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Effect of α- difluromethylornithine administration on polyamine levels in patients 

with adenomatous polyps: a phase IIb trial. 

Summary 

Background: Colon cancer is a common malignancy with high mortality.  To date no successful strategies 

have been identified to prevent colon cancer.  One potential target is inhibition of polyamine synthesis, a 

protein necessary for colonic cell replication and proliferation. 

Objective:  We designed a phase IIb randomized double-blind placebo controlled trial to test the effects of 

α-difluromethylornithine (DFMO) administration at different doses on production of polyamines. 

Methods: We randomly assigned 114 patients with a history of resected colon polyps to placebo or DFMO 

at a dose of 0.075, 0.2 or 0.4 g/m2/day.  Patients were treated for 12 months and underwent colonoscopy at 

entry, 6, 12 and 15 months after enrollment.  Primary endpoints were spermidine to spermine ratio as well 

as polyamine levels at 6 and 12 months and at 15 months.  Two sample t-tests with unequal variance were 

used to estimate the difference in mean polyamine levels between the highest DFMO dose group and the 

placebo group. 

Results: Treatment with DFMO at 0.4 g/m2/day resulted in decreased spermidine to spermine ratio at 12 

months (0.612, 95% CI: 0.469 to 0.796; p=0.0005) but not at 6 months (0.753, 95% CI: 0.538 to 1.055; 

p=0.0972). Putrescine levels (0.120 µmol/mg, 95% CI: 0.022 to 0.668; p=0.017) and spermidine levels 

(0.569 µmol/mg, 95% CI: 0.404 to 0.802; p=0.002) were also decreased at 12 months. This ratio returned 

to normal 3 months after discontinuing DFMO (1.013, 95% CI: 0.819 to 1.252, p=0.91). 

Conclusions: Our results suggest that DFMO administration at 0.4 g/m
2
/day decreases the mean polyamine 

levels of putrescine and the spermidine to spermine ratio and that with cessation of therapy that polyamine 

levels return to normal levels. Similar trends were observed in all DFMO dose groups. 

 

Background 

Colon cancer is common in the United States[1] and worldwide[2] and the incidence 

continues to increase[3] while mortality remains high.[4, 5] Unlike other malignancies, 

colon cancer is associated with a precancerous lesion, an adenomatous polyp, which can 

be detected with screening and removed via colonoscopy.[6]  Individuals with polyps are 

at increased risk of developing invasive carcinoma and have become a target of interest 

for colon cancer prevention.  Current prevention efforts have evaluated the efficacy of 

diet, exercise, non-steroidal anti-inflammatory and experimental medications without 

conclusive results.[7-10] 

An alternate approach to preventing colon cancer is to inhibit polyamines.  These novel 

proteins  (putrescine, spermidine, and spermine) are required for growth of normal and 

neoplastic cells although their actual mechanism remains unknown.[11]  alpha-

difluromethylornithine (DFMO), an inhibitor of polyamine synthesis, has been shown to 

decrease cancer cell replication in cell culture and animal models, and decreases the 

production of polyamines.[12-16]  DFMO inhibits the conversion of ornithine to 
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putrescine by blocking the enzyme ornithine decarboxylase.  Normally putrescine is 

converted rapidly to spermidine which is then converted to spermine.  Prior studies have 

shown the DFMO tends to decrease putrescine levels without decreasing spermine levels 

although a decrease in spermidine to spermine ratio has been demonstrated suggesting an 

alternate pathway for spermine production.[17]  DFMO has been shown in recent phase I 

and phase II trials to be safe in large doses with minimal side effects.[18, 19] 

Little is known about the effects of DFMO administration in patients at risk for colon 

cancer and how polyamine levels change in response to long term administration of 

DFMO.  We sought to evaluate the effects of DFMO administration in individuals with a 

history of colonic polyps. 

Questions of Interest 

The primary question of interest is whether treatment with DFMO results in decreased 

levels of the polyamines putrescine, spermine and spermidine, as well as the ratio of 

spermidine to spermine to correct for polyamine production outside of the ornithine 

decarboxylase pathway.  Additionally, we sought to determine if a reduction persisted 

over time, whether levels continued to decrease with continued administration of DFMO, 

and whether ployamine levels returned to normal after ending treatment. 

Source 

The study was a Phase IIb randomized, double blind placebo controlled trial conducted at 

the University of California, Irvine. The study enrolled 114 subjects, comprised of 17 

females and 97 males, with a prior history of colon polyps resected by colonoscopy. 

Subjects were randomly assigned to receive placebo or DFMO at a dose of 0.075, 0.2, or 

0.4 g/m
2
/day for 12 months. Putrescine, spermidine, and spermine levels (measured in 

µmol/ mg of protein) were obtained from colon biopsies at the time of enrollment, after 6 

and 12 months of treatment, and 3 months after completing treatment.  Additionally, 

information on patient age, sex and dose group was obtained. 

Statistical Analysis 

Missing data were excluded from descriptive statistics and statistical analysis. Summary 

measures include the number of missing observations, mean and standard deviation, 

median (for continuous variables), minimum, and maximum. To correct for polyamine 

levels below the sensitivity of the assay, protein levels of zero were substituted with 

values half the minimum reported value.  Polyamine levels were compared using 

geometric means as polyamine levels were log transformed to correct for 

heteroscedasticity with large standard deviations of polyamine levels and slight skewness 

in the data [Table 1].  Since correlation of polyamine levels between time points were 

less than 0.5, this suggests that there is little correlation between baseline and each time 
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point, therefore comparisons were made between dose groups and placebo rather than to 

baseline polyamine levels.  Polyamine levels and spermidine to spermine ratios in each 

treatment group were compared to those in the placebo group at each assessment point 

using two sample t-tests with unequal variances. To minimize the problem of multiple 

comparisons, we analyzed the difference between the placebo and highest DFMO dose 

group at 6, 12 and 15 months.  As part of a post-hoc analysis we analyzed differences in 

between placebo and other dose groups as well.  As this was a randomized trial, we did 

not consider confounding or effect modifiers. 

The estimated mean difference, 95% confidence intervals, as well as two-sided p-values 

are provided. A p-value of less than 0.05 was considered to be statistically significant. All 

statistical analyses were performed using STATA version 10 for Windows (StataCorp 

LP, College Station, TX, USA). 

Results 

Baseline characteristics for patients in each treatment group are shown in Table 1.  

Baseline polyamine levels were similar in all treatment groups. Patient age ranged from 

45 to 80 years old, with approximately 20% women in each dose group, except for the 

0.2 g/ m
2
/day DFMO dose group where no women were assigned. There were 32 patients 

assigned to the placebo group, 29 to the 0.075 g/m2/day, 25 to the 0.2 g/m2/day, and 28 to 

the 0.4 g/m
2
/day DFMO dose group.  Plots of polyamine levels at various times versus 

patient age by treatment group shows evidence of heteroscedasticity and examination of 

the polyamine levels at the various study times reveals a slight rightward skewness in the 

data. These findings suggest a log transformation of the data is appropriate. 

The plots of spermine levels at the beginning of treatment versus age reveal four potential 

outliers (one in each dose group). These subjects are each approximately 65 to 70 years 

old, and have spermine levels between 35 and 40 µmol/mg protein.  

With increased time on study, the number of missing observations increases with the 

highest number of missing values occurring in the highest DFMO dose group (0.4 g/ 

m2/day). At 6 months there were 2 missing observations in the placebo group, 1 in the 

0.075 g/ m
2
/day, 2 in the 0.2 g/ m

2
/day, and 3 in the 0.4 g/ m

2
/day group.  At 12 months, 

there were a total of 4 missing observations in the placebo group, 3 in the 0.075 g/ 

m2/day, 4 in the 0.2 g/ m2/day, and 8 in the 0.4 g/ m2/day.  At 15 months there was no 

further increase in missing data except for one more missing observation in the placebo 

group.  Patients who dropped out of the study were not different from those who 

continued in terms of age, sex and baseline polyamine levels compared to those patients 

who remained in the study. 

There is a general trend towards decreased geometric mean polyamine levels in all dose 

groups with time on drug with an increase in polyamine levels 3 months post-treatment as 
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seen in Table 2.  As with the decrease in geometric mean polyamine levels, the ratio of 

spermidine to spermine tends to decrease with time in study.  These trends can also be 

seen in Figure 1. 

Administration of DFMO at 0.4 g/m2/day resulted in decreased polyamine levels 

compared to placebo (Table 3).  At 6 months, geometric mean putrescince level was 

0.092 µmol/mg lower than the placebo group (95% CI: 0.03 to 0.286; p=0.0002) which 

was similar at 12 months into treatment (0.120 µmol/mg lower, 95% CI: 0.022 to 0.668; 

p=0.017).  Spermidine level was also lower at 6 months (0.778 µmol/mg, 95% CI: 0.608 

to 0.996; p=0.047) and 12 months (0.569 µmol/mg, 95% CI: 0.404 to 0.802; p=0.002).  

However, there was no difference in geometric mean spermine level compared to placebo 

at 6 months (1.033 µmol/mg, 95% CI: 0.803 to 1.329; p=0.79) or at 12 months (0.923 

µmol/mg, 95% CI: 0.662 to 1.310; p=0.67).   Difference in geometric mean spermidine 

to spermine ratio was not decreased at 6 months (0.753 µmol/mg , 95% CI: 0.538 to 

1.055; p=0.097) but was lower at 12 months (0.612, 95% CI: 0.469 to 0.796; p=0.0005) 

of treatment with DFMO.   

Three months off medication, geometric mean polyamine levels increased and there was 

no difference in geometric mean polyamine levels for putrescine (0.977 µmol/mg, 95% 

CI: 0.611 to 1.563; p=0.92), spermidine (1.014 µmol/mg, 95% CI: 0.822 to 1.250; 

p=0.90), spermine (1.001 µmol/mg, 95% CI: 0.782 to 1.282; p=0.99), or spermidine to 

spermine ratio (1.013, 95% CI: 0.819 to 1.252; p=0.91) between placebo and the 0.4 

g/m
2
/day group. 

A similar trend can be seen in the 0.075 g/m2/day DFMO group compared to placebo at 6 

months but not at 12 months except with the spermidine to spermine ratio which is 

decreased at both 6 months and 12 as shown in Table 3.  A marginal significant 

difference is seen in geometric mean polyamine levels of spermidine to spermine ratio 

between placebo and the 0.2 g/m2/day dose group at 6 and 12 months, while a significant 

difference is observed in putrescine and spermidine levels at 6 months. 

Discussion 

The main goal of this study was to determine whether treatment with DFMO results in a 

decreased ratio of spermidine to spermine as well as levels of the polyamines putrescine, 

spermidine and spermine. The results suggest that treatment with DFMO at a dose of 0.4 

g/m2/day does decrease putrescine and spermidine levels as early as 6 months after the 

beginning of treatment, although this effect is not observed in spermine levels. A 

reduction in the ratio of spermidine to spermine is also seen, however this effect is only 

seen 12 months into treatment. This suggests that increased time on DFMO results in 

further suppression of polyamine levels. Polyamine levels and the ratio of spermidine to 

spermine appear to have returned to the same level as the placebo group 3 months after 
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the end of DFMO treatment, which suggests that the effects of DFMO treatment are 

transitory. In general, these findings are apparent for all three doses of DFMO. Although 

the 6 month and 12 month suppressions were significant in both putrescine and 

spermidine in the highest DFMO dose group, we may be more inclined to believe the 

spermidine to spermine ratio since it provides a less variable measure of suppression. 

To minimize the possibility of multiple comparisons effecting our results we limited our 

primary analysis to the high dose group (0.4 g/m
2
/day) believing that we would be more 

likely to see an effect at this dose.  We did analyze the effects of DFMO administration at 

lower doses post-hoc to evaluate for a trend in response. We found that treatment with the 

lowest dose resulted in significant reductions in mean polyamine levels, while the mid-

range dose resulted in marginally significant reductions in mean polyamine levels.  There 

are several possibilities to explain this.  The first is that the sample sizes were quite small, 

and hence perhaps the effect was not detected in the 0.2 g/m
2
/day DFMO dose group. 

Another possibility is that there is a sex difference that accounts for the differences seen 

since there were no women in the 0.2 g/m2/day dose group. This suggests a possibility of 

a sex effect, however our study design did not allow us to evaluate this observation.  

Future studies might involve a regression analysis that includes sex as a covariate. 

There were more patients lost to follow-up in the highest DFMO dose group, which 

suggests the possibility that patients were unable to tolerate the medication and its effects.   

Our study suggests that administration of DFMO dose result in decreased polyamine 

levels.  Future studies will need to address the questions of medication tolerance and 

whether DFMO results in decreased incidence of colonic polyps or cancers. 
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