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Preface

Primary lung tumors are now a global health problem. Their incidence has
risen dramatically during the last 5 to 6 decades, reflecting the popularity of
cigarette smoking.

In this fifth volume dealing with lung cancer in the series on Cancer
Treatment and Research, the main reason for this rising incidence is given in
the first chapter by Hoffman and Hoffman (from the American Health
Organization). Promising statistical evidence is presented, showing that in
several developed countries, the consumption of cigarettes by adults has
decreased markedly. However, worldwide cigarette consumption has not
decreased but is on the rise, emphasizing that this public health problem
deserves the greatest attention of the medical and scientific community.

Pastorino (Milan, Italy) presents experimental data showing that a number
of substances, such as synthetic retinoids, antioxidants, etc., may function as
modulators for cell growth by having anticarcinogenic abilities. Single trials
on lung cancer chemoprevention in high-risk individuals are ongoing in both
Europe and North America, including investigations in non-small cell lung
cancer patients who have undergone complete resection.

The physiological and pharmacological elements of smoking habits are
described by Tgnnesen (Copenhagen, Denmark), who also presents data on
the effect of nicotine substitutes on smoking cessation.

Recent developments on the biology of lung cancer are the focus of the
next chapters. Srivastava and Kramer (Bethesda, MD, U.S.A.) shed light
on the complex series of molecular, genetic, and histopathologic events
leading to transformation of normal cells into malignant cells in lung cancer.
The impact of the many extracellular factors and intracellular molecular
events that are responsible for sustaining the growth of malignant lung
tumors is also discussed by Sethi and Woll (Manchester, U.K.).

Among the major histologic types of lung cancer, adenocarcinoma has
been rising significantly. The development of this type is the subject of
a review by Noguchi and Shimosato (Tokyo, Japan). Senderovitz et al.
(Copenhagen, Denmark) describe the special neuroendocrine characteristics
of lung tumors and cover a series of neuroendocrine markers, such as NSE,

vii



chromogranin, synaptofysin, NCAM, etc., from both a histopathological
and a clinical viewpoint.

With respect to management of lung cancer patients, there is a great need
for better systemic therapy, including the development of in vivo and in
vitro models for testing of antineoplastic agents. This topic is discussed by
Kal (Rijswijk, The Netherlands) and Jensen and Sehested (Copenhagen,
Denmark) who focus on non-small cell lung and small cell lung cancer,
respectively. It is to be hoped that some of these model systems will facilitate
a more rapid introduction of new cytostatic agents into the clinic.

One of the major obstacles in cytostatic treatment, responsible for the
relatively dismal results obtained today, is multidrug resistance, as described
by Broxterman and colleagues (Amsterdam, The Netherlands). The topic
is intensively studied in the laboratory, but still with very few clinically
relevant data.

With regard to diagnosis and staging of lung cancer, a number of new
techniques have been developed, such as digital radiography, magnetic
resonance imaging, and transesophageal ultrasonography applied in the
diagnosis and staging of lung cancer (Kaplan and Goldstraw, London, U.K.).

Among the different therapeutic modalities, chest irradiation in small cell
lung cancer is reviewed by Arriagada and colleagues (Paris, France), based
on data from the authors’ original studies and from a recent meta-analysis of
literature data.

Another French colleague, Trillet-Lenoir (Lyon, France), brings us up to
date on newer, large randomized trials using hematopoietic growth factors
in small cell lung cancer, demonstrating a significant decrease in the mor-
bidity of cytostatic treatment when concomittant hematopoietic growth
factors are applied.

The effect on treatment results by one of the other recently developed
biologic modifiers, interferon, is subjected to analysis by Mattson et al.
(Helsinki, Finland), while Grant and Kris (New York, NY, U.S.A.) deal
with the recent development of the new antineoplastic agents applied in lung
cancer.

A rather rare type of lung cancer is the pulmonary blastoma, and Koss
(Washington, DC, U.S.A.) gives us the latest information on this disease
entity, including new insight into the histogenesis of the tumor.

Finally, Bernhard and Ganz (Bern, Switzerland/Los Angeles, CA, U.S.A.)
describe the very many psychosocial issues faced by lung cancer patients at
diagnosis and during treatment.

Altogether, these 17 chapters from 12 countries highlight some of the
rapid developments taking place in basic and clinical research on lung
cancer. Hopefully, these chapters not only give up-to-date information but
also will stimulate further research into this manmade disease, which was
almost unheard of a century ago.

Heine H. Hansen
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1. Tobacco consumption and lung cancer

Dietrich Hoffmann and Ilse Hoffmann

Introduction

In 1912, Adler asked in the introduction to his book Primary Malignant
Growth of the Lungs and Bronchi, ‘Is it worthwhile to write a monograph
on the subject of primary malignant lung tumors?’ He concluded, ‘There is
nearly complete concensus of opinion that primary malignant neoplasms of
the lungs are among the rarest forms of disease’ [1]. In the following 70
years, however, there was a dramatic increase of primary lung cancer
throughout the world. By 1985, lung cancer was the most frequently occurr-
ing cancer worldwide, with an estimated 896,000 new cases accounting for
11.8% of all cancer cases [2]. Figures 1 and 2 present the increase of lung
cancer incidence in men in eight developed countries, namely, the U.S.A.,
the United Kingdom, West Germany, and France, and Canada, Italy,
Sweden, and Japan, respectively [3—14].In the former U.S.S.R., lung cancer
rose from about 31,400 reported cases in males and 8,800 in females in 1965
to 75,000 and 16,700, respectively, in 1984 [15]. In the U.S.A., lung cancer
has been the leading cause of death from cancer in men since about 1960
and in women since about 1987 (figures 3 and 4).

Three factors have been incriminated in the significant increase in lung
cancer: occupational exposure to carcinogens, urban air pollution, and
tobacco smoking. There cannot be any question that certain occupational
exposures increase the risk for lung cancer. The major occupationally
occurring human lung carcinogens are asbestos, chromium and nickel vapors,
arsenic, and iron oxide, as well as ionizing radiation (which includes expo-
sure to radioactive ores), petroleum vapors, and bis(chloromethyl)ether. It
has been estimated that the occupational contribution to total cancer inci-
dence (not only lung cancer) in industrial countries amounts to between 1%
and 5% [16,17].

A number of epidemiological studies have indicated that urban pollution
may contribute to the higher lung cancer incidence rates in developed
countries. Doll and Peto [17] have estimated that around 1980, about 2%
(range 1% to less than 5%) of all cancer deaths in the U.S.A. were
attributable to air pollution. Hammond and Horn [18,19] in their large-scale

Heine H. Hansen, (ed), Hansen: Lung Cancer. 1
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Figure 1. Lung cancer incidence rates in males, 1964-1986, for the U.S.A., U.K., West
Germary, and France [3-14].
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Figure 3. Age-adjusted cancer death rates for nine selected sites, U.S.A., 1930-1988, Males
[32].

prospective study with the American Cancer Society, observed an urban
factor that indicated that city residents have a somewhat higher risk for
bronchiogenic carcinoma than people living in rural areas (figure 5). How-
ever, the urban factor for lung cancer may not be due to urban air pollutants
entirely, but could result from other variables, including the better reporting
of lung cancer cases in cities, lung cancer patients moving into urban resi-
dence prior to death, differences in smoking habits and patterns between
residents in urban and rural areas, and/or occupational differences in the
two areas. In 1989, Pershagen [20] reviewed the major cohort and case—
control studies on lung cancer in urban areas of developed countries. These
data were standardized for smoking. He concluded, ‘Urban air pollution and
exposure near some types of industries may be related to an increased risk
of lung cancer’ [20].

Tobacco smoking has been clearly recognized as the major cause of lung
cancer in developed countries since the first reports by the Royal College of

3



Figure 4. Age-adjusted cancer death rates for nine selected sites, U.S.A., 1930-1988, Females
[32].

Physicians of London in 1962 and by the U.S. Surgeon General of the Public
Health Service in 1964 [21,22]. During the past two decades, lung cancer
has also strongly increased in several developing countries, clearly due to
cigarette smoking [2,23]. In most developed countries, tobacco smoking
is held responsible for at least 70% to 80% of all lung cancers [16,23].
Shopland et al. [24] from the U.S. National Cancer Institute estimated that
in the U.S.A., 90.3% of the 92,000 deaths from lung cancer in men and
78.5% of the 51,000 lung cancer deaths in women in 1991 were caused by
cigarette smoking. Cigar and pipe smoking are also causally related to

cancer of the lung, although not to the same extent as cigarette smoking
[25].
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with those for men who never smoked regularly [18,19].

Tobacco consumption

Since tobacco smoking, and especially the smoking of cigarettes, has been
causally associated with lung cancer, and since the lung cancer incidence
rates have dramatically increased, it is important to record the changes in
cigarette consumption during the last 70 years to fully understand this
phenomenon. Figure 6 reflects the increase of cigarette consumption per
adult since 1921 for the U.S.A. and the United Kingdom, since 1935 for
France, and since 1950 for West Germany [26,27]. In all four countries, a
steep increase in cigarette consumption occurred beginning between 1930
and 1950. In the U.S.A. and the U.K., this increase continued until 1960-
1970 and then gradually leveled off; beginning about 1975-1980, per capita
cigarette consumption decreased. France and West Germany did not record
further increases of cigarette use after 1990. In Sweden, the increase in
cigarette consumption halted between 1975 and 1980, reaching a maximum
of 2,000 cigarettes per year per adult. Italy reached the highest per capita
annual consumption in 1985 with about 2,430 cigarettes (figure 7). These
data compare with a maximal annual per capita use of about 3,900 cigarettes
in the U.S.A. between 1975 and 1980 (figure 6), about 3,350 cigarettes in
Canada in 1975, and about 3,500 cigarettes in Japan in 1980 [26,27].

Cigar consumption has been declining since 1964, when it reached a
maximum of 75 cigars per adult in the U.S.A. In Germany, cigar con-

5



€
D€ ¢ ;;\x USA
=Y \ el
X Frame
A, \5< ——

M West Germany

g 8§88 8 8
S~

1600 s
P/
1200
@y
80012 77
B/a.._\w{
400
c T T T \J T T T T T T T U T T
1921 ' 1930 1940 1950 1960 1970 1980 1988

1925 1935 1945 1955 1965 1975 1985

* Adults, 15 years and older.
Tobacco Research Council, 1975 and Tobacco Reporter , 1975-1991.

Figure 6. Adult consumption of cigarettes in the U.S.A., U.K., France, and West Germany
[26,27]. Adult = 15 years or older.

4000

HgX

3600

™,
M
AN
)/
g

i
1600 x/J /

1200 / ~
U

8

I
|
y

1820 1930 1940 1950 1960 1970 1980 1990
1925 1935 1945 1955 1965 1975 1985
Year

*Adults, 15 years and older. Tobacco Research Council, 1975 and Tobacco Reporter, 1975-1991.

Figure 7. Adult consumption of cigarettes in Canada, Japan, Italy, and Sweden [26,27]. Adult
= 15 years or older.



sumption declined beginning in 1957 to about 25 cigars per adult in 1988. In
Canada, the maximum of 41 cigars per adult in 1971 fell to 11 cigars per
adult in 1988 [26,27]. However, there are some countries where cigars and
cigarillos are especially popular. This fact may be of consequence in respect
to the lung cancer incidence rates. In Denmark, for example, where the
smoking of cigarillos is widespread, the annual adult consumption of cigars
and cigarillos in 1965 amounted to 320; however, it has decreased since then
to about 90 per adult [26,27].

Consumption of coarse-cut, loose tobacco such as that used for pipe
smoking has also significantly diminished in developed countries. As a case
in point, Germany recorded in 1934 the use of 390 g pipe tobacco per adult,
and in 1980 only about 40g. However, use of fine-cut tobacco for hand-
rolled cigarettes has significantly increased in those developed countries
where loose tobacco is not taxed to the same extent as are manufactured
cigarettes. In 1987, fine-cut, loose cigarette tobacco consumption increased
per adult in the U.K. to about 100g, in 1986 in Sweden to about 200 g, in
Canada to about 500g, and in the Netherlands to 1,450 g [26,27]. Since at
present a manufactured cigarette contains only about 0.75g tobacco, these
data would raise number of cigarettes consumed per adult per year (figures
6 and 7) in the U.K. by about 135 cigarettes, in Sweden by 270 cigarettes,
in Canada by 670 cigarettes, and in the Netherlands by 1,900 cigarettes.
However, in general, hand-rolled cigarettes deliver significantly more tar,
nicotine, carbon monoxide, and other toxic smoke components than do
most manufactured cigarettes.

The epidemiology of smoking and lung cancer

In 1961, Wynder and Day [28] proposed three postulates for the causation

of non-communicable diseases, including cancer:

1. The greater and the more prolonged the exposure to the factor, the
greater the risk of the population involved.

2. The epidemiological pattern should be consistent with the distribution of
the factor.

3. Removal or reduction of the risk factors for a given population group
should be followed by a reduction in the incidence of disease.

More than 100 epidemiological studies from developed and developing
countries have demonstrated a dose—response relationship between number
of cigarettes smoked and the risk for cancer of the lung [25,29,30]. Figures 8
and 9 depict the mortality ratios derived from two U.S. prospective studies
for males and females, respectively, in relation to daily cigarette consump-
tion [31,32]. Clearly, the epidemiological data satisfy the first postulate
for a causative association between cigarette smoking and lung cancer [28].
Laboratory studies support the epidemiological findings by documenting a
dose-response relationship between exposure to cigarette smoke and pul-

7
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Figure 9. Lung cancer mortality ratio for females by cigarettes smoked per day [29].

monary adenoma in mice [33] and tumors of the upper respiratory tract in
hamsters [34], and also between applications of total particulate matter
(TPM) of cigarette smoke to the skin of mice and rabbits and the tumor
yield at the site of application [35].
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One observation that does not appear to fully support postulate 1 above
is that after adjusting for number of cigarettes smoked per day and for age
at which smoking has begun, Japanese cigarette smokers have a lower risk
for lung cancer than cigarette smokers in the U.S., Canada, the United
Kingdom, and Sweden 29] [see (figures 2 and 7). Three explanations have
been suggested: the depth of inhalation may come into play; so may the
preference of the Japanese for cigarettes with charcoal-containing filter tips
(more than 70% of all cigarettes sold in Japan have charcoal filter tips,
compared to only a few percent of cigarettes on the markets of the other
countries); and differences in diet between the Japanese and the residents of
other countries may also be an underlying factor. A combination of these
three factors has also been considered. This discrepancy concerning Japanese
cigarette smokers deserves further detailed study.

Postulate 2 is supported by the observation that the depth of inhalation
(figure 10 [36]) as well as the age at onset of cigarette smoking (figure 11
[31]) determine the risk for lung cancer. Cigar and pipe smokers face a
significantly higher risk for lung cancer than do nonsmokers, yet they have a
lower risk for lung cancer than do cigarette smokers [25]. At first, these
results appear to be in disagreement with laboratory data, which have shown
that the TPM of cigar smoke contains higher levels of carcinogenic agents
than does cigarette smoke [35,36]. However, this discrepancy can be ex-
plained, at least partially, by the fact that primary cigar and pipe smokers
have the tendency to avoid deep inhalation of the smoke. The latter concept
is supported by the fact that cigar and pipe smokers have at least the same
risk for cancer of the oral cavity as cigarette smokers [25,29,30].

Postulate 3 is clearly satisfied for tobacco smoking and lung cancer. Doll
and Peto [17] as well as other epidemiologists [25,29,30] have shown that
cessation of smoking leads to a gradual reduction of risk for lung cancer.
After 15 to 20 years of cessation, the ex-smoker reaches a plateau for lung
cancer risk that is very low, yet remains 10% to 100% higher than that for a
person who never smoked. Furthermore, as will be discussed later in the
section titled “Reduction in Exposure,” a long-term smoker of filter ciga-
rettes faces a 30%—50% lower risk of developing lung cancer than does the
smoker of cigarettes without filter tips [25,37,38]. Both observations, the
risk reduction for lung cancer in ex-smokers and the decrease for lung
cancer in long-term smokers of filter cigarettes, sustain postulate 3 above.

Changes in the distribution of histologic types of lung cancer

In the first large-scale case—control study on smoking and lung cancer in
the U.S. in 1950, only 35 out of 599 male cigarette smokers died from
lung adenocarcinoma; the remaining 564 cases were diagnosed as having
squamous cell carcinoma. Thus, the ratio of these two types of lung cancer
was 1:16 [39]. In 1974, the same investigators reported for male smokers
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Figure 11. Lung cancer mortality ratio for males by age begun smoking [29].

with lung cancer a ratio of 1:2.5; in 1985 this ratio was 1:1.4 [38]. A
detailed study on the histology of the lung cancer of patients at Baptist
Memorial Hospital in Mempbhis, Tennessee, covering 22 years (1964—-1985),
revealed gradual changes of the nature of tumors during this time span
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among all male lung cancer cases. In 1964, 56% had squamous cell car-
cinoma and 4% adenocarcinoma (1:17); in 1985, there were 37% with
squamous cell carcinoma and 27% with adenocarcinoma (1:1.4). During
this time, small cell carcinoma in the male lung cancer patients changed
from 4% to 17% and large cell carcinoma from 36% to 29%. During these
22 years, in female lung cancer patients, the incidence of squamous cell
carcinoma changed from 6% to 23%, adenocarcinoma from 41% to 40%
(1:0.14 to 1:0.58), small cell carcinoma from 6% to 30%, and large
cell carcinoma from 47% to 7% [40]. Similar observations of changes of
histological types of lung cancer were reported in three additional studies
from the U.S. [41-43]. The National Cancer Institute examined the lung
cancer cases in five geographic areas of the United States, encompassing 7%
of the U.S. population, comparing cancer incidences as well as ratios of
squamous cell carcinoma to adenocarcinoma for the periods 1967-1971 and
1984-986 [44]. On the basis of 1970 standards for categories, the lung
cancer incidence rates in white males within this population rose from 67.3
to 84.1 (+25%), in black males from 86.1 to 126.9 (+47%), in white
females from 14.2 to 35.7 (+121%), and in black females from 15.3 to 40.2
(+163%). Squamous cell carcinoma and adenocarcinoma in this population
increased in white males by 25% and 111% (1:2.3 to 1:1.4), in black males
by 50% and 151% (1:2.8 to 1:7) in white females by 156% and 220%
(1:0.76 to 1:0.65), and in black females by 209% and 221% (1:0.89 to
1:0.86) (see table 1).

Table 1. Trends in the incidence of adenocarcinoma (A) and squamous cell carcinoma (S) of
the lung in five geographic areas of the U.S.A., 1969-1971 to 1984-1986*®

1969-1971 1984-1986
No. Ratio No. Ratio %
of cases A:S of cases A:S Change
White males
Adenocarcinoma 1,638 1:23 3,685 1:14 m
Squamous cell carcinoma 3,767 o 5,100 o 25
Black males
Adenocarcinoma 193 1:2.8 633 1:17 151
Squamous cell carcinoma 543 o 1,070 o 50
White females
Adenocarcinoma 747 . 2,572 . 120
Squamous cell carcinoma 566 1:0.76 1,658 1:065 156
Black females
Adenocarcinoma 75 . 340 . 221
Squamous cell carcinoma 67 1:0.89 291 1:0.86 209

20On the basis of data by Devesa et al. [44].
® Geographical areas: Atlanta, Connecticut, Detroit, Iowa, and San Francisco—Oakland.
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Several questions arise. First, why did pulmonary adenocarcinoma in-
crease to a much greater extent than squamous cell carcinoma of the lung,
especially in males? Second, why did pulmonary adenocarcinoma occur
more frequently than squamous cell carcinoma in women — quite opposite
to the observation in men? Third, why were the lung cancer incidence rates
among U.S. blacks, and especially among black men, significantly higher
than among U.S. whites?

Regarding the first question, a working hypothesis has emerged that will
be discussed later. It relates to the modification of the makeup of cigarettes
during the past four decades, which has caused changes in smoking intensity
for the consumer. The answer to the second question, why pulmonary
adenocarcinoma occur more frequently in women than squamous cell car-
cinoma, remains unclear; however, it has been speculated that the female
endocrine system plays a decisive role in the induction of adenocarcinoma
[45]. In regard to the third question, studies have shown that even after
adjusting for the number of cigarettes smoked daily and for the starting age
at the onset of the smoking habit, black Americans still have a higher lung
cancer incidence than white Americans [46]. Several points have been con-
sidered as reasons for this, including differences in the type of cigarettes
smoked, degree of smoking intensity, and diet; none of these points has so
far been substantiated.

The physicochemical nature of tobacco smoke

The carcinogenic potency of an inhaled aerosol is greatly influenced by its
physicochemical nature. The burning of tobacco generates mainstream smoke
(MS) during puff drawing, and sidestream smoke (SS) during smouldering
between puffs. The physicochemical nature of the types of smoke is depen-
dent on various factors. These include the type of tobacco and its cut, the
temperatures prevailing during puff drawing (860-900°C) or smouldering
(500-600°C), and the availability of oxygen — i.e., the reducing charac-
teristics of the burning zone — and also the physical design of the tobacco
product (e.g., length, diameter, paper, wrapper or pipe bowl, variety of
cigarette paper, filter tip, and porosity).

The composition of the processed tobacco in cigarettes influences the
chemistry, toxicity, and carcinogenicity of the smoke. Cigarettes sold in the
U.S., Japan, and most Western European countries utilize blends of bright,
burley, and Oriental tobaccos, while cigarettes made in the United Kingdom
and Finland contain predominantly bright tobaccos. Both types of cigarettes
deliver weakly acidic MS (pH 5.5-6.2) in which nicotine is present in
protonated form in the particulate matter. In France and in some parts of
Italy, North Africa, and Middle and South America, a high proportion of
the cigarette brands contain only burley or black tobacco. In the smoke
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of these cigarettes, which is neutral to weakly alkaline (pH 6.8-7.5), a sig-
nificant portion of the nicotine is present in the vapor phase in an unpro-
tonated form. The smoke of cigars is neutral to alkaline (pH 6.5-8.0), and
like the MS of burley cigarettes, it contains unprotonated nicotine in the
vapor phase [47]. Unprotonated nicotine is more quickly absorbed through
the buccal mucosa than protonated nicotine [48]. The pH of MS of cigarettes
and cigars is decisively influenced by the concentration of ammonia in the
smoke [49], which is primarily governed by the nitrate content of the
tobacco. Thus, burley tobaccos that are rich in nitrate [50] deliver weakly
alkaline smoke.

The MS emerges from the mouthpiece of a cigarette as an aerosol and
weighs between 400 and 500 mg. It contains about 1x 10'° particles per ml
(the highest reported concentration of particles in polluted urban air is 5 X
10° per ml), which range in diameter from 0.1 to 1.0um (mean diameter
0.2 um) and which are dispersed in a vapor phase (particles up to 2.5 um are
considered to be lung damaging [51]). About 95% of the MS of a nonfilter
cigarette is comprised of 400 to 500 individual gaseous components, with
nitrogen, oxygen, and carbon dioxide as major constituents (table 2). Today
we know that the particulate matter contains at least 3500 individual com-
ponents (table 3) [52,53].

All combustion products contain free radicals; in the case of tobacco
smoke, these are highly reactive oxygen- and carbon-centered types in the
vapor phase, and relatively stable radicals in the particulate phase. The
principal latter type appears to be a quinone/hydroquinone complex that has
the potential to reduce molecular oxygen to superoxide and eventually
to hydrogen peroxide and hydroxy radicals [54,55]. Some studies have
implicated the free radicals in cigarette smoke to be partially responsible for
the reduced levels of certain antioxidants (such as vitamin E and ascorbic
acid) when compared to the levels in nonsmokers. The radicals are also
considered to be responsible for oxidative damage in the lung of cigarette
smokers [56,57].

For the chemical analysis, the smoke is arbitrarily separated into a vapor
phase and a particulate phase. If more than 50% of a given smoke com-
ponent appears in the vapor phase of fresh smoke it is considered a volatile
smoke component; all others are particulate phase components. Tables 2
and 3 list the major types of components identified and their estimated com-
ponents in the smoke of one cigarette [25,30,35,38—60]. The quantitative
analytical data for cigarette smoke constituents are dervied from machine
smoking, with one 35-ml puff per minute for a puff duration of two seconds.
However, these smoking parameters do not fully reflect the human cigarette-
smoking habits of today. For example, a smoker of a low-nicotine cigarette
may take up to five puffs per minute with puff volumes of up to 50ml
[61-64].

The data presented in tables 2 and 3 are important in regard to the
biological activity of smoke constituents. However, the lists are by no means
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Table 2. Major constituents of the vapor phase of the main-

stream smoke of nonfilter cigarettes

Compound

Concentration/cigarette
(% of total effluent)

Nitrogen

Oxygen

Carbon dioxide

Carbon monoxide

Water

Argon

Hydrogen

Ammonia

Nitrogen oxides (NOx)

Hydrogen cyanide

Hydrogen sulfide

Methane

Other volatile alkanes [20]*

Volatile alkenes [16]

Isoprene

Butadiene

Acetylene

Benzene

Toluene

Styrene

Other volatile aromatic hydrocarbons
[29]

Formic acid

Acetic acid

Propionic acid

Methyl formate

Other volatile acids [6]

Formaldehyde

Acetaldehyde

Acrolein

Other volatile aldehydes [6]

Acetone

Other volatile ketones [3]

Methanol

Other volatile alcohols [7]

Acetonitrile

Other volatile nitriles [10]

Furan

Other volatile furans [4]

Pyridine

Picolines [3]

3-Vinylpyridine

Other volatile pyridines [25]

Pyrrole

Pyrrolidine

N-Methylpyrrolidine

Volatile pyrazines [18]

Methylamine

Other aliphatic amines [32]

280-320mg (56-64%)
50-70mg (11-14%)
45-65mg  (9-13%)

14-23mg (2.8-4.6%)
7-12mg (1.4-2.4%)
Smg (1.0%)
0.5-1.0mg
10-130pg

100-600 pg

400-500 pg
20-90pg
1.0-2.0mg
1.0-1.6mg®

0.4-0.5mg

0.2-0.4mg
25-40pg

10pg
15-30pg

200-600 pg
300-1,700 pug
100-300 pg
20-30pg
5-10pg®
20-100 pg
400-1,400 pg
60-140 pg
80-140pg
100-650 pg
50-100 pg
80-180 ne
10-30pg
100-150 pg
50-80 pg®
20-40 pg
45-125pg®
20-200 pg
15-80pg
7-30pg
20-50 pg”
0.1-10pg
10-18 pg
2.0-3.0pg
3.0-8.0pg
4-10pg
3-10pg

“Parentheses show the number of individual compounds iden-

tified in a given group.
® Estimate.



Table 3. Major constituents of the particulate matter of the mainstream

smoke of nonfilter cigarettes

Compound ug/Cigarette
Nicotine 100-3,000
Nornicotine 5-150
Anatabine 5-15
Anabasine 5-12
Other tobacco alkaloids [17]* n.a
Bipyridyls [4] 10-30
n-Hentriacotane [n-C;;Hgy) 100
Total nonvolatile hydrocarbons [45]° 300-400°
Naphthalene 2-4
Naphthalenes [23] 3-6°
Phenanthrenes [7] 0.2-0.4°
Anthracenes [5] 0.05-0.1°
Fluorenes [7] 0.6-1.0°
Pyrenes [6] 0.3-0.5°
Fluoranthenes [5] 0.3-0.45°
Carcinogenic polynuclear aromatic hydrocarbons [11]° 0.1-0.25
Phenol 80-160
Other phenols [45]° 60-180°
Catechol 200-400
Other catechols [4] 100-200°
Other dihydroxybenzenes [10] 200-400°
Scopoletin 15-30
Other polyphenols [8]° n.a.
Cyclotenes [10]° 40-70°
Quinones [7] 0.5
Solanesol 600-1,000
Neophytadienes [4] 200-350
Limonene 30-60
Other terpenes [200-250]° n.a.
Palmitic acid 100-150
Stearic acid 50-75
Oleic acid 40-110
Linoleic acid 150-250
Linolenic acid 150-250
Lactic acid 60-80
Indole 10-15
Skatole 12-16
Other indoles [13] n.a.
Quinolines [7] 2-4
Other aza-arenes [55] n.a.
Benzofurans [4] 200-300
Other O-heterocyclic compounds [42] n.a.
Stigmasterol 40-70
Sitosterol 30-40
Campesterol 20-30
Cholesterol 10-20
Aniline 0.36
Toluidines 0.23
Other aromatic amines [12] 0.25
Tobacco-specific N-nitrosamines [6]° 0.34-2.7
Glycerol 120

# Parentheses show the number of individual compounds identified.

®Estimate.
“For details, see figure 6.
n.a.: not available.
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a complete annotation of all smoke constituents detected to date. Tobacco
contains at least 30 metals [35,60,65]. Per cigarette, one finds 38 mg potas-
sium, 22 mg of calcium, and 5.5 mg of magnesium as the major metals. Since
less than 1% of these metals are transferred from the tobacco into the
smoke [66], toxicologically important ones, such as nickel and cadmium, are
present only in minute amounts and are therefore not listed in table 3.
Deleted from the tables are also agricultural chemicals and pesticides, even
though residues of such agents are known to occur on the tobacco leaf and
are partially transferred into the smoke. Because of the differences in the
nature and amounts of these agents used in individual tobacco-growing
countries, and since applications to the tobacco plant change from year to
year [67,68], tables 2 and 3 do not list these chemicals in the smoke.
Nevertheless, it is fairly certain that commercial tobaccos contain up to a
few parts per million of DDT, DDD, and maleic hydrazide; less than 20%
of these are transferred into MS.

The increasing market share of cigarettes with low smoke yields shows
that these products are ‘consumer acceptable.” This acceptability has been
achieved by enhancing the smoke flavor through selection of aromatic
tobacco varieties for the cigarette tobacco blend, adding extracts from
tobacco or other plants, and/or adding synthetic flavor components [69].
Except for menthol (<500pg/cigarette [70]), flavor additives are trade
secrets; thus, there is little information as to the chemical nature and
concentrations of such flavor additives and their possible toxicity and car-
cinogenicity. Coumarin, a known animal carcinogen [71], has in the past
been used as a flavor additive; however, the use of certain additives in
tobacco products has been discontinued in many countries.

Tobacco carcinogenesis

The objective of studies in tobacco carcinogenesis is to identify tumor
initiators, tumor promoters, cocarcinogens, and organ-specific carcinogens
in tobacco products; to explore their formation during tobacco growing,
processing, and smoking; to investigate their mode of metabolic activation;
and to develop biomarkers for the uptake and metabolism of the major toxic
and carcinogenic agents by tobacco chewers and smokers. Since millions of
men and women throughout the world continue to smoke cigarettes despite
intensive public health information and education about the health hazards
of tobacco use, research must also be concerned with the reduction of the
toxicity and carcinogenicity of tobacco smoke and with the possibility of
inhibiting the initiation and progression of tumors in persons who have a
long history of smoking.
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Bioassays

The long-term exposure of mice to cigarette smoke diluted with air leads to
adenocarcinoma in the lung [33], in Syrian golden hamsters to a dose-related
induction of benign and malignant tumors in the upper respiratory tract,
especially in the larynx [34], and in rats to benign and malignant tumors of
the lung [72]. Separating cigarette smoke by a filter into particulate matter
and gas phase, and exposing mice to the air-diluted gas phase alone, induces
lung adenocarcinoma similar to those seen with whole smoke [33]. However,
in hamsters, the gas phase alone does not induce tumors in the respiratory
tract. These data indicate that in inhalation studies with mice, hamsters, and
rats, whole cigarette smoke is carcinogenic in the respiratory tract; although
the vapor phase alone does not contain sufficient amounts of carcinogens to
induce squamous cell carcinoma, it does contain agents that elicit pulmonary
adenocarcinoma.

Tumor initiators, tumor promoters, and cocarcinogens

The total particulate matter (TPM) of cigarette smoke, also called tar, is
carcinogenic on mouse skin, on the skin of rabbits, and in the connective
tissue of rats [35]. Fractionation studies have shown that only the neutral
fraction of TPM, especially its fraction B (2% of whole TPM) and subfrac-
tion BI (0.6% of whole TPM), is carcinogenic. However, neither the neutral
fraction alone nor fractions B or BI account for more than part of the
carcinogenic activity of the whole tar [73,74]. When the BI subfraction is
assayed on mouse skin together with the weakly acidic fraction (9% —10% of
the whole tar), which by itself is inactive, one observes 75% to 80% of the
activity of the whole tar [73,74]. Thus, fraction BI contains a concentrate of
tumor initiators, and the weakly acidic fraction harbors tumor promoters
and/or cocarcinogens. Chemical-analytical studies have revealed that BI
contains the polynuclear aromatic hydrocarbons (PAHs), a number of which
are known carcinogens, and when applied in minute amounts, these are
active as tumor initiators. In the weakly acidic fraction, phenolic compounds
are enriched; several of these are known tumor promoters or known cocar-
cinogens, as is the case for catechol and methylcatechols [75-77]. Table 4
lists the concentrations of the identified carcinogenic PAHs, aza-arenes, the
known tumor promoters, and cocarcinogens in the smoke of one cigarette.
We consider the PAHs to act as contact carcinogens in tobacco carcino-
genesis. This concept is supported by studies that have shown that intra-
tracheal instillation of carcinogenic PAH leads to squamous cell carcinoma
of the bronchi but not to pulmonary adenocarcinoma [78,79].

Table 5 lists additional animal carcinogens that have been identified in
tobacco smoke in minute amounts. Formaldehyde and acetaldehyde are
exceptions, since they are present in cigarette smoke in considerable amounts
and may be active as tumor-enhancing agents in lung carcinogenesis.
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Table 4. Tumor initiators, tumor promoters and cocarcinogens in tobacco smoke

TIARC-evaluation of evidence of

Mainstream carcinogenicity®
smoke
Compounds (per cigarette) In laboratory animals In humans
Tumor initiators
PAHs
Benz(a)anthracene 20-70ng Sufficient
Benzo(b)fluoranthene 4-22ng Sufficient
Benzo(j)fluoranthene 6-21ng Sufficient
Benzo(h)fluoranthene 6-12ng Sufficient
Benzo(a)pyrene 20-40ng Sufficient Probable
Chrysene 40-60ng Sufficient
Dibenz(a,h)anthracene 4ng Sufficient
Dibenzo(a,i)pyrene 1.7-3.2ng Sufficient
Dibenzo(a,l)pyrene Present Sufficient
Indeno(1,2,3-cd)pyrene 4-20ng Sufficient
5-Methylchrysene 0.6ng Sufficient
Aza-arenes
Dibenz(a,h)acridine 0.1ng Sufficient
Dibenz(a,j)acridine 3-10ng Sufficient
7H-Dibenzo(c,g)carbazole 0.7ng Sufficient
Tumor promoters
Phenol 80-120 ug
0-Cresol 20-30ug
m-Cresol 10-20mg
p-Cresol 30-60pg
Cocarcinogens
Catechol 50-330,g
3-Methylcatechol 10-20pg
4-Methylcatechol 15-25pg

2No designation indicates that an evaluation by the International Agency for Research on
Cancer (IARC) has not been carried out.

Organ-specific carcinogens

Studies in occupational cancer have shown that some chemicals induce
tumors at specific sites. Certain aromatic amines are bladder carcinogens;
vinyl chloride induces angiosarcoma of the liver; and some inhalants cause
cancer of the lung. Experimental studies have demonstrated that indepen-
dent of site and route of application, certain types of N-nitrosamines induce
esophageal cancer, others pancreas cancer, or others pulmonary adenocar-
cinoma in laboratory animals.

Table 6 lists organ-specific carcinogens and their concentrations in ciga-
rette smoke. Polonium-210 is a known lung carcinogen; however, its signifi-
cance in tobacco smoke as an inducer of lung tumors has been questioned.
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Table 5. Minor carcinogens in cigarette smoke

IARC-evaluation of evidence of

Mainstream carcinogenicity®

smoke
Compounds (per cigarette) In laboratory animals In humans
Formaldehyde 70-100 g Sufficient
Acetaldehyde 18-1,400 pg Sufficient
Crotonaldehyde 10-20 g
Benzene 12-60 ng Sufficient Sufficient
Acrylonitrile 3.2-15pg Sufficient Limited
2-Nitropropane 0.73-1.21pg Sufficient
Ethylcarbamate 20-38ng Sufficient
Hydrazine 24-43ng Sufficient Inadequate
Arsenic 40-120ng Inadequate Sufficient
Nickel 0-600ng Sufficient Limited
Chromium 4-70ng Sufficient Sufficient
Cadmium 41-62ng Sufficient Limited
Lead 35-85ng Sufficient Inadequate

?No designation indicates that an evaluation by the International Agency for Research on
Cancer (IARC) has not been carried out.

Uranium miners who are exposed to significantly higher levels of polonium-
210 were found to be at risk for lung cancer [80]. In 1987, the U.S. National
Council on Radiation Protection and Measurement ascribed about 1% of
the risk for lung cancer after 50 years of cigarette smoking to the role of
polonium-210 inhaled with the smoke [81]. Although the levels of aromatic
amines in cigarette smoke, such as 2-naphthylamine and 4-aminobiphenyl,
are low, epidemiological and biochemical studies consider the aromatic
amines important contributors to the increased risk of cigarette smokers for
cancer of the urinary bladder [82-84].

Of special interest in tobacco carcinogenesis are the N-nitrosamines, which
are formed by nitrosation of nicotine and of minor Nicotiana alkaloids during
tobacco processing and during smoking [36]. To date, seven tobacco-specific
N-nitrosamines (TSNAs) have been identified in tobacco products (figure
12). Of these, N'-nitrosonornicotine (NNN), 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone (NNK), and 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanol (NNAL) are powerful animal carcinogens, N'-nitrosoanabasine
(NAB) is moderately active as a carcinogen, and N’-nitrosoanatabine
(NAT), 4-(methylnitrosamino)-4-(3-pyridyl)-1-butanol (iso-NNAL), and
4-(methylnitrosamino)-4-(3-pyridyl)butyric acid (iso-NNAC) appear to
be inactive [85]. The concentrations of TSNAs in tobacco products are
alarmingly high. The U.S. National Academy of Science has estimated that
in 1986 to 1987, a U.S. nonsmoker was on a daily basis exposed to about
1pg of carcinogenic N-nitrosamines, while a one-pack-a-day smoker was
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Formation of Tobacco Specific N-Nitrosamines
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Figure 12. Formation of tobacco-specific N-nitrosamines [85].

exposed to an additional 17pg of carcinogenic N-nitrosamines by inhaling
cigarette smoke [86].

NNK induces primarily adenoma and adenocarcinoma in the lungs of
mice, rats and hamsters, independent of site and route of application. In
rats, NNK also produces tumors of the liver and nasal cavity, and when
given with the drinking water, it elicits tumors of the exocrine pancreas
[85,87]. The lowest dose needed to induce lung tumors in mice is 2.5 pmol/
animal (0.5mg) and in rats 2 umol/animal (0.4 mg) [88,89]. Similar to NNK,
NNAL induces lung adenocarcinoma, however, in rats it appears to be more
active as a pancreas carcinogen [87,90].

Biochemistry and biomarkers

An important task in tobacco carcinogenesis is the elucidation of the mecha-
nisms involved in the causation of cancer by tobacco smoke and by its
constituents. An understanding of the mode of action of the carcinogens
should also lead to a rationale for reducing cancer risk for those smokers
who are not willing to give up their habit.

Most environmental compounds that cause cancer are procarcinogens;
such agents require metabolic activation for exerting genotoxicity. Thus, it is
important to elucidate the enzymatic activation and detoxification pathways
of procarcinogens, the binding of their activated species with cellular macro-
molecules, the activation of proto-oncogenes by these adducts, and the
inhibition of tumor suppressor genes. The active forms of these carcinogens
react not only with DNA but also with protein. These adducts have been
studied as markers of exposure and as indices of metabolic activation of the
major carcinogens in tobacco smoke by the smoker.
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Figure 13. Benzo(a)pyrene (BaP): metabolic activation and binding to DNA [92].

Although tobacco smoke contains a considerable number of carcinogens
(tables 4-6), this overview will only discuss those that have been associated
with an increased risk for lung cancer, namely, the carcinogenic polynuclear
aromatic hydrocarbons (PAHs) and the tobacco-specific N-nitrosamines
(TSNAs).

PAHs. The carcinogenic PAHs in tobacco smoke are considered to be
major contributors to the increased risk of smokers for bronchiogenic car-
cinoma. In humans, these procarcinogens are metabolically activated to
reactive species by the P450 1A1 enzyme [91]. A major carcinogenic PAH
in combustion products is benzo(a)pyrene (BaP). It is metabolically ac-
tivated via 7,8-dihydroxy-7,8-dihydro BaP to its ultimate carcinogenic form,
(+)7a,8B-dihydroxy-9B,10B-epoxy-7,8,9,10-tetrahydroBaP. The latter is
known to react with DNA (figure 13) [92]. However, the major metabolic
change of PAHs is the detoxification to phenolic compounds, in the case of
BaP to 3-hydroxy BaP by P450 2C and 3A enzymes [93]. The ultimate
reactive forms of PAHs covalently bind with DNA; this activates proto-
oncogenes and inhibits tumor suppressor genes. In laboratory animals, the
carcinogenic potency of several types of genotoxic carcinogens, including
PAHs, is usually correlated with their potential to form adducts with DNA
[94,95].

Studies using the **P-post-labeling method have shown that the DNA from
lung tissue of smokers and nonsmokers contains multiple adducts, with
levels and patterns varying greatly between individuals. However, DNA
adducts measured with the **P-labeling method in tissues of the lung and
larynx have generally demonstrated an association with cigarette smoking
[96,97]. DNA-PAH. adducts in peripheral blood leukocytes have been
utilized as biomarkers of exposure to carcinogenic PAHs. In the case of lung
cancer patients, current smokers show significantly higher levels PAH-
DNA adducts than current smoker controls [98]. 1-Hydroxypyrene appears
to be a useful biomarker to measure the uptake of PAHs [99].

TSNAs. Of the tobacco-specific N-nitrosamines, NNK and its metabolic
reduction product, NNAL (figure 12), induce primarily pulmonary adenoma
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and adenocarcinoma in mice, rats, and hamsters. In vitro studies with
several different animal tissues and tissues from human lung, liver, and
other organs, and microsomal preparations from human lung and liver as
well as in vivo studies with mice and rats have delineated three major path-
ways for the metabolism of NNK (figure 14). In mice, rats, and monkeys, a
major metabolite is NNAL and its glucuronide conjugate [98,99]. The path-
way of primary importance of NNK carcinogenicity is a-hydroxylation. NNK
is o-hydroxylated either at the methyl or methylene group; these hydroxy
NNK-derivatives decompose under formation of methane diazohydroxide
and pyridyloxobutane diazohydroxide as well as the corresponding aldehydes,
4-0x0-4-(3-pyridyl)butanal and formaldehyde. Methane diazohydroxide
reacts with DNA to form methylated bases, including the promutagenic
O°methylguanine (O°mG) and 7-methylguanine, while pyridyloxobutane
diazohydroxide forms pyridyloxobutylated DNA. After NNK administration
and upon acid treatment of DNA adducts, 4-hydroxy-1-(3-pyridyl)-1-
butanone (HPB) is released; this can be quantified to determine the level of
DNA adduct formation [85]. O°®-mG produces guanine-cytosine (GC) to
adeninethymine (AT) transitions, i.e., changes in the DNA from one purine
to another purine or from one pyrimidine to another pyrimidine.

The HPB-releasing DNA adducts have been quantified in lung tissues
from smokers and nonsmokers, and methylated DNA has been assessed in
lungs. The levels of methylated DNA were greater in smokers than in
nonsmokers [100]. This may in part be due to the exposure to and activation

23



of NNK, although other methylating compounds such as N-nitrosodimethy-
lamine are also present in tobacco smoke.

Smokers’ urine contains NNAL and NNAL-glucuronide [101]. The levels
of these two NNK metabolites correlate well with the exposure of smokers
to NNK as well as with the levels in urine of cotinine, a major metabolite of
nicotine. The determination of the levels of NNAL and NNAL-glucuronide
in the urine and HPB-releasing adducts in the blood of a given smoker
enables an estimation of the rate of metabolic activation of the tobacco-
specific carcinogen NNK relative to the dose of NNK absorbed by an
individual smoker, and may be indicative of relative cancer risk.

Relevance to humans

The relevance of a rodent carcinogen to the induction of cancer in humans

can be evaluated by considering the following six aspects:

1. The type of tumor induced in rodents vs. the human tumor

2. The dose required to induce tumors in rodents vs. the estimated dose in
humans

3. Comparisons of the metabolic activation and detoxification of carcinogens
in rodents and humans

4. Comparisons of DNA or protein adduct formation in rodents and
humans

5. Comparisons of mutations in rodent vs. human tumors

6. Epidemiologic evidence

PAHs. The most frequently occurring type of lung cancer in smokers is
squamous cell carcinoma [38-44]. As discussed earlier, the major contact
carcinogens in tobacco smoke are the PAHs. In rodents, application to the
lung of PAHs or of a PAH concentrate from cigarette tar leads exclusively
to squamous cell carcinoma [78,79,102].

Tumors of the trachea and bronchi of hamsters are induced upon intra-
tracheal instillation of a single dose of S5mg BaP on Fe,O;, which cor-
responds to approximately 50 mg/kg body weight (0.2 mmol/kg), or upon
chronic administration of a total dose of 7.5mg BaP on Fe,O3 (75 mg/kg,
0.3mmol/kg) [103]. A smoker who consumes 40 cigarettes per day for 40
years would be chronically exposed to approximately 12 mg of BaP or about
0.17mg/kg (0.8 pmol/kg). On the basis of mg/kg total body weight, these
calculations are perhaps too conservative for a locally acting carcinogen such
as BaP. Furthermore, BaP is only one of 11 known carcinogenic PAHs
identified in cigarette smoke (table 4). These exposure estimates and the
determinations of the tumorigenic potential of PAH in bioassays strongly
suggest that PAHSs play a significant role in the induction of squamous cell
carcinoma in the lungs of smokers.

As discussed earlier, the P450 1A1 [91] required for the metabolic activa-
tion and detoxification of carcinogenic PAHs is comparable in rodents and
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humans, and the ultimate carcinogenic forms of BaP and of other carcino-
genic PAHs are identical. The isolation of 7,8,9,10-tetrahydroxy-7,8,9,10-
tetrahydroBaP from human urine, after hydrolysis of tetrols covalently
bound to macromolecular species and/or conjugated, proves that BaP and
other carcinogenic PAHs are metabolically activated to dihydroxyepoxides
in humans as in rodents [104]. With respect to the binding of carcinogenic
PAHs to the DNA of lung tissues, it is noteworthy that 11 out of 13 DNA
samples from smokers and 2 out of 3 DNA samples from exsmokers con-
tained benzo(a)pyrenediol-epoxide adducts in the lung tissue adjacent to the
cancer [105].

We have only limited knowledge about mutations in the lungs of smokers
that may be induced by carcinogenic PAHs. In two reports on adduct
formations in smokers’ lungs, only four cases of squamous cell carcinoma of
the lung were listed as containing activated ras-proto-oncogenes [106,107].
A number of publications have reported on mutations of the tumor sup-
pressor gene p53 in squamous cell carcinoma of smokers [108—110]. In one
case, p53 mutations were observed in 6 out of 8 cancers. However, the
reported mutations were detected on various codons and caused both transi-
tions and transversions. There are no reports on comparisons of p53 gene
mutations in squamous cell carcinoma of smokers’ lung and p53 mutations in
lung tumors of rodents induced by BaP or other carcinogenic PAHs.

Coke oven workers who are exposed to aerosols with high PAH content
are known to be at increased risk for squamous cell carcinoma of the lung
[111]. Of the six established criteria for the relevance of experimental data
to human cancer induction by a carcinogen or group of carcinogens, the
carcinogenic PAHs fulfill at least five, thus supporting the concept that these
hydrocarbons contribute to the increased risk of smokers for squamous cell
carcinoma of the lung.

TSNAs. As cited earlier, it is well established that adenocarcinoma of the
lung is the major tumor induced by NNK in mice, rats, and Syrian golden
hamsters, independent of route of administration [85,87-90]. In men who
smoke cigarettes, pulmonary adenocarcinoma is the second most frequently
occurring type of lung cancer; in women who smoke, it is the most common
type of lung cancer [38-44]. Extensive dose—response studies with NNK
have been carried out in rats using multiple subcutaneous injections [85,87,
89,90]. The lowest dose required to induce pulmonary tumors in rats was
0.4 mg/rat or 1.8 mg/kg [89]. Individuals who smoke 40 cigarettes per day for
40 years receive a total dose of about 100 mg or 1.4 mg/kg of NNK [36]. This
estimate has been supported by quantifying the NNK metabolites NNAL
and NNAL-glucuronide in smokers’ urine [101]. The mean level of these
metabolites in the 24-hour urine voids was 11.4mmol at an average daily
cigarette consumption of 23 cigarettes. At exposure to 40 cigarettes per day
for 40 years, the collective urinary excretion of the NNK metabolites
amounts to approximately 1 mg/kg. Thus, the lowest dose of NNK required
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to induce pulmonary tumors in rats (1.8 mg/kg) lies near the range of human
exposure (1.0-1.4mg/kg).

a-Hydroxylation of the carcinogenic TSNAs, including NNK, is a major
pathway for the metabolic activation not only in rodents but also in cul-
tured human lung and human lung microsomes. However, relative to
the enzymatic reduction of NNK to NNAL, there is substantially less a-
hydroxylation in human lung tissue than in rodents (figure 14) [85,112,113].
It appears that the most active isozyme in human lung tissue and micro-
somes for the oxidative matabolism of NNK is P450 1A2, similar to the case
in rodents, although the P450 1Al and 2B1 are also active in rodents
[114-116]. Other P450 isozymes are likely playing a role in the oxidative
metabolism of NNK in human lung tissue [113].

As outlined in figure 14, the enzymatic a-hydroxylation of the methylene
group in NNK leads to methyl diazohydroxide. The latter reacts with
DNA to form methylated bases, including O°®-methylguanine (O°mG) and 7-
methylguanine [89,117,118]. The a-hydroxylation of the methyl group leads
to pyridyloxobutane diazohydroxide (figure 14), which forms pyridyloxo-
butylated DNA. In rodents after treatment with NNK, O°mG is an im-
portant adduct in NNK carcinogenesis [119,120]. In the lungs and tracheas
of smokers, the levels of the methylated bases, and especially of 7-methyl-
guanine, are higher than in nonsmokers [121]. However, NNK may not be
the only methylating agent; other smoke constituents also have methylating
potential. In the lung of rodents, pyridyloxobutylated DNA and hemoglobin
adducts have been identified upon treatment with NNK [118]. In tissues
from the peripheral lung and tracheobronchial tissues, the levels of pyridy-
loxobutylated DNA were much higher in cigarette smokers than in non-
smokers [100]. The pyridyloxobutylated hemoglobin adduct, which is formed
upon treatment of rodents with NNK, as well as with NNN, was detected in
a subset of smokers [122]. These findings are consistent with the concept
that NNK is metabolically activated in some smokers, leading to DNA and
hemoglobin adducts in a manner similar to that seen in the lungs and blood
of rodents.

In mice and Syrian golden hamsters, NNK-induced adenocarcinoma of
the lung contain activated K-ras genes, with mostly guanine—adenine (G-A)
transitions on codon 12 [123,124]. Comparative studies of activated K-ras
genes in lung tumors induced by methylating and pyridyloxobutylating
agents in mice have shown that the methylating agent causes exclusively G-
A transitions, while the pyridyloxobutylating agent causes mainly guanine—
thymine (G-T) transversions [125], i.e., changes from a purine to a pyri-
midine or vice versa. From a total of 141 lung adenocarcinoma specimens
from smokers or exsmokers, 41 tested positive for a point mutation in codon
12 (30%), compared to only 2 out of 40 tumors in patients who never
smoked (5%). The mutations in smokers were approximately 80% G-T
transversions and 20% G-A transitions [126]. The G-T transversions
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detected in K-ras genes in human lung adenocarcinoma could be a result of
the NNK-pyridyloxobutylation pathway. However, it is also possible that
other DNA-damaging agents in tobacco smokes such as carcinogenic PAHs,
aldehydes, secondary nitroalkanes, and carcinogenic aromatic amines could
have induced G-T transversions [125,127].

Although the epidemiologic evidence is strong that cigarette smoking is
causally associated with pulmonary adenocarcinoma, it appears to be a
rather insurmountable task to pinpoint a single group of agents from the
complex inhalant, which contains at least 4,000 compounds, as the most
significant contributor to a specific type of malignant tumor. However, only
tobacco chewers and smokers are exposed to the TSNAs. Unlike the PAHs
and aromatic amines, TSNAs do not occur in occupational environments.
While the carcinogenic PAHs have been incriminated as the causative
agent for lung cancer in coke oven workers and aromatic amines are held
responsible for bladder cancer in dye workers, we have no such leads for
TSNAs as human carcinogens. Despite these obstacles, there are consi-
derations that could support the concept that NNK contributes to the
increased risk of cigarette smokers for adenocarcinoma of the lung. One
approach would be molecular epidemiology studies in which the relationship
of specific DNA or Hb adduct levels with adenocarcinoma could be deter-
mined. The second aspect relates to the more rapid increase of pulmonary
adenocarcinoma than of squamous cell carcinoma during the past four
decades in the lung cancer patterns in developed countries (see ‘Changes in
Distribution of Histologic Types of Cancer,” above). Concurrently with this
development, the percentage of filter cigarettes increased from less than 1%
of all manufactured cigarettes to 90%—95%, and the tar and nicotine yields
of cigarettes decreased from more than 35mg and 2.5 mg to less than 14 mg
and 1.2mg, respectively, as measured under standard laboratory conditions
[128,129]. The lower smoke yields of cigarettes were achieved not only by
utilizing efficient filter tips but also by effecting a more complete combustion
of the tobacco column. The changes toward more complete combustion
were the result of the use of more porous paper, expanded as well as
reconstituted tobaccos, and tobacco blends with increased nitrate content
[29,129]. These changes have led to a smoke aerosol with decreased levels of
PAHs and increased levels of TSNAs (figure 15). Most importantly, the
smoker of cigarettes with low nicotine yields tends to increase smoking
intensity by taking more frequent puffs and by drawing larger puff volumes
[61-64]. The result is a significantly higher smoke yield of NNK [130,131],
the smoke component suspected to be a major contributor to the increased
risk for pulmonary adenocarcinoma in smokers.

The data presented here are consistent with the hypothesis that NNK is
one cause of adenocarcinoma in smokers. Specifically with respect to adeno-
carcinoma in smokers, a stronger argument can be made for NNK as a cause
than for any other carcinogen in tobacco smoke.
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Figure 15. BaP and NNK in mainstream smoke of a leading U.S. nonfilter cigarette, 1959-
1992.

Reduction of exposure

Epidemiological studies have clearly demonstrated a dose—reponse relation-
ship between cigarette consumption and squamous cell carcinoma of the
lung and pulmonary adenocarcinoma (figures 8, 9, and 11) [29-31,37-44].
Inhalation studies with mice have shown that increased smoke exposure is
followed by an increased rate of pulmonary adenoma [33]. In hamsters, the
dose response is seen in an increase of benign and malignant squamous
epithelial tumors in the upper respiratory tract [34]. Cessation of smoking is
the only safe way to eliminate the risk for lung cancer. Quitting the smoking
habit at any age reduces lung cancer mortality [132]. However, cigarette
modifications that reduce smoke yields are seen as practical steps towards
reducing the lung cancer risk of those cigarette smokers who will not or
cannot give up smoking. As discussed earlier, the changes in the makeup of
commercial cigarettes in developed countries during the last 40 years have
led to a major reduction of tar and nicotine yields in cigarette smoke
[128,129]. This reduction has been achieved not only by the use of filter tips
but also by modifying the tobacco blend and by increasing the porosity of
the cigarette paper [129]. Figure 16 documents the gradual reduction of the
U.S. sales-weighted average tar and nicotine yields between 1955 and 1980,
with arrows indicating the first introduction of specific changes in the makeup
of the U.S. blended cigarette [133]. The increasing use of perforated filter
tips, which during puff drawing reduce the velocity of the air that streams
through the burning cone, has also led to a selective reduction of some
toxic, volatile smoke components such as carbon monoxide, hydrogen
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Figure 16. U.S. sales-weighted average tar and nicotine yields [129]. RT, reconstituted tobacco;
ET, expanded tobacco; F, cigarettes with filter tips; numbers, lengths of filter cigarettes in
millimeters. Arrows denote years in which specific changes were first introduced.

cyanide, and nitrogen oxide [134] as measured in smoke generated by
machine smoking under standard conditions (one puff/minute, a puff
duration of two seconds, a puff volume of 35ml). These standardized
smoking conditions represented the average smoking pattern of a smoker of
high-yield cigarettes manufactured before 1955. When smoking present-day
low-yield filter cigarettes, the smoker tends to increase smoking intensity by
drawing puffs up to 4 or 5 times per minute with puff volumes up to 50ml
[61-64] to satisfy his or her nicotine needs. Consequently, many smokers of
low-yield cigarettes are exposed to higher amounts of tar, nicotine, and
toxic and tumorigenic agents than are determined by machine smoking of
cigarettes. Nevertheless, epidemiological studies from various developed
countries have shown that the long-term smoker of filter cigarettes (>10
years) has a 30% —50% lower risk for lung cancer than the long-term smoker
of nonfilter cigarettes [30,37,38].

During the past few decades, we have witnessed in male smokers a shift
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in the ratio of squamous cell carcinoma to pulmonary adenocarcinoma of
the lung from about 1:16 to 1:1.4 [38-44]. A working hypothesis tries to
explain this phenomenon by suggesting that the more intense smoking by
consumers of filter cigarettes compared to consumers of nonfilter cigarettes
and the deeper inhalation of the aerosol by the smoker of a low-yield
cigarette is a major reason for the disproportionate increase in lung adeno-
carcinoma over squamous cell carcinoma. Furthermore, analyses of smoke
obtained under standardized conditions has shown that the NNK yield in the
smoke of a U.S. blended cigarette has increased over the years (figure 15).
The more intense smoking of filter cigarettes will further increase the actual
exposure to NNK [130,131]. Since NNK is suspected to be an important
contributor to the increased risk of cigarette smokers for lung adenocar-
cinoma, and since the smoke yields of NNK rise with increasing nitrate
content of the tobaccos [135], the tobaccos used for the cigarettes should
ideally have low nitrate contents, although this change may be counter-
productive with respect to smoke yields of carcinogenic PAHs.

As mentioned previously, the only way to avoid smoking-related diseases,
including lung cancer, is to refrain from smoking. Because millions of
people continue to smoke, development of less harmful cigarettes should
not be rejected per-se. A leading U.S. newspaper wrote in an editorial in
1989, ‘Obviously, no smoking is better than smoking, but the best should
not be the enemy of the good. There is a strong social case for encouraging
manufacturers to develop cigarettes that will sell’ [136]. One may agree with
this point of view as long as society still condones the smoking of cigarettes,
cigars, and pipes.

Chemoprevention

Since millions of people throughout the world continue to smoke cigarettes,
and due to the limited success of smoking-cessation efforts, the concept of
chemoprevention of tobacco-related cancers is an attractive goal. The
chemoprevention of lung cancer is still very young; nevertheless, it is unique
because of the clearly defined major causative factor.

In 1992 the U.S. National Cancer Institute sponsored a total of 12 phase I
(toxicity screening) and 22 phase II and III (small and large scale) clinical
trials with chemopreventive agents, including B-carotene, 13-cis-retinoic
acid, retinol, and calcium compounds. Several of these 34 clinical trials were
concerned with chemoprevention of cancer of the upper aerodigestive tract
and with cancer of the lung in smokers, especially prevention of second
primary tumors [137]. Basically, there are two types of chemopreventive
agents, namely, the blocking agents that prevent carcinogens from reaching
or reacting with target sites and the tumor suppressors that inhibit the
development of the neoplastic process in cells [138,139]. Blocking agents are
generally considered to be those that block the effect of genotoxic agents;
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however, among these are also some agents that inhibit tumor promotion.
The latter group interferes primarily with the arachidonic acid cascade
[138,139].

One goal of the research on chemopreventive agents in tobacco carcino-
genesis has been to inhibit the formation in rodents of lung tumors induced
by tobacco-specific carcinogens, specifically NNK, and to delineate their
mechanisms of action in model assays. The majority of the agents tested for
their chemopreventive effect in NNK-treated animals are micronutrients
(table 7). So far, none of them have reached phase I of clinical trials;
however, their low toxicity, coupled with data from assays in mice and rats
on the inhibition of NNK-induced lung tumors, appears promising and
should lead to clinical trials [140—147]. With one exception, these agents are
effective because they inhibit the metabolic activation of the tobacco-specific
carcinogen NNK and/or its DNA-alkylation in the lungs of rats and mice.
The exception relates to the major polyphenol in green tea, (—)epigallo-
catechin gallate (EGCG), which suppresses oxidative DNA damage by
NNK.

Postscript

The increasing incidence of lung cancers in cigarette smokers throughout the
world will remain a major health problem for years to come. This public
health problem deserves the greatest attention of the medical and scientific
community. However, some promising statistical evidence shows that in
several developed countries the consumption of cigarettes by adults has
remarkably decreased. These data should allow a forecast of a reduction in
the lung cancer rates, at least in younger cohorts. A number of factors have
had a major impact on the declining cigarette consumption. These include
public health information campaigns and education on the ill effects of
smoking, the availability of smoking cessation clinics, the restriction of
smoking in public places, and the increasing taxation of tobacco products. It
is hoped that these efforts will be continued in developed countries and that
the developing countries will learn from these experiences. Further develop-
ment of low-yield cigarettes with less toxicity and carcinogenicity of the
smoke should also be pursued. Worldwide, the cigarette consumption has
not decreased but instead is on the rise. In developed countries, there are
many smokers who will not or cannot give up their tobacco habit. A recent
development, the chemoprevention of tobacco-related cancers, deserves full
support, if only to learn the long-term effects of chemopreventive agents
upon a well-defined large population group, namely, cigarette smokers.
These studies will not only delineate the underlying mechanisms of chemo-
prevention but will also lead to the development of new agents that have
efficacy in chemoprevention of various types of cancer.

Beyond these ongoing programs in the prevention of smoking-related
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cancer, there remain a number of intriguing questions that deserve answers.
As discussed earlier in this overview, we need to search for an explanation
for the fact that in female cigarette smokers, lung adenocarcinoma occurs
more frequently than squamous cell carcinoma, and why the situation is just
the reverse in male smokers. The disproportionate increase of adenocar-
cinoma over squamous cell carcinoma in male cigarette smokers during recent
decades may in part be due to the introduction of low-yield cigarettes begin-
ning about 1965 to 1970. The resulting modifications in smoke chemistry,
together with more intense smoking of the low-tar, low-nicotine cigarettes,
have altered the qualitative and quantitative aspects of exposure to smoke
toxins and smoke carcinogens. Other unanswered questions concern the
high lung cancer incidence rates in certain groups (African-Americans vs.
Caucasians) and the relatively low lung cancer incidence rates in some
countries (Japan vs. the U.S.A. and Western Europe). Issues relating to
smoking and lung cancer that were not discussed in this chapter include the
role of micronutrients as modifiers of tobacco carcinogenesis. Although epi-
demiological studies imply that micronutrients, including several vitamins,
may reduce the risk of tobacco-related cancer, scientific knowledge about
the effects and mechanisms of these suspected chemopreventive agents is
only beginning to emerge. A recent model study has shown that rats on a
low-fat diet (5% corn oil) that were treated with NNK developed lung
cancer later and had a lower incidence rate of pancreas cancer than rats
treated with the same dose of NNK but maintained on a high-fat diet
(23.5% corn oil) [148]. These bioassay data support the concept that a high-
fat diet may further increase the smoker’s risk for cancer of the lung
[149-152]. It needs to be studied whether this modifying effect of the fat in
the diet on tobacco carcinogenesis is a result of specific unsaturated fatty
acids or of the fat diet per se.

Perhaps the greatest challenges in the smoking—lung-cancer domain lie in
the development and application of biomarkers for identifying those tobacco
smokers who are at especially high risk for lung cancer and for cancer at
other sites. A beginning has been made by identifying and quantifying
adducts of PAHs and TSNAs with DNA and hemoglobin and by determining
1-hydroxypyrene, and NNAL and NNAL-glucuronides in the urine of
smokers. It is hoped that this aspect of biochemical epidemiology will be
further developed in both prospective and retrospective studies with cigarette
smokers as a new approach to risk assessment.
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2. Lung cancer chemoprevention

Ugo Pastorino

Introduction

Cancer chemoprevention is in a phase of extensive development, and the
results achieved so far are particularly promising in the field of lung and
upper aerodigestive tract carcinogenesis.

Of the clinical trials in this area, only a few have been concluded; the
majority are ongoing on healthy subjects as well as on cancer patients.
These trials are expected to provide substantial information about crucial
aspects of chemoprevention: optimal selection of target populations, choice
of preventive agent(s), dose and duration of treatment, and definition of
specific endpoints. At the experimental level, it is essential to assess the
nature and extent of biological effects on human carcinogenesis, in terms of
reduction and/or delay of new primary tumors in the target field. At the
clinical level, it is important to define the overall benefit of prevention
measures — namely, an improvement of survival — having adjusted for
competing factors such as tobacco smoking in the intervention phase, non-
cancer morbidity and mortality, or recurrence of prior disease.

Biologic characterization of lung carcinogenesis has significantly improved
as a consequence of chemoprevention research. A number of cytogenetic
and molecular biology studies have been performed on the normal bronchial
epithelium and the tumor specimens of patients undergoing pulmonary
resection for single or multiple lung cancer, showing that specific and con-
sistent genetic changes may be indentified in the various steps of aerodiges-
tive tract carcinogenesis. Based on this finding, we have now the chance to
design a new generation of small-scale clinical trials using genetic bio-
markers to identify optimal candidates for specific chemoprevention pro-
grams, and also to monitor the results of intervention in the short and
intermediate term.

Heine H. Hansen, (ed), Hansen: Lung Cancer. 43
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Epidemiologic aspects
Primary versus pharmacological prevention

Widespread control of tobacco consumption and reduction of environmental
exposure to known carcinogens remain the major goals for lung cancer
prevention. Lung cancer incidence rates have been constantly declining in
the United States and England since the mid-1970s, as a consequence of
effective tobacco control achieved during the two prior decades. It has
been estimated by the National Cancer Institue that approximately 800,000
tobacco-related deaths were either postponed or prevented by primary pre-
vention measures between 1964 and 1985 [1]. Specific smoking cessation
trials now involve a few million heavy smokers in the United States through
the NCI Smoking, Tobacco, and Cancer Program (STCP), with a special
emphasis on high-risk social or ethnic groups [2].

Nonetheless, even if further reductions in tobacco consumption take
place in most Western countries, the overall lung cancer mortality will
remain very high for many years to come.

A recent study on worldwide incidence rates has estimated a total of
nearly 900,000 new cases of lung cancer in 1985 [3], with an overall increase
of 36% from 1980 to 1985. Areas where incidence is declining (North
America and northern Europe) account for only 25% of the total burden,
while lung cancer incidence and tobacco epidemic are growing in the majority
of developing countries. As an example, if the major Eastern countries were
ever to reach the actual incidence rates of North America, China alone
would provide over 500,000 new cases of lung cancer per year.

For these reasons, chemoprevention should never be considered a sub-
stitute for primary prevention, but only a potential complement. In fact, in
subjects who have already quit smoking, reversal or antagonism of promo-
tion and/or progression stages might help in reducing lung cancer mortality.
In addition, biologic and clinical research related to chemoprevention may
contribute to clarify some of the complex aspects of epithelial carcinogenesis
and individual susceptibility to tobacco exposure, with ultimate benefits in
the collateral fields of early diagnosis and adjuvant treatments.

Dietary factors in lung cancer

Based on the evidence of geographic and historical trends in cancer inci-
dence, human epidemiologic studies have tried to correlate the risk of lung
cancer with environmental factors other than tobacco consumption. Among
these, dietary deficiency of vitamins, micronutrients, or specific foods has
emerged as a potential modifier of lung cancer risk. Unlike other sites of
disease, in lung cancer the epidemiologic data are quite consistent in favor
of a protective effect of specific groups of substances. Table 1 summarizes
the results of case—control or cohort studies on dietary intake of vitamin A-
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Table 1. Case—control studies on dietary intake of vitamin A-related foods and subsequent-
risk of lung cancer

Relative Risk
Author Cases Dietary component low vs high* Ref.
Bjelke 36 Vitamin A 2.6 [4]
Mettlin 292 Vitamin A 1.5-1.7 [5]
Mc Lennan 233 Green vegetables 22 [6]
Gregor 104 Vitamin A 1.5-1.3 [7]
Hirayama 807 Green/yellow veg. 1.4 (8]
Shekelle 33 Beta-carotene 3.0-5.5-7.0 [9]
Kvale 153 Vitamin A 1.6 [10]
Hinds 261 Vitamin A 1.6-1.4-2.0 [11]
Ziegler 763 Beta-carotene 1.3 [12]
Samet 447 Vitamin A 1.1-1.4 [13]
Middleton 514 Vitamin A 1.5 [14]
Pisani 417 Carrots 1.8-2.0 [15]
Le Marchand 332 Beta-carotene 1.9 [16]

“For all given classes.

related foods and lung cancer risk. A relative deficiency in vitamin A or
beta-carotene intake is associated with an average 1.5- to 2-fold increase in
the risk of lung cancer [4-16]. The available studies on serum or plasma
levels of the same substances are more controversial. The majority of papers
reported a higher risk of lung cancer related to low beta-carotene levels
in the blood, while most studies on blood retinol levels did not show a
significantly lower value in lung cancer patients as compared to controls
[17-29].

A protective effect against lung cancer has been hypothesized also for
substances belonging to the group of antioxidants, such as selenium or
vitamin E (alpha-tocopherol), both in terms of dietary consumption [23,25]
and serum levels [18]. A recent epidemiologic study has shown that the risk
of cancer of the oral cavity is reduced by approximately 50% in subjects
taking supplemental vitamin E compared to those not taking the supplement,
thus demonstrating for the first time a protective effect of dietary vitamin E
supplementation [30].

Although the challenge of defining individual habits is somewhat frustrated
by the low accuracy of dietary questionnaires, the epidemiological studies
support the hypothesis that a different intake of common dietary com-
ponents could modulate the risk of lung cancer [31].

Experimental chemoprevention

Experimental data provide a solid body of evidence on the feasibility of lung
cancer chemoprevention [32,33]. They include nearly all the available
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systems for testing anticarcinogenic activity, in vitro and in vivo. Among the
various substances with potential chemopreventive properties, the most
deeply investigated agents are still retinol (vitamin A) and its synthetic
derivatives, also called retinoids.

The experimental activity of retinoids has been summarized in a few
extensive reviews, showing the wide spectrum of mechanisms of action that
is peculiar to these substances [34,35].

Retinoids exert a strong regulatory effect upon the physiologic mecha-
nisms of cell proliferation and differentiation [36—-42]. Experimentally, they
are able to inhibit malignant transformation [44—48] and suppress tumor
promotion [49-52], particularly in the presence of indirect carcinogens, such
as benzopyrene or methylcholantrene [53-56]. The antipromotion effect of
retinoids is of great interest in human lung cancer chemoprevention due to
their potential for interfering with the late stages of tumor progression.
Under specific conditions, retinoids have shown a direct antineoplastic effect
[57,58] as well as inhibition of sarcoma and epidermal growth factors [59,60].
Another potential mechanism of action is represented by the enhancement
of immune response to cancer, both cell mediated [35,61] and antibody
mediated [62,63].

The discovery of specific nuclear retinoic acid receptors (RARs) has dra-
matically increased our knowledge of the mechanisms of action of retinoids
[64-67]. RARs belong to the superfamily of ligand-activated nuclear recep-
tors for steroid and thyroid hormones. They are DNA-binding, transcription-
modulating proteins, whose expression may be induced by retinoic acid
administration [68-70]. Three subtypes of RARs have been identified:
RARs-a, RAR-B, and RAR-y. The RAR-a gene is located on chromosome
17q21, the RAR-B gene on chromosome 3p24, and the RAR-y gene on
chromosome 12q13 [71]. The concept of upregulation or downregulation of
RARs may explain how retinoids can interfere with epithelial cell growth or
inhibit progression of premalignant cells to cancer, and offers a rational
basis for selection of receptor-specific retinoids in chemoprevention [72,73].

The other group of agents with a potentially strong protective effect
is represented by antioxidants, including selenium, beta-carotene, alpha-
tocopherol (vitamin E), and N-acetyl-cysteine. Antioxidants may inhibit the
process of carcinogenesis at various steps: from metabolic inactivation or
detoxification of chemical carcinogens to prevention of DNA damage by
free-radical scavenging [74-77].

Dietary selenium has proven effective in preventing carcinogenesis in
various animal models, including mammary gland, colon, skin, and lung
[78,79].

Beta-carotene, a natural precursor of vitamin A, has also proven effective
in experimental chemoprevention studies [80-83], although its activity may
be explained by conversion into retinol. In fact, the specific antioxidant
activity of beta-carotene and other carotenoids such as cathaxanthine has
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been unequivocally demonstrated only for UV-induced skin tumors in mice
[81].

In recent years, a novel interest has arisen concerning N-acetyl-cysteine
(NAC), an aminothiol and synthetic precursor of intracellular cysteine and
glutathione (GSH), widely used in the past as a mucolytic drug and antidote
against acetaminophen-induced hypatotoxicity [82]. Due to its nucleophilic
and antioxidant properties, NAC has proven effective in decreasing the
direct mutagenicity of several chemical compounds in the Salmonella test,
inhibiting the mutagenicity of nitrosation products, and enhancing thiol
concentration in intestinal bacteria [83,84]. At the nuclear level, NAC was
able to inhibit the in vivo formation of carcinogen—DNA adducts, reduce
carcinogen-induced DNA damage, and protect nuclear enzymes, such
as poly(ADP-ribose) polymerase [85]. Of interest, benzo[a]pyrene dio-
lepoxide (BPDE)-DNA adducts in rats exposed either to intratracheal
benzo[a]pyrene or cigarette smoke were prevented by NAC not only in the
lung but also in the heart and aorta, thus suggesting a protective effect
against cardiovascular disease [86]. As for cancer chemoprevention, it has
been demonstrated that NAC inhibits urethane-induced lung tumors in mice
[87] and colon carcinogenesis with 1,2 dimethylhydrazine in rats [88].

Another distinct field of research concerns combination schedules for
cancer chemoprevention [89]. Using the model of adenosquamous lung
carcinoma induced in Syrian golden hamsters with N-nitrosodiethylamine
(DEN), a carcinogen requiring metabolic activation, Moon has demon-
strated that the combination of N-(4-hydroxyphenyl)retinamide (4-HPR)
plus selenium (Se) plus a-tocopherol (vitamin E) was five times more effec-
tive in preventing lung cancer than any of these agent alone [90]. In the
same system, retinol and beta-carotene were ineffective when administered
alone, while their concurrent administration reduced the incidence of
adenosquamous lung cancers as well as dysplasias. These data, although
still preliminary, are promising for their practical implications for clinical
chemoprevention.

Development of preventive agents
Natural Retinol

Natural retinol, or vitamin A, was made available for experimental testing
and clinical practice over 50 years ago. The widespread interest in retinol as
a modulator of cell growth was generated by its physiologic properties,
which are evident from the very early phases of fetal development. In fact,
in higher animals, vitamin A is essential for vision, reproduction, and
maintenance of differentiated epithelia and mucus secretion [36,42]. In the
field of lung carcinogenesis, one of the early observations demonstrated that
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bronchial metaplasia could be induced in the tracheal hamster epithelium by
vitamin A deprivation or benzopyrene instillation, both being preventable
by retinol administration [S3].

Retinol, as well as other retinoids, has shown a definite clinical anticancer
activity in different epithelial tumors, particularly in skin cancer. A number
of published studies have demonstrated that these substances, whether
administered topically or orally, can achieve a complete remission in a high
proportion of patients with basal cell and advanced squamous cell carcinoma
[33,49,91].

Unfortunately, most of the old studies were hardly interpretable because
of methodological problems and insufficient quality of data. One particularly
confusing aspect is that of side effects and toxicity of vitamin A. The
longlasting concern about retinol toxicity, so common among the medical
community, does not appear to be substantiated by clinical data. In nearly
50 years of clinical application in ophthalmology and dermatology, there
were only a few cases of serious intoxication and no deaths attributable to
the so-called hypervitaminosis A syndrome [92,93].

With natural retinol, a daily dose of 25,000IU has been considered
adequate for large-scale intervention trials on healthy individuals, where
side effects must be absent or negligible. For adjuvant trials in cancer
patients, a much higher dose (300,0001U/day) can be selected, based on
efficacy data derived from other diseases [94-97]. Among the different
types of vitamin A, the emulsified retinol palmitate has shown optimal
absorption properties and bioavailability, compared with the equivalent oily
solution [98]. Data from two randomized clinical trials confirm the essential
safety of emulsified retinol palmitate, given at high dose for a relatively long
period of time (1-2 years) [99]. With this schedule, one should expect
typical side effects, such as mucocutaneous dryness, desquamation, or
cheilitis. Transient liver enlargement and rise of serum triglycerides are also
frequently observed.

Synthetic retinoids

Starting from the late 1960s, industrial laboratories have made an enormous
effort to produce synthetic analogues with higher, or more selective, activity
and lower toxicity than natural vitamin A. In this research process, over
1500 new retinoids have been produced and biologically tested [100]. Two
biological assays were used to test the different retinoids: the in vitro
reversal of tracheal keratinization on hamsters raised on vitamin A-deficient
diet, and in vivo ability to reverse skin papillomas in mice [52,101]. The
results were analyzed by Bollag in terms of therapeutic index, that is, the
ratio between dose causing hypervitaminosis A and dose causing anti-
papilloma effects in mice.

Of the few compounds with high therapeutic index, only 13-cis-retinoic
acid and etretinate ultimately entered medical practice to undergo thorough
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clinical investigation. Unfortunately, the toxicological profile in humans was
less favorable than was anticipated from the animal data [102-104].

The results of randomized placebo-controlled trials conducted at the
M.D. Anderson Cancer Center on patients with oral leukoplakia have
proven beyond any doubt that 13-cis-retinoic acid is an effective drug.
However, the degree of toxicity observed in these patients was substantial,
and prevented long-term administration at full dosage [105]. As a matter of
fact, natural retinol, with or without beta-carotene, is currently being used
in most chemoprevention studies on healthy populations [106,107]. Another
synthetic retinoid of potential interest for lung cancer prevention is N-(4-
hydroxyphenyl) retinamide (4-HPR). The research on 4-HPR has been
initially focused on breast cancer chemoprevention due the elective concen-
tration of this compound in the mammary gland of treated animals [108],
and its ability to inhibit chemically induced mammary carcinoma in rats
[109]. Moreover, 4-HPR appeared to be safer than other retinoids with
respect to genotoxicity [110].

On the basis of this experimental evidence, a large randomized clinical
trial has been activated at the National Cancer Institute of Milan in 1987 on
patients with resected breast cancer, with the aim of preventing a new
primary cancer in the contralateral breast. This trial has confirmed the
excellent tolerability of 4-HPR, given orally at the daily dose of 200 mg. The
only concern, in terms of side effects, was related to lowered serum retinol
levels [111] and impaired dark adaptation in a significant proportion of
treated patients [112,113]. Although clinical data on the direct efficacy of 4-
HPR against cancer or premalignant diseases are still lacking, a concurrent
study conducted in the same institute on patients surgically treated for oral
leukoplakia has shown a significant reduction in the incidence of new
leukoplakia lesions [114].

Antioxidants

The experimental data accumulated in the last decade have boosted the
interest in antioxidants as potential inhibitors of the early phases of lung
carcinogenesis. Natural antioxidants, such as beta-carotene and alpha-
tocopherol (vitamin E), are attractive for their tolerability and lack of
clinical side effects (except for moderate yellowing of the skin). They are
currently under testing in several large clinical trials being conducted in
healthy populations; the results of these trials are expected in the coming
years. Clinical data on the efficacy of beta-carotene are presently limited
to the model of oral leukoplakia, where beta-carotene has shown better
tolerability but lower activity than retinol or 13-cis-retinoic acid [115-117].
N-acetyl-cysteine (NAC) has been used for nearly 30 years as a mucolitic
agent in the treatment of chronic obstructive pulmonary disease (COPD),
and large randomized studies have demonstrated a significant reduction in
the frequency of acute bronchitis, superimposed viral infections, and pro-
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gression of pulmonary damage [118,119]. However, the distinct cytopro-
tective effect of NAC against several toxic agents goes far beyond the
mucolitic activity. In fact, NAC given at high doses is the elective antidote
for hepatorenal toxicity in acute acetaminophen (paracetamol) poisoning
[120,121]. Such clinical experience, combined with the data on experimental
cancer prevention, strongly supports a thorough investigation of NAC in
phase III chemoprevention trials.

New preventive agents

In the United States, the National Cancer Institute (NCI) established in
1982 a comprehensive chemoprevention program aimed at identifying and
testing the ability of specific dietary components and drugs to reduce human
cancer incidence [107]. This program includes preclinical screening of new
agents, assessment of efficacy and safety, and conduct of clinical trials in
humans. Of the nearly 1000 substances with putative preventive activity,
over 100 agents are now under investigation in vitro and in vivo, and a few
of them are ready to be tested in phase II and III studies. Among this new
generation of chemopreventive agents, a few appear promising for lung
cancer chemoprevention purposes [122,123].

Oltipraz and other dithiolethiones are synthetic compounds initially
reported as constituents of cruciferous vegetables and were widely used in
the 1980s as antischistosomal drugs [124]. Collateral studies on their mecha-
nisms of action demonstrated a strong antioxidant, radio and chemopro-
tective properties, and a significant inhibition of carcinogenesis at various
sites, such as the lung, GI, liver kidney, and bladder [125-127]. Oltipraz
appears to be protective against early induction phases of carcinogenesis,
with definite exposure to known genotoxic procarcinogens such as cigarette
smoking for upper aerodigestive tract tumors or aflatoxin B1 for hepatocellur
carcinoma [128]. Initial experience with chronic administration of low doses
of the drug has shown that major toxicity is represented by phototoxicity
and heat intolerance occurring in a high proportion of cases [129]; however,
further studies are in progress to assess the optimal dose and duration.

Difluoromethylornithine (DFMO), a specific inhibitor of ornithine decar-
boxylase (OCD), has been widely investigated for its chemopreventive
potential related to polyamine depletion [130]. In fact, DFMO is a potent
anticarcinogen in various animal models and sites such as skin, oral cavity,
stomach, colon, bladder, and prostate [131-133]. Unfortunately, long-term
use of DFMO causes significant ototoxicity both in animals and in humans,
with a frequency of otogenic seizures exceeding 50% in animals treated with
DFMO [134]. Dose de-escalating regimens (from 3 to 0.29/m2/day), as well
as specific antidotes, are now under clinical testing [135].

Ellagic acid (EA) and phenethyl-isothiocyanates (PEITC) are truly
natural dietary components present in various fruits, nuts, and cruciferous
vegetables. Both EA and PEITC are ‘blocking agents,” meaning that they
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induce enzyme detoxification and inhibit carcinogen activation [136]. EA
also shows antioxidant and DNA scavenger properties. In vivo studies
showed a strong inhibition of tumorigenesis in mouse lung and skin, as well
as in rat esophagus [137-140].

An obvious question for future clinical trials is how to profit from the best
of these new agents. In theoretical terms, the administration of various
subtances with different mechanisms of action may represent a more effec-
tive approach to anticarcinogenesis. This concept of polychemoprevention is
clearly supported by the experience of cancer chemotherapy. Simultaneous
or sequential regimens are equally valid options to be tested. The final
aim is to improve the efficacy and reduce the toxicity of chemoprevention
programs.

Randomized clinical trials
Primary chemoprevention in healthy individuals

Primary lung cancer chemoprevention trials in healthy individuals are
mainly based on epidemiologic and experimental data. These studies aim at
interfering with the early phases of lung carcinogenesis by counteracting a
hypothetical deficiency of putative protective agents, such as beta-carotene,
retinol (vitamin A), or alpha-tocopherol (vitamin E). The target population
is represented by otherwise healthy individuals at high risk of developing
lung cancer because of previous heavy exposure to smoking, asbestos, or
other carcinogens. The doses selected for preventive agents are relatively
low in order to avoid significant side effects, to obtain high recruitment and
compliance rates, and to allow a double-blind setting. A major concern is to
reduce to the minimum the risk of harmful effects for the population under
treatment and to guarantee a long-term tolerability of the intervention plan.

Table 2 summarizes the ongoing trials on lung cancer chemoprevention in
high-risk individuals, funded by the National Cancer Institute [107]. The
largest study is being conducted in cooperation with the National Public
Health Institute of Finland to test the effects of oral administration of beta-
carotene (20mg/day) and alpha-tocopherol (vitamin E, 50mg/day) in a
population of heavy smokers with low expected intake of crucial micro-
nutrients [141]. The study involves 29,000 men, aged 50 to 69, randomized
with a 2 X 2 factorial design into four separate treatment groups, to receive
either beta-carotene or vitamin E or both. The factorial design was selected
to evaluate two intervention plans in a single large trial with a minimal
increase in cost. The analysis of this trial is under way, and the results will
be available by the end of 1993. The other large study is being conducted in
the United States on 22,000 male physicians, ages 40 to 84, who are taking
beta-carotene (S0 mg/alternate days) or aspirin (325 mg/alternate days) to
investigate a potential preventive effect against cancer incidence at any site
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Table 2. Primary lung cancer chemoprevention trials supported by NCI

Investigator Target Agent Dose Size (pts)

Albanes (Finland) Smokers Beta-carotene 20 mg/day 29,000
50-69yr Vitamin E 50 mg/day

Hennekens (Harvard) ~ Male physicians Beta-carotene 50 mg/alt. days 22,000
40-84yr Aspirin 325 mg/alt. days

Goodman (Seattle) Smokers Beta-carotene 30 mg/day 13,000
50-69yr Retinol 25,000 IU/day

Omenn (Seattle) Asbestos workers ~ Beta-carotene 30 mg/day 4,000
smokers, 45-69yr  Retinol 25,000 1U/day

McLarty (Tyler) Asbestos workers ~ Beta-carotene 50 mg/day 600

Retinol 25,000 IU/alt. day

against or myocardial infarction [142]. In its aspirin branch, this trial has
already demonstrated a significant reduction of myocardial infarction, but
no difference in mortality. A new, similar trial, named the Women’s Health
Study, is expected to randomize 40,000 female nurses, aged 50 and older, to
beta-carotene, vitamin E, and aspirin.

Treatment of precancerous lesions

A high level of interest and expectation for chemoprevention of pre-
malignant lesions in the upper aerodigestive tract has been generated by
the studies in oral leukoplakia. In the last decade, oral leukoplakia has
represented the most reliable clinical model to test the direct efficacy of
chemopreventive agents in the short term. In this field, the trials conducted
at the M.D. Anderson Cancer Center are of fundamental importance
because of the strict methodological criteria applied: randomized, double-
blind setting, pathological assessment of pre-random status, and response to
treatment. The first study demonstrated that 13-cis-retinoic acid (1-2 mg/kg
daily/3 mos) could achieve major regression of leukoplakia in 67% of patients
(vs. 10% for placebo), but relapse occurred in most cases soon after the end
of treatment [105]. A further study of isotretinoin was then designed to
overcome the problems of significant toxicity and high relapse rate. In this
trial, patients received an induction treatment with high-dose isotretinoin
(1.5mg/kg per day) for a three-month induction period and were then
randomized to a nine-month maintenance therapy with either low-dose
isotretinoin (0.5mg/kg/d) or beta-carotene (30mg/d). This study showed
that low-dose isotretinoin was more effective than beta-carotene in main-
taining clinical/histological remission (relapse rate of 6% vs. 58%), thus
demonstrating that low-dose isotretinoin was an effective and well-tolerated
maintenance therapy for oral premalignancy [117]. A recent study has
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demonstrated that vitamin E is also effective against oral leukoplakia or
dysplasia [143]. Of 43 evaluable patients treated with alpha-tocopherol
(400U twice daily for 24 weeks), 20 (46%) had clinical responses and nine
(21%) had histologic responses.

Based on the favorable results achieved in oral premalignancy, a new
study was conducted at the M.D. Anderson Cancer Center on heavy-smoker
volunteers with bronchial metaplasia. Eighty-seven chronic smokers with
bronchial dysplasia and/or metaplasia greater than 15%, as assessed by
multiple bronchoscopic biopses (six sites), were randomized to either 13-cis-
retinoic acid (1 mg/kg/day) or placebo. Bronchoscopic reevaluation at six
months, available for 67 subjects, showed a similar decrease in the frequency
of squamous metaplasia in both arms of the study (55 vs. 59%), being more
pronounced in those who had stopped smoking [144]. This study, although
negative in terms of efficacy of the applied treatment, has already provided
substantial information on the natural history of bronchial metaplasia, which
underlines the importance of properly controlled trials. On the other hand,
the biologic and clinical significance of squamous metaplasia still needs to be
clarified.

Prevention of second primary tumors

As a consequence of improved survival and accurate clinical evaluation and
follow-up, achieved in modern clinical trials, second primary tumors have
emerged as an important clinical entity in many diseases [145,146]. Multiple
primary tumors may occur in the upper aerodigestive tract due to wide-
spread exposure of this epithelium to common etiologic factors such as
tobacco smoking and other environmental carcinogens. Dietary habits may
also play a role as modifiers of the individual risk of cancer. This clinical
evidence finds its biologic rationale in the concept of ‘field cancerization,’
which suggests that repeated exposure of the entire epithelial surface to
carcinogenic insults may result in the occurrence of multiple, independent
premalignant or malignant foci [147].

In patients cured for a cancer of the oral cavity, larynx, lung, esophagus,
and bladder, the incidence of second primary tumors in all sites is 10% to
35%, depending on the site, histologic type, and stage of the index tumor,
and corresponds to an incidence of 2% to 6% per year [148—150]. Second
primary lung cancers account for a large proportion of these events, in the
range of 8% to 20% overall [151-155]. In patients with a good initial prog-
nosis, the occurrence of synchronous or metachronous tumors represents a
significant cause of treatment failure. In fact, most of these second primary
tumors occur in the lung and are often unresectable at the time of diagnosis.

Compared to healthy subjects, patients cured for a prior cancer show a
higher motivation to accept the extra burden of a chemoprevention plan as
an extension of long-term follow-up planned for their index tumor. More-
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over, side effects are better tolerated, and higher doses can be given in
order to achieve a potential adjuvant effect against primary cancer relapse.

For all the above reasons, patients curatively treated for a prior cancer of
the upper aerodigestive tract are an ideal population to test the efficacy of
chemopreventive agents (retinoids, vitamins, and antioxidants), either alone
or in combination with other adjuvant treatments [32,33].

The pioneer study on chemoprevention of second primary tumors was
conducted by Hong [156] on patients with squamous cell carcinoma of the
head and neck. All patients had been previously treated with, therapy, or
both, and were disease-free at study entry. After stratification by tumor
site (oral cavity, oropharynx, hypopharynx, or larynx) and prior treatment
(surgery, radiation, combined), patients were randomized to receive either
isotretinoin (50 to 100 mg/m2/day) or placebo for 12 months. The study was
closed in 1990, having enrolled a total of 103 cases. The endpoints of this
study were recurrence of primary disease and development of second primary
tumors. After a median follow-up of 32 months, the first analysis showed
that retinoid treatment significantly reduced the incidence of second primary
tumors [156]. Only two patients (4%) on the retinoid arm developed
second primary tumors versus 12 patients (24%) on the placebo arm (p =
0.005). Most second primaries (13/14, 93%) occurred in the head and
neck, esophagus, or lung. Treatment-related toxicity was significant, and
33% (16/49) of the isotretinoin patients could not complete the 12-month
schedule. A recent updated analysis, with a 54-month median follow-up,
confirmed the reduction in second primary tumors — 7 patients (14%) on
the retinoid arm versus 16 patients (31%) on the placebo arm — but the
difference was less striking (p = 0.04) [157].

This placebo-controlled and randomized trial remains a major break-
through in human cancer chemoprevention research and a basis for future
studies on head and neck and lung cancer patients. A concurrent study was
conducted from 1985 to 1991 by a French cooperative group (GETEC): 323
patients with a cured (T1-2 NO-1) squamous cancer of the oral cavity and
oropharynx were randomized to receive a synthetic retinoid (Etretinate, oral
25mg daily, 24 months) or placebo. The endpoint of this study was total
survival. The analysis of this trial has been performed recently, and formal
publication is under way. Preliminary reports are negative in terms of
efficacy: both survival and occurrence of second primary tumors are similar
in the two arms [158].

The first randomized clinical trial on lung cancer patients began in 1985 at
the National Cancer Institute of Milan. Patients with pathological stage 1
(T1-T2, NO, MO) non-small cell lung carcinoma after complete surgical
resection were selected for this study. Patients were randomly assigned to
either vitamin A treatment (oral 300,000IU daily, 12 to 24 months) or
control without treatment, stratified according to the center, cell type
(squamous versus nonsquamous), and previous cancer at another site (absent
versus cured). Endpoints of this study were relapse of prior cancer, occur-
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Figure 1. Results of the randomized trial on lung cancer chemoprevention, conducted at the
National Cancer Institute of Milan. Distribution of second primary tumors by site: overall, in
the chemoprevention field, and in the lung only.

rence of new primary cancers, and survival. The accrual was closed in 1989
with 307 evaluable patients, and the results of multivariate analysis, based
on a 46-month median follow-up, have been recently published [159]. In
summary, 56 pailients (37%) patients in the treated arm and 75 (48%) in the
control arm developed either recurrence or new primary tumors. Eighteen
patients (12%) developed a second primary tumor in the treated group, and
29 patients developed 33 (21%) second primary tumors in the control group.
Figure 1 shows the distribution of second primary tumors by site. The time
to relapse and/or new primary (disease-free interval) is illustrated in figure
2. The estimated disease-free proportion at five years was 64% vs. 51% in
favor of the treatment arm; the difference was close to statistical significance
(p = 0.054, Logrank test) and just significant when adjusted for primary
tumor classification (p = 0.038, Cox regression model). A statistically sig-
nificant difference in favor of treatment was observed with reference to time
to new primaries in the field of prevention, i.e., tobacco-related tumors (p
= 0.045, Logrank test). The estimated proportion free of new primary
tumors in the field was 89% vs. 80%, respectively (p = 0.045, figure 3). In
our trial, the absence of improvement in overall survival may be partially
due to noncancer mortality (identical in the two arms), as well as to salvage
treatment. In fact, salvage surgery for new primary tumors was applied to
44% of cases (8 of 18) in the retinol arm and 69% in the control arm (20 of
29). As for second primary lung cancer, the excess of cases observed in the
control arm was somewhat balanced by the high frequency of salvage resec-
tion (figure 4), while the number of unresectable cases was similar in the two
arms.
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Figure 2. Time to relapse and/or new primary cancer (disease-free interval) in the Milan trial.
Results of multivariate analysis with Cox regression model (p = 0.038).

In terms of toxicity and side effects, high-dose vitamin A has proved to be
a relatively safe treatment, well tolerated for a period of one to two years,
with an overall compliance rate of nearly 80%.

In conclusion, this study has demonstrated that high-dose vitamin A is
effective in reducing the number of new primary malignancies related to
tobacco consumption and may improve the disease-free interval in patients
curatively resected for stage I lung cancer. The impact of such a treatment
on survival needs to be further explored.

Based on the experience accumulated in the first lung cancer trial, a new
European cooperative study was set up in 1988 as a joint venture of the
EORTC Lung Cancer and Head and Neck Cancer Cooperative Groups
[160] in order to test the combination of two agents with different preventive
properties: retinol palmitate and n-acetyl-cysteine (NAC). EUROSCAN
was aimed at preventing second primary tumors in patients treated for upper
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Figure 3. Time to new primaries in the field of prevention, i.e., tobacco-related tumors, in the
Milan trial (p = 0.045).

aerodigestive cancer. Eligible patients were those previously treated for
squamous cancer of the larynx (Tis, T1-2-3, NO-1), squamous cancer of the
oral cavity (T1-2, NO-1), or non-small cell lung cancer (pT1-2, NO-1 and T3
NO). Four treatment arms were planned in a 2 X 2 factorial design, to
increase efficiency and power: 1) retinol palmitate and NAC, 2) retinol
palmitate, 3) NAC, and 4) no treatment. Randomization has taken place
after surgery and/or completion of radiotherapy, without any fixed limit of
time. Stratification has been by sex, prior or concurrent chemotherapy,
squamous versus nonsquamous histology (lung cancer), supraglottic or glottic
location of laryngeal cancer, and smokers versus never smokers. Retinol
palmitate was administered at the daily oral dose of 300,000IU for the first
12 months, followed by 150,0001U for 12 additional months. NAC was
administered at the daily dose of 600mg for two years. Minimal follow-up
included physical examination every three months and chest x-ray every six
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Figure 4. Second primary lung cancers in the Milan trial. Total number of cases, cases which
underwent salvage resection, and unresectable cases in the two arms.

months. Endpoints of this study are relapse of prior cancer, occurrence of
new primary cancers, and survival. By April 1993, all 2000 planned patients
had entered the trial, but it was decided to prolong the accrual up to 2500
patients. The different mechanisms of action of the two agents, the large
population, and the various types of disease selected increase the chances of
success of this clinical trial, which is expected to go on for at least ten years.

The interest generated by the above trials has convinced the main
American cooperative groups to engage in the field of second primary tumor
prevention, and two large studies started in 1992 [161]. The first is promoted
by the Radiation Therapy Oncology Group (RTOG) in conjunction with the
Community Clinical Oncology Program (CCOP) and the M.D. Anderson
Cancer Center on patients with stage I and II head and neck cancer. The
second is promoted by the U.S. Intergroup on resected stage I non-small
cell lung carcinoma. Each trial should enter over 600 patients, to be treated
with oral 13-cis-retinoic acid at the dose of 30 mg/day.

Biologic selection of high-risk individuals

In the choice of target populations for prevention trials, the epidemiologic
selection of high-risk individuals (i.e., heavy smokers) has the obvious
counterpart of huge sample sizes and extremely long periods of follow-up.
Clinical selection of patients cured of a prior cancer has slightly improved
the performance of chemoprevention trials, but the power of detecting
significant differences is reduced by overwhelming factors such as primary
cancer relapse, comorbidity, and misclassification of ultimate endpoints.
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Biologic definition of high-risk subjects is currently one of the crucial
aspects in the development of chemoprevention research. In fact, to increase
the cost—benefit ratio of intervention plans, specific subpopulations of very
high-risk individuals should be identified for each type of cancer on the basis
of constitutive or acquired abnormalities detectable in the target tissues.
New cytogenetic and molecular biology techniques are very effective tools to
detect early changes, associated with a specific risk of cancer, in target
tissues such as tracheobronchial epithelium.

Multiple cytogenetic abnormalities have been described in lung cancer,
particularly deletions in the short arm of chromosomes 1, 3, 7, §, 9, 11, and
17 [162-167]. The frequency of rearrangements in each chromosome is
somewhat different according to the type and source of biological samples
(cell lines vs. short-term cultures, primary tumor vs. distant metastases), but
some changes (3p, 17p) are quite consistent in the various studies. Oncogene
amplification and/or overexpression is detectable in a high proportion of
cases, particularly involving erbB1 (EGFR) in squamous carcinoma [165,
168—171]. K-ras and erbB2 (neu) in adenocarcinoma [172-179] and myc in
small cell carcinoma [180-183]. Deletion, mutation, or altered expression of
tumor suppressor genes represent the other important markers of genetic
damage, mainly involving rb1 in small cell carcinoma [184,185], RARP in
non-small cell carcinoma [186-189], and #p53 in all types [190-197]. Such
genetic changes have shown a correlation with tumor stage and patient
survival, thus making biological markers a potential, independent prognostic
factor in lung cancer [171,198,199].

What is of peculiar interest for chemoprevention purposes is the fact that
significant genetic changes may be detectable, with various degrees of
severity, in bronchial dysplasia as well as in pathologically normal mucosa
[200,201]. A recent report of our experience, conducted on 65 cases of lung
cancer resected in an early stage, has shown that the normal bronchial
epithelium, collected at distant sites from the primary tumor, bears multiple
genetic abnormalities [202]. As illustrated in table 3, a rearranged karyotype
was detected in 20% of the evaluable cases, overexpression of EGFR in
39%, and her2/neu in 14%, while the overall frequency of genetic changes
of any type in the normal epithelium was 46% (30/65).

The occurrence of genetic changes in the normal bronchial mucosa was
associated with various clinical and pathologic features of the patients (table
4). For instance, overexpression of her2/neu was significantly higher in
patients with adenocarcinoma (p=0.0048), suggesting that her2/neu over-
expression is an early and specific marker in these patients. Moreover,
patients with multiple tumors of the upper aerodigestive tract, either syn-
chronous or metachronous, showed a much higher frequency of genetic
changes as compared to those with single or multiple tumors in other sites
(60% vs. 32%, p=0.019). These data indicate that specific genetic abnor-
malities may be detectable in the various stages of lung tumorigenesis, in a
sequence of events that goes from normal epithelium to bronchial metaplasia
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Table 3. Genetic changes in normal bronchial samples of lung
cancer patients

Abnormality N. evaluable N. positive Y%
Cytogenetic (any) 63 13 20
chr 3p 6
chr 7p 6
chr 17 3
EGFR 51 20 39
HER2/NEU 51 7 14
Any changes 65 30 46

Modified from [202].

Table 4. Frequency of genetic changes in normal bronchial mucosa according to selected
clinical features (% of positive)

Histologic type Multiple tumors Follow-up
Abnormality Squamous Adeno Yes No Ned Rec
Cytogenetic (any) 26 17 28 15 13 40
3p 9 13 18 3 10 10
EGFR 43 40 56 33 37 67
HER2/NEU 0 30° 28 5 20 0
Any changes 34 56 60 320 38 67

p <0.05.
Ned = no evidence of disease; Rec = lung cancer recurrence.

and dysplasia, carcinoma in situ, and early-stage invasive cancer, as well as
locally advanced and metastatic lung cancer (table 5).

In practical terms, it is conceivable that a panel of specific markers,
including chromosome deletions (3p, 7p, 17), p53 staining, and EGFR and
neu amplification, will be used to select future candidates for chemopre-
vention programs. In fact, with the actual development of immonostaining
techniques for fresh and paraffin-embedded tissues, fluorescence in situ
hybridization (FISH), and PCR for selective chromosome testing, even
small samples collected through bronchoscopic biopsies, brushing, or sputum
cytology will become suitable for the screening of high-risk individuals.

Endpoints in lung cancer chemoprevention

There is little doubt that the ultimate goal of prevention trials is the im-
provement of long-term survival. Nonetheless, due to the enormous re-
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Table 5. Sequence of genetic events in lung carcinogenesis

Pathologic status Chromosomal changes (%) pS3 immunostaining  pS53 molecular
Normal mucosa Simple rearrangements (20%) Negative Negative
(3p, 7,11, 17)
Bronchial metaplasia Spots only Undetectable
Bronchial dysplasia ~ Same + 17p mutations Positive Mutations
In situ carcinoma Positive Mutations
Early invasive Complex karyotypes (60%)) Extensively positive Mutations
cancer (3p.7,8,9, 11, 17, HSR/DMs)
Metastatic cancer More complex karyotypes Extensively positive Mutations
(100%)

sources and time needed to demonstrate a survival benefit, overall survival
is not the ideal endpoint to answer practical questions such as optimal agent
selection, dose and duration of treatment, latency, and maintenance of the
biological effect.

As already pointed out, even in the favorable case of significant reduc-
tions in the occurrence of new primary tumors, survival may not be im-
proved, as a consequence of comorbidity, noncancer mortality, and effective
salvage surgery applied to incident cancers, particularly in the context of
well-conducted clinical trials.

New primary tumors are the main endpoint for chemoprevention trials,
but stricter criteria should be defined with respect to target sites and dif-
ferential diagnosis. From our point of view, only tumors occurring in the
target field of chemoprevention should be considered as relevant endpoints.
For upper aerodigestive tract tumors, this concept applies to tobacco-related
cancers (oral cavity, pharynx, larynx, lung, esophagus, and bladder), or in
other words those neoplastic events occurring as a consequence of the field
cancerization process. For instance, there is no reason to consider leukemias,
sarcomas, or cancer of the stomach, colon, or even skin as failures of this
chemoprevention program.

In patients cured of a prior cancer in the same area, the differential
diagnosis between recurrence and second primary tumor has been based in
the past on site (distance from prior cancer), histologic type (same vs.
different), and temporal sequence (time elapsed from prior cancer). All the
above criteria were affected by individual cultural biases and poor specificity
of standard histopathology and have proven unreliable whenever confronted
with modern diagnostic tools.

A recent study testing p53 gene mutations in 31 primary head and neck
cancers and the corresponding second primary cancers of the upper aero-
digestive tract, has demonstrated one or more mutations in 21 of 31 cases
[203]. All the p53 mutations observed in the initial tumor were different
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Table 6. Intermediate biomarkers in lung cancer chemoprevention

Genetic markers Micronuclei
Ploidy and DNA content
Chromosome deletions/translocations
Oncogene activation

Differentiation Squamous markers (keratins, involucrin)
markers Blood group antigens

Proliferation Proliferating Cell Nuclear Antigen (PCNA)
markers Thymidine Labeling Index

Retinoic Acid Receptors (RARs)
Epidermal Growth Factor Receptor (EGFR)
Transforming Growth Factor-B (TGF-B)

from those of the second or third primary cancer, in terms of presence or
specific codon location. This study not only supported the concept that
second cancers arise as independent events but also provided evidence that
p53 mutation is an effective test for differential diagnosis of multiple primary
tumors. Our recent experience has confirmed this observation in lung cancer
patients. In a series of cases of multiple synchronous lung cancers, resected
with a single operation, we found a different pattern of genetic abnormalities
in the two neoplastic foci. The observed discordance involved at least one of
the following markers: 3p deletion, loss of heterozigosity (LOH 3p), p53
mutation, and K-ras mutation. These data are particularly remarkable since
they were obtained in synchronous tumors showing the same histology and
occurring in the same pulmonary lobe.

The identification of appropriate intermediate endpoints in another crucial
aspect of lung cancer chemoprevention research. Biologic intermediate end-
points will became essential in the near future to monitor the efficacy of
preventive strategies, before the actual occurrence of invasive cancer [204].
In order to justify systematic application, intermediate endpoints need to be
1) specific for the process of carcinogenesis under study, 2) quantitatively or
qualitatively correlated with the degree of progression, 3) easily measurable
on small specimens and tolerable by the subject at repeated intervals, and 4)
potentially modulated by the selected preventive agent.

Potential intermediate biomarkers that are under investigation may be
grouped into three categories: genetic markers, differentiation markers, and
proliferation markers (table 6).

The micronuclei count in exfoliated epithelial cells is the easiest quantita-
tive test of nonspecific DNA damage. In oral leukoplakia, it has been
demonstrated that the frequency of micronuclei varies according to the
extent of carcinogenic exposure and may be reduced by chemopreventive
agents [205]. This marker is now under evaluation in heavy smokers with
bronchial metaplasia [206].
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Other nonspecific morphologic features, obtained by flow cytometry
analysis of the exfoliated epithelium, have been suggested as potential bio-
markers of bronchial carcinogenesis. They include quantitative assessment
of DNA content, nuclear/cytoplasmic ratio, abnormal DNA profile, and/or
aneuploidy. However, a clear relationship to the risk of lung cancer still has
to be proven.

As discussed previously, a number of specific genetic changes can be
detected in the primary tumor specimen as well as in the microscopically
normal bronchial epithelium of patients with early-stage lung cancer. Given
the fact that typical deletions, translocations, or polysomies occur with high
frequency on specific chromosomes, these sites may now be investigated
with the technique of in situ hybridization on tissue blocks, or small
bronchial biopsies, without the need for short-term cultures.

At the level of molecular biology, the activation of dominant oncogenes
(myc, ras, egfr, neu), and inhibition of tumor suppressor genes (rbl, p53,
RAR-B) on the same target tissues, may represent specific intermediate
endpoints in future chemoprevention trials.

Prognostic data on blood group antigens [207], and expression of other
tumor-related carbohydrate markers, have increased the interest for mono-
clonal antibodies in the screening of intermediate biomarkers.

Proliferating Cell Nuclear Antigen (PCNA) is a intranuclear protein
related to DNA polymerase-0 that dramatically increases during the S phase
of the cell cycle. Antibodies against PCNA work very well on formalin-
fixed, paraffin-embedded samples and are then suitable for large-scale
retrospective analysis. In premalignant lesions of bronchial epithelium, a
remarkable correlation has been found between the frequency of PCNA-
positive cells and the degree of histological progression from normal epithe-
lium to squamous metaplasia and dysplasia [204].

Measurement of retinoic acid receptors (RARs) in normal target tissues
and premalignant lesions represents another promising way to predict and
monitor the efficacy of chemoprevention with retinoids. In fact, since the
expression of RARs can be experimentally induced by retinoids, receptor
analysis before and during chemoprevention might be used as specific inter-
mediate marker of response to treatment.

Conclusion

In the future of lung cancer research, chemoprevention will hopefully share
a larger amount of energy and financial resources. The continuous develop-
ment of molecular biology and cytogenetics has provided clinicians with
extremely powerful techniques to identify high-risk individuals, detect pre-
cancerous or noninvasive lesions in the target field, and monitor the results
of intervention.

A panel of new preventive agents are ready to be tested in optimal com-
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bination schedules, with the aim of counteracting each of the different stages
of lung carcinogenesis. From this point of view, it appears justified to in-
corporate chemopreventive agents in randomized trials testing new adjuvant
strategies as well as multimodality treatments.

Through the open window of biology-oriented chemoprevention, rather
than morphology-oriented therapy, we can look at the whole problem of
lung cancer management with a new perspective.
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3. Smoking cessation programs

Philip Tennesen

Introduction

Smoking is the most important single risk factor for lung cancer [1]. Our
scientific knowledge about smoking cessation has improved considerable
during the last decade, and today we have well-developed, relatively effec-
tive treatment modalities for smoking cessation. The cost of smoking cessa-
tion (i.e., cost per saved year of life) is several times cheaper than treatment
of comparable risk factors such as hypertension and hypercholesterolemia.

The prevalence of smoking varies across countries and time period, and it
differs between sexes, social classes, ages, etc. in the same country. The
prevalence of smoking in a country can be influenced by many factors, such
as legislation, cost of cigarettes, advertisements, public information, etc.
Intensive mass media antismoking campaigns in California have been fol-
lowed by a decline in smoking prevalence to less than 20%; in contrast, the
‘laissez faire’ attitude in Denmark has resulted in a smoking prevalence of
about 44%. Thus, it is possible to influence the smoking habit.

When a physician is confronted with a smoker, he should at least follow
the guidelines proposed by the U.S. National Cancer Institute (table 1). To
better understand the background for these guidelines, we will focus in this
chapter on nicotine addiction and nicotine substitution.

Addiction to smoking (nicotine)

The smoking habit is complex and multifactorial and varies qualitatively and
quantitatively between smokers. Social, psychological, habitual, and be-
havioral factors together with nicotine addiction make up the smoking
dependence complex. In 1988, a report from the U.S. Surgeon General
concluded that cigarettes are addicting, that nicotine is the drug in tobacco
that causes addiction, and that this nicotine addiction is similar to heroin and
cocaine addiction in its pharmacological and behavioral aspects [2]. This
knowledge of nicotine dependence as a major and important factor in the
smoking habit has changed our view of how people quit smoking: what was
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Table 1. U.S. National Cancer Institute guidelines to physicians
regarding smoking cessation (the four A’s)

1. Ask all patients about smoking

2. Advise smokers to stop

3. Assist their efforts with self-help materials, set a quit date,
and when indicated use nicotine replacement

4. Arrange follow-up

Table 2. Fagerstrom test for nicotine dependence

Questions Answers Points
1. How soon after you wake up do you smoke your first cigarette? ~ Within 5Smin 3
6-30min 2
31-60 min 1
=61 min 0
2. Do you find it difficult to refrain from smoking in places where ~ Yes 1
it is forbidden, e.g., in church, at the library, in cinema, etc.? No 0
3. Which cigarette would you hate most to give up? The first one in 1

the morning

All others 0
4. How many cigarettes/days do you smoke? 10 or less 0
11-20 1
21-30 2
31 or more 3
5. Do you smoke more frequently during the first hours after Yes 1
waking than during the rest of the day? No 0
6. Do you smoke if you are so ill that you are in bed most of the Yes 1
day? No 0

Total score: 0-10. Heavy nicotine addicted: >6.

once only a question of will power is now a matter of treating a dependence
disorder with nicotine supplementation. However, this does not mean that
all smokers are nicotine addicts! At the extremes are the smoker who only
smokes a few cigarettes on Saturdays after a good dinner (‘party smoker’)
and the highly nicotine-addicted subject who smokes 20 to 40 cigarettes
daily as well as one or two cigarettes when he wakes up during the night. At
present, we have no accurate measure of nicotine dependency. Subjects who
smoke less than 5 to 7 cigarettes daily are usually not nicotine addicted,
while subjects who smoke more than 10 cigarettes daily usually exhibit
varying degrees of nicotine dependence. The Fagerstrom Questionnaire — a
self-completed scale — is the most often used measure of nicotine addiction
(table 2) [3]. The first question it asks, namely, ‘How soon after you wake
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up do you smoke your first cigarette?’ seems to be the single most important
question, perhaps due to low plasma nicotine levels in the morning.

Measurement of plasma nicotine and cotinine (the main metabolite of
nicotine) during smoking might further be used to determine the degree of
dependency.

Quitting smoking

Quitting smoking is not easy, and most smokers have to try several times
before permanent abstinence is achieved. Quitting smoking might be looked
upon as a cycle, i.e., smoking — quitting — abstinence — relapsing — smoking
[4]. Several cycles are usually needed to stay abstinent permanently. This
reality underlines the importance of persistence in this area; a new attempt
to quit smoking should be tried after a failure [S]. By explaining to the
smoker that failure is not a personal defeat, but rather a learning experience,
the physician may increase the self-confidence of the smoker.

The level of motivation to quit smoking is important, although it has not
been evaluated systematically in most studies. Four motivational stages have
been proposed — precontemplation (contented smoker), contemplation,
decision, and action and maintenance [6] — The smoker’s stage of motiva-
tion is important to the physician’s approach to the smoker. In the first two
stages, the motivational approach should utilize information about the
adverse health effects of smoking; in the second two, when a smoker really
tries to quit, he no longer needs health information but rather ‘technical’
information about the basic skills needed to quit, as well as positive en-
couragement and support.

When a smoker wants to stop smoking, it is important for the physician to
set a quit day, which means that on that specific date the smoker stops
smoking completely. This principle is one of the most fundamental in all
smoking cessation studies. Subjects who still smoke one or two cigarettes
daily after 1 to 2 weeks will almost all return to their usual cigarette
consumption in a short period of time. A smoker might try to reduce the
number of daily cigarettes in the weeks up to the quit day, although this
approach has not been shown to improve outcome; however, from the quit
day onward, not even a single cigarette is recommended.

Basic principles

Some ‘general rules’ and basic principles are fundamental to smoking cessa-

tion and smoking cessation programs (some have been mentioned above):

1. Stop smoking completely on the quit day — even 1-2 cigarettes per day
may be followed by relapse

2. Use nicotine substitution to double outcome
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3. Remember that relapse is highest during the first 3—-6 weeks and then
gradually declines, similar to other addictions

4. Arrange follow-up to prevent relapse

5. Remember that the one-year success rates in most studies are about
15%-25%

6. Begin the cessation cycle again (after some time) for subjects who failed

Nicotine therapy

The effect of nicotine in the brain is complex and not fully explored.
Nicotine binds to cholinergic nicotinic receptors in the brain, the limbic
system, and the cortex [7]. The ‘positive’ effects of nicotine are stimulation
of the cortex and stress reduction in the limbic system without any sedation.
The ‘negative’ effect of nicotine is a decrease of withdrawal symptoms [§].
When quitting smoking, the subject will experience several withdrawal
symptoms with individual differences for weeks to months, with declining
intensity over the first few weeks. These withdrawal symptoms include
craving for cigarettes, irritability, anxiety, difficulty concentrating, restles-
sness, depression, hunger, and increase in weight [9].

The rationale for nicotine substitution is that the administration of nic-
otine, as gum or patch, decreases withdrawal symptoms in the first months,
thus allowing the subject to break the behavioral and psychological habit of
smoking. When nicotine products are used instead of smoking, lower nic-
otine levels are attained and the high plasma peak levels of nicotine during
smoking are not reached. After 2 to 6 months, the use of nicotine gum or
patch is terminated, usually without recurrence of withdrawal symptoms due
to less dependence liability.

Nicotine chewing gum

Since nicotine has a high degree of initial metabolism in the liver, treatment
must bypass the gastrointestinal tract.

Nicotine chewing gum or nicotine polacrilex (Nicorette) is available in 2-
and 4-mg strengths. Nicotine is bound to a ion-exchange resin in the gum
base, and bicarbonate is added to create an alkaline pH in the mouth in
order to facilate absorption of nicotine in the mouth.

Patients should be instructed carefully so as to reduce side effects due to
swallowed nicotine. Gum users should only chew the gum 5-10 times until
they can taste the nicotine; then they should stop chewing for a few minutes,
and then chew again to expose a new surface of the gum. The gum can be
chewed for about 20—30 minutes. About 0.8 mg of nicotine is absorbed from
a 2-mg nicotine gum and about 1.2 mg from a 4-mg piece [10], with a plasma
peak concentration of 5-10ng/ml after approximately 30 minutes, followed
by a slow decline to basal levels after 2 to 3 hours. If the gum is used
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Table 3. Success rates of double-blind, placebo-controlled trials with 2-mg nicotine chewing
gum

Addit. Time Act Plac Time Act Plac
Author [ref] N therapy point % % point % %
Malcolm [14] 210 Indiv 4w 34 37 6M 23 5°
Fee [15] 352 Group  SW 46 33 M 13 9
Fagerstrom [16] 96  Indiv 4w 89 59° 2M 49 37
Jarvis [17] 116 Group 4W 62 33° 12M 47 21
Schneider [18] 60 Group 4W 76 50¢ 12M 30 20
BTS [19] 802 None 4W 27 26 12M 10 14
Christen [20] 208 Group 6w 34 11¢
Hjalmarson [21] 205 Group 6W 77 52°¢ 12M 29 16*
Jamrozik [22] 200 Indiv 4w 29 24 6M 10 8
Hall [23] 139 Group  3W 82 72 2M 44 21°
Fortmann [24] 301 Mail 8W 35 20¢ 6M 26 18*
Hughes [25] 315 Indiv 4w 60 47 12M 10 7
Tennesen [26] 113 Group 6w 73 41¢ 12M 38 22
Median values 4W 60 37 12M 23 17
“p < 0.05.
bp < 0.01.
<p < 0.001.

Addit. = additional; Act = active; Plac = placebo; W = week; M = month.

throughout the day, nicotine levels of 7-13ng/ml for the 2-mg gum and
15-23 ng/ml for the 4-mg gum are attained, compared with a smoking level
of 25-30ng/ml [11-13].

A basic principle of gum use is the ability to self-titrate the dose, as
opposed to the patch, which delivers a fixed dose. The advantage of the gum
is that it can be used as desired or needed during the day. The disadvantage
of the gum is possible underdosing, which might explain the lack of effect in
several trials. About 20 pieces of the 2-mg gum provide a dose similar to
that delivered by most nicotine patches, but in most studies the mean
number of gum pieces consumed daily is around 5-6.

In table 3, the success rates of 13 double-blind, placebo-controlled trials
with 2-mg gum are shown [14-26]. In 9 out of 13 trials, a significant
improvement was found in short-term outcome in favor of active gum, but
only 4 out of 12 trials showed such improvement for long-term outcome.
Also, the range of success rate was wide, i.e., 23%—-89% for active gum and
11%-59% for placebo for short-term outcome, and 10%-49% for active
gum and 5%-37% for placebo after 6 to 12 months. This variability in
outcome has many possible explanations, such as subject differences (motiva-
tion, dependency), use of adjunctive behavioral and psycological support
programs, follow-up procedures, and pharmacological factors, i.e., daily
dose of nicotine from the gum and duration of use. The best results were
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Table 4. Success rates of double-blind, placebo-controlled trials with 4-mg versus placebo or
2-mg nicotine chewing gum

Addit. Time 4-mg Plac Time 4-mg Plac
Author [ref] N therapy point % % point % %
Puska [27] 160 Group 3W 70 55* 6M 35 28
Blondal [28] 182 Group 4W 82 69° 12M 40 27*

Addit. Time 4-mg 2-mg Time 4-mg 2-mg
Ref. N therapy point % Yo point % %
Tgnnesen [13] 115 Group 4W 74 72 12M 37 33
Kornitzer [29] 199 Work 12W 45 36 12M 32 22
Tennesen [26] 60  Group 6W 82 55° 2M 44 12°
ip < 0.05.
bp < 0.01.

Addit. = additional; Act = active; Plac = placebo.

obtained when gum use was combined with ‘behavioral’ support. In several
of the trials, a large proportion of the participants did not use the gum at all.
Underdosing might be a plausible explanation for the lack of efficacy in
several studies. In most studies, fewer than 50% of subjects still used the
gum after six weeks. In our study, the daily consumption of gum after four
weeks was about 11 [13-16].

From these observations, it would be logical to try to increase the con-
sumed dose either by a higher number of gum pieces chewed or by using the
4-mg gum. Four studies comparing the 4- and 2-mg gum found that the 4-mg
gum was superior to the 2-mg gum for short-term outcome (table 4) [26-29].

Another way to increase the amount of consumed gum might be to
administer the gum in fixed dosage schedules. In a study comprising 1218
subjects, Killen et al. [30] compared nicotine gum delivered ad lib or on a
fixed regimen with placebo and no gum controls. Use of the active gum
resulted in a significant improvement in outcome after 2 and 6 months
compared with placebo and no gum; however, in testing the ad lib and the
fixed regimen, only the fixed regimen was significantly better than placebo
and no gum. The number of pieces of gum consumed was significantly
higher in the fixed regimen across the eight treatment weeks — for example,
in the first week, 9 pieces versus 5 pieces daily for the fixed regimen and the
ad lib regimen, respectivly.

The side effects of gum consist mainly of local symptoms in the mouth,
throat, and stomach due to swallowed nicotine. After adequate instruction,
most smokers can learn to use the gum properly, i.e., to use correct chewing
technique. However, without instructions, many subjects will discontinue
use or will underdose. Constant chewing may produce side effects such as
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oral or throat soreness, aches in mastication muscles, hypertrophy of the
masseter muscles, and loss of dental fillings. In addition, nausea, vomiting,
indigestion, and hiccups occur with a higher incidence among active gum
users. However, in a double-blind study with 0-, 2-, and 4-mg nicotine
chewing gum, we reported that only hiccups occurred more frequently
among the 4-mg gum users [26].

Overall, side effects from the gum are mild and transient.

Because the gum user can self-titrate the dose, gum use can induce
addiction. Long-term gum use can be defined as gum use after 10 to 12
months; from 0% to 25% of successful subjects continue gum use after one
year, with an average daily use of less than six pieces [31]. Gradual reduc-
tion of gum use seems to be possible in many users without relapse to
smoking.

Therefore, long-term use does not seem to be a major problem in smok-
ing cessation. Even among subjects who continue to use the gum for years,
the risk of a low dose of nicotine seems negligible compared to the much
higher nicotine concentrations during smoking.

We suggest that the smoker be instructed to stop smoking completely,
and then to use nicotine gum every hour from early morning onward for at
least 8 to 10 hours on a fixed schedule, combined with extra pieces whenever
needed. When the smoker returns after 1 to 2 weeks and describes craving
and other withdrawal symptoms, it is important to instruct him to increase
the daily dosage of gum. The 2-mg gum can be used for low- to medium-
dependent smokers (i.e., smokers scoring less than 6 on the Fagerstrom
Scale), while the highly dependent smokers (scoring 6 or higher) should
start with the 4-mg gum. When a subject uses more than 15 pieces a day of
the 2-mg gum, it may be suitable to switch to the 4-mg gum.

The optimal duration of treatment is not known. However, in most
studies the gum has been used for at least 6 to 12 weeks and up to one year.
Individualization of treatment duration is recommended.

Nicotine transdermal patch

The nicotine patch is a fixed nicotine delivery system that releases about
1 mg of nicotine per hour for 16 hours (daytime patch) or for 24 hours (24-
hour patch). The level of nicotine substitution is about 50% of the smoking
level (21-mg patch/24 hours and 15-mg patch/16 hours). It is much easier to
administer the patch and use it as compared with the gum, but there is no
possibility of self-titration [32].

The total daily nicotine dose absorbed is about 15-21 mg, with a maximal
plasma nicotine level of 13—13 pg/1 attained after 4 to 9 hours of use [32].
The morning plasma nicotine concentration is low, i.e., 2—11ug/1, which is
in the same range as that occurring during cigarette consumption.

Short-term outcome is in favor of active patches in almost all the placebo-
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Table 5. Success rates from 11 published double-blind, placebo-controlled smoking cessation
trials using nicotine skin patch (mean values)

Percent not smoking

Behavioral
No. Active Placebo Weeks component Author [ref]
199 36 23 12 Indiv. Minimal® Abelin [33]
122 39 20 9 Indiv. Minimal Abelin [34]
85 69 51° 9 Group (9 sessions) Buchkremer [35]
80 40 20 10 Group (10 sessions) Krumpe [36]
80 48 15 6 Counseling Mulligan [37]
65 18 06 3 Group (6 sessions) Rose [38]
70 71 34 6 Group Hurt [39]
289 53 17 6 Indiv. Moderate Tgnnesen [40]
220 62 38 4 Indiv. Minimal Sachs [41]
158 39 14 4 Group, Moderate Daughton [42]
935 61 27 6 Group, Moderate TN Study Gr [43]

“Performed in general practice.
® Not significant outcome.

controlled studies reported (10 of 11 studies) [33—43] (table 5). In a mul-
ticenter smoking cessation trial from the U.S. that examined the effects of
0-, 7-, 14-, and 21-mg nicotine patches, a dose—response effect of increasing
nicotine dosages was reported [43]. In the eight studies examining long-term
success, five showed significant outcomes in favor of the active patch.

Side effects are mainly mild local skin irritation occuring in 10% to 20%
of subjects. Only in 1.5% to 2% of subjects did patch use have to be
terminated due to more persistent and severe skin irritation in the patch
area [32].

Two large placebo-controlled trials have recently been published using
data from general medical practices [44,45]. In the first study, 600 smokers
(smoking more than 14 cigarettes daily) from 30 practices were allocated 15-
mg 16-hour daytime nicotine patches or placebo for 18 weeks, combined
with minimal support and follow-up after 1, 3, 6, 12, 26, and 52 weeks [44].
The success rate after three weeks was 36% for active patches and 17% for
placebo patches, and the one-year continous abstinence rate verified by
carbon monoxide was 9.3% for active patches and 5.0% for placebo patches.

In the second study, 1686 smokers from 19 practices received 21-mg 24-
hour patches or placebo patches for three months, supported by a nurse and
follow-up after 1, 4, 8, and 12 weeks [45]. The three-month success rate was
14.4% for active patches and 8.6% for placebo-treated subjects. Side effects
were few, and the treatment was generally well tolerated. Concomitant use
of cigarettes and the nicotine patch might increase plasma nicotine to levels
higher than during smoking, but only a few subjects reported side effects

82



(nausea). Local skin irritation was reported in about 16% of subjects in the
active groups. Sleep disturbances were reported in 20% for active and 8%
for placebo-treated subjects using the 24-hour patches, but not in the study
with the 16-hour patches. It has been found that nicotine delivery during the
night may affect sleep quality [46].

Due to its ease of use, the patch may be the first choice among nicotine
delivery systems today. The patch has also been effective when combined
only with minimal supportive behavioral therapy, as opposed to the nicotine
gum. the findings from the two large trials in general practice are also very
encouraging, since they support the findings that nicotine replacement per se
(i.e., transdermally) does improve outcome in smoking cessation with
minimal adjunctive support. Thus, the patch could also be administered by
the busy clinician in most hospitals.

Nicotine vaporizer

Another way to administer nicotine in smoking cessation programs could be
through a smoke-free cigarette or an ‘inhaler,” in which air is saturated with
nicotine before inhalation. We have conducted a controlled trial with a
nicohaler to examine the efficacy and safety of the nicohaler in a double-
blind clinical smoking trial [47]. The study was a one-year, randomized,
double-blind, placebo-controlled trial. Two hundred and eighty-six volunte-
ers who smoked at least 10 cigarettes daily were recuited through a local
newspaper, and these subjects were randomly allocated to nicohalers or
placebo to be used for three months in a minimal-intervention setup.

Each inhaler contains about 10mg of nicotine; however, the nicotine
concentration in one puff is only approximately one tenth of the concentra-
tion in cigarette smoke. After 4 to 8 hours of ad lib use, the maximal plasma
nicotine concentration was 8.8 £ 5.9ng/ml compared to 22.9 + 8.8ng/ml
after eight hours of smoking. This nicotine level is comparable to the levels
found during use of the 2-mg nicotine gum, i.e., relatively low concentrations.

The success rate was significantly higher for the active nicohaler group
compared to placebo users. The success rate after six weeks was 28% and
12% (p < 0.001) and after one year 15% and 5% (p < 0.001), respectively.
The mean nicotine substitution based on cotinine determinations after 1 to 2
weeks was 38% to 42% of smoking levels. The treatment was well accepted,
and no serious adverse events were reported. In this low-intervention set-
ting, the nicohaler appeared safe to use and improved the outcome in
smoking cessation. However, in two similar ongoing studies in the U.S.,
preliminary results do not show any significant differences in sustatined
relapse-free outcome. We have to await further analyses of these studies and
the results of other ongoing studies before the role of the nicohaler in
smoking cessation can be fully determined.
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Nicotine nasal spray (NNS)

The NNS consists of a multidose, hand-driven pump spray with nicotine
solution. Each puff contains 0.5 mg nicotine; thus, a 1-mg dose is delivered
if both nostrils are sprayed as recommended. The NNS is a strong and very
fast way to deliver nicotine into the human body, and its pharmacokinetic
profile approximates cigarettes very closely. After a single NNS dose of 1 mg
nicotine, the peak plasma level is reached within 5 to 10 minutes, with
average plasma levels of 16 ng/ml.

Only one study has been published that used the NNS [48]. In this
double-blind study, 227 smokers were allocated placebo or active NNS for
three months, in combination with six supportive group sessions during the
first month. The success rates after three months were 41% for the active
and 17% for the placebo NNS and after one year were 26% for the active
and 10% for the placebo NNS. Nicotine substitution with the NNS was 40%
after one month, but 79% in the long-term users after one year. During use
of the NNS, weight gain was reduced as compared with placebo.

This strong spray induces irritative side effects locally, such as sneezing,
nasal secretion and irritation, blocked nose, watering eyes, and coughing.
Up to 5% of subjects will rate these side effects unacceptable; however,
most symptoms will decrease after a few days’ use of the spray.

The NNS seems to be effective but difficult to use as a primary tool.
Highly nicotine-dependent smokers might be the target goup for this
nicotine-delivery method. Also, we have to await further trials with the NNS
before its role can be determined.

Nicotine combinations

Laboratory studies have shown that the combination of nicotine gum and
patch might affect withdrawal symptoms to the same extent that smoking
does [49]. Thus, combinations of different nicotine-delivery methods should
be tested in the clinic to see if they improve outcome further.

Use of the nicotine patch as a “basal” nicotine supplier combined with
the use of 4 to 6 pieces of nicotine chewing gum during the day whenever
needed seems to be safe and effective in daily clinical practice.

Adjunctive therapy

In the above studies, varying degrees of psychological or behavioral therapy
have been used as adjunctive therapy. Very few well-controlled studies have
examined behavioral therapy per se, and abstinence is not biochemically
verified in most of these studies. Aversive procedures (rapid smoking, satia-
tion smoking, nicotine fading) seem to work, with one-year quit rates of
21%-35% (range, 6% —63%).
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The U.S. Surgeon General’s report [2] concerning nicotine addiction
draws the following conclusions about the treatment of tobacco dependence:
1. Tobacco dependence can be treated successfully.

2. Effective interventions include behavioral approaches alone and be-
havioral approaches with adjunctive pharmacologic treatment (i.e.,
nicotine).

3. Behavioral interventions are most effective when they include multiple
components (procedures such as aversive smoking, skills training, group
support, and self-reward). Inclusion of too many treatment procedures
can lead to less successful outcomes.

4. Nicotine replacement can reduce tobacco withdrawal symptoms and may
enhance the efficacy of behavioral treatment.

Weight gain

A chapter about smoking cessation would not be complete without a note
on weight gain. Many or most smokers gain about 3-5kg in weight in the
first 12 months after quitting.

Nicotine suppresses appetite and increases metabolic rate, probably
through release of chatecholamines and other hormones [50,51]. However,
nicotine gum, patch, and vaporizer did not prevent weight gain in most
studies — which is not unexpected, since cotinine substitution was low and
the plasma nicotine curve was flat.

The NNS decreased postcessaton weight gain after one year from 5.8kg
(placebo) to 3.0kg in 12-month users of active spray [48]. In subjects who
stopped using the active spray, the weight gain was 5.5 kg — similar to the
placebo group. The high nicotine substitution (i.e., 79% of the smoking
level) and the fast and high nicotine peaks in plasma that were reached with
the nasal spray might fully explain the preventive effect on weight gain with
the nasal spray and the lack of effect with the other modes of administering
nicotine.

A two-step approach to weight gain seems to work well for many smokers.
First, quit smoking and accept a weight gain. When the smoking habit is
broken after 6 to 12 months, then diet and/or exercise as needed to reduce
weight.

Recommendations and future goals

When you face a smoker, you have to think of smoking as a disease. As
usual, the disease should be classified. How motivated to stop is the smoker?
What about his self-confidence and determination? And how dependent is
he?

Nicotine dependence should be scored. The most simple method is to
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Table 6. Different nicotine delivery systems for smoking cessation

System

Patch Gum Vaporizer Nasal spray
Dosing Fixed Adlib Ad lib Adlib
Dose Low Low/medium Low High
Fast peak concent. 0 + +? +++
Clinical trials +++ +++ + +
Abuse potential Low Moderate Low High (?)
Ease of use Easy ——Intermittent—— Difficult
First line Yes Yes Yes? No

determine the number of cigarettes smoked daily and the time to the first
cigarette in the morning. The best method is the Fagerstrom Questionnaire.
Carbon monoxide in expired air should be measured, as well as plasma
(saliva) nicotine and cotinine. All laboratories should be able to perform
nicotine and cotinine analysis; then it would be possible to adjust nicotine
substitution on an individual basis.

The four different modes to administer nicotine, i.e., gum, patch, nasal
spray, and nebulizer, are compared in table 6.

The nicotine patch seems to be the first choice today due to its ease of
use. The more dependent the smoker, the greater is the need for nicotine
during the quitting period. The highly dependent smoker should use 4-mg
nicotine gum, and others the 2-mg nicotine gum or the nicotine patch. The
duration of treatment should be 2 to 3 months, but if neccesary even a year
or more. And treatment should include three steps: 1) set a quit day, 2) tell
the smoker to quit cigarettes completely at entry, and 3) arrange at least 1
or 2 follow-up visits. Nicotine substitution, the gold standard today, should
be prescribed initially.

In the future, many different methods of nicotine administration will
probably become available. The results of many clinical trials in the smoking
cessation field will be published in the next few years. The pharmacological
treatment to be used in smoking cessation might turn out to be more
complicated for the physician. However, a more optimal nicotine substitu-
tion for smokers might become available, and this might enhance outcome
in smoking cessation programs. Smoking should be considered as a chronic
disease to be treated by physicians, specialists, general practitioners, and
other health workers. The treatment today consists of nicotine substitution;
however, it might prove valuable not to consider this substitution as a one-
shot treatment, but to try repeated treatments if the smoker fails to quit
smoking the first time. We must treat smokers, because even though smok-
ing is a common, treatable epidemic and pandemic disorder, it still kills one
person every 13 seconds worldwide.
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4. Genetics of lung cancer: Implications for early
detection and prevention

Sudhir Srivastava and Barnett S. Kramer

Introduction

The development of most cancers is a multistep process involving a series of
histopathological, biological, molecular, and genetic changes [1-3]. Not
until recently has lung cancer also been shown to be the end result of an
accumulated series of molecular, biochemical, and epigenetic changes
involving the activation of dominant-acting cellular proto-oncogenes and the
inactivation (chromosomal deletion) of recessive or ‘tumor suppressor
genes. Knowledge of the molecular etiology of human lung cancer has now
reached a stage where it may soon have a potential impact on early detection
and prevention.

Several environmental and xenobiotic substances have been associated
with lung cancer, and smoking has been found to have a significant impact
on the cause of human lung cancer [4]. Consequently, current prevention
strategies appropriately focus on these agents or factors. Although the
cessation of smoking at population levels should be included in prevention
strategy, progress in the prevention of lung cancer mortality may additionally
require early detection using more refined understanding of genetics and the
molecular pathology of lung cancer. In this chapter, we review the genetic
basis of lung neoplasia and its potential applications in early detection and
prevention of human lung cancer.

Historical perspectives

The biology of preneoplasia has yet to be defined. What constitutes early
detection will depend on what is detected. In the past and also today, the
accuracy of prediction of biologic behavior has rested upon the pathologist’s
experience, his or her general judgment, and available detection technology.
The limiting factor in this approach is that in most cases patients are brought
to a physician’s attention when the tumor has already grown in size and has
a substantial metastatic potential; therefore, the patient is unlikely to benefit
from existing routine methods of detection. What we really need is to detect
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tumors before their clinical manifestations, i.e., early detection should focus
on a preclinical stage of the cancer, known by various terminologies dis-
cussed below.

The definition of the early lesion has evolved over the years. The term
incipient refers to morphologic lesions. It is synonymous with pre-neoplasia,
a term in use for several decades. Precancerous conditions represent clinical
states that are associated with a higher risk of cancer than seen on average
in the population.

The term incipient or precancer does not imply that cancer is inevitable.
The term, at best, refers to certain well-defined histologic changes that
increase the probability or risk for cancer. Although the risk varies in
different age groups, in different races, with different lesions, and with other
factors, the term alerts us to the fact that cancer can be the final eventuality.
The term precancer is ambiguous and therefore less appealing than incipient.
Precancer gives the impression that cancer is surely or extremely likely to
follow.

Incipient lesions are part of dynamic and evolving processes, but many of
our concepts about early cancer are defined in terms of static histology.
Historically, neoplastic diseases have been studied from the end to the
beginning, which, according to Foulds [1], has encouraged a backward way
of thinking about cancer. It is uncertain at which point the critical neoplastic
change is reached or at what point it is no longer reversible [5]. It is
generally believed that these lesions follow the sequence from hyperplasia
through dysplasia to in situ carcinoma. However, some processes not only
deviate from an ordered sequence, but are also reversible — for example,
stomach endocrine cell hyperplasia [6].

Incipient neoplasia is conceptually the borderline entity that separates
normal tissue from invasive cancer. Invasive cancer has a relatively predict-
able outcome, whereas the outcome of an incipient lesion is often difficult to
predict. Therefore, studies should focus on this stage of the development of
cancer to provide a better understanding of its mechanisms of development,
mechanisms of progression, and biological manifestations, such as dedif-
ferentiation and genetic instability.

Also falling into this area of incipient neoplasia is the concept of minimal
cancer. Originally introduced for small breast cancers less than 0.5cm, this
concept nonetheless expresses uncertainty about the behavior and treatment
of small cancers as well as in situ lesions. In the liver, cancers less than
2-3cm are considered ‘small.” In the lung, certain small neoplasms are
designated as ‘tumorlets.” In the kidney, tumors less than 2—-3 cm have been
designated as benign adenomas. The term minimal as applied to small
carcinomas is vague and even misleading because it can refer to either size
or behavior or both. It would be ideal to replace vague terms with more
precise terminology that clearly refers to the biologic potential and not to
appearance, size, or other descriptive characteristics.

A simplistic schematic model of lung carcinoma representing temporal
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Figure 1. A schematic representation of the pathogenesis in lung cancer. The model is inspired
from a comparable model proposed for colon tumorigenesis [38].

changes during progression is presented in figure 1. From a theoretical
viewpoint, we propose a pre-neoplastic stage as a potential target for early
detection and prevention based on known early molecular and genetic events
in lung cancer. In this scheme, each step beginning with metaplasia and
ending with cancer represents a hypothetical sequence.

In this model, metaplastic and/or dysplastic cells are considered precan-
cerous stages. We define this as a state in which growth is temporally restricted
and confined to the anatomic point of origin. The lesion may grow for a
while, and then stop or grow slowly, or even regress. For example, during
squamous carcinogenesis, metaplasia of squamous cells may represent a
precancerous stage. The lesion may or may not grow to become cancerous.
It may regress spontaneously. On the other hand, an in situ cancer has
greater potential for progression, regresses less frequently, and has the
ability to evolve into a fully developed primary cancer acquiring invasive
properties.

Genetics of lung cancer
Tumor types

Human lung cancer is a disease of heterogeneous histologies. The World
Health Organization groups lung cancers into two major categories: small
cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC). SCLC
accounts for 20% to 25% of all new cases of lung cancer worldwide. The
remaining 75% to 80% fall into the following major types of NSCLC
carcinomas: squamous cell carcinoma (SCC), adenocarcinoma, large cell
carcinoma (LCC), and infrequently found carcinoids. SCC, also called
epidermoid carcinoma, arises from the dysplastic epithelium of the larger,
proximal airways. Adenocarcinomas frequently develop in the epithelium of
peripheral airways and alveoli. The definition of LCC is sometimes unclear
and may include some different types of non-small cell carcinomas, such
as poorly differentiated adenocarcinomas, SCCs, or even neuroendocrine
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tumors. SCLC is an aggressive type of tumor that is nearly always metastatic
at the time of clinical presentation. The cells appear to have scant cytoplasm
with neuroendocrine properties. Although these types of lung cancers vary
in their histology, they appear to share many common genetic events, as
described below.

Oncogenes

Two major findings have emerged from the study of the genetic events
occurring in human lung cancer: 1) the involvement of dominant cellular
proto-oncogenes, and 2) the mutation or chromosomal deletion of recessive
or ‘anti-oncogenes’ or ‘tumor suppressor’ genes [7-11].

Three well-characterized ras genes have been reported: Harvey-ras (H-
ras), Kirsten-ras (K-ras), and neuroblastoma-RAS (N-ras). Several articles
have appeared in the past on abnormalities of ras genes in lung cancer [7,8].
In general, findings reported in literature suggest an important relationship
between lung cancer and the following factors: 1) mutations in the K-ras
oncogene [7] and p53 tumor suppressor gene [8-11], 2) expression of cell
surface tumor antigens shown to be associated with lung cancer [12-15], 3)
abnormalities in epidermal growth factor receptors (EGFRs) [16-18], and
4) markers of squamous differentiation in bronchial cells [19].

Frequent mutations in both p53 and K-ras genes occur in lung cancer.
The product of the p53 gene is a 53-kDa phosphoprotein that negatively
regulates cell growth and thus inhibits cell proliferation [20]. Somatic p53
mutations have been frequently found in fresh tissues and cell lines from
both SCLC and NSCLC [8,9]. Activating mutations in the ras family of
proto-oncogenes occur frequently in many types of human cancer. These
oncogenes code for 21-kDa guanine nucleotide-binding proteins that are
believed to be involved in transduction of growth signals. These proteins
have transforming potential when a substitution of amino acid at position
12, 13, or 61 occurs. It has been shown that a point mutation in codon 12 is
present in about one third of human lung adenocarcinomas [7]. High incid-
ence of K-ras mutations have been seen in other adenocarcinomas, including
those of the pancreas and colon [21].

It has been reported recently [7,22] that for both ras and p53 in NSCLC,
G:C to T:A transversions are the most common changes. Twelve of 16
(75%) codon 12 or 13 K-ras changes in NSCLC were transversions [7,22],
and 23 of 30 (77%) p53 mutations in NSCLC were transversions [7,22]. It is
not clear how early in the process of carcinogenesis these mutations occur in
bronchial epithelial cells or how many mutations accumulate in one epithelial
cell during the process of malignant transformation. The retinoblastoma (rb)
gene has been found to be deleted in 10% to 20% of NSCLC [23,24] and
most SCLCs.

Several types of dominant cellular proto-oncogenes other than ras have
been found to be mutated and/or deregulated in lung cancer. The c-jun
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proto-oncogene, which is part of the AP-1 complex and thus is intimately
involved in the regulation of transcriptional responses to growth stimuli, is
deregulated and constitutively expressed in SCLC and NSCLC cell lines
[25]. c-myb is a nuclear oncogene that has been found to be overexpressed
in some lung cancer cell lines [26]. The c-raf proto-oncogene, located on the
short arm of the chromosome 3p at locus 3p25, encodes a cytoplasmic serine
threonine protein kinase involved in the signal transduction of mitogenic
pathways and is partially deleted in a majority of SCLC cancers [27]. It is
postulated that the terminal deletion of the 3p may activate the c-raf-1 gene
and may cause tumor susceptibility [27]. The specific roles of c-raf and c-
myb genes in tumorigenesis, other than those described above, are not
clear. The c-jun could, however, cause transformation and/or disrupt signal
transduction for differentiation in conjunction with c-fos and other proto-
oncogenes.

Uncontrolled or poorly controlled proliferation is intimately associated
with the genesis of many tumors. Molecular alterations that are associated
with this uncontrolled growth may, in part, be mediated through autocrine
mechanisms. Several oncogenes encode growth factors or receptors for
growth factors. c-erB-I encodes the EGFR and c-erB-2, also called Her-
2/neu, encodes a protein homologous with EGF-like receptor function.
EGFRs have been found on NSCLC [16]. Overexpression of EGFR has
been reported in SCC [17] as have structural alterations of EGFR in NSCLC
[18].

In summary, although altered or activated oncogenes are detected in lung
cancer, it is unlikely that a single oncogene or factor can cause all lung
cancers. It is, therefore, to be noted that the activation of any specific
oncogene is but one event in the cascade of tumorigenesis that increases the
risk for abnormal cell growth and malignancy. Rather, multiple molecular
mechanisms for the activation of oncogenes and inhibition of tumor sup-
pressor genes may generate a complex interplay of regulatory controls of
cell growth.

Tumor suppressor genes

Tumor suppressor genes or anti-oncogenes exert a negative regulatory
role on cell growth, and their mutation may facilitate the development of
malignancy. Two major tumor suppressor genes, p53 and rb, described
earlier, have been implicated in lung cancer [7,9]. The tumor suppressor
genes act in a recessive fashion. The mutant p53 complexes with the wild-
type protein to form an inactive complex causing tumor progression by a
dominant negative effect. Further loss of wild-type allele may result in loss
of growth control leading to tumor progression, as has been shown in
colorectal cancer [9,11]. A germline mutation of one allele could be inherited
in a heterozygous Mendelian fashion. The heterozygous carrier could be at
higher risk of cancer caused by a mutation in the second normal allele
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through environmental insult or carcinogens. From a screening and pre-
vention viewpoint, these alleles could be ideal targets because they may
allow identification of a particularly high-risk group. Efforts should be made
to identify a factor or factors that induce(s) mutations in a second normal
allele and to identify germline mutations that predispose to various forms of
cancers. We discuss other aspects of genetic predisposition in the following
section.

Genetic and environmental interactions
Family studies

The effect of environmental exposure on the incidence of lung cancer has
been well described by Doll and Peto [28]. However, risks attributable to
environment, mainly tobacco consumption, are also influenced by interindi-
vidual differences in susceptibility to environmental exposure [29]. For
example, less than 20% of heavy cigarette smokers develop lung cancer [30].
How much of a role a gene, either inherited or somatically mutated, plays in
acquired susceptibility was a subject of a recent case—control study conducted
in parishes (counties) of Louisiana. Over 50% of the counties in Louisiana
rank in the top 10% nationally in terms of lung cancer mortality rates [31].
To investigate the role of genetic predisposition as a contributing factor, 337
case families and 304 control families were recruited in the study. Members
of the case families were reported to have a 2.4-fold higher odds ratio of
lung cancer than that of the control families [32]. Sellers et al. [33] performed
a segregation analysis, using age at onset and the effect of smoking as
variables, and found that the pattern of lung cancer in these families could
best be explained by Mendelian inheritance of a major autosomal gene that
produces earlier age of onset.

There is additional evidence that some of the genetic mutations involved
in the pathogenesis of lung cancer may be inherited in a Mendelian fashion
[34]. Historically, tumor suppressor genes appear to be good candidates,
since the first one discovered, rb, had already been linked to retinoblastoma.
Retinoblastoma is a rare childhood cancer that has been the paradigm of
inherited neoplasia [35]. The rb has also been found to be associated with
SCLC [23,24]. In a recent study, it was reported that the relatives of people
with retinoblastoma had a 15-fold increased risk of lung cancer, particularly
SCLC [35]. Germline mutations in five families with the Li—Fraumeni
familial cancer syndrome, an inherited heterozygous inactivation of the p53
tumor suppressor gene, have been reported. However, the incidence of
lung cancer in these patients has not been reported [36,37]. Whether there
is a single gene or a cluster of genes disposing patients to cancer is unclear.
To date, there has been no report of inherited mutations in dominant
oncogenes.
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Detection and screening

Compared to colon cancer, a linear array of histopathologic and molecular
changes in human lung cancer is less well delineated. The reasons for this
have been primarily attributed to dificulty in obtaining tumor samples
(biopsy) at varying stages. However, a colorectal model proposed by Fearon
and Vogelstein [38] may have relevance to other tumor types, including
lung cancer. A comparable multistage sequence of molecular events has
been proposed for lung cancer [39]. Broadly, the stages are divided into
the following: 1) Exposure: A subject is exposed to environmental in-
jury including carcinogens, and, depending on background genotype and
metabolic phenotype, the effect of the exposure could be enhanced. 2)
Preproliferative stage: In response to carcinogen exposure, production of
certain growth factors by neuroendocrine cells of the lung is initiated/
enhanced. 3) Proliferative stage: In this stage, paracrine growth of bronchial
epithelial cells is stimulated, and this continued growth could lead to focal
cellular proliferation, which is normally benign. 4) Induction and promotion:
This stage could involve several chromosomal abnormalities occurring in
dividing bronchial epithelial cells, abnormalities (developed somatically or
inherited) in recessive oncogenes, p53, and epigenetic changes, comprising
constitutive activation of proto-oncogenes of the myc family, the ras family,
c-jun, c-raf, and other nuclear-acting genes. Oncogene mutations involving
growth factor or growth factor receptors may also occur. Present evidence
favors a multistage mechanism in lung cancer as well. It should, however, be
noted that present understanding of early events in lung cancer has largely
originated from studies on animals [40,41].

The association of these molecular steps with a specific stage of clinical
progression in lung tumor is not well delineated. Also, there is no single
event that has been shown to account for the development of lung tumors.
As Fearon and Vogelstein postulate [38], it may be the accumulation rather

Known Genetic Changes from
Frankly Malignant Tumors

< Unknown Geneti; Cr)anges
in Pre-neoplastic (in situ
lesion), and Neoplastic
(benign or malignant)
Conditions

Figure 2. Iceberg of cancer. The pyramid shows the extent of known and unknown genetic
events in pathogenesis of lung cancer.
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than any fixed order of events that is responsible for tumorigenesis. The
study of chronology of events in the molecular paradigm is in its infancy.
Looking at many of the known genetic changes arising from studies focusing
on the late phase of the cancer is like looking at the tip of an iceberg (figure
2). Studies of frankly malignant and invasive tissues constitute only a small
proportion of this iceberg of pathogenesis. Many of the genetic changes
represent late events in human lung tumorigenesis and therefore are most
appropriate for monitoring the invasiveness and metastatic properties of a
tumor. However, the majority of genetic changes (a large portion of the
iceberg) occurring in the early phase of the cancerous cells remains un-
known. Molecular detection approaches would require studies on the genetic
characteristics of tumors before they acquire metastatic potential. Mean-
ingful chemoprevention of lung cancer can only be accomplished if we
succeed in identifying a precursor stage or premalignant stage, and if we are
able to identify a high-risk population for intervention at the cellular level
using biologic and molecular markers.

Potential implications for early detection and screening

By documenting molecular and biochemical alterations in a tumorigenesis
cascade in human tissues, one could conceivably assess the risk and detect
the preclinical stage of a developing tumor. In the following section, we will
discuss the biomarkers of early lung cancer, including DNA or protein
adducts in assessing risk of lung cancer, and surrogate markers (intermediate
endpoints) for measuring the efficacy of prevention interventions.

Biomarkers

In a disease continuum from exposure to premalignant phase, to malignant
phase, and finally to a fully developed cancer (figure 3), a biomarker could
provide a target for early detection and intervention strategies. This is
particularly true in the case of human lung cancer, where a major portion of
cases are attributable to environmental factors and many of the early mole-
cular events presumably occur in cells at the epithelial surface and are
therefore subject to frequent sampling. In our discussion, a biomarker
represents an event that signals an occurrence of one or more biologic
processes: 1) biomarkers of susceptibility, which measure internal biologic
states independent of exposure, e.g., sensitivity of chromosomes to break-
age; 2) biomarkers of exposure, which measure the presence or concentration
of specific environmental agents in a biological sample (blood levels of
cotinine, a nicotine metabolite, polycyclic aromatic hydrocarbon-DNA
adducts); 3) biomarkers of biological effects from exposure, which measure
biological changes or damage resulting from exposure, e.g., chromosome
breakage resulting from radiation or chemical carcinogen exposure; and 4)
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Figure 3. A model for the exposure—disease continuum. The concept is adapated from the
work published by Schulte [50].

biomarkers of disease progression, which measure or predict the outcome of
interest and reflect the probability of specific clinical outcomes (e.g., inva-
sion, metastasis, recurrence, or death) in the presence of disease. Some
markers may function as biomarkers of susceptibility in individuals who
have not yet developed a cancer. The distinction between an early cancer
detection marker and a cancer risk biomarker is sometimes arbitrary. An
effective early detection marker achieves benefit by creating lead time. Lead
time is the duration between detection through screening and clinical de-
tection using customary medical practice. A greater lead time may, but does
not necessarily, offer the opportunity to favorably impact on mortality. An
effective early detection marker must lead to the detection of cancer before
the appearance of clinical signs or symptoms. In contrast, a risk or suscepti-
bility biomarker distinguishes individuals at high risk of disease. The amount
of lead time produced through its application determines whether a particular
biomarker functions more like an early detection marker or a susceptibility
marker. Therefore, the uses of such markers in cancer detection and in
cancer prevention cannot be separated. Unfortunately, there is no single
accurate marker for the earliest phases of lung cancer known to date.
However, there are some epigenetic and mutational changes that have
potential for use in identifying high-risk populations and early lung cancer.
A number of markers listed for various forms of lung cancer (tables 1 and 2)
may eventually prove to be of value in the screening and detection of lung
cancer.
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Table 1. Molecular markers of lung cancer

Tumor type Marker Comments
SCLC myc family ~ Amplification, overexpression
jun Expression
c-myb Amplification, overexpression
c-raf-1 Overexpression, amplification
Adenocarcinoma  K-ras Amplification, point mutation
NSCLC' myc family ~ Amplification, overexpression
ras family Frequency of ras family
Erb B-1 involvement is low

Erb B-2 Expression, amplification
(Her 2/new)  Amplification

Table 2. Tumor suppressor genes in lung cancer

Tumor type Marker Comments

SCLC rb Located on chromosome 13q
p53 Located on chromosome 17p
Loss of heterozygosity (LOH)
frequently reported for short

arm (p)
DCC Located on chromosome 18, antibodies
to a related protein react with
SCLC
NSCLC p53 Located on chromosome 17p

Oncogenes and tumor suppressor genes as molecular markers

Increased expression and also structural abnormalities of the ras family
gene have been detected in a variety of lung cancers. About 30% of adeno-
carcinomas of the lung have activated ras genes. Polymerase chain reaction
(PCR) has been used to identify point mutations in K-ras in NSCLC [42].
Primary NSCLCs with K-ras mutations have been shown to be smaller with
a lower metastatic potential than tumors without ras mutations [43]. If the
presence of K-ras can be confirmed as a good prognostic indicator, it may be
used to plan prevention strategies in certain groups, such as smokers, where
a strong correlation between the incidence of mutations and smoking habits
has been reported [43].

Several allelic forms of H-ras have been shown to be genetic markers of
lung cancer [44]. Using restriction fragment length polymorphism (RFLP)
analysis, four common alleles have been identified along with a number of
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rarer alleles. An abnormal allele distribution is present in aggressive NSCLCs
compared to normal lung cells or SCLCs, suggesting a degree of association
between the abnormal allele distribution and the aggressive behavior of
NSCLCs. RFLP analysis of H-ras therefore could be utilized in determining
predisposition to the aggressive forms of NSCLC for patient management
[44].

The Her-2/neu gene has been found to be overexpressed in a subset of
NSCLCs [45]. High titered antibody has been used to detect the overexpres-
sion in tissues or cells [45]. A systematic study of the overexpression of the
Her-2/neu in preneoplastic, metaplastic, or dysplastic cells of lung from
sputum using the antibody approach may help identify usefulness of the
Her-2/neu as a genetic marker for lung cancer.

Mutational alterations also involve tumor suppressor genes, p53 and rb,
that could have utility in identifying a high-risk population. The rb gene has
been found mutated in nearly all SCLCs [23,24]. Mutation in the p53 gene
has been reported in the majority of SCLCs and NSCLCs [9-11] and
can be detected by using antisera made against the p53 protein or by PCR
amplification of the coding region and analysis by direct sequencing or
single-stranded polymorphism analysis. The p53 may be a better candidate
gene for screening for early cancer than the rb gene, which is less frequently
found in NSCLCs.

Chromosomal abnormalities could also be used as biomarkers of suscepti-
bility. Abnormalities have been reported in chromosome numbers 3, 11, 13
and 17 in lung cancer, most often associated with tumor suppressor genes:
p353 at chromosome 17, rb on chromosome 13, and ‘deleted in colon cancer’
(DCC) on chromosome 18. Losses were found more frequently in SCC than
in adenocarcinoma, and chromosome 17 losses were often accompanied by
allelic DNA sequence losses on chromosome 11 [46]. Two loci were comm-
only deleted from chromosome 11 in adenocarcinoma, SCC, and LCC.
Chromosome 3p deletions, as well as loss of heterozygosity for chromosomes
13 and 17, have also been reported in SCLC [47,48].

It is, however, to be noted that the use of changes in genes or products
resulting from these genetic changes as biomarkers of premalignant or early
cancer needs to be validated. A recent retrospective study of the Johns
Hopkins Lung Project [12], using monoclonal antibody (Mb) staining of
sputum cells collected as part of a randomized screening study of routine
cytology, is encouraging. Mb against the SCLC and NSCLC determinants
was able to stain 69 specimens that showed atypia in routine cytological
examination. The sensitivity and specificity of the stain were 91% and 88%,
respectively, for prediction of ultimate diagnosis of cancer an average of
24 months prior to diagnosis. This finding needs to be confirmed prospec-
tively. Ideally, a two-arm randomized study encompassing one group
without molecular screening and one with molecular screening would be
required to see whether or not these markers are effective in reducing
cancer mortality.
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Carcinogenic adducts

Although carcinogenic adducts may not lend themselves as markers of early
cancer, they could signal the susceptibility of hosts to potential carcinogens,
and thereby a predispositin to cancer. In contrast to genetic changes,
carcinogen—-DNA and -protein adducts appear well before the clinical
manifestation of a disease and therefore could provide a lead time suitable
for disease prevention.

Carcinogen—DNA adducts have been widely studied in lung cancer and
are thought to have implications in the molecular epidemiologic study of
lung cancer. Since the majority of lung cancers are caused by cigarette and
by environmental factors, adducts of various types are formed. A clear
pattern of interaction between heredity and environment emerges from
adduct studies. The p-aminohippurate (PAH)-DNA adduct is one of the
most widely reported examples of carcinogen—-DNA adducts in lung cancer
[49]. A variety of markers have been found to be associated with environ-
mental exposure. These include adducts formed by a number of inhaled
pollutants, including PAH, nitrosamine, 4-aminobiphenyl, ethylene, oxide,
and styrene. It is now possible to detect a single xenobiotic-DNA adduct,
such as benzpyrene—~DNA, per 10'° nucleotide bases [50]. Such biomarkers
could potentially be used in epidemiologic studies of lung cancer risk factors
to reduce misclassification error of exposed vs. nonexposed study subjects.
For example, increased benzpyrene—DNA adducts have been found in
individuals who develop cancers at an early age and in first-degree relatives
of lung cancer patients [51]. Likewise, smokers with slow acetylator pheno-
type have higher levels of 4-aminobiphenyl-hemoglobin adducts than
smokers with fast acetylator phenotype [52]. There are, however, formidable
problems in distinguishing risk at the level of the individual. In order to use
these adducts as markers for early diagnosis, the range of normal would
have to be known, and the correlation between the number or placement of
critical carcinogen adducts and the biological outcomes would have to be
defined. At this time, adducts may be useful as a risk biomarker at the
population level, but not at the individual level.

Metabolic phenotypes

There has been considerable interest in certain metabolic and detoxifying
phenotypes because they provide an opportunity to understand the me-
chanism of susceptibility at the individual level. It is believed that many
carcinogens or mutagens require conversion to active forms before inflicting
damage on the host. Individuals differ in their ability to activate potential
carcinogens, and thus the extent of biologic effects of carcinogens may vary
among individuals. Metabolic phenotypes such as aryl hydrocarbon hydro-
xylase (AHH) activity, debrisoquine hydroxylation, and glutathione-S-
transferase activity have been considered as possible markers of genetic
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susceptibility to lung cancer [49]. For example, the rapid metabolizer pheno-
type for debrisoquine by a P-450 isozyme that also participates in oxidation
of the cigarette carcinogens PAH and nitrosamine has been associated with
a greater risk of cancer in smokers and in males with a history of workplace
exposure to lung carcinogens [52].

All these metabolic studies have identified various phenotypes rather than
genotypes. Therefore, these findings cannot yet easily be applied to scre-
ening, because the specific marker for the genotype has not yet been charac-
terized. There are considerable biases in phenotypic studies, since metabolic
effects could be produced by drugs, changes in diet or smoking, or biologic
effects of cancer itself [53]. Another type of susceptibility marker is DNA
repair capacity, which is known to vary significantly among individuals [54].
A commonly used assay is to measure DNA repair in lymphocytes exposed
in vitro to a mutagen or a carcinogen. With recent technology, it has
become possible to measure the expression of a DNA repair gene in human
tissues. These measurements may shed light on inherent predisposition of a
host to cancer and ability to face environmental challenges. Recently, Bondy
et at. [55] conducted a study to establish an association between mutagen
sensitivity and family history of cancer. The study included 108 patients who
registered at the M.D. Anderson Cancer Center with histologically confirmed
and previously untreated squamous cell carcinoma of the upper aerodigestive
tract. The study revealed that patients who have defective DNA repair
capability (measured through mutagen (bleomycin) sensitivity assays) are
likely to belong to the families of first-degree relatives affected with cancer.
Odds ratios (ORs) for association between the mutagen sensitivity and
family history for cancer increased with the increased number of first-degree
relatives affected with cancer, e.g., an OR of 2.63 with one first-degree
relative and 6.59 with two or more first-degree relatives.

Targets for primary prevention

Proven methods are already available to prevent lung cancer through
behavioral interventions aimed at smoking cessation. Prevention at the
molecular and genetic levels would require a better understanding of the
progression of premalignant state (precursor state). Some approaches would
be directed at preventing the premalignant state from developing into cancer
and others at reversing the precursor state to the normal state.
Chemopreventive agents have already shown biologic efficacy in preven-
ting cancers of the upper aerodigestive tract. There is evidence that these
agents reduce some lesions at the precursor state or prevent a second
primary cancer [56]. Hong and coworkers [56] reported a randomized con-
trolled trial in which patients with completely resected head and neck cancer
had a highly significant reduction in their rate of second new cancers after
receiving a year of daily oral 13-cis-retinoic acid compared to placebo [56].
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One of the most frequent sites of new primary cancer of head and neck
cancer patients is the lung. Despite some problems of toxicity, this ran-
domized trial has demonstrated the effectiveness of a 13-cis-retinoic acid as
a chemopreventive agent. Preliminary data on the effect of some other
chemopreventive agents, such as tamoxifen for breast cancer [57] and 13-cis-
retinoic acid for upper aerodigestive cancers [58] have been very encourag-
ing. The underlying mechanism for these agents is not clear. It has been
hypothesized that the retinoic acid acts by accelerating differentiation and
thus preventing progression to cancer of leukemia [59], but multiple possible
mechanisms have been proposed [60]. This is an emerging area of research
and would require intensive study of the chemopreventive agents in several
neoplastic systems: for example, does a chemopreventive agent block ini-
tiation, promotion, or progression of a premalignant lesion? One might
also look into the effect of these chemopreventive agents on epithelial—
mesenchymal interactions. A systematic study of a stage-specific response to
chemopreventive agents would open up several avenues for effective pre-
vention strategies.

Lately, there has been growing interest in dietary intervention in cancer
incidence and mortality. Vegetables containing beta-carotene are associated
with a decreased risk of lung cancer [61]. A protective effect of dietary fiber
intake on the risk of colon cancer has also been suggested for other cancers
[62]. Similarly, high dietary fat intake has been associated with a increased
risk of a variety of cancers including breast, prostate, and colon [63]. How
these nutrients and micronutrients prevent cancer is not known, but work is
in progress at the National Cancer Institute (NCI) to elucidate their effects
on early promotional events.

Future directions in detection and prevention research

It is clear that many human cancers are associated with preneoplastic lesions.
Such lesions potentially represent an important target for identifying cellular
or molecular changes that might be taking place in the tissue in the course of
cancer progression from a premalignant to malignant to metastatic condition.
Progression involves a complex pathway of molecular events: e.g., loss of
chromosomes, mutation or amplification of certain oncogenes, loss or muta-
tion of cancer suppressor genes, and resulting loss of normal growth control
[3]. It has been suggested that the individual steps of this pathway represent
‘intermediate endpoints’ in the process of tumor progression that can be
measured and can serve as biomarkers for this complex process. Although a
variety of biomarkers might exist, and although their relationship to each
other or to the biologic manifestations of cancer progression are not under-
stood, the concept of biomarkers that could identify and measure early
genetic changes is particularly relevant today in view of significant improve-
ments in molecular biology technologies that are capable of detecting these
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genetic changes. These now permit the detection and mapping of individual
point mutations that could be evaluated as possibly sensitive and specific
endpoints in early detection studies.

Considerable controversy exists regarding selection and validation of
intermediate endpoints and their biologic significance in cancer progression
[64]. Thus, the issue of selection of a biomarker as an appropriate inter-
mediate measure of cancer progression has depended, to a large extent, on
experiments with animals treated with known carcinogens, high prevalence
of a biomarker in populations with a high risk of cancer, or an individual
case series in which most cancer patients are found to express a given
biomarker. Once selected, a biomarker has to be validated for its role as a
cancer surrogate, and this process should proceed through a series of steps
involving case—control studies and prospective cohort studies followed by
quantification of the marker—cancer association, as has been recently des-
cribed [65]. The validation process is complex and has been rigorously and
consistently applied to very few newly described and promising biomarkers.
Some markers may even be specific for particular preventive agents and
unhelpful or even misleading for others [64]. Accordingly, validation is
necessary if a given biomarker is to be used for early detection or primary
prevention of cancer.

The processes of selection and validation of a promising biomarker should
include extensive studies with human tissues and body fiuids from individuals
with well-documented premalignant and early cancer lesions and correspon-
ding tissues from normal subjects or subjects with benign lesions. Newly
developed molecular biologic and cellular approaches for identifying early,
premalignant changes, e.g., oncogene mutations or a loss or mutation of so-
called suppressor oncogenes [9-11], are extremely sensitive, detecting
changes as small as a single-base substitution. Although such subtle genetic
alterations can now be measured with great precision, the exact biologic
consequences of these alterations at specific points in the process of cancer
development are not clear. It is not yet established that these alterations are
reliable intermediate endpoints, i.e., predictably measure subsequent devel-
opment or progression of cancer.

The choice of patient populations for early detection or intermediate
endpoint studies represents an important and strategically crucial decision.
First, availability of sufficient numbers of patients with confirmed and well-
documented clinical and histologic diagnoses of premalignant conditions,
e.g., with mucosal epithelial cell hyperproliferation [66] for biomarker
selection or validation studies, is essential. Second, the relative biologic
importance of sequential changes in intermediate endpoints (e.g., if a loss of
normal p53 allele precedes chromosomal changes in chromosomes 17 or 18
in colorectal cancer) could be explored. Third, epidemiologic data, including
a documented history of exposure to carcinogens collected at the time of
tissue biopsy and correlated with biologic changes occurring in the target
tissue, may allow for possible testing of a hypothesis regarding the relation-
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ship between an intermediate endpoint and cancer. In this context, not only
the size of such high-risk populations but also their availability for serial
follow-up specimens might be important practical considerations.

The time span between diagnosis of a premalignant state and cancer may
be very long. However, in certain high-risk populations, e.g., patients cured
for an initial cancer of the upper aerodigestive tract, the time span for
development of squamous cell cancer of the lung may be considerably
shorter, making this group particularly well suited for the proposed studies
of early detection biomarkers. But attempts to establish any correlations
between a biomarker and cancer progression must depend on solid clinical
and epidemiologic information.

The development of specific and sensitive biomarkers for early detection
of cancer in selected high-risk populations from whom normal, premalignant,
and tumor tissues are banked is also dependent on a creative application of
novel cellular and molecular biology studies. Specifically, intermediate
endpoints need to be sought and correlated with phenotypic alterations in a
given target cell or tissue. The difficulty is that gene alterations that occur
early in the pathway of colorectal cancer progression are not necessarily
the same changes that characterize the early stages of, for example, liver
carcinogenesis.

The NCI is addressing some of the issues raised with respect to develop-
ing a biorepository of carefully characterized human tissues and body fluids
with an associated epidemiologic and clinical information database. The
Early Detection Branch of the NCI has established a network of investigators
under the Early Detection Research Network (EDRN). Under this program,
an awardee institution is to set up a bank of well-characterized premalignant,
malignant, and related tissues that are collected, processed, and stored
appropriately and uniformly using standard protocols. Medical histories of
patients are indexed to correlate with these specimens as well as with
information on tumor stage/grade, patient therapies, and clinical outcomes.
The initial focus of the EDRN research is on epithelial tumors of the orop-
harynx, lung, bladder, and prostate, some of which could arise because of
field effects. Thus there is a potential for multiple malignant lesions that
may develop throughout these organs, and markers could be used to identify
early malignant lesions for early treatment and intervention.

Summary

Human lung cancer is a complex disease originating in different cell types.
In general, tumorigenesis in the lung appears to involve a complex series of
molecular, genetic, and histopathologic events, leading to the transformation
of normal cells to malignant cells. It is generally believed that it is the
accumulation of biologic changes, not necessarily the order in which they
occur, that could best describe the transformation of cells. Our knowledge
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of genetic changes during tumorigenesis in the lung is limited and comes
from studies involving animal models and frankly malignant lung tissues.
Such studies can be questioned as to their applicability in primary preven-
tion. A vast majority of genetic changes occurring during the preclinical
stage are yet to be documented. Study of these preclinical changes would
offer a better opportunity for early detection and prevention. Oncogenes
and tumor suppressor genes have potential for use as biomarkers in identi-
fying high-risk groups and in early detection. The interaction between nature
and nurture is nowhere as evident as in cancers of the lung, which are
influenced by environmental exposure, familial inheritance, and metabolic
phenotypes. The gene—environment interaction provides several targets for
prevention and early detection. Biomarkers, if validated for specificity,
sensitivity, and predictive values, could act as markers of exposure, sus-
ceptibility, progression, and disease. Validation of these markers, however,
would require well-characterized, prospectively collected samples, represen-
ting normal, premalignant, malignant, invasive, and metastatic conditions.
The NCI has started an initiative for a tissue bank of prostate, bladder,
colorectum, head and neck, and lung cancers. Clinical and epidemiological
information are also collected for each sample. Study of genetic and mole-
cular changes in collected samples should shed light on the involvement of
these changes in the transformation of normal to malignant tissues.
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5. Growth factors and lung cancer

Tariq Sethi and Penella J. Woll

Introduction

Lung cancer is the principal cause of cancer deaths in the Western world.
New approaches to its treatment are urgently needed. It is likely that these
will arise from a better understanding of the extracellular factors and in-
tracellular molecular events that are responsible for sustaining its growth.

Small cell lung cancer

Small cell lung cancer (SCLC), which constitutes 25% of all pulmonary
malignancies, follows an aggressive clinical course despite initial sensitivity
to chemotherapy and radiation [1]. SCLCs are characterized by the presence
of small dense cytoplasmic granules that secrete a variety of hormones and
neuropeptides [2-8]. Peptide production has attracted clinical interest
because it provides useful markers for the pathologic diagnosis of SCLC and
because it causes endocrine abnormalities, such as the syndrome of in-
appropriate secretion of vasopressin. Neuropeptides produced by SCLC
include bombesin-like peptides, neurotensin, and vasopressin [2,3]. Of
these, the bombesin-like peptides were the first suggested to act as autocrine
growth factors for SCLC [8].

Bombesin/gastrin-releasing peptide

Bombesin is one of a family of naturally occurring peptides that share a
carboxyl-terminal heptapeptide (table 1). Mammalian gastrin-releasing pe-
ptide (GRP) has 9/10 C-terminal amino acids identical to bombesin. Studies
with synthetic bombesin-like peptides have demonstrated that full biological
activity requires more than seven but no more than nine C-terminal amino
acids [9].

Bombesin and GRP are potent mitogens for murine Swiss 3T3 cells [10].
Chronic bombesin administration to rodents leads to antral gastric cell
proliferation and pancreatic hypertrophy [11,12]. The latter effect is partly
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direct and partly mediated by cholecystokinin [13]. Bombesin/GRP is in-
creasingly implicated in the growth of many human tumors in addition to
lung cancers. GRP has recently been shown to stimulate the growth of a
human gastrinoma xenograft [14] and breast cancer cells [15]. Some breast
cancer cells also express the GRP gene and peptide [16,17].

Bombesin-like peptides are sparsely present in the neuroendocrine cells
lining the bronchi of the human adult lung. In contrast, they are abundant in
the fetal lung [18]. Pro-GRP mRNA and GRP-associated peptides are also
present, indicating that the GRP is synthesized there [19,20]. GRP mRNAs
are first detectable in the fetal lung at 9 to 10 weeks gestation, becoming
maximal (25-fold adult levels) between 16 and 30 weeks, and declining to
adult levels by 34 weeks [19,20]. In neonates with acute respiratory distress
syndrome, bombesin levels throughout the lungs are significantly lower than
normal [21]. Willey et al. [22] reported that bombesin and GRP acted as
growth factors for explants of normal human bronchial epithelium cells.
These findings have led to the intriguing suggestion that GRP could act as
an important growth factor for the fetal lung.

In the normal lung, secretion of GRP by pulmonary neuroendocrine cells
occurs in response to alterations in pulmonary oxygenation, such as those
associated with birth (increased oxygenation) or with chronic obstructive
airways disease (decreased oxygenation) [23]. Elevated levels of GRP have
been found in bronchoalveolar lavages of normal smokers compared to
nonsmokers [24]. This finding may indicate a role for GRP and abnormal
oxygenation in the initiation of smoking-related tumors.

Bombesin-like peptides were first detected in lung cancer in the early
1980s [4,25]. Although present in the greatest amounts in SCLC, small
quantities were detected in some lung adenocarcinomas. Plasma GRP is
elevated in patients with extensive metastic SCLC, but is not suitable as a
tumor marker for early detection of SCLC because of low serum levels and
its rapid metabolism in the blood (it has a plasma half life of 2.8 minutes
[26]). Demonstration of prepro-GRP mRNA, pro-bombesin C-terminal pe-
ptide, and multiple GRP gene-associated peptides in SCLC confirm that the
peptides originate in these tumors [20,27,28]. In addition to secreting
bombesin-like peptides, SCLC also exhibits receptors for them, as demons-
trated by specific binding of ['?’I-Tyr*] bombesin to SCLC [29,30]. Estimates
of receptor number are in the range of 1-3 X 10° per cell. This suggests that
GRP could act as an autocrine growth factor for SCLC.

The GRP receptor and neuromedin B receptors have been cloned from
SCLC cells and murine Swiss 3T3 cells. These receptors are G-protein
linked with seven transmembrane domains. Two consensus protein kinase C
(PKC) phosphorylation sites are conserved in these receptors [31]. Because
fewer cell lines appear to express receptors for GRP than to secrete it,
autocrine stimulation probably only occurs in a subset of SCLC [32].

The signal transduction pathways stimulated by bombesin/GRP have
been extensively studied in Swiss 3T3 cells [33]. The demonstration that
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similar signals are elicited in SCLC confirms that the effects of
bombesin/GRP in these cells are specific and receptor mediated. Because
nonhydrolyzable GTP analogues could modulate phospholipase C (PLC)
activation in response to GRP [34,35], it was concluded that the GRP
receptor in SCLC was coupled to PLC by a G-protein. This activation is
accompanied by a rapid and transient elevation of intracellular calcium
concentration ([Ca?*];) [36]. GRP stimulation of Inositol(1,4,5) trisphos-
phate (InsP3) and increase in [Ca®*]; were inhibited by prior treatment with
phorbol 12-myristate 13-acetate, suggesting that protein kinase C might
exert negative feedback regulation on this response.

GRP and bombesin have been shown to act as growth factors in SCLC
both in vitro and in vivo: Weber et al. [37] reported that GRP enhanced
DNA synthesis in two SCLC cell lines, but not in two NSCLC cell lines. In
another study, colony formation in 9/10 SCLC cell lines was stimulated up
to 150-fold by GRP, with maximal effects at 50 nM [38]. However, there was
no correlation between amounts of GRP secreted, response to exogenous
GRP, and the number of binding sites in individual cell lines. Growth of
SCLC xenografts (NCI-H69) was reported to be increased 77% above con-
trol in nude mice treated thrice daily with intraperitoneal injections of
bombesin 20 pg/kg [39].

The hypothesis of autocrine growth stimulation by GRP in SCLC was
tested by Cuttita et al. [8], who used a monoclonal antibody to [Lys’]
bombesin (2A11). It inhibited the clonal growth of two SCLC cell lines in
serum-free medium, and retarded the growth of one cell line growing as
xenografts in nude mice. The recent demonstration of a complete clinical
response in an SCLC patient treated with 2A11 antibody adds further
support to the hypothesis that GRP is an autocrine growth factor for at least
some SCLCs [40].

Other neuropeptides

The neuroendocrine nature of SCLC has long been recognized. The number
of peptide hormones and growth factors secreted continues to expand (see
table 2). They have been detected by measuring plasma levels and immuno-
histochemistry of tumor samples and cell lines. Most of these products are
present in only a minority of tumors, although some SCLCs appear capable
of synthesizing many ectopic hormones. Some of these products have also
been found in NSCLCs [41]. Many of these bioactive peptides can also be
produced by the normal lung [64]. Most are synthesized as prohormones
that acquire biological activity only after specific posttranslational modifica-
tions, e.g., carboxy-terminal alpha-amidation [65].

We now propose that many of these peptides can act as autocrine growth
factors for SCLC. This requires the presence of functional receptors for
these peptides on SCLC cells. Intracellular calcium ion concentrations can
be monitored in a luminescence fluorimeter after incubating the cells with
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Table 2. Peptides and hormones secreted by SCLC

Peptide hormone Ref.
Adrenocorticotrophic hormone [42]
Atrial natriuretic peptide [43,44]
Calcitonin [2,45]
Calcitonin gene-related peptide [45]
Cholecystokinin [46,47]
Chorionic gonadotrophin [2,48]
Endothelin [2]
Estradiol [2]
Follicle-stimulating hormone [2]
Gastrin [47,48]
Glucagon [2,45)
Granulocyte colony-stimulating factor [50]
Growth hormone [2]
GRP/bombesin [25,49]
Insulin-like growth factor-I [51,52]
Insulin-like growth factor-I binding protein [53,54]
Lipotropin [2,50]
Neuromedin B [55,56]
Neurotensin [45,57]
Opioid peptides [58]
Oxytocin [2,3,7]
Parathyroid hormone [2,59]
Physalaemin [60]
Prolactin [2]
Serotonin [2]
Somatostatin (4]
Stem cell factor [61]
Substance K [45]
Substance P [25]
Transferrin [62]
Vasoactive intestinal peptide [50,63)
Vasopressin [5,44)

the fluorescent Ca®* indicator fura-2. Studies with SCLC (described above)
have shown that GRP stimulates mobilization of intracellular Ca** and
inositol phosphate turnover [35,36]. We have demonstrated that bradykinin,
cholecystokinin (CCK), galanin, neurotensin, and vasopressin induce a
rapid and transient increase in [Ca®*]; in SCLC cell lines [66]. The Ca**-
mobilizing effects are mediated by distinct receptors, as shown by the use of
specific antagonists and by the induction of homologous desensitization.
Each of the five cell lines studied responded to at least two different agents,
but the expression of individual receptors was heterogeneous among the
lines [66,67]. Studies from other laboratories are in agreement with these
findings [68—-70].

The observation that galanin, a 29-amino acid neuropeptide, causes Ca**
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mobilization in SCLC is of special interest. In pancreatic cells, galanin
activates an ATP-sensitive K* channel, hyperpolarizes the plasma mem-
brane, and inhibits the activity of voltage-dependent Ca** channels [71]. In
this manner it reduces Ca®* influx and blocks the activity of various agents
that increase the intracellular concentration of Ca®*. Surprisingly, in SCLC
cell lines galanin caused a rapid and transient increase in [Ca**]; [66].
Subsequent studies showed that galanin induced rapid mobilization of Ca**
from internal stores and stimulated early production of inositol phosphates,
particularly Ins(1,4,5)P5 [67]. In contrast to the pancreatic cells, addition of
galanin to SCLC cell lines did not alter membrane potential. Thus, these
studies suggest that SCLC express a novel type of galanin receptor that is
coupled to Ca®* mobilization.

The finding that CCK induces rapid mobilization of Ca** from internal
stores in SCLC cell lines prompted the characterization of the receptors
involved. Gastrin and CCK share a C-terminal pentapeptide and bind to
common cell surface receptors. The CCK, receptors have a 500-fold higher
affinity for CCK than for gastrin. In contrast, CCKpg receptors bind CCK
and gastrin with approximately equal affinities [72]. We demonstrated that
gastrin and CCK induce rapid Ca** mobilization in the SCLC cell line
NCIH510, at comparable concentrations. Furthermore, selective CCKpg
antagonists blocked the increase in [Ca®*]; induced by either gastrin or
CCK. Thus, the effects of gastrin and CCK in SCLC NCIH510 are mediated
by CCKgp receptors [73].

Collectively, these studies indicate that SCLCs exhibit receptors for
multiple neuropeptides and that the expression of these receptors is hetero-
geneous among SCLC cell lines.

Multiple neuropeptides stimulate clonal growth in SCLC

Because SCLCs secrete a wide variety of peptides and exhibit receptors for
many of them, it has been proposed that SCLC growth is regulated by
multiple autocrine and/or paracrine circuits [66,67,74,75]. The demonstra-
tion that these peptides can promote SCLC growth was necessary to support
this hypothesis. The growth of SCLC cell lines in serum-free liquid culture is
exponential and is not increased by the addition of mitogens. Tumor and
transformed cells are able to form colonies in soft agar. There is a positive
correlation between cloning efficiency of the cells and the aggressive clinical
behavior of SCLC tumors. Under the stringent conditions of the clonogenic
assay, the effects of mitogens can be studied. We examined the ability of
Ca®*-mobilizing neuropeptides to promote growth in SCLC cells. The
results demonstrated that, at nanomolar concentrations, bradykinin, neu-
rotensin, vasopressin, CCK, galanin, and GRP induce similar increases
(250%-350%) in SCLC clonal growth. The effects of the peptides brady-
kinin, cholecystokinin, galanin, GRP, neurotensin, and vasopressin are dose
dependent. The stimulatory effect was less at concentrations above those
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required to induce an optimal response [67,74], presumably due to homo-
logous desensitization in this long-term assay. Time-dependent mitogenic
desensitization has been reported in other cellular systems [67,74,76,77].

Collectively, these findings support the hypothesis that SCLC growth is
sustained by an extensive network of autocrine and paracrine interactions
involving multiple neuropeptides. Approaches designed to block SCLC
growth must take into account this mitogenic complexity.

Other factors
Insulin-like growth factor-1 (IGF-I)

IGF-I (also known as somatomedin C) is a 70-amino-acid polypeptide
closely related to insulin [78], but with distinct high-affinity receptors. IGF-1
binds to a receptor with intrinsic tyrosine kinase activity [79]. It has been
shown to be mitogenic in a variety of cell types, including fibroblast and
erythroid progenitor cells and breast and thyroid tumor cells [78,80,81].
Although insulin is necessary for serum-free culture of SCLC [82], supra-
physiological concentrations are required for optimal growth, suggesting
that insulin binds with low affinity to the IGF-I receptor. IGF-I is secreted
by SCLC and NSCLC cell lines and tumors [53,83,84]. High-affinity binding
sites have been shown for IGF-1, and IGF-I receptor mRNA were detected
on SCLC cell lines [51,84-86].

The growth of SCLC cell lines was also stimulated by exogenous IGF-1
[87]. Preliminary clinical data showed that serum IGF-I levels were signi-
ficantly higher in patients with lung cancer than in controls, and patients
with metastases showed significantly higher levels of IGF-I than patients
without. However, no significant difference in IGF-I mean values were seen
before and after surgical removal of tumors. Furthermore, a monoclonal
antibody to the IGF-I receptor inhibited IGF-I and insulin-stimulated cell
growth in four SCLC cell lines [87]. Hence, IGF-I acts as an autocrine
growth factor in SCLC. Since bombesin and insulin act synergistically to
stimulate mitogenesis in Swiss 3T3 cells [10], this may also occur in SCLC.
IGF-II receptors have also been characterized on SCLC cell lines [88].

The production of IGF-binding proteins by lung cancer cell lines modifies
the autocrine/paracrine model for IGFs, since these proteins can either
enhance or inhibit the effects of IGFs on tumor growth [52-54].

Transferrin

Transferrin is an 80-kDa B-globulin that is synthesized in the liver and
transports iron in the plasma. It is required for the serum-free growth of
SCLC [82]. The SCLC cell lines NCI-H345 and NCI-H510 secrete immuno-
reactive transferrin and have a transferrin requirement for growth [62].
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Gallium salts, which block iron uptake, inhibited SCLC growth in vitro [89].
Thus, there is preliminary evidence for an autocrine growth loop involving
transferrin in SCLC. Transferrin has also been identified as a lung-derived

growth factor that stimulates the growth of lung-metastasizing tumor cells
[90].

Hemopoietic growth factors

Hemopoietic growth factors are increasingly used to circumvent the myelo-
suppressive effects of cytotoxic chemotherapy. There is concern that these
growth factors could stimulate the growth of SCLC cells. Various solid
tumors and cell lines have receptors for granulocyte stimulating factor (G-
CSF) as well as granulocyte-macrophage colony-stimulating factor (GM-
CSF), but their significance is uncertain. Some lung tumors appear to
secrete G-CSF, but it does not seem to act as an autocrine growth factor
[50,91] Although G-CSF and GM-CSF have been shown to stimulate the
clonal growth of a few lung cancer cell lines [92-94], growth inhibition has
also been described [95,96]. The most comprehensive studies, including
panels of 10 and 11 cell lines, found no evidence of growth stimulation with
G-CSF or GM-CSF [97-99]. It seems unlikely that these hemopoietic growth
factors will have any important effect on lung tumor growth, but it is
essential that long-term follow-up be performed in randomized clinical trials
in order to determine whether relapse or second malignacy rates differ in
patients receiving these growth factors.

Stem cell factor

Stem cell factor (SCF) is a pluripotent growth factor that has been suggested
to play an important role in proliferation and differentiation in various types
of fetal and adult tissues as the ligand for a transmembrane tyrosine kinase
receptor encoded by the c-kit oncogene. Expression of the ligand and the
receptor is seen in SCLCs [100]. The human SCF gene is transcribed into
two major forms of alternatively spliced mRNAs with different molar ratio
in fetal, adult, and malignant tissues [61]. This aberrant expression is seen
almost exclusively in SCLCs. c-kit is autophosphorylated in response to
SCF, resulting in significant chemotaxis and moderate proliferation of SCLC
cells in vitro. Molecular analysis of the c-kit gene also revealed an amino
acid substitution within the transmembrane domain in an SCLC cell line
[101]. It is not known whether exogenous SCF will stimulate the prolifera-
tion of SCLC in vivo or act as an autocrine growth factor.

Opioids

Endogenous opiate peptides including the enkephalins, endorphins, and
dynorphins are widely distributed in the mammalian nervous system.
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Multiple subtypes of receptors have been identified using a variety of
agonists and antagonists. Because of its central role in pain transmission,
opiate pharmacology has been studied in detail [102]. B-endorphins have
been shown to stimulate lymphocyte proliferation in vitro [103], although
this effect may not be mediated directly through opiate receptors, since it
was not blocked by naloxone. Dynorphins and enkephalins appear to be
involved with vasopressin in the proliferative response of the marrow to
hemorrhage [104].

Opioid peptides, B-endorphin, enkephalin, and dynorphin are secreted by
SCLC cells. Some NSCLCs secrete the pentapeptide neo-kyotorphin [105],
but whether this substance can stimulate tumor or stromal growth is un-
known. The detection of opioid receptors on the same cells postulated the
existence of an opiod autocrine loop [58,106]. It appears that opioids can
have a stimulatory and inhibitory effects on SCLC growth depending on the
ligand and receptor subtype present [103,107]. Methadone has been found
to significantly inhibit the in vitro and in vivo growth of human lung cancer
cells. The in vitro growth inhibition (occurring at 1-100 nM methadone) was
associated with changes in cell morphology and viability detected within one
hour and was irreversible after 24-hour exposure to the drug. These effects
of methadone could be reversed in the first six hours by naltrexone, ac-
tinomycin D, and cycloheximide, suggesting the involvement of opioid-like
receptors and a requirement for de novo mRNA protein synthesis. The
inhibitory effects of methadone could also be achieved with the less addic-
tive (+) isomer of methadone. The binding sites were high affinity (nM),
but the binding characteristics appeared to be different from methadone
sites present in rat brain. Methadone decreases cCAMP levels in lung cancer
cells, but the receptors are not coupled to a pertussis-sensitive guanine
nucleotide-binding regulatory protein [107]. These receptors have been fur-
ther characterized and are found to be nonconventional opioid receptors
that are not antagonized by naloxone. Neuroblastoma xenograft growth has
been inhibited by naltrexone, an opiate antagonist [108], suggesting a poss-
ible role for these drugs in treating some cancers.

Tachykinins

A recent study reported that tachykinins were able to mobilise Ca®* in
SCLC cells but not to stimulate growth in liquid culture [109]. Physalaemin,
an amphibian tachykinin, is detectable in some SCLCs [60] and has been
shown to inhibit clonal and mass culture of SCLC in vitro at picomolar
concentrations [45].

Somatostatin

Somatostatin and its analogues inhibit the endogenous production of IGF-I
and insulin [110] and have been shown to inhibit breast cancer growth in
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vitro [111]. They also inhibit the growth of experimental prostate tumors
[112,113]. Somatostatin receptors are present on many tumors [114,115],
and somatostatin analogues are useful in the treatment of hormone-secreting
tumors, including apudomas and carcinoids [116]. It is therefore interesting
to note that a somatostatin analogue administered twice daily as a perile-
sional infusion was cytostatic in SCLC xenografts [117]. Two active octapep-
tide analogues of somatostatin inhibited clonal growth of SCLC cells and
VIP-stimulated cAMP formation [117,118]. More recent studies showed that
somatostatin receptors were present on 3/4 SCLC cell lines but not in two
NSCLC cell lines. The growth of 1/3 somatostatin-receptor-positive SCLC
cell lines was significantly inhibited by the long-acting somatostatin analogue
octreotide (10"°M). Twenty SCLC patients were treated with octreotide
250mg three times per day, before chemotherapy (6 patients) and after
chemotherapy (14 patients). Octreotide was well tolerated, and serum levels
of IGF-I were suppressed to 62% * 7% of pretreatment levels, but there
was no evidence of antitumor activity in these patients [119].

Non-small cell lung cancer

Bronchogenic carcinomas arise from the mucosa of the tracheobronchial
tree. They include squamous cell carcinomas, which demonstrate upregula-
tion of EGF receptor expression and markers characteristic of squamous
differentiation (involucrin, transglutaminase activity, higher molecular
weight keratins and cornified envelope formation) [120,121]. Adenocar-
cinomas are mucin-containing or mucin-secreting tumors [120,121]. They
often demonstrate morphological features of lepidic and papillary growth
and include the subtypes bronchioloalveolar and papillary. Large cell car-
cinomas are predominantly undifferentiated tumors. Bronchial carcinoids
are a minor category of lung cancers that have neuroendocrine features.
These tumors are thought to arise from submucosal glands and are not
highly malignant. Neuroendocrine features can be found in some NSCLC
tumors, including about 25% of adenocarcinomas. Such tumors are as-
sociated with increased sensitivity to chemotherapy and radiotherapy. They
are faster growing and have a worse prognosis compared to NSCLC without
neuroendocrine features [122].

Epidermal growth factor

Epidermal growth factor (EGF) is a polypeptide hormone that has both
growth-stimulatory and growth-inhibitory effects on normal and tumor cells
in vitro [123]. EGF and transforming growth factor-a (TGF-a) both act
through the EGF receptor. Examination of EGF receptors from binding
studies and by Northern blot analysis of mRNA indicated that they were
present on both NSCLCs (1300-2700fmol/mg protein) and SCLCs

120



(10-120 fmol/mg protein) [124]. Although EGF receptor expression is gen-
erally elevated in human lung squamous carcinoma, the biological signi-
ficance of this phenomenon and the role of EGF and TGF-o in this disease
are poorly understood. In one study, three human squamous lung carcinoma
cell lines have been shown to express EGF receptors; addition of EGF or
TGF-a resulted in growth inhibition. mRNA for TGF-a was detected in all
three cell lines [125]. In contrast, several other studies have reported that
EGF and TGF-a at nanomolar concentrations increase [*H] thymidine in-
corporation in squamous and adenocarcinoma cell lines [126—129]. This
stimulating effect can be blocked by suramin, an antihelminthic, which
competitively blocked the binding of ['*’I|TGF-a to the EGF receptor [130].
EGF and TGF-a can also stimulate NSCLC cell clonal growth in soft
agarose and growth in nude mice. A monoclonal antibody (Ab 108) to the
EGF receptor inhibited this growth stimulation in vitro and in vivo [131].

Therapeutic implications

Neuropeptides are increasingly implicated in the control of cell prolifera-
tion, and their mechanisms of action are attracting intense interest. These
peptides may also act as autocrine growth factors for certain SCLC cells.
The results discussed here strongly suggest that the autocrine growth loop of
bombesin-like peptides may be only a part of an extensive network of
autocrine and paracrine interactions involving a variety of Ca**-mobilizing
neuropeptides in SCLC, including bradykinin, cholecystokinin, galanin,
neurotensin, and vasopressin.

As understanding of the effects of growth factors in cancer increases, it
has become possible to plan rational therapeutic interventions. If an au-
tocrine growth loop is considered, in which cells synthesize, secrete, bind,
and respond to the same growth factor, it is evident that interruption of this
cycle at any point will block mitogenesis. Paracrine growth stimulation could
be blocked in the same way. Because SCLC growth appears driven, at least
in part, by multiple autocrine and paracrine circuits involving Ca’*-
mobilizing neuropeptides, antagonists capable of blocking the biological
effects of multiple neuropeptides (i.e., broad-spectrum neuropeptide an-
tagonists) could provide an effective approach in the treatment of SCLC.

The first such antagonist to be studied was an analogue of substance P,
[DArg!,DPro?,DTrp’?,Leu'!] substance P (antagonist A). Substance P is
structurally unrelated to bombesin, but antagonist A was found to block the
secretory effects of bombesin on a pancreatic cell preparation [132]. It was
subsequently found to block '*’I-GRP binding and bombesin-stimulated
early signaling events and mitogenesis in Swiss 3T3 cells [133-135]. Further
substance P analogues were therefore studied [75,136].

Two interesting compounds were [DArg',DPhe’,pTrp’”,Leu''] substance
P and [Arg®,pTrp’°,MePhe®] substance P(6-11) (antagonists D and G).
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Both were shown to inhibit signal transduction and DNA synthesis stimu-
lated by bombesin, GRP, bradykinin, and vasopressin by reversibly prevent-
ing ligand binding [75,136]. It is important to note that the antagonists
neither block DNA synthesis by platelet-derived growth factor, which stimu-
lates Ca** mobilization through a different mechanism from neuropeptides
(i.e., mediated by tyrosine phosphorylation rather than by a G protein), nor
inhibit mitogenesis stimulated by vasoactive intestinal peptide, which in-
duces cyclic AMP accumulation without Ca** mobilization via a G-protein
linked receptor [75,136]. Thus, the substance P antagonist showed broad-
spectrum specificity against the neuropeptide mitogens bombesin/GRP, va-
sopressin, bradykinin, and endothelin, which act through distinct G-protein
linked receptors in Swiss 3T3 cells but activate common signal transduction
pathways. The molecular mechanism by which these antagonists interfere
with the action of Ca?*-mobilizing neuropeptides remains to be defined.

The compounds characterized as broad-spectrum antagonists in Swiss 3T3
cells were tested as inhibitors of neuropeptide-mediated signals and growth
in SCLC cell lines. Because SCLC is a heterogeneous group of tumors, each
compound was tested in several cell lines. The broad-spectrum antagonists
inhibited Ca®* mobilization stimulated by GRP, vasopressin, bradykinin,
CCK, and galanin in diverse cell lines [67,75] and inhibited the growth of
SCLC cell lines in liquid and semisolid media [67,75,137,138]. Antagonists
D and G were equipotent, with half-maximal effect at about 20 uM, whereas
antagonist A was fivefold less potent.

The broad-spectrum antagonists (D and G) caused a dramatic reduction
in the cloning efficiency of these cells in the absence and presence of
exogenous peptide [67,75,137]. The striking finding that broad-spectrum
antagonists inhibit the basal and stimulated clonal growth of many cell lines,
regardless of positivity for bombesin receptors, suggests that broad-spectrum
antagonists could be more useful anticancer drugs than ligand-specific
growth factor antagonists.

As a first step to test this possibility, the effect of broad-spectrum anta-
gonist on the growth of SCLC xenografts was examined. The antagonists
inhibited the growth of the tumor, as compared with the control group
[138]. The inhibitory effect was clearly maintained beyond the duration of
administration. These results demonstrate that broad-spectrum antagonists
can inhibit SCLC growth in vivo as well as in vitro.

Additional strategies to block growth factor action include the use of
growth inhibitory factors, monoclonal antibodies to clear secreted factors,
and drugs designed to interrupt intracellular signaling pathways. Because
multiple growth factors are implicated in the growth of lung cancers, anti-
bodies and antagonists to specific factors are unlikely to be clinically useful
except in a minority of cases. Cocktails of antibodies or specific antagonists
would be complicated and expensive to administer. They would also carry a
high risk of immune reactions. The development of antibodies to EGF and
antagonists to PDGF make these approaches possible for NSCLC in addi-
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tion to SCLC [139,140]. The broad-spectrum antagonists circumvent these
problems and retain the advantage of small size with potentially good tumor
penetration. The development of orally bioavailable nonpeptide antagonists
promises to provide interesting new compounds for clinical study. Growth-
inhibitory factors, such as the somatostatin analogues, have shown con-
siderable activity in vitro, but more potent compounds are awaited for
clinical use [119]. Drugs that affect intracellular signal transduction path-
ways include the protein kinase C activator bryostatin [141] and tyrosine
kinase inhibitors such as tyrphostins [142].

A detailed understanding of the receptors and mitogenic action of neu-
ropeptides will serve to identify novel targets for therapeutic intervention.
Exciting advances have already been made. We anticipate that these will
soon be translated into new treatments for lung cancer.
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6. The development and progression of
adenocarcinoma of the lung

Masayuki Noguchi and Yukio Shimosato

Introduction

Adenocarcinoma is the most common lung cancer in Japan and is said to be
increasing in some other countries. Etiologically, it is less strongly associated
with cigarette smoking than either squamous cell carcinoma or small cell
carcinoma, and the mechanism of carcinogenesis of adenocarcinoma is not
well understood.

Histologically and cytologically, adenocarcinoma is divided into many
subtypes. The relationship between the histologic subtypes used by the
World Health Organization (WHO) for diagnosing lung adenocarcinoma
and the cytological subtypes of lung adenocarcinoma proposed by Shimosato
et al. [1] is shown in table 1. Shimosato et al. subdivided pulmonary adeno-
carcinomas cytologically into five subtypes: 1) cells resembling bronchial
surface epithelial (BSE) cells with no or little mucin production, 2) goblet
cells, 3) bronchial gland cells (BGC), 4) nonciliated bronchiolar epithelial
cells (Clara cells), and 5) type II pneumocytes. Each cell type has its normal
counterpart in the lung and possesses a biological identity that constitutes
heterogeneity of lung adenocarcinomas ranging from fast-growing malignant
tumors with massive distant metastases to slow-growing, locally spreading
malignant tumors without extrathoracic metastasis, such as mucus-producing
bronchioloalveolar carcinoma [2,3]. For example, goblet-cell-type adeno-
carcinomas showed a better outcome than Clara-cell- and BSE-type adeno-
carcinomas [4]. However, when reevaluated according to TNM parameters,
the outcome of those two groups became similar. This means that the
favorable outcome of goblet-cell-type adenocarcinomas is due to their
characteristic distribution in the TNM staging system, that is, localized
growth within the lung but frequent, and probably transbronchial, intrapul-
monary metastasis [4]. On the other hand, BGC-type adenocarcinoma,
which has a tendency to arise from larger bronchi, may show endobronchial
growth and occurs more frequently in younger patients (mean age, 50.5
years) than in patients with other types of adenocarcinoma (mean age,
60.1 years). However, there is no difference in disease stage based
on TNM factors and outcome between BGC-type adenocarcinoma and
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Table 1. Relationship between histological classification of
WHO and cytological subtypes of lung adenocarcinoma

Histological classification

(WHO) Cytological subtypes
Acinar adenocarcinoma Bronchial gland cell type
Papillary adenocarcinoma Bronchial surface epithelial
Bronchioloalveolar cell type without mucus
carcinoma Goblet cell type
Solid carcinoma with mucus Nonciliated bronchiolar cell
formation (Clara cell) type
Type II alveolar epithelial
cell type

peripheral-type (either Clara or type II pneumocyte) adenocarcinoma [35].

Although there is obvious histologic and biological heterogeneity among
the lung adenocarcinomas as described above, this chapter will focus on the
development and progression of the major types of peripheral-type adeno-
carcinoma (Clara cell type, BSE type, type II pneumocyte type) from the
morphological, biological, and molecular points of view [1].

Development
Denial of scar cancer concept

A majority of adenocarcinomas of the lung develop in the peripheral airway,
that is, the bronchioloalveolar region. Most peripheral adenocarcinomas
contain a central or subpleural anthracotic and fibrotic focus, which is often
associated with a pleural indentation. This characteristic feature is the basis
of the concept of scar cancer, which has been believed to be common in the
lung for many years. However, Shimosato, Suzuki, and their associates
verified that in most adenocarcinomas seen in routine practice, the central
fibrosis or fibrotic focus with anthracosis forms not before, but after the
development of carcinoma [1,6,7]. Much of the fibrotic focus is formed by
the collapse of alveoli that had been lined by cancer cells, and is composed
of aggregates of elastic fibers of alveolar septal origin. Denial of the scar
cancer concept in lung adenocarcinoma is supported by the fact that in
early-stage adenocarcinoma a fibrotic focus is often absent, as are fibro-
blastic proliferation and collagenization in areas with dense aggregates of
elastic fibers. Convergence of bronchi and pulmonary vessels toward the
tumor, which is often associated with pleural indentation, is observed fre-
quently on chest x-ray films and provides evidence supporting the morpho-
logical events [7]. Therefore, scar cancers are considered to be very rare in
the lung except for carcinomas arising from diffuse pulmonary fibrosis [6}.
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(a)

So-called atypical adenomatous hyperplasia (probably adenoma)

Another concept to consider is multistep carcinogenesis. We have not in-
frequently encountered papillary or bronchioloalveolar lesions, which sug-
gest the development of adenocarcinoma, in a focus of atypical adenomatous
hyperplasia (AAH), or adenoma (figures 1a and 1b). In the National Cancer
Center Hospital, Tokyo, from 1965 to 1989, 108 cases with atypical adeno-
matous lesions (5%) were found out of 2098 cases of resected primary lung
carcinoma (table 2). Papillary or bronchioloalveolar adenomatous lesions are
usually less than 1cm in diameter, are often multiple, and are composed of
atypical cuboidal cells with an increased nuclear cytoplasmic ratio replacing
the lining of the alveoli. They resemble either Clara cells or type II pneu-
mocytes. Mitotic figures are rarely seen. Within such a lesion, an area may
be seen with increased cellularity and cell atypia suficient for it to be called
well-differentiated adenocarcinoma. Such atypical adenomatous lesions are
not infrequently seen at the periphery of advanced papillary adeno-
carcinoma (figures 2a, 2b, and 2c), suggesting a late stage of the adenoma—
carcinoma sequence, which is well known in the colon.

Recently, these lesions have been examined extensively. For example,
Miller et al. [8,9] examined the detailed histology of resected specimens with
lung adenocarcinomas and proposed an adenoma-carcinoma sequence,
analogous to that of colonic tumors.

Kodama et al. [10] morphometrically examined well differentiated adeno-
carcinomas and adenomatous cuboidal cell hyperplastic lesions with and

Figure 1. (a,b) Histological sections of AAH (adenoma). AAH cells show mild to moderate
nuclear atypia.
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Table 2. Atypical adenomatous hyperplasia (AAH) (bronchio-
loalveolar adenoma) of the lung in surgical cases

Carcinoma associated
Histologic type of tumor Total with AAH (adenoma)

Adenocarcinoma 1,118 87 (7.8%)
Squamous cell carcinoma 766 7 (1.0%)
Large cell carcinoma 152 10 (6.6%)
Small cell carcinom 62 4(6.5%)
Total 2,098 108 (5.1%)

Source: National Cancer Center Hospital, Tokyo, 1965-1989.

without atypia and found that many cases of AAH could be distinguished
from well-differentiated adenocarcinoma by means of the nuclear areas and
the standard deviation of the mean nuclear area.

A few years later, Nakayama et al. [11] measured the nuclear DNA
content of AAH by cytofluorometry and compared it with that of adeno-
carcinomas and reactive type II pneumocyte hyperplasia, and indicated that
AAH showed clonal proliferation, was closely related to small-sized well-

(a)

Figure 2. (a,b,c) Histological sections of adenocarcinoma associated with AAH (adenoma).
Adenocarcinoma cells (b) show more nuclear pleomorphism and hyperchromasia than AAH
cells (c).
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(b)

©

Figure 2. Continued
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differentiated papillary adenocarcinoma, and was either adenoma or very
well-differentiated adenocarcinoma.

These findings indicate that AAH may be either the most important
precancerous lesion of the peripheral type adenocarcinoma or already a
neoplastic growth — that is, adenoma or low-grade malignant adenocarci-
noma, which possesses the potential to progress to become the more ma-
lignant carcinoma. Although there may be adenocarcinomas that show de
novo development, some peripheral-type adenocarcinomas undoubtedly
develop through AAH or adenoma [12,13]. Eighty percent of peripheral
adenocarcinomas less than 2cm in diameter with no lymph node metastasis
showed such neoplastic progression [14].

Progression
Phenotypic progression

Clayton [2] subdivided peripheral-type adenocarcinoma into three subtypes:
mucinous, nonmucinous, and sclerosing bronchioloalveolar carcinomas.
Sclerosing bronchioloalveolar carcinomas are composed of tumor cells that
are cytologically and ultrastructurally similar to those of nonmucinous
bronchioloalveolar carcinomas, but that also contain a central area of dense
sclerosis with entrapped, distorted acini of tumor cells. He proposed a
possible etiology for such fibrosis: the tumor evolves, developing a mecha-
nism to induce fibrin deposition, which results in both angiogenesis and,
ultimately, fibrosis. This may explain the poor prognosis of sclerosing bron-
chioloalveolar carcinoma relative to nonmucinous bronchioloalveolar carci-
noma. In addition, the evolution is thought to be the most typical example
of malignant progression of nonmucinous bronchioloalveolar carcinoma.

Adenosquamous carcinoma of the lung is a relatively rare subtype of lung
carcinoma. Clinicopathologically, the outcome of adenosquamous carci-
noma is poorer than that of adenocarcinoma and squamous cell carcinoma,
particularly in stages I and II [15]. The histogenesis of adenosquamous
carcinoma is unclear; there are many possibilities, including adenocarcinoma
with squamous metaplasia, collision tumor, high-grade mucoepidermoid
carcinoma, and bipotential undifferentiated cell origin. But many adeno-
squamous carcinomas are considered to be the result of malignant pro-
gression of adenocarcinoma, since squamous components are not seen in the
area of adenocarcinoma with slight cell atypia but are almost always seen in
the area with moderate to marked cell atypia.

Similar to the process of development of adenocarcinoma in adenoma,
histologically and cytologically more atypical or more malignant-appearing
areas develop within carcinoma. Such morphological progression can be
confirmed not only by cytological and histological examination of hema-
toxylin and eosin-stained sections but also by other means of determining

136



phenotypes, such as immunohistochemical staining for carcinoembryonic
antigen (CEA) and examination for markers of proliferative activity. The
appearance of mucin-producing or mucin-containing cells within nonmucin-
producing Clara-cell-type and type II pneumocyte-type bronchioloalveolar
carcinoma is considered to be a feature of malignant progression, since those
cells are almost always found not in areas with in situ bronchioloalveolar
growth but in areas of invasive growth in the mid- or central portion of
tumors, and show increased nuclear atypia [1].

With reference to CEA immunostaining, sclerosing bronchioloalveolar
carcinoma displaying stepwise progression from AAH (or adenoma) in the
periphery to a papillary arrangement in the midzone and solid nests in
the central portion may disclose negative, weak to moderate, and marked
staining of CEA, respectively, as nuclear atypia increases [13].

Growth properties

The growth properties of tumors can be evaluated by the frequency of
mitotic figures, but to obtain mitotic indices by counting the mitotic figures
is not only time consuming but also inaccurate. Greater accuracy is obtained
by counting the DNA-synthesizing (S phase) cells by labeling the cell with
3H-thymidine followed by autoradiography, or labeling them with bromo-
deoxyuridine followed by immunohistochemical examination. With this
method, Yoshida et al. [16] demonstrated that the labeling index was around
19% and 11% in small cell carcinoma and squamous cell carcinoma, re-
spectively. In adenocarcinoma, the labeling index ranged widely from less
than 11% to 19%, to being 3% or less in two thirds of the cases, indicating
that adenocarcinomas are a very heterogenous group of tumors with respect
to their growth properties. The bromodeoxyuridine-labeling index of brain
metastases of adenocarcinoma of the lung was higher than 5% [17], indicating
that adenocarcinoma with a labeling index of 3% or less may be unable to
form hematogenous metastases.

More recently, proliferating cells have been identified by immunohis-
tochemical examination for proliferating cell nuclear antigen and
proliferation-associated nuclear antigen Ki-67 [18,19]. By that method, areas
in adenocarcinoma with more atypical cells were found to show an increased
number of positive cells — that is, increased growth properties — compared
to areas of the tumor with fewer atypical cells. Therefore, malignant pro-
gression in adenocarcinoma can be verified by evaluating the growth pro-
perties of various parts of the tumor.

Nuclear DNA content and aneuploidy

The mean nuclear DNA content has been shown to increase in less dif-
ferentiated adenocarcinoma in the advanced stage, and is significantly
greater in stage I adenocarcinomas with recurrence within five years after
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surgery than in those without recurrence [20,21]. Within a primary tumor,
the mean nuclear DNA content of tumor cells is significantly greater in areas
with an increased amount of stroma in alveolar septae [22]. Comparison of
the mean nuclear DNA content of primary tumors and metastatic foci in the
lymph noted, brain, and liver disclosed that hematogenous metastases were
frequently composed of tumor cells with greater mean nuclear DNA content
than that in the primary tumor, whereas the mean nuclear DNA content of
lymph node metastases, particularly metastases in the hilar lymph nodes,
was almost equal to that of the primary tumor, although cells with greater
DNA content were noted in mediastinal node metastases. Furthermore,
analysis of the histogram patterns of hematogenous metastases suggested
that a small focus with greater DNA content, which had been undetected,
developed in some primary tumors and was the source of metastasis [23].
However, histogram patterns in other cases suggested the presence of
abnormal cell lines with increased DNA content in foci of hematogenous
metastases. From these observations, the nuclear DNA content is con-
sidered to be a parameter of malignancy, at least in adenocarcinoma of the
lung, that can be used to prove stepwise progression in malignancy.

Genetic changes

In adenocarcinoma, several oncogenes and their protein products, including
c-Ki-ras, c-myc, c-erbB2, and p53, have been found to be amplified, rear-
ranged, or overexpressed [24,25]. On the other hand, loss of heterozygosity
of 3p, 11p, 13q, and 17p has also been detected [26,27].

Point mutation in the c-Ki-ras gene is seen in 15% to 30% of lung
adenocarcinomas [28,29], and clinicopathologically point mutation of c-Ki-
ras codon 12 was reported to be correlated with the T factors and N factors
of the TNM system and with smoking history, but not with the degree of
histological differentiation. Our study, however, suggested that point muta-
tional activation of the c-Ki-ras gene at codon 12 occurs frequently in goblet-
cell-type adenocarcinomas followed by the BSE type, and very rarely, if
ever, in the pure Clara cell type [28].

Amplification of myc family genes has not been seen in the primary
adenocarcinoma of the lung (0/18), but is frequently seen in brain metastases
(13/17) (Nakajima et al., unpublished data).

Forty percent to 50% of adenocarcinomas overexpress p185neu (product
of c-erbB2) relative to levels of expression seen in the uninvolved bronchiolar
epithelium [30] (figure. 3a). The overexpression of pl85neu is strongly
associated with tumorigenicity of human bronchial epithelial cells [31]. For
adenocarcinomas, pl85neu expression was reported to be associated with
older age and short survival. Using Cox’s multivariate survival analysis,
p185neu expression was found to be a significant determinant of survival
even after accounting for the effect of the tumor stage [30].

Nuclear staining as the result of nuclear accumulation of the p53 gene
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(b)

Figure 3. Immunohistochemistry of p185neu (a) and p53 (b). Cell membranes (arrowheads)
and nuclei are stained by anti-p185neu and anti-pS3 antibodies, respectively.
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product is said to be closely associated with point mutation of the gene
[32,33] (figure 3b). In single tumors, positive immunostaining was sta-
tistically significantly associated with lymph node and distant organ me-
tastases and with the stage of the disease in adenocarcinoma, although such
an association was not seen in squamous cell carcinoma and small cell
carcinoma [34]. Positive nuclear staining was seen more frequently in nuclei
showing increased atypia. In addition to nuclear atypia, the cell type may also
be important, since both of two cases of goblet-cell-type bronchioloalveolar
carcinoma of the lung examined so far showed entirely negative im-
munostaining.

Some of the findings described here may indicate multistep malignant
progression of the adenocarcinoma due to genetic abnormalities.

Summary

This chapter has briefly reviewed the development and progression of
peripheral-type adenocarcinoma of the lung, focusing particularly on
bronchioloalveolar carcinoma consisting of the nonmucus-producing cell
type with or without sclerosis.

Histoloical examination reveals that scar cancers are rare except in cases of
diffuse pulmonary fibrosis and that many nonmucus-producing bronch-
ioloalveolar carcinomas appear to develop from atypical adenomatous
hyperplasia, which can be called adenoma or very well-differentiated
adenocarcinoma, and to progress stepwise.

Stepwise progresssion in malignancy can be disclosed not only by cyto-
logical and histological examination but also by proliferative activity of the
tumor, such as mitotic activity, the percentage of DNA-synthesizing cells
and the frequency of proliferating cell nuclear antigen-positive cells, the
mean nuclear DNA content of tumor cells and occurrence of aneuploid cell
lines, and abnormalities of oncogenes (c-Ki-ras, myc family, and c-erbB2),
such as point mutation, rearrangement, amplification, and tumor suppressor
genes (point mutation and deletion) such as p53.
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7. Neuroendocrine characteristics in malignant lung
tumors: Implications for diagnosis, treatment,
and prognosis

Thomas Senderovitz, Birgit G. Skov, and Fred R. Hirsch

Introduction

Twenty years ago, Pearse identified a group of endocrine cells sharing
multiple morphological and biochemical features. He named them APUD
cells (Amine Precurser Uptake and Decarboxylation) because of their
amine-handling properties, one of their main functions being their ability to
take up and decarboxylate relatively simple amino precursor substances,
such as dihydroxyphenylanaline (DOPA) and 5-hydroxytryptamine (5-HT),
thus producing biogenic amines [1]. Today, these cells are known as neuro-
endocrine (NE) cells and the APUD system as the Dispersed Neuroendo-
crine System (DNS), currently consisting of more than 40 different cell
types.

Neuroendocrine cells can thus be defined as cells with secretory granules
and the capability of producing polypeptide hormones or biogenic amines.
They occur in various locations, including the islets of Langerhans in the
pancreas, the crypts of Liberkuhn in the small intestine and the appendix,
the C-cells of the thyroid gland, the adrenal medulla, and the granular
basal layer of the bronchial epithelium. Traditionally, the neuroendocrine
tumors of the lung include the carcinoid tumors (typical and atypical) and
the small cell lung carcinomas [2]. They are characterized by the presence
of the above-mentioned granules (which in the electron microscope are
seen as dense-core granules) and high concentrations of the key amine-
handling enzyme aromatic-L-amino acid decarboxylase (refered to as
L-dopa decarboxylase), and they produce various hormones and neuro-
peptides [3-6].

In order to demonstrate neuroendocrine differentiation, various markers
have been identified. The presence of one or more of these markers
indicates a neuroendocrine origin of the tumor. Unfortunately, no interna-
tional standards exist regarding which markers and how many of them are
needed to identify a tumor as neuroendocrine. Furthermore, different
methods, different antibodies, and so forth are often used to demonstrate
these markers, which makes comparison of results from clinical studies
difficult.
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Neuroendocrine markers in the histopathologic diagnosis
General neuroendocrine markers

Neuron-specific enolase (NSE). NSE is a gamma-gamma isoenzyme of the
glycolytic enzyme 2-phospho-D-glycerate hydrolase. It was first believed
that the gene coding for this isomer was restricted to neurons. However,
NSE has been detected in APUD cells of the central and peripheral
neuroendocrine system [7,8]. Several studies have studied the expression of
NSE in lung carcinomas, especially SCLC but also adenocarcinoma of
the lung. In one of the first studies, Sheppard et al. [9] were unable to
detect immunoreactivity in 10 adenocarcinomas, while 18 of 31 SCLCs were
positive. Thus, this antibody was thought to be a good marker for SCLC.
However, more recently, many NSCLC tumors including adenocarcinomas
have shown positive reactions for anti-NSE, with a range of 12%-57%
[6,10-13]. In a study from Grazianno et al. [12], a polyclonal antibody
against NSE was positive in pretreatment biopsies of NSCLC in 14 of 26
(54%) patients who responded to chemotherapy compared to 7 of 26 (27%)
in nonresponding patients. Twelve of these 14 responding patients had
adenocarcinoma. In a study by Skov et al. [13], a monoclonal antibody to
NSE was applied and 18 of 114 patients (16%) with adenocarcinoma of the
lung had positive staining reactions.

From the literature, it can be concluded that immunohistochemical
staining for NSE in adenocarcinoma (and in other NSCLC) show positive
reactions in 0% to 60% of tumors. In most of the studies, polyclonal
antibodies were applied, and these sera are difficult to control in terms of
specificity.

Immunohistochemical studies using monoclonal antibodies to NSE are
needed to evaluate the usefulness of these antibodies as a specific marker for
neuroendocrine-derived neoplasms.

Chromogranin A (ChrA). Several studies have described ChrA as a marker
for endocrine cells containing dense-core granules, but only a small number
of studies have looked at adenocarcinoma of the lung. In the study by
Linnoila et al. [6], 4 of 39 patients (10%) with adenocarcinoma had positive
tumors using a monoclonal antibody, and the positive reactions were as-
sociated with the presence of other neuroendocrine markers. Skov et al. [13]
found a positive ChrA reaction in 22 of 114 patients (19%) with stage III
and IV adenocarcinoma of the lung. By using Northern blot hybridizations,
Gazdar et al. [14] detected ChrA (mRNA) in 6/25 NSCLC (without further
subtyping), and found a 100% concordance between the expression of ChrA
and the presence of dense-core granules [14].

Thus, antibodies against ChrA are a specific but not very sensitive marker
for neuroendocrine cells. This marker is useful in a panel with other
neuroendocrine markers for the classification of lung cancer.
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Leu 7. Leu 7 is an antigen expressed by a subpopulation of lymphocytes as
well as nerves, most NE cells, and their neoplasms throughout the body
[6,15]. Antibodies to the Leu 7 antigen recognize a neural cell adhesion
molecule (see below). Eleven out of 39 surgically resected lung adenocarci-
nomas (28%) were positive in the study by Linnoila et al. [6], and Graziano
et al. [12] obtained positivity in 12 of 51 adenocarcinomas (24%). Leu 7 may
be a good marker for NE cells, but more studies are needed to determine
the specificity and sensitivity of this marker.

Synaptophysin (SY 38). An integral membrane glycoprotein (MW 38,000),
SY 38 has been identified in presynaptic vesicles in neurons, but also in
some epithelial cells. Very few studies have looked at its presence in adeno-
carcinoma of the lung. Kayser et al. [11] found expression of SY 38 in only 2
of 25 adenocarcinomas. In order to evaluate the diagnostic use of this
marker, more studies are required.

Specific neuroendocrine products

A large number of neuropeptides and hormones have been demonstrated in
malignant lung tumors, especially in bronchial carcinoids and in SCLC. In
one of the previously cited studies, hormones and neuropeptides were found
in lung adenocarcinomas as follows: bombesin (7/39), calcitonin (1/39),
serotonin (1/39), ACTH (7/39), vasopressin (7/39), and neurotensin (0/39)
[6]. Hamid et al. [16] were unable to detect bombesin and pro-bombesin in
57 adenocarcinomas.

Because of the great diversity of these NE products and their variable
expression, the use of these markers as broad spectrum markers for NE
neoplasms is limited.

Neural cell adhesion molecules (NCAMs). This group of surface glyco-
proteins is involved in direct cell-cell adhesion; they play an important role
in cell proliferation, migration and differentiation [17]. NCAMs were
originally considered to be mainly restricted to neurons, but recently it has
been shown that NCAMs are also expressed in some non-neural tissues,
including some endocrine cell. The antibodies against NCAM were charac-
terized and clustered (cluster 1) in the International Workshops on SCLC
antigens [18]. NCAM are also expressed on natural Killer cells and have
been termed CD 56 in the Leucocyte Antigen Workshop. It has been
demonstrated that NCAM expression in lung tumor cell lines is associated
with the expression of neuroendocrine markers of differentiation, indepen-
dent of the histological type of lung cancer [19]. In a study using three
NCAM antibodies (SL 11.14, MOC 1, and NE 25), a homogeneous reaction
in 2 of 5 adenocarcinomas and 11 of 34 squamous cell carcinomas was
demonstrated, as compared to 7 of 7 SCLC and 2 of 3 carcinoids. For all
the NSCLC tumors, the reactivity of the three antibodies was significantly
higher in stage III as compared to stage I and II, and poorly differentiated
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tumors had significantly more positive reactions than well-differentiated
tumors [20].

In another study using MOC 1, 1 of 39 adenocarcinomas had positive
reactions compared to 19 of 19 SCLC and 20 of 102 squamous cell
carcinomas [21]. Mooi et al. [22] demonstrated NCAMs (123C3) in 4 of 68
adenocarcinomas and in 38 of 185 squamous cell carcinomas. By the use of
four MOC antibodies, NE differentiation was demonstrated in 43% of
patients with lung adenocarcinomas in a study by Berendsen et al., and in
about half of these tumors more than 50% positive cells were detected [23].
Komminoth and co-workers [24] have immunohistochemically examined the
expression af sialyated NCAM in a small number of small cell lung
carcinomas and bronchial and gastrointestinal carcinoids. They described its
differential expression in small cell lung cancer, but not on carcinoids,
and suggested polysialyated NCAM to be a useful marker to distinguish
between these tumors.

In conclusion, antibodies recognizing epitopes on NCAM seem to be
useful as markers of NE differentiation. Unfortunately, unfixed tissue is
necessary for the use of the present available antibodies.

Combination of NE markers in the histopathologic diagnosis

From the literature it seems clear that one single NE marker is not useful in
categorizing malignant lung tumors as carcinoids, SCLC, and NSCLC.
However, by applying a panel of NE markers, a better subclassification of
malignant lung tumors seems to be possible. Linnoila et al. [6] used a
statistical model in an immunohistochemical multimarker study. Seven of 77
NSCLC tumors had a staining pattern indistinguishable from SCLC, and
95% of the tumors were correctly classified by application of a statistical
model created from staining indices of three general NE markers (ChrA,
Leu-7, NSE) and three other markers [6]. Thus, ChrA, Leu-7, and NSE
together make a suitable panel for screening lung tumors with NE features.
If one considers the expression of two or more of these markers as a
definition for a neuroendocrine phenotype, about 75% of the SCLC and
25% of the NSCLC have this phenotype. From this, it is obvious that the
demonstration of NE differentiation in lung carcinomas cannot be used as a
tool to differentiate between histological subtypes (especially the differentia-
tion between SCLC and NSCLC). Patients with NE-positive tumors may
have different clinical characteristics than other patients with NSCLC
tumors, including responsiveness to chemotherapy, and this is discussed
below.

Neuroendocrine properties and chemotherapy sensitivity in NSCLC

During recent years, several investigators have reported the demonstration
of neuroendocrine features in NSCLC. It has been difficult to compare the
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results of the clinical studies due to the different methods used for identifica-
tion of NE features and differences in the treatment regimens. Furthermore,
the group has mostly been studied as a whole, without taking into considera-
tion the possibility of a difference in survival and response in the different
subgroups (i.e., adenocarcinoma, squamous cell carcinoma, and large cell
carcinoma).

In vitro studies

In a study by Gazdar et al. [25], 55 lung cancer cell lines (including 32
NSCLC cell lines, 4 carcinoid cell lines, and 19 SCLC cell lines) were in-
vestigated for the presence of common NE markers (L-dopa decarboxylase,
dense-core granules, ChrA, and synaptophysin) by immunohistochemical
methods in order to determine the association between morphological type
and NE differentiation with the in vitro chemosensitivity. Chemosensitivity
was determined for five cytotoxic drugs (VP-16, cisplatin, doxorubicin,
melphalan, and carmustine). Cell lines expressing two or more markers
were defined as having a neuroendocrine phenotype. Of the 32 cell lines
examined, 5 expressed the NE phenotype (16%). The group of NSCLC
having the NE phenotype was found to be as chemosensitive as SCLC cell
lines, while NSCLC lacking NE markers were found to be relatively chemo-
resistant. The bronchial carcinoids were found to be highly chemoresistant
[25].

Clinical studies

Until recently, the therapies of choice in NSCLC have been surgery when-
ever possible (stage I, II, and selected stage III patients) or just palliative
care. Chemotherapy in NSCLC has been quite disapointing. Even though
the platinum agents alone or in combination with other drugs may result in a
marginal improvement of the survival time, no studies have so far been able
to demonstrate any real advantage compared to the best palliative care; nor
have the same good response rates as in SCLC been achieved. No studies
so far have explained these facts. It is tempting to hypothesize that the
subset of the NSCLC tumors expressing NE markers would have the same
biologic characteristics as SCLC (or at least a SCLC-like behavior) and
therefore would respond much better to chemotherapy, with a prolongation
of the survival time. This hypothesis has been supported by the in vitro data.
Another question would be whether the use of adjuvant chemotherapy in
the subset of the NE-NSCLC group of patients who are radically operated
would result in a prolongation of the survival time.

Berendsen et al. [23] investigated 141 biopsies from untreated NSCLC
patients, and a panel of monoclonal antibodies (MOC-1, MOC-21, MOC-
32, MOC-51, and MOC-52) against SCLC-associated antigens was used to
detect neuroendocrine markers. Thirty-one percent of the specimens con-
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tained cells expressing one or more of the assessed NE markers
(50%-100% positive staining cells), and they were found more often in
adenocarcinoma (44%) than in squamous cell carcinoma or large cell
carcinoma. A multivariate analysis for prognostic factors was performed,
and among these factors tumors with more than 50% positive-staining cells
with the MOC-1 antibody were shown to be a negative prognostic factor.
This finding could be compatible with the hypothesis of biologic similarities
between these NE-NSCLC and SCLC tumors.

In a retrospective study by Kibbelaar et al. [26], 308 surgically resected
lung carcinomas of various histological subtypes were studied. A panel of
monoclonal antibodies recognizing different NCAM epitopes was used.
These included MAb 123C3, which is a monoclonal antibody raised against
a membrane preparation of SCLC [22], and the antigen recognized is
present mainly in neuroendocrine cells as the polypeptide backbone of
NCAM [27]. Tumors positive for MAb 123C3 were found in 53 out of 278
NSCLC patients (19%), but material from only 91 NSCLC patients was
available for additional immunostaining with the other antibodies. Of these
tumors, 42 (46%) were positive for MAb 123C3. Patients having NSCLC
tumors positive for MAb 123C3 had a postoperative overall and disease-free
survival times significantly shorter than 123C3-negative NSCLC tumors.

Sundaresan et al. [28] presented a study in which 317 patients with
NSCLC were evaluated retrospectively and 44 patients were evaluated
prospectively by immunohistochemical methods. The specimens were ex-
amined for the presence of NSE, CK-BB, bombesin, neurotensin, ChrA,
synaptophysin, and UJ.13A. Two or more markers were found in 30% of
the tumors. While a significant correlation between degree of metastases
and NE differentiation was found, no correlation between NE differentia-
tion and survival could be detected.

The prognostic significance of NE differentiation in surgically resected
NSCLC is not quite clear. The above-mentioned studies were retrospectively
designed, and different neuroendocrine markers have been used. However,
a certain trend towards a more SCLC-like behavior of the NE-positive
NSCLC can be seen (higher degree of metastases and shorter postoperative
survival).

Further investigations, preferably designed as prospective randomized
trials, are needed to solve the role of chemotherapy in resectable NE-
NSCLC.

The problem of whether inoperable NE-NSCLC patients should be
treated with or without chemotherapy is still also an open question.

In a retrospective immunohistochemical study (NSE, Leu 7, and ChrA)
in chemotherapy-treated NSCLC patients, Graziano et al. [12] evaluated 52
patients for the presence of neuroendocrine markers. Twenty-six patients
with advanced NSCLC who had responded (completely or partially) to
chemotherapy were compared to 26 patients who did not respond to cytotoxic
chemotherapy. The two groups were balanced in terms of major prognostic
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features. Of the 52 patients, 40 had adenocarcinomas, 5 squamous cell
carcinomas, 2 large cell carcinomas, and 5 adenosquamous cell carcinomas.
Ten of 26 responding patients (38%) had tumor positive for two markers,
whereas none of the nonresponders showed this feature (p < 0.01). Further-
more, responders with two or more positive markers had significantly longer
survival (median 79 weeks) compared to responders with less than two
positive markers (median 51 weeks) and nonresponders (median 27 weeks)
[12]. It should be noted that this retrospective study included material from
only 52 patients, and the patients were selected. Furthermore, NSE was
detected by polyclonal antiserum with a lower specificity than monoclonal
antibodies.

Skov et al. [13] investigated 114 patients with inoperable bronchogenic
adenocarcinoma, all of whom received chemotherapy according to a prospec-
tive randomized trial. Specimens obtained prior to chemotherapy were
examined immunohistochemically using monoclonal antibodies against NSE
and ChrA in order to determine the frequency and prognostic impact of
such marker expression. The evaluated specimens were divided into three
groups depending on the number of positive staining cells, namely, no
reaction, 1%—-10% positive cells, and more than 10% positive cells. NSE
was expressed in more than 10% of the cells in 18 patients (16%). ChrA was
expressed in 22 patients (19%) with tumors having more than 10% positive
cells. The response rate to chemotherapy was 44% (complete or partial
response) in patients with tumors containing more than 10% NSE-positive
cells compared to 17% of the patients with less than 10% positive cells (p <
0.025). Corresponding values for ChrA were 30% versus 19% responding
patients (not statistically significant). Although no statistically significant
difference was found in median survival times between the groups, a trend
could be seen, since the highly NE-positive group of patients had a median
survival time of 262 days compared to 159 days for the nonstaining group of
patients [13].

In a more recent study by van Zandwijk et al. [29], 42 patients with
locally advanced or metastatic NSCLC were prospectively evaluated for
serum levels of NSE and LDH in order determine the prognostic value of
these tumor markers. Elevated NSE levels were significantly more common
in patients with extensive disease than in locally diseased patients. A strong
positive correlation factor was found between serum levels of NSE and
LDH, while no correlation was found between serum enzyme levels and
either age, sex, performance status, or histology. Patients with high levels of
serum NSE and LDH were found to have a better response (complete or
partial) to chemotherapy than patients with lower levels. In a univariate
analysis, high pretreatment levels of NSE and LDH were found to be
associated with shorter survival, as was extensive disease, but when adjust-
ment for extent of disease was made, no significant association between
tumor marker levels and survival could be demonstrated [29].

Linnoila et al. [6] evaluated the clinical outcome of 113 patients with
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NSCLC to determine whether NSCLC tumors with neuroendocrine dif-
ferentiation (NE-NSCLC) behaved more like SCLC. NE-NSCLC were
defined as NSCLC with positive reactivity of at least 2 out of 3 well-defined
NE markers (ChrA, Leu-7, and NSE) as determined by immunohistochemi-
cal methods. Neuroendocrine differentiation was found in 19/111 patients
(17%); 8 of these had chemotherapy (42%), and 4 out of 8 (50%) obtained
a complete or partial response, versus 6/38 (16%) of the other chemotherapy-
treated NSCLC patients. Unfortunately, the number of patients in the
groups was small, and no significant difference in survival between NE-
positive and NE-negative NSCLC patients was seen. The NE-NSCLC
patients developed metastases more often than the other groups (p < 0.05).
The authors conclude that NE-NSCLC had a biological behavior inter-
mediate between NSCLC and SCLC [6].

Two recently published preliminary reports have presented the relation
between NE markers and chemotherapy response and survival. Carles et al.
[30] examined 97 patients with NSCLC who were treated with cisplatin-
based chemotherapy in order to assess the significance of pretreatment and
treatment characteristics. NSE, synaptophysin, ChrA, and Leu-7 were
determined by immunohistochemical methods. NSE was found in 43 of 92
patients (44%), synaptophysin in 2 of 97 (2%), ChrA in 21 of 92 (22%), and
Leu-7 in 4 of 92 (4%). NSE was a better predictor of survival in the NE-
positive NSCLC patients (survival 11 months) than in patients with NE-
negative tumors (survival 7.4 months) [30].

Ruckdeschel et al. [31] studied 237 ressected NSCLC patients and 219
patients with extensive NSCLC or SCLC in a retrospective study. Im-
munohistochemical methods were used to detect the neuroendocrine mark-
ers NSE, ChrA, Leu-7, and bombesin. The presence of NSE in patients
with extensive disease was associated with an increased response to chemo-
therapy, but not with survival, while the presence of CEA was associated
with a longer survival. However, in the operable patients, the presence of
NE markers had no influence on either response or survival [31].

Neuroendocrine peptides as growth factors

In the past decade, over 1000 continous human cell lines have been estab-
lished from lung cancer biopsy specimens, and many growth factors and
receptors have been identified in SCLC cell lines [32]. SCLC is a NE tumor
that contains numerous peptides, including bombesin/gastrin releasing
peptide (BN/GRP), and receptors. High levels of BN/GRP were detected in
many SCLC cell lines and biopsy specimens [33], and the growth of SCLC is
inhibited by a monoclonal antibody (2A11) against BN/GRP [34]. Clinical
trials have begun using this antibody, which neutralizes GRP [35].

GREP is also present in the plasma of SCLC patients, but due to the rapid
metabolism of GRP in the blood (it has a half-life of approximately
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five minutes), it is not suitable as a marker for SCLC. GRP secretion is
increased by vasoactive intestinal peptide (VIP) [36]. Current efforts have
focused on developing GRP receptor antagonists, which bind to the receptor
with high affinity and are not readily degraded by serum proteases.

High level of another peptide, neurotensin (NT), have been found in
many classic SCLC cell lines examined [37]. NT has also been found to
stimulate clonal growth of SCLC cell lines [38], but unfortunately NT
antagonists are not currently available.

In contrast to SCLC adenocarcinomas, large cell carcinomas and squa-
mous cell carcinomas do not have immunoreactive GRP or NT, and GRP
antagonists did not inhibit the growth of NSCLC cell lines [39].

Conclusions and future perspectives

Pulmonary neuroendocrine cells are the first cells to diffentiate from the
primitive respiratory epithelium during lung development. The cells produce
a variety of hormones, and some of them have been shown to be growth
factors for bronchial epithelial cells.

Neuroendocrine hyperplasia and increased release of bombesin-like (BN)
peptides occur in several diseases of the airways, including chronic obstruc-
tive pulmonary disease (COPD) and bronchopulmonary dysplasia. In addi-
tion, extremely high levels of immunoreactive BN were observed in the
bronchial lavage fluid and urine of SCLC patients and smokers [40], and it
has been suggested that bombesin/GRP acts as a mitogen in the lung and
may be important in the development of malignant lung tumors of the
SCLC- and non-SCLC type. The hypothesis that bombesin-like peptide are
a marker for lung injury that identifies a subset of smokers at increased risk
for the development of lung cancer is presently being tested [41]. BN and
GRP have been demonstrated to stimulate the clonal growth of SCLC.
Thus, BN/GRP receptor antagonists not only may be useful in the treatment
of SCLC but also may function as chemopreventive agents.

Identification of NE markers in both SCLC and non-SCLC tumors
supports the unitarian theory of a common origin for the malignant lung
tumors [42]. There is a continuum between typical SCLC and NSCLC
tumors that was recognized by M. Matthews [43] in 1975 through traditional
light microscopy and that was later added to the IASLC classification of
malignant lung tumors [44]. Therefore, today we know that there is a ‘grey
zone’ between the SCLC and NSCLC types, and there is a subset of NSCLC
tumors (about 20%-30%) that shares NE features with the SCLC tumors
(NE-NSCLC). Based on in vitro data and several retrospective clinical
studies, these NE-NSCLC tumors seems to be chemosensitive. However, we
still do not have any good prospective clinical data showing whether patients
with NE-NSCLC tumors should be offered chemotherapy or not, and
it would be of particularly great interest to elucidate whether adjuvant
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chemotherapy after ‘radical’ surgery in patients with NE-NSCLC tumors
would have any significant effect on survival.

It can be concluded that by identification of NE markers in ‘normal’ and
neoplastic lung tissue, we have learned more about the biology of lung
tumors, and NE peptides might play an important role in the carcinogenesis
of lung cancer. However, whether or not these markers can be used in
future screening or in early detection of lung cancer is a question to be
answered in prospective studies. Furthermore, prospective studies must
answer the question of whether or not patients with NE-NSCLC tumors will
have any significant benefit from being treated with chemotherapy. Taking
into consideration the relatively large absolute number of NE-NSCLC
tumors per year (in the U.S., about 13,000 per year) and the possible
benefits of chemotherapy for these patients, the answer to this question
seems to be of utmost importance.
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8. In vivo models for testing of cytostatic agents in
non-small cell lung cancer

Henk B. Kal

Introduction

The limited progress in non-small cell lung cancer (NSCLC) in numerous
clinical trials is rather disappointing. There is a need for more detailed
information on the specific biological properties of the various forms of lung
cancer before a more rational approach in the improvement of treatment
can be made. In contrast to the situation in other forms of cancer, e.g.,
lymphoid and myeloid leukemia, mammary cancer, and colon cancer, there
has been a noticeable scarcity of useful animal models for the study of the
biological properties of lung tumors and their responsiveness to chemo-
therapeutics and radiation. In general, a particular tumor model should be
chosen based upon the specific question to be answered. One of the major
areas of research is response to treatment. Human lung tumor xenografts
have been used as tools to study responsiveness to treatment modalities, and
rodent lung tumor models were developed that can be used for this purpose.
In this chapter, the xenograft model and the rodent lung tumor models will
be described with respect to their responsiveness to cytostatic agents.

Tumor xenografts

The use of human tumor xenografts in nude mice or immunosuppressed
animals has received wide application for obvious reasons. Numerous large
studies using subcutaneous transplantation have confirmed the human origin
and described a close resemblance between xenografts and tumors of origin
[1-4]. There is considerable evidence that this resemblance carries over into
response rates and associated parameters [5-9)].

For practical reasons, the most relevant way of validating the xenograft
model for treatment responses is to compare directly xenograft response
with the clinical response. A major study of this type was that of Shorthouse
et al. [10]. The clinical response of small cell lung cancers was reflected in
highly responsive xenografts, as was the lack of response of the non-small
cell tumors.
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Steel et al. [11] studied responses of a variety of human tumor xenografts
and found good correlation between the response of xenografts and the
clinical complete remission rates. Their overall impression is that chemo-
responsive human cancers give rise to xenografts that also respond well to
chemotherapy.

Ovejera [12] discussed the use of human tumor xenografts in large-scale
drug screening. In the screening panel of the U.S. National Cancer Institute
(NCI), three human xenografts were included, namely, the CX-1 colon
carcinoma, the LX-1 undifferentiated small cell lung carcinoma, and the
MX-1 mammary ductal carcinoma. Ovejera concluded that it appears that
human tumor xenografts are unable to predict clinical activity of drugs based
on tumor type. This lack of correlation may be attributed to the fact that
panel testing is limited to one tumor xenograft of each type.

Bellet et al. [13] proposed the use of a disease-oriented approach em-
ploying a 14-tumor xenograft system of similar origin. Such a system is
considered ideal in predicting the clinical efficacy of a drug against specific
tumor types.

Responses were heterogeneous to a variety of chemotherapeutic drugs of
four different experimental bronchial carcinomas that originated in the lungs
of rats. A similar tumor-specific pattern of response was observed when these
tumors were grown as xenotransplants in nude mice [14]. This observation
strongly supports the notion that results of experiments performed with
human xenografts in nude or immunosuppressed rodents are predictive for
responses of tumors in human patients. This rat lung tumor model (to be
discussed later) is a result of attempts to develop a multiple tumor system of
similar origin with the aim, among others, of predicting of clinical efficacy of
drugs.

Murine lung tumor models

Lewis lung carcinoma (3LL)

The Lewis lung carcinoma originated spontaneously in the lung of a C57BL/6
mouse in 1951 [15]. This tumor was maintained in vivo by subcutaneous (sc)
passages. It is a weakly immunogenic, poorly differentiated epidermoid
carcinoma. The 3LL has been used in many studies either for its claimed
closeness to the human pattern [16] or for its metastasizing behavior, which
allows the effect of chemotherapy against both primary and secondary
outgrowth to be investigated. The Lewis lung carcinoma is one of the tumor
systems that constitute the NCI anticancer screening panel [12].

NMU-1 adenocarcinoma

NMU-1 is a lung adenocarcinoma induced by N-nitroso-N-methyl-urea in a
BALB/c Lac Dp mouse and maintained in vivo by subcutaneous passaging
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of tumor fragments [17]. The tumor spontaneously metastasizes to the lung.
It was found that mitomycin, cyclophosphamide, and cisplatin significantly
modified tumor growth delay and increase of life span in treated mice.
These three drugs show a certain degree of activity as single agents on
human lung tumors.

CMTo4

A spontaneous alveolar lung carcinoma originated in a female C57BL/ICRF
a' mouse. From this tumor, the lung tumor cell line CMT64 was developed
[18]. Upon sc inoculation, local tumors can be produced that give rise to a
small number of lung metastases within three weeks. It was concluded
that the CMT64 system is a particularly useful model for experimental
metastasis studies.

These are examples of tumors originating in the lungs of mice. Their re-
semblance to human lung cancers is poor, e.g., alveolar lung carcinomas are
not frequently seen in humans, and the tumor doubling times are rather
short. Due to passaging, an extensive selection has taken place, and there-
fore they are far removed from the tumor of origin and usually lack dif-
ferentiation. Ideally, one would like to have several types of experimental
small cell carcinomas, squamous cell carcinomas, large cell carcinomas, and
adenocarcinomas, all with two characteristics: 1) rather long tumor doubling
times, in order to allow treatments to be applied that last up to about one
week, and 2) a resemblance to their human counterparts with respect to
degree of differentiation and responsiveness to treatment. The TNO rat lung
tumor model is an example of such a system.

TNO rat lung tumor model

During the past few years, a program was initiated for the development of
realistic animal models for human bronchial cancer. Tumors were induced in
the rat lung by ionizing radiation. Radiation was used because, in general
with this agent, nonimmunogenic tumors could be expected. A method was
developed to implant tumor fragments into the lung. These tumor implants
grew to carcinomas resembling primary tumors in man. The development of
the model, the growth characteristics of tumors growing intrapulmonarily or
subcutaneously in the flank of the rat, and responses to chemotherapeutic
drugs will be reported below.

Induction

Specific-pathogen-free derived WAG/R]j inbred rats 3 to 4 weeks old were
used. Tumors were induced by means of iridium-192 wires or iodine-125
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seeds implanted intrapulmonarily. Forty male rats received iridium-192
implants with an activity of 17.4 MBq. Twenty female rats received implants
of iodine-125 seeds 4.5mm long and 0.8 mm in diameter, with an activity of
14.8MBq [19]. The operation procedure was as follows. The rats were
anesthetized with ether. The skin of the thorax was shaved, and a lateral
incision was made. A lobe of the right lung was brought outside the thoracic
cavity while the animal was given artificial respiration. The radioactive
source was implanted through the use of a trocar. After implantation, the
lobe was returned into the thoracic cavity and the skin was closed with
wound clips. The animals were housed in macrolon cages on an iron grid
and were inspected regularly and monitored for the presence of the isotope.

In the 14-month observation period, 75% of the animals with implants of
iridium-192 wires developed tumors, among which malignant hemangio-
endotheliomas occurred with the highest frequency (50%). Four trans-
plantable squamous cell carcinoma lines were obtained. In 17 months of
observation, three rats with implants of iodine-125 seeds developed tumors,
among which one squamous cell carcinoma could be identified. The five
squamous cell carcinomas were coded L17, L33, L.37, L41, and 142.

In addition, an adenocarcinoma, L27, and an anaplastic tumor, L44, were
obtained as by-products of other experiments. The L27 tumor originated in
the lung of a BN rat after total body irradiation with a dose of 0.4 Gy; the
L44 tumor originated in the lung of another BN rat after local irradiation of
the thorax with a dose of 16 Gy 300kV x-rays administered at a dose rate of
0.8 Gy per minute. Earlier passages of the L44 tumor were histologically
characterized as adenosquamous carcinomas. After the tenth passage, on
the basis of light and electron microscopy, the L44 tumor had to be classified
as an anaplastic tumor (table 1). Tumor fragments were transplanted in
syngeneic hosts for propagation.

The lung tumors are nonimmunogenic, as tested by irradiating subcu-
taneously growing tumors and by a subsequent challenge with cells. The

Table 1. Histological appearance and tumor volume doubling time of rat lung carcinomas
growing subcutaneously (sc) and in the lung (tumor volumes of 200-400 mm?)

Td + SEM (d) Td + SEM (d)

Tumor Rat Histology Induction  sc tumor lung tumor Passage
line strain ~ Sex  (sc) method (n=15) (n=15) number
L17 WAG M mdsq.c.c. Ir-192 4.7+0.7 9.6+1.5 72
L33 WAG M wdsq.c.c. Ir-192 56£0.6 9.7%0.5 75
L37 WAG M mdsq.c.c. Ir-192 5905 89+1.9 54
L41 WAG M wdsq.c.c. Ir-192 58+0.9 10.9 + 1.0 43
L42 WAG F wd sq.c.c. I-125 41+0.7 124%1.6 27
L27 BN F md adenoca 0.4 Gy 27+£03 54%09 11
L44 BN F anaplastic 16 Gy 48+1.0 47%03 11

sq.c.c.: squamous cell carcinoma; wd: well differentiated; md: moderately differentiated; Td:
tumor volume doubling time; SEM: standard error of the mean.
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tumor take in the untreated and pretreated rats was similar. Only the 142
tumor is an exception. When small tumor fragments (about 2mm?®) are
implanted, the take rate is indeed 100%, but about a quarter of the tumors
will regress spontaneously after reaching volumes up to 100mm’. When
large tumor fragments of the L42 line (about 20mm?) are implanted, such
regression was not observed. It is an advantage that one of the tumors in the
panel is slightly immunogenic. Especially in studies in which the relative
value of immunotherapy, e.g., cytokine gene therapy, is investigated, the
L42 tumor line can be used to screen various regimens.

Cell lines were derived from the L17, L33, L37, L41, and L42 tumors
either by using a specific feeder cell method described earlier by Klein et al.
[20] or without feeder cells, as described by Barendsen et al. [21]. When
needed, cells obtained from these in vitro cultures can be used to grow
tumors.

Tumor volume and growth delay

Volume changes of tumors growing subcutaneously in the flanks of WAG/Rij
or BN rats were derived from vernier caliper measurements of three tumor
dimensions. Tumor volumes were calculated from the tumor diameters (a,
b, and c) using the formula V = mabc/6. The tumor doubling times are
shown in table 1.

Tumor volume growth delay (TGD) of treated tumors is defined as the
time required to reach a volume equal to that at the time of treatment or the
time required to reach a volume twice as great as that at the time of
treatment, with subtraction of the value for the volume doubling time (Td)
of the untreated tumor. The latter approach is applied when a volume
reduction after treatment is not observed. For intercomparison of the
responsiveness of tumors with different tumor doubling times, the method
of specific growth delay (SGD) was used. The SGD is the tumor volume
growth delay divided by the Td of the untreated control tumor (SGD =
TGD/Td).

Intrapulmonary implantation of tumor fragments

It is not well known whether bronchial tumors growing at the unnatural
subcutaneous site employed in most assays provide similar responses to
orthotopically growing tumors. Studies concerned with this question have
provided unequivocal answers [22,23], some showing that the intrapulmonary
tumors were more sensitive than the subcutaneous tumors in the flank and
others demonstrating the reverse relation or no difference [24,25]. To study
the influence of the growth site, a technique was developed to grow and
measure the progression of transplantable tumors in the lung of syngeneic
rats [26]. The method of implantation of tumor fragments into the lung is
comparable with the technique to implant the radioactive wired used for
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tumor induction. The (standardized) technique now is as follows: animals
were anesthetized i.p. with 200mg 2,2,2,-tribromoethanol/kg. A lateral
incision of about 1.5cm was made between the 7th and 8th ribs. The
posterior lobe of the right lung was brought outside the thoracic cavity with
forceps. In the meantime, a tumor fragment of about 2mm? derived from a
subcutaneous tumor was loaded in a trocar with an inner diameter of 1.3 mm
and an outer diameter of 1.6 mm. Implantation was performed by piercing
the lobe with the trocar and ejecting the tumor fragment. In several instances
when breathing stopped, forced inhalation using a hand-operated pump was
applied. After implantation, the wound in the lobe was coagulated and the
lobe was placed back into the thoracic cavity. The incision was closed with a
few stitches, and then the overlying skin was closed with several wound clips,
after which the treated area was sprayed with Nobecutan. A more detailed
description of the implantation technique has been published elsewhere [26].

Through this procedure, about six animals can be provided with intrapul-
monary tumor implants in one hour by two skilled technicians. The mortality
due to the surgical procedure is about 1%. With the standardized technique,
‘take’ rates varied between 90% and 100%. Starting 3 to 5 weeks after
implantation, animals were inspected for the presence of tumors by chest
radiographs in the ventrodorsal and lateral directions. Radiographs were
made while the animals were kept in an upright position and immobilized
with an i.m. injection of 1 ml Hypnorm/kg. Radiographs were taken once a
week by technicians using a diagnostic Rontgen apparatus, CGR Senographe
1, operating at 30kV.

Diameters of the lung implants were measured from the radiographs in
two or three perpendicular directions, and the volume V was calculated
using the formula V = nabc/6 or V = nab?/6, in which b is the smaller
diameter. Doubling times for tumors growing intrapulmonarily are shown in
table 1.

Histology and metastasizing capacity

For the determination of histological characteristics of the tumors, animals
were killed with an overdose of pentobarbital at various times after implant-
ation. A complete necropsy was performed. The lungs were fixed by in-
tratracheal insufflation of 10% buffered formalin. Other tissues that showed
abnormalities at necropsy were fixed by infusion in 10% buffered formalin.
Tissue samples were routinely processed to 3-um slides, stained with hema-
toxylin saffron, and examined histologically. The results of the histological
examinations of subcutaneous and intrapulmonary tumors are shown in
table 1.

All tumor lines showed a capacity to metastasize [27]. The intrapulmo-
nary tumors disseminated to the mediastinum, lung, kidney, and subrenal
area. Tumors of at least two lines, L17 and L37, growing subcutaneously,
disseminated to the mediastinum, lungs, and kidneys. The majority of the
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metastases were observed when the primary tumors were relatively large
(>500mm?). Based on the distribution frequencies, the dissemination pat-
tern of the subcutaneous tumors probably is to the lungs and from there to
the mediastinum and kidneys. The dissemination pattern of intrapulmonary
tumors is directly from the tumor to the kidneys, adrenals, and mediastinum.

Growth rate and histological characteristics

All tumors except the L44 grew faster at the subcutaneous location than in
the lung (table 1). Since intrapulmonary tumors were derived from sub-
cutaneous tumors, one might envisage that the lower growth rate might be
due to adaptation to the other location. Therefore, we transplanted tumor
fragments derived from intrapulmonary tumors to the lung for several pas-
sages. The change in tumor-volume doubling time was stable, as were
differences in response to drugs.

Most of the subcutaneously growing squamous cell carcinoma lines de-
veloped cysts. These consist of large central areas of necrosis with kera-
tinaceous debris surrounded by a rim of viable squamous cell carcinoma
cells infiltrating into the surrounding connective tissue. Ulceration of overly-
ing skin was frequent in L41 tumors.

The squamous cell carcinomas in the lung were more differentiated than
their subcutaneous counterparts. Cyst formation was not observed, but the
tumors had a dry keratinaceous center. The adenocarcinoma growing in the
lung developed acini and tubuli. These features were less apparent in sub-
cutaneous implants. Another difference between subcutaneous and in-
trapulmonary growing tumors was that the former were surrounded by a
capsula of fibrous tissue, while in the latter there was no apparent border
between tumor and normal tissue. All implants in the lung resulted in highly
malignant carcinomas invading the surrounding lung parenchyma, bronchi,
and vessels. All implants except those of the L37 tumor line caused com-
pression of the surrounding lung tissue. Those of the L37 caused com-
pression in only a quarter of the rats. L37 was further characterized by less
necrosis and more frequent pleural metastasis.

Response of flank tumors to chemotherapeutic agents

Tumors were treated with a variety of chemotherapeutic drugs. The drugs
used were mitomycin C (1.5 mg/kg, i.v.), methotrexate (3 X 10 mg/kg, every
3.5h, i.p.), cisplatin (6 mg/kg, i.v.), adriamycin (doxorubicin) (7.5 mg/kg,
i.v.), CCNU (30mg/kg, p.o.), TCNU (20mg/kg, p.o.), ifosfamide (200 mg/
kg, i.v.), VP16 (30mg/kg, i.p.), and flavone ac