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THE AMERICAN PREVENTIVE MEDICAL ASSOCIATION; AND
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Julian M. Whitaker, M.D.; Pure Encapsulations, Inc; XCEL Medical Pharmacy,

Ltd.; the American Preventive Medical Association; and Durk Pearson and Sandy Shaw

(collectively the “Joint Commenters”), by counsel, hereby submit this supplement to their

comments filed on November 22, 1999.

I. ADDITIONAL SCIENTIFIC EVIDENCE SUPPORTS THE
FIBER/COLORECTAL CANCER HEALTH CLAIM

Results of recently published scientific literature reviews confirm earlier results of

trials conducted by Macrae (1999); Jansen (1999); Negri (1998); Caygill (1998); Le

Marchand (1997); Hill (1995, 1997), and the conclusions of the European Organization

for Cancer Prevention (ECP) (1998) which found that dietary fiber has a chemoprotective

effect on colorectal tissue, independent of the other components of plants. The American

Gastroenterological Association (AGA) recently published its findings and
recommendations based upon of an exhaustive literature review of hundreds of studies

involving thousands of subjects (Kim, 2000). That review examined experimental,
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animal, observational, epidemiological, correlation, case-controlled, and intervention
studies. The AGA concluded that there is strong evidence supporting the protective
effects of dietary fiber among correlation and case-control studies conducted in
populations with different patterns of diet and colorectal cancer. The AGA noted that
three meta-analyses of case-control studies provide strong support for the dose-dependent
protective effects of dietary fiber or fiber-rich foods against colorectal carcinogenesis.
AGA found that those studies indicate that on average the subjects with the highest intake
of dietary fiber have a 50% lower risk of developing colorectal cancer than those with the
lowest intake. After weighing the evidence, including seemingly contradictory results,
the AGA concludes that increasing total fiber intake to more than 30g/day from the
standard 10g/day North American diet can protect against colorectal cancer (Kim, 2000).
Hill (1999) reviewed scientific literature that examined the role of specific diet
components and colon carcinogenesis. The review concluded that there is consistent
evidence for the claimed association and a plausible mechanism for that association.
Giacosa and Hill (1999) published an explanation and restatement of the European
Organization for Cancer Prevention (ECP) consensus. The ECP found that based upon a
review of 58 studies of diet and colon cancer, 19 of which measured cereal fiber, a diet
high in cereal fiber is associated with a reduced risk of colorectal cancer. Reddy (1999)
found in his review that several lines of evidence are supportive of dietary fiber’s
chemopreventive properties. He states “animal model studies clearly suggest that wheat
bran consistently inhibits colon carcinogenesis. Case-control studies show reasonably

strong evidence that dietary fiber reduces the risk of colon cancer in humans. Dietary

! Abbreviated references in this comment correspond with those presented in full in the bibliographical
listing. See Attachment 1.



intervention studies provide evidence that wheat bran supplementation decreases the
levels of several putative tumor promoters in the colon.”

Two recent studies having negative results have appeared in the scientific
literature. Both studies suffer from flawed controls and both dealt with aging populations
with pre-existing colon tumors. There is no plausible biological mechanism by which
fiber can be expected to correct the pre-existing genetic damage in people with pre-
existing colon tumors. The studies rely upon unscientific self-reporting as the measure
for compliance, a methodology generally criticized as yielding unreliable results
(Simone, 2000, Muller, 2000).

In the Polyp Prevention Trial (Schatzkin, 2000) adults over the age of 35 who had
one or more histologically confirmed colorectal adenomas were studied to determine if a
high fiber, low-fat diet would influence the rate of adenoma recurrence. 1,037 .people
received 50 hours of nutritional counseling over four years and were instructed to
consume a daily diet consisting of 18 grams of fiber/day and 20 percent fat. The control
group of 1,042 were to make no changes to their diet. The subjects completed a four day
food record; the intervention group completed one every six months and all subjects
completed one each year. The data from the four day record was incorporated in the
study analyses as representative of the entire preceding interval (six months or one year
respectively). At the end of 4 years, the rate of adenoma recurrence did not differ
between the two groups. The authors concluded that “adopting a diet that is low in fat
and high in fiber, fruits, and vegetables does not influence the risk of recurrence of
colorectal adenomas.” Remarkably, the low fat, high fiber diet had no effect on weight or

cholesterol levels in either the intervention group or control group. A diet that is fat



restricted and has a high fiber content should have lowered weight and cholesterol and
yet in this study there was no difference in either weight or cholesterol levels between the
intervéntion group and control.

The most logical explanation is that the subjects were not actually eating the diet
that they reported. The alternative conclusion, that low-fat, high-fiber diets do not lower
weight or cholesterol, is unacceptable in light of many studies to the contrary.

The second trial studied 1303 people who had colorectal adenomas removed
within three months of entrance into the study (Alberts, 2000). Subjects were asked to
consume either a high-fiber supplement (13.5 grams/day) or a low-fiber supplement (2
grams/day). The subjects were studied over a 34-month period. At the end of that time,
there was no difference in the rate of adenoma recurrence between the two groups. The
authors concluded that a dietary supplement of wheat-bran fiber does not protect against
recurrent colorectal adenomas. Assurance of compliance was even more questionable in
this study than in the Schatzkin study. The investigators stated that “compliance with the
protocol was evaluated primarily by counts of returned cereal boxes and fiber bars at each
visit and secondarily through a specialized intake calendar.” The authors did not report
subject weight or cholesterol levels so objective corroboration of diet compliance is not
available.

Dr. Charles B. Simone is a medical oncologist, radiation oncologist, and
immunologist who has studied the association between fiber and colorectal cancer for 22
years. Dr. Simone has reviewed the Schatzkin and Alberts studies (Attachment 3). He
concludes that neither study is valid because each lacks objective evidence confirming

compliance with the protocols. Other scientific critics have also found lack of proof of



compliance to invalidate the studies and, thus, make reliance on them improper. (Ornish,

2000; Davis, 2000; Gerber, 2000). Furthermore, scientists, including the study authors,

found that the “findings cannot be interpreted as evidence that a high-fiber cereal
supplement or a low-fat high-fiber diet is not effective in protecting against the later
stages of development of colorectal cancer” (Byers, 2000) and cannot be applied to
primary prevention risk reduction (Muller, 2000).

When the two aforementioned methodologically flawed studies on persons with
pre-exisiting cancer tumors are removed, the entire body of well-designed studies
published in the peer-reviewed literature overwhelmingly supports the conclusion that
“consumption of fiber may reduce the risk of colorectal cancer.” Accordingly FDA must
authorize the claim.

II. CONCLUSION

The Joint Commenters believe that the scientific evidence overwhelmingly

supports the association between fiber and colorectal cancer risk reduction and satisfies
the congressionally intended definition of significant scientific agreement. In addition,
and consistent with Pearson and the First Amendment, if the agency finds the proposed
claim supported by some evidence but not enough to satisfy a defined “significant
scientific agreement” standard, the claim must nevertheless be authorized with such
disclaimer or disclaimers as the agency reasonably deems necessary to avoid a potentially
misleading connotation. Only approval with appropriate disclaimer can ensure

compliance with the First Amendment.
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CEREALS, FIBER, AND
CANCER PREVENTION

Attilio Giacosa' and Michael J. Hill?
on behalf of the ECP Consensus Panel* (see end of chapter)

"National Cancer Institute, 16132 Genova, Italy
?ECP (UK) Headquarters, Wexham Park Hospital, Slough,
Berks SL2 4HL, United Kingdom

All plant foods contain plant cell walls which contain dietary fibre and a range of
other anticarcinogenic agents including vitamins, antioxidants, tannins, polyphenolics,
and flavonoids. In general, vegetables contain relatively modest amounts of dietary
fibre but are rich in a wide array of anticarcinogens, the amounts and classes of which
vary between vegetable type. Cereals are relatively rich in dietary fibre and also contain
phytate and a range of anticarcinogens. However, these latter are partly removed with
the husk during milling. Fruit contains the least dietary fibre but contains an array of
anticarcinogens which differ from those in cereals and vegetables.

Current hypotheses suggest that fruit and vegetables provide protection against
cancer mainly through the action of their anticarcinogens. In contrast, cereals have been
assumed in the past to act mainly through the action of dietary fibre.

In this Consensus Statement “cereals fibre” will imply unrefined or high-
extraction cereal, with its husk (and the accompanying anticarcinogens) largely intact.
In Europe, cereals may be consumed as breakfast cereals which are often rich in dietary
fibre and also rich in B vitamins and anticarcinogens. At other time of day, cereals are
usually eaten as breads, pasta, rice, pastries, etc. These are usually made from low-
extraction cereals which contain lower levels of dietary fibre and anticarcinogens;
wholemeal breads and products are richer in both, however.

Different cereals contain different amounts of dietary fibre and anticarcinogens
(rice has least and wheat and rye have most of both). Further, rice is almost always
eaten in polished and refined form and so contains even less dietary fibre and anticar-
cinogen than usual. The cereals which are most often consumed in unrefined and high-
extraction form are wheat and rye.

The postulated mechanisms of action indicate that the protective action will be
greater in the unrefined cereal than in that in which the husk has been removed by

Advances in Nutrition and Cancer 2, edited by Zappia er al.
Kiuwer Academic / Plenum Publishers, New York, 1999. 269
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milling. In most epidemiological studics the cereals are primarily low-extraction prod-
ucts and so arc Jow in dictary fibre and anticarconogens. A major recommendation was
that in future, questionnaires should be framed to distinguish between low-extraction
and high-extraction cereals.

On 1997 the European Organization for Cancer Prevention (ECP) held in S
Margherita Ligure (Italy) a Consensus Meeting on the role of cercals, fibre, and cancer
prevention. The ECP Pancl (reported at the end of this paper) achieved a consensus
statement that is reported in the following pages.'

COLORECTAL CANCER

A diet rich in high-fibre cereal is associated with a reduced risk of colorectal
cancer. In support of this we cite the review of S8 previous studies of diet and colon
cancer, in only 19 of which cercal fibrc was measured. Of these, 16 reported an inverse
association between cereal fibre and colon cancer risk and the other threc showed no
relationship 2, 3 (Hill, 1997, 1998). In addition, the review of Food and Agriculture
Organization data by Caygill et al.* showed that there is an inverse rclationship
between the risk of colorectal and of breast cancer and cereal and vegetable disap-
pearance, no relationship with fruit and starchy root intake and a positive correlation
with total energy intake.

These data are consistent with those from the Ttalian study;® in the context of the
Italian diet, high consumption of refined cercal was shown to be a major contributor
to high total encrgy intake and was a risk factor for cancers of the colon and breast.
This suggested that the real association was with total energy intake.

This consensus reaffirms and extends the consensus reached by the Colon Group
at the World Health Organization (WHO) Consensus Conference in 1996,° and with
the Committece on Medical Aspects of Food Policy (COMAY) recommendations in the
United Kingdom.

A varicty of mechanisms has been proposed for the protective effect of
cereal fibre. Burkitt’ popuiarised the idea that a diet high in fibre-rich foods could
influence the course of colorectal carcinogencsis: He proposed that it was fermentation
of the fibre itself that pave the protection through (1) increased faecal weight;
(2) increased frequency of defecation; (3) decreased transit time; and (4) dilution
of the colonic contents. The evidence is strongest for (1) and (4) being important,
although there is cvidence against all four mechanisms. In addition he proposed that
fibre metabolism influcnced microbial growth in the colon, an area we know very
little about.

More recently, mechanisms involving the metabolic consequences of fibre me-
tabolism have been proposed including (5) alteration of energy metabolism. It is now
generally aceepted that energy restriction will inhibit carcinogenesis and a fibre-rich
diet may make a contribution to overall energy management; (6) influence bile acid
metabolism, a theory that appears to refuse 1o po away; (7) production of short-chain
fatty acids, which may inhibit carcinogenesis through its effects on colonic pll, and
through the supply of butyrate. This latter has been shown in vitro to promote apop-
tosis, and cell differentintion, both of which are central to the carcinogenesis process.
In vivo verification of these actions is still awaited.

Cereals, Fiber, and Cancer Prevention m

BREAST CANCER

There is suggestive evidence that cerenl fibre provides protection against breast
cancer. Although many epidemiological studies have shown that cereal fibre has a pro-
tective effect, others have shown no effect and there is insufficient evidence to reach a
definitive conclusion. In Stuttgart, the WHO Consensus Group on Breast Cancer con-
cluded that the epidemiological evidence was suggestive of a protective effect (as did
we) and recommended that cereal fibre consumption should be increased.

It is generally accepted that high levels of circulating oestrogens and insulin
growth factors represent major risks for the development of breast cancer. Diets low
in fat and rich in cereal fibre reduce levels of plasma oestrogens, in particular by inter-
fering with their enterohepatic circulation and so increasing the rate of faecal excre-
tion. Such diets also contain phytoestrogens, which have been proposed to be
protective, Rose et al.* and Waoods et al.” have shown that diets low in fat and high in
wheat bran fibre significantly reduce plasma levels of oestradiol and oestradiol suphate.
Fibre intakes have also been shown to be inversely related to total, subcutaneous and
extra-abdominal fat and to lower insnlin levels. These findings reflect the influence of
fibre in controlling aspects of the insulin-resistance syndrome.

OTHER SITES

There is good reason to examine seriously the relationship between cereal fibre
intake and cancer at other sites. The preliminary analyses reported by La Vecchia and
Chatenoud' suggested that pcople wha reported consuming whole grain cereals had
a lower risk of cancer at a range of other sites in addition to the large bowel and breast.
There were many potential confounding factors in these Htalian data, and they need to
be confirmed. However, there are good theoretical reasons for suspecting a general pro-
tective effect. If the mechanisms proposed to explain the protective effects against
breast cancer are true, then we would expect them to apply also to other hormone-
related cancer sites such as endometrium, ovary, and prostate. Carcinogen binding in
the colon lumen might also give rise to a generalised protection, and the presence of
anticarcinogens in the cereal husk would provide a mechanism simifar to that proposed
for vegetables and fruit, If such a generalised protection were to be confirmed it would,
of course, strengthen the recommendation to increase intakes of high-fibre cercals.

GENERAL RECOMMENDATIONS

* Questionnaires need to be directed in future to the study of {ood groups (e.g.
cereals) rather than nutrients or anutrients {e.g. dietary fibre), since the latter
are highly heterogeneous and not necessarily well quantitated.

In view of the data presented in the review by Hill,” meta-analyses of the case-
control and the cohort studies should be carried out,

Many of the effects of dietary fibre that provide protection against colorectal
and breast cancer are concerned with events in the caecum and proximal colon.
We need to understand much more about the ccology of this important but
cxperimentally inaccessible subsite of the large bowel.
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CARNITINE SYSTEM AND TUMOR
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1. INTRODUCING CARNITINE

Carnitine, a name derived from the Latin carnis (flesh), was isolated from meat
extracts in 1905' and early its chemical formula (C;HsNO,) was proposed. lts struc-
fure, a trimethyibetaine of y-amino-f-hydroxybutyric acid, was correctly identified and
published about twenty years later.” Initially, some circumstances led to consider car-
nitine as a vitamin. By about 1945, all of the important vitamins of the B group had
been identified, but the interest in the discovery of still missing B-vitamins, their lack
being possibly correlated with anemia, was tremendous. In those years Fraenkel and
coworkers observed that the mealworm Tenebrio molitor required for normal growth
and survival, in addition to at lcast eight of the known B-vitamins, also folic acid and
anew factor contained in brewers yeast or in liver extract, which they tentatively named
vitamin-By (4 for Tenebrio).’ The unfavorable properties of this factor (it was hygro-
scopic and extremely water soluble, thus, hard to crystallize) made its isolation difficult
but, finally, the missing vitamin-B, was identified as carnitine.* The widespread distri-
bution of carnitine was established in microorganisms, fower animals, and in all organs
of mammals, and in plants too.®

But soon after, the finding that microorganisms as well as higher animals were
also able to synthesize carnitinc by themselves, came to light.** Hence, the assumption
upon which carnitine was included among vitamins failed.

The physiological role of carnitine in microorganisms has not been elucidated

“for a long time, To datc it is known that the role of carnitine in growth stimulation

and metabolism in microorganisms varics depending on species and living conditions.
For cxample in Escherichia coli, carnitine and other quaternary compounds, stuch
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Chemoprevention of Colorectal Cancer

J. Faivre and C. Bonithon-Kopp

Registre Bourguignon des Cancers Digestifs (INSERM CRI 9505),
Faculté de Médecine, 7 Boulevard Jeanne d’Arc, F-21033 Dijon Cedex, France

Abstract

Epidemiological studies have emphasised the major role of diet in the aetiol-
ogy of large bowel cancer. Attempts to identify causative or protective factors
in epidemiological and experimental studies have led to some discrepancies.
The time has come to test the maost important hypotheses within the frame-
work of intervention studies. Among studies specifically devoted to colorectal
carcinogenesis, eight have been completed and five are ongoing. They evalu-
ate the effect of the intervention on adenoma recurrence and, in three stud-
ies, on adenoma growth. Five intervention trials considering cardiovascular
discases and different cancer sites will provide data on the effect of the inter-
vention on colorectal cancer incidence. Vitamins and antioxidants, fibre or
calcium supplementation, aspirin therapy and dietary modifications are eval-
uated. Most of the available data do not support the idea of a protective ef-
fect of vitamins and antioxidants against colorectal carcinogenesis. It is too
carly to draw any conclusions on the effects of fibre, calcium supplementa-
tion, aspirin therapy and dietary intervention. The results of ongoing studies
will be available within 2 years. If one of the evaluated interventions proves
efficient, the benefits of a simple, safe and inexpensive prophylaxis for a very
common cancer will be clear.

Introduction

The most recent estimates of the worldwide incidence of colorectal cancer
rank it third among the most {requent cancers, with about 560700 new cases
per year (Parkin et al. 1993). It is a major public health problem in all devel-
oped countries in Western Europe, North America and the South Sea Istands.
Despite advances in diagnostic techniques and treatment, the 5-year survival
rates remain poor and are estimated to be 30% in Europe (Berrino et al.
1995). There is little improvement with time. Strong evidence indicates that a
high proportion of colorectal cancers arise in adenomas. These lesions could
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be a potential target for secondary prevention as well as for primary preven-
tion. Several arguments lend credence to the notion that the adenoma-carci-
noma sequence is a multistep progress. Cancer can be prevented by interven-
tion either at the stage of adenoma growth or at that of transformation into
carcinoma.

Many case-control studies, and some cohort studies, have provided sub-
stantial epidemiological evidence for the overwhelming role of diet in the oc-
currence of the disease (Potter et al. 1993). There is fairly consistent evidence
concerning the effect of vegetables as a protective factor and of caloric intake
as a risk factor. There is some evidence relating fat intake or protein intake
to colorectal cancer, whereas fibre intake, calcium intake and antioxidant vi-
tamins may be inversely related to colorectal cancer. owever, analytical
studies have yielded equivocal findings. The data available are not sufficient
to serve as a basis for firm specific dietary advice, but they provide attrac-
tive hypotheses, which in turn suggest a rational basis for a preventive
approach. Faced with this situation, it is important to test these hypotheses
within the framework of intervention studies in order to evaluate the possibi-
lities of primary prevention. The objective of this report is to review the de-
sign, along with the available results, of randomized colorectal cancer che-
moprevention trials. Only studies with cancer or precancerous lesions (i.e.
adenomas) as the main end-points are included here. Studies evaluating the
effect of drugs are not considered.

Vitamins and Antioxidant Trials

In recent years, much attention has been paid to the potential advantages of
antioxidant vitamins, including fi-carotene, retinoids, vitamin C, and vitamin
E, and of other micoronutrients, such as selenium, as chemopreventive
agents for large bowel cancer. The main features of these trials are sum-
marised in Table 1. Among the 15 chemopreventive studies with colorectal
carcinogenesis as an end-point, 11 are at least partly concerned with the pos-
sible preventive effect of vitamins and/or antioxidants. The population in-
volved is represented as follows: in 6 studies subjects who had previously
had adenoma and who were polyp free at the time of recruitment; in 2 stud-
jes, individuals with familial adenomatous polyposis previously treated by to-
tal colectomy and ileorectal anastomosis (Bussey et al. 1982; De Cosse et al.
1989); and in 3 studies, volunteers included in large trials assessing the ef-
fects of micronutrients supplementation on cancer sites and cardiovascular
diseases (ATBC Study Group 1994; Physician’s Health Study cited in Henne-
kens ¢t al. 1996; Hercherg et al. 1993). The effect of vitamin C alone was
tested in 1 study (Bussey et al. 1982), the effect of ff-carotene alone in 4 stud-
ies (Greenberg et al. 1994; MacLennan et al. 1991; ATBC Study 1994; Henne-
kens et al. 1996) and the effect of vitamin E alone in | study (ATBC Study
1994), Vitamin C and vitamin E were evaluated in 2 studies (De Cosse et al.



124 ). Faivee and €. Bonithon-Kopp

1989; Mc Keown-Eyssen et al. 1988), and various combinations of vitamins
and of antioxidants in 4 studies (Roncucci et al. 1993; Hofstad et al. 1995;
Bonelli et al. 1994; Hercberg et al. 1993). All these studies were double-blind
randomized trials except for the Modena study (Roncucci et al. 1993), in
which the reference group had no treatment. All the studies except 2 had a
parallel design, meaning that the effect of one or several treatments was
compared with the effect of the placebo. A 2x2 factorial design was used in 2
studies (Greenberg et al. 1994; MacLennan et al. 1991). The advantage of this
design was that it allowed an estimation of the effect of the two combined
treatments and that it gave more power to the study than a paraiiel scheme
with the same number of patients.

The main end-point was adenoma recurrence in 5 studies (McKeown-Eys-
sen et al. 1988; Roncucci et al. 1993; Greenberg et al. 1994; MacLennan et al.
1995; Bonelli et al. 1994), variation in size of adenomas left in situ in 3 stud-
ies (Bussey et al. 1982; De Cossec et al. 1989; Hofstad et al. 1992}, and colo-
rectal cancer incidence in 3 studies (ATBC Study 1994; Hennekens et al.
1996; Hercberg et al, 1993). Most trials aimed at evaluating the effect of sup-
plementation on adenoma recurrence or adenoma growth were small. The
only large study was the one carried out within the National Polyp Study in
the USA (Greenberg et al. 1994). Trials using adenoma recurrence or adeno-
ma growth as the primary outcome have the advantage of being relatively
small in size because a large number of events are expected during follow-
up. For instance, the rate of patients with new adenomas is expected to be
30% at 3 years, However, whereas a refatively small sample size is sufficient
to give the power needed to test the effectiveness of the intervention, some
studies are obviously too small to provide any firm conclusion. In contrast,
studies with invasive cancers as the main end-point require several tens of
thousands of subjects.

The duration of the studies varies according to the main end-point. Trials
that use adenoma recurrence or adenoma growth as the main end-point have
the advantage of being relatively short in duration, ranging from 2 te 5 years
(Table 1). Studies with colorectal cancer as the primary outcome require a
longer follow-up period, generally at least 10 years.

The degree of compliance with the supplements is of importance. It was
between 70% and 85% in most studies: 73% (Bussey et al, 1982), 79% (De
Cosse et al. 1989), 75% (McKeown-Eyssen et al. 1988), 86% (Greenberg et al.
1994), 81% (Hofstad et al. 1995). It was only 45% in 1 study (Roncucci et al.
1993). Compliance with the final endoscopy was 73% in the St. Mark’s Study,
79% in the New York Study, 78% in the Toronto Study, 87% in the National
Polyp Study, 72% in the Australian Study, 87% in the Oslo Study and only
26% in the Modena Study.

The first chemopreventive study concerning colorectal cancer carcinogen-
esis was performed at St. Mark’s Haspital, Lendon, on patients treated for
polyposis coli with the rectum left in place (Bussey et al. 1982). In the treat-
ment group, there was a non-significant trend to a reduction in the number
of rectal adenomas and in the adenoma area compared with the control
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Table 1. Study designs, end-points and results of chemoprevention trials of vitamins and antioxidants

in colorectal cancer carcinogenesis

Study Subjects Intervention No.of Duration  End-point results
with subjects
Bussey et al.  Familial Vitamin € 2 g/day 49 15-24 No significant
1982, London  polyposis months reduction in the
number of rectal

. © adenomas

De Cosse et al. Familial Viatmin C 4 Jgd/day + 58 4 years No effect on the

1989, New York polyposis vitamin £ 400 mg/day number of rectal
' adenomas

McKeown- Previous Vitamin C 400 mg/day + 185 2 years No effect on adeno-

Eyssen et al.  adenoma vitamin £ 400 mg/day ma recurrence

1988, Toronto
Roncucci et al.  Previous Vitamin A 30000 IU/day 255 3 years Significant reduc-

1993, Modena  adenoma + vitamin E 70 mq /day tion in adenoma
recurrence
Greenberg et Previous p-Carotene 30 mg/day + 864 4 years No effect on adeno-
al. 1994, USA  adenoma vitamin C 1 g/day + ma recurrence
vitamin E 400 mg/day
Hofstad et al.  Previous f-Carotene 15 mg/day + 116 3 years No effect on adeno-
1995, Oslo - adenoma vitamin E 75 mg/day + ma growth or ade-
: : vitamin C 150 mg/day + noma recurrence
selenium 101 mg/day
Maclennan et Previous Pp-Carotene 20 mg/day 378 4 years No effect on adeno-
al. 1996, adenoma ma recurrence
Australia
Bonelli et al.  Previous f-Carotene 15 mg/day + 279 5 years Adenoma
1994, Genova - * adenoma vitamin £ 75 mg/day + recurrence

vitamin C 150 mg/day +
selenium 101 mg/day
ATBC 1994, Male smokers fi-Carotene 20 mg/day + 29133 4-13 years No effect on colo-

Finland 50-69 years vitamin E 50 mg/day rectal cancer inci-
dence
Hennekens et Medical p-Carotene 50mg on 22000 5 years No effect on cancer
al. 1996, USA  doctors . .. alternate days . incidence
SUVIMAX, Volunteers  f-Carotene 6000 mg/day 15000 8 years Cancer incidence,
France, 1993 - © 4 vitamin C 120 mg/day cardiovascular dis-
; + vitamin E 15 mg/day + eases

selenium 101 mg/day +
zinc 20 mg/day

group (the reduction was significant at the 9 month follow-up, but disap-
peared over the next follow-up periods). A study with a similar design was
performed in New York (De Cosse et al. 1989). There was no effect of vita-
min E and vitamin C on the number of adenomas.

Of the 5 published studies that have tested the effect of antioxidant vita-
mins on adenoma recurrence, 4 are negative and 1 is still on-going (Bonelli
et al. 1994). A Canadian study found no effect of supplemental vitamins C
and E on the rate of recurrence of adenomas over a 2-year period
(McKeown-Eyssen et al. 1988). In an American study there was no evidence
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that fi-carotene or vitamin C and vitamin E reduced the risk of new adeno-
mas (Greenberg et al. 1994). Neither diet treatment appeared to be effective
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previous adenomas and serum level at entry or subtypes of adenoma identi-
fied at follow-up examinations (number of colorectal adenomas, size of the
largest adenoma and location of the adenomas). In the Oslo study, no effect
of a combination of fi-carotene, vitamin E, vitamin C, selenium and calcium
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as found on the adenoma growth of an adenoma <1 cm in size that had
not been extirpated (Hofstad et al. 1995). Moreover, there was no effect
either from year to year or when the size of the left-in adenoma and/or the
location of the adenoma, gender and cancer among first-degree relatives
were taken into account, In the Australian study there was the suggestion of
an d(lVLrSC cuCCt [HL‘ recurrence raie Ol l(\!’bc a(lenom'!s [)l cm) u’lc‘r’éz’u’:eu
(borderline significance) in the group receiving ff-carotene supplementation.
In contrast, a trial in Modena showed a significant reduction in the adenoma
recurrence rate in patients receiving vitamins A, C and E compared with

non-treated patients (Roncucci et al. 1993) The numbers of patients with a
new adenoma at CGIGTIOQCOP‘)" were 4 of 49 treated and 28 of 54 untreated pa-
tients. The main limitations of this study were the small number of patients
(resuiting in a lack of precision in efficacy estimates), the short follow-up
period (only a quarter of the subjects had a colonoscopy after 2 years) and
the fact that a substantial proportion of randomly assigned patients did not
undergo a follow-up colonoscopy at all. Because of these limitations, the re-
sults of this study need to be regarded with C'\ution.
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cancer incidence as an end-point. The Alpha Tocopherol, Beta Carotene,
Lung Cancer Prevention Study in Finland was logistically a success (ATBC
Study 1994). A total of 29133 male smokers aged 50-69 years participated in
the chemoprevention trial, accumulating 169751 follow-up years. During the
course of the study, 68 incident cases of colorectal cancer appeared in the a-
tocopherol group versus 81 in the group not receiving a-tocopherol, and 76
in the fl-carotene group versus 73 in the group and receiving ff-carotene, In
the United States, 22071 male physicians aged 40-84 years were randomized
in a double-blind phccbo -controlled trial of /ﬁ’-C'\rotene, 50 mg on alternate
Ud)’b. Fewer than 1% had been lost to follow- up 7 and campxiance was 78% in
the group that received f-carotene. Overall, 167 colorectal cancers were diag-
nosed in the intervention group and 174 in the placebo group (Hennekens et
al. 1996).
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(Ommen et al. 1996). A total of 18134 subjects at high risk of lung cancer
(heavy smokers and ashestos-exposed workers) were included to assess the
effect of fl-carotene and vitamin A. This study was stopped prematurely be-

cause the active treatment group was found to have a significantly higher
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A lot of information is :\vailnble on lhc ffc t of antioxidant vitamins on
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rence, adenoma growth or colorectal cancer risk.

Fibre Trials

The results of analytical studies on dietary fibre are rather contradictory. It
must be emphasised that dietary fibre is not a homogeneous entity and that
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tion tables lack data on the different types of dietary fibre. In this context,
studies examining the effect of a single source of fibre on experimental carci-
nogenesis in rodents are of interest. Pectin, cellulose, lignin, guargum, alfalfa,
carrageen and cutin seem to have little effect (Faivre et al. 1991). However, a
protective effect has been observed in most studies for wheat bran and muci-
laginous substances (such as ispaghula husk), particularly during the pro-
moting phase. The relevance of these data to human cancer must be evalu-
ated in intervention studies.

Fibre supplementation is proposed in four chemopreventive studies (Table
2). The effect of wheat bran (22.5 g/day) together with vitamins C and E has

been evaluated in patients with famlh'\l polyposm and with the rectum left in
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the Australian study, with a dose of 25 g/day (McLennan et al. 1995), and in
the Arizona study, with 13.5 g/day (Vargas and Alberts 1992). A multicenter
European study performed within the European Cancer Prevention Organisa-
tion (ECP) has been assessing a mucilaginous substance in the form of ispa-

Table 2. Study designs, end-points and results of chemoprevention trials of fibre in colorectal cancer
carcinogenesis

Study .. Subjects with Intervention No. of Duration  End-point results
o subjects
De Cosse et al., . Familial Wheat bran 58 4years  Nomsignificant reduction
1989, New York * polyposis .5 g/day + in the number of recta
vitamin C4 ¢/ adenomas
day + vitamin E
400 mg/day
Maclennan et Previous Wheat bran 378 4 years  Significant reduction in
al. 1995, adenoma 11 g/day the number of adenomas
Australia >1cm in the low-fat/
high-fibre group

Vargas and Previous Wheat bran 1400 5 years Adenoma recurrence
Alberts et al. . adenoma 13.5 g/day .

1992, Arizona | , : ,

Faivre et al. . Previous .. Ispaghula husk 656 3years  Adenoma recurrence
1997, Europe  adenoma 3.8 g/day
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ghula husk, 3.8 g/day (Faivre et al. 1997). This dose was that proposed by the
manufacturer to obtain stool bulking. Most of the above-mentioned studies
are larger than the chemopreventive trials of vitamins. Their duration varies
between 3 and 5 years. The compliance rate for fibre intake was 79% in the
New York study (De Cosse et al. 1989) and 74% in the Australian study
(MacLennan et al. 1995), and is currently 77% in the ECP study (intermedi-
ate results on 564 subjects who ended the study before April 1997). Compli-
ance with the final colonoscopy is of great importance for the interpretation
of the results. Tt was 92% at 2 years and 72% at 4 years in the Australian
study (McLennan et al. 1995). In the ECP study, intermediate results indicate
that compliance with the 3 year colonoscopy was 89%.

The first fibre chemopreventive study was performed in patients treated
for polyposis coli who had undergone total colectomy and ileorectal anasto-
mosis and who were followed up at the Sloan-Kettering Institute in New York
(De Cosse et al. 1989). The ratio between the initial number of adenomas
and that at the follow-up examination was the main trial outcome. The in-
tent-to-treat analysis suggested a limited effect of the treatment in the group
receiving wheat bran, vitamin C and vitamin E compared with the groups re-
ceiving vitamins alone or a placebo. There were significant differences at 33
and 39 months only. When compliance was taken into account there was a
stronger benefit in the combined fibre - vitamin group, particularly at the 2-
year midpoint of the study.

In the Australian multicentre study there was no evidence that any inter-
vention reduced the recurrence rate of adenomas at 2 or 4 years (McLennan
et al. 1995), but a significant reduction in the incidence of large adenomas
(21 cm) was found in the low-fat diet group. The effect was observed when
the low-fat diet was combined with wheat bran. This study suggests that a
low-fat diet combined with wheat bran supplementation may reduce the risk
of adenoma growth in patients with small adenomas.

The final results from the ECP study and from the Arizona study will be
available soon.

In conclusion, the results available provide some evidence for an inhibi-
tion of adenoma growth through a high-fibre diet and/or a low-fat diet. The

results of ongoing studies are expected to provide further arguments tu sup-
port these conclusions.

Calcium Trials

It has been hypothesised that a high intake of calcium may decrease the risk
of colorectal cancer. Support for this hypothesis was obtained from a 19-year
prospective study in the USA and from the fact that oral intake of calcium
may induce a more quiescent equilibrium of epithelial cell proliferation in
the colonic mucosa of subjects at high risk of colorectal cancer. However,
such results have been reported in only half of the cell proliferation studies,
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and only one out of six case-control studies suggests a protective effect of
high calcium intake.

Four intervention studies aimed at evaluating the possibility of primary
prevention of colorectal cancer with calcium supplements have been carried
out or are on-going (Table 3). All these studies are investigating subjects
with a previous history of colorectal adenoma. As mentioned before, such
trials have the advantage of being both relatively small in size and short in
duration. In the ECP study, it was estimated with an assumed 30% recur-
rence rate at 3 years in the placebo group that 210 subjects per group are
needed to detect a 15% difference between the tested group and the placebo
group (a=0.05; power=0.90, two-tailed test). As for the polyp growth study,
it can be estimated that there is an even higher proportion of patients with
an increase in size of the unresected adenoma. In the ECP study, eligible pa-
tients had to have at least one adenoma over 5 mm in diameter or two ade-
nomas. This gives more power to the study because such subjects have a
higher recurrence rate than subjects with only a small adenoma. All these
studies use adenoma recurrence as the primary outcome. The Oslo study has
the additional feature that the effect of the intervention on the growth rate of
an adenoma less than 1 cm in diameter left in situ in the large bowel is to be
evaluated. None of the on-going studies has colorectal cancer as the main
end-point.

The calcium being tested in the four studies is in the form of calcium car-
bonate or calcium gluconolactate various doses: 1.2 g/day (Baron et al. 1995),
1.5 g/day (Rooney et al. 1994), 1.6 g/day (with a mixture of antioxidants; Hof-
stad et al. 1995) and 2 g/day (Faivre et al. 1997). The study duration varies
from one to another. It was 2 years in one study, 3 years in two studies and
4 years in one study (Table 3). In the Oslo and the Nottingham studies a
control colonoscopy was performed yearly. In the two other studies control
colonoscopy has been planned only for the end of the study.

The degree of compliance is an important factor in the success of the
study, since the study power depends on both the sample size and the degree
of compliance with the intervention. The compliance rate was 88% in the

Table 3. Study designs, end-points and results of chemoprevention trials of calcium in colorectal car-
cinogenesis

Study ++ . Subjects with Intervention No of  Duration End-point results
R subjects

Hofstad et al. . .» See.Table 1-

1995, Oslo ‘

Rooney et al. Previous adenoma  Caldium 15 g/day 79 2 years  No effect on adeno-

1994, Nottingham . ma, recurrence

Baron et al. 1995, Previous adenoma Calcum 1.2 g/day 930 4 years  Adenoma recurrence

USA :

Faivre et al, 199f, Previous adenoma  Calcium 1.0 g/day 656 3 years  Adenoma recurrence
Europe
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Nottingham study (Rooney et al. 1991), 81% in the Oslo study (Hofstad et al.
1995) and 73% in the ECP study (intermediate results on 564 subjects who
ended the study before April 1997). Compliance with the final colonoscopy
examination was 88% in the Nottingham study, 87% in the Oslo study and
89% in the ECP study (intermediate results).

The two completed studies were small. In the Nottingham study no effect
of calcium was found on adenoma recurrence after 2 years; the recurrence
rate was 11% in both the calcium and the placebo groups (Rooney et al.
1994). In the Oslo study no effect on polyp growth was found, but there was
a possible protective role of calcium and antioxidants against new adenoma
formation. The two on-going studies - the ECP study and the American
study - are larger. They will provide complementary information within 1
year.

It is not yet possible to draw firm conclusions on the effects of calcium
supplementation in colorectal carcinogenesis, particularly on adenoma
growth or adenoma recurrence. On-poing studies are expected to provide
further information.

Aspirin Trial

Several lines of evidence support the notion that aspirin and other monoster-
oid anti-inflammatory drugs may prevent large bowel cancers. Most case-
control and cohort studies indicate a 30%-50% reduction in risk of colorec-
tal cancer among regular users of aspirin. The results are consistent both for
colon cancer and rectal cancer mortality or incidence and for adenoma oc-
currence. The results are not uniform, however, and a few studies found no
benefit with aspirin use.

Only one chemoprevention study has investigated the effect of aspirin on
occurrence of colorectal cancer (Gann et al. 1993). In this study, performed
in male physicians in the USA, on¢ aspirin tablet (325 mg) or a placebo was
taken every other day. This study was stopped after 5 years because of evi-
dence of protection against myocardial infarction. No protection by aspirin
against colorectal tumours was seen. The relative risk was 1.15 for cancer
and 0.86 for adenomas for subjects randomized to aspirin group. The rela-
tively short duration of treatment can explain this result. Some data suggest
that regular aspirin use for 10 years or longer is required for the inverse as-
sociation to become apparent. Furthermore, cancers found soon after ran-
domization were probably present when aspirin therapy began and would
most likely not have been affected by aspirin use. There is little information
regarding the optimal dose of aspirin. Benefits and risks have to be better
defined. Because of the known toxicity of aspirin there is not a sufficient
basis to recommend aspirin to the public for preventing colorectal cancer.
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Conclusion

Altogether 15 chemopreventive studies (sometimes with several arms) have
been performed to evaluate the possibilities of primary prevention of colo-
rectal cancer: 8 in Europe, 6 in North America and 1 in Australia. Study pop-
ulations are made up of subjects with previous adenomas or with remaining
adenomas (i.e. intermediate steps in the natural history of the disease) or of
volunteers included in large trials on cardiovascular diseases and/or other
cancers in which colorectal cancer risk is one of the end-points. In addition
to chemoprevention studies, 3 studies consider dietary interventions, Such
studies are more difficult to implement and evaluate than are chemopreven-
tive studies. The first study of this type was performed in Toronto
{McKeown-Eyssen et al. 1994). In the intervention group, a low-fat diet (20%
of energy from fat) and a high-fibre diet (50 g/day) was advised. After 12
months of counseling, fat consumption was 25% of energy in the interven-
tion group and 33% in the control group, and fibre consumption was 35 g
and 15 g, respectively. There was a nonsignificantly reduced risk of adenoma
recurrence in women and an opposite risk in men. Thus, the issue of a gen-
der-related effect on adenoma recurrence remains a definite question to be
addressed in much larger studies. In the Australian study, as already men-
tioned, a low-fat diet (<25% of calories from fat) was proposed in one arm
of the study (MacLennan et al. 1995). The National Polyp Study proposed a
low-fat diet (<20% of total calories from fat), a high-fibre diet (at least 18 g/
keal of wheat bran) and fruit and vegetables (5-8 servings per day) in the in-
tervention arm (Freedman and Schatzkin 1992). Overall, 2094 subjects have
been randomized in this study aimed at evaluating adenoma recurrence.

This review does not consider trials with only indirect end-points. In such
studies, available results are suggestive of treatment efficacy in reducing colo-
rectal cancer risk, though not decisive. These results are of interest within in-
tervention studies, as they represent a unique opportunity for better under-
standing of the pathogenesis of colorectal carcinogenesis. Levels of cell prolif-
eration in the intestinal mucosa have been evaluated in several studies (Mac-
Lennan et al. 1991; Faivre et al. 1997). Changes in the proliferation pattern
have been correlated with the risk of colorectal tumours, 1t is worth evaluating
the effect of the intervention on colonic cell proliferation. A detailed analysis of
bile acids and related compounds is also planned in some chemopreventive
studies (Hofstad et al. 1995; Faivre et al. 1997). Their involvement in colorectal
carcinogenesis has been put forward, and the objective of the intervention is to
decrease their toxic effects. In this context, it is important to document changes
in their concentrations in faeces, for better definition of their role in the initial
phases of colorectal carcinogenesis. Assessments of the underlying nutritional
status before and after the intervention are important in the interpretation of
the results. Diet needs to be estimated, with particular emphasis on the main
hypotheses concerning colorectal cancer carcinogenesis.

It can be concluded that most available data do not support a protective
effect of antioxidant vitamins (vitamin C, f-carotene, vitamin E, association
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of these vitamins) or micronutrients {selenium, zinc) on adenoma recurrence
and growth and/or colorectal cancer risk. Results from small calcium chemo-
preventive studies are difficult to interpret, and the same applies to the effect
of dietary fibre. Although results are conflicting, there are some arguments
in favour of a protective effect of dietary fibre and/or a low-fat diet on adeno-
ma growth. The results of on-going preventive studies will provide further
data on the effect of calcium and fibre on colorectal carcinogenesis. They will
be available within 1 year.
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LACK OF EFFECT OF A HIGH-FIBER CEREAL SUPPLEMENT
ON THE RECURRENCE OF COLORECTAL ADENOMAS

Davip S. ALseats, M.D., MaRia ELena MarTINEZ, PH.D., DENise J. ROE, Dr.P.H., Jos¢ M. GuiLLEN-RODRIGUEZ, M.S.,
JAMES R. MARSHALL, PH.D., J. BARBARA VAN LEEUWEN, M.A., MARY E. ReiD, PH.D., CHeRyL RITENBAUGH, PH.D.,
Peata A. VARGAS, PH.D., A.B. BHATTACHARYYA, M.D., DAviD L. EARNEST, M.D., Ricnaro E. SAmPUNER, M.D.,
AND THE PHOENIX COLON CANCER PREVENTION PHYSICIANS NETWORK*

ABSTRACT

Background The risks of colorectal cancer and
adenoma, the precursor lesion, are believed to be in-
fluenced by dietary factors. Epidemiologic evidence
that cereal fiber protects against colorectal cancer is
equivocal. We conducted a randomized trial to deter-
mine whether dietary supplementation with wheat-
bran fiber reduces the rate of recurrence of colorec-
tal adenomas.

Methods We randomly assigned 1429 men and
women who were 40 to 80 years of age and who had
had one or more histologically confirmed colorectal
adenomas removed within three months before re-
cruitment to a supervised program of dietary sup-
plementation with either high amounts (13.5 g per
day) or low amounts (2 g per day) of wheat-bran fiber.
The primary end point was the presence or absence
of new adenomas at the time of follow-up colonos-
copy. Subjects and physicians, including colonosco-
pists, were unaware of the group assignments.

Results Of the 1303 subjects who completed the
study, 719 had heen randomly assigned to the high-
fiber group and 584 to the low-fiber group. The me-
dian times from randomization to the last follow-up
colonoscopy were 34 months in the high-fiber group
and 36 months in the low-fiber group. By the time of
the last follow-up colonoscopy, at least one adenoma
had been identified in 338 subjects in the high-fiber
group {47.0 percent) and in 299 subjects in the low-
fiber group (51.2 percent). The muitivariate adjusted
odds ratio for recurrent adenoma in the high-fiber
group, as compared with the low-fiber group, was 0.88
(95 percent confidence interval, 0.70 to 1.11; P=0.28),
and the relative risk of recurrence according to the
number of adenomas, in the high-fiber group as com-
pared with the low-fiber group, was 0.99 (95 percent
confidence interval, 0.71 to 1.36; P=0.93).

Conclusions As used in this study, a dietary sup-
plement of wheat-bran fiber does not protect against
recurrent colorectal adenomas. (N Engl J Med 2000;

'342:1156-62.)
©2000, Massachusetts Medical Society.

HE risks of colorectal cancer and adenoma,
the precursor lesion, are believed to be in-
fluenced by diet.! Burkitt’s proposal that a
high-fiber diet protects against colon can-
cer was based on the low rates of colorectal cancer in
Africa.? Insoluble fibers, such as wheat-bran fiber, are
thought to protect against colon cancer by absorb-
ing carcinogens in the gastrointestinal tract.’ Indeed,
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wheat-bran fiber has been shown to dilute fecal con-
centrations of bile acids*5 and to bind bile acids, there-
by increasing their fecal excretion.s” Although an in-
verse correlation was observed between mortality rates
from colon cancer and per capita cereal consump-
tion,? the results of the few analytical epidemiologic
studies of associations between the consumption of
whole-grain cereal and the risk of colorectal cancer®1s
or adenoma'é have been equivocal. Some metabolic
end-point studies,5 including our own,* have shown
that wheat-bran fiber decreases fecal mutagenicity and
reduces concentrations of fecal bile acids, although no
effect was found on rates of proliferation of rectal mu-
cosal cells.!8 Two studies found that a supplement of
wheat-bran fiber had no effect on the risk of recurrent
colorectal adenoma.!%:20

In 1990, we initiated 2 multicenter trial to deter-
mine whether wheat-bran fiber can prevent the re-
currence of colorectal adenomas.

METHODS
Study Design and Subjects
Details of the design and methods of the study have been de-

_scribed previously.?! Briefly, subjects were recruited berween Sep-

tember 1990 and July 1995 from multiple centers in the Phoenix,
Arizona, metropolitan area. The study protocol was approved by
the institutional review boards of the 22 participating health care
centers in the Phoenix area and by the human-subjects committee
of the University of Arizona. All subjects provided written informed
consent.

We identified men and women who were 40 to 80 years of age
from whom one or more colorectal adenomas, measuring at least
3 mm in diameter at colonoscopy, had been removed within the
three months before recruitment. To be eligible, subjects had to
have an adequate nutritional status and normal renal and liver func-
tion and to have a Southwest Oncology Group performance sta-
tus of 0, 1, or 2.22 We excluded persons who hadhad invasive can-
cer within the previous five years; those with a history of colon
resection; those who had rwo or more first-degree ilatives with

From the Arizona Cancer Center (DS.A., M.E.M., DJR,, JMG--R,
JR.M., J.B.L, MER), the Collcge of Public Health (D.S.A., M.E.M..
DJR,, JR.M, M.ER), and the Departments of Pathology (A.B.B.) and
Medicine (D.S.A., D.L.E,, R.ES.), University of Arizona, Tucson,; the Cen-
ter for Health Research, Porthand, Oreg. (C.R.); the Department of Pedi-
atrics, University of Arkansas for Medical Sciences, Lictle Rock (PAV.); and
Veterans Affairs Medical Center, Tucson, Ariz. (R.E.§.). Address reprint re-
quests to Dr. Alberts at the Arizona Cancer Center, PO Box 245024, Tuc-
son, AZ 85724-5024, or at dalberts@azcc.arizona.edu.

Other authors were Dianne Parish, B.S., Kris Koonce, B.S., and Liannc
Fales, M.P H., Arizona Cancer Center, University of Arizona, Tucson.

*The members of the Phocnix Colon Cancer Prevention Physicians’ Net-
work are listed in the Appendix.




cal con-
s, there-
h an in-
ity rates
nsump-
iologic
tion of
ncer®13
:tabolic
= shown
fity and
wugh no
-tal mu-
nent of
current

» deter-
the re-

been de-
zen Sep-
>hoenix,
oved by
ilth care
mmittee
2formed

s of age
s at least
thin the
5 had to
er func-
nce sta-
ive can-
f colon
res with

M.G.-R,,
M.E.M.,,
3.B.) and
the Cen-
of Pedi-
WV); and
print re-
24, Tuc-

{ Lianne
'son.

ns” Net-

LACK OF EFFECT OF A HIGH-FIBER CEREAL SUPPLEMENT ON THE RECURRENCE OF COLORECTAL ADENOMAS

colorectal cancer, severe metabolic disorders, or other severe ill-
nesses; and those with an intake of more than 30 g of dictary fiber
per day on the basis of their responses to the Arizona Food-Fre-
quency Questionnaire. 2!

Subjects who successfully completed a six-week run-in period
by consuming at least 75 percent of the amount of a low-fiber sup-
plement supplied (2 g per day) were randomly assigned to reccive
a high-fiber supplement (13.5 g per day) or a low-fiber supplement
(2 g per day) of whear-bran cereal. With the exception of the cereal-
fiber intervention, no other dietary changes were required. The
treaument assignments were not revealed to the subjects, their phy-
sicians, or members of the study staff. The fiber supplements were
provided by Kellogg (Batte Creck, Mich.) and were available in sev-
eral forms: unsweetened loop-shaped cereal and sweetened and un-
sweetened shredded cereal. Analysis of the fiber content per serv-
ing showed the following: high-fiber loops, 13 g; low-fiber loops,
2 g; high-fiber unsweetened shredded cereal, 13 g; low-fiber un-
sweetened shredded cereal, 4 g; high-fiber sweetened shredded ce-
real, 10 g; and low-fiber sweetened shredded cereal, 3 g. Cereal
boxes were color coded into six groups to help maintain the study
blinding. Midway through the study, high-fiber wheat-bran—fiber
bars (containing 10 g of fiber) and low-fiber bars (4 g of fiber)
were developed by Kellogg. Subjects who had completed two years
of the study were allowed to ¢lect to consume up to 25 percent
of their daily fiber supplement in the form of a fiber bar.

Compliance with the protocol was evaluated primarily by counts
of returned cercal boxes and fiber bars at each visit and second-
arily through a specialized intake calendar. Each index was used to
generate an overall compliance score; subjects who consumed more
than 75 percent of the cereal supplement were classified as com-
plying with the protocol. On the basis of these data, members of
the clinic research staff initiated individualized measures, as nec-
essary, to increase compliance.

Colonoscopy

The study protocol specified that follow-up colonoscopy be per-
formed twice after the initial qualifying colonoscopy. The first co-
lonoscopy was to take place one year after randomization (to iden-
tify and remove adenomas missed at the qualifying colonoscopy),
and the second two years thereafter. However, the national rec-
ommendations regarding the frequency of colonoscopic surveil-
lance of patients with a history of colorectal adenomas changed dur-
ing the study from one and three years after the initial resection
to three years after resection.?*2 Thus, there was a decrease in the
rate of colonoscopy at one year among subjects enrolled in the
latter part of the trial.

Data Collection

Results of endoscopy and pathological analysis were collected for
cach colonoscopy reported during the study. Using standardized
guidelines, we abstracted data on the completeness of the examina-
tion and on the location, size, and histologic features of any resect-
ed adenomas.

Complete blood counts and blood chemical analyses were per-
formed during screening and during the run-in phase of the study
and annually thereafter. Dict was assessed according to the same
schedule with use of the Arizona Food-Frequency Questionnaire,
which has been evaluated with respect to reliability and validity in
this population.?” Information on adverse events was obtained ev-
ery three months at the time the dictary supplement was dispensed.

Statistical Analysis

The original trial design and approach to analysis were de-
scribed in detail by Emerson et al.28 The target sample size of 1400
subjects was based on a three-year rate of recurrence of adenomas
of 40 percent and on an estimate that 10 to 15 percent of adeno-
mas would be missed during the colonoscopy at base line. Given
a predicted dropout rate of 25 percent over a period of three years,
we estimated that 950 subjects would complete the intervention.
Given this sample size, the study had a statistical power of 0.82

to detect a 25 percent reduction in the recurrence of adenomas
and a power of 0.94 to detect a 30 percent reduction.

An interim analysis conducted in the latter part of the study
suggested a difference berween groups in the proportion of subjects
who stopped taking the assigned supplement: 12.7 percent stopped
in the low-fiber group, and 23.3 percent stopped in the high-fiber
group. Therefore, for the remainder of the accrual period, the orig-
inal 1:1 schedule of randomization was changed to 4:1, with four
subjects assigned to the high-fiber group for every one assigned to
the low-fiber group.

We counted all adenomas, whether detected during the first co-
lonoscopy (at year 1) or subsequent colonoscopic examinations.
Subjects in whom an adenoma was found during the one-year co-
lonoscopy were not withdrawn from the study. Two separate analy-
ses were performed. The first included all subjects who underwent
colonoscopy one or more times after randomization, with recur-
rence defined as the identification of one or more adenomas after
randomization. The sccond set of analyses included only subjects
who underwenr colonoscopy at one year and one or more times
thereafter. Recurrence was defined for these analyses as the iden-
tification of any adenoma after the one-year colonoscopy. Differ-
ences between the high-fiber group and the low-fiber group in the
rates of colonoscopy at one year and during follow-up were ana-
lyzed with the use of chi-square tests, and the difference berween
the groups in the length of time from randomizatien to the last
colonoscopy was assessed with a log-rank test. Differences in char-
acteristics and in the incidence of adverse events among patients
with recurrent adenomas in the two groups were tested with chi-
square tests.

Multivariate adjustment to test for an effect of wheat-bran fiber
was initially performed with the use of logistic regression (presence
vs. absence of an adenoma). We used generalized estimating equa-
tions with a Poisson link function to model the number of recur-
rent adenomas at each colonoscopy, adjusting for the timing of
colonoscopy and assuming an exchangeable correlation structure
among the repeated procedures.?” Generalized estimating equa-
tions were used to estimate the adjusted relative risk of the recur-
rence of adenomas for the high-fiber group as compared with the
low-fiber group, whereas logistic regression was used to estimate
the adjusted odds ratio (as an estimate of the adjusted relative risk).
Initial models fitted to test the effect of group assignment were
adjusted only for the randomization period. Subsequent statistical
modeling also adjusted for sex and the number of adenomas at
the base-line colonoscopy (both of which are strong predictors of
the risk of recurrence) and factors that were found to be signifi-
cantly different between groups at base line. The significance of
the treatment effect was assessed with the Wald statistic.

RESULTS
Enroliment and Randomization

We identified 4705 potentially eligible subjects. Of
these, 2088 declined to participate, 1006 were found
to be ineligible, and 102 dropped out before the run-
in phase. The remaining 1509 subjects entered the
six-week run-in phase, which consisted of the daily
intake of a supplement low in wheat-bran fiber (2 g
per day). Of the 3699 eligible subjects, 1429 (38.6
percent) successfully completed the run-in period and
underwent randomization, 627 to the low-fiber group
and 802 to the high-fiber group.

Base-Line Characteristics of the Subjects

Table 1 shows the base-line characteristics of all
1429 randomized subjects and of the 1303 subjects
(91.2 percent) who completed the study by under-
going at least one colonoscopy after randomization.

Volume 342 Number 16 - 1157
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TABLE 1. BaASE-LINE CHARACTERISTICS OF THE SUBJECTS.*

AL RANDOMIZED SUBJECTS
{N=1429)

LOW-FIBER GROUPr HIGH-FIBER GROUP

CHARACTERISTIC
C(N=627)
Age —yr 66.0=8.8
Male sex — no. (%) 409 (65.2)
Dietary intake
Encrgy — kcal /day 1875636
Total fat — g/day 71.0+32.0
Dietary fiber — g/day 18.8+8.3
Calcium — mg/day 852=371
Alcohol — g/day 6.1=10.9
10-year history of regular aspirin use 165 (26.3)
-— no. (%)
Current smoker — no. (%) 67 (10.7)

History of adenomas before base-line
colonoscopy — no./total no. (%)

History of colorectal cancer in 1 parent 99 (15.8)
or sibling — no. (%)
Adenomas
Size of largest adenoma — mm 9.7x7.1
No. of adenomas 1.8=1.5

Location in proximal colon alone
— no./total no. (%)

Villous histologic ficdings
— no./total no. (%)}

210/544 (38.6)

165/624 (26.4)
95/625 (15.2)

SusJecTs WHO COMPLETED
THE STupy {N=1303)

LOW-FIBER GROUP HIGH-FIBER GROUP

(x=802) (N=584) (N=719)
66.8x9.0 66.0+8.8 66.4x8.8
538 (67.1) 385 (65.9) 486 (67.6)
1941709 1874629 1939692
75.1=x35.1 70.7x31.4 74.7x34.6
18.5%8.2 18.9x+8.3 18.6=8.1

858+385 849368 856385

8.1x17.9 6.4=11.1 8.4+18.0
230 (28.7) 154 (26.4) 213 (29.6)
136 (17.0) 57 (9.8) 121 (16.8)

272,722 (37.7) 199/504 (39.5) 253/648 (39.0)
141 (17.6) 91 (15.6) 129 (17.9)
10.1%+7.6 9.5+6.8 10.1x7.7
1.8+1.2 1.8+15 1.8+1.2

220/799 (27.5)  155/581 (26.7) 195/716 {27.2)

119801 (14.9) 91/582 (15.6) 107/718 (14.9)

*Plus—minus values are means 8D,

$This category included tubulovillous and villous adenomas.

TasLe 2. SELF-REPORTED COMPLIANCE WITH THE PROTOCOL AMONG THE 1303 SusjecTs WHO COMPLETED THE STUDY.*

TotaL No. . X
Group OF SUBJECTS YEAR 1 Year 2 Year 3
COUNT OF BOXES CALENDAR COUNT OF BOXES CALENDAR COUNT OF BOXES CALENDAR
AND BARS RECORD AND BARS RECORD AND BARS RECORD
number of subjects/total number (percent)
Low-fiber 584 548/584 (93.8) 536/534 (91.8) 472/544 (86.8) 459/543 (84.5) 425/508 (83.7)  399/504 (79.2)t
High-fiber 719 626/719 (87.1) 597,/719 (83.0) 468/601 (77.9)t 442/598 (73.9)t 409/552 (74.1)t 376/544 (69.1)t

*Compliance was defined as consumption of more than 75 percent of the assigned dictary supplements. Numbers of subjects do not total 1303 because
of dropouts, deaths, or missing data, Compliance was assessed by a count of the boxes of cereal and fiber bars returned at cach planned clinic visit and by
an assessment of required calendar notations made by subjects concerning the number of cereal boxes or fiber bars consumed each day.

$P<0.05 for the comparison with the low-fiber group.

Of these 1303 subjects, 138 underwent only the one-
year colonoscopy. The results for all randomized sub-
jects who underwent colonoscopy after randomiza-
tion were included in an intention-to-treat analysis.

Compliance

We assessed compliance with the dietary-supple-
ment regimen by two methods: a count of cereal box-
es returned to the study sites and a calendar record
of consumption kept by each subject. With the ex-
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ception of the first year of the study, there was a sig-
nificant difference in compliance between the two
groups (Table 2): the proportion of subjects who con-
sumed more than 75 percent of the cereal supple-
ment was lower in the high-fiber group than in the
low-fiber group (P<0.05). Counts of returned box-
es indicated that compliance declined with each year
of the study, so that by the third year, 84 percent of
the low-fiber group and 74 percent of the high-fiber
group were consuming more than 75 percent of the
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supplement. On the basis of responses to the Arizona
Food-Frequency Questionnaire, which includes in-
take of fiber from the wheat-bran—fiber supplement
and other sources, the mean total intake of fiber was
27.5 g per day in the high-fiber group and 18.1 g per
day in the low-fiber group.

Recurrence of Adenomas

As noted in the Methods section, we changed the
randomization scheme during the latter part of the
study. As a result, 276 of the 1303 subjects underwent
randomization according to a 4:1 ratio (high fiber to
low fiber) (Table 3). We did not detect significant dif-
ferences between the high-fiber and low-fiber groups
in the number of colonoscopic procedures performed
among subjects who underwent randomization ac-

TA3LE 3. NUMBER OF COLONOSCOPIC EXAMINATIONS AFTER
RANDOMIZATION, ACCORDING TO TREATMENT GROUP
AND RANDOMIZATION SCHEME.*

Low-Figer GRouP HiGH-Fieer GRour
VARIABLE {N=523} {N=504)

1:1 Randomization scheme (n=1027)

Mean no. of colonoscopies 2.17+0.83 '2.15+0.90
1 Colonoscopy — no. (%) 101 (19.3) 113 (22.4)
=2 Colonoscapies — no. (%) 422 (80.7) 391 (77.6)

Low-Fiser Grour  HigH-Figer Grour

{N=61) {N=215)
4:1 Randomization scheme (n=276)
Mean no. of colonoscopies 1.64=0.61¢ 1.66%0.58¢
1 Colonoscopy — no. (%) 26 (42.6) - 86 (40.0)
=2 Colonoscopies — no. (%) 35 (57.4) 129 (60.0)

*Plus—minus values are means +=8SD.

$P<0.05 for the comparison with the corresponding group in the 1:1
randomization scheme. ' ‘

cording to either the initial 1:1 scheme or the 4:1
subsequent scheme; however, subjects who underwent
randomization during the later period underwent sig-
nificantly fewer colonoscopic examinations during year
1 than those who underwent randomization during
the initial period. This difference clearly resulted from
the change in clinical screening practice.

Table 4 shows the rates of recurrent adenomas
among the 1303 subjects who completed the study.
The median observation period was 34 months in the
high-fiber group and 36 months in the low-fiber
group (P=0.006). By the time of the last follow-up
colonoscopy, the percentage of subjects with one or
more recurrent adenomas was 51.2 percent in the low-
fiber group and 47.0 percent in the high-fiber group
(P=0.13). After adjustment for the randomization
scheme used, the odds ratio for the presence of at least
one recurrent adenoma in the high-fiber group, as
compared with the low-fiber group, was 0.88 (95
percent confidence interval, 0.70 to 1.11; P=0.28).

When the analysis was restricted to the 889 sub-
jects who underwent both a one-year colonoscopy
and another examination two years later, the recur-
rence rates in the high-fiber and low-fiber groups were
not significantly different. With the use of general-
ized estimating equations, the relative risk in the high-
fiber group, as compared with the low-fiber group,
was 0.99 (95 percent confidence interval, 0.71 to 1.36;
P=0.93) for all 1303 subjects and 1.08 (95 percent
confidence interval, 0.71 to 1.64; P=0.73) for the
889 subjects who underwent colonoscopy during
year 1. Additional adjustments for sex, the number of
colonoscopic examinations, the number of adenomas
found at the base-line colonoscopy, and base-line var-
iables that differed significantly between treatment
groups did not change the results. Separate analyses
revealed no significant differences in the rates of re-

TABLE 4, RISK OF RECURRENT ADENOMAS.*

ADJUSTED HigH-  Low- ADJUSTED
Fottow-ur No. HigH-Fiser Low-Fiser Opos Ramo Fiser  Fisen ReLanve Risk
Periop AnaLyzeb  GRroup Group [95% CHit Grour GROUP {95% Clj¢
no. with &1 recurrent mean no. of
adenomas/total no. {%) recurrent adenomas
After random- 1303 338/719 299/584 0.88 0.61 0.57 . 099
ization (47.0) (51.2y (0.70-1.11) (0.71-1.36)
After colonos- 839 168/468 153/421 1.04 0.60 0.53 1.08
copy at ! year (35.9) (36.3) (0.79-1.38) (0.71-1.64)

*CI denotes confidence interval.

{The odds ratio for the presence of at least one recurrent adenoma in the high-fiber group as com-
pared with the low-fiber group, adjusted for the randomization scheme, is shown.

$The relative risk of recurrent adenomas in the high-fiber group as compared with the low-fiber
group, adjusted for the randomization scheme and timing of colonoscopies with the use of generalized
estimating equations (Poisson link function), is shown.
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TaBLE 5. CHARACTERISTICS OF ADENOMAS IDENTIFIED AFTER
RANDOMIZATION AMONG SUBJECTS WITH RECURRENT ADENOMAS.

Low-Figer  HigH-Fiser
Grour Group P
CHARACTERISTIC {N=299] {N=338) VaLue*
no. of subjects (%)
Size of largest adenoma 0.71
<lem 205 (68.6) 227 (67.2)
=1 cm 94 (31.4) 111(32.8)
No. of adenomas 0.03
1 145 (48.5) 144 (42.6)
2 66 (22.1) 61 (18.0)
=3 88 (29.4) 133(39.3)
Location of adenoma 0.004
Distal colon and rectum 87 (29.1)y 77 (22.8)
Proximal colon 144 (48.2) 140 (41.4)
Both 60 (20.1) 110 (32.5)
Not specified 8 (2.7} 11 (3.3)
Histologic findings 0.51
Tubular adenoma 197 (65.9) 224 (66.3)
Tubulovillous or villous adenoma 25 (8.4) 28 (8.3)
Both 10 (3.3) 19 (5.6)
Not specified 67 (22.4) 67 (19.8)

*The chi-square test was used.
q

currence between women in the low-fiber group and
women in the high-fiber group (40.7 percent vs. 40.8
percent, P=0.99). Among the men, there were fewer
recurrent adenomas in the high-fiber group than in
the low-fiber group (50.0 percent vs. 56.6 percent);
this difference was of borderline statistical significance
(P=0.05). There was no evidence of an effect of sup-
plementation with wheat-bran fiber among male sub-
jects who underwent colonoscopy during the first year.

When we assessed the characteristics of the recur-
rent adenomas (Table 5), there was no significant dif-
ference between the two groups regarding the size of
the adenomas (P=0.71) or their histologic appearance
(P=0.51). However, there was a significantly higher
proportion of subjects with three or more recurrent
adenomas in the high-fiber group than in the low-
fiber group (P=0.03). When subjects were classified
according to the sites of the recurrent adenomas (prox-
imal colon or distal colon and rectum or both), the
high-fiber and low-fiber groups were significantly dif-
ferent (P=0.004); this result was largely due to the
higher number of subjects in the high-fiber group
who had recurrent adenomas in both the proximal
colon and distal colon and rectum.

Adverse Events

During the course of the study, nine cases of colo-
rectal cancer were reported, two in the low-fiber
group and seven in the high-fiber group (P=0.20).
As shown in Table 6, among the 1303 subjects who
completed the study, there were 23 deaths: 10 in the
low-fiber group and 13 in the high-fiber group. There
were no significant differences between groups in the
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TABLE 6. INCIDENCE OF DEATH AND OTHER ADVERSE
EVENTS AFTER RANDOMIZATION.*

Low-Figen HiGH-FiBeER
Group Grour
VARIABLE (N=584) {N=719)
no. of subjects (%)
Death 10 (1.7) 13(1.8)
Discase*
All cancers 38 (6.5) 51(7.1)
Cardiovascular discase 11(1.9) 6 (0.8)
Stroke 5(0.9) 6(0.8)
Gastrointestinal effects*
Nausea 21 (3.6) 44 (6.1)t
Abdominal pain 69 (11.8) 136 (18.9)t
Diarrhea 65 (11.1) 145 (20.2)%
Constipation 78 (13.4) 91(12.7)
Intestinal gas 135 (23.1) 243 (33.8)t
Abdominal bloating 59 (10.1) 121 (16.8)t

*Some subjects had more than one adverse event.
1P<0.01 for the comparison with the low-fiber group.

occurrence of extracolonic cancer (P=0.58), cardio-
vascular disease (P=0.37), or stroke (P=0.69). The
number of subjects who reported gastrointestinal
effects was significantly higher in the high-fiber group
than in the low-fiber group for all effects except con-
stipation (Table 6). Most of these adverse effects
were mild.

DISCUSSION

In this double-blind trial, we found that a dietary
supplement of wheat-bran fiber had no statistically
significant protective effect against recurrent colorec-
tal adenomas. This finding was unchanged whether

- the analysis was based on all colonoscopic proce-

dures performed after randomization or only those
performed after one year in the study. This method
of analysis has been used in other intervention stud-
ies of recurrent colorectal adenoma.3® Moreover, the
high-dose supplement of wheat-bran fiber had no ef-
fect on the number of recurrent adenomas in subjects
who had a recurrence. Our results are consistent with
those of the Toronto Polyp Prevention Trial!? and the
Australian Polyp Prevention Project.?0 Although our
secondary analyses suggested an effect of the high-
fiber supplement among men, this result probably rep-
resents a chance finding; in the Toronto Polyp Preven-
tion Trial the effect of a low-fat, high-fiber diet was
greater among women than men.!? Furthermore, con-
trary to the findings of the Australian trial, we did not
see any evidence that the high-fiber supplement we
used reduced the rate of recurrence of large adenomas.
We observed no protective effect of the high-fiber
supplement on the number, location, or histologic fea-
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LACK OF EFFECT OF A HIGH-FIBER CEREAL SUPPLEMENT ON THE RECURRENCE OF COLORECTAL ADENOMAS

tures of the recurrent adenomas. The combination
of these observations argues against the idea that di-
etary supplementation with wheat-bran fiber can pro-
tect against recurrent colorectal adenomas. As report-
ed in this issue of the Journal, Schatzkin et al. found
that a low-fat, high-fiber diet also failed to lower the
risk of recurrence of colorectal adenomas.3!

We observed a relatively high rate of recurrent ad-
enomas in the proximal colon in both the low-fiber
group and the high-fiber group (48.2 percent and
41.4 percent, as compared with respective rates of
26.4 percent and 27.5 percent at base line). When
rates of recurrent adenomas in the proximal colon are
added to the rates of recurrence occurring in both
the proximal colon and the distal colon or rectum,
68.2 percent of the subjects in the low-fiber group
and 74.0 percent of those in the high-fiber group
had recurrences in the proximal colon. The high rates
of recurrent adenomas in the proximal colon strong-
ly suggest that colonoscopy, rather than sigmoidos-
copy, is the preferred method of surveillance, espe-
cially in patients with a history of adenoma in the
proximal colon.

In large, randomized clinical trials, randomization
is expected to result in a relatively equal distribution
of subjects with respect to risk factors of interest. In
our trial, there was a balanced distribution with re-
spect to base-line age and sex, but imbalances in terms
of exposure to tobacco, alcohol consumption, and
total intake of fat. Nevertheless, the multivariate logis-
tic-regression analysis, after adjustment for random-
ization period, sex, smoking status, alcohol consump-
tion, and energy intake, did not show a significant
effect of supplementation with wheat-bran fiber on
the recurrence of colorectal adenomas. Thus, our re-
sults do not appear to be related to an imbalance in
the base-line characteristics of the subjects or to the
change in the randomization scheme from a 1:1 ra-
tio to a 4:1 ratio in favor of the high-fiber group.

Our experience underscores the difficulty of per-
forming large-scale nutritional intervention trials, in
terms of both recruitment and compliance with the
protocol. Of 3699 eligible subjects, 1303 (35.2 per-
cent) successfully completed the trial. In addition, by
the third year of the study, only 74 percent of the sub-
jects in the high-fiber group, as compared with 84
percent of those in the low-fiber group, consumed
more than 75 percent of their supplemental cereal on
a daily basis (a level we defined as indicative of com-
pliance). Despite these difficulties, the mean intake of
total fiber was 27.5 g per day in the high-fiber group
and 18.1 g per day in the low-fiber group. It can be
argued that this level of intake over a period of three
years is inadequate to prevent recurrent adenomas;
however, our compliance data indicate that higher dai-
ly consumption of wheat-bran fiber for longer periods
is not practical in adults older than 65 years of age.

The lack of effect of three years of supplementa-

tion with wheat-bran fiber may reflect inadequate
follow-up: three years may be too short. It could be
argued that the total amount of dictary and cereal fi-
ber consumed by the subjects in the high-fiber group
was insufficient to protect against recurrent ade-
nomas. It is also possible that a high-fiber diet may
be beneficial only in persons with lower base-line in-
takes of total fiber than those in our study. Alterna-
tively, the use of wheat-bran-fiber supplements may
only protect against the progression of large ade-
nomas to carcinomas. However, both the Nurses’
Health Study's and the Health Professionals’ Fol-
low-up Study'¢ failed to find that cereal fiber pre-
vents colon cancer. Since cereal fiber has potendally
healthful effects in the prevention of coronary heart
disease 3233 public health recommendations3433 that
emphasize increased consumption of complex car-
bohydrates, whole-grain foods, and cereal products
may nevertheless be appropriate.
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APPENDIX

The members of the Phoenix Colon Cancer Prevention Physicians’ Net-
work were as follows: M. Cohen, PG. Foutch, RT. McDermotz, Jr., R. Saw-
yer, Jr., A. Torava, B. MacCollum, C. Stein, D. Meline, D. Wadas, D. Douglas,
D.H. Winston, D. Johnson, D. Larson, D.-S. Cho, E.I. L¢ff, E. Cooper,
E.L Alper, F Ramirez, F. Lewkowitz, FJ. Kogan, G. Severino, G. Burdick,
J. Patel, J. Burgess, J. Kirkpatrick, J. Shaver, J. Singer, J. Mellen, J. Bickel,
J.E. Phelps, J. Hanigsberg, . Harlan, J. Mueller, J. Murphy, J. Leighton, K.S.
Venkatesh, K. Parent, L. Pass, L.A. Bettinger, L. Rigberg. L. Shields, M.E.
Harrison, M. Goldblatr, M. Hoefer, M. Shaukat, M. Altman, M. Rock,
M. Schwimmer, M. Shapiro, M. Yanish, M. Anderson, PS. Ramanujam,
PJ. Berggreen, P. Kumar, R. Keate, R. Shah, R. Brooks, R. Jonas, R. Manch,
R.J. Spencer, R. Leon, R. Sanowski, R. Heigh, S. Bellapravalu, S. Brown,
S. Glouberman, §. Winograd, S. Kanner, V. Sartor, E Taylor (deceased);
Data and Safety Monitoring Committee — E.R. Greenberg (Norris Cotton
Cancer Center, Hanover, N.H.), R. Preatice (Fred Hutchinson Cancer Cen-
ter, Seattle), E. Gritz (M.D. Anderson Cancer Center, Houston), R. Haile
(Norris Comprehensive Cancer Center, Los Angeles).

REFERENCES

1. Potter JD. Food, nutrition and the prevention of cancer: a global per-
spective. Washington, D.C.: World Cancer Rescarch Fund/American Inst-
tute for Cancer Research, 1997,

2. Burkitt DP. Epidemiology of cancer of the colon and rectum. Cancer
1971;28:3-13.

3. Eastwood MA. The physiological effect of dietary fiber: an update.
Annu Rev Nutr 1992;12:19-35.

4. Alberts DS, Ritenbaugh C, Story JA, et al. Randomized, double-blinded,
placebo-controlled study of effect of wheat bran fiber and calcium on fecal

Volume 342 Number 16 - 1161



The New England Journal of Medicine

bile acids in patients with resected adenomatous colon polyps. J Natl Can-
cer Inst 1996;88:81-92.

5. Lampe JW, Slavin JL, Meclcher EA, Potrer JD. Effects of cereal and veg-
etable fiber feeding on potential risk factors for colon cancer. Cancer Epi-
demiol Biomarkers Prev 1992;1:207-11.

6. Reddy BS, Watanabe K, Weisburger JH, Wynder EL. Promoting effect
of bile acids in colon carcinogenesis in germ-free and conventional F344
rats. Cancer Res 1977;37:3238-42.

7. Hill MJ. Bile acids and colorectal cancer: hypothesis. Eur ] Cancer Prev
1991;1:Suppl 2:69-74.

8. Armstrong B, Doll R. Eavironmental factors and cancer incidence and
mortalicy in different countries, with special reference to dietary practices.
Int J Cancer 1975;15:617-31.

8. La Vecchia C, Negri E, Decarli A, et al, A case-contral study of diet
and colo-rectal cancer in northern Iraly. Int J Cancer 1988;41:492-8.

10. Tuyns AJ, Kaaks R, Haelterman M. Colorectal cancer and the con-
sumption of foods: a case-conurol study in Belgium. Nutr Cancer 1988;11:
189-204.

11. Peters RK, Garabrandt DH, Yu MC, Mack TM. A case-control study
of occupational and dietary factors in colorectal cancer in young men by
subsite. Cancer Res 1989;49:5459-68.

12. Bidoli E, Franceschi S, Talamini R, Barra S, La Vecchia C. Food con-
sumption and cancer of the colon and rectum in north-castern Iraly. Int J
Cancer 1992;50:223-9.

13. Thun M]J, Calle EE, Namboodiri MM, ct al. Risk factors for fatal co-
lon cancer in a large prospective study. ] Nad Cancer Inst 1992;84:1491-
500.

14. Giovannucci E, Rimm EB, Stampfer M], Colditz GA, Ascherio A,
Willett WC. Intake of fat, meat, and fiber in relation to risk of colon cancer
in men. Cancer Res 1994;54:2390-7.

15. Fuchs CS, Giovannucci EL, Colditz GA, et al. Dietary fiber and the
risk of colorectal cancer and adenoma in women. N Eng! ] Med 1999;340:
165-76.

16. Platz EA, Giovannucci E, Rimm EB, et al. Dietary fiber and distal co-
lorectal adenoma in men. Cancer Epidemiol Biomarkers Prev 1997;6:661-
70.

17. Reddy BS, Simi B, Engle A. Biochemical epidemiology of colon can-
cer: effect of types of dietary fiber on colonic diacylglycerols in women.
Gastroenterology 1954;106:883-9.

18. Alberts DS, Einspahr J, Riteabaugh C, et al. The effect of wheat bran
fiber and calcium supplementation on rectal mucosal proliferation rates in
patients with resected adenomatous colorectal polyps. Cancer Epidemiol
Biomarkers Prev 1997:6:161-9.

18. McKeown-Eyssen GE, Bright-Sec E, Bruce WR, ¢t al. A randomized
trial of low fat high fibre diet in the recurrence of colorectal polyps. | Clin
Epidemiol 1994;47:525-36. [Erratum, J Clin Epidemiol 1995;48:i.]

1162 - April 20, 2000

20. MacLennan R, Macrae F, Bain C, et al. Randomized trial of intake of
fat, fiber, and beta carotene to prevent colorectal adenomas: the Australian
Polyp Prevention Project. J Natl Cancer Inst 1995;87:1760-6.

21, Martinez ME, Reid ME, Guillén-Rodriguez J, et al. Design and base-
line characreristics of study participants in the Wheat Bran Fiber trial. Can-
cer Epidemiol Biornarkers Prev 1998;7:813-6.

22. Green S, Weiss GR. Southwest Oncology Group standard response
criteria, endpoint definitions and toxicity criteria. Invest New Drugs 1993;
10:239-53.

23. Ritenbaugh C, Aickin M, Taren D), et al. Use of a food frequency
questionnaire to screen for dietary eligibility in 2 randomized cancer pre-
vention phase III trial. Cancer Epidemiol Biomarkers Prev 1997;6:347-54.
24, Prevenrive Services Task Force. Guide to clinical preventive services:
report of the U.S. Preventive Services Task Force. 2nd ed. Baltimore:
Williams & Wilkins, 1996.

25. Winawer SJ, Fletcher RH, Miller L, et al. Colocectal cancer screening:
clinical guidelines and rationale. Gastroenterology 1997;112:594-642. [Er-
rata, Gastroenterology 1997;112:1060, 1998;114:625.]

26. Byers T, Levin B, Rothenberger D, Dodd GD, Smith RA. American
Cancer Society guidelines for screening and surveiliance for early detection
of colorectal polyps and cancer: update 1997, CA Cancer J Clin 1997347
154-60. .

27. Martinez ME, Marshall JR, Graver E, et al. Reliability and validicy of a
sclf-administered food frequency questionnaire in a chemopreveation trial
of adenoma recurrence. Cancer Epidemiol Biomarkers Prev 1999;8:941-6.
28. Emerson S8, McGee DL, Fennerty B, Hixson L, Garewal H, Alberts
D. Design and analysis of studies to reduce the incidence of colon polyps.
Stat Med 1993;12:339-51.

28. Diggle P], Lang K-Y, Zeger SL. Analysis of longitudinal data. Oxford,
England: Clarendon Press, 1993,

30. Baron JA, Beach M, Mandel J§, et al. Calcium supplements for the
prevention of colorectal adenomas. N Engl | Med 1999;340:101-7.

31. Schatzkin A, Lanza E, Corle D, et al. Lack of effect of a low-fat, high-
fiber diet on the recurrence of colorectal adenomas. N Engl J Med 2000,
342:1149-55.

32. Rimm EB, Ascherio A, Giovannucci E, Spiegelman D, Stampfer M],
Willett WC. Vegerable, fruit, and cereal fiber intake and risk of coronary
heart discase among men. JAMA 1996;275:447-51.

33. Wolk A, Manson JE, Stampfer MJ, ¢t al. Long-term intake of dictary
fiber and decreased risk of coronary heart disease among women. JAMA
1999;281:1998-2004.

34. Nadonal Academy of Sciences. Dict, nutrition and cancer. Washing-
ton, D.C.: National Academy Press, 1989.

35. WHO Study Group on Dict, Nutrition and Prevention of Noncom-
municable Diseases. Diet, nutrition, and the prevention of chronic diseascs.
Geneva: World Health Organization, 19990.




=4

)

T TSR I

N TP S iy rem B

T

T

LAt et

—,—m

The New England Journal of Medicine

Editorials

Di1eT, COLORECTAL ADENOMAS,
AND COLORECTAL CANCER

ECAUSE colorectal cancers usually arise from
adenomatous polyps, it is believed that prevent-
ing the growth of adenomas in the colon and rectum
or removing any that appear will prevent colorectal
cancer.! Many have therefore awaited the results of
the two important trials published in this issue of
the Journal — a study of wheat-bran fiber by Alberts
et al.? and the Polyp Prevention Trial.? Both trials
are well conceived, well designed, well implemented,
and clearly presented. What is disappointing, how-
ever, is that the findings of both trials are negative.
Three to four years of either taking a daily wheat-bran
supplement or following a diet that was low in fat
and high in fruits and vegetables had no effect on the
incidence of new colorectal adenomas.??* These find-
ings, considered alongside previous negative recults
of trials that assessed the ability of other nutritional
factors to prevent adenomas, lead to a clear conclu-
sion. The relevance of these findings for the preven-
tion of colorectal cancer is less certain, however.
Surveillance by colonoscopy after the diagnosis of
an adenoma is a major clinical challenge.! If an in-
tervention could be found that reduced the growth of
new adenomas, then colonoscopic surveillance could

be less frequent for people with a history of adeno- -

ma. This approach would reduce the costs and in-
convenience of the procedure, while still lowering the
risk of adenoma. Several groups have examined the
effect of various nutritional interventions on the risk
of new colorectal adenomas using the same clinical
model employed by Alberts et al. and the Polyp Pre-
vention Trial.* In this model, patients who have had
an adenoma removed are randomly assigned to a nu-
tritional intervention or to a control group, and the
efficacy of the intervention is assessed at the time of
the clinically indicated follow-up colonoscopy, one
year later, three to four years later, or at both times.
Supplementation with vitamin C, vitamin E, beta car-
otene, or cereal fiber or the adoption of a diet low in
fat and high in fruits and vegetables has shown no ef-
fect on the incidence of new adenomas.?* Calcium
supplements were somewhat effective, but they re-
duced the incidence of adenomas by only 17 percent.5
Although there may be other reasons to follow low-
fat, high-fiber diets or to take these supplements, it
is clear that these interventions do not appreciably
reduce the rate of formation of new adenomas with-
in a period of three to four years — the standard
length of follow-up in such studies.

Clinical trials are a convenient way to study the
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development of new polyps, but they are not a good
way to study the role of diet or nutrients in the later
stages of the evolution of adenomas to colorecta]
cancer. In the context of the long course of this evo-
lution, the three- or four-year period assessed by clin-
ical trials is very brief.% All the studies conducted to
date have been limited to this particular length of
time. It is therefore appropriate to question the rel-
evance of these trials for the prevention of colorectal
cancer. Although adenomas are a risk factor for co-
lorectal cancer, most adenomas do not evolve into
colorectal cancer, of course, and the clinical impor-
tance of small adenomas (those that are less than 1 ¢cm
in diameter), especially small tubular adenomas thar
contain neither villous histologic features nor areas
of dysplasia, is not clear. The majority of the adeno-
mas found during follow-up in adenoma-prevention
trials have been small, tubular adenomas without vil-
lous or dysplastic features. In the study by Alberts et
al., only 12.9 percent of the recurrent adenomas had
villous features, and in the Polyp Prevention Trial,
only 16.4 percent of the recurrent adenomas had vil-
lous features or dysplasia or were large. In a small
Australian trial, the use of a cereal-fiber supplement
was associated with a marginally significant reduction
in the incidence of larger adenomas,” but neither of
the two current trials found any evidence of protec-
tion against large or advanced adenomas. Although
the numbers of cancers were small in the study by
Alberts et al. and the Polyp Prevention Trial, it is dis-
appointing that in both trials the incidence of cancer
was slightly higher in the intervention group than in
the control group (7 cases vs. 2 and 10 cases vs. 4, re-
spectively).

The authors of both trials rightfully concluded
that their findings cannot be interpreted as evidence
that a high-fiber cereal supplement or a low-far,
high-fiber diet is not effective in protecting against
the later stages of development of colorectal cancer.
Short-term trials of this type are still reasonable for
the assessment of treatnents to prevent the growth
of new adenomas, but new designs are also needed
to study the effects of nutritional and chemopreven-
tive agents on the later stages of the development of
colorectal cancer.

Trials in which adenomas are not removed present
clinical and ethical problems, although the results of
one such study were recently reported, in which pol-
yps were left in place for three years to assess the ef-
fects of a combination of nutrients on their growth.?
No effects on growth were detected, though there
were marginally fewer new polyps among the subjects
who were receiving a mixture of beta carotene, vita-
min C, vitamin E, selenium, and calcium supple-
ments.® Perhaps agents like aspirin, selective inhibitors
of cyclooxygenase 2, selenium, and folate — alone
or in combination — will be found to be useful in
the clinical management of adenomas.




.ot a good
a the later
colorectal
f this evo-
:d by clin-
ducted to
length of
n the rel-
colorectal
or for co-
solve into
-al impor-
than 1 cm
smas that
nor areas
1e adeno-
revention
thout vil-
Alberts et
omas had
ton Trial,
s had vil-
n a small
pplement
-eduction
either of
f protec-
\lthough
study by
, it is dis-
of cancer
p than in
vs. 4, re-

»ncluded
evidence

low-fat,
7 against
I cancer.
1able for
: growth
v needed
Jpreven-
yment of

| present
esults of
uch pol-
s the ef
srowth.®
rh there
subjects
ne, vita-
supple-
thibitors
— alone
seful in

EDITORIALS

A different, though related, question is whether a
low-fat, high-fiber diet will reduce the risk of colo-
rectal cancer. Findings from observational studies show
that diets high in fruits and vegetables are associated
with lower risks of cancer at many sites, including
the colon and rectum.?!% The idea that the intake of
insoluble fiber alone explains population-based dif-
ferences in the risk of colorectal cancer may well
have been overly simplistic and incorrect. In fact, the
amount of cereal fiber in the diet has not consistent-
ly been associated with the risk of colorectal cancer
in observational studies.®'® Moreover, cereal fiber tak-
en in the form and amounts used in the study by Al-
berts et al. not only has no effect on the incidence
of colorectal adenomas, but also causes gastrointes-
tinal side effects. In observational studies, the evi-
dence that a low-fat diet reduces the risk of colorec-
tal cancer is also mixed, but a higher intake of fruits
and vegetables (especially vegetables) has been found
to be beneficial more consistently.51

Observational studies around the world continue
to find that the risk of colorectal cancer is lower
among populations with high intakes of fruits and
vegetables and that the risk changes on adoption of a
different diet, but we still do not understand why.*1°
It is unclear whether any single aspect of the diet —
a particular vitamin, phytochemical, or dietary prac-
tice such as the method of cooking meats — accounts
for this relation. Randomized, controlled trials are
commonly regarded as providing more definitive sup-
port for causal inferences than are observational stud-
ies, because they can control for confounding by the
many factors related to the dietary behavior of inter-
est. Randomized, controlled trials can usually answer
only narrowly defined questions, however, and they
cannot easily assess the effects of the long-term di-
etary patterns that have been shown to be associated
with a lower risk of colorectal cancer in observation-
al studies. This is clearly true of polyp-prevention
trials, since such studies are particularly limited by
their short follow-up periods.

Randomized, controlled trials have now shown us
that the usc of some of the diets and nutritional sup-
plements thought to lower the risk of colorectal can-
cer has no short-term benefits with respect to prevent-
ing adenomas. There may be many reasons to eat a
diet that is low in fat and high in fiber, fruits, and
vegetables or to supplement the diet with a food high
in cereal fiber, but preventing colorectal adenomas,
at least for the first three to four years, is not one of
them. With regard to questions about diet and co-
lorectal cancer, though, definitive answers still seem
to be beyond the reach of both observational epide-
miologic studies and randomized, controlled trials.

Tim Byers, M.D., M.P.H.

University of Colorado Schoa! of Medicine
Denver, CO 80262
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MissED DIAGNOSES OF ACUTE
CORONARY SYNDROMES IN THE
EMERGENCY ROOM — CONTINUING
CHALLENGES

PATIENTS with suspected acute coronary syn-
dromes, or acute cardiac ischemia, account for
nearly 1.7 million hospital admissions per year in the
United States. Between 2 and 8 percent of patients
with myocardial infarction are mistakenly released
from the emergency department.!® In addition to
the implications for patient care of the failure to di-
agnose acute coronary syndromes, the threat of mal-
practice suits is also of concern. An estimated 20
percent of the money awarded in malpractice suits
against emergency department physicians is related to
the misdiagnosis and mistreatment of acute coronary
syndromes. Thus, it is not surprising that physicians
in the emergency department tend to be cautious
when making decisions about patients with chest
symptoms, admitting far more patients with possible
acute coronary syndromes than are ultimately found
to have them. Acute myocardial infarction or unsta-
ble angina is confirmed in no more than 30 percent
of patients who are admitted with suspected acute
coronary syndromes. These potentially unnecessary
hospitalizations result in health care costs of more
than $5 billion annually in the United States. There
is considerable interest in increasing the efficiency of
health care delivery in order to reduce the number of
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olorectal cancer (CRC) is one of the most common
Ccancers in che developed world. In the Uniced Stares,
CRC is the fourth most common cancer (after lung,
prostate, and breast cancers) and the second most com-
mon cause of cancer deach (after lung cancer).! In 1998
alone, 131,600 new cases of CRC are expected to be
diagnosed, and an estimated 56,500 deaths will have
been caused by the disease.! The development of CRC is
thought to be the result of an intimate and still poorly
understood interplay between environmental and genetic
factors. Dietary and lifestyle factors are among the most
important environmental factors implicated.?? It has
been estimared that 35% (10%-70%) of all cancers are
accributable to diet and that 50%-75% of CRC in the
United States may be preventable through dietary modi-
fications.* U.S. CRC mortalicy rates among the white
population decreased by 29% from 1950 through 1990,
with a more pronounced decrease in women than in
men.” This decrease is probably attributable to improved
early dececcion as well as lifestyle and dietary changes.”

A cause-and-effect relationship between dietary or
other lifestyle factors and CRC is difficulr o establish.
Because of inherent limitations associated with study
design, epidemiological, animal, and interventional stud-
ies examining this relationship have often produced
conflicting resules. Therefore, the precise nature of che
relationship of CRC with each nutrient or lifestyle faccor
and the actual magnicude of the relationship are not clear.
Among dietary factors implicated in colorectal carcinogen-
esis, consumption of red meat, animal and saturated fac,
refined carbohydrates, and alcohol, as well as total caloric
(energy) intake, is believed to be positively related.?? On
the other hand, the inrake of dietary fiber, vegerables,
fruits, antioxidant vitamins, calcium, and folate is nega-
tively associated with the development of CRC.23 In
addition, obesity, increased body mass index, and a
sedentary lifestyle are associated with increased risk.23

There tends to be agreement among epidemiological
studies regarding the risk of CRC and its relationship
with overall diet and lifestyle.® However, when many of
the findings are examined closely and correlations be-
tween CRC and individual dietary and lifestyle factors are

soughe, the relationship tends to be less convincing.6
Therefore, these observations suggest that overall diec
and lifescyle, racher than individual factors, play the more
important role, thus underscoring the importance of as
yet undetermined interactions among dietary compo-
nents and lifestyle factors in the development of CRC.
Investigators have begun to recognize the need to
elucidate a unifying mechanism by which these factors
modulate colorectal carcinogenesis’® and to examine
combinations of dietary and lifestyle modifications in the
prevention of CRC (e.g., the Polyp Prevention Trial).?

Diecary fiber is one of several factors whose role in
colorecral carcinogenesis has been extensively studied.
However, the precise nature and magnitude of che
relationship between fiber intake and CRC risk have not
been clearly established. Dietary guidelines from the
American Cancer Society and the Narional Cancer Insti-
tute, which encourage healthy eating habits and lifestyle
modifications, recommend that individuals eat more than
5 servings of fresh vegetables and fruits and 20-30 g of
fiber per day. However, the validity of these recommenda-
tions has not been scrutinized rigorously.

The objective of this technical review is a critical
analysis of currently available data from epidemiological
and clinical studies in humans of dietary fiber's effect on
colorectal carcinogenesis. All human studies concerning
CRC and its precursor, adenoma, and fiber, grains,
cereals, vegetables, or frujts published in the English
language from 1970 through 1999 were considered.
These studies were found in the MEDLINE and CAN-
CERLIT databases, in several extensive reviews,2310-14
and in references in the identified scudies. This review
emphasizes results from all che published prospective
(cohort) epidemiological studies and randomized interven-
tion studies in humans. Seminal scudies of a descriprtive

Abbreviations used in this paper: CAPP, Concerted Action Polypa-
sis Prevention trial; Cl, confidence interval; CRC, colorectal cancer;
FAP, familial adenomatous polyposis; HNPCC, hereditary nonpolypo-
sis colorectat cancer; IGF, insulin-like growth factor; OR, odds ratio;
RR, relative risk; SCFA, short-chain fatty acid.
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and case-control epidemiological nature as well as previ-
ously published meta-analyses or pooled (combined)
analyses of case-control studies are reviewed. Possible
mechanisms by which dietary fiber may suppress colorec-
tal carcinogenesis are also discussed.

Dietary Fiber: Definition, Sources,
and Consumption

Because the term dietary fiber encompasses a wide
range of complex materials, it is difficult co define. There
is no internationally accepred definition or method for
determining the dietary fiber content of foods.'> Dietary
fiber was initially defined by Burkict and Trowell!S as the
complex carbohydrate in the diet from plant sources that
escapes small bowel digestion and thus reaches the colon.
The U.S. Expert Panel on Dierary Fiber defined dietary
fiber as the endogenous components of plant materials in
the diet that are resistant to digestion by enzymes
produced by humans.!” Analytically, diecary fiber is
composed predominantly of nonstarch polysaccharides
and nonpolysaccharides (mainly lignins).!® Nonstarch
polysaccharides include celiulose and noncellulosic poly-
saccharides (e.g., hemicelluloses, pectins, gums, and
mucilages).'® This definition excludes other substances in
the plant materials such as phytates, cucins, szponins,
lectins, proteins, waxes, silicon, and other organic constitu-
ents.!8 Dietary fiber can be furcher analytically classified
as soluble (some hemicelluloses, pectins, gums, and
mucilages) and insoluble (most hemicelluloses, cellu-
loses, and lignins), depending on its solubility in water
and buffer solution.!® When the effecc of dietary fiber on

che colon is being considered, the classification of fiber as -

fermentable (i.e., metabolized by colonic bacteria) and
nonfermentable is also useful. It became apparent in the
early 1980s that some starch escapes small bowel diges-
cion and reaches che colon. Stephen et al.!” estimaced that
5%--10% of dierary starch reaches the colon and called

this “resistant starch.” Dietary fiber and related com- -

pounds are summarized in Table 1.

The development of new analytical methods?
estimate the dietary fiber content of foods allowed
epidemiological studies to better define the relationship
berween the intake of dietary fiber and che risk of CRC.
However, these assays still underestimated the acrual
diecary fiber content in foods. They?®-2? are based on the
assumption that all starch is digested in the small bowel
and that ocher complex carbohydrates are completely
undegraded; dietary fiber is therefore considered to
include all plant polysaccharides except starch and non-
polysaccharides. These assays estimated the amount of
nonstarch polysaccharides in the Norch American diet to

0-22 ¢4
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Table 1. Dietary Fiber and Related Compounds

Classification
Nonstarch polysaccharides:
Celluloses
Noncelluloses: hemicellutoses, pectins, gums, mucilages
Nongpolysaccharides: lignins
Classification based on solubility
Soluble (highly fermented): pectins, gums, mucilages, some hemi-
celluloses
Insoifuble (poorly fermented;: celluloses, lignins, most hemicellu-
loses
Minor components
Phytates, cutins, saponins, fectins, protein, waxes, silicon
Related components
Resistant starch and protein
Lignans

be in the range of 12-15 g/day.?® Almost all of the .
epidemiological studies used these assays to estimate the
dietary fiber intake. Currently available assays that
account for resistant starch (in the range of 3-5 g/day in
the North American diet?®) estimate the amount of
polysaccharides that reach the colon to be in che region of
1525 g/day. Even with the inclusion of resistant starch
in the assessment of dietary fiber intake, currently
available assays account for less than one third of total
diecary fiber chat reaches the colon to sustain the known
rate of colonic bacterial synchesis.!'''? Therefore, al-
though the assays that are custrently available to estimate
nonstarch polysaccharides and resistant starch are very
precise, they do not accuracely measure dietary intake and
seriously underestimate the amount of dietary fiber that
reaches the colon and is available to participate in the
mechanisms of CRC prevention.!’!? Because of these
difficulcies, epidemiologists began to scudy the relation-
ship berween intake of “fiber-rich” foods (e.g., cereals,
fruics, and vegetables) and the risk of CRC; most of these
studies suggested a strong inverse relationship.!t1?
Dietary fiber is found mainly in vegetables, fruits,
grains, seeds, nuts, and legumes. In the Second National
Health and Nutrition Examination Survey (NHANES 11,
1976-1980), mean dietary fiber intake in the U.S. adulc
population (>19 years old) is 11.1 g/day or 13.3 g/day,
depending on the methodology used.?> On any given day,
50% of the U.S. population reports a dietary fiber intake
of <10 g/day, and only ~10% consume >20 g/day.?? On
a per 1000-kcal basis, women consume more dietary fiber
(6.5 g/1000 kcal) than men (5.5 g/1000 kcal) at every
age.?> Both men and women show the same pattern of
increasing dietary fiber intake with age when fiber is
examined in relation to tocal caloric intake.?? A marked
racial effect is evident; blacks having lower dietary fiber
intake than whites in both sexes and all age groups.?3 It is
uncerrain at present whether mean dietary fiber intake in
the U.S. adule populacion has significantly increased
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since the completion of the second NHANES. This issue
is being analyzed from the recencly completed NHANES III
(1988-1994), which included 40,000 noninstitutionalized
people aged =2 months and oversampled blacks, Mexican
Americans, children, and elderly people.?® Table 2 lists the
fiber content of frequently consumed fruits and vegetables.

Epidemiological Evidence

The “fiber hypothesis” was first introduced when
Burkice26?7 recognized che rarity of CRC in most African
populations and was impressed by the high fiber and low
refined carbohydrate content of the diet in Africa and
other underdeveloped areas of the world. Since then, this
purported inverse relacionship between dietary fiber
intake and the risk of CRC has been investigated by 3
types of human epidemiological studies: correlation (or
ecological), case-concrol, and prospective scudies.

In nucritional epidemiological scudies, dietary incake
of certain nucritional factors is assessed by several meth-
ods. In the 24-hour recall method, the basis of most
national surveys, subjects are asked to report their food
intake during the previous day. This method has the
advantage of requiring no training or literacy and
minimal effort by the participant. The most serious
fimitation is that dietary intake is highly variable from
day to day. In the diet recording (food diary) method,
detailed meal-by-meal records are kept of the types and
quancities of food and drink consumed during a specified
period, typically 37 days. This method places a consider-
able burden on the subject, thus limiting it to literate
people who are also highly motivated. The efforc involved
in keeping diet records may increase consciousness of food
intake and encourage alteration of diet, However, the
advantages of the diet recording method are that it does
not depend on memory and allows direct measurement of
portion sizes. Dietary records reduce the problem of
day-to-day variation by taking the average of a number of
days; in addition, weekday/weekend variability, which in
some societies is high, can be accounted for. Short-term
recall and diecary recording methods are generally expen-
sive, may be unrepresentative of usual intake, and are
inapproptiate for assessment of diet history. For these
reasons, many investigators now use food frequency
questionnaires, which include a food list and a frequency
response section for subjects to repore how often each food
is eaten. Diets tend to be reasonably well correlated from
year to year, and subjects are usually asked to describe
how frequently they ate each food in the preceding year.
Food frequency questionnaires are easy for literate sub-
jects to complece, often as self-adminiscered forms.
Processing is readily computerized and inexpensive; even
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prospective studies involving repeated assessment of diet
among tens of thousands of subjects are feasible.

Correlation Studies

Correlation studies examine the relationship be-
tween the per capita consumption of a diecary facror and
the prevalence, incidence, or mortalicy of CRC in the
population. Correlation studies can examine this relacion-
ship among populations residing in different countries or
among different groups within a country either at a given
time or over a certain period (i.e., time-trend). They
provide provocative initial evidence chat a particular
dietary factor has a role in the development of CRC and
hence are considered worthy only of hypothesis forma-
tion. Of 28 published international, within-country
correlation and cime-trend studies of CRC and fiber,
vegetables, grains, fruits, and cereals, 23 (82%) showed
either a strong or a moderate proteccive effect of dietary
fiber or “fiber-rich foods™ or equivocal resules thac were
nevertheless consistent with the fiber hypothesis, 231014
Four studies found no evidence for a protective effect of
fiber, and 1 study showed a significant excess risk of CRC
associated with high intake of fiber-rich foods.2:3:10-14
The limicacions of interpretation of data generated from
these correlation studies are many. The older interna-
tional studies are based on intake of crude fiber, which
greatly underestimares total dietary fiber levels. Further-
more, correlation studies often fail to correct for unmea-
sured confounding factors that may be responsible for the
observed association. They also do not control for other
dietary variables or for any of the other known risk facrors
associated with CRC. Despite these shortcomings, it is
remarkable that most of these correlation studies have
indicaced a strong inverse relationship between dietary
fiber intake and the risk of CRC.

Case-Control Studies

Case-control studies compare prior consumption
of a dietary factor in subjects with CRC and matched
control subjects without CRC. Many of the weaknesses of
correlation studies can be avoided in case-concrol scudies.
Known or suspected potential confounding factors can be
controlled or eliminated in the study design or concrolled
in the data analysis. The most serious limitation in
recrospective studies is the accuracy with which intake of
dietary facrors or supplementation can be escablished.
Individuals may misreport their habitual past diets; if
cases and controls differ in the accuracy of their dietary
recall, the ensuing comparison will be biased. In addi-
tion, some individual aspects of diet, especially nutrient
content, may not vary greatly wichin a population, so
case-control studies may not show wide ranges of cancer
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Table 2. Provisional Dietary Fiber Table

Fiber Fiber
Food (g/100 g)@ (g/serving)
Fruits
Apple (without skin} 2.1 2.9/1 medium-sized apple
Apple (with skin) 2.5 3.5/1 medium-sized apple
Apricot (fresh) 1.7 1.8/3 apricots
Apricot (dried) 8.1 10.5/1 cup
Banana 21 2.5/1 banana
Blueberries 2.7 3.9/1 cup
Cantaloupe 1.0 2.7 /half edible portion
Cherries, sweet 1.2 1.2/15 cherries
Dates 7.6 13.5/1 cup (chopped)
Grapefruit 1.3 1.6/half edible portion
Grapes 1.3 2.6/10 grapes
Oranges 2.0 2.6/1 orange
Peach (with skin) 2.1 2.1/1 peach
Peach (without skin) 1.4 1.4/1 peach
Pear (with skin) 2.8 4.6/1 pear
Pear (without skin) 2.3 3.8/1 pear
Pineapple 1.4 2.2/1 cup (diced)
Piums, damsons 1.7 1.7/3 plums
Prunes 11.9 11.9/11 dried prunes
Raisins 8.7 2.2/packet
Raspberries g1 6.3/1 cup
Strawberries 2.0 3.0/1 cup
Watermelon 0.3 1.3/4 X 8-inch wedge
Juices
Apple 0.3 0.74/1 cup
Grapefruit 0.4 1.0/1 cup
Grape 0.5 1.3/1 cup
Orange 0.4 1.0/1 cup
Papaya 0.6 1.5/1 cup
Vegetables
Cooked
Asparagus, cut 1.5 1.5/7 spears
Beans, string, green 2.6 3.4/1cup
Broceoli 2.8 5.0/1 stalk
Brussels sprouts 3.0 4.6/7-8 sprouts
Cabbage, red 2.0 2.9/1 cup (cooked)
Cabbage, white 2.0 2.9/1 cup (cooked)
Carrots 3.0 4.6/1 cup
Cauliflower 1.7 2.1/1cup
Corn, canned 2.8 4.5/1 cup
Kale leaves 2.6 2.9/1 cup (cooked)
Parsnip 3.5 5.4/1 cup (cooked)
Peas 4.5 7.2/1 cup (cooked)
Potato (without skin) 1.0 1.4/1 boiled
Potato (with skin) 1.7 2.3/1 boiled
Spinach 2.3 4.1/1 cup {raw)
Squash, summer 1.6 3.4/1 cup {cooked, diced)
Sweet potatoes 2.4 2.7/1baked (5 X 2
inches)
Turnip 2.2 3.4/1 cup (cooked, diced)
Zucchini 2.0 4.2/1 cup (cooked, diced)
Raw
Bean sprout, soy 2.6 2.6/1 cup
Celery, diced 1.5 3.7/1 large stalk
Cucumber 0.8 0.2/6-8 slices with skin
Lettuce, sliced 1.5 2.0/1 wedge iceberg
Mushrooms, sliced 25 0.8/half cup (sliced)
Onions, sliced 1.3 1.3/1 cup
Peppers, green, sliced 13 1.0/1 pod
Tomato 1.5 1.8/1 tomato
Spinach 4.0 8.0/1 cup (chopped)
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_Table 2 (continued). Provisional Dietary Fiber Table

Fiber Fiber
Food (£/100 g)@ (g/serving)
Legumes
Baked beans, tomato 7.3 18.6/1 cup
sauce :
Dried peas, cooked 4.7 4.7 /half cup (cooked)
Kidney beans, cooked 7.9 7.4 /half cup (cooked)
Lima beans, cooked/ 5.4 2.6/half cup (cooked)
canned
Lentils, cooked 3.7 1.9/half cup (cooked)
Navy beans, cooked 6.3 3.1/half cup {cooked)
Breads, pastas, and flours
Bagels 1.1 1.1/half bagel
Bran muffins 6.3 6.3/muffin
Cracked wheat 4.1 4.1/slice
Crisp bread, rye 14.9
Crisp bread, wheat 12.9
French bread 2.0 0.67/slice
Italian bread 1.0 0.33/slice
- Mixed grains 3.7
Qatmeal 2.2 5.3/1cup
Pita bread (5 inches) 0.9
Pumpernickel bread 3.2 1.0/slice
Raisin bread 2.2 0.55/slice
White hread 2.2 0.55/slice
Whole-wheat bread 5.7 1.66/slice
Pasta and rice—cooked
Macaroni 0.8 1.0/1 cup (cooked)
Rice, brown 1.2 2.4/1 cup (cooked)
Rice, polished 0.3 0.6/1 cup {cooked)
Spaghetti (regular) 0.8 1.0/1 cup (cooked)
Spaghetti (whole wheat) 2.8 3.0/1 cup (cooked)
Flours and grains
Bran, corn 62.2 18.7/0z
Bran, oat 27.8 8.3/02
Bran, wheat 41.2 12.4/02
Rolled oats 5.7 13.7/1 cup (cooked)
Rye flour (72%) 4.5 5.2/1 cup
Rye fiour (100%) 12.8 15.4/1 cup
Wheat flour
Whole meal (100%) 8.9 10.6/1 cup
Brown (85%) 7.3 8.8/1 cup
White (72%) 2.9 2.9/1cup
Nuts
Almonds 7.2 3.6/half cup (slivered)
Peanuts 8.1 11.7/1 cup
Filberts 6.0 2.8/half cup

aDietary fiber values are averages compiled from literature sources.

Adapted and reprinted with permission.2?

risk within that population. Another common problem is
that controls are often people with another disease,
because hospital patients are convenient subjects to
study; their disease might also be diet related. In such
situations, the study results could be seriously biased and
often may not show any clear difference between cases and
controls. For such reasons, the resules of case-control
studies of dier and cancer are sometimes inconsistent.
Another problem associated with case-control studies is
selection bias because of the absence of patients who do
not survive long enough to be enrolled in che study.
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Case-control studies may produce evidence that is signifi-
cant in isolation. Such evidence is strengchened by
corroboration in additional studies conducted in a num-
ber of centers and particularly by consistent results from
populations with different patterns of dier and of cancer.

Three analyses, conducted in combined analysis or
meta-analysis formats, have critically evaluated the bulk
of case-control studies that address the role of dietary
fiber in CRC.%8-3% Trock et al.?® analyzed 23 case-control
studies that examined che relationship between CRC and
consumption of fiber and vegetables. Fifreen (65%) of
these studies demonstrated either a strong or moderate
protective effect of dietary fiber and vegetables.?® Six
studies (26%) showed equivocally prorective effects of
fiber thar were not statistically significant, that became
nonsignificant after adjustment, or that could not be
distinguished from other factors in their relation to
risk.?® Only 2 studies (9%) lacked support for a protec-
tive effect of fiber.?® Trock et al.?® performed a meta-
analysis on 16 case-control studies that provided enough
data in the published arcicles. With fiber-rich diets (i.e.,
combination of fiber and vegetables), a 43% reduction in
CRC risk was observed (odds racio [OR], 0.57; 95%
confidence interval [CI}, 0.50-0.64) when the highest
and lowest quartiles of inrake were compared.? The
extent of risk reduction based on vegetable consumption
was 52% (OR, 0.48; 95% CI, 0.41-0.57), whereas one
based on an estimate of fiber intake was 42% (OR, 0.58;
95%, 0.51-0.66).%% The data did not permit discrimina-
tion between effects ascribable to the fiber and the
nonfiber components of vegetables.?®

Howe et al.?® performed a combined (or pooled)
analysis of daca from 13 case-control studies previously
conducted in populations from North America, Europe,
Asia, Australia, and South America with differing CRC
rates and dietary practices. The individual dara records
for 5287 case subjects and 10,470 control subjects were
pooled for a common analysis. This approach thus differs
from the usual meta-analysis, in which estimares of risk
are pooled from published summary results. Pooled
analyses provide several benefits over meta-analyses of
published results or narracive reviews of the literature.
When the acrual individual subject level data from
several studies are combined, detailed analyses are pos-
sible. Because the pooled data sets constituce a large body
of data, rare exposures can be studied. Furcthermore, the
consistency of the association across studies can be
examined, confounding and interaction of several pura-
tive risk factors can be assessed, and previously unrecog-
nized or poorly established associations may be revealed.
Using the individual data records has the advantage of
eliminating artifactual differences atcributable to differ-
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enc procedures for coding and analyzing data thar may
have been used in the respective original analyses.

In this pooled analysis, the risk of CRC was shown to
decrease incrementally as dietary fiber intake increased,
with ORs of 1.0, 0.79, 0.69, 0.63, and 0.53 for each
quintile of consumption from the lowest to highest (P
trend < 0.0001).?” Consumption of more than 31 g of
fiber per day was associated with a 47% reduction in the
risk of CRC compared wich diets incorporating less chan
10 g of fiber per day (95% CI, 0.47-0.61).%% The scrong
inverse association observed with fiber intake was not
affected by adjustment for total energy intake, age, sex,
height, weight, body mass index, and other portential
confounding factors, including vitamin C and B-caro-
tene.?? When the consistency of the fiber effect across the
studies was examined by calculating the relative risk of
developing CRC in subjects consuming 27 g fiber per day
compared with those consuming less than 11 g fiber per
day in individual scudies, 12 of the 13 studies showed
inverse associations with dietary fiber.?” In 8 of these 12
studies, the decrease in risk was statistically significant.??
When all of che studies were combined and adjusted for
total energy intake, age, and sex, individuals who
consumed 27 g fiber per day had a 50% reduction in the
risk of developing CRC compared wich those who
consumed less than 11 g fiber per day (relative risk {RR],
0.51; 95% CI, 0.44-0.59).? Estimates of RR per 27 g
fiber per day—estimated separately for cases of left-sided
(RR, 0.52; 95% ClI, 0.42-0.65) and right-sided (RR,
0.45: 95% CI, 0.33-0.61) colon cancer and for rectal
cancer (RR, 0.43; 95% CI, 0.34-0.56), for women (RR,
0.60; 95% CI, 0.48-0.75) and men (RR, 0.44; 95% CI
0.37-0.53), and for 2 age groups (<50 years {RR, 0.66;
95% Cl, 0.43-0.99] and =50 years [RR, 0.49; 95% CI,
0.42-0.57])—were consistent for all subgroups.?’

In the original pooled analysis by Howe et al.,?? it was
assumed that a pooled estimate could be made of the
heterogeneous results for dietary fiber and CRC risk. This
heterogeneity was not examined, nor was the influence of
study quality considered. Therefore, Friedenceich et al.3
examined the study design features and data collection
methods from the 13 case-control studies that had been
included in the original pooled analysis?” to determine
whether they influenced the resules obtained from a
pooled analysis.3® Friedenreich et al.>0 assessed methods
used in each study, estimated a quality score, and used a
different model (a random-effects model racher than a
fixed-effects model) to re-estimate the pooled OR for the
association between dietary fiber and CRC for these
data.3% Key features of the methods used in each study
and the quality score were examined in a random-effects
mode! to determine whether the heterogeneity found
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between study-specific risk estimates could be explained
by these variables.>” The OR for dietary fiber and CRC
was 0.46 (95% CI, 0.34-0.64) for the 13 case-control
scudies as estimated using a random-effects model %
which was slightly lower than the OR estimarted wich che
fixed-effects model in the original pooled analysis (0.51).°
Two factors, whether the diet questionnaire had been
validated before use in the case-control study and whether
qualicative data on dietary habics and cooking methods
had been incorporated into the nutrient estimation,
explained some of the heterogeneity in study results.>
Risk estimates for dietary fiber and CRC were closer to
the null (i.e., 1.0) for studies wich chese 2 characceris-
tics.3® These investigators performed another pooled
analysis of the 13 case-control studies included in the
original pooled analysis and 4 additional case-control
studies eicher excluded from or published after the
original analysis.?® Subjects consuming >27 g fiber per
day had a S0% reduction in the risk of developing CRC
compared with those taking <11 g fiber per day (OR,
0.49; 95% CI, 0.37-0.65).%°

Colonic adenomas are well-established precursors of
adenocarcinoma.?! Several case-control studies have also
found an inverse relationship between dietary fiber or
fiber-rich foods and the risk of colonic adenomas, thereby
supporting the association observed wich CRC.3'-37 The
magnitude of the reduction in che risk ranged from 10%
to GO% in these studies.>!'~37 Some of these studies also
showed a dose-dependent inverse association between
colorectal adenoma risk and diecary incake of fiber.3637 In
some studies, the protective effect associated with dietary
fiber was evident only in women®¥3% and for large (>1
cm) adenomas.>® However, these studies are limited by
small sample size.

In summary, most of the published case-control studies
show either a strong or a moderate protective effect of
dietary fiber or fiber-rich foods or equivocal resules chac
are nevertheless consistent wich the fiber hypothesis.
Three analyses of case-control studies, conducted in
combined analysis or meta-analysis formats, also provide
scrong support for the protective eftect of dietary fiber or
fiber-rich foods on colorectal carcinogenesis.?>3% The
scrongest argument for che fiber hypothesis that can be
made from case-concrol studies is the remarkable consis-
tency of the protective effect of dietary fiber among
studies conducted i populations with different patterns
of diet and CRC. The combined analysis and meta-
analyses of case-control studies suggest, on average, a
50% reduction in the risk of developing CRC in
individuals wich the highest dietary fiber intake com-
pared wich those with the lowest fiber intake.?®-*% Most
of the positive case-control studies and one combined
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analysis of case-control studies show a significanc inverse
dose-dependent relationship between dietary fiber intake
and the risk of CRC and colorectal adenomas.?936.37
However, several shortcomings associated with case-
concrol studies limit intecpretation of che resulcs of these
studies. Some of the most serious problems are that a
large proportion of the published case-controls used
dietary tools, including questionnaires, that had not been
validated before use and that these studies did not
incorporate qualitative data on dierary habits and cook-
ing methods into the nutrient estimation. Furthermore,
because of the limitations associated with analyrtical
methods of determining fiber contenc in diet, as previ-
ously described, the accuracy of estimates of dietary fiber
in these studies is in question. Another problem is that
potential confounders were not adequately controlled or
corrected in some of chese studies. Finally, ic is difficule to
delineate the effect associated wich dietary fiber from
other porential anticarcinogens present in fiber-rich foods
such as vegetables, fruits, cereals, and grains in case-
control studies.

Prospective Studies

Prospective (or cohort) studies assess the diets of a
latge group of healthy individuals and include follow-up
over time, during which a number of cohorc members
will develop CRC. The relationship of CRC to specific
characteristics of individual diets is then analyzed. Pro-
spective studies avoid most of the methodological prob-
lems of other epidemiological studies and can control and
correct confounding factors more adequately than correla-
tion and case-contro! studies. They also provide the
opportunity to obtain repeated assessments of diet at
regular intervals, thus improving the validity of indi-
vidual dietary assessment. Because of the prospective
design, in which diet is assessed before the occurrence of
CRC, there is little likelihood of selection or recording
bias in cohort studies.

Earlier prospective studies investigated the relation-
ship between diectary fiber intake and CRC mortality. A
large cohort study from Japan was designed to investigate
the relationship between diet and other lifestyle variables
and major causes of deaths in 265,118 subjects, aged
=40 years, followed up for 13 years. During the 13-year
follow-up period, 39,127 people died.’® Standardized
mortality rates for each cause of death were calculated
according to the lifestyle variables that were studied
when the subjects were still healthy at the time of the
initial interview.’® This study observed that CRC mortal-
ity rate decreased as rice and wheat consumption increased
with an RR of 0.6 in those with the highest intake (>720
cm? of rice and wheat per day) compared with those with
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the lowest intake (<180 cm?®day).®® A Ducch study
involving 871 middle-aged men followed up for 10 years
showed a 3-fold reduction in cancer mortalicy in men in
the highesc quintcile of dietary fiber intake compared with
men in the lowesc quintile.®® The 44 men who died of
cancer during 10 years of follow-up ate less dietary fiber
(30.9 = 9.7 vs. 27.0 * 6.9 g/day; P = 0.001) and
polysaccharides (206.3 * 66.1 vs. 183.2 & 51.5 g/day;
P = 0.006) than survivors.3? However, the number of
men who died of colon cancer in this study during 10
years of follow-up was too small to allow statisrical
analysis.?? Anocher study involving 25,493 whice Califor-
nta Seventh-Day Advencists followed up for 21 years
showed no protective effect of cereal or green salad intake
on CRC mortality.*’ However, in the Seventh-Day Adven-
tist population, distribution of dietary fiber may be
narrow; therefore, protective effects of fiber may not be
observed. Another prospective study examined the risk of
developing colonic adenomas in 163 Hawaii Japanese
aucopsy subjects.*! They constituted a subset of 8006
men originally examined berween 1965 and 1968 and
those who died between 1969 and 1984.4! No significant
differences were observed between subjects with and
without adenomas in intake of dietary carbohydrares.4!
Data from Cancer Prevention Study II, an ongoing
prospective mortality study, support the protective role of
dietary fiber in colorectal carcinogenesis®?; 1,185,125
men and women (average age, 57 years) in the United
States completed a 4-page questionnaire in 1982 on their
diet, smoking history, alcohol intake, physical activity,
height, weight, medication use, medical illnesses, family
history of cancer, and other characteristics. The partici-
pants’ vital status was determined at 2-year intervals
through personal inquiries by the volunteers. Mortality
follow-up was assessed through 1988. By this time,
79,820 participants (6.7%) had died (1150 of CRC);
94.29% of participants’ causes of death were determined
unequivocally. Dietary questions asked about the average
consumption of 32 food items and 10 beverages. Multivar-
iate analyses showed that risk of fatal colon cancer
decreased with more frequent consumption of vegetables
and high-fiber grains (P trend = 0.031 in men and
0.0012 in women) after adjustment of confounding
factors.4> The RR for the highest vs. lowest quincile of
vegetable and high-fiber grains was 0.76 in men (95%%
CI, 0.57-1.02) and 0.62 in women (95% CI, 0.45-
0.86).42 The strengths of this scudy are its size and
prospective design. Its limitations include its dependence
on a single, brief, self-administered questionnaire, lack of
information on colon subsite, and relatively short fol-
low-up (6 years). Because of the reliance on mortalicy,
factors that influence survival could not be clearly
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differentiated from those that affect incidence. In addi-
tion, the study participants were, on average, more
educated and affluent than che U.S. population as a
whole. Greater access to medical care and screening
might have contributed to cheir lower morcalicy rates
from colon cancer. Therefore, generalization of the find-
ings of this study to groups of lower socioeconomic starus
is questionable.

Recently, several well-designed and -conducted prospec-
tive studies have examined the relationship between
diecary fiber intake and the risk of CRC and adenomas,
but the findings of these studies are not consistent (Table
3).43 In the Nurses' Healch Study,%? 121,700 female
registered nurses berween 34 and 59 years of age in the
United States completed a mailed questionnaire on
known and suspected risk factors for cancer and cardiovas-
cular disease in 1976. Every 2 years thereafter, follow-up
questionnaires were sent to identify new cases of cancer
and cardiovascular disease. In 1980, che questionnaire
was expanded to include an assessment of diet, the
Willect semiquantitative food frequency questionnaire?;
88,751 women were available for analysis in 1986,
representing 6 years of follow-up. Among these women,
150 cases of CRC were identified and confirmed. Energy-
adjusted incakes of crude and toral diecary fiber were both
inversely associated with the risk of colon cancer, but
these trends were not statistically significant.*> When
intake of fiber from fruit, vegecables, and cereals were
analyzed individually, only fiber from fruic was associated
with any appreciable reduction in risk, and the overall
trend was not statistically significanc.*> Some limitacions
of chis well-designed prospective study are relartively
short follow-up (6 years) and uncontrolled confounding
factors (e.g., family history of CRC, physical accivity) that
might affect the development of CRC.

The observacions from this scudy extended for 16 years
of follow-up (1980-1996) have recently been pub-
lished.** During the 16 years of follow-up, 787 new cases
of CRC were identified and confirmed among the 88,757
eligible women. After adjustmenc for age, toral energy
intake, and most of the escablished risk faccors for CRC in
a mulcivariate model, total dietary fiber intake was not
significantly associated with the incidence of CRC; the
relative risk for the quincile group wich the highest
(median 24.9 g/day) compared with the lowesc (median
9.8 g/day) rtoral dietary fiber intake was 0.95 (95% CI,
0.73-1.25), and no dose-dependent inverse association
was observed (P trend = 0.59).4! No protective effect of
total fiber intake was observed when events during the
first 6 years of follow-up were excluded to examine the
possibility that total dierary fiber influences the risk of
CRC only afcer several years or when the analysis was
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Table 3. L ¢z, Fikier in1ave and Risk of CRC and Adenoma: Summary of Prospective Studies

Relative
risk
Duration highest
Case/ of Highest Lowest VS, P for
LAF Case controt follow-up intake intake  lowest 95% inverse
Stuay _ b diagrosis no. {yn (g/day) (g/day)y intake Cl association  Comments
‘“;’59? Lis Colon Female 150/ 6 =21.3(total <11.6 0.90 0.54-1.49 0.70 No effect from
Sfjd'?: 1YY, cancer 88601 fiver) crude, fruit,
vegetable,
and cereal
‘wrses e . ) ‘ fibers
Healtr - Ccec Female 787/ 16 249 median 9.8 ‘ 0.95 0.73-1.25 0.59 No effect from
Study™ 1392 87970 (total fiber) median cereal and
fruit fibers;
increased
risk with veg-
etable fiber
(P = 0.004)
Left colon  Female 1012/ 14 24 9 median 9.8 0.91 0.71-1.16 0.36 No effect from
andrectal 26518 (total fiber) median cereal, fruit,
adenoma and veg-
Health Profes, USA . , etable fibers
sionals : o8 Coleon Male 205/ 6 32.8 median 14.2 ) 1.08 0.68-1.70 0.12 No effect from
11994,  cancer 47744 {total fiber) ~ median crude, fruit,
FO"OW?” vegetable,
Study™ and cereal
Health Prafes. USA L : . fibers
cionals 195 eftcolon . Male 170/ 2 22'8.3 (total <16.6 0.36 0.22-0.80 <0,0001 Total ﬁger
Follow-ug, 2) andrectal 7114 fiber) 0.27 0.16-0.45 <0.0001 Crude fiber
Study™ adenoma 0.53 0.28-1.02 0.02 Fruit fiber
0.53 0.30-1.01 0.003 Vegetable fiber
Health Profis. USA . 0.44 0.26-0.76 <0.001. Grains fiber
sionals & 19 Leftcolon  Male 690/ 8 32.3median 11.6 . 0.88 0.59-1.31 0.10 No effect from
Foliovrup 7) eandrectal 15758 (total fiber) median vegetable,
Study*” adenoma 8.4 (fruit fioer) 1.3 0.81 0.59-1.11  0.03 cereal,

3.4 0.69 0.46-1.03 0.007 wheat, crucif-
erous veg-
etable, and
legume fiber

9.4 (soluble No effect from
fiber) insoluble
lowa USA fipers
Women' Colon Female 212/ 4 >2.4'7 (total  <14.5 0.80 0.49-1.31 NS
s {1994)  cancer 35004 fiber)
Health
Study**

NS, not significant.,

Il.mited to women who maintained a consistent level of
dle_tafy‘m)cr intake during che study period.* Cereal and
fruic f.nbcr wis not associated with any appreciable
reduction i‘n CRC risk, whereas greacer consumption of
_Vegerab.h- fiber was associated wich a significant increase
in the risk of CRC (RR, 1.35 in che highest [median 10.0
g/c.layl} compared with the lowest {median 2.7 g/day}
qumfnlc; 95% Cl, 1.05-1.72; P trend for a dose-dependent
relationship = 0.004).41 However, this adverse effect was
no longer observed when the analysis excluded women
who altered dheir fiber intake during the follow-up period
(R.R, 1.22, 95% CI, 0.50-2.98; P trend for a relation-
ship = 0.39). " The relacionship becween fiber intake and
the risk ol adenomas in the left side of the colon and the

reccum was also investigated among 27,530 women who
reported undergoing colonoscopy or sigmoidoscopy be-
rween 1980 and 1994.4% There was no reduction in the
risk of colorectal adenomas with increasing dietary intake
of toral, cereal, fruir, or vegerable fiber.44

The same group of investigators also examined the
relationship berween diecary fiber and the risk of colon
cancer in men."> The Health Professional Follow-up
Scudy is a prospective study of hearr disease and cancer
among 51,529 U.S. male healch professionals between
the ages of 40 and 75 years who completed the original
questionnaire in 1986. Again, dietary intake was assessed
using the Willett semiquantirative food frequency ques-
tionnaire.?® Among 47,949 men who were free of
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diagnosed cancer in 1986, 205 new cases of colon cancer
were diagnosed and confirmed between 1986 and 1992.
Analyses were performed in a similar fashion as in the
Nurses’ Health Scudy.#3#4 Age, family history of CRC,
obesity, physical activity, cigarette use, alcohol consump-
tion, and other confounding factors were adjusted for
analysis. No clear association berween total dietary fiber
incake and risk of colon cancer was observed; the RR for
the highest (median 32.8 g/day) compared with the
* lowest (median 14.2 g/day) quintile group with respect
to total dietary fiber intake was 1.08 (95% CI, 0.68—
1.70), and no dose-dependent inverse association was
observed (P trend = 0.12).%° No significant protective
effect was observed for total crude, fruit, vegetable, or
cereal fiber.?

The same group of investigators also examined the
relationship berween dietary incake of fiber and the risk
of colorectal adenoma in the same 1nale cohort of the
Healch Professional Follow-up Study.*® The analysis was
done on 7284 individuals who had undergone either
colonoscopy or flexible sigmoidoscopy. There were 170
cases of endoscopically diagnosed adenomas of the left
colon or reccum between 1986 and 1988.46 Again, most
potential confounding factors were adjusced for analysis.
Dietary fiber was inversely associated with risk of ad-
enoma (P for trend << 0.0001); RR for men in the highest
(>28.3 g/day) vs. the lowest (<16.6 g/day) quintile was
0.36 (95% CI, 0.22-0.60).41¢ All sources of fiber (crude,
vegetable, fruit, and grain) were associated with de-
creased risk (P < 0.02).%° The inverse relationship with
fiber persisted after adjustment for other nutrients com-
monly found in fruits and vegecables ([3-carotene, potas-
sium, magnesium, and vitamins C and E).46

This study?® was furcher analyzed with a longer
follow-up (1986-1994), a larger cohort (16,448 men),
and newly available data on dietary composition for
specific fiber components and fiber water solubility.4’
Among 16,448 men who underwent endoscopy between
1986 and 1994, 690 cases of adenoma of the distal colon
(n = 531) and rectum (n = 159) were identified. In the
basic model, the risk of distal colon adenoma decreased
with increasing intake of total diecary fiber (P trend =
0.01) and fruit fiber (P trend = 0.001) but not wich fiber
from cereals, wheat, vegetables, or cruciferous vegetables
(basic model).*” The RRs comparing the highest (median
32.3 g/day for total fiber and 8.4 g/day for fruic fiber)
with the lowest (median 11.6 g/day for total fiberand 1.3
g/day for fruit fiber) quintile were 0.65 (95% CI,
0.46-0.91) for rocal fiber and 0.67 (95% CI, 0.50-0.90)
for fruit fiber.” In che full mulcivariate model that
concrolled for all potential confounding factors, the risk
of distal colon adenomas decreased with increasing intake
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of fruic fiber (P trend = 0.03) and the associarion with
total fiber intake became nonsignificanc (P trend =
0.10).'" A strongly decreasing risk of distal colon
adenomas was observed for soluble fiber (P trend =
0.0003) but not for insoluble fiber (P trend = 0.34) in
basic models.?” In the full multivariate model, the strong
inverse association between intake of soluble fiber and
discal colon adenomas persisted (P trend = 0.007).47 No
consistent relarionship berween fiber and rectal adenomas
was observed in this scudy. ¥

In the earlier report of this study, increased total
dietary fiber was strongly associated with a decreased risk
of total colorecral adenomas (P < 0.0001), and fiber from
vegetables, fruits, and grains was beneficial. % However,
in the updated report, total dietary fiber was only
modestly inversely associated with risk of toral colorectal
adenomas, and only fiber from fruics (not from vegetables
or cereal) appeared to be protective.*” The major differ-
ence between the earlier®s and updated?” reports of this
prospective study is that the earlier analysis assessed fewer
potential confounders, which might have led to an
overestimation of the relationship berween toral fiber or
source of fiber and adenoma risk. Another problem in the
earlier report is the small number of cases arising during
2 years of follow-up, compared with 8 years in the later
report.

The Iowa Women’s Health Study*® included 98,030
postmenopausal women aged 55-69 years who were
asked to complete a self-administered questionnaire
dealing with various healch issues and diet. Nearly half of
the women (41,837) returned the questionnaire. This
cohort was then followed up for 4 years. Dietary intake of
various factors was assessed using the Willett semiquanti-
tative food frequency questionnaire.*? The occurrence of
CRC was documented, and the diagnosis was verified.
After specific exclusion criteria were applied, 212 cases
and 35,004 noncases remained for analysis. Mean dietary
intake was divided into quartiles of incremental increase,
and the relative risk for development of CRC was
calculated for each quartile compared with the quarrile
with the lowest intake. A weak and statistically nonsig-
nificant inverse association was observed berween dietary
fiber intake and the risk of colon cancer, parcicularly of
the distal colon.4® Furchermore, increased total intake of
both vegetables and fruits did not reduce the relative risk
of CRC; similar results were obtained when each veg-
etable or fruit item was independently analyzed except for
garlic.48

In summary, published large prospective studies have
produced equivocal findings. Alchough the data from
earlier prospective studies that examined the relatcionship
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berween dietary fiber intake and CRC mortalicy were
inconsistent, 384041 the most recent large prospective
study (Cancer Prevention Study II),** involving more
than 1 million subjects, showed a significant inverse
relationship wich a 30% reduction of CRC moreality in
subjects consuming the highest amount of dietary fiber
compared wich those consuming the lowest amount. This
scudy also showed thac the risk of faral colon cancer
decreased wich more frequent consumption of vegerable
and high-fiber grains (P trend = 0.031 in men and
0.0012 in women).*> More recently published prospec-
tive studies of the relationship between dietary fiber
intake and the risk of CRC or adenomas have demon-
straced a protective effect of dietary fiber against distal
colon and rectal adenomas in men®®#” but not in women
(Table 3).%* When all potential confounding factors were
corrected for, however, an inverse dose-responsive associa-
rion was observed only for fruir and soluble fiber.” In
these 2 scudies,**47 there was a 35%-63% reduction in
the risk of developing distal colon and rectal adenomas in
men wich the highest dietary fiber intake compared with
those with the lowest fiber intake. These studies also
showed a significant inverse dose-responsive relationship
(P trend < 0.001).4647 However, it appears that diecary
fiber has no significant effect on CRC incidence in men®
or women (Table 3).434448 It is possible that, at least in
men, dietary fiber influences the early stages of colorectal
carcinogenesis and not the late stages. This hypothesis is
further supported by the observation that dietary fiber
has a protective effect against small (<1 cm) and not
large (>1 cm) adenomas.’

The strengths of recent prospective scudies38 are
numerous: the studies were conducted prospectively and
involved a large number of subjects for adequate statisti-
cal power; most coatrolled for potential confound-
erst43474% the largest study followed up study subjeces
for 14 and 16 years for colorectal adenomas and CRC,
respeccively?$; and che scudies used the Willece semiquan-
titative food frequency questionnaire®® to accurately
escimace dietary fiber intake. One of che major weak-
nesses of these studies is that the investigators attempred
to correlate dietary consumption of dietary fiber at
baseline with subsequent incidence of CRC or adeno-
mas.434548 In orher words, the dietary intake at baseline
was assumed to reflect past and subsequent consumption.
Whether the subjects in these studies changed their diets
during the follow-up period and how this might have
affected the study outcome cannot be deduced. The
exception is the largest published study, with a 16-year
follow-up, which showed no protective effect of dietary
fiber intake even when the analysis included only those
who maintained a consistent level of dietary fiber intake
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during the first 6 years of follow-up.** Except for this one
study with a follow-up of 16 years,** these studies are
limiced by the relatively short follow-up (2-8 years).43:45-48
This issue is important because of che uncerrainty
regarding the biologically relevant period of exposure
before the developmenc of colorectal adenomas or CRC.
Another potential shortcoming thar limits the interpreca-
tion of resules is imprecise estimation of dietary fiber
intake. Alchough the Willetr semiquantitative food
frequency questionnaire has been shown to be reproduc-
ible and valid in these cohorts,*®=>2 che estimates of
dietary fiber intake were dependent on a self-adminis-
tered quescionnaire. As previously mencioned, analytical
tools used to decermine the fiber content of foods also are
relatively imprecise and underestimate amounts of di-
etary fiber. Therefore, fiber values assigned to each
reported food consumed have errors. These prospective
studies also lack dara on food preparation methods,
cooking, and chewing, which can alter the physiological
properties of fiber.>> The 2 cohorts studied in the Nurses’
Health Study and Health Professionals Follow-up
Scudy 4>7 are highly educated and affluent professionals
with relatively homogeneous lifestyles and dietary habits
and thus may not be representative of the general
population. Therefore, the applicability of observations
made in these cohorts to the general population is in
question. One solution to this difficulc issue is corrobora-
tive evidence from international and cross-cultural pro-
spective scudies. The other potential problem is that in
the Nurses’ Health Study and Health Professionals
Follow-up Study cohorts,>*" the range of dietary fiber
consumed might have been narrow, and thus protective
effects of fiber might have not been observed. Therefore,
pocential protective effeces of excremely high intake of
dietary fiber (>35-50 g/day) cannot be ruled out. Some
studies examined the incidence of colonic adenomas only
in the distal colon, and results cannot be extrapolated to
the proximal colon. 444647

Human Intervention Studies

In theory, randomized intervention studies in
humans should provide definitive support for the pur-
ported cause-and-effect relationship between a dietary
factor and CRC. However, intervention studies are often
difficule to carry out because of the slowly progressive
nature of neoplastic transformation and the large number
of subjects necessary to achieve an adequate statistical
power. However, several strategies have been developed
to circumvent these problems. One is to study the
modulatory effects of nutritional factors on colorectal
carcinogenesis in individuals at high risk of developing
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CRC. The second strategy is to use so-called intermediate
biomarkers of CRC rather than occurrence or recurrence
of CRC as the endpoinc.’*3% These biomarkers include
adenoma, proliferation markers, mitoric index, DNA
aneuploidy aberranc crypts, mucins, and more recently
alcerations of several molecular biological markers.’%%
However, all intermediate biomarkers have limitations,
and most have not been validated conclusively in clinical
studies.>* Furchermore, except for colorectal adeno-
mas,>®7 changes in any of these intermediate biomarkers
have not yet been proven to lead to a reduction in CRC
occurrence and mortality.>*%> Even with adenomas, it is
known that few adenomartous polyps progress to cancer;
the rate is estimated at approximately 2.5 polyps per
1000 per year.?! It has also been well established that only
adenomarcous polyps with certain characteristics (>1 cm,
tubulovillous or villous histology, and mulciple occur-
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rence) are associated with increased risk of developing
adenocarcinoma compared with adenomas wichour these
characteristics.3!

Several randomized or single-arm intervention studies
using a high-fiber diet as a component of chemopreven-
tive strategies against the developmenr of CRC have been
conducted or are underway (Table 4). The first such scudy
was conducted on 58 subjects with familial adenomatous
polyposis (FAP) who had undergone total coleccomy and
ileorectal anastomosis at least 1 year before entry into the
trial.’® These subjects were randomized to receive either a
low-fiber supplement (2.2 g/day) plus placebo (control
group), a low-fiber supplement (2.2 g/day) plus ascorbic
acid (4 g/day) and «-tocopherol (400 mg/day), or a
high-fiber supplement (22.5 g/day) plus ascorbic acid (4
g/day) and «-tocopherol (400 mg/day).’ The fiber
supplement was from a grain source. Over the course of 4

Table 4. Summary of intervention Studies Using High Fiber as a Chemopreventive Strategy for CRC

Total fiber
Location Case Sample Type of intake Primary
Study {y diagnosis size study intervention {g/day) Duration endpaint Qutcome Comments
De Cosse USA Familial adenomatous 68 RCT Low-fiber supplement  11.3 4yr Adenoma High-fiter protective Grain/cereal fiber
et al.s8 {1983} polyposis, total (2.2 g/day} regression/ only if >11 g/day supplement; smaft
colectomy, and +Vitamin C (4 occurrence riumber; poor com-
iteorectal g/day) pliance; substantial
anastomosis +Vitamin £ (400 cegree of intrapa-
mg/day) tient and intervisit
. vs. variability in fiber
High-fiber supplement  22.4 Vitamins C. E; trend intake
(22.5 g/day) toward protection
+Vitamin € (4
£/day)
+Vitamin E (400
mg/day)
vs.
Placebo 122

Alberts usa Previous 17  Single arm, Fiber suppiement 30.9 8 wk Proliferation Overall 22% Urcontrolied; small

et al.%° {1990) CRC uncon- (wheat bran, Lateling index decrease rumber; limitations
trolled 13.5 g/day) {3H]Thymidine compared with Iabeling index
with baseline

Alberts USA Previous 100 RCT 2 X 2 factorial 14.4-17.5 9mo  Proliferation No effect Limitations with
et al 2062 {1997) colarectal Fiber (wheat bran) (low-fiber Lateling index labeling index and

adenomas High (13.5 g/day} group) [*H[Thymidine  52% decrease facal bile acids as
Low (2.0 g/day) 25.7-28.7 Totat fecal bile with high fiber t-omarkers; short
Calcium (high-fiber acids {P=0.01) curation; small
High {1500 group) Fecal 36% decrease rumber
mg/day) deoxycholic with high fiber
Low {250 mg/day) bile acids {P=0.003)

Toronte Polyp  Canada Previous 201 RCT Dietary counseling to 35 2yr Adenoma Intention-to-treat, Pccr compliance; high
Prevention {1994) colorectal achieve 20% fat recurrence no effect cropout rate; low
Group®? adenomas calories and 50 Subanalysis in follow-up ¢olonos-

g fiber/day those with sub- copy rate
vs. stantial dietary
Placebo 16 counseling,
nonsignificant
50% reduction in
women and 90%
increase in men
with high fiber

Australian Australia  Previous 424 RCT 2 x 2 x 2 factoria! NA ayr Adenoma Low fat, high fiber Small no. of subjects
Polyp (1995} colorectal <25% fat calories recurrence dacreased ineachofthe 8
Prevention adenomas 25 gwheat recurrence of armsof 2 X 2 X 2
Project® bran/day >10-mm adenomas design; small no.

p-Carotene (20 of subjects with
mg/day) >10 mm adeno-

mas; some differ-
ences at baseline
among groups

RCT, randomized controlled trial; NA, not avaitable.
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years, each participant underwent proctosigmoidoscopy
every 3 monchs, for a toral of 18 examinations. Overall
consumption of fiber from supplements and dierary
sources averaged 12.2 g/day in the placebo group, 11.3

' 1 . PR AT and 272 4 oldav in the
glqny In lllc VlLd.llllll blUu}J, ana 4.4 giday in tnd

high-fiber group.”® When results were analyzed on an

intention-to-treat basis, only a weak protective effect of

fiber against polyp occurrence was observed.>® However,
when only those wich good compliance were analyzed,
those who had consumed 11 g of supplemental fiber in
addition to their usual dietary fiber intake had a signifi-

on in nolvo occurrence in the rect
on 1N polyp occurrence In the re

and polyp number decreased incrementally as

al stump,

he amount
of ingested, prescribed fiber increased. '8 T'le effeces of
vicamins C and E were not significant, alchough there was
a trend toward protection.’® A significant fault of this
study is poor compliance with intervention modalities
over the 4 years of the srudy. Compliance decreased by
more than S0% over 4 years in some of the groups.’®

Orher legitimare criticisms are uncertamty about whether
L e f\;

ineaxe of

A
J
components other than fiber, vitamins C and E, and fac

Q.
S-

and whether any of the groups change eir dietary
patcerns during the study period.

One study from the Arizona Cancer Center was a
single-arm study that investigaced the eftect of supplemen-
tal wheat bran fiber on a proliferation marker ((*Hlthymi-
dine labeling index) in patients who had undergone

resection for colon or rectal cancer.’? In this srudy, 135¢

T

of supnlemenral whear hran ner dav sienifi
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colorectal epithelial proliferation during the 8 weeks of
foilow-up.sf However, this was not a randomized placebo-
concrolled study and involved only 17 subjeces for the
analysis. Furthermore, the [*H}chymidine labeling index
is not uniformly accepted as an accurate means of
determining the proliferation index of the colonic epithe-
lium.>*3% Finally, changes in this index have not been
proven to decrease che incidence of CRC.>*>

Tha came 1NVecr:
10ng same

racronai dengn to determine the effects of wheat bran
(2.0 or 13.5 g/day) and calcium carbonate (250 or 1500
mg/day) supplementation on {*H]thymidine labeling
index in rectal mucosal biopsies and fecal bile acid
concentrations ac 3 monchs and 9 monchs.%0%! Tocal fiber
intake ranged from 14.4 to 17.5 g/day and 25.7 to 28.7
g/day in the low- and high-fiber groups, respectively.®:!
The resu of this study., which included 100 parie
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who had undergone complete colonoscopv with colomc
polyp removal wichin 24 months of study entry, showed
that neither wheat bran fiber not calcium treatment

significantly decreased the labeling index.%’ With respect
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to fecal bile acid concentrations and excretion rates,
high-dose fiber supplementation for 9 monchs caused a
reduction in fecal concentrations of roral bile acids (5267

P = 0.001) and deoxycholzc acid (48%

adisrriame D — N
CuLlLLlUH, o — U,

reducrion;
003 compared witch baseline concentra-
tions.®' High-dose calcium supplementation also had a
significanc bur smaller effecc on the mean toral bile acid
(35% reduction; P = 0. O—H) and deoxycholic fecal bile
acid (36% reduction; P = 0.52) concentrations ac 9
monchs compared with baseline.%! Presently, the same
investigators have included more than 1400 pacients in a
al of high-dose (13.5 g/d

randomized nha(p IIT tria

low-dose (2 g/day) wheat bran fiber in patients with
resecced colorectal polyps.®? Polyp recurrence after 3 years
of daily fiber intake serves as the primary endpoint for
this dietary intervention trial 2

In the trial reported by the Toronto Polyp Prevention
Group from Canada, 201 subjects with adenomarous
colorectal polyps were randomized after polypectomy to

receive intense counseling on a diet low in fat (<50 g/day
r 209% of e nere 7 ad hich in fiber 150 o/dav) mainle

Ue of ¢n ana figia gl UL \JV gilayy, diialiy

from whear bran, or to follow a normal western diet, high
in fat and low in fiber.®> Afrer 12 months of counseling,
fat consumption was approximately 25% of energy in the
low-fat/high-fiber group and 33% in the western diet
group; fiber consumption was 35 g and 16 g respec-
tively.%? Afcer an average of 2 years of follow-up wich
colonoscopy, an intention-to-treat analysis showed no
significant difference between dietary groups with regard
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ous poly
when only those subjects who had received substantial
dietary counseling were reanalyzed, it was found that
women who ate the low-fat and high-fiber diet showed a
nonsignificant 50% reduction in polyp recurrence (RR,
0.5; 95% CI, 0.2-1.9) associated wich a reduced concen-
tration of fecal bile acids.> Among men, the polyp
recurrence rate was increased by approximately 90% in
che low~fat/high fiber diet group compared with the

n
Ui oa

controls 1.9, 95% CI, 0.8-4.4).% This also fell shorrt
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of staristical significance but was associated with an

bile acids in these
subjects.®> The main problems with this scudy were (1) a
high dropour rate (only 82% of 201 subjects received
colonoscopic follow-up), (2) noncompliance with the
low-fat/high-fiber diet, (3) small sample size, and (4)
short duration of follow-up. However, this study points
out that physxologxcal differences in fecal bile acids may

increased concentration of fecal
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account for dlfferences in the rartes of the polyp recurrence
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In a recencly reported study from Australia, 424
subjects with adenomas and a “clean” colon were random-
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ized to diets containing <25% of energy as fat, 25 g
wheat bran supplement, and/or 20 mg (3-carotene per day
in a 2 X 2 X 2-factorial prospective, randomized,
controlled trial. ' Endpoints were adenomas and CRCs
identified by colonoscopies performed at 2 and 4 years.*!
This trial showed thac neither low-fat intervention nor
wheat bran supplementation alone had a significant effect
on adenoma recurrence.’* However, low-fat intervention
combined with wheat bran supplementation significancly
reduced the occurrence of large adenomas (>10 mm) at 2
and 4 years of follow-up (P < 0.035).%% In this trial,
B-carotene, either alone or in combination with the
low-fat or high-fiber intervention, had no effect on
adenoma recurrence.’! Problems with this trial were (1)
small number of subjects in each of the 8 arms of the 2 X
2 X 2—facrorial design; (2) small number of subjects wicth
large adenoma (>1 cm), which was used as the secondary
endpoint of the trial, thereby increasing uncertainty of
the resulcs; and (3) differences among groups at baseline
with respect to prevalence of multiple (=Z2) and large
{(>1 cm) adenomas.
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Several randomized intervention studies using a high-
fiber component for the nutricional chemoprevention of
CRC are currently ongoing in the United Srates and
Europe (Table 5). The Polyp Prevention Trial is a
mulci-insticutional incervention study recently com-
pleted in United States.® The primary goal of the trial is
to test the ability of a low-far (20% fac calories),
high-fiber (18 /1000 kcal daily) diec enriched with
vegetables and fruits (5-8 servings daily) to decrease the
recurrence rate of adenomatous polyps in patients previ-
ously treated for colon adenomas.® To date, 2079 patients
have been randomized to the intervention or control
arm.” This trial provides 90% power to detect a reduction
of 24% in the annual adenoma recurrence rate.? The final
colonoscopic examinations at 4 years of follow-up were
completed in early 1998.7 The European Cancer Preven-
tion Organization study is an ongoing study to compare 3
groups, one given ispaghula husk (a mucilaginous sub-
stance), 3.8 g/day for 3 years; one given calcium, 2 g/day;
and one given placebo.®® All subjects in this study have at
leasc 2 adenomas or 1 adenoma that is >5 mm in

Table 5. Summary of Ongoing Randomized, Double-Blind, Placebo-Controlled Intervention Studies Using High-Fiber Diets

Case Sample Duration Primary Current
Study Location diagnosis size (n) Intervention (yn endpoint status
Phase Il Arizona USA Previous colorectal 1400 High-fiber supple- 3 Adenoma recur- Completed
Cancer Center adenomas ment(13.5 rence
Polyp Prevention wheat bran/day)
Study®?
Polyp Prevention USA Previous colorectal 2079 20% fat calo- 4 Adenoma recur- Completed
Trial® adenomas ries/day rence
18 ¢ fiber/1000
kcal/day
5-9 servings of
vegetables and
fruits /day vs.
typical North
American diet
European Cancer Europe Previous colorectal 656 3.8 ¢ ispaghula 3 Adenoma recur- Ongoing
Prevention Orga- adenomas (2 husk/day vs. 2 rence (prolifera-
nization Study®> adenomas or 1 g/day calcium tion labeling
adenoma >5 vs. placebo index and fecal
mm) bile acids as
secondary end-
points)
Concerted Action Europe {14 FAP gene carriers 468 2 x 2 factorial 2 Incidence or pro- 150 recruited
Polyposis Pre- countries) 600 mg aspirin gression of
vention 156 30 g corn starch colonic
(13.2 resistant adengomas
starch)
Concerted Action Europe (14 HNPCC gene car- 1200 2 x 2 factorial Incidence of Ongoing
Polyposis Pre- countries) riers 600 mg aspirin colorectal
vention 2 30 g corn starch adenomas

(13.2 resistant
starch)

(extracolonic

malignancy, pro-

liferation, apop-
tosis, genotype
as secondary
endpaints)




1248 AMERICAN GASTROENTEROLOGICAL ASSOCIATION

diamerer (i.e., subjects with a high adenoma recurrence
rate).%% The primary endpoint is recurrence of adenoma,
and secondary endpoints are mucosal cell proliferation
race and fecal bile acids.®® To date, G56 subjects have been
randomized to 3 arms of the study.®® Two randomized
trials (Concerted Action Polyposis Prevention [CAPP} 1
and 2, respectively) designed to test effects of 600 mg
aspirin and/or 30 g corn stacch (equivalent to 13.2 g of
resistanc starch) in a faccorial design in FAP and heredi-
rary nonpolyposis CRC (HNPCC) gene carriers are
ongoing in Europe (14 countries). The primary endpoint
of CAPP 1 is incidence or progression of colonic adeno-
mas. To date, CAPP 1 has recruited 150 gene carriers
(carget n = 468) from FAP registries in 14 European
countries.®® The primary endpoint of CAPP 2 is the
incidence of colorectal adenoma. The secondary end-
points include the incidence of extracolonic malignan-
cies, crypt cell proliferation, apoprosis, and genotype.
CAPP 2 has just begun recruitment (target n = 1200).

In summary, ¢ intervention studies in humans have
been completed and published (Table 4).38-61.63.64 Mosc of
these studies included a small number of subjects (range
17-424) and a follow-up period of 8§ weeks to 4
years.’3-61.63.64 One study®® was uncontrolled, and 5 were
randomized and placebo concrolled.’3:6061.63.64 Excepr for
1 study®® that recruited patients with FAP, the partici-
pants of most studies were individuals with sporadic
colon adenomas.’?-61:6364 Three studies®$6364 used ad-
enoma recurrence or regression as the endpoint of the
trial, and the other 3 used less well-established intermedi-
ate biomarkers of CRC (labeling index’?¢° and fecal bile
acids®!). All studies?8:6061.63.64 except one®® used dietary
fiber supplements in conjunction with other dietary
factors (vitamins, calcium, low fat). Four studies showed a
moderate protective effect of dietary fiber supplements:
decreased labeling index in 1 study,® decreased fecal bile
acids in 1 scudy,®! and decreased adenoma recurrence in 2
studies.’$%* The other 2 showed no effect on labeling
index® or adenoma recurrence.®® The strongest evidence
to dace to support the fiber hypothesis is the Australian
Polyp Prevention Project, which showed thar a diet high
in fiber and low in fat prevents recurrence of large
adenomas (>10 mm).*4

The major weaknesses of these intervention studies are
short follow-up, small numbers of subjects, poor compli-
ance with dietary interventions, high dropout rates, and
use of less well-established intermediate biomarkers with
uncerrain functional ramificacions in some studies. An-
other problem is that these studies attempred to inter-
vene in incompletely underscood biological pathways in
special populations of adults at high risk of developing
CRC (e.g., those with FAP or previous colonic adenomas)
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who therefore may be at a late, although preclinical, stage
of colorectal carcinogenesis or have precancerous lesions.
Other limirations are associated with intervention crials
in humans. Blind or double-blind trials are usually
impossible with foods or dietary macronucriencs, which
are recognizable. In nonblind studies of foods, subjects in
the control group may adopt the dietary behavior of the
treatment group if they think the treatmenc diet is
beneficial. Such trends may obscure a real benefit of
trearment. In addition, the time between a change in the
Jevel of a dietary factor and any expected change in the
incidence of cancer is usually uncerrain. Trials should
therefore be of a long duration. Finally, people who agree
to parcicipate in trials tend to be relatively health
conscious and highly motivared; people who are at high
potential risk on the basis of dietary intake, and thus
susceptible to intervention, are likely to be underrepre-
sented. Hence, the validity of generalizing the resules is
limited. Therefore, results of intervencion studies should
be interpreted wich caution. They are not an epidemiologi-
cal “gold standard.” Controlled trials in which interven-
tion shows beneficial effects are good evidence that the
agents used are prorective. However, studies in which
intervention shows no effect, or even a decrimental effece,
do not show that the agents used are irrelevant or harmful
in the context of whole diets or among normal, healthy
populations. The resules of intervention studies should
not be treated as a refutation of evidence from other types
of epidemiological study, especially when such other
evidence is backed by data from animal sctudies and
identification of plausible biological pathways.

Resistant Starch and Short-Chain
Fatty Acids

Resistant starch is defined as that portion of
ingested starch that escapes digestion in the small
intestine.!?22 More recently, it has been suggested that
resistant starch be defined as “the sum of starch and
starch-degradation products that, on average, reach the
human large intestine.”®” Similar to nonstarch polysaccha-
rides, resistant starch has been shown to increase stool
bulk, decrease fecal pH, alter the colonic microflora,
decrease secondary bile acid concencrations and cytoroxic-
ity of fecal water, decrease colonic mucosal proliferation,
increase colonic fermenration, and contribute to short-
chain fatty acid (SCFA) synthesis, especially burty-
rate.%87% A recently published international correlation
study supports the protective role of resistant starch in
the development of CRC.”! In this study, intakes of
starch, nonstarch polysaccharides, protein, and fat were
compared with CRC incidence in 12 populations world-
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wide. After far and protein intakes were concrolled for,
there was a strong inverse association between starch
consumption and CRC (correlation coefficient, r =
—0.70); no significant association with nonstarch polysac-
charides was observed (r = —0.29).”! When nonstarch
polysaccharides were combined with resistant starch to
give an estimare of fermentable carbohydrate, the inverse
association became significant with r = —0.52.7! Resis-
tant starch was observed to either be protective,’” have no
effect,”® or enhance tumorigenesis’ in chemical rodent
models of CRC. In another study using a knockout
murine model of the adenomatous polyposis coli gene
(Apc'638N) 75 resistant starch was shown to significancly
increase small bowel tumors.”® Two randomized, double-
blind, placebo-controlled intervention scudies designed
to test the effect of resistant starch on CRC in boch FAP
and HNPCC gene carriers are ongoing in Europe (CAPP
1 and 2; Table 5).

Fermentation of diecary fiber and resistant starch by
colonic bacteria generates SCFAs. The principal SCFAs
are acetate, propionate, and burcyrate, which account for
90%-95% of SCFAs in the colon. SCFAs are an impor-
rant energy source for the colonocytes. Butyrate is the
preferred SCFA to meet colonic energy requirements.
SCFAs, especially butyrate, have been shown to have
anticarcinogenic properties, as discussed in the next
section.””’8 Butyrate has been shown to either sup-
press’>~#! or have no effect on®? the development of CRC
in animal models. There is a paucity of data from human
epidemiological and inctervention studies concerning the
effects of SCFA on colorectal carcinogenesis.

Biological Plausibility: Potential
Mechanisms of Action

Several potential mechanisms by which dietary
fiber can protect against the development of CRC have
been proposed and investigated (Table 6).'38384 Burkict's
inicial hypothesis was that dietary fiber increases stool

" bulk, thus diluting potential carcinogens and decreasing
transit time, which would permit less contact time
between potential carcinogens in the lumen and the gut
mucosa.?® Additional mechanisms also have been pro-
posed (Table 6),18:83.8%

It has been demonstrated that carcinogens can bind to
dierary fiber, but the extent of binding depends on the
carcinogen and dietary fiber.8-37 Dietary fiber has also
been shown to bind with bile acids, thus reducing fecal
bile acid concentracion 838 If che dietary fibers to which
the bile acids or bile salts are bound are undegraded in che
colon, deconjugation of bile salts and conversion of
primary to secondary bile acids by bacterial enzymes may
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Table 6. Possible Mechanisms of Action of Dietary Fiber

Increased stool bulk

Dilution of potential carcinogens

Decrease in transit time (less contact time for carcinogens)
Binding with pctential carcinogens
Binding with bile acids

Decrease in fecal bile acid concentrations

Prevention of conversion of primary to secondary bile acids
Lowers fecal pH

Reduced solubility of free bile acids

Inhibition of 7a-dehydroxylase, which converts primary to sec-

ondary bile acids
Inhibition of bacterial degradation of normal fecal constituents to
potential carcinogens

Alters colonic microfiora

Inhibition of microbial enzymes involved in carcinogen activation

Changes in bacterial species

Stimulation of bacterial growth, which increases fecal bulk
Fermentation by fecal flora to SCFAs

inhibition of growth of tumor cell lines

Induction of differentiation

Induction of apoptosis

Modulation of gene expression
Prevention of insulin resistance and hyperinsulinemia

be prevented. The bound bile'acids or bile salcs may pass
out of the alimentary tract in the feces. The possible
purative inceraction of secondary bile acids and colonic
mucosal cells will thus be decreased.

Diertary fiber decreases fecal pH, resulcing in reduced
solubility of free bile acids; theoretically, chis should
decrease the potential tumor promoter activity of second-
ary bile acids.?® Furthermore, the activicy of the colonic
bacterial enzyme 7a-dehydroxylase, which converts pri-
mary bile acids to secondary bile acids, is inhibited at a
pH of <6-6.5.9192 Acidification of colonic contents also
increases the availability of calcium for binding to free
bile and fatty acids, thereby inhibiting their effects on the
colonic mucosa.”> A number of epidemiological studies
have shown that human populations with lower fecal pH
have lower rates of colon cancer.”®?* However, direct
experimental acidification of the colon contents in animal
models have not always led to a reduction in tumorigen-
esis.”” Theoretically, fecal acidification can also inhibit
bacterial degradation of normal fecal constituents to
potential carcinogens.'8

Another potential mechanism of dietary fiber relaces to
alterations in colonic microflora, which can exerc marked
effeces on the colonic environment. These may be charac-
terized by changes in bacterial species, funcrional changes,
or production of microbial enzymes considered to be
imporrant in carcinogen activation (e.g., o«-glucuroni-
dase, a-glucosidase, azoreductase, and nitroreductase).?6
Although dietary fibers clearly modulate colonic bacterial
enzyme activity,!? the relationship between colonic bacte-
rial enzyme activity and development of human CRC has
not been elucidated clearly. Dietary fibers that are
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extensively degraded in the colon have been shown to
increase fecal bulk by a stimulation of bacterial growtch.9”
Bacteria, rather than undegraded dietary fiber, are the
major water-holding componenc of feces.”” Increased fecal
bulk and reduced transit time resulting from increased
bacterial growth would reduce the possibility of effective
interactions of carcinogens with the colonic mucosa.
Dietary fiber also can decrease numbers of anaerobes,
resulcing in a decrease in secondary bile acids."?

SCFAs, especially buryrate, produced by fermentation
of dietary fiber and resistant starch by colonic bacteria
appear to be an important factor in colorectal carcinogen-
esis.”’’8 Alchough butyrate serves as the primary enetgy
source for normal colonic epithelium and stimulates
growth of colonic mucosa, in colonic tumor cell lines it
inhibits growth®®® and induces differenciation'® and
apoptosis.101 At the molecular level, bucyrace has been
shown ro inhibit histone deacetylase, resulting in hyper-
acetylacion of histones and increased accessibility of DNA
to factors concrolling gene expression.!?1%% Bucyrare also
has been shown to alter the binding of regulatory
transacting proteins to specific DNA sequences that
control the expression of the gene.!%4

A unifying hypothesis that may explain how diec and
lifescyle factors modulate colorecral carcinogenesis has
recently been put forward by McKeown-Eyssen’ and
Giovannucci.® This hypothesis suggests that the putative
dietary and lifestyle factors associated with CRC risk
cause insulin resistance and hyperinsulinemia and thart
hyperinsulinemia may in turn stimulate the growth of
colorectal tumors.”® Alcthough it remains unproven
wherther insulin stimulates the growth of colon cumors in
humans, several lines of evidence support its role. Insulin
is an important growth factor for colonic mucosal cells
and is a mitogen of colonic carcinoma cells in vitro,10%1%
Colonic cancer tissue has both insulin and insulin-like
growth factor (IGF) 1 receprors'®™1%; insulin has been
shown to exert its mitogenic effect partly through IGF-1
receprors.!%? Insulin receptors can be bound by IGF-1,'10
and a binding protein from IGF-1 inhibits the growth of
colon cancer cells in vitro.''! Another indirect line of
evidence comes from the observation that subjects wich
acromegaly, characterized by chronic growth hormone
and IGF-1 hypersecretion, have an increased risk of
developing CRC.!? It has been proposed that stimula-
tion of IGF-1 receptors by IGF-1 or IGF-2 promotes
colorectal carcinogenesis in subjects wich acromegaly.}!?
Although epidemiological studies thar have examined
the relationship between diabetes mellitus and CRC risk
have not consistently supported this hypothesis,!!> 2
recently published large prospective studies indicate a
modest increase in CRC risk in subjects with diabetes
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compared with nondiabetic control subjects.!'#115 In a
populaction-based cohort study from Sweden (n =
153,852), subjects with diabeces mellitus were found to
have on average a 40% greater risk of developing colon
cancer and a 60% greater risk of dying of colon cancer
than the general population.!™ The first Cancer Preven-
tion Study of the American Cancer Society with more
than 1 million participants showed that diabetic men had
a statistically significant 30% increase in risk of develop-
ing CRC compared with nondiabetic men during 13
years of follow-up.!’> Two recently published animal
studies have demonstrated chat exogenously injected
insulin promotes the development of colorectal tumors!!®
and the growth of aberrant crypt foci,''” a purarive
precursor of colon cancer, thereby providing support for
the causal hypothesis linking insulin resistance and CRC,
Because dietary fiber, especially soluble fiber, affects
glycemia and insulinemia,''® the insulin hypothesis
could be a mechanism by which dietary fiber can
modulate colorectal carcinogenesis. As such, this hypoch-
esis merits furcher consideration.

Epidemiological and experimental evidence indicating
a causal association between dietary fiber and CRC is
strengchened when a biological pathway or mechanism
by which colorectal carcinogenesis may be modified is
idencified and when this mechanism is biologically
plausible. However, it can be argued that epidemiological
daca, strong and consistenc, are an inadequate basis for
any definite judgment of causality” unless supported by
mechanistic evidence.!'? Although investigations to elu-
cidate potential anticarcinogenic mechanisms of dietary
fiber have focused on physical properties of dietary fiber,
more recent work has expanded into physiological func-
tions and molecular mechianisms of dietary fiber. A betcer
mechanistic understanding of how dietary fiber can
modulate colorectal carcinogenesis can lead to a morte
rational strategy using dietary fiber supplemenrartion to
prevent CRC in humans.

Conclusion
Summary of Causal Inference

Although valuable informacion can be obrained
from nutritional epidemiological studies examining the
effect of diet on cancer, several shortcomings limit
interpretation of the results of these studies (Table 7).12°

The scrongest evidence that supports che fiber hypoth-
esis is the remarkable consistency of the protective effect
of dietary fiber among correlation and case-control stud-
ies conducted in populations with different patterns of
diet and CRC. Three combined analyses or meta-analyses
of case-control studies also provide strong support for the
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Table 7. Summary of Causal inference
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Criteria Supportive Equivocal

Lack Comments

Consistency X

Strength of association X
Dose response X

Experimentation: from human X
intervention studies

Specificity X

Epidemiological coherence X

Analogy X

Biological plausibility X

Supportive evidence from most correlation and case-control
studies conducted in populations with different patterns of
diet and CRC and meta-analyses and combined analyses of
case-control studies; data from prospective studies
equivocal {only supportive for distal colon and rectal
adenomas in men)

Average 50% reduction in CRC and adenoma risk

Significant dose-dependent inverse association in most corre-
lation and case-contro! studies as well as their meta-
analyses and combined analyses; positive prospective
studies also demonstrate a dose-responsive association

Generally suppartive of findings published intervention stud-
ies; studies limited by small numbers of participants, short
durations of follow-up, use of intermediate markers, and
poor compliance; 5 large, weli-designed studies ongoing at
present

Difficult to delineate effects associated with dietary fiber from
other potential anticarcinogens present in fiber-rich foods

Fiber hypothesis consistent with epidemiological observations
that suggest significantly lower CRC prevalence, incidence,
and mortality in countries or populations with high intake of
fiberrich foods

Protective effects of fiber against breast, endometrial,
ovarian, and prostate cancers

Several potential physiological and molecutlar biological
mechanisms for fiber

dose-dependent protective effect of dietary fiber or fiber-
rich foods against colorectal carcinogenesis.?0 These
studies suggest on average a 50% reduction in the risk of
developing CRC in subjects with the highest dietary fiber
intake compared with those with the lowest intake.?8-30
However, large prospective studies conducted in specific
populations in the Uniced States do not supporr the
protective effect of dietary fiber on the development of
CRC.434548 On the other hand, these prospective studies
suggest a modest dose-dependent protective effect of
dietary fiber on distal colonic and rectal adenomas in men
only. 4647 Although these prospective studies provided
the least biased approach, che findings need to be
corroborated by evidence from similar international and
cross-culrural prospective studies.

Ic is difficult to delineate the effect associated with
dierary fiber from other potential anticarcinogens present
in the fiber-rich foods such as vegetables, fruits, cereals,
and grains in epidemiological studies. However, most of
che recently published prospective studies have adjusted
for potential confounding factors, including inrake of
vegetables, fruits, cereals, and grains as well as antioxi-
dant vitamins and folate 44*% Some human intervention
studies have attempted to test the effect of dietary fiber
supplementation on colorectal carcinogenesis while keep-
ing the inrake of vegetables, fruits, cereals, and grains
constant during the study period.’®=4 It is possible that
undetermined interactions among anticarcinogens pres-

ent in fiber-rich foods and fiber are responsible for the
observed protective effect of dietary fiber on the develop-
ment of CRC.

Of the published randomized, double-blind, placebo-
concrolled studies in humans that have used adenoma
recurrence or regression as the endpoint of che trial, 386364
probably the best intermediate biomarker of CRC avail-
able to dace,?! 2 have shown significant protective effects
of whear fiber supplementation?®%%; the other showed no
effect.®? In the largest incervention trial published to date
(the Australian Polyp Prevention Project, n = 424),¢ 2
diet high in fiber and low in fat was shown to prevent
recurrence of large adenomas (>10 mm), probably a more
relevant biomarker than smaller adenomas (<10 mm).
Five ongoing large, randomized, double-blind, placebo-
controlled studies in the United States and Europe will
certainly provide more insight into the effects of dietary
fiber on colorectal carcinogenesis (Table 5).

The fiber hypothesis is consistent with epidemiologi-
cal observations chat suggest significancly lower CRC
prevalence, incidence, and mortality in countries or
populacions wich high inrake of fiber-rich foods, includ-
ing vegetables, fruits, cereals, and grains.?3!112121 The
protective effect of dietary fiber on the development of
CRC is also analogous to similar observations in breast
cancer,'>'?2 endometrial cancer,!?3:124 125
and prostate cancer,'?6 albeic to a lesser degree. More
importantly, several biologically plausible mechanisms

ovarian cancer,
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exist for dietary fiber that corroborate epidemiological
and other evidence (Table 6). However, in vivo verifica-
tion of some of these mechanisms is still needed.

Magnitude of CRC Risk Reduction

The extent to which CRC mortalicy rates in the
United States might be reduced by practicable dietary
means has been estimated at 509%-75%.* More recently,
the World Cancer Research Fund panel has judged that
diecs high in vegetables, and therefore high in fiber, and
low in meac; avoidance of alcohol; and regular physical
activity may reduce che incidence of CRC by 66%-
759 119 Wich respect to the extent of CRC risk reduction
associated wich dietary fiber or fiber-rich foods, 3 com-
bined analyses or meta-analyses of case-control studies
suggest a 50% reduction in the risk of developing CRC
in subjects with the highest dietary fiber intake compared
with those with the lowest intake.?58-30 A Jarge, ongoing
prospective mortality study (Cancer Prevention Scudy 11
of the American Cancer Society) with more than 1
million participants suggests a 30% reduction in CRC
mortality among individuals consuming the highest
amount of vegetables and high-fiber grains compared
with those consuming the lowest amount.%? Two large
prospective studies suggest a 35%—63% reduction in the
risk of developing distal colon and recral adenomas in
men consuming the highest amount of dietary fiber
compared with those consuming the lowest amount. 647
Alchough it is difficult to estimate accurately the magni-
tude of CRC risk reduction attributable solely to dietary
fiber or fiber-rich foods, there appears to be a significant
degree of reduction.

Dose of Dietary Fiber Associated With
Decreased CRC Risk

The threshold level above which dietary intake of
fiber is associated with a significant degree of CRC risk
reduction is not well established in epidemiological and
intervention studies. Case-control and prospective scudies
have arbirrarily defined increasing quartiles or quintiles
of dietary fiber intake, which are different from study co
study and from population to populacion. In some
populations, the difference between excreme quartiles ot
quintiles is quite small. In some scudies, the amount of
dierary intake of fiber associated with each quartile or
quincile is not stated. Two combined analyses of case-
control studies showed a 50% reduction in CRC risk in
individuals consuming 27 g/day compared with those
consuming less than 11 g/day of fiber. 2?30

The extreme quartiles or quintiles of dietary fiber
intake in the Nurses Healch Study** and Iowa Women
Health Smdy,48 which did not show any significant
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reduction in CRC risk , were >24.9 and <9.8 g/day and
>24.7 and <14.5 g/day, respectively (Table 3). The
Healch Professionals Follow-up Study, which demon-
scrated a significantly reduced risk of distal colon adeno-
mas*®4” bur not CRC,** generally compared those with
dietary intake of fiber of 28.3-32.8 g/day with those wich
dietary incake of fiber of 11.6~16.6 g/day. Most of the
positive case-control and prospective studies also showed
significant dose-dependent inverse associations between
dietary intake of fiber and CRC or adenoma risk.22:30:46.47

Amounts of fiber supplement or total fiber intake
chosen for intervention studies vary, Of the 2 published
intervention studies that used adenoma recurrence as the
endpoint of trial in subjects with sporadic colon adeno-
mas, the Australian Polyp Prevention Project used 25 g
wheart bran supplement daily in addition to usual dietary
intake of fiber (the toral intake of fiber was not stated in
the report).%! In contrast, the Toronto Polyp Prevention
Study used 50 g of rotal fiber intake daily in the
high-fiber group compared with che low fiber group, but
total fiber intake was 35 g/day in che high-fiber group
and 16 g/day in the low-fiber group.®* The Phase III
Arizona Cancer Center Polyp Prevention Study will
determine the rate of adenoma recurrence in subjects
receiving 13.5 g whear bran supplement daily in addition
to their usual daily intake of dietary fiber compared wich
those receiving 2.5 g wheat bran supplement daily.6? The
Polyp Prevention Trial will determine the rate of ad-
enoma recurrence in subjects consuming 18 g fiber/1000
kcal daily compared with those consuming usual amounts
of dierary fiber.?

It appears that most case-control, prospective, and
intervention studies have assessed the effect of total fiber
intake 3-3.5 times the mean dietary fiber intake in the
U.S. adulc population (11.1 g/day).?? The Toronto Polyp
Prevention Study, which atcempted to determine che
effect of 50 g toral fiber intake daily, showed only a
nonsignificant 50% reduction in adenoma recurrence in
women.®> However, individuals assigned to the high-
fiber intake in chis crial consumed, on average, only 35
g/day of dietary fiber instead of 50 g/day.

Duration of Intervention Associated With
Decreased CRC Risk

There is often a latency period between exposure
to a factor that modifies cancer risk and induction of the
tumor itself. A further delay occurs before development
of the tumor reaches the stage at which it can be
diagnosed; this delay varies with different factors and
different sites. Migrant studies suggest a delay between
exposure of migrants to urban-industrial diets and emer-
gence of CRC of 10-20 years.!'? It follows that appropri-
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ace diets may have their full impact in preventing cancer
only decades after they are widely adopted. These delays
must be considered in setring realistic rargets for CRC
prevention with dietary fiber. Therefore, because CRC is
strongly age related®' and its incidence rates increase
markedly with age beginning around che sixth decade of
life,1'9 fiber intervention should begin at least 10-20
years before the peak age for CRC incidence. Prospective
and intervenrion studies, except one,* have not had a
long enough follow-up to observe any beneficial effects
associated with fiber incervention.

Types of Fiber or Specific Related
Components Associated With Decreased
CRC Risk

With respect to the exact types and sources of fiber
associated wich che decreased risk of CRC, animal studies
suggest that insoluble and less fermentable fibers and
wheac bran are most effective.!? Information on this issue
is lacking in epidemiological and intervention studies in
humans. Although an early analysis from the Health
Professionals Follow-up Scudy suggested thac all sources
of fiber (crude, vegetables, fruits, and grains) were
associated with decreased risk of adenoma in men,¢ a
more recent analysis of this cohort suggests that only
total dietary fiber, fruic fiber, and soluble fiber are
significantly associated with decreased risk of colonic
adenomas.®’ Most intervention studies have used either
wheat bran fiber supplement?8-64 or all sources of fiber.”
Two published intervention studies have used adenoma
recurrence as the endpoint of the trial and wheat bran
supplemenc; results of the Australian Polyp Prevention
Project® were positive, and results of the Toronto Polyp
Prevention Study® were negative.

Although the role of resistanc starch in coloreccal
carcinogenesis has recently received much attention,
convincing epidemiological evidence is lacking except for
one internarional correlation study that showed a strong
inverse association between starch and resistant starch
consumption and CRC risk.”! Similarly, 4 published
animal studies to date”> %7 have produced conflicting
resulcs, with 2 studies™ ¢ showing enhanced tumorigen-
esis associated with resistant starch. In contrast to
resistant starch, most of che published animal studies
using burtyrate demonstrated protective effects of this
SCFA on colorectal carcinogenesis.’?8! Because several
biologically plausible mechanisms exist for butyrace, chis
SCFA warrants further consideration in intervention
trials.
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Target Group(s) for Fiber Intervention

Studies thar address target groups for intervention
are lacking in che literature. Intervencion scudies have
focused on individuals at high risk of developing CRC ot
adenomas, including those with previous adenomas,
CRC, and FAP and gene carriers of FAP or HNPCC.
Wherher increasing dietary intake of fiber will reduce the
CRC risk in the general population must be deduced
from epidemiological and intervention studies using
high-risk individuals and intermediate biomarkers be-
cause of che cost and duration of the scudies. At present, it
appears that individuals at high risk of developing CRC
and adenomas will benefit the most from fiber interven-
tion. As previously discussed, the NHANES II scudy
identified a marked racial effect, with blacks of both sexes
and in all age groups having lower dietary fiber intake
than whites.2?> Unlike the white population in the United
States, blacks have not had substantial improvement in
CRC incidence and mortality.”

Recommendations

Given a lack of complete scientific evidence, it is
difficult to advise patients with absolute confidence.
Nevertheless, the guidelines in this review represent
reasonable conclusions based on currently available dara.
Therefore, it is reasonable to recommend total fiber
intake of at least 30-35 g/day. Dietary fiber should be
from all sources, including 57 servings of vegetables and
fruits daily and generous portions of whole-grain cereals
as recommended by the World Health Organization and
the National Cancer Institute. Because of uncertainty
about the types and sources of fiber chat are most effective
in the prevenrion of CRC and as yet undetermined
potential interactions between fiber and other anticarcino-
gens present in fiber-rich foods, it is prudent to recom-
mend a high intake of dietary fiber from all sources,
including vegetables, fruits, cereals, grains, and legumes.
It is clear that as yer undetermined interactions among
dierary components and other lifestyle facrors play a more
imporcant role in colorectal carcinogenesis than indi-
vidual dietary and lifestyle factors. The dietary guidelines
from the American Cancer Society and the National
Cancer Institure encourage healchy eacing habits and
lifestyle modifications. All of the factors in these guide-
lines have been considered to play an imporrant role in
colorectal carcinogenesis as well.?> The guidelines can be
used in conjunction with the dietary fiber recommenda-
tions. The guidelines are (1) eat each of the 5 food groups
daity (mear, dairy products, grains, fruics and vegetables);
(2) reduce total fac intake to less than 25%~-30% of toral
calories and saturared fat to less than 10% of rortal
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calories; (3) eat 5 or more servings of fresh vegetables and
fruics daily (raw betcer than cooked; include deep yellow
vegetables and dark green cruciferous vegerables); (4) eat
red mear infrequently (substitute chicken or fish without
skin); (5) eat more fiber-rich foods such as whole-grain
cereals, fruits, and vegetables (daily total of 20-30 g
fiber); (6) avoid obesity; (7) eat salt-cured, smoked, and
nitrite-cure foods in moderation; (8) keep alcohol con-
sumption moderate; (9) parcicipate in daily physical
activity; and (10) do not smoke. Increasing roral fiber
intake to >30 g/day from che standard 10-g North

American diet can not only protect against CRC but also

potentially decrease cholesterol levels,'?” improve insulin

resistance,'?® reduce blood pressure,!??13% and prevent
heart disease.!?!

YOUNG-IN KIM, M.D., FRCP(C)
Division of Gastroenterology

Department of Medicine

University of Toronto and St. Michael’s Hospital
Depariment of Nutritional Sciences

University of Toronto
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High-Fiber Dict and Colorectal Adenomas

To the Editur: 1 am concerned that the report by Schatrkin
and colleagues (April 20 issuc)! may lead many people to
conclude erroncously that dict does not affecr susceptibilicy
to colon cancer, even though the hypothesis was ot ade-
quatcly tested. A~zor ling to Table 3 of the report, dictary far
decreased from 35.6 percent at randomization to 23.8 per-
cent at four years in the intervention group and from 36.0
to 33.9 percent in the control group. Consumption of red
meat decreased from 93.2 to 74.5 g per day in the interven-
tion group and from 97.9 to 94.9 g per day in the control
group. However, plasma total cholesterol decreased only
from 5.30 to 5.27 mg per deciliter in the intervention group
and from 5.29 to 5.27 mg per deciliter in the control group
(log-wransformed values); thesc decreases represent 2 per-
cent and 1 percent in the absolure cholestero! concentra-
tions, respectively. Reductions of this magaitude in the in-
take of dictary fat and red meat in the intervention group (if
they really occurred) should have caused a greater reduction
in the plasma total cholesterol level — in any event, greater
than that in the contro!l group, which did not occur. Also,
weight was essentially unchanged in both groups.

The logical conclusion is that the patients in the inter-
vention group were actually consuming a diet very similar
to that of the control group, This would not be surprising,
since itis difficult to motivate people to make and maintain
dictary changes in large-scalc studies, and it is cqually dif-
ficult to obtain accurwe dictary information in clinical trials.
But it is as erroncous to claim that dictary fat and choles-
terol intake have no cffect on colon cancer as it is to say that
they have no cffcct on plasma total cholesterol.

Ie is a great disservice for the authors to conclude, “In

The New England Journal of Medicine

sunimary, our study provided no evidence ¢
in fat and high in fiber, fruity, and vegerabl
risk of recurrent colorectal adenomas.” Whe
this cffect appeared widcly in the media, they
ple with the belict that diet makes no differen
fact, we do not yet know whether this is try
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DRNISH, M.D.

Preventive Medicine Repearch Institute
Sausdito, CA 94965

1. Schatzkin A, Lanza E, Corle I, er al. Lack of effect

[ a low-fat, high-

fiber diet on the reeurrence of calorectal adenomis, N Hagl ] Med 2000;

342:1149-55.

To the Editor: The findings reported by Sqhatzkin ctal,

may reflect the failure of dietary counseling

to produce a

change in diet more than the lack of effect of dietary change

on the recurrence of adenomas. The objective

or measured,

dara in Table 3 show very licde change in cornparison with

the changes in reported dictary information,

In particular,

the reported caloric intake decreased by 102 ahd 71 keal per

day in the intervention and control groups

respectively.

These reductions should have resulted in subspantial weight
loss, unless there were concomitant deceeases th the expend-
iture of calorics. Reductions in activity are plpusible in pa-

tients in the age group represented by the

However, such changes in activity should havg

rudy sample.
been similar

in the ™o gruups, yet therc was still a differdnce berween
the groups of 31 keal per day in the change ing the reported

caloric intake. This difference in caloric intake

would be ex-

pected to reswlt in a difference in weight betwegn the groups
of about 12 Ib (5.5 kg) over a period of four years.! The

absolurc difference, 2.5 1b (1.1 kg), is less thar

that predicted by the dictary history. Thus, t

a quarter of
Re patients in

the intervention group may have overreportefd their com-

pliance with the counscling they were given.

BONNIE M.

DAVIS, M.,
P.O. Box 157

Cold Spring Harbor, NY 11724

1. Rolls B], Bell EA. Dictary approaches to the treatment
Clin North Am 2000;84:401-18,
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CORRESPONDENCE

Ty the Editor: Most of the explanations for the disap-
pointing results of the studics reported by Schatzkin et al?
and Alberts et ).} are nored in the accompanying cditorial
by Byers.? One question has not been addressed: Was com-
pliance with the regimen sufficiently ascertained? In both
srudics, the assessment of compliance relied mainly on the
study participants, who either returned cereal hoxes and re-
corded supplement consumption on a calendar? or report-
cd daily intake of food and supplerents.’

"The incidence of some adverse gastreintestinal cffects can
be considercd an independent marker of compliance with
the use of the high-fiber supplement in the stdy by Alberts
ctal.; the incidence was significandy higher in the high-fiber
group than in the low-fiber group. Thus, in this study, onc
can say that insoluble fiber alone does not account for all
the effects that have been ateributed to a dict high in fruit
and vegetables in obscrvational studics and has no short-
term benefit in reducing the risk of colorcctal adenoma.

In the study by Schatzkin et al., there were two independ-
ent markers of compliance: weight loss and seeum total ca-
rotenoids. {The carotenoid values in Table 3 of their article
appear to be 100 times the usual values.) Although signif-
icant, the changes .. cre very small after four years, and it is
unfortunate that no additional biologic markers were inves-
tigated and that such investigations were not performed
morc often. Thus, it is difficult to say that compliance was
satisfactory.

MARIETTE GERBER, M. D)., PR.D.

INSERM Caacer Research Center
34298 Montpellizr CEDEX 5, France

1. Schalzkin A, Lanza B, Code D, e al. Lack of effect of a fow-far, high-
fiber dict on the recurrence of colorectal adenomas. N Engl } Med 2000,
342:1149-55.

2. Alberts DS, Martinez ME, Roe 13), et al, Lack of effect of a high-fiber
cereal supplement i the recurrence of colorcera) adenumas. N Engl ] Med
2000;342:1156-62.

3. Byees T. Diet, colorceral sdenomas, and coloreewal cancer. N Eapl ] Med
2000,342:1206-7.

To the Editor: Ts it possible that a high-fiber dict may be
- harmful> The main cad point in both the study by Schatz-
kin et al. and the study by Alberts et al. was the recurrence
of polyps, but an cvcn morc imporrtant consideration is the
cffect of a high-fiber diet an the vecurrence of bowel can-
cer. In cach study, there appeared to be morc bowel can-
cers in the high-fiber group than in the low-fiber or control
group: 10 cascs as compared with 4 in the study by Schatz-
kin ct al. and 7 cases as compared with 2 in the stady b
Alberts et al. .
In the two studies, the risk ratios for bowel cancer in
the high-fiber groups, as compared with the Jow-fiber and
control groups, appear to be similar, and the characteris-
tics of the paticnts in the two groups were similar. There-
fore, we assessed the risk of bowel cancer in the high-fiber
groups and in the low-fiber and conrrol groups afler com-
bining the data from the two studies. We used the avail-
able informarion in the two studics 1o estimatc the approx-
imate numbcr of person-years for the combined high-fiber
groups and the combinced low-fiber and conwrol groups.
We assumed that the combined high-fibce groups should
have had the same frequency of bawel cancer as the com-
bined fow-fiber and control groups. However, the cstimat-

¢d number of expected cancers in the combined high-fiber

groups was ooly 6.4, as comparcd with the obsqrved num-

ber of 17, yiclding a risk ratio of 2.6. This uncxpdeted excess
number of bowel cancers after dictary modification appcars
to be significant at the 95 percent level. The surA:ising find-
ing that the risk of howel cancer is increased byl a factor of
two ot three after dictary supplementation with fber, if con:
firmed by a more derailed analysis of the combined scts of
daca, suppests that high-fiber dicts may actually be harmful
and should be avoided in patients with bowel polyps.

Avgrry LOWENFELS, M.D.
New York Mcdival College
Jalhalld, NY 10595

PATRICK MATSONNEUVE, ENG.

Euwrvpean Institute ¢ Oacology
20141 Milan, Traly

To she Edisor: Is it possible that in the study by Schatzkin
ctal. the choice of subjects for enrollment, all ofwhom had
adenomas that were potential precursors of colrectal ¢an-
cer, had a leveling cffecr on the variable potengially influ-
enced by dietary change! Docs the study uldnjatcly dem-
onstrate only that the dictary changes made, ojer a period
of just four years, do not prevent the recurrence (f adenomas
or reduce the incidence of colorectal cancer in persons wha
alrcady have a genetic (or other) predispositon td adenomas?

Rent . Mutjar, PH.D.

3900 N, Charlﬁs St (1103)
Raltimore] MD 21218

To the Editor: Although the subjeces in the ihrervention
group in the srady by Schatzkin et al. were giveh nutrition-
al information and counseling in order 1o reach  goal of 20
percent of total calories from fat, the Method section of
the report does not state whether the subjects were cncour-
aged to eat fish known to connain n—3 lipids, Tble 3 of the

_article shows that the ratio of red meat to chiclen and fish

decreased in the intervention group. Howevery it the sub-
jects ate more chicken, but not fish, then they grill did not
increase their dictary intake of n—3 lipids. Tajle 1 of the
article shows data on current aspirin use and} the serum
levels of two autricnts, total carotcnoids and g-tocopher-
ol, in the control and intervention groups, but ferum n—3
lipidys sre not noted.

1 think an assessroent of n—3 lipids must bg taken into
account in cvaluating the effects of dierary irerventions
on the rate of recurrence of colonic adenomas

PATRICIA A. Duprey, M.D.

17] S. Main St.
Danvilly, VA 24541 |

The authors reply:

To the Editor: The Dolyp Prevention Trial tafgeted total
dictary fat. Recause the rario of dictary-fat subtypes did not
change appreciably, it is not surprising that thi difference
in cholesterol reduction between the interventien and con-
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tro} groups was minimal! As we stated in our report, our
study could not rule out the possibility that greater reduc:
tions in fat and red meat or further increases in fiber and
fruits and vegetables might be required to reduce the risk of
colorectal ncoplasia.

The absolute ditference in the change in ealoric intake be-
tween the intervention and contro] groups was ~235 keal (95
percent confidence interval, =72 to 22). Thercfore, the trial
did not cstablish a significant between-group difference in
the change in encrgy consumption. Morcover, the likelibood
of underreporting of encrgy intake in dicrary-interventiaon
studics would explain, at least in part, the apparent discrep-
ancy berween changes in reported energy intake and ob-
served weight loss in this and other dietary trials?

We arc conducting the type of observational analyses sug-
gested by Dr. Davis, All such analyses, however, are subject
to confounding: people who adhere to an intervention arc
often found to be systemartically different from those who
do not in ways thar arc related to the clinical outcome. We
presented the resales of an intention-to-trear analysis, which
is an intcrnationally accepted method of analysis?

We did find significant net increases in lutein, alpha car-
otene, and beta carotene in the intervention group. The rcl-
arively small {though statistically significant) increase in ca-
rotenoids may reflect the facts that carotenoid-rich fruits
and vegetables accounted for only about half the toul in-
crease in fruits and vegetables in the intervention group and
that carotenoids from feuits and vegetables are substantial-
ly less bioavailable than these from supplements.t Dr. Gerber
correctly points out two crrors in the units of measurement
for carotenoids in our article: in the third footnote to Ta-
blc 1, the unit of measurcment should be micromoles per
liter, and in Tabls 3 it should be micrograms per deciliter.

If we climiate the cancers diagnosed within the first year
after cnrollment, which. were Jikely to have been present
when the interventions began (six in the intervention group
and two in the control group in our study, and three in the
high-fiber group in the study by Alberts ct al), there were
a total of nine cancers in the high-fiber groups and four in
the control and Jow-fiber groups -~ not a statistically sig-
nificant diffcrence. A thorough investigation of the effects
of fiber on the risk of coforectal cancer in intervention stud-
ics requires the pooling of data from all the trials that have
looked at this issue.

We agree with Dr. Muller: our trial conld not determine
whether dictary modification affects the risk of colorectal

adenoma in persons who have not had a previous adenoma.

In bne with Dr. Duprey’s suggeston, we will be analyzing
the dictary dara from our study for n—3 fatty acids. There
was only a small, though sratistically significant, difference
in the consumption of fish between the intervention and
conrrol groups (21.5 and 18.6 g, respectively). |

ARTHUR ScHaTzxN, M.D., DR.IH.
ELamve Taxnza, PH.D.

National Cancer Institute

Bethesda, MO 20892-7232

LaurENCE FrEEDMAN, PH.D.

Bar Tlan Upiversity
Rarmat Gan 52900, Isracl

1. Hegsted DM, Kritchevsky 1. Dict and terumn lipid concentrations:
where are we! Am [ Clin Nute 1997,65:1893-6.
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2. Henderson MM, Kushi LH, Thampson DJ, ¢t al. Fedsibility of a ran-
domized trial of a low-fat dict for the prevention of beealt cancer: dietary
compliance in the Women’s Health Trial Vanguaed Studyy Prov Med 1990;
19:115.33.
3. Friedman LM, Purberg CD, DeMets DL, Fundamenlals of clinical wi-
als. Littleron, Mass.: PSG Publishing, 1981,
4. Van Her Hof KH, West CF, Weststraze JA, Hauwtvast I, Dietary factors
thaz affect the bicawilability of carorenoids. J Nutr 2000:130:503-6.

———

To the Editoy: We agree with Dr. Gerber that the gastro-
intestina) side effects caused by the daily intske of 13.5 g of
wheat-bran cereal are an independent marke of compliance
with the use of the high-fiber supplementin pur trial. In our

phase 1 and 2 studies of interventions involving wheat-bran

fiber, we documented that 13.5 g of this sup
could be taken with a reasonable level of con
cr study pacticipants for periods of a few
cver, some older persons may not be able
doscs of wheat-bran fiber on a daily basis f

Lowenfels and Maisonneuve argue that t
real promoted the development of colorect

lement per day
pliance by old-
onths.b? How-
o tolerate high
br scveral years,
¢ high-fiber cc-
B} cancer. Hows

ever, our findings do not support this argdment. Scven of
the ninc colorecral cancers that were deteqted occurred in
members of the high-fiber group, but thref of these seven
cancers were diagnosed 8, 10, and 11 months after random-
ization; these cancers were probably missed bt the qualifying
colonoscopy (i-¢., before the start of the intgrvention). Thus,
only 4 of the 719 patients in the high-fibef group and 2 of
the §84 ip the low-fiber group had colurdetal cancers that
were detected at least 1 year after randomidation (range, 19
to 39 months), The difference is not statisically significant.

Davip 5§ ArnerTs, M.D.
Marta ELENA MarTiNEZ, PH.DD.
James R. MAnsHALL, PH.D.

Arizpna Cancer Center
Tucson, AZ 85724

1. Ho KE, Atwood JR, Banedict J, ct al. A commugity-based feasibility

stady wing wheat bran fiber supplementation to lonfer colon cancer risk.
Prev Mcd 1991;20:213-25,
2. Alberts 1S, Ritenbaugh C, Swory JA, ct al. Randpmived, double-blind.
¢d, placebo-roatrolled study of effect of wheat branjRber and calcivm on
tecal bile acids in parients with rescered adeanmuotg colon polyps, ] Natl
Cancer Inst 1996,88:81-92.

Echinococcosis — An Emerging Disease
in Farmers

To the Edisor: Two echinococeus specks — Echinocvecus
multilocularis and E. granulosus — arc known to exist in
central Europe and to causc alveolar and cystic echinococ-
cosis, respectively, in humans. We report a high prevalence
of antibodies against these organisms irf farmers.

We tested 152 swine farmers (82 mdn and 70 women;
mean age, 42 years [range, 22 to 70]) agd 50 subjects who
had not been exposed to farm animaly (22 men and 28
women; mean age, 41 years [range, 19}to 60)) for scrum
antibodics against a varicty of viral, bacjeria}, and parasitic
zoonotic agents. Anamnesti¢ data and fnformation on risk
factors were obtained with use of a detjiled questionnaire.
All the subjects lived in the Austrian prdvinee of Styria. The
serologic results were analyzed in relatibn to the responses
to the questionnaires, The results of a ymilar study involv-
ing 137 veterinarians from Styria havefbeen published?
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Prevention of Colon Carcinogenesis by Components
of Dietary Fiber

BANDARU S. REDDY

Division of Nutritional Carcinogenesis, American Health Foundation, Valhalla, New York, 10595, U.5.A.

Abstract. Cancer of the colon is one of the leading causes of
cancer death in Western countries and is increasing rapidly in
Japan. Epidemiological and laboratory animal madel swdies
have suggested an inverse relationship between colon cancer risk
and intake of fiber-rich foods. The protective effect of dietary
fiber which comprises a heterogeneous group of nonstarch
pelysaccharides such as cellulose, hemicellulose, and pectin and
noncarbohydrate substances such as phytic acid depends on the
nature and sowrce of fiber in the diet. Laboratory animal madels
have consistently shown that dietary administration of wheat
bran reduced colon numarigenesis. Human diet intervention
studies have demanstrated that supplemental wheat bran in the
diet decreased the formation of putative metabolites such as
secondary bile acids and diacylglycerol in the colon that have
been shown to act as wmor promoters in the colon. Among the
components of dietary fiber, especially wheat bran, phytic acid
(inosito!l hexaphosphate) has been studied extensively for its
chemopreventive properties against colon carcinogenesis in the
laboratory animal models. In studies carried out to date, diztary
phytic acid reduced the incidence of colonic aberrant crypt foci,
putative preneoplastic lesions in rats. Oral administration of
phytic acid was shown to inhibit colon carcinogenesis in rodents
during the initiation and postinitiation stages. These studies
provide evidence for potential chemopreventive properties of
phytic acid against colon cancer. With regard to mode of action,
plytic acid acts as an antioxidant, to reduce the rate of cell
proliferation and to augment the inunune response by enhancing
the aciivity of natural killer (NK) cells.

Cancer of the colon and rectum is the fourth mast common
cause of cancer deaths worldwide [1]. Cancer of the colon
which is one of the leading causes of cancer deaths in both
men und women in the Western countries including North
America [2] is generally increasing rapidly in Japan including
the urban areas of the developing world. Epidemiological

Con'e.s‘_'poudwzcc’ to. Dr. Bandaru S. Reddy, American Health
Foundiition, | Dana Road Valhalla, N.Y. 10595, USA.

Key Words: Colon cancer, dictary fiber, phytic acid.
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studies have demonstrated that _increased consumption of
fruits and vegetables and high intake of dietary fiber reduce
the risk of colon cancer [3]. Interest in the concept of cancer
prevention is growing rapidly because the utilization of
nutritional factors and naturally-occurring and synthetic
agents that can protect against the development and
progression of carcinogenic process is not only an attractive
but plausible approach to either inhibit or reverse
carcinogenesis.

Dietary Fiber and Colon Cancer

The hypothesis that a diet high in fiber may protect against
colon cancer was first proposed by Burkitt {4] who observed
that African Blacks consuming high fibrous and
low-fat foods had lower death rates due to colon cancer
compared to their white counterparts eating a low-fiber and
high fat diets. Subsequent studies demonstrated that, in
populations consuming diets high in total fat, the intake of
diets high in total fiber, fibrous foods, and certain whole grain
foods reduce risk for colon cancer (5.6]. Intracountry
comparisons of dietary fiber and colon cancer mortality rates
strongly supported the hypothesis that dietary fiber, especially
fiber from cereal sources and pulses, protects against colon
cancer [7]. Case-control studies on the relationship between
the dietary fiber and colon cancer provided convincing
results. Out of 19 case-control studies to assess the role of
fiber and fiber-containing foods, 3 studies reported no
protective effect, 2 found an increased risk, and 13 studies
reported a protective effect of fiber-containing foods and
vegetables [8]. Howe et al [9] examined the results of
combined analysis of 13 case control studies of dict and colon
cancer with respect to the intakes of dietary fiber. In this
analysis, the individual data records for 5287 colon cancer
cases and 10470 control subjects have been pooled for a
common analysis which provided substantive evidence that
intake of fiber-rich foods is inversely related to colon cancer
risk with odds ratios of 1.0, 0.8, 0.7, 0.6. 0.5 for each quintile
of consumption from lowest to highest. Similar findings have
been reported for a meta-analysis of 16 case-control studies,
with odds ratio of 0.6 for the highest versus lowest intake of
fiber [3].
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Laboratory animal model studies also indicated that the
protective effects of dietary fiber depends on the type of
fiber; wheat bran, but neither corn bran nor oat bran, appears
to inhibit colon tumor development [10-14]. The effect of
dietary wheat bran at 15% level or corn bran plus 3% dietary
fat on colon carcinogenesis induced by azoxymethane (AOM)
or 3,2-dimethyl-4-aminobiphenyl (DMBA) was studied in
male F344 rats. The composition of diets was adjusted so that
all the animals in different experimental groups consumed
approximately the same amount of protein, fat, minerals, and
vitamins. The animals fed wheat bran had a lower incidence
(number of animals with tumors) and multiplicity (number of
tumors/animal) of colon tumors than did those fed the control
diet whereas corn bran or oat bran had no effect. Thus animal
model studies clearly suggest that wheat bran consistently
inhibits colon carcinogenesis associated with administration
of colon-specific carcinogens.

In human clinical trials, supplements of wheat bran
produced a reduction in the incidence of rectal polyps among
the individuals genetically predisposed to these lesions [15].
Metabolic epidemiologic studies demonstrated that the
individuals consuming high fat and low fiber diets excrete
increased levels of fecal mutagens and bile acids compared
with those consuming low fat and high fiber or high fat and
high fiber diets [16,17}]. Additional studies have also provided
evidence that wheat-bran supplementation favorably altered a
number of biomarkers that are related to the risk of
colorectal cancer including fecal mutagenicity [16], fecal
secondary bile acids and bacterial 7a-dehydroxylase [17,18]
and rectal cell proliferation [19]. Dietary oat bran had no
effect on fecal secondary bile acids or 7u-dehydroxylase
activity, whereas dierary corn bran increased the levels of
secondary bile acids and 7u-dehydroxylase activity. More
recent studies have compared the effects of altering both fiber
and fat content on fecal secondary bile acids. In this study,
healthy subjects who had consumed a typical high fat, low-
fiber Western diet and were switched to a low-fat, very-low-
fiber diet and then to a low-fat, high-fiber diet showed a
dramatic reduction in secondary bile acids during the low-fat
and high fiber period, compared with the highfat and low-
fiber period. In this connection, several lines of evidence show
that dictary fiber affects the metabolic activity of gut
microflora; this effect also depends on the type of fiber
consumed [17]. There is convincing evidence that these
secondary bile acids such as deoxycholic acid and lithocholic
acid act as colon tumor promoters. The evidence thus far

enerated suggests that high dietary fiber including wheat
bran reduce the risk of colon cancer.

Inositol Hexaphosphate
Inositol hexaphosphate (InsPg. phytic acid) is a naturally
occurring compound found in substantial amounts in cereals

and legumes [20]. As discussed above, intake of several
classes of foods with high fiber content, and intake of cereals,
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grains and legumes is inversely associated with colon cancer
risk. This finding is significant because cereals, grains and
legumes are a rich source of phytic acid. It is possible that one
of the mechanisms by which dictary fiber inhibits colon
carcinogenesis is through the effects of phytic acid on cell
proliferation and differentiation.

Phytic acid and inositol have been tested s
chemopreventive agents in in vitro systems and laboratory
animal models for colon cancer. Sakamoto et al [21']
investigated the effect of phytic acid on proliferation and
differentiation of human cancer cell line, HT-29 in virro,
These results showed that phytic acid inhibits cell
proliferation and concomitantly increases differentiation
suggesting that it suppresses not only the malignant
phenotype but also allows the maturation of human colon
cancer cells to structurally and behaviorally resemble normal
cells. In in virro studies, phytic acid reduced cell proliferation
of all human and rodent cell lines tested, including MC-7
human breast carcinoma cells [20]. Enhanced differentiation
of cancer cells to the point of reversion back to norrnal
phenotype was also observed in several lines, including the
HT-29 human colon carcinoma cell line [2]. These studies
provide evidence for many potential beneficial actions of
phytic acid.

The exact mechanisms by which phytic acid exert its
chemopreventive effects have not been clearly demonstrated.
Because of the highly charged nature of phytic acid, it was
thought that it could not be transported inside the cell [20];
however, Sakamoto er al [2] demonstrated that intragastrically
administered [3H]phytic acid was absorbed from the stomach
and upper small intestine, distributed into various organs and
appeared in the plasma and urine as inositol and inositol P,
indicating metabolism of the parent compound phytic acid.
Phytic acid has been shown to act as an antioxidant, to control
cell division and reduce the rate of cell proliferation, and to
enhance the activity of natural killer cells, which play an
important role in the host defense against neoplasia [20].

Chemopreventive activity of phytic acid has been evaluated
in preclinical animal models. Aberrant crypt foci (ACF) are
recognized as early preneoplastic lesions in the colon from
which adenomas and adenocarcinomas may develop in the
colon of both rodents and humans. There is evidence that
several inhibitors of ACF formation reduce the incidence of
colon tumors in laboratory animal models suggesting that
ACF can be used to evaluate novel agents for their potential
chemopreventive activities against colon cancer [23]. In this
connection, Pretlow er al [24] demonstrated that the
development of larger ACF with 4 or more aberrant
crypt/focus  was  significantly  inhibited in  F344 rats
administered AOM and given 2% phytic acid in drinking
water. Phytic acid at 1 and 2% levels in the diet significantly
decreased the number of ACF in the colon [23]. Results also
showed that 2% phytic acid administered in combination with
2% green tea extract had a synergistic effect exhibiting a total
of about 309 reduction in ACF (p<0.02) whereas green tea
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Reddy: Dietary Fibre Prevention of Colon Carcinogenesis

extract alone had marginal effect (p<0.14). Colon tumor-
inhibitory activity of phytic wid has also been evaluated in
animal models. Ullah and Shamsuddin {26] showed that
administration of 0.1 and 1.0% phytic acid in drinking water
significantly inhibited AOM-induced colon tumor incidence,
mu'plicity and size. Administration of 1% phytic acid in
drinking water reduced colon tumor multiplicity by 52%
(p<i )l ). tumor frequcncv by 56% (p<0.001) and tumor size
by 6267 (p<0.001): 0.1% phytic ac id exhibited only reduction
in umor size by 71%¢ (p<0.001). In another study, the effect

:u ad Aviring tha
lll ELCI"U UUIIII:..: Hlk

"‘Hmi' ation stage of
nesis was investigated b' Shamsuddin and
Ullith j27j. Ph,\nc acid when administered in drinking water 2
wee -+ or 5 months after AOM treatment significantly
inhibiled colon tumor multiplicity. tumor incidence and
tumor size in F344 rats suggesting that the beneficial action of
phytic acid is not restricted to the prevention of tumor
development but perhaps to treatment of existing tumors as
well [27]. In support of these results, Pretlow er al [24] have
also demonstrated that administration of 2% phytic acid in
drinking water during postinitiation stage suppressed AOM-
induced colon tumor incidence (p<0.004). in F344 rats.

Conclusions
Animal mode!l studies clearly suggest that wheat bran
consistently inhibits colon carcinogenesis. Case-control

studics show reasonably strong evidence that dictary fiber
rcduces the risk of colon cancer in humans. Dietary
int--vention  studies provide evidence that wheat bran
supplementation decreases the levels of several putative
tumor promoters in the colon. Administration of phytic acid,
high levels of which are present in wheat bran and other
grains inhibits colon carcinogenesis in animal models.
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LACK OF EFFECT OF A LOW-FAT, HIGH-FIBER DIET ON THE RECURRENCE OF
COLORECTAL ADENOMAS

ARTHUR ScHATZKIN, M.D., DR.P.H., ELaine Lanza, PH.D., Donato Cortg, M.S,, PETER LAaNCE, M.D., FRANK I8ER, M.D.,
BeTTe CaaN, DR.P.H., Mosue SHike, M.D., JoeL WeissreLp, M.D., M.P.H., RanpawL Burt, M.D.,
M. Rosert Coorer, M.D., J. WaLTER KIKENDALL, M.D., Jack CaHiLt, M.A.,
AND THE PoLyp PRevenTION TRIAL STUDY GROUP¥

ABSTRACT

Background We tested the hypothesis that die-
tary intervention can inhibit the development of re-
current colorectal adenomas, which are precursors
of most large-bowel cancers.

Methods We randomly assigned 2079 men and
women who ware 35 years of age or older and who
had had one or more histologically confirmed colo-
rectal adenomas removed within six months before
randomization to one of two groups: an intervention
group given intensive counseling and assigned to
follow a diet that was low in fat (20 percent of total
calories) and high in fiber (18 g of dietary fiber per
1000 kcal) and fruits and vegetables (3.5 servings per
1000 kcal}, and a control group given a standard bro-
chure on healthy eating and assigned to follow their
usua! diet. Subjects entered the study after undergo-
ing complete colonoscopy and removal of adenom-
atous polyps; they remained in the study for approx-
imately four years, undergoing colonoscopy one and
four years after randomization.

Results A total of 1905 of the randomized subjects
{91.6 percent) completed the study. Of the 958 subjects
in the intervention group and the 947 in the control
group who completed the study, 338.7 percent and
39,5 percent, respectively, had at least one recurrent
adenoma; the unadjusted risk ratio was 1.00 (95 per-
cent confidence interval, 0.90 to 1.12). Among subjects
with recurrent adenomas, the mean {+SE) number of
such lesions was 1.85+0.08 in the intervention group
and 1.84+0.07 in the control group. The rate of recur-
rence of large adenomas (with a maximal diameter
of at least 1 cm) and advanced adenomas (defined as
lesions that had a maximal diameter of at least 1 cm
or at least 25 percent villous elements or evidence of
high-grade dysplasia, including carcinoma) did not
differ significantly between the two groups.

Conclusions Adopting a diet that is low in fat and
high in fiber, fruits, and vegetables does not influ-
ence the risk of recurrence of colorectal adenomas.
(N Engl J Med 2000;342:1149-55.)
©2000, Massachusetts Medical Society.

WEALTH of laboratory, nutritional, and
epidemiologic evidence implicates dietary
factors in the pathogenesis of colorectal
cancer.! International variation in the inci-

dence of and mortality due to large-bowel cancer,?
rapid increases in the incidence of colorectal cancer
in several countries,? and data on migration* are con-
sistent with a role of diet in the causation of colorectal
cancer. Moreover, altering the proportions of dietary
fat5 and fibers influences the development of colon
tumors in animals. In humans, diet affects the pro-
duction of intracolonic metabolic byproducts that may
influence carcinogenesis.”® Observational epidemio-
logic studies suggest that the ingestion of red meat
and dietary fat increases the risk of colorectal cancer,
whereas the ingestion of vegetables, dietary fiber, and
certain micronutrients lowers the risk.101¢ These re-
sults, however, are inconsistent,'s and the evidence that
dict contributes to causing colorectal cancer is hardly
conclusive.

We studied whether adults can reduce their risk of
colorectal cancer by modifying their diet. Because ad-
enomatous polyps are considered precursors of most
large-bowel cancers, we chose recurrence of adenomas
as the primary end point.1é

From the National Cancer Institute, Bethesda, Md. (AS., EL., DC);
the School of Medicine and Biomedical Sciences, State Universizy of New
York at Buffalo, Buffalo (P.L.); Edward Hines, Jr., Hospital, Veterans Affairs
Medical Center, Hines, Ill. (FL); the Kaiser Foundation Research Instituze,
Qakland, Calif. (B.C.); Memorial Sloan-Kettering Cancer Center, New York
(M.S.); the University of Pictsbucgh, Pitesburgh (JW.); the University of Utah,
Salt Lake City (R.B.); Wake Forest University Baptist Medical Center, Win-
ston-Salem, N.C. (M.R.C.); Walter Reed Army Medical Center, Washingron,
DC. (JW.K.); and Westar, Rockville, Md. (J.C.).

Other authors were Laurence Freedman, Ph.D., National Cancer Institute,
Bethesda, Md.; James Marshall, Ph.D., University of Arizona, Tucson; Rob-
ert E. Schoen, M.D., M.PH,, University of Pirtsburgh, Pittsburgh; and
Martha Slattery, Ph.D., University of Utah, Salt Lake City.

*Qther members of the Polyp Prevention Trial Study Group are listed in
the Appendix.
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Some earlier trials tested the effects of dietary sup-
plements, rather than an explicit dietary change, on
the recurrence of adenomas.1722 Tivo pioneering stud-
ies did not find that low-fat diets (coupled with fiber
supplementation) reduced the recurrence of adeno-
mas,232¢ but these small trials had limited statistical
power. We report the results of the Polyp Prevention
Trial, a large multicenter, randomized, controlled trial
of the effect of a comprehensive dietary interven-
tion — counseling of patients and assignment to a
diet low in fat and high in fiber, fruits, and vegeta-
bles — on the recurrence of large-bowel adenomas.

METHODS

Study Design and Subjects

Details of the study design, eligibility criteria, randomization pro-
cedures, dietary intervention, and end-point assessment have been
previously reported.25.26 In brief, we recruited subjects who were
at least 35 years old and who had had onc or more histologically
confirmed colorectal adenomas removed during a qualifying co-
lonoscopy (in which the cecum was visualized, all polyps were re-
moved, and the bowel was adequately prepared) within six months
before randomization. Eligible subjects had no history of colorectal
cancer, surgical resection of adenomas, bowel resection, the poly-
posis syndrome, or inflammatory bowel disease; weighed no more
than 150 percent of the recommended level; were taking no lipid-
lowering drugs; and had no medical condition or dietary resrictions
or practices that would substantially limit compliance with the pro-
tocol. The institutional review boards of the National Cancer In-
stitute and each participating center approved the study. All sub-
jects provided written informed consent.

Staff members at eight clinical centers (listed in the Appendix)
identified potental subjects through referrals by endoscopists or re-
views of the records of the endoscopy service. Of 38,277 poten-
tial subjects, we enrolled 2079 (5.4 percent) in the trial. A total of
1037 were randomly assigned to adopt a dict that was low in fat
and high in fiber, fruits, and vegetables (the intervention group),
and 1042 were randomly assigned to follow their usual diet (the
control group). The base-line characteristics of these subjects
have been reported previously.25.26

Collection of Data

At one of two clinic visits before randomization, we measured
each subject’s weight and height. At the base-line visit and at sub-
sequent annual visits at years 1, 2, 3, and 4, each subject answered
a questionnaire assessing a variety of demographic, clinical, and be-

havioral characteristics and provided a venous blood specimen after

an overnight fast.

Dietary Goals and Follow-up

For subjects in the intervention group, the dictary goals were
to provide 20 percent of total calories from fat, 18 g of dictary
fiber per 1000 kceal, and 3.5 servings of fruits and vegetables per
1000 kceal (range, 5 to 8 daily servings, depending on total energy
intake). The intervention program included nutritional informa-
tion and behavior-modification techniques. We offered each sub-
ject more than 50 hours of counseling sessions during the four-
year intervention period, including 20 hours in the first year. Each
subject in the intervention group was assigned to one nutritionist
for counseling and another for dietary assessment. We provided
subjects in the control group with general dietary guidelines from
the National Dairy Council but gave them no additional nutrition-
al or behavioral information.

We followed the subjects for approximately four years after ran-
domization. Each year all subjects completed 2 four-day food record
followed by a food-frequency questionnaire, the Block Health Hab-
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its and History Questionnaire,?”28 which was modified slightly ¢q
reflect the intake of low-fat and high-fiber foods. In addition, sub.
jects in the intervention group completed a four-day food recors
six months after randomization. Each year we administered un.
scheduled 24-hour dietary-recall questionnaires to a newly selecr.
ed random sample of 10 percent of subjects.

Colonoscopy

Subjects returned to their usual endoscopist for colonoscopy
one and four years after randomization. The one-year colonoscopy
had to be performed at least 180 days after randomization but fess
than 2 years afterward. This colonoscopy served to detect and re-
move any lesions missed by the base-line colonoscopy. We obtained
data on any unscheduled endoscopic procedure carried out in ad-
dition to the follow-up procedures at one and four years. We asked
all investigators and subjects not to discuss a subject’s randomiz:.
tion status with the endoscopists.

Assessment of Adenomas

Two central pathologists, who were unaware of the subjects’
group assignment, determined the histologic features and degree of
atypia (low-grade vs. high-grade) of all lesions. The endoscopists’
reports provided information on the size, number, and location
of all polyps.

We defined an adenoma as recurrent if it was found during any
endoscopic procedure after the one-year colonoscopy or, for sub-
jects who missed the one-year colonoscopy, during any endoscopic
procedure performed at least two years after randomization. Ad-
enomas found during the one-year colonoscopy were not consid-
ered recurrent. An end-points committee of gastroenterologists
who were unaware of the subjects’ group assignment evaluated com-
plicated cases, including those involving lost tissue specimens or
failure to reach the cecum. The few colorectal cancers diagnosed
after the one-year colonoscopy were counted as recurrent lesions.

Statistical Analysis

We used the intention-to-treat principle to compare the inter-
vention and control groups, defining groups according to the ini-
tial random assignment rather than according to actual or report-
ed compliance with the protocol.?® The primary end point was the
recurrence of adenomas during the interval from the one-year to
the four-year colonoscopy. Secondary end points were the num-
ber, size, location, and histologic features of the adenomas tha:
were found. We calculated risk ratios and 93 percent confidence in-
tervals in order to compare end-point events in the two groups.>
We used logistic regression to adjust the effect of intervention for
base-line prognostic factors. We used logistic-regression models to
determine whether there was an interaction between dietary in-
tervention and various covariates, and where appropriate, we per-
formed covariate stratum-specific analyses.

RESULTS
Chara;terisﬁcs of the Subjects

The base-line demographic, clinical, nutritional,
and behavioral characteristics were similar in the 958
subjects in the intervention group and the 947 sub-
jects in the control group who completed the study
(Table 1). Of these 1905 subjects, 1768 (92.8 per-
cent) underwent a colonoscopy during year 1; the pro-
cedure was performed in 93.8 percent of the subjects
in the intervention group and 91.8 percent of the
subjects in the control group (Table 2). The median
observation period (3.05 years) and the mean num-
ber of colonoscopic examinations after randomization
(2.31) were the same in both groups (Table 2).

Subjects in the intervention group reduced their
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LACK OF EFFECT OF A LOW-FAT, HIGH-FIBER DIET ON THE RECURRENCE OF COLORECTAL ADENOMAS

TaBLE 1. BaSE-LINE CHARACTERISTICS OF THE SUBJECTS
Wuo COMPLETED THE STUDY.*

TAaBLE 2. FOoLLOW-UP COLONOSCODPY AMONG THE SUBJECTS
WHO UNDERWENT RANDOMIZATION.

INTERVENTION CoNTROL

Grour Grour
CHARACTERISTIC {N=958) [N=947)
Age (vr) 61.0=0.3 61.1x0.3
Male sex (%) 65.8 63.2
Minority race or ethnic group (%) 11.7 9.2
More than high school education (%) 65.3 65.2
Married (%) 78.2 80.8
Current smoker (%) 13.4 13.2
Alcohol intake (g/day) 7404 8.0+0.5
Body-mass index 27.6%0.1 27.5=0.1
Vigorous or moderate activity or both (hr/wk) 12,6205 11.6x0.4
Current aspirin use (%) 23.3 22.0
Use of calcium supplements (%) 154 14.1
Use of vitamin E supplements (%) 18.8 15.1

Plasma total cholesterol {mg /dl)f 202.6*1.8 200.2x1.7

Secrum total carotenoids (ug/dl)t 92920 92.4%20
Serum artocophcrol (pg/d)§ 1442+39 133527
Family history of colorectal cancer (%) 24.3 26.0
Adenoma =] em in maximal diameter (%) 27.2 315
=2 Adenomas (%) 35.0 33.8
=1 Villous or tubulovillous adenomas (%) 19.2 21.0
Advanced adenoma (%) 36.0 39.1
History of adenomas within previous § yr (%) 19.6 16.9

_ *Plus-minus values arc means =SE. Body-mass index is calculated as the
weight in kilograms divided by the square of the height in meters.

1To convert values for cholesterol to millimoles per liter, muldply by
0.02586. A total of 414 subjects in the intervention group and 412 subjects
in the control group were assessed after an overnighe fast.

+To convert values for carotenoids to millimoles per liter, multiply by
0.0185. A total of 415 subjects in the intervention group and 411 subjects
in the control group were assessed after an overnight fast.

§A total of 418 subjects in the intervention group and 415 subjects in
the control group were assessed after an overnight fast.

{Information is based on the histologic analysis conducted by the central
pathologists.

fAdvanced adenoma was defined as one that had 2 maximal diameter of
at least 1 em or at least 25 percent villous clements or evidence of high-
grade dysplasia (including carcinoma).

fat intake from a mean (£SE) of 35.6%0.2 percent
of calories at the beginning of the trial to 23.820.2
percent at four years, according to data obtained from
the food-frequency questionnaire (Table 3). The val-
ues from four-day food records from a random sam-
ple of 20 percent of subjects were 32.2 percent at
base line and 20.6 percent at four years. Fat intake
in the control group declined from 36.0%=0.2 per-
cent of calories at base line to 33.920.2 percent at
four years. The values from four-day food records in
this group were 32.5 percent and 31.1 percent, re-
spectively. The absolute difference between the inter-
vention and control groups in the change in dietary
fat as a proportion of total calories over the four-year
period was 9.7 percent (95 percent confidence inter-
val, 9.0 to 10.3 percent).

INTERVENTION Controt
VARLABLE Groue Grour
No. randomized 1037 1042
No adenoma at base line — no. (%) 3(0.3) 1(0.1)
Lost to follow-up — no. (%) 76 (7.3) 94 (5.0)
Withdrew® : 34 (44.7) 48 (51.1)
Died before follow-up colonoscopy 42(55.3) 46 (48.9)
Follow-up colonoscopy — no. (%)t 958 (92.4) 947 (90.9)
Colonoscopy at year 1§ 899 (93.8) 869 (91.8)
Colonoscopy at year 4 638 (71.0) 550 (63.3)
Colonoscopy at year 4 and un- 150 (16.7) 169 (19.4)
scheduled colonoscopy
Unscheduled colonoscopy only 111(12.3) 150 (17.3)

No colonoscopy at year 1 59 (6.2) 78 (8.2)

Colonoscopy only at year 4 19 (32.2) 30 (38.5)

Colonoscopy at year 4 and un- 26 (44.1) 23 (29.5)
scheduled colonoscopy

Unscheduled colonoscopy only 14 (23.7) 25 (32.1)

Median follow-up — yr 3.05 3.05
No. of procedures — mean *SE 2.31x0.02 2.31+0.03

*The reasons for withdrawal were as follows: no colonoscopy at year 4 in
29 subjects in the intervention group and 43 subjects in the control group;
refusal to participate in the case of § and 4 subjects, respectively; and illness
in 1 subject in the control group.

tAmong subjects in the intervention group who underwent follow-up
colonoscopy, in 38 the cecum was not visualized; in 22 the bowel was poor-
fy prepared, which might have caused small polyps to be overlooked; and in
53 one or more tissue specimens were lost during the procedure and there-
fore were not analyzed, no slides were available for pathological review, or
data on histologic findings were unknown. The respective numbers in the
control group were 40, 25, and 44. Five subjects (three in the intervention
group and two in the control group) underwent sigmoidoscopy as the fol-
low-up procedure.

1P =0.10 for the difference between groups.

Subjects in the intervention group raised their fi-
ber intake by nearly 75 percent; subjects in the con-
trol group had a slight increase (Table 3). By the end
of the study, the difference between the two groups
in the change in fiber consumption was 6.9 g of di-
etary fiber per 1000 keal (95 percent confidence in-
terval, 6.4 to 7.3). As compared with subjects in the
control group, those in the intervention group who
consumed 2000 kcal per day increased their fiber in-
take by nearly 14 g on average. Data from the four-
day food records were similar to those from the food-
frequency questionnaires.

The number of servings of fruits and vegetables per
1000 kcal increased by about two thirds in the in-
tervention group; subjects in the control group raised
their fruit and vegetable intake only slightly (Table 3).
The difference between the two groups in the change
in fruit and vegetable intake was 1.13 servings per
1000 kcal (95 percent confidence interval, 1.04 to
1.21). As compared with subjects in the control group,
subjects in the intervention group who consumed
2000 kcal per day increased their fruit and vegetable
intake by approximately 2.25 servings. Data from the
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TABLE 3. REPORTED DaILY DIETARY AND SUPPLEMENT INTAKES, BIOMARKERS, AND WEIGHT.*

VARIABLE InTERvENTION GROUP
AT RANDOM-
1ZATION AT YEAR 4
(x=958) (¥=903)
Fat (% of calories) 35.6%0.2 23.8x0.2
Fiber (g,/1000 kcal) 10.0=0.1 17.4+0.2
Fruits and vegerables (servings/ 2.0520.03 3.41+0.04
1000 kcal)
Calories (keal /day) 197219 1870=16
Red and processed meat (g/day) 93.2=x17 745=1.4
Ratio of red meat to chicken 2.6=0.1 1.8>0.1
and fish
Whole grains (g/day) 83.4x20 115323
Legumes (g/day) 14.220.6 485x1.6
Cruciferous vegetables (g/day) 289x0.9 44.4%1.5
Calcium from food and supple- 103220 119323

ments (mg/day)
Folate from food and supple-
ments (ug/day)

Multivitamin use (%) 36.6 42.2
No. of subjects 958 921
Plasma total cholesterol {mg/dl)} 5.30+0.01 5.27+0.01
No. of subjects 414 372
Serum total carotenoids (mg/dl)§ 4.46*0.02 4.50%0.02
No. of subjects 415 369
Weight (1b)§ 179.9+1.1 178.5+1.1
No. of subjects 958 919

435088 593.9x12.7

ABsoLuTe DIFFERENCE IN
CHANGE BETWEEN GROUPS

ControL Group {95% Ciit
AT RANDOM-
IZATION AT YEAR 4
(N=947) (x=883)

36.0+0.2 339=0.2
9.5x0.1 10.0=0.1
2.00£0.03 2.23=0.03

-9.7 (~10.3 10 ~9.0)
6.9 (6.4 107.3)
1.13 (1.04 10 1.21)

198120 1910=18 ~25 (~72 10 22)
97.9+1.8 949=1.7 -15.8 (=20.2 to —11.5)
2.6%0.1 2.920.1 ~1.0(-1.3 0 0.7)

76.8*1.9 72619
13.7=0.6 16.2+0.7
26.5x1.0 27.7x1.0
1002x20 109623

35.9 (30.3 to 41.6)
31.9 (28.9 t0 35.0)
14.2 (10.8 to 17.5)
77.2 (16.1 t0 138.3)

4239x9.0 487.5%12.5 95.4 (62.0 10 128.9)

36.4 417 ~0.3(-48t04.2)
947 912

5292001  527£0.01  —G.01 (~0.03 to 0.01)
412 364

4452002  4.42:0.02 0.06 (0.01 to 0.11)
411 361

1783211 179.3x1.1 -2.5(~3.6 to ~1.4)
947 907

*Plus—minus values are means *SE. CI denotes confidence interval. To convert values for cholesterol to millimoles per liter,
multiply by 0.02586; to convert values for carotenoids to millimoles per liter, multiply by 0.0185. Cholesterol and carotenoids were

measured after an overnight fast.

1Differences were calculated only for subjects who had values at randomization and at year 4.

tLog-transformed values are shown. The log-transformed values of —0.02 mg per deciliter in the intervention group and —0.01
mg per deciliter in the control group for the difference within groups from randomization to year 4 reflect respective decreases in
absolute cholestero! concentrations of approximately 2 percent and 1 percent; the absolute difference in the change between groups
is about —1 percent (95 percent confidence interval, —3 percent to 1 percent).

§Log-transformed values are shown. The log-transformed values of 0.04 mg per deciliter in the intervention group and —0.01
mg per deciliter in the control group for the difference within groups from randomization to year 4 reflect an increase of approx-
imately 5 percent in absolute carotenoid concentrations in the intervention group and a decrease of 1 percent in the control group;
the absolute difference in the change between groups is about 6 percent (95 percent confidence interval, 1 percent 1o 11 percent).

{To convert values for weight to kilograms, divide by 2.2.

four-day food records showed a difference in the
change between groups of 1.8 servings per 1000 kcal.

Changes in the intake of fat, fiber, and fruits and
vegetables generally occurred within the first year and
were subsequently maintained. Data from the food-
frequency questionnaire showed that during the first
year subjects in the intervention group obtained 24.6
percent of calories from fat, consumed 17.7 g of die-
tary fiber per 1000 kcal, and ate 3.3 servings of fruits
and vegetables per 1000 kcal. These changes were
similar for men and women. As compared with sub-
jects in the control group, subjects in the interven-
tion group also significantly altered their intake of oth-
er nutrients and foods, including red and processed
meat, whole grains, legumes, calcium, and folate (Ta-
ble 3). Data from the 24-hour dietary recall were sim-
ilar to those from the four-day food records.
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Over the four-year period of observation, the sub-
jects in the intervention group had a significant in-
crease in serum carotenoid concentrations and de-
crease in weight (Table 3), as compared with changes
measured in subjects in the control group. The smal!
reductions in plasma total cholesterol concentrations
did not differ significantly between the two groups.
The differences in the changes in total cholesterol,
total carotenoids, and weight (calculated as the change
in the contro! group over time minus the change in
the intervention group over time) were somewhat
greater after one year than after four years.

Recurrence of Adenomas

Adenomatous polyps recurred in 754 of the 1903
subjects who completed the study (39.6 percent). At
least one recurrent adenoma was found in 39.7 per-




he sub-
‘ant in-
nd de-
‘hanges
. small
Tations
Iroups.
esterol,
change
inge in
newhat

e 1905
:nt). At
)7 per-
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TABLE 4. RISK OF RECURRENCE OF ADENOMAS AMONG THE SUBJECTS
Wno COMPLETED THE STUDY.

INTERVENTION GROUP

VARIABLE (N=858)

no. of subjects (%!}

No. of adenomas

=1t 380 (39.7)
1 219 (22.9)
2 88(9.2)
=3 73(7.6)
Location of adenomas$
Proximal 203 (21.2)
Distal 100 (10.4)
Proximal and distal 69 (7.2)
Unknown 8(0.8)
Largest adenoma =1 em 47 (4.9)
Advanced adenoma§ 60 (6.3)

ControL GRouP Risk Ratio P
(N=947) {85% Ct}* VALug
374 (39.5) 1.00 (0.90-1.12) 0.98
217 (22.9) 1.00 (0.85-1.18) 1.00

82 (8.7) 1.06 (0.80-1.41) 0.75
75 (7.9) 0.96 (0.71-1.31) 0.87
173 (18.3) 1.16 (0.97-1.39) 0.12
124 (13.1) 0.80 (0.62~-1.02) 0.08

72 (7.6) 095 (0.69-1.30) 0.81

5 (0.5) 158 (0.52-4.82) 0.59
53 (5.6) 0.88 (0.60-1.28) 0.57
66 (7.0) 0.90 (0.64-1.26) 0.60

*CI denotes confidence interval.

$The absolute difference between groups was 0.2 percent (95 percent confidence interval, —4.2
percent to 4.6 percent). The mean (£SE) aumber of recurrent adenomas among those with a recur-
rence was 1.85+0.08 in the intervention group and 1.84%0.07 in the control group. The distribu-
tions of adenomas according to size were not significantly different in the two groups (P=0.77).

1Proximal is defined as the portion of the large bowe! from the cecum up to, but not including,
the splenic flexure. Distal is defined as the portion of the large bowel from the splenic flexure up o
and including the recrum. The distributions of adenomas according to location were not significantly

different in the rwo groups (P=0.17).

§An advanced adenoma was one that had a maximal diameter of ar least 1 cm or at least 25 percent
villous elements or evidence of high-grade dysplasia (including carcinoma).

cent of subjects in the intervention group and 39.5
percent of subjects in the control group; the unad-
justed risk ratio was 1.00 (95 percent confidence in-
terval, 0.90 t0 1.12; P=0.98) (Table 4). Of these re-
current adenomas, the mean number was 1.85=0.08
in the intervention group and 1.84:+0.07 in the con-
trol group (P=0.93). Among the 638 subjects in the
intervention group and 550 subjects in the control
group who underwent colonoscopy only at year 1 and
year 4 after randomization, 36.7 percent and 35.8
percent, respectively, had one or more recurrent ade-
nomas; the unadjusted risk ratio was 1.02 (95 per-
cent confidence interval, 0.88 to 1.19; P=0.81).
The intervention and control groups did not dif-
fer significandy with respect to the number with re-
current large adenomas (with a maximal diameter
of at least 1 cm) or advanced adenomas (defined as
those that had a maximal diameter of at least 1 cm
or at least 25 percent villous elements or evidence of
high-grade dysplasia, including carcinoma); this was
true when the analysis included all those who com-
pleted the study (Table 4) as well as when it included
those who underwent only the scheduled colonos-
copies at year 1 and year 4 after randomization (data
not shown). In both groups, approximately 27 per-
cent of subjects had at least one recurrent adenoma
proximal to the splenic flexure (Table 4). Sixty-three
percent of recurrent adenomas were proximal to the
splenic flexure, whereas 58 percent of base-line ade-
nomas were distal to that site (data not shown).

Colorectal cancer was diagnosed in 14 subjects af-
ter randomization (10 in the intervention group and
4 in the control group); the unadjusted risk ratio
was 2.5 (95 percent confidence interval, 0.8 to 7.9;
P=0.19). Of these 14 subjects, 6 (4 in the intervention
group and 2 in the control group) were given a diag-
nosis after the one-year colonoscopy; the unadjusted
risk ratio was 2.0 (95 percent confidence interval,
0.4 to 10.8; P=0.69).

To adjust for an imbalance in influential base-line
variables between the groups, we used logistic-regres-
sion models that included as covariates the random
group assignment and the base-line characteristics list-
ed in Table 1. Adjustment for these factors had no
effect on the risk of recurrence.

For all but one of the covariates listed in Table 1,
we found on logistic-regression analysis that there was
no statistically significant (P<C0.01) interaction with
group assignment. We observed a significant interac-
tion (P=0.005 before adjustment for multiple com-
parisons) between the randomization group and sex.
We thercfore examined the recurrence of adenomas
among men and women separately. Among men, the
recurrence rate was lower in the intervention group
than in the control group (41.9 percent vs. 46.7 per-
cent); the unadjusted risk ratio was 0.89 (95 percent
confidence interval, 0.79 to 1.02; P=0.11). Among
women, the rate of recurrence was higher in the in-
tervention group than in the control group (35.4 per-
cent vs. 27.2 percent); the unadjusted risk ratio was
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1.30 (95 percent confidence interval, 1.04 to 1.63;
P=0.03). With respect to both large and advanced
recurrent lesions, the differences between groups were
not significant for either men or women; the inter-
action between the randomization group and sex was
not significant for either end point. There were also no
significant (P<<0.05) differences between the groups
in the number of cither deaths or hospitalizations
(for all causes and for specific diagnoses).

DISCUSSION

We found that the rate of recurrent adenomas was
not changed by dietary intervention. Our results are
compatible with, at most, an absolute reduction re-
lated to the intervention of about 4 percent in the
incidence of recurrent adenomas (Table 4). We also
found no effect of the dictary intervention on the in-
cidence of large or advanced recurrent lesions.

Two previous trials also found that dietary changes
had no effect on the overall risk of recurrence of co-
lorectal adenomas. The Toronto Polyp Prevention Tri-
al reported no significant difference in recurrence af-
ter two years between subjects in the intervention
group and those in the control group (a total of 201
subjects) who reported ingesting 25 and 33 percent
of calorics from fat and 35 and 16 g of fiber per day,
respectively.?? In the Australian Polyp Prevention
Project, which included 424 subjects, none of the in-
terventions (a reduction in dietary fat, use of a wheat-
bran—fber supplement, and supplementation with
beta carotene) resulted in a statistically significant re-
duction in the risk of recurrence after 48 months of
observation.?* The Australian trial did report a mar-
ginally significant reduction in the recurrence of large
adenomas (=1 cm in diameter) among subjects eat-
ing a low-fatr diet, but in that study Jarge recurrent
adenomas developed in only 17 subjects, as com-
pared with 100 in our study.

The straightforward interpretation of our finding is
that a diet that is low in fat, and high in fiber, fruits,
and vegetables does not reduce the risk of recurrent
adenomas or, by inference, colorectal cancer. Alter-
native explanations, however, merit consideration.

Most recurrent adenomas were small; only about
5 percent of subjects had a recurrent lesion 1 cm or
morc in diameter (Table 4). Adopting a diet that was
low in fat and high in fiber, fruits, and vegetables
might affect only the growth of small adenomas into
large adenomas or the transformation of large ade-
nomas into invasive carcinomas.?!

The dietary-assessment data indicated that the in-
tervention and control groups differed substantially
in the consumption of fat, fiber, and fruits and veg-
etables. The findings regarding carotenoid concentra-
tions and weight were consistent with such differenc-
es. (The changes in blood lipid concentrations were
minimal but compatible with the results of other stud-
ics of dictary intervention as well as with predictions

1154 April 20, 2000

based on the equation of Keys et al.32) These data
however, do not preclude the possibility that in the
light of the dictary expectations fostered by the trial,
subjects in the intervention group systematically un-
derreported their intake of fat or overreported their
consumption of fiber or fruits and vegetables. An-
other possibility is that the dietary intervention was
inadequate; a reduction in fat intake to no more than
15 percent of calories or a greater intake of fiber or
fruits and vegetables might be required to reduce the
risk of recurrent adenomas. Moreover, we may not
have chosen the optimal set of dietary targets. The 20
percent reduction in the consumption of red and
processed meat among subjects in the intervention
group may have been too small to affect the risk of
recurrence of adenomas. The same may be true for
reductions in the consumption of meat cooked a:
high temperatures (which contains high concentra-
tions of heterocyclic amines)?? or sugar.!!

The mean age of the subjects at base line was 61
years. If nutritional factors influence critical events
in colorectal neoplasia at the molecular, cellular, or
tissue level only earlier in life, then a change in diet
later in adult life may be ineffective. A relatively short
period of dietary intervention (four years) might also
fail to reduce the risk of recurrent adenomas. A longer
period of intervention as well as follow-up might al-
low the development of enough adenomas to reveal
the protective effect of the intervention, if there were
one. In a recent clinical trial of calcium supplementa-
tion to prevent colorectal adenoma,?? however, the av-
crage age of the subjects, the duration of the interven-
tion, and the length of follow-up were similar to those
in our study, but that study did find a lower recur-
rence rate among subjects in the intervention group.

Bias is an unlikely explanation for our results. Sub-
jects in the intervention and control groups who com-
pleted the study did not differ appreciably with re-
spect to base-line characteristics, and the main results
did not change after adjustment for multiple covari-
ates in logistic-regression analysis. Although we could
not disguise the group assignments from the sub-
jects or guarantee that the endoscopists were unaware
of these assignments, we have no reason to suspect
that endoscopists tended to search more diligently
for — and therefore find more — adenomas among
subjects in the intervention group than in the control
group. A series of imputations based on the age and
sex of subjects who did not undergo follow-up co-
lonoscopy made no appreciable difference in estimates
of recurrence. 3

The higher rate of recurrent adenomas among
women in the intervention group than among those
in the control group and the interaction between sex
and group was not affected by a multivariate adjust-
ment for age and the number of adenomas at base line
(both of which were predictive of the risk of recur-
rence) and other covariates listed in Table 1. Never-
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theless, we conclude that this interaction resulted from
chance observations arising from repeated testing.
In the Toronto trial, the rate of recurrence was lower
among women in the intervention group but higher
among men in that group, as compared with the risk
in the control subjects, though these differences were
not statistically significant.?

In summary, our study provided no evidence that
a diet low in fat and high in fiber, fruits, and vegeta-
bles reduces the risk of recurrent colorectal adeno-
mas. Nevertheless, we cannot definitively conclude
that a change in diet is ineffective in reducing the
risk of colorectal cancer. Nor should we overlook the
abundant data indicating that a diet low in saturated
fats and rich in fruits, vegetables, and whole grains has
a favorable influence on the risk of chronic disease
and mortality.35-37

APPENDIX

Other members of the Polyp Prevention Trial Study Group were as fol-
lows: National Cancer Institute — R. Ballard-Barbash, C. Clifford, J. Tangrea;
State University of New York ar Buffalo — D. Hayes, N.J. Perrelli, M. Bed-
dome, K. Kroldart, S. Rauth, L. Wodarski; Edward Hines, Jr, Hospital, Ver-
crans Affairs Medical Center — P. Murphy, E.C. Boté, L. Brandt-Whitting-
ton, N. Haroon, N. Kazi, M.A. Moore, $.B. Orloff, W.]J. Ottosen, M.
Parel, R.L. Rothschild, M. Ryan, J.M. Sullivan, A. Verma; Kaiser Founda-
tion Rescarch Institure — JV. Selby, G. Friedman, M. Lawson, G. Taff, D.
Snow, M. Belfay, M. Schoenberger, K. Sampel, T. Giboney, M. Randel;
Mesmorial Sloan-Kertering Cancer Center — S, Winawer, A. Bloch, J. Mayer,
R. Morse, L. Latkany, D. D’Amato, A. Schaffer, L. Cohen; Universizy of
Pittshurgh — R.R. Schade, L. Kuller, B. Gahagan, A. Caggiula, T. Coyne,
C. Lucas, S. Pappert, G. Landis, L. Dyjak, R. Robinson, L. Search, D.
Hanson; University of Utab — N, Viscofsky, ). Benson, J. Neilson, R.
O'Donnel, M. Briley, K. McDivite, K. Heinrich; W. Samowitz; Wake Forest
University Baptist Medical Center — E. Paskett, S. Quandt, C. DeGraffin-
reid, K. Bradham, L. Kent, M. Sclf, D. Boyles, D. West, L. Martin, N. Tay-
lor, E. Dickenson, P. Kuhn, J. Harmon, 1. Richardson, H. Lee, E. Marceau;
Walrer Reed Army Medical Center — D.J. Mateski, R.K.H. Wong, C.
Cheney, E. Rueda-Pedraza, V. Jones-Miskovsky, A. Greaser, E. Stoute, S.
Hancock, S. Chandler, M. Burman, E. Crutchfield, C. Slivka, L. Johnson;
Data and Nutrition Coordinating Center (Westat) — M. Hasson, C. Das-
ton, B. Brewer, C. Sharbaugh, B. O"Brien, N. Odaka, K. Umbel, J. Pinsky,
H. Price, D. Clark; Central Pathologists — K. Lewin (University of Califor-
nia, Los Angeles), H. Appelman (University of Michigan); Laboratories —
PS. Bachorik, K. Lovejoy (Johns Hopkins University), A. Sowell (Centers
for Discase Control and Prevention); Data and Safety Monitoring Cominitree
—- E.R. Greenberg (Norris Cotton Cancer Center and Dartmouth Medical
School), E. Feldman (Augusta, Ga.), C. Garza (Cornell University), R. Sum-
mers (University of lIowa); §. Weiand (University of Minnesota), D. DeMets
(University of Wisconsin).
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CLINICAL APPLICATIONS

FIBER CONSUMPTION REDUCES
THE RISK OF COLORECTAL CANC

by Charles B. Simone, M.D., Nicole L. Simone, and Charles B. Simone, Il

astrointestinal cancers are tha second

leading cause of death among all cancer
patents. The death rate for cancer of the colon and
rectum has remained virtually the same since 1930,
which means there has been essenually no progress
in the treatment of these cancers. The new colorecial
cancer cases for 2000 were approximately 130.200.
The estimated nuraber of deaths from coloractal cancer
is 56,600. A person has a one-in-18 chance of devel-
oping colorectal cancer' over his or her liletime.
Major dullerences in death rates from colorectal
cancer occur in different parts of the world, and epi-
demiological studies show that dietary [actors account
for the different incidence rates.® The more industri-
alized a country, the higher the rate of colorectal cancer
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of dye that is gradually dissolving, the water becomes more
deeply colored because the volume will be progressively
reduced and the dye more concentrated, and more dye will
be progressively dissolved "

ROLE OF FIBER

Fiber is a complex carbohydrate consisting of a poly-
saccharide and a lignin substance that provides the struc-
wre of a plant cell. It is un-tigrsted residue that reaches the
end of the small intestine. The three groups of dictary fiber
types are vegetable fibers, which are highly fermentable and
have a low undigested content; bran, which is less fer-
mentable; and purified fibers, such a cellulose, which are
much less fermentable and have a high undigested content.

Dietary fiber acts as a “glue” for certain chemicals. For
instance, unconjugated hile acids, which the hady pro-
duces, can be absorbed to fiber in the colon and passed oul
in the stool without intestinal bacteria forming carcinogens
from those bile zcids. In addition, some fiber binds to
cholesterol, lipids, nitrogen, and certain minerals, and
eliminates them in the stool. This action lowers the blood
coacentration of cholesterol and certain other lipids.

Drs. Higginson and Oettle were the first to report in
1960 that dietary fiber consumption was 2ssociated with 2
Jow risk of developing colon cancer? They noted that the
Bantu tribal people in South Africa had a low incidence of
colorectal cancer. They als - ez creted large piles of feces that
were related to the large amount of dietary fiber they ate. Dr.
Denis Burkitt continusd the research and concluded that the
high-fiber diet resulted in a rapid transit time for solid mate-
tial to pass through Lhe gastrointestinal tract and also
increased the amount of stool. These two variables are asso-
ciated with a decreased incidence of colorectal cancer.”

Diet in rural Africa and in other similar locations pro-
vides about 25 grams of crude fiber daily, whereas
Western diets provide only 6 to 15 grams of fiber daily.
With a mote rapid transit time, bile acids and other car-
cinogens produced by anacrobic bacteria move out of the
gastrointestinal tract more quickly. Furthermore, since the
volume of feces is increased, carcinogens that are pro-
duced pass through the gut more diluted. Hence, if more
dietary fiber is eaten, carcinogens pass out of the gut more
quickly and there are fewer carcinogens per square inch.,

EVALUACING THE DATA

In 1982, the National Academy of Sciences found
that, according to strict epidemiological criteria, there was
“no conclusive evidence to indicate that dietary fiber exerts
a protective effect against colorectal cancer in humans.”
Nevertheless, the U.S. National Academy of Sciences did
issue Qietary guidelines because the data were “highly sug-
gestive that reduced far consumpiion and increased con-
sumption of cereals, fruit, and vegetables represent the
current state of knowledge and [orm the basis of a diet thut

is unlikely to do harm and may have the potentialj for
reducing cancer rates in North America.”

Because the evidence from epidemiological and I4bo-
ratory studies was sufficiently consistent that high-fiber,
low-fat diets could lower cancer risk, other U.S. agenfies,
organizations, and other governments issued inyrim
dietary guidelines in the mid 1980s. These included; the
United States National Cancer Institute, National Instisutes
of Health, United States Depantment of Agriculfure,
Department of Health and Human Services, Ametcan
Cancer Society, Australia, Canada, the Joint Curopean
Organization for Cooperation in Cancer Prevention,
Norway, Sweden, and Japan. They all independdntly
agreed that to reduce cancer risk, people should incgease
their consumption of green, yellew, and cruciferous fveg-
erables, citrus fruits, and whole-grain cereal productsgand
reduce their intake of fats 1o about 30 percent,

In 1984, the United States National Cancer Instute
recommended an intake of 25-35 grams of fiber da'J yto
decrease the risk of cancer. However, the American pub-
lic consumes only about 8-15 grams of fiber per day

During the last 25 years, thousands of in vitrd and
anjmal studies have been published demonstratingj that
fiber can decrease the risk of colorectal cancer. These
papers have not been fncluded in this review. Since 1980,
hundreds of published papers demonstrate that highlfiber
intake can reduce the incidence of colorectal cancpr in
humans. Some have been included in this review:**

Reports from the United States National Cancer Institute Lm con-
sistent that dieeary fiber can dserease the risk of colorectaljcancer:

+ “This evaluation clearly suggests a relationship betwedn colon -
cancer and a diet low in fiber!' From 40 epidemiclogical studes in 55
reports (Greenwald P, et at Dietary fiber in the reducdon pf colon
cancer risk ] Am Diet Assce B7[9):)178-1188, 1987).

+ "The analysis of these studies gives support for a pjotective
effect [against colorectal cancer) associated with fiberrich diets!”
From 23 case-control studies, 7 international correlation studies, 8
within-country correlation studies, 2 echert studies, andi3 time-
trend studies (Trock, Lanza, Greenwald: Dietary fiber, vegetables,and
colon cancer: critical review and meta-analysis of epidenjlologjcal
studies, JNC) 82:650-661, 1990).

+ “Based on current knowledge, recommended nuuitidn guide-
lines for reducing the risk of colon cancer include decreased fat con-
sumption, adequate amounts of fruits, vegembles, and caldium, and
avoidance of overweight” (Shike,Winawer, Greenwald, et o} Primary
prevention of colorecwl cancer. Bull WHO 68:377-385, [999).

« “Both prospective and retrospectve studies suggest that veg-
eable and fruic intake may reduce the risk of cancers., hincluding
cancer of the colon 2nd rectum” (Ziegler RG: Vegetables, fuits, and
carotenoids and the risk of cancer Environmenal Epidgmiology
Branch, National Caneer Institute, Bethesda, MD 20892 fm J Clin
Nutr 53[1 Suppl}:2515-2595. January 1991).

International Journal of Integrative Medicios « Yol 1, Ko, € « July/Ripuit 2002




e o e i LR

DATe T

AR .

e e e 2 e i e

LRl i e

Various organizations and governments around the world
have issued consansus stacements that high fiker ¢onsumption
can reduce the risk of colorectal cancer,

+ 1999 World Health Organization: "The consumption of foods
rich in polysaccharides (e.g. dietary fiber or non-starch polysac-

rma and colorectal cancer” (Eur ) Conc Prev 3:57-62, 1999),

Recommendation: Vegetables and whole-grain cereals should
be consumed In high amounts and should be 2 major component
of the diet.

* 1999 Colon Cancer Preventon Program Project: [ 3.5 grams
of wheat bren per day decreases the recurrence ratz of adeno-
matous colon polyps” {Am | Med 106[1A]:435-455, 1999).

+ 1999 The Seven Countries Study Conclusion (Croatia,
Finland, Greece, ltaly, Japan, Netherfands, Serbia, US.): “High fiber
intake was strongly associated with low colorectal mortlity. An
increase of 10 grams in the daily intake of fiber was associated
with 2 33% lower risk of 25-year colarectal cancer mortality” {int
J Cancer 84:174-179,1999).

Recommendation: Increase the daily intake of fiber by 10 grams.

* 1998 European Cancer Prevention Consensus Panel: “A diet
rich in high-fiber cereal is associated with a reduced risk of col-
orectal cancer™ (Eur § Conc Prev 7{suppl 2):51-53. 1998).

.CONSENSUS STATEMENTS - . >~ . .-

charides) is associated with 3 decreased risk of colorectal adeno-
" grams per day” () Am Diet Assoc 97{10):1 15]

. a

» 1997 American Dietetic Association Ppsidon:“Resulu of all

studies provide subsuantive evidence tha

intake of fiber-rich

foods is inversely refazed to risks of both Folon and rectal ¢an-

cers, It is estimated that the risk of colore

ta) cancer in the US.

population could be reduced by about 31 percent if fiber intake

from food sources were increased by an

Recommendation: Promote food Intak
with the Food Guide Pyramid, This recom
of plant foods to achieve adequate fiber inta
and adults, Include at least 2 to 3 servings
of the daily 6 1o 11 servings of grains, 210 4
3w S servings of vegetables daily, and legd
twice 2 week.

+ 1995 Australia:"Reduction in the incig
mas was observed when a low-fat diec was
fiber wheat bran supplementation of 25
87.1760-1766, 1995).

Recommendation: 25 grams of fiber dailg.

* 1994 United Nations Food and Agril
“High fiber intake consisting of vegetables
tective azainst colorectal cancer” (Eur f Can

S17,15%8).

average of about 13
-1159,1997).

patterns consistent
nends 3 wide varfety
es in healthy children
whole grains as part
servings of fruits,and
mes at least once or

ence in farge adeno-
¢combined with high-
ms per day” (INCI

ulture Qrganization:
jnd cereals was pro-
Prev 7[supp! 2}:$11-

RISK/BENEFIT OF
DAILY CONSUMPTION OF FIBER

According to the National i\cademy of Science, over
'40% of North Americans are likely to develop cancer and at
least half of them will die from it. The cancer incidence
worldwide is increasing. The majority of health budgets will
be spent on treating cancer in most developing countries.

Cancer is largely preventable. Fewer than 5% of cancer
cases are linked to genetics,

Overwhelming evidence supports the statzment that
“the consumption of fiber may reduce the risk of colorectal
cancer” In fact, based on the volume, credibility, and reli-
ability of the scientilic facts, we are convinced that fiber
can, not may, but can reduce the risk of colorectal cancer

AMOUNT OF FIBER

Depending on thz study, North Americans typically
consume only about 8-15 grams of fiber each day. Most of
the consensus reports recommend 25 to 35 grams of fiber
each day to protect against colorectal cancer. Unless North
Americans have the time or inclination to become 2 grazing
animal, it would be dillicult to attain the protective level of
fiber each day without taking a supplement.

CONCLUSION
» Dictary fiber is safe.
« Hundreds of studies, involving tens of thousands of
subjects, demonstrate that 25 to 35 grams of dietary [iber
daily can reduce the risk of colorectal cancer.
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* Decreased risk is most convin
from vegetables, followed by fibers rd
saccharides, starches, and fiber foods

* Supplemental wheat bran in
grams per day can decrease the recuy
matous colon polyps.

« Since North Americans typically
of only 8 to 15 grams of fiber per day
plement may be warranted.

s Currently, 40% of North Am
cancer and the incidence is rising. If
arg not instituted, the cost to the U
people will be enormous in terms ol
tivity, and hives lost.

REFERENCES

—

A Caszer [ for Clinicians 49(1):8-31, 1999,
. Simone CB: Caneer and Nutrition. Garden
1993,
. Higginson J, Octde AG: Cancerincidenceinth
races of Souzh Afifca: report of 3 cancer suevey it
JNCI124:389-671,1960.

0

2

. Landis SH, Murnay T, Bolden, Wingo PA: (]

ingly linked to fibér
m non-soluble poly-
with carotenoids,

the amount of 13.5
rence rate of adeno-

CONsumMe an average
a dietary fiber sup-

ricans will develop
revetitive measures
nited States and its
Hollars, lost produc-

ncer satistics, 1999.C4 -
City Park: Avery Publishing

Bancu 2 “Cape Colored”
te Transvaal (1933-1955).

4. Burkite DP: Epidemialogy of cancer of the colg and rectum. Cameer 28:3-

13,1971
5. Alabaster O, Tang T, Shivapurkar N: Dictary

fber and the chemopreven

tive modulation of colon carvinugencsis. Afuras Res 380(1):185-197,

Febeuary 19, 1996.
6. Alberts DS, Lipkin M, Levin B Genene ser
and intervendan, Inz J Cancer §9{1):62-63,
7. Albers D8, Ritenbaugh C, Story JA , Aickin M
Atwood J, Phelpe ], Ramaaujam D8, Bellapraval
L Randomized, double-blind, placebo-¢oniry
bran Aber aind calcium on fogal bile acids in pag
tous colon polyps. J Nad Cancer Irue 88(2):8

{ening for colorecal cancer
Februaty 20, 1996
Bees-McGee §, Buller MK
'S, Patel ], Bexdnger L, Clak
led study of etfeet of wheat
nts wich resected adenoms-
-92, January 17, 1996.

(cont. on p.42)




(cont. fromp 40)

8.

10.
11,

12,

—
G

14,

16.

17,

15,

20.

21,
22.

23

24,

N
1

[
o

27.

28.

32

Internatianad Journat of Inttwrative Medicine « Yol 1. Ha 4 -

Alberts DS, Binspahr ], Ritenbaugh , Alckin M, Recs- Mclide 8, Atwood
J, Encrson S, Mason-Liddil N, Rettinger L, Paeel J, Bellapravalu §,
Rananujam DS, Phlps ], Clark T The effeet of wheat bran fiber and cal-
cium supplementadon on rectal mucosal proliferation rates in patients with
resected adenomatous colorectal polyps. Cancer Fpidemiol Biomarkers

Prev 6(3):161-169, March 1997,

. American Cancer Sociery: Nusrition and Canter: Gt and Prevontion, New

York: American Canccr Socicty, 1984,

American Dictetic Association Position Paper: Healdh implicadons of dietary
fider. J Am Digr Awoc 97(10):1157-1159, October 1997.

Arbman G, Axelson O, Ericsson-Begodzki AB, Fredriksson M, Nilson B,
Sjodahl R: Cereal fiber, calcium, and colorectal cancer. Cancer 15;
69(8):2042-2048, April 1992.

Rarbare JC, Bedene L, Bouche O, Cadior G, Caluis G, de Calan L, Conroy
T, Duzreux M, Edenane PL, Elias D, Faivre ], Legoux JL, Maingon P, Mormex
F, Nordhngcr B, Ollier JC, Peiffert D, Pelleticr G, Rat P, Rougier I,
Rmkonc-Fourmcsmux A, Scitz JF, Trilx;ulct JP, Taachet JC, Yehou M,
¢ al: What ¢an be done for digestive cancer n 1999 Recommendadons
ofthe French Foundation of Digestive Cancer (1st Part). Gaspraensero! Clin
Biv!23(4):502-511, Apnl 1999,

. Barbarc JC, Bedenne L, Bouche O, Cadiot G, Cais G, de Clan L, Convoy

T, Ducreux M, Edenne l’L Blias D, Falvre J, choux]L Maingaa T, Moeex
F, Notdlinger B, Olfier ]C Peiffere D, Pelletier G, Rat I, Rougier P,
Ruskone- Fourmumnx A, Seiw JE, Tnbou et I, Trincher JC, Yehou M,
e al Whar can be dong foe pnu'cnls with digestve eanver in 1999 Guidelings
of the French Foundadon of Digestve Cancerology (20d part). Gastrvensird
Clin Biol 23(5):436-496, May 1999.

Biasco G: Chemogprevention of coloreetal cancer, Tumors 83(1 Suppl):SS-
$6, January/Februxry 1997,

. Bidoli E, Franceschi S, Talamini R, Barra §, La Vecechia C: Food con-

sumption and cancer of the colon and rectum in north-catceen Iedly. [ne]
Cancer §0(2):223-229, January 21,1992,

Bingham SA: Epidemiology of dictary fibre and colorectal cancer: current
status of the hypothests, Nuer Heals 4(1)17-23, 1985,

Bingham SA: Dictary fibre consumption and its ussociation with kurge bowel
cancer in man. Med Oncol Tumor Pharmacother 2(3):149-155,1985.

. Bingham SA: Non-starch polysaccharides as 3 protective factor in humian

large bowdl cancer. Princes Takamzzs Sphp 16:183-192, 1983,
Boutron-Ruault MC, Senesse P, Falvre ], Chatehain N, Belghid C, Meance
$: Foods a5 risk fictors for colorectal cancer: a case-control study in Burgundy.
Esur J Carcer Prev 8(3):229-235, July 1999.

Bright-See E, McKeown-Eyssen G, Jacobson EA, Newmark HW, Mathews
R, Mogson L, Jaznaji V, Beuce WR Diceary Bber and cancer: asupplement
for intervention stuties. Vury Cancer 7(4):211-220, 1985,

Braun EM: Dict factors and risk of the development of calorectal cancer.
Klin Kbir 6:44-48, 1996. Review. Russian,

Burkitt DP: Edology and prevention of colorsctal cancee, Huspital Praztice
67-77, February 1984,

Calvert RJ, Klurfeld DM, Subramaniam §, Vahouny GV, Kritchevsky D:
Reductun of colonic cardnogenesis by wheat branindependent of fecal bile
acid concentration. J Nat Cancer Ing 79(4).875-880, Oceober 1947
Camire ME: Dictary fiberand colorectal cancer. N Engl ] Mcd 340{3).169-
176, January 21,1999,

3. Caygill CP, Chaddetr A, THI M Redasionship bhetween the ke of high

fibre foods and energy and the sk of cancer of the lange bowel and breast.
Exr ] Cancer Prev 7(Suppl 2):811.517, May 1998,

. Chaplin MF: Bile acidy, fibrz and colon cancer: the story untoids. [ K Soe

Healen $18(1):533-61, February 1998,

Chlebemnski RT: The scope of nution intervention trials with caneer-relawed
endpaints. Canzer 74{9 Suppl 1:2734-2738, November 1, 1994

ECP Consensus Panel on cereals and cancer: Consensus statement on cere-
als, Rbre, and coloecctal and breast cancers, Proceedingy of the European
Cancer Prevendon Consensus mecting. Santa Margheritia, Italy, October

2.5,1997. Eur ] Cancer Prev 7(Suppl 2):51-583, May 1998,

. Cummings JH, Southgate DAT: Dictary ber and colorecal cancer. NEJM

340(24):1925, 1999,

. Cummings JH, lingham SA, Hearan KW, Eastwood MA: Fecal weighe,

colon cancer risk, and diztary intake of nonstarch polysacchardes (dictary
fiber). Gastroenszralrmy 10 3(6):1783-1789, December 1992.

. de Kok TM, van Faassen A, Bausch-Goldbokm R, ten Hoor F, Keinjans

JC: Feeapentaene excection and feead mutagenicity in relaton 1o sutrient
intake and fecal parameters in humans on omaivorous and vegerarian diees,
Cancer Lerr 62(1):11-21, February 14, 1992,

Farnest DL, Sampliner RE Roe DJ, van Leeuwen B, Guillen ], Reid M,
Martinez ME, Marsh.\l!JR,Albuts DS: Progress report: the Adzona phuc
I study of the effect of wheat bran fiber on recurrence of adenomatous
colon polyps. Am J Med 106(1A):435-455, Januwry 25, 1999.

luly/Aurust 2000

3.

pr

4,

3

I

36.

37,

40.

—

4

12.

43,

4

e

o
<

46.

4

48,

4

K4

50.

]

—

v
e

58,
£9.
60.

6

—

. European Organization for Cooperation in Cancer Pre

. Fabvre J, Couillaule C, Kronborg O, Rath U, Giacosa A, De Ol

. Faivre ], Glicosa A: Primary prevention of colorecrl cand

. Feldman EB: Dictary intervention and chemopreventiond

. Ferguson LR, ¢z al Studies on the role of specific dictary

5. Francesela S, Favero A, Pampined M, Giacosa 4, La Veeehd
on colorectal cancer with emphasis on influsnce of cereaf.

N

. Fuchs CS, Giovannueci EL, Colditz GA, Huntwer D], Stan

. Giovannucdi E, Sampter MJ, Calditz G, Rinim EB, Willert

. Glanz X, Kristal AR, Tilley BC, Hirst K: Psychosacial cor

53. Graham §: Toward 3 diceary prevendon ot cancer. Epidea
. Gresnwald 17 Colon cancer overview, Cracer 70{3 Suj

. Greenwald T, Langa E, Eddy GA: Dictary fiber in the red

57. Hardman WE, ezal Trarsﬁ.)nmngg,rovh factoralpha di

. Heilbrun LY, Nonwura A, Hankin JH, Scemmcemann G

. Held-Warmkessel J: Colon cancer: prevention and detd

Earnest DI, Eingpabr 16, Albeers DS: Protective role of
data from macker trisls. Amr ] Med L06(1 A):325.378, Ja
Eadinboro PG, Tawrenee W )r, Nixan DW, Zhss A, Duckw
I Volunteers as adjunce rescarchiens tha cuneer provention tf

"ancer Sociery Colon Polyp Preveaton Stuly. Carerr83(
Decamber 1, 1998.

Pruvisiond Dictary Recommendadons: Juint ECP-TUN

heat bean fiber;
aary 2§, 1999,
sth PEJr, King
al: e Ainerican
1):2384- 2390,

cntion Studics,
Workshep and

Third Annal Symposium on Dies and Human Carcinogeiesis. Nusr and

Cancer, 1988,
Evans DE: Physicochenyical environment of the colon. §
7(suppl 2):879-580, 1998.
Faivee ], Bonithon-Kopp C: Chemoprevention of coloracty

Resales Cancer Res 151:122-133, 1999,

T, O'Mocain O:; Chemopreveaton of metachronous aden
bowel: design and intedm results of a randonyzed wial of ¢
LCP Colon Group. Eur ] Canzer Prev 6(2):132-138, Apd

supplementation. Ewr J Cancer Prov 7(Suppl 2):529-532
Faivre Ji Colon cancer: epidemiology, pathological ana
course, tecatment md prevention, Rev Prar44(4):533-53
1994.

tive, Prev Mod 22(5):661-666, September 1993,

Foud Guide Pyramid, Washington, D.C. U.S. Depariies
1992. Hom: and Garden Bullerin, No 252,

Food, Nutrition, and the Prevenzion of Cancer: A Gl
Washington, D.C.: American Institute for Cancer Researd

gon against cotoeectal cancer, Auzas Rer 350(1):173-184, ke

Prev7{Suppl 2):519-23, May 1998,

Frunceschi S, Parpinel M, La Vecchia €, Favero A, Talar
Role of different types of vegetables and fruit in the prev
ol the colon, rectum, and breast. Epideminlygy 9(3):338-

wr ] Canc Prew
cancer, Recent

cira H, Obrador
mas of the large
Ucjum and fibre.,
11997,

t through fibre
May 1698,
bmy, disgnosis,
7, Februazy 15,

1992 perspee-
b of Agriculture,

2l Perspeceive,
h, 1998,

fibres in protecs
hewwry 19,1996,
C: Tralian study
Eur ] Cancer

ini R, Negs E:
ntion of cancer
4], May 1998,

Freeman HJ: Role of high fibre foods in the prevention of colorectal neo- -

plasia, Can J Gastrozntersl 13(5):379-380, June 1999,
Freudenheun JL, Graham §, Marshal! }R. Haughey BP, Wil

contral study of dict and rectal cancer in westeen New York!
131(4):612-624, April 1990.

B, Speizer FE, Willeee WC: Dierary fiber and the risk of ¢
and adenoma in wamen, N Engl  Med 340(3):169-176,)
Ganay CA, Engswrons PE: Chemoprevention of colorecty
and pharmacologc approachcs. Oncalygy (Huntng) 13(1
sion 97:100, 105, January 1999.

ot diet w risk of colorecaal sdenomin men, [ Nadd Cane
98, January 15, 1992,

tul dicts among male auto workers, Cancer Epidemiol
7(1):119 1126, Fl'l!l'u.u'y 1998

1983.
Seprember 1, 1992,

cancer risk. J Am Diet Asoc 87(9):1178-1188, Septembs
Haadler §: Dictary fiber: can ir prevent cernain colonic di
M:473(2):301-307, February 1983

tal erypts as a biomarker of decreased colon cancer risk in pag:
celiulose. Cancer Epidemial Biomarkers Prev 6(8):635-63f,
Haras ], Ferguson L Diztary fibres may protet o eahan
Muzar Res 443(1-2):93-110, July 15, 1999.

Hassig CA, Tong JK, Schreiber SL: Fiberderived butyrate at
of wolun cancer, Chem Biol 4(11):783-789, November 14
Heoxon KW, 1 ewis 8: ictary ber and colorectl cuscer. NEJ]
1999,

orectd caneer with special reference to Bber intake, Ine

6, July 15, 1989,
Ady Nurse Pract 6(7):42-45, July 1998,

inson G: A caser
Am ] Epidemiol

©fer M, Rosner
Ihloreersl cancer

Fuary 21,1999,

cancer: dictary
:89-97, discus-

I'C: Relodonship
P it 84(2):91-

lares of health-
iosmark:ys Prev

of Rev $:38.50,
p1):1206-1215,

uetion of calon
y 1987,
cases? Pasrgrad

Labunon i rec-
“Ris consuAUng
, August 1997,

 CAUICEENESES,

I the prevention

97,

1340(24):1925,

¥: Dictand col-
[Crseer 44(1):1-

uon SHAGICS.




63.

64.
65,

66.

67.

68.

69.
70.

7

—

72.
73.

74

76.
77.

78.
79.

v,

8

—

82.

= d
“a

84.

85.
86.
87,

88.

9¢.

9

Hilt s . rreal fbee and colorectal cancer risk: a review of the epi-
deminie. cuee, Eur ] Cancer Prev 7{suppl 2): $3-S10, 1998,
HllME - e seread Bbre and coloreeral cancer risk: a review of the epi-
demicdon 1l frerstwee Ewe [ Cancer Prev 6{3):219-225, June 1997,
Billmaz 140, Per 553, Fisher CA, Pomare EW; Effects of the fibre com-
poncnn et ellulose, and lignin on bile salt merabolism and biliary lipid
composition in man. Gur27(1):29-36, Jaruary 1986.

Howe GR, Renito E, Castelleco R, ¢2 ali Dictary intake of fiber and
decreased risk of cancers ot'the colon and rectum: evidence from the com.
bined analysis of 13 casc-conteo! studies, JNCI84:1887-1896,1992.
Hua JF, Lu YY, Yu YK, Zhao TZ, Liv $D, Wang QQ: Dict and cancer of
the colony and rectuny: a case-comtrol study in China. Inz | Epidemint
20(2):362-367, June 1991,

Iscovich M, L'Ablx KA, Castellero R, Calzona A, Berneda A, Chopity
NA, Jmelnitzsky AC, Kaldor J: Colon cancer in Argendna. I: Risk from intake
of dietary items. Tne [ Cancer $1(6):351.857, July 30, 1992,

Ishikawa H: Interventional uial for cancer prevention. Gan To Kageks Ryhe
26(2 Suppl):177-182, 1999.

Jansen MC, Bueno-de-Mesquim HB, Buzina R Fidanza ¥, Menot A, Blackburm
B, Nissinen AM, Kok FJ, Keomhout D; Dictary 8ber and plant foods in
relaton to colorcetal cancer tortality: the Seven Countries Study. In J Cancor
8§1{2):174, Apnit 12, 1999.

- Jeantewr P Diictaey Gl intake ad wolon canver, Rulf Canier S6(7 81611

613, July /August 1999,

Kahn M), e ak Chemoprevention toe colurcetal caccinoma. Heaartal Oncol
Cin Noreh Am 11(4).779-794, August 1997,

Keoji T, Hedio O, Yasularu O, Iwao Y, Tomohiro §, Katsuya Y, Kiichi M,
Shizeru T, Hideki A: Dietary factors and preventian of colon cancer. Nippon
Geha Gaklkai Zasos 99(6).368-372, June 1998,

Klipstein-Grodu' W K Kroke A, Yoss §, Bocing H: Influence of lifestyle on
the use of supplements in the Brandenburg nutdtion and cancer study, Z
Erncrurgouis 37(1):38-46, March 1998,

. Kritchevsky D: Cereal fihers and calorectal cancer: a scarch for mechanisms,

Eur ] Can Prev 7(suppl 2):833-539, 1998,

Kritchevsky I; Dictary flwe 3ad cancer. Exr ] Cancer Prov6(5):435-441,
Oxtober 1997.

Le Maechaad L, Haokin JH, Witkens TR, Kolone! LN, Enghyst TIN, Lyu
LC: Distary fiber and ¢ntorectal cancer risk. Epidemivlogy 8(6):058-6653,
November 1997,

Lipkin M, Reddy I8, Newmack B, Lampreche SA: Dictary feeors in human
colorectal cancer. Anny Rev Nutr 19:545.586, 1999.

Lubin ¥, Rozen P, Arich B, Farbseein M, Kazani Y, Bac L, Farbseein H: Nuitonal
and lfestyle habits and water-fiber interacgon in cokorzcral adenoma etiol-
agy. Cancer Egidemial Riamarkers Prev 6(2):79-85, February 1997,
Lupeon TI, Turner ND: Porenual protectve imechanism of wheat bran iber.
Am J Mcd 106(1A):245.275,1999.

. Macrae F: Wheat bean fiber and development of adenomazous polyps: evi-

dence fram randotmized, controlled dinical tas. Am J Mrd 106(1A):385-
425, January 25, 1999.

Madar Z, Stark A: Dictary fider and colorectal cancer. NEJM 340(24):1926,
1999,

3. Martinez MT, Reid ME, Guillen-Rodriguez , Manshall JR, Sampliner R,

Aickin M, Ritenbaugh C, van Lecuwen B, Mason-Liddil N, Giuliano A,
Vargas TA, Alberts D5: Design and baseling characterstics of study parde-
spnsin theWhe: v Fiber widl, Canar Epidemiol Biomarkers Prov7(9):813-
816, September 1998,

McKeigue PM, Adelsrein AM, Marmot MG, Healy P, Owen RW, Hil
M], Thampson MH: 83, Mohandas KM: Dictacy e and volorectal can-
cer. NEJM 340(24):1925, 1999,

Natonal Caacer Insnruee PDQ Sereening/Preventon Summary tor Hex'th
Professionals Prevention ol Cotorectal Cancer, January 1998, pp. 1-3.
Nagdonal Cuxcer Listirute PDQ Sereening/Prevention Summary for Health
DProfessivnals Prevengion of Colorectad Cancer, May 1998, pp )-14.

Nega E, Franceschi §, Parpinel M, La Veeehis C: Fiber intake and risk of
cotorectal cancer. Cancey Epidemsol Biomarkers Prrv 7(8).667-671, August
1998.

Nelson RL, e2af Determination of factors responsible for the declining ingi-

denee of coloreeend cancer. Dis Colon Recrum 42(6):741-752, June 1999,
, Noedgnard 1 ¢ f Colonic production of butyrate in patiencs with preyi-

ous colonic cancer during lodg-term recatment with dicrary fibre (Phatago
ovata sceds). Srand ] Gastroenzerol 31(10):1011-1020, Ocrober 1996,
Ono C, ¢7 af Nutnton and cancer: autrition-associaced risk for e
development of varous malignancies. Forsichr Med 113{17):267-271,
June 20, 1995,

. Owen RW, Spicgelinlder B, Bartsch Hi Phytate, reactive oxypen species

and colorectal cancer. Enr J Can Pryy 7{suppl 2):541-854, 1998,

08,

99.

100.

[{UB

102,

103.

105.

106.

—
<
~1

108.

146, Tanuary 1996,

Proveedings of a symposium, New York Ciry, New York,
Am ] Med 106{14):15-518, January 5, 1999.

1999.

. Potter JD: Nutrition and colorectal cancer. Caneer Causgs Conerul 2(1):127-

3. Pemary provention of colorectl cancer and polyps: defeos fiber have 2 role?

December 2, 1997,

. Raftzr J, Glinghammer B: Inturaction between the envionment and genes
in the colon. Esr ] Cax Prey 7(Supp! 2):569-5§74, 194
. Ravin ND: Dietary fiber and colorecat cancer. NEJM 3

[

0(24):1924-1923,

. Reddy BS: Role of dictary fbxer in colon cancer: an ofceview, Am J Med

106(1A):16S- 195, discussion §05-518, January 25, 1499.

. Sandier RS: Epidemiology and Ask factoes for coloreeral &

Chin Norely Am 25(4):717-735, December 1996.
Schatekin A, ef 2k The polyp prevention tral T: ration

neer, Grstroenserd

le, destgn, recrvit-

meay, and bascline participunt chaceteristics. Cancer Efidemiol Biomarkers

FPrev 5(5).375-383, May 1996. )J

Scheppach W, Bingham S, Boutron-Ruault MC, Ger
M, Moreno V, Nagengast FM, Reifen R, Riboli E, S

rdsson de Verdier
F HK, Wahrendo!

J: WHO consensus statement on the rale of nutrition i colorecral cancer,

Lur ] Carcer Prev 8(1):57-62, February 1999,

Slavin JL: Implemenaation of dictary modifeasons. Am
495, 1999.

Snnith 16, Yokoyana WIL Gerroon JB: Burgric acid £
atthe level of genc expression. Crir Kev Food Sci Nutr 3
1998.

Sewdand BE: Nunion and eancer, Clin Chems 38(88 e 2)
1992, :

Stinmetz KA, Poteer JD: Vegetables, fruit, and cancd
Cancer Canses Cortrol 2(3):326-357, September 199].
. $7ilagyi A: Aleered colonic environment, 3 possible pry

orectal cancer and coloaic inflammatory bowel disease:

Med106(1A):46S-

s the Jiets actions

(4):259-297, May
1587-1594, August
. 1. Epidemiology.

disposition to cal-
¥atonale of dietary

manipulation with emphasis on disacchanides. Can ] Gaspoenterol 12(2):133-

146, March 1998.
Thun MJ, Calle EE, Namboodid MM, Flanders WD,

Boffatta P, Garfinke! L, Heath CW Jr: Risk factors foc £

Poates RY, Byens T,
2af colon cancerin

a large prospective study. ] Nadd Carcer Inst 84(19):1491-1500, October

7,1992. ’

Trock B, Lanza E, Gresnwald Pr Dietary fiber, vegeulh

23, and colon ¢can-

cer: eritical review and m:r?-:\nalyscs of the epidemiologic evidence. J Natl

Canmeer Juse 82(8):650-661, Apeil 18, 1990,

. Weisbueger JH: Worldwide prevention of cancer and ot

her chronic discases

based on knowledge of mechanisms. Murar Res 402(%-2):331-337, June

18, 1998. .
Zirnbalist EH, e2 al: Genetic and environmental facro
cinogenesis. Dip Dis§3(6):365-373, November/De

s in colorectal car-

ember 1995,

§ inzernist, medical oneslogist, tumor jmmank
N oncolopisi. Dr. Simone wrote Cancer and Nutri

student 3t UMDN], and is the eo-manager

Branch of the Cancer Genome Auazomy Project
Institutc, Nationa Inditutes of Halkh, She by
for joumals such as Seimes and The Laneze In ad

A ror of 3 technigur for prorein anzlysis from n

Yias wiitten arzicles for journals such a5 Toe Lan
af naeacrous awards, inchuding rhe US4 Taday

By Scholarhip, Nicale and Chuck help educare car
A 13nilics abou healiby Tkaryle modilication.
B spearhead by KID START program, dasign
B through eeminars snd health Hieg, about feal

frrnsional Journad of lutegrative Hedicing - Yol 2, K

Charles B, Simane, I, atzends the Universicy

B Chaclcs B, Simone, M.D., is ditcctor and figinder of the Simone
ProtecUve Cancer Center in Lawrenceville, I

1. Dt Simone is an
ogist, and ndiation
bon: A Ten Point Plax

B 10 Reduee Your Rick of Getting Cancer (MeGuafv-Hill, 1981 revised
B Avcry, 1995). He dlso wrowe Breast Health [AV
Cartilage and Camcer (Pandigm Bovks, 1993
B 3¢ maIBDSimone.com, and his websice is ww.DeSinione.com.

ry, 1995), and Shark
. He can be reached

Nicole L. Sameosne, BS B, graduated from the Yuxnginoedng depart:
ot of the University of Pennsylvania, She 3

currencly 3 medical
f the laser Capture

i Microdistection (LCM) Lab, She i also co-dirgwor of Cx Protcomics

t the Natiooal Cancer
eritren severdl articles
Lo, dhe is eo-loven-
cradissecred fissug,

of Penneylvania, He
e Heis the recipion
Laciona! High Schoo!

Acadsmic All-$war Team, and Toyots Commurdity Scholars Regiona

ket patients and cheir
“hey both helped 1o
M ta teach children,
hiaf filespdes,

Aty hugest 2000




ATTACHMENT 3



Before the
FOOD AND DRUG ADMINISTRATION
Washington, D.C.

In re: Food Labeling: Health Claims

Scientific Data and Information

)

And Label Statements; Request for ) Docket No. 91N-0098
)
)

(Fiber and colorectal cancer)

AFFIDAVIT OF CHARLES B. SIMONE, M.MS., M.D.

I, Charles B. Simone, M.MS., M.D., declare under penalty of perjury that the following is
true and correct to the best of my knowledge, information, and belief:

1.

L2

I am a medical oncologist, radiation oncologist, and immunologist. A copy of my
curriculum vitae is attached as Exhibit A.

I have investigated the field of nutrition and cancer and conducted research on the
association between nutrition and cancer for more than 22 years.

Since 1978 I have studied the association between consumption of dietary fiber and
risk of colorectal cancer. 1 conclude that vegetable and whole grain fiber
supplementation may reduce the risk of colorectal cancer.

The results of two recently published trials wrongly concluded that a recommended
high-fiber, low-fat diet does not reduce the incidence of recurrent colorectal
adenomas. '

a.

In the Polyp Prevention Trial' 1037 people received 50 hours of nutritional
counseling over four years and were supposed to eat a 20 percent fat diet and
18 grams of fiber/day; and 1042 people were to eat their regular diet. At the
end of 6 months for the intervention group, and again at the end of each year,
all subjects had to complete a four-day food record of the entire period before.
At the end of 4 years, the weights and cholesterol levels did not change
appreciably in either the intervention or control group even though a 20% fat,
high-fiber diet should have lowered weight and cholesterol. The reliance on
self-reporting over such a long period of time introduces a high probability of
inaccuracy that makes the study results unreliable. There is no way to
determine, under the study design, whether subjects actually complied with
consumption restrictions or simply reported compliance yet actually failed to
follow instructions. The study methodology and results suggest that the
subjects may not have adhered instructions and may have written down foods
they knew would comply with what they were supposed to be eating in order
to stay in the study. Most of the subjects in this study were male and had an
average age of 62.

'Schatzkin A, Lanza E, Corle D, et al, and the Polyp Prevention Trial Study Group. Lack of effectof a
fow-fat, high-fiber diet on the recurrence of colorectal adenomas. N Eng JMed. 2000; 342:1149-55.



b. The sccond trial studicd 1303 people in a 34 month period.? Some subjects
were asked o consume either a high-fiber supplement (13.5 grams/day) or a
low-fiber supplement (2 grams/day). Measurement of compliance was even
more “challenging.” Compliance with the protocol was evaluated primarily
by counts of returned cereal boxes and fiber bars at cach visit and secondarily
through 4 specialized intake calendar. Weights and cholesterol levels were
not indicated in the paper. Any conclusions based upon this study would be
invalid because of a lack of assurance of compliance with trial protocols in the
trcatment or the control groups. Most of the subjects in this trial were male
and had an average age of 66.

6. Inreviewing the results of the trials, NCI scientists offcred the following as an
attempt to cxplain why the studics’ designs did nol show an effect of diet on polyp
recurrences:”

1. Development of coloreclal cancer takes decades; an intervenuon of threc to
four ycars may not be long enough.

2 Nutritional factors may intluence critical molecular, cellular, or tissuc-level
events in colorectal cancer formation well before polyps are formed.

3. The recurrent polyps tended to be small. Dietary changes might affect only
the growth of small polyps into large polyps or large polyps into invasive
cancers.

7. Although the points raised by NCI arc important, the conclusions of both studies are
invalid because there is little or no evidence of compliance and therefore no
confirmation of the amount of fiber consumed by either the treatment groups or
control groups. The flaws in the study render them outlicrs, not useful in assessing
the weight of scientific evidence concerning the fiber/colorectal cancer association.
There is little doubt, based on the overall body of publicly available scientific
evidence, that a high-fiber diet reduces the risk of colorectal cancer.* Well-designed
and reliable studies that stand for this latter proposition are described in the European
Cancer Prevention (ECP) Consensus Statement, The Review of Food, Nutrition, and
the Prevention of Cancer: A Global Perspective, and the World Health Organization

(Exhibit B).
&/ﬁﬂ&] &azowd M,;W
Datc Executed Charles B.Simone, M.MS. . M.D.

? Alberts DS, Martinez ME, Roe DJ. et al, and the Phoenix Colon Cancer Prevention Physicians’ Network.
Lack of cftcct of a high-fiber cercal supploment on the recurrence of colorectal sdenomas. N Eng J Mcd.
2000; 342:1156-62.

¥ NCI “Trials Show No Effect of Luw-Fat, ligh-Fiber, and High-Fruit and Vegetable Dicls on 1the Growth
of New Colorectal Polyps in People with a History of Procancerous Polyps,” NCI Press Release, April 19,
2000, www nih gov/news/pi/apr2000/nci-19 him.

‘ Simone CB, Simone NI, CB Simone 11. Consumption of fiber reduces the risk of colorectal cancer: A
Review. International J Integrative Med. July-August 2000,




CHARLES B. SIMONE, M.MS., M.D
CURRICULUM VITAE

Name: Charles B. Simone, M.\MS., M.D.
Present Address: 123 Franklin Corner Road
Lawrenceville, NJ 08648
609-896-2646
Date and Place of Birth: June 21, 1949 in Trenton, NJ
Marital Status: Married, two children.
Military Service: 1977-1982 Commander, U.S. Navy, Public HealthService

Education:
1967-1971 - B.A. (Biologica! Sciences) - Rutgers University, New Brunswick, NJ

1971-1975 - M.MS. and M.D. - Rutgers Medical College, Piscataway, NJ
Positions Held:

1967-1971 Research Assistant to Ralph J DeFalco, Professor of
Immunology, Rutgers University, New Brunswick

1970-1972 Consultant for criminal investigations requiring
immunological corroborations.

1971-1972 Acting Chairperson of Rutgers University Serological
Museum.

1974-1975 Research Appointment with Robert A. Good, Ph.D., M.D.,
President and Director of Memorial Sloan Kettering Cancer Hospital, New York City.

1975-1976 Internship, Department of Medicine, The Cleveland Clinic Foundation,
Cleveland, Ohio.

1976-1977 First Year Assistant Resident, Department of Medicine,
The Cleveland Clinic Foundation, Cleveland, Ohio.

1977-1979 Clinical Associate, Immunology Branch, National Cancer
Institute, National Institutes of Health, Bethesda, MD.

1978-1980 Clinical Assistant Professor of Medicine, George
Washington University School of Medicine, Washington, D.C.

1979-1980 Clinical Associate, Medicine Branch, National Cancer
Institute, National Institutes of Health, Bethesda, MD.

1980-1982 Investigator, Clinical Pharmacology Oncology Branch,
National Cancer Institute, National Institutes of Health, Bethesda, MD.

1980- present Founder, Director, Simone Protective Cancer Institute,
Lawrenceville, NJ.



1982-1985 Radiation Therapy Department, Hospital of the University
of Pennsylvania, 3400 Spruce Street, Philadelphia, PA 19104,

1984-1989 Consultant, New Jersey Education Oncology Program.
1984-1987 Advisor, U.S. Postal Service, Preventive Health.
1984-present Speaker for the American Cancer Society.

1985-1988 Associate Professor, Radiation Therapy and Nuclear
Medicine Department, Thomas Jefferson University Hospital, Philadelphia, PA.

1985-1988 Chief, Breast Section, Radiation Therapy and Nuclear
Medicine Department, Thomas Jefferson University Hospital, Philadelphia, PA.

1985-1989 Consultant, Immunobiochemistry for BASF

1985-1988 Chairman, Publication Review Committee, Thomas Jefferson
University Hospital, Philadelphia, PA.

1986-1991 Cansultant for Hoffmann-LaRoche, Nutley, NJ. “Protector
Nutrient” Program.

1986-1988 Member, Jefferson Hospital Nutrition Committee.

1986-1988 Speaker for Jefferson Educational Program

1988-1992 Medical Advisor to NJ Governor - Substance Abuse

1989-1991 Consultant to Spain

1989-pres Consultant to Cambodia

1989- pres Consultant to Russia

1990-pres Medical Advisor to National Alliance of Breast Cancer Organizations
1991-pres Consultant to Chechen

1993-pres Advisor to US Senators Tom Harkin and Orin Hatch

1993-1995 Advisor for organization and implementation of Office of Alternative Medicine,
National Institutes of Health

1993-pres Consultant to U.S. Senate, Expert Witness

1993-pres Consultant to U.S. House of Representative, Expert Witness

1994 Consultant to Senate Committee: | wrote the language that assured passage of the Dietary
Supplement Health and Education Act of 1995 that ensured that all Americans have free access
to food supplements.

1995 Consultant to New Jersey Medical Board, Expert Witness

1896-pres Advisor for organization and implementation of Departmentof Alternative Medicine,



College of Physicians and Surgeons of Columbia University, New York
1997 Judge for Mrs. America Pageant

1997 Participant in National Cancer Institute and Office of Alternative Medicine POEMS
Conference

1998 Consultant to U.S. House of Representative, Expert Witness
1998 Consultant to U.S. Senate, Expert Witness

1998 Judge for Mrs. America Pageant

1998-pres Organizing new health care system for Chechen.
1998-pres Editor, Women's Health Alternative Medicine Report
Certification:

Diplomate of the National Board of Medical Examiners 1976
American Board of Internal Medicine, Eligible 1978

Medical Oncology Subspecialty Board, Eligible 1980

Allergy and Immunology Board, Eligible 1980

Radiation Oncology Subspecialty Board, Eligible 1983

Honors:

Honorable Mention Award - SAMA Research Forum April 1973
Visiting Professor in Rheumatology, Cleveland Clinic 1979

Visiting Professor in Clinical Immunolgy, University of Hawaii 1979
Elected into New York Academy of Sciences 1983

Elected into American College of Immunologists 1983

American Academy of Sciences 1984

Elected, Who’s Who in Frontiers of Science and Technology 1984
Elected, Contemporary Authors 1984

Author Citation Award, Nineteenth Annual New Jersey Writers
Conference, NJ Institute of Technology, 1986

Visiting Professor in immunology and Oncology, Cleveland Clinic 1887and 1989

Invited/Special Lectures:

Lecture to Radiation Therapeutic Oncology Group 1983

Keynote Speaker - 18th Annual Congress, AACIA 1984

Keynote Speaker - Annual Cancer Symposium, University of Louisville 1985
Speaker - New Jersey State Justice Department 1985

Speaker - United States Arsenal, Picattiny, NJ 1985

Keynote Speaker - New Jersey Superintendents' and Principals’

Keynote Speaker - New York Open Center 1986

Keynote Speaker - New Jersey Superintendents’ and Principals’Convention 1986
Keynote Speaker - New Jersey State Kiwanis 1985

Speaker for Jefferson Qutreach Program



Keynote Speaker - New Jersey Superintendents’ and Principals’ Convention 1989
Please see Media Events for a More Complete Listing of all SpeakingEngagements.
Societies:
New York Academy of Sciences
American College of Immunologists
American Academy of Sciences
Contemporary Authors
Military Service:
1977-1982 Commander, U.S. Public Health Service, Navy
Licensed to Practice Medicine:
New Jersey
Pennsylvania

Ohio
Maryland
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Consensus meeting on cereals, fibre and
colorectal and breast cancers.

ECP consensus panel on cereals and cancer -

This Consensus Meeting was held in Santa Margherita, Italy 2-5 October and was attended by
17 experts in the field of diet and cancer; a further 5 who could not attend the discussions were
‘corresponding participants’ and gave their views by post and telephone. The agreed consensus

statement was as follows:

e A diet rich in high-fibre cereal is associated with a reduced risk of colorectal cancer.

o There is suggestive evidence that cereal fibre protects against breast cancer.

e Thereis good reason to examine the relationship between cereal fibre intake and risk of cancer at other sites.

Introduction

All plant foods contain plant cell walls containing
dietary fibre (DF) and a range of other agents which
are suspected to be protective or anticarcinogenic
(eg vitamins, antioxidants, tannins, polyphenolics,
flavonoids etc). In general vegetables contain rela-
tively modest amounts of DF but are rich in a wide
array of protective agents and anticarcinogens, the
amounts and classes of which vary between
vegetable type. Whole grain cereals are relatively
rich in DF and also contain protective agents such
as phytate and a range of anticarcinogens. However
these latter are partially removed with the husk
during milling. Fruits contain the least DF but
contain an array of anticarcinogens which differ
from those in cereals and vegetables.

Current hypotheses suggest that fruit and vegeta-
bles protect against cancer at a wide range of sites
mainly through the action of their anticarcinogens.
In contrast cereals have been assumed in the past
to act mainly through the action of DF.

In this Consensus Statement ‘cereal fibre’ will
imply cereal retaining a high proportion of its husk
{(and the accompanying anticarcinogens) intact.

In Europe cereals may be consumed as breakfast
cereals which are often rich in DF and also rich in
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B vitamins and protective agents. At other times of
day cereals are usually eaten as breads, pasta, rice,
pastries etc. These are usually made from low extrac-
tion cereals which contain lower levels of DF and
other protective agents and anticarcinogens; whole-
meal breads and products are richer in both.

Different cereals contain different amounts of DF
and anticarcinogens (rice has least and wheat and rye
have most of both). Further, rice, which is most com-
monly eaten in Europe in the southern countries, is
almost always eaten in polished and refined form and
so contains even less DF and anticarcinogen than
usual. The cereals which are most often consumed

in unrefined and high extraction form are wheat
and rye, but rye is rarely consumed in the southern
countries.

The postulated mechanisms of action indicate that
the protective action will be greater in the unrefined
cereal than in that in which the husk has been
removed by milling. In most epidemiological studies
the cereals are primarily low extraction products and
so are low in DF and other protective agents. A
major conclusion was that, in future, questionnaires
should be framed to distinguish between low extrac-
tion and high extraction cereals.
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Colorectal cancer

A diet rich in high fibre cereal is associated with a
reduced risk of colorectal cancer.

In support of this we cite the review of 58 previous
studies of diet and colon cancer; cereal fibre was mea-
sured in only 19 studies. Of these, 16 reported an
inverse association between cereal fibre and colon
cancer risk and the other 3 showed no relation. In
addition a review of FAO data showed that there is
an inverse relation between the risk of colorectal and
of breast cancer and cereal and vegetable disappear-
ance, no relation with fruit and starchy root intake,
and a positive correlation with total energy intake.
The data are consistent with those from the Italian
study where, in the context of the Italian diet, high
consumption of pasta was shown to be a major con-
tributor to high total energy intake and was partly or
largely related to the risk for cancers of the colon and
breast. This suggested that the real association was
with total energy intake. This consensus reaffirms and
extends that reached by the Colon Group at the
WHO Consensus Conference in Stuttgart in 1996
(European Journal of Cancer Prevention 6 404-407),
and with the COMA recommendations in the UK.

A variety of mechanisms has been proposed for
the protective effect of cereal fibre. Burkitt popu-
larised the idea that a diet high in fibre-rich foods
could influence the course of colorectal carcinogen-
esis. He proposed that it was fermentation of the
fibre itself that gave the protection through (a)
increased faccal weight, (b) increased frequency of
defecation, (c) decreased transit time, and (d) ditu-
tion of the colonic contents. The evidence is strongest
for (a) and (d). In addition he proposed that fibre
metabolism influenced microbial growth in the
colon — an area about which we know very little.
More recently, mechanisms involving the metabolic
consequences of fibre metabolism have been pro-
posed including (c) alteration of energy metabolism.
It is now generally accepted that energy restriction
will inhibit carcinogenesis and a fibre-rich diet may
make a contribution to overall energy management;
(f) influence on bile acid metabolism, a theory that
refuses to go away; (g) production of short-chain
fatty acids (SCFA) which may inhibit carcinogenesis
through its effect on colonic pH and through the
supply of butyrate. This latter has been shown in
vitro to promote apoptosis and cell differentiation,
both of which are central to the carcinogenesis
process. [n vivo verification of these actions is still
awaited.

Consensus meeting

Apart from fermentable cell wall polysaccharide
and starch, cereal foods also contain phenolic sub-
stances and phytate which may be important intralu-
minal antioxidants. Faecal material containing trace
quantities of free iron has been shown to be a source
of free radicals which can probably enhance the pro-
duction of carcinogens, or damage crypt cell DNA
directly. Phytate can chelate iron and hence suppress
intraluminal free radical production. Moreover phe-
nolic substances such as flavonols and tannins are
effective antioxidants and may quench free radical
mediated chain reactions in the gut lumen, Phytates
and other low molecular weight, specxes associated
with plant cell walls may also act s anticarcinogens
by upregulating epithelial cell differentiation, sup-
pressing mitosis or stimulating apoptosis and thereby
deleting potentially cancerous cells from the mucosa.

An exciting area which is receiving more and more
attention recently is the interaction between environ-
ment and genes in the colon. Mutations in several
genes controlling cell division, apoptosis and DNA
repair have been implicated in tumour development.
Already some of this work has implications for the
effect of dietary fibre on colon cancer developmenit.
Perhaps the most interesting to date is the observa-
tion that the short chain fatty acids (SCFA) acetate,
propionate and particularly butyrate can induce
apoptosis in colonic cells in culture; this gives a plau-
sible hypothesis for the protective action of fer-
mentable fibre in colorectal carcinogenesis. In
addition there is evidence that gut factors, including
bile acids and SCFA can (I) interact with mutated
APC gene, (ii) modulate expression of the p53
tumour suppressor gene, and (iii) modulate expres-
sion of transcription factors important in control of
cell division. We now need to characterise the inter-
action of fibre components in the lumen with the
above gut factors to ascertain whether fibre is indi-
rectly affecting gene expression in the colon. For
example, colonic fibre may be influencing the control
of cell division through effects on formation and sol-
ubility of secondary bile acids in the colonic lumen.

Breast cancer

There is suggestive evidence that cereal fibre protects
against breast cancer.

Although there are many epidemiological studies
showing a protective effect of cereal fibre, some oth-
ers show no such effect and there is insufficient evi-
dence to reach a strong conclusion. The WHO
Consensus Group on Breast Cancer, in Stuttgart,
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concluded that the epidemiological evidence was sug-
gestive of a protective effect (as did we) and went on
to sugges: that cereal fibre consumption should there-
fore be increased.

Itis generally accepted that high levels of circulat-
ing oestrogens and insulin growth factor (IGF-1, part
of the insulin-resistance syndrome together with
abdominal obesity, high plasma insulin levels and
other hormonal changes) represent major risks for
the development of breast cancer. This is because
they induce (oestrogens) or are (IGF-1) growth fac-
tors for mammary tumour cells. It has been proposed
that a high intake of fibre affects the risk of breast
cancer through an effect on these factors. Diets low
in fat and rich in cereal fibre reduce levels of plasma
oestradiol, oestrone and oestrone sulphate. This may
be through interfering with their enterohepatic cir-
culation and so increasing their rate of faecal excre-
tion. Dietary fibre contains phytoestrogens (iso-
flavonoids), which could modulate the activity of
endogenous oestrogens. Fibre intakes have also been
shown to be inversely related to total, subcutaneous
and extra-abdominal fat and to lower insulin levels.
These findings reflect the influence of fibre in con-
trolling aspects of the insulin-resistance syndrome.
Other mechanisms have been proposed which
include the trapping of carcinogens, the regulation of
cell proliferation, through a direct effect of
isofiavonoids such as genestein and apigenin on the
cell cycle, or through an activation of the PKC.

Other sites

There is good reason to examine seriously the
relationship between cereal fibre intake and cancer
at other sites.

An analysis of the Italian data suggested
that people who reported consuming whole grain
cereals were at a lower risk of cancer at a range of
other sites in addition to the large bowel and breast.
There were many potential confounding factors that
could explain these Italian data, and they need to be
confirmed. However there are good theoretical rea-
sons for suspecting such a general protective effect.
If the mechanisms proposed to explain the protective
effects against breast cancer are true then we would
expect them to apply also to other hormone-related
cancer sites such as the endometrium, ovary and
prostate. Carcinogen binding in the colon lumen
might also give rise to a generalised protection, and
the presence of isoflavonoids. tannins and other phe-
nolic compounds in the cereal husk would provide a
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mechanism similar to that proposed for vegetables
and fruits. If such a generalised protection was con-
firmed it would of course strengthen the recommen-
dation to increase intake of high fibre cereals.

General Recommendations

e Questionnaires need to be directed in future also
to the study of food groups (eg cereals) rather
than nutrients or anutrients (eg dietary fibre),
since the latter are highly heterogeneous and not
necessarily well quantitated.

e In view of the data presented in the review by
Hill (1997), a pooled analysis of the foods and
food group rich in cereals and cereal fibre to
determine the importance of cereal fibre in the
case-control and the cohort studies of diet and
colorectal cancer should be carried out.

e Many of the effects of dietary fibre in protecting
against colorectal and breast cancers are
concerned with events in the caccum and prox-
imal colon. We need to understand much more
about the ecology of this important but experi-
mentally inaccessible subsite of the large bowel.
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