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Retinol, Vitamins, and Cancer Prevention: 25 Years
of Learning and Relearning
Gary E. Goodman, Swedish Cancer Institute and Fred Hutchinson Cancer Research Center, Seattle, WA
David S. Alberts, University of Arizona, Tucson, AZ
Frank L. Meyskens, University of California, Irvine, Irvine, CA

Twenty-five years ago, we published a phase I trial of retinol in
cancer patients.1 By today’s standards, this phase I trial left much to be
desired. The sample size of 13 patients, the methods to evaluate ad-
verse effects (remember radionuclide liver-spleen scans?), and the lack
of pharmacokinetics are just a few areas that make it seem naive.
However, although deficient by today’s standards, the unique aspects
of that trial remain—the potential target population and the agent
being studied, retinol (ie, vitamin A).

In 1983, the retinoids, vitamin A and its family of naturally
occurring and synthetic analogs, were just entering the realm of
clinical investigation. In 1979, Sporn and Newton2 published their
landmark article on the retinoids and introduced the concept of che-
moprevention—the possibility that we could prevent, arrest, or re-
verse carcinogenesis by the administration of exogenous agents. At the
time, simple in vivo and in vitro experiments suggested that retinoids
could act as chemoprevention agents. In addition, trans- and cis-
retinoic acid had shown some activity in patients with established
cancers.3,4 The group at the University of Arizona Cancer Center led
by Dr Frank Meyskens initiated studies to investigate the potential of
the retinoids for treating cancer and as cancer prevention agents. The
1983 phase I trial was one of a series of trials testing retinol, retinyl
palmitate, and 13-cis-retinoic acid. These phase I and II trials were
among the first studying potential chemoprevention agents and set a
precedent for their clinical evaluation.

Another important aspect of this trial was the recognition of
dietary micronutrients and vitamins as biologically active agents that
deserved laboratory and clinical investigation. In the late 1970s and
early 1980s, the study of vitamins in cancer prevention and treatment
was more in the realm of alternative treatment. A re-evaluation was
supported by the increase in nutritional epidemiology and the find-
ings of inverse associations between the intake of foods rich in
certain vitamins and cancer incidence. Over time, epidemiologic
studies became more sophisticated in analyzing dietary constituents
and included serum concentrations of micronutrients. The inverse
associations with specific cancers held. Although plagued with poten-
tial confounders, these studies suggested that low serum concentra-
tions of retinol and its precursor (�-carotene) were risk factors for
many cancers.5,6 In parallel, work by Lotan and Clifford7 and others
describing additional synthetic retinoids, retinoid receptors, and their
role in cancer and normal cellular differentiation gave the area a strong
basic science foundation. It was clear that the retinoids had an impor-

tant biologic role (they are vital amines are they not?) and that their
manipulation may result in clinical benefit.

In 1983, literature describing the clinical use of the retinoids was
scant. None of the newer retinoids were available for clinical use, and
toxicity reports were anecdotal and consisted almost exclusively of
accidental or health enthusiast overdosing with retinol or retinyl
palmitate. Because these agents had a potential for use in cancer
treatment as well as cancer prevention, we decided that they should be
treated like any biologically active drug. Their potential for use in a
healthy but high-risk population made it imperative to have a clear
understanding of the dose-toxicity relationship. Hence, we studied the
retinoids as we would any phase I cancer agent. Our phase I trial of
retinol was closely followed by a phase II trial in cancer patients8 and
later used in a large phase III chemoprevention trial (Carotene and
Retinol Efficacy Trial [CARET]).9

Since those early days, many years have passed, and we have
learned much. In the area of therapeutics, retinoids are now approved
for clinical use and are part of standard treatment protocols—trans-
retinoic acid for acute promyelocytic leukemia, 13-cis-retinoic acid for
acne, and bexarotene for cutaneous T-cell lymphoma.

In the area of chemoprevention, retinoids and their dietary pre-
cursor (�-carotene) were some of the first agents to be tested in large
population-based trials. In the National Cancer Institute-sponsored
trials in Linxian, China, both �-carotene and retinol were part of the
nutritional combinations tested. In this nutritionally deficient popu-
lation, the combination of �-carotene, �-tocopherol, and selenium
showed a decrease in cancer incidence and a survival advantage.10 The
Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) trial in
Finland and our CARET trial in the United States studied �-carotene
along with �-tocopherol (ATBC) and retinol (CARET) in cigarette
smokers.11 These studies in a nutritionally adequate population did
not show benefit from either retinol or �-carotene supplementation;
both ATBC and CARET found a significant increase in lung cancer
incidence in the retinol/�-carotene–containing arms within 1 to 2
years of administration.

That first generation of chemoprevention trials taught us much.
Our enthusiasm of intervening with harmless micronutrients or vita-
mins has been tempered by a better understanding of the complexity
of carcinogenesis and the complexity, but still poor understanding, of
the mechanism and scope of biologic activity of vitamins and micro-
nutrients. The findings of increased lung cancer incidence in both the
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ATBC trial and the CARET trial were unexpected. Micronutrients
were clearly complex interventions with many potential adverse ef-
fects. These were not pharmaceutical interventions such as finasteride
or tamoxifen, where the synthetic drug had a specific target and a
relatively predictable effect on normal and malignant tissues express-
ing the target receptor. In addition, both of those agents had a long
history of use in the general population and had undergone extensive
testing for US Food and Drug Administration approval. Their toxici-
ties were well known. Trials using these agents have been one of the
great successes of chemoprevention, decreasing the target cancer inci-
dence rate with the expected toxicities.12,13

The use of micronutrients and vitamins must be viewed differ-
ently from the use of synthetic drugs. Over the millennia, human
physiology has evolved to optimally function with dietary micronutri-
ents and vitamins concentrations within a narrow range. Dietary mi-
cronutrients are active in many metabolic functions, and deficiency
affects many organ systems. Taking supraphysiologic doses for pro-
longed time may also affect many organ systems; our understanding of
the pharmacology and physiologic effects at these high doses is incom-
plete. Perhaps it was naive to expect that increasing the intake of a
micronutrient 10-fold would modify cancer incidence and cause few
adverse effects. Perhaps it is not surprising that the first generation of
trials testing high-dose vitamin supplementation found unexpected
adverse effects, including an increased incidence of cancer and cardio-
vascular disease in ATBC and CARET (likely as a result of �-carotene),
lung cancer and cardiovascular disease in a trial of 13-cis-retinoic
acid,14 and perhaps cardiovascular disease in multiple studies studying
�-tocopherol. A recent meta-analysis of mortality in 68 randomized
trials of antioxidant supplements found increased mortality in the
treatment arms.15 Like other prescribed pharmacologic interventions,
increasing the dosage 10-fold does not necessarily lead to better re-
sults; it can be fatal.

Back in 1983, we started with the right idea, carefully studying a
proposed intervention to define its dose-toxicity relationship, phar-
macology, and then efficacy in areas where activity was found or
suggested. In the realm of cancer treatment, this phase I/II approach
has worked well. Cancer prevention, however, is dramatically different
from cancer treatment; our target populations are, in general, healthy,
and our tolerance of toxicity and adverse effects is low. Duration of
treatment may be in years and not the usual shorter duration of the
standard phase I, II, or III cancer treatment trial. End points are not
response in a patient with a measurable tumor but change in the
incidence of cancer (a rare event even in high-risk populations), and
where the true onset may occur up to 10 years before clinical detection.
The search for markers or surrogate end points both to shorten trial
duration and lower the sample size requirements remains allusive and
is an area of intense research. These features of chemoprevention
research have resulted in continual modification and refinement of
the design of phase I/II trials for prevention agents.

Regardless of the modifications of future phase I/II trials, we
clearly need to continue to define the dose-toxicity relationship of an
agent before starting phase III trials, be it a pharmaceutical or a micro-
nutrient/vitamin. US Food and Drug Administration restrictions re-
quire pharmaceuticals to have extensive evaluation before they are
administered to patients. However, because of the lack of both US

Food and Drug Administration oversight and pharmaceutical indus-
try interest and the general assumption that vitamins are safe, vitamins
have had inadequate investigation before being administered to
healthy populations in high doses for long periods of time. We should
not be surprised at unexpected events because these agents have never
had the careful evaluation that is part of a large, randomized, placebo-
controlled trial. Our experience over the last 25 years has made us
relearn the importance of carefully completing phase I and II trials of
any agent before starting a large, long-term, population-based trial.
This point becomes especially critical in cancer prevention research,
where the target populations are healthy and the chances of doing
harm can outweigh the benefits.
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