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Abstract

Decreasing the incidence of non-melanoma skin cancer (NMSC) is of great importance in regards
to future healthcare services. Given the previously reported preventive effects of a-
difluoromethylornithine (DFMO) in skin and colon cancer trials, we determined appropriate cause
to update the clinical data on the subjects from the recently reported Randomized, Double-Blind,
Placebo-Controlled Phase 111 Skin Cancer Prevention Study of DFMO. Our intention was to
retrospectively assess the further incidence of skin cancer, other malignancies, and adverse events
of patients accrued to our phase 111 skin cancer prevention study of DFMO. Clinical records of 209
UW Health subjects were reviewed, and 2092.7 person years of on study (884.3 person years) and
post study (1208.4 person years) follow-up for these patients were assessed for new NMSC events
and recurrence rates from the on study period, the post study period, and the two study periods
combined. No evidence of increased significant diagnoses or serious adverse events was observed
in the DFMO participants. The initially observed, marginally significant reduction (p=0.069) in
NMSC rates for DFMO subjects relative to placebo continued without evidence of rebound. Event
rates after discontinuation from study for total NMSCs (DFMO 0.236 NMSC/person/year, placebo
0.297, p=0.48) or the subtypes of BCCs (DFMO 0.179 BCC/person/year, placebo 0.190, p=0.77)
and SCCs (DFMO 0.057 SCC/person/year, placebo 0.107, p=0.43) are listed. Follow-up data
revealed a persistent but insignificant reduction in new NMSCs occurring in DFMO subjects
without evidence of latent or cumulative toxicity relative to placebo subjects.

Introduction

Despite respectable intentions, education on the importance of limited or protected sun
exposure has not been enough to halt the rising trend of the most commonly diagnosed
malignancy in the United States, non-melanoma skin cancer (NMSC). For the year 2010,
estimates expected greater than 2 million new cases of basal cell carcinoma (BCC) or
squamouscell carcinoma (SCC) (1). Concerning trends note individual use of sunscreen
tends to occur only with the intention to sunbathe, if at all, and limited prospective studies of
sunscreens have not observed significant protection against BCC or malignant melanoma (2,
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3). NMSC has many risk factors, namely ultraviolet (UV) radiation, and with continued
depletion of the ozone layer, this under-recognized epidemic is projected to increase (4,5).

The increased incidence of NMSC especially impacts certain populations, an example being
organ transplant recipients who are at increased risk (incidence = 50%) with significant
morbidity and increasing mortality (6-8). It is also alarming that women have a higher
incidence of both BCC and SCC when compared to men and this is especially evident in
women under 40 years of age where BCC incidence is increasing (9,10). The financial
burden of this malignancy for US residents is quite substantial. One of the top five most
costly cancers to Medicare, total yearly expenditures for NMSC care in the US have been
estimated at $426 million and $650 million for the Medicare population and for the entire
U.S. population respectively (11, 32). In regards to major implications for future healthcare
services alone, decreasing the incidence of NMSC across all populationsis of great
importance. Unfortunately, a successful and safe chemopreventive agent against NMSC
does not exist (12-15).

Polyamines have been of research interest ever since their regulatory capabilities in normal
cell signaling and growth were observed. Early work by O’Brien and Boutwell observed
increased levels of polyamines in epithelial tumorigenesis (16). Epithelial carcinogenesis of
skin, colon, and breast has specifically been linked to elevated levels of polyamines,
spermidine and spermine (17). Preclinical research observing chemopreventive effects of
polyamine depletion led to the development of a-difluoromethylornithine (DFMOQ), an
analog of the amino acid ornithine, which irreversibly inhibits ornithine decarboxylase
(ODC), the rate-limiting step of polyamine synthesis (18). While DFMO exhibited some
positive therapeutic effects in clinical trials most of the recent focus has been toward cancer
prevention effects (23, 24). This was recently highlighted by Meyskens et al. when they
noted a significant reduction in colonic adenomas in participants taking DFMO + sulindac as
compared to placebo (19).

The above data led to a single institution (UW) phase I11 double-blind, placebo-controlled
skin cancer prevention study, of DFMO (500 mg/m?) for up to 5 years (22). There was a
significant difference in new BCC of patients taking DFMO (163 cancers) versus placebo
(243 cancers) as expressed as event rate of 0.28 BCC/person/year versus 0.40 BCC/person/
year, (p = 0.03). The subjects showed exceptional compliance and the groups did not have a
difference in toxicity/adverse events.

A key issue in the clinical viability of a chemoprevention agent after acute effectiveness
and/or tolerance is the latent effectiveness and/or toxicity of the agent. Earlier
chemoprevention research has observed positive and negative latent effects with
chemopreventive agents. Namely, use of tamoxifen (5 years) for breast cancer prevention
has observed even greater evidence of protection up to 5-10 years after stopping tamoxifen
as compared to subjects on placebo (25). Contrary to this, early work with retinoids in oral
cancer prevention has implied a rebound effect. When subjects discontinued the putative
preventive agent, protective effects were not apparent due to increased development of
second primary tumors (26). Also, the recent linkage between isotretinoin and inflammatory
bowel disease is a concerning example of toxicity experienced years after use of a
chronically administered agent (30).

Despite a wide spectrum of potential or ongoing clinical uses of DFMO, namely as a cancer
preventive described above, as a treatment option in the management of human African
trypanosomiasis (intravenous dose of 400 mg/kg per day for 14 days) (27, 28), or as an anti-
Helicobactor pylori therapy (29), the sustainability of its effects or possible latent toxicities
have not been assessed.
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The continued interest in DFMO as a chemopreventive agent, along with other potential
uses, provided cause to update the clinical data and overall health status of the available
subjects from the phase I11 skin cancer prevention study of DFMO to understand the
sustainability of the observed DFMO effects. After UW Health Sciences Institutional
Review Board approval, we manually reviewed medical records of 243 subjects who
received care at UW Health. The review focused on the skin cancer events by histology,
other neoplasia (invasive and non-invasive), significant other diagnoses, and survival.

Materials and Methods

Subjects

Previously, two hundred and ninety-one participants (mean age, 61 years; 60% male) with a
history of prior nonmelanoma skin cancer (NMSC; mean, 4.5 skin cancers) were
randomized to 500 mg/m2/day oral DFMO (n=144) or placebo (n=147) for 4 to 5 years in
the phase 11 skin cancer prevention study of DFMO, UWCCC Protocol CO9737. We
pursued reviewing the clinical records of these original 291 subjects to establish what further
incidence of malignancy (skin or otherwise) occurred after patients discontinued DFMO.

Study Design

Approval was received to review the 243 UW Health subjects from this study; 209 clinical
records were subsequently used. The 34 records not included did not have post-study
information; possible reasons for this included deaths of 7 patients (4 DFMO and 3 placebo)
before the follow-up period began, lost affiliation with the UW Health, or not requiring
medical assistance.

Specifically, the clinical records were reviewed by the authors (S.K., H.B.) to assess whether
the patient was living or deceased, and date of death if applicable, the date of last contact
with the patient, and the ICD9 Codes for relevant diagnoses. We documented the date
(month/day/year) of diagnosis for relevant diseases of NMSC, other skin cancers, other
cancers, cardiovascular or vascular disease, dementia, colonic polyps, hepatic and renal
dysfunction. Data collection specifically for NMSC included lesion location, histology
(basal or squamous), and total number of skin carcinomas.

Statistical Considerations

The primary objective was to determine whether the reductions in NMSC rate observed in
subjects randomized to DFMO for up to 5 years were maintained, strengthened or reduced
over the > 5 years since going off-study. As with the efficacy analysis in the manuscript for
the original study, the primary endpoint used to address this was the rate of non-melanoma
skin cancer recurrence; for this study we are interested in the interval from going off-study
from CO9737 to the date of last contact for this follow-up study; the cut-off date for date of
last contact was May 23, 2011. The rates of skin cancer recurrence were compared in the
209 subjects reviewed between the original randomization arms, DFMO vs. placebo, using a
two-sample Student t-test. For greater precision, efficacy was evaluated using the exact
probability value from the permutation test obtained from the randomization distribution. A
similar analysis was performed for the original phase 11l DFMO manuscript. Estimates of
the mean cumulative event rate over time were obtained by fitting a nonhomogenous
Poisson process A(42) = ZA0(9) using the nonparametric model of Huang et al, and are
displayed in Figures 1(a—c). Analysing panel count data with informative observation times
(33). In these models, the distributions of both the frailty variable zand observation times
are considered as nuisance parameters. The way the data was collected, we expect
observation times to be non-informative, although these models have been found to be
insensitive to assumptions of informativeness of the observation times.
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For the secondary analyses, the rate of skin cancer recurrence from randomization onto
C09737 to the date of last contact for this follow-up study were compared between the
original randomization arms, also with permutation test. Computations were performed and
figures were created with R software (34).

Baseline characteristics of the original study cohort and the post-study cohort are
summarized in Tables 1. Height and weight was used to determine body surface area and the
resulting mean and median values for randomized subjects were both 1.96 m2. The original
study population had a total of 334 subjects enrolled over 2 years into the placebo run-in
phase. After 28 days of the placebo run in, 291 subjects (87%) met the minimum compliance
rate (=80%) and were randomized to continue with blinded study treatment between
September 1998 and July 2000. The mean age at enroliment was 60.9 years, with a median
of 61.9 years. Among randomized subjects, 175 (60%) were male and 116 (40%) were
female. Nearly all subjects (290, or 99.7%) were White, non-Hispanic with one Hispanic
subject. Baseline variables across the two treatment groups seemed reasonably well
balanced and consistent with randomization, with the possible exception of weight
(Wilcoxon P = 0.060) and body surface area (Wilcoxon P = 0.063).

Baseline characteristics for the 209 prior study subjects that carried over into our
retrospective study are summarized as the retrospective study population in Table 1. The
mean age at enrollment was 60.9 years, with a median of 63.0 years. Among randomized
subjects, 120 (57%) were male and 89 (43%) were female. Most subjects (208, or 99.5%)
were White, non-Hispanic with one Hispanic subject. Baseline variables across the two
treatment groups also seemed reasonably well balanced and consistent with randomization.

Original study results of the 291 participants randomized to oral DFMO (500 mg/m(2)/day)
or placebo for 4 to 5 years revealed a marginally statistically significant (p=0.069) decrease
in total NMSCs (DFMO, 259 cancers; placebo, 363 cancers) in participants randomized to
DFMO. Analysis by specific NMSC type revealed a statistically significant difference in
new BCCs (DFMO, 162 cancers; placebo, 245 cancers; expressed as event rate of 0.28
BCCl/person/year versus 0.40 BCC/person/year, p = 0.03). Table 2(a) displays results while
on study for the 209 subjects, who are the focus of this retrospective review. Post study data
of 209 study subjects displayed in Table 2(b) did not show a significant difference between
groups in total NMSCs or individual cancer types (SCC or BCC). The BCC post-study event
rate of DFMO subjects was similar to the placebo subjects (DFMO 0.179 BCC/person/year,
placebo 0.190, p=0.765) (Table 2(b)). Interestingly, the post study period rate of SCCs
decreased when compared to placebo (DFMO 0.057 SCC/person/year, placebo 0.107,
p=0.426. SCCs: DFMO 40, placebo 64).

Table 2(c) displays the combined data of the 209 subjects from study initiation to end of the
current retrospective period with a follow-up from 2.3 years to 12.7 years.

Estimates of the mean cumulative event rate over time from start of the prior study to end of
the retrospective study (approximately 12 years) for NMSC, BCC, and SCC are displayed in
Figures 1(a)-1(c).

In the prior study, gastrointestinal adverse events were the most commonly observed
toxicity, and nausea or diarrhea were often attributed as possibly related to study drug.
Twelve study subjects died during study participation or follow-up, seven on the DFMO arm
(ages 69-78 years) and five on the placebo arm (ages 62—78 years). Although no deaths
were felt to be possibly or probably related to the study drug, four deaths on the DFMO arm
were previously described: congestive heart failure, a ruptured spleen and congestive heart
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failure, a cerebrovascular accident, and acute renal failure. We examined the medical
records for diagnoses of or evidence for malignancies and noninvasive neoplasms, cardiac,
vascular, endocrine, neurological, gastrointestinal, renal, hepatic and ophthalmologic events.
Table 3 compares the DFMO and placebo groups relative to general system events that
occurred post-study. We compiled cardiac conditions as chronic heart failure, valve
disorders, coronary artery disease, abnormal ECG, endocarditis, abnormal heart rate and
cardiomegaly, which occurred in 23 DFMO participants vs. 22 placebo participants. The
renal conditions (chronic renal failure, abnormal creatinine, kidney cyst and calculi) were
noted in 4 of the DFMO group as compared to 2 in Placebo. Hepatic disorders, including
hepatitis, cholecystitis, hepatic and pancreatic cysts, abnormal liver function tests
(transaminases, total bilirubin, alkaline phosphatase) , ascites, microalbumin and common
bile duct obstruction, were observed for 9 DFMO participants and 3 placebo patients.

Discussion

Our results after updating the clinical data on subjects from the Randomized, Double-Blind,
Placebo-Controlled Phase 3 Skin Cancer Prevention Study of a-Difluoromethylornithine
imply that up to 5 years of DFMO did not result in latent toxicity and the initial observed
insignificant reduction in NMSC and significant reduction in BCCs did not result in a
“rebound” increase in rate of BCCs or SCCs after stopping DFMO. Further evaluation of
rates of BCC’s and SCC’s in Figures 1(a)-1(c), which depict the cumulative mean incidence
of events over time (rate) suggest the following: The initial diverging rates of BCCs during
the study (consistent with the observed significant reduction in BCC rate) is followed by
parallel rates from years 5 to 12 implying initial protection followed by no protection or a
return to baseline risk; the initial lack of any divergence in rates of SCCs between DFMO
and placebo during the study imply minimal to no protection but in the initial years post-
study (years 5-10) there is divergence of the rates suggestive of DFMO protection; the
combined results of BCCs and SCCs (NMSCs) show a persistent, but not significant
(p=0.060), divergence in rates from year 1-10 consistent with the above results for BCCs
and SCCs. These data strongly imply DFMO at 500 mg/m#2/day for up to 5 years provides a
small to moderate reduction in the risk of NMSCs for up to 5 to 10 years. There is clearly is
no evidence of any increase in incidence of NMSCs upon discontinuation of DFMO.

From these data it is possible to hypothesize DFMO more strongly inhibits later stages of
basal cell carcinogenesis with less effect on early carcinogenic processes, as evidenced by a
near immediate decrease in BCCs during 5 years of DFMO followed by a rapid return to a
rate of BCCs similar to placebo subjects (no evidence of latent protection). Contrary to
BCCs, DFMOQ’s effect on SCCs appears to be more strongly impactful on early
carcinogenesis rather than later given the observed minimal if any reduction in incidence/
rate during DFMO administration, but observed trend toward a reduced rate of SCCs in the
5 years after DFMO administration. As we discussed in our initial report (22), it should not
be surprising if DFMO or any potential skin cancer prevention agent had differing effects
against squamous or basal cell carcinogenesis given the known differences in critical
oncogenic pathways between the two. While the relatively small size of our studies limits
the ability to establish significant small to moderate changes, the consistent decreased
numbers of NMSCs in participants having received DFMO is noteworthy.

As discussed prior, key considerations toward a potential chemopreventive agent besides
acute and latent protection from cancer are safety and compliance. The initial study results
(22) observed high compliance (>95%), even when DFMO was a liquid form rather than
tablet, and minimal toxicity other than a significant (p<0.05) increase in uniformly transient
audiometric (but not clinically detectable) hearing loss in participants on DFMO.
Thecombined toxicity data from our prospective and follow-up studies continue to imply an
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acceptable immediate and long-term safety profile of daily DFMO. However, as with all
prevention agents, larger and/or longer prospective, randomized trials that could discern
increased rates of uncommon events are still needed to more definitively establish long-term
safety.

The limitations of our follow-up study includethe relatively small size of our study (noted
above), the inability to review the full 291 patients from the original study (48 patient
records were not affiliated with UW Health and 34 subjects from UW Health were lost to
various reasons) and the retrospective nature (follow-up guidelines from the prior study
were not in place and subjects may have been more or less closely followed than
previously). Events may have been missed if recorded by other providers as subjects may
have sought care outside the UW Health system. This was a manual process, and errors in
recording may have occurred, but data were cross-checked by study statistician and
compared by paper records and electronic health records. Based on the above experience, we
have started incorporating prospective, long-term followup plans into our phase 3
chemoprevention trial proposals with the hopes of improving our ability to detect beneficial
or detrimental latent effects.

While it could be debated whether the observed differences in NMSC between participants
who took DFMO daily for up to 5 years as compared to those who took placebo are large
enough to justify its continued development as a “solo” agent for cancer prevention, these
results show a “biological” signal is there. Namely, clinically safe administration of DFMO
produces an alteration in skin cancer development. At a minimum these data support the
exploration of DFMO in combination with other agents, especially given the data of
Meyskens et al. and Elmets et al. in colon cancer and skin cancer prevention, respectively
(19, 312).
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Figurel.
(a, b, ). NMSC, BCC, SCC Incidence from Start of Study to Present.
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Table 1
Randomized subject baseline characteristics.

Population Treatment Group p-value
Original Study DFMO (n=144) Placebo (n=147)
Age(y) 61.6 +10.7 60.2+11.0
Gender

Female 57 (39.6%) 59 (40.1%)

Male 87 (60.4%) 88 (59.9%)
Race

White 144 (99.3%) 147 (100%)

Hispanic 1(0.7%) 0 (0%)
Body Surface Area (m?) 1.94+0.23 1.99 £0.23
Prior NMSC 4277 49+57 P=0.10
Prior Tumor Rate 23+33 21+34 P=0.08
Retrospective Study DFMO (n=108) Placebo (n=101)
Age(y) 61.4+10.9 60.4+11.0
Gender

Female 43 (39.8%) 46 (45.5%)

Male 65 (60.2%) 55 (54.5%)
Race

White 107 (99.5%) 101 (100%)

Hispanic 1(0.5%) 0 (0%)
Body Surface Area (m?) 1.94+0.23 1.96 +0.23
Prior NMSC 32+3.0 55+6.3 P=0.01
Prior Tumor Rate 25+35 24+39 P=0.57

Page 10

Note: for continuous data, mean values + SD are presented. For categorical data, N (%) are presented. Prior tumor rate is defined as the number of
prior skin cancers divided by the time from initial diagnosis to randomization.
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Table 2

(a). Cancers During Study.
Treatment Group DFMO Placebo Overall

(n=108) (n=101) (n=209) p-value
Time under obs(years)/avg  463.6 / 4.29 420.7/4.17 884.3/4.23
Subjects with new NSMC 70 69 139
Total New NMSCs 207 308 515
New NMSCs/year (SE) 0.444 (0.063)  0.701 (0.095) 0.568 (0.057) 0.012
Subjects with new BCC 57 55 112
Total New BCCs 133 201 334
New BCCs/year (SE) 0.294 (0.049)  0.466 (0.067) 0.377 (0.041) 0.014
Subjects with new SCC 32 43 75
Total New SCCs 74 107 181
New SCCs/year (SE) 0.150 (0.040)  0.236 (0.056) 0.191(0.034) 0.223
(b). Post Study Cancers.
Treatment Group DFMO Placebo Overall

(n=108) (n=101) (n=209) p-value
Time under obs(years)/avg  627.2/5.81 581.2/5.75 1208.4/5.78
Subjects with new NSMC 49 52 101
Total New NMSCs 146 170 316
New NMSCs/year (SE) 0.236 (0.039)  0.297 (0.081) 0.266 (0.044) 0.484
Subjects with new BCC 44 42 86
Total New BCCs 106 106 212
New BCCslyear (SE) 0.179 (0.035)  0.190 (0.042) 0.185(0.027) 0.765
Subjects with new SCC 28 22 50
Total New SCCs 40 64 104
New SCCs/year (SE) 0.057 (0.011)  0.107 (0.054)  0.081 (0.027) 0.426
(c). All Cancers Combined.
Treatment Group DFMO Placebo Overall

(n=108) (n=101) (n=209) p-value
Time under obs(years)/avg  1090.8/10.10 1002.0/9.92 2092.7/10.01
Subjects with new NSMC 76 77 153
Total New NMSCs 353 478 831
New NMSCs/year (SE) 0.336 (0.041)  0.509 (0.085) 0.420 (0.046)  0.060
Subjects with new BCC 70 68 138
Total New BCCs 239 307 546
New BCCs/year (SE) 0.231(0.034)  0.334(0.053) 0.281(0.031)  0.087
Subjects with new SCC 42 47 89
Total New SCCs 114 171 285
New SCCs/year (SE) 0.106 (0.022)  0.175(0.053) 0.139(0.028)  0.245
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