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= between agent and disease; thus, an agent which ig associated with
:ﬂé only one disease is highly specific.

S dose=response relationship: increasing response with increasing exposure.

Illl
t k of disease,

i

3

6. Plausibility, a eriterion which depends on the current state of biologie

q knowledge.
A
i f 7. coherence between the association and other information about the disease,
! 8. ekperiment of an ethical nature: Prevention of diseasc after cessation
i

of exposure.

9. analogy: similarity of the asscciation to others in which cause and
-

effect relationships are accepted.

In the past three decades the study of cause and effect relationships

has been particularly productive in lung cancer, perhaps because it is

the single cancer vhich hag endowed the twentieth century

? with a major
1

‘ ' epidemic,
i
]

e ———
————
e ——

The various histologic types of lung cancer show enough epidemio=-
logical differences to sugrest that this illness is a Zroup of diseases

rather than a single entity, Unrortunately. interest in the individual

types has developed only recently and the data are rather limited. The cpi~

demiology and etiology of SCC will be examined in the lipht of available

; information. Vhenever it se¢ems reasonable to do 50, the gaps will be filled
] in by assuming that SCC has the same characteristics as lung cancer in
genecral,
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There are several difficultics in any attempt to describe the epi-
demiology of SCC with respect to the basic variables of place, time, age,
race, and scx. Firstly, an important problem has been the lack of histo-

logical standardization. It was not until 1967 that the VWorld Health

tumors .2

|
|
|
\
|
|
|
Organization (WHO) published an international classification of lung |
|
\
|
|
\

Secondly, although Kreyberg was the Head of the WHO International
Reference Center and was instrumental in developing the details of the

classification, he had previously published a number of papers in which

he lumped types into two broad categories, Group I includirg epidermoid

and small cell carcinomas and Group II includirng all other types.(pre-

e ——————

dominantly adenocarcinomac), on the hypothesis that Group I tumors accounte
for most of the increase in lung cancer in large arcas of the uorld.3
Unfortunately, many investigators have since followed suit so that infor-

mation on SCC has been lost in a larger category.
Thirdly, tumor typing is not an exact science. Pathologists disagree
with cach otherd and the effect of such disagreement on the limited

epidemiologic data has not been adeqQuately studied.

Fourthly, there has becn some suggestion that, juct as the incidence

S erm— ww e owe

of all lung cancer has been changing, so has the distribution of typou.s

Cr————
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llowever, there is no agreement on thia.6'7 Differences in method

and material may account for the disagrecment.’

Fifthly, not all cases of lung cancer are confirmed histologically,
The proportion may be less than 75% in snome series, especially in clderly
. i
people who often refuse investigation. This may introduce some bias

into the stati.stics.8

Lastly, but perhaps most importantly, the information may lack a
population base. Risks can only be evaluated reliably by incidence,
defined as the number of new cases per unit population per unit time. Thusg,
incidence is described by 4 fraction, the numerator bcing the number of
cascs and the denominator the population at risk so ratles or probabilities
can be calculated. To assess the determinants of rislk, i.e. etiologic
factors, both the numerator and denominator must be broken down into
various categories. Even the few population-based studies of lung cancer

with information on histelogic types do not provide all the desired cata.

Annegers et n17 reported the incidence of lung cancer by histologic
type in Olmstead County, lMinnesota, over the period 1935=74. Only in men
was the number of cases larpge enough to establish rates with some stability.
The results are shown in Table 1. Small cell carcinoma and adenocarcinoma
rates were cqual and seccond only to that of squamous cell carcinoma in
the first 30 years but SCC had the lowest rate of the four types in the

most recent decade. Unfortunately the rates are not age-adjusted and
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age-specific rates are not provided. The area is largely rural.

In the metropolitan area of Portland unpublished data (william E.
Morton, Ppersonal communication) for 1968-72 showed mean annual age-adjusted
(to the U.S. 1970 census) rates per 100,000 for SCC of 13 in males and 4
in females. The rates were higher in the urban than in the rural part of

the arca and tended to be higher among males in the lower socioeconomic areas.

ScC rates among Singapore Chinese in 1968-72 were 16.9 in males and 2.6
in females.gh Thesc rates were age-adjusted to the 1970 World Population
and inflated to approximate the actual figures, since only one-third of the
cases were typed, by assuming that distributions by cell type were the

same in unproved cases as in those with histologic proof.

In the Philadelphia Pulmonary Neoplasm Research Project (ptwp),® a semi-
annual screening study of 6,027 urban males aged 45 and over carried out
in the period 1951-65, each man was observed for 10 years and 121 developed
lung cancer after the start of observation. Hiztologic confirmation was
obtained in 90 (74%).10 The cancers were classified by a panel of patholo-
gists according to a slight modification of the WHO schema. There were
17 scC in 52,487.9 man-years SO the rate was 32.4 per 100,000 man-years.
In Olmstead County the rate was based on males of all ages while the PIRP
rate was S;scd on males aged 45 and over. Although the PNRP study group
was not a random sample of all philadelphia males aged 45 and over, the age
and race distributions were quite slmillr.lo Using the proportion of males

younger than 45 in Philadelphia in 1955 (69.9%) to estimate the size of
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the total population of males from which the study group was recruited
as 20,000, and assuming neither deaths nor lung.cancers during the 10-year
period among the younger males, 17 cases would have occurred in 192,228
man-years for a rate of 8.8 per 100,000 man-years. This is similar to
the rate of 6.1 per 100,000 per year in Olmstead County during approximately

the same period. The assumptions, of course, make the PNRP figure an

underestimate. The higher rate of 13 in Portland is probably due to the

later period in which the data were collected (1968-72) since lung cancer
incidence hag been increasing steadily. The higher rate in Philadelphia

compared with that in Olmstead County may also be due partially to the

well=known urban-rural gradient seen in studies of lung cancer incidence.

The SCC rates in the PLi2 by age are shown in Table 2 (unpublished
data). The rate increased with age up to age 55-64 (i.e. age at start of
the 10-year observation period) and then fell. The decline at older ages
is of uncertain significance because of the small numbers at age 65 and

over but it is consistent with observations on a period basis for all lung

cancers. This is probably due to a cohort effect: older people were born
into earlier birth cohorts which may have been subjected to less carcino- ‘
genic exposure than younger people born into later cohorts.11 A |
similar pattern may be demonstrated in age-specific rates for Portland, \

Oregon, in 1968-72 (William E. Morton, personal communication).

} The annual incidence in Iceland for SCC by age, sex, and period can

shbiy 2bide ® . FSFI
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be calculated from data provided by Hallgrimsson (Table 3).12 Lung
cancers were typed according to the W0 classification. Becausc of the
small numbers of cases, interpretation is somevhat restricted but, in
general, the age-specific rates showed an increase with time in males,

an increase with age in both sexes with a decline in the oldest age groups
in the more rcccn¥ period, and higher rates in males than in females in
both periods. These rates for SCC were considerably higher in Iceland
than in U.S. studies cited above and this is reflected in the fact that
SCC contributéd a much larger proportion of the lung cancers in Iceland (31
~40%) than in the U.S. (9-19%). The distribution of histologic types
varies with the source of tissue, SCC being more frequent in autopsy than

13,14

in surgical material, and this may account for some of the geographic

difference.

Relative Frequency of Small Cell Carcinoma

There is additional information on the frequency of SCC relative to
all lung cancers, information which describes some of its predilections.
It should be understood, however, that these data are not an adequate

substitute for epidemiologic observations because the populations at risk,

R i

the denominators, are not defined. Still, they may provide some insights

which will need to be reconciled with epidemiologic and etiologic studies

- o

if a coherent picture of the nature of SCC is to be developed.

h el asiat pimensli Bl o bte - . ,_,J
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A group of sources (Table 4) were reviewed for the distribution of
cell types in various parts of the world by sex. Those reports in which
the origin of tissue was restricted (to autopsy material only, for
example) were excluded. The percentage SCC contributed to all lung
cancers is shown. Unfortunately, there was considerable variation of the
era in which the cases were collected and this may confound the data if
there has been any significant change in the relative distribution of

types over the past four decades.

Table 4 shows a marked geographic variation in the percentage of SCC

in both sexes. In males, it was particularly high (over 20%) in Sweden,

Finland, Iceland, and in one of four U.S. studies, an investigation of
lung cancer in veterans. in females the frequency was especially high in
Finland, Wales, England, and Iceland. Thus, when SCC is common, .i.t tends
to be common in both sexes., This is also true in a report from New
Zealand22 not included in the table: cases collected from four hospital
thoracic units during 1957-65 showed 24.2% of 2,376 male lung cancer cases
and 30.2% of 301 female cases were SCC (analysis limited to the four major

types).

Some additional data in the U.S. were provided by the Third National
Cancer Survey.23 1969-71. The results were consistent with the majority
of the other U.S. studies shown in Table 4: SCC was 13.4% of all lung

cancers in males and 14.5% in females. The total tabulation included a

. e il o . 1. .
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large proportion of unspecified and rare types of tumor (32.1% of
20,234 cases). If these are excluded, then SCC )specified as oat cell
in this survey) formed 19.8% of all cases (both sexes combined because

the data published do not permit scparation).24

SCC as percent;ge of all lung cancers varies by age, being more common
in younger patients. Table 5 shows this for males in Norway.14 This
could be due to a cohort effect since older men in a particular period
of time were born into earlier birth cohorts whose exposure to carcinogens
might have differed from that of later birth cohorts. However, a specific
apge effect cannot be excluded. Supportive data were provided by several
other studies. Kennedy25 in England investigated 40 cases of lung cancer
in patients less than 40 years of age and found 19 of 29 males and 7 of 11
females had SCC. Kyriakos and lt'ebbm-z')6 reviewed 102 male cases aged 12
to 45 in St. Louis and found 24% had SCC compared to 13% in patients of
all ages. However, Putnam27 discovered only two cases of oat cell carci=-

noma in 24 (both among tiie 18 men) patizntis under age 40 at Walter Reed

Army Hospital.

Male:female ratios derived from data in Table 4 are shown in Table 6.
These vary greatly for SCC from 1.6 in Hong Kong to 30.4 in Finland
| but it should be noted that the low Hong Kong ratio was recorded 18 years
| later than the high Finland ratio. Except for the unpublished data of
W. E. Morton in Portland, Oregon (personal communication), the male:

female ratios for SCC are higher than those for all other types combined.
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i are scanty. Wherever there are gaps in the infermation for SCC, the
assumption will be made that what is true for all lung cancer probably

applies to SCC as well. ‘

The evidence for various agents will be evaluated in the light of

the criteria for judging an association to be causal, as outlined in the

introduction. The criteria for temporality, plausibility, and analogy

will be taken_for granted as long as the agent is inhaled some years

before the cancer appears. Thus, we will be most concerned with strength,
consistency, and specificity of the association, dose-response relationship,
coherence, and regression of risk after cessation of exposure (human
“experiment"), whenever data are available. The possibility of confounding
the effect of one agent by another will be considered; for examplf. since
smoking is the most important factor, it must be taken into account in

evaluating all other factors.

Smoking

The association between the inhalation of tobacco smoke and lung
cancer is a very strong one. This is shown dramatically in Figure 1
by assembling data on the proportion of current cigarette smokers by

sex in U.S. adults since 192030'31

and age-adjusted U.S. lung cancer
mortality rates by sex since 1935.32 Mortality is a good index of inci-

dence for this discase because 90-95% of paticnts die as a result of it.

o i
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cigarette smoking began about the turn of the century in men and reached

a peak of 5% about 1940. The lung cancer rnt; has paralleled the increase
in the proportion of cigarette smokers with a gap of about 40 years.

women began to smoke in increasing proportions in the 1930s and their lung
cancer rate started to rise in the 1960s. A similar relationship has

been described im England and Wales by Cairnn.33 thus demonstrating the

criterion of consistency.

Many epidemiologic studies, both retrospective (case-control) and
prospeétive. have confirmed the strength of the association. Few have
provided data on the relationship between smoking and the several histologic
types of bronchogenic carcinoma. Table 7 shows data from the PNRP.
Seventeen of the 121 lung cancer cases were typed as SCC and all occurred
i among men who smoked cigarettes at the sfart of observation. Other types

of lung cancer developed in former cigarette gmokers and in pure pipe

and/or cigar smokerle go the lack of SCC in these groups is interesting.

This may bLe a dose=related effact as described below.

pata from the prospective study of British male physicians by Doll

and Petom ghowed only one case of sCC in 103,383 man-years of observation

among those who never smoked compared to 14 in 155,708 man.years among
cigarette smokers. In this study only 60% of the lung cancers werc typed
50 the number of SCC cases is undoubtedly underestimated to a greater

extent than in the PNRP.
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The data from these studies provide evidence of some specificity of the
association in the sense that SCC seldom oecura.ln the absence of cipgarette
smoking but the converse is not true: cigarctte smoking is not associated
ondy with SCC. It has strong associations with other types of lung cancer
and weaker associations with certain other diseases. This relative lack
of specificity is’ understandable, however, when one considers the many

hundreds of substances in cigarctte smoke capable of inducing varied toxic

effects in protoplasm.

The dosc-response reclationship betwecen cigarctte consumption and lung
cancer incidence or mortality has been thoroughly established. This also
holds for SCC in both the PNRP34 (Figure 2) and the British physician

study18 (Figure 3). In comparing Figures 2 and 3, it may be noted that the

T T

rates are higher in the PIRP than in the Dritish physician study.. There
are several reasons for this: men in the PIRP were screened with chest
films every six months so a higher proportion of cases may have come to
attentlon, the PIRp men had a higher proportion of smokers, they were older,
and a higher proportion of cases of lung cancer were histologically con=
firmed. Doth sets of curves suggest that SCC is more characteristic of the
heavier cigarette smokers and none occurred in men who smoked less than

10 cigarettes per day in contrast to other types of lung cancer. Table 8

shows the ratio of SCC to all classified lung cancers in the British
physicinn study increases with increasing cigarette dosage. The differcnces
are small but this relative increase is supported by data from a nunber

of investigations without information on the populations at risk.

P B R A o gl
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Yesner et a1 recorded an increase from 16 to 29% and Auerbach et 116
an increase from 21 to 39% with increasing congsumption of cigarettes.
Although agreement is not complete on this in the limited literature,>°
Table 9 shows that among Norwegian cases of lung cancer the mean daily
cigarette consumption was higher in patients of both sexes witli SCC than

it was in patients with epidermoid carcinoma or adenocarcinoma, especially

in females.

Coherence of the association between smoking and lung cancer with other
g facts known about the disease is illustrated by several observations. 1In

1961 Auerbach et a137

reported an extensive meticulous estudy of epithelial
abnormalities in the human bronchial tree at autopsy and showed a close
association between cellular atypia and smoking with a dose-response rela-
tionship. Recently Schlesinger and Lippmnnn38 l.ave shown a atriﬁlng
correlation between particle deposition in casts of the human tracheo-

bronchial tree and lobar localization of lung cancers: both have predi-

lections for the same parts, primarily in thc upper loben and especially

the right upper lobe. Finally, cancer in animals tends to have a shorter
induction~latent period from first exposure to a carcinogen to the appear-

ance of tumor as the dose of carcinogen 1ncrease939 and there is some

evidence that, consictent with the experimental phenomcnon, the mean age
' at diagnosis of lung cancer in humans falls with increasing cigarette

40,4
} consumption. Kby

} The ultimate evidence that cigarettes cause lung cancer would come
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from a controlled concurrent randomized clinica} trial. Since this is
neither ethical nor feasible, we must consider uncontrolled trials that
certain people elect to enter unintentionally. Thus, people who do not
smoke rarely develop lung cancer. People who belong to groups that
espouse opposition to smoking. such as the Seventh-Day Adventists, have
a much lower risk‘of lung cancer than the gencral population and careful
investigation of the smoking history in those few Adventists who do

develpp lung cancer is likely to yield a positive result.az

Smokers who stop smoking gradually experience a decline in the risk of
lung cancer and the risk approaches that of nonsmokers after abstention

for 10-15 years.da'44

This lowered risk is reflected in a marked reduction
of epithelial atypia in the bronchial mucosa and the appearance of cells

with desintegrating nuclei.45 "

Support for the causal relationship between smoking and lung cancer

has been obtained in animals. The most impressive study is that of

Auerbach et al..46 who trained beagles to smoke through a tracheostoma
with assistance. Invasive bronchiolo.alveolar carcinomas developed in

10 and invasive squamous cell carcinomas in two dogs who were heavy

‘ smokers of nonfilter cigarettes. The fact that SCC did not occur in these
animals may be duc to a rclatively low cumulative exposure to ciparette

smoke compared to humans but this is speculation. SCC rarely occurs in
animals according to Berg.dv In the discussion of Berg's paper, U. Saffiotti
confirmed this and suggested that SCC may be the result of carcinogenic

’
events taking place early in life.
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Ionizing Radiation .

The cause and effect relationship between ionizing radiation and lung

cancer has been known for many years as a result of occupatioral studies

cf miners exposed to the inhalation of radioactive substances.48'5°

External sources of radiation have also increased the incidence of lunp
cancer, including therapy for ankylosing spOndylitis51 and atomic bomb

52
exposures.

] Lung cancers among both the miners and the Japanese exposed to the
atom bomb have been studied carefully with respect to cell type. Among the
uranium miners of the western U.S., as the cumulative dose of radiation
increases, not only does the incidence of lung cancer rise but there seems

to be a relative increase in the proportion of SCC, with a parcticular

predilection for type 2b of the WHO classification (slightly larger poly-

gonal cells).53 However, squamous cell carcinoma and adenocarcinoma also

show an increased incidence and all three major types ol tumor show 2

dose-response relationship (Table 10).54

Further analysis by Archer et als4 suggested that the apparent increase
in the proportion of SCC with increasing radiation dose was an artifact
due to dilution of the radiogenic cancers by nonradiopenic cancers at lower . |
dose levels. At all dose levelg SCC accounted for approximately 70% of

g the excess cases. Thus, SCC is characteristic of this carcinogen regardless

of doge in U.S. uranium miners.
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These findings are not universal.

the absolute increase in lung cancer involves s{uamous cell carcinoma
and SCC but not adenocarcinoma while in New Foundland fluorspar miners,
also exposed to radon and radon daughters like the uranium miners.49

of the lung cancers have been squamous cell carcinomas.

The factors of duration of exposure and pattern of exposure in the dose-
response relationship of excess risk by cell type has been recertly studied
in the Czechoplovakian uranium miners.

only with prolonged exposure and only with rates of exposure that remain

unchanged or decrease over time.

increasing rates of exposure, the high cumulative doses are associated with
plateauing or decrease in cancer frequency at the expense of SUL.‘ These
observations suggest that the SCC response to radiation is partially

dependent on continuous prolonged exposure and on the dosage early in the

exposure period.

response observations described in the section on smoking above.

Periodic cytologic studies of sputum in uranium miners by Saccomanno

et a155

develops through a series of identifiable stages of metaplasia and atypia.

The progression appears to be orderly in many cases but sudden changes in .

In short exposures and in those with

The implications may be similar to those of the dose-

suggested that the pathogenesis of bronchogenic carcinoma

17

In Czechoslovakian uraniun minersso

90%

- The dose-response curve is linear

the progression may occur, resulting in the skipping of stages or conversion

from squamous cell carcinoma to SCC.
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’ and nonsriokers, an observation suggesting to the authors that cigarette

snoke “tsc as a promoting agent rather than a aynergist.sg

The association between atomic bomb radiation and lung cancer is not
as strong as that found in uranium miners. In a proportional mortality

study based on the frequency of lung cancer among autopsies, all three

|
|
\
major lung cancer types showed an elevated relative risk but only the
[ ] |
increase of 3.9 for SCC was statistically significant.‘“ The increased
risk was found only in those people exposed to 200 or more rads at the time

\

of the bonb. The proportionate mortality method is not very reliable.

Using a case-control method, a better approach, the results with respect
to cell type were not the same: the rclative risks were clevated_for all
three major types but significantly so only for squamous cell carcinoma and
adenocarcinoma, nct for SCC.60 Thus, there is some doubt as to whether

radiatior from tihe atomic bomb is particularly associated with SCC. Vhile

smokinp was a strong factor in the frequency of lunpg cancer, no evidence
could be adduced that either smoking or occupation confounded the relation-

ship between radiation and lung cancer.

A final point to be made concerning radiation in the ctiolopy of lung
cancer stems from the observation by Radferd and {funt in 1964 that tobacco

6
i contains an emitter of alpha particles, Polonium.210. 1 They sugnested

that this radioactive substance inhaled in ciparette smoke may act as an
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{nitiator in the pathogcnesis of bronchogenic carcinoma. This hypothesis
is given greater credibility by the recent finding that Lead-210, with a
radioactive half-life of 22 years, is also present in mainstream cigarette
smoke and is highly concentrated in a small number of insoluble smoke

particles.62 thus providing a mechanism for prolonged cellular contact.

All the criteria for causality in the relationship between ionizing radiation
and lung cancer, especially SCC, may be considered to have beei satisfied

to a marked degree except that information is lacking on regression of risk

after cessation of exposure and specificity is not of a high order.

Asbestos

Beginning in the 1930s a number of case reports drew attention to an
association between asbestosis and lung cancer but it was not until 1955
that a sound epidemiological study of a small cohort of asbestos workers
by D01163 showed the risk was 14 times expected. This strong association
has since been confirmed many times although it varies somewhat with the

type of asbestos fiber, chrysotile being less dangerous than the amphiboles,

and it also varies with the type of occupational exposure, mining being

less hazardous than manufacturing which in turn seems less hazardous than

insulation work.

e b e ik
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Close approximations to a linear dose-response relationship on aritn-
metic coordinates have been demonstrated among'Quebec chrysotile miners
and millers by McDonald and Lidd31164 and among retired asbestos manu-

facturing employees by Henderson and Enterline.65

Information on the types of lung cancer associated with asbestos is
meager. The only really satisfactory study is that of Kannerstein and
Cnurg.66 They examined in "blind" fashion 50 cases of lung cancer in people
exposed to aQSestos and 50 matched control cases with no known exposure or
asbestos bodies in the lung tissue. There were no significant differences
in histologic type between the two groups. SCC occurred in 11 of the 50
asbestos-associated cases and 14 of the 50 control cases. The only prominent
difference between the two groups noted lay in the fact that lung cancer
was most common in the lower lobes among‘asbestos~associated case; but most

common in the upper lobes of the controls, a well-known characteristic of

lung cancers in the general population. id This predilection of asbestos-

| associated carcinomas for the lower lobes is ccherent with the fact that

asbestosis is more pronounced in the lower than in the upper lobes.

Another study by Whitwell et 5168 in England suggested an increasc in

the relative frequency of adenocarcinomas but this investigation suffered

from the lack of a control group. Nevertheless, the facts that asbestosis ‘

is characterized by scarring and that puimonary adenocarcinomas are associated ‘

28
with scar tissue suggest that the British experience needs further study.

T ——
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In tne past 1z years cigarette smoking has chn recognized as an inpor=-
tant co factor in lung cancer among people exposed to nnbeatos.eg The
interaction of the two agents is synergistic but lung cancer is almost as
rare in nonsmokers exposed to asbestos as in those not so exposed. This
observation raises the question as to whether asbestos is merely a carrier

' for a carcinogen‘in cigarette smoke rather than a carcinogen in its own

’ right, at least for lung tissue. If indeed asbestos-associated lung cancers,
found almost entirely in smokers, have a distribution of types simila:® to
that of unexﬁosed smokers, then this is consistent with the hypothesis that
the primary carcinogen in asbestos workers is cigarctte smoke. Furthermore,
the risk of lung cancer is much lower in asbestos workers who stop smoking
than in those who continue to smoke.sg There is no evidence as yet that
cessation of exposure to asbestos reduces the risk of lung canccr but

perhaps this should not be expected since asbestos fibers peraisé in the

lung after inhalation. |

Thus, most of the criteria for causality in the association between
asbestos and lung cancer have been satisfied to a considerable degree but
the data suggest the possibility that asbestos is a synergistic promoting

agent rather than a primary carcinogen in the lung.
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Chemicals

A number of chemical agents have been recorded as causes of lung cancer.
These have been described in occupational settings where exposures have
generally been high and more or less continuous. llowever, there are ‘
difficulties in .mak.tng a decision as to whether a suspected agent is
really a human carcinogen when the relative risk is only slightly elevated,
i.e. when the observed number of cases isc less than twice the expected
number. The reasons for these difficulties lies in the shortcomings of
epidemiologic methods: (1) studies based on small populations lead to
sampling errors, (2) subtle systematic bias may produce misleading results,
mainly because of the lack of good control population data, and (3) con-
founding factors may produce spurious associations, particularly vari-

ations in smoking habits.

The chemicals for which there seems to be at least fair evidence of

pulmonary carcinogenicity in humans include polycyclic aromatic hydro-
carbons (PAll), certain metals or their compounds, and certain simple organic

chemicals.

lixposure to PAll occurs to varying degrees in a number of occupations, in-

volving coal, gas, coke, petroleum, coal tar, pitch, etc. 70

Hetals or their compounds implicated in lung cancer ctiology include

7
chromium, nickel, arsenic, and cadmium. People working in hmtiten' 2

W_U__m‘ —
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and zinc-lead mines73 are at increased risk but this appears to be due

to radiation so they are mentioned only in paésing.

A few simple organic chemicals have been incriminated as lung cancer
agents. These include mustard gas, the chloromethyl ethers, vinyl chloride,

and recently acrylonitrile.

| The relaﬁive potency of these various chemicals is difficult to assess
because of variations in methods and populations, uncertainty about
degrecs of exposure, all of which results in variation in the reclative
ricks among published reports. A selected comparison is illustrated in
Figure 4.74 This shows that the highest risks occurred among people

exposed to chloromethyl ethers, the gas emitted by coal carbonization in

Japan, and mustard gas. The data available suggested that the more
potent the agent, the shorter was the induction-latent period from initial

exposure to tumor appearance.

Unfortunately, information in the literature is extremely limited
with respect to cell type and confounding by smoking habits. Many of

the reported studies have been based on causes of decath and other infor=-

mation gleaned only from death certificates. Particular reports with .

relevant data will be cited.

Lung cancer type-specific rates arc generally not available in thcse

studics but in some the relative distribution of lung cancer cases by

Small i : Epi i i
Cell Carcinoma of the Lung: Epidemiology and Etiology (1981)
o B s Published by AsbestosClaims.Law

asbestosclaims.law/library/25445/25


https://asbestosclaims.law/library/25445/25

- L T e . T T T

type is given, albeit the total number of cases is usually quite small.

If the relative distribution of types is simiiar to that among lung

cancer cases in the general population, then the elevated risic in occu=

pational groups must signify that the incidences of all major types

are increased. ,But if the relative distribution is distorted, then the ‘
increased incidence may be largely limited to the type(s) contributing ‘

unusually high proportions to the distribution. ‘

Table 12 shows the relative distribution of lung cancer cases by
histologic type in recent reports75-83 that distinguish instances of SCC.
Data are given for 7 chemical agents and are arranged in order of in-
creasing percentage of total cases due to SCC. The number of tjped cases
varied from only 6 to 39. With respect to the percentage duc tq scC,
one report at each extreme stands out from all the rest. At one extreme
is a small number of cases in workers exposed to vinyl chloride.75 In

this study the relative risk was very low, 1.56 times the expected number,

| but the types of lung cancer were entirely limited to adenocarcinomas and

‘ large cell carcinomas. There is some question as to whether vinyl chloride

|
causes lung cancer becausc various reports are :lnconuistent84 but thas

distribution of cell types is rather unusual.

76,77 78 79,860

Reports of lung cancer due to nickel, cadmium, ~ arsenic,

chromate.01 and acrylonitrilcaz showed percentages due to SCC varying

T T e T ———

from 15 to 33%.
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At the other extreme is the group of cases 'in men exposed to chloro-

83

methyl ethers (CME) in Philadelphia: 68% of 28 cases were SCC. These

chemicals, chloromethyl methyl ether (CMHE) and bis(chlorometinyl)ether
(BCME), are important because, although only a small number of cases has
been attributed to them, their relationship to lung cancer has been
studied rather thoroughly, because BCME is a very potent carcinogen, and
because SCC scems to be a characteristic response. While CMIE is a weaker
carcinogen than BCHE, CMME in the workplace is contaminated with BCME

so worsers have been exposed to both chemicals.

For most of the chemicals mentioned above, there are large gaps in
the evidence supporting a judgment of causality. However, for CME all
the criteria used to judge whether an association is one of cause and
affect have been well satisfied. The association is strong, the overall
risk being 5.42 times expected.a3 There is consistency since similar

*® and California.e7

elevated risks have been reported in Japan.BS Germany,
The effects are highly specific in that, except for evidence of chronic
bronchitis.88 no disease other than lung cancer has been associated

with CIIE exposure.eg There is a strong dose-response relationship

between cumulative CHE exposure and lung cancer incidence (Figure 5).

5CC is characteristic of workers with moderate to heavy CME exposure but
occurs with the same relative frequency as in lung cancers in the gen-

eral population among workers with light cumulative exposure to CiiE

(Figure 6).

b
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There is coherence between the CME-SCC relationship and what we
know about the natural history of SCC. For eﬁample. SCC tends to con-
tribute a larger proportion of lung cancers in the young than in the
old, as discussed above in the section on relative frequency early in
this chapter, and a large proportion of the lung cancers in workers with
moderate to heavy CME exposure occur under the age of 50 (Figure 7).
This tendency may be due to a short induction-latent period associated
with potent carcinogens or large carcinogenic doses. It is possible that
study'of the antecedents in cases of SCC among young people may reveal

previously unsuspected carcinogens.

As for the experimental criterion of causality, while BCHE has been

shown to be a very potent carcinogen by inhalation in wild ransﬂgo there
is as yet no published evidence of regression of risk after cessation of
exposure to CME, In Philadelphia, exposure to CHE ccased in 1971 after
complete enclosure and automation of the CHE process; unpublisnhed data

suggest that the microepidemic of lung cancer which began in 1960 is

beginning to subside.

The influence of tobacco smoking on the relationship between chemical

-

carcinogens and lung cancer has seldom been examined in a way that would

.

demonstrate its effect on risk as has been done in uranium miners and

asbestos workers. In these two groups, as described above, the inter-

—

action between cigarette smoke and occupational agent seems to be syner-

gistic. The limited data for chemical agents seen to show no effect or
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actual antagonisi. A small case~control study. of zinc-~lead minera73
showed the risk of lung cancer was higher in nonsmokers than in SmMOKers;
since the causative agent in these workers is thought to be ionizing
radiation rather than metal exposure, this observation contrasts sharply
with the synergism noted in uranium miners. Pinto et nlg1 studied
mortality in pensioners from a copper smelter, arsenic being postulated
as the likely carcinogen, and found that the risk relative to that in U.s.
veterans by.smoking habits was 5.07 in nonsmokers compared to only 2,45
in exsmokers and 2.87 in current smokers. The elevated risk in non-
smokers was not statistically different from that in current smokers

and exsnokers combined (Z = 0.75, P> 0.05) but at least one can say

there was no positive interaction between smoking and occupational exposure.
] .

: In a small 10-year prospective study of 125 chemical workers in

i Pniladelphia, of whom 88 (later corrected to 91) were exposed to CHE,
Weissas found that the risk of lung cancer was much lower in current
cigarette smokers (3-6%) than in nonsmokers (23%) and cigar/pipe or
exsmokers of cigarettes (19%). The difference between current cigarette

smokers and the other two groups combined was statistically significant

(chi square with Yates' correction = 4.86, d.f., = 1, P<0.05). Unpub=-
lished data, calculating expected numbers of cases by smoking habit from
lung cancer rates in U.S. veterana.ga show that among 51 men with mod-

I erate to heavy cumulative CHE exposure, 6 cases of lung cancer occurred

among 13 men with 112 man-years of observation who were nonsmokers

|
|
|
|
|
|
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or exsnokers of cigarettes when 0.00222 case was expected. In con-
trast, 5 cases occurred among 38 men with 353 :man-years of observation
who were current cigarette smokers when 0,1409 case was expected. The
relative risk in nonsmokers and exsmokers was an astounding 2,703 times
expected and in the current smokers it was only 35 timecs expected. The
difference botwéen these relative risks was statistically significant
despite the small numbers (Z = 2.40, P<€0.02). This difference could not
be accounted for by a small difference in the mean cumulative dose of

CHE bthcen'tho two groups.

Air Pollution

Ambient air contains low concentrations of known carcinoge:.. such as
polycyclic aromatic hydrocarbons and an asscciation has been reported
between air pollution and lung cancer incidence or mortality by geographic

area.93'97 However, the association is weak and inconsistent, speci-

ficity is poor, dose-response data are generally lacking, there is lack

of coherence since the association does not usually hold for females,

there are no reliable data to show a regression of risk after decrease

of exposure, and confounding of the association by other causative factors,
such as cigarette smoking, is only partially ruled out. Information on

lung cancer types is scanty and 1nconsiatent.93'94
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Table 1

BN NN 5% % ae i o e e e e . b« ——— - —

Ninnesota, DBy lHistologic Type and Period*

lican Annual Hale Incidence of Lung Cancer in Olmgtead County,

Type 193554 1955=64 1065=74
. No. Rate** llo. Ratc#** lio. Rato**®
squamous cell 13 3.5 25 10.3 58 19.4
adenocarcinona 8 2.2 15 6.1 27 9.2
, small cell 8 2.2 15 G.1 17 6.0
| large ceil 5 1.4 14 5.0 25 G.4

" * adapted from reference no.

£2* nunber/100,000/ycar
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Table 2
Ten=yecar Incidence of Small Cell Carcinoma by Age

in Older !Males in 1951-G5*%

hge at start lio. of lio. of Incidence
of observation men man=yecars lio. Rate*+*

45=54 2,304 26,412.6 6 22.7

55=064 2,169 18,530.9 9 48,6
65=74 881 6,526.5 2 30.6

75+ 173 1,011.9 (o] o

[

Total 6,027 52,457.9 17 c2.4

* unpublished data from the Philadelphia Pulmonary licoplasm Rescarch

Projec ta

#a number per 100,000 man-ycars
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Table 3

Annual Incidence of Small Cell Carcinoma in Iceland

by Sex, Age, and Period

11

Age 1955=-G1 1962=6GC
llo. of cases Rate* llo. of caces Rate*
males
35=44 2 19.8 0 -—
f 45-54 7 84.9 9 22.6
55=64 7 109.0 11 153.6
65=74 0 -_ 7 141.6
75+ 3 153.4 2 £1.9
females
35=-44 2 20.6 (o} -—
45=54 4] —_— 4 44.4
[ 56=64 3 45.4 5 69.2
65=74 3 67.1 2 36.4
‘ 75+ 3 105.4 : | 30.4

* number/100,000
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Table 4

Frequency of Small Cell Carcinoma as Percent of All Typed Lung Cancers® By Sex and Country

“ountry Author Era i lale Female
lo. sce to. sce
typed  MNo. % typed No. %
orvay Kreyberg'? 1950-64 . 709 123 17.3 95 9 9.5
weden Berge'® 1958-69 561 153 27.3 149 22 14.8
 inland . Kreyberg’ 1958-59 545 152 27.9 21 5  23.8
- ales Harley® 1964-68 . 103 37 35.9 1
| ngland Kennedy®’ 1955-71 168 75 44.6 &
. ngland po1118 1951-71 124 17 13.7
| celand Hallgrimsson 12 1941-68 144 57  39.6 79 26  31.3
| ong Kong Chan'® 1976-77 122 21 17.2 a3 13 14.0 ]
.S.A. Veiss'© 1951-65 90 17 18.9 m
.S.A. Annegers’ 1935-74 240 40 16,7 64 6 9.4
S.he Beamis®® 1957-72 201 25  12.0
.S.A. Herrold®® 1954-62 1,313 368 28.0
.S.A. W. E. Morton**  1968-72 1,283 185  14.4 353 63 17.8

including the five major types: squamous cell carcinoma, small cell carcinome, adenocarcinoma and bronchiolar
carcinoma, large cell carcinoma, and mixed squamous cell and adenocarcinoma

4 ”uon.uoanw communication

.- .
r.l R
- " a_ sy o — e Sltn i a_amed ac Rl e S S -
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‘ Distribytg .
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. N of 709 Maje o
ung Cancep
By Hi Cases, 19
— Stologic Type apg Ageld  1950-64,
1.
Age
¥ i %
. "i.ﬂtolo i —
c
' Smal} cell Ad R
! —— % enocarcinoma
: %
s <50 X
| 104
ll S0-59 - 26 =
* 298 «0
60-69 *
249 17-8
704 n .1 14.8
58 15.3
67.2 o ) 13.7
B «6
24,1
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N each age
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Male:female Ratios of Small Cell Carcinomas and of

Table 6

r
|
' Other Lung Cancer Types By Country
|
} |
L Country Author Era Scc Other types |
; M:F Ratio M:F Ratio ‘
Yos. Nos.
| —
Norway Kreyberg:? 1950-64  123:9 13,7  586:86 6.8
|
Sweden Berge'® 1058-69  153:22 7.0  408:127 3.2 |
f Finland  Kreyberg 1956-59  152:5 30.4  393:16 24.6
| pe
E Iceland  llallgrimsson'>  1941-68 57:26 2.2 87:53 1.6
I
| liong Kong Chan®® 1976-77 21:13 1.6 101:80 1.3
’ U.S.A. Annegers” 1935=74 40:6 6.7 200 " =% 3.4
, U.S.A. W. E. Morton®  1968=72  185:63 2.9  1098:2y. 3.8
| * personal communication
|
e, B i . " ¥
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Table 7

Crude 10-year Incidence Rates for Small

Cell Carcinoma in Older Men Dy Type of Smoking at Start of Observation

Smoking habit No. of men No. of man- Small cell carcinoma

l ycars No. Rate*
cigarettes only 3,269 28,153.9 11 39.1

{ current 2,585 22,176.7 11 49.6

; former . 684 5,977.2 0 -

F cigarettes + other 868 7,607.4 6 78.9
pipe and/or cigars 1,032 8,925.5 0 —
gever smoked 830 7,551.1 0 —
incomplete information 28 250.0 0 -
Total 6,027 52,487.9 17 ; 32.4

t Source: reference no. 8 and unpublished data

| * no./100,000 man-years
lNote: rates are not age-adjusted but differences in age distribution
betwecen smoking habit groups aro small

s - "
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| Table 8

Ratio of Oat Cell Carcinoma to Total Histologically Classified
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Lung Cancer By Daily Cigarette Dose in British Male Physicians
No. of cigarcttes No. of oat cell lo. of cancers Ratio
smoked per day carcinomas classified
_ 129 o 6 0
|
| 10-19 2 18 0.11
20=29 4 52 0.08
30=39 7 39 0.18
Source: reference no. 18 .
:
- s —
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Table 9

lHean Daily Number of Cigarettes Smoked By Patients

Viith Various Types of Lung Cancer By Sex

Tumor type Number of cigarettes

Hales Females
Epidermoid 20.9 14.0
Small cell 22.4 21.0
Adenocarcinoma 16.7 10.0

Source: reference no. 14, p. 41

—
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Observed and Expected Lung Cancers Among U.S. Uraniunm Iliners, 1950-1970, By Radiation Dose uand

Table 10

Histologic Tipd*

Radiation dose*#

Histologic type

Squamous cell Small cell Adenocarcinoma

Observed Expected Ratio Observed Expected Ratio Observed Expected Ratio
no. no. no. no. no. no.

1-359 4 3.06 1.31 9 0.73 12.33 2 0.69 2.90
560-1799 14 3.89 3.60 23 0.93 24.73 1 0.87 1.15
1200-3319 8 1.02 7.84 22 0.24 91.67 2 0.23 €.70
3320+ 4 0.30 13.33 12 0.07 171.43 3 0.07 42.86
3.63 66 1.97 33.50 8 1.86 4.30

Total 30 8.27

* adapted from data of Archer et mww.u

#+ cumulative working-level months
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Table 11

TFive Years or liore After S*art of
7

Respiratory Cancer Mortality Among thite Uraniur liiners

5
1ining By Radiation Dose and Cigarette Dose, 1950-1974

i iati in working-level nonths
Cigarettes per day Cumulative radiation in £

1-359 360-1799 1300+
Man-years Cancer Man-years Cancer llan=-years cancer

No. Rate* lo. Rate* llo. Rate®
. 1.39

o} 4,918 1 0.20 3,488 3 0.86 1,437 2
1-19 3,169 5 1.58 2,618 3 1.14 717 6 8.30
20 6,907 9 1.30 8,237 29 3.52 3,176 30 9.40
21+ 2,944 8 2.72 3,635 17 4.68 1,127 15 13.30
Total 17,938 23 ‘1.28 17,978 52 2.89 6,457 53 c.21

T

& Tumber per 1,000 man-ycars
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Table 12 .

Distribution of Lung Cancer Cases By Cell lype and Chemical Agent

Published by AsbestosClaims.Law
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o e

Chemical Total Cell type

no. of

cases Squamous cell Small cecll Adenocarcinoma Large cell or other

No. % hio. % Ho. % o, % 1
Viryl chloride’ > 8 3 5
Hickel”%* 7" 39 %6 67 6 15 7 18
nwgiﬂm 8 3 2 3
Arsenic’® 25 15 60 8 3 3 12 1 4
Arsenic™ 18 8 6 33 2
chronate®® 12 8 67 4 33
»nu.kwoaﬁ.tnmm 6 4 2
Chloromethyl nn..anﬂumw 28 1 4 18 68 5
liote: percent not calculated when denominator is less than 10
’ " —
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Legenus

Figure 1. Tempora! trends in the estimated percentage of current

30,3 and trends

cigarette smokers in the U.S. adult population by sex
in the U.S. age-adjusted (to the 195G population) lung cancer mortality

rates by sex.az

Figure 2. Dose-response curves for lung cancer by cell type in relation

to the number of cigarettes smoked per day by males aged 45 and over in
the Philadelphia Pulmonary Neoplasm Research !’m:';leci:.34 Cancer types:
1 = squamous cell carcinoma, 2 = small cell carcinoma, 3 = adenocarcinoma.

) Rates are adjusted for age and race.

Figure 3. Dose-response curves for lung cancer by cell type in re_lation
to the number of cigarettes smoked per day by British male physicians
aged 40-79.%% cancer types: 1 = squamous cell carcinoma, 2 = ocat cell

carcinoma, 3 = adenocarcinoma. Rates are not age-adjusted but the distri-

bution of man-years by age does not differ much between smoking habit
groups. Age-adjusted rates were calculated from the raw data and showed

only slightly smaller values in the heaviest smoking group.

Figure 4. Relative risk of lung cancer,in comparison with unecxposed or .
4

I reneral population, among workers exposed to chemicals (Weiss' ). The

\
studies were selected and limited to those with a relative risk in excess |
|
of 2. \
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 m - . ‘
’ Legends co:tinued

Figure 5. Standar.u zed nmortulity ratio (SHR) for lung cancer among chemical
workers cy degree (I cumuleiive exposure to cnloromethyl ethers (CHE)

showing a strong dose-respo.se relationship.

Figure 6. Percentage of small cell carcinomas among lung cancers in the
| general population (data from the Philadelphia Pulmonary Neoplasm Research
Projectlo) and in chemical workers by degree of cumulative expcsure to

| chloromethyl ethers (CME).

Fi ure 7. Percentage of lung cancer cases diagnosed under age 50 in the
geaeral population (data from the Philadelphia Pulmonary Neoplasm Research
Pr jcctlo) and in _hemical uorkers by degree of cumulative exposure to

chloromethyl ethers (CHE). .
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