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All I maintain is that on this earth there are pestilences and there
are victims, and it's up to us, so far as possible, not to join forces
with the pestilences. That may sound simple to the point of
childishness; I can't judge if it's simple, but I know it's true. You
see, I'd heard such quantities of arguments, which very nearly
turned my head, and turned other people's heads enough to make
them approve of murder; and I'd come to realize that all our
troubles spring from our failure to use plain, clean-cut language.
The Plague
Albert Camus

This brief perspective is based on the Bruce Cain Memorial
Lecture presented at the 1991 Annual Meeting of the American
Association for Cancer Research. The problem it considers can
be simply stated: cancer is an endemic pestilence, and we are
the victims of our own failure to use plain, clean-cut language
to describe its very nature. In spite of the striking advances that
have been made in the treatment of leukemias, lymphomas, and
related diseases, the prognosis for the patient with the most
common types of invasive, metastatic carcinoma, such as those
originating in epithelia of the lung, colon, pancreas, breast,
oropharynx, bladder, or prostate remains very bad indeed (1).
This situation is a consequence of our misperception of the
pervasive, endemic nature of cancer and our historical failure
to use proper language to describe its pathogenesis. The failure
to use appropriate terminology to define the nature of cancer
in turn has perpetuated this widespread misperception of the
intrinsic endemic nature of the disease, resulting in inadequate
approaches to its control.
The Need for a New Definition of Cancer
The very name, "cancer," (a term widely used by clinicians,
laboratory scientists, and laypersons alike to describe the plague
that is upon us), is indeed a misnomer. The disease in reality is
a process, namely "carcinogenesis," rather than a state, as
implied by the term, "cancer." As we have noted elsewhere (2),
the actual disease is an evolving molecular and cellular process,
not a static circumstance, the onset of which can be dated to
the time when a pathologist can finally see cells invading
through a basement membrane on a slide. Classical terminol
ogy, which originated more than a century ago, ignores the
importance of the critical dimension of time in the development
of epithelial carcinogenesis; by now, we know that there is a
latency period, often 20 years or more, between the initiation
of carcinogenesis and the onset of the terminal, invasive, and
metastatic phase of the disease. Classical pathology and clinical
oncology have dealt with cancer in the three dimensions of
space (the size and location of lesions); to understand the
process of carcinogenesis, which is the reality of the disease, we
must now add the dimension of time.
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A more realistic and modern view would be to consider the
process of carcinogenesis as a 4-dimensional process of dysregulation of gene function (whether caused by mutation, dele
tion, amplification, translocation, or some other mechanism),
leading first to clonal expansion and clonal heterogeneity of
initiated and promoted cells, second to local tissue invasion,
and finally to metastasis. At the present rate of discovery of
oncogenes and suppressor genes (3, 4), it is conceivable that
hundreds of genes will eventually be implicated in the process
of dysregulation that finally leads to the invasive or metastatic
phenotype; in any individual patient with metastatic carcinoma
this is manifested by a wide array of genotypes and phenotypes
within the population of tumor cells in that patient (5-7).
We thus need to develop a kinetic perspective of the entire
process of carcinogenesis, particularly the kinetics of the devel
opment of the early lesions of the disease. We must emphasize
that there is only a stochastic probability that an early stage
will progress to a later one. Indeed, the natural history of many
forms of epithelial carcinogenesis indicates that many, if not
most, early lesions disappear spontaneously (8). Because these
early lesions often disappear, it has been erroneously concluded
in the past that they are not relevant to cancer. Indeed, it is
widely believed by many physicians that the patient with such
an early, noninvasive lesion "does not have cancer." This is
clearly a fallacious interpretation. To the extent that everyone
is subject to mutation, either endogenous or exogenous, every
one is part of the carcinogenic process. Given the ubiquitous
nature of both natural and man-made carcinogenic substances
in our environment, it is doubtful whether the genome of any
adult man or woman has sustained no damage over the course
ofthat individual's lifetime. Thus, carcinogenesis is an endemic
disease process, and essentially no one is entirely healthy from
a genomic perspective. Everyone is at risk, and indeed, although
progression from early to late lesions may be stochastic, at the
present time an epidemiologist can accurately predict that about
1 in 5 persons in the entire population of the United States will
eventually die of end-stage malignancy if the current death rates
continue (1).
There are several other logical fallacies that have resulted
from the failure to use plain, clean-cut language to describe the
process of carcinogenesis. The worst fallacy is the widespread
notion that people are "healthy" until they have "cancer," as if
one could set a date upon which the cancer began. The date
that a woman can first feel a lump in her breast or that this
lump can be detected on a mammogram is totally irrelevant to
the understanding of the pathogenesis of invasive breast cancer.
Carcinogenesis begins with the earliest damage to any regula
tory gene that is relevant to the disease process, even though it
may be many years before the phenotypic manifestations of this
damage are apparent. Corollary fallacies are the notions that it
is unethical to treat "healthy" people with a preventive agent
and that one must wait until a diagnosis of "cancer" is made
on a patient before it is ethically justified to treat that patient
with a "cancer drug." Perhaps the best way to expose such

reasoning as fallacious is to examine the progress that modern
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medicine has made in the conquest of another pestilence,
namely syphilis.
There are many analogies that can be made between the
natural history of cancer and the natural history of syphilis.
Both diseases have an initiation phase which causes little bio
logical morbidity to the host, and death ensues in a relatively
small fraction of the original population at risk only after a
long latency period. In syphilis, as in epithelial carcinogenesis,
this latency period may be 20 years or more. In both diseases,
a progressive evolution of several stages occurs, and in neither
disease is this progression inevitable (8,9). Indeed, the majority
of people who have been initiated in either disease process will
not progress to the final lethal stage, even without treatment.
The statistics for untreated syphilis have been particularly well
documented, especially in the famous study conducted many
years ago in Oslo, Norway (10). Thus, less than one-third of
the Norwegian cohort with the primary lesion of syphilis (the
chancre), when left untreated, eventually developed late destruc
tive lesions, such as those of the cardiovascular and central
nervous systems, which cause death. Most notably, two-thirds
of the total, untreated ("initiated") individuals went through
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greater acceptance of their relevance. Meanwhile, since such
lesions cannot be effectively controlled, they are largely ignored.
Prevention

of Carcinogenesis

Once one accepts the concept that carcinogenesis is an en
demic process that affects essentially everyone, then the need
to develop some practical approach to prevent it becomes selfevident. It should be apparent, from a pragmatic viewpoint,
that to sit back, passively do nothing, and watch the evolution
of early lesions of carcinogenesis until they become invasive is
in itself an active decision. As noted above, this strategy has
not been very impressive in improving the prognosis of the
patient with invasive carcinoma. Both logic and common sense
indicate that it would make sense to try to find some active
intervention to prevent progression of early lesions. The diffi
cult question has been how to do this.
Equally apparent should be the concept that since not all
lesions progress during the natural history of carcinogenesis,
there is an opportunity to influence the course of the disease.
Fifteen years ago we first suggested that the domain of mole
life with minimal or no physical inconvenience.
cules composed of retinol (vitamin A) and its synthetic ana
Fortunately, in its successful control of the plague of syphilis,
logues, which we defined as retinoids, might be used as a
modern medicine did not adopt the same fallacious terminology
pharmacological approach to the chemoprevention of cancer
that still pervades the field of oncology. In spite of the fact that
(12). The rationale for this approach was based on the ability
two-thirds of the patient population with primary lesions of of retinoids to exert a hormone-like control of normal cellular
syphilis can go through life with essentially no ill effects if left differentiation and proliferation in essentially all epithelia that
untreated, it was realized that a common disease process per
are target sites for the development of invasive carcinoma (13).
tained to the entire patient population with such early lesions,
Furthermore, it had even been shown that retinoids could
even if there was only a stochastic probability of progression to restore normal cellular differentiation to a dysplastic epithelium
a more serious stage. Thus, it is now considered appropriate,
that had been initiated with a carcinogen (14). Since the process
ethical, even necessary, to treat all patients with early syphilitic
of carcinogenesis is fundamentally characterized by a loss or
lesions with chemotherapy, even though the majority of these
arrest of cellular differentiation (15, 16) and since retinoids
patients could go through life with no treatment and suffer
intrinsically induce or enhance such differentiation (17, 18), we
essentially no ill effects. The eradication of syphilis as a fatal suggested that retinoids could be used as physiological, rather
disease, by virtue of recognizing the importance and significance
than cytotoxic, agents to arrest or reverse the process of carci
of early lesions in its pathogenesis, has been one of the great
nogenesis (12, 19, 20). This approach has been validated in
triumphs of modern medicine.
many studies in experimental animals, and most importantly,
by now there are significant clinical data to indicate that it is
In contrast, in oncology, most clinicians and pathologists
refuse to recognize that early lesions have any biological signif
also applicable to humans.
icance, and indeed very little effort is devoted in cancer research
Since retinol and its esters (the molecular forms of vitamin
to the study and control of such lesions. We reserve the term,
A that we ingest in our food) have undesirable pharmacokinetic
"cancer," for late lesions; one might contemplate what the and toxicological properties, it has been necessary to develop
consequences might have been if the term, "syphilis," had been synthetic analogues for effective chemoprevention. More than
reserved for tertiary lesions of that disease and the chancre had
1000 retinoids have been synthesized by the organic chemists,
been considered to be a somewhat irrelevant precursor of the and thus far the most useful ones for chemoprevention have
true disease. One might wish to examine why there has been been analogues of all-ira/w-retinoic acid. It is now known that
such a difference in approach to the two disease processes. In all-frans-retinoic acid is the ligand for nuclear receptors that
the case of syphilis, successful therapy has been available to regulate gene function (21, 22), which adds further credibility
eradicate or control early lesions, whereas it has been extremely
to the hypothesis that chemoprevention by retinoids is mediated
difficult to influence the progression of the early lesions of by physiological processes.
carcinogenesis. Moreover, the endemic nature of the problem
Studies in animals have shown that analogues of retinoic acid
of carcinogenesis has made it extremely difficult for physicians
can block the development of invasive carcinoma at epithelial
and laypersons alike to accept the notion that we all have target sites including mammary gland, bladder, lung, pancreas,
precursor lesions for what may develop into lethal disease.
and skin (see Ref. 23 for a review); most recently, the prostate
Furthermore, the probability that lesions will progress is un
has been added to this list (24). Based on these findings in
doubtedly less in the case of carcinogenesis (unless one is experimental animals, important clinical studies have subse
considering relatively rare syndromes, such as familial poly- quently demonstrated that 13-c/s-retinoic acid can reverse preposis), as compared to syphilis. The existential perspective that
malignant lesions (leukoplakia) of the oral mucosa (25) as well
"each of us has the plague within him; no one, no one on earth
as prevent the development of head and neck carcinoma (26)
is free from it (11)" is not particularly agreeable to most people.
or skin carcinoma (27) in patients at high risk. The retinoic
acid analogue 4-hydroxyphenylretinamide
(fenretinide), an
If some effective and acceptable method for treatment of car
cinogenic precursor lesions were available, there would be agent highly effective for prevention of mammary cancer in
6216
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experimental animals (28), is presently being evaluated in several thousand Italian women for prevention of breast carcinoma
(29). Most importantly, it has been shown in this trial that a
retinoid such as 4-hydroxyphyenyIretinamide can be safely ad
ministered for as long as 5 years to a cohort of women, with
essentially no serious toxic side effects.
In addition to the retinoids, there are many other steroids or
steroid analogues now being evaluated as potential agents for
chemoprevention. Most notably, the estrogen analogue, tamoxifen, widely used in patients as adjuvant therapy for advanced
breast cancer, has also been shown to be an effective agent for
chemoprevention of mammary cancer in the rat (30, 31). Fur
thermore, other data indicate that tamoxifen and 4-hydroxyphenylretinamide can act synergistically to block progression
of carcinogenesis in the rat mammary gland (32). The above
results provide a strong rationale for the clinical evaluation of
tamoxifen, either alone or in combination with a retinoid, for
chemoprevention of breast cancer (33-36).
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come, it is now a clinically validated approach to the control of
invasive carcinoma. It is now our responsibility to use this new
discipline in the most clinically effective manner.
Acknowledgments
I am indebted to many colleagues of the past 20 years for the
development of the ideas expressed in this article; in particular, I want
to thank Anita Roberts, Richard Moon, Alberto Costa, Umberto Ve
ronesi, and Waun Ki Hong for their contributions. Dianna Jessee has
provided expert assistance with the manuscript.

Conclusions
Over the past 25 years, death rates have remained unacceptably high and 5-year survival rates unacceptably low for most
common forms of metastatic carcinoma, in spite of a huge
investment of effort in the development of cytotoxic drugs.
There has been a faulty perspective of the nature of the disease
that we are trying to eradicate, focusing effort on the fallacious
notion, enunciated by the National Cancer Institute in 1966,
that "there now exists a logical, unifying theme for control
[italics mine] of cancer in animals and man, namely that cure
can be realized only [italics again mine] when all tumor cells
are killed (37)." Thus, for 25 years there has been an obsession
with the development and use of agents that kill cells (mani
fested most recently with the concept of dose intensification)
for treatment of end-stage carcinoma. Although this approach
has been highly successful for a few types of malignancy, it has
in general failed to provide widespread cure for the most com
mon cancers. As we learn more about the heterogeneity of the
tumor cells that comprise a primary epithelial neoplasm and its
associated mÃ©tastases(5-7), the conceptual inadequacies of the
cytotoxic approach to cancer cure become increasingly
apparent.
A new perspective is therefore necessary, emphasizing that
carcinogenesis is fundamentally an evolutionary process of
aberrant cell differentiation. As modern techniques of molecular
biology progressively elucidate the molecular and cellular basis
for the multiple stages of carcinogenesis that occur before the
development of invasive and metastatic lesions (38), it should
become possible to apply this new knowledge to arrest or reverse
the further development of early lesions. Pragmatically, we can
no longer afford to ignore the biological significance of these
early lesions. We must consider the entire process of carcino
genesis from its very inception, rather than using the antiquated
conceptual framework and nomenclature that originated more
than a century ago and that still dominate current thought
about cancer. Greater effort must be given to development of
new methods for detecting individuals at increased risk and to
development of more accurate diagnostic markers, both of
which will provide a more meaningful definition of the various
stages of carcinogenesis and their relationship to invasive car
cinoma. Ultimately, this new perspective will lead to some form
of control of carcinogenesis during its earliest, preinvasive
stages. Chemoprevention is not merely an idea whose time has
6217

References
1. American Cancer Society. Cancer Facts and Figuresâ€”1991, 29 pp. Atlanta,
GA: American Cancer Society, 1991.
2. Wakefield, L. M., and Sporn, M. B. Suppression of carcinogenesis: a role
for TGF-/3 and related molecules in prevention of cancer. In: G. Klein (ed.),
Tumor Suppressor Genes, pp. 217-243. New York: Marcel Dekker, Inc.,
1990.
3. Weinberg, R. A. (ed.). Oncogenes and the Molecular Origins of Cancer, 367
pp. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press, 1989.
4. Marshall, C. J. Tumor suppressor genes. Cell, 64: 313-326, 1991.
5. Fidler, I. J., and Kripke, M L. Metastasis results from preexisting variant
cells within a malignant tumor. Science (Washington, DC), 197: 893-895,
1977.
6. Poste, G., and Greig, R. On the genesis and regulation of cellular heteroge
neity in malignant tumors. Invasion Metastasis, 2: 137-176, 1982.
7. Heppner, G. H. Tumor heterogeneity. Cancer Res., 44: 2259-2265, 1984.
8. Symposium on Early Lesions and the Development of Epithelial Cancer.
Cancer Res., 36: 2475-2706. 1976.
9. Lukehart, S. A., and Holmes, K. K. Syphilis. In: Harrison's Principles of
Internal Medicine, Ed. 12, pp. 651 -661. New York: McGraw-Hill Inc., 1991.
10. Gjestland, T. The Oslo study of untreated syphilis. Acta Dermatovener.,
J5(Suppl. 34): 368 pp., 1955.
11. Camus. A. The Plague. New York: Alfred A. Knopf, 1948.
12. Sporn, M. B., Dunlop, N. M., Newton, D. L., and Smith, J. M. Prevention
of chemical carcinogenesis by vitamin A and its synthetic analogs (retinoids).
Fed. Proc., 35: 1332-1338, 1976.
13. Wolbach, S. B., and Howe, P. R. Tissue changes following deprivation of
fat-soluble A vitamin. J. Exp. Med., 42:753-777, 1925.
14. Lasnitzki, I. The influence of A hyper-vitaminosis on the effect of 20-methylcholanthrene on mouse prostate glands grown in vitro. Br. J. Cancer, 9:434441, 1955.
15. Pierce, G. B., Shikes, R., and Fink. L. M. Cancer: A Problem of Develop
mental Biology. Englewood Cliffs, NJ: Prentice Hall, 1978.
16. Mintz, B., and Fleischman. R. A. Teratocarcinomas and other neoplasms as
developmental defects in gene expression. Adv. Cancer Res., 34: 211-278,
1981.
17. Sporn, M. B., and Roberts, A. B. Role of retinoids in differentiation and
carcinogenesis. Cancer Res.. 43: 3034-3040, 1983.
18. Roberts, A. B., and Sporn, M. B. Cellular biology and biochemistry of the
retinoids. In: M. B. Sporn, A. B. Roberts, and D. S. Goodman (eds.). The
Retinoids, Vol. 2. pp. 209-286. New York: Academic Press, 1984.
19. Sporn, M. B. Approaches to prevention of epithelial cancer during the
preneoplastic period. Cancer Res., 36: 2699-2702, 1976.
20. Sporn, M. B., and Newton, D. L. Chemoprevention of cancer with retinoids.
Fed. Proc., 38: 2528-2534, 1979.
21. Petkovich, M.. Brand, N. J., Krust, A., and ChambÃ³n, P. A human retinoic
acid receptor which belongs to the family of nuclear receptors. Nature
(Lond.), 330: 444-450, 1987.
22. Giguere, V., Ong, E. S., Segui, P., Evans, R. M. Identification of a receptor
for the morphogen retinoic acid. Nature (Lond.), 330:624-629. 1987.
23. Moon, R. C.. and Itri, L. M. Retinoids and cancer. In: M. B. Sporn, A. B.
Roberts, and D. S. Goodman (eds.). The Retinoids, Vol. 2. pp. 327-371.
New York: Academic Press, 1984.
24. Pollard, M., Luckert, P. H., and Sporn, M. B. Prevention of primary prostate
cancer in Lobund-Wistar rats by /V-(4-hydroxyphenyl)retinamide. Cancer
Res., 51: 3610-3611, 1991.
25. Hong, W. K., Endicott, J., Itri, L. M., Doos, W., Batsakis, J. G., Bell,
R.,Fofonoff, S., Byers, R., Atkinson, E. N., Vaughan, C., Toth, B., Kramer,
A., Dimery, I. W., Skipper, P., and Strong, S. 13-cw-Retinoic acid in the
treatment of oral leukoplakia. N. Engl. J. Med., 315: 1501-1505, 1986.
26. 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, L. J.. Dimery, I. W.,
Brown, B. W., and Goepfert, H. Prevention of second primary tumors in
squamous cell carcinoma of the head and neck with 13-c/s-retinoic acid. N.
Engl. J. Med., 323: 795-801, 1990.
27. Kraemer, K. H., DiGiovanna, J. J., Moshell, A. N., Tarone, R. E., and Peck,
G. L. 1988. Prevention of skin cancer in xeroderma pigmentosum with the
use of oral isotretinoin. N. Engl. J. Med., 318: 1633-1637, 1988.
28. Moon, R. C., Thompson, H. J.. Becci. P. J.. Grubbs, C. H., Gander, R. J.,

CARCINOGENESIS AND CANCER

29.

30.
31.

32.

Newton, D. L., Smith, J. M., Phillips, S. L.. Henderson, W. R., Mullen. L.
T.. Brown, C. C, and Sporn, M. B. JV-(4-Hydroxyphenyl)retinamide, a new
retinoid for prevention of breast cancer in the rat. Cancer Res., 39: 13391346, 1979.
Rotmensz, N.. De Palo, G., Formelli. F., Costa, A., Marubini, E., Campa,
T., Crippa, A., Danesini, G. M., Grottaglie, M. D., Di Mauro, M. G.,
Filiberti, A., Galazzi, M., Guzzon, A., Magni, A., Malone, W., Mariani, L.,
Palvarini. M., Perloff, M., Pizzichetta, M., and Veronesi, U. Long-term
tolerability of fenretinide (4-HPR) in breast cancer patients. Eur. J. Cancer,
27: 1127-1131, 1991.
Gottardis, M. M., and Jordan. V. C. Antitumor actions of keoxifene and
tamoxifen in thÃ©/V-nitrosomethylurea-induced rat mammary carcinoma
model. Cancer Res., 47: 4020-4024, 1987.
Maltoni, C., Pinto, C., and Paladini, G. Project of experimental bioassays
on chemoprevention agents performed at the Bologna Institute of Oncology:
report on tamoxifen control of spontaneous mammary tumors on SpragueDawley rats. Cancer Invest.. 6: 643-658, 1988.
Ratko. T. A., Detrisac. C. J., Dinger, N. M., Thomas, C. F., Kelloff, G. J.,
and Moon, R. C. Chemopreventive efficacy of combined retinoid and tamox

6218

33.
34.
35.

36.
37.
38.

ifen treatment following surgical excision of a primary mammary cancer in
female rats. Cancer Res., 49:4472-4476. 1989.
Cuzick, J., Wang, D. Y., and Bulbrook. R. D. The prevention of breast
cancer. Lancet, /: 83-86, 1986.
Baum, M. Prospects for the chemoprevention of breast cancer. In: M. B.
Sporn (ed.), Control of Growth Factors and Prevention of Cancer, pp. 6774. Heidelberg: Springer-Verlag. 1991.
Rutqvist, L. E., Cedermark, B., Glas, U., Mattsson, A., Skoog, L., Somell,
A., Theve, T., Wilking, N., Askergren, J., Hjalmar, M.-L., Rotstein, S.,
Perbeck, L., and Ringborg, U. Contralateral primary tumors in breast cancer
patients in a randomized trial of adjuvant tamoxifen therapy. J. Nati. Cancer
Inst., 83: 1299-1306, 1991.
Fisher, B., and Redmond, C. New perspective on cancer of the contralateral
breast: a marker for assessing tamoxifen as a preventive agent. J. Nati.
Cancer Inst., 83: 1278-1280, 1991.
Zubrod, C. G., Schepartz, S., Leiter, J., Endicott. K. M., Carrese, L. M., and
Baker, C. G. The chemotherapy program of the National Cancer Institute:
history, analysis, and plans. Cancer Chemother. Rep., 50: 349-540, 1966.
Fearon, E. R., and Vogelstein, B. A genetic model for colorectal tumorigenesis. Cell, 61: 759-767, 1990.

