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Frer sinee the pronounced increase in
the incilence of lung cuneer smong males
hecie apparent, there have been attempts
to associate it with one or another of the
varios clements in the environment of
man. The approach nsed by some workers
has been 1 suspect one o several sub-
<ances and then ~et about in an intensive
wearch for g cancer aunong jrersons who
have had any exposure 1o those materials,
in this connection, Smith ** writes: “The
tendeniey of authers veporting the coinci-
dental occurrence of primary hung cimeer
with silicosis or with any other theoretical
ctiologic conditions, has been to emphasize
the pereentage  relationship in extremely
small series of cases, with control cases
which are nat in any wity comparable.”

[t would inevitable  that
should come under scrutiny in this manner,
because prolongel exposure to this material

sem ashestos

is hnown to enuse a specific type of pmeu-
mocuniosis, and becauge persons who show
this form of pneamoecoriosis often come o
autopsy and  provide a ready source of
nteriad for study. JU was in this way that
reparts of the simultaneous oecurrence of
lung cancer and asbestosis began to aceu-
mukite after the report of a case by Lynch
and Smith ® in 1935, Within the next 10
vears, about 13 additional cases were re-
ported, and in 1934 Merewether ™8 reviewed
all deaths from asbestosis recorded in Eng-
land since March, 1924, T.ung cancer oc-
curred in 1667 of these cases. Gloyne
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whose work s adse frequentds referred oy
as establishing w connection between ashes-
tosiz ad cancer of the fung, reported ini
1931 that canecer of the lung was present,
in 1416 of ashestasis ¢ses examined l)_\"
him.  In 1941, Noshuann and Sorge ™
claimed o have produced lung cancer in
mive which they expused o ashestos Just”

Nince 1931, additivard cases of cancer at
the lung caexisting with asbestosts have
been repurted, aned, econling 1 Hueper
about 100 such ciases hid been reported up
to 1933, Asa result, an assaciation between
the two discases appairs o have been ac-
cepted by many authors, il severul writers
were using the term “ishestosis cuncer™ of
the lung, Werber,™ in 1932, stated cate-
gorically that in 7% to 170 of wases of
abow
153 w0 20 vears, varcinonut bevomes estab
li~hed in the lung,

ashestosis, after a0 laent perind of

On the ather hand. wot all authors e
cepter]  this  alleged  association without
reservation,  Saupe M in 1939 reported that
he had discavered no cases of lung cancer
among 620 cases of asbestosis which he
had examined: and in 1942, Holleb and
Angrist 't expressed the opinton that the
number of cases of asbestosis with Jung
cancer was oo smiall for statistical evalua-
tion. In 1947, Wegelius ™ reported 126
radiclogically diagnosed cases of asbestosis
among 470 workers in Finland, and found
no cases of fung cancer in this group.
Goldblatt and Goldblatt in their section of
Merowether's latest book, ¥ state: “Dut at
1o stage in all these impressive researches
was any clue uvbtained which might have
offered any support to the paossibility thai
asbestos c(’nultl act as o carcinagen, There
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t no reliable criterion by which one can
nticipate, carcinogenicity. and, as is well
nown, relatively minute changes in the
tructure of a chemical carcinogen are suffi-
ient to diminish or climinate carcinogenic
ction.

If asbestos is indeed to be regarded as a
arcinogen, the uced is felt to demonstrate
pme property which can be regarded as
pmething more than inertness.”

These authors advance the theory that,
ntil some more experimental cvidence of
irect carcinogenesis by ashestos or a de-
amposition product of it can be obtained.
sbestos might be considered as a “co-car-
inogen™ which only induces a further de-
clopment of a prencoplastic condition
rought about by something independent of
he asbestos, such a~ an endogenous factor.

Thus the literature, while tending to sup-
ort the thesis that asbestosis is in some
say related to the development of lung
ancer, is by no means unanimous.  Alto-
-ether, it is perhaps more confusing than
nlightening. A careful review shows that
he majority of the reports are clinical and
wt cpidemiolagical. They lack many ele-
nents mnecessary for the application of
pidemiolugical techniques to their content,
ad most of the authors do not make cliim
p having done ~o. What has happened is
hat succeeding authors have drawn conclu-
jons and generalized beyond the scope of
he works which they-quote. Nowhere, for
xample. have we found references to a
woprdation of asbestus workers, although
everal authors who have quoted the ob-
erved incidence of lung cucer in autopsies
If persons who also had ashestosis imply
hat this incidence applies to ashestos work-
35, generally. \We have likewise been
tiable to find any study which actually
alculated the incidence of lung cancer
smong a population of persons who had
isbestosis, and rut just those who came to
jutopsy. With the exception of a paper
1y Doll,2 none of those reviewed gave any
lata on exposure and dust concentrations,
nd even Doll's paper merelv mentions

raun—7Truan

“scheduled” areas, by which is meant,
“those areas where processes -are carried on
which were scheduled under the Asbestos
Industry Regulations of 1931 as being
dusty.”

There is, furthermore, a -complete lack
of definition of terms as used in the pub-
lished literature, For example, the term
“asbestosis,” as used, may refer to changes
observable only by microscopic examination
of the lung tissue, or it may mean a radio-
lugically detectable condition.

Most of the published reports obviously
included women among their cases, but
some of them do not give the number or
proportion of wonien involved in the study.

There is also a lack of uniformity’as to
what type of exposure most studies have
dealt with. Of 99 cases enumerated by
Hueper # in 1935, only 10 appear to have
originated in the United States, and 7 in
Canada. Some of the earlier reports ap-
parently included asbestos miners, but it
can be assumed. since 82 of the 99 cases
had originated in Fagland, and since no
asbestos mining operations are carried on

- in that country, that most of the reported

cases have involved workers in the textile
or fabricating industries,

Such factors as smoking habits, family
history of cancer, length of time in the
industry, and age of the individual case arc
also notably absent in the majority of these
reports.

With this understanding of the limita-
tions of the existing literature with respect
to epidemiological gencralization, it may be
of value to consider in somewhat more de-
tail some representative earlier publications,
a few of which were referred to briefly
above. !

One of the most detailed studics and one
which deserves the most serious considera-
tion is that reported by Doll?® in 1955,
This study reviews causes of death among
asbestos workers based on coroners’ rec-
ords. It also attempts to estimate the risk
by studyving records of men who worked
for at least 20 years in exposed situations.
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Doll concluded that lung cancer was a spe-
cific industrial hazard of certain asbestos
workers and that, after 20 years of expo-
sure, the risk is 10 times as great as for
the general population.

This article is important for several rea-
sons, in addition to the definite conclusions
at which it arrives. For example, it begins
by stating that “in view of the infrequency
of asbestosis, this large number of cases
(61 cases of lung cancer) suggests—but
does ndt prove--that lung cancer is an
occupational hazard of asbestos workers.”
Neither this article nor any previous one
which we have examined presents any fig-
ures to prove that asbestosis is an infre-
quent vceurrence. Estimates of the number
of persons potentially exposed to asbestos
dust in the United States alone vary from
10,000 to 35,000, and the incidence of as-
bestosis of any degree might be higher than
Doll imagines.

This study, like so many others, involves
autopsy records. The number of persons
involved in the statistical analysis is only
113, representing only 1,042.25 man-years
of life. It is also true that in selecting men
who had been employed for at least 20
years, the study automatically excluded
those who died from other causes after
shorter employment.

Another reason why this publication is
of importance is a statement which it con-
tains to"the effect that “the strongest evi-
dence that it (lung cancer) may be a hazard
(in asbestos workers) has been produced
by Merewether and by Gloyne.”

In 1951 Gloyne*' presented a review
of 1205 autopsies on persons who had
worked in various dusty occupations. This
number included 132 asbestos workers, of
whom 121 showed “pneumoconiosis”—pre-
sumably asbestosis. Primary cancer of the
lung occurred 17 times in this group, an
incidence rate of 14.19: for lung cancer
among asbestosis cases coming to autopsy.
There were in his series 796 cases with sili-
cosis, and 6.9% of these also showed pri-
mary cancer of the lung. The incidence of
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lung cancer in other forms of pneumoconio-
sis was 6.7%¢, and in 169 cases which
proved not to have any type of pneumo-
coniosis it was 8.3%. Gloyne considered
“the mortality of the ashestos workers” to
be “disturbing.” First of all, it is obviou
that the paper does nat deal with the “mnor-
tality of asbestos workers,” and secondly)|
it must be borne in mind that all of Dr.
Gloyne's cases were submitted to him for]
study because the fAndings were unusual
for uncomplicated pneumoconiosis. It can)
reasonably be assumed that cases, including]
those of asbestosis, in which the findings
were not considerced unusual were not sent
to Dr. Gloyne for examination. As a mat
ter of fact, in the same paragraph in which
he expresses concern over the incidency
rate in asbestosis, Dr. Gloyne himself
points out that the rate for lung cancer
based on necropsies at the London Ches
Hospital was 21.37¢ while the figures o?
the Registrar-Gencral showed only 2.4%
He thus recognized that autopsies on a cer-
tain selected group of cases were not rep-
resentative of the general population. It
would seem, then, that notwithstanding the.
value of Dr, Gloyne's work, its importanc

as an index of the prevalence of lung can
cer in asbestotics has been misinterpretetj

i

"by some who have quoted him. All that

really shows is the fact that in a group of
121 cases, selected for special study pri-
marily because they seemed abnormal by
preliminary examination, 17, or 14.16%, had
lung cancer, '

Merewcther *® in 1947, in the report of
the Chief Inspector of Factories, reviewed
all cases reported bLetween 1924 and 1944
in which asbestosis-was the cause of death
or a coexisting condition. This work wag
later extended to include all such cases re-
ported up to December, 1954, by which time
there were 34+ deaths, including 205 males
and 139 females. Among them were 53
cases (1690) of cancer of the lung, 41 in
males and 14 in females. It is quite possible
that a large number of asbestotics who did
not die of their asbestosis, or in whose

1ol 17, June, 1958
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death certificate it was not mentivned, may
have been missed, The import of this 169
is enhanced by she simultaneous statement
that the incildence of lung cancer in autop-
sies of the general population is only 1%.
The danger of attempting o compare a
rate found in 344 cises with the rate for
the general pepukiion without respect to
age. occupation, aned many nther variables,
auch as smoking habits, is obvious.
Lanch.™ who with Smith ™ had reported
the first case in 1933, reported 4 cases of
carcinoma of the g in a series of 49
autopsies on workers i an asbestos manu-
facturing plant who were shown to have
“demonstrable depsits of ashestos in the
lungs.” This, of course. is not necessarily
tlentical with the leense asbestosis. Lyneh,
himself, points onrt that. although this iz an
incidence of &2, “luth Hgures are too
small for very cerious <tatistical types of
;aleulation.”  Nevertheless, later  writers
have used thiz paper 10 strengthen the case
for an asvociation of carcinama of the lung
with asbestosis. 1 is also of interest that
Klotz® found anly the sime number of
:ases of lung caneer in a series nearly 10
ames as large, 1. e, 4

1sbestosis,

in 478 cases of
dehréns, as cited by Merewether,™ esti-
nated that, of 309 cases of asbestosis in the
iterature, 4 showed assaciated cancer of
he lung- giving .n incidence of 14.2¢2.
This i an ilusteacion of

generalizing an
grotp of cases
vhich were mnloubtadly reported only be-

ncidence obtained  in o

arese sorie of the <howeld lung cneer, to
whnse
mses were nover reported. The same ap-
Mies to the conclusion of  Teleky,™ who
ippears o have reviewed  reports of 39

)ﬂS.\i]ﬂ_\‘ hundreds of  asbestoties

utopsivs an per<ons with ashestosis annng
vhich 6 cases of lung eancer occurred, In-
ormation front <onrees auch as these does
wt justify generiizations with regard to
nortality rates.
Perhaps no one has written <0 exten-
ively an the subject az has Tlueper2

n 19533 he reviewed the ceses ™ peporied
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prior to that date and enumerated a total
of 99. Lleven of these were those dis-
cussed by Doll * and may have been cases
covered by other authors. Eight were dis-
covered by Kennaway and Kennaway % in
an analysis of death certificates, and, unless
Merewether's study was incomplete, these
cises should have bLeen included in his re-
port. Of the remaining 80, it is quite pos-
sible that the 31 contributed by Merewether
and the 17 by Gluyne contain some duplica-
tion with each other or with those of other
English authors.

Principles of the Epidemiological
Method

Dorn 3 has pointed out that much of what
is now thought to Le pertinent eoncerning
the comparative frequency of lung cancer
in dilferent population groups has been de
velopedd from the analysis of clinical ma-
and

terial,  particularly  surgieal

records, supplemented to some extent by

autopsy

the reported impressions of various clini-
ciang based upon their personal observa-
tions.  More recently, however, attention
has turned to the svstematic investiga-
tion of this problem by the same methods
that hive proved so successful previously in
the study of communicable discases, that is
to sav. by epidemiological methods.

In order to apply this method of investi-
gation to the problem under discussion, we
were of the opinion that & study should be
planned »0 a3 10 provide 1) a well-defined
pupulation group: 21 available data for all
members of this population, including the
healthy as well as the illi ©3) a sample
which is truly representative of the popula-
tion: (4) reliable and valid observations
relating to the problem of the study.

A serious defect, conunon to most of the
studies which have heen reported, is that
little or no infoernation  cencerning  the
healthy people in the group scems to have
been available to the author. In order to
draw a generalization regarding all asbestos
waorkers, it is necessary for a study to in-
chude Tving persons as well as the dead.
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Limiting the investigation to cases coming  be found in another group of the same size,
o autopsy, as has been frequently done in  but representative of the general population.
virlier studies, «till further restricts its use [t is true that investigation of cases from
in generalization. The problem with which  such 2 <ample can  furnish  information
we  are concerned 15 whether ashestos  valuable for rescarch. but the use of this
miners experience more lung cancer than  informuation in drawing generalizations is
does the general population. The answer necessarily restricted. It is the obligation
necessitates the collection of reliable infor-  of both the investigator and of those who
mation on ashestos muers as a group, as  read his report 1o miake proper comparisons
well as on the general population, and to draw emdy those conclusions which
are valid and justified. A goud statistical
ences between the epidemiological approach  study of cases of cancer of the lung occur-
and thar used in the studies which have  ring in agroup of ntop<ies can lead te a
A very dmporgan proper inference concerning the frequencey
of fung cancer amony ciges coming  to
autopsy, but ouly to such cases. For e
formation from such a study to be pro-
jected o some larger group, it is necessary
that the autopsies represent a good =uple
of that larger group. To assume that such
is the case in any particular series is dan-;
gerous and likely to be false.

There is <ome danger that the figurest
reported by some authors may be miscon-
strued as applying to ashestos workers ori
even ashestos miners, when, in fact, thel
authors in question do not make this gen-
eralization, nor can the generalization bel
nade for the reasons stated. Close study of!
the reports reveals that the percentages
cited relate only 10 the group of autopsies
covered by the particular investigation,

The present smdy, in contrast to the
carlier works, has been planned to utilize
the epidemiological method. A well-defined
group of asbestos miners has been estab-
lished in such & way that it constitutes a
guond sampde of the whole population of
asbestos miners in Quebee. Data for all
members of this group have been collected
and analyzed. Those concerning lung can-
cer have received most careful considera-
tion. Details of the methods employed will
be set forth later, but the type of approach
is considered to permit of fair comparisons
andd valid generalizations.

It seemis whvisable o discuss the ditfer-

been reported to date
considderation is the fact thar lung cancer,
m apite of its increasing numbers, is =il a
discase of low meidence: that is, in a given
population not many persons will contract
thix particular discase, This fact requires
that large samples or groups must be stud-
ied to provide meaningful results,

Recognizing the difficulty of obtaining
such lurge samples, most carlier writers
deviated from the epidemiological method
and sought to circumvent the requirement
of observing well persons by (11 compar-
ing the rclatizve frequency of cancer in vari-
nus  sites: (2) comparing  the  relative
frequency of cineer in a group of hospital-
ized patients: (31 comparing the relative
frequency of cancer in a group of cyses
COMING 10 autopsy.

Aitempting o compare two  population
groups, ldoking only at the relative fre-
quency of cancer in various bady  sites,
may result in tnding o higher percentage
crelative frequencyt in one of the groups,
when, i fact, the moriality rate of cancer
of a particular organ is exactly the same
in both groups. This is very clearly dem-
unstrated in the exceldlent article by Dorn.3
The mortality rate from a particular cause
is the true measure of comparison.

[t ix apparent that selected groups such
as hospitalize:dd patients or autopsy cases
may not be in any way representative of

a larger .group, and that in dealing with Collection and Analysis of Data
such samples, the observer may casily find A preliminary survey of potential sources
more cases of a given disease than weuld  of information in February, 1936, involved
638 ) Fol, 17. June. 1950
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discussions with the physicians in charge
of the asbestos campanies’ programs and
with clinicians, pathologists, representatives
of City and DProvincial health departments
and of the Canadian Cancer Society, and
sther interested persons. 1t was found that
sorbidity data, although somewhat limited,
fere available from such sources as the
fxospita!s in Mantreal and Quebec City, and
ihe 13 cancer detection centers in the Prov-
mce. However, bucatse of the high mor-
plity in lung cancer, it seemed advisable
o depend upon Jata relating to deaths,
hese we found to be obtainable at the
¢ital staristics department of the Ministry
>f Health in Quebee City. From the pre-
’iminar_\- survey, it was apparent that exten-
five and detailed  iuformation could  be
gathered with respect to both the persons
suploved in the ashestos mining industry
md the mortality fAgures for the general
sopulation, )

Following thi> exploratory survey, the
hitiad effort was Wirected o the eollection
M data relating to all workers who had
seen processed through the clinic at Thet-
Yord Mines since its inception in 1947, and
dmilar information regarding all workers
it Asbestos, Que. Data frome the clinieal
‘ccords inclnled the age, family and per-
onal  medical  histories. smoking  habity,
umber of vears of ¢Xposure, an estimate
f weighted expecure, and the course of
he individual’s health «atus or the cause
'f his death.

t From this infoneation it was possible
b {formulste a v borC” which couhll be well
chned. should be representative of  the
‘hole group, and could e followed for a
etinite period of thine, Al of the available
eperience iedicates that the developient
f asbestodds in less than fve vears of ex-
Accord-
ngly, the cohort was defined as including
very miner who had a total exposure of

osure must be soanewhat rare.

ve or myre years, and who was on the
nployment rolls in 1930, Office and other
onexposed personnel, regardless of length
f employment. were not included.  This

raun—"Tryun
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"cohort was then followed by means of the

annual  physical  examination  records
through a six-year interval, 1950 through
1935. All data regarding this group were
then tabulated in order to determine the
characteristics of the cohort. [For those who
survived the entire perind, reference was
made to the physical examination results
and x-ray findings at the end of the period.
Those who had died were tabulated sepa-
rately, and the cause of death was
corroborated by examination of the death
certificates. A further search was made
comcerning those in the original cohort who
remained unaccounted for when the living
and the knowa dead had been tabulated.
They represent men who had left employ-
ment through retirement or  resignation.
Eventually, all but a small number of these
were accounted for as either living or dead,
and in the latter event, the causc of death
was aubstantiated in a similar manner, and
the results added to the original list of

deaths,

Death certificates for the Province of
Quebee for the years 1932 to 1953, inclu-
sive, were reviewed in the department of
vital statistics” of the Pravincial Health
Ministry,  together with  statistical  sum-
maries of the causes of deaths in the Prov-
ince by vounties. All cases in which death
was certified as having been due o pri-
mary cancer of the lung were examined for
such information as plice of residence,
accupation, date of death, hospital in which
death occurred, and whether or not an
autopsy was performed.  Uases in which
lung cancer was given as a cause of death,
but in which it was nor specified as to
whether the cancer griginated in the lung,
were alsu reviewad in an effort to include
all instances of primary carcinoma of the
Tung in the study,

The statisties for the Frovince of Quebec
vefate o population, total deaths from all
causes, total deaths from cancer of all tepes,
and deaths from lung cancer. These were
coifected and tbulated by counties and by
sex for the years 1930 to 1955, inclusive.
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From them, death rates for the general
population of Quehec and of individual
counties were calculated for specific years
and analyzed by cause. .

Practically all employees of one company
are covered hy a group policy of life insur-
ance which, fortunately, nearly all of them
continue to varry when they retire. A very
few are not covered by this policy, and
those who leave the industry for one reason
or another except retirement usually are

no longer covered. but this is likewise a

smiall number. As an additional check upon
the information obtained from the clinical
records on this group, the records of the
life insurance company were examined for
all death claims paid under the policy, and
particular notice was taken of the claims
in which the proof of death wis based on
cancer of the lung,

Deaths from lung cancer among ashestos
miners were, thus determined from the
clinical records in the medical service of the
industry and checked by means of the death
certificates and insurance company records.
The deaths were then veritied individually
by reviewing them with the physicians in
charge of the mdical =ervices. In this man-
ner, there was established a list of cases in
which primary cancer of the lung is con-
sidered to have been proved as the cause of
death. A few cases in which lung cancer is
strongly suspected but not proved as the
cause of death were considered separately.
Mortality rates have been caleulated using
both the “proved” and the total of “proved”
and “suspected” cuses during the years un-
der observation. Comparisons were then
made between the death rates from the same
cause among specific <egments of unexposed
persons.  All lung deaths, hoth
suspected and proved, were carcfully ana-
lyzed to determine possible relationship or
correlations between the development of
lung cancer and any factor known from the
clinical records, such as family history of
cancer, personal history of heavy smoking,
coexistence of asbestosis, or exposure to
asbestos.

640
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In addition to this analysis of deaths oc-
curring in the cohort and during the years
under observation, every known death from
cancer of the lung, as well as every case
diagnosed but still living, has been tabulated
and analyzed. They will be discussed separ-
ately from thase included in the population
and time-interval under study.

2\ conmparison of lung cancer mortality
i the ashestos-producing counties has been
made with that in counties which are far
removed from the asbestos mines and in
which, presumably, no asbestos miners live.

Finally, in order to browden the compari-
s of death, rates in different population
groups, the vates hive been collected for
Canada generally, and for the United States,
according to the most recent published and
unpublished material,

Results and Interpretation

The cohort which was constructed accord-
ing to the criteria described in the preceding
section has been considered individually and
compared  with  the  general  population.
Description of the cohort will be presented
here as a preface to the results of the study;

Original Colort ©,094
Lo~t Persons Deducted 133
Final Coliort 5,959
Living in 1933 (working awl retired) 5,77 %
Dead by 1933 187
Cancer of lung 9
Questivnable cancer of Inng 3
Other causes 169
1U'niknown causes 4
Sntukers 4,673
Nonsmokers 1,263
Unknown 24

Tables 1, 2, 3, and 4 present age, number
of vears of employment, weighted averagd
exposure, and smoking habits of the cohort

A comparison of the exposure to asbestog
dust is presented in Table 3. All memberd
of the cohort were placed in one of thred
categorics, representing increasing degreeg
of exposure based on a weighted average
of the years spent at various levels of
dustiness. The degree of dustiness for eacH
job category was determined after consulta
tion with persons familiar with the environ
ment and conditions in the various worj

Iol. 17, Tunc. 195§
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TasLe l.—Number and Percentage Distribution

TaBLE 2—Number and Percentage Distribution by

by Age Length of Employment
Age ) Number Per Cent Length of .
Employment Number er Cent
2044..... P T T T 3.9 66
5-54. - 1,124 19 1,703 30
35-64 §1§ 1w 2,398 40
654-... . 3lg S 93% }g
A% : v
Unknow . 3 = : s 9
598N 100 L 55 1
Age... 4 ) b -
Average Age . TotalS...oveoroeonin ens . sene 100
Average vears of employnent. . ... 18

* Joss than 0.5%.

areas. Tfor the purposes of caleulation, the
assumption has been mile that the relation-
ship between these categories is linear, and
that Category 11 is twice as dusty, and
Category [II three times as dusty as Cate-
gory I

TasLr d—Number and I'ereentage Distribution
by Lrposure Categery

Exposure .
Catepory Namber I'vr Ceny
. 2,031 34
R . 2180 3h
e an
. 5 -
Totals, ..o el 0 L 3958 LY
Average Fxposure.... .. ... . 2.0

¢ Less than 0.5%.

The fourth variable, smoking habits, was
similarly tabulated and s shown in Table
4. This was included beciuse the informa-
tion” was available and because smoking was
regarded as one of the variables which,
besides the environment. could conceivably
influence the development of lung cancer.
As used in this “presentation. the term
smoker refers to a cigarette simoker, habit-

ually smoking more than five cigarcttes per
day. Persons who smoke pipes or cigars
exclusively were not considered to be smok-
ers for the purpose of this <tudy.

Table 3 presents the vear-by-year ex-
perience of the cohort and indicates the

Tavre $—Nuwmber and Percentage Distribution
by Smoking [akits

Sthokiue

1fabits Numher Per Cent

=mukers...... 4673 h

Nonsmokers..... . 1,265 2t

U"nhknown, ..., . = *
Totals.... . . . 3958 10v

* Tess than O 9.

number of deaths each yenr from specified
cigses.  In general, i case was considered
to be “proved” as one of primary cancer
of the lung when the records showed that
the diagnesis had been supported by an
autopsy or surgical resection of the lung
with microscopic exmmination of the re-
moved tissue. T one case so considered,
however, diagnosis was continmed by bron-

. T Tamek 3= Year-by-Yeur Experience of Cohort and Death Rates per (000000

Mun-Yvars of Risk

Canse of fleath

— e p—,

Nu, Ahve P'rmved Suspected
n At Begimune rimary Primaey ther Man-Years
ear of Year Ca.of Lung Ca.of Lunz Crunsee Cuknown of Risk
1 2 12 1 S50
2 0 17 1
[’} n K 0
2 H K] U]
1 " R 1
3 0 kA n
Totals.eeeee.. .. .. 9 3 ll-; .l-;
Proved ™ sute per 100,000 mian-voure of riskae ,.—_9——== 255
35,2718
. -~
Total’ rate per 100003 man-ve s of risk =3
Broun—Truan 641
——
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LUNG CANCER IN ASBESTOS MINERS

“proved” instances of lung cancer. On the
other hand, they cannot, in fairness, be dis-
regarded completely. It is for this reason
that mortality rates have been calculated
both ways,
Table 8 gives the rates by age groups,
The rates by length of employment are
shown 1 Table 9. During the first 40 years
of employment, the rate rises. an observa-
tion which scems plausible since the men
were growing older. However, after 40
years of exposure there are no “proved”
cases reported for a total of 240 men dur-
ing the six vears, or about 1440 man-vears
of exposure. \When the “suspected” cases
are added, one case does show up in this
Tavte 8.—Lung Cancer Deaths by lge

Groups

Number of Pecsons amd Number of Lung Cancer DNeaths

No.of o~ -—

Age titoup I'ersons I'rove
20-4% . . 3,901 1 1
45-84. 112 L 3
5564, 615 3 3
65+ .. - 3t5 1 3
Cnkonwis oaeveee - 3 [} 0

Totals....... RS 9 12

Annual Lune Cancer Death Rates jer 100,600
Man-Yeuars of Exposure .

Age veoup Proved Tutal
20-44. ... . . 4 4
455 L. .. 15 m
SSG4.0 L. .. st st
854 ... .. . . 282 2163
Unknown.. .. . . . 0 0
Overall. . . o . ... 28 34

periad. Thiz woukl-praduce a rate of 69

- per 100000, again demonstrating the im-

portance of these questionable, but un-
proved, cases to the final conclusion,
because, if there were no cases in this

number of men with long exposure, and if
asbestos 1s a carcinogenic agent, it must be
concluded that these 240 men have demon-
strated considerable resistance. This is a bio-
lngical phenomenon which has been observed
previcusly and is censistent with the theory
of an intrinsic or endogenous factor in can-
cer. The anly other explanation would be
that the susceptible members of this age
group had died earlier of lung cancer. Table
1& which appears Iater in this <cction, in-

Braun—Truun

TasLe 9.—Lung Cancer Deaths by Length
of Employment

Number of Persons and Number of Lung Cancer Deaths
No. of Deaths

Length of No.of = eerme—
Employment frersons Pruved Total
5-9 . 1,795 [} 0
10-19 2,308 1 1
20-29 w2 3 3
$0-39.. 403 13 v
40-49.... . 185 0 1
S04 eaeeiraiacceeninan 55 [ 0
Totuls........ 5,958 9 12

Annual Lung Cancer [Dleath Rates per 100,000
Man-Years of Exposure

I.enzth of
Employment Proved Total
. . 4] 0
- T T
. 5 54
- (K13 143
. - 0 wy
aeene [} fH
- P 23 M
dicates that the members of the cohort

did not die from lung cancer at a younger
age thin the general population.

The rates by weighted exposure are
shown in Table 10, and it will be noted
that they present strong evidence against
asbestos being a carcinogenic agent, for, if
exposure to asbestos is in any way con-
nected to lung cancer, we would expect that
the longer and heavier the exposure, the
higher the rate that would be found. The
only possible error in this interpretation
could occur if the weighted exposures were
inversely related to years of employinent,

Tante 10.—Lung Cancer Leaths by Exposure
Category

Number of Pervans and Number of Lung Cancer Deaths

Nu. of Deaths

Exposure o of
Category ersans t'roved Total
1.. .. 24031 4 4
1. 1] 3 4
It . - 2 4
Unkuown,, ] L]
Totuls.... . ERIEEN _9- I_L;

Annual Jung Cancer Death Rates per 100,000
Man-Years of Exposure

Faposure
Category Proved Touta
3 a3
. 23 3
. 19 3r
0 [
Overll. . . . .- 25 :(:
613
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Taste LL—Number of Persons in I wrioats
Hecighted Lxposure Categories by
Length of E mﬂn\nwnl

Welghted Exposure
Cutegorivs

[N P SRR UREIS SRR 0 | Y

Feagth of

Fruployment 1 1 1131 fnown Tutal
3-9 oy Hun 440 1)
-1y (0%} “nd ~58 i
1oy, E1EY RGX) 208 2
-39 2147 A (r 1y 1
-ty I ne 1t t
04 i 2 n "
Totals L 4150 1.772 3
Average years
af expositre 1T 17 6.5

in which case the bheaviest weighted ex-
mysure (Category HI1 would <how  the
shortest length of emplament. Table L
which lists the number of persons in variots
expusture categories by length of enpluy-
ment indicates that this crror has nut oc-
curred. in fact, the average number of years
of cmiplovment four cach exposure citegory
is almost Llentical.

Table 12. which develaps the rates for
smokers and nonsmckers, is most striking.
It shows that not a single case of lung
cancer developed among the 1265 non-
smokers amd that all cises of lung cancer,
both “proved” and “suspected,” accurved in
«mokers,

Table 12 was o striking that it was felt
that further verification was necessary, It
was possible that some aboormal distribu-
have occurred, o g, the non-

Hon o may

Fante 1—Number and ercontage [stribution

Tame 12 Lunyg Cuncer Death for
\m- fors and Non \'m-'kcr:

Number of Peeeons .uul_ Nutuber of l.um: Cancer Deaths
Ly Snwkine Habits

No. of Deaths

n e m eeaes mmeonn

I'ersns Trrovest Tutl
1 [Xrk] o 12
Nunsmokers .. . 1ann n ]
Cuknown,. . 1) 0 "
Tutals S8R 9 1

Annual FLaoe Cancer Deaht Rates jer 1pn0u0 Man Yeurs

of Expostee v Suweiing Hahits

Totad
JOPEN - a il
\nngu () N T " i
Lnknoweoa. . enne 0 ”
Overallo... . . . - £ k1]
smokers may have  included o larger

percentage of voung men. Conseeuently -
ditional Tables, 13, 14, and 13 were con-
structed to show the distribution of smokers
and nousmokers by age, length of employ-
ment, and degree of exposure. Although
there are slight differences, they do ot
account for the iact that all observed cases
of Tung cancer were in smokers. Tn o respect
to age (Table 133 the combined average
age of the smokers was 4.9 vears less thin
that of the nonsmwokers. Table 14 <hows
that as fav a length of cmplovaent is con-

Tame H—Nuumber and Pere "nll[r' Distribution
of Smokers and Nowsmokers by Lonagti
of In-rl'v\wm-n!

af Nmokers amd Nomsmokers by cge Groups T
B i P ———————— Number
Leneth of
Number Employment suokers  Noustwkers  Cuknown
Aate tirougs ~mker Nonsitwhee  Unknoewn 9 ... T n
w-19... . B 4 L]
Sk, Jom st 12 2., - vy 2
aa ~at 4 30-140. - 103 4
b . - i by 4y, ... .. 75 0
ASdl. ... il 1 £ % . b= 0
tuknewn.o.. . . .. 2 f 1 ——— —_
e — Taotals.... . LN 20
Totals.... .. 1.265 20 Averago length of
Aversge 8Re.c........ 4.2 0.7 erploymente.eee.. - 17.0 19.3 180
Percentaze Distoibution Pereentage Disreibution
\ge Group Smoker  Nansmwker Unkuown Length of .
Employment Smoker  Nonsnwker  Unknown
(NS piE Y a0
19.2 175 o 30.1 298 50.0
88 1Hy w.o 42.1 333 20.0
35 1.8 5.0 13.4 155 0.0
Inknown.ee.e.. . - . M 00 5.0 a3 13.1 20
— — —_— 24 5.9 nn
Totals......... 10095 G 100% 0.7 18 0.9
Totals,....... 100% wog, 100%

* T.ess than 0.0395.

[RSEY
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LUNG CANCER IN ANBESTOS MINERS

TaBte 15 —Number and Fercentaqe Distribution
of Swmokers and Nonsmokers by
Exposure Cutegory

Number
Eﬂc)o;;‘»lr? Smekers  Nunsmokers  Unknown
I.. 454 3
1. 452 7
.. . 348 9
Caknawn, .. L] ! —(_!
Totuls.... . [T 1,265 20
Average expostre
categor) PO 20 1.9 2.3
Perventage Distrthution
S Tposure .
fl:ﬁ::;‘;r)‘ Smokets  Nonsawkers  Unknown
f...
...
1., .-
Cnknown . .
Totals.... .

crened, the stiokers had worked about 2.3
vears Jess on the average than the non-
smokere  With longer exposure and grearer
age. ene would expect the nonsmoking
group tee show a higher cate if lung cancer
were due o ashestos. Pable 15 shows that
the average expostire cidegory wis almost
the <t - for e two groups. Therefore,
this wiriable seems ta be of o importance
in aceounting for this dilference.

The result of this additional analy'sis is
thit none of these factors appears to lessen
the effect of Table 12,

TContparisen o the Uolerl Lxpericnee
with thar f the Provinee of Quebee, Do-
minion o+ Canada, and the (Tnited States.--
In order 1 make a0 comparizon of the
exprrieny aingng ashestos miners with that
of the woneral populiation of the Provinee of

Quebec. statisties were gathered, as stated

L AT

RN F DKL ST

Demography in the Provincial Ministry of
Health. The data on total deaths, deaths
from all forms of cancer, and deaths from
cancer of the lung were obtained by sex
and by county for the years 1950 through
1955, In addition, all death certificates
which specified primary cancer of the lung,
and all those which indicated lung cancer
but didl not specify the origin, were exam-
ined for the years 1952 through 1955,

Table 16 gives a tabulation of the number
of deaths from lung cancer in the Province
and in the cohort for the vears 1950 through
1933, and shows the annual rate per 100,000
in these segments. [t will be noted from the
table that the mortality rate for the
“proved” cases in the cohort is only slightly
higher than the rate for the ['rovince.
When the “suspected”™ cases are included in
the calculation, the rate for the cohort rises
to J3.8 per 10,000, which is about 506¢
higher than the rate for the Proviuce. This,
it will be recalled from the previous dis-
cussion ot the clifect of the “suspected”
cases on the results, approaches but does
net exceed the significant level,

One further interesting observation from
Table 16 is the rather marked increase in
the total number of cases for the Province
between 1950 and 19330 1t is assuted thit
at least part of this increase ix due to im-
proved recognmition and reporting of lung
cancer during the interval. For this reason,
the vears 1954 and 1933 were thought to be
more nearly representative of actual condi-
tions. Even so, it is quite likely that the
general population iz not studied for lung

carhier, s the uffice of the Division of  cancer with the same diligence with which
Tanne it = Comparison of Cohort with Province of Quehee
tunge Cancer Deaths Anntal
NUMBAL f ~o- = =t e e e L e e e 2 s = e <~ « «»  Rate per
Parsons o 1yst 972 LLAKA 1058 [RLES “Tatal 100,000
reovines RC TR 1w o 245 g 3ut 357 1 n2yg 2.6
(¥ 1 S928
“hg;_\‘m al ® b 0 3 1 a 12 138
Provel 1 2 " 2 1 3 @ 5.3
{Province [MRFELN B s R0 A 302 s 1512 225
Letcluding sslesro,
‘workers) -

wographie: . . .
tNumber ahive in colurt gt beginning of 1932,

Braun—Truen

In the Provaies ficures, it sas besn tasumed al) male lung cancer deathz ars lor men of 20+ years, .
¢ Approximate andpeint ol the enmtcerated population for 1951, and the estimated population {or 1951 {Rapport. Div, de la De-
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A, M, 4. ARCHII'ES OF INDUSTRIAL HEALTH

Tanek 17.—=Lung Cuncer Deaths for the Province of Quebec®

Number of Deaths

1954 Hi
't Total Certaficd Specified Primary T(\l.:.l; (‘Jnﬁml =pecmnd Prlmtry
Esti e Tty —
Age Group Population Total Proved Fotal Proved Total i m\\-tl '\‘olal l'roved
295,000 17 13 11 9 17 b 17 9
%2:?,: LUXCTD 4 30 43 29 ﬁ('\ 38 ‘V.')
464 137,14%) 100 38 6y 32 "3 L) 116 57
654 121,000 1t 33 fih 29 145 H li» £
Totals 1,237 000 205 120 91 9 362 15 33 152
Death Rates per 100,000
1954 LX)
Total Certified Specified Primary Total Certified - Specm«{ I'rimary
Age Group Total Proved Total I'roved ‘Total Trovd Total Proved
22 1.7 1.4 1.2 2.2 12 2.2 1.2
33.2 17.8 213 4.4 29.7 bik) 27 155
3.0 50 50.4 .4 35.4 L6 T 416
9.7 w3 56.2 20 1223 e 1223 14.6
OVEr-alloeecnnreeneaennes eveanen %8 s 5.4 50 276 s %2 123

* Data from death certificates.

1 Estimate for population obtained by applying 1951 peccentages for 3ga groups for males to the totud pupulation for 1954, a3 given

in Rapport, Div. de 1a Demographte.

this disease is looked for in the miners, and
it seems prubable that the mortality rates
for the Province may be low. This would
appear to be substantiated by the fact that
the reporting of cases in the cohort showed
no such increase over the same period.

Table 17 was compiled to show the an-
nual age-specific lung cancer rate of cases
in which the death certificate merely read
“cancer of the lung.” as distinguished from
those in which the diagnosis was confirmed
by autopsy, surgery. or biopsy. The term
“specified primary” refers to those cases in
these twou categuries in which the tumor was
specified as having originated in the lung.
It will be noted that, of the total cases
reported in 1953, a much higher percentage
than in 1954 were specified as primary. The
table also shows that a higher percentage
of the total cases certified in 1955 were
proved, again indicating increasing interest
in this disease.

A comparison has been made between
the age-specific rates shown in Table 17,
and those for the cohort, shown in Table 8.
An average of the 1954 and 1953 rates for
the Province has been used, since the 1935
figure was higher and may have been ex-
ceptional.

646

This comparison,
18, shows
deaths in our
greater than the expected nuniber of deaths,
based on the averiage of the 1934 and 1955
figures for the Province.
the case of the age group of 05 and over,
the five deaths provide a figure which is
almost significant at the 95¢¢ level,

ever, it

includes one of the suspected but unproved
cases previously referred to. Furthermore,
it is rather likely that the rate for the

general

age group, for the obvious reason that the
exact cause of death in the very old is nnt

r un.r

Expected Number of Lung Cancer

suinmarized i [able
observed number of
sample is not significantly

that the

It is true that, in

How-
should be noted that this number

population is understated in this

18 —Comparison of the Actual and

Deaths by Age Among
Asbestos Miners

Age
Group
20-44
45-54
55-64

654
Unknown

Provincs Observed No.
Total Specified Expected  of Deaths
Primary Rate  No.of N0, 0of eeeemmn
per 100,000 Miners Deaths ® Proved Total
1.3 3,901 ot 1 1
24.5 1,124 2 1 3
67.6 615 2 3 3
803 315 2 4 s
.. 3 - 0 [

* The sxpected nitmber s hased on the average of.tbe 1954 and
1055 npe-spacific rates for the Province of Quebec,
t Actusally 0.4,

I"ol. 17, June, 1938

ASARCO ELP 0002847




LUNG CANUER IN ASBESTOS MINERS

TasLE 19.—4ge Distribution of Adult Males for

TABLE 20.~dAnnual Dcath Rates per 100,000 for

Cancer of the Lung in Canada*

the Province ap Quebec, 1951*

Provines

.= - Percentaze

Age Group Number Perventage  1n Cubort
2044 cevennnnaan 327035 63 th
15-534. 13,952 16 19
S5-64 - 124,944 1l 10
| L0 I 113,467 10 _.':
Tots) ... 1,158,498 100 100

* Rapport, 19H4-

a matter of the same intensity of interest
as it is in younger persoms.

Table 18 also answers a question pre-
viously raised. [t shows that the members
of the cohort hive wot died from lung cm-
Zer at an age earlier than the general popu-
fation. and that ~uch an explanation cannot
s Offered for the absence of lung cancer
n 240 men with more than 40 vears of
smployinent referred to on page 643. )

Before leaving this comparison of the
Province with the miners, it should be
shown that their age distributions are rea-
somably the ~ume. That this ic the case can
e observed from Table 19.

Tt should he remembered that the miners
~ctire and consequently. it can be expected
Jat the oldest age group will be larger in
he weneral popnlation. The data presented
n Table 20 “ielicate that the lung cancer
ate renerally decveases after age 70, There-
“ore. we could exject the rate for all people
wer 63 to be smaller than the rate for the
troup tntween 63 and 73, which would apply
o the ollest group of miners. It is felt
hat Ly asing the whele adult male popula-
i-r-n. we hme devebgrd rates for the gen-
fal qopulation which are somewhat lower
han i we had been able to exclude the
icnple in the general population over 75,

: A comparison between the ashestos niiners

d the population of the Dominion as a
thole was made. using statistical material
Fom several sources. In one source, Phil-
ips ™ gave age- amd sex-specific rates for
fanada for three periuds Letween 1931 and
052. The rates for males are given in
able 20.

These figures show strikingly the increase
rates between 1931 and 1932, and this

Foun—Truas

tiroups of Years
Age Group 1931-1433 1411043 1950-1952
Under 30 0.2 03 1.0
I0-34 0.9 09 08
35-39 2.0 3.2 30
4044 30 54
4549 52 12.5 16,7
SO-54 8.2 189 312
55-59 12,7 22.0 .7
12,5 3.7 .8
15.1 S 1029
0-74 10.7 J0.6
579 15.8 300 3.9
8.2 279 0.7
14 M3 71.0
All Ages 25 IRy 8

+ “\Mortality from Lung Cancer in Canada,™ 1031 to 1952,

increase is particularly marked after age
30, confirming an observation previously
made, to the effect that until recently lung
cancer has probably been underdiagnosed
in the older age groups in the general popu-
lation.

To use these hgures for purposes of
comparison, it is necessary to combine the
rates for certain age groups in order to
conform to the age distrihutions used in this
study. Since the exact populations in each
age group for the vears indicated is not
known, this must be an approximation.
However, the rates would be somewhat as
follows:

Ace Group Rate
2043 3
45-54 a7
$35.64 @
534 093

These rates are, in general, lower than
those developed for the total (proved and
suspected) cases of lung cancer among the
ashestos miners. The only large difference,
however, is in the age group of 63 years and
over, and it is quite possible that the rate
for this group may have increased for
Canada between 1932 and 1934 as it did
for the 'rovince of Quebec (Table 17),

A further comparison has been made with
an over-ill rate obtained from the American
Cuncer Saciety for respiratory cancer deaths
in Canada in 1933. This rate, for males,
iz 20.8 per 100,000, or 3 more per 100,000
than Phillips’ 1930-1932 rate. and compares
with 23.3 per 100,000 for proved cases and
33.8 per 100.000 for tera] cases among the

647
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TasLe 21.—Number of Deaths and Death Rates
per 100000 by Age Groups for the Adult
Male Population of the United States *

Age Group opulation Cases Rate per 100,000
2044 24,514,000 843 3.6
45-54 8,065,000 2979 35.9
85-64 5,340,000 5,254 .6
654 5,870,000 6,483 143
Total 44,519,000 16,599 32

* Data from “Vita] Statistics of the United States.” Vol. 1
and 2, 1952,
asbestos miners in this study. It is there-
fore obvious that there are no important
differences between the rates for asbestos
miners and those for the general population
of Quebee and the Dominion of (‘anada.

Since it is probable that figures for the
United States are more complete and, there-
fore, possibly more comparable to the data
for the miners, age-specific rates were com-
puted from “Vital Statistics of the United
States,”” Volumes I and I, for 1932, These
rates have been tabulated in Table 21.

It is apparent that these rates compare
favorably with those for the asbestos miners
as shown in Table 8. Still other rates for
the United States were obtained from the
American Cancer Society. and for males,
these were 25.3 per 100,000 in 1933, and
28.0 per 100,000 in 1955. They are not
identical with the rate calculated from the
figures of the uffice of Vital Statistics, but
this i~ possibly because the Awmerican Can-
cer Society mites are for males ol all ages.
Nevertheless, they, ton, compare favorably
with the rates of 23 (or 34 for total cases)
obtaining among the asbestos miners.

Turning for a moment to a comparison
between the asbestos miners and persons
who are exposed to asbestos in one form
or another (as distinguished from the gen-
eral population groups just discused, who
have no exposurej an interesting observa-
tion can be developed by deduction. Hue-
per 38 has stated that there are about 35,000
persons exposed in the United States, and
we have found that the Canadian mines
employ about 8000. Elsewhere, it has been
estimated that the workers in England who
have exposure total between 3000 and S000.
With workers in Africa, Denmark, Nor-
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way, and other countries, at least 30,000
persons must be exposed throughout the
world, and it can be assumed that this
number has been fairly constant in the 20
years since 1935 when the fArst case of
asbestosis with lung cancer was reported.
At least 1,000,000 man-years of exposure
has thus been accumulated, and this figure
can be divided by the approximately 150
cases of lung cancer with ashestosis re-
ported during the 20-year period. This
gives a rate of 15 per 100,000, which is at
least indicative that any lung cancer rate
which can be caleulated for workers ex-
posed to asbestos dust i> not much greater]
than that for the unexposed population.

Comparison Between Eight Counties Ad-
jacent to the Asbestos-Producing Areas and
Eight Selected Counties.—To compare lung
cancer mortality rates in the counties surd
rounding the asbestos-producing areas with
another group of counties in which no asd
bestos miners are likely to reside, the rated
were eomputed on the basis of figures fod
the years 1930 through 1953, The cigh
counties selected for comparisim were Ar
genteuil, Chateaugay, Montmagny, Dort
neuf,  Richlieu. Riviere-du-Loup, St
Hyacinthe, and Terrehonne, mainly becaus
they represent a wide geographic distribu
tion throughout the Province. The countie
selected hecause of their proximity to th
ashestos mines include Arthabaska, Deaucd
Drummond,  Frontenae, Megantic, Ricly
mond, Sherbrooke, and \Wolie. Tuble 2
shows the number of lung cancer death
for the years 1930 through 1935 for ead
uf these counties. wund a mortality  ratg
based on the adult male population in 1937
To emphasize the comparison, Megant
County has been shown separately. as hy
the Province of Quebec and also the Proy
ince with the ecight “asbestns-prnducinq'
counties subtracted. Decause of its uniqy
lung cancer death rate, Montreal et Isle {
Jesus has also been listed in order to provig
further comparison.

It is apparent from the table that tH
lung cancer death rate for the eight counti
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Tasry 22.—Number of Lung Cancer Deaths and Rate per 100,000 Man-Yeurs

Male Lung Cancer Deaths *

Adult Male

Population
Countles 1452 1950 1951

Meguntic County .100 K] t
Eight “Adjacent™ Countics 07,600 '3 3
Eight Selected Counties 23400 2 10
rrovince of Quebec 1,168,000 196 20
Province of Quebec less eivht R
“adjacent’’ cuutities 110,000 190 213
Montres! et Isle de fesus 34000 3 7

Rate per

1052 1953 1954 . 188 Total 100,000

3 3 t 4 18 8.9

4 16 4 16 54 9.4

3 13 5 4 49 9.5
A3 3 3u3 357 1624 .6
236 287 299 3 15%0 28
158 192 135 23 70 2.3

* It §s assumert that all mole g cincer Jeaths accurred after age 20,

immediately surrounding the asbestos-pro-
ducing areas is practically identical with that
of eight counties sclected for comparison.
While Megantic Coumty has a rate nearly
twice that of the combined eight selected
counties, it i~ lower than the rate for the
D'rovinee, aud considerably tower than the
rate for Montreal, The figure for Montreal
would certainly be higher except for the
very low numbers of deaths reported for
19530 and 1931, and it would appear that
in those years some error in reporting has
undonbtedly been made. On the basis of the
other vears, 1930 and 1931 deaths would be
expected to be about 200 greater. This
would result in a rate of 40 per 100,000,

The only possible cunclusion from this
comparison is that there is no evidence that
the persons who live and work in the coun-
! ties - surrounding and adjacent to the as-
; bestos-producing arcas have any greater
tincidence of lung cancer than those who
live elsewhere in the Drovinee.

Comment oun Al Recorded Lung Cancer
Cuses, Living and Dead, amaong the <sbes-
tos Miners.- Although a simple enumera-
tion of all the known or suspected cases of
cancer of the lung in these areas has no
particular value from a statistical point of
view, it i= of interest to summarize such
cases for the record. There were nine deaths
prior to the heginning of the time period
covered by the study. including one in which
the diagnosis was mediastinal Iymphosar-
coma. During the period covered by this
investigation, there were nine proved cases
and three suspected cases in the cohort.
Through 1936 and to date in 1937, there
were eight deaths, six of which were merely
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suggestive of cancer of the lung and in-
cluded such diagnoses as mediastinal
Ivmphosarcoma, mesothelioma, cancer of the
leg with metastases to lung, abscess of lung,
and cancer of the pancreas. One other was
diagnosed on the basis of x-ray anly. In
addition, there are now living four cases in -
which the diagnostic evidence is strongly
suggestive of lung cancer. This is a total of
33 cases of all types, including 10 “sus-
pected” but unproved cases, and 4 that are
still living. The remaining 19 constitute the
total of proved cases of cancer of the lung
among the asbestos miners since 1940.

The proved cases uveraged 39 years of
age at death, and varied between 37 years
and 68 years. Their working span covered
periods varving from a minimum of 14
years to a maximum of 37 years. Only
three men had less than 25 years of em-
plovment in the industry. Seven among
those on whom such information is avail-
able had a weighted exposure placing them
in Category [T, and six worked in an
exposure represented by Category 1.

There were only 17 among these proved
fung cancer cases in which we have in-
formation regarding the presence of as-
bestosis. Asbestosis was present in nine,
although it was minimal in two. Two path-
ologists disagreed regarding its presence in
another. At least seven of the 19 proved
lung cancers, therefore, were not accom-
panied by asbestosis.

Summary and Conclusions

Intercst in the question of whether there
may be an association between lung cancer
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and exposure to asbestos has been evident
since the report in 1935 by Lynch and Smith
of a case in which lung cancer and asbes-
tosis were both present. As additional cases
in which the two diseases coexisted were
reported, a causal association appears to
have been gradually accepted by many
authors, although some workers considered
the correlation to be inconclusive. The pres-
ent study was undertaken in an effort to de-

termine whether a causal relationship did, .

in fact, exist between exposure to asbestos
and cancer of the lung.

Sincs most carlier studies had been
limited to enumerating the lung cancers
found in certain sclected samples, such as
cises coming to autopsy or death certificates
in which asbestosis was mentioned, it was
apparent that they could not {ulfill the re-
quirements of an epidemiological and sta-
tistical approach te the problem. The
present study was, therefore, designed to
meet the requirements of this method.

After a preliminary survey to explore the
availability of reliable information, data
were gathered on workers in the asbestos
mines in Quebec, based on their medical
records. .\ cohort was defined ‘as a group
of ashestos miners having at least five vears
of exposure and who were in the industry
in 1930. Data relative to their characteristics
were collected and their status at the end
of a six-vear period of observation was de-
termined. In the case of those who had
died. an ‘exhaustive search of death certif-
icates and insurance records was carried out
in order to determine as nearly as possible
the exact cause of death. Mortality rates
from lung cancer ior the general population
of the Province of Quebee and its various
countics and for the Dominion of Canada,
as well as the United States were calculated
from statistics collected in the appropriate
places. Comparisons of the rates obtained
for asbestos workers and for the other popu-
lation groups were made according to ac-
cepted statistical methods.

Records were obtained on 6091 persons
who fulfilled the criteria of the cohort. It
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was not possible to trace 133 of these for
the whole period, but 5771 of the remaining
3958 were found to be still living in 1955
or later. Of the 187 known dead, cancer
of the lung was considered to have been
reasonably proved in 9 and to be strongly
suggested in 3.

The members of the cohort were studied
with respect to age, length of employinent,
a weighted average of their exposure, and
their smoking habits. It was found that
4673 were smokers within the definition of
that term as used in this study, Thirty-four
per cent of the cohort were more than 43
vears of age, and thirty per cent had been
emploved for longer than 20 vears. Thirty
per cent had a .weighted exposure which
placed themt in the category of highest ex-
posure, .

The muortality rate for lung cneer, as
computed on the basis of nine *proved”

deaths among the cohort was 23.3 per 100,-!
000. \When the three “suspected” cases were!
added, the “total” rate fur the cohort rose!
to 33.8. The importance of the suspected!
but unproved cases in determining these!
rates has been reiterated because it is likely:
that such cases would not be included in;
the statistics for the general population andi
because they influence the results so mark--
edly. !

According to the findings in this study,
the mortality rate from lung cancer does:
not appear to increase with length of ex-
posure or with degree of exposure, a fact
which presents strong evidence against the
carcinogenicity of asbestos.

Comparison of the experience among the
ashestos miners with that of various seg-
ments of the unexposed, cotnparable popu-
lation shows that the abserved number of-
deaths among the miners is not significantly
greater than the expected number. The rate
for proved cases among the asbestos miners
(23.3 per 100,000) compares well with the
rate of 22.5 per 100.000 for the rest of the
Province, and 20.8 per 100.000 for adult
males throughout the Dominion of Canada.
It also compares satisfactorily with rates
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of 37.2, 25.3, and 28.0 obtained from various
sources for adult males in the United States.
Finally, in this matter of comparison, it
would appear that the world-wide experience
of persons exposed to asbestos dust is not
worse with respect to lung cancer than that
of the unexposed population,

The counties surrounding the asbestos-
producing areas, in which it s presumed
most of the asbestus miners live, have al-
most identical mortality rates with those of
eight counties widely scattered through the
Proviuce, and are lower than those for the
renutinder of the Uravinee. and much knver
than the rate for Montreal,

Since 1940 there haye been 19 cases in
which the diignosis of primary cancer of
the iung may be camsidered o have been
prened, \pproxindeiy hadf of these cases
were asscciaterd with asbestosta, N bat one
died in thie recognized Ceancer-ase” and at
et ome-third hid only the lightest ex-
posure - Category Tt ashestos dust,

O the basts of what are believed o be
complete aod relialde datas 0 seemis fair to
comclude thin the
Provinee of Quebee deonot have a sigiif-
icantly bigher Jdeath rvate from lung cancer
than dee comipaiable sepnuents of the general

the sshestos wnners in

Pepaiation
the demth rate from Jung

biese

[Furtho v o,

caneer i the arcas contiguous o the s
to~ operations is compeoable to that in arcas
widely seattered throughout the Provinee of
Cuelier aned e Tver than in wene urban-

ized e - wsthin she Provanee,
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