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Difluoromethylornithine Induced Changes in Polyamine Concentrations in Humans:
Implications for Primary Prevention of Colorectal Carcinoma

Background: Colorectal carcinoma is a
common and potentially fatal neoplasm, but
effective preventive therapies are currently
lacking. Difluoromethylornithine (DFMO) is
an experimental agent that has shown potential
to prevent colorectal cancer through inhibition
of polyamine synthesis, but its long-term
efficacy in human subjects has not been tested.

Objective: The purpose of this Phase IIb
clinical investigation is to evaluate the long-
term efficacy of DFMO in suppressing colonic
polyamine concentrations using a randomized,
double-blind, placebo-controlled trial of
subjects with a history of colonic polyps.

Methods: Volunteer subjects (17F, 97M) with
known colonic polyps were randomized to
receive placebo or one of three doses of
DFMO (0.075, 0.2 or 0.4 g/m*/d) over a 12
month treatment period. Polyamine
concentrations were measured from colonic
biopsy samples obtained 0, 6, 12 and 15
months (3 months post-therapy). The efficacy
of DFMO was assessed using a pre-specified
primary endpoint of the spermidine to
spermine ratio (Spd/Spm), paired t-test
comparisons of means and intention-to-treat
analysis.

Results: Following 6 months of DFMO
therapy, there was a statistically significant -
0.106 decrease in Spd/Spm (95% upper bound
=-0.029, p=0.013) only in the 0.075 g/m*/d
dose group. Following 12 months of DEMO
therapy, there was a statistically significant -
0.143 decrease in Spd/Spm (95% upper bound
=-0.023, p=0.026) only in the 0.4 g/m*/d dose
group. There was no evidence that
suppression of Spd/Spm increased from the 6
to 12 month time points, and following
cessation of DFMO therapy, Spd/Spm ratios
returned to baseline limits in all dose groups.

Conclusions: At a dose of 0.4 g/m’/d, DFMO
therapy resulted in a significant and sustained
reduction of colonic Spd/Spd, although the
high attrition rate (36%) raises questions about
the tolerability or safety of this dose. Further
investigation of the safety and utility of this
agent for the primary prevention of colorectal
carcinoma is warranted.

worldwide; in 1988, it was estimated to make up 9% of all
diagnosed cancers, with approximately equal distribution among
males and females." While there is growing evidence that
adenomatous polyps represent pre-cancerous lesions,” > routine
screening strategies for detection of colonic polyps are currently
debated.* Epidemiologic investigations have identified
overnutrition and an excess of dietary fat as key etiologic
variables affecting the incidence of colorectal cancer.® This
suggests that cancer risk is modifiable, but effective preventive
strategies among high risk populations are currently lacking.

To date, approaches for preventing colorectal cancer have been
concerned with modifying diet, with existing pharmaceutical
agents like non-steroidal anti-inflammatory drugs, and with
experimental chemicals. One novel approach uses
difluoromethylornithine (DFMO), an experimental irreversible
inhibitor of ornithine decarboxylase, the rate-limiting step in
polyamine synthesis. Polyamines are important for cell
replication in normal tissues and have a role in the transcription
of specific growth-related genes, which may be a mechanism
through which they modulate cell growth.” Depletion of
polyamines has been shown to inhibit neoplastic growth in the
laboratory and in animal models,® and DFMO has been shown to
inhibit the production of polyamines and thereby modify
carcinogenesis in murine tumor models and cancer cell lines.” '°
The suggestion, then, is that DFMO may prevent or reverse the
development of colorectal cancer through inhibition of
polyamine synthesis.

The safety and short-term efficacy of DFMO in humans has been
recently established in phase I and Ila dose-ranging
investigations."" In these studies, 28-day administration of
DFMO was generally well-tolerated, although the highest doses
were associated with ototoxicity and non-specific gastro-
enterologic symptoms. Whether lower, safe doses of DFMO are
effective at suppressing colonic polyamine concentrations over a
longer treatment period is the subject of the present
investigation.

QUESTIONS OF INTEREST

This investigation has four scientific aims. The primary aim is to
determine }Whether safe doses of DFMOL administered over 6
months, will result in suppression of colonic polyamine
concentrations compared to baseline levels. The second aim is to
determine if continued therapy, as measured at 12 months,
results in sustained colonic polyamine suppression compared to
baseline levels. The third aim is to determine if colonic
polyamine suppression increases with duration of DFMO
therapy, which may have negative safety implications. The final
aim is to determine if colonic polyamine concentrations return to
baseline following cessation of DFMO therapy.
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METHODS

A. Study Design. This randomized, double-blind, placebo-controlled investigation of DFMO was performed at the
University of California Irvine Medical Center. Subjects (n=114) were randomly assigned to placebo or one of three
doses of DFMO (0.075, 0.2 and 0.4 g/m2/day) for 12 months duration. Colonoscopy was performed at baseline to
screen for colonic polyps and to obtain biopsy samples. Serial colonoscopies and biopsies were then performed at 6
and 12 months of treatment, and at 15 months (3 months post-cessation of therapy). Polyamine concentrations were
measured from these biopsy samples, including putrescine, spermidine and spermine concentrations. The

served as the primary efficacy endpoint. This study was approved by the Institutional Review Board and Scientific
Review Committee of the University of California Irvine Medical Center. DFMO was administered under FDA-
approved Investigational New Drug application #B5172007.

B. Study Population. Volunteer subjects with a history of colonic polyps were recruited from local databases and
referrals. Subjects were then contacted by telephone and invited to participate. Subjects were excluded if they had a
prior history of colon cancer, bleeding diatheses, a profound aversion to needles, or an inability to give informed
consent. Compliance with the medication was self-reported and subjects could voluntarily withdraw from this study
for any reason. Informed written consent was obtained from all subjects prior to their enrollment.

C. Data Sources. Baseline characteristics of the participants were obtained using self-reported age and gender.
Putrescine, spermidine and spermine concentrations were measured from biopsy samples using previously described
methodology. As several biopsy samples were obtained at each time point, the mean polyamine concentration from
these samples was used for analysis.

D. Statistical Methods. For the descriptive statistics, estimates of the mean, standard deviation (SD), minimal,
median and maximal values are reported for continuous variables, while counts and proportions are provided for
dichotomous variables. The spermidine to spermine ratio (Spd/Spm) was considered the primary outcome in the
statistical analysis. To compute ratios for data points where spermine concentrations were zero (due to left

dropouts over the study period.

The methodologies for statistical inference were determined a priori after careful consideration of the scientific
aims. Since the first and second scientific questions address the effect of the drug over time rather than the need to
determine the “best” dose, [longitudinal data was used and the relevant paired t-tests were performed to compare the

difference of the means at the 6 and 12 month time points to their baseline levels, stratified by dose groups. Because /

of this ratio over the course of the treatment period. To assess sustainability of dose-effect, one-sided paired t-tests
were used to compare the difference of the means at the 12 and 6 months measurement points. To assess if

unpaired, two-sample t-test comparisons of means, allowing for unequal variances.

As data regarding medical compliance were unavailable, intention-to-treat analysis was performed. All available
data were used for descriptive analysis; baseline data from participants who failed to complete the trial were thus
included. All computations were anachronistically performed using STATA 10.0 for Windows (StataCorp LP,
College Station TX). One-sided analyses report the 95% upper confidence bound (UCB); two sided analyses report
95% confidence intervals (CI). A p-value threshold of <0.05 was used to determine statistical significance for all
inferences; significant p-values are listed in text, non-significant p-values are reported or detailed in Table 3.

The authors had full access to the data and take responsibility for the integrity of this analysis. Portions of the study
design and subject recruitment have been ﬁctionalizedfoﬂ completeness and entertainmeng./
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RESULTS

A. Study Population. A total of 114 subjects (17 females, 97 males) were enrolled. The baseline characteristics of
the study population and the baseline polyamine concentrations are shown in Table 1. Subjects ranged in age from
45 to 81 years, with a mean + SD of 63.9 + 8.2 years. The estimated mean + SD baseline putrescine, spermidine and
spermine concentrations were 0.648 + 0.486, 3.410 = 1.553, and 8.415 + 5.897 pmol/mg respectively. Although the
distribution of polyamine concentrations appeared fheavy-tailed, no spurious values were detected or excluded.

There was substantial attrition in all treatment groups. Of the 114 subject initially enrolled, 22 subjects were lost to
follow up, including 5 (16%), 3 (10%), 4 (16%) and 10 (36%) in the placebo and 0.075, 0.2 and 0.4 g/m*/d treated
groups respectively. However, at each measurement point, there werd no statistically significant estimated

differences in means of baselines Spd/Spm concentrations for those that completed the study compared to those who

were lost to follow up (p-values ranged 0.26-0.92).

B. Change in Spd/Spm_in Response to Therapy. The spermidine to spermine ratio (Spd/Spm) at baseline and
follow up are detailed in Table 2. For the full population, baseline Spd/Spm ranged from 0.118 to 1.729, with a
mean + SD of 0.464 + 0.247. Mean baseline ratios and standard deviations appear similar across all dose groups.
Figure 1 demonstrates temporal trends in point estimates and 95% confidence intervals for each of the four groups.
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statistical significance (p=0.013), the estimated decreases in the 0.2 and 0.4 g/m*/d dose groups were not statistically
significant compared to their baseline levels.

[Table 3.2 summarizes the means of the differences in Spd/Spm between 12 months and baseline, stratified by dose
level, with relevant 95% UCB and one-sided p-values. In the placebo treated group, there was an estimated increase
in Spd/Spm of 0.180 compared to the baseline mean, however this increase again did not reach the level of statistical
significance. Again, conversely, there were estimated decreases in each of the three actively treated dose groups.
While the estimated decrease in Spd/Spm for the 0.4 g/m?*/d dose group of 0.142 (95% UCB of a decrease > 0.023)
reached statistical significance (p=0.026), the estimated decreases in the 0.075 and 0.2 g/m*/d dose groups were not
statistically significant compared to their baseline levels|

C. Change in Polyamine Ratios in Response to Duration and Cessation of Therapy. Table 3.3 summarizes the
means of the differences in Spd/Spm between 12 months and 6 months, stratified by dose level, with relevant 95%
UCB and one-sided p-values. There were no statistically significant differences in the estimated mean Spd/Spm
ratios between 6 months and 12 months for any of the four dose groups.

[Table 3.4 summarizes the means of the differences in Spd/Spm between 15 months and baseline, stratified by dose
level, with relevant 95% CI and two-sided p-values. There were no statistically significant differences in the
estimated mean Spd/Spm ratios between baseline and 15 months for any of the four dose groups.L

D._Effect of Sex on Polyamine Ratios. [The 0.2 g/m?*/day dose group showed no significant decrease in Spd/Spm at
any measurement point but was also the only dose group without female subjects. To assess for effect modification
by sex, stratified analysis was performed on all subjects taking active DFMO therapy. Sex-stratified point-estimates
and 95% confidence intervals for Spd/Spm are shown in Figure 1 (Panel B). While females (n=10) had an estimated
0.055 (95% CI: -0.296 to 0.186) greater decrease in Spd/Spm than males (n=66) at the 12 month measurement point,
this difference did not reach statistical significance (p=0.629). Similar findings were observed at the 6 month
measurement point. Thus sex does not appear to significantly alter the observed association between DFMO therapy
and Spd/Spm levels (although the counts used for this analysis were small),
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DISCUSSION

This study is the first phase IIb investigation of the efficacy of DFMO in suppressing colonic polyamine
concentrations. The data from this randomized, double-blind, placebo controlled trial show that after 6 months of
therapy, there was a statistically significant 0.106 estimated decrease (95% UCB of at least 0.029) in Spd/Spm only
in the 0.075 g/m*/day dose group, but this decrease was no longer significant at 12 month of therapy. These data
further show that after 12 months of therapy, there was a statistically significant 0.142 estimated decrease (95%

UCB of at least 0.023) in Spd/Spm only in the 0.4 g/m*/day dose group. Thus only the highest DFMO dose appears

effective at sustained suppression of polyamine concentrations over 12 months of therapy. |

significantly different (either higher or lower) than their respective baseline levels. Together, these data suggest that
prolonged DFMO therapy does not cause continued Spd/Spm suppression, nor does one year of DFMO therapy
result in sustained effects on mean Spd/Spm after drug discontinuation.

Choice of Statistical Methodology. This study sought to determine if DFMO therapy resulted in suppression in
polyamine concentrations. Spd/Spm was chosen as the primary endpoint for two main reasons. First, previous data
has suggested that this is an effective measure of ornithine decarboxylase activity,'” the main target of DFMO
therapy. Second, there was concern about the statistical implications of multiple testing, and a single measure of

efficacy was preferred. |Also for this reason, no between-dose group comparisons were performed| ’

|Although strongly considered, log transformation of the polyamine concentration data was not performed. Although
baseline polyamine concentrations appeared somewhat heavy-tailed, these were not felt to result in significant skew
of the data. Moreover, it was felt that log transformation could result in significant loss of precision.{ p

to test and develop an agent that can be used to reduce the risk of colorectal cancer in a high risk population. \

Spd/Spm serves as a surrogate measure of colon cancer risk. Thus for this analysis, a reduction in risk was defined

as an absolute reduction in Spd/Spm rather than merely a decrease compared with placebo. lit was felt that if the
experimental preventive agent was unable to reduce Spd/Spm compared to baseline levels, then it would notbe
significantly reducing the absolute risk of colorectal cancer in this high-risk population.

Placebo Group Performance. (The above choice of analyses is important in light of the unusual trend seen in the
placebo treated group. Rather than remaining constant over the course of the treatment period, placebo group
Spd/Spm increased throughout the course of the trial, and then decreased following cessation of therapy. Although
these changes did not reach the level of statistical significance (p values reported in Table 2), the estimated

magnitude of increase in Spd/Spm ratio in the placebo group (+33% at 12 months) was greater than the estimated
magnitude of decrease in any of the DFMO treated groups, _
One hypothesis that might explain this trend is that blinded subjects may have felt a psychological protective benefit
of taking a study drug and liberalized their diets in response; they then resumed stricter diets at study completion.

may be solely due to random chance. But if patients taking active drug therapy had a similar changes in medication
or lifestyle, these trends may weaken the observed Spd/Spm-lowering effects of DFMO when compared to baseline.
Thus it is possible that an analysis of the data using a comparison to the placebo group could reach additional
conclusions about the efficacy of DFMO. Such an analysis was not performed due to concerns about its post hoc
origin and the assumption that in order to justify further drug development (and placing subjects at additional risk),
the drug should be more effective than lifestyle modifications or other contemporaneous preventive strategies.

patients lost to follow up by the final 15 month sample point. This has both statistical and safety implications.
There were no statistically significant differences in baseline Spd/Spm ratios between those who completed the

this dropout is due to atypical Spd/Spm responses to DFMO therapy, and is thus skewing the results.
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As the dropout rate in the 0.075 and 0.2 g/m?/day groups are similar to the placebo group (10% and 16% vs. 16%

respectively), it seems likely that dropout in these groups is due to chance alone. However, the highest-dose group

had substantially more attrition (36% vs. 16% for placebo group), raising concerns about the tolerability of the

Study Limitations. This study and analysis has several limitations. First, data regarding medical compliance was not
available, and thus an intention-to-treat analysis was performed. This may serve to reduce the estimated differences

between on-therapy Spd/Spm levels and baseline. Second, as discussed above, there was substantial attrition in this

study, and data regarding safety and reasons for discontinuation are unavailable. Third, as exemplified by the

performance of the placebo group, there is substantial individual variation in Spd/Spm over time, perhaps related to

changes in diet or other factors. This may serve to minimize apparent differences between on-therapy Spd/Spm
ratios and baseline, thus making a Type II statistical error more likely. Finally, there is an overrepresentation of

males in this study compared to disease prevalence. As there are no known biological effect differences in Spd/Spm

or DFMO metabolism between males and females, and no effect modification was detected, this is not felt to
significantly alter the validity of these results.

CONCLUSIONS.

lIn this phase IIb study, 6 months of DFMO was effective at reducing colonic Spd/Spm ratios compared to baseline
only in the 0.075 g/m*/day dose group, but this benefit was no longer apparent at the 12 month follow up point. The

highest, 0.4 g/m*/day dose group showed significantly reduced colonic Spd/Spm ratios at 12 months compared to
baseline, but had substantial subject attrition. Thus DFMO at a dose of 0.4 g/m*/day appears effective at
suppressing polyamine levels over a sustained time period, and further investigation of the potential safety and
utility of this agent for primary prevention of colorectal carcinoma is Warranted.{
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Table 2: Primary endpoint: spermidine to spermine ratios, stratified by DFMO dose group.

Dose Group N Missing Mean SD Min Median  Max

Placebo Group

Baseline 32 0 0.464 0.228 0.118 0.367 1.157

6 Months 30 2 0.505 0.270 0.144 0.406 1.101

12 Months 28 4 0.619 0.432 0.207 0.491 2.068

15 Months 27 5 0.452 0.162 0.245 0.461 0.967
Dose = 0.075 g/m*/d

Baseline 29 0 0.459 0.217 0.130 0.432 1.112

6 Months 28 1 0.343 0.123 0.197 0.309 0.637

12 Months 26 3 0410 0.140 0.192 0.392 0.726

15 Months 26 3 0.508 0.281 0.000 0.362 1.214
Dose = 0.2 g/m’/d

Baseline 25 0 0.456 0.315 0.120 0.339 1.729

6 Months 23 2 0.400 0.333 0.167 0.278 1.725

12 Months 21 4 0.447 0.277 0.027 0.375 1.027

15 Months 21 4 0.677 0.502 0.247 0.537 2.185
Dose = 0.4 g/m’/d

Baseline 28 0 0.478 0.243 0.201 0.405 1.160

6 Months 25 3 0.446 0.440 0.157 0.322 2.202

12 Months 20 8 0.339 0.158 0.000 0.342 0.757

15 Months 18 10 0.456 0.155 0.223 0.407 0.748

Abbreviations: N= number of subjects, SD=standard deviation, Min=minimum, Max=maximum.
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Table 3: Summary of inferential statistical analyses, stratified by scientific aim, with corresponding point estimates
of mean differences in spermidine to spermine ratios, 95% confidence intervals and respective p-values.

Mean
Scientific Aim Null Hypothesis Dose Group Difference 95% CI p-value
Hy: mean of Placebo 0.041 -Inf 0.143 0.749
1) Suppression of  6Mo - BL >= (), 0.075 -0.106 - Inf -0.029 0.013*
polyamines? 1-sample t-test, 0.2 -0.053 - Inf 0.108 0.289
I-sided p-value 0.4 -0.043 - Inf 0.150 0.352
Hy: mean of Placebo 0.180 - Inf 0.335 0.972
2) Sustainability 12Mo - BL >=0), 0.075 -0.032 -Inf 0.059 0.278
of suppression? 1-sample t-test, 0.2 -0.005 - Inf 0.191 0.482
1-sided p-value 0.4 -0.142 - Inf -0.023 0.026*
Hy: mean of Placebo 0.074 - Inf 0.222 0.801
3) Progression of  12Mo - 6Mo >= 0, 0.075 0.061 - Inf 0.124 0.944
suppression? 1-sample t-test, 0.2 0.060 - Inf 0.220 0.739
1-sided p-value 0.4 0.115 - Inf 0.073 0.151
Hy: mean of Placebo 0.092 -0.074 0.257 0.264
4) Return to 15Mo - BL =0, 0.075 0.016 -0.147 0.178 0.844
normal? I-sample t-test, 0.2 0.078 -0.176 0.332 0.529
2-sided p-value 0.4 0.109 0226  0.444 0.501

Abbreviations: CI = confidence intervals, BL = baseline measurement point, 6Mo = 6 month measurement point,
12Mo = 12 months measurement point, 15Mo = 15 month measurement point, - Inf = negative infinity.

Dose group units in g/m*/day.

* labels statistical significance at p<0.05.



PANEL A
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Figure 1: Panel A: Spermidine to spermine ratios versus measurement time, stratified by dose group. Panel B:

Spermidine to spermine ratios versus measurement time, stratified by sex. (* labels significance at p<0.05)
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