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Abstract Difluoromethylornithine (DFMO) is a promising chemopreventive agent which is excreted unchanged in the 
urine, is active in vivo against superficial bladder cancer in animal tumor model systems, and has cytotoxic activity in viffo 
against superficial bladder cancer cells. Thus, DFMO may be particularly efficacious in preventing the development of 
bladder tumors and/or for the therapy of established superficial bladder cancer. To examine this hypothesis, an intergroup 
clinical trial is currently accruing patients with cystoscopically resected Superficial bladder cancer (who would otherwise 
simply be observed). While the primary goal of this protocol is to define a daily dose of DFMO having little or no toxicity for 
use in future randomized chemoprevention trials, the rate of recurrent bladder tumors will also be followed in the hope that 
DFMO will inhibit the development of recurrent bladder cancers. 
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Over 50,000 new cases of bladder cancer will 
occur this year in the United States El], almost 
all of which will be transitional cell carcinomas 
(TCCs) [2]. Approximately two-thirds of these 
will be superficial or superficially invasive (Ts, 
T,, TIS) neoplasms. The vast majority of these 
will be papillary tumors of low histologic grade 
unlikely to  progress to  invasive or metastatic 
disease [3,4]. While individuals with aggressive 
superficial tumors (e.g., those with flat [3], or 
high grade tumors [4,5] and/or carcinoma in 
situ [5,6], or recurrent low-grade papillary TCCs 
[5,6]) may benefit from intravesical therapy, 
such treatment is not usually offered to  patients 
after their initial bladder tumor episode when 
only moderately or well differentiated papillary 
superficial tumors are encountered [4,5,7]. How- 
ever, first time patients with low-grade, papil- 
lary tumors have a 50-70% chance of eventual 
tumor recurrence, usually within 12 months of 
the initial resection [6,7]. These individuals, 
therefore, comprise an ideal group in which to 
study preventive (i.e., prophylactic) therapy. 

Difluoromethylornithine (DFMO) is an irre- 
versible inhibitor of the enzyme ornithine decar- 

boxylase (ODC), which appears to play an im- 
portant role in the process of tumor promotion 
[8,9]. DFMO inhibits carcinogenesis in animal 
tumor systems, such as 12-O-tetradecanoylphor- 
bol- 13-acetate (TPA)-induced mouse skin tu- 
mors [lo], aflatoxin-induced rat hepatomas 
[ 113, azoxymethane-induced rat intestinal tu- 
mors [12,13], and nitrosamine- or dimethylhy- 
drazine-induced rat mammary tumors [ 14,151. 
In addition, DFMO inhibits nitrosamine- 
induced rat bladder tumors [16,17] as well as 
N-methyl-N-nitrosourea (MNU)-induced rat 
bladder tumors [ 181. NCI investigators have 
identified DFMO as a possible chemopreventive 
agent for human bladder cancer [ 191. 

While normal and malignant human uroepi- 
thelial cells in uitro have similar baseline ODC 
activities, this activity is preferentially induced 
in TCC by epidermal growth factor and/or auto- 
logously produced growth stimulating and 
transforming substances [20]. A favorable ther- 
apeutic index may exist since normal urothelial 
cells require a 5- to 20-fold higher concentration 
of DFMO than TCC cells to achieve a similar 
degree of growth inhibition. In addition, the 
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TABLE I. Inhibition of Human Skin ODC Activity With Oral DFMO' 
~~ ~ 

ODC During D m O  95% 
DFMO Dose Treatment (Fraction of Confidence 
(gm/m2/day) Pre-R Baseline) Intervals P 

3.0 0.16 (0.07, 0.35) co.ooo1 
1.0 0.40 (0.22, 0.72) 0.004 

0.5 0.57 (0.29, 1.1) 0.10 

0.25 0.70 (0.31, 1.6) 0.4 

* TPA-induced human skin ODC activity was measured before (baseline) and after 
patients started oral DFMO. Post-treatment skin ODC values were averaged 
(geometric mean) and compared to baseline values [25]. 

majority of ingested DFMO is excreted un- 
changed in the urine [21] allowing it to bathe 
uroepithelial cells for prolonged periods of time. 
Thus, both biological and clinical properties of 
superficial TCC may render it especially suscep- 
tible to the effects of ODC blockade as well as 
provide a starting point for initial preventative 
efforts. 

Oral DFMO has been studied in humans. In 
a phase1 trial, the recommended maximum 
tolerated dose was 9 gm/m2/day (2.25 gm/m2 
every 6 hours). Dose-limiting toxicity has usual- 
ly been thrombocytopenia (almost exclusively 
in patients who had received previous chemo- 
therapy) and ototoxicity [22,23]. Ototoxicity 
appears to correlate with the total cumulative 
DFMO dose when relatively high daily DFMO 
doses are used [23]. Although definitive data are 
unavailable to demonstrate whether low, daily, 
oral doses of DFMO (ie., 0.125-1.0 &day) 
would eventually result in ototoxicity, early 
information suggests that lower doses (0.5 gm/ 
m2/day) can be administered for 10 months 
without significant side effects [24]. 

DFMO doses ranging from 0.25-3.0 &m2/ 
day have been administered to 13 patients for 
4 1 8  weeks without significant toxicity [25] and 
0.5 gm DFMO/m2/day has been tolerated for 
6-12 months 1241. In addition, a patient with 
metastatic melanoma received a DFMO dose of 
6 gm/m2/day (in 3 divided doses) for 5 months 
without any permanent sequela [26]. I t  does not 
appear that the chronic administration of rela- 
tively low DFMO doses will result in any seri- 
ous, irreversible toxicity. 

Fortunately, DFMO doses much less than the 
maximum tolerated human dose have biological 
activity in humans 124,251. Doses of 1-3 &m2/ 
day significantly inhibit tumor promoter- 
induced ODC activity in human skin [25]. Ta- 
ble I illustrates the change in baseline skin 
ODC activity following various doses of DFMO. 

Patients with completely resected, low-grade, 
superficial, or superficially invasive tumors 
represent a good population for testing the 
toxicity of prolonged low-dose DFMO since 
(1) standard management of these patients is 
often limited to careful observation after com- 
plete endoscopic resection, (2) approximately 
50% of patients will develop recurrent disease, 
(3) patients are normally followed closely with 
frequent cystoscopic and cytologic examina- 
tions, (4) in uitro data demonstrate that bladder 
cancer cells are inhibited much more by DFMO 
than are normal bladder epithelial cells, and 
(5) there is no known long-term toxicity cur- 
rently expected with DFMO. 

In order to further evaluate DFMO in hu- 
mans, a national intergroup trial (INT 89-0001) 
has been activated which involves patients with 
completely resected superficial bladder cancer 
for whom other treatment modalities (e.g., cys- 
tectomy or intravesical therapy) are not recom- 
mended. Eligible patients are randomly assigned 
to receive relatively low daily DFMO doses 
(125 mg, 250 mg, 500 mg or 1000 mg) for one 
year. While the primary goal of this study is to 
determine the tolerability of long-term, low- 
dose, oral DFMO in humans, the rate of bladder 
cancer recurrence will also be followed. 
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If chronic, low-dose DFMO proves to be with- 
out significant toxicity, then placebo-controlled, 
randomized clinical trials with individuals at 
high risk for the development of a malignancy 
can be designed to definitively test whether or 
not DFMO has the same chemopreventive capa- 
bilities in humans as it does in many animal 
tumor model systems [ 10,181. 
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