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FOREWORD

The 1982 report on The Health Consequences of Smoking presents
a comprehensive evaluation of the relationship between cigarette
smoking and cancer.”

Since 1937, cancer has been the second most important cause of
death in the United States and will account for an estimated 430,000
deaths this year. Surveys have shown that Americans fear dying of
cancer more than any other disease. We have yet to observe,
however, a decline in the cancer mortality rate as is currently
oceurring for other chronic diseases, such as the 30 percent decline
in the cardiovascular disease mortality rate and the 50 percent
decline in the cerebrovascular disease mortality rate observed over
the last three decades. The mortality rate for cancer has changed
little over two decades, and that change has been a small, but
measurable, increase. This increase in mortality has occurred in the
fare of remarkable improvements in survival rates for some cancer
sites through earlier or better diagnosis and treatment. Unfortunate-
lv. however, these advances have failed to counter the remarkable
increases in mortality from smoking-related cancers, many of which
have a poor prognosis for long-term survival or cures.

The Public Health Significance of this Report

Cigarette smoking is the major single cause of cancer
mortality in the United States. Tobacco’s contribution to all
tancer deaths is estimated to be 30 percent. This means we can
tXpect that 129,000 Americans will die of cancer this year because of
the higher overall cancer death rates that exist among smokers as
tompared with nonsmokers. Cigarette smokers have total cancer
death rates two times greater than do nonsmokers. Heavy smokers
have a three to four times greater excess risk of cancer mortality. If
large numbers of our population did not smoke, the cancer death
rate in this country could be reduced, and instead of the small but
continued increase in the total cancer death rate, there could be a
substantial decline. There is no single action an individual can take
to reduce the risk of cancer more effectively than quitting smoking,
harticularly cigarettes.



Cigarette smoking is a major cause of cancers of the lung, larynx,
oral cavity. and esophagus, and is a contributory factor for the
development of cancers of the bladder, pancreas, and kidney. The
term contributory factor by no means excludes the possibility of a
causal role for smoking in cancer of these sites.

Lung Cancer

Lung cancer, first correlated with smoking over 50 years ago, is
the single largest contributor to the total cancer death rate. Lung
cancer alone accounts for fully 25 percent of all cancer deaths in this
country; it is estimated that 85 percent of lung cancer cases are due
to cigarette smoking. Overall, smokers are 10 times more likely to
die from lung cancer than are nonsmokers. Heavy smokers are 15 to
25 times more at risk than nonsmokers. The total number of lung
cancer deaths in the United States increased from 18,313 in 1950 to
90,828 in 1977. The lung cancer death rate for women is currently
rising faster than the lung cancer death rate for men, a fact that
reflects the later adoption of smoking by large numbers of women.
The lung cancer death rate for women will soon surpass that of
breast cancer (perhaps as early as next year), currently the leading
cause of cancer mortality in women. This remarkable increase in
lung cancer mortality for women mimics that observed among men
some 30 years ago. However, since the early 1960s, large numbers of
men have given up cigarette smoking or have not begun to smoke,
whereas only recently has the prevalence of cigarette smoking by
women started to decline. These differences in patterns of smoking
have a decided effect on lung cancer mortality trends in this country,
with a decline in lung cancer mortality already apparent for younger
men. These differences will clearly affect future lung cancer
mortality experience by sex in the United States. The American
Cancer Society estimates there will be 111,000 lung cancer-related
deaths in 1982, of which 80,000 will be in men and 31,000 in women.

The 5-year survival rate for cancer of the lung is less than 10
percent. This rate has not changed in 20 years. Early diagnosis and
treatment do not appreciably alter this dismal survival rate—the
best preventive measure a smoker can take to reduce the risk of lung
cancer is to quit smoking, and for a nonsmoker, to not take up the
habit.

Larynx and Oral Cavity Cancer

Laryngeal and oral cancers will strike an estimated 40,000
individuals and will be responsible for approximately 13,000 deaths
this vear in the United States. These sites have 5-year survival rates
of 60 and 10 percent, respectively. An estimated 50 to 70 percent of
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oral and laryngeal cancer deaths are associated with smoking. These
cancers are strongly associated with the use of cigars and pipes in
addition to cigarettes. All carry approximately the same excess
relative risk of at least fivefold. The use of alcohol in conjunction
with smoking acts synergistically to greatly increase the risk of these
cancers.

Esophageal Cancer

This year, 8,300 deaths due to cancer of the esophagus are
expected. Cancer of the esophagus has one of the poorest survival
rates of all cancers—only about 4 percent of esophageal cancer
patients live 5 years after diagnosis and most die within 6 months.
Cigarette smoking is estimated to be a factor in over half of
esophageal cancer deaths. Smokers have mortality ratios approxi-
mately 4 to 5 times higher than nonsmokers. The use of alcohol has a
synergistic interaction with smoking that greatly increases this risk.

Bladder and Kidney Cancers

Over 50,000 Americans are expected to develop bladder and
kidney cancer this year. Bladder and kidney cancers will be
responsible for a total of 20,000 deaths this year. The 5-year survival
rates are approximately 50 to 60 percent. Various investigators have
estimated that between 30 and 40 percent of bladder cancers are
smoking related, with slightly higher estimates for males than for
females.

Pancreatic Cancer

Approximately 24,000 people will develop cancer of the pancreas
this year, and there will be an estimated 22,000 deaths. Like cancers
of the lung and esophagus, cancer of the pancreas is often fatal, with
a 5-year survival of less than 3 percent. While few estimates are
available as to the proportion of these deaths attributable to
smoking, it would appear to be about 30 percent. Pancreatic cancer

appears to be increasing at a more rapid rate than most other cancer
sites.

Stomach and Uterine Cervix Cancer

A link between smoking and stomach cancer and cancer of the
uterine cervix is noted. However, no judgment can be reached on the
significance of any association, because of insufficient data.
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Involuntary Smoking and Lung Cancer

In recent months, the popular press has generated interest in the
controversy of whether passive or involuntary smoking causes lung
cancer in nonsmokers. Three epidemiological studies examined this
issue in the past year. Evidence from two of the studies demon-
strated a statistically significant correlation between involuntary
smoking and lung cancer risk in nonsmoking wives of husbands who
smoked. A third noted a positive association, but it was not
statistically significant. While the nature of this association is
unresolved, it does raise the concern that involuntary smoking may
pose a carcinogenic risk to the nonsmoker. Any health risk resulting
from involuntary smoke exposure is a serious public health concern
because of the large numbers of nonsmokers in the population who
are potentially exposed. Therefore, for the purpose of preventive
medicine, prudence dictates that nonsmokers avoid exposure to
second-hand tobacco smoke to the extent possible.

Lower Tar Cigarettes

This report also notes that smokers who use filtered or 'lower tar
cigarettes have statistically lower death rates from lung cancer than
do cigarette smokers who use nonfiltered or higher tar brands. This
reduced risk was also noted for laryngeal cancer. However, cancer
death rates for smokers of lower tar cigarettes were still significantly
higher than those noted for nonsmokers.

Cessation of Smoking

Since cigarette smoking is a cause of many cancers, encouraging
data about céssation are presented in this Report. Quitting smoking
reduces one’s cancer risk substantially, compared with the continu-
ing smoker, even after many years of cigarette smoking. The more
years one is off cigarettes, the greater the reduction in excess cancer
risk. Fifteen years after quitting cigarette smoking, the former
smoker’s lung cancer risk, for example, is reduced close to that
observed in nonsmokers. This same reduction in cancer risk is
observed for the other cancer sites associated with smoking.

Part V of this Report contains a review of cessation research
among adults and adolescents. In summary, many promising tech-
niques are available to smokers who have been unable to quit on
their own. It is nonetheless interesting to note that the vast majority
of former smokers, probably close to 95 percent, quit on their own,
without the aid of formal smoking cessation programs.

As a physician, I encourage all health care providers, particularly
other physicians, to counsel cigarette smokers to quit and to give
them as much support as possible. As this Report notes, a few
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minutes’ discussion with patients about their smoking behavior can
have a decisive impact on whether they quit smoking or continue the
habit.

Trends in Smoking Prevaience

I am encouraged by the recent decline in cigarette smoking rates
in this country. Today, only one-third of adults smoke, a decline from
42 percent in 1965. Teenage smoking, particularly among adolescent
girls, also appears to be declining.

While these figures are encouraging, there are still 53 million
cigarette smokers in this country—about the same number of
smokers as 20 years ago.

Furthermore, while per capita use of cigarettes has declined to its
lowest level since 1957, there has been a substantial increase in the
consumption of chewing tobacco and snuff, particularly among the
young. What impact the use of these products will have on future
cancer mortality is unclear; knowledge of the type and extent of the
health effects of these tobacco products is limited. Current evidence
indicates, however, that their use is not without risk. Studies
conducted in this country and others have demonstrated an in-
creased risk for oral cancer and other noncancerous oral diseases.

Educational Efforts

This Department is committed to continuing the programs of
education and information for all our citizenry regarding the adverse
health consequences of smoking. There is no more important aspect
of this than the health education of our young, to convince them not
to start smoking, or to quit the habit before it becomes difficult to
break.

This problem cannot be left solely to government to solve. I call
upon the rest of the health care community, the voluntary health
agencies, and our schools to increase their efforts to control one of
this country’s most pressing health problems. Reducing smoking will
reduce the devastating toll that cancer, as well as other smoking-
related diseases, exacts on this Nation’s health.

Edward N. Brandt, Jr., M.D.
Assistant Secretary for Health



PREFACE

In July 1957, Dr. Leroy E. Burney issued the Public Health
Service’s first statement on cigarette smoking: it identified smoking
as a cause of lung cancer. Each succeeding Surgeon General has had
occasion to issue additional and stronger warnings. These have
linked smoking with lung cancer, with heart disease, with chronic
lung disease, with other cancers, and with increases in overall
mortality.

With this 1982 statement on cigarette smoking and cancer, I am
joining my distinguished predecessors, Drs. Burney, Luther Terry,
William Stewart, Jesse Steinfeld, and Julius Richmond. Cigarette
smoking, as this Report again makes clear, is the chief, single,
avoidable cause of death in our society and the most important
public health issue of our time.

Over the years, 14 reports on the health consequences of smoking
have been prepared by the Public Health Service under the Federal
Cigarette Labelling and Advertising Act and its successor, the Public
Health Cigarette Smoking Act of 1969. These reports have contrib-
uted greatly to public understanding of the hazards that cigarette
smoking poses to the health of this Nation.

In contrast with previous Public Health Service reports on
smoking and health, the present document examines the relation-
ship between smoking and a single category of disease, cancer. The
relationships between smoking and lung cancer, as well as cancer of
other sites, are carefully examined. This should not distract atten-
tion from the fact that smoking is related to many diseases,
including cardiovascular disease, which exacts a greater toll than
does cancer in disease and death. Cancer, however, was the first
disease to be linked with tobacco use, and its association with
smoking has been the subject of the most intense research. Much of
the research within the past few years has not previously been
examined in the detail presented here.

As in previous years, this Report has been prepared with the aid
and critical review of experts from within and outside the Govern-
ment. On behalf of the Public Health Service, I express here my
respect for their expertise and gratitude for their help.

C. Everett Koop, M.D.
Surgeon General
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PART |. INTRODUCTION AND
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introduction
Development and Organization of the 1982 Report

The content of this Report is the work of numerous scientists
within the Department of Health and Human Services, as well as
scientific experts outside the organization. Individual manuscripts
were reviewed by experts, both outside and within the Public Health
Service, and the entire Report was reviewed by a broad-based panel
of 12 distinguished scientists. Many of these scientists are, or have
been, directly involved in research on the health effects of smoking.
The 1982 Report consists of a Preface by the Surgeon General, a
Foreword by the Assistant Secretary for Health of the Department of
Health and Human Services, and five Parts, as follows:

® Partl Introduction and Conclusions

® Partll. Biomedical Evidence for Determining Causality
® Partlll. Mechanisms of Carcinogenesis

® PartlV. Involuntary Smoking and Lung Cancer

® PartV. Cessation of Smoking

Historical Perspective

Tobacco use was associated with the possible development of
cancer as early as 1761. According to one medical historian, Dr. John
Hill (1716?-1775) should be credited with the first report document-
ing an association between tobacco use and cancer for his work
Cautions Against the Immoderate Use of Snuff. Hill reported on two
case histories and observed that “‘snuff is able to produce...swellings
and excrescences” in the nose, and he believed these to be cancerous.
Others credit Soemmerring in 1795 for noting a relationship
between cancer of the lip and tobacco use.

It was not until the 1920s and 1930s that investigators began to
examine scientifically the possible association of smoking and
cancer. In 1928, Lombard and Doering, in the United States, found
an association between heavy smoking and cancer in general. Muller
and Schairer (Germany) in 1939 and 1944 respectively, and Porter
(USA) in 1945, and others, noted higher percentages of smokers
among lung cancer patients than among controls. The first major
developments in the modern history of investigation of the effects of
smoking on health occurred in 1950 with the publication of four
retrospective studies on smoking habits of lung cancer patients and
controls in the United States by Schrek et al.,, Mills and Porter,
Levin et al, and Wynder and Graham. Each of these noted a
consistent, statistically significant association between smoking and
cancer of the lung. Other investigators proceeded to further examine
the relationship by initiating prospective studies in which large
numbers of healthy persons were followed over time and their
subsequent mortality noted.



The first major prospective study encompassing total and cause-
specific mortality was initiated in October 1951 by Doll and Hill in
the United Kingdom among 40,000 British physicians. Hammond
and Horn followed 188,000 males beginning in January 1952 in the
United States. These and subsequent prospective studies conducted
in the United States, Sweden, Canada, and Japan, found not only
that smokers have substantially elevated cancer mortality rates, but
also that smokers experience significantly elevated overall death
rates.

Cancer has been the second ranking cause of death in the United
States since 1937. Provisional vital statistics data for 1980 indicate
cancer accounted for almost 21 percent of all deaths in the United
States. This compares to 17 percent of all deaths in 1970 and 14.5
percent of all deaths in 1950. Various investigators have suggested
that 22 to 38 percent of these deaths can be attributed to smoking,
and therefore, are potentially “avoidable” if smoking did not exist as
a human behavior. Since 1950, the age-adjusted overall cancer death
rate has changed little, whereas the lung cancer death rate has
increased dramatically for both males and females.

The male age-adjusted lung cancer rate increased 192 percent
during the period 1950-1952 thru 1976-1978. Female lung cancer
death rates during this same period increased even more: 263
percent. Since the 1950s, lung cancer has been the leading cause of
cancer death among males in the United States, and if present
trends continue, will become the leading cause of cancer death in
females during this decade; the age-adjusted female lung cancer
death rate is projected to possibly surpass the death rate for breast
cancer next year. Today, deaths from cancer of the lung represent
fully one quarter of all deaths due to cancer in the United States.

In 1962, the year when the Surgeon General’s Advisory Committee
on Smoking and Health began deliberating the evidence presented in
its landmark report, slightly more than 41,000 persons died of lung
cancer annually, compared to 18,300 lung cancer deaths in 1950. In
1982, the American Cancer Society estimates 111,000 Americans will
die of lung cancer, nearly a three-fold increase in the number of
deaths in a 20-year time span.

The Advisory Committee’s Report of 1964 judged the causal
significance of the association of cigarette smoking and disease by
rigid criteria, no one of which alone was sufficient for a causal
judgment. The epidemiologic criteria included:

a. The consistency of the association

b. The strength of the association

¢. The specificity of the association

d. The temporal relationship of the association, and
e. The coherence of the association



Corroboration was also sought from other sources, such as clinical
autopsy and experimental evidence.

Significant additional scientific evidence linking smoking to
cancer, as well as to other tobacco-related diseases, has accumulated
since the issuance of that Advisory Committee’s Report in 1964.
Much of this has been collected, reviewed, and published in annual
reports by the Department of Health and Human Services.

The purpose of this Report is to review in depth the many sources
of scientific evidence relating cigarette smoking to each cancer by
anatomic site, and to evaluate this evidence by the same criteria first
established by the Advisory Committee in its 1964 Report, including
experimental carcinogenesis and human epidemiologic studies.

Conclusions of the 1982 Report
Overall Cancer Mortality

1. Cigarette smokers have overall mortality rates substantially
greater than those of nonsmokers. Overall cancer death rates
of male smokers are approximately double those of nonsmok-
ers; overall cancer death rates of female smokers are approxi-
mately 30 percent higher than nonsmokers, and are increasing.

2. Overall cancer mortality rates among smokers are dose-related
as measured by the number of cigarettes smoked per day.
Heavy smokers (over one pack per day) have more than three
times the overall cancer death rate of nonsmokers.

3. With increasing duration of smoking cessation, overall cancer
death rates decline, approaching the death rate of nonsmokers.

Site-Specific Cancer Mortality
Lung Cancer

1. Cigarette smoking is the major cause of lung cancer in the
United States.

2. Lung cancer mortality increases with increasing dosage of
smoke exposure (as measured by the number of cigarettes
smoked daily, the duration of smoking, and inhalation pat-
terns) and is inversely related to age of initiation. Smokers
who consume two or more packs of cigarettes daily have lung
cancer mortality rates 15 to 25 times greater than nonsmokers.

3. Cigar and pipe smoking are also causal factors for lung cancer.
However, the majority of lung cancer mortality in the United
States is due to cigarette smoking.

4. Cessation of smoking reduces the risk of lung cancer mortality
compared to that of the continuing smoker. Former smokers
who have quit 15 or more years have lung cancer mortality
rates only slightly above those for nonsmokers (about two times
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greater). The residual risk of developing lung cancer is directly
proportional to overall life-time exposure to cigarette smoke.

. Filtered lower tar cigarette smokers have a lower lung cancer

risk compared to nonfiltered, higher tar cigarette smokers.
However, the risk for these smokers is still substantially
elevated above the risk of nonsmokers.

. Since the early 1950s, lung cancer has been the leading cause

of cancer death among males in the United States. Among
females, the lung cancer death rate is accelerating and will
likely surpass that of breast cancer in the 1980s.

. The economic impact of lung cancer to the nation is consider-

able. It is estimated that in 1975, lung cancer cost $3.8 billion
in lost earnings, $379.5 million in short-term hospital costs,
and $78 million in physician fees.

. Lung cancer is largely a preventable disease. It is estimated

that 85 percent of lung cancer mortality could have been
avoided if individuals never took up smoking. Furthermore,
substantial reductions in the number of deaths from lung
cancer could be achieved if a major portion of the smoking
population (particularly young persons) could be persuaded not
to smoke.

Laryngeal Cancer

9.

10.

11.

12.

13.

Oral

14.

Cigarette smoking is the major cause of laryngeal cancer in the
United States. Cigar and pipe smokers experience a risk for
laryngeal cancer similar to that of a cigarette smoker.

The risk of developing laryngeal cancer increases with in-
creased exposure as measured by the number of cigarettes
smoked daily as well as other dose measurements. Heavy
smokers have laryngeal cancer mortality risks 20 to 30 times
greater than nonsmokers.

Cessation of smoking reduces the risk of laryngeal cancer
mortality compared to that of the continuing smoker. The
longer a former smoker is off cigarettes the lower the risk.
Smokers who use filtered lower tar cigarettes have lower
laryngeal cancer risks than those who use unfiltered higher tar
cigarettes.

The use of alcohol in combination with cigarette smoking
appears to act synergistically to greatly increase the risk for
cancer of the larynx.

Cancer

Cigarette smoking is a major cause of cancers of the oral cavity
in the United States. Individuals who smoke pipes or cigars



experience a risk for oral cancer similar to that of the cigarette
smoker.

15. Mortality ratios for oral cancer increase with the number of
cigarettes smoked daily and diminish with cessation of smok-
ing. ‘

16. Cigarette smoking and alcohol use act synergistically to
increase the risk of oral cavity cancers.

17. Long term use of snuff appears to be a factor in the develop-
ment of cancers of the oral cavity, particularly cancers of the
cheek and gum.

Esophageal Cancer

18. Cigarette smoking is a major cause of esophageal cancer in the
United States. Cigar and pipe smokers experience a risk of
esophageal cancer similar to that of cigarette smokers.

19. The risk of esophageal cancer increases with increased smoke
exposure, as measured by the number of cigarettes smoked
daily, and is diminished by discontinuing the habit.

20. The use of alcohol in combination with smoking acts synergisti-
cally to greatly increase the risk for esophageal cancer
mortality.

Bladder Cancer

21. Cigarette smoking is a contributory factor in the development
of bladder cancer in the United States. This relationship is not
as strong as that noted for the association between smoking
and cancers of the lung, larynx, oral cavity, and esophagus. The
term “‘contributory factor” by no means excludes the possibili-
ty of a causal role for smoking in cancers of this site.

Kidney Cancer

22. Cigarette smoking is a contributory factor in the development
of kidney cancer in the United States. This relationship is not
as strong as that noted for the association between smoking
and cancers of the lung, larynx, oral cavity, and esophagus. The
term “contributory factor” by no means excludes the possibili-
ty of a causal role for smoking in cancers of this site.

Pancreatic Cancer

23. Cigarette smoking is a contributory factor in the development
of pancreatic cancer in the United States. This relationship is
not as strong as that noted for the association between smoking
and cancers of the lung, larynx, oral cavity, and esophagus. The
term “contributory factor” by no means excludes the possibili-
ty of a causal role for smoking in cancers of this site.



Stomach Cancer

24.In epidemiological studies, an association between cigarette
smoking and stomach cancer has been noted. The association is
small in comparison with that noted for smoking and some
other cancers.

Uterine Cervix Cancer

25. There are conflicting results in studies published to date on the
existence of a relationship between smoking and cervical
cancer; further research is necessary to define whether an
assoclation exists and, if so, whether that association is direct
or indirect.

Mechanisms of Carcinogenesis

This overview presents evidence and observations on tobacco
carcinogenesis primarily developed since 1978.

1. The biological activity of whole cigarette smoke and its tar and
tar fractions can now be measured by improved inhalation
assays in addition to tests for tumor-initiating, tumor-promot-
ing, and cocarcinogenic activities on mouse skin.

2. Studies on smoke inhalation with the hamster now appear
suitable for estimating the relative tumorigenic potential of
whole smoke from commercial and experimental cigarettes.
The identification of the smoke constituents that contribute to
tumor induction in the respiratory tract is best achieved by
fractionations of tar and by assays on mouse epidermis that
determine the type and potency of the carcinogens. In combina-
tion with biochemical tests, mouse skin assays should also aid
in evaluating the possible role of nicotine as a cocarcinogen.

3. The identification, formation, and metabolic activation of
organ-specific carcinogens have been studied which help ex-
plain the increased risk to cigarette smokers of cancer of the
esophagus, pancreas, kidney, and urinary bladder. In addition
to certain aromatic amines, tobacco-specific N-nitrosamines
appear to be an important group of organ specific carcinogens
in tobacco and tobacco smoke. Little is known of the in vivo
formation of organ-specific carcinogens from nicotine and other
Nicotiana alkaloids. The modification of their enzymatic
activation to ultimate carcinogenic forms needs to be explored
by chemopreventive approaches. ‘

4. Transplacental carcinogenesis as it may relate to effects of
cigarette smoking should be investigated more fully. It has
been known for some time that inhalation of tobacco smoke
activates enzymes in the placenta and fetus and the conse-
quences of such changes need to be studied.



5. The continuing modification of U.S. cigarettes has led to
changes in the quantitative and perhaps also the qualitative
composition of the smoke. This ongoing development requires
continued monitoring of the toxic and carcinogenic potential of
the smoke of new cigarettes.

6. The changes in cigarette composition lead generally to reduced
emission of major toxic mainstream smoke constituents as
measured in analytical laboratories under machine-smoking
conditions. Many smokers intensify puff volume and degree of
inhalation when smoking a lower-yield cigarette. Therefore, it
should be determined what effect different techniques of air
dilution and filtration have in counteracting the increased
smoke exposure that results from intensified smoking.

7.Snuff tobaccos are increasingly used as an alternative to
cigarette smoking. More information is needed regarding the
carcinogenic activity of snuff tobaccos and the presence of
tumorigenic agents in these products.

Involuntary Smoking and Lung Cancer

1. Mainstream and sidestream cigarette smoke contain similar
chemical constituents. (Mainstream smoke is smoke that the
smoker inhales directly during puffing. Sidestream smoke is
smoke emitted from a smoldering cigarette into the ambient
air.) These constituents include known carcinogens, some of
which are present in higher concentrations in sidestream
smoke than they are in mainstream smoke. Passive or involun-
tary smoking differs from voluntary cigarette smoking with
respect to the concentration of smoke components inhaled, the
duration and frequency of smoke exposure, and the pattern of
inhalation.

2.In two epidemiologic studies, an increased risk of lung cancer
in nonsmoking wives of smoking husbands was found. In these
studies, the nonsmoking wife’s risk of lung cancer increased in
relation to the extent of the husband’s smoking. In a third
study, the risk of lung cancer among nonsmoking wives of
smoking husbands was also increased, but the difference was
not statistically significant.

3. Although the currently available evidence is not sufficient to
conclude that passive or involuntary smoking causes lung
cancer in nonsmokers, the evidence does raise concern about a
possible serious public health problem.

Cessation of Smoking

1. Ninety-five percent of those who have quit smoking have done
so without the aid of an organized smoking cessation program,
and most current smokers indicate a preference for quitting
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10

10.

11.

12.

with a procedure they may use on their own, and a disinclina-
tion to enter an organized, comprehensive program.

. Research evaluations of self-help aids have reported success

rates up to 50 percent cessation at extended followups (6 to 15
months). Most estimates, however, fall below this, around 5 to
20 percent.

. Brief and simple advice to quit smoking delivered by a

physician has substantial potential for producing cessation in a
cost-effective manner.

. Televised smoking cessation clinics result in variable rates of

abstinence at followup. The use of television and other mass
media are a cost-effective intervention because of their large
potential audiences.

. Retrospective studies revealed greater use of self-reward and

active problem-solving strategies among those who quit or
reduced smoking on their own than among those who were
unsuccessful in quitting or reducing smoking.

. Until recently, the long-term outcome of intensive smoking

cessation clinics has remained at 25 to 30 percent abstinence.
New emphasis on techniques to improve the maintenance
phase of cessation promises to improve these rates, with
several reports of greater than 50 percent abstinence at
followups of 6 months or longer.

. To improve maintenance of nonsmoking after intensive treat-

ment programs have ended, reinforcement should be built into
the natural environment. Smoking cessation programs in the
workplace may offer an opportunity for this.

.Comprehensive self-management packages that have been

shown to boost maintenance rates include a wide variety of
techniques.

. Treatment outcome may be improved by focusing on the

antecedents of relapse. These include feelings of frustration,
anxiety, anger, and depression as well as social models and
smoking-related cues and settings. Behavioral and cognitive
skills for dealing with such antecedents should be developed.
Social support interventions are promising. Reliable findings
link social cues, smoking friends, and smoking spouses to
relapse, whereas the presence of group support, nonsmoking
spouses, and professional contact decreases recidivism.
Spontaneous smoking cessation among regular users (approxi-
mately once a week or more often) is estimated to be on the
order of 25 percent during adolescence.

Probability of quitting was greater for those adolescent smok-
ers first interviewed in 1974 who had at least started to attend
college by 1979 than for those smokers who did not attend
college (42.0 percent vs. 24.6 percent).



13.

14.

15.

16.

17.

Probability of quitting decreases linearly with duration of the
smoking practice, changing from 64.5 percent in the first year
of smoking to 14.3 percent after 7 years.

Quitting “cold turkey” appears to be a more effective cessation
strategy than cutting down without trying to stop entirely.
Success at quitting increased with the number of efforts made:
about 73.4 percent of adolescents who kept trying eventually
succeeded.

Smoking prevention programs are desirable alternatives to
cessation programs aimed at youth. Successful programs have
been based on social psychological theory and research, and are
school based. Results have shown a 50 percent or more
reduction in smoking onset.

The most successful programs were those emphasizing the
social and immediate consequences of smoking rather than
long-term health consequences. These programs have placed
special emphasis on teaching skills in recognizing and resisting
social pressures to smoke.
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PART Ill. BIOMEDICAL EVIDENCE FOR
DETERMINING CAUSALITY
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INTRODUCTION

Provisional mortality data for 1980 indicate that cancer was
responsible for approximately 412,000 deaths in the United States
(199). It is estimated that in 1982 there will be 430,000 deaths due to
cancer, 233,000 among men and 197,000 among women (2). Various
investigators (70, 78, 106) have suggested that 22 to 38 percent of
these deaths can be attributed to smoking, and therefore are
potentially “avoidable” if smoking did not exist as a human
behavior.

A relationship between smoking and cancer was first suggested for
neoplasms of the lung in scientific reports from the 1920s and early
1930s (203, 266). Muller (191) in 1935 and Schairer and Schoeniger
(237) in 1943 reported that most lung cancer patients were smokers.
Subsequently, 8 major prospective studies and mgre than 50
retrospective studies have examined this relationship. In 1964, the
Advisory Committee to the Surgeon General of the U.S. Public
Health Service (272) published a comprehensive review of the then
available data. They concluded that “cigarette smoking is causally
related to lung cancer in men; the magnitude of the effect of
cigarette smoking far outweighs all other factors. Data for women,
though less extensive, point in the same direction. The risk of
developing lung cancer increases with the duration of smoking and
the number of cigarettes smoked per day and is diminished by
discontinuing smoking.”

Over the last 17 years, thousands of scientific investigations have
confirmed the Committee’s conclusion and provided additional
evidence concerning the relationship of cigarette smoking to lung
cancers. Smoking has been implicated as a cause of cancer of the
larynx, oral cavity, and esophagus, and associated with cancer of the
urinary bladder, kidney, and pancreas. This is the first report
devoted exclusively to a comprehensive assessment of the associa-
tions reported between smoking and various cancers. In the follow-
ing sections of this Part of the Report, the nature of these
associations is appraised in the light of currently available knowl-

edge.

15



EPIDEMIOLOGIC CRITERIA FOR CAUSALITY

The concept of causality has been debated by students of philoso-
phy since the days of Aristotle. David Hume (1711-1776) and John
Stuart Mill (1806-1873) are credited with major contributions to
contemporary insight and theory of causality. More recently, mem-
bers of the Advisory Committee to the Surgeon General (272), Hill
(112), MacMahon and Pugh (168), Susser (260), Evans (80), and
Lilienfeld (158) have examined the concept of causality in the health
sciences. The ability to totally control the experimental environ-
ment, to randomize exposure, and to measure discrete outcomes
allows a clear experimental demonstration of causality. However,
the application of these rigid laboratory techniques for establishing
causality to the study of cancer in humans is clearly impossible. The
idea of exposing human subjects to potentially cancer-producing
agents in order to establish causality is mcrally and ethically
unacceptable. Therefore, other criteria have been developed to
establish causality with a very high degree of scientific probability
(80, 112, 158, 260, 272, 280).

In practice, epidemiologic methods have been employed to study
cancer in man. These studies result in observational data that may
establish a statistically significant association between variables or
attributes. This association may be artifactual, indirect, or direct.
The possibility of an artifactual (or spurious) result can be eliminat-
ed if the design and conduct of the studies are adequate, and if
studies conducted in different geographical areas and among differ-
ent population groups produce the same or similar statistical
associations. Once an artifactual association has been ruled out, it is
then necessary to determine whether the association is an indirect or
direct (causal) one.

Randomization is an attempt to eliminate the effect of all
variables other than the one under study. However, a personal
choice behavior such as smoking is impossible to randomize (i.e., to
dictate smoking behavior). Therefore, in order to establish that an
association between smoking and a disease is not due to a confound-
ing variable, an entire body of data must exist to satisfy specific
criteria, none of which by itself is an all-sufficient basis for
judgment. Thus, when a scientific judgment is made that all
plausible confounding variables have been considered, an association
may be considered to be direct.

In this Report, the same definition of the term “cause” that was
used in the Report of the Advisory Committee to the Surgeon
General in 1964 has been adopted. “The word cause is the one in
general usage in connection with matters considered in this study,
and it is capable of conveying the notion of a significant, effectual
relationship between an agent and an associated disorder or disease
in the host” (272). The term “cause” should not be construed to
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exclude other agents as causes; rather, it is used in full recognition
that biological processes are complex and multiple in etiologies.

In this Report, as in the earlier one, the attribution of “causality”
to a disease-associated variable (e.g., smoking) includes full recogni-
tion that “the causal significance of an association is a matter of
judgment which goes beyond any statement of statistical probability.
To judge or evaluate the causal significance of the association
between an attribute or agent and the disease, or the effect upon
health, a number of criteria must be utilized, no one of which is an
all-sufficient basis for judgment. These criteria include:

a. The consistency of the association

b. The strength of the association

c. The specificity of the association

d. The temporal relationship of the association, and
e. The coherence of the association”

These criteria are utilized herein for evaluation of the reported
associations between cigarette smoking and cancers of various sites
in humans.

Consistency of the Association

This criterion implies that diverse methods of approach in the
study of an association will provide similar conclusions. Consistency
requires that the association be repeatedly observed by multiple
investigators, in different locations and situations, at different times,
using different methods of study. Such replication assures that the
association is not likely to be an artifact due to bias in study
methodology or subject selection, and that it is not indirect due to
confounding variables such as diet, occupation, or genetics.

Strength of the Association

The most direct measure of the strength of the association is the
ratio of cancer rates for smokers to the rates for nonsmokers. The
relative risk ratio yields evidence on the size of the effect of a factor
on disease occurrence and which, even in the presence of another
associated factor without causal effect but coincident with the causal
agent, will not be obscured by the presence of the non-causal agent.

A relative risk ratio measures the strength of an association and
provides an evaluation of the importance of that factor in the
production of a disease.

If all cases of the disease under study, but none of the controls,
have a history of exposure to the suspected etiologic agent or
characteristic (assuming that an adequate number of cases and
controls exist in the population under study), a one-to-one correspon-
dence between the disease and the factor exists, and a causal
hypothesis would be credible. Most diseases are influenced by many
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factors, however, and therefore a one-to-one correspondence would
not be expected. The strength of an association is measured by
relative risk ratios, incidence ratios, or mortality ratios. The greater
the relative risk ratio or the mortality ratio, the stronger the
relationship between the etiologic agent and the disease. Prospective
studies have shown that the death rate from cancer of the lung
among cigarette smokers is approximately 10 times the rate in
nonsmokers, and the rate in heavy cigarette smokers is 20 to 30
times greater than in nonsmokers. To account for such high relative
risk in terms of an indirect association would require that an
unknown causal factor be present at least 10 times more frequently
in the smokers and 20 to 30 times more frequently among heavy
smokers than among nonsmokers. Such a confounding factor should
be easily detectable, and if it cannot be detected or reasonably
inferred, the finding of such a strong association makes a conclusion
concerning causality more probable. Important to the strength, as
well as to the coherence of the association, is the presence of a dose-
response phenomenon in which a positive gradient between degree of
exposure to the agent and incidence or mortality rates of the disease
can be demonstrated.

Specificity of the Association

This concept cannot be entirely dissociated from the concept
inherent in the strength of the association. It implies the precision
with which one component of an associated pair can be utilized to
predict the occurrence of the other, i.e., how frequently the presence
of one variable will predict, in the same individual, the presence of
another.

Specificity implies that a causal agent invariably leads to a single
specific disease, an event rarely observed. A one-to-one relationship
between the presence of an etiologic agent and disease would reflect
a causal relationship. However, several points must be kept in mind
in interpreting specificity in biological systems. First, an agent may
be associated with multiple diseases. Second, many responses
considered to be disease states have multiple causes. Congenital
malformations, for example, result from prenatal radiation as well
as from some drugs administered during pregnancy and other
factors. Variations in the relative risk of disease may be produced by
variations in the number of causal agents as well as by the specificity
of a given causal agent. Third, a single pure substance in the
environment may produce a number of different diseases. The
experimental production of a variety of diseases in mice by exposure
to X-rays is a good example of this. Fourth, a single factor may be the
vehicle for several different substances. Tobacco smoke is a complex
mixture of several thousand individual constituents, and therefore it
would not be surprising to find that these diverse substances are able
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to produce more than one adverse biologic response. It is also not
surprising that these constituents may have possible additive,
synergistic, or competitive actions with each other and with other
agents in the environment. And fifth, there is 'no reason to assume
that the relationships between one factor and different diseases have
similar explanations. The association between smoking and lung
cancer, for example, is considered direct and causal, whereas that
between cigarette smoking and cirrhosis of the liver is thought to be
indirect, reflecting the association of cigarette smoking and heavy
alcohol use by some segments of the population.

In summary, despite the fact that the demonstration of specificity
in an association makes a causal hypothesis more acceptable, lack of
specificity does not negate such an hypothesis, since many biologic
and epidemiologic aspects of the association must be considered.

Temporal Relationship of the Association

In chronic diseases, insidious onset and the lack of knowledge of
precise induction periods automatically present problems on which
came first—the suspected agent or the disease. In any evaluation of
the significance of an association, exposure to an agent presumed to
be causal must precede, temporally, the onset of a disease which it is
purported to produce.

The criterion of temporal relationship requires that exposure to
the suspect etiologic factor precede the disease. Temporality is more
difficult to establish for diseases with long latency periods, such as
cancer. Prospective studies minimize this difficulty, although even
prospective studies do not exclude the possibility that the disease
was present in an undetected form prior to exposure to the agent.
Histologic evidence demonstrating premalignant changes among
individuals exposed to the agent, but not among unexposed controls,
provides evidence that temporality is present. Experimental studies
may also demonstrate a temporal association.

Coherence of the Association

The final criterion for the appraisal of causal significance of an
association is its coherence with known facts in the natural history
and biology of the disease.

Coherence requires that descriptive epidemiologic results on
disease occurrence correlate with measures of exposure to the
suspected agent. Perhaps the most important consideration here is
the observation of a dose-response relationship between agent and
disease, that is, the progressively increasing occurrence of disease in
increasingly heavily exposed groups. In some cases, multiple mea-
sures of dosage are available. The natural history of disease would
include observations on the progression of disease with continuing

19



exposure differing from its progression in those whose exposure is
discontinued.

In order to establish the coherence of a specific association, other
possible explanations for the association must be systematically
considered and excluded or taken into account. Coherence is clearly
established when the actual mechanism of disease production is
defined. Coherence exists, nonetheless, although of a lesser magni-
tude, when there is enough evidence to support a plausible mecha-
nism, but not a detailed understanding of each step in the chain of
events by which a given etiologic agent produces disease.

Causality for Specific Forms of Cancer

The causal significance of an association is a matter of judgment
which goes beyond any statement of statistical probability.

In the following section, the relationship between smoking and
several cancers is reappraised. Epidemiologic, pathologic, and experi-
mental data form the basis for review. When a significant associa-
tion between cigarette smoking and a specific cancer is noted, the
nature of the association was assessed by applying the judgment
criteria noted above. If all epidemiologic criteria were judged to be
satisfied and pathological and experimental data are supportive, the
term “causal” is applied to the association. The designation “major
cause” is used when the relative risk for the cancer in cigarette
smokers is high. The term “contributory factor” is used when the
body of evidence is less compelling, the relative risk is lower, or the
ancillary evidence (pathologic and experimental data) is not suffi-
cient for a judgment of causality. The term “contributory factor” by
no means excludes the possibility of a causal role for smoking in
cancers of those sites. The term “association” is used when a
relationship between smoking and a cancer site exists, but the data
are inadequate for an assessment of the character of that relation-
ship.



SMOKING-RELATED CANCERS BY SITE

Lung Cancer
Introduction

Since the early 1950s, lung cancer has been the leading cause of
cancer death among males in the United States; among females, the
lung cancer death rate is accelerating faster than all other cancer
death rates and, if present trends continue, will likely surpass that of
breast cancer by the mid-1980s (2) (Figure 1).

Between 1950 and 1977 in the United States,’ the total number of
lung cancer deaths increased from 18,313 in 1950 to 90,828 in 1977
(the figure for 1977 includes ICD (International Classification of
Diseases) Nos. 162-163.0). The American Cancer Society estimates
there will be 129,000 new lung cancer cases diagnosed in 1982 and
111,000 deaths. Of this number, 80,000 will be men and 31,000
women. The age-adjusted lung cancer mortality rate for the total
population nearly tripled, rising from 11.1 to 32.7. (All age-adjusted
death rates, unless stated otherwise, were derived by applying the
age-specific rates to the standard population distributed by age as
enumeérated in 1940.) Overall lung cancer mortality rates increased
over this period at a decelerating pace. Thus, in the 1950-1957
interval, the average annual increase in the age-adjusted death rate
was 5.2 percent; over the next 10 years, the average annual increase
was 4.0 percent; and in the final 10-year interval, 1968-1977, the
rate of increase was 3.1 percent.

These sex-aggregated figures hide differences in the lung cancer
mortality trends of males and females (Figures 2, 3, and 4). In the 28-
year period from 1950 to 1977, the age-adjusted lung cancer rate
increased almost 200 percent for men and over 250 percent for
women. The most striking aspect of this trend is the acceleration in
lung cancer mortality among females. The age-adjusted death rate of
white females increased by an average of 1.0 percent per year
between 1950 and 1957, 5.5 percent per year between 1958 and 1967,
and 6.7 percent per year between 1968 and 1977. The corresponding
increases for all other females were 3.0, 5.1, and 6.6 percent per year.
(The term “nonwhite” represents all races other than white and is
used in most graphics throughout this Report for the sake of brevity.)
In contrast to this trend in females, the rate of increase slowed down
in males. After climbing an average of 6.1 percent a year from 1950
to 1957, the rate among white males rose 4.0 percent annually from
1958 to 1967, and 2.1 percent a year from 1968 to 1977. The rate of
increase among all other males fell from 8.7 to 6.2 to 3.6 percent per
year over these intervals. Even with this deceleration in the rising

—_—————

! Unless otherwise stated, all cancer mortality data cited in this Report were extracted from the volume
"Mortality From Diseases Associated With Smoking: United States, 1960-77" (200). For a detailed discussion of
these data as well as trends for other diseases related to smoking the reader is referred to that volume.

21



FEMALE

90
§ 14 ]
g [ 1]
a 45
§ sop=— = BREAST -
— J— =
E | coomhecTum
o S~ sromacy UTERUS
18 ~ T
3 e e N e S
= et P -
oﬁuux;n\

1930 1935 140 1945 1950 955 1960 1965 1970 (975 1980

YEAR
MALE"
90,
§ ks ]
/
/
60 LUNG
i . —
g
8
| COLON-RECTUM
E S‘Q‘ PROSTATE por
H -
é PANCREAS ﬁ
= LEUKEMIA Tt
FSOPHAGUS
50 1938 1960 1968 1970 1978 1900
YEAR

FIGURE 1.—Male and female cancer death rates* by site,
United States, 1930-1978

* Age-adjusted to the U.S. population as enumerated in 1970.
SOURCE: American Cancer Society (2).

22



male lung cancer rate, an examination of the age-specific rates in
Figures 3 and 4 reveals that the lung cancer rates are still markedly
greater in males than in females.

In the white population, these trends resulted in a decrease in the
sex ratio of lung cancer mortality rates between males and females.
In 1950, the age-adjusted lung cancer death rate was 4.7 times higher
in white males than in white females. By 1977, the mortality sex
ratio had dropped to 3.6. In the white population 35 to 44 years of
age, the mortality sex ratio decreased from 3.74 to 1.72 over this
period. In contrast, the mortality sex ratio (male/female) of the other
than white group increased from 4.11 to 4.54 from 1950 to 1977.

Particularly in the early part of the study period, mortality among
males other than white climbed sharply. In 1950, the ratio of the age-
adjusted death rate of all other males to that of white males was
0.77: by 1977, age-adjusted death rates of all other males had
surpassed those of white males. The mortality color ratio (other-
than-white/white) had risen to 1.25. Among females, the mortality
color ratio shifted from 0.88 in 1950 to 1.00 in 1957, after which it
remained stable. In females 35 to 44 years of age, however, rates
were consistently higher in the other than white group than in the
white group.

When age-specific lung cancer death rates are plotted by calendar
year and age, a three-dimensional graph is produced (Figures 5 and
6) which can be examined from 1950-1977, or from the reverse (back
side) perspective. The broad, ascending peaks reflect the dramatic
rise in lung cancer rates for men and women over this time interval.
The lower age-specific lung cancer death rates seen in the oldest age
group (Figures 5 and 6) reflect changing cohort patterns of exposure.
Thus, what appears to be a decline in mortality rates with old age is
actually an artifact arising from the combining of cohorts with
different cigarette smoke exposure and mortality experiences. As
will be discussed later, the age-specific mortality rate for each
specific birth cohort actually continues to increase steadily with
increasing age in both men and women (Figures 13 and 15).

Lung cancer has a considerable economic impact. Rice and
Hodgson (218) estimate that the health cost of lung cancer in 1975
was $3.8 billion in lost earnings, $379.5 million in short-term
hospital charges, and $78 million in physician fees.

Less than 10 percent of patients with lung cancer will survive 5 or
more years. This bleak survival rate has not changed significantly
over the last 15 years. Hence, the prevention of lung cancer is of
paramount importance. According to a recent study for the Congres-
sional Office of Technology Assessment, approximately 85 percent of
United States lung cancer deaths in 1978 were attributable to
smoking, and thus were “avoidable” if individuals had not smoked
cigarettes (70).
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FIGURE 2.—Age-adjusted* mortality rates for cancer of the
bronchus, trachea, and lung, by race and sex,
United States, 1950-1977

* This graph is age-adjusted to the U.S. population as enumerated in 1970; all rates cited within the text of the
Report, however, are adjusted to the population as enumerated in 1940
SOURCE: National Cancer Institute (/98).
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The term “lung cancer” refers to a number of specific malignant
iseases involving the lungs. Several systems of classifying lung
ancer have been proposed (Table 1).

Four cell types constitute the majority of lung cancers: epidermoid
r squamous, adenocarcinoma, small cell (oat cell), and large cell.
‘here are differences in the frequency distribution of the different
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types of lung cancer in males and females and in smokers and
nonsmokers. Epidermoid carcinoma was the most common histologi-
cal type of lung cancer in the male smoker, while adenocarcinoma
was most common in the female smoker and in nonsmokers of both
sexes in a series recently published from the Mayo Clinic (Table 2)
(225). Other centers have reported similar data, although the
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TABLE 1.—Comparison of the World Health Organization
(WHO), Veterans Administration Lung Cancer
Chemotherapy Study Group (VALG), and
Working Party for Therapy of Lung Cancer
(WP-L) Lung Cancer Classifications

WHO VALG WP-L
I. Epidermoid carcinnma 1. Squamous cell carcinoma 10. Epidermoid carcinoma
a. With abundant keratin 11. Well differentiated
b. With intercellular bridges 12 Moderately differentiated
c. Without keratin or 13. Poorly differentiated
bridges
I’ Small cell carcinoma 2. Smal! cell carcinoma 20. Small cell carcinoma
1. Fusiform a. With oat-cell structure 21. Lymphocytelike
2. Polygonal b. With polygonal cell 22. Intermediate cell
structure
3. Lymphocytelike
4. Others
III. Adenocarcinoma 3. Adenocarcinoma 30. Adenocarcinoma
1. Bronchogenic a. Acinar 31 Weil differentiated
a. Acinar b. Papillary 32. Moderately differentiated
b. Papillary c. Poorly differentiated 33. Poorly differentiated
2. Bronchoalveolar 34. Bronchiolopapillary
1V. Large cell carcinoma 4. Large cell undifferentiated  40.Large cell carcinema
1. Solid tumor with 41, With stratification
mucin
2. Solid tumor without 42. Giant cell
mucin
3. Giant cell 43. With mucin formation
4. Clear cell 44. Clear cell

SOURCE: Matthews and Gordon (176).

proportions by histological type vary with the pathological criteria
used, the patient population, the geographic location, and other
factors. Earlier epidemiologic studies suggested that cigarette smok-
ers were more likely to develop squamous cell, large cell, and small
cell lung carcinoma than other types (67, 148). This view has been
supported by sume investigators (54, 284) and disputed by others (6,
18, 19, 137, 293. 329). More recent investigations indicate that all
four major histological types of lung cancer—including adenocarci-
noma, which appears to be increasing in recent years—are related to
cigarette smoking in both males and females (8, 284, 293).

Establishment of the Association Between Smoking and
Lung Cancer

It is not ethical or feasible to perform a controlled experiment in
humans to establish a causal relationship between tobacco smoking
and lung cancer. Practically, epidemiological methods are employed
to test a causal hypothesis. These methods, as discussed previously,
when coupled with pathological and experimental data, provide the
framewerk for a judgment of causality.
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TABLE 2.—Histologic types of pulmonary cancers in
smokers and nonsmokers

Male Female

Non- Non-
Type Total Smokers smokers Smokers smokers
Epidermoid 992 892 7 80 13
Small cell 640 533 4 100 3
Adenocarcinoma 760 492 39 128 101
Large cell 466 389 16 46 15
Bronchioloalveolar 68 35 4 13 16
Total 2,926 2,341 70 367 148

SOURCE: Rosenow 1225).

Numerous retrospective studies have examined smoking patterns
among established cases of lung cancer and a variety of matched
controls. These studies have been summarized and reviewed in
previous reports from the Department of Health and Human
Services (270, 272-281).

Eight prospective studies have measured lung cancer mortality
rates among smokers and nonsmokers followed over various time
intervals. In October 1951, Doll and Hill (62, 63) initiated the first
major prospective study of the relationship between smoking habits
and mortality in a cohort of more than 40,000 male and female
physicians. By 1965, seven other major prospective studies in four
countries had been initiated. These studies cumulatively represent
more than 17 million person-years of observation and over 330,000
deaths. The study designs are summarized below and in Table 3.

The number of years of followup reported for the various major
prospective studies ranges from a low of 4 years in the American
Cancer Society Nine-State Study to 22 years for females in the
British Physicians Study. Published reports for the varying followup
periods differ substantially for each study with respect to the
amount of information provided. Data from the Japanese study have
been published presenting 5, 8, 10, and 13 years’ results. For each
followup period, site-specific cancer mortality is fragmented. Data
for specific cancer sites are available only for males from the 13-year
followup study; dosage analyses for other cancer sites for either
males or females are intermittent among the many published
reports cited. In all cases, the most current data from each of the
prospective investigations are cited. In some instances, mortality
rates (or ratios) for all smokers for a specific site may be from one
study period while dosage information (usually expressed as the
number of cigarettes smoked per day) may be from another
(followup) period. The reader is referred to the references cited at the
end of each study description for a complete bibliography.
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The British Physicians Study

In_1951, the British Medical Association forwarded to all British
doctors a questionnaire about their smoking habits. A total of 34,400
men and 6,207 women responded. With few exceptions, all physi-
cians who replied in 1951 were followed to their deaths or for a
minimum of 20 years (males) or 22 years (females). Further inquiries
about changes in tobacco use and some additional demographic
characteristics of the men were made in 1957, 1966, and 1972 and of
the women in 1961 and 1973. By 1973 more than 11,000 deaths from
all causes had occurred in this population (62-66, 68, 69, 71).

The American Cancer Society 25-State Study

In late 1959 and early 1960, the American Cancer Society enrnlled
1,078,894 men and women in a prospective study (97-102, 155).
Although this was not a representative sample of the United States
population, all segments of the population were included except
groups that the planners believed could not be traced easily. An
initial questionnaire was administered that contained information
on age, sex, race, education, place of residence, family history, past
diseases, present physical complaints, occupational exposures, and
various habits. Information on smoking included type of tobacco
used, number of cigarettes smoked per day, inhalation, age started
smoking, and the brand of cigarettes used. Nearly 93 percent of the
survivors were successfully followed for a 12-year period. Early
reports of this study examined lung cancer mortality in relationship
to several parameters of smoke exposure, including duration of habit
and age at onset, among others. Two recent reports have examined
the effects of general air pollution (101), the type of cigarette smoked
(155), and lung cancer mortality. Cancer mortality data for 483,000
white fernales and 358,000 white males for the period 1967 to 1971
were also recently reported (106).

The U.S. Veterans Study

The U.S. Veterans study (74, 131, 222-224) followed the mortality
experience of 290,000 U.S. veterans who held government life
insurance policies in December 1953. Almost all policyholders were
white males. The data for specific causes of death during a 16-year
period were recently reported by Rogot (224) and are similar to
earlier data published after only 8!/, years of observation of this
population (131). Over 107,000 deaths have occurred in this popula-
tion.

The Japanese Study of 29 Health Districts

In late 1965, a total of 265,118 men and women in 29 districts in
Japan were enrolled in a prospective study (115-120). This represent-
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ed from 91 to 99 percent of the population aged 40 and older in these
districts. This study provided the unique opportunity to examine the
relationship of cigarette smoking to death rates in a population with
genetic, dietary, and cultural differences from previously examined
Western populations. By the end of the 13th year of followup, almost
40,000 deaths had occurred, including 10,300 cancer deaths, and
there were over 3,000,000 person-years of observation. For females,
the main body of published data is based on 5 to 8 years of followup.

The Canadian Veterans Study

Beginning in 1955, the Canadian Department of National Health
and Welfare enrolled 78,000 men and 14,000 women in a study of
smoking-related mortality (26, 27). Information was obtained on age,
detailed smoking history, residence, and occupation. During the first
6 years of followup, 9,491 males and 1,794 females died. No more
recent followup has been reported.

The American Cancer Society Nine-State Study

In the American Cancer Society Nine-State Study (104, 105),
187,783 white males were followed for an average of 44 months. This
study began in early 1952. There were 11,870 deaths in the age 50 to
70 population. The last major report of this study was published in
1958.

The California Men in Various Occupations Study

This study (76, 290) examined the mortality experience of 68,153
men, 35 to 64 years of age, over a period of 482,650 person-years of
observation. A total of 4,706 deaths occurred. These men were in
nine occupational groups. The last published report from this study
was in 1970.

The Swedish Study

A national probability sample (42) of 55,000 Swedish men and
women was surveyed in 1963 by mailed questionnaires, to which 89
percent of the sample responded. Information was collected on
smoking status at the time of the initial query and for specific
intervals during the previous 9 years according to type and amount
of smoking and degree of inhalation. The questionnaire identified
age, sex, location (urban, nonurban), income, and occupation of
subjects. A 10-year followup on smoking-related mortality was
published in 1975.
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TABLE 3.—Outline of eight major prospective studies
Doll Weir Cederlof
¥ Dorn Best .
Authors Hil Hammond Kahn Hirayama Josie Hammond l?un" Friberg
Peto Rogot Walker Horn Linden Hrubec
Pike & Breslow Lorich
Males and Total population ) California Probability
. females of . White males . sample of
. British . Us. Canadian . males in
Subjects doctors in veterans 29 health in vari the
0 25 districts in pensioners nine States occ:mtlil:ns Swedish
States Japan pa population
Population size 40,000 1,000,000 290,000 265,000 92,000 187,000 68,000 55,000
Females 6,000 562,671 <1% 142,857 14,000 21,700
Age range 20-85+ 3584 35-84 an:Oup 30-90 50-69 33-64 18-69
Year of 1951 1960 1954 1966 1955 1962 1954 1963
enroliment 1957
Years of
followup 20-22 12 years 16 years 13 years 6 years 4 years :’; 10 years
reported years ¥
Number
of 11,166 150,000 107,500 39,100 11,000 12,000 4,700 4,500
deaths
Person years
of 800,000 8,000,000 3,500,000 3,000,000 500,000 670,000 480,000 550,000
experience




Causal Significance of the Association

It is apparent from retrospective and prospective data that ,
significant association exists between smoking and lung cance,
(Tablies 4 and 5). However, as noted above, proof of causality is 4
matter of judgment that goes beyond the simple statement of
statistical probability. To judge this association, a number of criteriy
must be satisfied, no one of which is a sine qua non for judgment

Consistency of the Association

More than 50 retrospective studies have reported smoking pat.
terns (by type and quantity of tobacco smoked, duration of smoking
and inhalational practice) in a variety of subjects with lung cancer
(e.g., males and females, different occupational groups, hospitalizeg
patients, autopsy cases, all individuals who died from lung cancer in
an area, nationwide sample of individuals who died from lung
cancer, and different races and ethnic groups) (276). Many of these
subjects have been compared with matched controls also drawn from
a variety of groups (e.g., healthy individuals, patients hospitalized for
cancer or other diseases, deaths from cancers of other sites, and
samplings of the general population). Regardless of the method,
these studies have consistently found an association between smok-
ing and lung cancer. Relative risk ratios for smokers are consistently
greater than for nonsmokers in the investigations up to 1971 (Table
4). Subsequent data show similar findings (269).

The Third National Cancer Survey (TNCS) and the Hawalian
Study of Five Ethnic Groups are two large population-based retro-
spective studies that were recently reported. In the TNCS, 7,518
subjects with invasive cancer (57 percent of those randomly selected)
were interviewed in person; the data recorded included quantitative
lifetime use of cigarettes, cigars, pipes, unsmoked tobacco, wine,
beer, hard liquor, combined alcohol, and education and family
income level (299). A significant independent positive association
was found with cigarette smoking and lung cancer, with relative
risks as high as 9.9 for the heaviest smokers. In the Hawaiian study,
9,920 subjects with cancer were interviewed in person. The data
recorded included consumption rates for cigarettes, beer, wine, and
hard liquor (113). A significant positive association was found with
cigarette consumption and lung cancer for all ethnic groups.

Eight major prospective studies have examined the relationship
between smoking and lung cancer mortality in a large number of
subjects, in different countries, and in different time periods. The
results of these studies (presented in Table 5) are consistent with
each other as well as with the retrospective studies.

The possibility of genetic predisposition toward both smoking and
lung cancer has also been examined. One group of scientists (43) has
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TABLE 4.—Relative risk ratios* for lung cencer mortality,
retrospective studies, 1939-1970

Year/Author Male™” Female'
1939 Miiller (191 54~ -
1943 Schairer and Schoniger (237 57+ -
1945 Potter and Tully (213) 4.1+ -
1948 Wassink (288) 4.1 -
1950 Schrek et al. (244) 18 -
1950 Mills and Porter (181) 5.7 -
1950 Levin et al. (155a) 15 -
1950 Wynder and Graham (315) 130 29
1952 McConnell et al. (178 1.2 2.8
1952 Doll and Hill {(67) 9.4 2.1
1953 Sadowsky et al. (230) 39 -
1953 Wynder and Cornfield (311) 6.1+ -
1953 Koulumies (147) 36.0 -
1953 Lickint (156) 10.4- 53
1954 Breslow et al. (34) 32 -
1954 Watson and Conte (289) 56+ 33
1954 Gsell (90) 26.8+ ' -
1954 Randig (215) 5.1+ 22
1956 Wynder et ai. (308) - 14
1957 Segi et al. (248) - -
1957 Mills and Porter (182) 42 0.6
1957 Stocks (259) 49 16
1957 Schwartz and Denoix (245 104 -
1958 Haenszel et al. (949 - 25
1959 Lombard and Snegireff (161) 79 -
1960 Pernu (209) 8.4 19
1962 Haenszel et al. (93) 52 -
1962 Lancaster (152) 9.8 -
1964 Haenszel and Taeuber (95} - 1.3
1966 Wicken (295) 39
1968 Gelfand et al. (87) 253+ 2.9
1968 Hitosugi (121) 26 2.3
1969 Bradshaw and Schonland (33) - -
1969 Ormos et al. (205) 9.3 0.2
1970 Wynder et al. (319 20.8+ 6.78

* Computed according to method of Cornfield (49).
** Ratio of smoker to nonsmoker.
+ Based upon fewer than 5 case nonsmokers.

published data from the Swedish Twin Registry about monozygotic
twins discordant for smoking, which showed a significant excess of
lung cancer in the smoking twin of the pair. The authors state, “The
well-documented evidence of a causal association between smoking
and lung cancer found in other subjects has been further supported.”
Similar conclusions were reached in a retrospective study of families
of lung cancer patients (265).

Strength of the Association

Relative risk ratios for lung cancer from the retrospective studies
(Table 4) were strikingly elevated among smokers as compared with
nonsmokers. Similar data were reported from the eight prospective
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TABLE 5.—Lung cancer mortality ratios—prospective

studies
. . Number Cigarette

Population Size of deaths Nonsmokers smokers
British 34,000 males 441 1.00 14.0
Physicians 6,194 females 27 1.00 5.0
Swedish 27,000 males 55 1.00 7.0
Study 28,000 fernales 8 1.00 4.5
Japanese 122,000 males 940 1.00 3.76
Study 143,000 females 304 1.00 2.03
ACS 25-State 358,000 males 2018 1.00 8.53
Study 483,000 females 439 1.00 3.58
U.S. Veterans 290,000 males 3126 1.00 11.28
Canadian .
Veterans 78,000 males 331 1.00 14.2
ACS 9-State

Study 188,000 males 448 1.00 10.73
California males

in 9 occupations 68,000 males 368 1.00 7.61

studies (Table 5). The mortality ratios for male smokers ranged from
3.76 for the Japanese study to 14.2 for the Canadian Veterans study.
In general, lower mortality ratios were experienced by female
smokers. The mortality ratios for females ranged from slightly more
than 2.0 for the Japanese to 5.0 for the British female physicians.
Combining the data from the prospective studies allows the conclu-
sion that male cigarette smokers are about 10 times as likely to
develop lung cancer as are nonsmokers, while the risk for heavier
smokers considered alone is substantially higher (272).

The strength of the association between smoking and lung cancer
is further enhanced by clear dose-response relationships. The
strongest dose-response measured in most epidemiological studies
was for the number of cigarettes smoked per day at the time of entry
into the study. However, other important measures of dosage include
the age at which smoking began, the duration of smoking, and
inhalation practice. Several of the prospective studies have assessed
these relationships.

The data, presented in Table 6, indicate that as the number of
cigarettes smoked per day increases there is a gradient of risk for
lung cancer mortality. This gradient increase was observed in each
of the eight major prospective studies. Male smokers who smoked
more than 20 cigarettes daily had lung cancer mortality ratios 15 to
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25 times greater than nonsmokers. Similar findings were observed
among female smokers, although proportionately fewer females
were heavy smokers compared to males.

Four prospective studies which examined lung cancer mortality by
age began smoking are presented in Table 7. These show a strong
inverse relationship with age starting to smoke, i.e., the younger the
age one began smoking, the greater the lung cancer mortality rate.

Three prospective studies reported data on the relationship
between degree of inhalation and lung cancer mortality among
smokers. Data from two of these studies are presented in Table 8.
The third study (68) noted a relationship for light and moderate
smokers (1-14 and 15-24 cigarettes per day) who reported that they
inhaled as compared to smokers who said they did not inhale; but the
reverse was found for heavier smokers ( > 25 cigarettes per day).

Another measure of smoke exposure is reflected by the tar and
nicotine (T/N) content of the cigarette smoked. Filter cigarettes were
introduced in the mid-1950s and were quickly adopted by smokers,
particularly women. Generally, today’s filtered cigarettes have lower
tar and nicotine values compared to nonfiltered cigarettes (81). By
1981, 93 percent of the more than 600 billion cigarettes smoked in
the United States were filtered (177). A few epidemiological studies
have examined the relationship of lung cancer mortality by T/N
content or by examining filtered versus nonfiltered cigarettes
smoked. For the American Health Foundation, Wynder and Stell-
man conducted a retrospective study of the effects of filtered versus
nonfiltered cigarettes (326). Relative risk ratios for smokers of filter
cigarettes (which were assumed to be lower in tar and nicotine) were
less than those for smokers of nonfilter cigarettes (Figures 7 and 8).
Kunze and Vutuc (149) and Remington (219) reported similar data in
Austrian and British studies, respectively. The largest of the
prospective studies, the American Cancer Society 25-State Study
(155), showed a decrease in risk for lung cancer among male and
female smokers of lower T/N cigarettes as compared with smokers of
higher yield cigarettes (Table 9), although the rates for lower T/N
cigarette smokers were still considerably higher than the rates for
nonsmokers.

Specificity of the Association

Tobacco smoke is a complex mixture consisting of several thou-
sand chemical substances (269, 277). These diverse substances are
capable of producing more than a single biological response. The
specificity of the association between smoking and lung cancer is
evidenced by comparison of the magnitude of lung cancer mortality
ratios to those of other cancers, as has been done in most of the
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TABLE 6.—Lung cancer mortality ratios for men and
women, by current number of cigarettes
smoked per day—prospective studies

Men Women
Cigarettes Mortality Cigarettes Mortality
Population smoked per day ratios smoked per day ratiog
ACS 25-State Nonsmoker 1.00 Nonsmoker 1.00
Study 1-9 462 1-9 1.30
10-19 8.62 10-19 240
20-39 14.69 20-39 4.90
40+ 18.711 40+ 7.50
British Nonsmoker 1.00 Nonsmoker 1.00
Physicians 1-14 7.80 1-14 1.28
Study 15-24 12.70 15-24 641
25+ 25.10 25+ 297
Swedish Study Nonsmoker 1.00 Nonsmoker 1.00
1-7 2.30 1-7 1.80
8-15 8.80 8-15 11.30
16+ 13.70 16+ —
Japanese Study Nonsmoker 1.00 Nonsmoker 1.0
All ages 1-19 3.49 < 20 1.90
20-39 569 20-29 4.20
40+ 6.45
U.S. Veterans Nonsmoker 1.00
Study 1-9 3.89
10-20 963
21-39 16.70
»40 23.70
ACS 9-State Nonsmoker 1.00
Study 1-9 8.00
10-20 10.50
20+ 23.40
Canadian Nonsmoker 1.00
Veterans 1-9 9.50
10-20 15.80
20+ 17.30
California males Nonsmoker 1.00
in nine about Y/, pk 3.72
occupations about 1 pk 9.05
about 1 '/, pk 9.56

prospective studies (see Appendix Tables A and B). The mortality
ratios for lung cancer are very high when compared with those of

other cancers.
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TABLE 7.—Lung cancer mortality ratios for males, by age
began smoking—prospective studies

Age began
smoking Mortality
Study in years ratio
ASC 25-State Nonsmoker 1.00
Study 254 4.08
20-24 10.08
15-19 19.69
under 15 16.77
Japanese Nonsmoker 1.00
Study 25+ 2.87
20-24 3.85
under 20 4.44
US. Veterans Nonsmoker 1.00
25+ 5.20
20-24 9.50
15-19 14.40
Under 15 18.70
Swedish Nonsmoker 1.00
Study 19+ 65
17-18 9.8
Under 1€ 6.4

TABLE 8.—Lung cancer mortality ratios by degree of
inhalation—prospective studies

Degree Mortality ratio
of -
Study inhalation Males Females Comments
ACS 25-State Nonsmoker 1.00 1.00
Study None 8.00
Slight 892 178
Moderate 13.08
Deep 17.00 } 370
Swedish Nonsmoker 1.00 1.00 Female data
Study None 3.70 — based on only
Light 7.80 7.20 9 total lung
Deep 9.20 '1.80 cancer deaths

Temporal Relationship of the Association

The criterion of temporality requires that cigarette smoking
antedate the onset of cancer. Support for this criterion is provided by
all the major prospective studies in which an enormous number of
initially disease-free subjects were followed over varying time
intervals.
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SOURCE: Wynder (327

Indirect support for the temporality of the association is provided
by other studies (57, 70). One study (57) examined the relationship
between per capita tobacco consumption in 1930 and male lung
cancer death rates in 1950 in 11 different countries (Figure 9). This
study encompassed the era prior to the advent of filter cigarettes.
Assuming that the majority of tobacco consumption in 1930 occurred
among males and that there was a 20-year latency period for the
development of lung cancer, there was a strong positive correlation
between tobacco consumption in 1930 and lung cancer death rates in
1950.
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A later study (70) examined the relationship between manufac-
tured cigarette consumption per adult in 1950 and lung cancer death
rates in males and females who were in the 35- to 44-year-old age
group in the mid-1970s (who had entered adult life in 1950). There
was a consistent correlation between cigarette consumption and lung
cancer death rates in different countries (Figure 10), a finding which
was “better than..expected in view of the possible international
differences in cigarette composition, puff frequency, style of inhala-
tion, butt length, additional use of nonmanufactured cigarettes (and
other forms of tobacco), and national consumption of cigarettes in
intervening years between 1950 and 1975.”
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TABLE 9.—Age-adjusted lung cancer mortality ratios for
males and females, by tar and nicotine in
cigarettes smoked

Males Females
High T/N 1.00 1.00
Medium T/N 0495 0.79
Low T/N 0.81 0.60

*The mortality ratio for the category with highest risk was made 1.00 so that the relative reductions in Fisk g
the use of lower T/N cigarettes could be visualized. 4

SQURCE: Hammond et al. (7/03).

Additional evidence for the temporality of this association i
advanced by a number of histological studies showing that smokey
develop histologic changes interpreted by most pathologists g
premalignant lesions in bronchial epithelium in much greaty
proportions than nonsmokers, and that these changes progreg

toward cancer in continuing smokers but reverse in ex-smokers (y
14, 15) (Table 14).

Coherence of the Association

The final criterion is the coherence of the association betweep
smoking and lung cancer with known facts in the biology ang
natural history of lung cancer. Coherence of the association has been
noted with the following facts:

Dose-Response Relationship Between Smoking and Lung Cancer
Mortality

The finding of a dose-response relationship between cigarette
smoking and lung cancer provides great coherence with the known
facts of the disease. Regardless of the measure of tobacco consump
tion employed (i.e., number of cigarettes smoked, inhalation practice,
duration of smoking, age when smoking began, or type of cigarettes
smoked), there was a gradient of disease consistent with a true dose.
response relationship in every study.

Sex Differences in Lung Cancer Mortality Correlating With
Corresponding Differences in Smoking Habits

Males have had higher lung cancer death rates than females. This
observation has been interpreted by some as contradictory to the
causal role of smoking in lung cancer (82, 167). However, a careful
examination of smoking patterns and age-specific mortality data has
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FIGURE 9.—Crude male death rate for lung cancer in 1950
and per capita consumption of cigarettes in

1930 in various countries
SOURCE: Doll (57).

been interpreted by most observers as support for the causality of
smoking in lung cancer. Historically, males began to smoke in large
numbers in the World War I period, and much of the increased
cigarette use noted during this period reflected switching from other
forms of tobacco (e.g., smokeless tobaccos, pipes, and cigars) to
cigarettes. Females began to smoke in larger numbers about 20 to 25
years later, in the World War II era (270); at that time, a smaller
Proportion of females smoked compared to males, and those who did,
generally smoked fewer cigarettes per day, inhaled less, started later
In life, and were more likely to smoke lower tar and nicotine and
filtered cigarettes. These differences in smoking habits of males and
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FIGURE 10.—International correlation between
manufactured cigarette consumption per adult
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entering adult life (in 1950), and lung cancer
rates in that generation as it enters middle
age (in the mid-1970s)

NOTE: Comparison has been restricted to developed countries (i.e., exciuding Africa, all of Asia except Japan,
and all except North America), with populations >1 million, to improve the accuracy of the observed death
certification rates as indicators of the underlying risks of lung cancer among people aged 35-44.

'Lung cancer death certification rates per million adults aged 3544 are from WHO (303, 304). These rates are
the means of the male and female rates for all years (1973, 1974, or 1975) reported in WHO (303), except for Greece
(which was not reported in WHO (303} and thus was taken from WHO (304)) and Norway for which the rates in
WHO (3063) and WHO 1304) were based on only 11 and 14 cases, respectively; for statistical stability, these were
averaged.

Manufactured cigarettes per adult are from Lee (154) for the year 1950 (except for Italy, where consumption
data are available in 5-year groups only); to avoid the temporary postwar shortages, data for 1951-55 have been
used. This excludes handrolled cigarettes, which in moet countries accounted for only a small fraction of all
cigarette tobacco in 1950.

AU.S. nonsmoker rates were estimated by fitting straight lines (on a double logarithmic scale) to the relationship
between lung cancer mortality and age reported for male and for female lifelong nonsmokers by Garfinkel (86) and
averaging the predicted values at age 40. (Although the average of the male and female rates actually observed at
these ages is similar to this estimated value, these observed rates are each based on fewer than five cases
{Garfinkel) (86) and so might have been inaccurate.)

SOURCE: Doll and Peto (70).

females correlate well with the observed sex differences in lung
cancer mortality rates. In fact, the rise in female lung cancer
mortality rates observed in the late 1950s and early 1960s appears to
be reproducing the phenomena noted among males 20 to 30 years
earlier. If one subtracts 25 years from the female cancer death rate,
as noted previously in Figure 1, the rates for women are only slightly
below the rates for men. Thus, close scrutiny of these trends reveals
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no substantial difference in the risk of developing lung cancer
between men and women.

Ltung Cancer Mortality and Cessation of Smoking

Since cigarette smoking is significantly associated with lung
cancer, it is logical to expect that cessation of smoking would lead to
a decrease in mortality rates from lung cancer among quitters
compared to persons who continue to smoke cigarettes. In fact, all of
the major studies which examined cessation showed this decrease in
lung cancer risk. Data from four of the major prospective studies are
presented in Table 10 for illustration. After 15 to 20 years, the ex-
smoker’s risk of dying from lung cancer gradually decreases to a
point where it more closely approximates the risk of the nonsmoker
(68, 224), whereas for the continuing cigarette smoker, the lung
cancer risk is more than 10 times that of the nonsmoker. The
magnitude of the residual risk that ex-smokers experience is largely
determined by the cumulative exposure to tobacco prior to smoking
cessation (i.e., total amount the individual smoked, age when
smoking began, and degree of inhalation), and varies with number of
years since quitting smoking, as well as with the reasons for quitting
smoking (e.g., quitting due to symptoms of disease).

Differences in Lung Cancer Mortality by Site of Residence (Urban
Versus Rural)

A number of studies have examined the relationship of smoking to
lung cancer mortality by site of residence (urban or rural) and air
quality of a community. Eight of the earlier studies were reviewed in
the 1971 Report of the Surgeon General (276). More recent publica-
tions include “Epidemiological Review of Lung Cancer in Man” (111)
and the report of a task group, “Air Pollution and Cancer” (41).
There have been studies in England and Wales (59), in 20 countries
combined (40, 291), as well as in the United States (101, 146, 164,
258). The majority of these studies has found that lung cancer
mortality is more common in urban than rural areas. This urban to
rural gradient is primarily, but not exclusively, found among
smokers. Since cigarette consumption is generally greater in urban
areas than in rural areas, it is difficult to define conclusively what
proportion, if any, of the excess lung cancer mortality in city
dwellers can be accounted for by urban living independent of
smoking.

One study (164) examined the risk of several cancers by religion
and place of residence in 20,379 cases in the State of Utah. Members
of the Church of Jesus Christ of Latter-Day Saints (Mormons)
composed approximately 70 percent of the state’s population in 1970.
The use of tobacco and alcohol is prohibited by religious tenets, and
it is documented that Mormons have a very low proportion of
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TABLE 10.—Lung cancer mortality ratios in ex-cigarette
smokers, by number of years stopped smoking

Years stopped
Study smoking Mortality ratio
British Physicians 14 16.0
5-9 59
10-14 5.3
i5 + 20
Current smokers 14.0
U.S. Veterans* 1-4 18.83
5-9 7.73
10-14 4n
15-19 4.81
20 + 210
Current smokers 11.28
Japanese 14 4.65
Males 5-9 2.50
10 + 1.35
Current smokers 3.76
Number of cigarettes
Smoked per day
1-19 20 +
ACS 25-State Study
(males 50-69) <1 7.20 29.13
1-4 4.60 12.00
59 1.00 7.20
10 + 0.40 1.06
Current smokers 647 13.67

* Includes data only for ex-cigarette smokers who stopped for other than physicians’ orders.

smokers. Approximately 77 percent of Mormons live in urban areas
and 23 percent live in rural areas. Non-Mormons, whose smoking
habits and alcohol consumption more closely resemble those of the
U.S. population in general, showed a similar distribution of urban
and rural residence. These authors found substantial urban-rural
differences in cancer mortality at a number of sites; the largest
urban-rural difference observed, however, was found in lung cancer
mortality among non-Mormons. There were almost no urban-rural
differences in cancer mortality among Mormons (Figure 11). The
authors concluded that the urban-rural gradient in lung cancer
incidence among non-Mormons reflects differences in smoking
habits or interaction of smoking and air pollution or occupational
exposure.

Data from the American Cancer Society 25-State Study (101) have
been reported recently. The data showed little, if any, effect of
general air pollution on the lung cancer death rates of males, who in
1959 reported having lived in the same neighborhood for at least 10
years. Thus, the majority of epidemiological investigations indicates
that the most important cause of lung cancer is cigarette smoking
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and that urban factors, such as air pollution, probably contribute
less than 5 percent of the cases of lung cancer in the United States
(70).

Lung Cancer Mortality and Occupation

Various investigators have estimated that occupational exposure
to a variety of chemical substances is responsible for 1 to 15 percent
of lung cancer mortality (47, 58, 109, 110, 196, 314). A higher
estimate of 36 percent (212) resulted when differences in smoking
patterns were disregarded. In the American Cancer Society 25;State
Study (101), the mortality from lung cancer after standardization for
smoking history was 13.5 percent greater among men with a
reported history of occupational exposure to a variety of chemicals,
dust; fumes, vapors, and radiation, as compared with those without
such a history. Reviewing these data, other scientists (70) have
suggested that, since “only 38 percent of lung cancer deaths occurred
among men who gave a positive history, the total contribution of
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TABLE 11.—Limiting factors for attributing cancer to
environmental factors

1. Inaccurate or incomplete knowledge of which industrial chemicals and/or
physical agents are _carcinogens, cocarcinogens, ant promoters

Lack of accurate knowledge of duration and levels of exposure

Lack of accurate knowledge of numbers of workers exposed

Lack of accurate knowledge of incidence and types of cancers occurring
Probable multivarice2 nature of cancer causation

Mixed and multiple exposures to carcinogenic conditions

at the workplace and in daily living (e.g., lifestyle factors)

S

SQURCE: Adapted from Stellman and Stellman (255).

these factors to the production of the disease appears to have been
4.6 percent,” a figure they consider too low to be of significance,

This wide range of estimates reflects the considerable complexity
of attributing cancer risks to occupational factors, as noted by
several authors (210). One study (255) recently discussed these
limitations (Table 11) and concluded that “even if carcinogen dosage
and cancer response among workers were available, the ability to
detect and attribute occupationally caused cancer would be limited
by the fragmented nature of production (i.e., relatively small
numbers of workers in many locations) and the change in the
exposed populations (i.e., employee turnover, plant shutdown, and
production changes).”

Epidemiological and experimental data have established several
occupational causes of lung cancer. The finding of a synergistic
relationship between smcking and occupational agents (e.g., asbestos
(Table 12) and possibly radioactive aerosols), is not surprising in view
of the fact that cigarette smoke contains multiple chemical com-
pounds, among which are known carcinogens, tumor initiators, and
tumor promoters.

Correspondence of Lung Cancer Mortality Among Ditferent
Populations With Different Tobacco Consumption

Two studies (57, 70) have found a close correlation between
cigarette consumption and lung cancer mortality in different, coun-
tries (Figures 9 and 10). In the Utah Cancer Study (165, 166, 294),
Mormons had much lower lung cancer mortality rates than did non-
Mormons. One study (79) comnpared cancer mortality rates of a
subgroup of “active” Mormon males (a subset of particularly
religious Mormons that has an even lower proportion of smokers
than among all Mormons) to those of ordinary California and Utah
Mormons. Active Mormon males had less than one-half the stand-
ardized mortality ratio for lung cancer deaths compared with other
Mormon males.

Phillips' et al. (211) conducted a study of California Seventh Day
Adventists (a religious group with a very small proportion of
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TABLE 12.—Epidemiological and experimental evidence for carcinogenicity of industrial inhalants

Demonstrated
Interaction
Evidences» with cigarette
Agent Yearsst Epidemiological Experimental Occupationsb Smoking Remarks

1.  Arsenic 1951 Established Negative Copper smelters, arsenic pesticide Unknown Satterlee (235) reported an average of 46 mg

manufacturers, some gold mines of arsenic in several cigarettes in 1950-1951.
Lee and Murphy (153) found the average
reduced to 7.7 +0.5 mg by 1967.

2. Asbestos 1935 Established Established  Asbestos miners, asbestos textile Established Asbestos workers who smoked cigarettes had
manufacturers, asbestos insulation workers, (25, 107, 174, 5 times the risk for lung cancer of smokers
certain shipyard workers 180, 249, without asbestos exposure and over 50 times

250 the risk of individuals who neither smoked
nor worked with asbestos.

3. Chloromethyl 1968 Established Established Makers of ion exchange resins Unknown Recent data from Weiss (292} suggest a

ethers protective effect of cigarette smoking. The
use of this agent has been widely curtailed;
future data are unlikely.

4. Chromium 1936 Established Established  Manufacturers of chromates from chromate Unknown
ores

5. Coke oven 1971 Established Established Coke oven workers (steel mills), gas retort Unknown

fumes workers
6. Nickel 1933 Established Established  Nickel refiners Unknown
Radioactive 1979 .« Established Established Uranium miners Established Risk for cigarette smoking uranium miners is
aerosols (5, 285, 286,  at least four times greater than for cigarette
287 163 smokers who do not work in the mines (163,
229 229). Nonsmoking miners also have increased

risk for lung cancer (17

a Adapted from Holfmann and Wynder (7123
bThe year agent first suspected to be a human carcinogen for bronchi or lung.
SOURCE: Adapted from Doll and Peto (70) and Wynder and Gori (314



smokers) and found that the lung cancer mortality rate among
Seventh Day Adventists was only 20 percent of the rate of the
control population (112,726 smoking and nonsmoking Californians
enrolled in the American Cancer Society prospective study in 1960)
(98).

Lung Cancer Mortality and Age-Specific Smoking Patterns

Male lung cancer death rates have to date been higher than
female lung cancer death rates. Age-specific lung cancer death rates
decline in the oldest age groups, although age-adjusted mortality
rates continue to climb in both males and females in spite of the
decline of smoking prevalerice in both groups. Each of these facts
appears to challenge the coherence between smoking behavior and
the occurrence of lung cancer. However, smoking behavior is not
uniform for different age and sex cohorts; therefore, in order to
examine the coherence of this relationship, it is necessary to match
the smoking behavior of an individual cohort with the lung cancer
occurrence in that cohort. Figure 12 shows the prevalence of
cigarette smoking over time among successive age cohorts of males,
and it can be compared with Figure 13, which shows the specific
mortality rates of cancer of the lung by birth cohort and age of death.
Figures 14 and 15 are the corresponding graphs for females. Careful
examination of these graphs resolves the apparent discrepancy
between smoking prevalence data and lung cancer mortality data.
Males began to take up smoking in large numbers some 25 years
prior to females taking up the habit in large numbers. In addition,
the cohorts of males with the peak prevalence of smoking were born
between 1910 and 1930, whereas the peak prevalence in females
occurred among those born between 1920 and 1950. These differ-
ences in the smoking prevalence among the different birth cohorts
for males and females explain a large part of the difference in
overall mortality rates. When the mortality rates are examined by
birth cohorts (Figures 13 and 15), one can see that both male and
female cohorts with increasing smoking prevalence also have
increasing age-specific mortality rates. In the youngest cohorts,
where the smoking prevalence of males and females is most
comparable, the age-specific rortality experience is similar.

An examination of Figures 13 and 15 reveals that the age-specific
mortality experience for each birth cohort continues to rise with
advancing age. What appears to be a decline in lung cancer
mortality with age (Figures 5 and 6) in the oldest age groups (75
years and clder) is an artifact resulting from the combination of
cohorts with differing cigarette smoking exposures and mcrtality
experiences. Note the leftward shift of the age-specific mortality
rates in each succeeding birth cohort.
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NOTE: Calculated from the results of over 13,000 interviews conducted during the last two quarters of 1978,
provided by the Division of Health Interview Statistics, U.S. National Center for Health Statistics.
SOURCE: U 8. Department of Health, Education, and Welfare (200).

A third concern about the coherence of smoking behavior and lung
cancer mortality has been that overall lung cancer mortality
continues to rise at a time when the prevalence of cigarette smoking
continues to decline, and the consumption of lower tar and nicotine
Cigarettes is increasing. Part of this apparent discrepancy can be
accounted for by the relatively slow decline in the excess risk of
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[

developing lung cancer once someone actually stops smoking,
compared to persons who continue to smoke cigarettes. However, in
the youngest male birth cohorts (birth years 1931-1940 and 1941-
1950), there is a substantially lower peak prevalence of smoking
which should result in a lower lung cancer mortality experience.
From the smoking prevalence data and Figure 12, one would expect
to see this declining mortality experience in those birth cohorts born
after 1930, and the data in Figure 13 for 1935 and 1940 birth cohorts
suggest that a decline in mortality experience is occurring. This
trend can be visualized easily in Figure 16, which plots the age-
specific lung cancer mortality rates for 5-year age groups over time,
and reveals that the male rates for the youngest age groups do
appear to be declining. No such trend can be seen in the female
mortality experience, and this, too, is consistent with the smoking
Prevalence data presented in Figure 14.
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TABLE 13.—Lung cancer mortality ratios for male and
female smokers at 6- and 12-year followup,
ACS 25-State Study

Mortality ratios

Non- 6-year 12-year
Sex smokers followup followup
Males 1.00 9.20 853
Females 1.00 2.20 3.58

When the prevalence of cigarette smoking by birth cohort is
compared with the mortality experience by birth cohort, the
relationship between cigarette smoking behavior and lung cancer
mortality experience is extremely coherent.

This is also supported when lung cancer mortality ratios are
examined at various periods of followup in the prospective studies. In
the ACS 25-State Study, a different pattern of lung cancer mortality
emerges for males compared to females. In contrast to lung cancer
mortality ratios among male smokers, which remained almost
constant during the 6-year followup interval, ratios for female
smokers increased (Table 13). A similar trend is observed among
male U.S. Veterans as noted above for males in the ACS 25-State
Study. Figure 17 presents lung cancer mortality ratios by amount
smoked for male veterans at 8!/, years compared to 16 years’
followup. No differences between the two periods are evident and the
pattern is constant at each level of exposure.

Lung Cancer Mortality and Premalignant Changes in Bronchial .
Epithelium

Since smoking is significantly associated with lung cancer, smok-
ers could be expected to develop premalignant changes in bronchial
epithelium more commonly than nonsmokers prior to the develop-
ment of frank cancer. In the late 1950s, one scientist (9, 14, 15)
examined the tracheobronchial tree of 402 males at post mortem in a
controlled blinded study and found that several kinds of changes
were much more common in the tracheobronchial tree of smokers as
compared with nonsmokers (Table 14). The frequency and intensity
of these epithelial changes (loss of cilia, basal cell hyperplasia,
presence of atypia) correlated with the number of cigarettes smoked.
The most severe lesions, aside from invasive cancer, were not seen
among males who did not smoke regularly and were found only
rarely among light smokers. They were present, however, in 4.3
percent of sections from males who smoked one to two packs a day,
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in 11.4 percent of sections from males who smoked two or more packs
a day, and in 14.3 percent of sections from smokers who died of lung
cancer. Studies by the same authors and others (7, 10, 28, 39, 51, 89,
96, 144, 206, 217, 233, 268, 298, 319) have confirmed this relationship
between smoking and premalignant changes in bronchial epithelium
in males and females, with and without lung cancer.

More recent investigations (72), which examined the histologic
changes in the bronchial epithelium of male cigarette smokers who
had died from causes other than lung cancer, found that changes
occurred far less frequently in nonsmokers than in cigarette
smokers. Changes in smokers correlated with the amount smoked.
When comparing the degree of histologic changes of men who died in
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TABLE 14.—Percent of slides with selected lesions,® by
smoking status and presence of lung cancer

Percent of slides with cilia absent and
averaging 4 or more cell rows in depth

Number Number No cells Some cells All cells
Group cases slides atypical atypical atypical® Total
Cases without lung cancer
Never smoked regularly 65 3,324 1.0 0.03 - 11
Ex-cigarette smokers 72 3,436 35 04 0.2 4.1
Cigarettes—Y, pk. a day 36 1,824 0.2 42 0.3 4.7
Cigarettes—'/,—1 pk. a day 59 3,016 — 71 0.8 79
Cigarettes—1-2 pks. a day 143 7,062 — 126 43 16.9
Cigarettes—2+ pks. a day 36 1.787 — 26.2 114 375
Lung cancer cases 63 2,784 —_ 12.5 14.3 26.8

*In some sections, two or more lesions were found. In such instances. all of the lesions were counted and are
included in both individual columns and in the total column of the table. Lesions found at the edge of an uicer were
excluded.

" These lesions may be called carcinoma in-situ.

<Of the 63 who died of lung cancer, 55 regularly smoked cigarettes up to the time of diagnosis, 5 regularly
smoked cigarettes but stopped before diagnosis, 1 smoked cigars, 1 smoked pipe and cigars, 1 was an occasional
cigar smoker.

SOURCE: Auerbach (9. 14. 15).

the period 1955-1960 with those who died in 1970-1977, these
investigators found the latter exhibited less advanced histologic
changes. The authors attributed this finding to the reduced tar and
nicotine yield of cigarettes smoked by this group when compared to
the average tar and nicotine yield of those smoked by the earlier
group (Table 15).

Several investigators have examined the relationship between
smoking and cytological changes in respiratory epithelial cells shed
into sputum in groups of smokers and nonsmokers. These studies
(171, 193, 220, 262) have generally found increased proportions of
sputum specimens showing atypical cells among smokers as com-
pared with nonsmokers, and these changes have progressed toward
cancer with increasing duration of the smoking habit. In addition,
these changes have reverted toward normal in individuals who
stopped smoking. These data support the causal nature of the
association between smoking and lung cancer.

Experimental Studies

Over the past 30 years, a number of experimental models have
been developed to study tobacco-induced carcinogenesis. These data
are explored in detail in the Part of this Report on the mechanisms
of carcinogenesis.

Lung Cancer and Non-Cigarette Tobacco Use

The relationship between lung cancer and other forms of tobacco
was comprehensively reviewed in reports by the U.S. Public Health
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TABLE 15.—Percentage of sections with each of several
categories of histologic change, classified
according to smoking habit*

Adjusted % Adjusted % Adjusted % Adjusted %
Never Smoked Smoked 1-19 Smoked 20-39 Smoked 40+
Histologic Regularly Cigarettes/ Cigarettes/ Cigarettes/
change Day Day Day
A B A B A B A B
Basal-cell hyperplasia:
Total 38 5.8 878 631 932 762 988 863
6+ rows 0 01 21 04 5.7 05 130 08
10% + cells with 0.1 0.5 876 624 932 750 988 863
atypical nuclei
30%+ cells with 01 04 772 539 926 725 988 851
atypical nuclei ]
50% + cells with Q 0.1 56.7 96 841 263 986  56.1
atypical nuclei
70% + cells with 0 1] 01 0 122 0.1 666 <01
atypical nuelei
Lesion with cilia absent:
Total 5.3 42 13.8 838 25 105 303 117
10%+ cells with 0 <01 138 85 223 98 303 117
atypical nuclei )
30% + cells with 0 <01 12.9 76 223 9.3 303 117
atypical nuclei
50% + cells with 0 0 10.0 22 219 6.0 30.3 9.3
atypical nuclei
T70% + cells with 0 0 26 0.1 14.6 0.8 28.6 2.2
atypical nuclei )
100% cells with 0 [ 26 01 13.2 08 225 2.2
atypical nuclei
No. of sections 2,580 2,628 2,208 3,026 2881 3471 1413 2,217
No. of subjects 57 53 51 61 68 73 35 47

* Percentages adjusted for age to the distribution of age at death of all subjects in the study. An A denotes
subjects who died in 1955-1960, a B denotes subjects who died in 1970-1977.
SOURCE: Auerbach et al. (12).

Service in 1973 and 1979 (269, 278). A brief summary follows. In
contrast with cigarette smokers, most pipe and cigar smokers
reported they did not inhale the smoke, and as a consequence, the
total exposure of the lung to tobacco smoke was relatively lower.
There was little evidence that lung cancer is associated with the use
of chewing tobacco or “snuff.” Several prospective epidemiological
studies have demonstrated higher lung cancer mortality ratios for
pipe and cigar smokers than for nonsmokers, but the risk of
developing lung cancer for pipe and cigar smokers is less than for
cigarette smokers. Table 16 presents a summary of these prospective
studies. Two studies (64, 131) have reported (Table 17) that lung
cancer mortality ratios for pipe and cigar smokers exhibited a dose-
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TABLE 16.—Mortality ratios for lung cancer in male
current smokers. A summary of prospective

studies
Smoking type
Study
Non- Cigar Pipe Total pipe Cigarette Mixed
smoker only only and cigar only

ACS 25-State Study 1.00 1.02 3.00 - 10.00 7.63
British Physicians 1.00 — — 5.80 14.00 8.20
Canadian Veterans 1.00 294 4.35 — 14.20 —
US. Veterans 1.00 1.66 2.14 1.67 11.28 —

TABLE 17.—Lung cancer mortality ratios for cigar and
pipe smokers by amount smoked

Smoking type Mortality ratio Number of deaths

Nonsmoker 1.00 8
Cigar smokers:

< Heigars per day..............cocevneinn. 114 12

5 to B cigars per day....................... 264 11

> Becigars perday...............oenennnn 207 2
Pipe smokers:

< 5 pipefuls per da)f ....................... m 2

5 to 19 pipefuls per day................... 220 12

> 19 pipefuls per day .................... 247 3
Cigar and pipe:

8 or less cigars, 19 or
less pipefuls ................ool 162 18

> 8 cigars, > 19 pipefuls................. 2.19 2

SOURCE: Kahn (131).

response relaticnship; however, the relationship is not as strong as
that noted for cigarette smoking.

A few retrospective studies contain adequate numbers of smokers
to allow an examination of dose-response relationships between pipe
and cigar smoking and lung cancer (1, 161, 215, 230). An increased
risk for developing lung cancer correlated with the increased use of
pipes and cigars as measured by amount smoked and depth of
inhalation.
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Several investigators have examined histological changes in lungs
of cigar and pipe smokers. One study (15) examined 36,340 histologic
sections for various epithelial lesions obtained from 1,522 white
adults. The numbers and types of pathological findings in the
bronchial epithelium of pipe and cigar smokers were compared with
those found in nonsmokers and cigarette smokers. Pipe and cigar
smokers had abnormalities that were intermediate between those of
nonsmokers and cigarette smokers, although cigar smokers had
pathological changes that in some categories approached the
changes seen in cigarette smokers. Others have reported similar
findings (144, 233).

Several experimental investigations have been conducted to
examine the relative tumorigenic activity of tobacco smoke conden-
sates obtained from cigarettes, cigars, and pipes. Most of these
studies were standardized in an attempt to make the results of the
cigar and pipe experiments more directly comparable with cigarette
data, and most used the shaved skin of mice for the application of
tar. Tar from cigars, pipes, and cigarettes was usually applied on an
equal weight basis so that qualitative differences in the tars could be
determined. In several experiments, the nicotine was extracted from
the pipe and cigar condensates in an attempt to reduce the acute
toxic effects that resulted from the high concentration of nicotine
frequently found in these products (50, 53, 127, 138, 221, 328). These
experimental data suggest that cigar and pipe tobacco condensates
have a carcinogenic activity that is comparable to cigarette conden-
sates. This is supported by human epidemiologic data for those sites
exposed equally to the smoke of cigars, pipes, and cigarettes. The
alkaline smoke derived from pipes and cigars is generally not
inhaled, and as a result there appears to be a lesser exposure of the
lungs and possibly other organs to pipe and cigar smoke than that
which occurs due to cigarette smoking.

Further, evidence from countries where smokers tend to inhale
cigar smoke to a greater degree than smokers do in the United States
(1) indicates that rates of lung cancer become elevated to levels
approaching those of cigarette smokers.

Conclusion

1. Cigarette smoking is the major cause of lung cancer in the
United States.

2. Lung cancer mortality increases with increasing dosage of
smoke exposure (as measured by the number of cigarettes
smoked daily, the duration of smoking, and inhalation pat-
terns) and is inversely related to age of initiation. Smokers
who consume two or more packs of cigarettes daily have lung
cancer mortality rates 15 to 25 times greater than nonsmokers.
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3. Cigar and pipe smoking are also causal factors for lung cancer.
However, the majority of lung cancer mortality in the United
States is due to cigarette smoking.

4. Cessation of smoking reduces the risk of lung cancer mortality
compared to that of the continuing smoker. Former smokers
who have quit 15 or more years have lung cancer mortality
rates only slightly above those for nonsmokers (about two times
greater). The residual risk of developing lung cancer is directly
proportional to overall life -time exposure to cigarette smoke.

5. Filtered lower tar cigarette smokers have a lower lung cancer
risk compared to nonfiltered, higher tar cigarette smokers.
However, the risk for these smokers is still substantially

 elevated above the risk of nonsmokers.

6. Since the early 1950s, lung cancer has been the leading cause
of cancer death among males in the United States. Among
females, the lung cancer death rate is accelerating and will
likely surpass that of breast cancer in the 1980s.

7. The economic impact of lung cancer to the nation is consider-
able. It is estimated that in 1975, lung cancer cost $3.8 billion
in lost earnings, $379.5 million in short-term hospital costs,
and $78 million in physician fees.

8. Lung cancer is largely a preventable disease. It is estimated
that 85 percent of lung cancer mortality could have been
avoided if individuals never took up smoking. Furthermore,
substantial reductions in the number of deaths from lung
cancer could be achieved if a major portion of the smoking
population (particularly young persons) could be persuaded not
to smoke.

Cancer of the Larynx
Introduction

Cancer of the larynx was responsible for about 1 percent of cancer
deaths in the United States in 1977, It is estimated that in 1982 there
will be 10,900 new cases and 3,700 deaths due to this disease (2).
Males are affected more commonly than females, but the ratio of
new cases and deaths in males and females (now about 6:1) has been
narrowing over the last 20 years (240, 312). In 1950, 1,852 people died
of cancer of the larynx. By 1977, this figure had nearly doubled,
rising to 3,390. The age-adjusted death rate increased slightly, from
1.1 to 1.2 per 100,000 (Figure 18).

There is a considerable difference in this increased death rate
when examined by sex and race. Among other than white males, the
age-adjusted rate climbed from 1.6 to 3.5 per 100,000 between 1950
and 1977. By contrast, age-adjusted rates of white males rose less,
from 2.0 to 2.1. As is seen with lung cancer, mortality rates of
females were lower than those of males throughout the study period.
Between 1950 and 1977, the age-adjusted mortality rate for white
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FIGURE 18.—Age-adjusted* mortality rates for cancer of
the larynx, by race and sex, United States,
1950-1977

* This graph is age-adjusted to the U.S. population as enumerated in 1970; all rates cited within the text of the
Report, however, are adjusted to the population as enumerated in 1940.
SOURCE: Natipnal Cancer Institute (198).
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females increased from 0.2 to 0.3 per 100,000, while that of other
than white females increased from 0.3 to 0.6 per 100,000.

Generally, there was a pattern of increasing mortality after
middle age (Figures 19 and 20). Among white males 55 years of age
or older, mortality rates from cancer of the larynx were higher in
1977 than in 1950. Among other than white males, this pattern was
evident for those 35 years of age or older. Both white and other
females 45 to 74 years of age had higher mortality rates in 1977 than
in 1950.

Squamous cell carcinoma is the most common cell type among
laryngeal cancers. Approximately 70 percent of the cases involve the
glottis and 25 percent involve the supraglottic region.

In contrast to lung cancer, the 5-year survival for cancer of the
larynx is at present about 60 percent (2), and has been improving
over the past 15 years. As a result, the trend over time in death rates
from cancer of the larynx is not an accurate reflection of the
incidence of this disease.

Over the last 30 years, numerous epidemiological, pathological,
and experimental investigations have established a strong associa-
tion between smoking and cancer of the larynx. One group of
scientists (296) conducted a retrospective study of 3,924 patients
attending a cancer clinic in Alberta, Canada. The authors estimated
that 84 percent of laryngeal cancer among men could be attributed
to smoking.

Causal Significance of the Association
Consistency of the Association

More than 25 retrospective studies have examined the relation-
ship between smoking and laryngeal cancer. These studies have
employed diverse methodology and have been performed in different
time periods and in different countries. Regardless of the study
design, these studies have found a positive association between
smoking and cancer of the larynx. Relative risk ratios for 12 studies
up to 1968 (Table 18) were consistently above 2.0. Subsequent studies
show similar findings (30, 35, 44, 52, 113, 114, 134, 142, 202, 254, 296,
299, 316, 327). The TNCS study (299) and the Hawaiian Study of Five
Ethnic Groups (113) have also reported a positive association. Data
from studies of populations with low proportions of smokers (e.g.,
Mormons (165, 166, 294) and Seventh Day Adventists (211)) show low
laryngeal cancer rates. Six of the major prospective studies have
examined the relationship between smoking and laryngeal cancer
(Table 19); as in the retrospective studies, a large positive association
was consistently noted.
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TABLE 18.—Summary of results of retrospective studies of
tobacco use and cancer of the larynx

Relative risk ratio»

Investigator, (reference) all smokers to nonsmokers
Schrek et al, US.A. (249 2.0
Valko, Czechoslovakia (282) 35
Sadowsky et al., U.S.A. (230) 3.7
Bliimlein, Germany (31) 275
Wynder et al., US.A. (309 236
Wynder et al., India (309) 3.1
Schwartz et al., France (246) 4.6
Wynder et al., Sweden (3717) 6.0
Wynder et al., Cuba (329) (18.9) (males only)
Dutta-Choudhuri et al., India (77) 4.3
Stazewski, Poland (252) (40.0) (males only)
Svoboda, Czechoslovakia (261) 8.3

s Computed according to the method of J. Cornfield (49).
bFigures in parentheses represent ratios based on less than five case nonsmokers.

TABLE 19.—Mortality ratios for cancer of ‘the larynx—
prospective studies

Number
of Cigarette
Study Population size deaths’  Nonsmokers smokers ~ Comments
ACS 9-State All larynx
Study 188,000 males 24 — — cancer deaths
occurred in
smokers
British Physicians 34,000 males 38 1.00 13.00 Includes
cancer of
larynx and
other upper
respiratory
sites
U.S. Veterans 290,000 males 116 1.00 11.49
ACS 25-State 358,000 males 67 1.00 6.52 Includes buceal,
Study 483,000 fernales 1 1.00 325 pharyngeal, and
laryngeal
cancers
California males 68,000 males 11 — >2.90 All larynx
in 9 occupations cancer deaths
occurred in
smokersa
Japanese Study 122,000 males 38 1.00 13.59
142,800 females 6 1.00 6.52

2 Ratio derived by comparing smokers of haif a pack with all other smokers



TABLE 20.—Relative risk of laryngeal cancer for males
and females by amount smoked per day*

Number of

Cigarettes Relative Confidence

Per Day Number Risk Limits
Males (N = 243)

1-10 16 44 16 - 126
11-20 87 135 53 ~ 331
21-40 99 17.3 68 ~ 44.2
41 + 41 M4 123 ~ 961

Females (N = 48)

1-20 19 4.4

21+ 29 28.2

* Risk relative to 1.0 for nonsmokers.
SOURCE: Wynder and Hoffmann (316).

Strength of the Association

In the retrospective studies, the relative risk of laryngeal cancer
(Table 18) ranged from 2.0 in a study of 73 U.S. veterans (244) to 40.0
in.a Polish study of 207 males admitted to a chronic disease hospital
(252). Two other studies (30, 316) found substantial increases in
relative risk among smokers as compared with nonsmokers. Several
studies have reported a strong dose-response relationship between
the number of cigarettes smoked per day and laryngeal cancer
mortality (299, 316). The mortality ratios for male and female
cigarette smokers from one of these studies (316) are summarized by
daily consumption in Table 20.

One study (327) examined the impact of long-term filter cigarette
usage on laryngeal cancer risk. After adjustment for duration of
smoking, inhalation, and butt length, the relative risk for developing
laryngeal cancer was decreased in male and female users of filter
cigarettes compared to users of unfiltered cigarettes, although this
risk was still substantially greater than that for nonsmokers
(Figures 21 and 22). The American Cancer Society 25-State Study
data (155) also showed a reduced risk of laryngeal cancer among
smokers of lower tar and nicotine cigarettes, but this reduction was
not statistically significant.

In the prospective studies, the mortality ratios for smokers ranged
from over 3 among U.S. females to 13 or greater among Japanese
males and British male physicians (Table 19). In two of the
prospective studies, mortality ratios could not be accurately calculat-
ed because all the deaths occurred in smokers. Several of these
prospective studies have confirmed the strong dose-response rela-
tionship reported in the retrospective studies (Table 21).

Specificity of the Association
The prospective studies have measured mortality data for a large
number of diseases. The specificity of the association is evidenced by
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FIGURE 21.—Relative risk of developing larynx cancer for
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SOURCE: Wynder (327).

the mortality ratios of laryngeal cancer in comparison with other
cancers (Appendix Tables A and B).

Temporal Relationship of the Association

This criterion is supported by the major prospective studies (Table
19) that examined the occurrence of laryngeal cancer in initially
healthy groups of smokers and nonsmokers. The temporal relation-
ship of the association is strengthened by data from post mortem
studies that have evaluated vocal cord histology in groups of smokers
and nonsmokers (11, 56, 190, 228). A spectrum of premalignant
changes is seen in laryngeal tissue of smokers; this is not found in
nonsmokers (see below).
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Coherence of the Association
Dose-Response Relationship

The finding of a dose-response relationship between smoking and
laryngeal cancer incidence and mortality in retrospective and
prospective studies strongly supports a causal association. Smoke
exposure has been measured by the number of cigarettes smoked per
day, the tar and nicotine content of the cigarettes smoked, the depth
of inhalation, the number of years smoked, and the age at initiation
(269, 276), all of which support a direct causal relationship.
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TABLE 21.—Laryngeal cancer mortality ratios, by amount

smoked
Population Cigarettes/day Mortality rates Comments
US. Veterans Nonsmoker 1.00
Study 1-9 5.28" ‘Based on less than
10-20 9.20 20 deaths
21-39 14.78
> 40 32.14
Japanese Nonsmoker 1.00
Study 1-19 19.23
20-39 2743
40+ 34.13
British Physicians Male Female
Nonsmoker 1.00 1.00 Includes larynx
1-14 5.00 - and other
15-24 7.00 4.00 respiratory
25+ 33.00 6.50 sites

Correlation of Sex Differences in Laryngeal Cancer With Different
Smoking Habits

Laryngeal cancer is predominantly a disease of males, although
the mortality among females has increased over the past 20 years. A
male-to-female ratio of 14.9:1 was reported in 1956 (312). The sex
ratio decreased to 4.6:1 by 1976. This time trend is consistent with
the later adoption of cigarette smoking by females (270) and a
possible increase in female alcohol consumption, given the synergy
between the two exposures. The greater alcohol consumption among
males and the strong association between laryngeal cancer and
alcohol consumption (see below) are considered to contribute to the
excess of male to female laryngeal cancer mortality.

Correlation of Laryngeal Cancer Mortality Among Populations With
Different Tobacco Consumption

In studies of populations with low proportions of smokers (e.g.,
Mormons and Seventh Day Adventists), the incidence of laryngeal
cancer is substantially lower (79, 165, 166, 211, 294), supporting the
causal relationship between smoking and laryngeal cancer.

Laryngeal Cancer Mortality and Cessation-of Smoking -

A few studies have examined the relationship between cigarette
smoking cessation and risk for laryngeal cancer. One retrospective
study found a marked reduction in risk following cessation among
males and females (Figures 23 and 24) and suggested that “10 to 15
years of cessation are required before the long-term smoker’s risk
approaches. that of a nonsmoker” (327). In the U.S. Veterans and
British Physicians studies, ex-smokers had approximately 40 percent
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of the risk of current smokers for laryngeal cancer; however, the risk
was still roughly five times that of the nonsmoker (68, 224). Because
data were not presented by the number of years off cigarettes, the
higher relative risk may be due to higher mortality rates often
observed in former smokers (even compared to continuing smokers)
during the initial years of smoking cessation.

Smoking and Histologic Changes in the Larynx

The relationship of smoking habits to precancerous lesions of the
larynx was examined in an autopsy series of 148 cases, 24 of whom
were nonsmokers (190). Precancerous lesions (dysplasia and carcino-
ma in situ) and carcinoma occurred least frequently among non-
smokers (4.2 percent). The frequency of these lesions increased from
12.5 percent in light smokers to 22.9 percent in moderate smokers
and to 47.2 pércent in heavy smokers. Similar findings were reported
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from a study of histological changes in the larynx of 942 males aged
21 to 95 (11). These findings lend support to a causal nature of the
relationship.

Laryngeal Cancer and Non-Cigarette Tobacco Use

A few epidemiological studies have examined the relationship
between other forms of tobacco use and cancer of the larynx (60, 68,
98, 131). Pipe and cigar smokers develop cancer of the larynx at rates
comparable to those of cigarette smokers (i.e., several times those of
nonsmokers) (Tables 22 and 23). The similarities of the mortality
ratios of cancer of the larynx for smoking of non-cigarette tobacco
products suggests that the carcinogenic potentials of smoke from
cigars, pipes, and cigarettes are quite similar at this site.

The association of smoking of non-cigarette tobacco products to
histological changes in the larynx has been examined (11). Among
males who smoked cigars and pipes but not cigarettes, only 1 percent
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TABLE 22.—Mortality ratios for cancer of the larynx in
cigar and pipe smokers. A summary of
prospective epidemiological studies

Smoking Type
Study
Non- Cigar Pipe  Total pipe Cigarette Mixed
smoker only only and cigar only -

ACS 9-State Study ' 1.00 5.00 3.50 —_ 5.06 —
British Physicians® 1.00 — — 2.00 1.00 0.60
ACS 25-State Study 1.00 - — 3.37 36.09 —
U.S. Veterans 1.00 10.33 — 7.28 11.49 —

' Combines data for oral, larynx, and esophagus.
*Ratios: relative to cigarette smokers.
3Only mortality ratios for ages 45 to 64 are presented.

had no atypical cells and more than 75 percent of the subjects had
lesions with 50 to 69 percent atypical cells. Four of the cigar and pipe
smokers had carcinoma in situ. Of those who never smoked
regularly, 75 percent had no atypical cells. The cigar and pipe
smokers had a percentage of cells with atypical nuclei similar to that
of cigarette smokers who smoked one to two packs per day.

Synergistic Role of Alcohol for Laryngeal Cancer

Laryngeal cancer occurs much more frequently in alcoholics than
in nonalcoholics (183, 208, 239). Although part of this increased risk
for laryngeal cancer among alcohol abusers may be attributed to
heavier smoking by this group, there remains a substantial excess
risk associated with alcohol use (227). The relative risks of laryngeal
cancer by daily consumption of alcohol and cigarettes in 239 male
cases and 4,725 controls (Figure 25) suggest a synergy when tobacco
usage is combined with chronic alcohol consumption (7179). Male
smokers of from 11 to 20 and from 21 or more cigarettes per day who
consumed 7 ounces or more of alcohol per day had relative risks for
laryngeal cancer of 26.8 and 27.2 respectively. The corresponding
risks for nondrinking smokers were 6.6 and 12.0. This synergy has
also been demonstrated using the Third National Cancer Survey,
which suggests that the laryngeal cancer risk for smoking drinkers
is approximately 50 percent greater than the sum of the excess risks
posed by either behavior alone (85). The mechanism(s) by which
these two factors interact is unclear (179, 226, 242).

Experimental Studies

The Syrian golden hamster has been found to be a suitable species
for the investigation of cancer of the larynx. The distribution of
malignant lesions in the upper airway of the hamster is due not to an
unusual susceptibility of the larynx for tumor induction, but rather
to the distribution of smoke aerosol precipitation within the upper
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TABLE 23.—Relative risk of cancer of the larynx for men, comparing cigar, pipe, and cigarette
smokers with nonsmokers. A summary of retrospective studies
Relative Risk Ratio and Percentage of Cases and Controls by Type of Smoking

Author (Reference) Number
Non- Cigar Pipe  Total pipe Cigarette Mixed
smoker only only  and cigar  only
Schrek et al. (244) Relative risk ............c..cocecvevivernn. 10 0 11 23 ...
CBBEE ...oviiiii i 73  Percent cases.............cocenvveniiniiiininns 14 0 T 80
Controls ..........c..ccoiiviviiiii e, 522 Percent controls .......................... 24 10 1 59
Sadowsky et al. (230) Relative risk ..................... 10 22 23 3.7 4.1
CABEE ....oevviriiiiniiiieei ey 273 Percent cases . 4 2 5 60 29
Controls .............coociiiiiiiniinnn, 615  Percent controls 13 3 7 53 23
Wynder et al. (309): Relative risk ................c... 10 155 217 11.1 246
CaBeS ......ovvveinieiiiiiiieaaaens 209 Percent cases .................cooiieiiiniiiins 5 8 5 1 86
Controls ..........ooiiieiiiiiiii, 209 Percent controls .....................cooiieee 11 10 4 2 74
Wynder et al. (317): Relative risk ... 1.0 9.7 63
[T 60  Percent cases .................c...ociiiiinnnn. 5 17 47
Controls .........ccooceiiiiiiiiiiiiininns 271 Percent controls ......................... 24 9 36
Wynder et al. (324): Relative risk 1.0 145 22.0
CASES ......coeiviiiiiiii s 142 Percent cases . 1 20 62
Controls ..........coevviiiiiiiiin 220 Percent controls .............cccooeeiiininn. 16 22 45
Pernu (209 Relative risk ...................... 1.0 . 8.7
(077 U SO 546 Percent cases .................cococeiiniiiiiins T s 78
Controls ............cc.ocviiiiiiiiiin.s 713 Percent controls ................ooiiiieiiinint 39 50
Staszewski (252): Relative risk ......................... 1.0 e e, X 50.2
Cases .........ooooevviiiiiiiiiiiiiaiiias 207 Percent cases ................cooeiiiiiiiiiann. B 88
Controls ...............c.oii 912 Percent controls .....................c.ol 17 61
Svoboda (261): Relative risk 1.0 10.0
Cases .......ccovvninciiiiiiiaaaae 205  Percent cases 3 95
Controls ..........ocvviiiiiiii 320 Percent controls ................coeierirennns 22 71
Stell (254): Relative risk L0 24
[0 T PO 190  Percent cases 11 79
17 50y

Controls ........... ... ceiiiiiiiiiins 190 Percent controls .................... .
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* Not significant.
SOURCE: McCoy et al. (179).

respiratory tract. Several recent experiments have been performed
(23, 24, 72, 73, 125, 126, 133).

Cigarette smoke inhalation has not been found to induce laryngeal
tumors in other rodents. Such tumors have been induced, however,
by direct application of carcinogens known to be present in cigarette
smoke. This is accomplished by the intratracheal instillation of
benzo[a]pyrene in combination with particulates into hamster lungs.
In this animal model, laryngeal tumors, as well as tumors in other
parts of the respiratory tract, are induced (184, 231, 232). One study
has recently reported a synergy of alcohol and benzo[a]pyrene
injection (257).

Conclusion

1. Cigarette smoking is the major cause of laryngeal cancer in the
United States. Cigar and pipe smokers experience a risk for
laryngeal cancer similar to that of a cigarette smoker.

2. The risk of developing laryngeal cancer increases with in-
creased exposure as measured by the number of cigarettes
smoked daily as well as other dose measurements. Heavy
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smokers have laryngeal cancer mortality risks 20 to 30 times
greater than nonsmokers.

3. Cessation of smoking reduces the risk of laryngeal cancer
mortality compared to that of the continuing smoker. The
longer a former siioker is off cigarettes the lower the risk.

4. Smokers who use filtered lower tar cigarettes have lower
laryngeal cancer risks than those who use unfiltered higher tar
cigarettes.

5.The use of alcohol in combination with cigarette smoking
appears to act synergistically to greatly increase the risk for
cancer of the larynx.

Oral Cancer
Introduction

Cancers of the oral cavity include malignant tumors of the lip,
tongue, salivary gland, floor of the mouth, mesopharynx, and
hypopharynx. It is estimated that in 1982 there will be 26,800 new
cases and 9,150 deaths due to these tumors (2). Males are affected
more commonly than females (by about threefold). Several authors
(29, 175) have reported geographic differences in mortality. In the
southeast, females living in urban and rural areas have mortality
rates that exceed those of northern females by 30 and 90 percent
respectively.

Cancer of the Buccal Cavity and Pharynx, Excluding Lip*®

From 1950 to 1967, the age-adjusted rate remained stable at 2.8
per 100,000. The increase in the age-adjusted death rate from 2.8 to
2.9 per 100,000 between 1967 and 1968 resulted in part from changes
in coding procedures in the International Classification of Diseases.
From 1968 to 1977, the age-adjusted rate rose from 2.9 to 3.1. Total
deaths from cancer of these sites increased from 1,461 in 1950 to
8,291 in 1977.

While the age-adjusted death rate of white males fell slightly over
the study period (Figure 26), rates of white females and of males and
females of races other than white increased. The largest increases
occurred among other than white males, whose mortality rates rose
from 4.1 to 7.7 per 100,000 between 1950 and 1977. The white male to
female mortality ratio fell gradually over the study period, from 4.09
to 2.93. In contrast, the mortality sex ratio (male/female) in the
other than white population increased from 2.56 to 3.85. The
mortality ratio of other than white males to white males increased
from 091 to 1.75, while the mortality ratio of other than white
females to white females decreased slightly, from 1.45 to 1.33.

2 Cancer of the lip is causally associated with smoking, particularly pipe smoking. However, because this cancer
site represents so few deaths in the United States, only 163 in 1977, it is excluded from this review.
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FIGURE 26.—Age-adjusted* mortality rates for cancer of
the buccal cavity plus oral pharynx, by race
and sex, United States, 1950-1977

* This graph is age-adjusted to the U.S. population as enumerated in 1970; ail rates cited within the text of the
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SOURCE: National Cancer Institute (198).
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The death rates of white males 35 to 54 years of age and of those at
least 75 years old were lower in 1977 than in 1960 (Figure 27), but
rates were higher among white males between 55 and 74 years of
age, as well as among white females in the same age range. In
contrast, among other than white males in every 10-year age group
from 35 through 84, as well as among females between 35 and 64,
death rates were higher in 1977 than in 1960; the average increase in
mortality in these age groups was 60 percent (Figure 28).

When age-specific death rates are plotted by calendar year and age
(Figures 29 and 30), a three-dimensional graph is produced, which
can be examined from 1950 to 1977, or from the reverse perspective.

Squamous cell cancer is the most common histological type of oral
cancer and comprises about 90 percent of these tumors. The 5-year
survival for cancer of the floor of the mouth, tongue, and pharynx
ranges from 25 to 45 percent.

Numerous epidemiological and experimental studies have estab-
lished a close association between smoking and oral cancer. Alcohol
has an incompletely understood but important synergistic role with
tobacco in increasing disease incidence and mortality.

Causal Significance of the Association
Consistency of the Association

More than 25 retrospective studies have examined the relation-
ship between smoking and the development of cancer of the oral
cavity (269, 276).

These studies have been done in many countries, in different
areas, and have involved diverse study methods. Almost uniformly,
they show an association between cigarettes and other forms of
tobacco use and cancer of the oral cavity and pharynx. The TNCS
study (299) and the Hawaiian Study of Five Ethnic Groups (113)
reported similar findings.

Six of the major prospective studies examined the relationship
between smoking and oral cancer. These data, presented in Table 24,
show a close association between smoking and oral cancer.

Strength of the Association

The relative risks for oral cancer among smokers were substantial-
ly greater compared with nonsmokers in the retrospective studies.
Similarly, in the prospective studies, the mortality ratios for cancer
of the oral cavity among smokers ranged from 1.22 among Japanese
females to over 13 in the U.S. Veterans and British Physicians
studies (Table 24).

A dose-response relationship was noted in many of the retrospec-
tive and prospective studies (Table 25) (64, 98, 120, 131, 276). The
American Cancer Society 25-State Study (155) reported a reduction
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in risk for cancer of the buccal cavity and pharynx among smokers of
lower tar and nicotine cigarettes, but the reduction was not
statistically significant. Wynder and Hoffmann (316) reported simi-
lar findings in a retrospective study of smokers of filter cigarettes
versus smokers of nonfilter cigarettes.
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Specificity of the Association

The prospective studies have reported mortality data for a large
number of diseases. Specificity, which is related to the magnitude of
the association between smoking and oral cancer, is evidenced by the
differences in the mortality ratios (smokers versus nonsmokers) of
oral cancer and other cancers (Appendix Tables A and B). These
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TABLE 24.—Mortality ratios for cancer of the oral cavity—
prospective studies

Number
of Cigarette
Study Population size deaths  Nonsmokers smokers Comments
ACS 9-State 188,000 males 55 1.00 5.06 Only 3 deaths
Study among
nonsmokers
British 34,000 males 38 1.00 13.00 Includes lip,
Physicians tongue, mouth,
pharynx, larynx,
and trachea
U.S. Veterans 290,000 61 1.00 4.22 Buccal cavity
1.00 14.05 Pharynx
ACS 25-State 358,000 males 167 1.00 6.52 Buccal cavity
Study 483,000 females 65 1.00 325 and pharynx
California males 68,000 males 19 1.00 2.76
in 9 occupations
Japanese 122,200 males 43 1.00 2.88 males Data for mouth
Study 142,800 females 11 1.00 1.22 females only
Swedish 55,000 males 15 Mortality ratios not 5 deaths in
Study and females published nonsmoking
males;
10 deaths in

smoking males

differences are even greater when comparisons are made with the
mortality ratios of heavy smokers.

Temporal Relationship of the Association

Evidence for a temporal relationship of this association is provided
by the prospective studies in which populations of apparently
disease-free smokers and nonsmokers were followed over time for
oral cancer mortality. In addition, the finding of premalignant oral
mucosal changes in greater proportions of smokers than nonsmokers
provides evidence for the temporality of the association (see below).

Coherence ‘of the Association

Dose-Response Relationship

The finding of a dose-response relationship between smoking and
oral cancer mortality in both retrospective and prospective studies
lends support to the causal nature of the association.

85



TABLE 25.—Oral cancer mortality ratios by amount
smoked—prospective studies
Amount Smoked

——

Study Population per Day Comments
Males Females
British 40,000 NS 1.00 NS 1.00  Male data
Physicians 1-14 5.00 1-14 —_ by grams
15-24 7.00 15-24 4.00 of tobacco
25 + 33.00 2%+ 6.50 per day
U.S. Veterans 290,000 NS 1.00 *Based
1-9 2.92* on fewer
10-20 2.87 than 20
21-39 6.15 deaths.
40 + 12.40°
Japanese in 29 265,000 NS 1.00 Hypopharynx
Health Districts 1-19 120 only
20-29 5.50
30 + 9.10
ACS 9-State 188,000 NS 1.00 Includes
Study males 1-9 7.00 larynx
10-20 6.00 and
20 + 7.67 esophagus
California tmales 68,000 NS 1.00
in 9 occupations males <Y, pack 3.69
1 pack 1.17

1%, pack 5.52

NOTE: NS: Nonsmoker.

Correlation of Sex Differences in Oral Cancer With Different
Smoking Habits

Oral cancer is predominantly a disease of males, but the difference
between male and female rates of disease is narrowing. This finding
is consistent with the differences in the smoking trends of males and
females noted above. As with laryngeal and esophageal cancer, there
is a strong association between oral cancer and alcohol consumption.
This must be considered as contributing to the excess ratio of male to
female oral cancer mortality (see below).

Correlation of Oral Cancer Mortality Rates Among Populations With
Different Tobacco Consumption

In populations with low proportions of smokers.(e.g., Mormons and
Seventh Day Adventists), the incidence and mortality rates of cancer
of the gum, mouth, tongue, and pharynx are substantially reduced
(79, 165, 166, 211, 294).
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SOURCE: Wynder and Stellman (326.

Oral Cancer Mortality and Cessation of Smoking

In the U.S. Veterans Study (224), ex-smokers had approximately
40 percent of the risk for oral cancers of current smokers. Data from
the American Health Foundation study found that the risk of cancer
of the oral cavity among former smokers declined with the number
of years off cigarettes when compared to the risk of continuing
smokers. After 16 or more years of cessation, the risk of oral cancer
approaches that of nonsmokers (Figure 31). This is consistent with
the causal nature of the association.

Smoking and Histological Changes in the Oral Mucosa

Leukoplakia is an abnormal thickening and keratinization of oral
mucosa and is recognized as a precursor of malignancy of the oral
cavity (124). A few studies have established a relationship between
smoking in various forms and leukoplakia (269).

Oral Cancer and Non-Cigarette Tobacco Use

The oral cavity and pharynx are the sites most consistently
exposed to tobacco smoke. A summary of the data from the
prospective epidemiological studies is presented in Table 26. They
demonstrate that cigar and pipe smokers experience a significant
risk of developing cancer of the oral cavity compared with nonsmok-
ers. This risk is approximately equal for all smokers whether an
individual uses a pipe, cigar, or cigarette.

Several authors have reported a relationship between chewing
tobacco and/or snuff dipping (the placement and retention of fine
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TABLE 26.—Mortality ratios for oral cancer in cigar and
pipe smokers. A summary of prospective
epidemiological studies

Smoking Type
Study
Non- Cigar Pipe Total Pipe Cigarette Mixed
Smoker Only Only and Cigar Only

ACS 9-State Study' 1.00 5.00 3.50 — 5.06 —
British Physicians * 1.00 — — 39,00 13.00 11.00

ACS 25State Study 1.00 - —_ 4.94 M 6.52 -

F 3.75 —

U.S. Veterans Study

Oral* ............. 1.00 4.11 3.12 4.20 4.22 3.79
Pharynx .......... 1.00 — 1.98 7.76 14.05 7.75

' Combines data for oral, larynx, and esophagus.

2 Figures for all non-lung respiratory cancers,

7 Mortality ratios for ages 45 to 64 only as presented.
4 Excludes pharynx.

ground or powdered tobacco in the oral vestibule between the gums
and cheek) and oral cancer (36, 186, 207, 234, 299, 301, 310). A recent
report found a fourfold increase in risk for oral cancer among female
snuff dippers compared to nontobacco users (301). The excess risk for
cancers of the cheek and gum was nearly fiftyfold among long-term
users. The authors estimated 87 percent of these tumors were related
to snuff use. In the Third National Cancer Survey, Williams and
Horm (299) noted an excess relative risk for cancers of the gum and
mouth in male and female users of chewing tobacco or snuff.
However, this risk was only statistically significant for males.

A few epidemiological investigations have demonstrated an associ-
ation between the combined use of alcohol and pipe or cigar smoking
and the development of oral cancer (135, 172, 173, 310). Heavy pipe
and/or cigar smoking and heavy drinking are associated with higher
rates of oral cancer than are seen with either habit alone.

Synergistic Role of Alcohol and Cigarettes for Oral Cancer

Oral cancer occurs more commonly in heavier users of alcohol (37,
88, 136, 227, 283, 301, 310). A recent study (179 noted an interaction
(Figure 32) for oral cavity cancer in white males who use both
alcohol and cigarettes. Nonsmokers who consumed 7 ounces or more
of alcohol per day had a relative risk of 2.5. Those cigarette smokers
who consumed 7 ounces or more of alcohol per day had a relative risk
of 5.1 if they smoked one-half a pack or less daily, 20.5 if they smoked
11 to 20 cigarettes per day, and 24.0 if they smoked more than one
pack of cigarettes per day. A distinct synergy (a multiplicative effect)
of alcohel and cigarette smoking has been described elsewhere (271).
The mechanism by which these two factors interact is unclear.
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Experimental Studies

A useful animal model for the experimental study of oral
carcinogenesis has not been found. Cigarette smoke and cigarette
smoke condensates generally fail to produce malignancies when
applied to the oral cavity of mice, rabbits, or hamsters. Mechanical
factors, such as secretion of saliva, interfere with the retention of
carcinogenic agents. However, positive results have been obtained
with benzo[a]pyrene, 20-methyl-cholanthrene, 9,10-dimethyl-1,2 ben-
zanthracene, and other tobacco smoke carcinogens when applied to
the cheek pouch of hamsters. The cheek pouch, however, lacks
salivary glands, and its structure and function differ from those of
the oral mucosa. These studies have been reviewed in previous
reports of the U.S. Public Health Service (272, 276).

Conclusion

1. Cigarette smoking is a major cause of cancers of the oral cavity
in the United States. Individuals who smoke pipes or cigars
experience a risk for oral cancer similar to that of the cigarette
smoker.
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2. Mortality ratios for oral cancer increase with the number of
cigarettes smoked daily and diminish with cessation of smok-
ing.

3. Cigarette smoking and alcochol use act synergistically to
increase the risk of oral cavity cancers.

4. Long term use of snuff appears to be a factor factor in the
development of cancers of the oral cavity, particularly cancers
of the cheek and gum.

Carcinoma of the Esophagus
Introduction

Carcinoma of the esophagus is a rapidly fatal neoplasm; there is a
median survival of less than 6 months following diagnosis and a 5-
year survival rate of 3 percent.

The number of deaths caused by esophageal cancer rose from 3,866
in 1950 to 7,283 in 1977. The age-adjusted death rate increased from
2.3 to 2.6 over this period (Figure 33).

In the United States in 1977, 3,924 white males and 1,520 white
females died from esophageal cancer; in the other than white
population, 1,404 males and 435 females died from this disease.
While these figures represent only a slight increase in age-adjusted
mortality in the white population, they do reflect nearly a twofold
increase in the other than white population from 1950 to 1977.

The ratio of the age-adjusted death rate of the other than white
population to that of the white population increased over the study
period. In 1977, the death rate from this cause among other than
white males between the ages of 35 and 44 years was eight times that

"among white males of the same age. The death rate of other than
white females in this age group was 13 times the corresponding rate
of white females. Mortality ratios by race (white/other-than-white)
decreased with age in both males and females.

Among whites, the mortality sex ratio (male/female) declined
slightly between 1968 and 1977. In the other than white group, there
was also a greater relative increase in the age-adjusted death rate of
ferales than in those of males.

Among white males and females, age-specific death rates from
cancer of the esophagus (Figure 34) increased in each succeeding 10-
year age group to the end of the lifespan. In other than white males,
mortality peaked between ages 65 and 74 (Figure 35). The pattern
was irregular in other than white females, varying with age group
and time span over the 1950-1977 period.

A three-dimensional graph of age-specific death rates for white
males and females for cancer of the esophagus over the period 1950-
1977 is shown in Figures 36 and 37.
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FIGURE 33.—Age-adjusted* mortality rates for cancer of
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It is estimated that in 1982 in the United States there will be 8,900
new cases and 8,300 deaths from this disease (2).

A number of epidemiological and experimental studies have
established an association between smoking and esophageal cancer.
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Causal Significance of the Association

Consistency of the Association

At least 10 retrospective studies have examined the relationship
between smoking and esophageal cancer (276). Regardless of method-
ology, risk ratios were consistently increased. Data from the major
prospective studies (Table 27) also demonstrate consistently in-
creased mortality ratios for male smokers as compared with non-
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TABLE 27.—Mortality ratios for cancer of the esophagus—
prospective studies

Number of Cigarette
Study Population size deaths Nonsmokers  smokers Comments
ACS 9-State 188,000 1 nonsmoker 1.00 5.06 Esophagus and
Study 33 smokers other respiratory
sites
British 34,000 males 65 1.00 4.70 Esophagus and
Physicians other respiratory
sites
U.S. Veterans 290,000 119 1.00 6.43
ACS 25-State 398,000 males 116 1.00 3.96
Study 483,000 females 48 1.00 4.89
California males 68,000 males 32 1.00 1.82
in 9 occupations
Japanese 122,200 males 215 1.00 235
Study
Swedish 55,000 males 1 nonsmoker
Study and females 12 smokers 1.00 —

smokers. The ACS 25-State Study showed similar results for female
smokers and cancer of the esophagus.

Strength of the Association

Mortality ratios in the retrospective studies ranged from 1.3 to
11.1 among heavy smokers; mortality ratios in the prospective
studies ranged from 1.8 to 6.4. In four of the large prospective
studies, a dose-response relationship was demonstrated (Table 28). A
reduced risk for esophageal cancer among female but not male
smokers of lower tar and nicotine cigarettes has also been reported
(155).

Specificity of the Association

Specificity of the association between smoking and esophageal
cancer is evidenced by substantial differences in the mortality ratios
(smokers versus nonsmokers) for esophageal cancer compared to
other smoking-related cancers (Appendix Tables A and B).

Temporal Relationship of the Association

The temporal relationship of this association is supported by the
prospective studies in which populations of initially disease-free
subjects were followed for the development of esophageal carcinoma.
In addition, there are histological data suggesting that smoking
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TABLE 28.—Mortality ratios for cancer of the esophagus
’ by amount smoked—prospective studies

Study Population Size Cigarettes/Day Ratio Comments
British 34,000 males Nonsmoker 1.00 Grams of
Physicians 1-14 4.00 tobacco

15-24 4.33 per
25 + 10.00 day
U.S. Veterans 290,000 Nonsmoker 1.00 *Based on
1-9 3.06* fewer than
10-20 4.34 20 deaths
21-39 12.42
40 + 9.20*
Japanese in 29 122,200 males Nonsmoker 1.00
Health Districts 1-19 2.20
20-29 2.80
30 + 3.20
California males in 68,000 Nonsmoker 1.00
9 occupations about Y, pk 1.27
about 1 pk 1.69
about 1'%, pk 1.82

antedates premalignant and malignant transformation of esopha-
geal epithelium (13, 16).

Coherence of the Association
Dose-Response Relationship

There is a dose-response relationship between smoking and
esophageal cancer mortality in retrospective and prospective studies
(276).

Esophageal Cancer Mortality and Cessation of Smoking

Several of the prospective studies noted reduced risks for cancer of
the esophagus after quitting smoking. The U.S. Veterans Study found
that the mortality ratio for ex-smokers decreased to 2.41 compared to
6.43 for continuing smokers. For the British Physicians Study, the
corresponding ratios were 1.66 and 5.33, respectively. Thus, ex-
smokers had only about one-third the risk for esophageal cancer of
current smokers.

Figure 38 presents data from the American Health Foundation
study for esophageal cancer mortality risk by the number of years off
cigarettes. After quitting smoking for 4 years or more, former
smoker rates were not substantially above those of nonsmokers.
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Correlation of Sex Differences in Esophageal Cancer With Different
Smoking Habits

Esophageal cancer is predominantly a disease of males. The sex
differences observed for esophageal cancer mortality are compatible
with the sex differences in smoking patterns. As with oral and
laryngeal cancer, esophageal cancer has also been related to
excessive alcohol consumption. This must be considered as contribut-
ing to the excess ratios of male to female esophageal cancer
mortality (see page 101).

Correlation of Esophageal Cancer Mortality Among Populations
With Different Tobacco Consumption

In populations with low proportions of smokers (e.g., Mormons and
Seventh Day Adventists), the mortality rates from esophageal cancer
are substantially reduced (79, 165, 166, 211, 294).
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TABLE 29.—Mortality ratios for cancer of the esophagus in
cigar and pipe smokers—a summary of
prospective epidemiological studies

Smoking type
Non- Cigar Pipe Total pipe Cigarette
Study smoker only only and cigar only Mixed

ACS 9-State Study' 1.00 5.00 3.50 - 5.06 -
British Physicians 1.00 — — 3.70 4.70 9.0
ACS 25-State Study 1.00 — — 3.97 males 3.96* —_

females 4.89* —
US. Veterans 1.00 5.33 1.99 4.05 6.43 —

' Combines data for oral, larynx, and esophagus.
2 Mortality ratio for ages 45 to 64.

Smoking and Histologic Changes in the Esophagus

Examination of 12,598 histologic sections of esophageal autopsy
tissue from 1,268 men showed histologic findings which were similar
to the abnormalities generally accepted as being premalignant in
respiratory tract epithelium (16). Only 2.5 percent of the slides from
current smokers exhibited no atypical cells, compared with 93.5
percent of slides from nonsmokers. The finding of 60 percent or more
atypical cells was rare in the tissue of nonsmokers (0.3 percent), but
much more common in tissue of smokers (17.7 percent).

Esophageal Cancer and Non-Cigarette Tobacco Use

The esophagus is not directly exposed to inhaled tobacco smoke,
but tobacco smoke constituents condense on the mucous membranes
of the mouth and pharynx and are swallowed, thus contacting
esophageal cells. The esophagus also receives mucous cleared from
the lungs by the ciliary mechanism or by coughing which is also
swallowed. Variations in the inhalation of the smoke of different
tobacco products may not appreciably alter the degree of exposure of
the esophagus. This possibility is suggested by the prospective and
retrospective epidemiological studies which demonstrate similar
mortality rates for cancer of the esophagus in smokers of cigars,
pipes, and cigarettes. These data are presented in Table 29.

Several retrospective investigations have examined the association
between smoking in various forms and cancer of the esophagus
(Table 30). These studies suggest that cigar, pipe, and cigarette
smokers develop cancer of the esophagus-at rates substantially
higher than do nonsmokers and that little difference exists between
these rates observed in smokers of pipes, cigars, or cigarettes.
Histologic changes in the esophagus have been related to smoking of
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cigarettes and other forms of tobacco (16). Several retrospective
studies conducted in the United States and other countries have
examined the synergistic role of tobacco use and heavy alcohol
intake and the risk of mortality from cancer of the esophagus. At
least four of these investigations contain data on pipe and cigar
smoking (33, 172, 173, 307). It appears that smoking in any form in
combination with heavy drinking results in especially high rates of
cancer of the esophagus.

TABLE 30.—Relative risk of cancer of the esophagus for
men, comparing cigar, pipe, and cigarette
smokers with nonsmokers. A summary of
retrospective studies

Relative risk ratio and percentage of cases
and controls by type of smoking

Non- Cigar Pipe Total pipe Cigarette

Author, reference  Number

smoker only only ' and cigar only Mixed
Sadowsky (230): Relative risk 1.0 48 38 5.1 38 33
Cages..........ceenenes 104  Percent. cases 4 5 8 [3 60 18
Controls............... 615 Percent controls 13 3 1 4 53 19
Wynder (817 Relative risk 10 31 21 e 26 4
Cases.................. 39  Percent cases 13 15 18 RN 51 3
Controls............... 115  Percent controls 24 9 16 e 36 13
Pernu (s08). Relative rick 10 .... 30 FEN 27 59
Cases.................. 202  Percent cases m .... 1 59 18
Controls............... 713 Percent controls 33 .... 5 50 7
Schwartz (247): Relative risk 10 .... 286 e 1.7 88
Cases..........ccocoene 249  Percent cases 2 ... 2 88 1
Controls............... 249 Percent controls 18 .... 7 67 7
Wynder and Bross
(%07): Relative risk 1.0 36 9.0 6.0 28 37
Cases.................. 150  Percent cases 5 19 9 4 51 11
Controls............... 150  Percent controls 15 16 3 2 55 9
Bradshaw and
Schonland (82): Relative risk 10 .... 48 . 23
117  Percent cases 15 ..., 4 e 63
366 Percent controls 32 .... 18 e 58
Relative risk 10 20 .... ... 1.5 22
120  Percent cases 8 9 ... .. 31 43
360 Percent controls 14 8 e 4 M
Relative risk 1.0 20 28 e 17 25
346  Percent cases 21 10 15 4 k73
346  Percent contrels 22 9 1 e 3% 25

1This study combines data for oral cancer and cancer of the esophagus.
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Synergistic Role of Alcohol for Esophageal Cancer

Numerous investigators have found a synergistic relationship
between the use of tobacco in various forms, alcohol consumption,
and the development of cancer of the esophagus (119, 132, 143, 241,
243, 263, 299, 307, 323). Some investigators report that tobacco is a
more important carcinogen than alcohol, but others report that the
reverse is true. Most of the studies report a synergism with the
combined use of tobacco and alcohol, resulting in higher rates of
cancer of the esophagus than would be observed by the addition of
the two exposures. The mechanisms by which these two factors
interact are not known. Alcohol may act as a solvent for carcinogenic
hydrocarbons in the tobacco smoke or may alter microsomal
enzymes in the mucosal cells of the esophagus (306). This hypothesis
has received support from experimental observations (150). It has
been noted, however, that alcoholism may be accompanied by severe
nutritional deficiencies, which also may predispose an individual to
certain diseases (271).

Experimental Studies

There is experimental evidence that benzo[alpyrene is able to
penetrate the cell membranes of the esophageal epithelium, produc-
ing papillomas and squamous cell carcinoma. These studies and
others are presented in the Part of this Report on mechanisms of
carcinogenesis.

Conclusion

1. Cigarette smoking is a major cause of esophageal cancer in the
United States. Cigar and pipe smokers experience a risk of
esophageal cancer similar to that of cigarette smokers.

2. The risk of esophageal cancer increases with increased smoke
exposure, as measured by the number of cigarettes smoked
daily, and is diminished by discontinuing the habit.

3. The use of alcohol in combination with smoking acts synergisti-
cally to greatly increase the risk for esophageal cancer
mortality.

Cancer of the Urinary Bladder
Introduction

It is estimated that in 1982 in the United States there will be
37,100 new cases and 10,600 deaths from cancer of the bladder (2).
The average annual incidence for males is almost three times that
for females.
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Cancer of the bladder resulted in 6,401 deaths in 1950 and 9,812
deaths in 1977 in the United States. The age-adjusted rate fell from
3.7 to 2.9 per 100,000.

The age-adjusted mortality rate fell in all four color-sex groups
(Figure 39). The rate for white males, who had the highest mortality
from this disease, decreased by 5.7 percent between 1950 and 1977.
Among other than white males, who had the second highest
mortality rate from this disease, mortality declined by 2.6 percent. In
contrast, the age-adjusted death rate for white females decreased by
36.4 percent, and that of other than white females fell 25.9 percent.

White males between 45 and 74 years of age had lower death rates
from cancer of the bladder in 1977 than in 1960, but elder males had
higher mortality. Among white females 45 years of age and older,
mortality decreased over the study period. The death rate increased
in other than white males 65 years of age or older and in other than
white females 75 years of age or older (Figures 40 and 41).

The age-specific death rates show no significant increases in either
white males or white females when plotted on a three-dimensional
graph for the period 1950-1977 (Figures 42 and 43).

Most cancers of the bladder are transitional or squamous cell
carcinomas. Unless these produce hematuria or obstruct the bladder
outlet, they remain undiagnosed until quite late, making cure less
likely. Five-year survival rates range from 4 percent for individuals
with distant metastasis, to 21 percent for individuals with regional
involvement, and to 72 percent with localized disease (2). For
patients diagnosed with bladder cancer from 1960 to 1973, the
overall 5-year survival rate was approximately 60 percent for whites
and 30 percent for other than white (313).

Certain occupational exposures are associated with an elevated
risk for bladder cancer. Many of these are related to the exposure to
certain aromatic amines in the work place. The first report of an
association between cigarette smoking and human bladder cancer in
the United States was based on a retrospective study of 321 men with
bladder cancer (157). In the ensuing 35 years, other epidemiological
and experimental data have established an association between
cigarette smoking and bladder cancer.

Several authors have conservatively calculated the percentage of
bladder cancers that can be attributed to cigarette smoking. One
study (313) estimated that 40 percent of male bladder cancers and 31
percent of female bladder cancers in the United States may be
attributed to smoking cigarettes. This is in agreement with the
estimate by Cole et al. (48) of 39 percent in males and 29 percent in
females. A Canadian study reported a population-attributable risk of
bladder cancer due to cigarette smoking of 61 percent in males and
26 percent in females (129).
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FIGURE 39.—Age-adjusted* mortality rates for cancer of
the bladder and other urinary glands, by
race and sex, United States, 1950-1977

* This graph is age-adjvsted to the U.S. population as enumerated in 1970; all rates cited within the text of the
Report, h , are adj d to the population as enumerated in 1940.
SOURCE: National Cancer Institute (198).
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1950-1977

SOURCE: National Cancer Institute (798).

Causal Significance of the Association
Consistency, Strength, and Specificity of the Association

There have been numerous retrospective studies of the relation-
ship between smoking and bladder cancer (3, 46, 48, 55, 75, 139, 141,
157, 159, 188, 247, 253, 267, 313, 325, 327, 330). Almost all of these
studies have found an association between smoking and cancer of the
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SOURCE: National Cancer Institute (198).

bladder with relative risk ratios for the smoker averaging two to
three times that of the nonsmoker (Table 31). A retrospective
population-based study of 470 confirmed cases of transitional cell or
squamous cell cancers of the bladder found a positive relationship
between cigarette smoking and bladder cancer (48). A dose-response
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relationship was demonstrated for both the number of cigarettes
smoked per day and different degrees of inhalation.

In the TNCS study (299), a significant association was found
between cigarette smoking and bladder cancer. The Hawaiian study
of five ethnic groups (713) also disclosed a positive association
between smoking and bladder cancer. In a Canadian population-
based retrospective study of 632 case-controlled pairs (129), the
relative risk for developing bladder cancer for those who had ever
used cigarettes versus those who had never used cigarettes was 3.9
for males and 2.4 for females. A dose-response relationship was
demonstrated, and reduced risk was associated with the use of filter
cigarettes as compared with the use of nonfilter cigarettes. Several of
the retrospective studies found a dose-response relationship of
cigarette smoking for bladder cancer, with the risk increasing with
increased number of cigarettes smoked per day, duration of cigarette
smoking, or lifetime number of cigarettes. Further, a study of
successive birth cohorts in four countries, including the United
States, found increasing rates of bladder cancer with increasing
smoking exposure, for both males and females (128).

Several of the large prospective epidemiological studies have
examined the relationship between cigarette smoking and bladder
cancer and are summarized in Table 32.:On the average, cigarette
smokers are twice as likely to die from cancer of the bladder as are
nonsmokers. Several of these studies also show a moderate dose-
response relationship; however, this relationship is not as strong as
that noted between smoking and lung, laryngeal, oral, and esopha-
geal cancers (Table 33). Comparisons of mortality ratios for selected
causes of disease suggest that the specificity of the association is not
as great as that noted for the above cancers (Appendix Tables A and
B). The American Cancer Society 25-State Study (155) reported a
reduced risk for bladder cancer among smokers of lower tar and
nicotine cigarettes, a reduction which was statistically significant
among females but not among males.

The lower order of strength and specificity for bladder cancer than
for cancers of the lung, larynx, oral cavity, or esophagus suggests
that factors other than smoking may also be associated etiologically
with bladder cancer.

Bladder Cancer Mortality and Cessation of Smoking

Wynder and Stellman (326) reported that the risk of bladder
cancer decreased almost to the level of nonsmokers after about 7
years of cessation (Figure 44). More recent data from the U.S.
Veterans and British Physicians prospective studies show bladder
cancer mortality ratios for ex-smokers only half those for continuing
smokers (68, 224).
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TABLE 31.—Review of literature on smoking and bladder cancer reported since 1963—retrospective

studies
Relative risk
Years of smokers: Number of subjects
Country study Authors nonsmokers Cases Controls Study population
USA. 1957-60 Wynder et al. (325 3.50 300 300 Male patients
USA. 1951-61 Cobb and Ansell (46) 7.3 131 120 Male VA hospital
patients
Poland 1958-64 Staszewski (253) 2.7 150 750 Male patients
USA. 1958-64 Dunham et al. (75) 142 334 350 Male patients
1.2» 159 177 Female patients
UK. 1958-67 Anthony and Thomas (4 <1 381 215 Male patients
USA. 1967-68 Cole et al. (48 19 360 381 Male patients
2.0 108 117 Female patients
USA. 1965-71 Simon et al. (141) 16 135 390 Female patients
Egypt 1966-71 Makhyoun (157) 1.32 278 278 Bilharzial male patients
1.7 87 87 Nonbilharzial male
patients
Canada 1972-73 Morgan and Jain (188) 6.4> 158 158 Male patients
4.4° 74 74 Female patients
Austria 1972-75 Flamm et al. (84) 16 150 — Male patients; Austrian
population controls
3.0 40 — Female patients;

Austrian
population controls

aRecalculated from author’s data.

b Heavy smokers ( > 25 cigarettes per day) compared with nonsmokers.

SOURCE: Wynder and Goldsmith (313).
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TABLE 32.—Bladder cancer mortality ratios—prospective

studies
Al
. Study Non- .
Population size Kers cigarette Comments
smokers
ACS 187,783 Smokers of 10-20 cigarettes
Males in White Includes all urinary
9-State Study Males 1.00 200 tract cancers.
Includes Prostate.

British 34,000
Physicians Male

Doctors 1.00 211
Canadian 78,000 Genitourinary cancers
Veterans Males 1.00 1.40 considered as a group
ACS 358,000
25 State Study Males and 1.00 255

483,000 1.00 2.80

Females
U.S. Veterans 2,265,000

Person- 1.00 215

Years
California 68,153
Males in 9 Males 1.00 289
occupations
Japanese 265,118
study Males and 1.00 2.00 (Males)

Females 1.00 2.55 (Females)
Swedish 55,000
Study Males and 1.00 1.80 (Males) Bladder +

Females 100 160 (Females)  other urinary

organs

For male ex-smokers, the risk after 15 years of not smoking was
less than one-half that of current male smokers (129).

Temporal Relationship of the Association

Evidence for the temporal relationship of the association is
provided by the prospective studies in which populations of initially
disease-free subjects were followed for the development of bladder
cancer. Reliable histological studies of bladder epithelium in smok-
ers compared with nonsmokers have not been reported.
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TABLE 33.—Bladder cancer mortality ratios by amount
smoked—prospective studies

Amount
Smoked
Study Population per Day Ratio Comments
U.S. Veterans 290,000 Nonsmoker 1.00
1-9 1.22 * Based on
10-20 218 less than
21-39 278 20 deaths
>40* 2.29
British Physicians 34,000 Nonsmoker 1.00 Grams of
males 1-14 2.20 tobacco
15-24 2.20 per day
25 + 1.40
California males 68,000 Nonsmoker 1.00
in 9 occupations males about ¥/, pk 152
about 1 pk 281
about 1'/, pk 541
Males Females
Swedish Study 55,000
males NS 1.00 NS 100
and 1-7 gm/day 1.50 -7 120
females 8-15 1.60 815 210
16 + 270 16 + 080

N: 541

ooatare

I

1]

PRESENT 1-3 4-6 7-10 11-15 16 + NON-
SMOKERS SMOKERS

FIGURE 44.—Relative risk of male ex-smokers for cancer
of the bladder by years since quitting

smoking
SOURCE: Wynder and Stellman (326).

Coherence of the Association

Dose-Response Relationship

The finding of a dose-response relationship in both retrospective
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and prospective studies (see page 106-107) strengthens the coherence
of the association of smoking and bladder cancer.

Correlation of Sex Differences in Bladder Cancer With Different
Smoking Habits

Two investigators (128, 185), reporting 10 years apart, found an
association between time trends in smoking patterns and bladder
cancer mortality among both males and females. Each found an
increasing risk of bladder cancer with increasing smoking exposure.

Correlation of Bladder Cancer Among Populations With Different
Tobacco Consumption

. Coherence of the association is also illustrated by data showing a
low prevalence of this disease in groups with small proportions of
smokers (e.g., Mormons and Seventh Day Adventists) (79, 165, 166,
211, 294). ,

Bladder Cancer Mortality and Cessation of Smoking

Cessation of smoking decreases the risk of bladder cancer com-
pared to that of continuing smokers. A study of male ex-smokers
(129) found a risk of less than one-half that of continuing smokers 15
years after quitting smoking; a similar finding was observed in two
of the major prospective studies (68, 224).

Bladder Cancer and Non-Cigarette Tobacco Use

Two prospective studies have noted a relationship between pipe
and cigar smoking and cancer of the bladder (68, 131). In the British
Physicians Study, a mortality ratio of 1.5 was observed for the
combined category of pipe/cigar smokers, whereas in the U.S.
Veterans Study, a relationship was noted only for pipe smokers
(ratio 1.20).

Synergistic Role of Other Substances for Bladder Cancer

The relationship between cigarette smoking and occupational
exposure(s) is complex and has not been clearly elucidated. A
number of carcinogens specific for the human bladder have been
identified (45). Some of these compounds are found in cigarette
smoke in very low concentrations. Cigarette smoking probably acts
as an independent agent in the development of bladder cancer;
however, there may also be additive or synergistic interactions
between cigarette smoking and substances present in the work place.

Those who work with dye stuffs, rubber, leather, print, paint,
petroleum, and other organic chemicals are at higher risk for
bladder cancer than workers not exposed. )
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Conclusion

1. Cigarette smoking is a contributory factor in the development
of bladder cancer in the United States. This relationship is not
as strong as that noted for the association between smoking
and cancers of the lung, larynx, oral cavity, and esophagus. The
term “contributory factor” by no means excludes the possibili-
ty of a causal role for smoking in cancers at this site.

Cancer of the Kidney
Introduction

Over the period 1950-1977, the age-adjusted mortality rate for
kidney cancer rose from 2.2 to 2.6. The annual number of deaths due
to cancer of the kidney increased from 3,643 to 7,373. It is estimated
that in 1982 there will be 18,100 new cases and 8,300 deaths due to
kidney and other urinary tract cancers in the United States (other
than bladder cancer) (2).

The death rate of white males was higher than that of the other
three color-sex groups (Figure 45). While age-adjusted death rates
increased, although at a decelerating pace, among white males
throughout this period, rates among other than white males actually
decreased slightly after 1967. Among white females, the age-adjusted
rate increased between 1950 and 1957, when it stabilized. Among
other than white females, who had the lowest age-adjusted rate of
death from this disease, mortality rose from 1.2 to 1.4 per 100,000.

In the white population, the mortality sex ratio (male/female)
increased from 1.75 in 1950 to 2.24 in 1977, reflecting the rise in the
male death rate and the relative stability of the female rate. In the
other than white populations, the mortality sex ratio was slightly
lower during the 28-year period.

White males and white females were at greater risk from this
disease than were their counterparts, although the white to other-
than-white differential narrowed throughout the study period. In all
four color-sex groups, death rates moved generally upward in the
population between 45 and 84 years of age (Figures 46 and 47). In
1977, both white and other than white males had higher death rates
from this disease than did white and other than white females in the
10-year age group from 35 to 44.

The age-specific death rates for cancer of the kidney show an
upward trend in the older age groups, without a significant increase
in the rates for the younger age groups when plotted on a three-
dimensional graph for the period 1950-1977 (Figures 48 and 49).

There are four primary histological types of kidney cancer: (1)
renal cell carcinoma, (2) nephroblastoma (Wilm’s tumor), (3) sarco-
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FIGURE 45.—Age-adjusted* mortality rates for cancer of
the kidney, by race and sex, United States,
1950-1977

* This graph is age-adjusted to the U.S. population as enumerated in 1970; all rates cited within the text of the
Report, however, are adjusted to the population as enumerated in 1940.
SOURCE: National Cancer Institute (198).
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FIGURE 48.—Age-specific mortality rates by 5-year age
groups for cancer of the kidney for white
males, United States, 1950-1977

SOURCE: National Cancer Institute (798).

ma, and (4) epithelial tumors of the renal pelvis. Renal cell
carcinomas comprise about 90 percent of kidney tumors and
generally affect individuals after age 40 (average 55 to 60) (197). This
tumor may be silent until far advanced. The median survival time
for kidney cancer in the adult is about 2.7 years for those aged 35 to
54 at the time of diagnosis and 1 year for those 65 or older (197).
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SOURCE: National Cancer Institute ( 198).

Epidemiological studies have established an association between
cigarette smoking and kidney cancer.

Causal Significance of the Association
Consistency, Strength, and Specificity of the Association

Several retrospective studies have examined the relationship
between smoking and kidney carcinoma. Data from these studies
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(Table 34) show a positive association between smoking and kidney
cancer with relative risks ranging from 1.06 to over 5, with one study
of renal pelvis cancer reporting a tenfold risk for heavy cigarette
smokers. Other studies also reported an increasing relative risk of
renal adenocarcinoma and cancer of the renal pelvis in cigarette
smokers (20, 21, 130, 238); the increase of relative risk of renal
adenocarcinoma among cigarette smokers was found for both males
and females (320). A significant positive association between ciga-
rette smoking and renal cancer was noted in the TNCS study (299)
and in the Hawaiian Study of Five Ethnic Groups (113).

In most of the prospective studies, cancer of the kidney refers to
tumors arising from the renal parenchyma as well as to tumors in
the renal pelvis and ureter. In several of the large prospective
studies (Table 34), an association was found between cigarette
smoking and cancer of the kidney. The mortality ratios for all
cigarette smokers varied from 1.20 to almost 3, compared with
nonsmokers. Four of the prospective studies have noted a dose-
response relationship as measured by the number of cigarettes
smoked per day for kidney cancer (68, 105, 224, 290). Data from these
studies are presented in Table 35. Generally, heavy smokers have
mortality ratios two to three times greater than nonsmokers. In the
U.S. Veterans Study, Rogot and Murray observed a decline in kidney
cancer mortality among ex-cigarette smokers with a mortality ratio
of 1.21 versus 1.41 for continuing smokers. Thus, the strength of the
association of cigarette smoking related to kidney cancer risk is less
marked than that for cancer of the other sites discussed above.

Chemical elements such as lead and cadmium, hormones, ionizing
radiation, genetic susceptibilities, as well as tobacco smoke have
each been suggested as potential etiologic factors in this disease
(322). Several studies (21, 32, 130, 214) have shown that a substance
present in tobacco smoke, di-methylnitrosamine, causes kidney
tumors in rats.

Temporal Relationship

The prospective studies provide support for the temporal relation-
ship of the association.

Coherence of the Association
Dose-Response Relationship

The dose-response relationship noted in four of the prospective
studies lends support to the coherence of the association between
smoking and cancer of the kidney.
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TABLE 34.—Kidney cancer mortality, ratios and relative
risks, prospective and selected retrospective

studies
N o Yl i
kidney relative ris 0 Comments
Population Study size cancer Non- Cigarette
deaths smokers smokers
Prospective Studies
ACS 9-State 188,000 54 1.00 158 Based on 54
Study white males microscopically
proved cases
ACS 25-State 440,558 males 104 1.00 1.42 Age 45-64
Study 157 Age 65-79
u. s 290,000 257 1.00 141
Veterans
California 68,153 males 27 1.00 246
males in
9 occupations
Japanese 122,261 30 1.00 1.20
Study males
British 34,000 46 1.00 2.66 All smokers
Physicians males
Retrospective Studies
Bennington renal adenocarcinoma 100 1.00 5.1 Risk ratio for
Laubscher 100 cases pipe - 10.3
(20, 21 190 controls cigar - 129
Schmauz and 43 cases of renal 18 1.00 100 For smokers of
Cole pelvis or ureter more than 2',
(238) 451 controls pks/day
Armstrong 106 adenocarcinoma 106 1.00 1.06
(5a) of kidney
30 carcinoma of 30 1.00 1.80
renal pelvis
139 controls
Wynder 202 adenocarcinoma 1.00 2.00 (males)
et al. of kidney
(322 394 controls 1.00 150 (females)

Correlation of Sex Differences in Kidney Cancer With Different
Smoking Habits

There has been an increase in the white male to female ratio of
deaths from kidney cancer. This trend does not demonstrate an
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TABLE 35.—Kidney cancer mortality ratios by amount
smoked per day—prospective studies

Amount per Day Study/Ratio Comments
U.S. Veterans
Nonsmoker 1.00 *Less than
1-9 0.95 20 deaths
10-19 1.32
20-39 1.63
40+ 2.59*
All smokers 141

British Physicians**

Nonsmoker 1.00 **Grams of
1-14 2.66 tobacco
15-24 3.00 per day
25+ 3.00

All smokers 2.66

ACS 9-State Study***

Nonsmokers 1.00 ***Includes
1-9 1.90 genitourinary
10-20 18
21+ 2.94
All smokers 1.90

California Males in
Various Occupations

Nonsmoker 1.00
about 10 0.86
about 20 3.30
Over 30 2.57

All smokers 2.46

effect of the later initiation of smoking by females as evidenced so
clearly by the recent increases in female lung and laryngeal cancer
risks.

Correlation of Kidney Cancer Mortality Among Populations With
Different Tobacco Consumption

The relative risk of kidney cancer is reduced in populations with a
low proportion of smokers (79, 165, 166, 211, 294), although this
reduction is not as great as that observed for lung, larynx,
esophageal, and oral cancer.

Smoking and Histologic Changes in the Kidney

No human autopsy studies have been published which examine
histologic changes in the kidney among smokers compared to
nonsmokers.
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Kidney Cancer and Non-Cigarette Tobacco Use

An elevated relative risk of from tenfold to twelvefold has been
reported for smokers of pipes or cigars in one study (21). The U.S.
Veterans Study noted an association for pure pipe smokers (ratio
1.32) and for mixed smokers of pipe and cigars (ratio 1.52) and kidney
cancer, but not for pure cigar smokers.

Conclusion

Cigarette smoking is a contributory factory in the development of
kidney cancer in the U.S. The term “contributory factor” by no
means excludes the possibility of a causal role for smoking in cancers
of this site.

Carcinoma of the' Pancreas

Introduction

In 1982, it is estimated that there will be 24,800 new cases and
22,300 deaths from carcinoma of the pancreas in the United States
2).

Pancreatic cancer caused the deaths of 8,953 persons in 1950 and
20,465 persons in 1977 (the data for 1977 include deaths coded under
ICD No. 157). The age-adjusted death rate rose from 5.3 per 100,000
in 1950 to a peak of 6.8 in 1968, and has remained stable since, at
about 6.7. After 1968, the age-adjusted death rate from this disease
actually decreased slightly from 6.8 to 6.7 per 100,000.

Increases in the age-adjusted rate between 1950 and 1967 resulted
from increases in the mortality rates of all four color-sex groups
(Figure 50), with white females showing the smallest increase and
other than white males showing the largest. In 1950, white males
and females had higher death rates from this disease than did males
and females of other races. By 1977, the age-adjusted rate for whites
was 22 percent lower than the rate for others.

The age-adjusted death rate of white males increased from 6.4 to
8.3 per 100,000 over the study period, and that of white females rose
slowly from 4.3 to 5.2. Rates nearly doubled in the other populations,
rising from 3.4 to 6.6 in females and from 5.3 to 10.5 in males.

Among white males 25 to 84 years of age, there was an increase in
mortality from 1950 until 1967 (Figure 51). Thereafter, this trend
was reversed, except in males 75 or older. Among other than white
males, rates rose steadily during the 1950s and early 1960s and then
leveled off or declined, except among those 55 or older, whose
mortality rates continued to increase through 1977 (Figure 52). Both
white and other females of most ages had increasingly higher
mortality rates over the entire 1950-1977 period.

Generally, the mortality sex ratio decreased with advancing age in
both the white and the other than white populations. The age-
specific death rates over time show an increase in the older age
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FIGURE 50.—Age-adjusted* mortality rates for cancer of
the pancreas, by race and sex, United States,
1950-1977

* This graph is age-adjusted to the U.S. population as enumerated in 1970; all rates cited within the text of the
Report, however, are adjusted to the population as enumerated in 1940.
SOURCE: Nationel Cancer Institute ( 198).
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FIGURE 51.—Age-specific mortality rates for whites in the

United States for cancer of the pancreas
SOURCE: National Cancer Institute (198),
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SOURCE: National Cancer Institute ( 198).

groups without significant increases in the rates of the younger age
groups, as is readily apparent when age-specific death rates for white
males and females are plotted on a three-dimensional graph (Figures
53 and 54).

Pancreatic carcinoma is generally undetected until late in its
course, due to difficulties in diagnosis and the nonspecific nature of
the presenting symptoms. Metastasis occurs relatively early in the
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course of this disease, contributing to the poor 3-year survival rate of
2 percent (194) and a mean survival time after diagnosis of less than
6 months (187). The most common form of pancreatic cancer is
adenocarcinoma. Pancreatic cancer is more common among men
than among women in the United States, but the male to female
ratio has been decreasing steadily from 1.6:1 during the period of
1940-1949 to 1.2:1 estimated in 1980 (270).
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Several epidemiological studies have ‘established an association
between cigarette smoking and pancreatic cancer.

Causal Significance of the Association
Consistency, Strength, and Specificity of the Association

A number of retrospective studies have examined the relationship
between smoking and pancreatic cancer. In the Third National
Cancer Survey (299) and in the Hawaiian Study of Five Ethnic
Groups (113), there was a significant positive relationship between
smoking and pancreatic cancer. An earlier retrospective case control
study of 81 cases of pancreatic cancer (320) found a dose-response
relationship with a relative risk of 5.0 for males smoking more than
two packs of cigarettes per day (Figure 55). A recent report found a
positive association for both males and females who had ever smoked
and cancer of the pancreas (relative risk of 1.4), but not for pipe or
cigar smokers. They also reported a significant dose-response rela-
tionship for females. A similar but not significant dose-response
relationship was noted for males (169).

Several of the large prospective investigations have reported
mortality ratios of approximately 2.0 for smokers as compared with
nonsmokers. These data are presented in Table 36. The dose-
response relationships from four of the major prospective studies are
presented in Table 37. Smokers consuming more than one pack of
cigarettes per day had mortality ratios two to three times greater
than those of nonsmokers.

These data consistently support an association between smoking
and pancreatic cancer, although the strength of the association is
less than that noted for smoking and cancer of the lung, larynx, oral
cavity, and esophagus.

Temporal Relationship of the Association

Support for the temporal relationship of the association is
provided by the prospective studies that observed subjects over
varying periods of time for the development of pancreatic cancer.
Support for the temporality of the association is advanced by a
histological study showing a greater frequency of premalignant
changes in pancreatic tissue of smokers when compared with tissue
of nonsmokers (162), and by cohort analysis showing correlation
between trends in smoking patterns and pancreatic cancer mortality
(22, 128).
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Coherence of the Association
Dose-Response Relationship

The coherence of the association is supported by the dose-response
relationship noted above, although it is not as marked as those noted
for smoking and other cancers.

Correlation of Pancreatic Cancer Among Populations With Different
Tobacco Consumption

The finding of a low incidence of pancreatic cancer in special
groups (e.g., Mormons and Seventh Day Adventists) with a small
proportion of smokers (79, 165, 166, 211, 294) is consistent with a
causal relationship.
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TABLE 36.—Pancreatic cancer mortality ratios—prospective

studies
Size of All Cigarette
Study Population Nonsmokers Smokers Comments
ACS 9-State 188,000 1.00 1.50 Based on 117
Study white microscopically
males proved cases
Canadian 78,000 1.00 1.96
Veterans males
ACS 25-State 358,000 males 1.00 2.14
Study 483,000 females 1.00 1.42
U.8. Veterans 290,000 males 1.00 1.79
Japanese 122,000 males 1.00 1.57 males
Study 143,000 females 1.00 1.94 females
California 68,000 males 1.00 243
occupations
Swedish 55,000 1.00 3.1 males
Study males and 1.00 2.5 females
females
British Physicians 34,000 males 1.00 1.60

TABLE 37.—Mortality ratios for cancer of the pancreas by
amount smoked—prospective studies

Amount Smoked

Study Population per Day Comments
Males Females
Swedish 55,000 NS 1.00 NS 1.00
Study males and 1-7 1.60 1-7 2.40
females 8-15 340 8-15 2.50
15 + 5.90 15 + 3.00
British Physicians 40,000 NS 1.00 NS 1.00 Males based
1-14 135 1-14 0.44 on grams of
15-24 142 15-24 2.66 tobacco
25 + 2.07 25 + 177 per day
Japanese 265,000 NS 1.00 NS 1.00
Study males and 1-19 1.42 1-19 1.00
females 20-39 157 20-29 1.60
40 + 0.69 30 + 1.90
U.S. Veterans 290,000 NS 1.00
males 1-9 1.60
10-20 1.71
21-39 2.00
40 + 2.20

NOTE: NS: Nonsmoker.
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Correlation of Sex Differences in Pancreatic Cancer With Different
Smoking Habits

The declining male to female mortality ratio discussed above is
consistent with the delayed initiation of cigarette smoking by women
as compared to men.

Two studies have performed cohort analyses of the relationship of
time trends in smoking patterns among males and females and
mortality rates from carcinoma of the pancreas. Bernard and Weiss
(22) examined the relationship in the United States for the period of
1939 to 1969; Moolgavkar and Stevens (185) examined these relation-
ships in England and Wales for the period of 1941 to 1975. Both
studies found a positive association between changes in smoking
habits in males and females and pancreatic cancer death rates.

Smoking and Histologic Changes in the Pancreas

A recently reported study (162) found evidence for premalignant
changes in pancreatic tissue of smokers. The authors collected 108
specimens of pancreatic tissue. In 44 percent of the series, there were
some focal acinar cell abnormalities, which the authors state were
similar to atypical acinar cell nodules in carcinogen-treated animals.
These findings were more common in tissue from patients with a
history of smoking as compared with tissue from nonsmokers. Tissue
from heavy smokers (67 to 100 pack-years) showed a 1.8 times higher
incidence of such nodules than tissue from all smokers.

Pancreatic Cancer and Non-Cigarette Tobacco Use

The U.S. Veterans Study found an elevated risk of 1.5 for
pancreatic cancer in cigar, but not pipe, smokers:

Experimental Studies

Dietary factors, the presence of underlying diseases, such as
chronic pancreatitis and diabetes mellitus, and chemical exposures
have been suggested as potential determinants for this disease (187).

The pathogenic mechanisms by which tobacco smoking influences
the development of pancreatic cancer are obscure. It has been
suggested that a carcinogen derived from tobacco smoke (either
directly or after metabolism by the liver) is excreted into the bile
(321). It is then refluxed into pancreatic ducts and induces cancer.
One group of investigators (145) has reported that nicotine inhibits
pancreatic bicarbonate secretion in the dog by direct action on the
organ. This has led to speculation that inhibition of duct cell
secretion of bicarbonate could lead to intracellular pH changes and
subsequently play a role in carcinogenesis. It has also been suggested
that a protease-antiprotease imbalance may be capable of promoting
carcinogenesis. Cigarette smoke is known to affect the protease-
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antiprotease balance in vivo and in vitro. In a study of beagle dogs
smoking 12 cigarettes per day for 600 days, the authors reported
significant changes in pancreatic proteases as compared with their
sham-exposed controls (189).

Conclusion

Cigarette smoking is a contributory factor in the development of
pancreatic cancer in the U.S. The term “contributory factor” by no
means excludes the possibility of a causal role for smoking in cancers
of this site.

Stomach Cancer

It is estimated that in the United States there will be 24,200 new
cases of stomach cancer and 13,800 deaths in 1982 (2). For unknown
reasons, mortality rates and the number of deaths have fallen
dramatically over the last 28 years.

The age-adjusted mortality rate for stomach cancer has continued
to decline for both males and females. Since the period of 1951-1953
through 1976-1978, the -age-adjusted rate has decreased by 59
percent in males and 65 percent in females. Rates for both males and
females adjusted to the 1970 population are presented in Figure 56.
Figures 57 and 58 give age-specific death rates for cancer of the
stomach for four separate time periods by race and sex.

In 1950, cancer of the stomach was fatal to 24,257 persons; in 1977,
14,440 died from this cancer in the United States. Death rates are
higher for races other than white than for whites; other males have
higher death rates than any of the other color sex groups.

The age-adjusted rate for other than white males was 31.16 in 1950
compared to 23.86 for white males. The corresponding rates for
females were 16.05 and 13.13, respectively. By 1977, the rate for
other than white males had decreased to 15.18; the corresponding
rate for white males was 8.25. The age-adjusted rate for females
other than white was 7.46 in 1977 compared to 3.83 for white
females.

These differences may represent variations in exposure to undeter-
mined dietary and other environmental factors or genetic differ-
ences.

A limited number of epidemiological studies have examined the
relationship between smoking and stomach cancer. The data are not
consistent, but overall, the evidence points to a possible association
between cigarette smoking and stomach cancer. Olearchyk (204)
noted that alcoholism (26.7 percent) and smoking (26 percent) were
common habits of 243 patients with stomach cancer. In the popula-
tion-based Third National Cancer Survey (299), there was a signifi-
cant positive association between smoking and stomach cancer. A
few other retrospective studies have also reported a statistical
association between smoking and stomach cancer (122, 151, 302).
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TABLE 38.—Stomach cancer mortality ratios—prospective

studies
All
Non- cigarette
Population Study size smokers smokers Comments
ACS 9-State 188,000 1.00 1.61 Based on 176
Study white males microscopically
proved cases
US. Veterans 290,000 1.00 1.52
Swedish Study 55,000 {men) 1.00 1.80 Cigarette and
males and (women) 1.00 2.30 pipe smokers
females
Japanese Study 265,000 (men) 1.00 1.59
males and (women) 1.00 1.31
females
California males 68,000 1.00 1.04
in 9 occupations
ACS 25-State 358,400 45-64 1.00 142
Study males 65-79 1.00 1.26
British Physicians 34,000 1.00 1.39 All current
smokers

TABLE 39.—Stomach cancer mortality ratios by amount
smoked—prospective studies

Amount smoked

Study Population size per day Mortality ratio Comment
US. Veterans 290,000 males Nonsmoker 1.00
1-9 147
10-20 1.49
21-39 1.55
40+ 1.83
British 34,000 males Nonsmoker 1.00 Based on
Physicians 1-14 1.20 grams of
15-24 1.65 tobacco
25+ 1.39 per day
California males Nonsmoker 1.00
in 9 occupations about '/, pk 1.09
about 1 pk 0.94
about 1 %, pk 1.25
Japanese Study 122,000 males Nonsmoker 1.00
1-19 1.46
20-39 1.53
40+ 1.78

In contrast with the above investigations, the Hawaiian Study of
Five Ethnic Groups failed to show a statistically significant associa-
tion between smoking and stomach cancer (113). Haenszel et al. (97)
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reported an increased relative risk for stomach cancer among
smokers in a series of 783 patients living in the Hiroshima and
Miyagi prefectures of Japan; however, these findings were not
statistically significant. In a similar study of Japanese living in
Hawaii, these same authors (92) found a statistically significant
increased risk among Issei smokers but not among Nissei. The
absence of a significant association between cigarette smoking and
gastric cancer has been reported by other authors (236, 318).

The relationship between smoking and stomach cancer was
examined in several prospective studies (Table 38). Although mortal-
ity ratios were increased for smokers as compared with nonsmokers,
these increases were small. Three of the four major prospective
studies noted a consistent dose-response relationship as measured by
the number of cigarettes smoked per day. However, the magnitude of
these relationships was moderate compared to that between smoking
and other cancer sites (Appendix Tables A and B).

Conclusion

1. Epidemiological studies have noted an association between
cigarette smoking and stomach cancer. The association is small
in comparison with that noted for smoking and some other
cancers.

Cancer of the Uterine Cervix

Slightly over 8,300 women died of cancer of the uterine cervix in
1950. By 1977, the total number of deaths attributed to this site had
decreased to 5,165. The age-adjusted rate for white females is only
about one-third that observed for races other than white (3.53 versus
9.63) (Figure 59). _

The age-specific rate for races other than white was 17.92 in 1950
and decreased to 7.99 by 1977. The age-specific rate for white females
decreased from 10.12 to 4.12 over the same time period (Figure 60).
Squamous cell carcinoma is the major cell type. The overall 5-year
survival for patients with carcinoma of the cervix is 60 percent, but
survival ranges from 86 percent for those with localized disease, to
50 percent for those with regional involvement, and to 22 percent for
those with distant metastases (2).

Cervical cancer appears to be more common among women who
have early and frequent coitus, who have early or multiple mar-
riages or partners, and who become pregnant at an early age or
frequently (140, 264). In addition, a number of other variables have
been studied that may affect the risk for cervical cancer, including
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venereal infections, circumcision status of consort, and exogenous
hormones (264).

A limited number of studies have attempted to identify an
association between cigarette smoking and cervical cancer. One
study (192) reported a relationship between smoking status (never
smoked, ex-smokers, present smokers) and suspicious or positive
cervical cytology. Thomas (264) administered a home questionnaire
to 324 females with abnormal cervical cytology and reported that the
prevalence of smoking was 70 percent in cases with carcinoma in
situ and 58 percent in controls (0.02 < p <0.05). When adjusted for
thirteen other variables (including > 3 births, first pregnancy prior
to age 20, husband’s circumcision and prior marriage history, and
marital instability, among others), he reported a “borderline”
significant relative risk (0.02 <p <0.05) for carcinoma in situ, and
non-significant differences for dysplasia. A case-control study among
350 Moslems and non-Moslems in Yugoslavia found that cervical
cancer patients were more likely to smoke and to smoke more than
one pack per day; the differences were statistically significant
(p<0.01) for Moslems (740). Subsequently, three other retrospective
studies in Germany (201), England (38, 305), and Canada (297) have
reported that smoking was a risk factor for cervical cancer. The
English study (108) examined 31 women with dysplasia, carcinoma
in situ, or invasive carcinoma, and attempted to control for known
risk factors such as age at first intercourse and number of sexual
partners of both wife and husband. They reported no effect of
husband’s smoking habit on the relative risk of cervical abnormali-
ties, but a statistically significant excess risk among wives who were
current smokers (RR 7.9), and an elevated risk for women who were
former smokers (RR 3.7) over that for women nonsmokers (RR 1.0).
Conversely, however, the Canadian study reported age-adjusted
relative risks for in situ and invasive cancers for current smokers of
3.8 and 2.0, but no adjustment was made for other known risk factors
for the disease. In the Third National Cancer Study (299), Williams
and Horm have reported a significant positive association between
cigarette smoking and both invasive and in situ cervical cancer, as
well as between nonsmoking tobacco use (snuff and chewing tobacco)
and invasive cervical cancer. A dose-response relationship was
evident. The Swedish (42) and the Japanese (119, 120) prospective
studies included data on smoking and cervical cancer. Cigarette
smokers had increased mortality ratios, and a dose-response rela-
tionship was noted (Table 40). None of these studies controlled for
other known risk factors.

Stellman et al. (256) examined the records of 332 patients with
cervical cancer (stages not identified) who were controls for another
study of smoking and health at different hospitals in several cities.
The controls were patients hospitalized for non-smoking-related
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TABLE 40.—Cervical cancer mortality ratios for women by
current number of cigarettes smoked per day—
prospective studies

Population Cigarettes/day Mortality ratio
Japanese Study Nonsmokers 1.00
1-19 1.00
20-29 1.85
30+ 3.50
All smokers 1.72
Swedish Study Nonsmokers 1.00
1-7 2.80
815 3.00
>16 3.40
All smokers 3.00

diseases and matched for age, race, hospital, and hospital status
(semi-private versus ward). Socioeconomic status was determined by
the subject’s education and occupation and by the husband’s
occupation. Their analysis showed an overall positive association
between cigarette smoking and cervical cancer. However, after
Mantzel-Haenszel adjustment for age and socioeconomic status, the
authors did not find a statistically significant association. The
authors suggest that the association between smoking and cervical
cancer is highly confounded and not consistent with a causal
hypothesis. This study also, however, failed to include direct
measures of potential confounding variables, such as sexual activity.
It should be noted that in the Swedish (42) and German (201) studies,
differences in socioeconomic status did not affect cervieal cancer
incidence.

The associations described between cervical cancer and many
other variables, in addition to the variation in results of studies of
the possible association of cigarette smoking and cervical cancer, do
not permit a conclusion on the character of this relationship at this
time.

Conclusion

1. There are conflicting results in studies published to date on the
existence of a relationship between smoking and cervical
cancer; further research is necessary to define whether an
association exists and, if so, whether that association is direct
or indirect.

141



Smoking and Overall Cancer Mortality
Introduction

Several investigators have estimated the proportion of all cancer
deaths attributable to tobacco use in the United States to range from
22 percent to 38 percent of all cancer deaths (70, 78, 106). The
authors cof a recent review of cancer causes (70), commissioned by the
Congressional Office of Technology Assessment, conciuded that 30
percent of all U.S. cancer deaths are attributable to tobacco use
{Appendix Table C). These estimates reflect a growing consensus
that smoking is the single largest contributor to cancer mortality in
the United States.

Overall Cancer Mortality

As early as 1928, Lombard and Doering (160), in a study of 217
cancer patients and 217 controls in Massachusetts, identified an
association between heavy smoking (defined as all types of smokers)
and cancer in general. This study is of historical significance in light
of our present day knowledge about the relationship between
smoking and specific cancer sites. Over the last two decades, four of
the eight major prospective studies have examined the relationships
between smoking to overall and site-specific cancer mortality. Two of
these studies (98, 120) included observations on females as well as
males.

Male smokers, regardless of the amount smoked, have approxi-
mately twice the risk of dying from cancer than do their nonsmoking
counterparts (Table 41). Data from these studies also showed a
gradient increase in overall cancer mortality with the amount
smoked. These data are presented in Table 42. Males who consumed
more than one pack of cigarettes daily had overall cancer mortality
rates almost three times greater than did nonsmokers. Mortality

TABLE 41.—Smoking and overall cancer mortality ratios—
prospective studies

. Smokers
Study Nonsmokers  Male Female
ACS 25-State Study 1.00 1.79 1.21
1.18 pipe and cigar
US. Veterans 1.00 2.12
1.32 cigars
1.29 pipes
Japanese Study 1.00 162 141
ACS 9-State Study 1.00 1.97 cigarettes
1.44 pipe
1.34 cigar
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TABLE 42.—Smoking and overall cancer mortality ratios in
males by amount smoked

Amount smoked

Study per day Mortality ratio
ACS 9-State Study Nonsmoker 1.00
1-9 1.87
10-20 192
20+ 2.94
All smokers 1.97
U.S. Veterans Nonsmoker 1.00
1-9 1.42
10-20 1.95
21-39 2.66
40+ 3.31
All smokers 2.12
Japanese Study Nonsmoker 1.00
1-19 1.53
20-39 181
40+ 2.06
All smokers 1.62

A B C D £

m Current cigarette smokers

D Ex-cigarette smokers ,

FIGURE 61.—Mortality ratios for all cancer sites for ex-
cigarette smokers by number of years of
smoking cessation, U.S. Veterans Study

NOTE: A: Stopped less than 5 years.
B: Stopped 5-9 years.
C: Stopped 10-14 years.
D: Stopped 15-19 years.
E: Stopped 20 or more years.
SOURCE: Rogot and Murray (224).

ratios for male pipe smokers and male cigar smokers were 1.44 and
1.34, respectively (224). Female smokers had overall cancer mortali-
ty rates 20 to 40 percent greater than female nonsmokers. Hammond
(106) calculated that 34.5 percent of all cancer deaths in males were
smoking related. These are in close agreement with estimates made
by other investigators (70, 216).

Rogot and Murray (224) examined overall cancer mortality in ex-
cigarette smokers compared to continuing cigarette smokers and
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1-9

FIGURE 62.—Mortality ratios for all cancer sites for
current and ex-smokers by number of
cigarettes smoked daily, U.S. Veterans Study

SOURCE: Rogot and Murray t224).

found declining cancer mortality ratios for ex-smokers by the
number of years off cigarettes. For those former smokers who had
quit for 20 years or more, the overall cancer mortality rate was
approximately 25 percent above those of nonsmokers but substan-
tially below those of continuing smokers (1.27 versus 2.12) (Figure
61). These investigators also noted that cancer mortality' among
former cigarette smokers was correlated to the number of cigarettes
smoked per day. A clear gradient by the amount smoked is evident
for ex-smokers as well as continuing smokers for overall cancer
mortality (Figure 62). Overall cancer mortality rates for former
cigarette smokers were 40 percent greater than for nonsmokers.

Conclusion

1. Cigarette smokers have overall mortality rates substantially
greater than those of nonsmokers. Overall cancer death rates
of male smokers are approximately double those of nonsmok-
ers; overall cancer death rates of female smokers are approxi-
mately 30 percent higher than nonsmokers, and are increasing.

2. Overall cancer mortality rates among smokers are dose-related
as measured by the number of cigarettes smoked per day.
Heavy smokers (over one pack per day) have more than three
times the overall cancer death rate of nonsmokers.

3. With increasing duration of smoking cessation, overall cancer
death rates decline, approaching the death rate of nonsmokers.
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Summary

1.

2.

10.

Cigarette smoking is the major cause of lung cancer in the
United States.

Lung cancer mortality increases with increasing dosage of
smoke exposure (as measured by the number of cigarettes
smoked daily, the duration of smoking, and inhalation pat-
terns) and is inversely related to age of initiation. Smokers
who consume two or more packs of cigarettes daily have lung
cancer mortality rates 15 to 25 times greater than nonsmokers.

. Cigar and pipe smoking are also causal factors for lung cancer.

However, the majority of lung cancer mortality in the United
States is due to cigarette smoking.

. Cessation of smoking reduces the risk of lung cancer mortality

compared to that of the continuing smoker. Former smokers
who have quit 15 or more years have lung cancer mortality
rates only slightly above those for nonsmokers (about two times
greater). The residual risk of developing lung cancer is directly
proportional to overall life-time exposure to cigarette smoke.

. Filtered lower tar cigarette smokers have a lower lung cancer

risk compared to nonfiltered, higher tar cigarette smokers.
However, the risk for these smokers is still substantially
elevated above the risk of nonsmokers.

. Since the early 1950s, lung cancer has been the leading cause

of cancer death among males in the United States. Among
females, the lung cancer death rate is accelerating and will
likely surpass that of breast cancer in the 1980s.

. The economic impact of lung cancer to the nation is consider-

able. It is estimated that in 1975, lung cancer cost $3.8 billion
in lost earnings, $379.5 million in short-term hospital costs,
and $78 million in physician fees.

.Lung cancer is largely a preventable disease. It is estimated

that 85 percent of lung cancer mortality could have been
avoided if individuals never took up smoking. Furthermore,
substantial reductions in the number of deaths from lung
cancer could be achieved if a major portion of the smoking
population (particularly young persons) could be persuaded not
to smoke.

. Cigarette smoking is the major cause of laryngeal cancer in the

United States. Cigar and pipe smokers experience a risk for
laryngeal cancer similar to that of a cigarette smoker.

The risk of developing laryngeal cancer increases with in-
creased exposure as measured by the number of cigarettes
smoked daily as well as other dose measurements. Heavy
smokers have laryngeal cancer mortality risks 20 to 30 times
greater than nonsmokers.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
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Cessation of smoking reduces the risk of laryngeal cancer
mortality compared to that of the continuing smoker. The
longer a former smoker is off cigarettes the lower the risk.
Smokers who use filtered lower tar cigarettes have lower
laryngeal cancer risks than those who use unfiltered higher tar
cigarettes.

The use of alcohol in combination with cigarette smoking
appears to act synergistically to greatly increase the risk for
cancer of the larynx.

Cigarette smoking is a major cause of cancers of the oral cavity
in the United States. Individuals who smoke pipes or cigars
experience a risk for oral cancer similar to that of the cigarette
smoker. '

Mortality ratios for oral cancer increase with the number of
cigarettes smoked daily and diminish with cessation of smok-
ing.

Cigarette smoking and alcohol use act synergistically to
increase the risk of oral cavity cancers.

Long term use of snuff appears to be a factor in the develop-
ment of cancers of the oral cavity, particularly cancers of the
cheek and gum.

Cigarette smoking is a major cause of esophageal cancer in the
United States. Cigar and pipe smokers experience a risk of
esophageal cancer similar to that of cigarette smokers.

The risk of esophageal cancer increases with increased smoke
exposure, as measured by the number of cigarettes smoked
daily, and is diminished by discontinuing the habit.

The use of alcohol in combination with smoking acts synergisti-
cally to greatly increase the risk for esophageal cancer
mortality.

Cigarette smoking is a contributory factor in the development
of bladder, kidney, and pancreatic cancer in the United States.
This relationship is not as strong as that noted for the
association between smoking and cancers of the lung, larynx,
oral cavity, and esophagus. The term “contributory factor” by
no means excludes the possibility of a causal role for smoking
in cancers of these sites. '

In epidemiological studies, an association between cigarette
smoking and stomach cancer has been noted. The association is
small in comparison with that noted for smoking and some
other cancers.

There are conflicting results in studies published to date on the
existence of ;a relationship between smoking and cervical
cancer; further research is necessary to define whether an
assoclation exists and, if so, whether that association is direct
or indirect.



24. Cigarette smokers have overall mortality rates substantially
greater than those of nonsmokers. Overall cancer death rates
of male smokers are approximately double those of nonsmok-
ers; overall cancer death rates of female smokers are approxi-
mately 30 percent higher than nonsmokers, and are increasing.

25. Overall cancer mortality rates among smokers are dose-related
as measured by the number of cigarettes smoked per day.
Heavy smokers (over one pack per day) have more than three
times the overall cancer death rate of nonsmokers.

26. With increasing duration of smoking cessation, overall cancer
death rates decline, approaching the death rate of nonsmokers.

Technical Notes
Age-Adjusted Death Rates

Age-adjusted death rates show what the level of mortality would
be if there were no changes in the age composition of the population
from year to year. The age-adjusted death rates for the U.S. as a
whole presented in this Report were computed by the Direct Method,
that is, by applying the age-specific death rates for all causes of
death or for deaths for a given cause to the standard population
distributed by age. The total U.S. population as enumerated in 1940
is used as the standard population by the National Center for Health
Statistics for presentation of mortality statistics. Standard popula-
tions other than 1940 have been used by other agencies, organiza-
tions, and researchers in presenting mortality data. This introduces
some problems of comparability in the presentation of the statistical
findings drawn from a variety of sources.

Cause-of-Death Classification

National mortality statistics from the National Center for Health
Statistics for the U.S. presented in this Report are classified in
accordance with the World Health Organization (WHO) Regulations,
which specify that member nations classify causes of death in
accordance with the International Statistical Classification of Dis-
eases, Injuries, and Causes of Death. The deaths are tabulated and
presented in Vital Statistics of the United States, Volume II,
Mortality by cause-of-death categories that are consistent with WHO
recommendations. Other organizations and researchers whose work
is cited in this Report may use different cause-of-death categories.
This introduces some problems of comparability in the presentation
of the statistical findings drawn from a variety of sources.

Another problem of comparability in mortality rates is introduced
when comparisons are made over time for specific causes of death.
This is because of the practice to periodically revise the Internation-
al Classification of Diseases (ICD) by which causes of death are
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classified and tabulated. The ICD has been revised approximately
every 10 years since 1900 to keep abreast of medical knowledge.
Each decennial revision has produced breaks in the comparability of
cause-of-death statistics. For many of the causes of death described
in this Report, the reader may refer to the NCHS report (199) for
information about comparability in cause of death statistics due to
revisions in the ICD during 1950-1977.

Appendix Tables

APPENDIX TABLE A.—Mortality ratios (smokers vs. never
smoked regularly) for smoking-related cancers among
females—ACS 25-State Study and Japanese Study

Underlying cause of death Mortality ratios
ACS Japanese
Cancer (total) 121 141
Lung texcl. trachea, pleura) 3.58 203
Buccal cavity, pharynx,
larynx, and esophagus 3.25 6.52
Pancreas 142 —
Uterus 1.18 —
Uterine cervix —_ 172
Esophagus 4.89 —
Stomach . 121 131
Bladder 2.58 2.00

APPENDIX TABLE B.—Mortality ratios (smoker vs. never
smoked regularly) for smoking-related cancers among
males—ACS 25-State Study and U.S. Veterans Study

Underlying cause of death Mortality ratios
ACS US. Veterans
Age 45-64 Age 65-79 All
Cancer (total) '2.14 1.76 212
Lung fexcl. trachea, pleura) 7.84 11.59 11.28
Buccal cavity, pharynx 9.90 2.93 422
Larynx 6.09 8.99 11.49
Esophagus 417 1.74 6.43
Bladder and other urinary 2.00 2.96 2.16
Kidney 142 1.57 141
Prostate 1.04 1.01 131
Pancreas 2.69 217 1.79
Liver, biliary passages 2.84 1.34 —
Stomach 1.42 1.26 1.52
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APPENDIX TABLE C.—Cancer deaths caused by tobacco:
United States, 1978

Number of deaths

Approximate excess
number and percent

Estimated, of deaths attributed
Certified cause had Americans to tobacco
of death= Observed not smoked (pertent in parentheses)
Cancer, males
Lung 71,006 6,439 64567  (90.9)
Mouth, pharynx,
larynx, or
esophagus 14,282 1,792 = 2 10698 (749
Bladder 6,771 2,960 3.811 (56.3)
Pancreas 11,010 6,585 4425 (402
Other specified sites 100,799 - 50000 ( 5.0
Unspecified sites 14,469 8,188¢ 6,281 (43.4)
Total, males 218,337 94.782'  (43.4)
Cancer, females
Lung 24,080 5,454 18626 (77.4)
Mouth, pharynx,
larynx, or
-esophagus 5,100 1,458 x 2¢ 2,184  (42.8)
Bladder 3,078 2,170 908  (29.5)
Pancreas 9,767 7,2910 2,476 (254
Other specified sites 127,642 — 1,0004 —
Unspecified sites 13,951 11,879 2072 (149
Total, females 183,618 27,266'  (14.8)
Total, males
and females 401,955 122,048 (304

= Site of origin of cancer.

®Number estimated by applying the nonsmoker mortality rates reported by Garfinkel (86) to the U.S.
population of 1978.

r Double the number estimated by the procedure described in footnote b. This number was doubled to allow for
the possibility that the subjects in the ACS prospective study were less exposed to alcohol or to some other cause(s)
of cancer of the upper respiratory or digestive tracts than were average people in the United States. [ Some
evidence that this was indeed the case is that even the cigarette smokers in the ACS study had mertality rates for
these types of cancer that were somewhat below the national U.S. rates 198).] However, it makes little difference to
our grand totals whether the small number of cancers of the mouth and throat “expected” from the ACS
nonsmoker experience are left unaltered, are doubled, or are trebled.

dOther specified sites include some, such as kidney, that may truly be affected by tobacco, and some, such as
stomach or liver, that include a proportion of misdiagnosed cases of cigarette-induced cancer of the lung, pancreas,
and other organs. Some fraction of the cancers certified as being of other specified sites is thus due to smoking,
which in part explains the excess mortality among smokers in the aggregate of all such cancers that is found in the
American prospective studies (Appendix Tables A and B). We have suggested, without firm evidence. that of these
other cancers, perhaps 5,000 male and 1,000 female cases may have been due to tobacco. These suggested figures,
totaling 6,000, may slightly underestimate the actual figures, but readers may substitute any estimate that they
consider more plausible, e.g.. some other estimate between 1.000 and 20,000, leading to an estimate of 29 to 34
percent of 1978 cancer deaths ascribable to tobacco.

«Estimated to match the proportions (43 percent male, 15 percent female) of specified sites attributed to tobacco.

The percentage ascribable to tobacco is gradually increasing as lung cancer death rates are increasing among
older Americans.

SOURCE: Doll and Peto ( 70).
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