Biomarkcrs in Cancer ChemepreveritFon
Miller A.B., Bar1ncl H., Baffefla, P., Dragated, L. and Vo nia, H. edc
ARC Scientific Publications No. 154
International Agency for Research on Cancer, Lyon, 2001

ornithine and Bowman-Birk
inhibitor as chemopreventive agent
by assessment of relevant biomarke..
modulation: some lessons learned
F.L. Meyskens, Jr
A major goal in the development of chemopreventive agents has been to develop markers that
reflect the underlying process of carcinogenesis and which are modulatable by the agent
under study. An important application of such markers will be to select cohorts that are at elevated risk for cancer development, which should allow use of smaller sample sizes in definitive phase Ill trials as well as shorter duration (and lower cost), without loss of statistical
power. Susceptibility and surrogate end-point biomarkers are particularly important in this
respect. Intermediate markers are probably best assessed in terms of proportionate rather
than relative risk.
The systematic development of difluoromethylornithine for use in chemoprevention
against human cancer has involved pilot, phase lia and lib trials using participants with prior
colonie polyps as the study group. A unique feature of the phase lia study was the use of a
dose de-escalation design which allowed selection of the lowest effective non-toxic dose of
difluoromethylornithine. The phase lib trial now in progress is using a combination of sulindac with difluoromethylornithine; the rationale for selection of markers for this study and for
a randomized phase ill registration trial is discussed. We also review the findings in phase I
and lia trials of Bowman—Birk inhibitor concentrate, in which patients with measurable oral
leukoplakia are the study group.

Surrogate end-point biomarkers and chemoprevention: some conceptual thoughts and applied
observations

There are several discrete types of measurement
that should be considered separately during the
design of chemoprevention trials: susceptibility
(predispositionihereditable), exposure, intermediate marker (non-causal and causal), drug-modulatable event (related to a carcinogenesis process or
not) and tumour marker (Meyskens, 1992a,b).
There has been a tendency among investigators to
call different types of marker' by the same name.
The development of a relative risk profile should
be the first step, rather than the last (as currently
tends to be done). This strategy has been adopted

only in the National Surgical Adjuvant Breast and
Bowel Project breast cancer prevention trial of
tamoxifen, in which an increased relative risk for
breast cancer was required for study entry (Fisher et
al., 1998). Two different major levels of risk should
be assessed: genetic and epigenetic. Genetic risk
should be considered in terms of both defined
molecular abnormalities (e.g., tumour-suppressor
genes, oncogenes, microsatellite stability, DNA
repair, metabolic polymorphisms) and familial risk
by genealogical analysis only. Epigenetic assessment can be broad, but should include consideration of at least the major known risk factors in
general and those specific for the organ site being
studied.
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The development of validated surrogate endpoint biological markers is a difficult task and to
date no marker for carcinogenesis equivalent to
cholesterol for atherogenesis-related disease has
been validated. In assessment of the value of an
intermediate marker for use in chemoprevention,
its predictive value as an estimator of cancer risk
needs to be stated, at least qualitatively. Most
investigators accept a histologically defined endpoint as a surrogate end-point biomarker with a
high risk and modulation of such an end-point in
a favourable manner as being indicative of chemopreventive activity. Evidence of alteration in the
natural history of a preneoplastic lesion such as
intraepithelial neoplasia, an adenoma or metaplasia is probably de (acto sufficient to call an agent
efficacious. It is much more difficult to relate prehistological markers of cancer to risk, and even
more so, those markers that may be associated or
correlated with the true marker of risk, and not
directly on the causal pathway.
To date, the concept of risk has been designated
as relative risk. Since the maximum risk is 100%,

use of the concept of proportionate risk, that is the
proportion of total risk explained, could be more
useful in the development of intermediate markers. An example of the principles underlying the
concept of a hierarchy of markers is presented in
Figure 1. In the first example, the germiine absence
or mutation of a tumour-suppressor gene leads to
the inevitable or substantial likelihood of cancer
development. Presence of the appropriate marker
(M) would predict with high frequency the development of cancer and therefore a high proportionate risk (i.e., close to 1.0) could be assigned.
Examples of this situation would include hereditary retinoblastoma and Li-Fraumeni syndrome.
In such a case, an appropriate marker may be
highly predictive of the development of cancer
and its modulation will be predictive of a beneficial result. At the other end of the time-line of the
process of carcinogenesis (M5), a histological
preneoplastic lesion also has a high chance of
malignant conversion and therefore a patient with
the biomarker has a high proportionate risk (i.e.,
close to one). There clearly is a spectrum of lesions;
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Figure 1. Development of a proportionate risk hierarchy of markers
The maximum likelihood of developing a cancer is 100% (1.0). Therefore, the risk assigned to any marker should be
a proportion of this risk rather than portrayed as a relative risk. If the predictive properties of all markers were known,
then choosing a few would likely result in a high prediction rate. Time to event would influence this selection process
as well. A scoring system for markers related to risk of development of cancer based on this principle would be:
For x=0 to 1; y-_x1M1 +x2M2+x3M+x4M4+ x5M5. 1;
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for example, oral leukoplakia has a relatively low
conversion rate, while erythroplakia with dysplasia
has a high rate of malignant transformation.
However, in most cases the extent to which an
intermediate marker predicts the development of
cancer is not as great (e.g., M2, M3). Assessing the
proportionate risk associated with a marker that
falls somewhere between a germiine mutation and
a histological change has been considerably more
difficult. At some point late in the carcinogenesis
cascade, the value of a marker may again rise as the
state of histological preneoplasia is approached; an
example might be optically-measured nuclear morphometry (e.g., M4).
Stringent criteria have previously been proposed to validate an intermediate marker as a surrogate end-point biomarker, These correspond to
several steps of an algorithm:
• The identified marker must represent a step on
the causal pathway to carcinogenesis
• The marker must be modulated by a chemoprevention agent
• Modulation of the marker must correlate with
reduction of cancer incidence
Fulfilling these criteria requires a lengthy and
expensive process that in the worst case might be
marker- and/or chemoprevention agent-specific.

Class

Relative risk

In the rational development of surrogate end-point
biomarkers, it might be more productive to link
biomarkers to predisposition for risk rather than to

attempt to assign a relative risk based on biological
plausibility. An attempt to link these various
features is presented in Table 1, in which the class
of risk, relative risk and attributable risk in a population are assessed. Quantification (or even intelligent qualification) of these factors may allow
identification of cohorts for chemoprevention
trials that provide individuals that are at relatively
high relative risk, but nevertheless, fairly representative of the more general population. For example, individuals with a strong family history for a
cancer in which there are organ-specific polymorphisms predictive of risk might constitute a particularly useful cohort to study. Hopefully, identification of such cohorts will lead to more efficient
trials that are of shorter duration and smaller size
and hence less costly and of greater feasibility.
Development of difluoromethylornithine as a
chemoprevention agent
Experimental data

Difluoromethylornithine (DFMO) is an irreversible
enzyme-activated inhibitor of ornithine decarboxylase (Meyskens & Gerner, 1999). This enzyme
catalyses the first step in the synthesis of
polyamines in eukaryotes, the decarboxylation of
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ornithine to putrescine. In sensitive tissues,
putrescine levels fall rapidly after administration
of DFMO. Levels of the derived polyamine product
spermidine also fall with time as does that of the
terminal polyamine spermine, although to a much
lower degree. DFMO was originally developed for
therapeutic purposes, but was found to be ineffective against established malignancies (Abeloff et
al., 1986). A number of workers demonstrated that
an increase in ornithine decarboxylase follows carcinogen exposure and inhibition of this rise with
DFMO blocks cancer formation in essentially all
in-vitro and animal models studied, including
colon polyps and cancer (Verma, 1990; Halline et
al., 1990). These findings led to a renewed interest
in DFMO as a potential chemopreventive agent.
Clinical studies

Two major obstacles needed to be overcome to
demonstrate that DFMO was worth studying as a
chemoprevention agent in humans. First,
although the results in animals with DFMO were
impressive, its potential as a chemopreventive
compound in humans was unknown. It was soon
found, however, that many human preneoplastic
tissues had elevated basal ornithine decarboxylase
activity compared with control tissues (Hixson et
al., 1993), thereby providing a rational basis for the
use of DFMO as a chemoprevention agent for
patients at risk in clinical settings. Second, at the
high doses used in therapeutic trials, hearing loss,
although reversible upon drug discontinuation,
was substantial (Croghan, 1991). It was therefore
necessary to establish whether a dose of DFMO
could be found that would deplete polyamines in
the organ of interest, but was below the threshold for
producing hearing changes and other side-effects.
The colon was selected as the target organ for
our studies, as animal experiments had demonstrated substantial anticarcinogenic activity of
DFMO in this tissue (Nigro et al., 1986; Verma,
1990) and the flat mucosa of patients with colon
polyps and cancer has elevated levels of ornithine
decarboxylase (Rozhin et al., 1984; Hixson et al.,
1993). In a pilot study, we demonstrated that a
modest dose of DFMO could lower polyamine levels in rectal mucosal biopsies, but not in shed oral
mucosal cells (Boyle et al., 1992). This was disappointing, in that these results indicated that oral
mucosal cells were not a satisfactory surrogate for
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rectal biopsies, thereby limiting the number of
studies that could be carried out in this target
patient population. However, clear evidence of
suppression of polyamine content in colonic
mucosa by DFMO was demonstrated.
Our subsequent phase lia trial used a unique
design to determine the lowest dose at which
DFMO was effective in lowering polyamines in the
rectal mucosa without producing side-effects
(Meyskens et al., 1994). From the results of the
prior therapeutic trials and pilot study in humans,
we selected a moderate dose of DFMO as the first
and highest dose of drug to be studied in a cohort
of individuals who had prior colonic polyps
removed. The flat mucosa was biopsied, before and
after one month of DFMO treatment, and
polyamines were measured. The dose of DFMO was
progressively reduced until no effect on the
polyamine content was seen. On the basis of the
results from this detailed investigation, a range of
doses (75-400 mg/ml per day) was selected for subsequent longer-term studies. Analysis of the results
also indicated that the age of the participant
affected baseline and changes in polyamine values
in response to DFMO, parameters which were
important in evaluating the overall results of the
phase lia trial and subsequent studies.
A subsequent placebo-controlled phase lib trial
of 12 months' duration measured the effect of a
range of low doses of DFMO on polyamine content in rectal mucosa over time, and general sideeffects (Meyskens et al., 1998) and specific hearing
changes, as determined by pure tone audiometry
and oto acoustic emission analysis (M.J. Doyle,
unpublished) were carefully assessed. The critical
parameters putrescine content and spermidine/spermine ratio in the rectal biopsies were
decreased by doses as low as 200 Mg/M2 per day.
Although well tolerated at all doses tested, DFMO
at the highest dose of 400 mg/ml per day produced
more side-effects than the placebo arm and subtle
changes in the lowest frequencies of the pure tone
audiogram were evident. In contrast, doses of
DFMO of 200 mg/m2 per day produced no sideeffects or audiometric changes greater than
placebo and produced effects on polyamine content nearly equivalent to the higher doses of
DFMO. Therefore in all subsequent chemoprevention trials, a dose of DFMO of 200 mg/MZ per day
is being used.
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We next had to consider whether to undertake using a 2x2 factorial design in which the rate of
a phase In trial of polyp risk reduction using incident polyps after three years of therapy will be
DFMO alone or to develop DFMO in combination the primary end-point. Surrogate end-point biowith other agents. We were significantly influ- markers will also be measured 12 and 36 months
enced in our decision to develop combination tri- after therapy and include those listed above. By
als by the results from animal studies, in which using a Cochrane—Armitage analysis, we have been
marked inhibition of tumour formation was able to reduce the projected sample size from 1800
achieved by using doses of individual drugs in to 1000 participants without losing power; howcombination that were considerably lower than ever, the design assumes that the combination is
the doses of single agents alone (Kelloff, 1996). Since more effective in reducing the appearance of new
absence of side-effects is at least as important as effi- colonic adenomas than either compound alone
cacy in developing chemoprevention agents for and that single agents will be more effective than
human beings, we accordingly elected to develop the placebo.
combination clinical chemoprevention regimens.
Epidemiological and experimental as well as a Development of Bowman—Birk inhibitor as a
few clinical studies have indicated nonsteroidal chemoprevention agent
anti-inflammatory agents (NSAIDs) to be com- Experimental data
pounds likely to be effective for chemoprevention In epidemiological studies, high levels of soybean
(IARC, 1997). After a careful review of the mecha- consumption have been associated with a
nism of action of the NSAIDs (COX-1, COX-2, and decreased incidence of epithelial cancers
other), the profile of putative side-effects and the (Kennedy, 1998). Four major classes of candidate
experimental (as well as clinical) activity, we chose chemopreventive compounds have been identified
to study sulindac for use in combination with in soybeans isoflavones, phytic acid, saponins and
DFMO. We have recently initiated a 36-month certain protease inhibitors. We have focused our
phase lib trial in which half of the participants studies on the Bowman—Birk inhibitor, a soybeanreceive placebo and half a combination of low derived serine protease inhibitor with anticarcinodoses of DFMO and sulindac. For this trial, 250 genic activity at doses well below those of other
individuals with prior colonic polyps are being chemopreventive agents identified in soybeans. A
recruited. A number of surrogate end-point bio- series of studies in animals have demonstrated that
markers will be measured in the flat rectal mucosa a Bowman—Birk inhibitor concentrate is an effecbefore and after 12 and 36 months of therapy. tive inhibitor of protease activity and oral carcinoThese include nuclear morphometry, uninduced genesis (Messadi etal., 1986; Kennedy et al., 1993).
apoptosis, polyamine and prostaglandin content,
Ki67, and a number of preneoplastic antigens Clinical trials
(CEA, sialy TN, p53, Bd -2) measured by immuno- Bowman—Birk inhibitor concentrate, which constaining in flat mucosa. Changes in these markers tains active Bowman—Birk inhibitor and has the
are being correlated with appearance of new inci- same anticarcinogenic profile as the purified subdent adenomatous polyps. The presence of K-ras stance, has been developed for human trials.
mutations in incident polyps is also being studied. Prote olytic activities are elevated in the oral
The study has sufficient power to ensure that sig- mucosa cells of patients with oral leukoplakia, and
nificant correlations between the appearance of markedly so in those who are actively smoking
colonic polyps (the primary biomarker) and (Manzone et al., 1995), providing a direct rationale
changes in the spermidine/spermine ratio and for the use of this agent in clinical trials at this tisoccurrence of secondary biomarkers will be detec- sue site. Overexpression of c-erbB-2 (neu) is importable. However, the study was not designed to have tant in human oral carcinogenesis and progression
power to detect a modest difference (25%) in new (Craven et al., 1992; Hou et al., 1992), and the relaincident adenomas between the two arms, although tionship between protease activity and neu oncoa large (75-90%) difference would be detectable.
gene expression in patients with oral leukoplakia
We have also planned a large placebo-controlled treated with the Bowman—Birk inhibitor has been
chemoprevention trial of DFMO and sulindac established (Wan et al., 1999). A phase I trial of
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Bowman-Birk inhibitor concentrate showed that
the compound was non-toxic up to the maximum
doses that were allowed by regulatory agreement
(Armstrong et al., 2000).
We have recently completed a one-month
phase lia dose-escalation chemoprevention trial of
Bowman-Birk inhibitor concentrate in patients
with oral leukoplakia lesions (Wan et al., 1999).
There was a linear fit of the relationship between
the dose of the agent and the decrease in total
lesion area, which was confirmed by a blinded
analysis of clinical impression of lesion photographs (W. Armstrong & F. Meyskens, unpublished). Pretreatment levels of cellular protease
activity affected the clinical response, with lesions
having lower initial levels of protease activity
responding better. There were a number of important relationships confirmed in relation to administration of Bowman-Birk inhibitor concentrate:
High pretreatment levels of protease activity
were associated with greater decreases in protease activity.
• A dose-dependent increase in serum neu protein was observed.
• Higher pretreatment serum neu protein levels
were associated with greater relative decreases
in serum and cellular neu protein and cellular
protease activity.
• Pretreatment levels of cellular neu protein correlated inversely with changes in cellular neu
protein.
s

Overall, these results were quite encouraging, as
they suggested that Bowman-Birk inhibitor
concentrate had clinical activity against oral leukoplakia that was associated with a change in predefined surrogate end-point biomarkers. We have
now begun a randomized phase 11h trial in which
patients with oral leukoplakia receive either
Bowman-Birk inhibitor concentrate or placebo for
six months. Serial shed oral mucosal cells will be
collected for analysis of surrogate end-point biomarkers and clinical lesions will be monitored.
Patients achieving a partial or complete clinical
response will continue treatment for up to 18
months.

Acknowledgement

The research described here was supported in part
by the Chao Family Comprehensive Cancer Center
and P30 CA62230.
References

Abeloff, M.D. Rosen, ST., Luk, GD., Baylin, SB.,
Zeltzman M. & Sjoerdsma, A. (1986) Phase II trials of udifluoromethylornithine, an inhibitor of polyamine syn-

thesis, in advanced small cell lung cancer and colon cancer. Cancer Treat. Rep., 70, 843-845
Armstrong, W.B., Kennedy, AR,, Wan, X.S., Atiba, J.,
McLaren, C.E. & Meyskens, FL., Jr (2000) Single dose
administration of Bowman-Birk inhibitor concentrate in
patients with oral leukoplakia. Cancer Epidemiol.
Biomarkers Prev., 9, 43-47
Boyle, J.O., Meyskens, F.L., Jr, Garewal, H.S. & Gerner,
E.W. (1992) Polyamine contents in rectal and buccal
mucosae in humans treated with oral difluoromethylornithine. Cancer Epidemiol. Biomarkers Prev., 1, 131-135
Craven, J.M., Pavetic, Z.P., Stambrook, P.J., Pavelic, L.,
Gapany, M., Kelley, DJ., Gapany, S. & Gluckman, J.L.
(1992) Expression of c-erb B-2 gene in human head and
neck carcinoma. Anticancer Res., 12, 2273-2276
Croghan, M.K., Aicken, M.G. & Meyskens, EL., Jr (1991)
Dose-related a-difluoromethylornithine (DFMO) ototoxicity (reversible hearing loss). Am. J. Clin. Oncol. (CCT),
14,331-335
Fisher, B., Costantino, JP., Wickerham, L., Redmond,
CX, Kavanah, M. & Cronin, W.M. (1998) Tamoxifen for
prevention of breast cancer: report of the National
Surgical Adjuvant Breast and Bowel Project P-1 Study. J.
Nati Cancer Inst., 90, 1371-1388
Halline, AG., Dudeja, P.K., Jacoby, R.F., Llor, X., Teng,
B.B., Chowdhury, L.N., Davidson, N.O. & Brasitus, T.A.
(1990) Effect of polyamine oxidase inhibition on the
colonic malignant transformation process induced by
1,2-dimethyihydrazine. Carcinogenesis, 11, 2127-2132
Hixson, L.J., Garewl, 1-IS., McGee, D., Sloan, D.,
Fennert M.B., Sampliner, R.E. & Gerner, E.W. (1993)
Ornithine decarboxylase and poly-amines in colorectal
neoplasia and adjacent mucosa. Cancer Epidemiol.
Biomarkers Prev., 2, 369-3 74
Hou, L., Shi, D., Tu, SM., Zhang, I-LE., Hung, M.C. &
Ling, D. (1992) Oral cancer progression and c-erb-2/neu
proto-oncogene expression. Cancer Lett., 65, 215-220
IARC (1997) IARC Handbooks of Cancer Prevention,
Volume 1, Non-steroidal Anti-inflammatory Drugs, Lyon,
IARC

54

Development of chemopreventive agents by assessment of biomarker modulation
Kelloff, G.J., Crowell, J.A., Hawk, E.T., Steele, VE., Lubet,
RA., Boone, C.W., Covey, J.M., Doody, L.A., Omenn,
G.S., Greenwald, P., Hong, W.K., Parkinson, D.R.,
Bagheri, D., Baxter, G.T., Blunclen, M., Doeltz, M.K.,
Eisenhower, 1KM., Johnson, K., Knapp, G.G., Longfellow,
D.G., Malone, WE, Nayfield, S.G., Seifried, HE., Swan,
LM. & Sigman, C.C. (1996) Strategy and planning for
chemopreventive drug development; clinical development phase II. J. Cell Biochem. (Suppl.) 26, 64-71
Kennedy, A. R. (1998) Chemopreventive agents: protease
inhibitors. Pharpnacol. Ther., 78,167-209
Kennedy, AR., Billings, P.C., Maki, P.A. & Newberne, R
(1993) Effects of various protease inhibitor preparations
on oral carcinogenesis in hamsters induced by
7,12-dimethylbenz(a)anthracene. Nutr, Cancer, 19,
191-200
Manzone, H., Billings, P.C., Cummings, W.N., Feldman,
R., Clark L,C., Odell, CS., Horan, AM., Atiba, J.O.,
Meyskens, F.L. & Kennedy, A.R. (1995) Levels of proteolytic activities as intermediate marker endpoints in oral
carcinogenesis. Cancer Epidemiol. Biomarkers Prev., 4,
521-527
Messadi, P.V., Billings, P., Schklar, G. & Kennedy, A.R.
(1986) Inhibition of oral carcinogenesis by a protease
inhibitor. J. Nat! Cancer Inst., 76, 447-452
Meyskens, EL., Jr (1992a) Biomarkers intermediate endpoints and cancer prevention. J. Nat! Cancer Inst.
Monographs, 13,177-182
Meyskens, EL., Jr (1992b) Biology and intervention of
the premalignant process. Cancer Bulletin, 43, 475-480

Meyskens, FL., Jr & Cerner, E.W. (1999) Development of
difluoromethylornithine (DFMO) as a chemoprevention
agent. Clin. Cancer Res., 5, 945-951
Meyskens, FL,, Jr, Surwit, E., Moon, TE., Childers, J.M.,
Davis, JR., Dorr, R., Johnson, C.S. & Alberts, D.S. (1994)
Enhancement of regression of cervical intraepithelial
neoplasia II (moderate dysplasia) with topically applied
all-trans-retinoic acid: a randomized trial. J. Nat! Cancer
Inst., 86, 539-543
Meyskens, FL., Jr, Gerner, E., Emerson, S., Pelot, D.,
Durbin, T., Doyle, K. & Lagerberg, W. (1998) A randomized double-blind placebo controlled phase JIb trial of
difluoromethylornithine for colon cancer prevention. J.
Nat! Cancer inst., 90, 1212-1218
Nigro, N.D., Bull, A.W. & Boyd, M.E. (1986) Inhibition of
intestinal carcinogenesis in rats: effect of difluoromethylornithine with piroxicam or fish oil. J. Nat! Cancer
Inst., 77, 1309-1313
Rozhin, J., Wilson, P.S., Bull, A.W. & Nigro, N.D. (1984)

Ornithine decarboxylase activity in the rat and human
colon. Cancer Res., 44, 3226-3230
Verma, A.K. (1990) Inhibition of tumor promotion by
DL-(x-difluoromethylornithine, specific irreversible
inhibitor of ornithine decarboxylase, Basic Life Sc!., 52,
195-204
Wan, X.S., Meyskens, FL., Armstrong, W.B., Taylor, TI-I.
& Kennedy, A.R. (1999) Relationship between protease
activity and Neu oncogene expression in patients with
oral leukoplakia treated with the Bowman Birk Inhibitor.
Cancer Epidemiol. Biomarkers Prev., 8, 601-608

Corresponding author.
F. : Meyskens, Jr
Chao Family Comprehensive Cancer Center,
101 The City Drive South
Rt 81 Bldg 23 Rrn 406
Orange
CA 92868 3296
USA

55

