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The optimal way for dealing with virtually all diseases is preven
tion, and this certainly is the case for cancer. If the disease cannot be
prevented, then the second goal is effective therapy. In reality, all
cancer research either is directly part of these two goals or feeds into
them. Most of this presentation will deal with chemoprevention, but
this will be done in the context of cancer research as a totality.

In the past, if strategies used for dealing with cancer were exam
ined, one would have found that efforts were made at eliminating
known causes, then there was a gap interval, and the next major effort
was in early diagnosis and treatment of the disease (Fig. 1). This gap
interval is the focus of chemoprevention.

In Table 1, numbers are provided for the gap interval. The column
on the left gives estimates for cancer deaths for 1993 in the United
States (1). In the next column a crude estimate of average latent period
is shown. Latent period is defined here as the period between the first
significant exposure to cancer causative agents and clinical manifes
tation of the disease. It is based on data derived from epidemiological
and clinical studies of major solid cancers in smokers, individuals
exposed to occupational carcinogens, those exposed to ionizing ra
diation, and those at risk because of their genetic makeup (2-8). The

number used, i.e., 20 years, is not precise but is meant to give an order
of magnitude. It is conservative in that to the extent that it is inaccu
rate, it is likely to underestimate risk. Using the 20-year estimate,

simple calculations indicate that currently, at this moment, there are
approximately 10 million Americans in some phase of the develop
ment of the carcinogenic process that will result in their death. Fur
thermore, there is a slightly greater number of additional individuals
who will develop cancer and either be cured or ultimately die of
causes not attributable to the disease (1). For both groups, these are
individuals who do not have overt manifestation of the disease at this
moment in time. However, they can be considered as having some
type of misprogrammed cellular mechanisms which ultimately will
lead to clinical cancer and, in almost one-half of the cases, death. They

are a major target for chemoprevention.
Chemoprevention can be defined as the use of one or several

chemical agents to prevent the occurrence of cancer. It is a prevention
strategy. A great strength of chemoprevention has been the observa
tion that a large number of compounds can exert inhibitory effects.
Members of at least 30 distinct chemical groups have this property and
there are now several hundred chemopreventive agents that have been
shown to be active in animal experiments (9-14). The consequence of

the finding of a large number of chemopreventive compounds that
have efficacy is that it indicates that there are likely to be a variety of
mechanisms and strategies that can be used and that the end result will
be obtainable.

Chemopreventive Agents

Chemopreventive agents can be placed into two major categories,
blocking agents and suppressing agents (Fig. 2). Blocking agents
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prevent cancer producing compounds from reaching or reacting with
critical target sites. They exert a barrier function. Suppressing agents
prevent the evolution of the neoplastic process in cells which other
wise would become malignant. They effect cellular events (14). In
experimental systems the two can generally be separated by the fact
that blocking agents are effective when administered prior to or si
multaneously with cancer producing compounds, whereas suppressing
agents are active when given after exposure to cancer producing
compounds. In some instances, a compound will have both blocking
and suppressing action (14).

Blocking Agents

There are three major mechanisms by which blocking agents act
(Fig. 3). Some blocking agents prevent activation of carcinogens or
tumor promoters requiring metabolic activation. A second group of
blocking agents are effective by virtue of their capacity to enhance
detoxification systems. A third group of blocking agents trap reactive
carcinogenic species before they reach critical target sites. Much of
this has been described in detail previously (14). Blocking agents that
enhance the activity of systems detoxifying carcinogenic chemicals
are of special interest. These systems are inducible, and in many
instances induction of increased activity has been shown to be pro
tective against the occurrence of cancer (9, 14). Phase 2 enzymes,
which are involved in conjugation and excretion reactions, are par
ticularly important in terms of their protective capacities. Probably the
single most critical system in this regard is glutathione S-transferase

(9, 15, 16). Many Phase 2 inducing compounds occur as nonnutrients
in vegetables and fruits and to some extent may be responsible for the
protective effects that are obtained by diets containing relatively large
quantities of these types of foods (9, 14).

Among the synthetic inducers of Phase 2 enzymes, one which now
is the focus of considerable attention is the compound oltipraz. Olti-
praz has been used in treating large numbers of humans with schis-

tosomiasis. Its potential as a chemopreventive agent was first sug
gested by the late Dr. Earnest Bueding. In the initial studies of the
protective effects of oltipraz in experimental animals, the ability of the
compound to inhibit benzo(a)pyrene induced pulmonary adenoma
formation and formation of forestomach tumors in mice was demon
strated (17). In more recent work, oltipraz has been found to be very
effective in inhibiting aflatoxin induced carcinogenesis (16). Plans are
in progress to determine the efficacy of oltipraz as a protective agent
in areas of the world in which aflatoxin represents a serious environ
mental carcinogen. A third way in which blocking agents can work is
by trapping reactive carcinogenic species (18). Thiols, particularly
glutathione, are important in this regard.

In research on trapping reactions, the trapping of oxygen radicals is
receiving a great deal of attention and is complex. Oxygen radicals are
produced in vivo under many conditions among which a result of
inflammatory reactions is prominent. Oxygen radicals are capable of
attacking DNA (19-21). Frequently, the production of oxygen radicals

is part of a complex process in which a number of events are occurring
simultaneously, which makes their evaluation difficult. Likewise, a
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RESOLUTION OF THE CANCER PROBLEM
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Fig. 1. Previous strategies for dealing with cancer.

Table 1 Estimate of the number of individuals in the United States who currently are
in some phase of the carcinogenic progress that will result in their death

CategoryCancer

deathsNo.

of cancer
deaths in1993525,000Estimated

av.latent
period(yr)20No.

ofindividualscurrently

atrisk"1().5(I().0(K)

" The number of individuals at risk of dying from cancer is meant to provide a crude

estimate of the magnitude of the problem at the present time. It is calculated on the basis
of current incidence and outcome. To the extent that these parameters change, the numbers
would be altered accordingly.

delineation of the mechanism of action of various antioxidants poses
problems because many of these compounds are multifunctional (22-

24). They are not only antioxidants but have other biological effects as
well. In vivo experiments in many instances are unclear as to precisely
what is occurring. This is an area of active investigation, one that
appears promising but is difficult to evaluate precisely at the present
time.

In summing up the discussion of blocking agents, there are three
points that merit particular emphasis in terms of the protection ca
pacities of these compounds. The first is that many blocking agents
occur in the diet mainly in vegetables and fruits, so that in evaluating
the role of diet in cancer, they must be considered. Secondly, there are
specific situations in which a known carcinogen is a major risk factor
to a particular population group. Under these conditions the deliberate
intervention by a blocking agent such as oltipraz is a potential means
of chemoprevention. Finally, the role of oxygen radicals appears im
portant, is extremely complex, and is an area which requires continued
study.

Suppressing Agents

General Comments. As mentioned previously, suppressing agents
prevent the evolution of the neoplastic process in cells that otherwise
would become malignant. A list of suppressing agents is provided in
Table 2 (9). It is evident that a substantial number and variety of
compounds have the capacity to act as suppressing agents. Suppress
ing agents often can be distinguished from blocking agents in experi
mental systems by the fact that the compound exerts its inhibitory
effect when administered subsequent to exposures to carcinogens. A
limiting case of this situation entails the use of experimental protocols
in which a single administration of a carcinogen produces a neoplastic
effect. Examples of such models are urethan and 4-(methylnitrosa-
mino)-l-(3-pyridyl)-l-butanone induction of pulmonary tumors in
mice and 7,12-dimethylbenz(a)anthracene and W-methyl-jV-nitro-
sourea induction of mammary tumors in rats (25-28). Under the

experimental conditions used, nothing is given subsequent to the
administration of a single dose of carcinogen. There is no adminis
tration of tumor promoter or other type of enhancing agent. The single
administration of the carcinogen is adequate to produce the cumulat
ing series of genetic and epigenetic events which ultimately result in
cancer. Presumably factors such as endogenous modulating or pro
moting agents and/or genetic instability resulting from the original
carcinogen exposure play a role in this process. In many experimental

models, in place of giving a single carcinogen administration, multiple
doses are given but they are given in a relatively short time interval,
perhaps 1 or 2 weeks. As with single administration protocols, no
tumor promoter or enhancing agent is administered subsequent to the
carcinogen. In most instances, administration of the putative suppress
ing agent is started 1 week or more after the last dose of carcinogen.
These models are very useful for assessing the suppressing effect of a
test compound.

Classification of Suppressing Agents. Whereas the conceptual
ization of mechanisms of action of blocking agents is quite clear,
although many of the details are complicated, the mechanisms of
action of suppressing agents are more poorly defined. This is partly
due to the fact that they target the reversal of selective critical mecha
nisms in the carcinogenic process, which itself is incompletely under
stood. Several means by which suppressing agents produce their ef
fects are known. Some suppressing agents act by producing
differentiation. Others are directed specifically at counteracting the

Cancer Producing Compounds

Blocking.
Agents

Cells Attacked By
Cancer Producing Compounds

Suppressing.
Agents

Cancer
Fig. 2. Classification of chemopreventive agents on the basis of the time at which they

exert their protective effects.

CARCINOGEN(parent compound)

Activation

ULTIMATE CARCINOGENIC FORM

Detoxification

Detoxification

CELLULAR TARGET

Fig. 3. Target sites for blocking agents. Inhibition of carcinogen activation, induction
of increased detoxification, and trapping reactive carcinogenic species.

Table 2 Suppressing agents

Vitamin A and retinoids0

Vitamin D and related compounds
Carotenoids"

Monoterpenes
Hormone antagonists"
Hormone metabolism inhibitors"
Difluoromethylornithine0
Arachidonic acid cascade inhibitors"

Polyphenolics
Protease inhibitors"
Selenium (inorganic and organic)"

Dehydroep iandreste rone
Inositol and phytate
Conjugated linoleic acids
4-Hydroxy-2(or 5)-ethyl-5(or 2)-methyl-3(2//)-furanone

Nerolidol
Sodium cyanate

a Trials in progress or pending (24).
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RESOLUTION OF THE CANCER PROBLEM

consequences of genotoxic events, in particular oncogene activation.
Beginning conceptualizations of how defects in suppressor gene ac
tivity might be remedied are emerging (29). A third group focuses on
selective inhibition of proliferation of potentially malignant cells.
There is a fourth group of suppressing agents which do not fit into the
above three.

In Table 3 a list of some major groups of suppressing agents falling
into the three defined categories discussed about is given. Vitamin A
and the retinoids and vitamin D related compounds (given the name
"deltanoids") have, as one overall mechanism of action, the capacity

to induce differentiation. Terpenes are inhibitors of Ras oncogene
action (30, 31). Selective inhibition of cell proliferation can be ob
tained by hormone antagonists, such as tamoxifen (32), hormone
metabolism inhibitors, such as the 5a-reductase inhibitor finasteride

(33, 34), and the less organ specific inhibitor, difluoromethylornithine
(35, 36).

Suppressing Agents Inhibiting Components of the Arachidonic
Acid Cascade. There is a large and very important group of sup
pressing agents that have the attribute in common of inhibiting com
ponents of the arachidonic acid cascade. Included in this group are
medicinÃ¡is, such as aspirin, piroxicam, and sulindac (37â€”41).In ad

dition, there are a significant number of natural products that inhibit
components of the arachidonic acid cascade (42, 43). Numerous ex
periments have been carried out in which the suppressing effects of
piroxicam, sulindac, and indomethacin have been investigated in ex
perimental animals. In one such study, two time intervals between the
administration of azoxymethane, a large bowel carcinogen, and the
beginning of feeding of piroxicam was investigated. Diets containing
piroxicam were started either 1 or 13 weeks after the carcinogen. With
both time schedules, substantial inhibitory effects were obtained (39).

It should be pointed out that many investigators simply feed a test
compound throughout the entire course of an experiment. The test
material is fed before carcinogen challenge and continues throughout
carcinogen administration and also after carcinogen challenge. Under
these conditions it is very difficult to be sure whether the putative
inhibitor is acting as a blocking agent, a suppressing agent, or both.

Rather early in studies in experimental animals using nonsteroidal
antiinflammatory agents it was found that inhibitory effects would be
produced even if their administration was started months after the last
dose of carcinogen. About the same time, case reports began to appear
in which various medicinal arachidonic acid cascade inhibitors, in
particular sulindac, produced regression of adenomatous polyps of the
large bowel in human subjects. Subsequently, a study by Labayle et al.
(44) was carried out on patients with multiple polyposis using a
randomized, placebo control, double blind, crossover study format.
The subjects initially were given either placebo or sulindac for 4
months. The number of polyps were counted before and after these
administrations. Subsequently, the treatment given to the two groups
was reversed. The previous controls then were fed sulindac and the
sulindac group was fed the placebo. While taking sulindac, 6 of the 9
subjects showed total disappearance of the polyps, and 3 were found
to have a decrease in number of polyps. In contrast, most subjects
receiving placebo showed an increased number of polyps, 2 had no
change, and 2 had a decrease.

Table 3 Suppressing agents listed by categories of action

Table 4 Some late stage effects of chemopreventive agents

Category of Suppressing agents

Differentiating agents

Inhibitors of oncogene action
Selective inhibitors of cell proliferation

Retinoids, vitamin D related
compounds

Terpenes
Hormone antagonists, hormone

metabolism inhibitors,
difluoromethylornithine

Chemoprevenlive
agentRetinoids

Tannins
Arachidonic acid

cascade inhibitors
MonoterpenesOrgan

siteSkin

Skin
LargebowelBreaslNeoplastic

lesions
showingregressionPapillomas

Papillomas
AdenomatouspolypsBenign

and malignant
tumors

More recently, a second study has been reported using a randorrj-

ized, placebo controlled, double blind format (45). Subjects receiving
the placebo showed a progressive increase in the number of polyps. In
contrast, individuals receiving sulindac showed a decrease in polyps.
The decrease may have reached its maximum level after 6 months on
the drug. At 9 months after the start of the protocol the sulindac
administration was ended. Polyps then started to reappear in these
subjects.

An important aspect of these polyp regression studies, as well as
animal studies, is that they indicate that chemopreventive agents can
be effective relatively late in the carcinogenic process. This observa
tion is of importance for developing chemopreventive strategies. In
some instances, it might be desirable to use a chemopreventive agent
primarily in an older age group. This period is more likely to be at a
later stage of the carcinogenic process. The data for sulindac and other
nonsteroidal antiinflammatory compounds show that such a strategy
may be feasible. Another implication of these later stage inhibitory
effects is that they can provide a basis for sequential use of different
chemopreventive agents; some may be more (or only) effective in the
early stages of carcinogenesis whereas others can be used in the later
stages. In Table 4, some chemopreventive agents have been listed that
can exert their effects in the late stages of carcinogenesis. Retinoids
have been shown to have this capacity in the skin and also in the
inhibition of prostatic cancer in rodents (46, 47). Polyphenolics can
cause regression of skin papillomas (48). Late stage inhibition by
arachidonic acid cascade inhibitors has been discussed above. Mono
terpenes have been shown to cause regression of carcinogen induced
breast tumors (49). Thus a variety of suppressing agents already have
been found to inhibit late stage carcinogenesis.

As mentioned previously, there are many naturally occurring com
pounds that inhibit components of the arachidonic acid cascade, in
particular cyclooxygenase and lipoxygenase activity. They also have
been shown to inhibit 12-O-tetradecanoylphorbol-13-acetate induced

inflammatory reactions. Included are phenolic and polyphenolic com
pounds such as flavones, catachins, nordihydroguaiaretic acid, and
curcumin (42, 43). A further characteristic of many of these com
pounds is that they are very potent antioxidants (22-24). Epigallocat-

echingallate is an interesting polyphenolic compound that has been
shown to have antiinflammatory properties and to be a potent anti-

oxidant. Studies of its effects on components of the arachidonic acid
cascade have not been reported as yet (22, 50). Epigallocatechingal-

late occurs in tea, has little toxicity, and is currently the subject of a
considerable amount of research aimed at determining its possible use
in humans.

Other Naturally Occurring and Synthetic Suppressing Agents.
In addition to those described above, other groups of naturally occur
ring suppressing agents in the diet have been identified. One such are
the protease inhibitors. The Bowman-Burke protease inhibitor has

been a focus of particular attention (51, 52). Another group of sup
pressing agents which occur in the diet are the inositols. A consider
able amount of work on the inhibitory capacities of these compounds
has been done by Shamsuddin and Sakamoto (53). These investigators
have been particularly interested in phytate (myo-inositol hexaphos-

phate) which inhibits carcinogenesis of the large bowel in mice and
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RESOLUTION OF THE CANCER PROBLEM

rats. A second compound, myo-inositol, also has been studied. This

compound inhibits carcinogenesis in the large bowel as well as the
lung and forestomach (53, 54). A/yo-Inositol is of particular interest

because of its low toxicity.
Selenium salts are another group of suppressing agents (55). They

are one of the oldest groups of chemopreventive agents that have been
investigated. Dehydroepiandrosterone and its analogues are suppress
ing agents studied extensively by Schwartz et al. (56). Other com
pounds found to have suppressing activity include conjugated linoleic
acids, 4-hydroxy-2(or 5)-ethyl-5(or 2)-methyl-3(2//)-furanone (a soy

sauce constituent), nerolidol, and sodium cyanate (9, 57, 58).

Some Pragmatic Issues Relevant to Chemoprevention

Subject Categories. There are two types of subject categories for
chemoprevention. One is the general population and the other high
risk groups (Table 5). For a chemopreventive agent to be used in the
general population, it must have exceedingly little toxicity. Encour
agement of the prospects of success in this area comes from obser
vations that diets rich in vegetables and fruit have chemopreventive
effects. These foods contain a large number of naturally occurring
compounds which have been shown to have efficacy as chemopre
ventive agents (9, 10, 59). Dealing with general population chemo
prevention is essentially a public health measure, as contrasted to an
individualized clinical one. As indicated in Table 5, column 4, dietary
selection may be helpful in general population chemoprevention.
However, the use of specific tablet or capsule supplements as people
now take daily vitamin pill supplements in all likelihood will be the
most effective way of administering chemopreventive agents. Such
supplements provide a defined predictable dosage regimen, param
eters which would be difficult to achieve by diet. In addition, validi-

fication of efficacy can be much more readily achieved with specific
supplements than with dietary manipulations.

The "high risk" groups designated in Table 5 represent a spectrum

ranging from moderately high risk to extremely high risk. To some
extent, the allowable agent toxicity will be related to the severity of
the risk. In almost all instances, toxicity is a major issue. In general,
the chemopreventive agents generally are given to individuals who are
functional and going about their daily lives even though they may be
at increased risk from cancer. Anything which significantly threatens
their life-style or makes them feel ill becomes unacceptable. The
selection of individuals at "high risk" is a clinical one. In some cases

it will be made on the basis of clinical findings or exposure histories.
Increasingly, it will be based on genetics. In addition, as predictive
biomarkers of the likely occurrence of cancer become more accurate,
these will come into play in the clinical setting. It is likely that within
the next decade or so, when individuals go for a routine physical
examination, part of this will entail evaluation of their potential risks
of developing cancer. On the basis of this evaluation, a possible
selection of chemopreventive agents to be used might be made.

Table 5 Chemoprevention in different subject categories

Biomarker

Endpoint

Cancer

Endpoint

RiskcategoryGeneral

population

High-risk groupsAllowable

agenttoxicityTrivial

or none

SlightSelection

methodPublic

health

ClinicalAdditional

considerationsUse

of dietary
manipulations

Use of biomarkers

Table 6 Sources of chemopreventive agents

Food constituents
Food additives
Pharmaceutical compounds
Synthetic or naturally occurring compounds without prior use

Human

Animal

Fig. 4. Evaluating likely reliability of biomarker end points for determining the pro
tective capacities of chemopreventive compounds in human subjects by determining their
reliability in a corresponding animal model.

Sources of Chemopreventive Agents. One of the major consid
erations in chemoprevention entails obtaining compounds with low
toxicity. Sources of chemopreventive agents are listed in Table 6. Food
constituents and additives are potential sources of low toxicity com
pounds. Pharmaceuticals are another source, particularly those admin
istered chronically. For such compounds, there is a database of tox
icity. In some instances, as with nonsteroidal antiinflammatory
compounds used in treating chronic diseases such as arthritis, an
extensive human experience is available. In searching for chemopre
ventive compounds or in making decisions about which ones to ex
plore, the source of the material can be of pragmatic importance.
Compounds for which there is a substantial human experience are
desirable in terms of toxicity evaluation. The problem of approval by
regulatory bodies is a consideration. Approval is likely to be easier to
obtain for naturally occurring food constituents, food additives, and
drugs for which toxicity data are available. A fourth source of che
mopreventive agents consists of compounds selected or developed on
the basis of evolving mechanism studies obtained from basic research.
Obviously, this is an extremely important group. One hopes that the
process of Food and Drug Administration approval can be made
increasingly efficient in their evaluation.

Human Intervention Studies. An additional pragmatic consider
ation for bringing the use of chemopreventive agents to humans per
tains to the length of time required to determine efficacy and in setting
up clinical trials for this purpose. Using cancer as an end point, one
deals with time intervals frequently of the order of 10 years or more
and very large expenditures of money (60). Biomarkers and interme
diate end points can markedly decrease these parameters and their role
is very important (61). The validification of predictability of biomar
kers or intermediate end points is essential for their use. One set of
conditions that is particularly helpful for evaluating reliability entails
the selection of biomarkers or intermediate end points that occur in
both humans and animals. If the predictability of the biomarker can be
validified in animal experiments, then this increases the probability
that the biomarker will be valid for use in the human (Fig. 4). Under
these conditions it would be possible to do extensive work in the
animals model in terms of dose selection and schedules, mechanisms
and possible combinations of agents which then could be applied to
the human.

Preventable Cancers

In Table 7 a list of preventable cancers is presented. They fall into
two groups. The group above the space are cancers in tissues that are
exposed to the environment, i.e., oral cavity, lungs, and large bowel.
Also included in this group is the urinary bladder which is exposed via
carcinogenic agents which are consumed or inhaled and then excreted,
often as a metabolite in the urine. The cancer sites below the space are
in organs that are under strong hormonal controls. The two groups are
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RESOLUTION OF THE CANCER PROBLEM

Table 7 Preventable cancers"

SiteOral

cavityLungsLarge

bowelBladderProstateAllMale

(% of cancerdeaths)*23410513MSiteOral

cavityLungsLarge

bowelBladderBreastOvaryUterusFemale

(% of cancerdeaths)*122114185465

" Organ sites listed above the space in general have environmental components in their

causation. Organ sites below the space are in tissues with strong hormonal controls.
h Percentage of all cancer deaths in United States in 1993.

Table 8 Achievable prevention

Tissue site
Prevention
modality

Lung Smoking cessation, chemoprevention: retinoids and
related compounds

Hormone responsive Chemoprevention: hormone antagonists, moderators
tissues of hormone metabolism and retinoids

Large bowel Diet selection, chemoprevention: arachidonic acid
cascade inhibitors and calcium

Urinary bladder Chemoprevention: arachidonic acid cascade inhibitors
and retinoids

arranged separately because the strategies for their prevention can be
quite different. Both groups together in each sex constitute about 65%
of all cancer deaths. The designation of these cancers as preventable
is based on the fact that we know a great deal about the causation and
evolution of the neoplastic process in these tissues and already have
chemopreventive agents with likely efficacy. In contrast, for example,
we have much less data of this nature for some cancers, such as
pancreatic cancer, the fifth most frequent lethal cancer in the United
States, and also cancers of the central nervous system. An initial
assessment of likely means of achieving prevention in cancers desig
nated as preventable is shown in Table 8.

In the case of upper respiratory tract and lung, smoking cessation
obviously would be the single most important means of prevention.
This should always be at the top of any prevention agenda. The use of
chemopreventive agents is by no means meant to be a surrogate or an
excuse for not carrying out maximum effort at obtaining cessation of
smoking as well as eliminating other uses of tobacco. However, the
reality is that a large number of people will smoke for a significant
period of time since behavior modification is slow. For the mouth,
upper respiratory tract, and lungs, a number of chemopreventive
agents have likely efficacy (60). Leading among these are the reti
noids. Carotenoids also may be useful (60, 62). It should be recalled
that much of the in vitro screening by Mike Sporn for evaluating likely
retinoid efficacy in chemoprevention used a trachÃ©alring organ cul
ture system. Accordingly, there is a considerable amount of informa
tion pertaining to retinoid use in the respiratory tract. The work of
Lippman and Hong (63) underlines the promising use of these agents.

For prevention of cancer in hormone responsive tissues, hormone
antagonists, moderators of hormone metabolism and retinoids, are
effective in animal systems and currently are being evaluated in clini
cal trials (60). The striking decrease in ovarian and endometrial can
cers in women using steroid contraceptives is very encouraging in
demonstrating that altered hormonal metabolism can have quite dra
matic effects in preventing cancer in hormone responsive tissues
(64â€”67).A major issue is whether comparable decreases in breast

cancer can be produced by hormonal manipulations with a minimal
level of side effects. Initial encouragement for this possibility was
suggested by an epidemiological study reporting decreases in breast
cancer in women using progesterone-only contraceptive pills (68).

However, this finding was not confirmed (69). An alternative strategy
derived from animal experimentation is that hormonal simulation of
pregnancy in young women might produce changes in mammary
glands resulting in a decreased risk of breast cancer (70, 71). A further
means of breast cancer prevention focuses on suppression of gonado-

tropin hormone secretion (72). In experimental animals hormonal
manipulations can readily inhibit carcinogenesis of the breast (70, 71,
73). These data encourage optimism that such inhibition also can be
produced in the human.

For the large bowel, a considerable amount of data indicate that-
dietary modification can effectively inhibit carcinogenesis (74-77).

As discussed previously, the arachidonic acid cascade inhibitors are
promising chemopreventive agents for the large bowel. The use of
increased calcium in cancer prevention of the target site also is under
study (60, 77). For urinary bladder, arachidonic acid cascade inhibi
tors and retinoids offer promise as chemopreventive agents (60). In
Table 8 some first generation chemopreventive agents with consider
able potential for efficacy in the human are shown. These chemopre
ventive agents have been produced by a very small group of investi
gators. A second generation of chemopreventive agents now is
emerging. Some of these compounds have been described in this
presentation and others have been described elsewhere.

Future Prospects

In Table 9 information is presented that is likely to be pertinent to
how the cancer problem should be dealt with. Sequentially the first
means of cancer control is to eliminate or diminish carcinogen expo
sure. This is largely a public health matter and the most relevant basic
science involves identification of risk factors, assessment of their
risks, and removal of those that pose a significant risk. The second
means of prevention is chemoprevention. The continued development
of blocking agents that prevent attack on DNA and suppressing agents
inhibiting the promotion/progression stages of the disease are integral
parts of this approach. The basic science relevant to these strategies
encompasses the enormous amount of exciting research which is
currently in progress on the various mechanisms involved in multistep
carcinogenesis. Each basic observation provides the potential for de
signing a counteracting strategy and also may provide a diagnostic
biomarker. Finally, the progression of multistep carcinogenesis results
in overt cancer requiring therapy.

There is a merging boundary between chemoprevention and therapy
in terms of common mechanisms. Some agents, such as retinoids and
difluoromethylornithine, already are being used for both. Multistep
carcinogenesis is cumulative so that much of the science that is
pertinent to chemoprevention also is pertinent to therapy. Basic sci
entists are becoming increasingly cognizant of the fact that as they
study the various aspects of multistep carcinogenesis, their work is

Table 9 Sequential strategies for dealing with the cancer problem

Intervention
strategy

Steps in the
carcinogenic sequence

Basic
science

Public health

Chemoprevention

Therapy

Carcinogen exposure

Initiation

Promotion/progression
early (premalignant)

Progression, late
(cancer)

Identification and removal of
carcinogen exposures

Risk assessment
Development of blocking

agents
Elucidating mechanisms of

multistage carcinogenesis
Development of blocking

and suppressing agents
Elucidating mechanisms of

multistage carcinogenesis
(including metastasis)

Therapies with mechanistic
basis
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RESOLUTION OF THE CANCER PROBLEM

most likely to have its initial impact on prevention although ultimately
it may become relevant to therapy.

In the coming decades, prevention should be effective in eliminat
ing a minimum of about two-thirds of cancer deaths we now are

experiencing. The remaining individuals will require therapy. Diag
nostic and prognostic biomarkers are likely to become increasingly
useful clinically in defining risk, in the selection of chemopreventive
agents to be used, and for following their effectiveness. Increasing
numbers of biomarkers also will be useful in defining and following
therapy. Previous experience makes us wary of overoptimism, but the
triage of basic science, prevention, and therapy appears to offer prom
ise of ultimate success in the resolution of the cancer problem.
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