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ABSTRACT 

Compositions are disclosed that afford drug delivery from 
tWo-part polymer compositions that rapidly form covalent 
linkages When mixed together. Such compositions are par 
ticularly Well suited for use in a variety of tissue related 
applications When rapid adhesion to the tissue and gel 
formation is desired along With drug delivery. For example, 
the compositions are useful as tissue sealants, in promoting 
hemostasis, in effecting tissue adhesion, in providing tissue 
augmentation, and in the prevention of surgical adhesions. 
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DRUG DELIVERY FROM RAPID GELLING 
POLYMER COMPOSITION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application No. 60/437,471, ?led Dec. 30, 
2002, and US. Provisional Patent Application No. 60/440, 
875, ?led Jan. 17, 2003, Where these provisional applica 
tions are incorporated herein by reference in their entireties. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates generally to compositions 
that afford drug delivery from tWo-part polymer composi 
tions that rapidly form covalent linkages When mixed 
together. Such compositions are particularly Well suited for 
use in a variety of tissue related applications When rapid 
adhesion to the tissue and gel formation is desired along With 
drug delivery. For example, the compositions are useful as 
tissue sealants, in promoting hemostasis, in effecting tissue 
adhesion, in providing tissue augmentation, and in the 
prevention of surgical adhesions. 

[0004] 2. Description of the Related Art 

[0005] The use of polymer compositions in tissue engi 
neering is noW Widely recogniZed, particularly those con 
sisting of synthetic polymers. In contrast to many naturally 
derived compositions, synthetic polymer compositions can 
be formulated to exhibit predetermined physical character 
istics such as gel strength, as Well as biological character 
istics such as degradability. 

[0006] In a variety of tissue engineering applications, it is 
desirable to use compositions that can be administered as 
liquids, but subsequently form hydrogels at the site of 
administration. Such in situ hydrogel forming compositions 
are more convenient to use since they can be administered 

as liquids from a variety of different devices, and are more 
adaptable for administration to any site, since they are not 
preformed. Many different mechanisms have been described 
that can be used to promote hydrogel formation in situ. For 
example, photoactivatable mixtures of Water-soluble co 
polyester prepolymers and polyethylene glycol have been 
described to create hydrogel barriers, as Well as drug release 
matrices. In another approach, block copolymers of poly 
alkylene oxide polymers (e.g., PLURONIC compounds 
from BASF Corporation, Mount Olive, N.J.) and poloxam 
ers have been designed that are soluble in cold Water, but 
form insoluble hydrogels that adhere to tissues at body 
temperature (Leach, et al., Am. J. Obstet. Gynecol. 
162:1317-1319 (1990)). PolymeriZable cyanoacrylates have 
also been described for use as tissue adhesives (Ellis, et al., 
J. Otolaryngol. 19:68-72 (1990)). In yet another approach, 
tWo-part synthetic polymer compositions have been 
described that, When mixed together, form covalent bonds 
With one another, as Well as With exposed tissue surfaces. 
(PCT WO 97/22371, Which corresponds to US. application 
Ser. No. 08/769,806 US. Pat. No. 5,874,500.) In a similar 
approach involving a tWo-part composition, a mixture of 
protein and a bifunctional crosslinking agent has been 
described for use as a tissue adhesive (US. Pat. No. 5,583, 

114.) 
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[0007] One dif?culty encountered When designing in situ 
hydrogel forming compositions is that optimiZing the com 
position to enhance gel formation may Worsen tissue in?am 
mation at the site of administration. Apossible explanation 
for this effect is that highly reactive composition compo 
nents that are capable of rapid gel formation may adversely 
affect tissue surfaces. 

[0008] The compositions of the present invention have 
been formulated to provide for rapid gelation, and also cause 
less tissue in?ammation at the site of administration than 
previously described compositions. 

BRIEF SUMMARY OF THE INVENTION 

[0009] Brie?y stated, the present invention provides com 
positions and methods for drug delivery, including precur 
sors to said compositions. 

[0010] For example, in one aspect, the present invention 
provides a biocompatible gel-forming drug-delivering com 
position for in vivo administration, comprising: 

[0011] 
[0012] a ?rst component comprising at least one 

sulfhydryl group-containing compound in a liquid 
medium having an alkaline pH, Wherein said sulf 
hydryl group-containing compound is given by the 
formula Compound1 —(SH)m, Wherein mZZ; and 

[0013] a second component comprising at least one 
sulfhydryl reactive group-containing compound in 
either a liquid medium having a neutral or acidic pH 
or in poWder form, Wherein said sulfhydryl reactive 
group-containing compound is given by the formula 
Compound2 —Yn, Wherein Y is a sulfhydryl reactive 
group and Wherein n22; 

a drug; 

[0014] Wherein at least one of the ?rst or second 
components is a polyalkylene oxide and Wherein the 
sulfhydryl groups and the sulfhydryl reactive groups 
react With one another to form covalent bonds ther 
ebetWeen When said components are mixed together. 
Preferably, the covalent bonds form a gel in less than 
one minute after mixing. 

[0015] The invention also provides a method for treating 
tissues, comprising the steps of: 

[0016] administering to a tissue site a ?rst component 
comprising at least one sulfhydryl group-containing 
compound in liquid medium having an alkaline pH, 
Wherein said sulfhydryl group-containing compound 
is given by the formula Compound1 —(SH)m, 
Wherein Z2; and 

[0017] simultaneously or subsequently administering 
to the tissue site a second component comprising at 
least one sulfhydryl reactive group-containing com 
pound either a liquid medium having a neutral or 
acidic pH or in poWder form, Wherein said sulfhydryl 
reactive group-containing compound is given by the 
formula Compound2 —Yn, Wherein Y is a sulfhydryl 
reactive group and Wherein n22, and Wherein at 
least one of the ?rst or second components is a 
polyalkylene oxide; and 

[0018] simultaneously or subsequently administering 
to the tissue site a drug; and 
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[0019] allowing the sulfhydryl groups and the sulf 
hydryl reactive groups to react With one another to 
form covalent bonds therebetWeen to form a gel in 
less than one minute. 

[0020] In another aspect, the invention provides a biocom 
patible gel-forming drug-delivering composition for in vivo 
administration With a gel time of less than one minute, 
comprising: 

[0021] polyalkylene oxide-(SH)4 and drug in a liquid 
medium having a pH of betWeen 8 and 10.5; and 

[0022] polyalkylene oxide-Y4, Wherein Y is succin 
imidyl, in a liquid medium having an acidic pH. 

[0023] In another aspect, the invention provides a biocom 
patible gel-forming drug-delivering composition for in vivo 
administration With a gel time of less than one minute, 
comprising: 

[0024] polyalkylene oxide-(SH)12 and drug in a liq 
uid medium having an alkaline pH; and 

[0025] polyalkylene oxide-Y12 in a liquid medium 
having an acidic pH, Wherein Y is a succinimidyl or 
maleimidyl group. 

[0026] In another aspect, the invention provides a biocom 
patible gel-forming composition for in vivo administration, 
comprising: 

[0027] a sulfhydryl group-containing polyalkylene 
oxide in a liquid medium having an acidic pH, 
Wherein said sulfhydryl group-containing polyalky 
lene oxide is given by the formula Core-(SH)m, 
Wherein mZZ; 

[0028] a buffer solution With an alkaline pH; and 

[0029] drug in admixure With the polyalkylene oxide 
and/or the buffer solution; 

[0030] Wherein the sulfhydryl groups react With one 
another to form covalent bonds therebetWeen When 
said components are mixed together to form a gel in 
less than one minute. 

[0031] In another aspect, the present invention provides a 
biocompatible gel-forming drug-delivering composition for 
in vivo administration, comprising: 

[0032] at least one sulfhydryl group-containing com 
pound in a liquid medium having an alkaline pH, 
Wherein said sulfhydryl group-containing compound 
is given by the formula Compound1 —(SH)m, 
Wherein mZZ; 

[0033] at least one sulfhydryl reactive group-contain 
ing compound either a liquid medium having a 
neutral or acidic pH or in poWder form, Wherein said 
sulfhydryl reactive group-containing compound is 
given by the formula Compound2 —Yn, Wherein Y is 
a sulfhydryl reactive group and Wherein n22; 

[0034] at least one drug in admixture With either or 
both of the at least one sulfhydryl group-containing 
compound and the at least one sulfhydryl reactive 
group-containing compound; and 

[0035] collagen; 
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[0036] Wherein at least one of either the sulfhydryl 
group-containing compound or the sulfhydryl reac 
tive group-containing compound is a polyalkylene 
oxide, and Wherein the sulfhydryl groups and the 
sulfhydryl reactive groups are capable of reacting 
With one another to form covalent bonds therebe 
tWeen. 

[0037] In another aspect, the present invention provides a 
biocompatible gel-forming drug-delivering composition for 
in vivo administration, comprising: 

[0038] (a) a ?rst component in a liquid medium 
having an acidic pH comprising: 

[0039] at least one sulfhydryl group-containing 
compound given by the formula Compound1 
—(SH)m, Wherein mZZ; 

[0040] (ii) at least one sulfhydryl reactive group 
containing compound given by the formula Com 
pound2 —Yn, Wherein Y is a sulfhydryl reactive 
group and Wherein n22; and 

[0041] (iii) collagen; and 

[0042] (b) a second component comprising a buffer 
having a pH of betWeen 8 and 10.5; 

[0043] Wherein a drug is present in admixture With 
either or both of the ?rst component or the second 
component; and 

[0044] Wherein at least one of either the sulfhydryl 
group containing compound or the sulfhydryl reac 
tive group containing compound is a polyalkylene 
oxide. 

[0045] Optionally, in each of these and other aspects of the 
invention as disclosed herein, the drug is a hydrophobic drug 
in admixture With a secondary carrier to provide drug/ 
carrier, the drug/carrier being in admixture With either or 
both of the at least one sulfhydryl group-containing com 
pound and the at least one sulfhydryl reactive group-con 
taining compound. 

[0046] Furthermore, the present invention provides vari 
ous methods that are useful in preparing drug-containing 
delivery vehicles. For example, in one aspect the invention 
provides a method for forming a drug delivery composition, 
comprising 

[0047] a) selecting a ?rst component, a second com 
ponent and a drug, Wherein 

[0048] the ?rst component comprises at least one 
sulfhydryl group-containing compound in a liquid 
medium having an alkaline pH, Wherein said sulf 
hydryl group-containing compound is given by the 
formula Compound1 —(SH)m, Wherein mZZ; and 

[0049] the second component comprises at least one 
sulfhydryl reactive group-containing compound in 
either a liquid medium having a neutral or acidic pH 
or in poWder form, Wherein said sulfhydryl reactive 
group-containing compound is given by the formula 
Compound2 —Yn, Wherein Y is a sulfhydryl reactive 
group and Wherein n22; 

[0050] at least one of the ?rst or second components 
is a polyalkylene oxide; 
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[0051] the sulfhydryl groups and the sulfhydryl reac 
tive groups react With one another to form covalent 
bonds therebetWeen When said components are 
mixed together to form a gel in less than one minute; 

[0052] b) combining the ?rst and second components 
in the presence of the drug, under conditions Where 
the ?rst component reacts With the second compo 
nent. The invention also provides a product produced 
by this method. 

[0053] In another aspect, the invention provides a method 
for forming a drug delivery composition, comprising 

[0054] a) forming an admixture of polyalkylene 
oxide-(SH)4 and drug in a liquid medium having a pH 
of betWeen 8 and 10.5; and 

[0055] b) forming an admixture of polyalkylene 
oxide-Y4, Wherein Y is succinimidyl and liquid 
medium, the admixture having an acidic pH. The 
invention may further include the step of combining 
the admixtures of steps a) and b), and in addition the 
invention provides the product produced by this 
method. 

[0056] In another aspect, the invention provides a method 
for forming a biocompatible gel-forming drug-delivering 
composition for in vivo administration, preferably having a 
gel time of less than one minute, comprising: 

[0057] a) preparing an admixture of polyalkylene 
oxide-(SH)12 and drug in a liquid medium having an 
alkaline pH; and 

[0058] b) preparing polyalkylene oxide-Y12 in a liq 
uid medium having an acidic pH, Wherein Y is a 
succinimidyl or maleimidyl group. In one aspect, 
this method further includes the step of combining a) 
and b), While in a related aspect the invention pro 
vides the product produced by this method. 

[0059] In another aspect, the present invention provides a 
method for forming a biocompatible gel-forming composi 
tion for in vivo administration, the method comprising: 

[0060] a) preparing a sulfhydryl group-containing 
polyalkylene oxide in a liquid medium having an 
acidic pH, Wherein said sulfhydryl group-containing 
polyalkylene oxide is given by the formula Core 
(SH)m, Wherein mZZ; 

[0061] b) providing a buffer solution With an alkaline 
pH; and 

[0062] c) adding drug to either or both of a) and b); 

[0063] Wherein the sulfhydryl groups react With one 
another to form covalent bonds therebetWeen When 
said components are mixed together to form a gel in 
less than one minute. Optionally, the method 
includes combining a) and b), While in a related 
aspect the invention provides the produt produced by 
this method. 

[0064] In another aspect, the present invention provides a 
method for forming a biocompatible gel-forming drug 
delivering composition for in vivo administration, compris 
ing: 

Nov. 11, 2004 

[0065] a) providing an at least one sulfhydryl group 
containing compound in a liquid medium having an 
alkaline pH, Wherein said sulfhydryl group-contain 
ing compound is given by the formula Compound1 
—(SH)rn Wherein mZZ; 

[0066] b) providing an at least one sulfhydryl reactive 
group-containing compound either in a liquid 
medium having a neutral or acidic pH or in poWder 
form, Wherein said sulfhydryl reactive group-con 
taining compound is given by the formula Com 
pound2 —Yn, Wherein Y is a sulfhydryl reactive 
group and Wherein n22; 

[0067] c) combining a drug With either or both of the 
at least one sulfhydryl group-containing compound 
and the at least one sulfhydryl reactive group-con 
taining compound; and 

[0068] d) providing collagen; 
[0069] Wherein at least one of either the sulfhydryl 

group-containing compound or the sulfhydryl reac 
tive group-containing compound is a polyalkylene 
oxide; and 

[0070] Wherein the sulfhydryl groups and the sulfhy 
dryl reactive groups are capable of reacting With one 
another to form covalent bonds therebetWeen. 
Optionally, the method includes the step of combin 
ing a), b) and d), and in a related aspect the invention 
provides the product produced by this method. 

[0071] Avariety of drugs may be included in the compo 
sitions of the present invention, and used in the methods of 
the present invention. These drugs are set forth in detail 
beloW. The folloWing are speci?c aspects of the present 
invention, Which are exemplary only: in one aspect, the 
compositions and methods of the invention employ (i.e., 
include in a composition, or use in a method) a cell cycle 
inhibitor; in one aspect, the compositions and methods of the 
invention employ paclitaxel; in one aspect, the compositions 
and methods of the invention employ doxorubicin; in one 
aspect, the compositions and methods of the invention 
employ mitoxantrone; in one aspect, the compositions and 
methods of the invention employ podophyllotoxin (e.g., 
etoposide); in one aspect, the compositions and methods of 
the invention employ an immunomodulatory agents; in one 
aspect, the compositions and methods of the invention 
employ rapamycin; in one aspect, the compositions and 
methods of the invention employ everolimus; in one aspect, 
the compositions and methods of the invention employ 
tacrolimus; in one aspect, the compositions and methods of 
the invention employ biolimus; in one aspect, the compo 
sitions and methods of the invention employ a heat shock 
protein 90 antagonist; in one aspect, the compositions and 
methods of the invention employ geldanamycin; in one 
aspect, the compositions and methods of the invention 
employ a HMG CoA Reductase inhibitor; in one aspect, the 
compositions and methods of the invention employ simv 
astatin; in one aspect, the compositions and methods of the 
invention employ an IMPDH Inhibitor; in one aspect, the 
compositions and methods of the invention employ myco 
phenolic acid; in one aspect, the compositions and methods 
of the invention employ 1-alpha-25 dihydroxy vitamin D3; 
in one aspect, the compositions and methods of the invention 
employ an antimycotic agent; in one aspect, the composi 
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tions and methods of the invention employ sulconiZole; in 
one aspect, the compositions and methods of the invention 
employ a P38 MAP kinase inhibitor; in one aspect, the 
compositions and methods of the invention employ 
SB220025; in one aspect, the compositions and method of 
the invention employ talcum poWder; in one aspect, the 
compositions and method of the invention employ metallic 
beryllium and oxides thereof; in one aspect, the composi 
tions and method of the invention employ copper; in one 
aspect, the compositions and method of the invention 
employ silk; in one aspect, the compositions and method of 
the invention employ silica; in one aspect, the compositions 
and method of the invention employ crystalline silicates; in 
one aspect, the compositions and method of the invention 
employ talc; in one aspect, the compositions and method of 
the invention employ quartz dust; in one aspect, the com 
positions and method of the invention employ ethanol; in 
one aspect, the compositions and method of the invention 
employ a component of extracellular matrix; in one aspect, 
the compositions and method of the invention employ 
?bronectin; in one aspect, the compositions and method of 
the invention employ collagen; in one aspect, the composi 
tions and method of the invention employ ?brin; in one 
aspect, the compositions and method of the invention 
employ ?brinogen; in one aspect, the compositions and 
method of the invention employ polylysine; in one aspect, 
the compositions and method of the invention employ 
poly(ethylene-co-vinylacetate); in one aspect, the composi 
tions and method of the invention employ chitosan; in one 
aspect, the compositions and method of the invention 
employ N-carboxybutylchitosan; in one aspect, the compo 
sitions and method of the invention employ a RGD protein; 
in one aspect, the compositions and method of the invention 
employ vinyl chloride; in one aspect, the compositions and 
method of the invention employ a polymer formed from 
vinyl chloride; in one aspect, the compositions and method 
of the invention employ a cyanoacrylate adhesive; in one 
aspect, the compositions and method of the invention 
employ an adhesive comprising crosslinked poly(ethylene 
glycol) derived material and methylated collagen; in one 
aspect, the compositions and method of the invention 
employ an in?ammatory cytokine; in one aspect, the com 
positions and method of the invention employ ann in?am 
matory cytokine selected from the group consisting of 
TGFb, PDGF, VEGF, bFGF, TNFa, NGF, GM-CSF, IGF-a, 
IL-1, IL-8, IL-6, and groWth hormone; in one aspect, the 
compositions and method of the invention employ a con 
nective tissue groWth factor (CTGF); in one aspect, the 
compositions and method of the invention employ a bone 
morphogenic protein (BMP); in one aspect, the composi 
tions and method of the invention employ a BMP selected 
from BMP-2, BMP-3, BMP-4, BMP-S, BMP-6, or BMP-7; 
in one aspect, the compositions and method of the invention 
employ bleomycin; in one aspect, the compositions and 
method of the invention employ an analogue or derivative of 
bleomycin; in one aspect, the compositions and method of 
the invention employ a proliferative agent that stimulates 
cellular proliferation; in one aspect, the compositions and 
method of the invention employ dexamethasone and ana 
logues and derivatives thereof; in one aspect, the composi 
tions and method of the invention employ isotretinoin and 
analogues and derivatives thereof; in one aspect, the com 
positions and method of the invention employ 17-[3-estradiol 
and analogues and derivatives thereof; in one aspect, the 
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compositions and method of the invention employ estradiol 
and analogues and derivatives thereof; in one aspect, the 
compositions and method of the invention employ diethyl 
stibesterol and analogues and derivatives thereof; in one 
aspect, the compositions and method of the invention 
employ cyclosporine A and analogues and derivatives 
thereof; in one aspect, the compositions and method of the 
invention employ All-trans retinoic acid (ATRA) and ana 
logues and derivatives thereof. Additional drugs that may be 
employed in the present invention are set forth beloW. 

[0072] These and other aspects of the present invention 
Will become evident upon reference to the folloWing detailed 
description. In addition, various references are set forth 
herein. Each of these references is incorporated herein by 
reference in its entirety as if each Were individually noted for 
incorporation. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

[0073] FIG. 1 is a tetrafunctionally activated PEG suc 
cinimidyl glutarate (ester linkage) (SG-PEG). 
[0074] FIG. 2 depicts the structure of various sulfhydryl 
reactive groups, With “R” representing the chemical struc 
ture to Which the reactive group is attached. 

[0075] FIG. 3 is a schematic illustration shoWing sites of 
action Within a biological pathWay Where Cell Cycle Inhibi 
tors may act to inhibit the cell cycle. 

[0076] FIG. 4 depicts the rheometric measurements of 
gelation of a mixture of reactive tetrafunctional polyethylene 
glycols. 

[0077] FIG. 5 depicts the formation of tWo “12-arm” PEG 
compounds from “4-arm” intermediates. 

[0078] FIG. 6 is a graph shoWing % inhibition of human 
?broblast cell proliferation as a function of Mitoxantrone 
concentration. 

[0079] FIG. 7 is a graph shoWing % inhibition of nitric 
oxide production in RAW 264.7 cells.as a function of 
Mitoxantrone concentration. 

[0080] FIG. 8 is a graph shoWing % inhibition of TNFA 
production by THP-1 cells as a function of Bay 11-7082 
concentration. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0081] The present invention relates to drug delivery via a 
tWo-part polymer composition that forms a matrix When 
mixed together. Each component of the composition is 
generally administered separately to the tissue site, and the 
drug may be delivered With either component, or may be 
delivered separately. Then, Within a very short time after 
being mixed together at the site of administration, the 
composition forms a gel with sufficient adhesive and cohe 
sive strength to become anchored in place, and alloW deliv 
ery of the drug to this location. 

[0082] The components can be mixed prior to application 
to the tissue With the drug being mixed With the components 
prior to gellation or added after gellation has occurred. 
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[0083] De?nitions 

[0084] The following de?nitions are provided to further 
describe various aspects of the preferred embodiments of the 
present invention. 

[0085] The term “gel” refers to the state of matter betWeen 
liquid and solid. As such, a “gel” has some of the properties 
of a liquid (i.e., the shape is resilient and deformable) and 
some of the properties of a solid (i.e., the shape is discrete 
enough to maintain three dimensions on a tWo dimensional 
surface.) Accordingly, “gelation time”, also referred to 
herein as “gel time”, refers to the time it takes for a 
composition to become non-?oWable under modest stress. 
This is generally exhibited as achieving a gel strength, G‘, of 
greater than or equal to 102 dynes/cm2 in less than 1 minute. 

[0086] The term “cohesive strength” refers to the ability of 
the compositions of the present invention to remain intact, 
i.e., not rupture, tear or crack, When subjected to physical 
stresses or environmental conditions. Cohesive strength is 
sometimes measured as a function of “burst strength”. 

[0087] The term “adhesive strength” refers to the ability of 
the compositions of the present invention to be able to 
remain attached to the tissues at the site of administration 
When subjected to physical stresses or environmental con 
ditions. 

[0088] The term “polymer” refers to a molecule consisting 
of individual chemical moieties, Which may be the same or 
different, but are preferably the same, that are joined 
together. As used herein, the term “polymer” refers to 
individual chemical moieties that are joined end-to-end to 
form a linear molecule, as Well as individual chemical 
moieties joined together in the form of a branched (e.g., a 
“multi-arm” or “star-shaped”) structure. 

[0089] The term “biocompatible” refers to the ability of 
the compositions of the present invention to be applied to 
tissues Without eliciting signi?cant in?ammation and ?bro 
sis or other adverse tissue responses. 

[0090] The term “synthetic polymer” refers to polymers 
that are not naturally occurring and that are produced by 
chemical or recombinant synthesis. As such, naturally occur 
ring proteins such as collagen and naturally occurring 
polysaccharides such as hyaluronic acid are speci?cally 
excluded. Proteins such as synthetic collagen, and carbohy 
drates such as synthetic hyaluronic acid, and their deriva 
tives, are included. 

[0091] The term “activated synthetic polymers” refers to 
synthetic polymers that have or have been chemically modi 
?ed to have at least one functional group (e.g., a sulfhydryl 
group) that is capable of reacting With a corresponding 
reaction partner (e.g., a sulfhydryl-reactive group) to form a 
covalent bond. The term “multifunctionally activated” refers 
to synthetic polymers having tWo or more nucleophilic or 
electrophilic groups. Types of multifunctionally activated 
synthetic polymers include di-functionally activated, tri 
functionally activated, tetra-functionally activated, and star 
shaped activated polymers (that have four or more func 
tional groups). 

[0092] “Fibrosis” or “Scarring” refers to the formation of 
?brous tissue in response to injury or medical intervention. 
Fibrosis or scarring is de?ned to involve biological pro 
cesses Which include an increase in one or more of the 

Nov. 11, 2004 

folloWing: in?ammation including production and release of 
cytokines and/or chemokines, angiogenesis, cellular prolif 
eration (typically ?broblasts and/or smooth muscle cells), 
cell migration, ECM (extracellular matrix) production, tis 
sue remodeling and cell adhesion. 

[0093] Therapeutic agents Which inhibit ?brosis or scar 
ring can do so through one or more mechanisms including: 
inhibiting in?ammatory processes such as production of 
cytokines and chemokines, inhibiting angiogenesis, inhibit 
ing migration or proliferation of connective tissue cells 
(such as ?broblasts, and smooth muscle cells), reducing 
ECM production and/or inhibiting tissue remodeling. In 
addition, numerous therapeutic agents described in this 
invention Will have the additional bene?t of also reducing 
tissue regeneration (the replacement of injured cells by cells 
of the same type) When appropriate. An agent that modulates 
any of these events is referred to herein as an anti-scarring 
or a ?brosis-inhibiting agent. 

[0094] Therapeutic agents Which increase ?brosis or scar 
ring can do so through an increase in one or more of the 
folloWing processes: in?ammation including production and 
release of cytokines and/or chemokines, angiogenesis, cel 
lular proliferation (typically ?broblasts and/or smooth 
muscle cells), cell migration, ECM (extracellular matrix) 
production, tissue remodeling, cell adhesion and/or free 
radical production and release. Numerous therapeutic agents 
described in this invention are capable of inducing ?brosis 
or scarring and are referred to herein as ?brosing or scarring 
agents. 

[0095] Composition Components 
[0096] The compositions of the present invention com 
prise tWo or more different compounds, and at least one of 
Which is a polymer, that react With one another to form a 
covalently crosslinked gel matrix. Depending on the reac 
tivity of the compounds toWards each other, the different 
compounds can be in separate parts of the starting compo 
sitions, or they can be in the same part of the starting 
composition. As such, they can easily be administered 
separately or simultaneously, and rapidly form gels at the 
site of administration. The compositions can also be formed 
into gels prior to application to the desired site. The com 
positions also include a drug that Will be contained With the 
gel and delivered to the tissue at the site of gel administra 
tion. 

[0097] In one aspect of the compositions of the present 
invention, each component is present in one of the tWo 
separate parts, or “components”, of the composition, along 
With other optional ingredients as described elseWhere 
herein. In total, at least three components are delivered, 
namely, tWo reactive components that together form a gel, 
and a drug. 

[0098] In another aspect of the compositions of the present 
invention, the components are mixed together under condi 
tions such that they do not form a gel immediately. There 
components can be mixed With an activating solution (e.g., 
buffer, peroxide, etc.) such that a gel is rapidly formed. 

[0099] The tWo reactive compounds and the gel matrix 
that forms When they are mixed together can be represented 
by Formula I as folloWs: 

Compoundr (SH)m+Compound2—Yn—>Compound1— 
Z-Compound2 (I) 
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[0100] Compound1 has multiple (mi2) sulfhydryl groups 
(SH) that react With Compound2, Which has multiple (n22) 
sulfhydryl-reactive groups It should be understood that 
sulfhydryl groups are also “sulfhydryl reactive groups”, 
since it is Well known that sulfhydryl groups Will react With 
one another under certain conditions. When mixed together, 
the tWo compounds become interconnected via a covalent 
bond HoWever, When m+n§5, and appropriate ratios of 
the tWo components are utiliZed as described elseWhere 
herein, Compound, and/or Compound2 can form multiple 
attachments to Compound, and/or Compound2, resulting in 
an interconnected three-dimensional matrix. Preferably, 
both compounds contain four or more functional groups, 
since such multifunctionality results in a gel matrix With 
greater overall cohesive strength. In a particularly preferred 
embodiment, each of the compounds is tetrafunctionally 
activated. 

[0101] In another preferred embodiment, the compounds 
each have 12 functional groups. Such compounds are 
formed from reacting a ?rst tetrafunctionally activated poly 
mer With a second tetrafunctionally activated polymer, 
Wherein the functional groups of each of the tWo compounds 
are a reaction pair, and react together to form “12-arm” 
functionally activated polymers. An example of such a 
“12-arm” compound is dodeca-sulfhydryl-PEG, 50,000 mol. 
Wt., Which is constructed from a core tetra-functional suc 
cinimide ester PEG coupled to four (exterior) tetra-func 
tional sulfhydryl-PEG molecules. Such polymers range in 
size from over 10,000 mol. Wt. to greater than 100,000 mol. 
Wt. depending on the molecular Weight of the tetra-func 
tionally activated polymer starting materials. 

[0102] Other types of multifunctional polymers can easily 
be synthesiZed using routine synthesis. HoWever, care 
should be taken to produce multi-arm products With consis 
tent arm lengths to avoid steric hindrance of the reactive 
groups. 

[0103] Accordingly, activated polymers that are suitable 
for use in the present invention may have a variety of 
geometric shapes and con?gurations. Exemplary polymers 
according to the present invention, as Well as methods of 
their manufacture and use, are described in US. Pat. Nos. 

5,874,500; 6,051,648; 6,166,130; 6,312,725; 6,323,278; and 
6,458,889. 

[0104] Compound Core 

[0105] As described above, each of the compounds has 
multiple functional groups, either sulfhydryl groups or sulf 
hydryl-reactive groups. The non-reactive remainder of the 
compound is considered to be its “core”. At least one of the 
tWo compounds must have a polymer core in order to form 
an ef?cient gel matrix. When one of the compounds contains 
a polymer core, the other compound can be a small organic 
molecule With multiple sulfhydryl-reactive groups. HoW 
ever, for most applications, it is preferred for both com 
pounds to have the same or a different polymer core. 

[0106] The polymer core may be a synthetic polyamino 
acid, a polysaccharide, or a synthetic polymer. A preferred 
polymer core material is a synthetic hydrophilic polymer. 
Suitable synthetic hydrophilic polymers include, inter alia, 
polyalkylene oxide, such as polyethylene oxide 
((CH2CH2O)n), polypropylene oxide ((CH(CH3)CH2O)n) or 
a polyethylene/polypropylene oxide mixture 
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((CH2CH2O)n—(CH(CH3)CH2O)n). A particularly pre 
ferred synthetic hydrophilic polymer is a polyethylene gly 
col (PEG) having a molecular Weight Within the range of 
about 100 to about 100,000 mol. Wt., more preferably about 
1,000 to about 20,000 mol. Wt. More preferably still, When 
the polymer core is polyethylene glycol, it generally has a 
molecular Weight Within the range of about 7,500 to about 
20,000 mol. Wt. Most preferably, the polyethylene glycol has 
a molecular Weight of approximately 10,000 mol. Wt. 

[0107] Multifunctionally activated polyalkylene oxides, 
such as polyethylene glycol, are commercially available, and 
are also easily prepared using knoWn methods. For example, 
see Chapter 22 of Poly(ethylene Glycol) Chemistry: Bio 
technical and Biomedical Applications, J. Milton Harris, ed., 
Plenum Press, NY (1992); and ShearWater Polymers, Inc. 
Catalog, Polyethylene Glycol Derivatives, Huntsville, Ala. 
(1997-1998). For use as a tissue sealant, the preferred 
combination of activated polymers is as folloWs: the sulf 
hydry-reactive group-containing compound is the tetrafunc 
tional PEG, pentaerythritol poly(ethylene glycol) ethertetra 
succinimidyl glutarate (10,000 mol. Wt.); and the sulfhydryl 
group-containing compound is the tetrafunctional PEG, pen 
taerythritol poly(ethylene glycol) ether tetra-sulfhydryl (10, 
000 mol. Wt.). In both cases, these “four-arm” PEGs are 
formed by ethoxylation of pentaerythritol, Where each of the 
four chains is approximately 2,500 mol. Wt., and then 
derivatiZed to introduce the functional groups onto each of 
the four arms. Also preferred are analogous poly(ethylene 
glycol)-like compounds polymeriZed from di-glycerol 
instead of pentaerythritol. 

[0108] When only one of the reactive compounds com 
prises a polymer core, the other reactive compound is a 
multifunctionally active small organic molecule. Such com 
pounds include the di-functional di-succinimidyl esters and 
di-maleimidyl compounds, as Well as other Well knoWn 
commercially available compounds (Pierce Chemical Co., 
Rockford, 111.). In addition, one of skill in the art could easily 
synthesiZe a loW molecular Weight multi-functional reactive 
compound using routine organic chemistry techniques. On 
such compound is shoWn in FIG. 1, Which is a penta 
erythritol coupled to four glutarates, With each arm capped 
With N-hydroxy-succinimidyl esters (NHS). Analogous 
compounds can be synthesiZed from inositol (radiating 6 
arm), lactitol (9 arm) or sorbitol (linear 6-arm). The end 
capped reactive group can just as easily be sulfhydryl, 
maleimidyl, vinyl-sulfone, vinyl, acrylate, acrylamide, etc., 
instead of NHS. The polymer or the small molecule can 
carry either reactive end group as long as there are reactive 
pairs in the composition such as NHS and SH, maleimidyl 
and SH, etc. 

[0109] Reactive Groups and Matrix Linkages 

[0110] In the present invention, the linkage, Z, comprises 
a covalent bond betWeen the sulfur atom in the sulfhydryl 
group-containing compound and, the carbon or sulfur atom 
in the sulfhydryl-reactive group-containing compound. 
Accordingly, the linkage may be a thioester, a thioether, a 
disul?de, or the like. A Wide variety of sulfhydryl-reactive 
groups and the types of linkages they form When reacted 
With sulfhydryl groups are Well knoWn in the scienti?c 
literature. For example, see BodansZky, M., Principles of 
Peptide Synthesis, 2nd ed., pages 21 to 37, Springer-Verlog, 
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Berlin (1993); and Lundbland, R. L., Chemical Reagents for 
Protein Modi?cation, 2nd ed., Chapter 6, CRC Press, Boca 
Raton, Fla. (1991). 
[0111] For most applications, sulfhydryl reactive groups 
that react With sulfhydryl groups to form thioester linkages 
are preferred. Such compounds are depicted in FIG. 2 and 
include, inter alia, the folloWing compounds, With the num 
bers in parentheses corresponding to the structures shoWn in 
FIG. 2: mixed anhydrides, such as PEG-glutaryl-acetyl 
anhydride (1), PEG-glutaryl-isovaleryl-anhydride (2), PEG 
glutaryl-pivalyl-anhydride (3) and related compounds as 
presented in BodansZky, p. 23; Ester derivatives of phos 
phorus, such as structures (4) and (5); ester derivatives of 
p-nitrophenol (6) of p-nitrothiophenol (7), of penta?uo 
rophenol (8), of structure (9) and related active esters as 
presented by BodansZky, pp. 31-32, and Table 2; esters of 
substituted hydroxylamines, such as those of N-hydroxy 
phthalimide (10), N-hydroxy-succinimide (11), and N-hy 
droxy-glutarimide (12), as Well as related structures in 
BodansZky; Table 3; esters of 1 -hydroxybenZotriaZole (13), 
3-hydroxy-3,4-dihydro-benZotriaZine-4-one (14) and 3-hy 
droxy-3,4-dihydro-quinaZoline-4-one; derivatives of carbo 
nylimidaZole; and isocyanates. With these compounds, aux 
iliary reagents can also be used to facilitate bond formation. 
For example, reagents such as 1-ethyl-3-[3-dimethylamino 
propyl]carbodiimide] can be used to facilitate coupling of 
carboxyl groups (i.e., glutarate and succinate) With sulfhy 
dryl groups. 

[0112] In addition to the sulfhydryl reactive compounds 
that form thioester linkages, various other compounds can 
be utiliZed that form other types of linkages. For example, 
compounds that contain methyl imidate derivatives form 
imido-thioester linkages With sulfhydryl groups. Alterna 
tively, sulfhydryl reactive groups can be employed that form 
disul?de bonds With sulfhydryl groups, such as ortho pyridyl 
disul?de, 3-nitro-2-pyridenesulfenyl, 2-nitro-5-thiocy 
anobenZoic acid, 5,5‘-dithio-bis(2-nitrobenZoic acid), 
derivatives of methane-thiosulfate, and 2,4-dinitrophenyl 
cysteinyl disul?des. In such instances, auxiliary reagents, 
such as the hydrogen peroxide or di-tert-butyl ester of 
aZodicarboxylic acid, can be used to facilitiate disul?de 
bond formation. 

[0113] Other classes of sulfhydryl reactive groups that 
form thioether bonds With sulfhydryl groups include, inter 
alia, iodoacetamide, N-ethylmaleimide and other maleim 
ides, including dextran maleimides, mono-bromo-bimane 
and related compounds, vinylsulfones, epoxides, derivatives 
of O-methyl-isourea, ethyleneimines, aZiridines, vinyl 
derivatives, acrylate derivatives, acrylamide derivatives and 
4-(aminosulfonyl-)7-?uoro-2,1,3-benZoxadiaZole. 
[0114] Chain Extenders 

[0115] Functional groups may be directly attached to the 
compound core, or they may be indirectly attached through 
a chain extender. Such chain extenders are Well knoWn in the 
art. See, for example, PCT WO 97/22371, Which describes 
“linking groups” that Would be suitable for use as chain 
extenders in the compositions of the present invention. 
Chain extenders are useful to avoid steric hindrance prob 
lems that are sometimes associated With the formation of 
direct linkages betWeen molecules. Alternatively, chain 
extenders may be used to link several multifunctionally 
activated compounds together to make larger molecules. In 
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a particularly preferred embodiment, the chain extender can 
also be used to alter the degradative properties of the 
compositions after administration and resultant gel forma 
tion. For example, chain extenders can be incorporated into 
one or both of the multifunctionally activated polymers to 
promote hydrolysis, to discourage hydrolysis, or to provide 
a site for enZymatic degradation. Chain extenders can also 
activate or suppress activity of sulfhydryl and sulfhydryl 
reactive groups. For example, electron-Withdrawing groups 
Within one or tWo carbons of the sulfhydryl group Would be 
expected to diminish its effectiveness in coupling, due to a 
loWering of nucleophilicity. Double-bond carbon and car 
bonyl carbon Would be anticipated to have this effect. Bulky 
nearby groups for either partner are anticipated to diminish 
coupling rates, due to steric hindrance. Electron-WithdraW 
ing groups adjacent to the reactive carbonyl of glutaryl-N 
hydroxysuccinimidyl Would be anticipated to make this 
carbonyl carbon even more reactive With the sulfhydryl 
partner. 

[0116] Chain extenders may provide sites for degradation, 
i.e., hydrolysable sites. Examples of hydrolysable chain 
extenders include, inter alia, alpha-hydroxy acids such as 
lactic acid and glycolic acid; poly(lactones) such as capro 
lactone, valerolactone, gamma butyl lactone and p-diox 
anone; poly(amino acids); poly(anhydrides) such as glut 
arate and succinate; poly(orthoesters); 
poly(orthocarbonates) such as trimethylene carbonate; poly 
(phosphoesters), as Well as polymers and copolymers com 
prising one or more of the units of the monomers lactic acid, 
glycolic acid, D-lactide, L-lactide, D,L-lactide, glycolide, 
e-caprolactone, trimethylene carbonate, 1,4-dioxane-2-one 
or 1,5-dioxepan-2one. Examples of non-degradable chain 
extenders include, inter alia, succinimide, propionic acid and 
carboxymethylate. See, for example, PCT WO 99/07417. 
Examples of enZymatically degradable chain extenders 
include IJeu-Gly-Pro-Ala, Which is degraded by collagenase; 
and Gly-Pro-Lys, Which is degraded by plasmin. 

[0117] Gel Strength and Gel Time 

[0118] The compositions of the present invention are 
formulated to exhibit adequate strength and rapid gel time. 
The elastic modulus, G‘, is the preferred measure of gel 
strength. Preferred compositions for use as tissue sealants 
can achieve a gel strength of about 103 to 108 dynes/cm2, and 
more preferably 104 to 107 dynes/cm2. Preferred composi 
tions for use as hemostatic agents or for adhesion prevention 
have a gel strength of at least 102 to 104 dynes/cm2 if a soft 
gel is desired, or 105 to 108 dynes/cm2 if a harder matrix is 
desired. 

[0119] The gel time of preferred formulations is less than 
60 seconds, more preferably less than 30 seconds, and most 
preferably less than 15 seconds. The fast gel time ensures 
maximum material at the site to be treated and sufficient 
mechanical properties. 

[0120] Drug 
[0121] In addition to the reactive compounds described 
above, the compositions of the present invention include a 
drug. As used herein, the term “drug” refers to an organic 
molecule that exerts biological effects in vivo. In one aspect, 
the drug is in combination With Compound,. In another 
aspect, the drug is in combination With Compound2. Suitable 
drugs are described beloW. In one aspect, the drug is 
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hydrophobic. In another aspect, the drug is hydrophyllic. 
One aspect of the invention involves pharmacological alter 
ation of cellular and/or non-cellular processes involved in 
the development and/or maintenance of surgical adhesions. 
Another aspect of this invention involves pharmacological 
alteration of cellular and/or non-cellular processes involved 
in the development and/or maintenance of restenosis. Thus, 
pharmacological agents (i.e., drugs) Within the scope of this 
invention include but are not limited to those Which inhibit 
one or a combination of processes including but not limited 
to cell division, cell secretion, cell migration, cell adhesion, 
cytokine, chemokine (or other in?ammatory activator) pro 
duction and/or release, angiogenesis, and/or free radical 
formation and/or release. Drugs Within the scope of this 
invention may inhibit or affect other processes involved in 
the scarring process. 

[0122] In addition, an aspect of this invention involves 
pharmacological alteration of cellular and/or non-cellular 
processes Which increase the development of ?brosis. Thus, 
pharmacological agents (i.e., drugs) Within the scope of this 
invention include but are not limited to those Which increase 
one or a combination of processes including but not limited 
to cell division, cell secretion, cell migration, cell adhesion, 
cytokine, chemokine (or other in?ammatory activator) pro 
duction and/or release, angiogenesis, and/or free radical 
formation and/or release. Drugs Within the scope of this 
invention may increase or affect other processes involved in 
the scarring process. 

[0123] Thus, While the non-drug loaded formulation can 
act as a sealant and/or hemostatic agent and/or adhesion 
prevention agent, the addition of a drug can effect an 
increase or decrease in ?brosis, and/or result in tissue 
augmentation and/or increase or reduction in surgical adhe 
sions depending on the drug mechanism. For example, a 
drug Which decreases ?brosis Will be expected to reduce 
surgical adhesions. Furthermore, the drug-loaded formula 
tion may increase the sealant and/or hemostatic properties of 
the formulation, especially When the agent acts to increase 
?brosis. 

[0124] One aspect of the invention involves pharmaco 
logical alteration of cellular and/or non-cellular processes 
involved in the development and/or maintenance of surgical 
adhesions or restenosis or in more general terms inhibit one 
or more processes involved in ?brosis. Thus, pharmacologi 
cal agents Within the scope of this invention include but are 
not limited to those Which inhibit one or a combination of 

processes such as cell division, cell secretion, cell migration, 
cell adhesion, extracellular matrix production, cytokine 
(e.g., TNF alpha, IL-1, IL-6), or other in?ammatory activa 
tor, e.g., chemokines (e.g., MCP-l or IL-8)) production 
and/or release, angiogenesis, and/or free radical formation 
and/or release . 

[0125] Suitable ?brosis, adhesion or stenosis-inhibiting 
agents may be readily determined based upon the in vitro 
and in vivo (animal) models such as those provided in 
Examples 29-33. Numerous ?brosis, adhesion and/or steno 
sis-inhibiting therapeutic compounds have been identi?ed 
that are of utility in the invention including: 

[0126] 1. Angiogenesis Inhibitors 

[0127] In one embodiment, the pharmacologically active 
compound is an angiogenesis inhibitor (e.g., 2-ME (NSC 
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659853), PI-88 (D-Mannose, O-6-O-phosphono-Alpha-D 
mannopyranosyl-(l-3)-O-Alpha-D-mannopyranosyl-(1-3) 
O-Alpha-D-mannopyranosyl-(1-3)-O-Alpha-D 
mannopyranosyl-(1-2)- hydrogen sulphate [CAS]), 
thalidomide (lH-Isoindole-1,3(2H)-dione, 2-(2,6-dioxo-3 
piperidinyl)-[CAS]), CDC-394, cc-5079, ENMD-0995 
(S-3-amino-phthalidoglutarimide), AVE-8062A, Vatalanib, 
SH-268, Halofuginone hydrobromide)) or an analogue or 
derivative thereof. 

[0128] 2. S-Lipoxygenase Inhibitors & Antagonists 

[0129] In another embodiment, the pharmacologically 
active compound is a S-lipoxygenase inhibitor or antagonist 
(e.g., licofelone (ML3000), 2-uredo thiophene/2 amino 
thiophene, 15-deoxy-Prostaglandin J2, Wy-50295 (2-Naph 
thaleneacetic acid, Alpha-methyl-6-(2-quinolinylmethoxy)-, 
(S)—[CAS]), ONO-LP-269 (2,11,14-Eicosatrienamide, 
N-[4-hydroxy-2-(1H-tetraZol-5-yl)-8-quinolinyl]-, (E,Z,Z) 
[CAS]), licofelone (1H-PyrroliZine-5-acetic acid, 6-(4-chlo 
rophenyl)-2,3-dihydro-2,2-dimethyl-7-phenyl-[CAS]), 
CMI-568 (Urea, N-butyl-N-hydroxy-N‘-[4-[3-(methylsulfo 
nyl)-2-propoxy-5-[tetrahydro-5-(3,4,5-trimethoxyphenyl) 
2-furanyl]phenoxy]butyl]-,trans-[CAS]), IP-751 ((3R,4R) 
(delta6)-THC-DMH-11-oic acid), PF-5901 
(BenZenemethanol, Alpha-pentyl-3-(2-quinolinylmethoxy) 
[CAS]), LY-293111 (BenZoic acid, 2-[3-[3-[(5-ethyl-4‘ 
?uoro-2-hydroxy[1,1‘-biphenyl]-4-yl)oxy]propoxy]-2-pro 
pylphenoxy]-[CAS])> RG-5901-A (BenZenemethanol, 
Alpha-pentyl-3-(2-quinolinylmethoxy)-, hydrochloride 
[CAS]), rilopirox (2(1H)-Pyridinone, 6-[[4-(4-chlorophe 
noxy)phenoxy]methyl]-1-hydroxy-4-methyl-[CAS]), 
L-674636 (Acetic acid, ((4-(4-chlorophenyl)-1-(4-(2-quino 
linylmethoxy)phenyl)butyl)thio)-AS]), 7-[[3-(4-methoxy 
tetrahydro-2H-pyran-4-yl)phenyl]methoxy]-4-phenyinaph 
tho[2,3-c]furan-1(3H)-one, MK-886 (1H-Indole-2 
propanoic acid,1-[(4-chlorophenyl)methyl]-3-[(1,1 
dimethylethyl)thio]-Alpha,Alpha-dimethyl-5-(1 
methylethyl)-[CAS]), qui?apon (1H-Indole-2-propanoic 
acid, 1-[(4-chlorophenyl)methyl]-3-[(1,1-dimethyleth 
yl)thio]-Alpha,Alpha-dimethyl-5-(2-quinolinylmethoxy) 
[CAS]), qui?apon (1H-Indole-2-propanoic acid, 1-[(4-chlo 
rophenyl)methyl]-3-[(1,1-d imethylethyl)thio]-Alpha, 
Alpha-d imethyl-S-(2-quinolinylmethoxy)-[CAS]), 
docebenone (2,5-Cyclohexadiene-1,4-dione, 2-(12-hy 
droxy-S,10-dodecadiynyl)-3,5,6-trimethyl-[CAS]), Zileuton 
(Urea, N-(l-benZo[b]thien-2-ylethyl)-N-hydroxy-[CAS]) ) 
or an analogue or derivative thereof. 

[0130] 3. Chemokine Receptor Antagonists CCR (1, 3, & 
5) 
[0131] In another embodiment, the pharmacologically 
active compound is a chemokine receptor antagonist (e.g., 
AMD-3100 (Anormed), ONO-4128 (1,4,9 
TriaZaspiro(5.5)undecane-2,5-dione, 1-butyl-3-(cyclohexyl 
methyl)-9-((2,3-dihydro-1,4-benZodioxin-6-yl)methyl 
[CAS]), L-381, CT-112 (L-Arginine, L-threonyl-L-threonyl 
L-seryl-L-glutaminyl-L-valyl-L-arginyl-L-prolyl-[CAS]), 
AS-900004, SCH-C, ZK-811752, PD-172084, UK-427857, 
SB-380732, vMIP II, SB-265610, DPC-168, TAK-779 (N, 
N-Dimethyl-N-[4-[2-(4-methylphenyl)-6,7-dihydro-5H 
benZocyclohepten-8-ylcarboxamido]benyl]tetrahydro-2H 
pyran-4-aminium chloride), TAK-220, KRH-1120) or an 
analogue or derivative thereof. 
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[0132] 4. Cell Cycle Inhibitors 

[0133] In another embodiment, the pharmacologically 
active compound is a cell cycle inhibitor or an analogue or 
derivative thereof. In related embodiments, the cell-cycle 
inhibitor is a taxane (e.g., paclitaxel, or an analogue or 
derivative thereof), an antimetabolite, an alkylating agent, or 
a vinca alkaloid. In another embodiment, the cell-cycle 
inhibitor is camptothecin or an analogue or derivative 
thereof. Other suitable compounds include mitoxantrone, 
etoposide, 5-?uorouracil, doxorubicin, methotrexate, 
Peloruside A—a microtubule stabiliZing agent, Mitomycin 
C, and CDK-2 inhibitors. 

[0134] “Cell Cycle Inhibitor” as used herein refers to any 
protein, peptide, chemical or other molecule Which delays or 
impairs a dividing cell’s ability to progress through the cell 
cycle and replicate. A Wide variety of methods may be 
utiliZed to determine the ability of a compound to inhibit the 
cell cycle including univariate analysis of cellular DNA 
content and multiparameter analysis. A Cell Cycle Inhibitor 
may act to inhibit the cell cycle at any of the steps of the 
biological pathWays shoWn in FIG. 3, as Well as at other 
possible steps in other biological pathWays. In addition, it 
should be understood that While a single cell cycle agent is 
often referred to, that this in fact should be understood to 
include tWo or more cell cycle agents, as more than one cell 
cycle agent may be utiliZed Within the compositions, meth 
ods and/or devices described herein (e.g., tWo cell-cycle 
inhibitors may be selected that act on different steps shoWn 
in FIG. 3. 

[0135] A Wide variety of cell cycle inhibitory agents can 
be utiliZed, either With or Without a carrier (e.g., a polymer 
or ointment or vector), Within the context of the present 
invention. Representative examples of such agents include 
taxanes (e.g., paclitaxel (discussed in more detail beloW) and 
docetaxel) (Schiff et al., Nature 277:665-667,1979; Long 
and Fairchild, Cancer Research 54:4355-4361,1994; Ringel 
and HorWitZ, J. Nat’l Cancer Inst. 83(4):288-291,1991; 
PaZdur et al., Cancer Treat Rev. 19(40):351-386, 1993), 
EtanidaZole, NimoraZole (B. A. Chabner and D. L. Longo. 
Cancer Chemotherapy and Biotherapy—Principles and 
Practice. Lippincott-Raven Publishers, NeW York, 1996, 
p.554), per?uorochemicals With hyperbaric oxygen, trans 
fusion, erythropoietin, BW12C, nicotinamide, hydralaZine, 
BSO, WR-2721, ludR, DUdR, etanidaZole, WR-2721, BSO, 
mono-substituted keto-aldehyde compounds (L. G. Egyud. 
Keto-aldehyde-amine addition products and method of mak 
ing same. US. Pat. No. 4,066,650, Jan. 3, 1978), nitroimi 
daZole C. AgraWal and M. Sakaguchi. NitroimidaZole 
radiosensitiZers for Hypoxic tumor cells and compositions 
thereof. US. Pat. No. 4,462,992, Jul. 31, 1984), 5-substi 
tuted-4-nitroimidaZoles (Adams et al., Int. J. Radiat. Biol. 
Relat. Stud. Phys., Chem. Med. 40(2):153-61, 1981), 
SR-2508 (BroWn et al., Int. J. Radiat. Oncol., Biol. Phys. 
7(6):695-703, 1981), 2H-isoindolediones (J. A. Myers, 
2H-lsoindolediones, their synthesis and use as radiosensi 
tiZers. US. Pat. No. 4,494,547, Jan. 22, 1985), chiral [[(2 
bromoethyl)-amino]methyl]-nitro-1H-imidaZole-1-ethanol 
(V. G. Beylin, et al., Process for preparing chiral [[(2 
bromoethyl)amino]methyl]-nitro-1H-imidaZole-1-ethanol 
and related compounds. US. Pat. No. 5,543,527, Aug. 6, 
1996; US. Pat. No. 4,797,397; Jan. 10, 1989; US. Pat. No. 
5,342,959, Aug. 30, 1994), nitroaniline derivatives A. 
Denny, et al. Nitroaniline derivatives and their use as anti 
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tumor agents. US. Pat. No. 5,571,845, Nov. 5, 1996), 
DNA-af?nic hypoxia selective cytotoxins (M. V. Papa 
dopoulou-RosenZWeig. DNA-affinic hypoxia selective cyto 
toxins. US. Pat. No. 5,602,142, Feb. 11, 1997), halogenated 
DNA ligand (R. F. Martin. Halogenated DNA ligand radi 
osensitiZers for cancer therapy. US. Pat. No. 5,641,764, Jun 
24, 1997), 1,2,4 benZotriaZine oxides W. Lee et al. 
1,2,4-benZotriaZine oxides as radiosensitiZers and selective 
cytotoxic agents. US. Pat. No. 5,616,584,Apr. 1, 1997; US. 
Pat. No. 5,624,925, Apr. 29, 1997; Process for Preparing 
1,2,4 BenZotriaZine oxides. US. Pat. No. 5,175,287, Dec. 
29, 1992), nitric oxide (J. B. Mitchell et al., Use of Nitric 
oxide releasing compounds as hypoxic cell radiation sensi 
tiZers. US. Pat. No. 5,650,442, Jul. 22, 1997), 2-nitroimi 
daZole derivatives (M. J. Suto et al. 2-NitroimidaZole deriva 
tives useful as radiosensitiZers for hypoxic tumor cells. US. 
Pat. No. 4,797,397, Jan. 10, 1989; T. Suzuki. 2-Nitroimida 
Zole derivative, production thereof, and radiosensitiZer con 
taining the same as active ingredient. US. Pat. No. 5,270, 
330, Dec. 14, 1993; T. Suzuki et al. 2-NitroimidaZole 
derivative, production thereof, and radiosensitiZer contain 
ing the same as active ingredient. US. Pat. No. 5,270,330, 
Dec 14, 1993; T. SuZuki. 2-NitroimidaZole derivative, pro 
duction thereof and radiosensitiZer containing the same as 
active ingredient; Patent No. EP 0 513 351 B1, Jan. 24, 
1991), ?uorine-containing nitroaZole derivatives (T. Kagiya. 
Fluorine-containing nitroaZole derivatives and radiosensi 
tiZer comprising the same. US. Pat. No. 4,927,941, May 22, 
1990), copper (M. J. Abrams. Copper Radiosensitizers. US. 
Pat. No. 5,100,885, Mar. 31, 1992), combination modality 
cancer therapy (D. H. Picker et af. Combination modality 
cancer therapy. US. Pat. No. 4,681,091, Jul. 21, 1987). 
5-CldC or (d)H4U or 5-halo-2‘-halo-2‘-deoxy-cytidine or 
-uridine derivatives (S. B. Greer. Method and Materials for 
sensitiZing neoplastic tissue to radiation. US. Pat. No. 
4,894,364 Jan. 16, 1990), platinum complexes A. Skov. 
Platinum Complexes With one radiosensitiZing ligand. US. 
Pat. No. 4,921,963. May 1, 1990; K. A. Skov. Platinum 
Complexes With one radiosensitiZing ligand. Patent No. EP 
0 287 317 A3), ?uorine-containing nitroaZole (T. Kagiya, et 
al. Fluorine-containing nitroaZole derivatives and radiosen 
sitiZer comprising the same. US. Pat. No. 4,927,941. May 
22, 1990), benZamide W. Lee. Substituted BenZamide 
RadiosensitiZers. US. Pat. No. 5,032,617, Jul. 16, 1991), 
autobiotics (L. G. Egyud. Autobiotics and their use in 
eliminating nonself cells in vivo. US. Pat. No. 5,147,652. 
Sep. 15, 1992), benZamide and nicotinamide W. Lee et 
al. BenZamide and Nictoinamide RadiosensitiZers. US. Pat. 
No. 5,215,738, Jun. 1, 1993), acridine-intercalator (M. Papa 
dopoulou-RosenZWeig. Acridine Intercalator based hypoxia 
selective cytotoxins. US. Pat. No. 5,294,715, Mar. 15, 
1994), ?uorine-containing nitroimidaZole (T. Kagiya et al. 
Fluorine containing nitroimidaZole compounds. US. Pat. 
No. 5,304,654, Apr. 19, 1994), hydroxylated texaphyrins (J. 
L. Sessler et al. Hydroxylated texaphrins. US. Pat. No. 
5,457,183, Oct. 10, 1995), hydroxylated compound deriva 
tive (T. SuZuki et al. Heterocyclic compound derivative, 
production thereof and radiosensitiZer and antiviral agent 
containing said derivative as active ingredient. Publication 
Number 011106775 A(Japan), Oct. 22, 1987; T. SuZuki et al. 
Heterocyclic compound derivative, production thereof and 
radiosensitiZer, antiviral agent and anti cancer agent con 
taining said derivative as active ingredient. Publication 
Number 01139596 A (Japan), Nov. 25, 1987; S. Sakaguchi 
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et al. Heterocyclic compound derivative, its production and 
radiosensitiZer containing said derivative as active ingredi 
ent; Publication Number 63170375 A(Japan), Jan. 7, 1987), 
?uorine containing 3-nitro-1,2,4-triaZole (T. Kagitani et al. 
Novel ?uorine-containing 3-nitro-1,2,4-triaZole and radi 
osensitiZer containing sarne cornpound. Publication Number 
02076861 A(Japan), Mar. 31, 1988), 5-thiotretraZole deriva 
tive or its salt Kano et al. RadiosensitiZer for HypoXic 
cell. Publication Number 61010511 A (Japan), Jun. 26, 
1984), NitrothiaZole (T Kagitani et al. Radiation-sensitizing 
agent. Publication Number 61167616 A (Japan) Jan. 22, 
1985), irnidaZole derivatives (S. Inayrna et al. IrnidaZole 
derivative. Publication Number 6203767 A (Japan) Aug. 1, 
1985; Publication Number 62030768 A (Japan) Aug. 1, 
1985; Publication Number 62030777 A (Japan) Aug. 1, 
1985), 4-nitro-1,2,3-triaZole (T. Kagitani et al. Radiosensi 
tiZer. Publication Number 62039525 A (Japan), Aug. 15, 
1985), 3-nitro-1,2,4-triaZole (T. Kagitani et al. Radiosensi 
tiZer. Publication Number 62138427 A (Japan), Dec. 12, 
1985), Carcinostatic action regulator Arnagase. Carci 
nostatic action regulator. Publication Number 63099017 A 
(Japan), Nov. 21, 1986), 4,5-dinitroirnidaZole derivative (S. 
Inayarna. 4,5-DinitroirnidaZole derivative. Publication 
Number 63310873 A (Japan) Jun. 9, 1987), nitrotriaZole 
Cornpound (T. Kagitanil. NitrotriaZole Cornpound. Publica 
tion Number 07149737 A (Japan) Jun. 22, 1993), cisplatin, 
doXorubin, rnisonidaZole, rnitornycin, tiripaZarnine, 
nitrosourea, rnercaptopurine, rnethotreXate, ?urouracil, 
bleornycin, vincristine, carboplatin, epirubicin, doXorubicin, 
cyclophospharnide, vindesine, etoposide (I. F. Tannock. 
RevieW Article: Treatment of Cancer With Radiation and 
Drugs. Journal of Clinical Oncology 14(12):3156-3174, 
1996), carnptothecin (EWend M. G. et al. Local delivery of 
chemotherapy and concurrent external beam radiotherapy 
prolongs survival in metastatic brain tumor rnodels. Cancer 
Research 56(22):5217-5223, 1996) and paclitaXel (Tishler 
R. B. et al. TaXol: a novel radiation sensitiZer. International 
Journal of Radiation Oncology and Biological Physics 
22(3):613-617, 1992). 
[0136] Anurnber of the above-mentioned cell cycle inhibi 
tors also have a Wide variety of analogues and derivatives, 
including, but not limited to, cisplatin, cyclophospharnide, 
rnisonidaZole, tiripaZarnine, nitrosourea, rnercaptopurine, 
rnethotreXate, ?urouracil, epirubicin, doXorubicin, vindesine 
and etoposide. Analogues and derivatives 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-rnethyl-7-oXo] 1,2,4[triaZolo[1,5-a]pyrirnidine)2] 
(Navarro et al., J. Med. Chem. 41(3):332-338, 1998), [Pt 
(cis-1,4-DACH)(trans-Cl2)(CBDCA)]%MeOH cisplatin 
(Sharnsuddin et al.,Inorg. Chem. 36(25):5969-5971, 1997), 
4-pyridoXate diarnrnine hydroXy platinurn (Tokunaga et al., 
Pharm. Sci. 3(7):353-356, 1997), Pt(II) . . . Pt(II) (Pt2 
[NHCHN(C(CH2)(CH3))]4) (Navarro et al., Inorg. Chem. 
35(26):7829-7835, 1996), 254-5 cisplatin analogue (Koga et 
al., Neurol. Res. 18(3):244-247, 1996), o-phenylenediarnine 
ligand bearing cisplatin analogues (Koeckerbauer & Bed 
narski, J. Inorg. Biochem. 62(4):281-298, 1996), trans, cis 
[Pt(OAc)2I2(en)] (KratochWil et al., J. Med. Chem. 
39(13):2499-2507, 1996), estrogenic 1,2-diarylethylenedi 
arnine ligand (With sulfur-containing amino acids and glu 
tathione) bearing cisplatin analogues (Bednarski, J. Inorg. 
Biochem. 62(1):75, 1996), cis-1,4-diarninocycloheXane cis 
platin analogues (Sharnsuddin et al., J. Inorg. Biochem. 

Nov. 11, 2004 

61(4):291-301, 1996), 5‘ orientational isomer of cis 
[Pt(NH3)(4-arnino TEMP-O){d(GpG)}] (Dunharn & Lip 
pard, J. Am. Chem. Soc. 117(43):10702-12, 1995), chelating 
diarnine-bearing cisplatin analogues (Koeckerbauer & Bed 
narski, J. Pharm. Sci. 84(7):819-23, 1995), 1,2-diarylethyl 
enearnine ligand-bearing cisplatin analogues (Otto et al., J. 
Cancer Res. Clin. Oncol. 121(1):31-8, 1995), (ethylenedi 
arnine)platinurn(II) cornpleXes (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-diarn 
rninedichloroplatinurn(II) and its analogues cis-1,1 
cyclobutanedicarbosylato(2R)-2-rnethyl-1,4-butanediarn 
rnineplatinurn(II) and cis-diarnrnine(glycolato)platinurn 
(Claycarnp & Zirnbrick, J. Inorg. Biochem. 26(4):257-67, 
1986; Fan et al., Cancer Res. 48(11):3135-9, 1988;Heiger 
Bernays et al., Biochernistry 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 
arnine-cycloheXylarnine-dichloroplatinurn(II) (Yoshida et 
al., Biochem. Pharmacol. 48(4):793-9, 1994), gern-diphos 
phonate cisplatin analogues (FR 2683529), (rneso-1,2-bis(2, 
6-dichloro-4-hydroXyplenyl)ethylenediarnine) dichloro 
platinurn(II) (Bednarski et al., J. Med. Chem. 35(23):4479 
85, 1992), cisplatin analogues containing a tethered dansyl 
group (HartWig et at., J. Am. Chem. Soc. 114(21):8292-3, 
1992), platinurn(II) polyarnines (Siegrnann et al., Inorg. 
Met.-Containing Polym. Mater, (Proc. Am. Chem. Soc. Int. 
Symp), 335-61, 1990), cis-(3H)dichloro(ethylenediamine 
)platinurn(II) (Eastrnan, Anal. Biochem. 197(2):311-15, 
1991), trans-diarnrninedichloroplatinurn(II) and cis 
(Pt(NH3)2(N3-cytosine)Cl) (Bellon & Lippard, Biophys. 
Chem. 35(2-3):179-88, 1990), 3H-cis-1,2-diarninocycloheX 
anedichloroplatinurn(II) and 3H-cis-1,2-diarninocycloheX 
anernalonatoplatinurn (II) (OsWald et al., Res. Commun. 
Chem. Pathol. Pharmacol. 64(1):41-58, 1989), diarninocar 
boXylatoplatinurn (EPA 296321), trans-(D,1)-1,2-diarni 
nocycloheXane carrier ligand-bearing platinurn analogues 
(Wyrick & Chaney, J. Labelled Compd. Radiopharm. 
25(4):349-57, 1988), arninoalkylarninoanthraquinone-de 
rived cisplatin analogues (Kitov et al., Eur J. Med. Chem. 
23(4):381-3, 1988), spiroplatin, carboplatin, iproplatin and 
JM40 platinurn analogues (Schroyen et al., Eur J. Cancer 
Clin. Oncol. 24(8):1309-12, 1988), bidentate tertiary 
diarnine-containing cisplatinurn derivatives (Orbell et al., 
Inorg. Chim. Acta 152(2):125-34, 1988), platinurn(II), plati 
nurn(IV) (Liu & Wang, Shandong lfike Daxue Xuebao 
24(1):35-41, 1986), cis-diarnrnine(1,1-cyclobutaned icar 
boXylato-)platinurn(II) (carboplatin, JM8) and ethylenedi 
arnrnine-rnalonatoplatinurn(II) (JM40) (Begg et al., Radio 
ther Oncol. 9(2):157-65, 1987), JM8 and JM9 cisplatin 
analogues (Harstrick etaal., Int. J. Androl. 10(1); 139-45, 
1987), (NPr4)2((PtCL4).cis-(PtCl2-(NH2Me)2)) (Brarnrner 
et al., J. Chem. Soc., Chem. Commun. 6:443-5,1987), ali 
phatic tricarboXylic acid platinurn cornpleXes (EPA 185225), 
cis-dichloro(arnino acid)(tert-butylarnine)platinurn(II) corn 
pleXes (Pasini & Bersanetti, Inorg. Chim. Acta 107(4):259 
67, 1985); 4-hydroperoXycylcophospharnide (Ballard et al., 
Cancer Chemother Pharmacol. 26(6):397-402, 1990), acy 
clouridine cyclophospharnide derivatives (Zakerinia et al., 
Helv. Chim. Acta 73(4):912-15, 1990), 1,3,2-dioXa- and 
-oXaZaphosphorinane cyclophospharnide analogues (Yang et 
al., Tetrahedron 44(20):6305-14, 1988), C5-substituted 
cyclophospharnide analogues (Spada, University of Rhode 
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Island Dissertation, 1987), tetrahydrooxaZine cyclophospha 
rnide analogues (Valente, University of Rochester Disserta 
tion, 1988), phenyl ketone cyclophospharnide analogues 
(Hales et al., Teratology 39(1):31-7, 1989), phenylketophos 
pharnide cyclophospharnide analogues (Ludernan et al., J. 
Med. Chem. 29(5):716-27, 1986), ASTA Z-7557 cyclophos 
pharnide analogues (Evans et al., Int. J. Cancer 34(6):883 
90, 1984), 3-(1-oxy-2,2,6,6-tetrarnethyl-4-piperidinyl)cy 
clophospharnide (Tsui et al., J. Med. Chem. 25(9):1106-10, 
1982), 2-oxobis(2-[3-chloroethylarnino)-4-,6-dirnethyl-1,3, 
2-oxaZaphosphorinane cyclophospharnide (Carpenter et al., 
Phosphorus Sulfur 12(3):287-93, 1982), 5-?uoro- and 
5-chlorocyclophospharnide (Foster et al., J. Med. Chem. 
24(12):1399-403, 1981), cis- and trans-4-phenylcyclophos 
pharnide (Boyd et al, J. Med. Chem. 23(4):372-5, 1980), 
5-brornocyclophospharnide, 3,5-dehydrocyclophospharnide 
(Ludernan et al, J. Med. Chem. 22(2):151-8, 1979), 
4-ethoxycarbonyl cyclophospharnide analogues (Foster, J. 
Pharm. Sci. 67(5):709-10, 1978), arylarninotetrahydro-2H 
1,3,2-oxaZaphosphorine 2-oxide cyclophospharnide ana 
logues (Harnacher,Arch. Pharm. (Weinheirn, Ger.) 310(5):], 
428-34, 1977), NSC-26271 cyclophospharnide analogues 
(Montgornery & Struck, Cancer Treat. Rep. 60(4):J381-93, 
1976), benZo annulated cyclophospharnide analogues 
(Ludernan & Zon, J. Med. Chem. 18(12):]1251-3, 1975), 
6-tri?uorornethylcyclophospharnide (Farrner & Cox, J. 
Med. Chem. 18(11):J1106-10, 1975), 4-rnethylcyclophos 
pharnide and 6-rnethycyclophospharnide analogues (Cox et 
al,Biochem. Pharmacol. 24(5):]599-606, 1975); FCE 23762 
doxorubicin derivative (Quaglia et al, J. Liq. Chromatogr. 
17(18):3911-3923, 1994), annarnycin (Zou et al., J. Pharm. 
Sci. 82(11):1151-1154, 1993), ruboxyl (Rapoport et al, J. 
Controlled Release 58(2):153-162, 1999), anthracycline dis 
accharide doxorubicin analogue (Pratesi et at, Clin. Cancer 
Res. 4(11):2833-2839, 1998), N-(tri?uoroacetyl)doxorubi 
cin and 4‘-O-acetyl-N-(tri?uoroacetyl)doxorubicin (Berube 
& Lepage, Synth. Commun. 28(6):1109-1116, 1998), 2-pyr 
rolinodoxorubicin (Nagy et al, Proc. Nat’lAcad. Sci. USA. 
95(4):1794-1799, 1998), disaccharide doxorubicin ana 
logues (Arcarnone et at, J. Nat’l Cancer Inst 89(16):1217 
1223,1997), 4-dernethoxy-7-O-[2,6-dideoxy-4-O-(2,3,6 
trideoxy-3-arnino-ot-L-lyxo-hexopyranosyl)-ot-L-lyxo 
hexopyranosyl]adriarnicinone doxorubicin disaccharide 
analogue(Monteagudo et al., Carbohydr. Res. 300(1):11-16, 
1997), 2-pyrrolinodoxorubicin (Nagy et al., Proc. NatlAcad. 
Sci. USA. 94(2):652-656, 1997), rnorpholinyl doxorubicin 
analogues (Duran et al., Cancer Chemother. Pharmacol. 
38(3):210-216, 1996), enarninornalonyl-[3-alanine doxorubi 
cin derivatives (SeitZ et al., Tetrahedron Lett. 36(9):1413-16, 
1995), cephalosporin doxorubicin derivatives (Vrudhula et 
al., J. Med. Chem. 38(8):1380-5, 1995), hydroxyrubicin 
(Solary et al., Int. J. Cancer 58(1):85-94, 1994), rnethoxy 
rnorpholino doxorubicin derivative (Kuhl et al., Cancer 
Chemother. Pharmacol. 33(1):10-16, 1993), (6-rnaleirni 
docaproyl)hydraZone doxorubicin derivative (Willner et al., 
Bioconjugate Chem. 4(6):521-7, 1993), N-(5,5-diacetoxy 
pent-1-yl) doxorubicin (Cherif & Farquhar, J. Med. Chem. 
35(17):3208-14,1992), FCE 23762 rnethoxyrnorpholinyl 
doxorubicin derivative (Riparnonti et al., Br J. Cancer 
65(5):703-7, 1992), N-hydroxysuccinirnide ester doxorubi 
cin derivatives (Dernant et al., Biochim. Biophys. Acta 
1118(1):83-90, 1991), polydeoxynucleotide doxorubicin 
derivatives (Ruggiero et al., Biochim. Biophys. Acta 
1129(3):294-302, 1991), rnorpholinyl doxorubicin deriva 
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tives (EPA 434960), rnitoxantrone doxorubicin analogue 
(Krapcho et al., J. Med. Chem. 34(8):2373-80. 1991), 
AD198 doxorubicin analogue (Traganos et al., Cancer Res. 
51(14):3682-9, 1991), 4-dernethoxy-3‘-N-tri?uoroacetyl 
doxorubicin (Horton et al., Drug Des. Delivery 6(2):123-9, 
1990), 4‘-epidoxorubicin (DrZeWoski et al., Pol. J. Pharma 
col. Pharm. 40(2):159-65, 1988; Weenen et al., Eur. J. 
Cancer Clin. Oncol. 20(7):919-26, 1984), alkylating cyano 
rnorpholino doxorubicin derivative (Scudder et al., J. Nat’l 
Cancer Inst. 80(16):1294-8, 1988), deoxydihydroiodooxo 
rubicin (EPA 275966), adriblastin (Kalishevskaya et al., 
Vestn. Mosk. Univ., 16(Biol. 1):21-7, 1988), 4‘-deoxydoxo 
rubicin (SchoelZel et al., Leuk. Res. 10(12):1455-9, 1986), 
4-dernethyoxy-4‘-o-rnethyldoxorubicin (Giuliani et al., 
Proc. Int. Congr Chemother. 16:285-70-285-77, 1983), 
3‘-dearnino-3‘-hydroxydoxorubicin (Horton et al., J. Anti 
biot. 37(8):853-8, 1984), 4-dernethyoxy doxorubicin ana 
logues (Barbieri et al., Drugs Exp. Clin. Res. 10(2):85-90, 
1984), N-L-leucyl doxorubicin derivatives (Trouet et al., 
Anthracyclines (Proc. Int. Symp. Tumor Pharmacother), 
179-81,1983), 3‘-dearnino-3‘-(4-rnethoxy-1-piperidinyl) 
doxorubicin derivatives (4,314,054), 3‘-dearnino-3‘-(4 
rnortholinyl) doxorubicin derivatives (US. Pat. No. 4,301, 
277), 4‘-deoxydoxorubicin and 4‘-o-rnethyldoxorubicin 
(Giuliani et al., Int. J. Cancer 27(1):5-13, 1981), aglycone 
doxorubicin derivatives (Chan & Watson, J. Pharm. Sci. 
67(12):1748-52, 1978), SM 5887 (Pharma Japan 1468120, 
1995), MX-2 (Pharma Japan 1420:19, 1994), 4‘-deoxy 
13(S)-dihydro-4‘-iododoxorubicin (EP 275966), morpholi 
nyl doxorubicin derivatives (EPA 434960), 3‘-dearnino-3‘ 
(4-rnethoxy-1-piperidinyl) doxorubicin derivatives (US. 
Pat. No. 4,314,054), doxorubicin-14-valerate, rnorpholino 
doxorubicin (US. Pat. No. 5,004,606), 3‘-dearnino-3‘-(3“ 
cyano-4“-rnorpholinyl doxorubicin; 3‘-dearnino-3‘-(3“-cy 
ano-4“-rnorpholinyl)-13-dihydoxorubicin; (3‘-dearnino-3‘ 
(3“-cyano-4“-rnorpholinyl) daunorubicin; 3‘-dearnino-3‘ 
(3“-cyano-4“-rnorpholinyl)-3-dihydrodaunorubicin; and 
3‘-dearnino-3‘-(4“-rnorpholinyl-5-irninodoxorubicin and 
derivatives (US. Pat. No. 4,585,859), 3‘-dearnino-3‘-(4 
rnethoxy-l-piperidinyl) doxorubicin derivatives (US. Pat. 
No. 4,314,054) and 3-dearnino-3-(4-rnorpholinyl) doxoru 
bicin derivatives (US. Pat. No. 4,301,277); 4,5-dirnethylrni 
sonidaZole (Born et a., Biochem. Pharmacol. 43(6):1337-44, 
1992), am and aZoxy rnisonidaZole derivatives (Gattavec 
chia & Tonelli,Int. J. Radiat. Biol. Relat. Stud. Phys, Chem. 
Med. 45(5):469-77, 1984); RB90740 (Wardrnan et al., Br J. 
Cancer; 74 Suppl. (27):S70-S74, 1996); 6-brorno and 
6-chloro-2,3-dihydro-1,4-benZothiaZines nitrosourea deriva 
tives (Rai et al., Heterocycl. Commun. 2(6):587-592,1996), 
diarnino acid nitrosourea derivatives (Dulude et al., Bioorg. 
Med. Chem. Lett. 4(22):2697-700,1994; Dulude et al., 
Bioorg. Med. Chem. 3(2):151-60, 1995), amino acid 
nitrosourea derivatives (Zheleva et al., Pharmazie 50(1):25 
6,1995), 3‘,4‘-didernethoxy-3‘,4‘-dioxo-4-deoxypodophyllo 
toxin nitrosourea derivatives (Miyahara et al., Heterocycles 
39(1):361-9, 1994), ACNU (Matsunaga et al., Immunophar 
macology 23(3):199-204, 1992), tertiary phosphine oxide 
nitrosourea derivatives (Guguva et al., Pharmazie 
46(8):603, 1991), sulfarneriZine and sulfarnethiZole 
nitrosourea derivatives (Chiang et al., Zhonghua YaoZue 
ZaZhi 43(5):401-6, 1991), thyrnidine nitrosourea analogues 
(Zhang et al., Cancer Commun. 3(4): 119-26, 1991), 1,3 
bis(2-chloroethyl)-1-nitrosourea (August et al., Cancer Res. 
51(6):1586-90, 1991), 2,2,6,6-tetrarnethyl-1-oxopiperidi 
































































































