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Meeting Report

Environmental Carcinogenesis and Its Prevention: The Head and Neck Cancer
Model1

The concept of this meeting grew out of earlier discussions by the
Upper Aerodigestive Organ System Working Group of the National
Cancer Institute. It has become clear that cancer of the head and neck
has a multifactorial etiology and that a multidisciplinary approach is
needed to further our understanding of carcinogenesis and explore
new avenues for prevention. The goal of the meeting therefore was to
bring together those individuals who are actively involved in each of
these different areas of research and to provide them with an envi
ronment in which interdisciplinary, interactive communications could
take place. The conference was planned by a committee consisting of
Drs. S. P. Schantz and M. R. Spitz of the M. D. Anderson Cancer
Center, Houston, TX, and Dr. S. S. Hecht of the American Health
Foundation, Valhalla, NY. Dr. Schantz chaired the meeting and intro
duced each session.

Opening Address

The opening address was given by Dr. E. Wynder (American Health
Foundation, Valhalla, NY). He reviewed the history of epidemiolog-

ical studies of head and neck cancer with an emphasis on the role of
smoking and alcohol consumption. Many of the landmark studies in
this area have been performed by Dr. Wynder and his colleagues, and
he illustrated how the important concepts of risk from environmental
agents were established. Dr. Wynder also discussed the possible con
tribution of factors that have received less attention, including viruses.
Dr. Wynder concluded his address by describing the results that could
be expected from improved health education. He outlined the features
of effective programs with which he has been associated and showed
how investment in them could lead to improved health expectations.

Session I: Genetics

Session I was chaired by Dr. P. C. Hanawalt (Stanford University,
Stanford, CA). The session was intended to give a basic perspective
on the introduction and processing of lesions in DNA and what is
known about the genes that control these processes. In his own pre
sentation Dr. Hanawalt stressed the role of the structure of chromatin
in both the introduction of DNA damage and its repair. He compared
two human hereditary diseases, xeroderma pigmentosum and Cock
ayne's syndrome, both of which exhibit severe sensitivity to sunlight.

The defects, however, are in different genes, and the DNA damage
occurs in active genes in the case of Cockayne's syndrome but in

unexposed genes in the case of xeroderma pigmentosum.
Dr. Larry H. Thompson (Lawrence Livermore National Laboratory,

Livermore, CA) described recent progress in studies of genes that are
involved in DNA repair processes. He described genes which can
complement repair defects of rodent or human cells. In particular, the
ERCC2 gene complements the UV sensitivity of human cells from
xeroderma pigmentosum group D, and the XRCC1 gene has now been
cloned and found to be highly conserved between humans and mouse.

Dr. Walter N. Hittelman (M. D. Anderson Cancer Center, Houston,
TX) described the role of chromatin organization in DNA damage and
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repair. Persons with chromosome breakage syndromes have an in
creased risk of various malignancies, and he showed data illustrating
that chromatin organization can play a role in cellular sensitivity to
carcinogens. Lymphoblastoid cells from patients with head and neck
cancer are also more susceptible to chromosome damage, and in at
least one case this has been shown to be due to both an increased
initial conversion of DNA damage into chromosome damage and a
partial defect in chromosome repair.

Dr. Kristoffer Valerie (Massey Cancer Center, Richmond, VA) re
viewed chromatin structure and DNA damage-induced gene expres

sion. He described a model system in which cells contain the bacterial
cat gene under control of the human immunodeficiency virus type-1

regulatory region. Agents that introduce bulky DNA damage induce
gene expression while x-ray-mimetic agents do not have that effect. It

appears that there is a major role for chromatin structure in modulating
gene expression after DNA damage, which correlates with which type
of DNA repair is involved.

The session was valuable to participants since it emphasized the
possible role of the host in the development of carcinomas. Although
it is well accepted that environmental agents can be involved in the
etiology of cancer of the head and neck there is very little information
to indicate why some individuals are susceptible to tumors while
others, having similar environmental exposures, remain free of dis
ease. Although most work on the genetics of cancer and on DNA
damage are in fields that are remote from the head and neck, it became
apparent during the session that there are many techniques and con
cepts that should be applied to this area.

Session II: Virology

Session II was chaired by Dr. E. J. Shillitoe (University of Texas,
Houston, TX). He reviewed clinical studies that have indicated a role
for herpes simplex virus in the etiology of oral cancer. Serological
studies have suggested that patients have been exposed to that virus,
and the current evidence is that herpes simplex can transform cells to
a malignant phenotype, probably through its effects as a mutagen.

Dr. No-Hee Park (University of California, Los Angeles, CA) pre

sented recent work on animal models that use herpes simplex virus as
a carcinogen. He showed that in the hamster cheek pouch model an
infection by herpes simplex will hasten and increase the number of
tumors that are induced by hydrocarbon carcinogens. The increase in
tumors can be prevented by immunization against the virus.

Dr. Karen A. Storthz (University of Texas, Houston, TX) described
recent investigations into human papillomaviruses and oral cancer.
Most oral cancers contain DNA of papillomaviruses, which can also
be found in the normal mucosa of 40-60% of adults. However, these

viruses can induce malignant change in oral keratinocytes and are
candidates for a human tumor virus. Inhibition of the expression of the
E6 or E7 genes can reduce the growth of some oral cancer cells in
vitro, which leads to the prospects of gene therapy for some head and
neck cancers.

Dr. John W. Kreider (Pennsylvania State University, Hershey, PA)
described several animal models of papillomavirus-induced tumors.

He has developed a model in which human tissues can be transplanted
to athymic mice and then be infected with papillomaviruses. Morpho
logical changes can be produced identical to those seen in naturally
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infected human tissues, and the model will allow assessment of co-

factors and of preclinical testing of new therapies.
The session on virology illustrated several ways in which viruses

might participate in the etiology of cancer of the head and neck. The
way that different viruses could interact with each other or with
environmental agents to produce tumors was described, thus indicat
ing the growing complexity of the field. The data on potential gene
therapy showed that treatments of head and neck cancer might be a
result from research in this area in the near future, and the new
availability of new animal models can be used to accelerate future
research.

Session III: Carcinogenesis

Session III was chaired by Dr. S. S. Hecht (American Health Foun
dation, Valhalla, TX) and focused on the activation of carcinogens by
tissue enzymes.

Dr. Paul Kleihues (Institute for Pathology, Zurich, Switzerland)
described a number of findings from recent work on experimental
esophageal carcinogenesis. He presented data showing that bioactiva-
tion of asymmetric yV-nitrosomethylalkylamines is mediated by a fam

ily of cytochrome P450 isozymes. Different isozymes have different
substrate specificities and are detectable in different levels in the
mucosa of the trachea, bronchi, nose, and mouth. As an example he
showed how only the mucosa of the nose and lung are capable of
activating jV-nitrosomethyl-(l,2-dimethylpropyl)amine. Dr. Kleihues
also showed that the activation of the carcinogen yV-nitrosomethyl-
benzylamine is potentiated in the esophagus by the presence of eth-

anol and suggested that this pathway might be important in the etiol
ogy of esophageal cancer.

Dr. F. Peter Guengerich (Vanderbilt School of Medicine, Nashville,
TN) spoke on the role of cytochrome P-450 enzymes in carcinogen
activation. He described how more than 30 individual P-450s have
been characterized in humans, and the P-450 2E1 is probably present
in several regions of the head and neck. One of the P-450s, P-450 l A2,

is induced by smoking and can play a major role in forming genotoxic
products of cigarette smoke extracts.

Dr. Sharon E. Murphy (American Health Foundation, Valhalla, NY)
described the tissue specificity of nitrosamines. Her studies have
shown how the oral mucosa has a particular ability to activate N-ni-

trosonornicotine, which is abundant in tobacco and tobacco smoke.
She showed how this can be inhibited in rats and mice by dietary
phenethyl isothiocyanate, which might therefore have potential as a
chemopreventive agent.

Dr. David H. Barch (Northwestern University Cancer Center, Chi
cago, IL) continued the theme of activation of carcinogens by tissue
enzymes. He explored the role of dietary agents that could modulate
esophageal carcinogenesis. Zinc deficiency has been shown to in
crease susceptibility to nitrosamine-induced esophageal carcinoma in

rats, while the addition of ellagic acid can reduce the frequency.
As in the session on genetics, the session on carcinogenesis em

phasized the role of the host in the development of environmentally
related carcinomas. Of particular interest to many participants was the
observation that many of the pathways that are involved in the acti
vation of carcinogens can be inhibited. It was felt that this could be an
important area for research into cancer prevention therapies.

Session IV: Strategies of Chemoprevention Trials

Session IV was chaired by Dr. W. K. Hong (M. D. Anderson Cancer
Center, Houston, TX). He has conducted several clinical trials of
retinoids and related agents in order to assess their role in preventing
malignant change in leukoplakia and in preventing second primary
tumors in patients who have been treated for head and neck cancer.
The session was designed to review the data from these and similar

trials and to discuss the practical features of designing and imple
menting chemoprevention trials.

Dr. E. Robert Greenberg (Dartmouth Medical School, Hanover,
NH) reviewed the requirements that are important in conducting clin
ical trials of cancer-preventing agents. He showed how the two critical

tasks in designing a trial are to specify a testable hypothesis and to
ensure adequate statistical power. During the progress of a trial the
most important consideration is to reduce the losses to follow-up,

since these not only diminish the sample size but may also lead to
biased results.

Dr. Ellen R. Gritz (University of California, Los Angeles, CA)
described the necessary features of behavioral change regimens. She
pointed out that patients with carcinomas of the head and neck are
characterized by highly addictive lifestyle behaviors, such as tobacco
and alcohol use, which constitute risk factors for the disease. Promot
ing behavior change therefore involves many factors, such as an
understanding of the patient population and how it is affected by the
disease, the role of the health care provider in communicating a new
regimen and establishing a rapport, health beliefs, motivation, self-

efficacy, past experience, normative influences, and intentions to
comply.

Dr. Miriam P. Rosin (British Columbia Cancer Agency, Vancouver,
British Columbia, Canada) discussed biomarkers that can be used to
assess genetic changes during chronic inflammation and promotion of
tumors. She showed how chromosome damage can be detected in high
risk populations by using the micronucleus test on exfoliated cells.

Dr. Scott M. Lippman (M. D. Anderson Cancer Center, Houston,
TX) reviewed recent clinical trials with retinoids and ÃŸ-carotene.A

reduction in the incidence of second primary tumors of the order of
28% was reported in a trial of 13-c/j-retinoic acid in more than 100
Stage I-IV patients. Based on these and other results, a phase III

prevention trial has now been instituted.
Session IV focused on the practical aspects of testing agents and

techniques that could be valuable in preventing cancer of the head and
neck. The speakers showed some of the progress that has been made
in the area, and some of the problems that are associated with such
trials were discussed. It was made clear that trials of chemoprevention
are possible and have had some successes but that improvements in
current agents, particularly in reducing toxicity, are needed. Behav
ioral modification, in particular in preventing smoking, is also feasible
provided that validated techniques are used.

Session V: Molecular Epidemiology

Session V was chaired by Dr. R. M. Santella (Columbia University
School of Public Health, New York, NY). The purpose of the session
was to illustrate several types of molecular epidemiological investi
gations that are in progress in connection with other forms of cancer
and to show how similar studies could be applied to cancer of the head
and neck.

Dr. Paul A. Schulte (National Institute for Occupational Safety and
Health, Cincinnati, OH) described different study designs, with ex
amples, for molecular epidemiological investigations. As an exposure
marker, he described a study of hemoglobin adducts in hospital work
ers exposed to ethylene oxide. In that case an exposure selective
cross-sectional study was used. In a study of exposure to formalde

hyde a preexposure and postexposure design was used to analyze
development of micronuclei in oral and nasal cells. As a marker of
susceptibility, Dr. Schulte showed how aromatic amine-exposed pa

tients and controls have been compared for the frequency of the slow
acetylation phenotype. He described how each of these designs could
be applied to studies of head and neck cancer.

Dr. Ainsley Weston (National Cancer Institute, NIH, Bethesda,
MD) reported on DNA restriction fragment polymorphisms and can-
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cer risk and prognosis. He presented data showing that African Amer
icans have a significantly higher incidence than Caucasians of specific
alÃelesof the Ha-ras-1 oncogene, although this has not been related to

tumor susceptibility to date. A rare alÃeleof the gene for cytochrome
P450IIE1 is more common in African Americans and is associated
with a significant odds ratio for lung cancer. Dr. Weston stressed that
these studies show the importance of controlling for racial variation
when designing studies on human cancer risk factors.

Dr. Miriam C. Poirier (National Cancer Institute, N1H. Bethesda,
MD) described recent advances in methods for detection of DNA
adducts. Enzyme-linked immunosorbent assays can now detect these

adducts in human tissues, by the use of antiserum against either
carcinogen DNA adducts or carcinogen-modified DNA. These assays

have made it possible to detect adducts in blood samples and to study
occupational or dietary exposure to carcinogens.

Dr. William L. Bigbee (Lawrence Livermore National Laboratory,
Livermore, CA) presented data derived from the somatic mutation
assay based on the glycophorin A locus. This was shown to be capable
of detecting mutations in chemotherapy patients and might have value
in predicting treatment-associated and individual risks of second ma

lignancies.
The session on molecular epidemiology provided the participants

with a number of techniques that can be used to enhance the more
traditional forms of epidemiology. It became clear in this session that
genetic and biochemical data can be gathered effectively in large scale
studies and that analysis of these data can enhance the studies of more
traditional risk factors and increase the value of epidemiological
projects.

Session VI: The Problem of Second Primary Malignancies

Session VI was chaired by Dr. Gordon B. Snow (Free University
Hospital, Amsterdam, The Netherlands). Dr. Snow is a surgeon with
a large practice in the area of head and neck cancer and he brought a
clinical perspective to the meeting.

Dr. Nico de Vries (Free University Hospital, Amsterdam. The Neth
erlands) discussed the incidence of multiple primary tumors, which
occur in 10-30% of patients with head and neck cancer. He discussed

the role of biomarkers for detection of second primaries and summa
rized the European EUROSCAN study that will involve 2000 treated
patients.

Dr. Stephen S. Hecht (American Health Foundation. Valhalla, NY)
reviewed some basic science considerations of various factors that
might influence the development of second primary tumors. The role
of tobacco smoke carcinogens, the genetic events that are associated
with carcinogen exposure, and the role of dietary inhibitors were
described.

Dr. Margaret R. Spitz (M. D. Anderson Cancer Center, Houston,
TX) reviewed the epidemiological literature on second primary tu
mors and found that relatively few studies allowed accurate interpre
tation of risk based on person-year data. She provided recommenda

tions for deriving accurate risk estimates for second malignant tumors.
This final session illustrated the severe clinical problems in treat

ment of patients with head and neck cancer. Although deaths from this
disease are usually associated with recurrent or multiple primary
tumors, there are currently no ways to predict which patients will
develop such tumors. Participants discussed how the biological pa
rameters that had already been presented to the meeting might be used
for this purpose, and it was felt that improved methods in this area are
needed urgently.

Concluding Address

A concluding address was given by Dr. Dietrich Hoffmann (Amer
ican Health Foundation, Valhalla, NY). He described the tobacco-
specific iV-nitrosamines and their carcinogenic potential and illus

trated the advances that have been made in understanding these
compounds over the last few decades. The metabolic activation of the
compounds was described and Dr. Hoffmann discussed the interesting
possibility that different rates of activation could explain the higher
morbidity and mortality rates of American blacks compared to whites.

At the conclusion of the conference the organizers and session
chairs held a summary meeting, chaired by Dr. S. Schantz, to discuss
the issues raised and progress that had been reported. It became clear
through this meeting that persons with head and neck cancer represent
a unique group in terms of the high incidence of second primary
carcinomas. Head and neck cancer is therefore a model for the study
of environmentally induced cancers and should be considered along
side such conditions as ataxia telangiectasia, Cockayne's syndrome,

and xeroderma pigmentosum. The exact DNA repair defects remain
unknown and the genetic loci should be looked for in future research.
A number of cell lines are available, both from tumors and lympho-

blastoid lines, and these should be used in an effort to define defect in
patients with head and neck tumors. Variations in host ability to
metabolize carcinogens should also be studied. In lung cancer there is
a multiplicative effect in having particular p450-phenotypes and ex

posure to asbestos, and a similar phenomenon should be looked for in
head and neck cancer. Chemoprevention was seen to be a feasible
approach to prevention of second primary tumors, yet the toxic side
effects of the agents in current use must be avoided. Behavioral
modification techniques should be implemented so as to encourage
patients to give up use of tobacco as well as to adhere to any chemo-
prevention protocol. Both herpes simplex and human papillomavi-

ruses are widespread in the population, and susceptibility or second
factors should be examined in the etiology. Vaccine development or
gene transfer approaches are both possibilities, but the shortage of
good animal models for papillomavirus infections has slowed work in
that area. The use of biomarkers for head and neck tumors should be
further explored, since second primary tumors are so common, yet
regular clinical examinations are not totally effective. More sensitive
screening techniques would be very valuable.
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