cycloalkenyl group, 
for example N-[3-[5-(4-?uorophenylthio)-furyl]-2-cyclo 
penten-1-yl]N-hydroxyurea; R2 is H or an alkyl group having 
1 to 4 carbons and R3 is H; X is H or a cation. 

[0067] Other suitable hydroxyureas are disclosed in, e.g., 
U.S. Pat. No. 4,299,778, wherein R1 is a phenyl group sub 
stituted With one or more ?uorine atoms; R2 is a cyclopropyl 
group; and R3 and X is H. 
[0068] Other suitable hydroxyureas are disclosed in, e.g., 
U.S. Pat. No. 5,066,658, Wherein R2 and R3 together With the 
adjacent nitrogen form: 
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Wherein m is 1 or 2, n is 0-2 andY is an alkyl group. 

[0069] In one aspect, the hydroxyurea has the structure: 

0 

)L OH 
HZN NH/ 

Hydroxyurea 

[0070] These compounds are thought to function by inhib 
iting DNA synthesis. 
[0071] G. Platinum Complexes 
[0072] In another aspect, the therapeutic agent is a platinum 
compound. In general, suitable platinum complexes may be 
of Pt(II) or Pt(IV) and have this basic structure: 

Wherein X andY are anionic leaving groups such as sulfate, 
phosphate, carboxylate, and halogen; R1 and R2 are alkyl, 
amine, amino alkyl any may be further substituted, and are 
basically inert or bridging groups. For Pt(II) complexes Z1 
and Z2 are non-existent. For Pt(IV) Z 1 and Z2 may be anionic 
groups such as halogen, hydroxy, carboxylate, ester, sulfate 
or phosphate. See, e.g., U.S. Pat. Nos. 4,588,831 and 4,250, 
1 89. 

[0073] Suitable platinum complexes may contain multiple 
Pt atoms. See, e.g., U.S. Pat. Nos. 5,409,915 and 5,380,897. 
For example bisplatinum and triplatinum complexes of the 
type: 
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[0074] Exemplary platinum compounds are Cisplatin, Car 
boplatin, Oxaliplatin, and Miboplatin having the structures: 

NH3 

0 (K1 
\ 

_ _ | NH3 01 Pt NH3 0 

C1 

Cisplatin O 

Carboplatin 
o 0 H H 

O \N/ O NHZ : 
\ / \P¢ 
Pt /E \ ‘ 2 H 

0/ NH2‘“ 0 /N 
H 

O O 

Oxaliplatin Miboplatin 

[0075] Other representative platinum compounds include 
(CPA)2Pt[DOLYM] and (DACH)Pt[DOLYM] cisplatin 
(Choi et al., Arch. Pharmacal Res. 22(2):151-156, 1999), 
Cis-[PtCl2(4,7-H-5-methyl-7-oxo]1,2,4-[triaZolo[1,5-a]py 
rimidine)2] (Navarro et al., J. Med. Chem. 41(3):332-338, 
1998), [Pt(cis-1,4-DACH)(trans-Cl2)(CBDCA)] .l/zMeOH 
cisplatin (Shamsuddin et al., Inorg. Chem. 36(25):5969 
5971, 1997), 4-pyridoxate diammine hydroxy platinum 
(Tokunaga et al., Pharm. Sci. 3(7):353-356, 1997), Pt(ll) . . . 

Pt(ll) (Pt2[NHCHN(C(CH2)(CH3))]4) (Navarro et al., Inorg. 
Chem. 35(26):7829-7835, 1996), 254-8 cisplatin analogue 
(Koga et al., Neurol. Res. 18(3):244-247, 1996), o-phenylene 
diamine ligand bearing cisplatin analogues (Koeckerbauer & 
Bednarski, J. Inorg. Biochem. 62(4):281-298, 1996), trans, 
cis-[Pt(OAc)2l2(en)] (KratochWil et al., J. Med. Chem. 
39(13):2499-2507, 1996), estrogenic 1,2-diarylethylenedi 
amine ligand (With sulfur-containing amino acids and glu 
tathione) bearing cisplatin analogues (Bednarski, J. Inorg. 
Biochem. 62(1):75, 1996), cis-1,4-diaminocyclohexane cis 
platin analogues (Shamsuddin et al., J. Inorg. Biochem. 61(4): 
291-301, 1996), 5' orientational isomer of cis-[Pt(NH3)(4 
aminoTEMP-O){d(GpG)}] (Dunham & Lippard, J. Am. 
Chem. Soc. 117(43): 10702-12, 1995), chelating diamine 
bearing cisplatin analogues (Koeckerbauer & Bednarski, J. 
Pharm. Sci. 84(7):819-23, 1995), 1,2-diarylethyleneamine 
ligand-bearing cisplatin analogues (Ofto et al., J. Cancer Res. 
Clin. Oncol. 121(1):31-8, 1995), (ethylenediamine)platinum 
(ll) complexes (Pasini et al., J. Chem. Soc, Dalton Trans. 
4:579-85, 1995), Cl-973 cisplatin analogue (Yang et al., Int. J. 
Oncol. 5(3):597-602, 1994), cis-diaminedichloroplatinum 
(H) and its analogues cis-1,1-cyclobutanedicarbosylato(2R) 
2-methyl-1,4-butanediamineplatinum(ll) and cis-diammine 
(glycolato)platinum (Claycamp & Zimbrick, J. Inorg. 
Biochem. 26(4):257-67, 1986; Fan et al., CancerRes. 48(11): 
3135-9, 1988; Heiger-Bemays et al., Biochemistry 29(36): 
8461-6, 1990; KikkaWa et al., J. Exp. Clin. Cancer Res. 
12(4):233-40, 1993; Murray et al., Biochemistry 
31(47):11812-17, 1992; Takahashi et al., Cancer Chemother 
Pharmacol. 33(1):31-5, 1993), cis-amine-cyclohexylamine 
dichloroplatinum(ll) (Yoshida et al., Biochem. Pharmacol. 
48(4):793-9, 1994), gem-diphosphonate cisplatin analogues 
(FR 2683529), (meso-1,2-bis(2,6-dichloro-4-hydroxyple 
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nyl)ethylenediamine) dichloroplatinum(ll) (Bednarski et al., 
J. Med. Chem. 35(23):4479-85, 1992), cisplatin analogues 
containing a tethered dansyl group (HartWig et al., J. Am. 
Chem. Soc. 114(21):8292-3, 1992), platinum(ll) polyamines 
(Siegmann et al., Inorg. Met-Containing Polym. Mater., 
(Proc. Am. Chem. Soc. Int. Symp), 335-61, 1990), cis-(3H) 
dichloro(ethylenediamine)platinum(ll) (Eastman, Anal. Bio 
chem. 197(2):311-15, 1991), trans-diamminedichloroplati 
num(ll) and cis-(Pt(NH3)2(N3-cytosine)Cl) (Bellon & 
Lippard, Biophys. Chem. 35(2-3):179-88, 1990), 3H-cis-1,2 
diaminocyclohexanedichloroplatinum(ll) and 3H-cis-1,2-di 
aminocyclohexane-malonatoplatinum (ll) (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 plati 
num analogues (Wyrick & Chaney, J Labelled Compd. 
Radiopharm. 25(4):349-57, 1988), aminoalkylaminoan 
thraquinone-derived cisplatin analogues (Kitov et al., Eur. J. 
Med. Chem. 23(4):381-3, 1988), spiroplatin, carboplatin, 
iproplatin and JM40 platinum analogues (Schroyen et al., 
Eur J. Cancer Clin. Oncol. 24(8):1309-12, 1988), bidentate 
tertiary diamine-containing cisplatinum derivatives (Orbell et 
al., Inorg. Chim. Acta 152(2):125-34, 1988), platinum(ll), 
platinum(lV) (Liu & Wang, Shandong l’ike Daxue Xuebao 
24(1):35-41, 1986), cis-diammine(1,l-cyclobutanedicar 
boxylato -)platinum(ll) (carboplatin, J M8) and ethylenediam 
mine-malonatoplatinum(ll) (JM40) (Begg et al., Radiother. 
Oncol. 9(2): 157-65, 1987), JM8 and JM9 cisplatin analogues 
(Harstrick et al., Int. J Androl. 10(1); 139-45, 1987), (NPr4) 
2((PtCL4).cis-(PtCl2-(NH2Me)2)) (Brammer et al., J. Chem. 
Soc, Chem. Commun. 6:443-5, 1987), aliphatic tricarboxylic 
acid platinum complexes (EPA 185225), and cis-dichloro 
(amino acid) (tert-butylamine)platinum(ll) complexes 
(Pasini & Bersanetti, Inorg. Chim. Acta 107(4):259-67, 
1985). These compounds are thought to function by binding 
to DNA, i.e., acting as alkylating agents of DNA. 

11. Compositions and Formulations 

[0076] As noted above, therapeutic agents described herein 
may be formulated in a variety of manners, and thus may 
additionally comprise a carrier. In this regard, a Wide variety 
of carriers may be selected of either polymeric or non-poly 
meric 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 limi 
tation. 
[0077] 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 above, including for 
example both biodegradable and non-biodegradable compo 
sitions. Representative examples of biodegradable composi 
tions include albumin, collagen, gelatin, chitosan, hyaluronic 
acid, starch, cellulose and derivatives thereof (e.g., methyl 
cellulose, hydroxypropylcellulose, hydroxypropylmethyl 
cellulose, carboxymethylcellulose, cellulose acetate phtha 
late, cellulose acetate succinate, 
hydroxypropylmethylcellulose phthalate), alginates, casein, 
dextrans, polysaccharides, ?brinogen, poly(L-lactide), poly 
(D,L lactide), poly(L-lactide-co-glycolide), poly(D,L-lac 
tide-co-glycolide), poly(glycolide), poly(trimethylene car 
bonate), poly(hydroxyvalerate), poly(hydroxybutyrate), poly 
(caprolactone), poly(alkylcarbonate) and poly(orthoesters), 
polyesters, poly(hydroxyvaleric acid), polydioxanone, poly 
(malic acid), poly(tartronic acid), polyanhydrides, polyphos 
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phaZenes, poly(amino acids), copolymers of such polymers 
and blends of such polymers (see generally, lllum, L., Davids, 
S. S. (eds) “Polymers in Controlled Drug Delivery” Wright, 
Bristol, 1987; Arshady, J Controlled Release 17: 1 -22, 1991; 
Pitt, Int. J. Phar 59:173-196, 1990; Holland et al., J. Con 
trolled Release 4:155-0180, 1986). Representative examples 
of nondegradable polymers include poly(ethylene-co-vinyl 
acetate) (“EV ”) copolymers, silicone rubber, acrylic poly 
mers (e.g., polyacrylic acid, polymethylacrylic acid, poly 
(hydroxyethylmethacrylate), polymethylmethacrylate, poly 
alkylcyanoacrylate), polyethylene, polyproplene, 
polyamides (e.g., nylon 6,6), polyurethane (e.g., poly(ester 
urethanes), poly(ether urethanes), poly(ester-urea), poly(car 
bonate urethanes)), polyethers (e.g., poly(ethylene oxide), 
poly(propylene oxide), Pluronics and poly(tetramethylene 
glycol)) and vinyl polymers [e.g., polyvinylpyrrolidone, poly 
(vinyl alcohol), 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, 1993; Cascone et al., J. Materials 
Sci. .' Materials in Medicine 5:770-774, 1994; Shiraishi et al., 
Biol. Pharm. Bull. 16(11):1164-1168, 1993; Thacharodi and 
Rao, Int’lJ. Pharm. 120:115-118, 1995; MiyaZaki et al., Int’l 
J. Pharm. 118:257-263, 1995). Particularly preferred poly 
meric carriers include poly(ethylene-co-vinyl acetate), poly 
urethane, acid, poly(caprolactone), poly(valerolactone), 
polyanhydrides, copolymers of poly(caprolactone) or poly 
(lactic acid) With a polyethylene glycol (e.g., MePEG), and 
blends thereof. 

[0078] Other representative polymers include carboxylic 
polymers, polyacetates, polyacrylamides, polycarbonates, 
polyethers, polyesters, polyethylenes, polyvinylbutyrals, pol 
ysilanes, polyureas, polyurethanes, polyoxides, polysty 
renes, polysul?des, polysulfones, polysulfonides, polyvinyl 
halides, pyrrolidones, rubbers, thermal-setting polymers, 
cross-linkable acrylic and methacrylic polymers, ethylene 
acrylic acid copolymers, styrene acrylic copolymers, vinyl 
acetate polymers and copolymers, vinyl acetal polymers and 
copolymers, epoxy, melamine, other amino resins, phenolic 
polymers, and copolymers thereof, Water-insoluble cellulose 
ester polymers (including cellulose acetate propionate, cellu 
lose acetate, cellulose acetate butyrate, cellulose nitrate, cel 
lulose acetate phthalate, and mixtures thereof), polyvinylpyr 
rolidone, polyethylene glycols, polyethylene oxide, 
polyvinyl alcohol, polyethers, polysaccharides, hydrophilic 
polyurethane, polyhydroxyacrylate, dextran, xanthan, 
hydroxypropyl cellulose, methyl cellulose, and homopoly 
mers and copolymers of N-vinylpyrrolidone, N-vinyllactam, 
N-vinyl butyrolactam, N-vinyl caprolactam, other vinyl com 
pounds having polar pendant groups, acrylate and methacry 
late having hydrophilic esterifying groups, hydroxyacrylate, 
and acrylic acid, and combinations thereof; cellulose esters 
and ethers, ethyl cellulose, hydroxyethyl cellulose, cellulose 
nitrate, cellulose acetate, cellulose acetate butyrate, cellulose 
acetate propionate, polyurethane, polyacrylate, natural and 
synthetic elastomers, rubber, acetal, nylon, polyester, styrene 
polybutadiene, acrylic resin, polyvinylidene chloride, poly 
carbonate, homopolymers and copolymers of vinyl com 
pounds, polyvinylchloride, polyvinylchloride acetate. 
[0079] Representative examples of patents relating to poly 
mers and their preparation include PCT Publication Nos. 
WO72827, 98/12243, 98/19713, 98/41154, 99/07417, 
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00/33764, 00/21842, 00/09190, 00/09088, 00/09087, 2001/ 
17575 and 2001/15526 (as Well as their corresponding U.S. 
applications), and US. Pat. Nos. 4,500,676, 4,582,865, 
4,629,623, 4,636,524, 4,713,448, 4,795,741, 4,913,743, 
5,069,899, 5,099,013, 5,128,326, 5,143,724, 5,153,174, 
5,246,698, 5,266,563, 5,399,351, 5,525,348, 5,800,412, 
5,837,226, 5,942,555, 5,997,517, 6,007,833, 6,071,447, 
6,090,995, 6,099,563, 6,106,473, 6,110,483, 6,121,027, 
6,156,345, 6,179,817, 6,197,051, 6,214,901, 6,335,029, 
6,344,035, Which, as noted above, are all incorporated by 
reference in their entirety. 
[0080] Polymers can be fashioned in a variety of forms, 
With desired release characteristics and/or With speci?c 
desired properties. For example, polymers can be fashioned 
to release a therapeutic agent upon exposure to a speci?c 
triggering event such as pH (see, e.g., Heller et al., “Chemi 
cally Self-Regulated Drug Delivery Systems,” in Polymers in 
Medicine [I], Elsevier Science Publishers B.V., Amsterdam, 
1988, pp. 175-188; Kang et al., J Applied Polymer Sci. 
48:343-354, 1993; Dong et al., J. ControlledRelease 19: 171 
178, 1992; Dong and Hoffman, J ControlledRelease 15: 141 - 
152, 1991; Kim et al., J Controlled Release 28:143-152, 
1994; Comejo-Bravo et al., J. Controlled Release 33:223 
229, 1995; Wu and Lee, Pharm. Res. 10(10):1544-1547, 
1993; Serres et al., Pharm. Res. 13(2): 1 96-201, 1996; Peppas, 
“Fundamentals of pH- and Temperature-Sensitive Delivery 
Systems,” in Gumy et al. (eds.), Pulsatile Drug Delivery, 
Wissenschaftliche Verlagsgesellschaft mbH, Stuttgart, 1993, 
pp. 41-55; Doelker, “Cellulose Derivatives,” 1993, in Peppas 
and Langer (eds.), Biopolymers 1, Springer-Verlag, Berlin). 
Representative examples of pH-sensitive polymers include 
poly(acrylic acid)-based polymers and derivatives (includ 
ing, for example, homopolymers such as poly(aminocar 
boxylic 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 include polysaccharides 
such as carboxymethyl cellulose, hydroxypropylmethylcel 
lulose phthalate, hydroxypropyl-methylcellulose acetate suc 
cinate, cellulose acetate trimellilate, chitosan and alginates. 
Yet other pH sensitive polymers include any mixture of a pH 
sensitive polymer and a Water soluble polymer. 

[0081] Likewise, polymers can be fashioned Which are 
temperature sensitive (see, e.g., Chen et al., “Novel Hydro 
gels of a Temperature-Sensitive Pluronic Grafted to a Bioad 
hesive Polyacrylic Acid Backbone for Vaginal Drug Deliv 
ery,” in Proceed. Intern. Symp. Control. Rel. Bioact. Mater. 
22:167-168, Controlled Release Society, Inc., 1995; Okano, 
“Molecular Design of Stimuli-Responsive Hydrogels for 
Temporal Controlled Drug Delivery,” in Proceed. Intem. 
Symp. Control. Rel. Bioact. Mater. 22:111-112, Controlled 
Release Society, Inc., 1995; Johnston et al., Pharm. Res. 
9(3):425-433, 1992; Tung, Int’lJ. Pharm. 107:85-90, 1994; 
Harsh and Gehrke, J. Controlled Release 17:175-186, 1991; 
Bae et al., Pharm. Res. 8(4):531-537, 1991; Dinarvand and 
D’Emanuele, J Controlled Release 36:221-227, 1995; Yu 
and Grainger, “Novel Thermo-sensitive Amphiphilic Gels: 
Poly N-isopropylacrylamide-co-sodium acrylate-co-n-N 
alkylacrylamide Network Synthesis and Physicochemical 
Characterization,” Dept. of Chemical & Biological Sci., 
Oregon Graduate Institute of Science & Technology, Beaver 
ton, Oreg., pp. 820-821 ; Zhou and Smid, “Physical Hydrogels 
of Associative Star Polymers,” Polymer Research Institute, 
Dept. of Chemistry, College of Environmental Science and 
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Forestry, State Univ. of New York, Syracuse, N.Y., pp. 822 
823; Hoffman et al., “Characterizing Pore Sizes and Water 
‘Structure’ in Stimuli-Responsive Hydrogels,” Center for 
Bioengineering, Univ. of Washington, Seattle, Wash., 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, Oreg., 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., .1. ControlledRelease 30:69 
75, 1994; Yoshida et al., .1. Controlled Release 32:97-102, 
1994; Okano et al., .1. Controlled Release 36:125-133, 1995; 
Chun and Kim, .1. Controlled Release 38:39-47, 1996; 
D’Emanuele and Dinarvand, [ml .1. Pharm. 118:237-242, 
1995; Katono et al., .1. Controlled Release 16:215-228, 1991; 
Hoffman, “Thermally Reversible Hydrogels Containing Bio 
logically Active Species,” in Migliaresi et al. (eds.), Polymers 
in Medicine 111, Elsevier Science Publishers B.V., Amster 
dam, 1988, pp. 161-167; Hoffman, “Applications of Ther 
mally Reversible Polymers and Hydrogels in Therapeutics 
and Diagnostics,” in Third International Symposium on 
RecentAdvances in Drug Delivery Systems, Salt Lake City, 
Utah, Feb. 24-27,1987, pp. 297-305; Gutowska et al., .1. Con 
trolledRelease 22:95-104, 1992; Palasis and Gehrke, .1. Con 
trolled Release 18:1-12, 1992; Paavola et al., Pharm. Res. 
12(12):1997-2002, 1995). 
[0082] Representative examples of thermogelling poly 
mers include homopolymers such as poly(N-methyl-N-n 
propylacrylamide), poly(N-n-propylacrylamide), poly(N 
methyl-N-isopropylacrylamide), poly(N-n 
propylmethacrylamide), poly(N-isopropylacrylamide), poly 
(N, n-diethylacrylamide), poly(N 
isopropylmethacrylamide), poly(N-cyclopropylacrylamide), 
poly(N-ethylmethyacrylamide), poly(N-methyl-N-ethy 
lacrylamide), poly(N-cyclopropylmethacrylamide) and poly 
(N-ethylacrylamide). Moreover ther'mo gelling polymers may 
be made by preparing copolymers between (among) mono 
mers of the above, or by combining such homopolymers with 
other water soluble polymers such as acrylmonomers (e.g., 
acrylic acid and derivatives thereof such as methylacrylic 
acid, acrylate and derivatives thereof such as butyl methacry 
late, acrylamide, and N-n-butyl acrylamide). 
[0083] Other representative examples of thermogelling cel 
lulose ether derivatives such as hydroxypropyl cellulose, 
methyl cellulose, hydroxypropylmethyl cellulose, ethylhy 
droxyethyl cellulose, and Pluronics, such as F-127. 
[0084] A wide variety of forms may be fashioned by the 
polymers of the present invention, including for example, 
rod-shaped devices, pellets, slabs, particulates, micelles, 
?lms, molds, sutures, threads, gels, creams, ointments, sprays 
or capsules (see, e.g., Goodell et al., Am. .1. Hosp. Pharm. 
43:1454-1461, 1986; Langer et al., “Controlled release of 
macromolecules from polymers”, in Biomedical Polymers, 
Polymeric Materials and Pharmaceuticals for Biomedical 
Use, Goldberg, E. P., Nakagim, A. (eds.)Academic Press, pp. 
113-137, 1980; Rhine et al., .1. Pharm. Sci. 69:265-270, 1980; 
Brown et al., .1. Pharm. Sci. 72: 1 181-1 185, 1983; and Bawa et 
al., .1. 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 compositions are 
provided in non-capsular formulations, such as coatings 
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microspheres (ranging from nanometers to micrometers in 
siZe), pastes, threads or sutures of various siZe, ?lms and 
sprays. 
[0085] Other compounds which can be utiliZed to carry 
and/or deliver the agents provided herein include vitamin 
based compositions (e.g., based on vitamins A, D, E and/or K, 
see, e.g., PCT publication Nos. WO 98/30205 and WO 
00/71163) and liposomes (see, US. Pat. Nos. 5,534,499, 
5,683,715, 5,776,485, 5,882,679, 6,143,321, 6,146,659, 
6,200,598, and PCT Publication Nos. WO 98/34597, WO 
99/65466, WO 00/01366, WO 00/53231, WO 99/35162, WO 
00/117508, WO 00/125223, WO 00/149,268, WO 
00/1565438, and WO 00/158455). 
[0086] Preferably, therapeutic compositions of the present 
invention are fashioned in a manner appropriate to the 
intended use. Within certain aspects of the present invention, 
the therapeutic composition should be biocompatible, and 
release one or more agents over a period of several days to 
months. Further, therapeutic compositions of the present 
invention should preferably be stable for several months and 
capable of being produced, and maintained under sterile con 
ditions. 
[0087] Within certain aspects of the present invention, 
therapeutic compositions may be fashioned in any siZe rang 
ing from 50 nm to 500 um, depending upon the particular use. 
Alternatively, such compositions may also be readily applied 
as a “spray” which solidi?es into a ?lm or coating. Such 
sprays may be prepared from microspheres of a wide array of 
siZes, including for example, from 0.1 um to 9 pm, from 10 
pm to 30 um and from 30 um to 100 pm. 
[0088] 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, therapeu 
tic compositions are provided which are liquid at one tem 
perature (e.g., temperature greater than 370 C.) and solid or 
semi-solid at another temperature (e.g., ambient body tem 
perature, or any temperature lower than 370 C.). Also 
included are polymers, such as Pluronic F-127, which are 
liquid at a low temperature (e.g., 40 C.) and a gel at body 
temperature. Such “thermopastes” may be readily made 
given the disclosure provided herein. 
[0089] Within yet other aspects of the invention, the thera 
peutic compositions of the present invention may be formed 
as a ?lm. Preferably, such ?lms are generally less than 5, 4, 3, 
2 or 1 mmthick, more preferably less than 0.75 mm or 0.5 mm 
thick, and most preferably less than 500 um. Such ?lms are 
preferably ?exible with a good tensile strength (e.g., greater 
than 50, preferably greater than 100, and more preferably 
greater than 150 or 200 N/cm2), good adhesive properties 
(i.e., readily adheres to moist or wet surfaces), and have 
controlled permeability. 
[0090] Within certain embodiments of the invention, the 
therapeutic compositions can also comprise additional ingre 
dients such as surfactants (e.g., Pluronics such as F-127, 
L-122, L-92, L-81, and L-61). 
[0091] 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 compounds. For 
example, within one embodiment of the invention, hydropho 
bic compounds may be incorporated within a matrix which 
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contains the hydrophobic compound, followed by incorpora 
tion 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, methylcellulose, and hyaluronic acid, proteins or 
polypeptides such as albumin, collagen and gelatin. Within 
alternative embodiments, hydrophobic compounds may be 
contained Within a hydrophobic core, and this core contained 
Within a hydrophilic shell. 
[0092] Other carriers that may likeWise be utiliZed to con 
tain and deliver the agents described herein include: hydrox 
ypropyl [3-cyclodextrin (Cserhati and Hollo, Int .1. Pharm. 
108:69-75, 1994), liposomes (see, e.g., Sharma et al., Cancer 
Res. 53:5877-5881, 1993; Sharma and Straubinger, Pharm. 
Res. 11(60):889-896, 1994; WO 93/18751; US. Pat. No. 
5,242,073), liposome/gel (WO 94/26254), nanocapsules 
(Bartoli et al., .1. Microencapsulation 7(2):191-197, 1990), 
micelles (Alkan-Onyuksel et al., Pharm. Res. 1 1(2):206-212, 
1994), implants (Jampel et al., Invest. Ophthalm. VlS. Science 
34(11): 3076-3083, 1993; Walter et al., Cancer Res. 
54:22017-2212, 1994), nanoparticles (Violante and Lan 
Zafame PMCR), nanoparticlesimodi?ed (U .8. Pat. No. 
5,145,684), nanoparticles (surface modi?ed) (U .8. Pat. No. 
5,399,363), taxol emulsion/solution (U.S. Pat. No. 5,407, 
683), micelle (surfactant) (U .8. Pat. No. 5,403,858), synthetic 
phospholipid compounds (U.S. Pat. No. 4,534,899), gas 
borne dispersion (US. Pat. No. 5,301,664), foam, spray, gel, 
lotion, cream, ointment, dispersed vesicles, particles or drop 
lets solid- or liquid-aerosols, microemulsions (U.S. Pat. No. 
5,330,756), polymeric shell (nano- and micro-capsule) (U.S. 
Pat. No. 5,439,686), taxoid-based compositions in a surface 
active agent (U .8. Pat. No. 5,438,072), liquid emulsions (Tarr 
et al., Pharm Res. 4:62-165, 1987), nanospheres (Hagan et al., 
Proc. Intern. Symp. C0ntr0l Rel. Bioact. Mater 22, 1995; 
KWon et al., Pharm Res. 12(2): 1 92-195; KWon et al., Pharm 
Res. 10(7):970-974; Yokoyama et al., .1. C0ntr. Rel. 32:269 
277, 1994; Gref et al., Science 263: 1600-1603, 1994; BaZile 
et al., .1. Pharm. Sci. 84:493-498, 1994) and implants (U.S. 
Pat. No. 4,882,168). 
[0093] The agents provided herein can also be formulated 
as a sterile composition (e.g., by treating the composition 
With ethylene oxide or by irradiation), packaged With preser 
vatives or other suitable excipients suitable for administration 
to humans. Similarly, the devices provided herein (e. g., 
coated catheter) may be steriliZed and prepared suitable for 
implantation into humans. 

III. Medical Implants 

[0094] A. Representative Medical Implants 
[0095] A Wide variety of implants or devices can be coated 
With or otherWise constructed to contain and/or release the 
therapeutic agents provided herein. Representative examples 
include cardiovascular devices (e.g., implantable venous 
catheters, venous ports, tunneled venous catheters, chronic 
infusion lines or ports, including hepatic artery infusion cath 
eters, pacemakers and pacesmaker leads (see, e.g., U.S. Pat. 
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), 
implantable de?brillators (see, e.g., U.S. Pat. Nos. 3,614,954, 
3,614,955, 4,375,817, 5,314,430, 5,405,363, 5,607,385, 
5,697,953, 5,776,165, 6,067,471, 6,169,923, and 
6,152,955)); neurologic/neurosurgical devices (e.g., ven 
tricular peritoneal shunts, ventricular atrial shunts, nerve 
stimulator devices, dural patches and implants to prevent 
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epidural ?brosis post-laminectomy, devices for continuous 
subarachnoid infusions); gastrointestinal devices (e.g., 
chronic indWelling catheters, feeding tubes, portosystemic 
shunts, shunts for ascites, peritoneal implants for drug deliv 
ery, peritoneal dialysis catheters, and suspensions or solid 
implants to prevent surgical adhesions); genitourinary 
devices (e.g., uterine implants, including intrauterine devices 
(IUDs) and devices to prevent endometrial hyperplasia, fal 
lopian tubal implants, including reversible steriliZation 
devices, fallopian tubal stents, arti?cial sphincters and peri 
urethral implants for incontinence, ureteric stents, chronic 
indWelling catheters, bladder augmentations, or Wraps or 
splints for vasovasostomy, central venous catheters (see, e. g., 
U.S. Pat. Nos. 3,995,623, 4,072,146 4,096,860, 4,099,528, 
4,134,402, 4,180,068, 4,385,631, 4,406,656, 4,568,329, 
4,960,409, 5,176,661, 5,916,208), urinary catheters (see, eg 
U.S. Pat. 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,)); pros 
thetic heart valves (see, e.g., U.S. Pat. Nos. 3,656,185, 4,106, 
129, 4,892,540, 5,528,023, 5,772,694, 6,096,075, 6,176,877, 
6,358,278, and 6,371,983), vascular grafts (see, eg 3,096, 
560, 3,805,301, 3,945,052, 4,140,126, 4,323,525, 4,355,426, 
4,475,972, 4,530,113, 4,550,447, 4,562,596, 4,601,718, 
4,647,416, 4,878,908, 5,024,671, 5,104,399, 5,116,360, 
5,151,105, 5,197,977, 5,282,824, 5,405,379, 5,609,624, 
5,693,088, and 5,910,168), opthalmologic implants (e.g., 
multino implants and other implants for neovascular glau 
coma, drug eluting contact lenses for pterygiums, splints for 
failed dacrocystalrhinostomy, drug eluting contact lenses for 
corneal neovascularity, implants for diabetic retinopathy, 
drug eluting contact lenses for high risk corneal transplants); 
otolaryngology devices (e.g., ossicular implants, Eustachian 
tube splints or stents for glue ear or chronic otitis as an 
alternative to transtempanic drains); plastic surgery implants 
(e.g., breast implants or chin implants), catheter cuffs and 
orthopedic implants (e.g., cemented orthopedic prostheses). 
[0096] B. Methods of Making Medical Implants having 
Therapeutic Agents 
[0097] Implants and other surgical or medical devices may 
be covered, coated, contacted, combined, loaded, ?lled, asso 
ciated With, or otherWise adapted to release therapeutic agents 
compositions of the present invention in a variety of manners, 
including for example: (a) by directly af?xing to the implant 
or device a therapeutic agent or composition (e.g., by either 
spraying the implant or device With a polymer/ drug ?lm, or by 
dipping the implant or device into a polymer/drug solution, or 
by other covalent or noncovalent means); (b) by coating the 
implant or device With a substance, such as a hydrogel, Which 
Will in turn absorb the therapeutic composition (or therapeu 
tic factor above); (c) by interWeaving therapeutic composi 
tion coated thread (or the polymer itself formed into a thread) 
into the implant or device; (d) by inserting the implant or 
device into a sleeve or mesh Which is comprised of or coated 
With a therapeutic composition; (e) constructing the implant 
or device itself With a therapeutic agent or composition; or (f) 
by otherWise adapting the implant or device to release the 
therapeutic agent. Within preferred embodiments of the 
invention, the composition should ?rmly adhere to the 
implant or device during storage and at the time of insertion. 
The therapeutic agent or composition should also preferably 
not degrade during storage, prior to insertion, or When 
Warmed to body temperature after insertion inside the body (if 
this is required). In addition, it should preferably coat or cover 
the desired areas of the implant or device smoothly and 
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evenly, With a uniform distribution of therapeutic agent. 
Within preferred embodiments of the invention, the therapeu 
tic agent or composition should provide a uniform, predict 
able, prolonged release of the therapeutic factor into the tissue 
surrounding the implant or device once it has been deployed. 
For vascular stents, in addition to the above properties, the 
composition should not render the stent thrombogenic (caus 
ing blood clots to form), or cause signi?cant turbulence in 
blood ?oW (more than the stent itself Would be expected to 
cause if it Was uncoated). 
[0098] Within certain embodiments of the invention, a 
therapeutic agent can be deposited directly onto all or a por 
tion of the device (see, e.g., U.S. Pat. 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 above under “Composi 
tions and Formulations.” 
[0099] Within certain aspects of the invention, therapeutic 
agents can be attached to a medical implant using non-cova 
lent attachments. For example, for compounds that are rela 
tively sparingly Water soluble or Water insoluble, the com 
pound can be dissolved in an organic solvent a speci?ed 
concentration. The solvent chosen for this application Would 
not result in dissolution or sWelling of the polymeric device 
surface. The medical implant can then be dipped into the 
solution, WithdraWn and then dried (air dry and/or vacuum 
dry). Alternatively, this drug solution can be sprayed onto the 
surface of the implant. This can be accomplished using cur 
rent spray coating technology. The release duration for this 
method of coating Would be relatively short and Would be a 
function of the solubility of the drug in the body ?uid in Which 
it Was placed. 
[0100] In another aspect, a therapeutic agent can be dis 
solved in a solvent that has the ability to sWell or partially 
dissolve the surface of a polymeric implant. Depending on the 
solvent/implant polymer combination, the implant could be 
dipped into the drug solution for a period of time such that the 
drug can diffuse into the surface layer of the polymeric 
device. Alternatively the drug solution can be sprayed onto all 
or a part of the surface of the implant. The release pro?le of 
the drug depends upon the solubility of the drug in the surface 
polymeric layer. Using this approach, one Would ensure that 
the solvent does not result in a signi?cant distortion or dimen 
sional change of the medical implant. 
[0101] If the implant is composed of materials that do not 
alloW incorporation of a therapeutic agent into the surface 
layer using the above solvent method, one can treat the sur 
face of the device With a plasma polymerization method such 
that a thin polymeric layer is deposited onto the device sur 
face. Examples of such methods include parylene coating of 
devices, and the use of various monomers such hydrocyclosi 
loxane monomers, acrylic acid, acrylate monomers, meth 
acrylic acid or methacrylate monomers. One can then use the 
dip coating or spray coating methods described above to 
incorporate the therapeutic agent into the coated surface of 
the implant. 
[0102] For therapeutic agents that have some degree of 
Water solubility, the retention of these compounds on a device 
are relatively short-term. For therapeutic agents that contain 
ionic groups, it is possible to ionically complex these agents 
to oppositely charged compounds that have a hydrophobic 
component. For example therapeutic agents containing amine 
groups can be complexed With compounds such as sodium 
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dodecyl sulfate (SDS). Compounds containing carboxylic 
groups can be complexed With tridodecymethyammonium 
chloride (TDMAC). Mitoxantrone, for example, has tWo sec 
ondary amine groups and comes as a chloride salt. This com 
pound can be added to sodium dodecyl sulfate in order to 
form a complex. This complex can be dissolved in an organic 
solvent Which can then be dip coated or spray coated. Doxo 
rubicin has an amine group and could thus also be complexed 
With SDS. This complex could then be applied to the device 
by dip coating or spray coating methods. Methotrexate, for 
example contains 2 carboxylic acid groups and could thus be 
complexed With TDMAC and then coated onto the medical 
implant. 
[0103] For therapeutic agents that have the ability to form 
ionic complexes or hydrogen bonds, the release of these 
agents from the device can be modi?ed by the use of organic 
compounds that have the ability to form ionic or hydrogen 
bonds With the therapeutic agent. As described above, a com 
plex betWeen the ionically charged therapeutic agent and an 
oppositely charged hydrophobic compound can be prepared 
prior to application of this complex to the medical implant. In 
another embodiment, a compound that has the ability to form 
ionic or hydrogen bond interactions With the therapeutic 
agent can be incorporated into the implant during the manu 
facture 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, sali 
cylic acid), cylcoaliphatic acids, aliphatic (stearyl alcohol, 
lauryl alcohol, cetyl alcohol) and aromatic alcohols alco mul 
tifunctional alcohols (e.g., citric acid, tartaric acid, pentaer 
ithratol), lipids (e. g., phosphatidyl choline, phosphatidyletha 
nolamine), carbohydrates, sugars, spermine, spermidine, 
aliphatic and aromatic amines, natural and synthetic amino 
acids, peptides or proteins. For example, a fatty acid such as 
palmitic acid can be used to modulate the release of 5-Fluo 
ruracil from the implant. 
[0104] For therapeutic agents that have the ability to form 
ionic complexes or hydrogen bonds, the release of these 
agents from the implant can be modi?ed by the use of poly 
mers that have the ability to form ionic or hydrogen bonds 
With the therapeutic agent. For example, therapeutic agents 
containing amine groups can form ionic complexes With sul 
fonic or carboxylic pendant groups or end-groups of a poly 
mer. Examples of polymers that can be used for this applica 
tion include, but are not limited to polymers and copolymers 
that are prepared using acrylic acid, methacrylic acid, sodium 
styrene sulfonate, styrene sulfonic acid, maleic acid or 
2-acrylamido-2-methyl propane sulfonic acid. Polymers that 
have been modi?ed by sulfonation post-polymerization can 
also be used in this application. The medical implant, for 
example, can be coated With, or prepared With, a polymer that 
comprises na?on, a sulfonated ?uoropolymer. This medical 
device can then be dipped into a solution that comprises the 
amine-containing therapeutic agent. The amine-containing 
therapeutic agent can also be applied by a spray coating 
process. Methotrexate and doxorubicin are examples of 
therapeutic agents that can be used in this application. 
[0105] It is knoWn that the presence of bacteria on the 
implant surface can result in a localiZed decrease in pH. For 
polymers that comprise ionic exchange groups, for example, 
carboxylic groups, these polymers can have a localiZed 
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increase in release of the therapeutic agent in response to the 
localized decrease in pH as a result of the presence of the 
bacteria. For therapeutic agents that contain carboxylic acid 
groups, polymers With pendant end-groups comprising pri 
mary, secondary, tertiary or quaternary amines can be used to 
modulate the release of the therapeutic agent. 
[0106] 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 func 
tional 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 (eg acid chlorides, succin 
imidyl derivatives, 4-nitrophenyl ester derivatives etc). These 
activated carboxylic acid groups can then be reacted With 
amine functional groups that are present on the therapeutic 
agent (e.g., methotrexate, mitoxantrone). 
[0107] For surfaces that do not contain appropriate func 
tional groups, these groups can be introduced to the polymer 
surface via a plasma treatment regime. For example, carboxy 
lic acid groups can be introduced via a plasma treatment 
process process (e.g., the use of 02 and/or CO2 as a compo 
nent in the feed gas mixture). The carboxylic acid groups can 
also be introduced using acrylic acid or methacrylic acid in 
the gas stream. These carboxylic acid groups can then be 
converted to activated carboxylic acid groups (e.g., acid chlo 
rides, succinimidyl derivatives, 4-nitrophenyl ester deriva 
tives, etc.) that can subsequently be reacted With amine func 
tional groups that are present on the therapeutic agent. 
[0108] In addition to direct covalent bonding to the implant 
surface, the therapeutic agents With available functional 
groups can be covalently attached to the medical implant via 
a linker. These linkers can be degradable or non-degradable. 
Linkers that are hydrolytically or enZymatically cleaved are 
preferred. These linkers can comprise aZo, ester, amide, 
thioester, anhydride, or phosphoester bonds. 
[0109] To further modulate the release of the therapeutic 
agent from the medical implant, portions of or the entire 
medical implant may be further coated With a polymer. The 
polymer coating can comprise the polymers described above. 
The polymer coating can be applied by a dip coating process, 
a spray coating process or a plasma deposition process. This 
coating can, if desired, be further crosslinked using thermal, 
chemical, or radiation (e.g., visible light, ultraviolet light, 
e-beam, gamma radiation, x-ray radiation) techniques in 
order to further modulate the release of the therapeutic agent 
from the medical implant. 
[0110] This polymer coating can further contain agents that 
can increase the ?exibility (e.g., plasticiZer-glycerol, triethyl 
citrate), lubricity (e.g., hyaluronic acid), biocompatibility or 
hemocompatability (e.g., heparin) of the coating. 
[0111] The methods above describe methods for incorpo 
ration of a therapeutic agent into or onto a medical implant. 
Additional antibacterial or antifungal agents can also be 
incorporated into or onto the medical implant. These antibac 
terial or antifungal agents can be incorporated into or onto the 
medical implant prior to, simultaneously or after the incor 
poration of the therapeutic agents, described above, into or 
onto the medical implant. Agents that canbe used include, but 
are not limited to silver compounds (e.g., silver chloride, 
silver nitrate, silver oxide), silver ions, silver particles, iodine, 
povidone/iodine, chlorhexidine, 2-p-sulfanilyanilinoethanol, 
4,4'-sul?nyldianiline, 4-sulfanilamidosalicylic acid, acedia 
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sulfone, acetosulfone, amikacin, amoxicillin, amphotericin 
B, ampicillin, apalcillin, apicycline, apramycin, arbekacin, 
aspoxicillin, aZidamfenicol, aZithromycin, aZtreonam, baci 
tracin, bambermycin(s), biapenem, brodimoprim, butirosin, 
capreomycin, carbenicillin, carbomycin, carumonam, 
cefadroxil, cefamandole, cefatriZine, cefbuperaZone, cefcli 
din, cefdinir, cefditoren, cefepime, cefetamet, ce?xime, 
ce?nenoxime, cefminox, cefodiZime, cefonicid, cefopera 
Zone, ceforanide, cefotaxime, cefotetan, cefotiam, cefoZop 
ran, cefpimiZole, cefpiramide, cefpirome, cefproZil, cefroxa 
dine, ceftaZidime, cefteram, ceftibuten, ceftriaxone, 
cefuZonam, cephalexin, cephaloglycin, cephalosporin C, 
cephradine, chloramphenicol, chlortetracycline, cipro?oxa 
cin, clarithromycin, clina?oxacin, clindamycin, clomocy 
cline, colistin, cyclacillin, dapsone, demeclocycline, diathy 
mosulfone, dibekacin, dihydrostreptomycin, dirithromycin, 
doxycycline, enoxacin, enviomycin, epicillin, erythromycin, 
?omoxef, fortimicin(s), gentamicin(s), glucosulfone solasul 
fone, gramicidin S, gramicidin(s), grepa?oxacin, guamecy 
cline, hetacillin, imipenem, isepamicin, josamycin, kanamy 
cin(s), leucomycin(s), lincomycin, lome?oxacin, 
lucensomycin, lymecycline, meclocycline, meropenem, 
methacycline, micronomicin, midecamycin(s), minocycline, 
moxalactam, mupirocin, nadi?oxacin, natamycin, neomycin, 
netilmicin, nor?oxacin, oleandomycin, oxytetracycline, 
p-sulfanilylbenZylamine, panipenem, paromomycin, paZu 
?oxacin, penicillin N, pipacycline, pipemidic acid, poly 
myxin, primycin, quinacillin, ribostamycin, rifamide, 
rifampin, rifamycin SV, rifapentine, rifaximin, ristocetin, riti 
penem, rokitamycin, rolitetracycline, rosaramycin, roxithro 
mycin, salaZosulfadimidine, sancycline, sisomicin, spar 
?oxacin, spectinomycin, spiramycin, streptomycin, 
succisulfone, sulfachrysoidine, sulfaloxic acid, sulfamidoch 
rysoidine, sulfanilic acid, sulfoxone, teicoplanin, tema?oxa 
cin, temocillin, tetracycline, tetroxoprim, thiamphenicol, 
thiaZolsulfone, thiostrepton, ticarcillin, tigemonam, tobra 
mycin, tosu?oxacin, trimethoprim, trospectomycin, trova 
?oxacin, tuberactinomycin, vancomycin, aZaserine, candici 
din(s), chlorphenesin, dermostatin(s), ?lipin, fungichromin, 
mepartricin, nystatin, oligomycin(s), cipro?axacin, nor?oxa 
cin, o?oxacin, pe?oxacin, enoxacin, rosoxacin, ami?oxacin, 
?eroxacin, tema?oaxcin, lome?oxacin, perimycinA or tuber 
cidin, and the like. 

IV. Clinical Applications 

[0112] In order to further the understanding of the inven 
tion, discussed in more detail beloW are various clinical appli 
cations for the compositions, methods and devices provided 
herein. 
[0113] Brie?y, 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 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 for 
eign organisms in a patient means that the groWth or trans 
mission of a foreign organism is reduced, inhibited, or pre 
vented in a statistically signi?cant manner in at least one 
clinical outcome, or by any measure routinely used by per 
sons of ordinary skill in the art as a diagnostic criterion in 
determining the same. In a preferred embodiment, the medi 
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cal implant has been covered or coated With an anthracycline 
(e. g., doxorubicin and mitoxantrone), ?uoropyrimidine (e.g., 
5-FU), folic acid antagonist (e.g., methotrexate), podophylo 
toxin (e.g., etoposide), camptothecin, hydroxyurea, and/or a 
platinum complexe (e.g., cisplatin). 
[0114] Particularly preferred agents Which are utilized 
Within the context of the present invention should have an 
MIC of less than or equal to any one of 10_4M, 10_5M, 
10_6M, or, 10_7M. Furthermore, particularly preferred agents 
are suitable for use at concentrations less than that 10%, 5%, 
or even 1% of the concentration typically used in chemothera 
peutic applications (Goodman and Gilman’s The Pharmaco 
logical Basis of Therapeutics. Editors J. G. Hardman, L. L. 
Limbird. Consulting editor A. Goodman Gilman Tenth Edi 
tion. McGraW-Hill Medical publishing division. 10th edition, 
2001, 2148 pp.). Finally, the devices should preferably be 
provided sterile, and suitable for use in humans. 
[0115] A. Vascular Catheter-Associated Infections 
[0116] More than 30 million patients receive infusion 
therapy annually in the 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 access devices, ?oW-directed bal 
loon-tipped pulmonary artery catheters, arterial lines, and 
long-term central venous access catheters (Hickman lines, 
Broviac catheters). 
[0117] Unfortunately, vascular access catheters are prone 
to infection by a variety of bacteria and are a common cause 
of bloodstream infection. Of the 100,000 bloodstream infec 
tions in US hospitals each year, many are related to the pres 
ence of an intravascular device. For example, 55,000 cases of 
bloodstream infections are caused by central venous cath 
eters, While a signi?cant percentage of the remaining cases 
are related to peripheral intravenous catheters and arterial 
lines. 
[0118] 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 as a result (over 
23,000 deaths per year) and in those Who survive, their hos 
pitaliZation Will be prolonged by an average of 24 days. 
Complications related to bloodstream infections include cel 
lulites, the formation of abscesses, septic thrombophlebitis, 
and infective endocarditis. Therefore, there is a tremendous 
clinical need to reduce the morbidity and mortality associated 
With intravascular catheter infections. 
[0119] The most common point of entry for the infection 
causing bacteria is tracking along the device from the inser 
tion site in the skin. Skin ?ora spread along the outside of the 
device to ultimately gain access to the bloodstream. Other 
possible sources of infection include a contaminated infusate, 
contamination of the 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 sus 
ceptible. The most common infectious agents include com 
mon skin ?ora such as coagulase-negative staphylococci (S. 
epidermidis, S. saprophylicus) and Staphylococcus aureus 
(particularly MRSA-methicillin-resistant S. aureus) Which 
account for 2/3 of all infections. Coagulase-negative staphy 
lococci (CNS) is the most commonly isolated organism from 
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the blood of hospitaliZed patients. CNS infections tend to be 
indolent; often occurring after a long latent period betWeen 
contamination (i.e. exposure of the medical device to CNS 
bacteria from the skin during implantation) and the onset of 
clinical illness. Unfortunately, most clinically signi?cant 
CNS infections are caused by bacterial strains that are resis 
tant to multiple antibiotics, making them particularly di?icult 
to treat. Other organisms knoWn to cause vascular access 
catheter-related infections include Enterococci (e.g. E. coli, 
VREivancomycin-resistant enterococcci), Gram-negative 
aerobic bacilli, Pseudomonas aeruginosa, Klebsiella spp., 
Serralia marcescens, Burkholderia cepacia, Citrobacler?’e 
undii, Corynebacleria spp. and Candida species. 
[0120] Most cases of vascular access catheter-related infec 
tion require removal of the catheter and treatment With sys 
temic antibiotics (although feW antibiotics are effective), With 
vancomycin being the drug of choice. As mentioned previ 
ously, mortality associated With vascular access catheter-re 
lated infection is high, While the morbidity and cost associ 
ated With treating survivors is also extremely signi?cant. 
[0121] It is therefore extremely important to develop vas 
cular access catheters capable of reducing the incidence of 
bloodstream infections. Since it is impossible to predict in 
advance Which catheters Will become infected, any catheter 
expected to be in place longer than a couple of days Would 
bene?t from a therapeutic coating capable of reducing the 
incidence of bacterial coloniZation of the device. An ideal 
therapeutic coating Would have one or more of the folloWing 
characteristics: (a) the ability to kill, prevent, or inhibit colo 
niZation of a Wide array of potential infectious agents includ 
ing most or all of the species listed above; (b) the ability to 
kill, prevent, or inhibit coloniZation of bacteria (such as CNS 
and VRE) that are resistant to multiple antibiotics; (c) utiliZe 
a therapeutic agent unlikely to be used in the treatment of a 
bloodstream infection should one develop (i.e., one Wouldnot 
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 poten 
tially useful therapeutic). 
[0122] Several classes of anticancer agents are particularly 
suitable for incorporation into coatings for vascular catheters, 
namely, anthracyclines (e. g., doxorubicin and mitoxantrone), 
?uoropyrimidines (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 aureusithe most 
common causes of vascular catheter infections. Particularly 
preferred agents are doxorubicin, mitoxantrone, 5-?uorou 
racil and analogues and derivatives thereof Which also have 
activity against Escheridia coli and Pseudomonas aerugi 
nosa. It is important to note that not all anticancer agents are 
suitable for the practice of the present invention as several 
agents, including 2-mercaptopurine, 6-mercaptopurine, 
hydroxyurea, cytarabine, cisplatinum, tubercidin, paclitaxel, 
and camptothecin did not have antibacterial activity against 
the organisms knoWn to cause vascular access catheter-re 
lated infections. 

[0123] 1. Central Venous Catheters 
[0124] For the purposes of this invention, the term “Central 
Venous Catheters” should be understood to include any cath 
eter or line that is used to deliver ?uids to the large (central) 
veins of the body (e. g., jugular, pulmary, femoral, iliac, infe 
rior vena cava, superior vena cava, axillary etc.). Examples of 
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such catheters include central venous catheters, total 
parenteral nutrition catheters, peripherally inserted central 
venous catheters, ?oW-directed balloon-tipped pulmonary 
artery catheters, long-term central venous access catheters 
(such as Hickman lines and Broviac catheters). Representa 
tive examples of such catheters are described in Us. Pat. Nos. 
3,995,623, 4,072,146 4,096,860, 4,099,528, 4,134,402, 
4,180,068, 4,385,631, 4,406,656, 4,568,329, 4,960,409, 
5,176,661, 5,916,208. 
[0125] As described previously, 55,000 cases of blood 
stream 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 com 
plications of central venous catheter infection also include 
infective endocarditis and suppurative phlebitis of the great 
veins. If the device becomes infected, it must be replaced at a 
neW site (over-the-Wire exchange is not acceptable) Which 
puts the patient at further risk to develop mechanical compli 
cations of insertion such as bleeding, pneumothorax and 
hemothorax. In addition, systemic antibiotic therapy is also 
required. An effective therapy Would reduce the incidence of 
device infection, reduce the incidence of bloodstream infec 
tion, reduce the mortality rate, reduce the incidence of com 
plications (such as endocarditis or suppurative phlebitis), pro 
long the effectiveness of the central venous catheter and/or 
reduce the need to replace the catheter. This Would result in 
loWer mortality and morbidity for patients With central 
venous catheters in place. 

[0126] In a preferred embodiment, doxorubicin, mitox 
antrone, 5-?uorouracil and/or etoposide are formulated into a 
coating applied to the surface of the vascular catheter. The 
drug(s) can be applied to the central venous catheter system in 
several manners: (a) as a coating applied to the exterior sur 
face of the intravascular portion of the catheter and/or the 
segment of the catheter that traverses the skin; (b) as a coating 
applied to the interior and exterior surface of the intravascular 
portion of the catheter and/ or the segment of the catheter that 
traverses the skin; (c) incorporated into the polymers Which 
comprise the intravascular portion of the catheter; (d) incor 
porated 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. 

[0127] Drug-coating of, or drug incorporation into, the cen 
tral 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 carriers are not required 
for attachment of the drug to the catheter surface, several 
polymeric carriers are particularly suitable for use in this 
embodiment. Of particular interest are polymeric carriers 
such as polyurethanes (e.g., ChronoFlex AL 85A [CT Bio 
materials] , HydroMed640TM [CT Biomaterials] , 
HYDROSLIP CTM [CT Biomaterials], HYDROTHANETM 
[CT Biomaterials]), acrylic or methacrylic copolymers (e.g., 
poly(ethylene-co-acrylic acid), cellulose-derived polymers 
(e.g. nitrocellulose, Cellulose Acetate Butyrate, Cellulose 
acetate propionate), acrylate and methacrylate copolymers 
(e.g., poly(ethylene-co-vinyl acetate)) as Well as blends 
thereof. 
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[0128] As central venous catheters are made in a variety of 
con?gurations 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 area 
(of the portion of the device being coated), total drug dose 
administered can be measured and appropriate surface con 
centrations of active drug can be determined. Regardless of 
the method of application of the drug to the central venous 
catheter, the preferred anticancer agents, used alone or in 
combination, should be administered under the folloWing 
dosing guidelines: 
[0129] (a) Anthracyclines. UtiliZing the anthracycline 
doxorubicin as an example, Whether applied as a polymer 
coating, incorporated into the polymers Which make up the 
device, or applied Without a polymer carrier, the total dose of 
doxorubicin applied to the central venous catheter (and the 
other components of the infusion system) should not exceed 
25 mg (range of 0.1 pg to 25 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 1 pg to 5 mg. The dose per 
unit area of the device (ie 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 [Lg-100 pg per mm2 of surface area. In a particularly 
preferred embodiment, doxorubicin should be applied to the 
device surface at a dose of 0.1 ug/mm2-10 ug/mmz. As dif 
ferent polymer and non-polymer coatings Will release doxo 
rubicin 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 
10_7-10_4 M of doxorubicin is maintained on the device sur 
face. It is necessary to insure that drug concentrations on the 
device surface exceed concentrations of doxorubicin knoWn 
to be lethal to multiple species of bacteria and fungi (i.e., are 
in excess of 10'4 M; although for some embodiments loWer 
concentrations are suf?cient). In a preferred embodiment, 
doxorubicin is released from the surface of the device such 
that anti-infective activity is maintained for a period ranging 
from several hours to several months. In a particularly pre 
ferred embodiment the drug is released in effective concen 
trations for a period ranging from 1-30 days. It should be 
readily evident given the discussions provided herein that 
analogues and derivatives of doxorubicin (as described pre 
viously) 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 ana 
logue or derivative as compared to the parent compound (eg 
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.). 
[0130] Utilizing mitoxantrone as another example of an 
anthracycline, Whether applied as a polymer coating, incor 
porated into the polymers Which make up the device, or 
applied Without a carrier polymer, the total dose of mitox 
antrone applied to the central venous catheter (and the other 
components of the infusion system) should not exceed 5 mg 
(range of 0.01 pg to 5 mg). In a particularly preferred embodi 
ment, the total amount of drug applied to the central venous 
catheter (and the other components of the infusion system) 
should be in the range of 0.1 pg to 1 mg. The dose per unit area 
of the device (ie the amount of drug as a function of the 




































































