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(57) ABSTRACT 

The invention features a method for treating a patient having 
a cancer or other neoplasm, by administering to the patient 
(i) a benzimidazole or a metabolite or analog thereof, and (ii) 
pentamidine or a metabolite or analog thereof Simulta 
neously or within 14 days of each other in amounts Sufficient 
to inhibit the growth of the neoplasm. 
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COMBINATIONS OF DRUGS (E.G., A 
BENZIMIDAZOLE AND PENTAMIDINE) FOR THE 
TREATMENT OF NEOPLASTIC DISORDERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 09/768,870 filed Jan. 24, 2001, hereby incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

0002 The invention relates to the treatment of neoplastic 
disorderS Such as cancer. 

0.003 Cancer is a disease marked by the uncontrolled 
growth of abnormal cells. The abnormal cells may no longer 
do the work of normal cells, and they crowd out and destroy 
healthy tissue. 
0004 Lung cancer is the most common cancer-related 
cause of death among men and women. It is the Second most 
commonly occurring cancer among men and women; it has 
been estimated that there will be more than 164,000 new 
cases of lung cancer in the U.S. in the year 2000 alone. 
While the rate of lung cancer cases is declining among men 
in the U.S., it continues to increase among women. Lung 
cancer can be lethal; according to the American Lung 
ASSociation, an estimated 156,900 Americans are expected 
to die due to lung cancer in 2000. 
0005 Cancers that begin in the lungs are divided into two 
major types, non-Small cell lung cancer and Small cell lung 
cancer, depending on how the cells appear under a micro 
Scope. Non-Small cell lung cancer (Squamous cell carci 
noma, adenocarcinoma, and large cell carcinoma) generally 
Spreads to other organs more slowly than does Small cell 
lung cancer. Small cell lung cancer is the leSS common type, 
accounting for about 20% of all lung cancer. 
0006 Other cancers include brain cancer, breast cancer, 
cerVical cancer, colon cancer, gastric cancer, kidney cancer, 
leukemia, liver cancer, lymphoma, ovarian cancer, pancre 
atic cancer, prostate cancer, rectal cancer, Sarcoma, skin 
cancer, testicular cancer, and uterine cancer. These cancers, 
like lung cancer, are Sometimes treated with chemotherapy. 
0007 Chemotherapeutic drugs currently in use or in 
clinical trials include paclitaxel, docetaxel, tamoxifen, 
Vinorelbine, gemcitabine, cisplatin, etopoSide, topotecan, 
irinotecan, anastrozole, rituximab, trastuzumab, fludarabine, 
cyclophosphamide, gentuzumab, carboplatin, interferon, 
and doxorubicin. The most commonly used anticancer agent 
is paclitaxel, which is used alone or in combination with 
other chemotherapy drugs. Such as: 5-FU, doxorubicin, 
Vinorelbine, cytoxan, and cisplatin. 

SUMMARY OF THE INVENTION 

0008 We have discovered that the combination of one of 
the antihelmintic drugs albendazole, mebendazole, or oxi 
bendazole and the antiprotozoal drug pentamidine exhibits 
Substantial antiproliferative activity against cancer cells. 
Structural and functional analogs of each of these com 
pounds are known, and any of these analogs can be used in 
the antiproliferative combinations of the invention. Metabo 
lites of albendazole and pentamidine are also known. Many 
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of these metabolites share one or more biological activities 
with the parent compound and, accordingly, can also be used 
in the antiproliferative combinations of the invention. 
Accordingly, the invention features a method for treating a 
patient having a cancer or other neoplasm, by administering 
to the patient (i) albendazole, mebendazole, or oxibenda 
Zole; and (ii) pentamidine Simultaneously or within 14 days 
of each other in amounts sufficient to inhibit the growth of 
the neoplasm. 

0009 Preferably, the two compounds are administered 
within ten days of each other, more preferably within five 
days of each other, and most preferably within twenty-four 
hours of each other or even simultaneously. The cancer 
treated according to any of the methods of the invention, 
described below, can be lung cancer (Squamous cell carci 
noma, adenocarcinoma, or large cell carcinoma), brain can 
cer, breast cancer, cerVical cancer, colon cancer, gastric 
cancer, kidney cancer, leukemia, liver cancer, lymphoma, 
OVarian cancer, pancreatic cancer, prostate cancer, rectal 
cancer, Sarcoma, skin cancer, testicular cancer, or uterine 
CCC. 

0010. In a related aspect, the invention also features a 
method for treating a patient having a neoplasm Such as 
cancer. In this method, the patient is administered (a) a first 
compound Selected from albendazole, albendazole Sul 
fonate, albendazole Sulfone, albendazole Sulfoxide, astemi 
Zole, benomyl, 2-benzimidazolylurea, benzthiazuron, cam 
bendazole, cyclobendazole, domperidone, droperidol, 
fenbendazole, flubendazole, frentizole, 5-hydroxymebenda 
Zole, lobendazole, luxabendazole, mebendazole, methaben 
ZthiaZuron, mercazole, midefradil, nocodozole, omeprazole, 
Oxfendazole, OXibendazole, parbendazole, pimozide, and 
tioxidazole (or a salt of any of the above), NSC 181928 
(ethyl 5-amino-1,2-dihydro-3-(N-methylanilino)methyl 
pyrido3,4-bipyrazin-7-ylcarbamate), and TN-16 (3-(1- 
anilinoethylidene)-5-benzyl-pyrrodiline-2,4-dione); and (b) 
a Second compound Selected from pentamidine, propami 
dine, butamidine, heptamidine, nonamidine, Stilbamidine, 
hydroxyStilbamidine, diminaZene, benzamidine, dibro 
mopropamidine, 1,3-bis(4-amidino-2-methoxyphenox 
y)propane, phenamidine, and amicarbalide (or a Salt of any 
of the above). Alternatively, the Second compound can be a 
functional analog of pentamidine, Such as metropsin, dista 
mycin, bleomycin, actinomycin, or daunorubicin. The first 
and Second compounds are preferably administered Simul 
taneously or within 14 days of each other and in amounts 
sufficient to inhibit the growth of the neoplasm. 

0011. In another related aspect, the invention also fea 
tures a method for treating a patient having a neoplasm Such 
as cancer by administering the following: 

0012) a) a first compound having the formula (I): 

(I) 
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0013 wherein: 

0014 R is selected from the group consisting of: 

(A-1) 

(A-2) 

(A-3) 

(A-4) 

0015 R is selected from the group consisting of: 

- - - -NH CH 
(B-1) 

(B-2) 

(B-3) 

(B-4) 

(B-5) 

(B-6) 

(B-7) 

(B-8) 

0016 

O 

... -- 
H 
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-continued 
(B-9) 

r NCH, 
O 

(B-10) 
- - -NH 

y-Nil, 
O 

(B-11) 
O 

X-N V 
- - - - N CH 

V 
CH 

(B-12) 
N 

-N1-( D and 
O 

(B-13) 

O 1S-1 N1)-1Ne. 

each of R and R is independently Selected from 
the group consisting of: 

(C-1) 

(C-2) 

(C-3) 

(C-4) 

(C-5) 

(C-6) 

(C-7) 

(C-8) 

(C-9) 
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-continued -continued 

O (C-10) O (C-21) 

4. M 
- - - -N 

V 
O 

(C-22) 

(C-11) C-23 
----CH ----CH (C-23) 

(C-12) 
O (C-24) 
( O 

O 
(C-13) 2 

O (C-25) 
- - - - O N1\ct, 

(C-26) 
- - - - F and 

C-27 
F ----Br; (C-27) 

OH (C-14) 

0017 and 

0018 b) a second compound having the formula 
(II): 

(C-15) 

“\/ 
----0 FVR (II) 

/ \ Y-(CH2)-Z y 8 -(UH)- 

R^{— \ / 
F 

(C-16) Rs R6 
O 

0019 wherein each of Y and Z is, independently, O or N; 
each of Rs and R is, independently, -H, -OH, -halogen, 

SN2 -O-Co alkyl, -OCF, -NO, or NH; n is an integer 
(C-17) between 2 and 6, inclusive, and each of R7 and Rs is, 

O independently, at the meta or para position and is Selected 
from the group consisting of: 

(D-1) 
(C-18) NH 

O. O \/ ( 
/ N-1\ct, NH2 

- - - - O (D-2) 
(C-19) NOH 

CH s 1N1 3 ( 
NH2 

O 
(D-3) (C-20) O N 

\-N-Cls -( D 
N 
H 
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-continued 

(D-4) 
N 

-( D and 
N 

M 
HC 

(D-5) 
NN 

-K N-N 
H 

0020 wherein the first and second compounds are 
administered Simultaneously or within 14 days of 
each other in amounts sufficient to inhibit the growth 
of the neoplasm. 

0021. In another related aspect, the invention also fea 
tures a method for treating a patient having a neoplasm Such 
as cancer by administering the following: 

0022 a) a first compound having the formula (III): 

(III) 

0023 wherein: 

0024) A is selected from the group consisting of O, 
S, and NR; 

0025 R is selected from the group consisting of: 

(B-1) 
- - - -NH CH 

X-f NH 
O 

(B-2) 
- - - -NH 

y-Nil 
O 

(B-3) 
----NH 

(B-4) 
NH 

NH-6 
NH2 

(B-5) 
- - - -NH 

)-CH 
O 

Apr. 1, 2004 

-continued 
(B-6) 

- - - -NH 

y-on 
O 

(B-7) 
---- O CH 
r N1 3 
O 

(B-8) 
- - - -S 

y H. 
N 
V 
CH 

(B-9) 
---- O 
r YCH, 
O 

(B-10) 
- - - -NH 

y-Nil, 
O 

(B-11) 
O 

)-N V 
- - - - N CH 

V 
CH 

(B-12) 
N 

-N-( D and 
O 

(B-13) 
O 

ls O 
- - - -N 1N1 N1\o-1Ne. 

0026 each of Ro and R is independently selected from 
the group consisting of -H, -halo, -NO, -OH, -SH, 
-O-Co alkyl, -O-(C-o)-1-aryl, -O-(Co 
alkyl)-- heteroaryl, -O-(Co alkyl)o-heterocyclyl, 
-Co alkoxycarbonyl, -SO)o-Co alkyl, -S(O)o- 
-(C-io alkyl)o-1-aryl, -S(O)o-2-(Co alkyl)o-het 
eroaryl, -SO)-(Co alkyl)-heterocyclyl, and 
-Co alkyl or -Co alkenyl that is unsubstituted or 
substituted by one or more substituents selected from the 
group consisting of -aryl, -heteroaryl, -heterocyclyl, 
-O-Co alkyl, -O-(Co alkyl)-1-aryl, -O-(Co 
alkyl)o-heteroaryl, -O-(Co alkyl)o-heterocyclyl, 
-Co alkoxycarbonyl, -SO)o-Co alkyl, -S(O)o- 
-(Co alkyl)-1-aryl, -S(O)o-2-(Co alkyl)o-het 
eroaryl, -S(O)o-2-(Co alkyl)o-heterocyclyl, 
-N(R), -OR-, -oxo, -cyano, -halogen, -NO, -OH, 
and -SH; 

0027 R is selected from the group consisting of-H 
and -Co alkyl or -Co alkenyl that is unsub 
stituted or substituted by one or more substituents 
Selected from the group consisting of-aryl, -het 
eroaryl, -heterocyclyl, -O-Co alkyl, 
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-O-(C-o)-1-aryl, -O-(Coalkyl)o-het 
eroaryl, -O-(Co alkyl)o-heterocyclyl, -Co 
alkoxycarbonyl, -S(O)o-Cio alkyl, -S(O)- 
(Clio alkyl)o-aryl, -S(O)o-2-(Co alkyl)-1- 
heteroaryl, -SO)o-2-(Coalkyl)o-heterocyclyl, 
-N(R), -OR-, -oxo, -cyano, -halo, -NO, 
-OH, and -SH; and 

0028 each R is independently selected from the 
group consisting of H and Co alkyl or Co 
alkenyl that is unsubstituted or substituted by one or 
more Substituents Selected from the group consisting 
of -aryl, -heteroaryl, -heterocyclyl, -O-Co 
alkyl, -O-(C-o)-1-aryl, -O-(Co alkyl)-1- 
heteroaryl, -O-(Co alkyl)-heterocyclyl, 
-Co alkoxycarbonyl, -OXO, -cyano, -halo, -NO, 
-OH, and -SH; and 

0029 b) a second compound having the formula 
(II): 

FVR (II) 

) Y-(CH2)-Z \ 2 
Rs R6 

0030 wherein each of Y and Z is, independently, O or N; 
each of Rs and R is, independently, -H, -OH, -halogen, 
-O-C -10 alkyl, -OCF, -NO, or NH; n is an integer 
between 2 and 6, inclusive; and each of R, and Rs is, 
independently, at the meta or para position and is Selected 
from the group consisting of: 

(D-1) 

d" 
NH2 

(D-2) 

" 
NH2 

(D-3) 
N 

-KD 
(D-4) 

N 

-( D and 
N 

M 
HC 

(D-5) 
NN N 

-( N-N 
H 

0.031 wherein the first and second compounds are admin 
istered Simultaneously or within 14 days of each other in 
amounts Sufficient to inhibit the growth of the neoplasm. 
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0032. In any of the foregoing treatment methods, both 
compounds are preferably together in a pharmaceutical 
composition that also includes a pharmaceutically accept 
able carrier. Abenzimidazole is preferably administered at a 
dosage of 1 to 2500 milligrams and pentamidine is prefer 
ably administered at a dosage of 1 to 1000 milligrams. 
Suitable modes of administration include intravenous, intra 
muscular, inhalation, topical, and oral administration. 
0033. The antiproliferative combinations of the invention 
can also be provided as components of a pharmaceutical 
pack. The two drugs can be formulated together or Sepa 
rately and in individual dosage amounts. 

0034. It will be understood by those in the art that the 
compounds are also useful when formulated as Salts. For 
example, as is described herein, the isethionate Salt of 
pentamidine exhibits Synergistic antiproliferative activity 
when combined with a benzimidazole. Other salts of pen 
tamidine include the platinum Salt, the dihydrochloride Salt, 
and the dimethaneSulfonate Salt (see, for example, Mongia 
rdo et al., Lancet 2:108, 1989). Similarly, benzimidazole 
Salts include, for example, halide, Sulfate, nitrate, phosphate, 
phosphinate Salts. 

0035. The invention also features a method for identify 
ing compounds useful for treating a patient having a neo 
plasm. The method includes the Steps of: contacting cancer 
cells in vitro with (i) pentamidine or a benzimidazole (or an 
analog of pentamidine or a benzimidazole) and (ii) a can 
didate compound, and determining whether the cancer cells 
grow more slowly than (a) cancer cells contacted with the 
benzimidazole or pentamidine but not contacted with the 
candidate compound, and (b) cancer cells contacted with the 
candidate compound but not with the benzimidazole or 
pentamidine. A compound that is useful for treating a patient 
having a neoplasm is any candidate compound that, when 
combined with the benzimidazole or pentamidine, reduces 
cell proliferation but, in the absence of the benzimidazole or 
pentamidine, does not. 

0036 Combination therapy according to the invention 
may be provided wherever chemotherapy is performed: at 
home, the doctor's office, a clinic, a hospital's outpatient 
department, or a hospital. Treatment generally begins at a 
hospital So that the doctor can observe the therapy’s effects 
closely and make any adjustments that are needed. The 
duration of the combination therapy depends on the kind of 
cancer being treated, the age and condition of the patient, the 
Stage and type of the patient's disease, and how the patient's 
body responds to the treatment. Drug administration may be 
performed at any of various intervals (e.g., daily, weekly, or 
monthly) and the dosage, frequency, and mode of adminis 
tration of each agent can be determined individually. Com 
bination therapy may be given in on-and-off cycles that 
include rest periods So that the patient's body has a chance 
to build healthy new cells and regain Strength. 
0037 Depending on the type of cancer and its stage of 
development, the combination therapy can be used to treat 
cancer, to Slow the Spreading of the cancer, to Slow the 
cancer's growth, to kill or arrest cancer cells that may have 
Spread to other parts of the body from the original tumor, to 
relieve Symptoms caused by the cancer, or to prevent cancer 
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in the first place. Combination therapy can also help people 
live more comfortably by eliminating cancer cells that cause 
pain or discomfort. 
0.038. As used herein, the terms “alkyl,”“alkenyl,” and 
the prefix “alk-” are inclusive of both straight chain and 
branched chain groups and of cyclic groups, i.e., cycloalkyl 
and cycloalkenyl groups. Cyclic groups can be monocyclic 
or polycyclic and preferably have from 3 to 10 ring carbon 
atoms, inclusive. Exemplary cyclic groups include cyclo 
propyl, cyclopentyl, cyclohexyl, and adamantyl groups. 
0.039 The term “aryl” includes carbocyclic aromatic 
rings or ring Systems. Examples of aryl groups include 
phenyl, naphthyl, biphenyl, fluorenyl, and indenyl groups. 
The term "heteroaryl' includes aromatic rings or ring Sys 
tems that contain at least one ring hetero atom (e.g., O, S, N). 
Heteroaryl groups include furyl, thienyl, pyridyl, quinolinyl, 
tetrazolyl, and imidazo groups. 
0040) “Hetercyclyl” includes non-aromatic rings or ring 
Systems that contain at least one ring hetero atom (e.g., O, 
S, N). Heterocyclic groups include, for example, pyrrolidi 
nyl, tetrahydrofuranyl, morpholinyl, thiazolidinyl, and imi 
dazolidinyl groups. 
0041. The aryl, heteroaryl, and heterocyclyl groups may 
be unsubstituted or substituted by one or more substituents 
Selected from the group consisting of Co alkyl, hydroxy, 
halo, nitro, Co alkoxy, Co alkylthio, trihalomethyl, C. 
acyl, arylcarbonyl, heteroarylcarbonyl, nitrile, Coalkoxy 
carbonyl, oxo, arylalkyl (wherein the alkyl group has from 
1 to 10 carbon atoms) and heteroarylalkyl (wherein the alkyl 
group has from 1 to 10 carbon atoms). 
0.042 Compounds useful in the invention include those 
described herein in any of their pharmaceutically acceptable 
forms, including isomerS Such as diastereomers and enanti 
omers, Salts, Solvates, and polymorphs, thereof, as well as 
racemic mixtures of the compounds described herein. 
0043. Other features and advantages of the invention will 
be apparent from the following detailed description, and 
from the claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0044) We have discovered that the antihelmentic drugs 
albendazole, mebendazole, or oxibendazole in combination 
with the antiprotozoal drug pentamidine exhibit Substantial 
antiproliferative activity against cancer cells. Concentra 
tions that exhibited maximal antiproliferative activity 
against cancer cells were not toxic to normal cells. Thus, this 
drug combination is useful for the treatment of cancer and 
other neoplasms. We have also discovered that the combi 
nation of pentamidine isethionate with either exhibits similar 
antiproliferative activity. 

0.045 Based on known properties that are shared among 
albendazole, mebendazole, and OXibendazole, their metabo 
lites, and other benzimidazoles, as well as those shared 
among pentamidine and its analogs and metabolites, it is 
likely that Structurally related compounds could be Substi 
tuted for albendazole, mebendazole, and OXibendazole and 
for pentamidine in the antiproliferative combinations of the 
invention. Information regarding each of the drugs and its 
analogs and metabolites is provided below. 
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0046 Benzimidazoles 

0047 Benzimidazoles that are useful in the antiprolifera 
tive combination of the invention are compounds having the 
general formula (I): 

(I) 

0048 wherein: 

0049 R is selected from the group consisting of H 
and Coalkyl or Coalkenyl that is unsubstituted 
or Substituted by one or more Substituents Selected 
from the group consisting of -aryl, -heteroaryl, -het 
erocyclyl, -O-Co alkyl, -O-(C-o)-1-aryl, 
-O-(Co alkyl)o-heteroaryl, -O-(Co 
alkyl)o-heterocyclyl, -Co alkoxycarbonyl, 
-S(O)o-Cio alkyl, -S(O)o-2-(Co alkyl)-1- 
aryl, -S(O)o-2-(C11o alkyl)o-heteroaryl, 
-S(O) -(Coalkyl)o-heterocyclyl, -N(R), 
-OR,-OXO, -cyano, -halo, -NO, -OH, and 
-SH; 

0050 R is selected from the group consisting of: 

(B-1) 
- - - -NH CH 

X-\ NH 

O 

(B-2) 
- - - -NH 

y-Nil 
O 

(B-3) 
----NH 

(B-4) 
NH 

-N1-( 
NH2 

(B-5) 
- - - -NH 

X-ch, 
O 

(B-6) 
- - - -NH 

y-on 
O 

(B-7) 
---- O CH r N1-3 

O 





US 2004/OO63769 A1 

-continued 

OH 

o 

(C-10) 

(C-11) 

(C-12) 

(C-13) 

(C-14) 

(C-15) 

(C-16) 

(C-17) 

(C-18) 

(C-19) 

(C-20) 
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-continued 
(C-21) 

O 
M 

- - - -N 
V 
O 

(C-22) 

(C-23) 
----CH 

(C-24) 
O 

OS2 
(C-25) 

- - - - O N1)-ct, 
(C-26) 

- - - -F 

(C-27) 
- - - -Br 

0054) One of the most commonly prescribed members of 
the benzimidazole family is albendazole, which has the 
Structure: 

(E-1) 
HC-O 

)=o 
X- NH 

H3CN-1- S N 

0055 Albendazole is currently available as an oral Sus 
pension and in tablets. 

0056 Albendazole Metabolites 

0057 Albendazole undergoes metabolic transformation 
into a number of metabolites that may be therapeutically 
active; these metabolites may be substituted for albendazole 
in the antiproliferative combination of the invention. The 
metabolism of albendazole can yield, for example, albenda 
Zole Sulfonate, albendazole Sulfone, and albendazole Sulfox 
ide. 

0.058 Benzimidazole Analogs 

0059 Analogs of benzimidazoles include benzothioles 
and benzoxazoles having the structure of formula IV: 

(IV) 
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0060 wherein: 
-continued 

0061) B is O or S; (B-13) 
O 

0062 R is selected from the group consisting of: ls O 
-N 1N1'N1 No-1N 

(B-1) 
- - - -NH CH 

X-á 0063 and each of Ro and R is independently selected 
O from the group consisting of -H, -halo, -NO, -OH, 

(B-2) -SH, -O-C11o alkyl, -O-(C-o)-1-aryl, -O-(Co 
- - - -NH alkyl)--heteroaryl, -O-(Co alkyl)o-heterocyclyl, 

y-Nil -Co alkoxycarbonyl, -SO)o-Co alkyl, -S(O)o- 
O -(C-io alkyl)o-4-aryl, -S(O)o-2-(C-io alkyl)o-het 

eroaryl, -S(O)-(Co alkyl)-heterocyclyl, and 
-Co alkyl or -Co alkenyl that is unsubstituted or 
substituted by one or more substituents selected from the 

----NH (B-3) group consisting of -aryl, -heteroaryl, -heterocyclyl, 
(B-4) -O-Co alkyl, -O-(Co alkyl)-1-aryl, -O-(Co 

NH alkyl)o-heteroaryl, -O-(Co alkyl)o-heterocyclyl, 
-N1-( -Co alkoxycarbonyl, -SO)o-Co alkyl, -SO)o- 

(C-1o alkyl)o-1-aryl, -S(O)o-2-(C-io alkyl)o-heteroaryl, 
NH2 -S(O)o-2-(C11o alkyl)o-heterocyclyl, -N(R), 

- - - -NH (B-5) -OR, -oxo, -cyano, -halogen, -NO, -OH, and -SH; 
and 

CH 
O 0064 each R is independently selected from the 

(B-6) group consisting of H and Co alkyl or Co 
- - - -NH alkenyl that is unsubstituted or substituted by one or 

y-on more Substituents Selected from the group consisting 
of -aryl, -heteroaryl, -heterocyclyl, -O-Co 

O alkyl, -O-(C-o)-1-aryl, -O-(Co alkyl)-1- 
H (B-7) heteroaryl, -O-(Co alkyl)o-heterocyclyl, 

On-CH3 -Co alkoxycarbonyl, -oxo, -cyano, -halo, -NO, 
r -OH, and -SH. 
O 0065 Suitable benzimidazoles and benzimidazole ana 

(B-8) logs for use in the methods of the invention include astemi 
Zole, benomyl, 2-benzimidazolylurea, benzthiazuron, cam 

y H. bendazole, cyclobendazole, domperidone, droperidol, 
N fenbendazole, flubendazole, frentizole, 5-hydroxymebenda 
V Zole, lobendazole, luxabendazole, mebendazole, methaben CH ZthiaZuron, mercazole, midefradil, nocodozole, omeprazole, 

H (B-9) Oxfendazole, OXibendazole, parbendazole, pimozide, and 
- - - - N On tioxidazole. 

CH 
r 0066. Some benzimidazoles and benzimidazole analogs 
O fit the following formula (III). 

- - - -NH (B-10) 

y- NH2 (III) 
O R11 A 

2 
O (B-11) 3 X- Ro 

N 

----N CH 

Y-H, 0067 wherein: 
N (B-12) 0068 A is selected from the group consisting of O, 

-N1-( D and S, and NR; 
O 0069 Ro Ro, R, and R are as described above 

for formula (IV); 
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0070 R is selected from the group consisting of 
-H and -Co alkyl or -Co alkenyl that is 
unsubstituted or substituted by one or more substitu 
ents Selected from the group consisting of -aryl, 
-heteroaryl, -heterocyclyl, -O-C alkyl, 
-O-(C-o)-1-aryl, -O-(Co alkyl)o-het 
eroaryl, -O-(Co alkyl)o-heterocyclyl, -Co 
alkoxycarbonyl, -S(O)o-Cio alkyl, -S(O)- 
(C1-io alkyl)o-1-aryl, -S(O)o-2-(C11o alkyl)o-1- 
heteroaryl, -SO)-(Coalkyl)-heterocyclyl, 
-N(R), -OR. -OXO, -cyano, -halo, -NO, 
-OH, and -SH; and 

0071 Pentamidine 

0.072 Pentamidine is currently used for the treatment of 
Pneumocystis carinii, Leishmania donovani, TrypanoSOma 
brucei, T. gambiense, and T. rhodesiense infections. The 
Structure of pentamidine is: 

(F-1) 
NH NH 

HN NH2 

1a1a1n 

0073. It is available formulated for injection or inhala 
tion. For injection, pentamidine is packaged as a nonpyro 
genic, lyophilized product. After reconstitution, it is admin 
istered by intramuscular or intravenous injection. 

0.074 Pentamidine isethionate is a white, crystalline pow 
der Soluble in water and glycerin and insoluble in ether, 
acetone, and chloroform. It is chemically designated 4,4'- 
diamidino-diphenoxypentane di(B-hydroxyethane 
Sulfonate). The molecular formula is CHNOS and 
the molecular weight is 592.68. 

0075. The antiprotozoal mode of action of pentamidine is 
not fully understood. In vitro studies with mammalian 
tissues and the protozoan Crithidia Oncopelti indicate that 
the drug interferes with nuclear metabolism, causing inhi 
bition of the synthesis of DNA, RNA, phospholipids, and 
proteins. 

0.076 Little is also known about the drug's pharmacoki 
netics. In one published Study, Seven patients treated with 
daily i.m. doses of pentamidine at 4 mg/kg for 10 to 12 days 
were found to have plasma concentrations between 0.3 and 
0.5 lig/mL. The patients continued to excrete decreasing 
amounts of pentamidine in urine up to Six to eight weeks 
after cessation of treatment. 

0.077 Tissue distribution of pentamidine has been studied 
in mice given a Single intraperitoneal injection of pentami 
dine at 10 mg/kg. The concentration in the kidneys was the 
highest, followed by that in the liver. In mice, pentamidine 
was excreted unchanged, primarily via the kidneys with 
Some elimination in the feces. The ratio of amounts excreted 
in the urine and feces (4:1) was constant over the period of 
Study. 
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0078 Pentamidine Analogs 

0079 Aromatic diamidino compounds can replace pen 
tamidine in the antiproliferative combination of the inven 
tion. These compounds are referred to as pentamidine ana 
logs. Examples are propamidine, butamidine, heptamidine, 
and nonamidine, all of which, like pentamidine, exhibit 
antipathogenic or DNA binding properties. Other analogs 
(e.g., Stilbamidine and indole analogs of Stilbamidine, 
hydroxyStilbamidine, diminaZene, benzamidine, dibrompro 
pamidine, 1,3-bis(4-amidino-2-methoxyphenoxy) propane 
(DAMP), metropsin, distamycin, phenamidine, amicar 
balide, bleomycin, actinomycin, and daunorubicin) also 
exhibit properties in common with pentamidine. It is likely 
that these compounds will have antiproliferative activity 
when administered in combination with a benzimidazole (or 
an analog or metabolite of a benzimidazole). 
0080 Suitable analogs are those falling within formula 

(II). 

0081 wherein each of Y and Z is, independently, -O- 
or -N-; each of Rs and R is, independently, -H, -OH, 
Cl,-Br, -F, -OCH,-OCF, -NO, or -NH; n is 

an integer between 2 and 6, inclusive, and each of R7 and Rs 
is, independently, at the meta or para position and is Selected 
from the group consisting of: 

(D-1) 

d" 
NH2 

(D-2) 

" 
NH2 

(D-3) 
N 

-(D N 
H 

(D-4) 
N 

K D and 
N 
M 

HC 
(D-5) 
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0082) Other suitable pentamidine analogs include stilba 
midine (G-1) and hydroxystilbamidine (G-2), and their 
indole analogs (e.g., G-3): 

(G-1) 
HN 

( ) v / " HN ( ) 
NH2 

(G-2) 
OH 

HN 

( ) v / A " i? \ / \-( )-(- NH2 

(G-3) 
NH 

HN ( ) N NH2. 
HN N 

0.083 Each amidine moiety may independently be 
replaced with one of the moieties depicted as D-2, D-3, D-4, 
or D-5, above. AS is the case for the benzimidazoles and 
pentamidine, Salts of Stilbamidine, hydroxyStilbamidine, and 
their indole derivatives are also useful in the method of the 
invention. Preferred salts include, for example, dihydrochlo 
ride and methaneSulfonate Salts. 

0084 Pentamidine Metabolites 

0085 Pentamidine metabolites are also useful in the 
antiproliferative combination of the invention. Pentamidine 
is rapidly metabolized in the body to at least Seven primary 
metabolites. Some of these metabolites Share one or more 
activities with pentamidine. It is likely that Some pentami 
dine metabolites will exhibit antiproliferative activity when 
combined with a benzimidazole or an analog thereof. 

0086) Seven pentamidine metabolites are shown below. 

(H-1) 
HN 

)-( )—occo HN 
(H-2) 

HN 

)-()– O(CH2)4CH2OH 
HN 

(H-3) 
HN 

HN 
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-continued 
(H-4) 

NH NOH 

HN NH2 o 
o 

(H-5) 
NH NH 

HN NH2 

(H-6) 
NH NH 

HN NH2 

(H-7) 
NOH NOH 

HN NH2 

o O 
O O 

0087. Therapy 
0088. The combinations of compounds of the invention 
are useful for the treatment of neoplasms. Combination 
therapy may be performed alone or in conjunction with 
another therapy (e.g., Surgery, radiation, chemotherapy, bio 
logic therapy). Additionally, a person having a greater risk of 
developing a neoplasm (e.g., one who is genetically predis 
posed or one who previously had a neoplasm) may receive 
prophylactic treatment to inhibit or delay neoplastic forma 
tion. 

0089. The dosage and frequency of administration of 
each component of the combination can be controlled inde 
pendently. For example, one compound may be adminis 
tered orally three times per day, while the Second compound 
may be administered intramuscularly once per day. The 
compounds may also be formulated together Such that one 
administration delivers both compounds. Formulations and 
dosages are described further below. 
0090 Formulation of Pharmaceutical Compositions 
0091. The administration of each compound of the com 
bination may be by any Suitable means that results in a 
concentration of the compound that, combined with the 
other component, is anti-neoplastic upon reaching the target 
region. The compound may be contained in any appropriate 
amount in any Suitable carrier Substance, and is generally 
present in an amount of 1-95% by weight of the total weight 
of the composition. The composition may be provided in a 
dosage form that is Suitable for the oral, parenteral (e.g., 
intravenously, intramuscularly), rectal, cutaneous, nasal, 
vaginal, inhalent, skin (patch), or ocular administration 
route. Thus, the composition may be in form of, e.g., tablets, 
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capsules, pills, powders, granulates, Suspensions, emulsions, 
Solutions, gels including hydrogels, pastes, ointments, 
creams, plasters, drenches, delivery devices, Suppositories, 
enemas, injectables, implants, sprays, or aeroSols. The phar 
maceutical compositions may be formulated according to 
conventional pharmaceutical practice (see, e.g., Remington. 
The Science and Practice of Pharmacy, (19th ed.) ed. A. R. 
Gennaro, 1995, Mack Publishing Company, Easton, Pa. and 
Encyclopedia of Pharmaceutical Technology, eds. J. Swar 
brick and J. C. Boylan, 1988-1999, Marcel Dekker, New 
York. 

0092 Pharmaceutical compositions according to the 
invention may be formulated to release the active compound 
Substantially immediately upon administration or at any 
predetermined time or time period after administration. The 
latter types of compositions are generally known as con 
trolled release formulations, which include (i) formulations 
that create a Substantially constant concentration of the drug 
within the body over an extended period of time; (ii) 
formulations that after a predetermined lag time create a 
Substantially constant concentration of the drug within the 
body over an extended period of time; (iii) formulations that 
Sustain drug action during a predetermined time period by 
maintaining a relatively, constant, effective drug level in the 
body with concomitant minimization of undesirable side 
effects associated with fluctuations in the plasma level of the 
active drug Substance (Sawtooth kinetic pattern); (iv) for 
mulations that localize drug action by, e.g., Spatial place 
ment of a controlled release composition adjacent to or in the 
diseased tissue or organ; and (v) formulations that target 
drug action by using carriers or chemical derivatives to 
deliver the drug to a particular target cell type. 
0.093 Administration of compounds in the form of a 
controlled release formulation is especially preferred in 
cases in which the compound, either alone or in combina 
tion, has (i) a narrow therapeutic index (i.e., the difference 
between the plasma concentration leading to harmful side 
effects or toxic reactions and the plasma concentration 
leading to a therapeutic effect is Small; in general, the 
therapeutic index, TI, is defined as the ratio of median lethal 
dose (LDso) to median effective dose (EDso)); (ii) a narrow 
absorption window in the gastro-intestinal tract; or (iii) a 
very Short biological half-life So that frequent dosing during 
a day is required in order to Sustain the plasma level at a 
therapeutic level. 
0094) Any of a number of strategies can be pursued in 
order to obtain controlled release in which the rate of release 
outweighs the rate of metabolism of the compound in 
question. In one example, controlled release is obtained by 
appropriate Selection of various formulation parameters and 
ingredients, including, e.g., various types of controlled 
release compositions and coatings. Thus, the drug is formu 
lated with appropriate excipients into a pharmaceutical 
composition that, upon administration, releases the drug in 
a controlled manner. Examples include Single or multiple 
unit tablet or capsule compositions, oil Solutions, Suspen 
Sions, emulsions, microcapsules, microSpheres, nanopar 
ticles, patches, and liposomes. 
0.095 Solid Dosage Forms for Oral Use 
0.096 Formulations for oral use include tablets contain 
ing the active ingredient(s) in a mixture with non-toxic 
pharmaceutically acceptable excipients. These excipients 
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may be, for example, inert diluents or fillers (e.g., Sucrose, 
Sorbitol, Sugar, mannitol, microcrystalline cellulose, 
Starches including potato Starch, calcium carbonate, Sodium 
chloride, lactose, calcium phosphate, calcium Sulfate, or 
Sodium phosphate); granulating and disintegrating agents 
(e.g., cellulose derivatives including microcrystalline cellu 
lose, Starches including potato Starch, croScarmellose 
Sodium, alginates, or alginic acid), binding agents (e.g., 
Sucrose, glucose, Sorbitol, acacia, alginic acid, Sodium algi 
nate, gelatin, Starch, pregelatinized Starch, microcrystalline 
cellulose, magnesium aluminum Silicate, carboxymethylcel 
lulose Sodium, methylcellulose, hydroxypropyl methylcel 
lulose, ethylcellulose, polyvinylpyrrollidone, or polyethylene 
glycol); and lubricating agents, glidants, and antiadhesives 
(e.g., magnesium Stearate, Zinc Stearate, Stearic acid, Silicas, 
hydrogenated vegetable oils, or talc). Other pharmaceuti 
cally acceptable excipients can be colorants, flavoring 
agents, plasticizers, humectants, buffering agents, and the 
like. 

0097. The tablets may be uncoated or they may be coated 
by known techniques, optionally to delay disintegration and 
absorption in the gastrointestinal tract and thereby providing 
a Sustained action over a longer period. The coating may be 
adapted to release the active drug Substance in a predeter 
mined pattern (e.g., in order to achieve a controlled release 
formulation) or it may be adapted not to release the active 
drug Substance until after passage of the stomach (enteric 
coating). The coating may be a Sugar coating, a film coating 
(e.g., based on hydroxypropyl methylcellulose, methylcel 
lulose, methyl hydroxyethylcellulose, hydroxypropylcellu 
lose, carboxymethylcellulose, acrylate copolymers, polyeth 
ylene glycols and/or polyvinylpyrrolidone), or an enteric 
coating (e.g., based on methacrylic acid copolymer, cellu 
lose acetate phthalate, hydroxypropyl methylcellulose 
phthalate, hydroxypropyl methylcellulose acetate Succinate, 
polyvinyl acetate phthalate, shellac, and/or ethylcellulose). 
Furthermore, a time delay material Such as, e.g., glyceryl 
monoStearate or glyceryl distearate may be employed. 

0098. The solid tablet compositions may include a coat 
ing adapted to protect the composition from unwanted 
chemical changes, (e.g., chemical degradation prior to the 
release of the active drug Substance). The coating may be 
applied on the Solid dosage form in a similar manner as that 
described in Encyclopedia of Pharmaceutical Technology, 
Supra. 

0099. The two drugs may be mixed together in the tablet, 
or may be partitioned. In one example, the first drug is 
contained on the inside of the tablet, and the Second drug is 
on the outside, Such that a Substantial portion of the Second 
drug is released prior to the release of the first drug. 

0100 Formulations for oral use may also be presented as 
chewable tablets, or as hard gelatin capsules wherein the 
active ingredient is mixed with an inert Solid diluent (e.g., 
potato Starch, lactose, microcrystalline cellulose, calcium 
carbonate, calcium phosphate or kaolin), or as Soft gelatin 
capsules wherein the active ingredient is mixed with water 
or an oil medium, for example, peanut oil, liquid paraffin, or 
olive oil. Powders and granulates may be prepared using the 
ingredients mentioned above under tablets and capsules in a 
conventional manner using, e.g., a mixer, a fluid bed appa 
ratus or a Spray drying equipment. 
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0101 Controlled Release Oral Dosage Forms 
0102 Controlled release compositions for oral use may, 
e.g., be constructed to release the active drug by controlling 
the dissolution and/or the diffusion of the active drug Sub 
Stance. 

0103 Dissolution or diffusion controlled release can be 
achieved by appropriate coating of a tablet, capsule, pellet, 
or granulate formulation of compounds, or by incorporating 
the compound into an appropriate matrix. A controlled 
release coating may include one or more of the coating 
Substances mentioned above and/or, e.g., shellac, beeswax, 
glycowax, castor wax, camauba wax, Stearyl alcohol, glyc 
eryl monoStearate, glyceryl distearate, glycerol palmito 
Stearate, ethylcellulose, acrylic resins, dl-polylactic acid, 
cellulose acetate butyrate, polyvinyl chloride, polyvinyl 
acetate, Vinyl pyrrolidone, polyethylene, polymethacrylate, 
methylmethacrylate, 2-hydroxymethacrylate, methacrylate 
hydrogels, 1.3 butylene glycol, ethylene glycol methacry 
late, and/or polyethylene glycols. In a controlled release 
matrix formulation, the matrix material may also include, 
e.g., hydrated methylcellulose, camauba wax and Stearyl 
alcohol, carbopol 934, Silicone, glyceryl tristearate, methyl 
acrylate-methyl methacrylate, polyvinyl chloride, polyeth 
ylene, and/or halogenated fluorocarbon. 
0104. A controlled release composition containing one or 
more of the compounds of the claimed combinations may 
also be in the form of a buoyant tablet or capsule (i.e., a 
tablet or capsule that, upon oral administration, floats on top 
of the gastric content for a certain period of time). Abuoyant 
tablet formulation of the compound(s) can be prepared by 
granulating a mixture of the drug(s) with excipients and 
20-75% w/w of hydrocolloids, such as hydroxyethylcellu 
lose, hydroxypropylcellulose, or hydroxypropylmethylcel 
lulose. The obtained granules can then be compressed into 
tablets. On contact with the gastric juice, the tablet forms a 
Substantially water-impermeable gel barrier around its Sur 
face. This gel barrier takes part in maintaining a density of 
less than one, thereby allowing the tablet to remain buoyant 
in the gastric juice. 
0105 Liquids for Oral Administration 
0106 Powders, dispersible powders, or granules suitable 
for preparation of an aqueous Suspension by addition of 
water are convenient dosage forms for oral administration. 
Formulation as a Suspension provides the active ingredient 
in a mixture with a dispersing or wetting agent, Suspending 
agent, and one or more preservatives. Suitable dispersing or 
wetting agents are, for example, naturally-occurring phoS 
phatides (e.g., lecithin or condensation products of ethylene 
oxide with a fatty acid, a long chain aliphatic alcohol, or a 
partial ester derived from fatty acids) and a hexitol or a 
hexitol anhydride (e.g., polyoxyethylene Stearate, polyoxy 
ethylene Sorbitol monooleate, polyoxyethylene Sorbitan 
monooleate, and the like). Suitable Suspending agents are, 
for example, Sodium carboxymethylcellulose, methylcellu 
lose, Sodium alginate, and the like. 
0107 Parenteral Compositions 
0108. The pharmaceutical composition may also be 
administered parenterally by injection, infusion or implan 
tation (intravenous, intramuscular, Subcutaneous, or the like) 
in dosage forms, formulations, or via Suitable delivery 
devices or implants containing conventional, non-toxic 

Apr. 1, 2004 

pharmaceutically acceptable carriers and adjuvants. The 
formulation and preparation of Such compositions is well 
known to those skilled in the art of pharmaceutical formu 
lation. Formulations can be found in Remington. The Sci 
ence and Practice of Pharmacy, Supra. 
0109 Compositions for parenteral use may be provided 
in unit dosage forms (e.g., in Single-dose ampoules), or in 
Vials containing Several doses and in which a Suitable 
preservative may be added (see below). The composition 
may be in form of a Solution, a Suspension, an emulsion, an 
infusion device, or a delivery device for implantation, or it 
may be presented as a dry powder to be reconstituted with 
water or another suitable vehicle before use. Apart from the 
active drug(s), the composition may include Suitable 
parenterally acceptable carriers and/or excipients. The active 
drug(s) may be incorporated into microspheres, microcap 
Sules, nanoparticles, liposomes, or the like for controlled 
release. Furthermore, the composition may include Suspend 
ing, Solubilizing, Stabilizing, pH-adjusting agents, and/or 
dispersing agents. 

0110 AS indicated above, the pharmaceutical composi 
tions according to the invention may be in the form Suitable 
for Sterile injection. To prepare Such a composition, the 
Suitable active drug(s) are dissolved or Suspended in a 
parenterally acceptable liquid vehicle. Among acceptable 
vehicles and Solvents that may be employed are water, water 
adjusted to a Suitable pH by addition of an appropriate 
amount of hydrochloric acid, Sodium hydroxide or a Suitable 
buffer, 1,3-butanediol, Ringer's Solution, and isotonic 
Sodium chloride Solution. The aqueous formulation may also 
contain one or more preservatives (e.g., methyl, ethyl or 
n-propyl p-hydroxybenzoate). In cases where one of the 
compounds is only sparingly or slightly Soluble in water, a 
dissolution enhancing or Solubilizing agent can be added, or 
the solvent may include 10-60% w/w of propylene glycol or 
the like. 

0111 Controlled Release Parenteral Compositions 
0112 Controlled release parenteral compositions may be 
in form of aqueous Suspensions, microSpheres, microcap 
Sules, magnetic microSpheres, oil Solutions, oil Suspensions, 
or emulsions. Alternatively, the active drug(s) may be incor 
porated in biocompatible carriers, liposomes, nanoparticles, 
implants, or infusion devices. 
0113 Materials for use in the preparation of microspheres 
and/or microcapsules are, e.g., biodegradableibioerodible 
polymerS Such as polyglactin, poly-(isobutyl cyanoacrylate), 
poly(2-hydroxyethyl-L-glutamine) and, poly(lactic acid). 
Biocompatible carriers that may be used when formulating 
a controlled release parenteral formulation are carbohy 
drates (e.g., dextrans), proteins (e.g., albumin), lipoproteins, 
or antibodies. 

0114 Materials for use in implants can be non-biode 
gradable (e.g., polydimethyl siloxane) or biodegradable 
(e.g., poly(caprolactone), poly(lactic acid), poly(glycolic 
acid) or poly(ortho esters)). 
0115 Rectal Compositions 
0116 For rectal application, suitable dosage forms for a 
composition include Suppositories (emulsion or Suspension 
type), and rectal gelatin capsules (Solutions or Suspensions). 
In a typical Suppository formulation, the active drug(s) are 
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combined with an appropriate pharmaceutically acceptable 
Suppository base Such as cocoa butter, esterified fatty acids, 
glycerinated gelatin, and various water-Soluble or disperS 
ible bases like polyethylene glycols and polyoxyethylene 
Sorbitan fatty acid esters. Various additives, enhancers, or 
Surfactants may be incorporated. 
0117 Compositions for Inhalation 
0118 For administration by inhalation, typical dosage 
forms include nasal Sprays and aerosols. In a typically nasal 
formulation, the active ingredient(s) are dissolved or dis 
persed in a Suitable vehicle. The pharmaceutically accept 
able vehicles and excipients (as well as other pharmaceuti 
cally acceptable materials present in the composition Such as 
diluents, enhancers, flavoring agents, and preservatives) are 
Selected in accordance with conventional pharmaceutical 
practice in a manner understood by the perSons skilled in the 
art of formulating pharmaceuticals. 
0119 Percutaneous and Topical Compositions 
0120) The pharmaceutical compositions may also be 
administered topically on the skin for percutaneous absorp 
tion in dosage forms or formulations containing convention 
ally non-toxic pharmaceutical acceptable carriers and 
excipients including microSpheres and liposomes. The for 
mulations include creams, ointments, lotions, liniments, 
gels, hydrogels, Solutions, Suspensions, Sticks, SprayS, 
pastes, plasters, and other kinds of transdermal drug delivery 
Systems. The pharmaceutically acceptable carriers or excipi 
ents may include emulsifying agents, antioxidants, buffering 
agents, preservatives, humectants, penetration enhancers, 
chelating agents, gelforming agents, ointment bases, per 
fumes, and skin protective agents. 
0121 Examples of emulsifying agents are naturally 
occurring gums (e.g., gum acacia or gum tragacanth) and 
naturally occurring phosphatides (e.g., Soybean lecithin and 
Sorbitan monooleate derivatives). Examples of antioxidants 
are butylated hydroxy anisole (BHA), ascorbic acid and 
derivatives thereof, tocopherol and derivatives thereof, buty 
lated hydroxy anisole, and cysteine. Examples of preserva 
tives are parabens, Such as methyl or propyl p-hydroxyben 
Zoate, and benzalkonium chloride. Examples of humectants 
are glycerin, propylene glycol, Sorbitol, and urea. Examples 
of penetration enhancers are propylene glycol, DMSO, 
triethanolamine, N,N-dimethylacetamide, N,N-dimethylfor 
mamide, 2-pyrrolidone and derivatives thereof, tetrahydro 
furfuryl alcohol, and AZONE. Examples of chelating agents 
are Sodium EDTA, citric acid, and phosphoric acid. 
Examples of gel forming agents are CARBOPOLT, cellulose 
derivatives, bentonite, alginates, gelatin and polyvinylpyr 
rolidone. Examples of ointment bases are beeswax, paraffin, 
cetyl palmitate, vegetable oils, Sorbitan esters of fatty acids 
(Span), polyethylene glycols, and condensation products 
between Sorbitan esters of fatty acids and ethylene oxide 
(e.g., polyoxyethylene sorbitan monooleate (TWEENTM)). 
0122) The pharmaceutical compositions described above 
for topical administration on the skin may also be used in 
connection with topical administration onto or close to the 
part of the body that is to be treated. The compositions may 
be adapted for direct application or for introduction into 
relevant orifice(s) of the body (e.g., rectal, urethral, vaginal 
or oral orifices). The composition may be applied by means 
of Special drug delivery devices Such as dressings or alter 
natively plasters, pads, Sponges, Strips, or other forms of 
Suitable flexible material. 
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0123 Controlled Release Percutaneous and Topical 
Compositions 
0.124. There are several approaches for providing rate 
control over the release and transdermal permeation of a 
drug, including: membrane-moderated Systems, adhesive 
diffusion-controlled Systems, matrix dispersion-type Sys 
tems, and microreservoir Systems. A controlled release per 
cutaneous and/or topical composition may be obtained by 
using a Suitable mixture of the above-mentioned approaches. 
0.125. In a membrane-moderated system, the active drug 
is present in a reservoir which is totally encapsulated in a 
shallow compartment molded from a drug-impermeable 
laminate, Such as a metallic plastic laminate, and a rate 
controlling polymeric membrane Such as a microporous or a 
non-porous polymeric membrane (e.g., ethylene-Vinyl 
acetate copolymer). The active compound is only released 
through the rate-controlling polymeric membrane. In the 
drug reservoir, the active drug Substance may either be 
dispersed in a Solid polymer matrix or Suspended in a 
Viscous liquid medium Such as Silicone fluid. On the external 
Surface of the polymeric membrane, a thin layer of an 
adhesive polymer is applied to achieve an intimate contact 
of the transdermal system with the skin surface. The adhe 
Sive polymer is preferably a hypoallergenic polymer that is 
compatible with the active drug. 
0.126 In an adhesive diffusion-controlled system, a res 
ervoir of the active drug is formed by directly dispersing the 
active drug in an adhesive polymer and then spreading the 
adhesive containing the active drug onto a flat sheet of 
Substantially drug-impermeable metallic plastic backing to 
form a thin drug reservoir layer. A matrix dispersion-type 
System is characterized in that a reservoir of the active drug 
Substance is formed by Substantially homogeneously dis 
persing the active drug Substance in a hydrophilic or lipo 
philic polymer matrix and then molding the drug-containing 
polymer into a disc with a Substantially well-defined Surface 
area and thickness. The adhesive polymer is spread along the 
circumference to form a Strip of adhesive around the disc. 
0127. In a microreservoir system, the reservoir of the 
active Substance is formed by first Suspending the drug 
Solids in an aqueous Solution of water-Soluble polymer, and 
then dispersing the drug Suspension in a lipophilic polymer 
to form a plurality of microscopic Spheres of drug reservoirs. 
0128. Dosages 
0129. The dosage of each compound of the claimed 
combinations depends on Several factors, including: the 
administration method, the disease to be treated, the Severity 
of the disease, whether the disease is to be treated or 
prevented, and the age, weight, and health of the person to 
be treated. 

0.130. The compounds are preferably administered in an 
amount of about 0.1-30 mg/kg body weight per day, and 
more preferably in an amount of about 0.5-15 mg/kg body 
weight per day. AS described above, the compound in 
question may be administered orally in the form of tablets, 
capsules, elixirs or Syrups, or rectally in the form of Sup 
positories. Parenteral administration of a compound is Suit 
ably performed, for example, in the form of Saline Solutions 
or with the compound incorporated into liposomes. In cases 
where the compound in itself is not sufficiently soluble to be 
dissolved, a Solubilizer Such as ethanol can be applied. 
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Below, for illustrative purposes, the dosages for benzimida 
Zoles and pentamidine are described. One skilled in the art 
will recognize that if a Second compound is Substituted for 
either a benzimidazole or pentamidine, the correct dosage 
can be determined by examining the efficacy of the com 
pound in cell proliferation assays, as well as its toxicity in 
humans. 

0131 Oral Administration 
0132) For a benzimidazole adapted for oral administra 
tion for Systemic use, the dosage is normally about 1 mg to 
1000 mg per dose administered (preferably about 5 mg to 
500 mg, and more preferably about 10 mg to 300 mg) one 
to ten times daily (preferably one to five times daily) for one 
day to one year, and may even be for the life of the patient; 
because the combinations of the invention function prima 
rily as cytostatic rather than cytotoxic agents, and exhibit 
low toxicity, chronic, long-term administration will be indi 
cated in many cases. Dosages up to 8 g per day may be 
neceSSary. 

0.133 For pentamidine, the dosage is normally about 0.1 
mg to 300 mg per dose administered (preferably about 1 mg 
to 100 mg) one to four times daily for one day to one year, 
and, like a benzimidazole, may be administered for the life 
of the patient. Administration may also be given in cycles, 
Such that there are periods during which time pentamidine is 
not administered. This period could be, for example, about 
a day, a week, a month, or a year or more. 
0134 Rectal Administration 
0135 For compositions adapted for rectal use for pre 
venting disease, a Somewhat higher amount of a compound 
is usually preferred. Thus a dosage of a benzimidazole is 
normally about 5 mg to 2000 mg per dose (preferably about 
10 mg to 1000 mg, more preferably about 25 mg to 500 mg) 
administered one to four times daily. Treatment durations are 
as described for oral administration. The dosage of penta 
midine is as described for orally administered pentamidine. 
0.136 Parenteral Administration 
0.137 For intravenous or intramuscular administration of 
a benzimidazole, a dose of about 0.1 mg/kg to about 100 
mg/kg body weight per day is recommended, a dose of about 
1 mg/kg to about 25 mg/kg is preferred, and a dose of 1 
mg/kg to 10 mg/kg is most preferred. Pentamidine is admin 
istered at a dose of about 0.1 mg/kg to about 20 mg/kg, 
preferably at a dose of about 0.5 mg/kg to about 10 mg/kg, 
and more preferably at a dose of about 1 mg/kg to about 4 
mg/kg. 

0138 Each compound is usually administered daily for 
up to about 6 to 12 months or more. It may be desirable to 
administer a compound over a one to three hour period; this 
period may be extended to last 24 hours or more. AS is 
described for oral administration, there may be periods of 
about one day to one year or longer during which at least one 
of the drugs is not administered. 

0139 Inhalation 
0140 For inhalation, a benzimidazole is administered at 
a dose of about 1 mg to 1000 mg daily, and preferably at a 
dose of about 10 mg to 500 mg daily. For pentamidine, a 
dose of about 10 mg to 1000 mg, and preferably at a dose 
of 30 mg to 600 mg, is administered daily. 
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0141 Percutaneous Administration 
0.142 For topical administration of either compound, a 
dose of about 1 mg to about 5 g administered one to ten 
times daily for one week to 12 months is usually preferable. 
0143. The following examples are to illustrate the inven 
tion. They are not meant to limit the invention in any way. 

EXAMPLE 1. 

Preparation of the Albendazole/Pentamidine 
Isethionate Dilution Matrix 

0144 Stock solutions of albendazole and pentamidine 
isethionate (Sigma catalog number A4673 and POs 7, 
respectively) were made in dimethylsulfoxide (DMSO) at 
concentrations of 15.07 mM and 6.74 mM respectively. An 
8x stock solution (128 uM) of each individual compound 
was made in Dulbecco's Modified Eagle Medium (DMEM) 
(Gibco 11995-040) containing 10% fetal bovine serum 
(FBS), 200 mM L-glutamine, and 1% antibiotic/antimycotic 
Solution. From this a 2-fold dilution series was made in 
DMEM. This series provided nine concentrations ranging 
from 64 uM to 240 nM, and one concentration of OM. The 
compound mixture matrix was prepared by filling columns 
of a 384-well plate with the dilution series of pentamidine 
isethionate (first column: 32 uM; second column: 16 uM; 
third column: 8 uM; fourth column: 4 uM; fifth column: 2 
luM; sixth column: 1 uM; seventh column: 500 nM; eighth 
column: 250 nM; ninth column: 125 nM; and tenth column: 
no compound) and filling the rows with the dilution series of 
albendazole (first row: 32 uM; second row: 16 uM; third 
row: 8 uM; fourth row: 4 uM; fifth row: 2 uM; sixth row: 1 
uM; seventh row: 500 nM; eighth row: 250 nM; ninth row: 
125 nM; and tenth row: no compound) using a 16-channel 
pipettor (Finnpipette). This compound mixture plate pro 
Vided 4x concentrations of each compound that are trans 
ferred to assay plates. The dilution matrix thus contained 
100 different points-81 wells where varying amounts of a 
benzimidazole and pentamidine were present, as well as a 
ten-point dilution Series (2-fold) for each individual com 
pound. 

EXAMPLE 2 

Assay for Antiproliferative Activity of Albendazole 
and Pentamidine Isethionate 

0145 The compound dilution matrix was assayed using 
the A549 bromodeoxyuridine (BrdU) cytoblot method. 
Forty-five microliters of a Suspension containing A549 lung 
adenocarcinoma cells (ATCC# CCL-185) was seeded in a 
white opaque polystyrene cell culture treated Sterile 384 
well plate (NalgeNunc #164610) using a multidrop (Lab 
systems) to give a density of 3000 cells per well. Fifteen 
microliters of the 4x compound mixture matrix was added to 
each well of the plate containing the cells. The compound 
mixture matrix was transferred using a 16-channel pipettor 
(Finnpipette). In addition, control wells with paclitaxel (final 
concentration 4.6 uM), podophyllotoxin (9.6 uM), and 
quinacrine (8.5 uM) were added to each plate. Each experi 
ment was conducted in triplicate plates. 
0146). After incubation for 48 hours at 37° C., BrdU was 
added to each well at a concentration of 10 uM. After 16 
hours, the media was aspirated and the cells were fixed by 
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the addition of 70% ethanol and phosphate-buffered saline 
(PBS) at room temperature for one hour. The fixative was 
aspirated and 2N HCl with Tween 20 (polyoxyethylene 
Sorbitan monolaurate) was added to each well and the plates 
were incubated for 20 minutes at room temperature. The 
HCl was neutralized with a Solution of 2N NaOH and the 
cells were washed twice with Hank's Balanced Salt Solution 
(HBSS) and once with PBS containing 0.5% bovine serum 
albumin (BSA) and 0.1% Tween 20. The wash solution was 
removed and mouse anti-BrdU primary antibody (PharM 
ingen #555627) was diluted 1:1000 in PBS containing BSA, 
Tween 20, and secondary antibody at a dilution of 1:2000 
(Amersham #NA931). The secondary antibody recognizes 
the mouse antibody and is conjugated to the enzyme horse 
radish peroxidase (HRP). After one hour of incubation, the 
antibody Solution was removed and the cells washed once 
with PBS. After the PBS wash, the HRP substrate (which 
contains luminol, hydrogen peroxide, and an enhancer Such 
as para-iodophenol) was added to each well. The plates were 
read using an LJL Analyst. All aspirations as well as the 
washes with PBS and HBSS were performed using a 
TECANTM Power Washer 384. The amount of light output 
from each well indicates the amount of DNA synthesis that 
occurred in that well. Decreased light indicates antiprolif 
erative action of the compounds. 

0147 Luminescence for each position in the albendazole/ 
pentamidine isethionate dilution matrix was divided into the 
luminescence values for A549 cells treated with only DMSO 
vehicle, providing antiproliferative ratios for each position 
in the albendazole/pentamidine isethionate dilution matrix. 
Antiproliferative ratios were also calculated for paclitaxel, 
podophyllotoxin, and quinacrine and used for comparison. 

TABLE 1. 

Albendazole 
Concentrations Pentamidine Isethionate Concentrations (LM 

(uM) 8 4 2 1 0.5 O.25 O.13 O.O6 O.O3 O 

8 7.4 8.O 5.7 5.2 6.2 6.5 4.5 4.1 4.3 3.1 
4 9.9 9.5 9.4 8.9 6.8 4.9 3.7 3.O 24 2.4 
2 8.7 5.8 7.O 5.1 4.3 4.O 3.2 2.8 3.1 2.5 
1. 6.6 5.7 5.5 4.6 3.4 3.1 2.9 2.1 1.9 1.4 
0.5 6.9 5.9 4.8 3.9 2.3 1.7 1.9 1.5 13 1.2 
O.25 5.5 5.5 4.9 3.1 1.9 1.5 1.4 1.4 1.2 1.3 
O.13 4.5 4.2 3.0 1.8 1.4 1.2 1.2 1.2 1.1 1.2 
O.O6 3.3 3.2 2.2 1.5 1.1 1.0 1.1 1.O 11 O.9 
O.O3 4.0 3.2 2.O 14 13 1.4 1.2 12 10 1.3 
O 2.5 2.2 1.9 1.3 1.1 1.2 0.9 1.O 1.O. O.9 

0.148. At 2.0 uM, pentamidine isethionate alone yields an 
antiproliferative ratio of 1.9 (i.e., inhibition of 47% of 
growth) and this increases to a ratio of 2.2 (inhibition of 55% 
of growth) when the concentration is doubled to 4.0 uM. 
Two micromolar albendazole yields a ratio of 2.5 (inhibition 
of 60% of growth), and this is increased no further by 
doubling the concentration to 4.0 uM. When 2.0 uM pen 
tamidine isethionate is tested in combination with 2.0 uM 
albendazole (4.0 uM total compound species), an antipro 
liferative ratio of 7.0 is achieved (inhibition of 85.7% of 
growth). Thus, a combination of albendazole and pentami 
dine isethionate yields an antiproliferative ratio higher than 
that seen for paclitaxel (4.0), an effect that was not achieved 
by either drug alone. 
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0149. In another analysis, the potency of the single com 
pounds is shifted by the presence of the other compound. 
The maximal antiproliferative ratio achieved by albendazole 
alone was 3.1 (at 8.0 uM). A similar antiproliferative ratio 
was observed when 1 uM pentamidine isethionate was 
combined with albendazole at concentrations as low as 250 
nM, Significantly reducing the total drug Species needed to 
achieve this effect. 

EXAMPLE 3 

Assay for Antiproliferative Activity of Pentamidine 
Isethionate in Combination with Albendazole 
Sulfoxide, Mebendazole, Oxibendazole, or 

Thiabendazole 

0150. Because albendazole shares antihelmentic activity 
with other benzimidazoles, we tested the combination of 
pentamidine isethionate with benzimidazoles mebendazole, 
OXibendazole, albendazole Sulfoxide, and thiabendazole 
(Tables 2-5). The assays were performed as described in 
Example 2, above. In the case of mebendazole and oxi 
bendazole, the combination of the benzimidazole with pen 
tamidine resulted in greater antiproliferative activity than 
that achieved by either drug alone (Tables 2 and 3). 
0151. The combination of thiabendazole and pentamidine 
isethionate did not result in greater antiproliferative activity 
than either drug alone (Table 4). These results are consistent 
with the findings by Gupta (Mol. Pharmacol. 30:142-148, 
1986) of a lack of cross-resistance of the nocodozole 
resistant NocR and Podrii6 cell lines to thiabendazole (but 
not to other benzimidazoles tested), indicating that the 
mechanism of action of this compound is different from that 
of other benzimidazoles. 

TABLE 2 

Meben 
dazole 
Concen 
trations Pentamidine Isethionate Concentrations (LM 

(uM) 4 2 1 O.S. O.25 O.13 O.O6 O.O3 O.O15 O 

4 12.2 9.8 6.2 4.5 5.1 4.6 4.9 5.0 4.5 4.4 
2 14.3 12.2 6.7 5.5 4.7 5.4 5.0 6.O 5.1 S.O 
1. 8.9 10.9 7.8 4.1 3.7 3.6 3.7 3.9 3.9 3.4 
0.5 10.2 11.5 6.5 4.7 3.3 3.4 3.0 3.1 3.O 2.8 
O.25 6.6 5.9 3.8 1.7 1.5 1.5 1.4 1.5 1.6 1.5 
O.13 5.7 4.6 2.4 1.5 1.3 1.3 1.2 1.4 1.4 1.5 
O.O6 4.5 3.4 1.9 11 1.O 1.O 1.1 O.9 12 10 
O.O3 5.4 5.1 2.3 1.5 1.4 1.3 1.3 1.4 1.3 1.4 
O.O15 5.1 3.2 1.9 11 11 1.O 1.O O.9 12 10 
O 5.7 4.1 2.4 1.5 1.2 1.4 1.2 1.4 1.6 1.7 

0152) 

TABLE 3 

Oxi 
bendazole 
Concen- Pentamidine Isethionate Concentrations (LM 

trations (uM) 4 2 1 0.5 0.25 0.13 0.06 0.03 0.015 0 
4 6.7 6.6 4.6 3.7 3.9 3.6 3.7 3.8 3.7 3.6 
2 6.3 6.6 4.9 3.5 3.0 2.8 2.5 3.5 2.9 3.2 
1. 5.2 6.4 4.8 3.2 3.1 2.7 3.0 3.1 3.3 2.9 
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TABLE 3-continued 

Oxi 
bendazole 
Concen- Pentamidine Isethionate Concentrations (LM 

trations (uM) 4 2 1 0.5 0.25 0.13 0.06 0.03 0.015 0 
0.5 S.O 5.8 3.9 2.7 2.6 2.8 1.5 1.7 1.7 1.6 
0.25 5.0 4.1 3.5 1.5 1.2 1.2 1.1 1.O 12 1.0 
O.13 4.O 3.8 21 12 11 1.1 1.1 1.1 1.0 1.1 
O.O6 3.6 3.0 18 1.O 1.0 1.1 1.1 1.O 13 1.0 
O.O3 3.5 3.O 1.7 1.2 1.O 1.1 1.O 12 O.9 11 
O.O15 3.9 2.8 1.9 11 1.0 1.O 1.O O.9 1.O 1.0 
O 4.1 2.9 16 13 O.9 1.1 1.1 1.O 1.1 1.2 

0153 

TABLE 4 

Thiabendazole Pentamidine Isethionate 
Concentrations Concentrations (LM 

(uM) 4 2 1. 0.5 0.25 O 

4 4.1 2.4 1.5 1.2 1.2 1.2 
2 4.5 3.0 1.4 1.1 1.1 1.2 
1. 4.1 2.9 1.8 1.O 1.2 1.2 
0.5 3.3 3.1 1.6 1.O 1.3 1.2 
0.25 3.5 3.4 1.4 1.1 1.1 1.2 
O 3.7 3.0 1.7 11 1.1 1.2 

0154) 

TABLE 5 

Pentamidine Isethionate 
Albendazole Sulfoxide Concentrations (LM 

Concentrations (uM) 4 2 1. 0.5 0.25 O 

8 3.7 3.2 2.5 1.2 1.1 1.4 
4 2.7 2.7 1.6 1.3 1.2 1.4 
2 2.5 1.9 1.7 1.1 1.1 1.2 
1. 18 2.4 1.4 1.O 1.O 1.1 
0.5 18 18 1.6 1.1 O.9 1.2 
O 1.9 2.1 1.6 O.9 1.1 1.O 

O155 The anti-proliferative effect demonstrated with 
A459 cells can be similarly demonstrated using other cancer 
cell lines, such as MCF7 mammary adenocarcinoma, PA-1 
ovarian teratocarcinoma, HT29 colorectal adenocarcinoma, 
H1299 large cell carcinoma, U-2 OS Osteogenic Sarcoma, 
U-373 MG glioblastoma, Hep-3B hepatocellular carcinoma, 
BT-549 mammary carcinoma, T-24 bladder cancer, C-33A 
cervical carcinoma, HT-3 metastatic cervical carcinoma, 
SiHa Squamous cervical carcinoma, CaSki epidermoid cer 
vical carcinoma, NCI-H292 mucoepidermoid lung carci 
noma, NCI-2030, non small cell lung carcinoma, HeLa, 
epithelial cervical adenocarcinoma, KB epithelial mouth 
carcinoma, HT1080 epithelial fibrosarcoma, Saos-2 epithe 
lial Osteogenic Sarcoma, PC3 epithelial prostrate adenocar 
cinoma, SW480 colorectal carcinoma, CCL-228, and 
MS-751 epidermoid cervical carcinoma cell lines. Specific 
ity can be tested by using cells such as NHLF lung fibro 
blasts, NHDF dermal fibroblasts, HMEC mammary epithe 
lial cells, PrEC prostate epithelial cells, HRE renal epithelial 
cells, NHBE bronchial epithelial cells, CoSmC Colon 
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Smooth muscle cells, CoEC colon endothelial cells, NHEK 
epidermal keratinocytes, and bone marrow cells as control 
cells. 

Other Embodiments 

0156 All publications and patents mentioned in the 
above Specification are herein incorporated by reference. 
Various modifications and variations of the described 
method and System of the invention will be apparent to those 
skilled in the art without departing from the Scope and Spirit 
of the invention. Although the invention has been described 
in connection with Specific preferred embodiments, it should 
be understood that the invention as claimed should not be 
unduly limited to Such specific embodiments. Indeed, vari 
ouS modifications of the described modes for carrying out 
the invention that are obvious to those skilled in molecular 
biology or related fields are intended to be within the scope 
of the invention. 

What is claimed is: 
1. A method for treating a patient having a neoplasm or a 

perSon at risk for developing a neoplasm, said method 
comprising administering to Said patient: 

a) a first compound having the formula (I): 

(I) 
, , 

R4 N 
1. 2 

R > 2 
R N 

wherein R is Selected from the group consisting of 

(A-1) 
O 

CH ... --~ 3 
H 

(A-2) 
O 

us -N-N-1N N 
H 

(A-3) 
O 

us and 
O 

(A-4) 
----H; 

R is Selected from the group consisting of 

(B-1) 
- - - -NH CH 

X-\ 
O 
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-continued -continued 

(B-2) (B-13) 
--NH O 

y-NH ls O O ----N 1S-1 N1)-1Ne. 

and each of R and R is selected from the group con 
Sisting of: 

(B-3) 
---NH 

(C-1) 
-- C 

(C-2) 
NH (B-4) 1n 13 

-NH-6 CH (C-3) 
NH2 ... s.1N1 3 

(C-4) 
O 

(B-5) 
-NH o 

X-ch, N O 2 

(C-5) 
--NH (B-6) 1--" 

y-on (C-6) 
----OCH 

O 

(B-7) O O (C-7) 

's--" X O 

O 

(B-8) 
--S (C-8) 

O 

y H. ( 
N 
V V 
CH O 

(B-9) - - - -S (C-9) 

lo 
r YCH, O 
O 

(B-10) (C-10) 
-NH O 

W M 
y-NH. - - - -S 

O 

(B-11) 
O 

)-N (C-11) V ----CH 
--N CH 

3 (C-12) 
CH O 

(B-12) 
N 

NH-( D and o 
O 
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-continued -continued 
(C-13) O (C-25) 

O N1\ct, 
(C-26) 

- - - - F and 

(C-27) 
Br; 

F 

OH (C-14) and 

b) a second compound having the formula (II): 

(II) 
FVRs d 

O O (C-15) / \ Y-(CH2)-Z \ / 
N^ R^ = 

----0 O Rs R6 
F wherein each of Y and Z is, independently, O or N; each 

(C-16) of Rs and R is, independently, H, OH, Cl, Br, OCH, 
O OCF, NO, or NH; n is an integer between 2 and 6, 

inclusive; and each of R7 and Rs is, independently, at 
the meta or para position and is Selected from the group 

o consisting of: 

SN2 
(C-17) (D-1) 

O d" 
NH2 

(D-2) 
NOH 

O. O (C-18) ( 
\/ NH 2 

-6 N1\ct, (D-3) 
N 

a CH (C-19) -( D - s1\-1 3 N 
H 

O (D-4) 
O (C-20) 7 

CH and 

Y.n- 3 () 
w \, M 

(C-21) HC 
O (D-5) 

(/ 7. N V -( O N-N 
(C-22) H 

- - - -CH (C-23) 
3 (C-24) wherein Said first and Second compounds are administered 

O Simultaneously or within 14 days of each other in 
amounts Sufficient to inhibit the growth of a neoplasm 
in Said perSon. 

o 2. The method of claim 1, wherein said first and second 
compounds are administered within ten days of each other. O 

2 3. The method of claim 2, wherein said first and second 
compounds are administered within five days of each other. 
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4. The method of claim 3, wherein said first and second 
compounds are administered within twenty-four hours of 
each other. 

5. The method of claim 1, wherein said neoplasm is 
CCC. 

6. The method of claim 5, wherein said cancer is selected 
from the group consisting of brain cancer, breast cancer, 
cerVical cancer, colon cancer, gastric cancer, kidney cancer, 
leukemia, liver cancer, lung cancer, lymphoma, ovarian 
cancer, pancreatic cancer, prostate cancer, rectal cancer, 
Sarcoma, Skin cancer, testicular cancer, and uterine cancer. 

7. The method of claim 6, wherein said cancer is lung 
CCC. 

8. The method of claim 7, wherein said lung cancer is 
Selected from the group consisting of Squamous cell carci 
noma, adenocarcinoma, and large cell carcinoma. 

9. The method of claim 6, wherein said cancer is breast 
CCC. 

10. The method of claim 6, wherein said cancer is colon 
CCC. 

11. The method of claim 6, wherein Said cancer is gastric 
CCC. 

12. The method of claim 6, wherein said cancer is kidney 
CCC. 

13. The method of claim 6, wherein said cancer is 
leukemia. 

14. The method of claim 6, wherein said cancer is liver 
CCC. 

15. The method of claim 6, wherein said cancer is 
lymphoma. 

16. The method of claim 6, wherein said cancer is prostate 
CCC. 

17. The method of claim 6, wherein said cancer is 
SCO. 

18. The method of claim 6, wherein said cancer is skin 
CCC. 

19. The method of claim 6, wherein said cancer is 
testicular cancer. 

20. The method of claim 6, wherein said cancer is uterine 
CCC. 

21. The method of claim 1, wherein said first and second 
compounds are administered to Said patient by intravenous, 
intramuscular, inhalation, rectal, topical, or oral administra 
tion. 

22. A composition comprising a) a first compound having 
the formula (I): 

(I) 

R 

wherein R is selected from the group consisting of: 

(A-1) 
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-continued 

O 

us -N-N-1 N 
H 

- - - -NH CH 

(A-2) 

(A-3) 

(A-4) 

(B-1) 

(B-2) 

(B-3) 

(B-4) 

(B-5) 

(B-6) 

(B-7) 

(B-8) 

(B-9) 

(B-10) 
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-continued -continued 
(B-11) (C-12) 

O O 

)-N V 
- - - -N CH 

Y-H, 
N (B-12) (C-13) 

O 

-N1-( D and 
O 

(B-13) 
O 

ls O 
- - - -N 1N1 N-1\o-1Ne. F 

H (C-14) 
OH 

and each of R and R is selected from the group con 
Sisting of: 

(C-1) (C-15) 
- - - - C1 (C-2) \/ 

1n-CH3 o/ 
(C-3) 

CH 1)N-" 
O (C-4) F 

(C-16) 
O 

N 2 o 

(C-5) SN2 
CH 

1n-" (C-17) 
(C-6) O 

----OCH, 
(C-7) 

\2 
/ 

---O (C-18) 
O O 

\/ 
(C-8) -6 N1)-ct, 

O 

M CH (C-19) 
--N Y 
V 1n-1 3 
O 

(C-9) O 
--S (C-20) 

O 
CH 

Y1- 3 
a- \, 

O (C-10) O (C-21) 

/ M 
--N 
V 
O 

(C-22) 
--H 

(C-11) (C-23) 
----CH ----CH 
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-continued 
(C-24) 

O 

O 2 

(C-25) 
- - - - O N1)-ct, 

(C-26) 
- - - - F and 

(C-27) 
----Br; 

and 

b) a second compound having the formula (II): 

wherein each of Y and Z is, independently, O or N; each 
of Rs and R is, independently, H, OH, Cl, Br, OCH, 
OCF, NO, or NH; n is an integer between 2 and 6, 
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inclusive; and each of R7 and Rs is, independently, at 
the meta or para position and is Selected from the group 
consisting of: 

NH 
(D-1) 

(D-2) 

(D-3) 

(D-4) 

(D-5) 


