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List of Subjects in 21 CFR Part 101

Food labeling, Reporting and
recordkeeping requirements.

Therefore, under the Federal Food.
Drug. and Cosmetic Act and under
authority delegated to the Commissioner
of Food and Drugs, it is proposed that 71
CFR part 101 be amended as follows:

PART 101—-FOOD LABELING

1. The authority citation for 21 CFR
part 101 is revised to read as follows:

Authority: Secs. 4, 5, 6 of the Fair Packaging
and Labeling Act (15 U.S.C. 1453, 1454. 1455):
secs. 201, 301, 402, 403, 409, 501, 502, 505, 701
of the Federal Food, Drug, and Cosmetic Act
{21 U.S.C. 321, 331, 342, 343, 348, 351, 352. 355
371).

2. Section 101.71 is amended by
adding paragraph (c) to read as follows:

§ 101.71 Heaith claims: claims not
authorized.

{c] Folic acid and neural tube defects
{insert cite and date of publication in the
Federal Register of the final rule).

Dated: November 4, 1991,

David A. Kessler,

Commissioner of Food ard Drugs.

Louis W. Sullivan,

Secretary of Health and fiuman Services.
{FR Doc. 91-27167 Filed 11-26~91; 8:45 am|]
BILLING CODE 4160-01-M

21 CFR Part 101
{Docket No. 91N-0101]
RIN 0905-AB67

Food Labeling: Health Claims and
Label Statements; Antioxidant
Vitamins and Cancer

AGENCY: Food and Drug Administration,
HHS.
ACTION: Proposed rule.

SUMMARY: The Food and Drug
Administration (FDA] is proposing not
to authorize the use on {seds, including
dietary supplemeunts, of health claims
relating to the asscoiution between
antioxidant vitamins and cancer. FDA
has reviewed the authorilative
documents and sciestific data in
conformance with the reqguirements of
the Nutrition Labeling and ¥ducation
Act {the 1990 amendments} and
concluded that there is not significant
scientific agreement to zupport the use
of health claims relating 1o antioxidant
vitamins and cancer ou libels and
labeling. Although scientific evidence is
suggestive of an effect of beta-carotenc
on cancer risk, studies available to date
nave been based on consumption of fruit
and vegetables high in Leta-carotene
and not beta-carotene iiself. Clinical
trials are currently underway to clarify
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this relstionship. Although scientific
evidence is suggestive of an effect of
vitamin C on cancer rigk, data on the
relationship are not consistent and have
mostly been obtained in studies of
consumption of foods containing high
levels of vitamin C. Such studies do not
permit a conclusion on the specific role
of the nutrient. Fvidence for an effect of
vitamin E on cancer risk are limited and
inconclusive.

DATES: Written comments by February
25, 1992, The agency is proposing that
any final rule that may issue based upon
this proposal become effective 6 months
following its publication in accordance
with the provisions of the Nutrition and
Labeling Act of 1990.

ADDRESSES: Written comments to the
Dockets Management Branch (HFA-
305), Food and Drug Administration, rm.
1-23, 12420 Parklawn Dr., Rockville, MD
20857.

FOR FURTHER INFORMATION CONTACT:
john N. Hathcock, Center for Food
Safety and Applied Nutrition (HFF-268),
Food and Drug Administration, 200 C

Strect SW., Washington, DC 20204, 202~

245-1198.
SUPPLEMENTARY INFORMATION:

1. Background

A. Nutrition Labeling and Education Act
of 1990 (the 1990 Amendments)

On November 8, 1990, the President
signed into law the 1990 amendments
(Pub. L. 101-535), which amend the
Federal Food, Drug, and Cosmetic Act
(the act). The 1990 amendments, in part,
authorize the Secretary of Health and
Human Services (the Secretary] to issue
regulations authorizing nutrient content
and heealth claims on the label or
labeling of foods. With respect to health
claims, the new provisions provide that
a product is misbranded if it bears a
claim that characterizes the relationship
of a nutrient to a disease or health-
related condition, unless the claim is
made in accordance with the procedures
and standards estublished under the act
(21 U.8.C. 343(r)(1)(13)).

Published elsewhere in this Federal
Register is a proposed rulemaking to
establish general requirements
pertaining to the use on food labels and
in labeling of health claims that
characterize the relationship of
nutrients, including vitamins and
minerals, herbs or other nutritional
substances (referred to generally as
“substances”) to a disease or health-
related condition (proposed in “General
Requirements for Health Claims”). In the
proposal on general requirements for
health claims, FDA following the
provisions of the 1690 amendments has

tentatively determined that such claims
would only be justified lor substances in
dietary supplements as well @5
conventional foods if the agency
determines based on the totality of the
publicly available scientific evidence
{including evidence from well designed
studies conducted in a manner which is
consistent with generally recognized
scientific procedures and principles)
there is significant scientific agreement,
among experts qualified by scientific
training and experience to evaluate such
claims, that the claim is supported by
such evidence.

The 1990 amendments also require
{(section 3 {b)(1)(A)(ii), (b)(1)(A)(vi), and
(b)(1)(A)x)) that within 12 months of
their enactment, the Secretary shall
issue proposed regulations to implement
section 403(r) of the act, and such
regulations shall determine, among other
things, whether claims respecting 10
topic areas, including antioxidant
vitamins and cancer, meet the
requirements of the act. In this
document, the agency will consider
whether a claim on food or food
products, including conventional foods
and dietary supplements, on the
relationship between antioxidant
vitamins and cancer, would be justified
under the standard proposed in “Food
Labeling: General Requirements for
Health Claims for Food: Proposed Rule.”

B. Antioxidant Vitamins and Cancer—
Public Health Aspects

Section 3(b)(1)(A)(x) of the 1990
amendments requires that FDA
determine whether claims for effects of
dietary supplements, including the
antioxidant vitamins in relation to
cancer, meet the standard that FDA
adopts under section 403(r)(5)(D) of the
act for determining the validity of health
claims. Because the standard that FDA
is proposing under that section is the
same as the standard that js established
in section 403(r)(3)(B)(i) of the act for
conventional foods, FDA is extending
consideration of this topic area to all
sources of antioxidant vitamins.

To comply with the provisions of the
1990 amendments, FDA requested, in the
Federal Register of March 28, 1991 (36
FR 12932), scientific data and
information on 10 specific topic areas,
including the topic of antioxidant
vitamins and cancer. The agency has
considered data and information
obtained from these submissions in its
evaluation of the scientific basis for a
health claim for antioxidant vitamins
and cancer.

1. Cancer

Cancer is a disease of major public
health importance in the United States.

All forms of cancer taken together are
runked as the second most common
leading cause of death in the United
States and account for one in five
deaths (Ref. 1). Deaths from cancer
numbered more than 475,000 in 1987.
The overall economic cost of cancer.
including the direct health care costs
and losses from morbidity and mortality,
was estimated to be $72.5 billion (Ref.
2). The social impact of cancer can be
measured in part by the potential vears
of life lost by death before age 65.
Potential years of life lost were 18
million years for cancer compared to 15
million years for heart discase (Ref. 3}.

Risk of occurrence differs markedly
for various types of cancer. In 1990, the
leading types of cancer in men in the
United States were lung (35 percent of
all cancer deaths), colorectal (11
percent), and prostate cancer (11
percent). For women, the leading tvpes
were lung (21 percent), breast (18
percent), and colorectal cancer (13
percent) (Ref. 3).

Factors that may influence the risk of
cancer include not only diet but also life
style, environment, and genetics.
Antioxidant vitamins may have
important, possibly protective,
influences on the risk of certain cancers,
but other dietary factors such as intakes
of energy (calories), type and amount of
fat, and other food components may also
make important contributions to the
relationship between diet and cancer
(Ref. 4a).

2. Antioxidant Vitamins

The antioxidant substances that FDA
has chosen for consideration are vitamin
C, vitamin E, and beta-carotene.
Vitamins C and E were chosen because
they are vitamins that function as
antioxidants (Ref. 4). FDA chose bets-
carotene because it is an antioxidant,
and because it is a provitamin and an
important source of dietary vitamin A
activity (Ref. 4). FDA did not choose
vitamin A (retinol) and retinoic acid
because their biological functions are
not through an antioxidant role, and
because vitamin A cannot function in a
fashion similar to that of beta-carotene
(carotenoids) and vitamins C and E (Ref.
5b).

a. Bela-carotene. Beta-carotene, a
vellow-arange plant pigment, is only one
of a large family of carotenes, some of
which serve as vitamin A precursors
and some of which do not (Refs. 6 and
7). Of all of the carotenoids. beta-
carotene has the greatest provitamin A
activity.

In addition to serving as a source of

itamin A activity, the antioxidant
function of beta-carotene is important.
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5 a common couslituent of the human
i, bela-cerotene is a component of
wly's primary delenses agains! the
nfui substance known as free
radicals end reaclive oxygen molecules
Rufs. 8, 8, and 11}, Bela-carctene and
imilar mrmenoidq trap, deactivate, and
clestroy these molecules and prevent the
damage they can cause. A way in which
beta-caroiene mlght possibly alter the
sk of cancer is ihmugh its elfect on the
1mune sysiem. Beta-carctene and
canthaxanthin have been shown to

aahance the immune response in rats
{Ref. 12). Beta-carotene has been
demonsirated to produce changes in
immuae cellular marker expression in
vivo in humans (Ref. 13) in which there
was an increase in the percentage of
21ls expressing natural killer cell
tharacteristics and activities, changes
often related to increased resistance to
cancer in experimental animals.

All of the carotenoid pigments similar
in chemical structure to beta-carotene
have antioxidant activity and the
capacity for trapping and deactivating
free radicals and reactive oxygen
iss. Of the carotenoids that
rinate in human plasma (Ref. 131).

i .lywucne beta-cryptoxanthin,
zeaxanthin, lutein, and alpha- and beta-
carotene, all have this activity and
ca p acity. Carotenoids ere prevalent in
yellow and greenish-yellow foods, such
45 carrots, squash, broccoli, sweet
notaioes, tomatoes, and kale; these
iveds arve some of the best sources of
carctenoids. The fact that, collectively,
carotenoids centribute significantly to
the daily vitamin A intake and function
as antioxidants makes these compounds
tmportant components of the daily diet.

b. Vitamin C. Vitamin C (L-ascorbic
acid) is a watersoluble antioxidant
vitamin that cannot be synthesized by
humans. Dehydroascorbic acid, an
oxidized form of ascorbic acid, may be
present in the diet, and also has vitamin
C activity. Dietary deficiency of vitamin
C. which is extremely rare in the United
States, leads to scurvy.

Vitamin C functions in a variety of
enzymatic reactions that require
molecular oxygen. For example, vitamin
£ is involved in enzyme reactions
required for formation of proteins in
connective tissue. Vitamin C also serves
as an effective free-radical scavenger to
protect cells from damage by oxidants.
it is in this capacity that vit amin C may
provide protection against adverse
=ffects of potential carcinogens. Vitamin
C plays roles in maintaining the integrity
of intracellular matrices, enhances the
smmune system, and is necessary for
VBT 1 types of biochemical reacticns
. 8).

[

’17 :)‘

The richest food gources of vitamin {
are green peppers, breceoli, citrus fruits,
wmelons, tomatoes, raw cabbage, and
green leafy vegetables such as spinach,
turnip, and mustard and collard greens.
The amount of vitamin C in the United
umtes food supply has increased
siguificantly since the beginning of the
century; this has been the resull, in part,
of the greater availability of citrus fruits
and dark grzen vegetables and to
fortification of some foeds with vitamin
C. About 73 percent of the vitamin C
intake in {i.e United States is derived
from fruits and vegetables {Nationwide
Food Consumption Survey of 1977 and
1978).

The Recemmended Dihtary
Allowance (RDA) for vitamin C for
adulis is 60 milligrams per day (Ref. 13}
The major contributors of vitamin C to
the United States diet are orange juice,
grapefruit and grapefruit juice, fortified
fruit drinks, oranges, tangerinas, and
potatoes [Ref. 4a).

Estimated average intakes of vitamin
C are well above the RDA for men,
women, and children {182, 133, and 186
percent, respectively, of the RDA's) (Rel.
4a). Between 35 and 40 percent of the
adult U.S. population are estimated to
take nutrient supplements, and
approximately 80 percent of these take a
supplement that includes vitamin C.

A 16885 National Healih Interview
Survey (Ref. 15) of vitamin and mineral
supplement use in the United States
found that men and women [about 31
percent of all adults] consumed vitamin
C more than any other nutrient, and the
median intake of vitamin C was 200
percent cf the RDA due to this
supplement intake. Current dietary data
indicate that mean intake of vitamin C is
well in excess of the RDA's for all
population groups, and the additional
supplement use provides a large
segment of the pgpulation with intakes
several fold the RDA levels [Ref. 2).

¢. Vitamin E. Vitamin E has received
attention as an antioxidant vitamin that
may reduce the risk of cancer. The
vitamin represents a family of
compounds, tecopherels and
tecotriencls. These compounds exist in
various forms and have different
biviogical activity The most active form
of vitamin E is alpba-tccopherel
followed by beta-tocepherc!, gamma-
tocopherol, and alpha-tocotriensl. The
basic b?oiogical function of vitamin E in
animal tissues is as an antioxidant
where it acts as a defense against
potentially harmful reactions with
oxygen (Ref. 2). Determinatica of the
requirements for vitamin E is
complicated by variations in
susceptibility of dietary and tissue fatly

anids 1o peroxidation {reaction with an
gen molecule te form a fatty acid
ide), and ditficulty in
demonstrating charges in vitamis
siatus in the general healthy popud
{Ref. 16). The richest food souw
vitamin E are wheat germ, ve
{corn, cotlonseed, saifiowe
and sunflower oils), and 'pmu:cts m
from vegetable oils. Qtlier good sov

e nuts, seeds, whole grains, and w
LT,

The National Research Council {NR{)
in the 1889 edition ¢f "Recommended
Dietary Allowances” {Ref. 14) stated
that an adequate level of vitamin E
implies that the ratio of tccopherol to
polyunsaturated fatty acid in the tissux
protects lipids from perox£d.;ﬁ<m.

permits normal biclogical functions, «
d!iOV\'.“ for individual variations of lipids
in tissues. According to the NRC, these
griteria of adequacy zppear to be meat hy
amounts of vitamia E and
polyunsaturated fatty acids in balanced
diets consumed by healthy individus
Therefore, the RDA’s are primarily
based on customary intakes from the
11.8. food supply.

The RDA's for vitumin E have been
set by the NAS (Ref. 14). The RDA is 10
mg of alpha-tocopherol equivalents for
males 11 years of age and older and 8
mg of alpha-tocopherel equivalents for
females 11 years and older, The
allowance of alpha-tocopherol
aguivalents for infants and children 1 10
10 years of age is 6 to 7 mg and the
allowance for infanis jess than 1 yeur of
age is 3 to 4 mg. One alpha-tocopherol
equivalent is defined as 1 mg d-alpha-
tocopherol. The adequacy of the RDA's
for vitamin E will vary, if the
polyunsaturated fatty acid content of tae
diet increases greatly over intakes in
current balanced diets in the United
States.

d. Interactions amonyg anticsidont
vitamins. The anticxidant vitamins are
interactive in that they complement
each other during situations of bislogical
stress. Vitamin C, most of which is
located in the agueous portion of the
cell, spares vitamin E until the vitamia C
reserve is depleted {Ref. 17). Vitamin E
is located in the lipid portions of all
membranes. and it deactivates free
radicals. Sparing action has also been
observed between beta-carotene, which
is also found ia the lipid porticns of the
cell, and vitamin E in that beta-carotecs
exhibits deactivation of free radicals
similar to that of vitamin E. Beta-
carotene, vitamin C, and vitamin E all
inhibit damage by cxidative chemicels,
including carcinogens {Ref. 7). More
specifically, beta-carolene traps reaclive
oxygen mulecules, vitamin E 2nd beta-

HEE
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carotene remove free radicals, and
vitamin C inhibits oxidative reaclions
and also removes [ree radicals.

The antioxidant vitamins may also
interact negatively in that high doses of
one can counteracl the uplake, transport
and storage of another. For example,
high intakes of beta-carotene
wdministered to humuns for 6 months or
more can deplete plasma levels of
vitamin E (Ref. 18b). In another report
{Ref. 20), high intakes of beta-carotene
{or over 4 years did not alter vitamin E
levels in humans. However, high intakes
of vitamin A in rats were shown to
¢aplete plasma levels of vitamin E (Ref.
19).

Because of the complementary and
&nlagonisiic interactions among the
antioxidant vitamins, higl intakes of
one without commensurate increases in
the others may not supporl optimum
status and functions for these nutrients
(Refs. 4a and 21). Foods may, therefore,
provide a better balance of these
nutrients than do supplements, and
foods supply other substances such as
fiber, minerals, and many nonnutrients
that may be important in reducing the
risk of some cancers {Refs. 4a and 17).

3. Basis {or Associations Between
Antioxidant Vitamins and Cancer

a. Mechanism:s of carcinogenesis and
relationship to entioxidants. The
complex process of carcinogenesis is
often described as occurring in distinct
rhases (Refs. 4 and 28) including: {a)
Initiation, (b) promotion, (c) progression,
and (d) metastasis. Initiation of the
carcinogenic process results from
chemical or physical damage to cellular
genetic material {deoxyribonucleic acid
(DNA)). Cell replication then results in
fixation of the damage as a mutation.
Promotion involves stimulation of the
growth of initiated cells. Progression is
the malignant transformation of the
initiated cell mass into an invasive form
that is not subject to the normal limits or
controls of cellular replication.
Metastasis is the spread or
dissemination of cells from the original
tumor to new sites in the body.

Most dietary carcinogens occur as
procarcinogens, i.e., as substances that
require activation to a reactive form that
is termed the proximate carcinogen
(Refs. 22 and 23). The ultimate
carcinogen, an extremely reactive and
unstable species, is produced by
rearrangement of the proximate
carcinogen. The ultimate carcinogen is
the form that is directly involved in the
reaction with nucleic acids or other
substances with similar chemical
reactivity (nucleophiles).

This general pattern of carcinogen
activation, chemical reaction of the

carcinogen molccule with nucleic acids,
mulagenesis, and carcinogenesis is
firmly established through experiments
with animals and with cultures of
human and animal cells (Refs. 22 and
24).

A major effect of vitomino C that could
be the basis of protection against cancer
is its ability lo inhibit nitrosamine
formatien (Ref. 25). Nitrosamines (N-
nitroso amines and N-nitroso amides)
are lypes of carcinogens which occur in
foods and are produced within the body
by reaction of nitrite with other dietary
or endogenous amines and amides (Refs.
25 and 26). Some nitrile occurs in food,
liut more is produced from reduction of
nitrate by bacteria in the mouth and
small intestine (Ref. 26). Nitrate occurs
in food (Ref. 26), and some is produced
in the body from L-arginine {Ref. 27).
The nitrosaticn reactions occur rapidly
in the acid environment of the stomach
and upper dusdenum (Ref. 25). Most
nitrosamines tested in experimental
anjmals are carcinogenic, and some are
very potent carcinogens affecting
multiple sites (Ref. 26).

b. Associations between antioxidant
vitamins and risk of cancer Beta-
carotene. Epidemiological studies in the
1970's and early 1980's showed an
inverse association between vitamin A
intake and lung cancer and cancers at
varjous sites (Ref. 28). A reexamination
cf the early vitamin A intake data in
relation to cancer, however, revealed
that the sources of the vitamin A were
fruits and vegetables which contain

beta-carotene and other carotenoids. As

stated above, beta-carotene is a
precursor of vitamin A and is not
vitamin A itself. Therefore, the focus of
research on the relationship between
vitamin A and cancer shifted to the
carotene content of the foods consumed.

This hypothesis of the relationship
between ingestion of beta-carotene and
decreased cancer risk has persisted.
Results of animal studies indicate that
Lieta-carotene is effzctive in preventing
cancers induced by certain chemical
carcinogens. This information however,
is helpful only with regard to discerning
mechanisms involved in cancer
development, because the type and
amount of carcinogen used in the animal
experiment are not typical for humans.
The strongest evidence to support the
hypothesis that beta-carotene decreases
the risk of cancer is from
epidemiological studies involving fruit
and vegetable consumption, and not
from studies of beta-carotene itself in
humans. When completed, clinical trials
currently underway should provide
more direct evidence on whether beta-
carotene alters the risk of cancer in
Lhumans.

c. Vitamin C. A hypothesized
relationship between ingestion of
vitamin C and risk of cancer has
developed from several types of studies.
For example, human studics have shown
a pratective association between
consumplion of foods that contain
vitamin C and cancers of several sites
(Ref. 29). Studies in experimental
animals have shown that animals fed
both vitamin C and precursors of
carcinogenic oitrosamines develop
fewer tumors than animeals fed the
precursors alone (Ref. 30). Vitamin C
has been shown to reduce bladder
tumors in animals induced by one
carcinogen (Ref. 31), but not by another
(Ref. 32). Biochemical studies have
shown that vitamin C prevents the
oxidation of specific chemicals to active
carcinogenic forms (Ref. 31}, and
vitaniin C blocks the formation of
carcinogenic nitrosamines from nitrates
and nitrites in the digestive tract (Refs.
30 and 33b). The combination of
evidence from epidemiological studies
and evidence from several types of
studies with animals which involved
administration of carcinogens and
carcinogen precursors provides a strong
basis on which to postulate that vitamin
C reduces the risk of cancer in humans.

d. Vitamin E. The hypothesis that
vitamin E may reduce the risk of some
types of cancer is based on two kinds of
scientific findings. Animal studies have
demonstrated an inhibitory effect of
vitamin E on cancers induced by
ultraviolet light and certain chemicals.
These studies date back to the earliest
days of vitamin E chemistry (Ref. 34).
More recently, the implications of
reactive oxygen molecules in cancer
development provide a theoretical basis
for the involvement of vitamin E {a
strong antioxidant) in the development
of cancer, because carcinogens are
activated by oxidative processes and
oxidation of cell components may
contribute to cancer development (Refs.
4a and 22).

C. Regulatory History of Antioxidant
Vitamins

1. Nutrition Labeling

FDA published a proposal to amend
the food labeling regulations to codify
and clarify the agency’s policy on the
appropriate use of healih claims on food
labeling in the Federal Register of
August 4, 1887 (52 FR 28843). On August
8, 1989, FDA published in the Federal
Register (54 FR 32610) an advance notice
of proposed rulemaking requesting
public comments on (among other areas)
how to reasonably permit the use of
claims on food labels that link foed
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cempoenents to reducing the risk of
chronic disease. In the Federal Register
of February 13, 1949 {55 FR 5176), FDA
withdrew the August 4, 1987 proposal
(52 FR 28843) and reproposed to amend
the food labeling regulations to provide
for the use of health claims on food
lubeling. The purpese of the reproposal
was, In part, to establish procedures for
permitting valid and reliable consumer
information on feod labels about the
velue that ingestion of dietary
compenents may have in either lowering
the risk or forestalling the premature
onset of particular chronic disease
conditions. The topic of antioxidant
vitamins and cancer was not specifically
mentioned in any of these decuments.

Comments from a consumer advocacy
group and several industries suggested
tkat topics other than the six specified in
tha reproposed rule making were worthy
of consideration and slated that the role
of antioxidant vitamins and beta-
carotene in preventing diverse diseases,
especially cancer, should be considered.
Cre comment suggested that health
clzims might be appropriate for the
relationship between cancer and fruits
and vegetables and the antioxidant
vitamins, Another comment argued that
a health claim for beta-carotene rich
focds would be consistent with the
dietary recommendations of
organizations such as the National
Cancer Institute. Several comments
asserted that a substantial body of
evidence exists showing an inverse
association between focds high in beta-
carotene and a reduced risk of certain
forms of cancer.

A trade association for the dietary
supplement industry commented that, in
its opinion, the evidence is
“overwhelming” that consumption of
fruits and vegetables high in antioxidan!
vitamins reduces the risk of certain
forms of cancer, and that the scientific
evidence suggests that vitamins C and E
and beta-carotene are responsible for
this effect. A pharmaceutical company
commented that it felt antioxidant
vitamins, particularly vitamin C, are
effective in vivo antioxidants and are
involved with other diseases such as
heart disease, cataracts, rheurnatoid
arthritis, and Parkinson's disease. A
major food manufacturer commented on
the relationship of beta-carotene and
cancer, citing currenily completed
epidemiclogical evidence and ongoing
clinical trials.

No comments were received from
consumers or from professional
organizations of physicians or other
Liealth care workers.

These comments were superseded io
by section 3(b){1)(A})(x)} of the 1990
amendments, which directed FDA to

consider the relationship between
dietary supplements of antioxidant
vitamins and cancer, among other
topics. These topics are considered in
this and other documents published in
this issue of the Federal Register.

2. Regulatory Status

Substances that are added to fuod
may be categorized as generally
recognized as safe (GRAS) ingredients,
food additives, or subject to & sanction
or approval granted by FDA or the U.S.
Department of Agriculture (USDA) prior
to September 6, 1958. Substances may
be GRAS in accord with the general
principles stated in 21 CFR 170.30, listed
as GRAS in 21 CFR part 182, or affirmed
as GRAS in 21 CFR part 184. The status
of the most common uses in foods of
carotenoids, vitamin C compounds, and
tocopherol compounds is summarized
below.

The following carotenoid compounds
and sources rich in these carotenoid
compounds are approved color additives
for food use exempt from certification:
beta-carotene {21 CFR 73.95), betaapo-8'-
carotenal {21 CFR 73.80), and carrot oil
{21 CFR 73.300). Beta-carotene is
affirmed as GRAS for use as a nutrient
supplement {21 CFR 184.1245) and listed
for use in dietary supplements
§ 182.5245. Carrot oil, essential oil or
extractive, is listed for use as a flavoring
substance § 182.20.

Ascorbic acid {vitamin C) is listed as
a GRAS ingredient for use as a chemical
preservative (antiexidant) {21 CFR
182.3013), in dietary supplements {21
CFR 182.5013), and as a nutrient (21 CFR
162.8013). Ascorbyl palmitate, ascorbyl
stearate, calcium ascorbate, and sodium
ascorbate are listed as chemical
preservatives (21 CFR 182.3149, 166.110,
182.3189, and 182.3731, respectively).
Ferrous ascorbate is affirmed as GRAS
for use as & nutrient supplement (21 CFR
184.1307a}, although, at usual levels of
intake, ferrous ascorbste contributes
little vitamin C activity. A nicotinamide-
ascorbic acid complex is listed as a
special dietary and nutritional food
additive in 21 CFR § 172.315.

Tocopherols are listed as GRAS for
use as dietary supplements (21 CFR
182.5890), as nutrients (21 CFR 182.88G3),
and as chemical preservatives
{antioxidants, in 21 CFR 182.3890, and
inhibitors of nitrosamine formation {21
CFR 184.1890)). Alpha-tocopherol
acetate is listed as GRAS for use in
dietary supplements (21 CFR 182.5892}
and as a nutrient (21 CFR 182.8892).

D. Evidence Considercd in Reaching the
Decision

The agency reviewed all relevant
scientific evidence on associations

betweoen ingestion of antioxidant
vitamins (vitamins C and E) and betu-
carotene and reduced risk of cancer.
The scientific evidence and conclusions
that the agency reviewed included those
in the “Surgeon General's Report on
Nuirition and Health” {Surgeon
Ceneral’s Report) (Ref. 4a), “Nuiriticn
and Your Health: Dietary Guidelines for
Americans” (Ref. 25). and the U.S.
Department of Health and Human
Services (DHHS) “Healthy Feople 2000:
National Health Promotion and Diseasn
Prevention Objectives” {Ref. 3). The
agency also reviewed other
auvthoritative decuments, NRC's “Diot
and Heaith” {Ref. 2), end
“Recoinmended Dietary Allowances™
{Ref. 14), and the Life Sciences Research
Office’s “Vitamin A and Cancer” {Ref.
36), "Vitamin C and Cancer” {Ref. 37)
and “Vitamin E and Cancer {Ref. 38),

The agency updated the evidence
reached in these documents by
reviewing all human studies in the
literature subsequent to these
documents and all new review articles,
The updated literature search began
with 1987, The agency also considered
the results of animal studies 1o the
extent that they clarified human studies
or suggested possible mechanisms of
action.

To assure that its review of relevant
evidence was complete, FDA requested,
in the Federal Register of March 28, 1691
{56 FR 12932}, scientific data and
information on the 10 specific {opic
areas identified in section 3(b)(1){A}{vi)
and {b)(1)(A}{x) of the 1990
amendments. The topic of antioxidant
vitamins and cancer was among the 10
subjects on which the agency requested
scientific data and information. The
agency reviewed all of the documents it
received, including letters, press
releases, scientific articles, review
articles, and recommendations. Where
appropriate, data submitted in scientific
articles were considered in the review of
the scientific literature {section I1.)

E. Comments Received in Respornse o
FDA’s Request for Scientific Data and
Information

FDA received 17 comments in
response to the March 28, 1991 Federal
Register notice (56 FR 12932) concerning
antioxidant vitamins and cancer health
claims. Of the comments received, nine
were from industry, three frem
professional organizations, two frem
trade associations, oue from an
individual consumer, one from a state
government, and ene from the
Government of Canada.

Over 435 references were received.
including recent review articles on
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antioxidant vitamins and cancer. Some
of the responses included references
ondy, while others contained references
and comments, or just comments. The
comments generally cited data or
opinions from specific references. tie
maiority of the comments supported a
health claim relative to the antioxidant
vitumins and cancer. In general,
comments from manufacturers and
asgsociations, as well as from a few
research organizations, argued that the
evidence for beneficial effecls of
antioxidant vitamins in relation to
cancer is strong, or even compelling,
that these substances are safe, and
therefore, the only reasonable course of
aciion is to allow health claims in this
area.

The regulatory status of health claims
for antioxidant vitamins and canger in
Canada was described in comments
from the Director General, Food
Directorate, Health and Welfare,
Canada. The official position of Canada
on the relationship of diet and nutrients
io disease and the metabolic effecis of
niutrients is stated in the volume

e

“Nutrition Recommendations, the Report

of the Scientific Review Committee—
1990.” In sections related to Water-
Soluble Vitamins and Fat-Soluble
Vitamins, this report concluded that, for
vitamin C and the fat-soluble vitamins,
evidence for protecticn against cancer
lacks specificity and is inconclusive.
The Government of Canada pointed out

that health claims would be ilizgal under

Canadian law and thus advised against
such claims.

All of the nine responses regeived
from industry included literature
references on antioxidant vitamins and
cancer. One chemical company provided
data to demonstrate the efficacy and
safety of antioxidant vitamins,
especially vitamins C and E, and beta-
carotene. A food manufacturer
suggestaed that FDA alsc consider the
inieractions between antioxidant
vitamins and selenium. The comment
also suggested that antioxidants may be
depleted by oxidative stress, thereby
enhancing risk of a variety of diseases
including heart disease, breast and
cervical cancer. A diet systems
company provided a tabular summary
concluding that antioxidant vitaming
{but nut any one specificatly) are
protective against cancers of tiie breast
and colon. Another manufacturer argued
that animal research and human
epidemiologic and blood level studies
support a protective effect for vitamin E,
vitamin C, and beia-carotene, but that
continued research is warranted.

A pharmaceutical manufactures
commented that: (1) Free radical

damage is widely accepted as a raajor
theory of curcinogencesis and thot the
antioxidant vitamins are effeciive
inhibitors of this process; {2) many
persons are net consuming RDA levels
of the vitamins; (3) epidemioclogic
evidence is supportive of beneficial
cffcets by the antioxidant vitamins, and
the Nationz! Cencer Institute and the
USDA have recommended increased
intakes of certain foods on this basis; (4}
there is little or no evidentce that
consemers will replace conventional
medical care with dietary “treatments”
for cancer or other disease; and (5}
supplementation is beneficial and
sssentially risk-free. A pharmaceutical
and a supplement manufacturer argued
that they recommend a beneflt/r..,k
approach instead of consideration of
only what has been established as an
“inconirovertible scientific fact.” 'I’hwe
two pharmaceutical manufacturers also
expressed extreme concern and
dissatisfaction with the rulemaking
process.

FDA nctes in response to these
comments that the “benefit/risk” or
“vssentially risk-free” rationale does not
qualify as a basis for a health claim. The
1990 amendments provide that a health
claim is justified only if the agency
determines, based on the lotality of
publicly available scientific evidence
relating the nutrient and the disease,
that there is significant agreement
among qualified experts that the claim is
supported by such evidence. Therefore,
ihe agency rejects the concepts of
“benefit/risk” or “esseuntially risk-free”
as basig for a health claim becauss of
their inconsistency with requirements of
the 1950 amendments.

A private research foundation
commented that evidence supports the
conclusion that increased intakes of
m icronutrients including the antioxidant
itamins lowers the risk of cancar T
specially in the stomach and
esophagus. The comments stated.
however, ikat the emphasis should be
on avolding intake of carcinogens,
rather than on consumption of
anticarcinogens. On the other hand,
another professional organization
argued that there should be no doubi
congerning the antioxidant efficacy of
cartain vitamins.

A trade association commented that
the WRC's book "Diet and Health”
(Commitlee on Diet and Health, 1086
virtually ignored this 1mp(ﬁlant topic of
antioxidant vitamins and cancer, even
though data and conclusions of
important benefits have been published
by respectable scientists. A trade
association for the dietary supplement
industry submitted abstracts on

sclerineyand cancer. 1 also cited
evidence that vitamin Cis effective,
Loth in anbals and in huniauns,
a wide variety of cancer types/sites,
through a variety of mechanisms, and
with exposure of animals to 4 variety o

CAFLINGEens.,

Prencairtect
agisins

A siote government sgency provid
only ge;n:’er:al mmmonts on the nutr
herals s musi be
) jrq"\“v any health olaim.
egominended Lthai
srientific a(;reemeut should be
cansidered the cornerstone of any
health claim. This state government
agency and a professional organization,
however, urged that FDA be extremely
cautious in meking its decision.

The agency h as (ormdc'&; each of
these comments in its development of
this proposal.

I. Criteria for Evaleation
Evidence

cf Scientific

FDA has evaluated the data from
buman studies against general criteria
for good r.zxpeumentdl design, execution,
and analysis. The criteria used in
evaluating epidemiological studies
includsd

(1) Relisbility and accuracy of the
methods vsed in food intake analysis
and measurement of disease endpoints;

{2} Choice of control subjects (e.g.
hos mdl—oused versus ponulation-
based);

(3) Representativeness of subjects;

(4) Control of confounding factors,
particuiariy fat, which has an inverse
correlation with, and fiber intake which
has a positive correlation with, fruit and
vegetable intake, in data analysis;

(5} Potential for misclassification of
individuals with regard to dietary
evpmurv or disease end peints;

(6} Presence of recall bias and
imtervieveer bias; and

(7§ Degree of compliance and how
compliznce wes ab\psspd

FDA evaluated the weaknesses and
strengths of individual studies (see
“Assessmeni” column of tables
following each antioxidant vitamin). The
,.qen.,} then assessed the strength of the
overal!l combined evidence (e.g..
epidemiologic studies and animal
¢tudies], taking into account the strengih
of the ¢#ssocintion, the consistency of
findings. specificity of the association
evidence for a biological mechanism,
and presence or absence of a dose-
response relationship, FDA’s
conclusions reflect the strength,
consistency. and preponderance of dita.
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1. Review of Scientific Fvidence: Beta-
Carotene

A. Federai Covernmen: Docuirents and
Statements

In 1988, “The Surgeon General's
Report 6n Nutrition and Health {Ref. 4a)
ronsidered the role of carotenoids in
cancer. The report concluded that some
epidemiologic studies provide suggestive
evidence ihat frequent consumption of
vegetables and fruits, particularly dark
green and deep yellow vegetables which
contain carctenoids, including the beta-
carctene precursor of vitamin A, may
lower risk for cancers of the lung and
bladder as well as some cancears of the
alimentary tract. The report pointed out,
however, that these studies have not
ruled out the possibility of protection
from some other active compuaent of
fruits and vegetables. Until the results of
chemoprevention clinica! intervention
trials examining these relationships
become available, the report stated that
it could conclude only that an increase
in consumption of fruits and vegetables
might benefit persons who now consume
below average amounts of these foods.
No risks from consumpticn of beta
carotene or carotencids were identified.

USDA and DHHS in “Nutrition and
Your Health: Dietary Guidelines for
Americans” {Ref. 35) recommended the
consumption of generous porticns of
vegetables and fruit, but did not make a
specific reference to the role of
increased consumption cf these foods
and the lowered risk of cancer.

B. Other Authoritative Documents and
Statements

The NAS 1989 report on “Diet and
Health” (Ref. 2) found that there is
strong evidence that a low intake of
carotenoids, which are present in green
and yellow vegetables, is related to an
increased risk of developing lung cancer.
The report stated that the mechanism
for the link between frequent
consumption of vegetables and fruits,
especially green and yellow vegetables
and citrus fruits, and decreased
susceplibility to cancers of the lung,
stomach. and large intestine is not well
understood because the responsible
agents in these foods and the
mechanisms for their protective effect
have not been fully determined.

The 10th edition of the
“Recommended Dietary Allowances”
(Ref. 14) contains a discussion of
carotenoids with regard to the
recommended allowances for vitamin A.
The report stated that most carotenoids,
unlike vitamin A, trap free radicals and
remove reactive oxygen molecules
which can cause changes in cells. The
report further stated that because only

about 10 percent of carotencids in
nature show provitamin A activity, any
anticancer effects that carotenoids
possess might be related more to their
antioxidant or other properties than to
their conversion into vitamin A. The
RDA report suggested that. a generous
intake of carotenoid-rich foods may be
of benefit.

The Life Sciences Research Office
(Ref. 36) reviewed the recent scientific
literature on "'Vitamin A {including beta-
carotene) and Cancer” and concluded
that: (1) The data relating vitamin A to
cancer are inconclusive, (2) the strongest
evidence supports a possible protective
role of fruits and vegetables in reducing
the rates of cancer of various sites,
particularly cancers of the lungs, colon/
rectum and breast, and (3) the beta-
carotene content of these foods may, in
part, be exerting some of the effects.

C. Review of the Scientific Literature

The agency reviewed available
scientific evidence on beta-carotens and
carotenoids and cancer provided by
epidemiological studies (prospective and
retrospective) and clinical studies
published since the publication of “The
Surgeon General’s Report on Nutrition
and Health” (Ref. 4a). The data that
FDA reviewed were evaluated
according to specific criteria. Studies
that involved healthy matched controls
(e.g., age, sex, and ethuic origin) that
were controlled for confounders, such as
smoking, and that used validated
dietary assessment instruments,
apprepriate storage conditions for test
samples, and adequate sample size were
given the greatest weight by ¥FBA, When
the possibility could not be excluded
that the observed association was
mainly a result of the disease altering
indications of beta-carciene, or resulted
from an effect of another subsiance in
the foodstuff influencing the disease. the
study was given less weight.

1. Primary Human Studies

Epidemiclogical studies of a
retrospective nature that have assessed
consumpticn of fruits and vegetables in
relation to cancer mortality are shown
in Table 1. Most of these case-control
retrospective studies show an inverse
association between intakes of fruits
and vegetables rich in carotenoids and
the risk of lung cancer. However, some
studies also show that intakes of these
foods are associated with a lowered risk
of colorectal and stomach cancers.

LeMarchand and coworkers {Ref. 39)
reported that higher intakes of foods
containing beta-carotene are associated
with lower risk of lung cancer in a multi-
ethnic population of men ard women in
Hawaii. These researchers also reported

stronger associations of lower lung
cancer risks with consumption of all
vegetables, dark green and crucifercus
vegetables, and tomatoes than with
consumption of beta-carotene.

Bond and coworkers (Ref. 40} reporied
similar findings of a lower lung cancer
risk with higher intakes of foods with a
high carotenoid index in a population of
chemical company employees in Texas.
Recently, upon reevaluation of data
relating dietary intake to prostate
cancer, these researchers (Ref. 41)
reported that beta-carotene intake is not
associated with prostate cancer risk.
Prostate cancer risk, however, was
reported to be inversely related to
intake of foods containing beta-carotene
in men over 70 years of age in two
studies conducted in Japan (Refs. 42 and
43).

Adjusted risk of ovarian cancer was
reduced with high intakes of beta-
carotene in the study of Slattery et al.
(Ref. 44). In a study conducted in
England, Coggon et al. (Ref. 45) reported’
that intakes of fruits and salad
vegetables were inversely associated
with risk of stomach cancer. Kune et al.
(Ref. 46) and LaVecchia et al. (Ref. 47)
reported that risks of colorectal cancer
were inversely associated with higher
intakes of vegetables containing beta-
carctene or those with a higher
carotenoid index and vitamin C. In both
of these studies, however, as with other
studies showing a significant inverse
relationship of higher intakes of fruits
and vegetables and cancer risks,
complementary effects of the
antioxidants or effects of other
componernts of the foods cannot be ruled
out as the cause of the observed
association. '

In a unique iype of case-control
retrospective study, Smith and Waller
(Ref. 50) included immediate family
members of cancer patients and
immediate family members of control
hospitalized subjects in assessing the
association between serum beta-
carotene and cancer, Lower serum
levels of beta-carstene were observed in
patients with cancer of the lung,
stomach, esophagus, small intestine,
cervix and uterus. Lower serum levels of
beta-carotene were also found in
relatives of the cancer patients
compared to serum levels in control
subjects and their relatives. The
inclusion of immediate family members
as part of the study design corrects for
effects from the illness. Additionally, the
matching of subjects as to smoking
status, age, sex, length of sample storage
as well as the use of relatives, make the
findings in this study consistent with
those of prospective studies.
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Prospective studies shown in Table 2
assessed dietary intake of foods rich in
carotenoids and the subsequent
development of cancer. There was an
inverse association between intake of
carotenoid-rich fruits and vegetables
and risks of breast, lung, ﬂnd other
epithelial cancers in three studies (Refs.
51 through 53}. However, Paganini-i{ill
et al. (Ref. 54) reported no association
hotween intake of beta-carotene-rich
foods and cancer at various sites.

In prospective studies (Table 3j in
which serum or plasma carotenoid
levels were measured in subjects who
later developed cancer, Wald et al,
(Refs. 55 through 57) and Connett &t al.
(Ref. 58) reported an inverse association
batween blood beta-carotene levels and
lung and stomach cancers. In a 12-year
followup prospective study, overall
cancer mortality was inversely
associated with plasma carotene
adjusied for cholesterol levels, and
bronchus and stomach cancers were
inversely associated with total plasm
carotene (Refs. 59 and 60j.

Premalignancy studies, or those in
which neoplastic changes in a tissue do
not affect appetite and food intake or
carotenoid metabolism in blood, offer
the advantage of early diagnosis and
assessment of dietary associations. An
example of premalignancy studies are
case-control studies of cervical
dysplasia and in situ carcinogenesis in
which the stage of cancer development
is diagnosed by microscopic
examination of celis. Beta-carotene
exposure was assessed as intake of
deep green and yellow vegetables,
dietary beta-carotene, or plasma beta-
carotene levels. Beta-carotene exposure
{rom either of the above dietary sources

“was inversely correlated with the
incidence of premalignancy ir all but
one of the studies reported (Table 4)
(Refs. 62 through 66). In a small group of
cases and controls, De Vet et al. (Ref.
67} found no association between beta-
caroiene supplements, consumed at 10
mg per day for 1'month, and changes ia
cervical dysplasia. The authors
suggested that the supplementation
period may have been too short to
provide conclusive results.

A number of chemoprevention
intervention trials are underway that are
zimed at preventing or reducing the
recurrence of malignancies(Table 5).
These trials will be ongoing for some
time because of the long latency period
for cancer. Subjects are given beta-
carotene in capsule or tablet form as a
supplement to the beta-carotene and
other carotenoids consumed through
their diets. The information gathered
from these clinical intervention trials

should provide important induriation
regarding the efficacy of the corotenoids
either alone or in combination with
other antioxidants in aliering the cancer
icidence.

One intervention trial of relatively
short duration examined the effects of
betz-carotene with and without vitamin
A supplementation on oral leukoplakia
{1 condition of white. rough. sometinyes
fissured patches on the mucous
membranes of the oral cavity that
cannot be rubbed off, and which occur
most often in smokers) in persons who
frequentiy chewed betel (Ref. 68). After
3 morniths there was a reduciion in
symptoms in both beta-carotene groups,
and after 6 months the investigators
observed a significant regression of this
conditicn.

A trial of longer duration, which
examined the role of beta-caroiene in
preventing new occurrences of
nonmelanoma basal cell and squamous
cell carcinomas of the skin, has been
completed (Ref. 20). Five hundred
cighty-two subjects were supplemented
with 50 mg beta-caroiene per day.
Median plasma concentrations after 1
year of supplementation increased 10-
fold, with the largest increase occurring
in nonsmokers, women and leaner
subjects (Ref. 69). No effects on new
nonmelanoma basal cell and squamous
cell carcinomas of the skin from the
supplementation of beta-carotene were
observed. It has beenr hypothesized (Ref.
71) that one rcason for the lack of effect
observed may be that the amount of
beta-carotene administered in the trial
(50 mg per day) may be less than that
suggested by other studies (e.g., 30 to
300 mg per day) lo potentldlly reduce the
risk of the recurrence of this type of
cancer. A number of other explanations
for the lack of effect are also possible.
Oiker clinical trials employ beta-
carotene alone or in combination with
vitamins A. C, or E (for summary, see
Table 5).

2. Supporting Data From Animal Studies

Experimental cancer in aninals
occurs by administering a chemical
compouud, exposure to irradiation or
ultraviolet light, or a combination of the
two. The efficacy of beta-carotene or
other carotenoids reducing the incidence
of tumors has been demonstrated at
various sites in different animal models,
These tumor sites include salivary
gland, skin, mammary tissue, colon, and
stomach (Ref. 7"3) Moreover, feeding a
naturally occurring source of beta-
carotene, algae Dunaliella bardawii,
resulted in arked inhibition of
spontaneous mammary tumors (Ref. 73).

wi

CGadely Jusrog

N risks from consumption of hetis
caretene intake per se or carotenoids
were identifiod in any of the above
reports Cdmle’ue ids, even when

xd in very large amounts for
Ls te years, are not known o be
toxic (Refl 135) An imporiant veason Lo
thoir Lok of u)\}(,.l) is their relatively
lintited conversion to vitamin A i the
intestine, liver, and other organs
Carotenoids taken in large doses s for
several weeks are absorbed well enaigh:
e color the adipose tissue stoves,
inclading the subcutaneous fat. Thus,
the skin, especially the palms of the
hunds and the soles of the feet, eppes:s
vellow,

L Corclusions

Fvidence relating bata-carotene
intake per se to reducad risk of cancer i
humans is, at this time, inconclusive.
There is strong evidence that high
intakes of fruits and vegetables rich ix
carotenoids are associated with a
reduced risk of developing cancer.
However, whether the components of
fruits and vegetables responsibie for
reducing the apparent etfect are beta-
carotene and other carotenoids or some
other compound remains unknown. The
positive effects of beta-carctene
administration in lowering the frequency
and severity of experimentz! cancer in
animals suggest that effects are the
result of antioxidant properties. The
conclusions cannot be directly applied
to humans partly because the type and
amount of carcinogen exposure in the
experimental conditions was not similsr
to human exposure.

The most promising prospects of
clarifying the possible role for
carotenoids in human cancer risk rests
with the clinical intervention trials that
are currently in progress. In these trials,
the administration of purified beta-
carotene supplements to individuals at
increased risk for developing cancer can
provide more information regarding the
direct role of beta-carotene. However,
based on all of the scientific evidence
publishied since 1987 on the role of
carptenoids in human cancer risk, the
agency finds only that the conclusion of
the Surgeon General's Report (Ref. 4a)
remains valid: the Surgeon General's
report concluded that some
epidemiologic studies provide suggestive
evidence that frequent consumption of
vegetables and fruits, particularly dark
green and deep vellow vegetables which
contain carotenoids, including beta-
carotlene, may lower risk for cancers of
the lung and bladder, as well as some
cancers of the alimentary tract.



60632

Federal Register / Vol. 56, No. 220 / Wednesday. November

7, 1991 [/ Praposed Rules

Moreover, the recommendation in the
“U.S. Dietary Guidelines' to consume
generous portions of fruits and
vegetables remains appropriate advice.

E. Tentative Decision To Deny a Health
Claiin Relating to Ing2stion of
Carotenoids to Risk of Cancer

Evidence of a direct relationship
between beta-carotene intake and
lowered risk of developing cancer at
various sites in humans is inconclusive.
The primary source of beta-carotene in
the U.S. diet is green and yeliow fruits
and vegetables. From epidemiological
data, there is strong evidence that
consumption of fruits and vegetables
has an associative relationship to
lowered risk of cancer at various sites in
humans. However, whether the
protective effects of fruits and
vegetables against cancer risk is the
result of beta-carctene content or some
other component remains unknown.
Experimentally induced cancer at
various sites in animals has been shown
to be delayed and decreased in
frequency with beta-carotene
administration. This effect in &nimals is
through the antioxidant potental of the
beta-carotene. Clinical intervention
trials for cancer that are in progress
may, in a few years, provide additional
information of effect of beta-carotene
per se, rather than foeds containing this
substance, on cancer.

FDA has tentatively determined,
based on all of the publicly available
scientific evidence regarding an
association betwesn beta-caroiene and
cancer, that there is not significant
scientific agreenient, among experts
qualified by scientific training and
expertise to evaluate such claims, that a
claim associating beta-carotene to the
risk of cancer is supported by such
evidence.

The agency recognizes that the
evidence is-strong that consumption of
fruits and vegetables, good sources of
beta-carotene, is associated with
lowered risk of cancer at a number of
sites. However, the agency beiieves that
the data are not sufficiently convincing
that beta-carotene per se is responsible
for this association. Further, even if the
evidence for a cause-znd-effect
relationship of beta-carotene intake
with lowered risk of cancer was
assumed to be adequats, the agency
finds the data to be insufficient to
determine the quantity of beta-carotene
needed to produce the effect. If such
data were available, it would be
necessary for the agency to determine
whether the food supply already
provides enough beta-carotene to
produce that effect.

In summary, the agency requests
submission of data which directly bear
on: (1} Whether beta-carotene per se.
rather than some other component of
food, decreases the risk of cancer in
humans, and (2} the range of beta-
carotene intake which produces this
effect.

I11. Review of the Scientific Evidence:
Vitamin C

A. Federal Government Documents

“The Surgeon General's Report on
Nutrition and Health” {Ref. 4a} reviewad
human studies relating to associations
between vitamin C and cancers of
specific sites. These included studies of
foods that contain vitamin C and
cancers of the esophagus, stomach, and
cervix. The report also reviewed: {1}
Studies that shcwed that colonic polyps
regressed or decreased in area with
vitamin C therapy: and {2) studies that
reported variable effects {positive and
negative) of supplements of vitamin C
and vitamin E on formation of fecal
mutagens (Ref. 4a). The report also
noted that most studies demonstrating
beneficial effects of vitamin C did nsot
quantify its actual intake (Ref. 4a). The
report concluded that no wholly
consistent picture of the role of vitamin
C in hurnan cancer has been defined.

The Surgeon General's report also
observed that, despite limitations in the
data, the American Cancer Society
guidelines recommend consuming foods
rich in vitamins A and C, and that the
National Cancer Institute suggests
eating a variety of fruits and vegetables
to ensure an adequate supply of vitamin
C (Ref. 4a). There is no adequate
evidence that larger intakes of vitamin C
provide any addiiional benefits {Rel.
4aj.

The 1990 “Nutrition and Your Health:
Dietary Guidelines for Americans” (Ref.
35) recommends consumption of dieis
with “plenty” of vegetables and fruits.
Such diets contain generous levels of the
antioxidant vitamins, which were
recommended because fruits, vegetables
and whole grain cereals are likely to
reduce the fat content of the diet. a
change associated with decreased risk
of cancer. Any possible direct
association of antioxidant vitamias with
lowered risk of cancer was not
discussed.

The DHHS "“Healthy People 2000
(Ref. 3) recommends increased
consumption of complex carbohydrates
and fiber-containing foods to 5 of more
daily servings of vegetables {including
legumes) and fruiis and 6 or more daily
servings of grain products. Vegetables.
fruits, and grains are good sources of
complex carbohydrates and fiber as

well as of severul vitamins and
minerals. The report noted that dietary
patierns with higher intakes of
vegetables, fruits, and grains are
associated with & variety of health
benefits including a decreased risk for
some types of cancer (Refs. 2 and 4a).

B. Other Authoritative Documents

The NAS in its 1989 Report “Diet and
Health” (Ref. 2} reviewed and
summarized the role of dietary factors
as related to risk of various types of
cancer. The NAS reviewed
epidemiclogic data and evidence from
animal studies and studies on
mechanisms of carcinogenesis.

The report reviewed associations
among dietary factors and stomach
cancer. It described major dietary
associations between gastric cancer and
consumption of dried, salted, or smoked
fish or pickled vegetables {foods high in
sait and nitrates). it also indicated that a
second major dietary association
observed with stomach cancer is the
protective effect of fresh fruits,
vegetables, and vitamins, particularly
vitamin C. The report noted in summary
that stomach cancer is associated with
diets containing large amounts of salt-
preserved foods and low levels of fresh
fruits and vegetables. The report found,
however, that evidence was
inconclusive concerning the significant
decline in stomach cancer mortality in
the United States over the last half-
century relating to dietary shifts away
from consumption ¢f high salt-preserved
foods and toward increased
consumption of fruits and vegetables
{Ref. 2).

In summary, the report stated that
although the coniribution of diet to total
incidence and mortsiity frem cancer in
the United States cannot be determined
with certainty, it is reascnable that
approximately sne-third of all cancer
mortality may be related to diet. Data on
the carcinogenicity of mast components
of human diets are quite limited,
however, and the exact mechanism of
carcinogenesis in humans have not yet
been established for any dict-related
cancer (Ref. 2}.

The NAS in its "Recommended
Dietary Allowances™ {Ref. 14) noted that
vitamin C may prevent the formation of
carcinogenic nitrosamines by reducing
nitrites. The NAS conciuded that
ingestion of frui!s and vegetables rich in
vitamin C has been associated with
reduced inciderce of spme cancers, but
that there is no evidence that vitamin C
is responsible for such effects.

The Life Sciences Research Office of
the Federation ¢f American Societies for
Experimental Bivlogy, reviewed the
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relationship between ingestion of
vitamin C or foods rich in vitamin C and
cancer {Ref. 37). The report concluded
that epidemiologic studies have
provided evidence for a role of nutrients
in the reduction of the risk of specific
cancers. The report found that one of the
most consistent epidemiologic findings
has been an association between high
intakes of vitamin C-rich foods and a
reduction in risk of stomach cancer (Ref.
29). The report noted that intake of
citrus fruits has been associated with a
significantly reduced risk of oral cancer.
and that risk of esophageal cancer was
reduced with increased intakes of
vitamin C-rich fruits and juices. Intake
of vitamin C-rich foods, the report
concluded, appears to have no
relationship to cancers of the colon,
prostate, or ovary. The report found that
results with respect to pancreatic cancer
are equivocal, and results with respect
to vitamin C aud breast cancer are
inconsistent (Refs. 2 and 29).

C. Review of the Scientific Literature

The agency reviewed the publicly
available scientific evidence on vitamin
C and cancer provided by epidemiologic
and clinical studies in accord with the
standard described in the general
document on health claims on foods
(published elsewhere in this Federal
Register). Studies that included healthy
matched (e.g., age, sex, and race)
controls, that controlled for confounders
such as smoking, and that used
validated dietary assessment
instruments and adequate study size
were given the highest weight. When the
possibility could not be excluded that
the observed association was mainly a
result of the disease altering indicators
of vitamin C status, or resulted from the
effect of another substance in the food,
the study was given less weight.

1. Evidence for an Association Between
Ingestion of Vitamin C or Foods High in
Vitamin C and Reduced Risk of Cancer

Rescarch studies published since 1987
include more than 30 case-control
studies, 1 prospective study, and 2
randomized clinical intervention trials.
Because associations between dietary
patterns and cancer appear to be site-
related, the recent studies are grouped
by site and summarized as follows:
Table 6, lung; Table 7, colon and rectum;
Table 8, breast; Table 8, prostate; Table
10, pancreas; Table 11, stomach; Table
12, head and neck; Table 13, cervix or
ovary. Table 14 summarizes results of a
study of patients with bladder cancer
and a scecond study of cancer at various
sites. Details of the studies including
type and location, description of

subjects, imethods, and results are
presented in these Tables.

a. Human studies—(i) Lung canceor
{Table 6). Adjusted risk analysis {for age
and smoking) showed no difference in
vitamin C intakes between 450 patients
with lung cancer and 902 control
subjects (Rel. 74). Dictary information in
this study was obtained from a food
frequency questionnaire.

In contrast, an inverse association
Letween vitamin C intake and specific
tvpes of lung cancer was reported by
Fontham et al,, (Ref. 75) in a case-
control study involving 1,253 patients
with lung cancer and 1,274 controls
maltched for race, sex, and age. Dielury
information was obtained from a food
frequency questionnaire. No descriptive
data were reported for nutrient intakes,
and no comparisous were made with
standards (e.g., RDA’s).

A protective effect of high
consumption of leafy green vegetables,
carrols, tofu, fresh fruit, and fresh fish
against specific types of lung cancer
(adenocarcinoma and large cell cancer)
was reported by Koo et al., (Ref. 76).
Dietary data was obtained from a food
frequency questionnaire. Consumption
of fresh fruits was found to offer
protection against squamous cell tumors
of the lung. The data obtained in this
study were analyzed by foods without
specific analysis for single nutrients.

(ii) Cancers of the colon and rectum
(Table 7). Food frequency
questionnaires were used to obtain
information on dietary patterns and risk
of colorectal cancer. Freudenheim et al.
(Ref. 77) reported that decreased risk of
rectal cancer was associated with
increased intake of carotenoids, vitamin
C, and dietary fiber from vegetables.
Graham et al. (Ref. 78) reported that
there was a significantly reduced risk of
colon cancer associated with high
intakes of tomatoes, peppers, carrots,
onions, and celery. LaVecchia et al. (Ref.
47) reported that the risk of both colon
cancer and rectal cancer was inversely
related to intake of green vegetubles,
tomatoes, melon, and coffee. There were
also inverse relationships between risk
and indices of carotenoid and vitamin C
intake. Tuyns et al. (Ref. 79) found no
association between risk for either colon
cancer or rectal cancer and vitamin C
intake (determined from food frequency
questionnaires) in a case-control study
in Belgium. West et al. (Ref. 80) also
reported no association between risk of
colon cancer and intake of vitamin C
(determined from a food frequency
questionnaire) in a case-control study of
colon cancer patients and matched
controls in Utah.

Several of these studies identificd
other dietary risk factors for colon and
rectal cancers including increased risk
with increasing intakes of calories and
fat (Refs. 77 and 78) and consumption of
rice and pasta.

A recent randomized clinical trial has
licen reported that describes a test of
the effect of a vitamin C supplement on
recurrence of polyps in the colon or
rectum (Ref. 81). Subjects in this triaf
were randomized to receive 400 mg of
vitamin E and C (96 subjects) or lactose
(placebo; 89 subjects) for a 2-year
period. Examination of subjects after 2
years revealed polyps in 41.4 percent of
the vitamin-treated group and in 50.7
percent of the placebo group. The
relative risk of polyps in the treatment
group was not significantly different
from that in the placebo group.

In a second intervention trial, De
Cosse et al. (Ref. 82) studied the effects
on rectal polyps of vitamin C plus
vitamin E with and without grain fiber
supplements. Fifty-eight patients with
familial adenomatous polyposis who
had total colectomy and ileorectal
anastomosis 1 year before the study
were randomized into groups recciving
2.2 grams (g) of fiber and placebo (low
fiber), 2.2 g fiber plus 4 g vitamin C and
400 mg vitamin E per day (low fiber plus
vitamins C and E), or 22.5 g fiber plus
both vitamins per day (high fiber plus
vitamins C and E). All groups also
received a supplement containing
vitamins C and A and several other
vitamins and minerals. The results did
not show any protective effect of the
vitamin C and vitamin E supplement on
the occurrence of rectal polyps.

(ii1) Breast cancer (Table 8). The
authors of a case-control study of
women with breast cancer and hospital
controls in Athens, Greece reported that
there were no differences between cases
and controls in intakes of vitamin C
(determined from food frequency
questionnaires) (Ref. 83). This study
found no association between intake of
vitamin C and risk of breast cancer.

In a case-control study in Italy,
Toniolo et al. reported that there was no
difference in vitamin C intake in 250
women with breast cancer and 499
women from the general population.
Vitamin C intakes were determined
from a modified food frequency
questionnaire (Ref. 84).

Howe et al. performed a meta-
snalysis that included all case control
studies relating diet and breast cancer
that were completed by 1986. Dietary
data were available from 9 of 12 studies.
Estimates of intakes were made for the
other three studies based upon
responses to food frequency
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questiovanaires. A statistically
significant inverse association between
vitamin C and breast cancer was
reported (Ref. 85). Beta-carolene, fiber,
and carotenoids (other markers for
consumption of fruits and vegetables)
also showed an inverse relationship
with risk of breast carcer (Ref. 85).

{iv) Prostate cancer (Tcble 6). Kolonel
et al. {Ref. 86) found no associations
between risk of prostate cancer and
total of food sources of vitamin Cin &
case-control study involving 452 cases of
prcs’"t ¢ cancer and 899 age-maiched

conirois. Dietary information wis
obtained from a food frequency
questionnaire. Increased risk was found
to be associated with intake of saturatad
fat and zinc [Ref. 86).

In two case control studies, Ohno
{Ref. 43) and Oishi {Ref. 42} reported
that intake of vitamin C from foods was
not significantly associated with risk of
prostate cancer.

(v} Pancreatic cancer (Table 10).
LaVecchia et al. {Ref. 48) reported a
statistically significant decreased risk of
pancreatic cancer with increased intake
of fresh fruits. A similar inverse
relationship between intake of fish and
oil and risk of panerealic cancer was
also reported in this study. This case-
control study, carried out in [taly,
involved 247 patients with pancreatic
cancer and 1,089 age and sex-matched
hospital-based controls with acute
nondigestive, nonneocplastic disease.
Subjects were interviewed to obtain
data on socioeconomic status, tobacco
and alcohol use, coffee conSmetmn
medical history, and dietary intake of 14
“indicator” foods. No assessment of
intake of individual nutrients was made
in this study.

Miils et al. {Ref. 87) investigated
dietary habits and risk of pancreatic
cancer in about 34,000 non-Hisparrc
Seventh Day Adventists in California.
All subjects completed a life-style
questionnaire, A significant protective
relationship between consumption of
vegelable protein products, beans,
{entils, or peas, and dried fruits and fatal
pancreatic cancer was reported {Ref.
87). No relationship was found between
risk and intake of other fresh fruit,
cannsd or frozen fruit, fresh citros fruit,
graen salads, or cooked green
vegetables (Ref. 87). No data on
individual nutrients were provided in
this study.

Falk et al. {Ref. 86) reported a
significant inverse relationship between
consumption of fresh fruit and frait juice
and pancreatic cancer. The case-control
study involved 363 cases of pancreatic
cancer and 1,234 hospital-based controls
md?ched on hospital of admittance. race,
sex, and age. A food frequency

quesiionnaire was used to obtain

distary information. No descriptive
nuirient data was reported, and there
ware no comparisons of dietary intakes
to reference standards (e.g  RDA's 3

fvi} Stomach cancer (ICD’(: 17). You at
al. (Ref. 88} 1epor‘ed the resulis of a
case-conirol study in China involving
584 subjects with gasiric canver an
1,131 P pulation- ba@ed coniro! subjects.
An undefined number of years had
elapsy en the “reference period”
and the interviews which served to

eollact f*.ata about demographics,
‘ﬂﬂfdxuim histories, occupations, smoking
histories, and diet. There was a decline
in risk of g«siwc cancer with increased
consumption of beta-carotens, vitamin
C, and calcium which was associated
with high intakes of fresh fruits and
vegetables {Ref. 89).

Kono et al. {Ref. 90) reporied an
inverse relationship between intake of
fruits and risk of gastric cancerin a
case-contrel study involving 139 cases of
newly diagnosed gastric cancer, 2,574
hospital- basz,d contro: subjects, and 278
randomly-selected community centrol
subjects in Japan. Gastric cancer
patients and hospital-based control
subjects were interviewed before
diagnosis. A questionnaire was used to
obtain information on dietary habits and
on coasumption of specific foud items.
The data showed a protective effect
against stomach cancer associated with
increased frequency of consumption of
fruits, mandarin oranges, and green tea
{Ref. 90). Attribution of effects to
vitamin C cmzld not be made because of
ﬁhe design of this study. Dietary

omponents other than vitamin C, or in
addition to vitamin C, could have been
responsible for the protective effects.

Buiatti et al. (Ref. 91) studied 1,016
cases of gastric cancer and 1,'159 conirol
subjects matched for age and sex. Data
regarding demographics, socio-economic
status, occu patlonal histories. smoking.
medical histeries, and diet were
obtained from an interview. Intakes of
specific nutrients were calculaled from
responses to a food frequency
guestionnaire, Buiatti et al. {Ref. 91)
reported that decreased risk of gastric
cancer was associated with increased
consumption of citrus fruits, other fresh
fruits, and raw vegetables. Resnlts of
further evaluation of the data (Ref. 92)
suggested that the protective effects of
fresh fruits, fresh vegetables, and olive
oil may be associated with vitamins C
and E present in these foods. Estimates
of the intakes of nitrates and nitrites
were calculatad for several geegraphic
areas studied, and results indicated an
increasing risk of stomach cancer with

nereasing consumption of nitrates and
JT“U‘?SS Risk decreased with increasing

.h

d
18 1

intahes of vitamin C and vitumin E {Ref
a2).

Chyou et al. {Ref, &
cohort study of dbou! 8,000
men of Japanese ancestry d
1968, Stomach cancer was €l
111 men during the followin
Dietary data obtained from i
subiects and from :
revaaled that consur

Ea wailan
ring 1965 to

3

agnosed in

it

i types
of vegetables was prolective against
stom '1ch cancer (Ref. “”() Lo

on of &

inteke of fruits was alsu v
sinst stemach cancer, by ‘

was weakened when cigarelie smok

was taken into account (Re[. o).

Busr et al. (Rel. 94) carried
sectional study in two towns
and Wales that had differing de :
from stomach cancer. Burr et al. (Re‘, 94}
reporied that plasma ascorbaie
and fruit intakes were significantly
higher in individuals in t}m Vow-risk
town than in individuals in the high-risk
town. No direct relationship between
plasma ascorbate levels and the
presence of severe atrophic gastritis wus
found. No dietary data were presented
in this study, and the nature of & food
frequency questicnnaire was not
described, There were significant socio-
ecoromic differences between the
towns, and subjects were nct matched
for smoking, health histories, or
demographics. There were also

significant differences in incidence of
gasmc surgery and severe airophic
gasiritis between towns.

Stahelin et al. {1969] (Ref. €1) reported
on a prospective cchert study of 2.975
men, 17 of whom subsequently
developed stomach cancer. The
reported that after adjusting for
smoking, plasma vitamin C was
significantly lower in cases of stomach
cancer than in control men. This study
relied on a point sampie anglyvsis and
provided no dietary intake ¢

{vii) Cancers of the kead
{Tehle 12). Franco ei al. {Ret.
investigated risk factors for ceal cancer
in a case-control study in Liraxil. Dictary
information and health and « sgraphic
characteristics were chisined from
interviews with 232 patients with ora
cancer and 464 hosphdlwed nen-cancer
subjects. The stronges! risk factors
identified in this study were use of
tobacco and alcohel. A decrease in risk
was observed with more freguent
consumption of citrus fruits. It was not
poqslble to calculate intakes of vitamin

C in this study.

Results of a popuxat"z,n -based case-
control study on association of dietary
factors with oral cancers were reported
by McLaughlin et al. {Ref. 96). Frequeacy
of consumption of food items was

3.

suthors
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obtained by questionnaire from 871
patients with oral cancer and 979
control subjects. Protective effects were
reported with increased consumption of
citrus fruits. The study was not designed
to specifically address a possible role of
vitamin C in reduction in risk of oral
cancer.

(viii) Cancers of the cervix and ovary
(Table 13). Brock, et al. (Ref. 62)
reported that when considered together,
vitamin C, fruit juices, and plasma beta-
carotene showed a significant protective
effect against cervical cancer. Dietary
information was obtained from a food
frequency questionnaire. Cases in this
study were not matched on sexual
habits, smoking, or use of oral
contraceptives. Plasma levels of
ascorbic acid were not determined.

Shu et al. (Ref. 97), Slattery et al. (Ref.
44), and Ziegler et al. (Ref. 98) reported
no effects of dietary vitamin C on risk of
ovarian cancer or cervical cancer.
Dietary information in these studies was
obtained from a food frequency
questionnaire. Significantly increased
risk of ovarian cancer was associated
with intake of total and saturated fat
(Ref. 97). Verreault et al. (Ref. 63) found
a decreased risk of cervical cancer
associated with high intakes of vitamin
C. After adjustment of data for other
known risk factors, increased intakes of
dark green or yellow vegetables and
fruit juices were associated with
significantly reduced risk (Ref. 63).

(ix) Other studies (Table 14). Results
of a case-control study of bladder
cancer patients and hospital controls in
Italy showed that risk of bladder cancer
was nol related to intake of vitamin C
(Ref. 49).

b. Studies on vitamin C in relation to
carcinogen-forming reactions. Ascorbic
acid is an effective antioxidant in
human plasma (Ref. 99). It is also
secreted into gastric juice in
concentrations that often exceed those
in plasma (Ref. 100).

Patients with chronic gastritis have
lower concentrations of vitamin C in
gastric juice than do those without
chronic gastritis, and those with lower
gastric juice vitamin C levels are more
_ likely to develop stomach cancer (Ref.
101). Concentrations of vitamin C in
both gastric juice and in plasma are
lower in patients with chronic atropic
gastritis who also have intestinal
metaplasia than in chronic atropic
gastritis patients without intestinal
metaplasia (Ref. 101). The patients with
intestinal metaplasia also had higher
plasma nitrite levels than these without
the disorder.

Biochemical and experimental animal
evidence is compelling that vitamin C
can inhibit nitrosation reactions, and

thereby act as an effective
anticarcinogen under experimental
conditions (Ref. 25). Most nitrosamines,
including diethylnitrosamine, are animal
carcinogens that are mutagenic through
reactions with DNA (Ref. 102).
Carcinogenic nitrosamines can be
formed in vivo (Ref. 103). In vivo
synthesis of nitroso compounds may be
the greatest source of exposure for the
general population (Ref. 2). Ascorbic
acid in gastric juice may be an effective
inhibitor of gastric nitrosation reactions.

N-nitrosoproline is one of the few
apparently noncarcinogenic N-
nitrosamines. As such, it is considered &
good model compound fer studying
nitrosation reactions in humans. A
method to quantify in vivo nitrosation in
humans using sequential oral doses of
nitrate and proline and measuring
excretion of N-nitrosoproline has been
reported {Ref. 104). This technique has
been used to show that large doses of
ascorbic acid can inhibit formation of
nitrosoproline (Refs. 132 and 133).
Recent studies in humans by Leaf et al.
(Ref. 27) showed that in vivo nitrosation
is very complex and may involve many
factors in addition to nitrate exposure.
These findings indicate that ascorbic
acid is capable of inhibiting in vivo
synthesis of putative human
carcinogens. It is not clear from these
studies what dosage of vitamin C is
necessary to achieve biologically
significant inhibition of nitrosamine
synthesis at various intakes of nitrite
and nitrate, or whether the food supply
already supplies that amount of vitamin
C. It also is not clear what degree of
such inhibition would be necessary to
generate a meaningful decrease in
cancer risk.

The relevance of ascorbic acid
inhibition of nitrosation and possibly
other reactions to human cancer risk
may be more directly addressed by
studies of dietary relationships to fecal
genotoxicity {Ref. 105). The basic
assumplion is that at least a large
fraction of total cancer is produced by
genotoxic (i.e., mutagenic) mechanisms,
an assumption that is well documented
(Refs. 4a, 22, 24). Consumption of
supplements containing ascorbic acid
decreases fecal mutagenicity (Ref. 106),
but this effect may not be completely
attributable to inhibition of nitrasation
reactions. Ascorbic acid inhibits
ritrosation reactions but also decreases
stool concentrations of mutagenic
products, fecapentenes, which are
derived from lipids (Ref. 105).

¢. Animal studies. Data from research
links vitamin C to lowered risk of cancer
in animals under a variety of
experimental conditions (Refs. 107 and
108). In animals and in in vitro systems,

both vitamin C and vitamin E can inhibit
the formation of carcinogenic
nitrosamines. Most nitrosamines are
carcinogenic in one or more assay
systems, but they are most accurately
described as procarcinogens, because
biological activation is required to
convert them to the reactive ultimate
carcinogen.

Because of the antioxidant nature of
vitamin C, it is reasonable to
bypothesize that this vitamin may
prevent activation of procarcinogens to
the ultimate carcinogen, or, if activation
occurs, vitamin C may react with and
deactivate the ultimate carcinogen.
Animal studies that examined the effect
of vitamin C on nitrosamine synthesis
and subsequent carcinogenesis as a
result of exposure to the nitrosamine
precursors, nitrite and a monoamine,
provide strong evidence that vitamin C
can lower risk of cancer through this
mechanism (Refs. 25 and 134). Other
studies with animals that examined the
effect of vitamin C on other types of
chemically-induced cancers have not
produced consistent results (Ref. 108).

2. Safety Issues

The Surgeon General's report stated
that amounts of vitamin C in excess of
the RDA’s may cause rare adverse
effects including gastrointestinal
disturbances, iron overload in
susceptible individuals, altered
metabolism of certain drugs,
precipitation of calcium oxalate kidney
stones, altered absorption {both positive
and negative) of several minerals, and
interference with clinical laboratory
tests (Ref. 4a).

3. Conclusions

The majority of the studies
summarized above on the association
between vitamin C and cancer are
epidemiologic studies. These studies
depended on dietary data gathered with
the use of food frequency
questionnaires. In some studies,
retrospective dietary information was
collected to provide insight into
associations between nutrient intakes
and cancer at specific sites. However, in
most studies, collection of direct data on
actual intakes of specific nutrients was
not possible.

In a number of the studies, protective
effects against cancer at specific sites
were observed with increased frequency
of consumption of such foods as
vegetables, green leafy vegetables, fresh
fruits, citrus fruits, and fruit juices. In
most studies, it was not possible to
determine whether a protective effect
was due to the presence of vitamin C.
beta-carotene, other nutrients, or
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combined effects of both vitamins and
other dietary factors such as fiber. In
addition, levels of ascorbic acid were
rurely measured in the studies reviewed.

The evidence for associations
Letween consumption of foods high in
vitamin C and reduced risk of cancer
appears to differ markedly by site.
Consumption of vitamin C-rich foods
appears to be most frequently
associated with lower risk of cancer of
different parts of the gastrointestinal
tract. Intake of vitamin C-rich foods
does not appear to be associated with
risk of breast cancer. Recent data
provide mixed or negative results with
regard to vitamin C-rich foods and
cancer of the colon/rectum, pancress,
lung, prostate, and cervix/ovary.

Overall, the recent human studies
provide evidence that consumption of
certain foods notably many fruits and
vegetables (which contain higher levels
of vitamin C and other nutrients) may
reduce the risk of certain cancers,
netably those of the stomach and other
paris of the gastrointestinal tract. These
studies do not clearly demonstrate that
the effects are the result of the vitamin C
per se.

D. Tentative Decision To Deny Health
Claims Relating Ingestien of Vitamin C
to Reduced Risk of Cancer

The agency is proposing not to
authorize the use on foods, including
conventional foods and dietary
supplements, of claims relating to-
associations between ingestion of
vitamin C and reduced risk of cancer.

There is strong epidemiologic
evidence that consumption of certain
foods, notably many fruits and
vegetables {which tend to contain higher
levels of vitamin C), reduce the risk of
cancers at some sites, notably the
stomach and other parts of the
gastrointestinal tract. It is not possible
to determine from the currently
available data whether the reduced
risks of cancers at specific sites are
caused by the vitamin C content of
foods or by other compoenents that are
also present.

The agency's tentative conclusion is
consistent with information and
conclusions found in Federal
Covernment and other authoritative
docurents. The Surgeon General's
report sn “Nutrition and Health” {Ref.
4a) concluded in 1988 that no whoily
consistent picture of the role of vitamin
C in human cancer '.ad been defined.
The NAS “Diet and Health” report (Ref.
2) concluded that diets high in plant
foods (fruits, vegetables, legumes, and
whole-grain cereals are associated with
a lower incidence of coronary heart
disease and cancers of the lung colon,

and stomach. The NAS report ohserved
that such diets are low in total fat and
rich in complex carbohydrates and
certain vitamins and minerals. The NAS
report concluded that epidemiologic
studies suggest that vitamin C-
centaining foods such as citrus fruits
and vegetables may offer protection
against stomach cancer, and that animal
studies indicate that vitamin C itself can
protect against nitrosamine-induced
stomach cancer. Evidence linking
vitamin C, or foods containing vitamin
C, to cancer at other sites is more
limited and less consistent.

The scientific data that have becone
publicly available since the publication
of authoritative documents of the
Federal Government and others provide
no substantive evidence that would alter
the conclusions found in these reports.

FDA has tentatively determined,
based on the totality of publicly
available scientific evidence regarding
an association between vitamin C and
cancer, that there is not significant
scientific agreement, among experts
qualified by scientific training and
expertise to evaluate such claims, that
the claim associating vitamin C to the
risk of cancer is supported by such
evidence. Therefore, the agency is
proposing to deny the use on foods of
claims relating to associations between
ingestion of vitamin C and reduction in
risk of cancer.

The agency recognizes that the
evidence is strong that consumpticn of
fruits and vegetables, good sources of
vitamin C, is associated with lowered
risk of cancer at a number of sites,
especially of the stomach. However, the
agency believes that the data are not
sufficiently convincing that vitamin C
itself is responsible for this
epidemiological association, even
though the inhibition of nitrosation
reactions in human subjects by vitamin
C is established. Further, even if the
evidence for a cause-and-effect
relationship of vitamin C intake with
lowered risk of stomach cancer was
assumed to be adequate, the agency
finds the data to be insufficient to
determine the quantity of vitamin C
needed to produce the effect. If such
data were available, it would be
necessary for the agency to determine
whether the food supply already
provides encugh vitamin C to produce
that effect.

In summary, the agency requests
submission of data which directly bear
on: (1) Whether vitamin C itself, rather
than some other component of food,
decreases the risk of cancer in humans.
and {2) the range of intake in which
vitamin C produces this effect.

IV. Review of Scientific Evidence:
Vitamin E

A. Federal Government Decurents

In 1988, the “Surgeon General’s Report
on Nutrition and Health” {Ref. 4a)
summarized the evidence on the role of
vitamin E and cancer. The Surgeon
General's Report stated that in human
studies, no relationship had been found
between vitamin E levels and the risk of
cancer when the incidence rates of all
cancer sites were combined. in addition,
the report proposed that because
vitamin E is an antioxidant, the
protective role tentatively assigned to
both the carotenoids and vitamin C max
be hypothesized to apply, bul that
present data are too limited to draw
conclusions.

B. Other Authoritative Docuinents

The 1989 NAS report on “Diet and
Health” {Ref. 2) concluded that some
investigators have postulated that
vitamin E may block the initiation oy
promotion of cancer, but the committee
judged the evidence to be too limited to
draw conclusions.

The Life Sciences Resezrch Ofnee
{Ref. 38) in & detailed review of recent
observational and intervention studies
on vitamin E and cancer concluded that
available information still is not
sufficient to support definiie conclusions
concerning vitamin E intake and the risk
of human cancer. The report stated that
more studies, especially well designed
intervention trials and observational
studies, are needed.

C. Review of Scientific Literature
1. Introduction

The agency reviewed the availabie
scientific evidence on vitamin E and
cancer provided by epidemiolegical
studies (prospective and retrospective}
and clinical studies. The data reviewed
were evaluated according to specific
criteria. Studies that invelved healthy
matched controls (e.g., age and sex), that
were controlled for confounders, such as
smoking, used validated dietary
assessment instruments, appropriate
storage conditions for test samples, and
adequate sample size were given the
most weight. When the possibility could
not be excluded that the observed
association was mainly a result of the
disease altering indicators of vitamin E
status, or resulted from an effect of
another substance in the focd. the study
was given less weight.

2. Primary Studies in Humans

Prospective studies are considered
first in this section, followed by
refrospective studies and clinical trials.
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The prospactive studies were generally
conducted in case-control designs
{Table 15). In most of the prospective
shudies, plasma/serum vitumin E and
subsequent cancer development was
stodied.

The prospective studies generally
entrated on all sites of cancer,
one-related cancers, and cancers of
the lung and gastrointestinal tract
{Table 15). Studies that concentrated on
all cancer sites generally observed an
inverse association between serum
vitamin E and subsequent cances, (Refs.
109 through 113). In a 12-year cancer
moriality followup of one of the studies,
no significant association was found
between low plasma vitamin E levels
and all cancer sites combined (Ref. 61).
Cemstock et al. [Ref. 114) reported a
significant dose response trend between
serum vitamin E and lung cancer.
However, other workers, reported no
significand association of serum vitamin
E and the subsequent development of
lung cancer {Ref. 57 and 109).

Two studies using two different
population groups chserved an
assooiation between vitamin E and
gastrointestinal cancers [Refs. 109 and
113), A 12-year followup study (Refs. 60
and 61} conducted using one of the same
population groups did not confirm the
asscciation between vitamin E and
gastrointestinal cancer. In another
prospective study (Ref. 115) reported an
apparent association between low
serum levels of vitamin E and reduced
risk of pancreatic cancer. However, the
difference was not statistically
significant. The number of cases was
small, and the storage time for the serum
was very long prior to analysis, making
the reliability of these data doubtful.
Scheber et al. (Ref. 116) studied the
same pepulation group and found no
@ssociation between vitamin E and
colon cancer.

No relationship was found between
vitamin E levels and the subsequent
development of breast cancer (Refs. 114,
113, 114, and 117). In an earlier study,
Wald et al. {Ref. 55) reported a
significant inverse association between
vitamin E and breast cancer. The
number of breast cancer cases in these
studies was generally very small.

The maximum followup time in these
prospective studies generally ranged
from 7 to 8 years (Refs. 109 and 117) to 9
tu 13 years {Refs. 60, 61, and 114). In all
the studies that FDA examined, except
the Basel study (Refs. 60, 61, and 109),
vitamin E determinations were based on
stored frozen serum/plasma samples
collected in baseline examination and
hawed for analyses at the end of the
followup. It has been reported that the
itngth and storage conditions of the test

[N

samples may decrease the levels of
vitamin ¥ in serum/plasma, and
therefore make the data anrelinble (Ref.
37).

Retrospeciive studies on vitain F
und cancer are shown in [Tuble 16).
Breast cancer has been the subject of
several case-control studies {Refs. 84,
118, and 119). With one exception (Ref.
119}, the studies generally found no
significant asscciation between breast
cancer and vitamin E levels in the serum
or vitamin E intake. Gerber {Rel. 119)
found that plasma vitamin E was
significantly higher in breast cancer
cases than hospital controls. However,
the vitamin E intake data did not
support this observation.

Another stedy observed lower serumn
vitamin E levels in lung cancer patients
{Ref. 120). Adjustment of the vit.:min E
levels for serum cholesterol reduced the
difference between lung cancer cases
and contrels. The experimental groups
used in this study were not matched for
smoking history.

Two studies conducted in other
countiries repurted a significant inverse
association of vitamin E with either
gastric or digestive cancers (Refs. 92 and
121). One author (Ref. 92) suzgested that
the observed decrease in serum vitamin
E in digestive cancer cases may be a
consequence of nutritional ‘
inadequacies. Verreault (Ref. 63)
examined the association of vitamin E
using invasive cervical cancer cases and
population controls. High intakes of
vitamin E were associated with lower
cancer risk. Another gtudy reported
(Ref. 122) a significant trend of lower
mean serum vitamin E levels in
association with cervical intraepitheiial
neoplasia. The sample size was small
and the authors pointed out the need to
examine interactive factors such as
sexual behavior and smoking.

Two studies {Refs. 123 and 124)
observed no significant association
between vitamin E and specific cancer
sites (rectal and larynx). Stryker (Ref.
125} observed that vitamin E intake, but
not serum vitamin E, displayed a
significant trend of decreasing risk of
malignant melanoma. The vitamin E
intake in the studies cited were based
on retrospective dietary data, and the
accuracy of the data is therefore difficult
to assess. In addition, the evidence
based on dietary intake data is often
confounded by other nutrients that may
also be associated with the risk of
cancer.

Intervention trials (clinical) involving
vitamin E and cancer are limited. One
recent clinical trial examined the effect
of vitamins C and E in the reduction of
the risk of recurrence cf colerectal
polyps {Ref. 81). Ansther study (Ref. 82)

reporied a chemoprevention trial on
turge bowel neoplasia using either
supplements of ascorbic acid plus
vitamiin E alone or with & grain fiber
supplement. The combined use of
vitamins prevented an analysis of the
independent effect of vitamin E or
interactions with vitamin C.

3. Bupporting Data Frem Animal Studies

Animal studies on the effect of
vitamin E {usually alpha-tecopherol} on
carcinogenesis have yielded conflicting
results. Several recent veports (Refs. 5b,
34, and 126) have reviewed the
experimental evidence on the eifects of
vitamin E in cancer prevention. Most
studies have dealt mainly with
themically induced cancers. Birt {Ref.
126) summarized the results of 14 animal
studies invelving the use of 3 different
species of animals and 4 preformed
carcinogens. Some of the studies
observed inhibition of two-stage skin,
oral and forestomach tumorigenesis.
Other studies showed enhancement, no
effect, or inhibition of rat snammary
gland and rat and mouse carcinogenesis.

Mergens and Bhagavan {Ref. 34} and
Merrill et al. [Ref. 5b) summarized
animal studies on the inhibition of
carcinogenesis by alpha-tocopherol.
These reviews show that results from
animal studies were frequently positive,
however, many studies show no effect
or are negative. Animal studies have
shown that, under certain conditions,
vitamin E has been shown to inhibit the
formation of carcinogenic nitrosaminss
{Refs. 5b and 34).

4. Safety Issues

The NRC, in “Diet and Health” {Ref.
2). summarized two studies (Refs. 127
and 129) and a review article on the
safety of oral intake of vitamin E. The
studies suggested that large des«s of
vitamin E are relatively nontoxic. The
review article (Ref. 130) cited by the
Council extensively reviewad overall
safety issues of vitamin E. The authors
reported that in human studies
conducted with double blind protocols
and in large population studies, oral
vitamin E supplementation resulted in
few side effects even at doses as high as
3,200 mg per day. They concluded that
most of the reported side effects: breast
soreness, altered creatinine excretion,
emotional disorders, fatigue,
gastrointestinal stress, thrombophlebitis,
and decreased thyroid levels, have come
from unconirolled studies or case
reports (Ref. 130). However, in persens
with vitamin K deficiency producedi
etther by malabsorpticn or
anticoagulant therapy, vitamin K
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supplcmentation can exacerbate the
coagulation defect.

In the 1986 edition of "Recommended
Dietary Allowances,” the NRC (Ref, 14)
stated thatl compared with other fat-
soluble vitainins, vitamin E is relatively
nonioxic when taken by mouth.

D. Conclugions

Some recent prospectlive studies
provide suggestive evidence of an
association of lower plasma/serum
vitamin E levels with increased risk of
cancer {Ref. 113). However, the different
population groups studied were limited
and results from some followup studies
were incoasistent. Clarification of the
role of vitamin E in the reduction of
cancer risk would be greatly enhanced
by studies that also examine the
quantitative dietary intake of vitamin E.
Many of the studies were based on
relatively small numbers of cancer
cases, used test samples that had been
stored for long periods of time prior to
analysis, or relied on retrospective food
frequency interviews. These factors may
contribute to unreliable interpretations
of the results.

While some of the recent
retrospective studies have provided
suggestive evidence that low vitamin E
intake or low plasma/serum levels of
vitamin E may be associated with the
increased risk of some cancer, other
studies have not. Many of the studies
have study design flaws (e.g.,
inappropriate controls, small sample
size). Too few clinical trials have been
conducted on the association of vitamin
E status and the risk of cancer to clearly
implicate vitamin E.

E. Tentative Decision To Deny a Health
Claim Relating to Ingestion of Vitamin
E to the Risk of Cancer

FDA considered conclusions reached
by Federal Government documents, and
other authoritative documents, a review
of the topic by Life Sciences Research
Office of the Federation of American
Societies for Experimental Biology, and
all comments received in response to a
Federal Register notice of a request for
scientific data and information. The
agency also reviewed recent publicly
available scientific data on the
association between vitamin E and
cancer.

In 1988, the Surgeon Generals’ Report
on Nutrition and Health (Ref. 4a)
documented and reviewed available
literature on the possible relationship of
vitamin E and cancer. The Surgeon
General did not find the evidence strong
enough to justify a recommendation to
the general public on vitamin E and
cancer. However, the report proposed
that the protective role tentatively

assigned to both carotenoids and
vitamin C may apply lo vitamin E. The
NRC Committee on Diet and Health
(Ref. 2) also reviewed current literature
on the topic. The committee’s report
concluded that the scientific evidence
was insuificient 1o draw conclusions
about the relationship between vitamin
E and cancer.

Several followuyp studies and new
studies have appeared in the literature
since the above reports (see Tables 1
and 2). Recent epidemiclogical studies
exploring the association of blood levels
of vitamin E as well as dietary vilamin E
intake with the risk of cancer are
contradictory. Some studies support an
inverse association of blood levels of
vitamin E/vitamin E intakes with the
risk of certain cancers, while others do
not.

FDA has tentalively determined,
based on the totality of publicly
available scientific evidence regarding
an association between vitamin E and
cancer, that there is not significant
scientific agreement among experts
qualified by scientific training and
expertise to evaluate such claims that
the claim associating vitamin E to the
risk of cancer is supported by such
evidence.

The agency recognizes that
consumption ef food sources of vitamin
E is frequently, but not consistently,
associated with lowered risk of cancer
at a number of sites. However, the
agency believes that the data do not
sufficiently demonstrate that vitamin E
itself is responsible for this association,
or permit identification of what other
factors may produce or prevent the
effect. Further, even if the evidence for a
cause-and-effect relationship of vitamin
E intake with lowered risk of cancer
was assumed to be adequate, the agency
finds the data to be insufficient to
determine the quantity of vitamin E
needed to produce the effect. If such
data were available, the agency would
have to determine whether the food
supply already provides that antount of
vitamin E.

In summary, the agency requests
submission of data which directly bear
on: (1) Whether vitamin E itself, rather
than some other component of food,
decreases the risk of cancer in humans,
(2) the range of intake in which vitamin
E produces this effect, and (3) factors
which may limit any vitamin E effect.

V. Environmental Impact

The agency has determined under 21
CFR 25.24(a}(1] that this acticn is of a
type that does not individually or
cumulatively have a significant effect on
the human environment. Therefore,
neither an environmental assessment

nor an environmental impact stalement
is required.

VI. Effective Date

FDA is proposing to make these
regulations effective 6 months after the
publication of a final rule basced cn this
proposal.

VII. Comments

Interested persons may, on or before
February 25, 1992 submit to the Dockets
Management Branch (address above)
written comments regarding this
proposal. Two copies of any comments
are to be submitted, except that
individuals may submnit one copy.
Comments are to be identified with the
docket number found in the brackets in
the heading of this document. Reccived
comments may be seen in the office
between 9 a.m. and 4 p.m., Monday
through Friday.

VIHI. Economic Impact

The food labeling reform initiative,
taken as a whole, will have associated
costs in excess of the $100 million
threshold that defines a major rule.
Therefore, in accordance with Executive
Order 12291 and the Regulatory
Flexibility Act (Pub. L. 96-354), FDA has
developed one comprehensive
regulatory impact analysis (RIA) that
presents the costs and benefits of all of
the food labeling provisions taken
together. The RIA is published
elsewhere in this issue of the Federal
Register. The agency requests commenls
on the RIA.
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Food Labeling, Reporting »nd
recordkeeping requ

PART 101--FOOD LABELING

Therefore, under the Federal Food,
Drug, and Cosmetiz Adt and under
authority delegated tn the Commissioner
of Food and Druge, it is croposed that 21
CFR part 101 be amended as follows:

1. The aathority ciiaiica for 21 CFR
part 101 is revised ! read as follows:

Authority: Secs. 4, 3,
and Labeling Act (15 U
secs 201, 301, 462, 4{
of the Federal Food, I
{21 US.C. 521, 331, 34
371).

2. Section 101.71 i
adding new parags:
follows:

vded by
) %o read as

§101.71 Heaith claims: cltaims not
authorized.

* * * * -

{d} Antioxidant viiumins ancd cancer
{insert cite and date of publication in the
Federal Register of the final r:de).
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Dated: November 4, 1904

David A. Kessler.
Commissionerof Food wod .

Louis W. Sullivan,

Secretary of Health and Human Services,
Note: The following tables will not appear

in the annual Code of Pede

a1} Regulations,

TABLE 1.—ANTIOXIDANT VITAMING AND CANCER: REYROSPECTIVE STUDIES CF DIETARY ARD SERUM CAROTENOIDS AND CANCER

Authors and year

Source expasure

Study population

Cancer site

Cases/controls

Resuilts

Assessment of study

{eMerchand, et al.,
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teMerchand, et al.,
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Bond, et al., 1987
(Ref. 40}.

Hune, et al,, 1987
{Ref. 46).

Coggon, et al., 1989
(Ref. 45),

LaVecchia, et al.,
1988 (Ref. 47).

Smith and Waller,

1991 (Ref. 50).

Ohno, et at., 1983
(Ref. 43}.

Beta-carotene,
reevaluation of
dietary data.

Beta-carotene, other
provitamin A
carotenes,

vegetables and -

fruits.

Dietary carotenoigs......

Vegefables.......cooe

Fruits and vegetables..

Fruits and vegetables.)

Beta-carotene.............

Beta-caroiene and
vitamin A,

Japan case-control ...

Gahu, Hawaii,
multicthnic men.

Qahu, Hawaii,
muitiethnic men
and women.

Chemical company
employees, Texas,
men,

Case-control in
Melbourne,
Australia, men and
women. 1

Case-conirol,
England.

Cass-controf, Htaly........

Wellingtor, New
Zealand cases,
controis and their
famities.

Colon, rectum

Stomach

Cofon, recium

Prostat@ . ... ccooeee

Lung .l

4527839

2305887 e

308/618

95/190

Lung, stomach,

esophagus,
smali bowe!,
cervix, uterus.

Prostate benign

prostatic
hyperplasia

339, 236, 778,
controls.

618/875......... S

100/100.. e

F2examinred data

Higher intakes of foods

.| Higher intakes of foods

Higher intakes of beta-

Intakes of fruit and salad

Risgk of both cancers

Plasma beta-carotens

Intakes of beta-carotene

eliminating papaya
&nd found no
association of beta-
carotens with prostate
cancer risk in men 70
years.

containing beta-
carotene associated

with fower Jung cancer |

TN

with high carotenoid |
index were associated |
with lowar lung cancer
risks,

carotene, total
vegetables, fiber and
vitamin C were related
to lowered risks. ]

vegetables inversely
associated with risk.

inversely related to
carotenoid and
vitamin C indices.

wag lower in cancer
patients and their
relatives compared
with control patients
and their relatives.

and vitamin A
inversely refated 1o
prostata cancer.

Positive association
between papaya arx
prostaie cancer was
observed in men >70

Stronger inverse
association occurred
with all vegetables,
dark green and
cruciferous
vegetables, and
‘tomatoes than with
beta-carotene.

The reported refiance on
surrogate sources of
dietary information
and the relativeiy long
retrospective period
are flaws which
detract from the
results.

Also some protection
accurred with
supplement usage.

Retrospective period ¢f
long duration.

Did not report on
supplement alcoho?,
smoking.or heaith
history. Difficult to
draw conclusions on
effects due to beta-
carotene.

1 Reported no information

on supplement usage
or community-based
controls.

A unique study of
cancer and control
patients and their
families.

Report did not provide
data on smoking or
supplement usage.
The time betwesen ths
disease reported and
dietary intake data is
of fong duration.
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TABLE 2. —ANTIOXIBANT VITAMINS AND CANCER: PROSPECTIVE STUDIES OF DIETARY CAROTENS!DS AND CANCER

was reported. The
agreement hetweaan
the guestionnaiie
used in the first and
! . second ioliowun was
' reported to be oniy

; : i 50% reducing

1; : reliability of study.

Authors and year Source 0Of expostre Study population Cancer site : 1 Results | Assessment of study
I } : . — AN __“._,7.,,4_—,“ RS
Paganini-Hill, et al., | Carotencids ... .ooeee.e... 5-yr cohort study, . All cancer, breast, | 533, 123, 53, 55, | No association found L Study concducted in a
1987 (2) (Ref. 54). | Cakifornia i bladder, lung, oo | between bela- | retirement community
‘ retirement i colon. . | carotene consumplion where intakes of ali
community, men } and subsequent nutrients are alicady
and women, ! cevelopment o very high. No spacifics
‘ ‘ cancer. i on suppiement use
|
!

i
i
'
i
)
1
|
|
i
i
]
i
i
t
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{Ref. 51). epithelia cancer associaticn with beta- were inpatients with
controls. carotene intake and nonmalignancy.
cancers than with Relatively small
carotene-rich sample populatio:n.
vegetables. Serum
! carotene correlated
| with dietary carotenes.
Rohan, et al., 1988 Beta-carotene foods....] Australia. Case- Breast ......cocvcericieen 451/451 Risk in premenopausal Reported no data on
{Ref. 53). control women. {community- women decreased supplement use. The
tased controls). with increased intake standardized
of beta-carotene questionnaire used in
foods. In cotlecting food intake
postrmenopausal data did not make use
women risk was of food modeis or
highest in the second photographs in
lowest quintiie of estimating portion
corisumption. sizes.

! Pelyunsaturated fatty acids.

TABLE 3.—ANTIOXIDANT VITAMINS AND CANCER: PROSPECTIVE STUDIES OF SERUM OR PLASMA CAROTENCIDS AND CANCER

Authors/year {(#) Source/exposure Study population Cancer site f Cases/controls Results Assessment of study
Wald, et al., 1988 Beta-carotene............... BUPA 1 Medical All cancer, lung, 271/533, 50,99, Reduced serum beia- No information reported
{Ref. 56). Center, London, colorectal, CNS, | 30/59, 17/34, carotene ievels in ail, on median storage
United Kingdem, btadder, . 15/29, 13/26. lung, and stomach times between sample
men. stomach. cancers and coltection and cancer

nornsignificant reduced diagnosis or death.
levels in cclorectal,
CNS,2 and bladder

cancers.
Connett, ot al., 1989 | Total carotenes and 22 MRFIT # centers, All cancer, lung, 155/311, 66/131, | Higher serum levels One limitation is that this
{Ref. 58). beta-carotene. men. gastro-intestinal, ; 28756, 41/28. were related to lower study used a single
colon. ! rates of lung cancer 24-hour dietary recali
| and trends towards for coliecting dietary
! relationship to information, therefore,
[ raduced rates of the trend toward lower
gastroiniestinal cancer. intake of beta-
carotene in lung
cancer cases may
have assumed greater
significance had more
! extensive dietary data
been collected.
Siahelin, et al., 1991 | Beta-carotene............... Chemical Company Bronchus, 68, 20, 1/................ Overall cancer mortality | Well-designed study with
{Ref. 60). employees, Basei, stomach, coio- was associated with good controls.
¢ Switzeriand, men. rectal. low plasma carotene, However, no dietary

but specifically that
from bronchus and
stomach cancer.

data or supplement
usage reported.
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TABLE 3.——AKRTIOXIDANT

Authors/year (#; | So

Burney, et al.. 1388
(Ref. 115).

Knetd, et ai., 1980 | Bota-carotans
(Raf. 142 !

|
i
|
|

! British United Provident A
2 Cantral nervous sysiera.
# Muitipie risk factor intesvention §

TABLE 4.—ANTIOXIDANT ViTAMING AND CANCER: PREMA

. Findand, roncst .

Study nopuiat!or

Washington County,

Maryland men and
women

Continued

(,a(‘;_,er

Pancreas ...

1AL cane

;
|
ar sies.

s
AL

A.Jti flats:d and year f ! Study pogulation ] Canrer siig ‘ (“ain:/mr :o!s Resusts
- T 1 : [N B T
VanEerwyk, et &l., } Dietary and Seium Women .I Cervica! intra- 102,102 ...............| Higner intakes and
1991 (Ref. €5). ' Beta-carotzne. epitheliai, serurm levels of
neoplasia (CINj. iycopene were
’ associated with lower
]f frequency of CiM
Dz Vat, et al.. 1991 | Suppiemnental Women.. ... Cervical dysplasia... 137/14 .| inconclusive
(Ref. 67). | carotene 10 m3
per day.
Palan, et al., 1991 Piasmia beta- ! Cross-sectional {Herine cervic 186 . | Ra2duced prlasma beta-
(Ref. €6). ! carotene. study, women dysplasia. carotene and vitamin
E associatad with
increased cervix
| dysplasia and cancer.
Brock, et al., 1988 Dietary arvi pla -r!‘a» atients and Cesvical cancer #1 | 117125 . Fhgher dietary and
(Ref. 62). bata-carotaenc commutity-based siti. plasma beta-carotene
matched controts, were inversely
associated with
cancer.
Verreault, et al., 1988 | Beta-carotene and Casg-cordrol, Cervical cancer ... 10887287 .| Higher intakes of
(Ref. 63). dark green and Washingtor. carotenas refatad o
yellow vagetables, ! lows? nisks of
; squamous celt
cancers.
i
Zasu, et al., 1991 Plasma beta- women patients with | Carvicai d,’@plasia,..i 75 s Heduced levels of bata-
(Ret. €4). carotens. diagnosed cervix | f caroteng in smokers
ahnormality. | : and nansmokers with
i | ' cervix dyspiasia.
SN N SR SOV S WY e

TLRAN

Hesuils
3 senln lycopene,
Gl bela-caidiene was

asseociated with higher
moriality from
pangrealic cancer.

A nverse refationship
batween maan s
beta-carotene leve
and smoking and
cancer after
adjusimens for
SMGKIng.

CV AND BETA-CAROTENE

| i
ISP RS

1 Assessment of

Vitaring aND CANCER: PROSPECTIVE STUDIES OF SERUM OR PLASMA CAROTERDIDS AND CANCE R~

asbmen 0¢ 5:\“1«

Storage of serum

| samples was of lory
duration and ther=
was no report of
dietary intake or
supplement usags
! Slood storage time \
of tong duratior:. No
distary intake or
supplement usage
data were reported

J
|
|
|

atudy

|
Combined dietary and

serum data with

biopsy data pius the

control of confounding

variables makes this a

convincing study.

.| Duration of
supplementation too
short and sampie size
was too small to aliow
conclusions to be
drawn.

Cross-sectional study
without proper contro!
groups. However,
study considered for
smoking behavior as &
confounding variabie.

Maiched cases with
controls for smoking
and other cenfourniding
variables. Good
overali design.

Limitations are the iong
durations between
interview and
reference period and
tong retrospective
period.

No report as ic whether
or not reduced plasma
beta-caratene is ¢
to the disease sicie.

TABLE 5. —AXTIONDANT VITAMINS AND CANCER: CHEMOPREVENTION INTERVENTION TRIALS WiTH BETA-CAROTENE

100,000 U */weak,

gression of leukoplakias
atiar 6 monihs..

Study site/investigator Target site/organ 1 Target/risk group Supplementary agent | Rem.t‘
|
Greenberg, et al,, 1990, | Skin..... } Biopsy proved Beta-carotena, 2 mg No difference  between |
Dartmouth, UCLA' U | nonmelanoma basai- per day. cases and ContrGt groups |
Minn,2 UC-5an | cslt or sauamous-celt | in new cases of nonmal- |
Francisco ° (Ref. 20). | carcinoma. i anoma skin cancar. !
Buring and Hennskens, | All cancer sites. .| Amarican Phyasicians........| Bote-carotene, aepinin ... Continuing......o
1990, Harvard Schoos i
of Public Health (Ref. ]
“40). ‘
Stich e* 3!., 1988 {Ref. Oratl teupiakias and Betel nui/tobacco | Beta-carotene, 180 mg/ | Inhibition of micronucieated
68). } micronucleated cells. chewers. T week; Vitamin A, ceilz after 3 months. Rs-
| i
1
|

|

! Uncve(s.ty of California, .05 Angeles.
* University of Minnasota.

3 Unuvmeuty of Caiifornia at Loa Angeles.

¢ International units,

Assessmen. o‘ 1udy

SN OO ———

Weli-designed doubie-blind

intervention triai of 5-year
duration

JNSA

Authors suggested consid-

erable variation in tissue

levels ot beta-caroters
may aifect study oul
come.
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Study

Fontharm, e al, 1588
et ¥9)

on, et al., 1988 (Ref
78).

Le Marchand, et al.,
283 {Ref. 29).

Le Gardeur, et ai., 1950
{Ref. 120).

TABLE 6.—ANTIOX:DANT ViTAMINS AMD CANCER: ViTAMIN C aND LunG CANCER

Type and focation

Cage-ccntrol, Les
Angeles, Califoriia

Case-control, Hong
Kong.

Case-control, Hawaii

Case-centrol, Los
Angeles, California,

Subjects

" 1.253 cases, 1,274
hospital controls
matched for race, sex,
age.

88 cases, 137 district-
matched controts.

Allssubjects were
woinen with no known
history of smoking.

.f 432 cases, males and

females, 8&5
community eontrols
matched for age and
sSex.

59 cases, 59 hospital
controls, 31
community controis.

Methods

All subjects interviewed
via questionnaire
regarding tobacco
use, diet, etc.

Food fraguency
questionnaire uced
with reference period
before appearance of
symploms.

Adl subjects intervicvied
regarding
demographics, 2tc

Diet information
obtained from food
frequency
questionnaira

Structured interdew
provided data on
smaoking, aicohol use,
diat, stc. Food
frequency
questionnaire given 1o
ail subjects.

Cases and hospital
controfs irterviewed
regarding smoking,
history, ciet, etc.

Commurity controls not
interviewed.

Biood samples collecied
from ait.

PO

Resuits

An inverse association was
fourd between intake of
vitamin C and specific
types of tung cancer.

A similar but less strong
association was found for
carotene,

Reduced risk of adenocar-

cinoma and large cell
cancer associated with
consurmption  of lealy
green vegetables, car-
rots, tofu, fresh fruit,
frash fish. :

Reduced sk of syuamous

cell tumors associated
with  consumption  of
frest; fruits,

Inverse association found
between vitaminn C from
foods and suppiements
and risk of iung cancer.

A dose-dependent negative
assoriation was found
between dietary bsta-car-
otens and risk of lung
cancer.

Mean serum
carot-enoids, vitamin E
were fower for {ung
cancer cases than for
hospital controls.

Hospital controls tiad fower
levels of vitamins C and

fevels  of

Comments

Controt group had 21.6%
nonsmokers versus 4.0%
in the case group

No  biochermical
measured.

No population-bazed oon-
o1 group.

No  comparisons
rmade to nutrient i
standards.

No bicchemica
ments,

Mo analysis of dwt i
Sion for apeciic ruttenis

indices

wete
b

No biochemical measure-
ments.
No contrcis for ethnic dif-

ferences in intake

No diet rasuits reportad.

Mo diet data coliected for
community controls.

Hospital control group not
appropriate  because of
nature of dHnesses.

E than community con-
frois.

N

TABLE 7.—ANTIOXIDANT VITAMINS AND CANCER:

ViTAMIN C AND CANCERS OF THE COLON AND RECTUM

Study

Type and location

Subjects

Methods

Results

Comnmients

Graham, et al., 1988
{Ref. 78).

La Yecchia, et al., 1968
iRef. 47).

MNeugut, et al., 1988
{Ret. 136},

Case-contsol, New York,
NY.

Case-contof, ftaly ...

Cross-sectional, New
York, N.Y.

428 cases of colon
cancer, 428 controis
matched for sex, age,
neighborhood.

339 cases of colon
cancer, 236 cases of
ractal cancer, 778
hospital controis
{acute nonneoplastic,
nondigestive
disorders).

105 cases of poiyps, 56
cases of coion
cancer, 83 controis
without neoplastic
disease.

Al subjects were
women who had
undergone
colonoscopy.

interview consisted 6!
food frequency
questiornaire,
smoking and aicohol
use, health history,
etc.

Dietary information
obtained from foed
frequency
questionnaire..

Pata also collected on
demographics,
smeking. alcohel use,
etc.

Questiornaire usad to
obtain information on
demographics, heaith
history.

Subjects asked about
use of vitamin
supplemenis,

increasing intake of toma-
toes, peppers, carrots,
onions, celery associated
with decreased risk of
colon cancer.

Risk was positively associ-
ated with increasing
intake of total fat and
total calories.

intake of green vegetables,
tomatoes, melon, cofice
inversely related to risk
of ccion and rectal can-
cers.

inverse relationship bs-
tween indices of carote-
noid and vitamin C intake
and risk.

Significant
socio-aconomic
among the groups.

differences in
factors

No biochemical
ments.

No reference period for
food frequency auestion-
naire,

measure-

Variability in  reference
period among groups.

No biochemical measuro-
ments.

No populetion-based con-
irols.

No dietary information.

No information on duratioin
of supplemsnt use.

No biochemical measure-
ments.




Federal Register ; Vol. 56, No. 229 /| Wednesday, November 27, 1991 / Proposed Rules

60646
TABLE 7.—ANTIOXIDANT VITAMINS AND CANCER: VITAMIN C AND CANCERS OF THE COLON AND RecTuti—Continued
Study i Type and location i Subjects Methods { Results Comments
e e i : -
west, et al,, 1983 (Ref. Case-control, Utah........... 1 231 cases of colon Interviews provided Protective effects of beta- | No bicchemical measure-
80}. cancer, 391 controls informatiors on carotene and cruciferous ments.
demographics, health vegetables in males and | Relationship of reference

Freudenheim, et al.,
1920 (Ref. 77).

McKeown-Eyssen, et &l.,
1268 (Ref. 81).

De Cosse, €t al., 1989
{Ref. 82).

Case-control, New York,
NY.

Randomized doubie-
blind intervention t:iaf,
Torornito, Canada.

Randomized double-
blind intervention trial
study.

Participants from
several states, United
States.

matched by age, sex,
county of residence.

422 cases of rectal
cancer, 422 controls
metched for sex, race,
age.

185 ceses with at least
one coion or rectal
polyp.

&8 patienis with familial
adenomatous
polyposis who had
totai coleciomy and
ileorectat anastomosis
1 year prior to study.

history.

Food frequency
questionnaire used to !
obtain dietary
information.

interview used to cblain
information on food
frequency, smoking,
alcohol use, heaith
history, etc.

9€ subjecis received
vitamins E plus C, and
89 received placebo
over a 2 year period..

Food frequency
questionnaira used to
obtain dietary data.

Vitamin graup received
22gfiberand 4 g
vitamin C and 400 mg
vitamin E daily.

Fiber group received
both vitamins pius
22.5 g tiber daily.

Controi group received
placeboand 22 g
fiber daily.

All groups received
supplement of
vitamins C and A, and
several other vitamins

and minerals daily.

of fiber in females.

i No effocts of vitamin C.........

fricreasing intake of caro-
tencids, vitamin C, and
dietary fiber from vegeta-
bles associated with de-
creased risk of rectal
cancer.

137 participants completed
the trial.

There was no significant

difference in tha number
of polyps found in vita-
min-treated or piacebo
groups.

There were no significant
effects of the vitamins.

period for dietary data
and time of diagnosis not
identitied.

Mo biochemical measure-
merits.
Reliarice on retrospective

food frequency informa-
tion.

Mo biochemical measure-
ments

Small sample size

Study design did not aliow
differences in effect of
individual vitamins to be
distinguished

No biochemical
ments.

Analysis of independent ef-
{ects of vitamins was not

measure-

TABLE 8.—ANTIOXIDANT VITAMINS AND CANCER: VITAMIN C AND BREAST CANCER

Study

Type and location i

Subjects

Methods

i

Resuits

Katsouyanni, et al.,
1988 (Ref. 83..

Torniolo, et al., 1969
{Ref. 84).

Howe, et al., 1990 (Ref.
85j.

Caso-control, Athens,
Greece.

Case-control, italy .............

Case-control, meta-
analysis of all studies
of diet and breast
cancer compieted by
1986.

250 cases, 499 controls

4,437 cases, 4,341

120 cases, 120 hospital
coatrols.

from generai
population stratified
by age, geographical
&rea.

population-based
controis, 1,754
haspital controls.

Dietary histories
collected with a 120
item food frequency
questionnaire.

Nutrient intakes
adjusted for calories.

Dietary information
collected by use of a
modified focd
frequency
questionnaire.

Data on vitamin C intake
available from 9 to 12
studies.

Estimates of intake were
made for other three
studies using food
frequency answers.

i

No association between
intake of vitamin C and
risk of breast cancer.

No differences in intakes of
vitamin C between cases
ana controls.

No differences in vitamin C
intake between groups.
Reduced risk of breast
cancer was associated
with decreased iniakes of
saturated fat and animai

fat.

Vitamin C intake had a sta-
tistically  significant  in-
verse association with
risk of breast cancer.

Consumption of B-caro-
tene, fiber [markers of
fruit and vegetable con-
sumption] were aiso in-
versely related to risk.

possible  because of

design of the study.
Comments

No biochemical measure-

ments.

Supplement use not docu-
mented.

25% of controls had osteo-
arthritis, which affects vi-
tamin C metabolism.

No biochemical measure-
ments.

Retrospactive diet data not
necessarily indicative of
diets prior to diagnosis.

Lack of control of irde-
pendent variables that
could be related to out-
come. _

Reliability of dietary data
questioned for some of
studies used.
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Cnng, @1 al,
Orshy, ot al,
{Bel 43

1588, and
1388

a .

Fyoa aad iocaion

vt Hawan

TonIre! 13pan

ANTIOXIDANT ViT2MINS AND CANGER: ViT A C A

Suniec's

452 Lases, B899 age-
maiched contrals

sases of prostatic

100 conirols
with benign prosiatic
hyperplasia, 100
hospital controis i
without neoplasia or |
hyperpiasia..

Al subjects malched dor
hosgpital, age, «ate of
admission. ;

Rt ods

Fome nterview used 1o
colicct data cn

adcal,

nal NSOy,

daterming
intakes.

[ interviows used 0

collect data on
cccupation, mediual
aistory, etc

Cistary information
obtained from food
frequency
questionnawe

TR

ARy

Resuits

I M associations were found

! between intake of vitamin '
C from tnod sources and |

rick of prostate cancer

|
|
|
|
|
|
{
|
|

foods was not assocaater‘
with  risk ot
! AT

-

prostate |

CER OF THE PROSTATE

Comments

Total  wvitamin C
ranged  from
3,000 Mgy
§groups

TABLE 10.—ANTIOXIDANT VITAMING aND CANCER: ViTanmin T aAND CANCER OF THE PANCREAS

tudly

Type and jocation

Subjects

Mtn"od:.

Faik. et al, 1588 {Rel,

Case-conirol, Los

B3y Angeles
Farrow, et al., 1980 Case-conirol,
(Rl 137 Washington

; Race

383 cases, 1,234
hospital controls
matched on hospital.

L BEX, AGe . .

148 cases, 188
randomiy selecied
conirols.

rierview used to obtain
data on sricking,
medical history, ete

¢ Food frequency

questionnaire used to
obtain dietary
information.

Data for ail subjects
coliected from
syrrogates.

Food intake was
determined from food
frequency
quastionnaire.

? Results

Significant inverse relaticn-
ship between consump-
tion of fruit {fresh or
juice) and risk of parncre-
. afic cancer.

i

| risk of pancreatic cancer.
|

Mo association batween in-
takes of vitamin C and

No piochemical measuras
Use of surrogates for mors
than 50% of cases.

13% of controls were not
avaitable.
Questionable  validit

ability of daia acqu

La Veconia, of &, 1980 | Casa-convrol, italy . i 247 cases, 1.089 interview used to obtan | Statisticaliy significant de- | No  biochemical measura-
i=ef. 48}, hospital-based cata on tobacco, cremse in risk of pancre- ments.
. conirols, alcohol, cotfee intake, alic cancer with in- | No community based con-
ete. creased inmake of fresh ircl.
Dietary intake of 14 friits No matching for comioung-
“reference foods™ ing variables.
determined.
TABLE 11.—ANT:OXIDANT VITAMinS AND CANCER: VITAMIN C anD STOMACH CANCER
Study Type and !ocation Subjects Results Cammenq
- - e e .
Burr. et al., 1987 (Rat Tross-secticral, 267 and 246 subjects ( Siandardized ntake of fruit and plasma | No informaticn on nature of
94y, England, Wales selecied randomiy i questionnaire. | ascottate levels were food frequency question-
i from pools of men I Bioed samples o signihcantly  higher  in naire.
| aged 8510 74 yaws | ascorbate and men  fom  lown  with | No diet data erovidad.
' in two towns with ! pepsinogen. lowar rates of stomach | No matching of subjects by

1
i
1938 et | G

You, etal
83

1989,
21 and

1 et al,
199v {Refs.
Q).

Case-controt,

Case-control, China

faty ...

If

giffering deatn rates
from stomach cancer.

564 cases of stomach
cancer, 1,131
populaticn-based
controls.

$.016 cases of gastric
cancer, 1,159
community controis
rratched for age. sex,

Dietary data oblained
from a focd frequency
questionnairs.

Reference periods were
abott 1980 ard about
1865,

interview usad 1o obtain
information about
demographics,
medical history, diet,
&ic

cancer.

i
3
]
!
1
I vegetables)

noreased consumption of
vitarmin G, carotene, and
calcium {associated with |

health smoking,
demogia

Saiz  repre 3980
imerviews.

No biochemical measura-

high intakes of fuits, menrts.
associated | No information on mean in-
with decreased risk of takas of nutrienis
. siomach cancer
| Significantly reduced risk | No biochemical data.
| associated with in- | Reliance on retrospec/e
| creasad intake of raw | data
vegetables, fresh fruit, | No comparison with known

citrus fruit,

|
i

!Pésk decreased in propor-
I tion to intake of vitamin
.' C, beta-carotene, alpha-
. ftocopherct and vegetabie
i

fat,

standards of it
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TABLE 11.—ANTIOXIDANT VITAMINS AND CANCER: VITAMIN C AND STOMACH CANCER—Continued

Study

Chnyou, et al., 1990 (Ref.
93).

Kono, et al., 1988 (Ref.
90}.

Type and location

Case-control, Hawaii

Case-control, Japan

Subjects

Methods

Results

Camments

111 cases of gastric

| cancer, 361 controls.
. All subjects were
American men of
Japanese ancestry
interviewed from 1565

1o 1968.

i 132 cases of stomach
cancer, 2,574 hospital

controls, 278

randomly selected
community contrals.

Food frequency
questionnaire
provided information
on food items
consurned.

i Statistically significant in-

versa relationship  be-
tween risk of gastric
cancer and intake cf alf
vegetables.

Data collected on : Inverse relationship  be-

dietary histories, i
occupation, smoking. |
etc. |
|
|

tween risk of stomach
cancer and consumption
of fruits.

i Decreased risk also associ-

ated with increased con-
sumpticn of green tea.

No biochemical measure-
ments.

No assessments of individ-
ual nutrients,

No bicchemical measure-
ments.

No evaluation of individuat
nutrients.

No information on health
problems of hospital-
based controls.

TABLE 12.—ANTIOXIDANT VITAMING AND CANCER: VITAMIN C AND CANCERS OF THE HEAD AND NECK

Study

Type and location

Subjects

Methods i

Results

Comments

Brown, €t al., 1988 (Ref.
139}

Mclaughtin, et al., 1988
(Ref. 96).

Franco, et al., 1989
(Ref. 95).

Li, et al.,, 1989 (Ref.
138).

Case-control, South

Case-control, four

regions of United

Case-control, Brazil

Case-control, Linxian,

207 males with
esophageal cancer
and 74 hospitalized
cases and 133

deaths, 157
hospitalized

noricancer controls
and 265 nencancer

daaths.

871 cases of oral and
pharynigeal cancer,
979 population-based
controis matched for
age, sex, and race.

232 cases of oral
cancer, 464 hospital,
noncancer controls
maiched for sex, age,
trimester of haspital

admission.

1,244 cases of cancer
of esoptiagus or

gastric cardia.

1,314 sex and age-
maiched controls
from same area.

Fatients interviewed Leading risk factors for

about alcohol,

tobacco use and diet. |
Naxt of kin of cancer

and control subjects

interviewed at home.

esophagea!l cancer after
adjusting for smcking
and tobacco use were
low intakes of citrus fruits
and juices and high in-
takes of fiver.

All subjects or next of Vitamin C was associaied

kin provided data on
alccho! and tobacco
use and normal diet
during adulthood.

with  decreased odds
ratios and risk of oral
cancer in men and
women.

There was a significant pro-

tective effect of vitamin
C, vitamin A, and fiber
derived from fruit.

All subjects interviewed | Strongest risk factors were

regarding history of

alcohol and tobacco use.

alcohol and tobacco Without adjustments, sig-

use, general health,
sfc.

Dietary information
cbtained from a food
frequency
questionnaire.

nificantly reduced risk as-
sociated with increased
consumption of carrots,
pumpkins, papaya, citrus
fruits.

Data collected on Al subjects consumed

smoking, diet history,
personal heafth

diets tow in fruits and
vegetables.

history. No association with risk of

Questions were
referenced to 2 time
periods (late 1950’s
and late 1970's).

cancer at the sites exam-
ined.

No biochemical measure-
ments.

Reliance on retrospective
dietary data and use of
proxy data for mortalily
phass of study.

Na biochemical measure-
ments.

Reliance on retrospective
diet data.

No biochemical measure-
ments.

No data on vitamin C spe-
cifically.

Lack of population-based
control group.

‘nsufficient  variabitity  in
intake to assess relation-
ship to risk of cancer at
sites examined.

TABLE 13.—ANTIOXIDANT

ViTArINS AND CANCER: VITAMIN C AND CANCER OF THE OVARY OR

CERVIX

Study

Type and location

Subjacts

Methods

Results

Comments

Brock, et al., 1988 (Ref.
62).

Shu, et al., 1289 (Ref.
97).

Case-control, Australia

Case-control, Shanghai....

117 cases of cetvical
cancer, 196 controls
matched for socio-
economic status, age.

172 cases of epithelial
ovarian cancer, 172
controls (age-
matched).

Interview used to obtain

Interview and food
frequency
questionnaire used to
obtain information on

Cases not matched for

sexual habits, smcking,
use of oral contracep-
tives.

demographics, Adjusted ¢ estimats

reproductive history,
dietary data, etc.

information on
demographics,
reproductive history,
dietary intake, etc.

showed pro. _ctive effact
for vitamin C.

No effect of intake of vita-

min C on risk of ovarian

cancer.

No bicchemical measures
of vitamin C status.

No comparisons made with
regard to dietary intake
and blood levels.

No biochemical measure-
merits.

No descriptive statistics.

No comparisons to kriown
standards of intake.
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TABLE 13.-—ANTIOXIDANT VITAMINS AND CANCER: VITAMIN C AND CANCER OF THE OvaRY OR CeERVIX—Continued
sy " Subjects : Resulls 1 Comments

Slattery et at., 1939
{Ref. 44).

Verrault, et al.. 1989
{Ret. 63).

Ziegler, et al., 1990
{Ref. 99}

Study

Type and lecation

Case-control, Utah

Case-control,
washington.

Case-centrol, ¢ross-
sectional multi-mutti-
center study.

Subiecis Methods |

Interview provided data
on demographics.
health history, dietary
intakes, eic.

85 cases of cvarian
cancer, 492
population-based
controls matched for
age.

189 cases of cervical
cancer, 227 randornly
selected age-matched
controls.

Demographic, dietary,
etc. data collected by
interview.

Data coliected by
interview.

Medical history, family
health, food intake
data collected.

271 cases of cervical
cancer, 502 contrels
matched by age, race,
telephone exchange.

No effect of intake ol vita-
min C on risk of primary |

ovarian cancer.

Decreased risk of cervical
asscciated  with

cancer
high intakes of vitamin C.

No effect of vitamin T or
vitamin C-rich foods o©n .

risk of cervical cancer.

TABLE 14.—ANTIOXIDANT VITAMINS AND CANCER: OTHER STUDIES

and locaticn

b Type

Subjects Methods

Results

* No reference period aiver
for dietary data.
« No  biochemical
© ments.

measure

fNo bicchemical meoasure
ments.

' Retrospective pericrt
. 2710 28 years.

+ Food portion sizes estimat
¢ ed from food compositior
i tables.

" Cases confirmed
1982 and 1983.
. No reference period :gia
i live to onset or symp
i toms of diagnosis
! cases.

wat

dunng

Comments

La Vecchia. et al., 1989

{Rel. 49).

Stahelin, et al., 1989
{Ref. 61).

Case-cGrirp!, Northern
italy.

i Prospective cohort,

Basel, Switzerland.
t

All subjects interviewed | Bi
for information about
heaith history, alcohol, |
tobacco use, cofice !
consumption, etc. !

Dietary data obtained !
from food frequency
questionnaire.

Sarnples were collected
in 1971 to 1973 and
analyzed immediately.

163 cases of confirmed
bladder cancer; 181
hospital cortrols.

i
\
i

2,975 men, 102 cancer Vi
deaths (lung, 37;
stomach, 17;
colorectal, 9; others
39). i

adder cancer cases had

fower frequency of con- .

sumption cf green vege-
tables, carrots.

intake of vitamin C.

tamin C was significantly

fower in cases of stom- :

ach cancer than in con-
rols

]

' No biochemical measurs
' ments.

| Focd frequency Guesticn
naire had only 10 itemis

No reduced risk related to !

}Reliance on point sampls
analysis.
No dietary data.

I
|
;

TABLE 15.—ANTIOXIDANT VITAMINS AND CANCER: PRCSPECTIVE STUDIES ON VITAMIN E AND CANCER

Authors/yaar

i
{

Source/exnosura

Study population

N i
Cancer site | Cases/controls

Wald, et al, 1987
{Ref. 57).

Russell, et al., 1688
(Rel. 117).

Gey, et al., 1887
{Ref. 109)

Stahetin, et al., 989,
1991 {Refs. B0 and
61).

Sarum vitarin E

Serum vilamin E.........

Piasma vitamin £ ... : 3.000 men, Basel,

Plasma vitamin E

22,000 men, 35 to 64
years, London,
England. i

5,086 women, 26 to
{ 88 years, |
Guernsey, England. |

9/17, 6/12, 3/86,
8/15, 5/10, 31
57, 28/55, 90/

Lung, colorectal,
stomach,
bladder, CNS,

skin, other sites, 172.
all sites.
j
307288 ...

Breast .......... e

i
i

All sites, lung, | 102. 37,17, 2,70
Switzerland. gastrointestinal !
SUTVIVOTS, '
. |
| |
| |
1 t
......... ‘[ 2,974 men Basel, i Brenchial, | 88, 20, 37, 17,

Swiizerland I stomach, | 2421

i gastrointestinal, |

colon, survivors.

; Resuilts

- Assessment of the siudy

! Mean vitamin E level of

/i the cases was not
from the controls in
cancer subjects
diagnosed >1 year

after blood cclection,

! Vitamin E levels of
. cancer cases
. diagnosed <1 year

after blood collection
was significantly lower .

than controls.
| between the serum
i vitamin E levels of
cases with breast
cancer and the
controls.
Significantly tower
plasma vitamin £
levels were
associated with
overall cancer and
combined

7.

significantly different

{ No significant difference

. Mo dietary use data or
data on the heaith
history of the controis

Cases per cancer site
were small.

- The ditference reported

. for cases diagnosed

at <1 year may rave
been the

'

cancer rather than the
DIeCUrsor.

- No matching fer

srnoking. } storage
time of the szrnpies
and no diztary use

data.

| No dietary use data
' Smali size was very
i small per site.

gastrointestinal cancer !

i mortality.
: No significant

ol cancer.

association of piasma
vitamin £ and the risk

. No dietary data.

' Resuits did not cortirr

i f{indings reporied m ar
eartier study using the
same population
group.
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TABLE 15, —ANTIOXIDANT ViTAMING AND CANCER. PROSPECTIV

Authors/yess

Schober, et af., 1937
{Ret. 118).
Burney. et al, 1933

(Ref. 115

Comstock, et al.,
109% (Ref 114)

Kneky ef al., 1988
{Ret 112},

i

Sorun vitamin £

Sorun viamin B

Sanun wdarmn T

Sarum vitamin E......

Scurcelexposwe | Study population

4 25802 as.fts,

Caunty. Maryiand

25,820 adults,
Wasiungton
County, Maryiand.

25,809 aduis,
Washington
County, Marvignd

36,265 men and
women, 15 to 23
years, Fintand.

Colon.......

Pancreas ..

Colen: rectumy
pancreas; lung;
melanoma, skir;
basal celt, skiry;
Breast;
Prostaie;
Bladder,

Gastroiniesting......

& StupiEs ot ViTarr £ ano Cancer—Continusd

Jcontrols

72,143, 34/63,
23744, 99/19¢,
20740, 21/42,
3G/59, 103/
103, 35/70.

LEZ O

Resuits

.1 No signiticant

association of serum
vitamin E asigt colon
cancer,

.| Low ievels of serum

vitamin E appear to
have & protective
sficct on pancreaiic
cancer,

The associatiors of
vitamin £ with fung
cancer showed a
dose-response trend
in & protegiive
direction.

There were na other
significant
associations.

tipper gastrointastinat
tract cancers were
associated with lower
serum vitamini E.

Tha risk differed
significantly batween
tertiles among men.

Sigrificant increase in
the risk for ail cancers
unretated to smoking

gastrointestinal
cancers with: low
serum vitamin E.
Significant inverse
association beiween
serum vitamin E for ail
cancer sites combined
and epithelial cancer.

The associatior: of
serum vitamin E with
cancer was strongest
for ait cancer sites
and gastrointestinal

R S,

No dietary data and forg
storage time of tha
sera sanples

A chance asscciabion
betweean vitamin £
and pancreatic car
couid ot he
exciuded.

Samiples were stored for
a long tirne periog and
there was ro
information on diel
history ¢r intake.

The number of casus
was also very smi

Storage time of samples
was very iong, sampio
size at some cancer
sites was small and
no diet history or
usage reported.

Samples coliected asdd
stored a long time
before analysis of
vitamin E and no ciet
usage data were
reported.

The number of cases at
certain sites was
small, samples were
stored for & long
period of time and no
dietary data were
reported.

The number of cases al
some sites was smail,
samples were
collected and stored a
fong time beatore
analysis of vitamin E
and no distary data
reported.

Same as above.

H

Resulte { Assessment of the study

U § .

All cases were in the
advanced stage of
breast cancer.

No dietary or clinical
data were reported.

Sample size was sma

association between
breast cancer and
serum vitamin E.

Kneks, et ai., 1983 Serum vitamin £, 2%,172 men, Finland....! All sites, Stomach, | 453/841, 48790,
(Ref. 111, Pancreas, 17/28, 21/39,
Colon and 367/723.
rectum, Other and some
sites.
“ne«:, et al., 1388 Serum vitamin E........._| 15,093 women, Al sites, 313/578, 184/
(Ref. 110}. Finiand. Epithetiat, 339, 67/123,
Breast, Cervix, 23/44, 12/21,
Endometrium, 16429,
Ovary.
Knekl, et al., 1951 Serum vitamin E........... 36,265 men and All sites, 857 sets, 160 sets,
{Ref. 113}, women, Finland. Gastroirtestinal.
cancer.
TABLE 16.—ARNTIOXIDANT VITAMINS AND CANCER: RETROSPECTIVE STUDIES ON ViTAMin E AND CARNCER
— x — —
. § {58505/
Authors/year Source/exposure Location Cancer site 's;;‘g%fgggg?‘
Basuy, ef af., 1239 Serum vitamin E....._..... Canada.. .......coeeen.nn| Braast ... e 30:30, Popidiation...] No significant
{Rei. $185
Gerber, et al., 19239 Vitamin E intake.......... Framca . oineiareenns] BEQASY e, 1207109, Hospital ..

{Ref. 119).

Piasma Vitamin E.......

Plasma vitarsie E was

No significant

The control group was
made of hospital
patients and no
information was given
on medication use.

Dietary data were
retrospective.

significantly higher in
cases than conirols.,

association of vitamin
E intako and breast
cancer.
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TABLE 16.-—ANTIOXIDAMT VITAMING AND Canorn: Ro

Cascs/controls.

Cancer site type of control

Authors/year Source/exposur Locaton

270/499,
Population i

Tonolo, et al., 1989 | Vitamin £ intake ... ! Breast

{Ref. 84). ‘ [

;
i ' |
! i

& New Orleans,

LaGardeur, et al., | Serum vitamin £ CLuny.. . C 59759, Hospital L
1990 (Ref. 120) : ¢ Louisiana ;
i ' i
! ; |
/
|
; I
; !
: : ; i
| ! t
! | ;
Charpiot, et al. '€83 1 Serum vitamin £......... France ... .. i Draestive... ... 50/50, Hospital...... !
{Ref. 121 "
! |
: |
: |
i 1
; |
Buiatti et ai. 193¢ Vitamir Eintake .. .. Haly e [€F-1-3 14 o, :1,016/1,159,
(Ref. 92). ! i i Population.
| |
|
Verrault, et al. 1989 | Vitamin E intake.... . .. Seattle, Washington ...| Cervical | 189/227,
{Ref. 83). carcinoma i Population.
i
i
i
!
Cuzick, et al., 1990 Serum vitamin E ........| London.. Carvical 30/40, 4C/45. ‘
{(Ref. 122). H intraepithelial | Patients of |
! neoplasia |, | general i
i Cenvical i  practitioners
; intrzepithelial i and clinics.
necplasia !l. ;
Freudenheim, et al., Vitamin E intaka..........| Western New York ...... Rectal.......ccocoe.oel 2777277 {men), !
1990 (Ref. 77). ’ 145/145 |
(women), ;
Meighborhood.
Stryker, et al., 1630 Plasrna vitamin E, BOSON .cociveeienercreenes Malignant I 2047248, Skin
{Qef. 125). ! Vitamin E intake. melanoma. ! clinic. ’
i . !
|
Drozdz, et al., 1989 Serum vitamin £ Poland '22/16, Hospital.......
(Ref. 124). ; ;
i
]
i
{ i
i 1 !

Resuits

i No significant

association of vitamin
E intake and dreast
cancer.

©oserum vitamin £
of cases when
compared wiin
controls..

Adjustment for scrum
cholesterol reduced
the differences.

Serum vitamin E of

cases were
significantly Jower
than controis.

Risk decreased with
increased intakes of
vitamin E and C.

High vitamin E intake
was associated with
lower cancer risk.

Significant decireasing
trend of mean levals
of serum vitamin E in
cases.

No significant
association between
rectal cancer and
vitamin E intake.

intake alone display=d a
significant trend cf
decreasing risk with
increasing intake.

No significant
association of serum
vitamin E and cancer
of the iarynx.

ROUSPECTIVE STUDIES ON VITAMIN E AND CanceER-—Coitinued

Assessment of the study

© Mo biochemical data

were reported.

Dictary data were

retrospective and
obtained on the
average of 7.8 menths
after diagnes:s.

: No dietary gata were

reporterd.

' Hospital patients who

may have been
precisposed to
changes in serum
vitamin E were uced
as controls.

i Greups were not

matchied for smoking
history.

: Dietary intake

i
i
|
i
i
i
{
1

1
i

'
i
{

i
i

infurmmsation was not
reported.

No irformation was
provided on whather
the hospitatized
controls were on any
medication.

Data were not provided
on the stage or type
of digestive cancer.

No biochemical data
were reported.

Retrospective dietary
data on vitamin E
were calculated using
English tables.

No biochemical data
were reported.

Retrospective dietary
data focused on the
recall of foods use
several yezrs prior to
the interview.,

No dietary data
reported.

Sample size was small.

tNo medical history of
centrols was reported.

: No biochemical data

reported and
retrospective food
requency interviews
were used.

Clinic patients were
uysed as controls and
no information was
reported on
medication or
suppiement uss.

Hospital controls were
used who may have
teen predisposed to
changes in serum
yvitamin E.

No diet or supplement
information were
reported.

Sample size was very
small.
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