








CHEMOPREVENTION OF CANCER

information is the inability to predict the dose level in the human
that would give maximum protection without producing toxicity
(9). Dehydroepiandrosterone is an interesting inhibitor in that it
has been shown to suppress neoplasia in several experimental
systems (46). the mechanism of this suppression is not known.
The number of investigators who have carried out experiments
with this and related compounds as inhibitors of carcinogenesis
has been very small. The use of protease inhibitors and inhibitors
of arachidonic acid metabolism as inhibitors of carcinogenesis is
under investigation by several groups of workers. The number
of target sites at which inhibition has been demonstrated is
relatively small for both of these classes of compounds as well
as other remaining suppressing agents listed in Table 1.

A series of experiments has been published recently by No
mura ef al. (40) showing that caffeine, antipain (a protease
inhibitor), and retinoic acid can inhibit urethan-induced terato-

genesis and in some instances teratogenesis resulting from
administration of other carcinogens. Information concerning any
common features between the mechanisms of suppression of
neoplasia and teratogenesis could prove to be of importance.

Compounds Inhibiting Tumor Promotion

In Table 2, 9 classes of compounds that inhibit tumor promo
tion are listed. In some instances, a class contains a sizable
number of inhibitors; and in others, there is one compound. The
vast majority of these studies have focused on inhibition of
promotion of epidermal neoplasia in the mouse as a result of
topical administration of TRA. A few studies have used other
tumor promoters. Of particular interest in this latter group have
been experiments in which the tumor promoter used was benzoyl
peroxide. A major hypothesis concerning tumor promotion has
been that attack by oxygen radicals may play a role in its
causation (49, 58). In accord with this hypothesis has been the
demonstration of oxygen radical formation in the mouse epider
mis following application of TPA. Several groups of inhibitors
that overall prevent attack by oxygen radicals inhibit tumor
promotion. Phenolic antioxidants inhibit tumor promotion by ben
zoyl peroxide (49). Protease inhibitors prevent formation of ox
ygen radicals by TPA and inhibit tumor promotion (58). A syn
thetic compound with Superoxide dismutase activity, i.e., cop-
per(ll) 3,5-diisopropylsalicylic acid, inhibits tumor promotion (20,

50). Thus, there is a body of evidence indicating the possibility
that one mechanism of inhibition of tumor promotion may reside
in a "blocking action" in which the tissues are protected from

attack by oxygen radicals.
A comparison of compounds listed in Tables 1 and 2 show

that members of 3 major groups, i.e., retinoids, protease inhibi
tors, and inhibitors of arachidonic acid metabolism, which have
the capacity to act as suppressing agents following administra
tion of a full course of carcinogens also are inhibitors of TPA-

induced promotion of epidermal neoplasia. An example of the
former type of experiment is one in which a single dose of DMBA
is given to Sprague-Dawley rats and inhibition is brought about

by feeding a retinoid in the diet starting 1 week after the admin
istration of the carcinogen (33). An example of inhibition of TPA-

induced tumor promotion by a retinoid entails the administration
of the retinoid prior to each of multiple administrations of TPA to
the skin of the mouse (62). The observation that members of 3
major groups of inhibitors will inhibit the occurrence of neoplasia

in both types of experimental models suggests the possibility of
some common mechanism. Studies of inhibition of tumor pro
motion in target tissues other than skin and with a variety of
tumor promoters are badly needed.

Compounds Inhibiting Neoplasia When Administered Shortly
before Exposure to a Carcinogenic Compound

Compounds that exert inhibitory effects when administered
shortly before exposure to a compound involved in the causation
of cancer have implications that merit separate consideration.
Some inhibitors are effective if administered during a time interval
ranging from several minutes to several hours prior to the cancer-

causing agent. In interpreting epidemiological data as well as for
consideration of deliberate intervention strategies, short-time

interval effects could be of importance. In general, epidemiolog
ical studies of the relationships of diet to cancer do not deal with
the sequence in which foods are consumed. Thus, if a protective
substance was eaten at the beginning of a meal (an "inhibitory
hors d'oeuvre") and a carcinogenic compound, i.e. an initiator or

promoter, is consumed later in the meal, the likelihood of protec
tion would be greater than if the reverse sequence of consump
tions occurred. Likewise, for considerations of deliberate inter
vention, rapidly acting inhibitors could protect against constitu
ents of the diet that might be involved in the causation of
neoplasia. In Table 3 are listed compounds that inhibit full carcin
ogens when administered shortly before the carcinogen. In ad
dition, there are a number of compounds that inhibit tumor
promoters when administered shortly before the promoter.
These include all-frans-retinoic acid, 13-cis-retinoic acid, ethyl-9-
(4-methoxy-2,3,6-trimethylphenyl)-3,7-dimethyl-frans-2,4,6-non-
atetralnoate, dexamethasone, fluocinolone acetonide, flucloro-
lone acetonide, nordihydroguaiaretic acid, p-bromoacyl bromide,
coppelli) 3,5-diisopropylsalicylic acid, p-methoxyphenol, 2-tert-
butylhydroxyanisole, 3-fert-butylhydroxyanisole, cyclic AMP, and
3-isobutylmethylxanthine (20, 36, 42, 47, 49, 50, 62-64).

Discussion

There are a large number of compounds that can prevent the
occurrence of cancer. The number of experiments that have
been performed that show this end result is of the order of
several hundred. The chemical diversity of the inhibitors indicates
that inhibition of carcinogenesis is not a highly selective phenom
enon and that multiple strategies exist for bringing about this
desired effect. It also makes it probable that additional com
pounds with chemopreventive properties will be identified in the

Table 3

Inhibition of carcinogenesis by compounds administered shortly before exposure
to the carcinogen

Inhibitor7,8-Benzoflavone2(3)-fert-Butylhydroxy-anisole4-MethoxyphenolBenzyl

Â¡sothiocyanateKahweol

palmitateCarbon

disulfideCarcinogenDMBABP/3-PropiolactoneDMBADMBASymmetricaldi-methylhydrazineSpeciesMouseMouseMouseRatRatMouseOrganSkinLungForestomachMammaryglandMammaryglandLargeintes
tineRef.10,6151726671,7674
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future, again adding to the choices that wilt be available. These
data enhance the likelihood that chemoprevention of neoplasia
will prove of value as a method of cancer control in the human.
Given this favorable outlook, where are we now and how do we
procede most effectively?

In terms of application of existing information to prevention of
cancer in the human, there has been a focus on 2 types of
efforts. One of these has been to select compounds that have
very little toxicity and to use these in an attempt to prevent
neoplasia in selected populations. Three such compounds fall
into this category. These are ascorbic acid, a-tocopherol and ÃŸ-

carotene. The hope has been that these compounds could be
administered with very little risk to human subjects and that they
would produce a significant preventive effect. In experimental
systems for evaluating inhibition of carcinogenesis, these com
pounds have not been shown to have broad inhibitory capacities.
Ascorbic acid is effective in preventing the formation of nitroso
carcinogens from precursor compounds but in most instances is
not effective in inhibiting carcinogenesis resulting from adminis
tration of preformed carcinogens (31, 32). There is only a small
amount of published evidence showing inhibition of carcinogen
esis by a-tocopherol, in spite of the fact that this compound has

been investigated for its inhibitory effects over a long period of
time (67). Only a few studies of inhibition of carcinogenesis by
0-carotene have been reported. These have shown inhibition of

mammary neoplasia in the rat and epidermal neoplasia in the
mouse (26, 45, 48). Thus, while the risk of the use of these
compounds would appear to be minimal, it is quite possible that
their administration to humans will not show positive results. If
this proves to be the case, recognition should be made of the
considerations involved in their early choice for studies in the
human. These negative results should not discourage further
endeavors to explore the use of more effective chemopreventive
compounds.

The second focus has been on the retinoids. This group of
compounds has inhibitory efficacy in experimental animals but
also can produce toxic reactions. Accordingly, they have been
selected for use in populations at increased risk to neoplasia.
Evaluation of the effectiveness of some retinoids for prevention
of neoplasia in humans is currently in progress. Substantial
efforts are being made to elucidate their mechanism(s) of inhibi
tion and to develop more effective analogues. The retinoids,
however, are a special case. Nothing approaching the efforts
directed at the development and application of retinoids as
chemopreventive agents exists for other categories of inhibitors.

A common situation existing for many of the inhibitors identi
fied thus far is that: (a) the inhibitors being studied experimentally
are first-generation compounds; i.e., these are the compounds

which originally were shown to be inhibitory and little work on
other analogues exists except perhaps for a few that are readily
available; (b) little is known about the mechanism of inhibition;
and (c) the number of investigators working on the compound is
small, in some instances a single individual. This combination of
events is not favorable for the development of the field. The use
of first-generation compounds means that there is not a clear
perspective on some major attributes of the particular category
of inhibitor. A number of first-generation inhibitors have noxious

properties. One does not know whether these are necessarily
associated with the inhibitory property of the compound or are
an unrelated biological characteristic that could be dissociated

from the essential inhibitory mechanism of the compound by
structural modification. In a number of instances, high concentra
tions of a compound are required for inhibitory effects. Again,
working with a first-generation compound, one does not know

whether this is a characteristic of the particular inhibitor or
whether structural modification would result in a significantly
more potent compound. Thus, with first-generation inhibitors,

we lack knowledge of maximum efficacy and minimal toxicity of
the particular type of compound. An additional critical deficiency
in our knowledge about inhibitors of carcinogenesis is the paucity
of the data on their mechanisms of action. Information of this
nature is an essential ingredient of an effective program.

The field of chemoprevention of cancer requires considerable
further expansion. The leadership of the National Cancer Institute
and the American Cancer Society have made major commit
ments, intellectual and resource, to this field. One would hope
that these will be continued and perhaps enlarged. There is one
further way in which the information base can be expanded
effectively. It entails a conceptual commitment by investigators.
When an investigator works on a mechanistic problem related
to the causation of cancer, whether this be the metabolism and
targeting of a chemical carcinogen, the consequences of an
oncogene expression, or any of the numerous other investiga
tions of mechanism, the question should be asked "How can

this process be inhibited or suppressed so as to prevent the
occurrence of cancer?" If this question were asked and followed

by appropriate experimentation when feasible, it would convert
a large group of experimental oncologists into major contributors
to developing means for cancer prevention.

The essence of the present Perspective can be summarized
quite briefly. Chemoprevention can readily protect experimental
animals against the occurrence of neoplasia. We now must learn
how to bring this protection about effectively for the human.
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