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represented (Great Britain, Finland, Switzerland, Holland, the United States, 
Australia, Denmark, Canada, Sweden, Norway, and Iceland), it seemed 
reasonable to compare the annual per capita consumption of each country 
with the crude, male lung cancer death rates. 

It will be noted in Figure 9 that the data from the United States show a 
relatively low death rate in relation to cigarette consumption. Doll sug- 
gested two explanations: the influence of a higher proportion of young 
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people in the U.S. population and the method of smoking, with the U.S. 
smokers consuming less of each cigarette than the British smokers. Since 
Doll’s explanations of the discrepancy. additional information has become 
available. Studies on length of cigarette butts discarded have shown Amer- 
ican discards to be significantly longer than British discards; 30.9 mm 
(156) and 18.7 mm (85) respectively. Also, there is a significantly greater 
percentage of smokers in Great Britain than in the United States in the age 
groups in which lung cancer occurs at high rates (52.6 percent in 60+ 
year age group and 29.2 percent in 65+ year age group respectively). 

Strictly comparable data do not exist on inhalation practices for the two 
countries. Such information would aid in explaining this discrepancy as 
well as a similar disparity between Holland and Great Britain. In Holland 
I 156) the length of the cigarette butts was almost the same as in Great Britain 
(19.7 mm), but the crude male lung cancer death rate in Holland was 
significantly lower than in Great Britain. This correlates well, as shown 
in Figure 9, with the annual per capita consumption of cigarettes in Holland 
which has been much lower than in Great Britain. 

It should be mentioned that differences in intensity of air pollution and 
industrial exposures in these countries have not been taken into account. 
However, for reasons given below, these latter factors do not account for 
the magnitude of the difference in incidence of lung cancer nearly as well 
as the amount of each cigarette smoked and the degree of inhalation. 
Finally, the varying composition of the tobacco in the several countries was 
not considered in these studies. 

An elaboration of the disparities between male and female lung cancer 
mortality rates and their correlation with differences in smoking patterns 
is also in order, for the sex disparity has also been posed as contradictory 
to the smoking-lung cancer hypothesis. Although the opponents of the 
hypothesis, pointing to the sex disparity (116, 229), have minimized the 
differences in smoking habits, the fact remains that the magnitudes of the 
differences are quite large. In a representative cross-sectional survey of 
smoking habits coupled with the Current Population Survey of the Bureau 
of the Census in 1955, Haenszel, et al. (151) f ound the following disparities 
between male and female smoking patterns: 

1. Whereas only 22.9 percent of males had never smoked, 67.5 percent 
of females had not. 

2. Males showed relatively little variation among the component age 
groups in percentage not smoking, whereas females after age 
25-38 showed a consistently increasing percentage of non-smokers 
in successively higher age groups (Figure 10). 

3. Sixty-five percent of males smoked cigarettes as compared with 32 
percent of females. 

4. Cohort analyses revealed the adoption of cigarette smoking late in 
life for both males and females among cohorts born before 1890; 
but male cohorts born after 1900 successively began to smoke 
earlier in life. Large-scale adoption of cigarette smoking by 
women did not occur until the decades of the 1920’s and 1930’s. 
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5. The median age at which males started smoking has remained fairly 
stable for the several age cohorts: from 19.3 years for ages 65 and 
over to 17.9 years for age 25-34; the median age that females 
started smoking has dropped dramatically from 39.9 years for 
the age group 65 and over to 20.0 years for age 25-34. 

6. Males in all age groups smoked considerably more cigarettes per 
day than did females.. In ages 55 and over, 6.9 percent of the 
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males smoked more than a pack a day, compared with only 0.6 
percent of the females. Although urban-rural and geographic re- 
gional differences were noted, significant disparities between male 
and female smoking were maintained throughout. Thus it can 
readily be deduced that these findings are consistent not only with 
the sex disparity in lung cancer mortality but also with the slower 
but nevertheless continuing rise in female lung cancer mortality. 

Rritish studies (344) also revealed that females, especially before World 
War II, consumed much less tobacco than did males. A correction for the 
marked disparity in smoking habits of males and females reduced the ob- 
ser\:ed 5-fold excess of male lung cancer deaths to a 1.4-fold excess as of 
1953 1149). Supporting this finding are the data from two retrospective 
studies (147, 152) in which the age-adjusted lung cancer death rates in 195% 
59 among male and female non-smokers were 12.5 and 9.4 respectively for a 
ratio of 1.33 (145). This residual ratio implies that there may be other 
factors operating to produce a portion of. the sex differential in mortality. 

DIRECT MEASURE OF THE ASSOCIATI0i-V 

For a direct measure of the association between lung cancer and smoking 
it is, of course, essential that both variables or attributes be measured in the 
same populations. The 29 retrospective studies, described earlier, consider 
smoking (usually kind, amount, and duration) and non-smoking among cases 
of lung cancer and individuals without lung cancer. The seven prospective 
studies consider the occurrence or lack of occurrence of lung cancer among 
smokers and non-smokers. 

ESTABLISHMENT OF ASSOCIATION.-A number of investigators, though ac- 
cepting the existence of an association, have questioned its significance 
in terms of a causal hypothesis (58, 102, 114, 115, 116, 117, 141, 178, 
218, 219, 287, 288, 298, 299). Some of these doubts have been on the 
basis of a possible genetic underlay which might determine both smoking and 
lung cancer (114, 115, 116, 117). Some have followed contradictory obser- 
vations in the dissenter’s own work (58, 102, 141), incorrectly assessed evi- 
dence of lung cancer mortality trends, or the belief that the causal hypothesis 
requires cigarette smoking to be the sole cause of lung cancer (178, 287, 
288). Others believe that the lung cancer rise is spurious and can be at- 
tributed either to improvements in diagnosis and reporting, (218, 219, 287, 
288, 298, 299) or to the aging of the population. In the latter explanation 
they ignore the fact that aging of the population does not affect age-specific 
mortality rates which, for lung cancer, are also rising with the passage of 
time. Still others express doubt on the basis of the lack of a concomitant 
rise in cancers of the oral cavity (178, 298) or of the skin of the fingers 
(178). Finally, some doubts have been based on supposed incongruencies 
between the cigarette-smoking hypothesis and urban-rural as well as sex dif- 
ferences in lung cancer mortality (116, 178, 229). There are a few investi- 
gators who maintain that the association may be spurious or that it has not 
heen proved (22,23, 24, 228,229, 230). 

A number of these objections have been assessed in earlier discussions in 
this section; others will be evaluated below. These latter criticisms have 
revolved about defects inherent in the retrospective or the prospective 
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methods of approach, biases of selection in either method, biases of non. 
response. the validity of the results in the early phases of a prospective study. 
and the misclassification of both variables: smoking habits and lung cancer. 

It should be noted that the Current Population Survey of 1955 yielded 
results highly consistent with data on tobacco production and taxation 
(151 I ; that classification errors in terms of amount of smoking were rela- 
tively minor in a reliability study by Finkner (113) ; and that, in at least 
three prospective studies, in which subjects were requestioned on smoking 
habits at intervals of at least two years, the replies were closely reproducible 
(87, 88, 157, 159, 162, 163) ? particularly if no illness had intervened (159). 

With regard to the retrospective studies, it has also been suggested that 
knowledge of the illness might have introduced bias in relation to histories 
of smoking habits (158, 229). In at least one retrospective study, both 
patient and interviewer were unaware of the diagnosis of lung cancer. 
the smoking histories having been obtained before the diagnosis was made 
(207). Furthermore. patients initially believed to have lung cancer who, 
after interview: were found .not to have the disease, reported smoking his- 
tories similar to the control groups and not the lung cancer groups (84). 
Finally, this bias cannot have influenced the findings of several studies in 
which a significantly greater proportion of cigarette smokers and heavy 
cigarette smokers were associated with epidermoid cancers than with adeno- 
carcinoma (86, 150, 163, 313, 375). Th e reliability of response to smoking 
history would thus appear to be markedly above the critical level for the 
firm establishment of an association by the retrospective method. In pro- 
spective studies, this factor is less of a problem. 

In retrospective studies the investigator can confine himself to cases with 
accurate diagnoses. In the prospective approach, accuracy of diagnosis 
may not always be attainable, but all cases must be included. In assessing 
the results of the prospective studies it must be kept in mind that all deaths 
from any cause were involved in the calculations, with the cigarette smoker 
rates higher than those for non-smokers and with a gradient by amount of 
smoking demonstrated in all of the studies. Evidence that the specific 
estimates of risk for lung cancer among smokers actually might have been 
underestimated has been presented by Hammond and Horn (162, 163), who 
found higher relative risk ratios among smokers for confirmed cases than 
for those with less well-established diagnoses. Most of the prospective 
studies yield relative risks of lung cancer by various smoking categories 
which approximate those found in the Doll and Hill physician study (83) 
where, obviously, diagnostic evidence would be more readily available than 
in the general population. It would thus appear that in the data from retro- 
spective and prospective studies, diagnostic accuracy was not a critical 
factor in the establishment of an association between smoking and lung 
cancer. 

The question of selection bias is, of course, a more complicated problem. 
Several criticisms have been leveled at both the retrospective and prospective 
methods. Although in retrospective studies the selection of a control group 
may pose a more serious problem, even the selection of the case material 
may interject difficulties. It has been claimed by Berkson 124) that the 
selection of hospitalized cases may lead to bias if smokers with lung cancer 
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were more often hospitalized than non-smokers with the disease. However, 
nearly all lung cancer cases are hospitalized, a point which, he concedes, 
would thus minimize this bias. Furthermore, several retrospective studies 
have surveyed all the cases in the area regardless of hospitalization (238, 
335)) or all deaths regardless of cause or hospitalization 1379). 

Another criticism of patient selection in retrospective studies deals with 
the danger that, in studies highly cross-sectional in time. if smokers live longer 
than non-smokers, there would obviously be more smokers in the disease 
group, and thus a spurious association of disease with smoking would result 
(254). There is no evidence for this basic assumption. Furthermore. it 
is inapplicable because almost all the retrospective studies were actually 
hased on newly diagnosed cases collected serially- over an interval of time 
long enough to remove this bias. 

Control groups pose a problem in retrospectiv-e studies. In 2T of the 29 
retrospective studies (exceptions are references 11’7 and 152 ) the controls 
were subjects without lung cancer, such as patients with other cancers. with 
diseases other than cancer. or so-called normals selected from the population. 
Analysis of the prospective studies proved that the biases interjected by the 
selection of sick controls in the retrospective studies actually operated to 
produce an underestimation of the association. for it has been shown that a 
number of other diseases are also associated with smoking. Furthermore, 
several studies have. in addition to controls with other diseases. selected a 
second set of random controls from the general population (82, 150. 222’1, 
only to find that the association utilizin g sick controls, significant tholrgh it 
proved to be, was intermediate to the association utilizing random population 
controls. 

The problem of selection bias in prospective studies is much more subtle, 
since there may be self-selection on the basis of illness existing at the time 
the study begins. This is essentially a problem of non-response which has 
been handled in detail in Chapter 8. The character of this non-response 
presents at least two nuances: a combination of self-selection and operator 
selection, as in the volunteer studies of Hammond and Horn ( 162) and Ham- 
mond (157) and the-response to questionnaires in a total population study 
such as Dorn’s (88). 

Suffice it to say at this point that, regardless of whether there is over- 
representation of sick smokers or well non-smokers or both in a prospective 
study, with the passage of time more deaths of sick persons would occur 
(without regard to the independent variable of smoking). Thus the death 
rates of smokers would tend to approach the death rate of non-smokers, 
removing the original selection bias and providing greater confidence in the 
residual association of the death rate with smoking if it persisted. In two 
of the studies (157, 162, 163) exclusion of ill persons on entry did take place. 
Further, in the studies that provide this comparison, the high lung cancer 
mortality ratio of cigarette smokers was maintained with the passage of time. 
In the D orn study the mortality ratio was 9.9 after three years experience 
and 12.0 after six years experience; the Hammond study gave 9.0 after 10.5 
months (157) and.9.6 after 22 months, while Doll and Hill (84) showed that 
the gradient ‘of increase in lung cancer death rate with increasing amount 
smoked appeared consistently in each of the first four years of their study. 
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This also weakens the criticism by Mainland and Herrera (230) of the uw 
of non-professional volunteer workers for subject selection. 

Thus it would appear that an association between cigarette smoking and 
lung cancer does indeed exist. 

CAUSAL SIGSIFICANCE OF ~1-1~ ASSOCIATION.-AS already stated, statistical 
methods cannot establish proof of a causal relationship in an association. 
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 cigarette smoking and lung 
cancer a number of criteria must be utilized, no one of which by itself is 
pathognomonic or a sine qua non for judgment. These criteria include: 

ia) The consistency of the association 
(b) The strength of the association 
(c) The specificity of the association 
(d) The temporal relationship of the association 
(e) The coherence of the association. 

THE CONSISTENCY OF THE AssocrATIoN.-This criterion implies that di- 
verse methods of approach in the study of an association will provide similar 
conclusions. It is noteworthy that all 29 retrospective studies found an asso- 
ciation between cigarette smoking and lung cancer. The very nature of 
the criticisms leveled against these retrospective studies indicates a diver- 
sity of characteristics of approach and, for that matter, marked differences 
in shortcomings which have been discussed in detail above. It is indeed 
remarkable that no reasonably well designed restrospective study has found 
results to the contrary. Seven prospective studies have also revealed highly 
significant associations. Where relative risks could be calculated on the 
basis of some reasonable assumptions in some of the retrospective studies, 
a consistency not only among them (38, 82, 147, 152, 222, 283, 301, 313, 
381) but also with the prospective studies could be demonstrated. Such 
a situation would prevail if the association were either causal, or spurious 
on the basis of an unknown source of bias. It is difficult to conceive of a 
universally acting bias in all the diverse approaches unless it be a consti- 
tutional genetic characteristic or one acquired early in life, which will be 
discussed later in the section, Constitutional Hypothesis+ 

Two studies of tobacco workers (58, 141) have been cited as inconsistent 
with the 29 retrospective and particularly the 7 prospective studies cited in 
detail in the early portions of this section. Both these studies can be dis- 
missed because of major defects in methodology and concept. The heavier 
smoking among the tobacco workers in these studies was considered, but no 
comparison of observed-to-expected rates was made on the basis of smoking 
classes within this population. Furthermore their conclusions are based on 
expectancies in the general population without regard to the fact that persons 
with acute, chronic, or disabling illness are initially excluded from employ 
ment and that those developing permanent illness are lost to employee rolls. 

THE STRENGTH OF THE AssocrATroN.-The most direct measure of the 
strength of the association between smoking and lung cancer is the ratio of 
lung cancer rates for smokers to the rates for non-smokers, provided these two 
rates have been adjusted for the age characteristics of each group. An- 
other way of expressing this is the ratio of the number of observed cases 
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in the smoker group to the expected number calculated by applying the 
non-smoker rate to the population of smokers. This provides us with a 
measure of relative risk which can yield a judgment on the sire of the e,fect 
of a factor on a disease and which, e\en in the presence of another agent 
without causal effect, but correlated with the causal agent. will not be 
obscured by the presence of the non-c.ausal agent. Cornfield et al. (62 1 have 
uot only provided us with a detailed anal! sis of the applic,atiotls of hoth 
absolute and relative measures of risk, but have also demonstrated the useful. 
ness of the relative risk measure in judgin, m  causal and non-causal effects 
with mathematical proof of their statements. 

An absolute measure of difference in prevalence of a disease between 
populations with or without the agent I e.g., cigarette smoke‘) _ where the 
agent may be causal in its effect on several diseases. can provide us with the 
means of appraising the public health significance of the disease. i.e. the 
size of the problem, in relation to other diseases. It is less effecti\-e for 
appraising the non-causal nature of agent5 having apparent effects. the 
importance of one agent with respect to other agents. or the effects of rrfine- 
ment of disease classification. This, Cornfield and his co-authors / 62 1 hare 
demonstrated. 

In essence, then: a relative risk ratio measurin g the strength of an aeoo- 
ciation provides for an evaluation of whether this factor is important in the 
production of a disease. In the data of the nine retrospective studies for 
which relative risks of lung canrer among smokers and non-smokers were 
calculated, the ratios were not only high in all of the studies but showed a 
remarkable similarity in magnitude. More important: in the se\‘en pros- 
pective studies which inherently can reveal direct estimates of risks among 
smokers and non-smokers, the relative risk ratios for lung cancer were uni- 
formly high and. again, remarkably close in magnitude. Furthermorr, the 
retrospective and prospective studies yielded quite similar ratios. 

Important to the strength as well as to the coherence of the association is 
the dose-effect phenomenon. In every prospective study that provided this 
information, the dose-effect was apparent, with the relative risk ratio increas- 
ing as the amount of tobacco (84) or of cigarettes (25, 88, 96, 97, 163) 
smoked per day increased (Table 51. Even the retrospective studies for 
which relative risks were calculated by amount smoked (38. 147. 1.52: 222) 
showed similar increases in risks with amount smoked (Table 4i. 

It may be estimated from the data in the prospective studies that. in com- 
llarison with non-smokers, average smokers of cigarettes have a 9- to lo-fold 
risk of developin g lung cancer, and heavy smokers, at least a 20-fold risk. 
Thus it would appear that the strength of the association between cigarette 
smoking and lung cancer must be judged to be high. 

THE SPECIFICITY OF THE AssocI.~TIoN.-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 (e.g.. lung cancer‘) will predict. in the same indi- 
vidual, the presence of another (e.g.. cigarette smokillg) . 

In a discussion of the specificity of the relationship between any factor 
possibly causal in character and a disease it may produce, it must be rec- 
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opnized that rarely. if ever. in our biologic universe, does the presence of 
an agent invariably predict the occurrence of a disease. Second, but not 
less important. is our growing recognition that a given disease may have 
multiple causes. The ideal state in which smoking or smoking of cigarettes 
and every case of lung cancer was correlated one-to-one would pose much 
less difficulty in a judgment of causality, but the existence of lung cancer in 
non-smokers does indeed complicate matters somewhat. It is evident that 
the greater the number of causal agents producing a given disease the less 
strong and the less specific will be the association between any one of them 
and the total load of the disease. But this could not be posed as a contra- 
diction to a causal hypothesis for any one of them even though the predictive 
value of any one of them might be small. For example, the pathologist who 
examines a lung at autopsy and finds tubercle formation and caseation 
necrosis would almost invariably be able to predict the coexistence of tu- 
bercle bacilli. Experience has shown that the lesions are highly specific for 
Mycohacteriurn tuberculosis. On the other hand, a clinician may encounter 
a combination of signs and symptoms including stiff neck, stiff back, fever, 
nausea, vomiting, and lymphocytes in the spinal fluid. Experience has re- 
vealed that any one of a number of organisms may be associated with this 
syndrome: polio virus, ECHO viruses, Coxsackie viruses and Leptospirae, 
to name but a few-. The predictability of the coexistence of polio virus 
per se is rather low. In other words, the syndrome as noted is not very 
specific for polio virus. Th .: ic may well be the condition which prevails in 
coronary heart disease where the mortality ratio is between 1.6 and 1.8 or a 
60 to 80 percent excess among smokers of cigarettes. If this ratio is appli- 
cable to the entire population from which the sample data are derived, another 
w-ay of expressing this relationship is that. of the total load of coronary heart 
disease mortality among males only 61 to 64 percent is associated with ciga- 
rette smoking. The large residual among non-cigarette smokers implies 
either other causes in addition to smoking or, as a somewhat greater possi- 
bility, factors actually causally related to coronary heart disease and fre- 
quently, but not invariably, associated with smoking. 

However, in lung cancer, we are dealing with relative risk ratios averaging 
9.0 to 10.0 for cigarette smokers compared to non-smokers. This is an 
excess of 900 to 1,000 percent among smokers of cigarettes. Similarly, 
this means that of the total load of lung cancer in males about 90 percent is 
associated with cigarette smoking. In order to account for risk ratios of 
this magnitude as due to an association of smoking history with still another 
causative factor X t hormonal, constitutional: or other), a necessary con- 
dition would be that factor X be present at least nine times more frequently 
among smokers than non-smokers. No such factors with such high relative 
prevalence among smokers ha\,e yet been demonstrated. 

Another aspect of specificity requires some insight. Several cr%tics 
of the causal hypothesis have ‘questioned the significance of the association 
on the grounds that the existence of an association with such a wide variety 
of diseases, as elicited in the prospective studies, detracts from specificity 
for any one of them (22, 7). In a sense, this viewpoint is an exaggeration, 
for not all the specific disease mortality ratios in excess of 1.0 are large 



enough to warrant secure judgments of the strength of the association and 
of causal significance. A detailed discussion of this latter point has been 
presented in Chapter 8. The number of diseases in which the ratios remain 
significantly high, after consideration of the non-response bias, is not so 
great as to cast serious doubt on the causal hypothesis. Even if we were 
dealing with a single pure substance in the environment, the production of a 
number of disease entities does not contradict the hypothesis. It is well 
known that a single substance may have several modes of action on the 
several organ systems and that neither inhalation nor ingestion implies 
action restricted to the respiratory or digestive tracts, respectively. In 
tobacco we encounter a complex of substances whose additive and synergistic 
characteristics before and after combustion remain inadequately explored. 
It w-ould not be surprising to find that the diverse substances in tobacco smoke 
could produce more than a single disease. 

Actually, the finding that an excess risk for smokers does not occur for 
every one of the cauSes of death reinforces the specificity of the excess risk 
for those causes where the excess is significant. 

Thus, it is reasonable to conclude that the association between cigarette 
smoking and lung cancer has a high degree of specificity. 

TEMPORAL RELATIONSHIP OF ASSOCI.~TED VARIAm.Es.-In chronic diseases, 
insidious onset and ignorance 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 dis- 
ease which it is purported to produce. The early exposure to tobacco smoke 
and late manifestation of lung cancer among smokers, seem, at least 
superficially, to fulfill this condition. This does not, however, preclude the 
possibility that such patient? who, many years after the initiation of smoking 
are diagnosed as having lung cancer, may have had the primitive cellular 
changes or anlage (as postulated by Cohnheim) before the advent of their 
smoking. However, no evidence has thus far been brought forth to indicate 
that the initiation of the carcinomatous process in a smoker who developed 
lung cancer antedated the onset of smoking. 

COHERENCE OF THE A~SOCMTION.-A 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. In the lung cancer-cigarette 
smoking relationship the following should be noted : 

(1.) Rise in Lung Cancer Mortality.-The increases in per capita consump- 
tion of cigarettes (76, 138, 211, 239, 2551 and the age-cohort patterns of 
smoking among males and females (lS1) are highly compatible with a real 
increase in lung cancer mortality. 

(2.) Sex Differential in Mortality.-The current sex differences in tobacco 
use (151, 160), the pronuonced differences in ape-cohort patterns between 
males and females, particularly in the older age groups-over 55 (1.51) 
and over 50 (160) -and the more recent adoption of cigarette smoking by 
women (151, 344) are all compatible with the high male-to-female ratio 
of lung cancer mortality and also with the lower ratios of 30 years ago 
(130). Haenzel and Shimkin (149) developed a statistical model for 
determining whether the results of the retrospective and prospective studies 
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%ere compatible with the information on distribution of lung cancer and 
thus valid for generalization to larger populations.” Applying their model 
of scheduled relative risks to data on cigarette consumption by age and sex 
derived from the Current Population Survey of 1955, their predicted male/ 
female ratio came quite close to the observed ratio in the general population. 

(3.1 Urban-Rural Differences in Lung Cancer Mortality.-A number of 
sources in this country (90, 136, 148, 175, 238, 252) and overseas (82, 199, 
335 ) have firmly established this existence of an urban excess in lung cancer 
mortality. Because of the possible implication of an air pollution effect, 
this urban lung cancer mortality excess has been cited as either being incom- 
patible w-ith the smoking-lung cancer hypothesis (178, 229) or minimizing 
its significance I 69, 70, 71, 101., 190). The data of the studies of a number 
of authors have clearly shown, however, that although adjustment for 
smoking history does not equalize the urban-rural lung cancer mortality ratio 
(149). control on the urban-rural residence factor nevertheless leaves a 
large mortality risk difference between smokers and non-smokers. Haenszel 
has demonstrated this fact in his two population sample studies on males 
and females (147, 1521. Mills and Porter (238) demonstrated a much 
greater effect of smoking on lung cancer mortality than the urban-rural 
factor. Stocks (335) also demonstrated that though smoking is not the 
sole factor, as manifested by a rural-urban gradient among non-smokers, it 
represented a much more preponderant factor in accounting for the lung 
cancer mortality than did presumed air pollution or at least urbanization. 
He noted that his regression lines on amount smoked were parallel for the 
different areas in England and North Wales and that the urban-rural mor- 
tality ratios declined from 2.3 among non-smokers and 2.5 among light 
cigarette smokers to unitv among heavy smokers. The first prospective 
study of Hammond and Horn 1162) also showed higher lung cancer mor- 
tality rates irrespective of residence. In Dean’s second study in South 
Africa (70), in which he corrected the critical defect in his first study of 
not studying the smoking habits of the test populations, he continued to 
emphasize urbanization or air pollution as the major factor in lung cancer. 
.A perusal of his data. however. shows that by controlling on smoking, the 
lung cancer mortality rates arv doubled by the factor of country of ori- 
gin: whereas. \+.ith country of origin controlled, the lung cancer risk increases 
from 3 to 20 times as the amount of cigarette smoking increases. After 
smoking patterns are controlled, the residuals in the urban over rural excess 
imply other factors, although the smoking factor preponderates in the urban- 
rural differences in lung cancer mortality in all of these studies. Thus the 
urban excess of lung cancer mortality is not incompatible with the smoking- 
lung cancer hypothesis. 

(4.) Socio-Economic Differentials in Lung Cancer Mortality.-Distinct 
socio-economic differentials have been demonstrated convincingly in the 
epidemiology of lung cancer. Cohart (57) found a 40-percent excess of 
lung cancer incidence among the lowest economic class (both sexes) in the 
New Haven population, and the morbidity survey by Dorn and Cutler (90) 
demonstrated a distinct gradient by income class among white males, with 
the highest rates among the lowest income groups. In Denmark, Clemmesen 
and Nielsen, utilizing data derived from the Danish Cancer Registry, aIs0 
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found a much higher incidence of lung cancer among males in the lower 
rental groups (55) . In relation to the contribution which smoking makes to 
this differential, there is evidence that cigarette smoking may be inversely 
related to socio-economic status. The components of socio-economic status 
are, at best, difficult to define, compartmentalize, and measure. Direct 
inquiries of family income are rare and, when made, are subject to con- 
siderable error. Studies based on rental values. as in the Danish studies. 
express more adequately socio-economic status. 

Another high correlate of income is educational achievement. which has 
been considered by Hammond in his current prospective study I 161) in 
relation to smoking habits. Among males, the highest proportion of ciga- 
rette smokers (past or present) and the highest proportion of those smoking 
20 or more cigarettes per day (past or present) w-ere found in the group 
classified as “some high school education I but not high school graduates ) )” 
whereas the lowest proportion was found among college graduates. The 
highest proportion of ex-cigarette smokers (as of 1961-62) was among 
college graduates. Although the relation of smoking and educational le\-el 
in women is more complicated, the group which had been to college also had 
the highest proportion of ex-smokers. Finally. college graduates had the 
next to the lowest proportion of heavy cigarette smokers. NolIe of the 
female gradients was a sharp as those for the men. 

Occupation has also been utilized as a measure of socio-economic status, 
but this measure obviously has severe limitations. No definitive study has 
been reported in which lung cancer has been correlated with occupation 
and smoking class; the current Hammond I 1571 and Dorn 188) prospec- 
tive studies may ultimately yield definitive findings in this regard. However. 
some indirect evidence of a partial correlation between the observed higher 
lung cancer death rates in lower socio-economic groups may be found in 
Table 26 of the Survey of Tobacco Smoking Patterns in the United States 
I, 151). Keeping in mind that type of occupation is not a critical index of 
income, it will nevertheless be noted that the professional and farmer and 
farm manager groups had higher proportions of non-smokers among them 
than did the laborers and craftsmen. This finding is in the proper direc- 
tion for compatibility with the socio-economic differential in lung cancer mor- 
tality but the disparity does not appear to be sufficient to provide a satisfying 
correction. In fact, in this U.S. study, analyses by amount of cigarettes 
smoked tended to obscure the ordering by social class. In Great Britain, 
however, the inverse relationship of socio-economic class to heavy cigarette 
smoking remained apparent (174). In the U.S. study, classification by 
industry showed the highest proportions of non-smokers to be in the pro- 
fessional and agricultural groups and the lowest among industries. Thus, 
though the measures are admittedly crude. they are compatible with the 
socio-economic differential in lung cancer mortality. 

(5.) The Dose-Response Relationship.-If cigarette smoking is an im- 
portant factor in lung cancer, then the risk should be related to the amount 
smoked, amount inhaled, duration of smoking, age when started smoking, 
discontinuance of smoking, time since discontinuance, and amount smoked 
prior to discontinuance. Herein lies the.greatest coherence with the known 
facts of the disease. In almost every study for which data were adequate 
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and which was directed to amount of smoking, duration of smoking and age 
when smoking was begun, the associations or calculated relative risks (direct 
or indirect) revealed gradients in the direction of supporting a true dose 
effect. Where discontinuance, time since discontinuance, and amount 
smoked prior to discontinuance were considered in either retrospective 
studies or. with more detail, in prospective studies, these all showed lower 
risks for ex-smokers, still lower risks as the length of time since diseon- 
tinuance increased, and lower risks among ex-smokers if they had been light 
smokers. These findings have been described in detail in the section on 
Retrospective Studies. 

Some contradictory information has been presented in regard to inhalation 
of tobacco smoke. This is the lack of association between inhalation and 
lung cancer as noted by Doll and Hill (82) alluded to earlier. These authors 
have begun collecting data (iu their prospective study) on inhalation for the 
mortality experience since 1958. These data are not presently available (80) . 
However, until the current ongoing prospective studies will have yielded in- 
formation on this point in regard to lung cancer, four retrospective studies 
provide information on inhalation contrary to the Doll and Hill early nega- 
tive findings ( 38, 211, 222, 313). In two of these (222, 313) inhalation and 
amount of smoking were considered and led to the provocative finding that 
with increase in daily amounts of cigarettes smoked the differences in risks 
between inhalers and noninh,ders diminished. There is no immediate ex- 
planation for this apparent discrepancy. 

Hammond has studied the smoking habits of the men and women in his 
current prospective study quite intensively ( 160). He has observed that the 
majority of men (92.9 percent) who smoke cigarettes inhale, and of these 
the majority inhale “moderately” to “deeply.” Pipe or cigar smokers inhale 
rarely. Combination smokers i i.e., cigarettes in combination with pipes and/’ 
or cigars) inhale in proportions intermediate to these. These findings become 
compatible with the hypothesis that the degree of inhalation accounts for a 
gradient of lung cancer risks, high to low, for smokers of cigarettes only. 
combination smokers, and pipe or cigar smokers (Table 5). An explana- 
tion of the diminishing differences in risks between “inhalers” and “non- 
inhalers” with increase in amount smoked might be obtained if a more 
objective measure of inhalation were available. 

(6.) Localization of Cancer in Relation to Type of Smoking.-Although 
historically a relationship between cancer and smoking was suspected by 
Holland ( 176) and Soemmerring (322) with reference to the lower lip, it was 
not until the systematic, controlled study of lung, lip, pharynx, esophagus. 
colon and rectum cancers in relation to types of smoking by Levin in 1950 
that significantly distinctive associations between localization of the cancer 
and type of smoking were ehcited (207). Levin noted that statistical sig- 
nificance was achieved for cigarette smoking and lung cancer and for pipe 
smoking and lip cancer and stated, “It is somewhat surprising that type of 
smoking is the associated factor, rather than the actual use of tobacco.” 
Since then other studies have pointed up the relationship between type of 
smoking and localization of ca.ncer. Sadowsky I 301) in relative risk estima- 
tions of types of smoking and cancer site, also noted the highest significant 
values for cigarettes with lung, larynx and esophagus; for pipes with lip. 
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tongue and oral cavity; and for cigars with tongue and oral cavity. The 
complexities involved in a rational explanation for these phenomena are 
legion. especially since critics of the smoking-lung cancer hypothesis would 
point to no phenomenal rise of laryngeal cancer (onl?- a slight rise for whites 
between 1930 and 1955i in the face of increased cigarette consumption. 
Although among cigarette smokers, the relative risk of mortalit!- from lung 
cancer is presently greater than the relative risk for laryngeal cancer, the 
reverse seems to be true among cigar and pipe smokers I Chapter 8, Tables 
19 and 24). Furthermore. the per capita riae in cigarette consumption has 
been accompanied by a concomitant decline in consumption of pipe and 
cigar tobacco, the smoke of which was not deeply inhaled. It is thus con- 
ceivable that the increase in cigarette consumption ( and decline in cigar and 
pipe smoking) could affect an increase in lung cancer more significantly 
than in laryngeal cancer. 

Finally. there is no reason to assume that the susreptibility of the larynx 
to cancer equals that of the bronchus. Thus. a reasonable explanation for 
the difference in localization and relative risk is apparent. especially when 
it is known that in certain industrial exposures in which the irritant is in- 
haled and lung cancer is associated with such inhalation ~chromatesi, 
laryngeal and tracheal cancer is rare. It is. on the other hand. easier to 
visualize a mode of action for pipe and cicar tobacco in production of lip and 
ton,- and other oral cavity cancers. Thus, none of these considerations de- 
tract from the coherence of the association between cigarette smoking and 
!ung cancer. 

HISTOPATHOLOGIC EVIDEIVCE 

In earlier -mtions of this Chapter it has been noted that the application 
of tobacco extracts, smoke or condensates to the lung or tracheobronchial 
tree of experimental animals has failed to produce bronchogenic carcinoma, 
except possibly in dogs ( 289 I . I n addition, no animal experiments have thus 
far been devised to duplicate precisely the act of smoking as it is practiced by 
man. However, that the lungs of experimental animals are susceptible to car- 
cinogens, particularly polycyclic aromatic hydrocarbons isolated from to- 
bacco smoke. has been demonstrated by a number of workers (5, 197, 302). 
Of immediate import to the smoking-lun g cancer relationship is the observa- 
tion that the histopathologic characteristics of the cancers thus produced are 
similar to those observed in man and are predominantly squatnous in type. 
Furthermore. certain bronchial epithelial changes, sequentially observed 
prior to the malignant changes in animals exposed to these carcinogens are 
similar to those in the bronchial epithelium of human smokers (9). In 
this latter extensive and well-controlled study, these changes were rarely 
seen among non-smokers, but increased in frequency and intensity with the 
number bf cigarettes smoked daily by individuals without lung cancer and 
were most frequent and intense in patients dying of lung cancer (Table 6 
of this Chapter). Ex-cigarette smokers and pipe and cigar smokers yielded 
a higher frequency of such cellular changes than non-smokers but less than 
did current cigarette smokers. Thus. the histopathologic evidence derived 
from laboratory and clinical material supljort the cigarette smoking-lung 
cancer hypothesis. 
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CONSTITUTIONAL HYPOTHESIS 

GESETIC CoNsrDERATloPs.--Thus far in the evaluation, the Committee has 
considered whether the al-ailable data are consistent with the hypothesis 
that smoking causes cancer of the lung. The analysis must consider with 
equal attention the alternative hypothesis that both the smoking of cigarettes 
and cancer of the lung hare a common cause which determines both that an 
individual shall become a smoker and also that he shall be predisposed to 
lung cancer. This h as often heen called the constitutional hypothesis. How- 
ever. one should distinguish between the morphologic and physiologic char- 
acteristics of any individual due to a given environment and those character- 
istics (phenotyie~ that are due to an interaction of hereditary susceptibility 
and the environment. 

The characteristics of individuals studied in relation to smoking have been 
numerous and varied. Some of them have been physical attributes such as 
physique or somatotype, height and weight and their ratios, masculinity, 
anthropometric variables, physiologic variables (heart rate, pulsk pressure, 
blood pressure, cholesterol le\-els), and physical activity; others have been 
psychosocial iincluding persoqalitv-i in character (Chapter 14). Cigarette 
smokers have been described as consuming more alcohol, drinking more 
black coffee. being more neurotic. engaging more often in athletics: and as 
being more likelv to have at ltaast one parent with hypertension or coronar!- 
dieeasr i 1.X. 214. 235). Many studies have been poorly designed and 
controlled. others have yielded contradictory findings: and still others. 1)~. 
admission of their authors. have included characteristics that could either 
have heen acquired or have heen produced by smoking. None of these 
constitutional attributes have been included in a prospective study of mor- 
tality front Lund cancer fulfilling satisfactory epidemiological criteiia. except 
for a breakdo\\n h! longeviti of parents.and grandparents in one study 
( 1.59 I. Thr penrtics of the c%haracteristics themselves has not been deter- 

mined. and adequate anal!si; of common genetic determinants in relation 
to the hahit of smoking has not been attempted. No environmental deter- 
minant.< that ~vould uni\-rrsall7; induce smoking and also produce the char- 
acteristics are evident I 02 I or have been proposed. 

Fisher I 11:: I bar: hem forelnost in calling attention to the possibility that 
cancer of the lung and the habit of smoking may be due to a common geno- 
type. Selection of smokers then would automatically provide a population 
in I( hich I)uln~onarv canrer would appear on the basis of genetic suscepti- 
hilit)-. Studies on the concordance of smoking in twins (122. 127,281. 3561 
were used to supl)ort the hvljothesis, since more monozypotic pairs haye 
similar smoking hahits than.do dizygotic pairs. Although the data on the 
smoking hahits of identical and fraternal twins raised apart are compatible 
with this h!-pothesis. the histor Y of cancer in twins whose smoking habits are 
knorin has ne\-er been documented sufficiently to be useful in helping to 
resolyp the question of whether the concept of the constitutional hypothesis 
is valid. Also information about the habits and medical history of other 
siblings. offspring. and parents is singularly scanty, and efforts to separate 
genetic factors from influences of the environment in such studies have been 
only rudimentary. 
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Although single genes may be involved in a few exceptional neoplastic and 
preneoplastic states such as retinoblastoma and precancerous colonic poly- 
posis, genes for susceptibility to human cancer are usually multiple (48). 
Whether multiple genes for susceptibility may also be operating in the 
instance of cancer of the lung has not been established. The linkage (in a 
genetic sense) between multiple genes related to a habit (smoking) and a 
disease (lung cancer) in an heterogeneous population would require numer- 
ous coincidences with small probabilities. Also, in order to adhere to a con- 
sistent argument in explainin g the reduced incidence of cancer of the lung in 
this group, it would be necessary to postulate another common genotype for 
those who smoke and subsequently terminate the habit. The argument 
becomes even more labored when multiple examples of identical genotypes 
for susceptibility to smoking and respective specific types of cancer are re- 
quired by the hypothesis to explain the multiple types of cancer associated 
writh smoking. 

Since cancer of the lung occurs in both men and women who do not 
smoke, susceptibility genes acting alone or in combination with extrinsic 
or additional intrinsic factors can be effective without exposure to tobacco 
smoke. The occurrence of the disease, therefore, is not invariably linked to 
hypothetical genes responsible for the habit of smoking. Since susceptibility 
to cancer may be due to multiple genes with variable penetrance, and since 
the expression of these genes may change with environmental conditions, a 
minor portion of the cases of pulmonary cancer can be explained as the 
expression of genetic susceptibility in an environment excluding the habit 
of smoking. 

Smoking then mav add an extrinsic determinant which can increase the 
incidence of cancer of the lung beyond that which would otherwise prevail 
in the same population. 

It should be emphasized that comparisons of lung cancer mortality in 
smokers, non-smokers and ex-smokers have been made on different popula- 
tions. Thus, in considering the fact that the incidence of lung cancer appears 
to decrease when smoking is discontinued, it must be remembered that the 
population which can stop or does stop smoking may differ from that which 
continues. It is possible that the ability to terminate the habit may also 
be determined genetically. 

In assessing the importance of a possible genetic influence in the etiology 
of lung cancer, it should be recalled that the great rise in lung cancer inci- 
dence in both men and women has occurred in recent decades. This points 
either to a change in the genie pool, or to the introduction of an agent into 
the environment, or a quantitative increase of an agent or agents capable of 
inducing this type of cancer. The genetic factors in man were evidently not 
strong enough to cause the development of many cases of lung cancer under 
environmental conditions which existed half a century ago. In terms of 
what is known about rates, pressures, and equilibria of human mutations the 
asumption that the genome of man could have changed gradually, simul- 
taneously and identically in many countries during this century is almost 
inconceivable. 
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Smoking may be placed more properly in the role of an environmental 
determinant than as part of the phenotype of the pluripotential gene or 
genes, interacting with the environment and resulting in cancer of the lung. 

Current evidence is compatible with the opinion that genetic factors play 
a minor role compared to thse contribution of the smoking habit in the 
etiology of lung cancer today. 

EPIDEMIOLOGICAL CoivsmER,\TIoi%-Although evidences for the consti- 
tutional hypothesis are, at present, either tenuous or actually lacking, the 
basic philosophical and logical prerequisites for this hypothesis are contra- 
dicted by a number of well-established observations (62) : 

( 1.) Lung Cancer Mortality.-Lung cancer mortality has been increasing 
in the last SO years and much more in males than females. This in- 
crease could be due to either an environmental change or a mutation. 
Since an unchanging constitutional makeup cannot of itself explain the in- 
crease, we must postulate either that there are genetic differences which make 
some individuals sensitive to a new environmental factor (not tobacco), or 
that differences in constitution,al makeup ire not genetic but the result of 
differential exposure to some new factor that predisposes to lung cancer and 
creates the desire to smoke, or that the mutation has produced an increased 
susceptibility and a desire to smoke. For the first two postulates a new,en- 
vironmental factor, other than tobacco, is required. Such a factor, it must, 
be remembered, must be correlated with lung cancer as highly as are ciga- 
rettes and also highly correlated with cigarette consumption. None has yet 
been found. In order to account for the magnitude of the lung cancer 
mortality increase, the third postulate would require a mutation rate which 
far exceeds any observed. 

(2.) Tobacco Tars.-Tobacco tars have been found to be carcinogenic for 
experimental animals. AlthouiFh carcinogenicity of tobacco tars has not 
been demonstrated in man, the constitutional hypothesis would require that 
they are not, and that the association with lung cancer in man of substances 
found to be carcinogenic for experimental animals is a coincidence. 

(3.) Pipe and Cigar Smoking.-Pipe and cigar smoking appears to have a 
higher correlation with laryngeal and oral cancer than with lung cancer. 
The constitutional hypothesis would require that there shall be two consti- 
tutional makeups, one predispos.ing to cigarette smoking but not to pipe and 
cigar smoking and also to cancer of the lung; the other predisposing to to- 
bacco consumption in any form and to cancer of the larynx and oral cavity 
but not to cancer of the lung. The alternative within this hypothesis would 
require that the special constitut.ional makeup predisposes to cigarette smok- 
ing and lung cancer, but that tobacco smoke, whether from cigarettes, cigars 
or pipes, is carcinogenic for the larynx and oral cavity but not for the lung. 
These requirements are unrealistic. 

(4.) Ex-cigarette Smokers.-Ex-cigarette smokers have a lower lung-can- 
cer mortality and a gradient is noted by length of time smoking has been dis- 
continued and by the amount previously smoked. This would require 
complicated genetic interrelationships if the constitutional hypothesis were to 
be satisfied. A simpler hypothesis, which involves a causal relationship be- 
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tween smoking and lung cancer, but recognizes differences, defined or ill 
defined, between smokers and non-smokers may be stated as follows: There 
are factors in the individual acquired early (or genetic I which predispose to 
cigarette smoking, and cigarette smoking by direct action of smoke on the 
bronchial epithelium is a major factor in producing lung cancer in susceptible 
individuals. 

A detailed discussion of the significances of the data on psycho-social, 
constitutional, and physical characteristics of smokers and non-smokers 
is presented later in this report (Chapters 14 and 15). The role of the 
genetic factor in carcinogenesis has been discussed earlier in this Chapter. 

OTHER ETIOLOGIC FACTORS Ah’D CONFOUNDING F’ARIABLES 

Throughout this evaluation. it has been recognized that a causal hvpothesis 
for the cigarette smoking-lun g cancer relationship does not exclude other 
factors. This is attested to by the fact that a small but not insignificant 
percentage of cases of lung cancer does occur among non-smokers. Some 
estimates in retrospective studies and most of the prospective studies indi- 
cate that approximately 10 percent of the lung cancer cases are in non- 
smokers. Doll (78) h as p rovided a higher estimate of 20 percent. Further- 
more, the inability to account for the higher lung-cancer incidence in the 
lower economic classes entirely by disparities in smoking habits, which 
do exist, does imply other causal factors. 

Several other possible etiologic factors which have been explored merit 
discussion. These include occupational hazards, urbanization or industrial- 
ization and air pollution, and previous illness. 

(1.) Occupational Hazards.-In an extensive review of the literature on 
lung cancer in chromium and nickel workers and in uranium miners, Seltser 
(318j found the evidence for an excess of lung cancer mortality among chro- 
mate workers highly consistent. However, because of the smallness of the 
numbers involved, caution must be exercised in any calculation of the magni- 
tude of the risk. Furthermore no evidence has been presented either for or 
against an excess risk of lung cancer among workers exposed to other 
chromium products or chromium mining. The evidence for an excess risk 
among nickel processing workers in refineries was even more consistent than 
for chromate workers. The lung cancer risk was five times greater among 
nickel processing workers than in other occupational groups in the same area 
(the risk for nasal cancer was 150 times higher). Among uranium miners 
an excess risk is apparent (3601, and is greater than in certain other miners 
of similar ores without the high radioactivity component (361). Although 
the induction of lung cancer by radio nuclides is probable in man, the evi- 
dence is not as firm as in animals. 

In addition, Doll has found a significant excess of lung cancer deaths 
among coal gas workers i81) and asbestos workers (77 i . In another review 
article, Doll (79) has added arsenic and hematite as suspects to the list, with 
isopropyl oil, beryllium, copper. and printing ink as possible risks. 

The evidence for the possible role of arsenic as a factor in the etiology of 
lung cancer has been summarized by Hueper (178), and I{uechley (45) has 
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recently suggested that it merits epidemiological investigation. The chief 
points of evidence cited include 1) the universality of arsenic in many ores 
and in the atmospheres in and near smelters; 2) the widespread use of 
ar-s&c as an insecticide and rthe consequent exposure of workers in insecti- 
cide manufacture, agricultura.1 workers, and those handling or consuming 
crops with arsenic residues; and 3) reports of a relatively high incidence of 
lung cancers in people living around smelters processing arsenic-containing 
ores, and also in vineyard workers exposed to large amounts of arsenical 
pesticides and consuming large amounts of arsenic-contaminated beverages. 

It is noteworthy that for the nickel and chromate material the lung cancer 
mortality is referrable to a high exposure period in the respective industries, 
a situation which probably does not prevail today. Of greater importance is 
the regrettable fact that in none of these occupational hazard studies were 
smoking histories obtained. Thus the contribution which smoking, as a 
contributory or etiologic factor, may have made to the lung cancer picture 
in these risk situations is unknown. However, the series of cases in non- 
smoking chromate workers is large enough to exclude the possibility that 
cancers of the lung in chromate workers develop only in those who smoke 
cigarettes. Nevertheless, it must be emphasized quite strongly that the popu- 
lation exposed to industrial carcinogens is relatively small and that these 
agents cannot account for th’e increasing lung cancer risk in the general 
population. 

(2.) Urbanization. Industrialization, and Air Pollution.-The urban-rural 
differences in lung cancer mortality risk, though small and accounted for in 
part by differences in smoking habits (see section entitled Coherence of 
Association) ) nevertheless may have a residual which implies other etiolopic 
factors in an urban environment. This has been the explanation offered in 
the studies by Stocks and Campbell (337) and Stocks (335) who noted a 
gradient among non-smokers, light cigarette smokers and pipe smokers by 
density of population but who found no gradient among heavy smokers. 
Less direct evidence was derived by Eastcott (101) and Dean (69, 71 j who 
found higher lung cancer rates among migrants from Great Britain to New 
Zealand. South Africa and Australia, respectively. Their inferences were 
that these immigrants had had significant exposure to air pollution in Eng- 
land prior to coming to the Commonwealth countries. Unfortunately, these 
interpretations were untenable for there was no individual case-control in- 
formation on tobacco consumption. A correction of method by Dean in a 
later study (70) did elicit smoking histories and revealed a marked influence 
of cigarette smoking but a significant though lesser factor of urbanization. 
Doll’s study of non-smoking lung cancer cases (78) revealed no differences 
in risk among men and women and in residents of areas of different popula- 
tion density. His findings cannot be considered to be conclusive of a nega- 
tive result. for density of population need not necessarily be highly correlated 
with pollution. In a more recent, as yet unpublished, paper by Stocks* a 

*Stocks. P.: A  Study of Tobacco Smoking, Air Pollution. Residential and Occupa- 
tional Histories and Mortality from Cancer of the Lung in Two Cities. Inter-regional 
Symposium on Criteria for Air Quality and Methods of Measurement, W.H.O., Geneva, 
Switzerland, August 6-12, 1963. 
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mathematical model embodying amount of smoking, age, air pollution 
measurements by specific carcinogenic constituents, proportion of life spent 
in country and town, and lung cancer mortality was applied to the data de- 
rived from Belfast and Dublin. The lung cancer death rates were found to 
be compatible with an hypothesis that in Belfast about two-thirds of the deaths 
of men resulted from cigarette smoking and one-third from air pollution by 
smoke and, in Dublin, 75 percent from cigarette smoking and 25 percent from 
air pollution. These data are not offered as proof but represent the ap- 
proaches necessary for future research in the area of proportional contribu- 
tions to lung cancer mortality. Such appl t ica ions may be useful in determin- 
ing the role of air pollution in such disparate lung cancer mortality rates 
between, for example, the United States and Great Britain when adjustments 
in smoking habits still do not eliminate the difference completely. 

Two studies (147, 152 ) have also indicated that migration of rural people 
into urban areas subjects them to lun g cancer risks greater than for life- 
time urban residents. This effect is noted among non-smokers as well. The 
least that can be said is that the intensity of urbanization or industrializa- 
tion may have a residual influence on lung cancer mortality. 

(3.) Previous Respiratory Infections.-Relatively few soundly designed 
studies have tested the effect of prior respiratory disease, particularly infec- 
tions, on the development of lung cancer. 

Winternitz (371) called attention in 1920 to proliferative changes in cases 
of post-influenza] pneumonia similar to those seen in invasive, malignant 
neoplasms of the lung but this report stimulated relatively few epidemiologic 
observations. In the retrospective study of the smoking-lung cancer rela- 
tionship by Doll and Hill (82) inquiry into a history of previous respiratory 
infections led to finding a significant excess of antecedent chronic bronchitis 
and pneumonia among lung cancer patients even when smoking class was 
controlled. However, because a collateral comparison with another control 
group of patients, for whom a lung cancer diagnosis was subsequently found 
to be in error, failed to reveal a difference, Doll and Hill concluded that 
either “chronic bronchitis and pneumonia predispose to a whole group of 
respiratory disorders . . . or that patients with respiratory disorders recall 
previous chronic bronchitis and pneumonia more readily than do patients 
with diseases with other symptoms.” However, almost simultaneously 
Beebe (20) investigated the relationship between mustard gas exposure, 
chronic bronchitis, pneumonia and influenza and lung cancer, and Case and 
Lea (53) between mustard gas exposure and/or chronic bronchitis and lung 
cancer. Smoking histories were controlled in these studies. Beebe found 
no evidence of an increased lung cancer risk with an antecedent history of 
influenza] pneumonia and primary pneumonia but there did appear a highly 
suggestive association between mustard gas exposure and lung cancer. No 
relationship between chronic bronchitis and lung cancer was noted. Case 
and Lea, however, interpreted their findings to mean a sequential relation-. 
ship between mustard gas exposure, chronic bronchitis, and lung cancer. 
The lung cancer risk was doubled by pre-existing chronic bronchitis. Doll, 
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in a later review (76), however, indicated that since the smoking-lung cancer 
relationship is stronger than the chronic bronchitis-lung cancer relationship, 
chronic bronchitis is not a necessary intermediate pathogenetic process. The 
failure of the Beebk study to affirm the Case and Lea findings in regard to 
chronic bronchitis may lie in the problem of differences in British and 
American diagnoses of chronic bronchitis. 

In an epidemiologic approach to other factors in lung cancer risks, Denoix 
et al. (72) studied 160 characteristics. Among other factors, much less 
strongly associated with lun,g cancer than smoking of cigarettes, they 
found a history of exposure to war gas and chronic bronchitis to predispose 
to lung cancer. The war gas component was strong enough to double the risk 
of lung cancer even with control on smoking class. 

Thus, the observations on previous respiratory illness are too few in 
number to place any degree of assurance on a relationship, but the studies 
hy Case and Lea and by Denoix et al. remain interesting. 

(4.) Other Factors.-Numerous other factors, such as coffee drinking, 
alcohol consumption, nutritional status, and beer drinking, have been studied 
and some associations with lung cancer have been found, but none of them 
does more than double the risk (and sometimes these are noted to be as- 
sociated with lung cancer via the smoking component’) as compared to the 
9- to lo-fold risk in average cigarette smokers and the 20 + fold risk in heavy 
smokers. 

Conclusions 

1. Cigarette smoking is carnally related to lung cancer in men; the mag- 
nitude of the effect of cigarette smoking far outweighs all other factors. 
The data for women, though less extensive, point in the same direction. 

2. The risk of developing lung cancer increases with duration of smoking 
and the number of cigarettes smoked per day, and is diminished by dis- 
continuing smoking. 

3. The risk of developing cancer of the lung for the combined group of 
pipe smokers: cigar smokers, and pipe and cigar smokers is greater than in 
non-smokers, but much less than for cigarette smokers. The data are in- 
sufficient to warrant a conclusion for each group individually. 

ORAL CANCER 

Epidemiologic& Evidence 

The suspicion of an association between use of tobacco and oral cancer 
dates back to the early 18th Century when Holland ( 176) first noted cancer 
of the lip among users of toba.cco. In 1795, Soemmering (322) made the 
same observation. In the pre;ent era. additional clinical observations have 
been recorded. The investigators noted the proportions of users of the 
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various forms of tobacco among the various cases of oral cancer and found 
clues to a relationship. These observations lacked controls. Notable 
among these reports are the review by Haase (142) emphasizing location of 
the cancer of the lip and mouth according to where the pipe was held; the 
analysis by Ahlbom (1) by specific type of tobacco use in relation to site; 
and the work of Potter and Tully (280) which indicated an increase in risk 
of oral cancer with increax in smoking. From the first two studies mentioned 
(1, 142)) it is immediately apparent that any reasonably meaningful study 
of the relationship between tobacco and oral cancer must take into account 
ndt only the specific sites (lip, cheek. gingiva, tongue, oropharynx, etc.) 
hut also the precise form of tobacco u-se (pipes, cigars, cigarettes, chewing 
tobacco. snuff, etc.). 

Of additional interest is the specialized use of tobacco as a component of 
hetel nut quids in certain areas of the world: several observations suggest an 
association with oral cancer (66, 67. 269. 319). In contrast. observations 
of populations using betel nut quid s without tobacco (104. 234. 367) in 
certain other areas of the world show no association of betel nut with oral 
cavity cancer. 

More formalized case-control or retrospective studies varying in spe- 
cific approach, in suitability of controls and in sample size have appeared 
between 1920 and the present (26,41,103,202,207,221,237,245,272.301, 
306, 314, 326, 355, 369, 385, 387, 388: 398 I. These studies are described 
in Table 10 which includes general smoking data, for the most part, on com- 
binations of specific sites of orat cancer. A number of these investigations 
either did not separate the several sites of the oral cavity because of the small 
number of cases for each site or. upon separation into such sites, found the 
smoking classes too numerous for testing of significance (26,221, 237, 388). 
Since associations with form of tobacco use varied according to smoking 
classes and, wherever possible, to specific sites (Table lOA), in this sum- 
mary table, a statistically significant positive association is designated by 
a plus sign, whereas the lack of such an association is designated by a minus 
sign. A plus-minus sign indicates that there was some evidence of an asso- 
ciation which was not, however, statistically significant. 

It will immediately be noted that in 10 of 17 studies all oral sites were 
combined in an attempt to elicit an association with forms of tobacco-use 
(26, 202, 221, 237, 245, 272, 306, 314, 326, 388). Although eight of these 
showed positive association, they were so scattered among the several forms 
of tobacco use that little can be derived from them. Furthermore, distinctly 
specific site associations may be masked by such combinations. In examin- 
ing the data for specific site localizations and forms of tobacco use, several 
associations become clarified. 

It would appear that pipe smokin g is associated with lip cancer in all six 
studies in which this site and form of tobacco use was analyzed (41,103,207, 
301,378,385). 

In one additional study (237) an association with pipe and cigars com- 
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TABLE lo.--Outline of retrospective studies of tobacco use and cancer of the oral cavity 

T Co”trols 
__- 

Method of selectlo” 

Investlgetor and yen, Her- 
W ”Cl 

Collection of data 

Numba 

500 

VU”llR 

526 
II 

.__ 
217 

Method of selcctio” 
,’ 

-- 
‘r 

-_ 
(41: 

(“21: 

Series of elimc patients without 
epithelion~n of the lip. 

7s. 6% tobacco users 
75.2% xnokers 
44.4% rigarettes 
13.4%, chew 
ZS.G% pipes 
44.0% cigars 

Apparently by interview in the 
clinic. 

U.S.A. M  
F 

Series 01 rlinir patients with epi- 
thclioma of the lip. 

80.6% tobacco users 
75.1’%  sl”okers 
0.9% +arettes 

24.0% chew 
59.0% pipes 
38.57, cigars 

Clinic patients with cancer of 
vsriou sites. Site breakdown 
md smoking data not rlpar. 

Lonlhanl and Doer- 
ing lW%. 

217 Clinir pnticnts without cancer, 
“Wched by sex and age. Smok. in7 ,,?,+* .,,>* “I”“. . ..* ““%.. ..1(1 \.Y‘.L. 

Personal interview by investigators 
in clinics. 

1J.S.A. M-F 

__ 
Bigelow and 

Lorrlbnrd, 1933. 
(27: 

(103) 

(? 

439 
33 

143 

Patients without ca”cer, in eom- 
parable “u”lbers. 

26.5% “on-users 
24.07:. excessive users (Table 111). -__-- 

Sweden M  
F 

) Clinic and hospital patients, ap- 
parently several hundred. 

14.2% “on-USXS. 
36.4% exessive users (Table 111). 
-___ 
Clinic patients with cxncer of the 

tin 

Personal interview in hospitals and 
clinics. 

/- Not defined. 
68.7% tobacco “sers. M  
1 to 2 701 tobacco users, F 
22.9% pipes, M  
60.7% chew OT use snuff, M  
32.5% cigars and cigarettes, M  

Ebenius 1943 
_.,. 

79.7% tobncro users, M  
57.6% tobacco user+, F (all pipes) 
61.8% pipes, M  
47.4% chew OT “se snuff, M  
12.9% rigars and cigarettes, M  - 
Canrer institute patients with 

cancer of the lip. 
84.5% smokers 
45.3% cigarettes 
48.1% pipes 
26.5% cigars 

Levi” et al. 1950 m7) 1J.S.A. 1 M  Rolltine clinic interview. Csnrer institute patients with 
non-cancer diseases of same site. 

74.0% snlokers 
43.00/, cigarettes 
30.7% pipes 
34.9% cigars 

Mills and Porter 1950 (237) M  124 185 Sn”lple of population of Colum- 
bus. Ohio, and in same proportion 
of valor, sex, and age as in CRSW. 

32.4% cigarettes only 
‘29i;~;sPipes, rlgers. or combina- 

From next of kin of deceased by 
rnsil questionnaire or by personal 
interview. Controls by house- 
to-house interview. 

Deaths from canrcr oi oral cavity 
ill Cincinnntl and Detroit, 1940- 
45 and 1942-46, rcspectivcly. 

35.5% eiearettes only 
54i~~XXs”prs, clpirrs. or combina- 

_- - 



Moore et al. 1953 (245) U.S.A. M  112 Patients OYer M  yrs. old since 1961 
with ca”cer of oral cavity. 38 Patients of same age groups with 

53.0% chew 
be”irn oral lesions or benign 

Personal IntervIew of contmls; fool 
cases, next-of-kin were visited or 

42.0% pipes 
surgical amditions. 

38.4% cigars and cigarettes 
31.6% chew 

contacted by letter. 

47.4% pipes 
52.6% cigars and cigarettes ____^.____ 

Sadowsky et al., 1953 (301) IJ.9.A. 

Smghvl et al., 1955 
-- 

(306) India M  
F 

136 Hospital patients with oral and 
pharyngeal cancer, 193M& 

42.3% cigarettes only 
4.0% cigars only 

6.57 
31 

17.3% pipes only 
23.2’%  mixed 

IIospibl patients with cancer of M  
oral cavity and pharynx. F 

3~3.87~ smoke and chew, M; 3.7% F 
46.7% smoke only, M; 6.2y0 F 
11.7% chew only, M; 64.2% F 
2.7y0 neither, M; 25.9% F 
(Smoking is of bidis among both 

cases and controls.) 

615 Pntients with illrlrss other than Ily trained lay interviewers, 
cmccr. 

53.3% cigarettes only 
3.4% cigars only 
7.0% pipes ouly 
23.1% mixed 

Hospital patients witb disetlses 
other thxn cancer. 

24.0% smoke and chew, M; 0% F 
50.0% smoke only, M; 6.3% F 
8.7% chrw only, M; 23.2% F 
17.376 neither, M; 70.5% F 

Personal history interview in hos- 
pital. 

Ledermenn 1955 

Wynder et al., 1957 

(202) France M 

(373) U.9.A. y- 

240 Patients with cancer of oral cavity 62 
& pharynx. 

Patients with cancer of ski”, bone, 
FIYlSCk. 

4.6% non-smokers 17.2% “on-smokers 
23.4%>20 cigarettes per day 18.6%>20 cigarettes per day 

543 Patients with cancer of oral cavity M  207 Patients with cancer of other sites Personal Interviews tn hospltsl or 
116 1 

3% non-users, M; 4770 F 
20% cigars, M  
11% pipes, M  
3% mixed, M  
17% chew, M  
57% cigarettes, M: 53% F 
29%>35 cigarettes per day, 
34%>16 cigarettes per day, 

W;;l$ns and Vogler (369) U.S.A. $f 37 Clinic ad hospital patients with NO”e 
44 cancer of gingiva. 

327’ chew or chew and smoke, M  
20?& smokers, M  
52% use snuff, F 
9% smokers, F 

and benlg” disexes. 
10% non-users, M; 70% F 1~37~ cigars, M  
6Y0 pipes, M  
8% mixed. M  
Sal0 chrw, M  

clinic. 

63% cigarettes, M: 307, F 
17%>35 cigarvttcs per day, M  
110/,>16 cigarettes per day, F 

Clinic and hospital histories. 

pt;tir;ts with “on-cancer Questioned about the swne time 
wcident CLLSCS, by the same interviewer. 



TABLE lO.-Outline of retrospective studies of tobacco use and cancer of the oral cavity-Continued 

Investigator and yea 
‘le 

Ref- 
rem 

Country T sex 

F 

P 

i-i-- 
F 

M  

G- 
F 

CmS T C0*tr01s 

Nunbe] 

- 
I 

. . 
!r 
-- 

Method of xlectlon 

Collectlo” of data 

Method of selection 

Wynder et al. 1957 (388: , Cuba Hospital clinic patients with 
mncer of oral cavity and 
pharynx. 

Personal questiontng in clinic, all 
by 2 interviewers. 

4% “on-smokers, M; 24y0 F 
45% cigarettes predom., M; 62% F 
33% cigars predom.. M; 12% F 

- 

-- 

-- 
Wynder et al. 1967 Sweden 

-- 

rumbe 

178 
34 

115 
140 

---ii 
al 

383 

Hospital patients with cancer of 
oral cavity and pharynx. 

-- 

-- 

-- 

_- 

_- 

M  116 
F 166 

Patients in same hospital with 
center of sites other than oral, 
pharynx, larynx, lung, esopha- 
gus and breast. 

36% cigarettes, M  
9% cigara, M  
16% pipes, M  
13% mixed, M  

Personal interview in hospital; and 
medical histories. 

3&S?& cigarettes, M  
i3.0yo oijara, M  
12.2% @pes, M  
15.7% mixed. M  

Peacock et al. 191% m: 
__-- 
U.S.A. Hospital patients with oral cancer “F :: Persons1 interviews. 

66.67o chewed or used snuff over 
20 years. 

Patients in same hospital without 
oral wwer and 117 male and 
100 female randomly selected 
outpatients. 

32.6?0 of Arst nroup, 
43.30/, of second group chewed or 

used snuff over 20 years. 

Staszewski ,880 (3271 Poland Male patients with oral cancer 912 
-- 

-_ 

Male patients with other cancer 
a”d “on-cancerous conditions. 

17.3% non-smokers 
49.0% “heavy” smoking index 
aO..5% cigarettes only 
11.1% pipes and/or cigars 

Personal interviews. 

5.7% non-smokers 
72.8% “heavy” smoking tnder 
72.3% cigarettes only 
12.3% pipes and/or cigars 

Vogler et al. IQ62 (35.51 J:S.A. 133 
92 

Clinic patients with cancer of lip 
and oral cavity. 

M  521 
F 1,064 

Patients of same clinic with other 
cancer or non-ma&want mndi- 
tions. 

6.1% snuff dippers, F 2 
5670 totwco users, M  + F 

‘erwnal interviews in clinic. 

32.Wo chewers, M  2 
22.9% excessive chewers, M  
72.07, snuff dippers, F 
41.3% excessive snuff dippers, F 
905% tobacco users, M  + F 

- 
’ Estimate of prevalence o “se. 
f Due to varying tabular treatment of the data, the percentages of tobacco wars are not all based on the same numbers of cases. 


