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3 The abbreviation used is: CIN, cervical intraepithelial neoplasm.
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Less than 10 years from the close of the twentieth cen-
tury, the science of cancer prevention and control stands
at a new juncture. We have the exciting opportunity to
integrate and apply the findings of behavioral, epidemi-
ological, and laboratory sciences into research on the
development and evaluation of interventions for the pre-
vention and early detection of cancer. This opportunity
presents a substantial challenge because of the widely
differing knowledge bases, technologies, and even vo-
cabularies utilized in a multidisciplinary activity. The es-
tablishment of this new journal, Cancer Epidemiology,
Biomarkers & Prevention, as a joint publication of the
American Association for Cancer Research and the Amer-
ican Society of Preventive Oncology, exemplifies the
commitment to this new and most powerful form of
multidisciplinary prevention research and provides the
opportunity to present specific reports and stimulate
models for future investigations.

Fig. 1 provides a conceptual framework for the mul-
tidimensional matrix interrelationship of behavioral, epi-
demiological, and laboratory sciences to the develop-
ment and evaluation of cancer prevention and control
interventions. Different types of cancer prevention and
control interventions should be associated with different
environmental or genetic exposures, different biomark-
ers, and different stages of carcinogenesis (1). Also, dif-
ferent types of interventions can have an impact on
different stages of behavioral change (2). The selection
of an intervention may optimally be influenced by (a) the
identification of the human carcinogenic exposures to
be used to identify high-risk study participants, (b) the
availability of biomarkers to more efficiently identify
high-risk participants or to efficiently serve as an inter-
mediate end point, and (c) the readiness of the study
participants to adopt and adhere to the behavioral
changes required. For example, interventions for preven-
tion or cessation of tobacco use can relate to all dimen-
sions of the behavioral, epidemiological, and laboratory
interrelationship. The selection of a Type 1 intervention
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consisting of a psychosocial or health education preven-
tion program not to start smoking or not to use tobacco
products would be appropriate for nonsmoking children
and adolescents in the precontemplation or contempla-
tion stages of taking up smoking behavior. Such study
participants presumably would not yet have been initi-
ated for lung carcinogenesis. The corresponding study
could have either the beginning of regular use of tobacco
products or the appearance of tobacco-related DNA
adducts as the end point. Type 2, 3, or 4 interventions
would be used to evaluate smoking cessation programs.
These intervention studies would enroll current smokers
as the exposure group and use regression of bronchial
metaplasia or DNA adducts as intermediate markers and
initial diagnosis of lung cancer as the study end point.
Study subjects could be in all five stages of behavioral
change. A Type 5 intervention could be the evaluation
of a retinoid as a chemoprevention of second primary
head and neck cancers. Study participants would include
newly diagnosed and treated patients with a first primary
head and neck cancer. Participants could be in the con-
templation to action stages of behavior change.

Prevention of cervical cancer provides another ex-
ample of the necessity for the interrelationship between
behavioral, epidemiological, and laboratory sciences (see
Fig. 2). A model has been proposed in which chemical

carcinogens allow the integration of DNA from human
papilloma virus into the genome of keratinocytes (3).
One such suspected carcinogen may be tobacco smoke
(4). Adopting that model, a Type 1 intervention to prevent
cervical cancer and to prevent cervical intraepithelial
neoplasia may consist of an educational program not to
start smoking and, it is hoped, to prevent human papil-
lomavirus infection and integration of human papillo-
mavirus DNA into the host genome (3-5). Type 1 study
participants would be in the precontemplation or con-

templation stages of beginning to smoke, would have a
normal PAP test, and no prior history of CIN.3 Type 2
and 3 interventions would be to evaluate smoking ces-
sation to prevent integration of human papillomavirus
DNA. Study participants would include current smokers
or nonsmoking women with folate or antioxidant nutri-
tional deficiencies. These Type 2 and 3 intervention
studies would use human papillomavirus DNA integra-
tion or a PAP test classified as CIN I or CIN II as end
points. A Type 4 intervention could evaluate chemopre-
ventive agents to ensure the adequate nutritional status
of antioxidants to prevent oxygen radical damage to
keratinocytes. The end points for such a Type 4 study
could be a PAP test classified as CIN Ill or invasive cancer
and indices of oxidative stress.
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Fig. 1. Interrelationship of behavioral, epidemiological, and laboratory
sciences and types of cancer prevention and control interventions for
lung and head and neck cancers.
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Fig. 2. Interrelationship of behavioral, epidemiological, and laboratory
sciences and types of cancer prevention and control interventions for
cervical cancer.
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4- Chemoprevention-�-

Since the passage of the National Cancer Act in
1971, cancer prevention and control activities have been
part ofthe National Cancer Program. Over time, scientific
advances in the understanding of cancer have led to a
consensus that a large proportion of the cancer burden
is amenable to prevention (6). The widely quoted esti-
mates of Doll and Peto (7) suggest that the attributable
risks from environmental agents are highest for diet (35%
of all cancers) and tobacco (30%). New approaches in
environmental risk reduction, early detection, and treat-
ment have expanded the scope of cancer prevention and
control activities from demonstration and outreach pro-
grams to rigorously controlled, population-based re-
search (8). As defined by Dr. Greenwald and the Division
of Cancer Prevention and Control, National Cancer Insti-
tute, the operational definition of cancer control is “the
reduction of cancer incidence, morbidity, and mortality
through an orderly sequence from research on interven-
tions and their impact in defined populations to the
broad, systematic application of the research results”
(Ref. 8, p. 393). Utilizing a scientific logic paralleling basic
and clinical research, five phases of cancer control re-
search were defined: beginning with hypothesis devel-
opment, progressing through methods development,
controlled intervention trials, and defined population
studies, and thence moving to demonstration and imple-
mentation in community settings (8).

We have reached the moment at which we can
realize the potential for the most powerful series of
multidisciplinary cancer prevention studies ever con-
ducted. Yet we should not underestimate the many
challenges to formulating and conducting prevention re-
search in the realms of theory, methods and design,
implementation, and evaluation. There appears to be an

unmet need to further inform both scientific colleagues
and elected officials that cancer prevention trials are
essential, have a finite window of opportunity, and are a
natural evolution of laboratory, epidemiological, and be-
havioral cancer research. This new journal has as one of
its goals the elimination of the gap between the knowl-

edge of causation and the implementation of human
intervention trials as a means of changing public health.

Models of cancer prevention should ideally include
laboratory, epidemiological, and behavioral evidence,
such as has been identified for smoking and lung cancer
risk. The case has been most convincingly made for the
etiological role of tobacco carcinogens and lung cancer.
Indeed, the Technical Information Center Database in
the Office on Smoking and Health, Centers for Disease
Control, contains the extraordinary accumulation of over
57,000 documents on smoking and health, including
many hundreds of studies on smoking cessation (9).
Unfortunately, prevention research and efforts were not
initiated early enough to avert the 161 ,000 incident cases
and 143,000 deaths that occurred from lung cancer in
1991 (10) or the more than 434,000 deaths from all
causes due to smoking in 1988 (11). Other life-style
factors associated with cancer risk (e.g., diet and colon
cancer) and environmental and occupational exposures
(e.g., sunlight and skin cancer, workplace carcinogens
and several cancers) have more limited bases of scientific
information and understanding to utilize in selecting in-

terventions, but progress is rapidly being made.
Methods for identifying individuals at risk or partic-

ular high-risk subgroups have included screening clinics,
pathology databases, tumor registries, and behavioral
instruments (e.g., for assessing smoking behavior, dietary
intake, and occupational carcinogen exposure) (12).
These methods are now being expanded to include
genetic and familial screening (13) and the identification
of individuals with premalignant lesions or those cura-
tively treated for one malignancy who are at high risk for
the development of a second primary cancer. Difficulties
in identifying populations at risk include limitations of
self-report and the high cost and low yield of mass
screening for susceptible persons. The opportunities re-
suiting from the identification and careful evaluation of
biomarkers of cancer risk and their relationship to carci-
nogenesis are considered by many to be a high priority
and could potentially reduce the cost and duration of
cancer prevention trials. The evaluation of biomarkers
may require the establishment of cancer prevention lab-
oratories, possibly shared by several institutions. Such
laboratories would ensure high quality and lower-cost,
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state-of-the-art analytical procedures plus an adequate
capacity for the analysis of the large number of specimens
required to permit the population-based evaluation of
biomarkers and the interrelationship of other epidemio-
logical risk factors for cancer.

Intervention methods in a prevention trial may target
a single subject but often contain extraindividual dimen-
sions (family, social network, health care system, school,
work site, mass media, legislation). The intervention

method may range from minimal (self-help) to maximal
(individual or group counseling) and may consist of be-
havioral components (smoking cessation, dietary modi-
fication, avoidance of sun exposure) and biologically
active substances (e.g., chemopreventive agents for up-
per aerodigestive tract cancers, nicotine polacrilex for
smoking cessation) (9, 14, 15). Often these modalities
will be combined. Adherence issues in a prevention trial
are particularly critical, and we are only beginning to
understand the complex interaction of factors influencing
adherence and to manipulate them to achieve maximum
sustained compliance (16-19). For example, in addition
to the difficulties encountered in maintaining healthy
subjects on regimens for long time periods to prevent
disease occurrence or recurrence, chemopreventive
agents may have biological effects on other organ sys-
tems and toxicities which affect health and compliance
adversely (20, 21).

Trial design and evaluation in prevention research
involve complex issues, as exemplified by recent discus-
sions of breast and skin cancer chemoprevention trials
(22, 23). Particularly critical to design are population
incidence rates, formulation of risk status, recruitment
efforts, sample size calculations, and adherence issues
(22). Biomarkers and other epidemiological risk factors
are invaluable for behavioral as well as pharmacological
interventions (cotinine to assess smoking exposure and
bronchial dysplasia as a possible intermediate marker in
smoking cessation trials). Analysis plans may be affected
by developments during trial conduct, adherence assess-
ment, delays in the effect of the intervention, and avail-
able statistical methods (23). The primary disease-related
end points include time to event (death, diagnosis of
cancer, a precancerous lesion, or a biological marker of
cancer) (23). Other independent variables may include
behavioral/life-style changes, biological correlates of
such changes, and quality-of-life measures.

In order to approach goals for the year 2000 of
reducing cancer mortality by as much as 50% and ex-
tending the duration of healthy functional life, prevention
research is of paramount importance (24). Thus, we must
continue to develop innovative methods for combining

behavioral and biological intervention and evaluation
strategies. Prevention research is perhaps the most diffi-
cult to plan and carry out but holds the potential ulti-
mately for delivering the greatest rewards in terms of
disease avoided and lives saved from cancer.
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