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ABSTRACT 

The present invention concerns a method for treating and/or 
inhibiting prostate cancer in a patient comprising adminis 
tering ot-di?uoromethylornithine (DFMO) in an amount and 
duration sufficient to stabilize or reduce the amount of 
polyamine produced by the hyperplastic cells, Wherein said 
polyamine is spermine, spermidine or a combination of 
spermine and spermidine. Methods of administration, dos 
ing, and combinational therapies are described. 
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ALPHA-DIFLUOROMETHYLORNITHINE (DFMO) 
SUPPRESSES POLYAMINE LEVELS IN THE 

HUMAN PROSTATE 

[0001] This application claims priority to US. Provisional 
Application Ser. No. 60/227,714 ?led Aug. 24, 2000, herein 
incorporated by reference. 

[0002] The government may oWn rights in the present 
invention pursuant to grant number P30CA62203U19 from 
Public Health Service and CA81886 from the National 
Cancer Institute, National Institutes of Health, Department 
of Health and Human Services. 

BACKGROUND OF THE INVENTION 

[0003] 
[0004] The present invention relates generally to the ?eld 
of cancer therapy. More particularly, it concerns the use of 
DFMO (ot-di?uoromethylornithine), an irreversible enZyme 
inhibitor of the biosynthetic pathWay of polyamines, in 
treating prostate cancer. 

[0005] 
[0006] Because rapidly-proliferating cell-groWth disease 
states are Widespread throughout the World and affect a 
signi?cant proportion of the population, they have been the 
subject of intensive research efforts. Unfortunately, despite 
such efforts and despite some successes, the overall control 
of these diseases has not been satisfactory. Recently, hoW 
ever, promising therapeutic methods for treatment of such 
disease states have been developed employing irreversible 
inhibitors of enZymes involved in the biosynthesis of the 
polyamines necessary for cell groWth. Particularly useful 
enZyme inhibitors are those Which produce in vivo irrevers 
ible inhibition of ornithine decarboxylase (ODC), the 
enZyme Which catalyZes the decarboxylation of ornithine to 
putrescine. 

[0007] ot-Di?uoromethylornithine (DFMO) is an irrevers 
ible inhibitor of ornithine decarboxylase (ODC) and causes 
depletion in the intracellular concentrations of putrescine 
and its derivative, spermidine (Pegg, 1988). Levels of sper 
mine, Which is derived from spermidine, are not as markedly 
affected by the enZyme inhibition. DFMO Was initially 
synthesiZed for therapeutic anticancer usage, but it Was 
found not to be an active cytotoxic agent in chemotherapy 
trials against human cancer (McCann and Pegg, 1992), 
except perhaps demonstrating moderate activity in the treat 
ment of malignant brain tumors (Levin et al., 1987). In 
general, the compound Was nontoxic, With the signi?cant 
exception of hearing loss, Which Was reversible after the 
drug treatment Was discontinued (Meyskens et al., 1986). 
The onset of the hearing loss could be associated With total 
cumulative dose (Croghan et al., 1991). 

[0008] In experimental animal models, DFMO has been 
found to be a potent inhibitor of carcinogenesis that is 
especially active in preventing carcinogen-induced epithe 
lial cancers of many organs, including those of the colon 
(Weeks et al, 1982; Thompson et al, 1985; NoWels et al., 
1986; Nigro et al, 1987). DFMO acts late in the tumor 
promotion phase in animals, but the precise mechanism by 
Which it inhibits the development of polyps and cancers is 
unknoWn. Effects on cell transformation, invasion, and 
angiogenesis by ornithine decarboxylase and polyamines 

I. Field of the Invention 

II. Description of Related Art 
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have been reported (Auvinen, 1997); for example, overex 
pression of ODC enhances cellular transformation and inva 
sion (Kubota et al, 1997). 
[0009] Molecular mechanisms to explain this phenom 
enon include activation of mitogen-activated protein (MAP) 
kinase activity, secretion of matrix metalloproteinases (Wal 
lon et al, 1994; Kubota et al., 1997) and pathWays With 
oncongenes (c-myc and ras) (Meyskens et al, 1999; Clifford 
et al, 1995). A comprehensive revieW of the potential 
cellular interactions of polyamines has been recently pre 
sented (Auvinen, 1997). 
[0010] Prostate cancer is the most commonly diagnosed 
malignancy in United States males, and is the second leading 
cause of male cancer deaths in the US. (Feuer et al, 1999). 
As the incidence of prostate cancer increases With the age, 
the number of men Who Will be diagnosed With prostate 
cancer Will increase as medical care and overall health 
improve. As such, the prevention of prostate cancer is of 
national medical concern. Current strategies for prostate 
cancer prevention have focused on changing the hormonal 
milieu in the prostate (Proscar), or adding antioxidants, 
(selenium, and vitamin E) or retinoids to the diet. Another 
approach is to suppress the polyamine levels in the prostate, 
an avenue suggested by studies indicating that ornithine 
decarboxylase (ODC), the ?rst enZyme in the polyamine 
pathWay, is over-expressed in human prostate cancer tissue 
(Mohan et al, 1999). 
[0011] ODC activity and polyamine content are higher in 
prostatic tissue When compared to other mammalian tissues 
(DunZendorfer, 1978). In 1979, DanZin et al. treated rats 
With DFMO for tWo Weeks and found maximum inhibition 
of prostatic ODC activity Within 4-6 hours to 10% of 
baseline activity and sustained suppression to 50% of base 
line activity throughout the study. The prostate Was more 
sensitive to DFMO than the testis, thymus, spleen or liver, 
and the prostate and thymus shoWed a reduction in organ 
Weight. DanZin et al. (1979) also looked at the effect of 
DFMO on prostatic regroWth With external testosterone after 
castration. After castration, the prostate decreased in siZe as 
did polyamine content. With androgen supplementation, 
prostatic atrophy Was readily reversed, and polyamine con 
tent increased. DFMO markedly sloWed prostatic (ventral 
lobe) Weight gain during androgen treatment. 
[0012] Heston et al. (1982) measured the suppressive 
effects of DFMO on prostate cancer cell lines in vitro and in 
vivo (after the inoculation of tumor cell into the ?asks of rats 
to produce gross tumors). In vitro ODC activity Was highest 
in the tWo androgen independent prostate cancer cell lines, 
folloWed by the ventral lobe, a sloW groWing cancer cell line 
and the dorsal lobe. In vivo prostate tumor bearing animals 
treated With DFMO intraperitoneally for 18 days developed 
tumors With half the Wet Weight of untreated controls, With 
no systemic toxicity. In another study, total polyamine 
suppression (treatment consisting of a polyamine-free diet, 
DFMO, a second inhibitor of polyamine oxidase, and intes 
tinal tract decontamination) Was evaluated on the groWth of 
the MAT-LyLu prostate cancer cell line transplanted into the 
?anks of rats (Movlinoux et al., 1991). In human subjects, 
reports of polyamine deprivation leading to decreased PSA 
titers in patients With prostate cancer Was commented on by 
KergoZien (1996). 
[0013] In 1999, Messing et al. published their results of 
tWo Weeks of oral DFMO on human prostate polyamine 
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levels. In their study men Were randomized to receive either 
tWo Weeks of DFMO 0.5gm/m2 (n=15) or placebo (n=10) 
prior to radical prostatectomy or cystoprostatectomy. At the 
time of surgery, tissue for the polyamine analysis Was taken 
after surgical removal of the prostate using ex vivo core 
biopsies. When palpable, suspected prostate cancer nodules 
Were sampled. The number of prostate cores taken ranged 
from tWo to six per subject, but the majority of the cores did 
not shoW cancer despite the researchers efforts to sample 
cancerous areas. ODC activity and polyamine levels Were 
measured in the cores. In addition, each subject’s plasma 
testosterone, serum PSA, and prostatic acid phosphatase 
levels Were measured, as Well as ODC activity from volar 
arm skin punch biopsies. Fourteen men completed tWo 
Weeks of DFMO With no toxicity. Mean putrescine levels 
Were statistically loWer in the DFMO treated group (1.43 
versus 1.95, p=0.03). Signi?cantly, there Were no differences 
found in ODC activity, spermidine and spermine levels 
measured in their study (Messing et al., 1999). 

[0014] In light of these results, it remains unclear that 
DFMO is useful in treating patients With prostate cancer, 
especially With of the lack of any effect on spermine levels. 

SUMMARY OF THE INVENTION 

[0015] Thus, the present invention contemplates a method 
of decreasing spermine and/or spermidine levels in a human 
prostate cell comprising administering to said cell DFMO in 
an amount and duration suf?cient to decrease the levels in 
said cell. The prostate has high levels of polyamines When 
compared to other organs. It also differs from other organs 
in the amount and in the percent reduction of spermine upon 
exposure to DFMO using the methods of the present inven 
tion. 

[0016] In a preferred embodiment, the human prostate cell 
is a cancer cell, a non-cancerous cell or a benign hyperplas 
tic cell. The cell may be in a patient during the administering 
of DFMO, and the DFMO employed may be substantially 
free of the L-enantiomer, or a be enriched in D-enantiomer 
relative to a racemic 50/so mixture of D-and L-isomers. 

[0017] In a preferred embodiment, the DFMO Will be 
administered for about 3, 4, 5, 6, 8, 10 or 12 Weeks. The 
duration of DFMO administration may also be longer and 
continue for 2, 3, 4, 5, 6, 8, 10 or more than 12 months. The 
duration of DFMO administration may be 2, 3, 4, 5, 10, 15, 
20, 25, 30, 40 or 50 years, or may be for the life of the 
patient. In a preferred embodiment, the amount of DFMO 
administered is about 0.1 to 2.0 gm/m2/day, or more pre 
ferred, about 0.5 gm/m2/day. The amount of DFMO may be 
about 0.1 to 2 g/day, or more preferred 0.25-1.5 g/day, or 
even more preferred 0.5-1.0 g/day. The DFMO may be 
administered via any common route. In a preferred embodi 
ment, the DFMO is administered orally. 

[0018] In preferred embodiments the spermine levels are 
reduced. This reduction is preferentially about 10%, 20%, 
30%, 40%, 50%, 60%, 70% or 80% as compared to the 
spermidine levels in said cell prior to said treatment. In a 
preferred embodiment, the spermidine levels are reduced. 
This reduction is preferentially about 30%, 45%, 55%, 65%, 
75%, 85%, 95% or 99% as compared to the spermidine 
levels in said cell prior to said treatment. In another pre 
ferred embodiment, the spermidine/spermine ratio of said 
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cell also is decreased. In yet another embodiment, the 
putrecine level is reduce about 50%, 60%, 70%, 80%, 90%, 
95% or 99%. 

[0019] The present invention also concerns a method of 
treating a human subject afflicted with prostate cancer Which 
comprises administering DFMO to the subject in an amount 
and duration suf?cient to reduce spermine levels, the sper 
midine levels, or the spermidine/spermine ratio in prostate 
cells of said subject. 

[0020] Yet another embodiment comprises a second 
therapy, Which can include singly or in combination: reduc 
ing dihydroxytestosterone, administering dietary antioxi 
dants such as selenium, vitamin E or both, administering 
retinoids, prostatectomy, a loW polyamine diet, inhibiting 
polyamine oxidase, radiation or a hormonal therapy such as 
luperon, Zoledex, fultamide or casadex. 

[0021] In a further embodiment, the effectiveness of the 
DFMO therapy according to the present invention can be 
determined in the treatment of prostate cancer by diagnostic 
methods including, but is not limited to, analysis of prostate 
speci?c antigen (PSA), a prostate biopsy, a rectal exam, or 
analysis of PSA and rectal exam. 

[0022] Other embodiments include methods for inhibiting 
development of prostate cancer in a subject at risk, inhibiting 
prostate cancer metastasis in a subject With primary prostate 
cancer, inhibiting prostate cancer progression in subjects 
having Stage 1 or Stage 2 prostate cancer, rendering a 
unresectable prostate cancer tumor resectable, and inhibiting 
groWth of a prostate cancer tumor. These methods comprise 
administering DFMO to a human subject in an amount and 
duration suf?cient to reduce spermine and/or spermidine 
levels in prostate cells of said subject. 

[0023] Also Within the scope of the invention is a method 
of treating benign prostate hyperplasia in a human subject 
afflicted With benign prostate hyperplasia comprising 
administering DFMO to said subject in an amount and 
duration sufficient to stabiliZe or reduce the amount of 
polyamine produced by the hyperplastic cells, Wherein said 
polyamine is spermine, spermidine or a combination of 
spermine and spermidine. The levels of prostate speci?c 
antigen (PSA) produced by the hyperplastic cells could also 
be stabiliZed or reduced upon treatment With DFMO. 

[0024] A further embodiment of the invention includes a 
method for treating benign prostatic hyperplasia in a human 
subject afflicted with benign prostatic hyperplasia compris 
ing administering, for a suf?cient duration, a therapeutically 
effective amount of DFMO, as measured by a reduction or 
stabiliZation of polyamine (spermine or spermidine) levels 
produced by the hyperplastic cells, together With a thera 
peutic effective amount of a second therapeutic agent 
selected from: an a-1 adrenergic receptor blocker such as 
teraZosin, doxaZosin, praZosin, indoramin, tamsulosin, 
praZicin and alfuZosin; a 5 -ot-reductase enZyme blocker such 
as ?nasteride; an aZasteroid derivative; a combination of an 
ot-l adrenergic receptor blocker and a 5 -ot-reductase enZyme 
blocker; a potassium channel opener such as minoxidil; or a 
retinoic acid derivative. In a preferred embodiment, the 
second therapeutic agent is saW palmetto extract. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The folloWing draWings form part of the present 
speci?cation and are included to further demonstrate certain 



US 2002/0137797 A1 

aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in 
combination With the detailed description of speci?c 
embodiments presented herein. 

[0026] FIG. 1 Polyamine content in prostatic tissue 
obtained by core biopsy before (solid bar) and after (open 
bar) 28 days of DFMO. FIG. 1A. putrescine content; FIG. 
1B. spermidine content; and FIG. 1C. spermine content. 

[0027] FIG. 2 Spermidine/spermine ratio in prostatic tis 
sue obtained by core biopsy before (solid bar) and after 
(open bar) 28 days of DFMO. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0028] 
[0029] This invention describes the use of DFMO (ot-di 
?uoromethylomithine) as a method for reducing the 
polyamine levels in the human prostate. DFMO is able to 
signi?cantly decrease the levels of putrescine, spermidine 
(Spd) and spermine (Spm) in the prostate of male subjects 
given 28 days of oral DFMO. Thus, DFMO may be utiliZed 
as in therapeutic applications in the treatment of prostate 
cancer. Suprisingly, the amount and percent reduction of 
spermine levels in the prostate With the administration of 
DFMO are greater than in other tissues in patients receiving 
DFMO therapy, provided that the DFMO is administered in 
a sufficient amount and for a sufficient time duration to cause 
such a decrease. 

[0030] II. DFMO (alpha-di?uoromethylornithine) 

[0031] Numerous highly proliferative types of cancer are 
associated With increased levels of the polyamines 
putrescine, spermidine, and spermine in blood and urine. 
Studies have shoWn that this is related to increased 
polyamine synthesis by the rate-limiting enZyme, ornithine 
decarboXylase (ODC). Of particular interest in the instant 
application is prostate cancer. 

I. The Present Invention 

[0032] The pathWay for polyamine synthesis begins With 
L-ornithine. This natural amino acid, although not normally 
incorporated into proteins, is part of the urea cycle Which 
metaboliZes arginine to ornithine and urea. Ornithine is 
converted by ornithine decarboXylase (ODC) to putrescine 
and CO2, the rate-limiting step in the production of 
polyamines. With the addition of propylamine donated from 
S-adenosylmethionine, putrescine is converted to spermi 
dine. Spermidine is then converted to spermine by spermine 
synthetase, again in association With the decarboXylation of 
S-adenosylmethionine. Putrescine, spermidine and spermine 
represent the three major polyamines in mammalian tissues. 
Polyamines are found in animal tissues and microorganisms 
and are knoWn to play an important role in cell groWth and 
proliferation. Although the eXact mechanism of the role of 
the polyamines in cell groWth and proliferation is not 
knoWn, it appears that the polyamines may facilitate mac 
romolecular processes such as DNA, RNA, or protein syn 
thesis. Polyamine levels are knoWn to be high in the testes, 
ventral prostate, and thymus, in psoriatic skin lesions, and in 
other cells undergoing rapid groWth processes. 

[0033] It also is Well knoWn that the rapid proliferation of 
tumor tissue is marked by an abnormal elevation of 
polyamine levels. Hence, the polyamines also may play an 
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important role in the maintenance of tumor groWth. Thus, 
ODC inhibitors, such as DFMO, may eXert their therapeutic 
effect by blocking the formation of the polyamines and 
thereby sloWing, interrupting, or arresting the proliferation 
and metastases of the tumor tissue. 

[0034] DFMO (alpha-di?uoromethylornithine, E?orni 
thine, Ornidyl®) is a structural analog of the amino acid 
L-omithine and has a chemical structure: 

cozn 
HZN 

CHFZ 

[0035] The DFMO can be employed in the methods of the 
invention as a racemic (50/50) mixture of D- and L-enanti 
omers, or preferably as a mixture of D- and L-isomers Where 
the D-isomer is enriched relative to the L-isomer, for 
eXample, 70%, 80%, 90% or more by Weight of the D-iso 
mer relative to the L-isomer. Most preferably, the DFMO 
employed is substantially free of the L-enantiomer. 

[0036] 
[0037] DFMO is relatively non-toxic to the host While 
producing inhibition of putrescine synthesis in tumors. Oral 
DFMO in humans is associated With ototoXicity (hearing 
loss) Which limits recommended doses for chemoprevention 
to a single 0.5 gm/m2 dose given daily. The other dose 
limiting toXic effect of DFMO is thrombocytopenia (abnor 
mally feW platelets in the blood), Which occurs in about ?fty 
percent of patients, leukopenia (abnormally feW leukocytes), 
or anemia. Another side effect of DFMO is nausea and 
vomiting, Which occurs in up to ninety percent of the 
patients. All these toXic effects are relatively harmless and 
reversible and cease upon WithdraWal of the drug. 

[0038] The effect of an ODC inhibitor for the control of 
the groWth rate of rapidly proliferating tumor tissue has been 
assessed in standard animal tumor models. For eXample, the 
anti-tumor effect of DFMO has been demonstrated in the 
folloWing animal tumor models: L1210 leukemia in mice, 
EMT6 tumor in Balb/ C mice, 7,12-dimethylbenZanthracene 
induced (DMBA-induced) mammary tumor in rats, and 
DFMO Morris 7288C or 5123 hepatoma in Buffalo rats. In 
addition, the anti-tumor effect of DFMO in combination 
With various cytotoXic agents has been demonstrated as 
folloWs: (a) in combination With vindesine or adriamycin in 
L1210 leukemia in mice, in Morris 7288C hepatoma in 
Buffalo rats, and in EMT6 tumor in mice, (b) in combination 
With cytosine arabinoside in L1210 leukemia in mice, (c) in 
combination With methotreXate in L1210 leukemia in mice, 
(d) in combination With cyclophosphamide in EMT6 tumor 
in mice and in DMBA-induced tumor in mice, (e) in 
combination With BCNU in mouse glioma 26 brain tumor, 
and in combination With MGBG in L1210 leukemia in 
mice, in Morris 7288C hepatoma in Buffalo rats, in P388 
lymphocytic leukemia in mice, and in 5-180 sarcoma in 
mice. 

[0039] Although DFMO can effectively block tumor 
putrescine biosynthesis, the resultant antitumor effect is 
cytostasis, not cytotoXicity. For eXample, DFMO reduces the 
groWth rate of an MCA sarcoma, but does not produce tumor 

III. Anti-tumor Properties and ToXicity of DFMO 
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regression. This ?nding is consistent With reports of other 
investigators Who shoWed that DFMO is a cytostatic agent. 
HoWever, studies indicate that a signi?cant role may exist 
for DFMO agents, permitting the future development of 
combination chemotherapeutic regimens Which incorporate 
DFMO. 

[0040] The initial promise of DFMO as a therapeutic ODC 
inhibitor for use in the treatment of various neoplasias has 
dimmed someWhat because, although DFMO does, in fact, 
irreversibly inhibit ODC activity, cells treated in vivo With 
DFMO signi?cantly increase their uptake of exogenous 
putrescine as described in Us. Pat. No. 4,925,835. The 
intercellular transport mechanisms of the cell do an “end 
run” around the DFMO-impaired ODC activity by importing 
putrescine from the extra-cellular milieu. Therefore, 
DFMO’s effect in vivo is far poorer than in vitro. So, While 
DFMO treatment effectively inhibits intracellular putrescine 
neogenesis, it also results in increased uptake of extracel 
lular putrescine, thereby offsetting its ODC inhibitory effect. 
[0041] This problem is compounded by the fact that 
putrescine is present in many common foods, such as orange 
juice, Which contains approximately 400 ppm putrescine. 
This makes it virtually impossible to provide a patient a 
nutritionally suf?cient diet Which is free of putrescine. 
Therefore, DFMO-treated cells are capable of importing 
sufficient amounts of extracellular putrescine to support cell 
division. 

[0042] Strategies to make DFMO more acceptable to 
human patients are described in US. Pat. No. 4,859,452 
(incorporated by reference). Formulations of DFMO are 
described Which include essential amino acids in combina 
tion With either arginine or ornithine to help reduce DFMO 
induced toxicities. 

[0043] Topical application of this drug to lesions that are 
super?cial alloW a chemopreventive cancer therapy that has 
minimal or no signi?cant systemic uptake in human beings. 
One object of this invention is to provide a salve that can be 
used as a chronic topical chemopreventive agent against 
Warts and super?cial anogenital HPV lesions that are often 
precancerous. The salve also may be applied directly to 
cancerous lesions on the anogenital areas. It is knoWn in the 
art that a topically applied, ?ve percent solution of DFMO 
blocks the synthesis of DNA in mouse epidermis. In vitro 
putrescine levels decreased to tWenty-?ve percent of control, 
While spermine and spermidine levels Were not affected US. 
Pat. No. 4,859,452 Further, application of a ten percent 
DFMO cream in ten patients suffering from psoriasis Was 
shoWn to reduce cutaneous spermine levels by sixty-six 
percent, With a marginal improvement in psoriatic lesions. 

[0044] IV. D-DFMO 
[0045] Toxicity of DFMO can be greatly reduced by using 
the D-enantiomer of DFMO, or mixtures of D- and L-iso 
mers Which are enriched for the D-isomer content such that 
the D-isomer comprises at least 60%, and preferably more 
than 90% by Weight of the isomeric mixture. D-DFMO, 
While still an inhibitor of ODC, has loWer toxicity, including 
ototoxicity, in animal models. In a study on guinea pigs, the 
enantiomers of DFMO did not shoW signi?cant toxicity. The 
D-form of DFMO Was found to have no signi?cant effects 
on either the compound action potential or cochlear micro 
phonic. An evaluation of auditory function found that the L 
form of DFMO produced signi?cant disruption of normal 
cochlear potentials. 
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[0046] The use of D-DFMO or enriched D-isomer mix 
tures can overcome many of the problems associated With 
the use of racemic (50/50) D,L-DFMO. D-DFMO or 
enriched D-DFMO isomer mixtures may be administered at 
a dosage higher than a racemic mixture, due to loWer 
anticipated toxicity associated With the D enantiomer. In 
three separate studies using concentrations from 0.6 pM to 
80 pM D-, L-, and D,L-DFMO, the effective concentration 
level of each Which inhibits 50% of the ODC activity (K,) 
Was determined. Both enantiomers, as Well as the racemic 
mixture, Were inhibitory. The Ki of D-DFMO Was four fold 
loWer than the L-form and 3 fold loWer than the mixture. 
(US. Patent Application entitled “D-enantiomer of DFMO 
and methods of use therefor,” ?led Jul. 1, 2000). 

[0047] V. DFMO and the Human Prostate 

[0048] DFMO and its use in the treatment of benign 
prostatic hypertrophy are described in tWo patents, U.S. Pat. 
Nos. 4,413,141 and 4,330,559. US. Pat. No. 4,413,141 
describes DFMO as being an inhibitor of ODC, both in vitro 
and in vivo. Administration of DFMO reportedly causes a 
decrease in putrescine and spermidine concentrations in 
cells in Which these polyamines are normally actively pro 
duced. Additionally, DFMO has been shoWn to be capable of 
sloWing neoplastic cell proliferation When tested in standard 
tumor models. U.S. Pat. No. 4,330,559 describes the use of 
DFMO and DFMO derivatives for the treatment of benign 
prostatic hypertrophy. Benign prostatic hypertrophy, like 
many disease states characteriZed by rapid cell proliferation, 
is accompanied by abnormal elevation of polyamine con 
centrations. The treatment described Within this reference 
can be administered to a patient either orally, or parenterally. 
HoWever, as pointed out above, a more recent study by 
Messing et al. (1999) failed to detect any reduction in 
spermidine or spermine levels in cancerous prostates after 
treatment With DFMO over a tWo-Week period at 0.5 gm/m2 
given orally. 

[0049] Recently the role of polyamines in prostate cancer 
has been revisited. Mohan et al. (1999) measured ODC 
activity in benign and malignant tissues from the same 
patient and found the cancerous portion to have levels 
almost three times that of benign tissue (1142+100 vs. 
427+51). In addition they evaluated the ODC activity of 
prostatic ?uid obtained by massage and found higher levels 
in men With prostate cancer compared to men With benign 

hypertrophy (3847+162 vs. 2742+67). 

[0050] Chemoprevention for prostate cancer is being stud 
ied using both hormonal and antioxidant agents. The ?rst 
large scale chemopreventive study for prostate cancer began 
in 1993 by the SouthWest Oncology Group (SWOG), and 
18,000 men Were randomiZed to ?nasteride (Proscar) or 
placebo for seven years. The hypothesis being tested Was 
that a reduction in the levels of dihydrotestosterone (DHT) 
in the prostate by blocking the conversion of testosterone to 
DHT by 5 alpha reductatase Would reduce prostate cancer. 
Results are expected to be available in 2004. Asmaller study 
looked at surrogate end markers at time Zero and after one 
year of Proscar treatment or no treatment (Cote et al., 1998). 
The study group included men With an elevated PSA and 
negative prostate needle biopsies. The study demonstrated 
an increase in cancer diagnosed after a one year folloW up 
biopsy in the men on Proscar (8 of 27 men vs. 1 of 25 men 
With no treatment (p=0.025)). Asmall Phase II study of oral 
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fenretinide in 22 men at high risk for prostate cancer Was 
undertaken by Pienta et al. (1997). This trial closed early 
When 8 men With negative prestudy biopsies developed 
malignancy While on study. With these tWo small studies 
unable to demonstrate protective bene?ts from the agent of 
interest, there should be a role in prostate cancer chemopre 
vention, for different agents, such as DFMO. 

[0051] VI. Diagnosis of Prostate Cancer 

[0052] The most commonly utiliZed current tests for pros 
tate cancer are digital rectal examination (DRE) and analysis 
of serum prostate speci?c antigen (PSA). While PSA is 
speci?c to prostate tissue, it is produced by normal and 
benign as Well as malignant prostatic epithelium, resulting in 
a high false-positive rate for prostate cancer detection (Par 
tin & Oesterling, 1994). 

[0053] Other markers that have been used for prostate 
cancer detection include prostatic acid phosphatase (PAP) 
and prostate secreted protein (PSP). PAP is secreted by 
prostate cells under hormonal control (BraWn et al., 1996). 
It has less speci?city and sensitivity than does PSA. As a 
result, it is used much less noW, although PAP may still have 
some applications for monitoring metastatic patients that 
have failed primary treatments. In general, PSP is a more 
sensitive biomarker than PAP, but is not as sensitive as PSA 
(Huang et al., 1993). Like PSA, PSP levels are frequently 
elevated in patients With BPH as Well as those With prostate 
cancer. 

[0054] Another serum marker associated With prostate 
disease is prostate speci?c membrane antigen (PSMA) 
(HorosZeWicZ et al., 1987; Carter et al., 1996; Murphy et al., 
1996). PSMA is a Type II cell membrane protein and has 
been identi?ed as Folic Acid Hydrolase (Carter et al., 
1996). Antibodies against PSMA react With both normal 
prostate tissue and prostate cancer tissue (HorosZeWicZ et 
al., 1987). Murphy et al. (1995) used ELISA to detect serum 
PSMA in advanced prostate cancer. As a serum test, PSMA 
levels are a relatively poor indicator of prostate cancer. 
HoWever, PSMA may have utility in certain circumstances. 
PSMA is expressed in metastatic prostate tumor capillary 
beds (Silver et al., 1997) and is reported to be more abundant 
in the blood of metastatic cancer patients (Murphy et al., 
1996). PSMA messenger RNA (mRNA) is doWn-regulated 
8-10 fold in the LNCaP prostate cancer cell line after 
exposure to 5-ot-dihydroxytestosterone (DHT) (Israeli et al., 
1994). 
[0055] As indicated earlier, DFMO acts late in the tumor 
promotion stage of epithelial carcinogenesis. A mechanism 
for the inhibition of colon carcinogenesis by DFMO 
includes suppression of the matrix metalloproteinase matril 
ysin (Wallon et al., 1994), a secreted protease Which is 
involved in tumor invasion. This mechanism is operational 
in prostate cancer, since DFMO also suppresses interleukin 
1[3(IL-1[3)-induced matrilysin expression in LNCaP human 
prostate cancer derived cells. 

[0056] A relatively neW potential biomarker for prostate 
cancer is human kallekrein 2 (Piironen et al., 1996). 
HK2 is a member of the kallekrein family that is secreted by 
the prostate gland. In theory, serum concentrations of HK2 
may be of utility in prostate cancer detection or diagnosis, 
but the usefulness of this marker is still being evaluated. 
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[0057] VII. Methods of Treating Cancer 

[0058] In a particular aspect, the present invention pro 
vides methods for the treatment of prostate cancer. Treat 
ment methods Will involve treating an individual With an 
effective amount of a therapeutic composition containing 
DFMO. An effective amount is described, generally, as that 
amount suf?cient to detectably and repeatedly to ameliorate, 
reduce, minimiZe or limit the extent of a disease or its 
symptoms. More rigorous de?nitions may apply, including 
elimination, eradication or cure of disease. 

[0059] DFMO may be administered at a dose of about 0.05 
to about 20.0 gm/m2/day. Preferred doses of DFMO to be 
administered are from about 0.1 to about 15.0 gm/m2/day, or 
from about 0.1 to 12 gm/m2/day, or from about 0.1 to 10 
gm/m2/day, or from about 0.1 to 8 gm/m2/day, or from about 
0.1 to 6 gm/m2/day, or from about 0.1 to 4 gm/m2/day, or 
from about 0.1 to 2 gm/m2/day, or from about 0.1 to 1 
gm/m2/day, or from about 0.1 to 0.5 gm/m2/day or about 0.5 
gm/m2/day. DFMO may also be administered at a dose of 
about 0.1 to 2.0 g/day, or from about 0.25 to 1.5 g/day, or 
more preferred from about 0.5 to 1.0 g/day. 

[0060] To kill cells, inhibit cell groWth, inhibit metastasis, 
decrease tumor siZe and otherWise reverse or reduce the 
malignant phenotype of tumor cells, using the methods and 
compositions of the present invention, one Would generally 
contact a “target” cell With the therapeutic composition. This 
may be combined With compositions comprising other 
agents effective in the treatment of cancer. These composi 
tions Would be provided in a combined amount effective to 
kill or inhibit proliferation of the cell. This process may 
involve contacting the cells With DFMO and the agent(s) or 
factor(s) at the same time. This may be achieved by con 
tacting the cell With a single composition or pharmacologi 
cal formulation that includes both agents, or by contacting 
the cell With tWo distinct compositions or formulations, at 
the same time, Wherein one composition includes DFMO 
and the other includes the second agent. 

[0061] Administration of the therapeutic DFMO compo 
sition of the present invention to a patient Will folloW general 
protocols for the administration of chemotherapeutics, tak 
ing into account the toxicity, if any, of DFMO. It is expected 
that the treatment cycles Would be repeated as necessary. It 
also is contemplated that various standard therapies, as Well 
as surgical intervention, may be applied in combination With 
the described therapy. 

[0062] Where clinical application of a DFMO therapy is 
contemplated, it Will be necessary to prepare the complex as 
a pharmaceutical composition appropriate for the intended 
application. Generally this Will entail preparing a pharma 
ceutical composition that is essentially free of pyrogens, as 
Well as any other impurities that could be harmful to humans 
or animals. One also Will generally desire to employ appro 
priate salts and buffers to render the complex stable and 
alloW for complex uptake by target cells. 

[0063] Aqueous compositions of the present invention 
comprise an effective amount of the compound, dissolved or 
dispersed in a pharmaceutically acceptable carrier or aque 
ous medium. Such compositions can also be referred to as 
inocula. The phrases “pharmaceutically or pharmacologi 
cally acceptable” refer to molecular entities and composi 
tions that do not produce an adverse, allergic or other 
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untoward reaction When administered to an animal, or a 
human, as appropriate. As used herein, “pharmaceutically 
acceptable carrier” includes any and all solvents, dispersion 
media, coatings, antibacterial and antifungal agents, isotonic 
and absorption delaying agents and the like. The use of such 
media and agents for pharmaceutical active substances is 
Well knoWn in the art. Except insofar as any conventional 
media or agent is incompatible With the active ingredient, its 
use in the therapeutic compositions is contemplated. Supple 
mentary active ingredients also can be incorporated into the 
compositions. 

[0064] The compositions of the present invention may 
include classic pharmaceutical preparations. Dispersions 
also can be prepared in glycerol, liquid polyethylene glycols, 
and mixtures thereof and in oils. Under ordinary conditions 
of storage and use, these preparations contain a preservative 
to prevent the groWth of microorganisms. 

[0065] Depending on the particular cancer to be, admin 
istration of therapeutic compositions according to the 
present invention Will be via any common route so long as 
the target tissue is available via that route. This includes oral, 
nasal, buccal, rectal, vaginal or topical. Topical administra 
tion Would be particularly advantageous for treatment of 
skin cancers. Alternatively, administration Will be by ortho 
topic, intradermal, subcutaneous, intramuscular, intraperito 
neal or intravenous injection. Such compositions Would 
normally be administered as pharmaceutically acceptable 
compositions that include physiologically acceptable carri 
ers, buffers or other excipients. 

[0066] In certain embodiments, ex vivo therapies also are 
contemplated. Ex vivo therapies involve the removal, from 
a patient, of target cells. The cells are treated outside the 
patient’s body and then returned. 

[0067] The treatments may include various “unit doses.” 
Unit dose is de?ned as containing a predetermined-quantity 
of the therapeutic composition calculated to produce the 
desired responses in association With its administration, i.e., 
the appropriate route and treatment regimen. The quantity to 
be administered, and the particular route and formulation, 
are Within the skill of those in the clinical arts. Also of 
import is the subject to be treated, in particular, the state of 
the subject and the protection desired. A unit dose need not 
be administered as a single injection but may comprise 
continuous infusion over a set period of time. 

[0068] One of the preferred embodiments of the present 
invention involves the use of therapeutic compositions of 
DFMO With speci?c target cancer cells. Of particular inter 
est are prostate cancer cells. 

[0069] According to the present invention, one may treat 
the cancer by directly injection a tumor With the DFMO or 
analog composition. Alternatively, the tumor may be infused 
or perfused With the composition using any suitable delivery 
vehicle. Local or regional administration, With respect to the 
tumor, also is contemplated. Finally, systemic administra 
tion may be performed. Continuous administration also may 
be applied Where appropriate, for example, Where a tumor is 
excised and the tumor bed is treated to eliminate residual, 
microscopic disease. Delivery via syringe or catheriZation is 
preferred. Such continuous perfusion may take place for a 
period from about 1-2 hours, to about 2-6 hours, to about 
6-12 hours, to about 12-24 hours, to about 1-2 days, to about 
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1-2 Wk or longer folloWing the initiation of treatment. 
Generally, the dose of the therapeutic composition via 
continuous perfusion Will be equivalent to that given by a 
single or multiple injections, adjusted over a period of time 
during Which the perfusion occurs. For tumors of >4 cm, the 
volume to be administered Will be about 4-10 ml (preferably 
10 ml), While for tumors of <4 cm, a volume of about 1-3 ml 
Will be used (preferably 3 ml). Multiple injections delivered 
as single dose comprise about 0.1 to about 0.5 ml volumes. 
The viral particles may advantageously be contacted by 
administering multiple injections to the tumor, spaced at 
approximately 1 cm intervals. 

[0070] In certain embodiments, the tumor being treated 
may not, at least initially, be resectable. Treatments With 
therapeutic DFMO compositions may increase the resect 
ability of the tumor due to shrinkage at the margins or by 
elimination of certain particularly invasive portions. Fol 
loWing treatments, resection may be possible. Additional 
treatments subsequent to resection Will serve to eliminate 
microscopic residual disease at the tumor site. 

[0071] Other factors that cause DNA damage and have 
been used extensively include What are commonly knoWn as 
y-rays, X-rays, and/or the directed delivery of radioisotopes 
to tumor cells. Other forms of DNA damaging factors are 
also contemplated such as microWaves and UV-irradiation. 
It is most likely that all of these factors effect a broad range 
of damage on DNA, on the precursors of DNA, on the 
replication and repair of DNA, and on the assembly and 
maintenance of chromosomes. Dosage ranges for X-rays 
range from daily doses of 50 to 200 roentgens for prolonged 
periods of time (3 to 4 Wk), to single doses of 2000 to 6000 
roentgens. Dosage ranges for radioisotopes vary Widely, and 
depend on the half-life of the isotope, the strength and type 
of radiation emitted, and the uptake by the neoplastic cells. 

[0072] VIII. Combinational Therapy With DFMO 

[0073] The present invention contemplates that DFMO 
may be used in combination With other therapies. There is an 
increasing body of experimental and epidemiological data 
suggesting that aspirin, and some other NSAIDs, exert a 
chemopreventive action on colorectal cancers and maybe 
also on stomach, esophagus (Thun et al., 1993) and even 
bladder (Earnest et al., 1992) cancers. Aspirin, ibuprofen, 
piroxicam (Reddy et al., 1990; 

[0074] Singh et al., 1994), indomethacin (NarisaWa, 
1981), and sulindac (PiaZZa et al., 1997; Rao et al., 1995), 
effectively inhibit colon carcinogenesis in the aZoxymethane 
AOM-treated rat model and ?urbiprofen has demonstrated 
anti-tumor effects in the APC(Min)+mouse model (Wechter 
et al., 1997). NSAIDs also inhibit the development of tumors 
harboring an activated Ki-ras (Singh and Reddy, 1995). 
Studies have been conducted in Which DFMO Was com 
bined With aspirin to evaluate its chemopreventive effect in 
to AOM-treated rats. The combination of aspirin and DFMO 
administered after AOM Was found to be synergistic (Li et 
al., 1999). The results demonstrated that the aspirin and 
DFMO combination could prevent colon cancer When 
administered after AOM (Li et al., 1999). 

[0075] The combination of DFMO With the chemothera 
peutic agent piroxicam has been shoWn to have a synergistic 
chemopreventive effect in the AOM-treated rat model of 
colon carcinogenesis (Reddy et al., 1990), although DFMO 
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exerted a greater suppressive effect than piroxicam on Ki-ras 
mutation and tumorigenesis When each agent Was adminis 
tered separately (Singh et al., 1993; Reddy et al., 1990; 
Kulkarni et al., 1992). In one study, administration of 
DFMO or piroxicam to AOM-treated rats reduced the num 
ber of tumors harboring Ki-ras mutations from 90% to 36% 
and 25% respectively (Singh et al., 1994). The Apc mutant 
Min mouse model Was used to test piroxicam and DFMO to 
determine that combined treatment Was much more effective 
than either agent alone and resulted in a signi?cant number 
of mice totally free of any intestinal adenomas (J acoby et al., 
2000). Both DFMO and piroxicam also reduced the amount 
of biochemically active p21 ras in existing tumors. (Singh et 
al., 1993). Despite the success of the drugs in model 
systems, phase I trials conducted With this combination 
resulted in a range of adverse side effects (Carbone et al., 
1998). 
[0076] Because DFMO is an effective inhibitor of ODC, 
some researchers are attempting to use DFMO as part of a 
conjunctive treatment in combination With interferon. US. 
Pat. No. 4,499,072, describe improving the polyamine 
depletion effects of ODC inhibitors (including DFMO) by 
using interferon in combination With the ODC inhibitor. 
Additionally, it describes the use of both an ODC inhibitor 
and interferon in conjunction With a knoWn cytotoxic agent 
such as methotrexate. US. Pat. No. 5,002,879, describe a 
similar conjunctive therapy in Which an ODC inhibitor, 
preferably DFMO, is used in combination With lymphokine 
activated killer cells and interleukin-2. 

[0077] Cancer therapies also include a variety of combi 
nation therapies of DFMO With both chemical and radiation 
based treatments. Combination chemotherapies include, for 
example, cisplatin (CDDP), carboplatin, procarbaZine, 
mechlorethamine, cyclophosphamide, camptothecin, ifosfa 
mide, melphalan, chlorambucil, bisulfan, nitrosurea, dacti 
nomycin, daunorubicin, doxorubicin, bleomycin, plicomy 
cin, mitomycin, etoposide (VP16), tamoxifen, taxol, 
transplatinum, S-?uorouracil, vincristin, vinblastin and 
methotrexate or any analog or derivative variant thereof For 
precancerous conditions such as benign prostatic hyperpla 
sia, a second therapeutic agent selected from cc-1 adrenergic 
receptor blocker such as teraZosin, doxaZosin, praZosin, 
bunaZosin, indoramin, tamsulosin, praZicin or alfuZosin; a 
S-ot-reductase enZyme blocker such as ?nasteride or an 
aZasteroid derivative; a combination of an ot-1 adrenergic 
receptor blocker, and a S-ot-reductase enZyme blocker, a 
potassium channel opener such as minoxidil, and a retinoic 
acid derivative. In a preferred embodiment, the second 
therapeutic agent is saW palmetto extract. 

[0078] Various combinations may be employed, for 
instance Where DFMO composition is “A” and the radio-, 
chemotherapeutic or other therapeutic agent is “B”: 

[0080] The terms “contacted” and “exposed,” When 
applied to a cell, are used herein to describe the process by 
Which a therapeutic composition and a chemotherapeutic or 
radiotherapeutic agent are delivered to a target cell or are 
placed in direct juxtaposition With the target cell. To achieve 
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cell killing or stasis, both agents are delivered to a cell in a 
combined amount effective to kill the cell or prevent it from 
dividing. 

[0081] The DFMO therapy may precede or folloW the 
other agent treatment by intervals ranging from minutes to 
Weeks. In embodiments Where the other agent and DFMO 
are applied separately to the cell, one Would generally ensure 
that a signi?cant period of time did not expire betWeen the 
time of each delivery, such that the agent and DFMO Would 
still be able to exert an advantageously combined effect on 
the cell. In such instances, it is contemplated that one Would 
contact the cell With both modalities Within about 12-24 h of 
each other and, more preferably, Within about 6-12 h of each 
other, With a delay time of only about 12 h being most 
preferred. In some situations, it may be desirable to extend 
the time period for treatment signi?cantly, hoWever, Where 
several days (2, 3, 4, 5, 6 or 7) to several Weeks (1, 2, 3, 4, 
5, 6, 7 or 8) lapse betWeen the respective administrations. 

[0082] IX. Pharmaceutical Compositions 

[0083] Aqueous compositions of the present invention 
comprise an effective amount of DFMO, dissolved or dis 
persed in a pharmaceutically acceptable carrier or aqueous 
medium. The phrases “pharmaceutically or pharmacologi 
cally acceptable” refer to molecular entities and composi 
tions that do not produce an adverse, allergic or other 
untoWard reaction When administered to an animal, or a 
human, as appropriate. 

[0084] As used herein, “pharmaceutically acceptable car 
rier” includes any and all solvents, dispersion media, coat 
ings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents and the like. The use of such 
media and agents for pharmaceutical active substances is 
Well knoWn in the art. Except insofar as any conventional 
media or agent is incompatible With the active ingredient, its 
use in the therapeutic compositions is contemplated. Supple 
mentary active ingredients can also be incorporated into the 
compositions. For human administration, preparations 
should meet sterility, pyrogenicity, general safety and purity 
standards as required by FDA Of?ce of Biologics standards. 

[0085] The biological material should be extensively dia 
lyZed to remove undesired small molecular Weight mol 
ecules and/or lyophiliZed for more ready formulation into a 
desired vehicle, Where appropriate. The active compounds 
Will then generally be formulated for parenteral administra 
tion, e.g., formulated for injection via the intravenous, 
intramuscular, sub-cutaneous, intralesional, or even intrap 
eritoneal routes. The preparation of an aqueous composition 
that contains an headpin agent as an active component or 
ingredient Will be knoWn to those of skill in the art in light 
of the present disclosure. Typically, such compositions can 
be prepared as injectables, either as liquid solutions or 
suspensions; solid forms suitable for using to prepare solu 
tions or suspensions upon the addition of a liquid prior to 
injection can also be prepared; and the preparations can also 
be emulsi?ed. 

[0086] The pharmaceutical forms suitable for injectable 
use include sterile aqueous solutions or dispersions; formu 
lations including sesame oil, peanut oil or aqueous propy 
lene glycol; and sterile poWders for the extemporaneous 
preparation of sterile injectable solutions or dispersions. In 
all cases the form must be sterile and must be ?uid to the 



US 2002/0137797 A1 

extent that easy syringability exists. It must be stable under 
the conditions of manufacture and storage and must be 
preserved against the contaminating action of microorgan 
isms, such as bacteria and fungi. 

[0087] Solutions of the active compounds as free base or 
pharmacologically acceptable salts can be prepared in Water 
suitably mixed With a surfactant, such as hydroxypropylcel 
lulose. Dispersions can also be prepared in glycerol, liquid 
polyethylene glycols, and mixtures thereof and in oils. 
Under ordinary conditions of storage and use, these prepa 
rations contain a preservative to prevent the groWth of 
microorganisms. 
[0088] DFMO of the present invention can be formulated 
into a composition in a neutral or salt form. Pharmaceuti 
cally acceptable salts, include the acid addition salts (formed 
With the free amino groups of the protein) and Which are 
formed With inorganic acids such as, for example, hydro 
chloric or phosphoric acids, or such organic acids as acetic, 
oxalic, tartaric, mandelic, and the like. Salts formed With the 
free carboxyl groups can also be derived from inorganic 
bases such as, for example, sodium, potassium, ammonium, 
calcium, or ferric hydroxides, and such organic bases as 
isopropylamine, trimethylamine, histidine, procaine and the 
like. 

[0089] The carrier can also be a solvent or dispersion 
medium containing, for example, Water, ethanol, polyol (for 
example, glycerol, propylene glycol, and liquid polyethyl 
ene glycol, and the like), suitable mixtures thereof, and 
vegetable oils. The proper ?uidity can be maintained, for 
example, by the use of a coating, such as lecithin, by the 
maintenance of the required particle siZe in the case of 
dispersion and by the use of surfactants. The prevention of 
the action of microorganisms can be brought about by 
various antibacterial and antifungal agents, for example, 
parabens, chlorobutanol, phenol, sorbic acid, thimerosal, 
and the like. In many cases, it Will be preferable to include 
isotonic agents, for example, sugars or sodium chloride. 
Prolonged absorption of the injectable compositions can be 
brought about by the use in the compositions of agents 
delaying absorption, for example, aluminum monostearate 
and gelatin. 

[0090] Sterile injectable solutions are prepared by incor 
porating the active compounds in the required amount in the 
appropriate solvent With various of the other ingredients 
enumerated above, as required, folloWed by ?ltered steril 
iZation. Generally, dispersions are prepared by incorporating 
the various steriliZed active ingredients into a sterile vehicle 
Which contains the basic dispersion medium and the 
required other ingredients from those enumerated above. In 
the case of sterile poWders for the preparation of sterile 
injectable solutions, the preferred methods of preparation 
are vacuum-drying and freeZe-drying techniques Which 
yield a poWder of the active ingredient plus any additional 
desired ingredient from a previously sterile-?ltered solution 
thereof The preparation of more, or highly, concentrated 
solutions for direct injection is also contemplated, Where the 
use of DMSO as solvent is envisioned to result in extremely 
rapid penetration, delivering high concentrations of the 
active agents to a small area. 

[0091] Upon formulation, solutions Will be administered 
in a manner compatible With the dosage formulation and in 
such amount as is therapeutically effective. The formulations 
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are easily administered in a variety of dosage forms, such as 
the type of injectable solutions described above, but drug 
release capsules and the like can also be employed. 

[0092] For parenteral administration in an aqueous solu 
tion, for example, the solution should be suitably buffered if 
necessary and the liquid diluent ?rst rendered isotonic With 
suf?cient saline or glucose. These particular aqueous solu 
tions are especially suitable for intravenous, intramuscular, 
subcutaneous and intraperitoneal administration. In this con 
nection, sterile aqueous media Which can be employed Will 
be knoWn to those of skill in the art in light of the present 
disclosure. For example, one dosage could be dissolved in 1 
ml of isotonic NaCl solution and either added to 1000 ml of 
hypodermoclysis ?uid or injected at the proposed site of 
infusion, (see for example, “Remington’s Pharmaceutical 
Sciences” 15th Edition, pages 1035-1038 and 1570-1580). 
Some variation in dosage Will necessarily occur depending 
on the condition of the subject being treated. The person 
responsible for administration Will, in any event, determine 
the appropriate dose for the individual subject. 

[0093] In addition to the compounds formulated for 
parenteral administration, such as intravenous or intramus 
cular injection, other pharmaceutically acceptable forms 
include, e.g., tablets or other solids for oral administration; 
liposomal formulations; time release capsules; and any other 
form currently used, including cremes. 

[0094] One also may use nasal solutions or sprays, aero 
sols or inhalants in the present invention. Nasal solutions are 
usually aqueous solutions designed to be administered to the 
nasal passages in drops or sprays. Nasal solutions are 
prepared so that they are similar in many respects to nasal 
secretions, so that normal ciliary action is maintained. Thus, 
the aqueous nasal solutions usually are isotonic and slightly 
buffered to maintain a pH of 5.5 to 6.5. In addition, anti 
microbial preservatives, similar to those used in ophthalmic 
preparations, and appropriate drug stabiliZers, if required, 
may be included in the formulation. Various commercial 
nasal preparations are knoWn and include, for example, 
antibiotics and antihistamines and are used for asthma 
prophylaxis. 

[0095] Additional formulations Which are suitable for 
other modes of administration include vaginal suppositories 
and pessaries. A rectal pessary or suppository may also be 
used. Suppositories are solid dosage forms of various 
Weights and shapes, usually medicated, for insertion into the 
rectum, vagina or the urethra. After insertion, suppositories 
soften, melt or dissolve in the cavity ?uids. In general, for 
suppositories, traditional binders and carriers may include, 
for example, polyalkylene glycols or triglycerides; such 
suppositories may be formed from mixtures containing the 
active ingredient in the range of 0.5% to 10%, preferably 
1%-2%. 

[0096] Oral formulations include such normally employed 
excipients as, for example, pharmaceutical grades of man 
nitol, lactose, starch, magnesium stearate, sodium saccha 
rine, cellulose, magnesium carbonate and the like. These 
compositions take the form of solutions, suspensions, tab 
lets, pills, capsules, sustained release formulations or poW 
ders. In certain de?ned embodiments, oral pharmaceutical 
compositions Will comprise an inert diluent or assimilable 
edible carrier, or they may be enclosed in hard or soft shell 
gelatin capsule, or they may be compressed into tablets, or 
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they may be incorporated directly With the food of the diet. 
For oral therapeutic administration, the active compounds 
may be incorporated With excipients and used in the form of 
ingestible tablets, buccal tables, troches, capsules, elixirs, 
suspensions, syrups, Wafers, and the like. Such compositions 
and preparations should contain at least 0.1% of active 
compound. The percentage of the compositions and prepa 
rations may, of course, be varied and may conveniently be 
betWeen about 2 to about 75% of the Weight of the unit, or 
preferably betWeen 25-60%. The amount of active com 
pounds in such therapeutically useful compositions is such 
that a suitable dosage Will be obtained. 

[0097] The tablets, troches, pills, capsules and the like 
may also contain the following: a binder, as gum tragacanth, 
acacia, cornstarch, or gelatin; excipients, such as dicalcium 
phosphate; a disintegrating agent, such as corn starch, potato 
starch, alginic acid and the like; a lubricant, such as mag 
nesium stearate; and a sWeetening agent, such as sucrose, 
lactose or saccharin may be added or a ?avoring agent, such 
as peppermint, oil of Wintergreen, or cherry ?avoring. When 
the dosage unit form is a capsule, it may contain, in addition 
to materials of the above type, a liquid carrier. Various other 
materials may be present as coatings or to otherWise modify 
the physical form of the dosage unit. For instance, tablets, 
pills, or capsules may be coated With shellac, sugar or both. 
A syrup of elixir may contain the active compounds sucrose 
as a sWeetening agent methyl and propylparabens as pre 
servatives, a dye and ?avoring, such as cherry or orange 
?avor. 

[0098] In certain embodiments, the use of liposomes and/ 
or nanoparticles is contemplated for the formulation and 
administration of DFMO or an analog thereof The formation 
and use of liposomes is generally knoWn to those of skill in 
the art, and is also described beloW. 

[0099] Nanocapsules can generally entrap compounds in a 
stable and reproducible Way. To avoid side effects due to 
intracellular polymeric overloading, such ultra?ne particles 
(siZed around 0.1 pm) should be designed using polymers 
able to be degraded in vivo. Biodegradable polyalkyl-cy 
anoacrylate nanoparticles that meet these requirements are 
contemplated for use in the present invention, and such 
particles may be are easily made. 

[0100] Liposomes are formed from phospholipids that are 
dispersed in an aqueous medium and spontaneously form 
multilamellar concentric bilayer vesicles (also termed mul 
tilamellar vesicles (MLVs). MLVs generally have diameters 
of from 25 nm to 4 pm. Sonication of MLVs results in the 
formation of small unilamellar vesicles (SUVs) With diam 
eters in the range of 200 to 500 A, containing an aqueous 
solution in the core. 

[0101] The folloWing information may also be utiliZed in 
generating liposomal formulations. Phospholipids can form 
a variety of structures other than liposomes When dispersed 
in Water, depending on the molar ratio of lipid to Water. At 
loW ratios the liposome is the preferred structure. The 
physical characteristics of liposomes depend on pH, ionic 
strength and the presence of divalent cations. Liposomes can 
shoW loW permeability to ionic and polar substances, but at 
elevated temperatures undergo a phase transition Which 
markedly alters their permeability. The phase transition 
involves a change from a closely packed, ordered structure, 
knoWn as the gel state, to a loosely packed, less-ordered 
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structure, knoWn as the ?uid state. This occurs at a charac 
teristic phase-transition temperature and results in an 
increase in permeability to ions, sugars and drugs. 

[0102] Liposomes interact With cells via four different 
mechanisms: Endocytosis by phagocytic cells of the reticu 
loendothelial system such as macrophages and neutrophils; 
adsorption to the cell surface, either by nonspeci?c Weak 
hydrophobic or electrostatic forces, or by speci?c interac 
tions With cell-surface components; fusion With the plasma 
cell membrane by insertion of the lipid bilayer of the 
liposome into the plasma membrane, With simultaneous 
release of liposomal contents into the cytoplasm; and by 
transfer of liposomal lipids to cellular or subcellular mem 
branes, or vice versa, Without any association of the lipo 
some contents. Varying the liposome formulation can alter 
Which mechanism is operative, although more than one may 
operate at the same time. 

X. EXAMPLES 

[0103] The folloWing example is included to demonstrate 
preferred embodiments of the invention. It should be appre 
ciated by those of skill in the art that the techniques 
disclosed in the examples Which folloW represent techniques 
discovered by the inventor to function Well in the practice of 
the invention, and thus can be considered to constitute 
preferred modes for its practice. HoWever, those of skill in 
the art should, in light of the present disclosure, appreciate 
that many changes can be made in the speci?c embodiments 
Which are disclosed and still obtain a like or similar result 
Without departing from the spirit and scope of the invention. 

Example 1 

Experimental 

[0104] This protocol Was approved by the investigational 
revieW board of the University of California Irvine and the 
Long Beach Veterans Administration Medical Center. Men 
betWeen the ages of 50 and 85, Who Were undergoing a 
trans-rectal prostate needle biopsy for either an elevated 
PSA or abnormal rectal exam, signed a Written consent to 
undergo four additional core needle biopsies of the periph 
eral Zone at the time of their routine extant biopsy. The 
additional four biopsies Were immediately froZen liquid 
nitrogen and stored in the minus 70-degree freeZer. The 
sextent biopsy Was sent to Pathology for routine analysis. If 
the patient elected (1) radical surgery for prostate cancer (2) 
transurethral resection for outlet obstruction, or (3) a second 
biopsy due to the diagnosis of atypia, he Was then asked to 
continue 2participation in the trial and to take oral DFMO 
0.5gm/m for 28 days prior to and the day of the second 
procedure. Patients Were monitored for side effects using 
questionnaires and intervieW techniques. Coagulation 
parameters Were carefully assessed prior to surgery. In the 
operating room just prior to the surgical procedure four 
trans-rectal core biopsies of the peripheral Zone Were taken 
and froZen. The pre and post DFMO specimens Were sent 
together to AriZona on dry ice for histology and polyamine 
analysis. Radical prostatectomy specimens Were staged 
according to the TMN updated 1997 staging system (Ameri 
can Joint Committee on Cancer 1997). 

[0105] To determine prostate core polyamine contents, 
cores Were ?rst thaWed, Washed in phosphate buffered saline 
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(PBS) and Weighted. Samples Were then minced in 0.2 N 
perchloric acid and sonicated to disrupt cellular material. 
Samples Were centrifuged at 2,000 x g for 5 minutes to 
separate acid soluble and insoluble fractions. The acid 
soluble fraction Was evaluated for polyamine contents, using 
reverse-phase, ion-pared high performance liquid chroma 
tography (PHLC) methods, as described elseWhere (Gerner 
et al. 1994; Meyskens et al 1994; Meyskens et al. 1998). 
Brie?y, polyamines are separated on a C18 B Ondapak 
column, derivatiZed With o-pthaldehyde after separation and 
detected by absorption of the derivatiZed material at 750 nm. 

[0106] Mean, median, and range for polyamine levels are 
reported in nmol/mg protein. The limit of detection of our 
method is 0.01 nmol/mg. 

[0107] Routine sextant biopsies and surgical specimens 
Were processed and reported according to the protocol 
established by the department of Pathology at the Long 
Beach Veterans Administration Medical Center. 

[0108] Histological Changes Were assessed by bright ?eld 
microscopy methods. Pre- and post DFMO polyamine val 
ues Were compared using the WilcoXon matched-pairs 
signed rank test. Thus, for each patient We Were able to take 
into account both the magnitude and the direction of changes 
in polyamines due to DFMO. 
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both The average PSA before the ?rst biopsy for the nine 
patients Was 9.4 ng/ml, (median 5.1 ng/ml range 1.7-47.2) 
DFMO Was given an average of 28.2 days (median 28 days, 
range 21-35 days). Compliance Was 100% as measured by 
documentation and intervieW. Second procedures Were radi 
cal retropubic prostatectomy (RRR) (4), repeat biopsy (4), 
and transurethral resection of the prostate (TURP) (1) 

[0111] Side Effects: Side effects Were reported in four 
men. TWo men had grade 0 side effects involving mild 
clinical hearing loss (not con?rmed by pure tone audiology), 
nausea, diarrhea, and fatigue in one man, and a sudden 
one-time Weakness in another man. One man had grade 1 
vertigo, along With nausea and epigastric pain. There Was no 
clinically signi?cant change in the platelet counts, or pro 
time With the DFMO. Bleeding time Was checked prior to 
surgery and Was not altered by DFMO. 

[0112] Pathology: (Table 1) Routine pathological diagno 
sis on the ?rst biopsy Was atypia (2), atypia With in?am 
mation (3), Gleason sum 5 (1), Gleason sum 6 (2), and 
Gleason sum 7 (1) (total 9). The routine pathology speci 
mens at the second procedure demonstrated BPH BPH 
and in?ammation (1), in?ammation (1), atypia (1), Gleason 
sum 6 (1), Pt2A Gleason sum 6 (1), pT2b Gleason sum 6 (1), 
pT3a Gleason sum 6 (1), and pT4 Gleason sum 8 (1), (total 
9). 

TABLE 1 

Patient Demographics 

Patient 1 2 3 4 5 6 7 8 9 

Age 56 66 73 69 70 62 67 63 65 
Race Black White Latino Asian/White White White Asian Latino Latino 
DRE Normal Normal Normal Abnormal Abnormal Normal Normal Normal Normal 
PSA 5.8 9.8 2.3 1.7 5.1 2.6 6.3 47.2** 4.1 
Biopsy Atypia Gleason 5 Atypia Atypia Atypia Gleason 6 Atypia Gleason 7 Gleason 6 
Pathology 

In?ammation In?ammation In?ammation 
Study PSA 4.4 Not done 2.3 1.5 166* 11.1* 8.7 23.2 68* 
Days of 28 28 35 30 30 28 25 29 21 
DFMO 
Pre-op PSA 3.7 7.5 2.5 1.4 5 2.3 6.8 35.5 82* 
Procedure Biopsy RRP Biopsy Biopsy TURP RRP Biopsy RRP RRP 
Pathology Atypia T3a Gleason 6 Gleason 6 BPH BPH T2b In?ammation T4 Gleaosn 8 T2a Gleason 6 

In?ammation Gleason 6 

Example 2 

Results 

[0109] Demographics: Forty-nine men signed consents for 
participation in the study. TWenty-tWo had the ?rst set of 
four additional cores at time of seXtant biopsy. Based on the 
routine biopsy results and patient consent ten men Were 
started on DFMO. Nine men had the second set of biopsies. 
One man elected to receive no treatment for his prostate 
cancer after starting the DFMO. The detailed demographics 
of the participants and their routine biopsy histopathology 
results are presented in Table 1. 

[0110] The mean age of men Who completed the trial Was 
65.6 years (median 66 years range 56-73 years). Ethnicity of 
the group Was White (3), Latino (3), Black (1), Asian (1), 
and miXed White/Asian Indications for the biopsy Were 
elevated PSA (5), and abnormal digital rectal eXam (3) or 

[0113] Core Histology: No major differences in histology 
Were observed in core biopsy samples obtained before or 
after DFMO treatment. (RB Nagle, personal communica 
tion, data not shoWn). 

[0114] PSA: (Table 1) The average PSA before the ?rst 
biopsy for the nine patients Was 9.4 ng/ml, (median 5.1 
ng/ml range 1.7-47.2) For the four patients With a ?nal 
benign pathology, We compared the pre-biopsy PSA or 
pre-DFMO PSA With the PSA draWn While on DFMO. The 
PSA decreased in each patient (patients 1,4,5,7). The PSA 
increased in 3 of 5 of the patients With malignant pathology 
(patients 3,8,9). Although of these three men, one man’s 
PSA Was very variable (patient 8), and another man’s PSA 
Was draWn Within 6 Weeks of the biopsy and thus the PSA 
may have been falsely elevated from the biopsy (patient 9). 

[0115] Polyamine Levels: FIG. 1 compares the values of 
putrescine, spermidine, spermine, and the spermidine/sper 
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mine ratio in the nine men Who had biopsies performed 
before and after oral DFMO. Pre-therapy putrescine Was 
detectable prior to DFMO in siX men and non-detectable 
(<0.01 nmol/mg) in three men. The average putrescine level 
Was 0.42 nmol/mg (median 0.27, range nd to 0.94). All men 
had undetectable levels of putrescine after DFMO. For the 
siX men With pre-DFMO putrescine level >0.01 the average 
decrease from baseline Was 97.6%, (p=0.03 1). Spermidine 
Was measurable in all specimens prior to DFMO. The 
average pretreatment level Was 1.21 nmol/mg (median 0.81, 
range 0.49 to 3.82), and decreased in all specimens after 
DFMO. The average level of spermidine after therapy Was 
0.32 (median 0.21, range nd to 1.18), and in tWo specimens 
the levels Were undetectable. The average percent decrease 
from baseline Was 73.6% (p=0.004). The spermine levels 
prior to DFMO Were the highest of all the polyamines tested. 
Average spermine level prior to DFMO Was 29.14 nmol/mg 
(median 28.85 range 9.88 to 53.66) and after DFMO 
decreased in all specimens to an average level of spermine, 
14.33 (median 17.40, range 3.24 to 25.58). The average 
decrease from baseline Was 50.8% (p=0.004). The spermi 
dine/spermine ratio Was calculated for each specimen. Eight 
of nine patients had a decrease in this ratio after DFMO Was 
given. The average decrease from baseline Was 50% 
(median 52% range—25.3% to 97%) (p=0.019). The tWo 
patients With eXtracapsular prostate cancer had the least 
decrease from baseline or an actual increase in spermidine/ 
spermine ratio after treatment With DFMO (patients 2 and 
8). 
[0116] Example 3 

Discussion 

[0117] In this short-term trial, the inventors Were able to 
demonstrate a signi?cant reduction in the prostate 
polyamines: putrescine, spermidine and spermine and the 
spermidine/spermine ratio after administration of oral 
DFMO 0.5gm/m2 daily for 28 days. Putrescine decreased 
from baseline by 98% (n=6, p=0.031), spermidine by 74% 
(n=9, p=0.004), and spermine by 51% (n=9, p=0.004). 
Particularly intriguing Was the demonstration of a large 
reduction in spermine. This effect of DFMO on spermine 
levels has not been observed in other tissues in patients 
receiving DFMO on spermine levels has not been observed 
in other tissues in patients receiving DFMO therapy (Gerner 
et al., 1994; Meyskens et al., 1994; Meyskens et al., 1998). 

[0118] Abrief revieW of the inventor’s trial design and that 
of Messing et al. (1999), discussed supra, points to study 
differences that can account for the discordant results 
betWeen the tWo studies. An advantage of the current study 
Was that the inventors elected to use each male as his oWn 

control for polyamine suppression by using samples from 
the same male before and after DFMO. In addition, the 
samples Were not run until both the before and after samples 
could be run together to avoid batch differences. The data 
shoWs a Wide variation in polyamine levels among the 
subjects prior to manipulation, With putrescine demonstrat 
ing the least variability of the polyamines tested. (Put (range 
non-detectable (n.d.<0.01)-0.94), Spd (range 0.49-3.82), and 
Spm (range 996-537)). This variability makes it dif?cult to 
assess differences in a small control vs. treatment group, and 
may be the ansWer as to Why only putrescine, With the 
smallest variability, Was signi?cantly changed in the Mess 
ing trial. In the inventors’ trial, each man Was his oWn 
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control, and thus the effects of DFMO Were more easily 
measured. Similar dif?culty With the variability in 
polyamine levels Was addressed by Mitchell et al. (1997). 
They reported on polyamine levels in cervical cancer com 
pared to normal cervical tissue, speci?cally addressing the 
potential of using polyamine levels as intermediate markers. 
Although there Were differences in the polyamine levels 
betWeen these types of tissues, the authors concluded that 
due to the variability of the polyamine levels large numbers 
of subject Would be needed to see a signi?cant result. 

[0119] There are also processing issues related to the 
manner in Which the tissues Were managed betWeen these 
tWo studies. The inventors speci?ed peripheral biopsies of 
the prostate, as the ODC activities are different in the 
different prostate lobes of the rat (they are higher in the 
ventral lobe as compared to the dorsal lobe) and it Was not 
knoWn if these same differences Would be observed in the 
Zones of the human prostate (Heston et al., 1982). In 
addition, the biopsies taken after 28 days of DFMO just prior 
to surgery Were carried out just as they had been initially, 
transrectally and froZen, to avoid any potential polyamine 
degradation or alteration that may occur With cautery or 
devasulariZation of the prostate during surgery. It is 
unknoWn What the impact of ischemia for one to tWo hours 
on the prostate is as it is sytematically devasulariZed and 
removed. The unknoWn effect of this manipulation is obvi 
ated in the study by taking the cores prior to de?nitive 
surgery. 

[0120] Another difference betWeen the inventor’s study 
and that of Messing et al. (1999) is the length of treatment. 
The subjects received 4 Wks of DFMO (vs 2 Wks). Work in 
the rat prostate published by DanZin demonstrated that the 
most signi?cant ODC inhibition to 10% of the control value 
by intraperitoneal injection of DFMO (100 mg/kg every 12 
hrs) Was seen after 4 to 6 hrs. Inhibition rose to 50% 
reduction compared to control by 24 hrs. Through out the 
rest of the 8-day study inhibition ranged from 30 to 50% 
from the control and did not reach a steady state. In the same 
paper DanZin measured polyamine levels after tWo Weeks of 
treatment and found signi?cant reduction of putrescine, and 
spermine levels at loW dos DFMO (100 mg/kg) and sper 
midine levels at the higher dose (1 gm/kg) (DanZin et al., 
1979). The reduction in putrescine from 202137 to 414 
nmol/g after tWo Weeks of 100 mg/kg DFMO makes it 
dif?cult to speculate on any further impact of another 2 Wks 
of treatment on putrescine. But there Was less of a reduction 

in spermidine (73341193 to 11881289) and no signi?cant 
reduction in spermine (29681293 to 27411346) at tWo 
Weeks using 100 mg/kg DFMO. It may be that these later 
tWo polyamines require longer treatment times to see a 
reduction With DFMO (DanZin et al. 1979). 

[0121] The polyamine levels Were evaluated With respect 
to race, age, pathology, and days of inhibition With no 
obvious trends noted in this small series. The apparent lack 
of reduction in the spermidine/spermine ratios With DFMO 
in the men With eXtra-prostatic cancer is of great interest. Of 
the ?ve men With prostate cancer, tWo men Were found to 
have prostate cancer outside the prostate gland (eXtracapsu 
lar and bladder neck invasion T3 and T4) and these tWo men 
(patients 2 and 8) had little or an actual increase in the 
spermidine/spermine ratio With DFMO. Whereas the speci 
mens With prostate cancer con?ned to the gland (T2, organ 
con?ned) had a similar reduction in the spermidine/spermine 
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ratio as that seen With the benign prostate disease (FIG. 2). 
It is possible that as the tumor becomes more aggressive, as 
seen With eXtracapsular and bladder neck invasion, alterna 
tive polyamine synthesis or the dysregulation of polyamines 
occurs. FolloW-up of this observation in a larger cohort 
Would be of great interest. The polyamine dysregulation 
could be predictive of a poor prognosis and that the mea 
sured dysregulation of polyamines could be used to deter 
mine Which patients need to be treated in a more aggressive 
manner or just be observed. A further study Would help 
determine Whether the invasion into other tissues or the 
dysregulation of polyamines occurs ?rst. It is also believed 
that there is a time before eXtraprostatic cancer extension 
When there is measured dysregulation of polyamines. 
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What is claimed is: 
1. A method for decreasing spermine and/or spermidine 

levels in a human prostate cell comprising administering to 
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said cell ot-di?uoromethylomithine (DFMO) in an amount 
and duration suf?cient to decrease the spermine and/or 
spermidine levels in said cell. 

2. The method of claim 1, Wherein said prostate cell is a 
cancer cell. 

3. The method of claim 1, Wherein said prostate cell is a 
non-cancerous cell. 

4. The method of claim 1, Wherein said prostate cell is a 
benign hyperplastic cell. 

5. The method of claim 1, Wherein said cell is in a patient. 
6. The method of claim 1, Wherein said DFMO is sub 

stantially free of the L enantiomer. 
7. The method of claim 5, Wherein said duration is about 

3 to 8 Weeks. 

8. The method of claim 5, Wherein said duration is 2 to 6 
months. 

9. The method of claim 5, Wherein said duration is at least 
6 months. 

10. The method of claim 5, Wherein said duration is at 
least 1 year 

11. The method of claim 5, Wherein said duration is at 
least 10 years. 

12. The method of claim 5, Wherein said duration is at 
least 20 years. 

13. The method of claim 5, Wherein said duration is at 
least 40 years. 

14. The method of claim 5, Wherein said amount is about 
0.1 to 2.0 gm/m2/day. 

15. The method of claim 5, Wherein said amount is at least 
about 0.5 gm/m2/day. 

16. The method of claim 5, Wherein said amount is about 
0.5 gm/m2/day. 

17. The method of claim 5, Wherein said amount is about 
0.1 to 2.0 g/day. 

18. The method of claim 5, Wherein said amount is about 
0.25-1.5 g/day. 

19. The method of claim 5, Wherein said amount is about 
0.5-1.0 g/day 

20. The method of claim 5, Wherein DFMO is adminis 
tered orally. 

21. The method of claim 1, Wherein spermine levels are 
reduced. 

22. The method of claim 21, Wherein said spermine levels 
are reduced about 20% as compared to the spermidine levels 
in said cell prior to said treatment. 

23. The method of claim 21, Wherein said spermine levels 
are reduced about 30% as compared to the spermidine levels 
in said cell prior to said treatment. 

24. The method of claim 21, Wherein said spermine levels 
are reduced about 40% as compared to the spermidine levels 
in said cell prior to said treatment. 

25. The method of claim 21, Wherein said spermine levels 
are reduced about 50% as compared to the spermidine levels 
in said cell prior to said treatment. 

26. The method of claim 21, Wherein said spermine levels 
are reduced about 60% as compared to the spermidine levels 
in said cell prior to said treatment. 

27. The method of claim 21, Wherein said spermine levels 
are reduced about 70% as compared to the spermidine levels 
in said cell prior to said treatment. 

28. The method of claim 1, Wherein spermidine levels are 
reduced. 
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29. The method of claim 28, Wherein said spermidine 
levels are reduced about 30% as compared to the spermidine 
levels in said cell prior to said treatment. 

30. The method of claim 28, Wherein said spermidine 
levels are reduced about 45% as compared to the spermidine 
levels in said cell prior to said treatment. 

31. The method of claim 28, Wherein said spermidine 
levels are reduced about 55% as compared to the spermidine 
levels in said cell prior to said treatment. 

32. The method of claim 28, Wherein said spermidine 
levels are reduced about 65% as compared to the spermidine 
levels in said cell prior to said treatment. 

33. The method of claim 28, Wherein said spermidine 
levels are reduced about 75% as compared to the spermidine 
levels in said cell prior to said treatment. 

34. The method of claim 28, Wherein said spermidine 
levels are reduced about 85% as compared to the spermidine 
levels in said cell prior to said treatment. 

35. The method of claim 28, Wherein said spermidine 
levels are reduced about 99% as compared to the spermidine 
levels in said cell prior to said treatment. 

36. The method of claim 1, Wherein the spermidine/ 
spermine ratio of said cell also is decreased. 

37. The method of claim 36, Wherein said spermidine 
levels are reduced about 99% as compared to the spermidine 
levels in said cell prior to said treatment. 

38. The method of claim 1, further comprising a reduction 
in putrescine levels of at least 50%. 

39. The method of claim 38, further comprising a reduc 
tion in putrescine levels of at least 70%. 

40. The method of claim 39, further comprising a reduc 
tion in putrescine levels of at least 90%. 

41. A method of treating a human subject afflicted With 
prostate cancer comprising administering DFMO to said 
subject in an amount and duration suf?cient to reduce 
spermine and/or spermidine levels in prostate cells of said 
subject. 

42. The method of claim 41, Wherein said DFMO is 
substantially free of the L enantiomer. 

43. The method of claim 5, Wherein said duration is about 
3 to 8 Weeks. 

44. The method of claim 5, Wherein said duration is 2 to 
6 months. 

45. The method of claim 5, Wherein said duration is at 
least 6 months. 

46. The method of claim 5, Wherein said duration is at 
least 1 year 

47. The method of claim 5, Wherein said duration is at 
least 10 years. 

48. The method of claim 5, Wherein said duration is at 
least 20 years. 

49. The method of claim 5, Wherein said duration is at 
least 40 years. 

50. The method of claim 41, Wherein said amount is about 
0.1 to 2.0 gm/m2/day. 

51. The method of claim 41, Wherein said amount is at 
least about 0.5 gm/m2/day. 

52. The method of claim 41, Wherein said amount is about 
0.5 gm/m2/day. 

53. The method of claim 5, Wherein said amount is about 
0.1 to 2.0 g/day. 

54. The method of claim 5, Wherein said amount is about 
0.25-1.5 g/day. 
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55. The method of claim 5, wherein said amount is about 
0.5-1.0 g/day 

56. The method of claim 41, Wherein DFMO is admin 
istered orally. 

57. The method of claim 41, further comprising a second 
therapy. 

58. The method of claim 57, Wherein said second therapy 
comprises reducing dihydroXytestosterone. 

59. The method of claim 57, Wherein said second therapy 
comprises dietary antioxidants. 

60. The method of claim 59, Wherein said dietary anti 
oxidant is selenium, vitamin E or both. 

61. The method of claim 57, Wherein said second therapy 
comprises retinoids. 

62. The method of claim 57, Wherein said second therapy 
comprises prostatectomy. 

63. The method of claim 57, Wherein said second therapy 
comprises loW polyamine diet. 

64. The method of claim 57, Wherein said second therapy 
comprises an inhibitor of polyamine oXidase. 

65. The method of claim 57, Wherein said second therapy 
comprises radiation. 

66. The method of claim 57, Wherein said second therapy 
comprises hormonal therapy. 

67. The method of claim 66, Wherein said hormonal 
therapy comprises using luperon. 

68. The method of claim 66, Wherein said hormonal 
therapy comprises using ZoledeX. 

69. The method of claim 66, Wherein said hormonal 
therapy comprises using fultamide. 

70. The method of claim 66, Wherein said hormonal 
therapy comprises using casadeX. 

71. The method of claim 41, Wherein spermine levels are 
decreased. 

72. The method of claim 41, Wherein spermidine levels 
are decreased. 

73. The method of claim 41, Wherein the spermidine/ 
spermine ratio also is decreased. 

74. The method of claim 41, further comprising diagnosis. 
75. The method of claim 74, Wherein said diagnosis 

comprises analysis of prostate speci?c antigen (PSA). 
76. The method of claim 74, Wherein said diagnosis 

comprises prostate biopsy. 
77. The method of claim 74, Wherein said diagnosis 

comprises rectal eXam. 
78. The method of claim 74, Wherein diagnosis comprises 

analysis of PSA and rectal eXam. 
79. A method for inhibiting development of prostate 

cancer in a human subject comprising administering DFMO 
to said subject in an amount and duration suf?cient to reduce 
spermine and/or spermidine levels in prostate cells of said 
subject. 

80. A method for inhibiting prostate cancer metastasis in 
a human subject With primary prostate cancer comprising 
administering DFMO to said subject in an amount and 
duration suf?cient to reduce spermine and/or spermidine 
levels in prostate cells of said subject. 

81. A method for inhibiting prostate cancer progression in 
a human subject having Stage 1 or Stage 2 prostate cancer 
comprising administering DFMO to said subject in an 
amount and duration suf?cient to reduce spermine and/or 
spermidine levels in prostate cells of said subject. 

82. A method of rendering a human unresectable prostate 
cancer tumor resectable comprising administering DFMO to 
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said subject in an amount and duration suf?cient to reduce 
spermine and/or spermidine levels in prostate cells of said 
subject. 

83. A method of inhibiting groWth of a prostate cancer 
tumor in a human subject comprising administering DFMO 
to said subject in an amount and duration suf?cient to reduce 
spermine and/or spermidine levels in prostate cells of said 
subject. 

84. A method of treating benign prostate hyperplasia in a 
human subject afflicted With benign prostate hyperplasia 
comprising administering DFMO to said subject in an 
amount and duration suf?cient to stabiliZe or reduce the 
amount of polyamine produced by the hyperplastic cells, 
Wherein said polyamine is spermine, spermidine or a com 
bination of spermine and spermidine. 

85. The method of claim 84, Wherein the polyamine is 
spermine. 

86. The method of claim 84, Wherein the polyamine is 
spermidine. 

87. The method of claim 84, Wherein the levels of prostate 
speci?c antigen (PSA) produced by the hyperplastic cells 
also are stabiliZed or reduced upon treatment With DFMO. 

88. A method for treating benign prostatic hyperplasia in 
a human subject afflicted with benign prostatic hyperplasia 
comprising administering, for a suf?cient duration, a thera 
peutically effective amount of DFMO, as measured by a 
reduction or stabiliZation of polyamine levels produced by 
the hyperplastic cells, together With a therapeutic effective 
amount of a second therapeutic agent selected from an ot-1 
adrenergic receptor blocker, a S-ot-reductase enZyme 
blocker, and a combination of an ot-1 adrenergic receptor 
blocker, and a S-ot-reductase enZyme blocker. 

89. The method of claim 88, Wherein the polyamine is 
spermine. 

90. The method of claim 88, Wherein the polyamine is 
spermidine. 

91. The method of claim 88, Wherein the second agent is 
an ot-1 adrenergic receptor blocker. 

92. The method of claim 91, Wherein the ot-1 adrenergic 
receptor blocker is teraZosin, doXaZosin tamsulosin, praZicin 
or alfuZosin. 

93. The method of claim 88, Wherein the second agent is 
a S-ot-reductase enZyme blocker. 

94. The method of claim 93, Wherein the S-ot-reductase 
enZyme blocker is ?nasteride. 

95. The method of claim 88, Wherein the second agent is 
a hormone. 

96. A method for treating benign prostatic hyperplasia in 
a human subject afflicted with benign prostatic hyperplasia 
comprising administering, over a sufficient duration, a thera 
peutically effective amount of DFMO, as measured by a 
reduction or stabiliZation of polyamine levels produced by 
the hyperplastic cells, together With a therapeutically effec 
tive amount of saW palmetto eXtract. 

97. The method of claim 96, Wherein polyamine is sper 
mine. 

98. The method of claim 96, Wherein polyamine is sper 
midine. 

99. The method of claim 96, Wherein both spermine and 
spermidine levels are decreased or stabiliZed. 


