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tating colorectal epithelial cell proliferation. More work is
needed to investigate the effects of bowel preps on colorectal
epithelial cell proliferation.

Although it is not reviewed herein, more work is needed to
establish whether colorectal epithelial cell proliferation is a true
intermediate end point for colon cancer. More work also needs
to be done on the number of crypts that should be counted per
person in clinical trials. One study (46) indicated that approx-
imately eight crypts should be scored in sporadic adenoma
patients assessed using [*H]dThd; however, the number may
differ by cell proliferation measurement methodology, the lab-
oratory peforming the measurements, the patient population
under study, and the sample size.

Improvements are needed in intermediate end point trials
in general and in colorectal epithelial cell proliferation end
point trials in particular.

(a) It is acknowledged that uncontrolled seminal studies
are often done on small budgets, are often focused on method-
ology. and are legitimate for establishing whether additional,
more definitive study is justified. However, such studies should
provide little weight in weighing the evidence of whether a
given intervention produces a treatment effect. Studies that
should be given the most weight should be randomized and
controlled, and where possible, double-blinded.

(b) End points such as colorectal epithelial cell prolifera-
tion, should be measured at baseline and follow-up.

(c) All participants of clinical trials should be treated
exactly alike, and the conditions at end point ascertainment
should be exactly alike at baseline and follow-up for all par-
ticipants. For example, for colorectal epithelial cell prolifera-
tion trials, because bowel preps may affect colorectal epithelial
cell proliferation, either no or only one proven type of bowel
prep should be used for all patients at all biopsy visits.

(d) Quality assurance should be a priority in all trials,
regardless of their size. A high level of end point (e.g., colo-
rectal epithelial cell proliferation) measurement reliability
should be attained before a trial begins, and intra- (and where
appropriate, inter-) rater reliability should be monitored
throughout the trial by submission of blinded repeat or split
samples and presented in the final manuscript reporting the
results of the trial. Measures of adherence to treatment and
clinical trial protocol should also be monitored and reported.

(e) Extreme caution should be used in attempting to use in
multicentered studies an end point that is so difficult to measure
and that is so sensitive to extraneous influences as is the
colorectal epithelial cell proliferation end point.

(f) Proper controlled trial analysis methods should be used.
Proper methods for controlled trials with baseline and fol-
low-up end point measurements do not include control group
follow-up versus treatment group follow-up comparisons, or
treatment group baseline versus follow-up measurements.
Rather, in principle, the proper method should estimate the
treatment effect by taking the control group BL — FU minus the
treatment group BL — FU and then test this result for statistical
significance by comparing the control group BL — FU versus
the treatment group BL — FU. Of course, there are variations
of this. For example, to account for the need to include data
from trials with multiple follow-up time points in repeated
measures mixed models in which the treatment effects are
expressed as odds ratios or relative effects, the following cal-
culation is employed: (treatment group follow-up/treatment
group baseline):(control group follow-up/control group base-
line). In addition, for the inferential statistical tests used, the
end point measures may need to be transformed to meet the
assumptions of normality (25, 64, 78). For example, for colo-

rectal epithelial cell proliferation, the data usually need to be
transformed by the natural logarithm before the data are entered
into the tests of statistical significance (25, 78). Few of the
reported calcium and colorectal epithelial cell proliferation
studies even mentioned whether the data were tested to see
whether they met the assumptions for the statistical tests used.

(g) The relationships among sample size, size of the treat-
ment effect, and amount of variability in the end point meas-
urements should be kept in mind, both for planning sample
sizes for studies and in interpreting the results of studies. A
common problem noted in this review of the human studies of
calcium and colorectal epithelial cell proliferation was authors
authoritatively, unequivocally stating conclusions of no effect
because the results were not statistically significant, when in
fact the estimated treatment effect was large, but the statistical
power quite low due to the small sample size and/or the large
variability of the LI or ¢, (55, 56, 60). Such studies should be
regarded as pilot studies that actually suggest that there may be
a treatment effect and that a full-scale trial is justified to
definitively address the tested hypothesis. Current evidence is
that full-scale clinical trials using colorectal epithelial cell pro-
liferation as the end point need to be larger than originally
hoped for but still much smaller than trials of cancer or colon
polyp occurrence. For example, it has been estimated that for a
two-group controlled trial using current PCNA methods to have
sufficient statistical power to detect a proportional reduction in
LI of 20% at P = 0.05 (recall that across eight validation
studies, the LI was proportionately higher in sporadic adenoma
patients than in normal controls by a mean and median, respec-
tively, of 43% and 24%), the sample size needs to be about 100
patients per group (79).

Another calcium and colorectal epithelial cell proliferation
epithelial cell proliferation clinical trial is needed. Such a trial
should only be carried out after sufficient improvement in
measurement and validation of colorectal epithelial cell prolif-
eration as a true intermediate end point for colorectal cancer.
The trial should be full scale, i.e., with sufficient sample size/
statistical power to answer the question, and should use the
suggestions outlined above. It would also be desirable for the
trial to address calcium effects proximal to the rectum as well
as in the rectum and to address mechanisms of action of
calcium on cell proliferation.

Summary

In summary, there are biologically plausible mechanisms of
action for protective effects of calcium against colon cancer,
and it is plausible that these mechanisms involve normalization
of colorectal epithelial cell proliferation kinetics. Currently,
animal experimental data are strongly supportive. Epidemio-
logical data are inconsistent but, overall, are weakly supportive
as well. A review of the 17 human trials (5 small and uncon-
trolled, 9 small and controlled, and 3 larger and controlled) of
calcium and colorectal epithelial cell proliferation suggests that
calcium supplementation, without affecting the proliferation
rate, may normalize the distribution of proliferating cells in the
rectal mucosa. This supports the hypothesis that higher calcium
consumption may reduce the risk of colon cancer. It also
supports the hypothesis that the possible chemoprotective ac-
tion of calcium may not be simply binding bile acids and
thereby reducing compensatory hyperproliferation, but it is
consistent with the hypothesis that calcium exerts its possible
chemoprotective effect by directly affecting cell cycle and
increasing rates of cell differentiation. The mechanism(s) by
which calcium may affect colorectal epithelial cell proliferation
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in humans remain(s) to be resolved. Not only do the currently
available data indicate that a causal relationship between cal-
cium intake and colorectal cancer incidence, although increas-
ingly supported, cannot be considered established, but they
even indicate that a calcium and colon cancer prevention trial is
not yet justified. Much work needs to be done to improve the
methodology of measuring colorectal epithelial cell prolifera-
tion and to validate whether it is a true intermediate end point
for colorectal cancer. The quality of the conduct and analysis of
colorectal epithelial cell proliferation trials needs to be im-
proved. When these issues are addressed adequately, another
full-scale calcium and colorectal epithelial cell proliferation
clinical trial that addresses mechanisms of action and effects in
multiple sites of the colon will be needed.
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