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EXECUTIVE SUMMARY

DFMO is a potent, irreversible inhibitor of the
activity of the enzyme omithine decarboxylase
(ODC) [1}. ODC catalyzes the conversion of orni-
thine to putrescine, a critical step in the synthesis
of polyamines. Polyamine synthesis is implicated
in cell proliferation, as evidenced by the high levels
of ODC and polyamines seen in tumor and other
proliferating cells [2,3]. Presumably, inhibition of
polyamine synthesis in such cells may inhibit pro-
liferation. In fact, DFMO inhibits both the growth
of tumor cells and the promotion and progression
phases of carcinogenesis [2,3]. Based on the
hypothesis that DFMO would be active against
cancers with pronounced proliferative phases such
as those in colon, bladder, and breast, the develop-
ment of DFMO as a chemopreventive drug was
undertaken (see attached time line). Because the
tissues receiving the greatest exposure to DFMO
are colon and bladder, they are considered to be
primary targets.

Chemopreventive efficacy has been observed in
animal models of bladder [4-7], colon [e.g., 8-13],
mammary gland [e.g., 5,14-19], liver [20], stomach
[21,22], and skin [23-26] cancer. The available stud-
ies are adequate to support the development of
DFMO as a chemopreventive agent; additional ani-
mal efficacy studies are in progress. Developmental
research on intermediate bjomarkers and their
modulation by DFMO is also being carried out in
animals [e.g., 27-29].

Preclinical toxicology studies for DFMO have
been completed through one-year studies in rats
and dogs. Additional specialized animal studies
are ongoing to assess thrombocytopenia and oto-
toxicity identified in early clinical studies. Repro-
ductive and carcinogenicity studies will be re-
quired.

The clinical trials for DFMO are summarized in
Table I. Completed CB-funded Phase I studies have
found a baseline, well-tolerated dose of 0.5 g/m’
qd, as a single dose or in divided doses, for oral
administration 210 months [30]. Single- and multi-
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ple-dose pharmacokinetics study results are con-
sistent with established findings. No additional
Phase I studies are planned. Adverse effects have
been associated with clinical administration of
DFMO-—most significantly, loss of hearing acuity
[2,30-34]. This effect is reversed when DFMO treat-
ment is stopped.

The identification of a reliably effective dosing
regimen with acceptable side effects in Phase II
studies will be a criterion for continued develop-
ment of DFMO. A Phase II study of DFMO in
colon cancer has the goal of identifying the optimal
chronic dose that is effective without producing
side effects, especially hearing loss.

An additional significant aspect of the Phase II
evaluations will be the identification and valida-
tion of intermediate biomarkers as surrogate end-
points for cancer incidence reduction in chemopre-
vention trials. A Phase II trial in uterine cervix to
evaluate the reversal of CIN III by DFMO is ready
to begin, as are Phase II studies in prevention of
bladder and prostate cancers. An additional Phase
II trial for oral cavity (changes in leukoplakia histo-
pathology, recurrence, and regression began in
1994; additional trials for prostate (presurgical
infervention to follow intermediate biomarkers)
and bladder (cancer recurrence and intermediate
biomarker characterization) are planned for 1995.
A Phase II trial of the combination of DFMO and
piroxicam in colorectal adenomatous polyp patients
is also under consideration for 1995 (polyp reduc-
tion, other intermediate endpoints).

Results of Phase II studies should be available
within 2-6 years of award. Thus, decisions to com-
mission additional Phase II studies, or initiate
Phase III trials based on the Phase II results, will
be made in 1996-2001 in anticipation of awards for
late 1996-2002.

Based on the evaluation of the clinical efficacy
of DFMO in Phase II trials in colon, bladder,
breast, and prostate, as well as on CIN III and oral
leukoplakia, the agent may be further developed in
Phase III trials in one or more of these targets. The
specific target cancers and patient populations se-
lected for these trials will depend on the efficacy
seen in Phase II trials.

The sole manufacturer of DFMO is Marion-
Merrell Dow Research Institute (MMD); the che-
mical is not produced currently. The company
holds an NCE patent that expires in 2000. It has
been produced in three formulations: injectable,
oral solution, and oral sachet. Ornidyl® Injection
(NDA 19-879 held by MMD) is approved by the
FDA for treatment of the meningoencephalitic state

of Trypanosoma brucei var. gambiense; the oral for-
mulations are not approved under the NDA. Oral
forms have been investigated clinically by the NCI,
DCT for treatment of colon and small-cell lung
cancers, metastatic melanoma, brain cancers, and
acute leukemia. For chemoprevention studies, the
compound has been available as an oral solution
(200 mg/ml). Development of a capsule formu-
lation is planned by the CB.

MMD has provided supplies of oral solution,
placebo, and bulk drug sufficient for conducting
Phase II studies. However, the supply may not be
adequate to conduct a large Phase III study. More-
over, the maximum shelf life of DFMO oral solu-
tion is 5 years, so that the DFMO solution supplied
by MMD in Fall 1993 will expire by Fall 1998. Con-
tracts for future supplies will be negotiated.

PRECLINICAL EFFICACY STUDIES

In CB-sponsored studies, DFMO has demon-
strated chemopreventive activity in numerous
efficacy tests in animal carcinogenesis models. It
has inhibited AOM-induced colon carcinoma in
rats (400 ppm, or ca. 0.1 mmol/kg-bw/day) [12,13],
DMBA- (3.2 g/kg diet, or ca. 0.9 mmol/kg-bw/
day) [5] and MNU-induced mammary gland tu-
mors in rats (2.0 g/kg diet, or ca. 0.6 mmol/
kg-bw/day), and OH-BBN-induced bladder tumors
in mice (0.6 g/kg diet, or ca. 0.4 mmol/kg-bw/
day) [5-7]. Further evidence of the chemopreven-
tive efficacy of DFMO comes from studies reported
in the literature of the inhibition of tumor induc-
tion in rat mammary glands [14-19], mouse skin
[23-26], rat intestine [9-10], mouse colon [8), rat
bladder [4], rat stomach [21], and rat liver [20]. The
results of animal efficacy studies are more than
adequate to support the clinical development of
DFMO. Besides the completed studies, the CB is
sponsoring additional animal efficacy studies in
transgenic mice (lymphoma-prone), rat prostate, rat
colon, mouse skin, hamster trachea, and hamster
pancreas.

The chemopreventive efficacy of DFMO in com-
bination with other agents is also being evaluated
to decrease toxicity while retaining or enhancing
cancer inhibition. For example, DFMO plus oltipraz
synergistically inhibited mouse bladder tumors
[6,35]. In contrast, DFMO plus piroxicam was not
more efficacious than piroxicam alone in the same
model [6,7]; however, the combination enhanced
inhibition of rat colon adenomas and adenocar-
cinomas [12,13]. DFMO significantly inhibited ham-
ster lung tumors only when offered in combination
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with 4-HPR, B-carotene or both [36]. Combinations
with DFMO currently on test include 4-HPR in the
transgenic lymphoma model, and N-acetyl-I-cys-
teine in mammary glands, skin and lung cancer
models.

A significant effort in the CB program is to
identify and validate intermediate biomarkers of
cancer and evaluate the potential for chemopre-
ventive agents to modulate these markers. Such
studies in animals contribute to the development of
more efficient screens for identifying new chemo-
preventive agents, as well as identifying biomark-
ers to be used to evaluate specific agents in clinical
trials. DFMO has demonstrated activity against
several putative biomarkers of colon cancer in
AOM-treated rats [27-29,37], including the forma-
tion of foci of aberrant crypts, activated c-Ha-ras
oncogene expression, and mucosal cell prolifera-
tion. It is currently on study against biomarkers in
mouse skin and rat urinary bladder carcinogenesis.
The results already obtained in colon will be useful
in designing the protocol for the Phase II trial
planned for colon; those in bladder may influence
the Phase II trial in bladder.

PRECLINICAL SAFETY STUDIES

Toxicity Except for reproductive and carcino-
genicity studies, preclinical toxicology tests com-
pleted or in progress under CB contract are suf-
ficient for regulatory filings.

One-year chronic oral toxicity studies in rats and
dogs have been completed [38]. In dogs, significant
toxicities, including alopecia, dermatitis, and con-
junctivitis, were seen at all dose levels (50-200 mg/
kg-bw/day, or 0.3-1.0 mmol/kg-bw/day) and a
NOEL was not determined. In rats, a NOEL of
400 mg/kg-bw/day (2.2 mmol/kg-bw/day, or the
lowest dose tested) was determined, since alopecia,
dermatitis, trace to mild liver necrosis in males,
and trace to mild inflammation in the glandular
stomach (primarily in males) occurred only at the
two higher doses tested (800, 1600 mg/kg-bw/day,
or 4.4, 8.8 mmol/kg-bw/day).

Two 90-day studies in rats and dogs are nearing
completion. Thrombocytopenia and hearing loss,
the two major adverse effects seen in clinical
studies, were not observed in the chronic animal
study. These effects were monitored closely in one
of the 90-day studies; effects on hearing were
studied in dogs (brainstem evoked auditory
response, histopathology of auditory nuclei, and
surface morphology examination of the cochlea),
and blood coagulation effects were studied in both

dogs and rats. No overt evidence of toxicity was
found; analysis of cochlear surface morphology is
in progress.

In genotoxicity assays, DFMO did not signifi-
cantly increase SCE frequency in CHO cells in vitro
or micronucleated cell frequency in bone marrow
of mice treated in vivo. DFMO was also negative in
the Ames mutagenicity assay in Salmonella typhi-
murium strains TA98, TA100, TA1535, and TA1537.

Reproductive and carcinogenicity studies will be
contracted, if needed, after Phase II clinical trials
have been completed (1996-2002). Studies reported
in the literature indicate that DFMO is embryotoxic
[39-44], as would be expected from its antiprolif-
erative activity. No published studies are of suffi-
cient duration to be adequate carcinogenicity tests,
although no DFMO-induced tumors were seen in
multidose studies reported in the literature (lasting
up to 34 weeks) {eg., 4,8,15,25], and none were
seen in the CB-funded, one-year toxicity studies in
rats and dogs.

ADME Studies in rats and dogs suggest that
DFMO is not metabolized in these species. DFMO
is well-absorbed following oral administration in
rats (78%) and dogs (100%). In one of the 90-day
studies, peak plasma levels were 31 pug/ml at one
hour post-treatment in dogs dosed with 25 mg
DFMO/kg-bw and 66-80 ng/ml at 1-4 hrs post-
treatment in rats dosed with 400 mg DFMO/
kg-bw. These results are comparable to those re-
ported in the literature [345].

Animal studies reported in the literature in-
dicate that DFMO approximates linear pharmaco-
kinetics after oral administration [3,45]. By this
route, the highest concentrations of DFMO are
found in the intestine, liver, and kidney, but pre-
ferential accumulation does not occur in any tissue.
The excretion of DFMO is rapid and occurs mainly
via the urine. It has rapid clearance in rodents,
with a serum and tissue t,, of about 6 hrs [45].

CLINICAL SAFETY: PHASE | STUDIES

Four Phase 1 and one Phase I/Ila studies have
been and are being carried out under IND 33,018
in patients previously treated for cancer or other-
wise at high risk for cancer. Two Phase I studies
have been completed under CB awards. Both of
these studies were directed primarily at establish-
ing a non-toxic, chronic, oral dose that could be
used for chemoprevention studies. In one of these
studies, (Dr. P. Carbone, University of Wisconsin)
patients previously treated for colorectal, prostate,
or bladder cancer received doses of 0.125-0.75 g/
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m? gid and 0.5-1.0 g/m? qd for up to 6 months.
From these various doses, a single daily dose of
0.5 g/m’ (ca. 0.07 mmol/kg-bw) was selected for
further evaluation of up to 12 months of treatment.
The design for the second study (Dr. P.J. Creaven,
Roswell Park Memorial Institute) involved
6 months of continuous treatment with DFMO.
Patients at higher-than-normal risk for developing
colorectal or bladder cancer, or who had been
treated previously for bladder, lung, or breast can-
cer, were treated initially with 0.2 g DFMO/m? qd
for one month. The dose was doubled monthly
thereafter (modified Fibonacci dose-escalation
scheme) until either a toxic dose or a maximum
dose of 6.4g/m*> qd (0.9 mmol/kg-bw) was
achieved. Patients were continued on their MTD
until the end of the study.

In one of the CB-funded Phase I studies still in
progress (Dr. D.S. Alberts, University of Arizona),
patients with actinic keratosis received either
DFMO (1 or 2 g/m? qd, or ca. 0.1 or 0.3 mmol/
kg-bw qd) or placebo for 6 months. The treatment
period has been completed, and the study remains
blinded pending completion of analysis of col-
lected samples.

A Phase [/Ila study (Dr. G.D. Luk, Dallas V.A.
Medical Center) is in progress in patients with re-
sected, histologically proven colon cancer (Dukes'
A, B1, and B2) who were ineligible for adjuvant
chemotherapy and patients with adenomatous
polyposis coli with histologically proven adeno-
matous polyps of 20.5 cm. The patients were to be
treated initially with DFMO for two cycles of
21 days on treatment and 7 days off. Doses were to
be escalated in 0.5 g/m? qd increments to establish
the MTD. Similarly, a de-escalation phase was to
be conducted to establish the LED. The third study
(Dr. C. Loprinzi, Mayo Clinic) still in progress is
being conducted in patients previously treated for
superficial bladder cancers. These patients are to
receive DFMO doses of 0.125, 0.25, 0.5, or 1.0 g/m?
qd (0.02-0.3 mmol/kg-bw) for up to two years.

Three Phase II studies are in progress or ready
to start that will potentially provide additional
relevant data for optimizing the DFMO dosing
regimen. One study (Dr. M.F. Mitchell, University
of Texas, M.D. Anderson Cancer Center) will be
carried out in patients with CIN IIl and includes a
one-month treatment dose-titration; ODC activity
in cervical tissue will be used as a drug effect
measurement [46]. The Ila portion of the second
study (Dr. R.R. Love, University of Wisconsin),
recently completed, was a one-month dose-titration
in patients with prior colon polyps; polyamine

levels in rectal mucosa was the drug effect
measurement [47]. Phase IIb of this study will have
the specific goal of evaluating the effect on hearing
loss of chronic (one-year) treatment with low doses
(0.06-0.25 g/m?* qd, or ca. 0.008-0.03 mmol/kg-bw)
of DFMO. The third study (Dr. F. Meyskens,
University of California, Irvine), which is also
directed at colon cancer, will evaluate toxicity,
especially hearing loss, in patients treated with
total cumulative doses of >100 g/m? or >150 g/m?
(in daily doses of 0.5 g/ m?). Additional Phase II
studies will include dosing optimization protocols,
as appropriate.

Drug Effect Measurement In the two com-
pleted Phase I studies, TPA-induced ODC activity
in skin punch biopsies [30] and polyamine levels in
urine [31,32] were selected as drug effect meas-
urements. As noted for all studies in which it was
used as a drug effect measurement, the methods
for determining ODC activity require some
additional development—particularly, optimizing
sampling and storage techniques to prevent loss of
ODC activity and standardizing the activity meas-
urement. Polyamine and ODC measurements in
white blood cells and erythrocytes were not
reliable drug effect measurements and should not
be pursued in future studies. Likewise, SAM
decarboxylase activity in lymphocytes was not a
reliable measurement. Reportedly, ODC activity in
colorectal mucosa is highly variable and may not
prove to be a reliable drug effect. In one of the
ongoing studies [46], polyamine levels in colorectal
mucosa were found to be reliable, while neither
ODC activity nor polyamine levels could be used
in exfoliated buccal mucosa because of contam-
ination with bacteria containing DFMO-resistant
ODC [47]. Methods and standardization of meas-
urements will be monitored early in Phase II
studies to insure their reliability.

Safety In the two completed Phase I studies
and one of those in progress, the dose-limiting side
effect observed was reversible ototoxicity. In one of
the completed studies, an MTD was determined of
0.5 g/m? qd for 210 months, either as a single dose
or divided into four doses per day [30]. At this
dose level, a significant decrease in TPA-induced
ODC activity in skin occurred and no ototoxicity
was observed. This dose will serve as the baseline
for Phase II studies. The progress and results of
dosing studies in Phase I studies will be reviewed;
additional steps may be added to these trials to
further define optimal dosing regimens.

In studies reported in the literature, DFMO gen-
erally has been found to be well-tolerated in hu-
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mans, showing only mild to moderate reversible
toxicity when administered orally [2,33,34,48].
Reported side effects include anorexia, gastrointes-
tinal symptoms, anemia, thrombocytopenia, and
decreased hearing acuity. Each of these complica-
tions appears to be transient and reversible upon
withdrawal of the drug. Thrombocytopenia has
been observed primarily in cancer patients with
advanced disease [33,34]. The available information
is insufficient to determine if toxicity increases
with accrued dose on chronic administration. As
noted above, the effects of cumulative dose on
toxicity will be assessed in Phase II studies in
colon. The results of one of the Phase I studies
suggests that C_ . is more important than cumula-
tive dose [30].

ADME In the two completed Phase I studies,
single-dose pharmacokinetics were linear at all
dose levels tested [30-32]. Likewise, steady-state
trough plasma concentrations were proportional to
dose. The values obtained in both studies generally
agreed with those reported in the literature [33,
48,49]. For the 0.5 g/ m? qd dose, the overall
plasma values were C_ =47.1451 uM, C_; =
14.5+5.2 uM, AUC=311439 uM-hr, and t,,=3.5 hrs
[30]. In the same study, repeat single-dose pharma-
cokinetics after 10 months of treatment suggested
changes in ADME resulting in higher C_ ., AUC,
and ty,.

Clinical data reported in the literature show that
DFMO does not bind significantly to human plas-
ma proteins [48). These data also indicate that
54-58% of orally administered DFMO is absorbed,
and 86% of that absorbed is eliminated unchanged
in urine.

max’

CLINICAL EFFICACY: PHASE Il STUDIES

A significant aspect of the Phase II evaluations
will be the identification and validation of inter-
mediate biomarkers as surrogate endpoints for
cancer chemoprevention trials at various target
sites. To this end, the CB is sponsoring a Phase II
trial in uterine cervix to evaluate the reversal of
CIN by DFMO; the trial has just begun, and the
results are expected by 1995. The study is being
carried out in women with CIN IIL; treatment with
DFMO oral solution will be for 6 months at the
optimal dose determined from the Phase [la por-
tion of the study. CIN lesions will be surgically
removed at the end of treatment. Besides CIN, the
patients will be monitored for modulation of other
putative intermediate biomarkers to assess their
correlation with modulation of CIN. Examples of

parameters to be monitored are ploidy, micro-
nucleated cell frequency, DNA content, PCNA, ras
oncogene, EGFR, keratins, and involucrin.

A CB-funded Phase II study of DFMO on the
prevention of bladder cancer recurrence was
awarded in 1993, with results expected by 2000.
The study population will be patients with com-
pletely resected Ta,T1 transitional cell carcinoma of
the bladder. Patients will be treated with DFMO
oral solution for one year, and will be monitored
during treatment and for one year following
treatment. In addition to recurrence of superficial
bladder cancer, potential intermediate biomarkers
will be evaluated, including Lewis* antigen and
EGFR. The optimal dose for use in the study will
be determined by results of a preliminary dose-
finding study (Phase Ila) and the Phase I study in
bladder cancer patients described above.

A CB award has been made recently for a
Phase II trial of DFMO in prostate. In the prostate
study, patients with prostatic carcinoma are being
treated with DFMO for 14 days prior to surgery,
and patients with PIN will be treated for one year.
Changes in histology, PSA level, and prostatic acid
phosphatase will be monitored throughout the
study. Results are expected by 1996-1997. An addi-
tional Phase II trial is planned for 1995 in a
prostate cancer cohort (presurgical intervention to
follow intermediate biomarkers) and bladder
(cancer recurrence and intermediate biomarker
characterization). An additional Phase II trial in
bladder cancer patients is under consideration for
1995. Finally, a Phase II trial contract was awarded
this year for dysplastic oral leukoplakia. Endpoints
include changes in leukoplakia histopathology,
recurrence, and regression. A Phase II trial of the
combination of DFMO and piroxicam in colorectal
adenomatous polyp patients is also under consid-
eration for 1995 (polyp reduction, other intermedi-
ate endpoints).

PHARMACODYNAMICS

An optimal dosing regimen which reduces oto-
toxicity and retains efficacy will be investigated in
future Phase Il trials. Based on rat data, lower
doses of DFMO may be effective against colon and
bladder cancer in humans. The lowest effective
DFMO dose in the AOM-induced rat colon assay
(0.1 mmol/kg-bw/day) was approximately 20-fold
lower than the one-year rat NOEL (2.2 mmol/
kg-bw/day). This suggests that Phase II trials
could titrate ototoxicity and efficacy biomarkers
down to a dose an order of magnitude less than
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the chronic (>10 months) well-tolerated dose of
0.5 g/m” qd (0.07 mmol/kg-bw qd).

A single dose study will be required to demon-
strate the equivalence of a new capsule formulation
with oral solution. Depending on the results of the
single dose study, it also may be necessary to
evaluate the bioequivalence of the two formu-
lations under steady-state conditions (multiple
dosing).

PROPOSED STRATEGY
FOR CLINICAL DEVELOPMENT

Drug Effect Measurement Issues

In the clinical development of DFMO to date,
the modulation of urine, blood, and tissue end-
points by DFMO has been evaluated. The advan-
tages and limitations of these should be considered
in future studies and are as follows:

1. Reduction in TPA-induced ODC activity in skin
punch biopsies showed potential as a drug
effect measurement in subjects with adequate
baseline values. However, the methods for
measuring this activity in skin and other tissues
require further development and standardiza-
tion, especially optimizing sampling and storage

~ techniques to minimize loss and variability of
activity. For example, storing skin biopsies for
batch analysis resulted in significant loss of
activity.

2. Both ODC activity and polyamine levels in leu-
kocytes/lymphocytes and erythrocytes have
proven too low and too variable to be used as
drug effect measurements and should not be
considered in future trials. Likewise, SAM de-
carboxylase activity in lymphocytes is too low to
be used as a drug effect measurement.

3. Measurements of polyamines in buccal mucosa
are unreliable because of contamination with
oral bacteria containing DFMO-resistant ODC.

4. The level of ODC activity in colorectal mucosa
is reportedly variable, suggesting that it may not
be a reliable drug effect measurement in this
tissue.

5. Polyamine levels in urine and colorectal mucosa
may have value as measurements, particularly
changes in putrescine, spermine, and spermi-
dine.

Special care and consideration must be given to
the standardization and quality control of all ana-
lytical and biochemical methods proposed in order
to satisfy regulatory review and support drug de-
velopment. Such work must precede sample acqui-
sition. Proficiency testing of plasma drug monitor-
ing will be required; the program is administered
by NIST.

A principal obstacle to be overcome in the
clinical development of DFMO is its effect on
hearing acuity. Mechanistic toxicology investiga-
tions in guinea pigs have shown that when DFMO
is administered for 12 weeks, a loss of hair cells
occurs in the Organ of Corti [50]. Additional
special studies in rats and dogs are underway to
further characterize this effect. Evidence from a
Phase I clinical study cited above indicates that
0.5g DFMO/m?® qd for up to 10-12 months is
tolerated without hearing loss. However, it is not
yet known with certainty if the toxic threshold is
due to a plasma C_,, or a total cumulative dose.
These are ongoing areas of investigation. Drug
combinations which have shown pharmacological
synergy in preclinical studies (e.g., DFMO plus
NSAIDs in colon and bladder models) will also be
considered for development in order to reduce the
daily DFMO dose, thereby reducing the risk of
ototoxicity.

In the clinical studies carried out to date,
hearing loss has been measured against a variety of
criteria. Even when hearing loss has been meas-
ured quantitatively by audiogram, the frequencies
tested and the grading of the severity of the
decibel loss have differed. In all future studies,
standardized criteria for hearing loss will be used.

Pharmacodynamics Issues

Colon and bladder are primary targets for
DFMO chemoprevention as evidenced by clinical
ADME studies showing that these tissues receive
by far the most exposure to orally administered
DFMO. That is, a little more than 50% of an oral
dose of DFMO is absorbed and more than 80% of
that absorbed is excreted in urine unchanged.

Regulatory Issues

There are no current regulatory issues in studies
involving DFMO alone. However, there are
regulatory issues related to a CB-sponsored Phase
I study of DFMO in combination with the NSAID
piroxicam. While FDA has allowed single-dose
pharmacokinetics studies on the combination to
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proceed, multiple-dose studies have been delayed
pending the availability of results of toxicity
studies on the combination in the rat and dog, as
well as ototoxicity and mutagenicity studies on
DFMO alone and in combination with piroxicam.
The Ames Salmonella assay, a mouse bone marrow
micronucleus test, and a CHO cell SCE assay have
been performed on the drug combination, as well
as on DFMO alone. The results of these tests were
negative for both DFMO (as noted above) and the
combination.

Brainstem-evoked auditory response, histopath-
ology of auditory nuclei, and surface morphology
examination of the cochlea were added to 90-day
dog toxicity studies of DFMO and the combination.
Coagulation studies were added to 90-day rat and
dog toxicity studies. These studies have been
performed, and the final report on the combination
is in preparation for submission to the FDA. No
evidence of toxicity was found for the combination;
analysis of cochlear surface morphology is in
progress for the animals treated with DFMO alone.

Supply and Formulation Issues

Twelve patents on manufacture or use of DFMO
issued by the U.S. Patent Office and World Intel-
lectual Properties Organization expire between
1997 and 2010. Four of these patents are held by
MMD for treatment of tumors.

A significant portion of the DFMO supply to be
provided to NCI by MMD will be unformulated
bulk drug. The bulk drug will be used for any
DFMO carcinogenicity studies required and for
toxicology studies on any new DFMO combina-
tions proposed for human clinical studies. Also,
capsule formulations of DFMO and DFMO combi-
nations will be developed by the CB. An oral
capsule dosage form will provide improved patient
compliance over the oral solution and will simplify
study blinding, particularly in the studies
involving DFMO in combination with another
agent. Moreover, a capsule product manufactured
two years hence will extend the period of use of
the DFMO supply beyond the Fall 1998 expiration
date of the current supply of solution. A clinical
study to establish the bioavailability of solid
dosage formulations compared with the oral
solution will be performed.

Intermediate Biomarker Issues

Most intermediate biomarkers have not yet been
established as acceptable predictors or measures of

cancer chemoprevention. Logically, the validation
of the biomarkers will occur during Phase II
studies on drugs such as DFMO which are ear-
marked for initial and priority development. For
histopathological biomarkers, emphasis will be
placed on those that can be measured quanti-
tatively and reproducibly by techniques such as
computer-assisted cytomorphometry and cyto-
photometry.

Clinical Studies Issues

Phase III clinical studies will be required to
establish the safety and efficacy of DFMO for each
cancer site for which FDA approval is sought. The
design and initiation of the Phase III trials await
the completion of appropriate Phase II studies
identifying the apparent optimal safe and effective
dosing regimen for chemoprevention. These
Phase II studies will consist of collecting data on
the effects of various dosing regimens on a variety
of candidate surrogate endpoints and drug effect
measurements that appear to be relevant to
precancer progression or its control.

Because of the pharmacodynamics data cited
above, the greatest effort in Phase Il investigations
of DFMO will be to support NDAs for the preven-
tion of colon and bladder cancers. Concurrent trials
will support NDAs for the prevention of breast,
prostate, cervical, and/or oral cancers. Any add-
itional Phase II trials proposed will be evaluated
critically for relevance, priority, and need.
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