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Large Bowel Adenomas: Markers of Risk and Endpoints

John A, Baron*

Department of Medicine and Community and Family Medicine, Dartmouth Medical School,
Hanover, New Hampshire

Abstract In many large bowel chemoprevention trials adenomas have a double duty: they are used to identify
subjects at risk for large bowel neoplasia, and also serve as endpoints. Many features of adenomas make them suitable
for these tasks. Patients with adenomas are fairly numerous and easy to identify; further, the ‘adenoma-carcinoma’
sequence suggests that adenomas are logical endpoints. The high recurrence risk among adenoma patients means that a
relatively modest number of subjects will suffice for adequate statistical power.

The are some limitations to the use of adenomas, however. There is clearly heterogeneity of risk for subsequent cancer.
Patients with only small adenomas may have rates of colorectal cancer that are not much greater than those of the
general population. Certainly subjects with larger adenomas, and those with villous or highly dysplastic adenomas have
a higher risk. Often, one would chose the high-risk patients for preventive interventions. Such a strategy makes sense
from a risk-benefit point of view. However, from a population perspective, such a strategy may well have only a minor
impact on the overall colorectal cancer burden. For more complete population-based prevention, efforts will have to be
directed to the numerous individuals who are each at small risk, but who collectively account for most colorectal cancer.
For this preventive approach, patients with any adenoma would certainly be part of the target population, and <o are
sensible subjects in chemoprevention trials.

There are similar complexities in consideration of the use of adenomas as endpoints of chemoprevention trials. The
adenomas that occur in prevention trials are generally small, and may not be associated with a greatly increased cancer
risk. The issue for chemoprevention trials, however, is not whether the endpoints are truly intermediate in the causal
chain—but whether the intervention under study alters the adenoma recurrence risk to the same extent as it does for
colorectal cancer risk. This is a difficult matter to verify, but the limited data available are encouraging. The
epidemiology of colorectal adenomas (largely small adenomas) is similar in many regards to that for colorectal cancer
itself. Thus to the extent that data are available, one can tentatively conclude that external influences affect adenomas
and colorectal cancer similarly.

To date, more than ten adenoma prevention trials have reported results. The data have been fairly consistent. Vitamin
C (with or without vitamin E} has provided at most a modest protective benefit, except in one small trial in which it was
combined with vitamin E and preformed vitamin A. B-Carotene seems to be without any effect, and interventions to
increase fiber and decrease fat intake have not indicated substantial effects. On the other hand, trials among familial
polyposis patients have provided evidence for an impact of nonsteroidal anti-inflammatory drugs. Studies in progress
have the potential to clarify greatly the preventive potential of the currently promising—but yet unproven—
chemopreventive regimens. J. Cell. Biochem. 255: 142-148.  © 1997 Wiley-Liss, Inc.
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For the investigation of possible preventive
agents for large bowel cancer, the ideal study
would be a large trial using cancer itself as the
endpoint. Unfortunately, such trials can rarely
be done. It is likely that large numbers of sub-
jects would need to be observed for long periods
of time, requirements which imply considerable
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expense and difficulty. The prolonged observa-
tion introduces difficulties of competing risks
and drop-outs, and there may be pressure to
terminate the study early if the agent under
study has beneficial effects other than a protec-
tive effect on large bowel cancer.

For the large bowel, adenomas are conve-
nient intermediate endpoints that offer the po-
tential for studies which avoid these difficul-
ties. A substantial number of chemoprevention
trials using adenomas as endpoints have been,
or are currently being, conducted. A unique
feature of many of these trials is that the princi-
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pal entry criteria (adenomas) is also the princi-
pal endpoint. This dual role raises several inter-
esting issues for the conduct and interpretation
of this research.

ADENOMAS AS AN ENTRY REQUIREMENT

Patients with sporadic adenomas are attrac-
tive subjects for large bowel chemoprevention
trials. They have all successfully experienced
endoscopy, and in general accept the proce-
dures used for adenoma surveillance. Typically,
these patients have already been educated about
adenomas and colorectal cancer by their physi-
cians. Because of the increased risk of neopla-
sia associated with a history of adenomas, fol-
low-up surveillance is usually arranged as part
of routine clinical care.

The risk of further adenomas in patients who
have had at least one is relatively high. In the
National Polyp Study approximately 32% of
adenoma patients had at least one adenoma
when examined 3 years later [1], and in the
Antioxidant Polyp Prevention Study, 37% of
subjects had an adenoma during the 3-year risk
period [2]. This high event rate permits informa-
tive adenoma trials to be conducted with a
relatively small number of subjects, often less
than 1,000. Among patients with familial adeno-
matous polyposis (FAP), the very high adenoma
burden implies that even smaller numbers will
suffice.

The convenience of adenoma patients as sub-
jects is clear. However, recruitment is far from
automatic; even among these patients, consider-
able effort is required. Identification of the pa-
tients with adenomas is not a problem: this is
typically quite easy in most medical centers.
The difficulty is that only a minority of these
patients may be eligible and willing to partici-
pate. In the Antioxidant Polyp Prevention Study
(2], for example, less than 50% of patients
identified as apparently eligible, actually met the
entry criteria and were willing to be randomized.

Selection pressures such as these can have
undesirable effects in clinical trials: healthy
patients tend to be recruited, and they may
have a low event rate. An example is the Physi-
cians’ Health Study, a large clinical trial among
male doctors, testing aspirin and B-carotene as
preventive agents against cardiovascular dis-
ease and cancer. Participants had such a low
cardiovascular mortality (one eighth that of the
general U.S. male population) that the trial had
difficulty attaining its original aims [3]. The

Colon Cancer Control Study was similarly af-
fected. Participants in this trial of hemoccult
screening for colorectal cancer had a standard-
ized mortality ratio (SMR) from colorectal can-
cer of 0.55 in the first few years of the study,
and an SMR of 0.72 in the later years. This
lower-than-expected event rate forced an exten-
sion of the study [3].

For adenoma trials, however, the effects of
the recruitment selection appear to be minimal.
Before the Antioxidant Polyp Prevention Study
began, a 30% 3-year recurrence risk was pre-
dicted, based on the then-available clinically
generated recurrence data. The observed risk
was actually slightly higher, 37% [2]. Fortu-
nately, the selection factors associated with par-
ticipation in the study were not associated with
a lower adenoma recurrence risk.

The extra risk of cancer that adenoma pa-
tients face is not as straightforward as it first
appears from consideration of the well-known
adenoma-carcinoma sequence [4]. There are
only limited clinical or epidemiological data
documenting the relationship between a his-
tory of adenomas and the risk of subsequent
colorectal cancer. In a study from England,
patients with bowel symptoms (largely bleed-
ing) who were discovered to have rectal adeno-
mas (generally subsequently removedi had a
relative risk of 1.2 (95% CI, 0.7-2.1) for rectal
cancer and 2.1 (85% CI, 1.5-3.0) for colon can-
cer in comparison to population rates [5]. In
Rochester, Minnesota, patients with polyps
(largely adenomas) of the left colorectum had a
relative risk of 1.7 for colorectal cancer in com-
parison to the general population [6-8]. These
relative risks imply an increased risk of large
bowel cancer, but clearly not a very greatly
increased risk.

There is evidence, moreover, of heterogeneity
of this risk. In the English study, patients that
had only tubular adenomas less than 1 ¢m in
diameter had a relative risk of 0.4 (95% ClI,
0.0-1.3) for rectal cancer, and 0.5 (95% ClI,
0.1-1.3) for colon cancer. The relative risks for
those with larger or more dysplastic adenomas
were 2.0 (95% CI, 1.0-3.6) and 3.6 (95% CI,
2.4-5.0), respectively [5]. In Rochester, patients
with polyps less then 1 cm that were fulgurated
or left in place had a relative risk of colorectal
cancer of 1.2 (95% CI, 0.7-1.9), in contrast to
3.2(95% CI, 1.5-6.1) for those at least one polyp
greater than a 1 ¢cm in diameter [6-8]. Villous
appearance, and high grades of dysplasia also
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are associated with increased risk. Adenomas
are a general marker of risk even apart from
the adenoma-carcinoma sequence: in both stud-
ies, the risk of cancer was increased in the
proximal bowel—in areas remote from the origi-
nal polyps [56-8].

These data are difficult to interpret. It is not
clear what selection factors led to the discovery
of the adenomas. For the English study particu-
larly, the use of population rates for reference
may not be appropriate. Consequently, the mag-
nitude of the cancer risk associated with a
history of adenomas cannot easily be estimated
from the data. These uncertainties do not pro-
vide evidence against the heterogeneity of risk,
however, and the data are rightfully taken to
mean that small and large adenomas imply
different degrees of risk of large bowel cancer.

Many patients in adenoma chemoprevention
trials have relatively small adenomas. In the
Antioxidant Polyp Prevention Study, approxi-
mately three-fourths of subjects qualified with
adenomas 1 cm or less in diameter; in over half
of the subjects the largest adenoma was less
than 0.7 cm. Since these subjects do not have as
high a cancer risk as patients with adenomas
over 1 cm in diameter, are these inappropriate
trial subjects?

Consideration of investigator convenience
aside, the best patients for a prevention trial
are probably individuals who resemble the pa-
tients who would use the interventions that are
found to be effective. Unfortunately, there has
been relatively little discussion of who the tar-
get groups should be for the proven agents. A
general discussion has clear limitations; clarifi-
cation of the appropriate target group will inevi-
tably require consideration of the magnitude of
the benefits and risks carried by the particular
intervention in the specific context of the base-
line risk of the group receiving the agent. How-
ever, some general considerations are relevant.
For cancer of the large bowel, a broad popula-
tion intervention is conceivable, but a focussed
intervention toward a high-risk group is also
likely to be recommended because of the favor-
able risk-benefit ratio among them.

In practical terms, how might such a high-
risk group be constructed? Certainly risk fac-
tors for colorectal cancer could help: individuals
with a family history of colorectal cancer, and
those who have large or dysplastic adenomas
are likely to be considered for preventive ef-
forts. These individuals would clearly be appro-

priate subjects for large bowel chemopreven-
tion trials.

However, most cases of colorectal cancer that
might occur in the general population would
probably be missed by this approach, since most
cases occur among the very large segment of
the population who individually have only a
modest increase in risk [9]. Thus in order to
reduce the population burden of colorectal can-
cer, it is likely that the large group of individu-
als with small adenomas would be included in
the preventive effort. If so, these patients are
clearly also appropriate subjects for the chemo-
prevention trials.

ADENOMAS AS ENDPOINTS

The studies evaluating adenomas as risk fac-
tors for frank cancer suggest that it is large
sporadic adenomas that carry the risk—and
therefore would be the best outcomes of large
bowel chemoprevention trials. Unfortunately,
in the trials conducted to date, the adenomas
observed have been small—considerably less
than the 1.0 cm. In the National Polyp Study
less than 3% of the adenomas found on fol-
low-up were greater than 1 cm in estimated
diameter [1]. In The Antioxidant Polyp Preven-
tion Study [2], about 90% of the adenomas
observed after randomization were less than 1
cm, and more than 75% were 0.5 cm or less.

This predominance of small adenomas has
generated some concern. However, for large
bowel prevention trials, the issue is not whether
subjects with small adenomas are at risk for
cancer, but whether the small adenoma end-
points lead to the same conclusions that would
be obtained using large adenomas (or better,
frank invasive cancer) as the endpoint. What is
required is for the intervention to affect the
small adenomas in the same way it affects the
risk of cancer.

The evidence regarding the effect of environ-
mental factors on small adenomas is incom-
plete, but fairly encouraging. The epidemiology
of adenomas has many similarities to that of
colorectal cancer. Epidemiological studies of spo-
radic adenomas—generally small adenomas—
have largely found the same dietary risk factors
as investigations of colorectal cancer itself: high
dietary fat intake, and low consumption of fruits
and vegetables [10]. Folate has a similar rela-
tionship to adenoma occurrence as to colorectal
cancer itself [11,12]. Use of aspirin seems simi-
larly protective for both [13].
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One interesting issue is cigarette smoking—
which has been associated with the risk of
adenomas in many—but not all—cross-sec-
tional studies of adenoma prevalence, but has
only inconsistently been related to colorectal
cancer [14-16]. It has been hypothesized that
smoking affects the very early stages of large
bowel carcinogenesis: essentially the formation
of small adenomas—and that only after a long
latent period is this exposure related to cancer
itself. Under this hypothesis, smoking actually
affects adenomas and cancer similarly, with
different latent periods. Thus, to the extent
data is available, it appears that small adeno-
mas are reasonable endpoints for large bowel
chemoprevention trials.

There is some measurement error associated
with the adenoma endpoint. Only a few percent
of adenomas over 1 cm in diameter will be
overlooked during a colonoscopy [17,18], but
15% or more of adenomas smaller than that
might be missed. It is reasonable to assume,
however, that there will be essentially no false
positive adenomas—that is, that the patholo-
gist will not label as an adenoma other lesions.
This combination of very high specificity, and
excellent, but not perfect, sensitivity has pre-
dictable implications for the relative risk esti-
mates. Risk ratios are essentially unaffected by
this sort of measurement error [19]. Because of
the high event rate, odds ratios will not approxi-
mate risk ratios, and (assuming a non-differen-
tial error) a modest conservative bias may be
introduced by the measurement error [20]. Stud-
ies conducted among FAP patients present more
severe measurement difficulties. Counting the
large numbers of adenomas in these patients
may be prone to error; polyp area or volume
scores cannot easily overcome that.

There remain uncertainties regarding the ap-
propriate duration of treatment required for
the trials. Some have argued that it may be
necessary to begin treatment early in life, or
that prolonged interventions may be required
[21]. This appears not to be the case for aspirin—
where use in the few years before diagnosis
seems to be the relevant exposure [13]. It is
admittedly not clear that the same can be said
of other interventions (e.g., folate or calcium
supplementation, or dietary change). The large
bowel mucosa is a rapidly renewing tissue [22];
3 or 4 years of treatment may be long enough
for a clinically significant suppression of early

neoplasia, but a longer duration may also be
necessary.

FINDINGS OF ADENOMA
PREVENTION TRIALS

There are more than ten adenoma prevention
trials that have reported results, at least in
abstract form. Some have followed adenoma
mass among patients with familial polyposis;
others have focussed on sporadic adenoma oc-
currence. The data have been fairly consistent.

In five trials, vitamin C (with or without
vitamin E) has provided at most a modest pro-
tective benefit (Table I). One of these was a
4-study among subjects with sporadic adeno-
mas; vitamin C (1 gm daily) and vitamin E (400
mg daily) were used in combination. There was
no beneficial effect on adenoma occurrence [2].
Another 4-trial of vitamins C and E in combina-
tion (4 gms and 400 mg respectively), was con-
ducted among subjects with familial polyposis
[23]; there were no benefits from the vitamin
administration. A 2-year trial among subjects
with sporadic adenomas also found no substan-
tial effect for vitamin C (400 mg) and vitamin E
(400 mg) together: the relative risk for the
vitamin group was 0.97 (95% CI, 0.51-1.84)
[24]. A 2-year trial among patients with familial
polyposis found hints of a modest benefit [25].
In contrast, a smaller trial focusing on sporadic
adenomas found a substantial effect for vita-
mins C and E combined with retinol (preformed
vitamin A). The study lasted a shorter time
than the negative trials, and had a relatively
high drop-out rate. Epidemiological studies do
not suggest that retinol is protective against
large bowel neoplasia [27], and so it is difficult
to accommodate this result into the human
epidemiology of colorectal neoplasia and the
other findings.

B-Carotene was without effect in three trials
among patients with sporadic adenomas: the
18-month interim analysis of a 3-year study
[28], and two other 4-year investigations [2,29]
(Table I). Two trials of interventions to increase
dietary fiber and decrease fat intake have also
been reported (Table I1) [29,30]. Both were mod-
estly sized trials conducted among patients with
sporadic adenomas. Neither study reported an
overall benefit, although the Australian trial
reported suggestions of a beneficial effect of a
low-fat diet on the occurrence of adenomas at
least one ¢m in diameter [29]. A trial of cereal
supplementation in patients with familial pol-
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TABLE I. Chemoprevention Trials of Micronutrients and Large Bowel Neoplasia

Number of subjects Relative risk
entered (completed); for intervention
duration of treatment Intervention (95% confidence interval)

Patients with Sporadic Adenomas
McKeown-Eyssen et al., 1988 [24] 185 (137) subjects; Vitamin C, 400 mg & 0.93 (0.48, 1.83)

Kikendall et al., 1990 (28]

Roncucei et al., 1993 [27]

Greenberg et al., 1994 [2]

Macrae et al., 1995 [29]
Paspatis et al., 1994 [31]

2 years Vitamin E, 400 mg

262 subjects; pB-Carotene, 15 mg No significant effect
1.5 years
(interim analysis)

255 (209) subjects; Vitamin C, 1 gm, 0.13 (ratio of numbers
1.5 years (average) Vitamin E, 70 mg, of adenomas)

Retinol, 30,000 IU
864 (751) subjects; Vitamin C, 1gm & 1.01 (0.85-1.20)
4 years Vitamin E, 400 mg
B-Carotene, 25 mg 1.08 (0.91-1.29)
424 subjects; 4 years  p-Carotene, 20 mg 1.3 (0.8-2.2)

Patients with Familial Polyposis

Bussey et al., 1982 [25]

DeCosse et al., 1989 [23]

60 subjects; 2 years Folate 1 mg 0.46

49 (36) subjects; Vitamin C, 3 gm 0.7 (Ratio of area scores)
2 years

72 (58) subjects; Vitamin C, 4 gm inconsistent, non-
4 years Vitamin E, 400 mg significant benefit

TABLE II. Trials of High Fiber/Low Fat Diet and Large Bowel Neoplasia

Number of subjects Relative risk
entered (completed); for intervention
duration of treatment Intervention (95% confidence interval)
Patients with Sporadic
Adenomas
Macrae et al., 1995 {29] 424 subjects; 4 years <25% fat calories 0.9 (0.5-1.5)
25 gm wheat bran- 1.5(0.9, 2.5)
supplement
McKeown-Eyssen et al., 201 (165) subjects; <50 gm fat or 20% fat 1.2(0.6, 2.2)
1994 [30] 2 years (average) calorie, and 50 gm fiber
Patients with Familial Pol-
yposis
DeCosse et al., 1989 [23] 72 (58) subjects; 22.5 gm cereal fiber Consistent, but non-signifi-
4 years Vitamin C, 4 gm cant benefit versus pla-
Vitamin E, 400 mg cebo and vitamins alone

TABLE III. Chemoprevention Trials of Non-Steroidal Anti-Inflammatory Drugs and

Large Bowel Neoplasia

Number of subjects
entered (completed);

duration of treatment Intervention Effect
Patients with Familial Polyposis
Labayle et al., 1991 [32] 10 (9) patients-cross-  Sulindac, 300 mg Dramatic decrease in number
over; 4 months and size of polyps on treat-
ment
Giardiello et al., 1993 [33] 22 (20) patients; Sulindac, 300 mg  66% Reduction in number

9 months of polyps on treatment
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yposis found a reduction in adenoma mass in
association with the fiber intervention [23]. A
very small trial of folate supplementation
yielded findings supportive of a protective ef-
fect, but the limited power of the study pre-
cludes strong conclusions [31].

In contrast to this mixed picture, non-steroi-
dal anti-inflammatory drugs have been very
promising (Table III). Two randomized trials of
sulindac have been published, using patients
with FAP [32,33]. Both found evidence for a
marked reduction of adenomas on treatment.
In patients with sporadic adenomas, sulindac
may not be dramatically effective in causing
existing adenomas to regress [34]; the effect on
the occurrence of the adenomas is currently
under investigation in trials.

Unfortunately, the interpretation of these tri-
als is not completely straight-forward. Some of
the problems are biological. Findings for famil-
ial polyposis patients may not apply to the
mass of individuals at risk for sporadic colorec-
tal cancer. There are also epidemiological prob-
lems. In many of these trials, subjects can ob-
tain the study agents freely in grocery stores,
complicating the maintenance of trial disci-
pline, and raising the issue of false-negative
results. Drop-out rates were relatively high in
some of the studies, possibly because of the
burden of endoscopy and other efforts needed
among subjects who are not very ill. Small
sample size affects most of the negative studies,
and some of the data reported pertain only to
very short duration of treatment and follow-up.
Substantial measurement difficulties remain
from the counting of adenomas in familial pol-
yposis patients, and the problem of overlooked
adenomas in other patients. For trials involv-
ing major dietary change, assessment of compli-
ance introduces analytical problems. These con-
sideration generally imply conservative biases,
however, so it is reasonable to be encouraged by
the clear indications of benefit from non-steroi-
dal antiinflammatory drugs, and the sugges-
tions of benefit from fiber. Several chemopreven-
tion trials are currently underway, and the
scientific and clinical community can look for-
ward to further clarification of the effect of
several potential chemopreventive interven-
tions.
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