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those sensitive groups that are likely to bear 
disproportionate risk, thus reducing the in­
cidence of cancer and avoiding environ­
mental inequities (50). 

In modeling risk distribution and identi­
fying susceptible populations, molecular ep­
idemiology can be a useful tool, provided 
that the biomarkers are adequately validat­
ed and study designs are sound (I , 49). 
Biomarkers can also contribute to risk as­
sessment by providing dose-response data 
for extrapolation from laboratory animals to 
humans, by elucidating mechanisms in hu­
man carcinogenesis, and by serving as in­
termediate endpoints for monitoring the ef­
fectiveness of interventions-

Cancer is largely a preventable disease-
Molecular epidemiology has contributed to 
the growing awareness of the importance of 
relatively common genetic and acquired 
susceptibility factors in modulating risks 
from environmental carcinogens- To make 
greater strides in preventing cancer, we 
need public health strategies that reflect 
this knowledge. 
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Recent Advances in 
Chemoprevention of Cancer 

Waun Ki Hong* and Michael B. Sporn 

Chemoprevention is the use of pharmacologic or natural agents that inhibit the devel­
opment of invasive cancer either by blocking the DNA damage that initiates carcino­
genesis or by arresting or reversing the progression of premalignant cells in which such 
damage has already occurred. Recent advances in our understanding of the mechanisms 
of carcinogenesis have led to the synthesis of new drugs that can inhibit tumor devel­
opment in experimental animals by selective action on specific molecular targets, such 
as the estrogen, androgen, and retinoid receptors or inducible cyclooxygenase. Several 
of these agents (including tamoxifen, 13-c/s-retinoic acid, retinyl palmitate, and an 
acyclic retinoid) are clinically effective in preventing the development of cancer, partic­
ularly,in patients who are at high risk for developing second primary tumors after surgical 
removal of the initial tumor. 

I n spite of immense efforts to improve 
treatment and find cures for advanced dis­
ease, overall mortality rates for most forms 
of epithelial cancer have not declined in 
the past 25 years- The prognosis for a pa­
tient with metastatic carcinoma of the lung, 
colon, breast, or prostate (four of the most 
common and lethal forms of cancer, which 
together account for more than half .of all 

deaths from cancer in the United States) 
remains dismal (I) . A current scientific 
view indicates that damage to numerous 
regulatory genes ultimately results in the 
development of invasive and metastatic 
cancer, which is the culmination of the 
chronic disease process, carcinogenesis- The 
natural history of carcinogenesis and cancer 
provides a strong rationale for a preventive 
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approach to the control of this disease and 
leads one to consider the possibility of ac- 
tive pharmacological intervention to arrest 
or reverse the process of carcinogenesis be- 
fore invasion and metastasis occur (2). Such . . 
intervention is called chemoprevention. 

The clinical practice of chemopreven- 
tion is still in its infancy, although there is 
a wealth of data documenting its effective- 
ness in experimental animals. As genetic 
testing has the potential to identify large 
numbers of people who are at increased risk 
for the development of invasive cancer, 
preventive strategies are becoming increas- 
ingly important. Here, we will summarize 
several recent advances. both basic and 
clinical, that justify optimism that chemo- 
prevention will be an effective approach for 
the control of human cancer. 

Basic Aspects of 
Chemoprevention 

Carcinogenesis as an aberrancy of differentia- 
tion. Altered states of cell and tissue differ- 
entiation are characteristic of premalignant 
lesions long before they become invasive 
and metastatic. This pathology of differen- 
tiation (dysplasia) offers a defined target for 
pharmacological intervention, because in 
some circumstances. it is wossible to reverse 
the abnormal differentiation with a hor- 
monelike agent that is essentially noncyto- 
toxic. Two other approaches to the control 
of preneoplastic lesions are to block their 
expansion with nontoxic agents that sup- 
press cell replication or to induce an apo- 
ptotic state in cells that ordinarily would be 
programmed to die (as in colon epithelium) 
but that may have undergone carcinogenic 
mutations that provide extended life-span. 
These three mechanisms provide the basis 
for the use of most of the chemopreventive 
agents that are currently in experimental or 
clinical use. Another approach is to use 
blocking agents that prevent metabolic ac- 
tivation of carcinogens or their subsequent 
binding to DNA, but this approach has 
limited application when genetic damage 
already exists. The intriguing possibility of 
using antiangiogenic agents to prevent the 
progression of advanced, premalignant, 
noninvasive lesions to franklv invasive le- 
sions remains to be exploited. 

The maintenance of normal epithelial 
differentiation thus represents a primary 
goal for the pharmacology of chemopreven- 
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tion. However, it should be emphasized that 
epithelial cells do not exist in a contextual 
vacuum. Their differentiation is determined 
by their reciprocal interactions with their 
underlying stromal (mesenchymal) cells, 
and it has been postulated that failure of 
these reciprocal interactions may play an 
important role in carcinogenic progression. 
Thus, in an organ such as the prostate, the 
underlying mesenchyme regulates epithelial 
proliferation, ductal morphogenesis, and 
the expression of prostate-specific secretory 
proteins, and, conversely, the prostatic ep- 
ithelium induces smooth muscle cell differ- 
entiation in its underlying stroma (Fig. 1). 
It has been suggested that, during carcino- 
genesis, the normal reciprocal paracrine 
cross-talk between these two compartments 
(mediated by various cytokines) breaks 
down, leading to dedifferentiation of both 
epithelium and mesenchyme (3). 

Molecular targets for chemopreventive 
agents. Although many chemopreventive 
agents have been developed empirically in 
the past, recent advances in the molecular 
biology of carcinogenesis suggest that it will 
be possible to develop new and better 
agents on a more mechanistic basis. The 
most striking example is in colon cancer, 
which is considered a paradigm for under- 
standing the role of multiple genetic lesions 
in tumorigenesis (4, 5). From the perspec- 
tive of chemoprevention, the recent discov- 
ery that overexpression of the gene for in- 
ducible cyclooxygenase (COX-2), a key en- 
zyme for the formation of prostaglandins 
from arachidonic acid, is an early and cen- 
tral event in colon carcinogenesis now pro- 
vides an important target for drug develop- 

ment (5). Mice with defects in the At~c . . 
(adenomatous polyposis coli) gene develop 
laree numbers of intestinal adenomatous - 
polyps at a young age, and marked increases 
in COX-2 enzyme concentrations have 
been found in early polyps in these animals 
(6). Interestingly, this increase in COX-2 
concentrations occurs in the stromal rather 
than in the epithelial components of the 
adenomas (6). The functional relevance of 
COX-2 to intestinal tumorigenesis was 
demonstrated by the analyses of mice genet- 
ically deficient in both COX-2 and Apc; in 
com~arison with mice defective in At~c 
alonk, the double mutants had a markld 
diminution in the number of intestinal pol- 
yps (6). Consistent with the animal find- 
ings, increased amounts of COX-2 messen- 
ger RNA and protein have been observed 
in many primary human colon cancers and 
colon cancer cell lines (5). The mecha- 
nisms by which an increase in COX-2 ac- 
tivity promotes tumor formation are not 
entirely clear, although suppression of apo- 
ptosis appears to be contributory (5, 7). 

For clinical chemoprevention, the next 
step will be the use of drugs that selectively 
inhibit COX-2, that is, drugs free of the 
serious side effects. such as eastrointestinal - 
ulceration and bleeding, that can be caused 
by inhibition of the related constitutive 
enzyme COX-1. Although a voluminous 
literature exists on the ability of nonselec- 
tive COX inhibitors to block ex~erimental 
colon carcinogenesis (5, 6) and one such 
agent, sulindac, has even been used clini- 
cally to suppress colon adenoma formation 
(8). the side effects of these nonselective . ,, 
agents preclude their widespread use for 

Fig. 1. Epithelial-stromal interactions. Carcinogenesis is a contextual process in which there may be 
defective communication between the epithelium and its underlying stroma. Some chemopreventive 
agents may exert their primary action on stromal, rather than epithelial, target cells (paracrine action). 
Stromal cells may also be targets for gene damage that contributes to carcinogenesis. Reciprocal 
interactions between epithelium and stroma regulate cell differentiation in the prostate and other organs. 
During colon carcinogenesis, increased COX-2 concentrations occur first in stromal, rather than epi- 
thelial, cells; the use of inhibitors of COX-2 to prevent colon cancer would initially be directed at such 
stromal cells. The double-headed arrows indicate that paracrine communication, mediated by cytokines 
and other regulatory molecules, is bidirectional. 
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chemoprevention in large numbers of peo- 
ple. The  recent synthesis of safer, selective 
COX-2 enzyme inhibitors, such as MF-tri- 
cyclic (Fig. 2), and the successful use of 
MF-tricyclic to inhibit polyp formation in 
mice with an  Apc defect (6) are major new 
developments with potentially far-reaching 
implications for chemoprevention of hu- 
man colon cancer. Clinical trials with the 
selective COX-2 inhibitors will be of criti- 
cal importance in validating the practicality 
of the entire chemopreventive approach to 
the control of human cancer. 

In these colon cancer studies, the iden- 
tification of. a molecular target (COX-2) 
was of majdr importance in directing the 
development of a whole new class of phar- 
macologic agents. Thisxpproach is applica- 
ble to other forms of cancer as well. In the 
case of breast cancer, the estrogen receptor 
is an  important target. Estrogen has long 
been known to be a promoting factor for 
mammary carcinogenesis, and antagonism 
of the action of its receptor in the breast is 
an  important experimental and clinical ap- 
proach to breast cancer prevention. The 
practical problem is how to inhibit estrogen 
in the breast witheut losing its beneficial 
agonistic effects on bone, the brain, and the 
cardiovascular svstem. 

The development of selective estrogen 
receptor modulators (SERMs) may help to 
achieve this goal. The aim is to design new 
agents that will function as estrogen agonists 
in the tissues in which estrogen is beneficial 
but that will function as antagonists in sites 

u 

where estrogen may promote carcinogenesis, 
such as the breast, uterus, or ovarv (9). Al- , . .  
though the estrogen analog tamoxifen comes 
close to fulfilling these criteria and has been 
shown to suppress mammary carcinogenesis 
in both animals and women, it has the un- 
desirable effect of being estrogenic in the 
uterus, which may increase the risk of endo- 
metrial carcinoma (9). A new generation of 
SERMs, exemplified by the benzothiophene 
estrogen analog raloxifene (1 0)  and its more 
potent experimental congener LY353381 
(1 1 ) (Fig. 2), now offers the potential for 
chemoprevention of breast cancer without 
the uterine risk of tamoxifen: These agents 
are highly active in preventing breast cancer 
in experimental animals (1 1-1 3)  but do not 
promote the growth of uterine epithelium 
( 10, 1,1 ). As an estrogenic agent that main- 
tains bone mass in postmenopausal women, 
raloxifene has been used clinically to prevent 
osteoporosis (1 0); however, at present, there 
are not enough data to evaluate its clinical 
efficacy in preventing breast cancer. 

The question of how an  estrogen analog 
can have such varied actions in different 
target organs is of fundamental importance, 
and there are several possible answers. Re- 
cently, it was shown that an estrogen analog 

such as raloxifene can regulate gene tran- 
scription at DNA nucleotide sequences 
other than the well-known estrogen re- - 
sponse element on genes regulated by estro- 
gen; a new "raloxifene response element," 
with a distinct nucleotide sequence, has 
been identified and is believed to mediate 
the tissue-specific effects of raloxifene ( 1  4). 
Furthermore, a second estrogen receptor 
(ERP) has been identified (15), and the 
expression patterns of this new receptor and 
the classical receptor (ERa) are distinct 
(16). For example, ERP is expressed in 
much higher amounts than ERa in rat pros- 
tate (1 6); recent studies in rats have shown 
that tamoxifen, which binds to both estro- 
gen receptors, can prevent prostate cancer 
(17). The estrogenic or antiestrogenic re- 
sponse may thus be mediated by two dis- 
tinct receptors that can act at more than 
one site on responsive genes. 

In the case of prostate cancer, improve- 
ments in cancer-screening methods have 
led to increased detection of earlv lesions 
that do not require surgery, so thire is an  
urgent need for chemo~revention. Because 
prostate carcinogenesis is driven by andro- 
gen, the androgen receptor is an ideal mo- 
lecular target for chemoprevention (18). 
Several new pharmacological approaches to 
androgen deprivation are being pursued 
clinically or considered for .development. 
These new approaches include the use of 
5a-reductase inhibitors (this enzyme is re- 
sponsible for the conversion of testosterone 
to dihydrotestosterone, which has a higher 
affinity for the androgen receptor), such as 
finasteride, and nonsteroidal antiandrogens 
that block androgen action competitively at 
the receptor level, such as flutamide (18). 
Unfortunately, prostate cancer is not easily 
studied in animal models, so it has been 
difficult to  test the efficacy of these agents 
in inhibiting tumorigenesis. In addition to 
androgen receptor modulation, the use of 
retinoids (1 7, 19) and estrogen analogs (1 7)  
is an  alternative approach to chemopreven- 
tion of prostate cancer that has some exper- 

- 
imental basis. 

The  nuclear receptors for retinoids are 
additional kev molecular targets for new 
chemopreven;ive agents. ~hvere are six 
well-defined retinoid recemors, all of which 

& .  

are transcription factors that regulate spe- 
cific genes with s~ecif ic  resDonse elements - 
(20), and it is now possible to synthesize 
new retinoids that are specific ligands for 
these receptors. Retinoids are required for 
proper differentiation of lung and upper 
airway epithelium, and loss of expression of 
retinoic acid receptor+ (RAR-P) is char- 
acteristic of many lung cancers (21) and 
many premalignant lesions of the oral epi- 
thelium (22). In the latter case, administra- 
tion of 13-cis-retinoic acid can restore the 
expression of RAR-P, as well as reverse the 
development of the lesions (22). The  reti- 
noid X receptors, known as RXRs, are pres- 
ently the target of intensive efforts to  de- 
v e l o ~  selective ligands. The three RXRs 

Selective inhibition 
of COX-2 

Selective binding 
to RXR 

u 

form heterodimers with many other nuclear 
receptors, including the RARs, the thyroid 
receptor, the vitamin D receptor, and a 
large group of other nuclear receptors 
known as orphans, for which the ligand is 
not yet known (20). Selective ligands such 
as LC100268 (Fig. 2) and its congener Tar- 
gretin bind tightly to the three RXRs (23) 
but have essentially no  affinity for the three 
RARs. 

After it was shown that 9-cis-retinoic 
acid (an agonist for all six retinoid recep- 
tors) prevented .experimental breast cancer 
(1 3), these RXR-selective ligands were also 
tested in rats and found to be highly effica- 
cious, notably without the classic pattern of 
retinoid toxicity (skin dryness, cheilitis, hy- 
pertriglyceridemia, and conjunctivitis) seen 
with retinoids that bind to RARs (24). 
Because this toxicity has been a major con- 
cern in the clinical use of retinoids for 
cancer prevention, the discovery of these 
RXR-selective ligands represents an  impor- 
tant advance. The mechanisms through 
which retinoids suppress carcinogenesis are 
complex. A very large number of genes 

Selective antagonistic and 
agonistic estrogenic action 

Fig. 2. Structures of new chernopreventive agents that are selective for specific molecular targets. In 
experimental animals, MF-tricyclic has been used to prevent intestinal tumors, and LY353381 and 
LGI 00268 have been used to prevent breast cancers. 
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involved in differentiation and proliferation 
have retinoid response elements (20, 25), 
and retinoids play a key role in the regula- 
tion of cytokines and the extracellular ma- 
trix (25). All of these processes are dysregu- 
lated during carcinogenesis, and it is unlike- 
ly that a single locus of action will be found 
for these highly pleiotropic molecules. 

time frame in a smaller number of patients. 
Such data can then be used to plan more 
difficult and expensive studies in primary 
 reve en ti on. 

tients developed recurrent or second prima- 
ry tumors compared with 49% of patients 
receiving the placebo, with a median fol- 
low-UD of 38 months). In all four condi- 

Thus, within recent years, agents such as 
13-cis-retinoic acid, difluoromethylorni- 
thine, all-trans-retinoic acid, fenretinide, 
and etretinate have been shown to be ef- 
fective in arresting or reversing premalig- 
nant lesions such as bronchial metaplasia, 
oral leukoplakia, uterine cervical dysplasia, 
and actinic keratoses, and an inhibitor of 
COX-1 and COX-2, sulindac, caused a 
marked diminution in colon adenomas (8, 
26, 28-30). The large number of former 

tions, the development of a second primary 
cancer is associated with an ominous Drag- 

A - 
nosis, and the development of effective che- 
moprevention has been of major impor- 
tance (32-35). Studies of this nature pro- 
vide a strong rationale for further evalua- 
tion of agents for primary prevention. Two 
major secondary prevention trials of the use 
of 13-cis-retinoic acid for aerodigestive can- 
cers (head and neck, and lung) are currently 
in progress in the United States. 

Clinical Aspects of 
Chemoprevention 

Uniqueness of chemoprevention trials. The ul- 
timate clinical.,goal of chemoprevention 
studies is reduction in cancer incidence, 
and the "gold standard" of chemopreven- 
tion trials is the large, long-term, random- 
ized study in which cancer incidence is the 
end point (26). However, such studies are 

smokers with persistent bronchial metapla- 
sia (characterized by molecular and genetic 

Primary prevention. In contrast to these 
important achievements in secondary pre- 

abnormalities that can be objectively 
scored) is a particularly important set of 

vention, thus far, there are few compelling 
data that would justify the widespread use 

extremely costly, in that they may require 
thousands of ~at ients  who are studied for 

patients for evaluating chemopreventive in- 
tervention with retinoids because (i) these 
individuals still have a high risk for devel- 
oping lung cancer in spite of their smoking 
cessation; (ii) bronchial metaplasia in 
former smokers is a classic exam~le of "field 

of pharmacologic agents for primary che- 
moprevention. On the basis of epidemio- 
logic data, several major trials of p-caro- 
tene for primary chemoprevention, partic- 
ularly of lung cancer, were initiated in the 
mid-1980s, but no benefit was found in 
recent analyses of the data (36). Notably, 
these trials were relativelv devoid of anv 

many years before useful data are obtained. 
In addition to their exDense. the size and 
length of these studies inevitably lead to 
~roblems with recruitment. motivation, and 
;)ompliance. Thus, because of these intrin- 
sic difficulties, chemo~revention trials. es- 

carcinogenesis," a phenomenon character- 
ized by the development of multiple prema- 
lignant foci of independent origin in areas 
repeatedly exposed to carcinogens (as in 
exposure of the airway to cigarette smoke), 
which requires a field-wide approach to pre- 
vention; (iii) the loss of expression of the 
retinoid receptor RAR-P has been shown to 
contribute to lung carcinogenesis; and (iv) 
it is possible that retinoids can reverse lung 
carcinogenesis by restoring retinoid signal- 
ing pathways, especially in the absence of 
continued smoking exposure (21 , 3 1 ). 

Prevention of second primary tumors in 
patients who have undergone surgery for 
removal of a first primary tumor provides an 
even more meaningful end point, as these 

pecially those for the primary preventidn of 
initial cancers, have a uniuue set of reuuire- 

mechanistic or experimen;al basis; that is', 
there is little evidence that p-carotene 
can prevent lung cancer in animals, nor is 
there a strong experimental basis in cell or 
molecular biology studies that would argue 
for its use as an agent to arrest or reverse 
the progression of preneoplastic lesions. 

ments if they are to succeed. In the plan- 
ning of clinical trials for primary prevention 
of cancer, it is important to select agents for 
which there is a strong mechanistic or ex- 
perimental basis for inhibition of carcino- 
genesis. Indeed, the failures that have char- 
acterized some of the large-scale, expensive 
prevention trials of the past can be attrib- 
uted to a lack of a strong mechanistic and 
experimental rationale for the selection of 
the chemopreventive agents that were used. 
Epidemiological data alone provide a poor 
basis for the design of a major trial for the 

Two major primary chemoprevention 
trials are currently in progress in the United 
States (26). On the basis of its ability to 
prevent second primary breast cancers, as 
well as extensive molecular, cellular, and 
animal data indicating that it acts as an 
effective estrogen antagonist in the breast, 
tamoxifen is now being evaluated for pri- 

primary prevention of cancer in the general 
population (26, 27). 

subjects may be at an exceptionally high 
risk for a new cancer. Effective secondarv 

mary prevention of breast cancer in women. 
The tamoxifen studv. for which enrollment 

prevention has been achieved with tamox- 
ifen for breast cancer (39% reduction in 

, , 
was opened in 1992 and completed earlier 
this year, has a total of 13,200 participants. 
All women aged 60 and over were eligible, 
as well as women between the ages of 35 

Importance of secondary prevention trials. 
When possible, trials of agents for primary 
prevention should be preceded by exten- 
sive clinical evaluation of their efficacy 

contralateral second primary tumors in 
30,000 women from 40 randomized adju- u 

and 59 who were found to have at least the 
risk level of a 60-vear-old woman. This 

and practical utility for secondary preven- 
tion of cancer (the reversal or arrest of 

vant trials); 13-cis-retinoic acid-but not 
etretinate-for head and neck cancer (in 
103 patients randomized to 13-cis-retinoic 
acid or a ~lacebo. 14% of 13-cis-retinoic 

progression of premalignant lesions or the 
prevention of second primary tumors in 
patients cured of an initial cancer) in spe- 
cific epithelial target sites. Without such 

randomized, placebo-controlled, prospec- 
tive study, with cancer as an end point, is a 
landmark primary prevention trial, because 
there is alreadv an immense amount of data 

acid-treated patients developed second pri- 
mary tumors compared with 31% of pa- 
tients receiving the placebo, with a median 
follow-up of 54 months); retinyl palmitate 
for lung cancer (in 307 patients randomized 
to retinyl palmitate or a placebo, 8.6% of 
retinyl palmitate-treated patients devel- 
oped second primary tumors compared with 
16% of patients receiving the placebo, with 
a median follow-up of 46 months); and a 
new acyclic retinoid for liver cancer (in 89 
patients randomized to acyclic retinoid or a 
placebo, 27% of acyclic retinoid-treated pa- 

on tamoxifen in terms of its other benefits 
(lowering of serum cholesterol and mainte- 

data to support a more ambitious primary 
prevention trial, there is a high likelihood 
that large sums of money will be expended 
with little return. In contrast, secondarv 

" 

nance of bone mass) and its undesirable 
properties (formation of blood clots and uter- 
ine carcinogenicity). The results of this trial 
are expected to be analyzed in late 1999 and 
will have an immense impact on the future 
of chemoprevention. The second major trial 
involves the use of finasteride in 18,867 men 
aged 55 and over who are at risk for devel- 

prevention trials have yielded the most 
valuable data in this field and have been 
more cost-effective, because the very na- 
ture of secondary prevention trials ensures 
that the burden of carcinogenesis on the 
patients is high and that some meaningful 
end point can be measured in a reasonable 

- 
opment of prostate cancer. This study was 
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activated in 1993, and accrual of participants 
was completed in 1996. As with the tamox- 
ifen trial, the finasteride trial is a classic 
phase 111, randomized, placebo-controlled, 
prospective study with cancer as a n  end 
point. The  results of this trial are expected to 
be available within 5 to 6 years. 

Biomarkers and intermediate end points. 
Biomarkers and intermediate end points of 
carcinogenesis are predictors of potential 
cancer occurrence. Biomarkers can be con- 
sidered "signposts" that carcinogenic tissue 
damage has occurred. For example, in many 
epithelial tissues, an early biomarker indi- 
cating the probability of cancer develop- 
ment is incrased cell proliferation with 
accompanyink DNA aneuploidy. Other bi- 
omarkers include genetic and epigenetic al- 
terations such as loss of heterozygosity, p53 
mutations, increased expression of the epi- 
dermal growth factor receptor, and genomic 
instability (26, 27, 31 ). 

Biomarkers and intermediate end points 
are important to chemoprevention for two 
reasons. First, as predictors of increased risk, 
they help to identify individuals who are 
likely to develop cancer and for whom 
higher risk interventions may be justified. 
Second, they can b& used to measure the 
efficacy of chemopreventive treatment in a 
relatively short period of time. If biomarkers 
and intermediate end points are validated 
as predictors for certain cancers, they can 
provide a scientific tool for the design of 
more efficient and cost-effective chemopre- 
vention trials. Intervention trials in which 
biomarkers and intermediate end points are 
used, rather than those requiring the devel- 
opment of cancer as a n  end point, will be 
completed in a shorter time and will require 
fewer patients. 

Combination chemopreuention. Cancer 
chemoprevention in high-risk cohorts is 
still a t  an early stage of development, but it 
is already recognized that prevention by a 
single agent will be limited by both toxicity 
and potency. The  concomitant use of mul- 
tiple agents with different mechanisms of 
action is an exciting new field of investiga- 
tion. T h e  combination of a promoter of 
differentiation, a n  antiproliferative agent, 
and a n  inducer of apoptosis would be par- 
ticularly appropriate for the treatment of 
advanced premalignant lesions. Several 

such combination trials are in progress, in- 
cluding the use of 13-cis-retinoic acid and 
a-tocopherol for the reversal of bronchial 
metaplasia. The  combined use of these two 
agents plus interferon-a has recently shown 
promising results in patients with advanced 
laryngeal dysplasia (37). T h e  combination 
of a retinoid (such as fenretinide) and a n  
estrogen antagonist (such as tamoxifen) has 
been highly effective in preventing experi- 
mental breast cancer and is now being eval- 
uated clinically for this purpose. 

Conclusion 

The  continuing magnitude and severity of 
the cancer problem make it imperative to 
develop a preventive approach to this dis- 
ease. As advances in the molecular and 
cellular biology of carcinogenesis continue, 
specific targets for preventive intervention 
are being identified, and effective new che- 
mopreventive agents are being synthesized 
and tested. Clinical trials, particularly for 
the prevention of second primary cancers, 
have already validated the concept of che- 
moprevention. In the future, clinical che- 
moprevention will require further develop- 
ment of trials based on  a mechanistic un- 
derstanding of carcinogenesis. As inflam- 
matory mediators, such as prostaglandins 
and nitric oxide, are increasingly shown to 
have important roles in the pathogenesis of 
many other chronic degenerative diseases as 
well as cancer, the development of effective 
chemoprevention for cancer should also 
have important benefits in the prevention 
and treatment of neurodegenerative and 
cardiovascular diseases as well. 
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