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Cancer Prevention: Recent Progress and Future Opportunities1

I. Bernard Weinstein

Columbia University Comprehensive Cancer Center, New York, New York 10032

Hee is a better physician that keepes diseases off us, than hee that
cures them being on us. Prevention is so much better than healing,
because it saves us the labor of being sick.

Thomas Adams
17th Century

Introduction

The previous papers in this supplement have reviewed the
exciting progress that has been made during the past few
decades in elucidating the cellular and molecular defects dis
played by cancer cells and the mechanisms of action of etiolog-
ical agents, including chemical carcinogens and tumor viruses.
They have also reviewed the encouraging advances made in
cancer therapy, both chemotherapy and radiotherapy. Ob
viously, approaches to the control of cancer must emphasize
both treatment and prevention. This paper will briefly review
recent advances and future prospects in the field of cancer
prevention, emphasizing how the revolution in our knowledge
of the cellular and molecular basis of cancer can be applied to
this area.

Table 1 reminds us of the major magnitude of the cancer
problem in the United States. Currently, cancer is the second
leading cause of death and by the year 2000 it will become the
leading cause. Unless we reverse the current trend, about one
in every three Americans living today is destined to die of
cancer. This year in the United States there were about 1 million
new cases (exclusive of non-melanoma skin cancers and in situ
cervical cancer) and about 0.5 million cancer deaths. About 7
million Americans have cancer. Not only does the disease bring
suffering and tragedy to patients and their families, but it also
carries a heavy economic burden, which is estimated to be over
80 billion dollars/year. Cancer is also a major disease at a
worldwide level, accounting for over 7 million deaths per year.

Fig. 1 reminds us that despite the advances made in the
treatment of certain forms of cancer, total cancer mortality
(including all age groups) has not declined in the past few
decades and has actually increased if we include lung cancer.
Furthermore, despite the striking decreases in cancer mortality
in children due to advances in treatment there appears to be a
gradual rise in total cancer incidence in children. These findings
also emphasize the need for more vigorous research efforts in
the area of cancer causation and prevention. The overall mor
tality of cancer in Americans under the age of 65 years has
decreased in the past two decades and major advances have
been made in curing or increasing the survival of several forms
of cancer, particularly childhood leukemia, Hodgkin's disease,

and testicular cancer, with lesser advances in the solid tumors
in adults. At the same time, however, cancer mortality in
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individuals over the age of 65 years and in underserved minority
populations has not declined. Furthermore, since 1973 the
incidence of certain forms of adult cancer has apparently in
creased, including cancers of the lung (especially in females),
prostate, testis, kidney, breast, brain, and liver; there has also
been a striking increase in melanomas of the skin and non-
Hodgkin's lymphoma (Fig. 2). Furthermore, there apparently

has been a gradual increase in the incidence of childhood
cancers, particularly acute lymphocytic leukemia, cancers of the
brain and nervous system, and acquired immunodeficiency syn
drome-associated non-Hodgkin's lymphoma. The black popu

lation in the United States has a higher incidence of cancer of
the prostate, uterine cervix, lung, esophagus, and oropharynx
than the white population and the survival of black patients
with breast and colorectal cancer is poorer than that of whites,
even with comparable stages of disease. Taken together, these
statistics indicate the urgent need to expand our efforts in
identifying the causes of specific forms of human cancer and
instituting more effective programs in cancer prevention (for
references related to cancer incidence and mortality see Refs.
1-6).

The Feasibility of Cancer Prevention: Avoidable Causes

The Good News: Cancer Is Preventable. Fortunately, several
types of evidence indicate that a major fraction (50-80%) of
human cancer is potentially preventable, because its causation,
i.e., the factors that determine incidence, are largely exogenous
(1-7). This evidence comes mainly from epidemiolÃ³gica! stud
ies, including: (a) time trends in cancer incidence and mortality;
(b) geographic variations and the effects of migration; (c) the
identification of specific causative factors (cigarette smoking,
occupational and environmental chemicals, radiation, dietary
factors, socioeconomic factors, and specific viruses); and (d)
the fact that the vast majority of human cancers do not show
simple patterns of inheritance. I should, of course, emphasize
that genetic factors are probably very important in terms of
influencing individual susceptibility and that in certain rare
forms of human cancer hereditary factors play a more decisive
role. From the point of view of primary prevention, however,
the external factors are probably the most operable variable in
the majority of human cancers. This is an optimistic message
since it means that the development of several forms of cancer
is not in an inherent consequence of the aging process per se
and that the human species is not inevitably destined to suffer
a high incidence of cancer (7). In principle the majority of
cancers are preventable if we can identify the external causative
factors. A major challenge is the precise identification of these
factors. The second encouraging message is the fact that early
detection of at least some forms of cancer saves lives. Therefore,
increased efforts in secondary prevention, including the devel
opment of new diagnostic methods to detect early lesions and
the development of more effective methods of intervention,
including chemoprevention (which is discussed below), hold
great promise. The third reason to be optimistic about preven
tion relates to the spectacular advances in basic research which
are providing powerful new approaches to identifying specific
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CANCER PREVENTION

Table 1 Magnitude of the cancer problem in the United States'

By year 2000, leading cause of death
1 million new cases/year
0.5 million deaths/year*

7 million survivors
Economic burden ~$80 billion/year

" For details see text and refs. 1-6. Death rate has increased about 9% during

the past 35 years.
"Worldwide ~7 million.
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Fig. 1. Cancer mortality, 1973-1987, males and females, all races. United
States. The data are age adjusted to 1970. Source: National Cancer Institute (see
Ref. 2).

causes of human cancer (through molecular epidemiology),
highly sensitive tools for early diagnosis by using molecular
probes, and novel strategies for cancer chemoprevention.

Cigarette Smoking. Any discussion of cancer prevention
should first emphasize the importance of smoking cessation
programs, since smoking alone accounts for about one-third of
all cancers in the United States (1-6). Cigarette smoking has
also become a major cause of cancer throughout the world. It
is estimated that at a global level tobacco related mortality will
rise from the current 2.5 million deaths per year to over 10
million annual deaths by the year 2050.2 During the past 20

years there has been encouraging progress in the reduction in
cigarette smoking in white males in the United States. Never
theless, cigarette smoking cessation programs need to be mark
edly intensified since at the present time about 30% of white
American males and 40% of black American males continue to
smoke. Furthermore, cigarette smoking has increased in women
during the past few decades and this has led to a tragic epidemic
of lung cancer in women, such that lung cancer deaths in women
now exceed those from breast cancer. It is estimated that more
than 56 million Americans still smoke, so that we still have a
long way to go in smoking intervention programs.

Occupational and Environmental Chemicals. During the past
few decades over 50 specific chemicals or chemical processes
have been identified that cause cancer in humans (8. 9). The
sources include: industrial processes; specific chemicals encoun
tered in the workplace; therapeutic agents; environmental
agents; and culturally determined factors. The chemicals are
extremely diverse in terms of their structures, chemical prop
erties, and biological effects. Even though in the aggregate these
agents may account for only about 5% of all cancers in the
United States (the exact figure is disputed), they represent
largely avoidable risks and thus should be an important focus
of prevention. Furthermore, previous experience indicates the
need for ongoing research and vigilant surveillance of environ

mental and occupational chemicals in terms of their potential
carcinogenic and other health hazards, since each year thou
sands of new compounds are introduced into our environment
and we must be certain that they do not impose new and
significant cancer risks (7, 9, 10).

Diet and Human Cancer. Extensive studies in experimental
animals and in humans, many of which were published in
Cancer Research, beginning with the pioneering studies of Al
bert Tannenbaum (11), provide evidence that dietary factors
play an important role in cancer causation (1-6, 11-15). Fig. 3
summarizes some of the major factors implicated in the caus
ation of several forms of human cancer. Smoked, salted, and
pickled foods have been implicated in the causation of gastric
and esophageal cancers and alcohol in the causation of oral,
esophageal, and gastric cancer, and possibly breast cancer. Both
the contamination of food by the carcinogen aflatoxin and
chronic infection with hepatitis B virus are implicated in the
causation of liver cancer in Africa and Asia. Indeed, this might
provide an instructive example of synergy between a chemical
carcinogen and a virus in human cancer causation, and it is
important to search for other possible examples in epidemio
lÃ³gica! studies (16). Dietary fat (especially saturated fat) is
implicated in the causation of cancers of the colon, rectum,
breast, and prostate. Increased body weight is associated with
postmenopausal breast and endometrial cancer. At the same
time a diet rich in fruits and vegetables appears to be protective
for several types of cancer, including cancers of the lung, colon,
rectum, bladder, oral cavity, stomach, cervix, and esophagus. I
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Fig. 2. Trends in United States cancer incidence and mortality rates 1973-
1988, by primary cancer site, all races. Source: National Cancer Institute (2).
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2J. Mackey, personal communication.
Fig. 3. Diet and human cancer. Major dietary factors implicated in the

causation of certain human cancers. For details, see text and Refs. 12-15.
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CANCER PREVENTION

should stress that in several cases there are conflicting data
about the roles of these dietary factors and that, in general,
precise cause-and-effect relations have not been established.
Also, what is most disturbing is that in most, if not all, of these
associations with dietary factors we lack any understanding at
the mechanistic level. Doll and Peto (1) estimate that 20-60%
of cancers in the United States are related to dietary factors.
The uncertainty of this estimate, itself, indicates that much
more research is required on the subject of diet and cancer to
establish causative relationships and to elucidate the underlying
mechanisms. This is essential if we are to proceed in a rational
way in dietary intervention studies.

Perhaps one of the most important associations in the field
of diet and cancer is that of dietary fat with colon and breast
cancer (1, 12, 13). Fig. 4 displays the well-known association,
from international comparisons, between dietary fat and breast
cancer. A similar association is seen with colon cancer. Several
epidemiological studies extend this association, particularly for
colon cancer. For example, in a recent large scale prospective
study of nurses in the United States, Willett et al. (15) found a
significant association between the level of dietary fat intake
and colon cancer. Studies in experimental animals also indicate
that a high fat diet increases the induction of breast and colon
tumors (12, 13). An encouraging finding is that individual
consumption of dietary fat in the United States has fallen
steadily since 1965 (17). This decrease was associated with a
decline in both saturated and monounsaturated fatty acid in
takes but an increase in polyunsaturated fatty acid intake. The
implications of the latter aspect with respect to cancer risks are
not known. Nevertheless, this trend lends encouragement to
the feasibility of dietary interventions at the population level.
Current guidelines suggest a reduction in dietary fat to less than
30% of total energy intake (12).

A New Hypothesis Relating Dietary Fat to Colon Cancer.
Experimental studies provide evidence that a high fat diet
enhances colon cancer by acting at the stage of tumor promotion
(12, 18, 19), but the precise mechanism(s) are not known. Each
of us carry in our intestines about 1 kg of bacteria that belong
to over 200 species (20). There has been considerable specula
tion that products of the intestinal flora, particularly mutagens
(like fecapentaene), might enhance colon cancer formation. In
addition, the intestinal flora are responsible for the conversion
of cholic acid to deoxycholic acid, which acts as a promoter of
colon carcinogenesis in rodents. This process would be en
hanced by a high fat diet which increases the production of bile
acids by the liver (for review see Refs. 12 and 18-20). In recent
studies (20) we have proposed an additional role for the intes
tinal flora in colon carcinogenesis, namely that specific bacteria
in the intestinal lumen might convert lipids to DAG,3 which

could then enter the colonie epithelium and activate the enzyme
PKC, thus altering cell proliferation (Fig. 5). This hypothesis
is consistent with the central role that PKC plays in signal
transduction, growth control, and the action of several growth
factors and oncogenes (7, 21, 22). This effect would cause a
chronic state of increased proliferation of the colonie epithe
lium, a situation which is seen in populations at high risk of
colon cancer (23, 24). Indeed, we have found that when bacteria
obtained from normal human feces are incubated with [I4C]

phosphatidylcholine there is appreciable production of DAG
(20). This reaction is strictly dependent on addition of specific
bile acids to the incubation system. Assays of fecal specimens
from 10 normal individuals demonstrated a 27-fold interindi-
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Fig. 4. Correlation of female breast cancer mortality in different countries with
percentage of dietary calories as fat. Reproduced from Ref. 13.
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3The abbreviations used are: DAG. deacylglycerol; PKC, protein Idnase C.
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Fig. 5. Hypothesis relating the production of DAG by the intestinal microflora
to colon cancer. The conversion by intestinal bacteria of dietary phospholipids to
DAG would be enhanced by a high fat diet and by secondary bile acids. The
intestinal bacteria also play a role in the conversion of bile acids to secondary bile
acids. We propose that the DAG thus produced enters colonie epithelial cells and
stimulates PKC directly. This mechanism would bypass the usual pathway in
mammalian cells in which hormones and other agonists occupy membrane-
associated receptors leading to the activation of cellular phospholipase C, which
hydrolyzes phosphatidylinositol bisphosphate (PIPi) to yield DAG. For addi
tional details see text and Refs. 20 and 22.

vidual variation in the production of DAG in the in vitro assay
system and also in the absolute levels of DAG present in the
same fecal samples. On the other hand, both parameters of
DAG are quite constant in repeated fecal samples obtained
from the same individual. Other investigators (25) have also
found that DAGs are present in human fÃ¨cesbut they did not
identify their source. Studies are in progress to isolate the
specific intestinal bacteria that produce DAG and to determine
whether DAG present in the intestinal lumen can actually enter
colonie epithelial cells, stimulate PKC, and thereby modulate
the growth of these cells. Should this prove to be the case then
we would have a mechanism to explain how an interaction
among dietary lipids, bile acids, and specific bacteria in the
intestinal lumen could contribute to the risk of colon cancer in
humans. Our laboratory (26, 27) and other investigators (28,
29) have obtained evidence that PKC does play a role in growth
control in colon cancer cells. Lipkin and Newmark (23, 24)
have obtained evidence that the stimulus to colonie epithelial
proliferation induced by a high fat diet is prevented by a high
calcium intake. It will be of interest to determine if calcium
intake also influences DAG production and PKC activation.

Future Directions

Molecular Epidemiology. Although major progress has been
made, there are still important gaps in our understanding of
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CANCER PREVENTION

the fundamental mechanisms involved in the carcinogenic proc
ess (7, 22). Nevertheless, several concepts and methods have
already emerged that provide new approaches to identifying
potential human carcinogens and to improving risk assessment
and extrapolation in the field of environmental carcinogenesis.
Conventional approaches in cancer epidemiology have provided
a wealth of information, but they have serious limitations for
identifying specific causal factors, particularly for those cancers
that result from multifactor interactions. In addition, epidemi-
ological studies are largely retrospective rather than predictive,
and unless very large numbers of individuals are studied, they
are not very sensitive (7, 31). Animal bioassays and short-term
laboratory tests for carcinogens are extremely useful for detect
ing potential human carcinogens, but it is often difficult to
extrapolate the results obtained to humans (7, 31). To address
this problem a different approach has been recently developed
based on assays of human tissues and biological fluids for
specific biomarkers, in combination with epidemiolÃ³gica! stud
ies. This approach is known as "molecular cancer epidemiol
ogy" (31-34). A variety of highly sensitive and specific markers

are now available that can be used as markers of specific factors
related to: (a) genetic and acquired host susceptibility; (b)
metabolism and tissue levels of carcinogens; (c) levels of cova-
lent adducts formed between carcinogens and cellular macro-
molecules; (d) early cellular responses to DNA and chromo
some damage, including sister chromatid exchange, micronu
clei, DNA repair, altered gene expression; (e) mutations in
cellular oncogenes and tumor suppressor genes; and (/) abnor
mal cell proliferation, altered signal transduction, tumor pro
motion, and tumor progression (Fig. 6).

A promising tool for studies on molecular cancer epidemiol
ogy has been provided by the development of highly sensitive
immunoassays for carcinogen-DNA adducts (31-34). This ap
proach provides a tissue dosimeter for carcinogen exposure that
should be more valid than assays of ambient levels and total
dosage and that takes into account complex pharmacodynamic
variables including metabolic activation of the substance in
question. Surgical specimens, autopsy material, skin biopsies,
peripheral white blood cells, and placental tissue are all sources
of material for such studies. Detection and quantification of
certain carcinogen-DNA adducts in the urine, as a result of
their excision from DNA, are also useful biomarkers in epide-
miological studies.

The above approaches are now being applied in a broad
spectrum of epidemiological studies (33). Current research on
the roles of protein kinases and altered gene expression during
tumor promotion should provide novel methods for detecting
tumor promoters in epidemiologie studies, thus broadening our
understanding of human cancer causation and providing new
approaches to cancer prevention (7, 22, 35).

Cancer Chemoprevention. Advances in our understanding at
the cellular and molecular levels of the carcinogenic process,
made over the past few decades have led to the development of
a promising new approach to cancer prevention, termed
"chemoprevention." This term was introduced several years ago

by Michael Sporn (36) with reference to studies utilizing reti-
noids. Several agents are now available which inhibit the car
cinogenic process, and it is of interest that many of them are
natural products present in various foods (4, 5, 12, 14, 37-40).
The agents can be classified in terms of their probable site(s) of
action during the multistage carcinogenic process. The scheme,
displayed in Fig. 7, is modified from one formulated by Wat-
tenberg (37). Examples include: vitamin C, which inhibits ni-

Exposure

Biologically Precllnical
Effective Dose ->- Biological Effect

DNAadducts Chrom,aberr.
Protein adducts SCE

Genemutation
Oncogeneactiv.

Clinical
Disease

Susceptibility
Genetic / metabolic

(AHM, GT)
DNA repair
Nutrition

Fig. 6. Schematic diagram indicating various biomarkers that can be used in
molecular cancer epidemiology studies. Assays that can be used to monitor
biochemical or molecular changes at various stages of the carcinogenic process,
between the original exposure to a causative agent and the clinical occurrence of
cancer. Chrom, aberr., chromosomal aberrations; SCE, sister chromatid exchange;
activ., activation; AHH, aryl hydrocarbon hydroxylase; GT, glutathione 5-trans-
ferase. For additional details see text and Refs. 31-34. Kindly provided by Dr.
Frederica Perera.

Precursor

vit C, fiber

Carcinogen formation,
absorption

phenols, flavones, aromatic
isothlocyanates, dlallyldisulfide,
ellagic acid, antioxldants (Se,
ÃŸ-carotene)

Activation, DNA damage,
mutagenesis
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Cell proliferation,
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ÃŸ-carotene,retlnolds, tamoxifen,
DHEA, tcrpenes. protease and PG
inhibitors, low fat diet, Ca2+, nerolidal

Fig. 7. Cancer chemoprevention: strategies. Various agents that can be used in
experimental systems to inhibit specific steps in the carcinogenic process. Certain
agents appear to act at more than one step, and in several cases the precise
mechanisms are not known. Vit C, vitamin C; DHEA, dehydroepiandrosterone;
PG. prostaglandin. This scheme is based on one developed by Wattenberg (37).
For additional details see text and Refs. 36-42.

trosamine formation; aromatic isothiocyanates, which are pres
ent in cruciferous vegetables and can inhibit carcinogen activa
tion and also induce glutathione S transferase, which enhances
detoxification of activated carcinogens; and retinoids and ter-
penes, which inhibit later stages in the tumorigenic process,
probably by altering gene expression. It appears that some of
these compounds can act at more than one stage of the carcin
ogenic process. Further studies on mechanisms of carcinogen
esis should help to clarify the mechanism of action of these
compounds and also suggest even more effective compounds.
For example recent studies on nerolidal (37) and on limonene
(41) suggest that these compounds may act by inhibiting post-
translational modification of the p21 ras protein by a farnesyl
residue, thus providing a way to interfere with the action of an
activated oncogene. I should also emphasize that in certain
experimental systems some of the compounds shown in Fig. 7
enhance rather than inhibit the carcinogenic process (37). Thus,
their use in clinical studies must be undertaken with caution
and close surveillance.

There are already over 30 clinical trials in cancer chemopre
vention, either completed, now in progress, or in the planning
stages (4, 12, 14, 37-40). Some of these are listed in Table 2.
The organ sites include skin, oral, head and neck, esophagus,
lung, breast, colon, and cervix. Hong et al. (39) recently reported
an encouraging positive result using 13-m-retinoic acid to
inhibit the development of secondary tumors of the head and
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neck. Also of considerable interest are ongoing or planned
studies with the use of a retinoid, tamoxifen, or a low fat diet
to prevent breast cancer (4, 14, 38, 40, 42).

Biomarkers. Obviously, if the end point in prevention studies
is cancer, it may take several years to determine efficacy.
Premalignant lesions, for example leukoplasia of the oral mu
cosa, dysplasia of the cervix or polyps of the colon, provide
earlier end points. Reversal or prevention of the appearance of
cellular and molecular markers of the neoplastic process, so-
called "intermediate end points," are highly promising bio-

markers because they monitor even earlier stages of the carcin
ogenic process and can be highly sensitive (4, 14, 23, 24, 38-
40). These include biomarkers of genomic damage (DNA strand
breaks, micronuclei, sister chromatid exchange) or aberrant cell
proliferation. Table 3 lists several currently used and also
potential future biomarkers of cell proliferation and tumor
promotion. Immunocytochemical assays of PCNA, a nuclear
antigen associated with cell division (23, 24), or of other pro
teins associated with specific phases of the cell cycle, e.g., cyclins
(43), might prove to be extremely useful. Our group is exploring
the use of the protein TIMP 1 (tissue inhibitor of metallopro-
teinase, also called "phorbin") since it is expressed in prolifer

ating tissues and colon tumors and has the advantage that it is
a secreted glycoprotein and may, therefore, be detected in the
blood, urine, or feces, thus avoiding the need for tissue biopsies
(44, 45).4 Specific biomarkers can also be used to identify

susceptible individuals for targeted primary or secondary pre
vention programs. It is, of course, necessary to standardize and
validate all of the above-mentioned biomarkers before they can
be used as routine end points in prevention studies.

Summary: A Blueprint for Cancer Prevention

Knowledge gathered during the past few decades from the
fields of cancer epidemiology, carcinogenesis, biochemistry, and
molecular biology, much of which was communicated through
the pages of the journal Cancer Research, provides powerful
new strategies for cancer prevention. Indeed, I believe that it is
possible to draft a blueprint for a comprehensive approach to
cancer prevention, to be used as we approach the 21 st century
(Table 4). This plan includes: (a) expanded epidemiolÃ³gica! and
laboratory studies to identify the specific causes of human
cancers; (b) intervention studies, such as risk reduction by the
cessation of cigarette smoking, dietary modifications, chemo-
prevention, and the development of vaccines for viral agents
implicated in human cancer (i.e., hepatitis B, human papilloma
virus, Epstein-Barr virus, and certain retroviruses), and (c) early
detection and screening. Concepts and methods that have de
veloped in the field of cellular and molecular biology will
accelerate this progress. Indeed, we are currently in a very
exciting phase of cancer research that brings together fields of
cancer research which in the past were often disparate and
disconnected, i.e., basic laboratory studies, epidemiology, pre
vention, and treatment. Thus, the astounding advances in our
understanding of the molecular biology of cancer provide a
unified concept of the nature of the cancer cell and also suggest
new clinical approaches to cancer etiology, prevention, and
treatment. Many of the biomarkers being developed for etiolog-
ical studies, using the approach of molecular epidemiology, can
also serve as biomarkers or intermediate end points to evaluate
the efficacy of dietary intervention and chemoprevention stud
ies. Some of these biomarkers will also be useful for evaluating

Table 2 Cancer chemoprevention: recent or proposed clinical trials"

SiteSkinOralHead

andneckEsophagusLungBreastColonCervixAll

sitesAgents/3-Carotene,

retinoidsrf-Carotene,
retinoidsIS-c/s-Retinoic
acidVitamins,
mineralstÃ-Carotene,

reti
noids. other vita

minsRetinoid,
tamoxifen.low

fat/3-Carotene,
vita

mins, bran,lowfat,
Ca2+Retinoids,

folieacid(3-CaroteneEnd

pointCancerDysplasia,

micronucleiSecond
primaryDysplasia,
micronucleiDysplasia,
cancerCancerPolypsDysplasiaCancer

incidence
Â°Modified from S. M. Lippman et al. and P. Greenwald et al. For additional

details see text and Refs. 4, 12, 14, and 37-40.

Table 3 Biomarkers of proliferation/promotion: a list of markers that can be
used as intermediate end points to evaluate the efficacy of intervention and

chemopreventive studies^

Cell division

Signal transduction

Mitogenic program

Mitotic index
[3H]Thymidine labeling
Incorporation of bromodeoxy-

m Â¡dineinto cellular DNA
Nuclear antigen associated with

cell division (PCNA). cyclins

Protein kinases
Dag

c-myc
Ornithine decarboxylase
Tissue inhibitor of metallopro-

teinasefTIMP 1)

4 X. Lu, M. Levy, I. B. Weinstein, and R. Santella, unpublished studies.

' For additional see text and Refs. 22-24 and 43.

Table 4 Blueprint for cancer prevention
These approaches that can be used in cancer prevention studies are linked

together by novel methods involving molecular epidemiology and biomarkers.
For additional details see text.

Identify new causes: epidemiology/laboratory studies
Intervention

Risk factor reduction
Chemoprevention
Vaccination

Early detection/screening

the efficacy of cancer therapy. Furthermore, certain compounds
being developed for cancer chemoprevention, e.g., the retinoids,
may also be useful in the therapy of fully established neoplasms.
It seems likely, therefore, that even before the year 2000 these
powerful and unifying themes will accelerate advances in both
cancer prevention and treatment, thus leading to major reduc
tions in both the incidence and mortality of human cancer.

Acknowledgments

I would like to acknowledge several individuals who have made
valuable contributions to this paper. These include Lawrence Garfinkel,
Peter Greenwald, Edward Sondik, Walter Willett, and Alfred Neugut,
who tutored me in the area of cancer epidemiology and prevention, and
my colleagues in the Cancer Center at Columbia University, Drs. Alan
Jeffrey, Frederica Perera, and Regina Santella, for their research in the
area of molecular epidemiology.

References

1. Doll, F. R. S.. and Peto, R. The Causes of Cancer. New York: Oxford
University Press, 1981.

2. Ries, L. A. G., Hankey. B. F., Miller, B. A., Hartman, A. M., and Edwards,
B. K. Cancer Statistics Review 1973-88. National Cancer Institute NIH Pub.
No. 91-2789, 1991.

5084s

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/18_Supplem

ent/5080s/2444667/cr0510185080s.pdf by guest on 19 M
ay 2023



CANCER PREVENTION

3. CAâ€”Cancer J. Clin., 41: 7-36, 1991.
4. National Cancer Institute. 90 Annual Report, Division of Cancer Prevention

and Control, United States Department of Health and Human Services,
NIH, 1990.

5. Davis. D. Natural anticarcinogens. carcinogens, and changing patterns in
cancer: some speculations. Environ. Res., 50: 332-340, 1989.

6. Bleyer. W. A. The impact of childhood cancer on the United States and the
world. CAâ€”Cancer J. Clin., 40: 355-367. 1990.

7. Weinstein, I. B. The origins of human cancer: molecular mechanisms of
carcinogenesis and their implication for cancer prevention and treatment.
Twenty-seventh G. H. A. Clowes Memorial Award Lecture. Cancer Res., 48:
4135-4143, 1988.

8. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans.
Suppl. 7. Lyon, France: International Agency for Research on Cancer, 1987.

9. Tomatis, L., Aitio, A., Wilbourn, J., and Shukar, L. Human carcinogens so
far identified. Jpn. J. Cancer Res.. 80: 795-807, 1987.

10. Weinstein, l. B. Mitogenesis is only one factor in carcinogenesis. Science
(Washington DC), 251: 387-388, 1991.

11. Tannenbaum, A. The genesis of growth of tumors: III. Effects of a high-fat
diet. Cancer Res., 2: 468-493, 1942.

12. National Research Council Committee on Diet and Health. Diet and Health,
Implications for Reducing Chronic Disease Risk, pp. 205-208. Washington,
DC: National Academy Press, 1989.

13. Carroll, K. K. In: I. R. Rowland (ed.). Nutrition, Toxicity and Cancer. Boca
Raton, FL: CRC Press, in press, 1991.

14. Greenwald, P., and Sondik, E. Diet and chemoprevention in NCI's research

strategy to achieve national cancer control objectives. Ann. Rev. Public
Health, 7:267-291, 1986.

15. Willett, W. C., Stampfer, M. Jâ€žColditz, G. A., Rosner, B. A., and Speizer,
F. E. Relation of meat, fat, and fiber intake to the risk of colon cancer in a
prospective study among women. N. Engl. J. Med., 323: 1664-1672, 1990.

16. Weinstein, I. B. Synergistic interactions between chemical carcinogens, tumor
promoters and viruses and their relevance to human liver cancer. Cancer
Detect. Prevent., 14: 253-259, 1989.

17. Stephen, A. M., and Wald, N. J. Trends in individual consumption of dietary
fat in the United States, 1920-1940. J. Clin. Nutr., 52: 457-469, 1990.

18. Reddy, B. S., Nayini, J., Tokumo, K., Rigotty, J., Zang, E., and Kelloff, G.
Chemoprevention of colon carcinogenesis by concurrent administration of
piroxicam, a nonsteroidal antiinflammatory drug with DL-a-difluorometh-
ylornithine, an ornithine decarboxylase inhibitor, in diet. Cancer Res., 50:
2562-2568, 1990.

19. Guillem, J. G., Morotomi, M., Kahn, S., Johnson, M. D., Jiana, W., and
Weinstein, I. B. The molecular biology of colorectal cancer. Semin. Colon
Rectal Surg.. 2: 58-63, 1991.

20. Morotomi, M., Guillem, J. G., LoGerfo, P., and Weinstein, I. B. Production
of diacylglycerol, an activator of protein kinase C, by human intestinal
microflora. Cancer Res., 50: 3595-3599, 1990.

21. Nishizuka, Y. The molecular heterogeneity of protein kinase C and its
implications for cellular regulation. Nature (Lond.), 334: 661-665, 1988.

22. Weinstein, I. B.. Borner, C. M., Krauss, R. S.. O'Driscoll, K., Choi, P.M.,
Morotomi, M., Hoshina, S., Hsieh, L-L., Tchou-Wong, K-M., Guadagno
Nichols, S., Ueffing, M., and Guillem, J. G. Pleiotropic effects of protein
kinase C and the concept of carcinogenesis as a progressive disorder in signal
transduction. In: The Origins of Human Cancer. Cold Spring Harbor, NY:
Cold Spring Harbor Laboratory, in press, 1991.

23. Lipkin, M. Biomarkers of increased susceptibility to gastrointestinal cancer:
new applications to studies of cancer preventions in human subjects. Cancer
Res., 48: 235-245, 1988.

24. Lipkin, M. Calcium modulation of intermediate biomarkers in the gastroin
testinal tract. In: M. Lipkin, G. Kelloff, and H. Newmark (eds.). Calcium,
Vitamin D and Colon Cancer. Boca Raton, FL: CRC Press, in press, 1991.

25. Friedman, E., Isaksson, P., Rafter, J., Narian, B., Winawer, S., and Newmark,
H. Fecal diglycerides as selective endogenous mitogens for premalignant and
malignant human colonie epithelial cells. Cancer Res., 49: 544-548, 1989.

26. Guillem, J. C, O'Brian, C. A., Fitzer, C. J., FÃ¶rde,K. A., LoGerfo, P., Treat,

M., and Weinstein, I. B. Altered levels of protein kinases in human colon
carcinomas. Cancer Res., 47: 2036-2039, 1987.

27. Choi, P. M., Tchou-Wong, K-M., and Weinstein, I. B. Overexpression of
protein kinase C in HT29 colon cancer cells causes growth inhibition and
tumor suppression. Mol. Cell. Biol., 10:4650-4657, 1990.

28. Kopp, R., Noelke, B., Sauter, G., Schildberg, F. W., Paumgartner, G., and
Pfeiffer, A. Altered protein kinase C activity in biopsies of human colon
adenomas and carcinomas. Cancer Res., 51: 205-210, 1991.

29. Wali, R. K., Baum, C. L., Bolt, J. M. G., Dudeja, P. K., Sitrin, M. D., and
Brasitus, T. A. Down-regulation of protein kinase C activity in 1,2 dimethyl-
hydrazine-induced rat colonie tumors. Biochim. Biophys. Acta, 7092: 119-
123, 1991.

30. Nelson, R., and Holian, O. Effects of dietary fish oil and corn oil on protein
kinase C distribution in the rat colon with and without 1,2-dimethylhydrazine
treatment in rat colonie adenocarcinoma. Anticancer Res., //: 157-160,
1990.

31. Perera, F., and Weinstein, I. B. Molecular epidemiology and carcinogen-
DNA adduci detection: new approaches to studies of human cancer causation.
J. Chronic Dis., 35: 581-600, 1982.

32. Weinstein, I. B. Molecular epidemiology. In: L. Gordis (ed.), Epidemiology
and Health Risk Assessment, pp. 159-165. New York: Oxford University
Press, 1988.

33. Perera, F. P. Molecular cancer epidemiology: a new tool in cancer prevention.
J. Nati. Cancer Inst., 78: 887-898, 1987.

34. Santella, M. Application of new techniques for the detection of carcinogen
adducts to human population monitoring. MutÃ¢t.Res., 205: 271-282, 1988.

35. Weinstein, I. B. Strategies for inhibiting multistage carcinogenesis based on
signal transduction pathways. MutÃ¢t.Res., 202:413-421, 1988.

36. Sporn, M. B., and Newton, D. L. Chemoprevention of cancer and retinoids.
Fed. Proc., 38: 2528-2534, 1979.

37. Wattenberg, L. W. Inhibition of carcinogenesis by naturally occurring and
synthetic compounds. In: Y. Kuroda, D. M. Shankel, and M. D. Waters
(eds.), Antimutagenesis and Anticarcinogenesis, Mechanisms II, pp. 155-
166. New York: Plenum Publishing Corp., 1990.

38. Greenwald, P., Nixon, D. W., Malone, W. F., Kelloff, G. J., Stern, H. R.,
and Witkin, K. M. Concepts in cancer chemoprevention research. Cancer
(Phila.), 65:1483-1490, 1990.

39. Hong, W. K., Lippman, S. M., Itri, L. M., Karp, D. D., Lee, J. S., Byers, R.
M., Schantz, S. P., Kramer, A. M., Lotan, R., Peters, 1. J., Dimery, I. W.,
Brown, B. W., and Goepfert, H. Prevention of second primary tumors with
isotretinoin in squamous-cell carcinoma of the head and neck. N. Engl. J.
Med., 323: 758-801, 1991.

40. Lippman, S. M., Hittelman, W. N., Lotan, R., Pastorino, U., and Hong, W.
K. Recent advances in chemoprevention. Cancer Cells, 3: 59-65, 1991.

41. Crowell, P. L., Chang, R. R., and Gould, M. N. Inhibition of isoprenylation
of p21 ras and other proteins by limonene. Proc. Am. Assoc. Cancer Res.,
52:20, 1991.

42. Smigel, K. Low-fat diet trial set to take off. J. Nati. Cancer Inst., 82: 1736-
1737, 1990.

43. Pines, J. Cyclins: wheels within wheels. Cell Growth Differentiation, 2: 305-
310, 1991.

44. Johnson, M. D., Housey, G. M., Kirschmeier, P. T., and Weinstein, I. B.
Molecular cloning of gene sequences regulated by tumor promoters and
mitogens through protein kinase C. Mol. Cell. Biol., 7: 2821-2829, 1987.

45. Guillem, J. G., Levy, M. F., Hsieh, L-L., Johnson, M. D., LoGerfo, P.,
Forde, K. A., and Weinstein, I. B. Increased levels of phorbin, c-myc and
ornithine decarboxylase in human colon cancer. Mol. Carcinog., 3: 68-74,
1990.

5085s

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/18_Supplem

ent/5080s/2444667/cr0510185080s.pdf by guest on 19 M
ay 2023




