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Abstract The lung and upper aerodigestive tract (oral cavity, larynx, pharynx, upper
esophagus) will harbor the greatest proportion (=20%) of estimated new cancer cases in 1992.
The estimated mortality rate is even higher (32%), which is reflected in a 5-year survival rate
of only 7% and 12% for esophageal and lung cancer, respectively. Tobacco use appears to
remain the major cause of aerodigestive cancers despite efforts at primary preven-
tion—cessation of exposure. Another strategy to decrease this public health problem is
secondary prevention or chemoprevention. Cancer chemoprevention is defined as intervention
with chemical agents before invasion to halt or slow the carcinogenic process; potential agents
may include minor dietary constituents and pharmaceuticals.

The main objective of the Division of Cancer Prevention and Control (DCPC), National
Cancer Institute, is to develop promising chemopreventive drugs for use in humans. The
testing of cancer chemopreventives for efficacy in the clinic differs from that of cancer
treatment drugs. Chemopreventive drug trials involve healthy target populations, and the
endpoints are reduced cancer incidence or mortality, or increased latency, with no to minimal
toxicity. The lung and upper aerodigestive tract represent a unique opportunity for interven-
tion in this setting. Even with cessation of tobacco exposure, the risk of cancer in the entire
epithelium remains high for years due to the "field cancerization" effect. Some of the first
chemopreventive trials made use of this system due to the availability of a study population
with a tissue at demonstrably high risk for malignant progression. Much of the evidence for
chemopreventive efficacy is in the oral cavity because of the well-defined epithelial neoplastic
progression, the existence of well-established preclinical models, and relative ease of tissue
monitoring and sampling. In one of the first randomized trials, Hong and co-workers
demonstrated that 13-cis-retinoic acid prevents the appearance of second primary tumors in
patients previously treated for squamous cell carcinomas of the oral cavity and upper
respiratory tract.

Even using a high risk population, chemoprevention trials involve large sample sizes, lengthy
duration and follow-up, and high cost. To circumvent these problems, the use of intermediate
biomarkers as surrogate endpoints is being explored. Intermediate biomarkers are defined as
biological alterations in tissue (histological, genetic, biochemical, proliferative, differentiation-
related) oceurring prior to cancer development. In the oral cavity, studies using modulation
of a histological intermediate biomarker, dysplastic leukoplakia, as the endpoint have
demonstrated response to a retinoid.

Several problems still need to be addressed in the chemoprevention of aerodigestive cancer,

such as the toxicity of some of the agents which have been used (retinoids) and maintenance
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of remission after cessation of treatment. In addition, clinical chemoprevention trials in the
other sites of the aerodigestive system, such as lung and upper esophagus, are not as well
advanced. This is due to sampling and monitoring problems and less well-defined premalignant
lesions. The DCPC is developing new strategies for chemopreventive trials in the aerodigestive

tract.  © 1993 Wiley-Liss, Inc.*

Key Words: Chemoprevention, neoplasms, head and neck, lung, esophagus, oral cavity,
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The most common sites of cancer in the total
U.S. population are the lung and upper aerodi-
gestive tract (oral cavity, larynx, pharynx, upper
esophagus) [1]. As shown in Table I, these tis-
sues will harbor the greatest proportion of new
cancer cases (19.6%) estimated for 1992. Mortal-
ity from cancers of the lung and upper aerodi-
gestive tract is even higher in all segments of
the population, e.g., 39.4% of all cancer deaths
in males. This is reflected in the low 5-year
survival rates for esophageal (7%) and lung
(12%) cancer.

The problems of high incidence and mortality
from aerodigestive cancers are compounded by
the high rate of local recurrence (30-50%) or
second primary tumor (10-40%) following suc-
cessful treatment of an initial tumor [2]. This
phenomenon has been explained by the concept
of "field cancerization," which suggests that
certain risk factors (e.g., smoking) result in
diffuse histological, molecular and biochemical
changes in the entire lining of the aerodigestive
tract [3]. Thus, the whole tissue is considered to
be at high risk for subsequent neoplastic pro-
gression.

The factors which confer increased risk can
be categorized as lifestyle factors, occupational
exposures, disease states, and genetic suscepti-
bility. The major cause of lung cancer in both
sexes remains a lifestyle factor—tobacco use.
Smoking has been established as a major con-
tributor in more than 100 case-control studies
of lung cancer [4]. In men, the relative risk of
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lung cancer in smokers has been reported to be
12- to 17.4-fold higher as compared with non-
smokers [5,6]. Cancers of the oral cavity have
been related to both pipe and cigarette smoking
and tobacco chewing, and there is a synergistic
effect with alcohol consumption [7].

An additional lifestyle factor which impacts
the development of lung cancer is diet. Low
dietary or serum vitamin A and/or §-carotene
increases the relative risk 2- to 7-fold [8-14].
This factor may also play a role in the etiology
of cancers of the oral cavity, larynx and phar-
ynx [15]. Retinoids appear to be necessary for
normal growth and differentiation of epithelial
cells in the respiratory tract of experimental
animals; low dietary vitamin A results in histo-
logical changes similar to squamous metaplasia,
a putative premalignant lesion [16-18].

Carcinogen exposures related to the work-
place are also a major etiological factor in lung
and upper aerodigestive cancers. A higher risk
of laryngeal cancer has been demonstrated in
asbestos-exposed subjects, although this effect
may be confined to smokers [20]. It has been
suggested that asbestos increases the cellular
uptake of carcinogens present in tobacco smoke.

Significant risk for aerodigestive cancers has
been related to mining, refining and smelting.
Employment in these industries may involve
higher exposure to initiating or promoting sub-
stances, such as metals, radon, polycyclic aro-
matic hydrocarbons, coal dust, and irritating
gases [19-21]. The interaction between smoking
and occupational exposures can further increase
cancer risk.

Finally, disease states have been implicated in
lung and aerodigestive cancer risk. Viruses such
as human papilloma virus (HPV) and Epstein-
Barr have been associated primarily with head
and neck cancers. Also, inherited predisposition
to disease appears to be related to lung cancer
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Table 1. Estimated Incidence and Mortality
Data for Lung and Aerodigestive Tract

Cancers, 1992

Incidence of New Cancer Cases

Total Male Female
Lung 14.9% 18.0% 11.7%
Oropharynx 2.7% 3.6% 1.7%
Larynx 1.1% 1.8% 0.4%
Esophagus 1.0% 1.4% 0.6%
Aerodigestive, 19.6% 24.9% 14.4%
Total
Prostate NA 23.4% NA
Breast NA NA 31.9%

Cancer Mortality Rate

Total Male Female
Lung 28.1% 33.8% 19.3%
Oropharynx 1.5% 1.8% 1.0%
Larynx 0.7% 1.1% 0.3%
Esophagus 1.9% 2.7% 0.9%
Aerodigestive, 32.2% 39.4% 21.5%
Total
Prostate NA 12.4% NA
Breast NA NA 16.7%

Compiled from [1]

[19]. Genetic susceptibility may be conferred by
inherited inactive retinoblastoma gene [22],
cytochrome P-450 polymorphisms [23,24] and
rare Ha-ras alleles [25]. Based on the multistep
carcinogenesis model, multiple genetic events
are necessary for transformation [26]. Both
latent virus infection and inherited genetic
predisposition may represent single hits which
remain undetected until unmasked by exposure
to carcinogens, such as cigarette smoke {27].
From the above discussion, the primary strat-
egy for prevention of aerodigestive cancers
would appear to be avoidance of major sources
of carcinogen exposure. Public health efforts
have decreased smoking prevalence to approxi-

mately 30%, based on 1987 statistics [5]. Al-
though mortality due to lung cancer has con-
comitantly decreased in males below age 45, it
is still rising in women and older men in the
U.S. [28,29]. Even with cessation of tobacco
exposure, however, the risk of cancer in the
entire epithelium remains high for years due to
the "field cancerization" effect. After 10 years,
former smokers still have a risk of death from
lung cancer 4.7-fold higher than nonsmokers
[30]. A secondary prevention strategy—chemo-
prevention—is designed to interfere with the
biological response to carcinogen exposure in
populations at high risk for neoplastic progres-
sion. Cancer chemoprevention is defined as in-



Chemopreventive Drug Development

tervention with chemical agents before invasion
to halt or slow the carcinogenic process.

CHEMOPREVENTIVE DRUG DEVELOPMENT
AT THE NCI

The main objective of the Division of Cancer
Prevention and Control (DCPC), National Can-
cer Institute (NCI), is to develop promising
chemopreventive chemicals as drugs for human
use. The strategy for this effort has been de-
scribed in detail previously [31]. Briefly, the
process begins with the identification of poten-
tial chemopreventive drugs (pharmaceuticals,
natural products or minor dietary constituents)
from surveillance and analysis of the literature
[32] and from the DCPC Testing Program. Data
on both efficacy (i.e., biological activities that
either directly or indirectly indicate inhibition
of carcinogenesis) and toxicity are gathered
from both sources.

In the Preclinical Testing Program, a battery
of four in vitro efficacy assays using human and
animal cells is used to select promising agents
for further testing. Two of the in vitro assays
which will be discussed below are relevant for
testing agents for efficacy against aerodigestive
tract cancers: the rat tracheal epithelial cell
(RTE) assay and the human lung tumor A427
cell line. A panel of animal screening assays
which are target organ-specific are then used to
assess efficacy in vivo. Relevant assays for this
discussion include inhibition of N-methyl-N-
nitrosourea (MNU)-induced tracheal squamous
cell carcinomas and N,N-diethylnitrosamine
(DEN)-induced lung adenocarcinomas in the
hamster [33]. Traditional preclinical toxicity
tests are also performed in two species, especial-
ly if the agent is not a pharmaceutical. The
scientific rationale for all of the systems used in
the DCPC have been described previously [34,
35].

The most promising and least toxic potential
drugs enter the clinical phase of testing. Phase I
clinical trials are designed to investigate human
dose-related safety, pharmacokinetics, and me-
tabolism of the drug. Both Phase II and III
clinical trials are designed for the determination
of cancer chemopreventive efficacy. Phase II
trials are small scale, placebo-controlled studies
which may include modulation of intermediate
biomarkers as study endpoints, as discussed in

the section, Importance of Intermediate
Biomarkers in Chemopreventive Drug
Development. Phase III trials involve a large
target population, with cancer incidence reduc-
tion as the endpoint.

It should be emphasized that conceptual dif-
ferences exist between clinical testing of cancer
chemopreventive drugs and cancer chemothera-
peutic drugs. Chemopreventive drug trials in-
volve healthy target populations, although these
may be populations at increased risk, and the
endpoints are reduced cancer incidence or mor-
tality, or increased latency [36]. In contrast,
cancer chemotherapeutics are tested in cancer
patients, with decreased tumor size and in-
creased disease-free survival as the endpoints.
However, the real difference is in the level of
toxicity which is acceptable. In the treatment of
advanced cancer, severe toxicity is permissible;
in chemoprevention, only no to minimal acute
and chronic toxicity are admissible.

The drug development effort at the DCPC has
been in progress for about 6 years. Approxi-
mately 200 agents are on test in in vitro
screens; more than 100 agents are on test in
animal efficacy screens. There are approximate-
ly 20 agents for which reasonable toxicity data
are already available or for which DCPC is
evaluating toxicity. The best of these agents are
coming into Phase I and Phase II clinical trials
[37].

PRECLINICAL TESTING BY DCPC

As described previously, the Preclinical Test-
ing Program at DCPC includes both in vitro
and in vivo assays for chemopreventive efficacy.
In vitro efficacy assays are based on inhibition
of morphological transformation or anchorage-
independent growth, and are short-term and
relatively inexpensive. The RTE assay measures
potential chemopreventive efficacy as inhibition
of benzo(a)pyrene [B(a)P]-induced formation of
colonies of morphologically altered cells in pri-
mary cultures of isolated rat tracheal epithelial
cells [38,39]. Effective agent activities are those
that increase glutathione levels or enhance
conjugation (bismuthiol I, N-acetyl-I-cysteine,
oltipraz), alter cytochrome P-450 activity, dis-
play nucleophilic activity, or inhibit oxidation
{all-trans-retinoic acid, N-(4-hydroxyphenyl)-
retinamide (4-HPR)} [39,40].
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Table II. Rat Tracheal Epithelial (RTE) Cell Assay Results versus Hamster Lung and
Trachea Assay Results

HAMSTER LUNG/TRACHEA ASSAY RESULT

+

N-Acetyl-l-cysteine
+ Bismuthiol I
4-HPR
Oltipraz
13-cis-Retinoic Acid
Selenite, Sodium

RTE ASSAY

Anethole Trithione
Ascorbyl Palmitate
Vitamin E Succinate PEG

RESULT
Diallyl Disulfide

DFMO
Ellagic Acid
Ibuprofen
Molybdate, Na
2-Oxothiazolidine 4-Carboxylate
Vitamin E Acetate

Positive Predictive Value of RTE: 6/9 = 67%
Negative Predictive Value of RTE: 6/7 = 86%
Accuracy of RTE Result: 12/16 = 75%

The human lung tumor A427 cell line assay
evaluates chemopreventive activity as inhibition
of anchorage-independent growth (cancer cell
phenotype) by an agent added at the time cells
are seeded in a semisolid agarose medium. A
partial list of agents effective in this assay in-
cludes retinoids, B-carotene, diallyl disulfide,
phenethyl isothiocyanate and some of the non-
steroidal antiinflammatory drugs [41].

The short-term in vitro assays are used to
select and prioritize agents for in vivo testing.
The value of the RTE assay in predicting inhibi-
tion of both MNU-induced tracheal and DEN-
induced lung carcinogenesis in the hamster
appears to be high. As shown in Table 11, effica-
¢y both in vitro and in vivo was obtained with
6/9 agents tested—a positive predictive value of
67%. The RTE assay also predicted the in vivo

results for 6/7 agents (predictive value, 86%)
shown to be negative in the animal screens
(data not shown). The non-concordant results
appear to result from differences in metabolism
or bioavailability of the agents in vivo. The high
predictability of the RTE assay facilitates selec-
tion of agents for animal efficacy testing. The
latter is more costly, but establishes efficacy of
an agent in preventing experimental cancer,
provides information on target organ specificity
and toxicity, and satisfies the FDA requirement
for agents to progress to clinical trials. The
results from the Preclinical Testing Program at
DCPC for the most promising agents for chemo-
prevention of lung and upper aerodigestive tract
carcinogenesis are outlined in Tables III and IV.

Combinations of potential chemopreventive
drugs are also being assessed in preclinical test-
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Table ITI. Promising Agents for Inhibition of Lung and Upper
Aerodigestive Tract Carcinogenesis in the Preclinical Testing
Program at DCPC: In Vitro Assays

Agents A427 JB6 RTE MMOC HFE HFF Gap
N-Acetyl-l-cysteine NE NE + +P + oT
Bismuthiol I NE NE + NE + (NE)
4-HPR + (NE) + + + + oT
Oltipraz + NE + + + NE (NE)
13-cis-Retinoic Acid + +
Selenite, Sodium NE + + + + (NE)

Assay Class: A427, Human lung tumor A427 cells; JB6, Mouse JB6 epidermal
cells; RTE, Rat tracheal epithelial cell assay; MMOC, Mouse mammary gland
organ culture assay; HFE, Human foreskin epithelial cell assay; HFF, Human
foreskin fibroblast assay; Gap, Gap junction assay.

Test Results: +, Chemopreventive activity observed; +P, Chemopreventive
activity observed during promotion phase; NE, No chemopreventive effect
observed; (NE), No chemopreventive effect observed, preliminary result; OT,
Agent is on test or is scheduled for testing.

ing. Since little or no toxicity is acceptable in
clinical chemoprevention trials, one approach
for decreasing the toxicity from an individual
agent is the administration of combinations of
agents. Treatment with two or more efficacious
agents would require lower doses of each, and
thus decrease the potential for toxicity. Also,
efficacy may be enhanced by combining agents
which are active by different mechanisms or at
different stages of carcinogenesis. In some cases
the combined effects are synergistic or additive,
producing an even greater reduction in cancer
incidence or increase in latency. Combinations
which have synergistically inhibited carcinogen-
esis in either hamster model include oltipraz
plus B-carotene and/or 4-HPR; (-carotene plus
vitamin A; and 4-HPR plus difluoromethyl-
ornithine (DFMO). The 3-carotene and vitamin
A combination is now in clinical trials.

IMPORTANCE OF INTERMEDIATE
BIOMARKERS IN CHEMOPREVENTIVE
DRUG DEVELOPMENT

For chemopreventive drug development, one
of the most difficult aspects is the long period
required for many cancers to develop, and,

consequently, the apparent requirement for
long clinical trials to test the efficacy of chemo-
preventives. One approach to this problem is
the identification of intermediate biomarkers for
evaluating clinical efficacy. Intermediate bio-
markers are biological alterations in tissue be-
tween initiation and tumor invasion. It is hy-
pothesized that modulation of one or more
intermediate biomarkers by a chemopreventive
agent(s) would interrupt carcinogenesis. Valida-
tion of a biomarker as a surrogate endpoint for
clinical trials would be obtained when the final
endpoint, cancer incidence, is also decreased as
a result of this modulation.

Evaluation of intermediate biomarkers as
trial endpoints instead of cancer incidence al-
lows chemoprevention trials to be of shorter
duration, use fewer subjects, and be lower in
cost. They may also allow use of serum or a
small tissue sample to monitor response. In
addition, they allow determination of effective
doses for Phase II trials and rationale for
Phase III trials, and may provide basic scientific
contributions to understanding the mechanisms
of carcinogenesis. Clearly, much work remains
to be done in identifying and validating appro-
priate intermediate biomarkers. One of the
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main thrusts of the DCPC drug development
activity is to review the current status of early
markers and to develop research strategies for
identifying and validating intermediate bio-
markers for lung and upper aerodigestive tract
carcinogenesis.

To model the role of intermediate biomarkers
in cancer, it is useful to classify them into the
following groups: premalignant lesions/histologic
changes, proliferation-related, differentiation-
related, genetic, and biochemical. This classifica-
tion scheme has been applied to biomarkers in
various tissues such as colon [31], prostate [42]
and bladder [43]. Table V is a representative
listing of potential intermediate biomarkers in
the lung and aerodigestive tract classified in
this manner. However, it should be noted that
the terms "biomarker" and "marker" in the can-
cer literature can refer to several concepts
which should be distinguished from intermedi-
ate biomarkers. This issue has been discussed
previously [31].

In chemopreventive drug development strate-
gy, histological premalignant lesions are an
important starting point. As described recently
[44], they may provide a measurable endpoint
for clinical trials, as well as define a high risk
tissue in which other intermediate biomarkers
can be developed and validated. In this volume,
Drs. Koss and Kaugars discuss the significance
of dysplasia to the malignant potential of the
clinical oral cavity lesion, leukoplakia. Similar
lesions are obtained in the hamster cheek pouch
model described by Dr. Gimenez-Conti. Finally,
Dr. Crissman recommends use of the term
squamous intraepithelial neoplasia (SIN), grade
II1, as a replacement for both severe dysplasia
and carcinoma in situ (CIS) in the upper aerodi-
gestive tract.

Loss of control of cellular proliferation is a
basic component of carcinogenesis. In most
experimental models of carcinogenesis, decreas-
ing the proliferation rate results in decreased
cancer incidence or multiplicity, or lengthened
latency period. For example, proliferation-relat-
ed markers appear to be very important in the
colon [45]. Epidermal growth factor receptor
(EGF-R) levels and ornithine decarboxylase
(ODC) activity have been investigated in various
stages in the histological development of ham-
ster buccal pouch carcinoma (Gimenez-Conti,
this volume). Elevated TGF-« and EGF-R ex-

pression appear to occur in both squamous cell
carcinoma of the head and neck and in normal-
appearing adjacent mucosa, as outlined by Dr.
Grandis in these proceedings.

As cells differentiate, a specific pattern of
expression of cellular components such as pro-
teins and carbohydrates occurs. Since cancer
cells undergo aberrant patterns of differentia-
tion, it is likely that cellular components charac-
teristic of differentiation will be modified in
premalignant states. For example, during ab-
normal development of colonic epithelial cells,
the expression of certain cell surface or secreted
carbohydrate conjugates may be altered [46,47].
In the aerodigestive tract, altered expression of
integrins and blood group antigens on cell sur-
faces has been reported by Dr. Carey (this vol-
ume).

The accumulation of genetic changes within
a single cell has been proposed to be responsi-
ble, at least in part, for the development of
cancer [26]. The importance of genetic instabili-
ty is illustrated by the induction of mutations
and chromosomal aberrations by most carcino-
gens [48], the detection of karyotypic variation
in many solid tumors [49], and the higher inci-
dence of cancer in individuals with compromised
DNA repair {50]. Gross genetic changes which
may be useful intermediate biomarkers include
alterations in cellular DNA content (aneuploidy,
DNA index), nuclear aberrations, and altered
patterns of gene expression. In these proceed-
ings, Dr. Hittelman describes chromosomal
alterations detected by premature chromosome
condensation, and Drs. Garewal and Benner
analyze the utility of micronucleus measure-
ments as biomarkers. Other changes, such as
mutations, may take place at the gene level. Dr.
Sidransky discusses the possible appearance of
P53 mutations and/or overexpression in prema-
lignant lesions of the esophagus and lung. Fi-
nally, detection of DNA adducts is described in
three articles by Drs. Stern, Turteltaub, and
Perera, included later in this volume.

Biochemical markers such as increased levels
of enzymes and other proteins have also been
associated with early stages of carcinogenesis.
An obvious example is the increase in serum
levels of prostate specific antigen (PSA) in the
presence of prostatic intraepithelial neoplasia
[51]. Dr. Schantz has investigated alterations in
the emission spectra of intrinsic tissue fluores-
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Table V. Examples of Intermediate Biomarkers in the Lung
and Upper Aerodigestive Tract by Class

Histological and Premalignant Lesions

Dysplasia in Oral Leukoplakia/Erythroplakia
Bronchial Atypical Metaplasia/Dysplasia
Esophageal Dysplasia, Carcinoma in situ (CIS)
Esophageal Squamous Papilloma

Squamous Intraepithelial Neoplasia (SIN)

Genetic

Micronuclei: DNA Content

Activated Oncogenes (e.g., H-ras)
Inactivated Tumor Suppressors (e.g., p53)
Macromolecular DNA Adduct Formation
Nuclear Alterations (e.g., Hyperchromasia)

Proliferation-Related

Growth Factor Overexpression (e.g., TGFa, EGF-R)
Ornithine Decarboxylase Activity Enhancement

Ki67 Nuclear Antigen
PCNA

Differentiation-Related

Altered Keratin Expression (e.g., Involucrin)

Transglutaminase 1

Altered Cell Surface Protein Expression (e.g., Integrins)
Altered Blood Group Antigens

Biochemical

Intrinsie Tissue Fluorescence

Peptidyl Glycine a-Amidating Monoxygenase Activity

cence as a method to identify biochemical
changes in the nitrosomethylbenzylamine
(NMBA)-exposed rat esophagus. Also in this
volume, Dr. Mulshine describes a prospective
lung cancer trial using peptidyl glycine o-amid-
ating monooxygenase activity as a marker of the
capacity to produce growth factors.

Once potential intermediate biomarkers are
identified, it is important to establish criteria
for selecting those to be used in clinical trials.

Some of the major considerations are [31]: Is
the marker differentially expressed in normal
and high-risk tissue? Can the marker be modu-
lated by chemopreventive agents? At what stage
of carcinogenesis does it appear? Does the assay
for the marker provide acceptable sensitivity,
specificity, and accuracy? How easily can the
marker be measured? Can it be obtained by
non-invasive techniques? Is it technically diffi-
cult to measure? For most organs, it is hard to
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find many markers that fill some or all of these
criteria. This lack of validated markers obvious-
ly means that more development is needed. It
also suggests that batteries of markers will
probably be used until more are validated. Ide-
ally, modulatable biomarkers for chemopreven-
tion should occur as early in carcinogenesis as
possible. Paradoxically, the earlier in carcino-
genesis that the marker is measured, the less
predictive value the marker is likely to have.
This suggests that histologic lesions must serve,
at least initially, as the gold standard for valida-
tion of other markers.

EVALUATION OF INTERMEDIATE
BIOMARKERS AS SURROGATE ENDPOINTS
IN THE PRECLINICAL TESTING PROGRAM

To further develop intermediate biomarkers,
the DCPC is evaluating some as potential surro-
gate endpoints in both preclinical models and
Phase Il trials, and anticipating many more
such trials in the next few years. Three preclini-
cal models of aerodigestive carcinogenesis are in
use this year which allow the investigation of
intermediate biomarkers. First, the 7,12-di-
methylbenz(e)anthracene (DMBA)-induced ham-
ster buccal pouch assay is a model of human
oral carcinogenesis. Multiple topical applications
of the carcinogen produce squamous cell carci-
nomas preceded by hyperkeratotic and dysplas-
tic lesions similar to oral leukoplakia. The le-
sions develop in a specific sequence over a short
time period (12 weeks) and can serve as histo-
logical biomarkers. In addition, the appearance
of y-glutamyltranspeptidase (GGT)-positive foci
has been investigated as an intermediate bio-
marker; these foci are detected as early as three
days after the first DMBA dose {52]. In the
Preclinical Testing Program, the incidence and
grade of dysplasia and the incidence and size of
GGT-positive foci will be evaluated as potential
surrogate endpoints in this model using the
agents, aspirin, carbenoxolone, J-carotene,
DFMO, 4-HPR, piroxicam and 13-cis-retinoic
acid.

Two lung models will also be initiated this
year as part of the intermediate biomarker
effort: the hamster carcinogen pellet implant
model and the strain A/J mouse model. The
hamster lung implant model involving sustained
release of B(a)P (10% w/w) from in situ silicone

pellets is a model of chronic human exposure
[63; Hammond and Benfield, this volume]. At
150 days following implantation of the pellet in
the right bronchus, >90% incidence of epider-
moid carcinomas similar to human non-small
cell lung cancer is obtained at the implant site.
Histological progression is also observed at the
site: hyperplasia, squamous metaplasia, squa-
mous metaplasia with increasing atypia, carci-
noma in situ, microscopic carcinoma (primarily
squamous cell), and palpable carcinoma. Histo-
pathological analysis will provide morphological
markers to be compared with final cancer inci-
dence and multiplicity. The DCPC will be test-
ing modulation of these lesions by 4-HPR and
oltipraz.

The A/J mouse strain is extremely sensitive to
both spontaneous and carcinogen-induced for-
mation of lung tumors [Stoner, this volume]. A
single dose of the tobacco-specific nitrosamine,
4-(methylnitrosamino)-1-(3-pyridyl)- 1-butanone
(NNK), produces a progression characterized by
alveolar hyperplasia, solid and papillary adeno-
mas, and carcinomas. Maximal adenoma yield
occurs at only 16 weeks. Activated K-ras has
been demonstrated in hyperplastic lesions and
adenomas [54]. This year, the DCPC will be
starting preliminary studies to determine the
presence of potential intermediate biomarkers
(p53, myc, proliferating cell nuclear antigen,
retinoblastoma gene expression, and K-ras mu-
tations) in normal-appearing tissue as well as
premalignant lesions (adenomas) in exposed
mice. Following these studies, modulation of
relevant biomarkers will be investigated using
the agent phenethyl isothiocyanate.

In all of these studies, parallel agent treat-
ment groups will be included to analyze the
effect on cancer multiplicity and incidence. It is
hoped that modulation of intermediate biomark-
ers will correlate with decreased cancer inci-
dence and, thus, validate their use as surrogate
endpoints. The goal is to utilize these biomark-
ers as surrogate endpoints in future clinical
chemoprevention trials.

CLINICAL TESTING BY THE DCPC

The carcinogen-exposed epithelium of the
lung and upper aerodigestive tract is at demon-
strably high risk for neoplastic progression due
to the "field cancerization" effect, and this risk
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Table VI. DCPC-Sponsored Phase II and Phase III Clinical Chemoprevention

Trials
Site Chemopreventive Agent Population
Lung Vitamin A CARET Study
B-Carotene Heavy Smokers (2)

13-cis-Retinoic Acid
B-Carotene

Oral/Head & Neck Vitamin A
18-cis-Retinoic Acid

B-Carotene

All Sites B-Carotene

Cigarette Smokers
Men with Asbestosis
Men exposed to Asbestos

Chronic Smokers
Women Smokers

Oral Precancer

Oral Leukoplakia
Previous Head & Neck Cancer

Oral Precancer
Oral Leukoplakia

U.S. Physicians

remains high for years even without continued
exposure. Thus, three types of study popula-
tions are available: (1) individuals at high risk
for aerodigestive cancer due to exposure to
carcinogens such as tobacco smoke or asbestos;
(2) patients with a successfully treated primary
cancer of the lung or upper aerodigestive tract;
and (3) patients with premalignant lesions. As
shown in Table VI, the DCPC is utilizing all of
these population categories in ongoing Phase I1
and Phase III clinical trials.

In order to avoid delaying the clinical portion
of the Testing Program until preclinical results
were available, the first generation of agents
was selected on the basis of published data from
epidemiology studies and early human trials
[cited in 55], as well as animal efficacy experi-
ments. As shown in Table VI, the agents pres-
ently on test in the clinic are retinoids or pre-
cursors: vitamin A (retinol), 13-cis-retinoic acid,
and B-carotene. As mentioned previously, reti-
noids are required for normal differentiation
and growth of the aerodigestive tract epitheli-
um, and epidemiological data shows an inverse
relationship between retinoids and aerodigestive
cancer risk. In addition, Hong et al. [56], in one
of the first randomized chemoprevention trials,
demonstrated that 13-cis-retinoic acid prevents
the appearance of second primary tumors in pa-
tients previously treated for squamous cell car-
cinomas of the head and neck.

Much of the human evidence for chemopre-
ventive efficacy is in the oral cavity and phar-
ynx because of the existence of well-established
preclinical models (e.g., DMBA-induced hamster
buccal pouch carcinogenesis), the obvious ease
of tissue monitoring and sampling, and a well-
defined histological progression. For the same
reasons, some intermediate biomarkers (e.g.,
premalignant lesions/histological changes) have
begun to be evaluated in human trials. In the
oral cavity, the histological biomarker is dys-
plastic leukoplakic lesions. Published data have
demonstrated that this biomarker can be modu-
lated in clinical trials of retinoids and g-caro-
tene [57,58]. Problems identified in these stud-
ies include a high rate of recurrence after the
end of the chemopreventive protocol and the
toxicity of certain agents (e.g., 13-cis-retinoic
acid). Thus, the DCPC-sponsored clinical trials
are evaluating the response of dysplasia in oral
leukoplakia to lower doses of 13-cis-retinoic acid
and B-carotene.

Another widely studied biomarker in both
human and hamster oral cavity has been the
frequency of micronuclei. Micronuclei are DNA
fragments unconnected to the nucleus which
are a measure of clastogenesis. Although the
background frequency appears to vary greatly
between populations, higher counts do occur in
high risk populations, e.g., betel quid or tobacco
chewers. Agents such as (§-carotene and/or vita-
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min A appear to modulate the frequency of
micronucleated cells in exfoliated human oral
cavity cells; however, suppression of this marker
has not correlated with clinical remission of
existing leukoplakia or inhibition of new lesions.
Thus, the DCPC is evaluating the correlation
between altered micronucleated cell frequency
and modulation of dysplasia within oral leuko-
plakia in a clinical trial of 3-carotene.

Initial studies of additional biomarkers have
been done by Dr. Hong and co-workers; howev-
er, it is unclear at this time which may be use-
ful. For example, the proposed proliferation
biomarker, transglutaminase I, synthesizes
cross-linking of proteins (involucrin) in the final
stages of squamous differentiation. Staining for
transglutaminase I in tissue sections appears to
decrease from normal tissue to oral lesions with
mild dysplasia; it disappears in severe dysplasia,
CIS and poorly differentiated carcinoma. Fur-
ther, transglutaminase I expression is modulat-
ed by the agent, 13-cis-retinoic acid. More work
needs to be done on the correlation between
this response and a decrease in cancer rate,
however, since it is possible that transglutamin-
ase I is merely a marker of epithelial matura-
tion and differentiation, rather than malignant
potential.

In contrast, less progress has been made in
clinical trials for chemoprevention of lung can-
cer. Lung epithelium is not as accessible as oral
cavity epithelium, and sampling and detection
of premalignant and malignant lesions is a
serious problem. Bronchial squamous metapla-
sia and/or dysplasia and sputum atypia have
been suggested as premalignant conditions, and
thus as histological intermediate biomarkers.
Squamous metaplasia refers to replacement of
the ciliated columnar bronchial epithelium with
squamous epithelium. The metaplasia index
(MI) is used as a measure of the extent of this
condition [59]; it is calculated as the percentage
of histological sections with metaplasia in biop-
sy specimens. Metaplasia is widespread in smok-
ers, and may have low specificity as a histologi-
cal intermediate biomarker. In the DCPC study
of 13-cis-retinoic acid in smokers listed in Table
VI, patients with an MI >15 or dysplasia are
randomized to placebo or agent. Modulation of
these endpoints will be correlated with other
genetic, proliferation and differentiation
markers.

In clinical trials, compliance with invasive
procedures (bronchoscopy) can be low, so spu-
tum cytology has been suggested as an alterna-
tive. Atypical sputum cells are classified by cell
size and nuclear abnormalities. Although atypia
(dysplasia) is a specific indicator of premalig-
nancy, certain problems are inherent in evaluat-
ing cells shed into sputum. For example, the
site from which the cells were shed is unknown,
all lesions may not be represented, and cells of
the peripheral lung may be unrepresented. In
addition, variability in classification of cells can
be high between observers. The incidence, prev-
alence and modification of sputum atypia are
being assessed in a population of men exposed
to asbestos in the workplace in a DCPC study
on retinol and 3-carotene; this data will also be
related to the final endpoint, lung cancer (Ta-
ble V).

PROGRESS AND APPROACHES IN
CHEMOPREVENTION OF LUNG AND UPPER
AERODIGESTIVE TRACT CANCER

Progress continues to be made in identifying
potential drugs for the chemoprevention of lung
and aerodigestive cancer. The DCPC has tested
a number of agents in the MNU-induced tra-
chea and DEN-induced lung carcinogenesis
models in the hamster. Of these, six promising
agents (Table II) have been identified from the
in vitro screens and both of the hamster efficacy
models. These represent the second generation
of agents to enter the clinical phase of the Test-
ing Program. A new Phase II trial of 4-HPR, a
retinoid with low human toxicity, is already in
the planning stages. Oral leukoplakic lesions
will be biopsied at the beginning and the end of
the trial to determine the agent’s effect on the
grade of dysplasia.

Two major strategies are contemplated for
future chemoprevention trials. The first strate-
gy involves short-term (6 month) Phase II trials
with reversal of premalignant lesions and/or
other intermediate biomarkers as the endpoints.
In the oral cavity, the short-term Phase II trial
will involve oral leukoplakia patients whose
lesions have been characterized by biopsy and
histopathology. Excision of dysplastic lesions
will be postponed for chemopreventive agent
treatment; at the end of the study, the leukopla-
kia will be excised to evaluate any effect on the
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extent of dysplasia. As many intermediate bio-
markers as possible will be followed with stan-
dardized sampling and assessment. Suggestions
from the hamster buccal pouch model include
abnormal expression of GGT, ODC activity,
transglutaminase I, EGF-R and cytokeratins K1
and K14. Modulation of such markers will be
correlated with clinical and histological response
of the lesion to a chemopreventive agent. Possi-
ble agents include N-acetyl-/-cysteine (preclini-
cal testing and toxicology completed), 4-HPR,
and oltipraz. 4-HPR, in particular, has demon-
strated clinical effects in preliminary results
from a randomized trial in Milan, Italy, of pa-
tients with a previously excised oral leukoplakia
[60; Chiesa et al., this volume]. After one year,
more relapses or new lesions occurred in the
control group (12/41) than in the 4-HPR group
(8/39). This agent appears to be better tolerated
than other retinoids, such as 13-cis-retinoic
acid.

Future Phase III trials will test the agents in
a large high risk group such as patients with a
previously excised dysplastic leukoplakia. In this
case, the endpoint would be squamous cell carci-
noma of the oral cavity. Another Phase III trial
would be a large study of patients successfully
treated for a previous early stage oral cancer. In
1988, a trial with a similar design, EUROSCAN,
began accrual of 2,000 patients "cured" of early
stage oral, laryngeal or lung cancer in 14 Euro-
pean countries [61]. The patients are being
followed for second tumors, recurrences and
long-term survival. N-acetyl-I-cysteine and/or
vitamin A treatment is being used to inhibit
both the initiation and promotion phases of
carcinogenesis, and to provide a non-toxic regi-
men. A panel of markers (unidentified) will be
evaluated in a subset of patients to determine
their feasibility as surrogate endpoints [62].
Interim results are discussed by Dr. De Vries in
this volume.

In the lung, future short-term Phase II trials
will have a different purpose. Since the prema-
lignant lesions have not been well-defined, the
trials will involve a high risk population (e.g.,
prior resected laryngeal or stage I lung cancer)
who will undergo invasive sampling procedures
such as bronchoscopy or endoscopy, with spu-
tum collection by lavage. Those patients with
documented metaplasia/dysplasia will be ac-
crued. The study population will be followed to

correlate the premalignant lesion with the de-
velopment of a second primary cancer. As many
molecular biomarkers as possible will be con-
comitantly evaluated. The Phase III trial to
follow will utilize a similar cohort, modulating
the identified premalignant lesion (detected
non-invasively if possible) with a promising
agent. Problems with this approach still exist
however. The rate of lung cancers even in this
high risk group may be only 10-15% over 5
years. The number of patients needed will be
high, and the effectiveness of lung cancer detec-
tion even by bronchoscopy is low [62]. At this
time, the DCPC-sponsored Carotene and Retinol
Efficacy Trial (CARET) is accruing such a study
population at very high risk for lung cancer
[63]. The goal is recruitment of >4200 asbestos
workers who are current/former smokers and
>13,500 smokers. These populations are ran-
domized to a placebo or §-carotene and vitamin
A (retinyl palmitate) arm, and are monitored
for development of lung cancer. A Phase II pilot
study demonstrated that these essentially
asymptomatic populations will adhere to a regi-
men of B-carotene and vitamin A.

In conclusion, significant progress has been
made in identifying potential drugs for chemo-
prevention of lung and upper aerodigestive tract
cancers. Five clinical trials are ongoing in the
oral cavity and seven have been initiated in the
lung. Since the oral cavity has a well-defined
premalignant lesion, more progress has been
made in evaluating intermediate biomarkers as
potential surrogate endpoints. This progress
may be more rapid in the future due to the
development of molecular probes for certain
intermediate biomarkers and by computer-as-
sisted means of analyzing cytomorphology objec-
tively. In the lung, progress will be assisted by
identification of premalignant lesion(s) for each
type of cancer, as well as by dependable means
of detection.
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