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Ever since the pronounced increase in
the incidence of lung cancer among mailes
became apparent, there have been attempts
to associate it with one or another of the
various elements in the environment of
man. The approach used by some workers
has been to suspect one or several sub-
stances and then set about in an intensive
search for lung cancer among persons who
have had any exposure to those materias.
In this connection, Smith 3 writes: “The
tendency of authors reporting the coinci-
dental occurrence of primary lung cancer
with silicosis or with any other theoretical
etiologic conditions, has been to emphasize
the percentage relationship in extremely
small series of ases, with control cases
which are not in any way comparable.”

It would seem inevitable that asbestos
should come under scrutiny in this manner,
because prolonged exposure to this material
is known to cause a specific type of pneu-
moconiosis, and because persons who show
this form of pneumoconiosis often come to
autopsy and provide a ready source of
material for studyv. It was in this way that
reports of the simuitaneous occurrence of
lung cancer and asbestosis Legan to accu-
mulate after the report of a case by Iynch
and Smith®® in 1935. Within the next 10
years, about 15 additional cases were re-
ported, and in 1954 Merewether 7 reviewed
all deaths from asbestosis recorded in Eng-
land since March, 1924. Lung cancer oc-
curred in 165¢ of these cases. Gioyne,*!
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whose work is aiso frequently referred to
as establishing a connection between asbes-
tosis and cancer of the lung, reported in
1951 that cancer of the lung was present
in 14.1% of asbestosis cases examined by
him. In 1941, Nordmann and Sorge7”
claimed to have produced lung cancer in
mice which they exposed to asbestos dust.

Since 1951, additional cases of cancer of
the lung coexisting with asbestosis have
been reported, and, according to Hueper %
about 100 such cases had been reported up
to 1955. As a result, an association between
the two diseases appears to have been ac-
cepted by many authors, and several writers
were using the term “asbestosis cancer” of
the lung. Werber,® in 1952, stated cate-
gorically that in 7% to 17% of cases of
asbestosis, after a latent period of about
112 to 20 years, carcinoma becomes estab-
lished in the lung.

On the other hand, not all authors ac-
cepted this alleged association without
reservation. Saupe ® in 1939 reported that
he had discovered no cases of tung cancer
among 620 cases of asbestosis which he
had examined; and in 1942, Holleb and
Angrist *9 expressed the opinion that the
number of cases of asbestosis with lung
cancer was too small for satistical evalua-
tion. In 1947, Wegelius* reported 126
radiologically diagnosed cases of asbestosis
among 476 workers in Finland, and found
no cases of lung cancer in this group.
Goldblatt and Goldblatt in their section of
Merewether's latest book,* state: “But at
no stage in all these impressive researches
was any clue obtained which might have
offered any support to the possibility that
asbestos could act as a carcinogen. There
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LUNG CANCER IN ASBIESTUS MINERS

is no reliable criterion by which one an
anticipate carcmogenicity and, as is well
known, relatively minute changes in the
structure of a chemical carcinogen are suffi-
cient 10 diminish or chiminate cuircinogenic

acuon.

1f asbestos 1s indeed to be regarded as a
carcinogen, the need is felt to demonstrate
some property which can be regarded as
something more than inertness.”

These authors advance the theory that,
until some more experimental evidence of
direct carcinogenesis by asbestos or a de-
composition product of it can be obtained,
asbestos might be considered as a “co-car-
cinogen” which only induces a further de-
velopment of a preneoplastic condition
brought about by something independent of
the asbestos, such as an endogenous factor.

Thus the literature, while tending to sup-
port the thesis that asbestosis is in some
way related to the development of lung
cancer, is by ne means unanimous. Alto-
gether, it is perhaps more confusing than
enbghtening. A careful review shows that
the majority of the reports are cliniaal and
not epidemiological. They lack manyv ele-
ments necessary for the application of
epidemiological techniques to their content,
and most of the authors do not make claim
to having done so. What has happened is
that succeeding authors have drawn conclu-
sions and generalized bevond the scope of
the works which they quote. Nowhere, for
exampte, have we found references to a
poruiarion of asbestos workers. although
several authors who have quuted the ob-
served. incidence of lung cancer in autopsies
of persons who also hod asbestosis imply
that this incidence applies to asbestos work-
ers, generally. We have likewise been
unable to find any study which actually
calculated the incidence of lung cancer
among a population of persons who had
asbestosis, and not just those who canic to
autopsy. With the exception of i paper
by Doll,®® none of thuse reviewed gave any
data on exposure amd dust concentrations,
and c¢ven Doll's paper merely mentions
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:schcduled" arcas, by which is meant
th_o:;e areis where processes are carried Ot;
;vl:;ch were scheduled under the Asbestos
ctre o L .
dr;s:;'t’:') Regulations of 19.?1 as being

There s, furthennore, 3 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 MICTOSCOpic examination
of the lung tissue, or it may mean a radio-
logically detectable condition.

Most of the published reports obviously
mcluded women among their cases, but
some of them do not give the number or
proportion of women 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 1955, only 10 appear to have
originated in the United States, and 7 in
Canada. Somc of the earlier reports ap-
parently included asbestos miners, but it
can-be assumed, since 82 of the 9 cases
had originated in England, and since no
asbestos mining operations are carried on
in that country, that most of the reported
cases have involved workers in the textle
or fabricating industries,

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

With this understanding of the limita-
oy of the existing literature with respect
to epndemnioingical generalization, it may be
of valite 1o consider in somewhat more de-
tarl come representative earlier publications,
A few of which were referred to briefly
above.

Oune of the most detailed studies and one
which deserves the most serious considera-
tion is that reported by Doll2® in 1955.
This sundy reviews causes of death among
asbestos workers based on coroners’ rec-
ords. TU also atteniats to estimate the risk
by stwlying records of men who worked
for at least 20 years in exposed situations.
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Dobl concluded that lung cancer was a spe-
cific industriai 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 not 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-
{juent uccurrence. 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 1s 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
vears. the studv automatically excluded
those who died from other causes after
shorter employment.

Another reason why this publication is
ol importance is a statement which it con-
tains 10 the effect that “the strongest evi-
dence that it (lung cancer) may be a hazard
tin asbestos workers) has been produced
by Merewether and by Gloyne ™

In 1931 Gioyne*! presented iz 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-
sunably asbestosis. Primary cancer of the
lung occurred 17 times in this group, an
incidence rate of 14.1% for lung cancer
among asbestosis cases coming 10 antopsy.
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

636

o cvmm s —— o -

A ARCIHIT LN OF INDUSTRIAL 146.41.THt

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 monality of the asbestos workers” to
be “disturbing.” First of all, it is obvious
that the paper does not deal with the “mor-
tality of asbestos workers,” and secondly,
it must be bome in mind that all of Dr.
Gloyne's cases were submitted to him for
study because the findings were unusual
for uncomplicated pneumoconiosis. It can
reasonably be assumed that cases, including
those of asbestosis, in which the findings
were not considered unusual were not sent
to Dr. Gloyne for examination. As a mat
ter of fact. m the same paragraph in which
he expresses concern over the incidence
rate in asbestosis, Dr. Gloyne himself
points out that the rate for lung cancer
based on necropsies at the London Chest
Hospital was 21.3% while the figures of
the Registrar-General 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 importance
as an index of the prevalence of lung can-
cer in asbestotics has been misinterpreted
by some who have quoted him. All that it
reaily shows 1s the fact that in a group of
121 cases, selected for special study pri-
marily because they seemed abnormal by
prelinvinary exantination, 17, or 1416 had
lung cancer

Merewether 7 1947, i the revart of
the Chae? Tespedior of Facturies, reviewed
all cases reported between 1924 and 1945
in which asbestosis was the cause of death
or a coexisting condition. This work was
later extended to include all such cases re-
ported up to December, 1954, by which time
there were 344 deaths, including 205 males
and 139 females. Among them were 55
cases {169 ) 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 <ie of their asbestosis, or in whose
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LUNG CANCER IN 4ASBESTQS MINERS

death certificate it was not mentioned, may
have been missed. The import of this 16%
1« enhanced by the simultaneous statement
that the incidence of lung cancer in autop-
sies of the general population is only 1%.
The danger of attempting to compare a
rate found in 344 cases with the rate for
the general population without respect to
age, occupation, and many other vanables,
such as smoking habits, is obvious.

Lynch,7® who with Smith*® had reported
the first case in 1935, reported 4 cases of
carcinoma of the lung in a series of 49
autopsies on workers in an asbestos manu-
facturing plant who were chown to have
“demonstrable deposits of asbestos in the
lungs.” This, of course, s not necessarily
identical with the disease asbestosis. Lynch,
himself, points out that, although this is an
incidence of 8.2%, “both figures are too
small for very serious statistical types of
calculation.” Nevertheless, later writers
have used this paper to strengthen the case
for an association of carcinoma of the lung
with asbestosis. It is also of interest that
Klotz ® found only the same number of
cases of lung cancer in a series nearly 10
tumes as large. 1. e, 4 in 478 cases of
asbestosis.

Behrens, as cited by Merewether,’® esti-
mated that, of 309 cases of asbestosis in the
literature, 44 showed associated cancer of
the lung—giving an incidence of 14.2%.
This is an illustration of generalizing an
incidence obtained in a group of cases
which were undoubtedly reported only be-
cause some of them showed lung cancer, to
possidly  hundreds of asbestotics whose
cases were never reported. The same ap-
plies to the conclusion of Teleky® who
appears to have reviewed reports of 39
autopsies on persons with asbestosis among
which 6 cases of lung cancer occurred. In-
formation from sources such as these does
not jusiify generalizations with regard to
mortality rates.

Perhaps no one has written so exten-
sively on the subject as has Hueper$*
In 1935 he reviewed the cases®® reported
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prior to that datc and enumerated a total
‘of 99. Eleven 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
cases should have been included in his re-
port. Of the remaining 80, it is quite pos-
sible that the 31 contributed by Merewether
and the 17 by Gloyne contain some duplica-
tion with each other or with those of other
English authors.

Principles of the Epidemiological
Method

Do * has pointed out that much of what
i5 now thought 10 be pertinent concerning
the comparative frequency of lung cancer
in different population groups has been de-
veloped from the analysis of clinical ma-
terial, particularly surgical and autopsy
records, supplemented to some extent by
the reported impressions of wvarious clini-
cians based upon their personal observa-
tions. More recently, however, attention
has turned to the systernatic investiga-
tion of this problem by the same methods
that have proved so successful previously in
the study of communicable diseases, that is
10 say, by epidemiological methods.

In order to apply this method of investi-
gation to the problem under discussion, we
were of the opinion that a study should be
planned so as to provide (1} a well-defined
population group: (2) available data for all
members of this population, including the
healthy as well as the iil; (3) 2 sample
which is truly representative of the popula-
tion; (4) reliable and valid observations
relating to the problem of the study.

A serious defect, common to most of the
studies which have been reported, is that
little or no information concerning the
healthy people in the group seems to have
been available to the author. In order to

draw a generalization regarding all asbestos -

workers, it is necessary for a study to in-
clude living persons as well as the dead.
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Limiting the investigation to cases comning
to aulopsy, as has been frequently done in
earlier studies, still further restricts its use
in generalization. The problem with which
we are concerned is whether asbestos
miners experience miore lung cancer than
does the general population. The answer
necessitates the collection of reliable infor-
mation on asbestos miners as a group, as
well as on the general population,

It seems advisable to discuss the differ-
ences between the epidemiological approach
and that used in the studies which have
been reported to date. A very important
consideration is the fact that fung cancer,
in spite of its increasing numbers, is still a
disease of Jow incidence; that is, in a given
population not many persons will contract
this particular disease. This fact requires
that large samples or groups must be stud-
ied to provide meaningful results.

‘Recognizing the difficulty of abtaining
such large samples, most earlier writers
deviated from the epidemiological method
and sought to circumvent the requirement
of observing well persons by (1) compar-
ing the refative frequeney of cancer in vari-
ous sites; (2) comparing the relative
irequency of cancer in a group of hospital-
ized patients; (3) comparing the relative
frequency of cancer in a group of cases
coming to autopsy.

Attempling to compare two population
groups, looking only at the rclative fre-
quency of cancer in various body sites.
may resuit in finding a higher percentage
srentive frequenayvt in one of the groups.
whe g {act, the martaiity rate of cancer
of a particuiar organ 1s exactly the same
mm toth groups. This is very clearly dem-
onstrated in the excellent articte by Dorn3®
The mortality rate from a particular cause
is the true measure of comparison.

It is apparent that selected groups such
as hospitalized patients or autopsy cases
may not be in any way representative of
a larger group, and that in dealing with
such samples, the observer may easily find
more cases of a given disease than would
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be found in anuther group of the same size,
but representative of the general population.
It s true that investigation of cases from
such a sample can furnish information
valuable for research, but the use of this

information in drawing generalizations is

necessarily restricted. It is the obligation
of both the investigatar and of those who
read his report to make proper comparisons
and to draw only those conclusions which
are valid and justified. A good statistical
study of cases of cancer of the lung occur-
ring in a group of autopsies can lead to a
proper inference concerning the frequency
of lung cancer among cases coming to
autopsy, but only to such cases. For in-
formation from such a study to be pro-
jected o some larger group, it is necessary
that the autapsies represent a good sample
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 some danger that the figures
reported by some authors may be miscon-
strued as applying to asbestos workers or
even asbestos miners, when, in fact, the
authors in question do not make this gen-
eralization, nor can the generalization be
made for the reasons stated. Close study of
the reports reveals that the percentages
cted relate only to the group of autopsies
covered by the particular investigation,

The present study. in contrast to the
carlier warks, has been planned to utilize
the epidemivlogical method. A well-defined
group of asbestos miners has becn estab-
lished in such a wav that it constitutes a
gund ~amiple of the whoie population of
asbestos miners in Quebec. Data for all
members of this group have been collected
and analyzed. Thase conceming lung can-
cer have received most careful considera-
tion. Details of the methods employed wili
be sct forth later. but the tyvpe of approach
is considered to permit of fair comparisons
and vahid generahizations.

Collection and Analysis of Data

A preliminary survey of potential sources
of information in February, 1956, involved
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TUNG CANCER IN ASBESTOS MINERS

discusstons with the physicians i charge
of the asbestos compiuties’ programs and
with dinicians. pathologists, representatives
of City and Provincial health departiments
andd of the Canadian Cancer Society, and
uther interested persons. It was found that
maorbidity data, although somewhat limited.
were availahle from such sources as the
hospitals in Montreal and Quebee City, and
the 13 cancer detection custters in the 'rov-
ince. However, beciuse of the high mor-
tality in lung cancer, it seemed advisable
to depend upon datx relating to deaths,
These we found to be obtainable at the
vital statistics departmemt of the Ministny
of Health in Quebec City. From the pre-
liminary survey, it was apparent that exten-
sive and detailed information conld be
gathered with respect to both the persons
cmployed in the asbestos mining indusiry
and the mortality figures for the general
population.

Following this exploratory  survey, the
mitial effort was directed to the collection
of data relating to all warkers who lad
heen processed through the clinic at Thet-
ford Mines since its inception in 1947, and
similar information regarding all workers
at Asbestos. Que. Dawn from the chnical
records included the age, fantily and per-
sonal medical  histories.  smoking  habits,
number of vears of exposure, an estimate
of weighted exposure, and the course of
the individual's health <tuwius or the cause
nf his death

From this infonunation it was peossible
ta formuiate a “cohort” which couid be well
defined. should be representative of the
whole group, and could be followed for a
definite period of time. All of the available
experience indicates that the development
of asbestosis in less than five vears of ex-
posure must be somewhat rare. Accord-
ingly, the cohont was defined ax including
every miner who had a total expasure of
five or more years, and who was on.the
employment rolls in 1950. Office and other
nonexposed personnel, regardless of iength
of employment, were not included. This
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cohort was then followed by means of the
annual  physical  examination  records
through a six-year interval, 1950 through
1933, All data regarding this group were
then tabulated in order to determine the
characteristics of the cohort. For those who
survived the entire period, reference was
made -io 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
concerming those in the original cohort who
remained unaccounted for when the living
and the known 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 hiving or dead,
aned in the latter event, the cause of death
was substantiated in a similar manner, and
the results added to the original list of
deaths.

Death centificates for the Province of
Quebec for the years 1952 to 1933, inclu-
sive, were reviewed in the department of

vital statistics of the Frovincial Health
Ministry, together with statistical sum-

maries of the causes of deaths in the Prov-
ince by counties. All cases in which death
was certified a¢ having been due to pn-
mary cancer of the lung were examined for
such information as place of residence.
occupation, date af death, hospitz! in which
death occurred and whether or not an
autopsy was performed. Cases in which
lung cancer was given as a cause of death,
but in which it was not specified as to
whether the cancer originated in the lung,
were also reviewed in an effort to include
all instances of primary carcinoma of the
lung in the study.

The statistics for the Province of Quebec
relate to population, total deaths from all
causes, total deaths from cancer of all types,
and deaths from lung cancer, These were

collected and tabulated by counties and by

sex for the years 1950 to 1955, inclusive.
639
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From them, death rates for the general
population of Quebec and of individual
counties were calculated for specific years
and analyzed by cause.

Practically all employees of one company
are covered by a group policy of life insur-
ance which, fortunately, nearly all of them
continue to carry 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
small 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 was based on
cancer of the lung.

Deaths from lung cancer among asbestos
miners were thus determined f{rom 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 verified individually
oy reviewing them with the physicians in
charge of the medical services. In this man-
ner, there was established a list of cases in
which primary cancer of the lung is con-
sidered o have been proved as the cause of
death. A few cases in which lung cancer is
strongly <uspected but not proved as the
cause of death were considered separately.
Mortality rates have been calculated using
both the “proved” and the 10l of “proved”
and “suspected” cases during the veurs un-
der observation. Comparisons were then
made between the death rates from the <ame
cause among specific segments of unexnosed
persons.  All lung cancer deaths, both
suspected and proved, were carefully ana-
lvzed 1o determine possible relationship or
correlations between the development of
lung cancer and any factor known from the
chinical records, such as family history of
cancer, personal history of heavy smoking,
coexistence of asbestosis, or exposure to

asbestos.

~
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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 those included in the population
and time-interval under study.

A comparison of lung cancer mortality
in the asbestos-producing counties has been
made with that in counties which are far
removed from the asbestos tines and in
which, presumably, no asbestos miners live.

Finally, in order to broaden the compari-
son of death rates in different population
groups, the rates have been collected for
Canada generally, and for the United States,
according to the most recent published and
unpublished matenial.

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 10 the results ot the study:

Original Cohort 6.091
last Persons Deducted 133
Final Cobort 5,958
Living in 19353 {warking ami rehired) 5,771
Dead by 1955 187
Cancer of tuny 9
Questionuble cancer of hang 3
Other tauses 169
Unknown cxuses 6
Suohers 4673
Nonwunokers 1,263
U nhiowst 20

Tables 1, 2. 5. ang + ¢ reseni age. nuniber
of yvears of employment weighed average
exposure, and smoking habrs of the cohort.

A comparison of the exposure tu asbestos
dust is presentedd in Table 3. All members
of the cohort were [laced i one of three
categories, representing increasing degrees
of exposure based on a weighted average
of the years spent at varigus levels of
dustiness. The degree of dustiness for each
job category was determined after consuita-
tion with persons familiar with the environ-

ment and conditions in the various work
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LUNG CANCER IN 4SBESTOS MINERS

TasLe | ~Number ond Percemiage Distribution

TABLE 2.—Number ond Percentage Distribution by

by Age N Length of Employment
Age Number Fer Cem Length of
Empioyment Number Par Cent
3,80t L]
1,124 1 cetmemineveransconrananase 1,798 0
819 30 3% «
s 3 922 1%
3 i 303 10
———— - 185 3
s 55858 100 rermeenventssansacnscanavaravanan & i
APRIERC ABC.uceecmeraaarrnransens 4) Towls _&N l;
Avernge years of employment. ... 18
¢ Lesy than 0.5%.

areas. For the purposes of calculation, the
assumption has been made that the relation-
ship between these categories is linear, and
that Category II is twice as dusty, and
Category 111 three times as dusty as Cate-
gory 1.

TABLE 3.—Number and Percentage Distribution
by Exposure Category

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

Table 5 presents the year-by-year ex-
pericnce of the cohart and indicates the

Taste 4—Nwumber and Percemiage Distridution
by Smoking Habits

Ezposurs
Catagory Nutzher Per Cant
3.031 »
2,10 38
1,772 30
3 .
$.984 100
20

* Less than 0.5%.

The fourth variable, smoking habits, was
similarly tabulated and is shown in Table
4. This was included because the informa-
tion was avatlable 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 10 a qigarette smoker, habit-

Smok:
ﬁsu‘g‘ Nomber Per Cant
-7 1 7 TRy veenammaean 4633 ]
Nonsmokers. 1,268 21
Unkoown ,........-. bl hd
TOALS.cresvrevraninnevannnn 5558 00
* Less thas 0.5%.

number of deaths each vear from specified
causes. In general, a case was considered
to be “proved” as one of primary cancer
of the lung when the records showed that
the diagnosis had been supported by an
autopsy or surgical resection of the Jung
with microscopic examination of the re-
moved tissue. In one case so considered,
however, diagnosis was confirmed by bron-

ABLE 5 —Year-by-Yeor Experience of Conert and Death Rates per 100000

Man-Yeers of Risk

Cause of Deatd
No. Alive Proved Suspected
At Begranine Pouwary Primsrey Other Msn-Years
of Year Cs. of Lung Cs.af Lung Causes Unknown of Risk
3955 1 2 12 3 39%0
4,042 1 0 17 3 5932
.92 q 0 k3 0 5.903.5
5588 H | ko [} 55008
5,846 1 ] 3 4 589
5810 3 ° % 0 3,790.5
1 P 9 3 169 s 38,7015
P e 9
Proved” rate per 100,000 man-vears of ciske TR %) - 288 )
- § 12
‘Towal™ rate per 100,000 mAn-years of mk-”xu - 3.0
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TasLe 6.—""Proved” Cascs of Primary Cancer of the Lung

Case No. Age Smoker Ezposurs Died Autopsy AsTesiosis
1 3 Yes 26 y7. to Cat. 11 10-12-51 Yes Yes
2 65 Yes 34 yr.10 Cac. ¥ 3085 Yes No
3 6% Yes 37 57.10 Car. 1 T=20~5% No No
4 59 Yes 32yr.ic Cat. 1 8-20-5 Yes No
$ A3 Yo 2 yr. 1o Cat. 11 ~51 Yes Yes
[ 61 Yes 33 y7. 1o Cat. 111 4-30-53 Yes Yes
7 % Yes 3057, in Cat. il 11-22-53 Yes Yes
8 ht Xes 10 yT.i0 Can. § = 55 Yes No
® [ Yes 28 yr. 1 Cat. 11 5«58 Broach No

choscopy with visualization and biopsy. In
another, aithough there was no autopsy, the
diagnosis of primary cancer of the lung
seems to have been beyond question.

The term “suspected” primary cancer of
the lung was applied to those cases in
which the diagnosis remains in doubt but
some of the evidence points to cancer of the
lung. There were three such cases.

The term “man-years of risk” has been
used to mean the number of men at risk
for the year under observation. A person
who lived throughout the year was counted
as a full man-year of risk, but one who died
during the year was counted as one-half a
man-year.,

Deaths occurring in the cohort, and in
which lung cancer is considered to have
been proved as a cause, are shown in Table
6. In Table 7 are shown three deaths which
have been considered as ‘suspected” lung
cancer cases.

An indication of the importance of these
“suspected” cases in interpreting the results
of the calculations is desirable before fur-
ther discussion of the mortaliry rates which
are dertied in later tables For example, it
happren: that the rate found {or the proved
cases is close 1o the “expected” rate based
on the general population figures for the
Province, as will be shown later, and on
this basis we should find eight deaths from
lung cancer among the c<ohort. Actually,
nine cases were observed. If, however, the
3 additional “suspected” cases were in-
cluded, increasing this figure to 12, the total

would be very close to the 93% level
ot significance. However, having found just
12 cases, we are not above this level, and
therefore the hypothesis that asbestos miners
do not have a higher monality from lung
cancer than does the general population can-
not be rejected. Nevertheless, the occur-
rence of 12 cases in this sample would
increase the rate to a point which approaches
the significant level. Because of the tre-
mendous importance of the questionable
cases in this respect, some detail regarding
them will be given here.

In une of these cases, the suspicion of
cancer of the lung is based upon the x-ray
interpretation. and, z2lthough no autopsy was
performed. the death certificate indicates
that death was due to lung cancer. It is
well known that the x-ray appearance of
fibrosis. especially if a localized density or
a superimposed tuberculous lesion is pres-
ent, can simuliate that of a tumor. and by
wself, does naot justify the inclusion of this
case as one of “‘proved” cancer of the
fung A seuond case was certihed as having
diexl by reason of hydrothorax, possibly due
but agin there
Lrgery poOsUmoTIen:T examination.
In the third cnsg, although it was subjected
10 autopsy. two pathologists disagreed as to
whether lung cancer was present. The death
was certified as having been due to chronic
myocarditis with nephritis and pulmonary
congestion, and possibly cancer of the lung.
On the basis of these facts, it seems unwar-
ranted to include these three cases among

o lung cnieer was no

ami o

Taste 7.—-"5«.:#:::&” Primary Cancer of the Lung

Cas» No., Age Smoker Esposure Died Autopsy Asd
] 49 Yex 32 yr. in Cat, [{] 10-25-50 No Neo
2 +* Yex 33 yr. tn Cat. IIM 7- <53 Yes Yes
3 65 Yes Qyr.ioCat. Tl -85 No No
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LUNG CANCER IN ASBESTON 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
hoth ways,

Table 8 gives the rates by age groups,
. The rates by length of employment are
shown m Table 9. During the first 40 years
of employment, the rate rises, an observa-
tion which seems plausible since the men
were growing older. However, after 40
- vears of exposure there are no “proved”
cases reported for a total of 240 men dur-
ing the six years, or about 1440 man-years
of exposure. When the “‘suspected™ cases
are added, one case does show up in this

TarLe 8—Lung Cancer Deaths by Age

Groups
Number of Persons and Number of Lung Cancer Deaths
- No. of Deuths
No. of
Age Group Persons 1*roved Total
3.901 1 1
1124 1 3
Al 3 3
ns 4 5
3 v [}
595 4 12
Annual Lunz Cancer Death Raies per 100.000
Man.-Years of Exyosure
Age froup 1'rov e Total
2044, ... ... . . ) 4
- 18 “
L1 a
212 268
Vuknuwi... R @ n
Overall.,. PR 2% 3¢
period  This would produce a raie of 99

per 1000VU0, again demonstraung the im-
poriance: of these questionable. but un-
proved, cases to the final conclusion,
becausz, f there were no cases in this
number of men with long exposure, and if
asbestos is a carcinogenic agent, it must be
concluded that these 240 men have demon-
strated considerable resistance. This is a bio-
logical phenomenon which has been observed
|'reviously and 1s consistent with the theory
of an intrinsic or endogenous factor in can-
cer. The only other explanation would be
that_the susceptible members of this age
group had died earlier of lung cancer. Table
1R, which appears later in this section, in-

Broun-~Truan

TaBLE 9.—Lung Cancer Deaths by Length
of Emp!oymrnt

Number of Perwars and Number of Luny Cancer Deaths
No. of Destns
Proved

lanmh of
Employment

No. of
l'ersons

1,795
2398
22
603
185
55

5,858

Total
[4

O'OOMG—-‘O
Slo-vwa

Annual Lung Cancer Death Rates per 100.000
Man-Years of Exposure

Lenxth of
Employment Prosod Touial

0 0

? H

b o M

138 193

0 «

¢ ]

2 34

dicates that the members of the cohort
did not die from lung cancer at a younger
age than the general population,

The rates by weighted cxposure 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
inverseiy related to vears of employment,

Tawsr 30 - Lurs Cancer Deaths by Exposure
caregary

Number ¢ Prosrnc and Number ¢f Lung Cancer Deatrc

. No. of Denths
F.xposure No. of

Catepory 1'ersons Proved Towal

1.. 2.031 4 ‘

1. 2.1%0 3 4

|11 ST .. 1772 2 4

Unknown............ 3 [ L]

Totals........  $.9% § 12

Annuat Jung Cancer Death Rates nper 100,000
Man-Years of Exposure

Ezposure
Category Proved Tota
) b5
23 3
19 3
0 ]
2 )
643
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TasLe 31 —Number of Persons in arios
Werghted Ezposure Categorics by
Length of Employment

Weschted Exrpogure
Caiexories

Length ol — Ua-
Employment [ i tt Ehow Towml
39 07 %8 490 0 1,795
10-19 83 883 831 t 2.398
20-% 3 363 243 2 0”2
3039 b13] kit 137 1 03
4049 ¥ 67 41 1 185
S0+ . 2! 10 ] 55

Totals 283 2% 1,772 3 5,958
Aversge years

=
1’8

ol ezposure 178 178 6.6 20

in which case the heaviest weighted ex-
posure (Category 111) would show the
shortest length of employment. Table 11,
which lists the number of persans in various
exposure categovies by length of employ-
ment indicates that this error has not oc-
curred. In fact, the average number of years
of employment for each exposure category
is almost identical.

Table 12, which develops the rates for
smokers and nonsmokers, is most striking.
It shows that not a single case of lung
cancer developed among the 1265 non-
smoxers and that all cases of lung cancer,
both “proved” and “suspected,” occurred in
smokers.

Tabie 12 was so striking that it was felt
that further verification was necessary. It
was possibie that some abnormal distmibu-
tion 1nay have occurred, e.g.. the non-

Tagie i3 —Number and Percentage Distribution
o7 Swmozers and Nomsmokers by Age Groups

TABLE 12.—Lung Cancer Death for
Swokers and Nonsmokers

Number of Persons and Number of Lung Cancer Deaths
by Smoking Habhits

No. of Deaths
I'arsons Proved Towl
! 4,673 9 12
Nonsmokers 1.265 0 [}
Unkoowa... 2 H 0
Totals........ 5958 9 12

Annual Lung Cancer Death Rates per 100.000 Man.Vears
of Exnosure by Smeoking Habus

No. of Deaths
Proced Total
Smokers. ...... 32 [}
Noasmokers..... ¢ qQ
Unknown..... 0 0
Overall 2-5 ;

smokers may have included a larger
percentage of young men. Consequently, ad-
ditional Tables, 13, 14, and 13 were con-
structed to show the distribution of smokers
and nonsmokers by age, length of employ-
ment, and degree of exposure. Although
there are slight differences, they do not
account for the fact that all observed cases
of lung cancer were in smokers. In respect
to age (Table 13) the combined average
age of the smokers was 4.9 vears less than
that of the nonsmokers. Tabie 14-shows
that as far as length of employment is con-

TaLe 14 —~Numbcr and Percerivge Distribution
of Smuakers ond Nonsmokers by Length
of Employment

Nuymber
Leneth af
Number Emplovment Smokers  Nonsruokess Unknown
e g Smoker Nonsmoker Unknown 1408 Ly 10
1067 AM 4
Ly 3.2 ARG 12 by <4 19 2
-t .- fasd 24 4 433 LY 4
S e S ) L33} K 2 116 5 Q
[N 164 1% 4 . 33 ] o
Unknown.. ..... . 0 1 — —— —
— —— - Touwls........ 4.673 1.268 2
Towls........ 4573 1.268 20 Aversee lenrth of
Averate agt.......... 3 “2 0.7 sWpieyment........ 17.0 193 16.0
Percentage Distribution Percentage Disteibution
Aze Group Smoker Nonsmoker Unknown Lencth of R
Employment Smoker  Nonsmwoker  (U'nkpown
8.8 4.8 0.0
19.2 i 204 18} %3 0.0
5.8 16.0 10.0 2.1 3.7 2.0
as 1.8 3.0 15.4 8.7 100
.. s 0.0 30 93 13.1 2.0
— — — 2.4 59 0.0
Totals........ 100% 10% 100 % 02 1.8 0.0
Totals........ 100% 07, 0%
* Less than 0.03%. . *
644 Vol 17, Tune, 1958
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LUNG CANCER IN ASBESTOS MINERS

TaBLe 15 —Number and Percentage Distribution
of Smokers and Nomsmokers by
Exposure Category

Number
Erpasure .
Catagory Smokers Nonsmokers Unknown
1,553 44 4
1,691 452 7
1428 8 ]
4 1 0
R Totals........ 4,673 1,989 ]
verasgs $IPOFUre
CALSLOTT.. .. cvmmenn 20 19 23

Percentage Distribution

Smokers Nomamokars Unkuown

3.2 378 2.0
.2 3.7 35.0
03 T 459
0.1 L8] 0.0
Totals........ 100% 100% 100%

cerned, the smokers had worked about 2.3
years less on the average than the non-
smokers. With longer exposure and greater
age, one would expect the nonsmoking
group to show a higher rate if lung cancer
were due to asbestos. Table 15 shows that
the average exposure category was almost
the same for the two groups. Therefore,
this vaniable seems to be of no importance
in accounting for this difference.

The result of this additional analysis is
that none of these factors appears to lessen
the effect of Table 12.

Comparison of the Cohort Experience
with that of the Province of Quebce, Do-
ninton of Canada, and the United Stotes.—
In order to make a comparison of the
experience among asbestos miners with that
of the general population of the Province of
Quebec, sianistics were gathered. as stated
earlier, in the office of the Division of

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 1930 through
1955. In addition, all death certificates
which specified primary cancer of the lung,
and all those which indicated lung cancer
but did not specify the origin, were exam-
ined for the years 1952 through 1953
Table 16 gives 2 tabulation of the number
of deaths from lung cancer in the Province
and in the cohort for the years 1930 through

- 1955, and shows the annual rate per 100,000

in these segments. It will be noted from the
table that the mortalitt rate for the
“proved” cases in the cobort is only slightly
higher than the rate for the Province,
When the “‘suspected” cases are included in
the calculation, the rate for the cohort rises
to 33.8 per 100,000, which is about 50%
higher than the rate for the Province. This,
it will be recailed from the previous dis-
cussion of the effect of the “suspected”
cases on the results, approaches but does
not exceed the significant level

One further interesting observation from
Table 16 is the rather marked increase in
the tota! number of cases for the Province
between 1930 and 1933, It is assumed that
at least part of this increase i1s due to Im-
proved recognition and reporting of lung
cancer duning the interval. For this reason,
the vears 1934 and 1933 were thought to be
more neariv representative of actual condi-
tion:  Foor <o iy Auite Gihely that che

geners’ Ll onet siwdied lor lung
cancer wrh \he same diligence with which

TanLe 16.—Comparison of Cohort with Provwnce of Quebec

Lgag Cenoer Destds Anncal
Nurober of Rate per

Persous 185 1981 1952 198 1954 1955 Total 100,000

&vvm M“{g ; 108 0 MS 3 03 37 1,624 8

Total ) 3 2 3 1 3 12 ns

Proved 1 2 2 1 3 9 25.3

noe 1,192,000 n 28 245 0 302 3 1,612 25
(ete‘udl-,uc asbastos

ors,

Iz the Provinoe Srares, it has bead sssumed all male lung cancer dadihs sre for men of 20~ vears

moeTaphie).
Yhumw slive in conort st beginning of 1933.

Broun—Trwon

¢ Apmnmu midpoiat of Lhe enumersied pop:aiation for 1951, snd the estimated popuhmn for 19%4 {Rapport, Div. de 1a De-
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Taste 17.—Lung Cancer Deaths for the Prowvince of Quebec®

Number of Desths
1954 1958

c at Totsl Coartified Specified Primary Totsl Certified Specifiad Primary
stamaty
Ags Group Fopuiation Totsl Proved Total Proved Total Proved Total Proved
2044 7.000 s 13 1 9 17 9 17 9
4584 AR 6 3% 43 % 0 35 3 2
5564 137,000 100 38 &% 32 n? 57 114 s7
4+ 128000 11 2 3 2% 148 ! 148 5
Towuls 123700 s 1% 11 » w2 15 pr 152
Death Rates per 100,000
1954 1955
‘Tow) Certitied Bpecihed Primary Tota) Certified Specified Prizoary
Age Group Towal Proved Total Proved Total Proved Total Proved
22 1.7 1.4 1.2 2.2 1.2 2.2 1.
3.2 17.8 7n3 14.4 2.7 133 na \sg
o 3.0 7 30.4 3.4 85.4 4L6 84.7 416
[ PP U N 9.7 73 6.2 4.0 122 448 3 “.6
Ovrall.cne.nnn.. reeereeeeeans oY) 9.7 154 80 278 Tz T2 23

P o by

* Data {rom death oertificales.

1 Estunsie for pipuistion obtained by spplyling 1951 percesiages for Age groups for malas L the Wtat pIpulation tor 1954, as given

in Rappori, Div. de 1a Demographie

this disease is looked for in the miners, and
it seems probable 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 nwo categories in which the tumor was
specified as having originated in the lung.
It will be noted that, of the total cases
reported 1n 1933, a2 much higher percentage
than in 1934 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,

. 2044 18 3.901 ot 1 1

and those for the cohort, shown in Table 8. {3 us 4 H i3
o 5 3 3 2 FO

An average of the 1954 and 1955 rates for 4 =~ #3 $ 2 PR

the Province has been used, since the 1955
figure was higher and may have been ex-
ceptional.

636

This comparison, summarized in Table
18, shows that the observed number of
deaths in our sample is not significantly
greater than the expected number of deaths,
based on the average of the 1934 and 1953
figures for the Province. It is true that, in
the case of the age group of 65 and over,
the Ave deaths provide a figure which is
almost significant at the 95% level. How-
ever, it should be noted that this number
includes one of the suspected but unproved
cases previously referred to. Furthermore.
it is rather likely that the rate for the
general population is understated in this
age group. for the obvious reason that the
exact cause of death in the very old is not

Tasit 18 —Comparison of the Actual and
Expected Number of Lung Cancer
Deaths by Age Among
Asbestos Miners

Prorince Qbserved No.
Toral Specified Expected  of Desths
Age Primare Rate No.of N0, of em—m—emnrem—erm
Group per 100,000 Miners Desths * Proved Tots!

* Tha expectad nember is based au the sveryee of tha 1954 sod
1955 age-s| oﬁf rates (o the Provinca of Quebec.
t Actually 0.4.

Vol. 17, June, 1958
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LUNG CANCER IN HSBESTOS MINERS

TasLe 19 —Age Distribution of Adult Males for
the Province of Quebec, 1951 %

Tante 20 —Annual Death Rates per 100000 jor
Cancer of the Lung in Conada®

Prosince

Percentage

Age Group Nutmber Percentage  in Cohort
Wteeiianninnnn 2038 (5] -3
108, PO, 185,952 16 19
E\ o TN 128,944 3 10
[ U 113,487 10 $
Toul....a-n 1,158,408 100 100

* Rapport. 1854,

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

Table 18 also answers a question pre-
viously raised. It saows that the members
of the cohort have not died from lung can-
cer at an age earlier than the general popu-
lation, and that such an explanation cannot
be offered for the absence of lung cancer
in 240 men with more than 40 years of
employment 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-
sonably the same. That this is the case can
be observed from Table 19.

It should be remembered that the miners
retire and consequently, it can be expected
that the oldest age group will be larger in
the general population. The data presented
in Table 20 indicate that the lung cancer
rate generally decreases after age 70. There-
fore. we could expect the rate for all peaple
over 63 to be smaller than the rate for the
group berween 65 and 73, which would apply
to the oldest group of miners. It is felt
that by using the whole adult male popula-
tion. we have developed rates for the gen-
erz! ponglation which are somewhat Iower
than 17 we had been able 10 exciude ine
people in the general population over 73

A comparison between the asbestos miners
and the population of the Dominion as a
whole was made, using statistical material
from several sources. In one source, Phil-
lips 7 gave age- and sex-specific rates for
Canada for three periods between 1931 and
1952. The rates for males are given in
Table 20.

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

Braun—Truon

Groups of Years

Age Group 1931-1933 1941-143 1950-1052
Under 30 0.2 0.3 1.0
W34 05 0.9 08
35-39 2.0 32 3
044 n 5.4 6.5
4549 52 12.8 16.7
$0-54 8.2 18.9 372
35-0 123 7o 0.7
6064 12.5 337 i
181 us 2.9
20-7¢ 10.7 2.6 83
1579 13.8 30.0 2.9
80-84 £2 ] %7
854 1.4 M3 7.0
Al Ages 28 7.1 15.8

* “Mortality from Lung Cancer in Cunada,”™ 1831 to 3952,

increase is particularly marked after age
50, 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 figures for purposes of
comparison, it is necessary to combine the
rates for certain age groups in order to
conform to the age distributions used in this
study. Since the exact populations in each
age group for the years indicated is not
known, this must be an approximation.
However, the rates would be somewhat as
follows -

Are Group Rate
2013 s
45.54 27
§5.64 69
654 90-93

These rates are, in general. lower than
those developed for the total (proved and
suspected) cases of lung cancer among the
asbestos muners. The only large difference,
however, is in the age group of 63 vears and
over, and 1t i1s quite possible that the rate
for this group may have increased for
Canada between 1952 and 1934 as it did
for the Province of Quebec ( Table 17).

A further comparison has been made with
an over-all rate obtained from the American
Cancer Society for respiratory cancer deaths
in Canada in 1953. This rate, for males,
s 20.8 per 100,000, or 3 more per 100,000
than Phillips’ 1950-1952 rate, and compares
with 23.3 per 100,000 for proved cases and
33.8 per 100,000 for total cases among the
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TasLg 21 =Nwmber of Deaths and Death Rates
per 1000600 by Adge Groups for the Adult
Male Populaiion of the United States®

Age Group Population Cases Rate per 100,000
2044 24,544,000 843 6
45-84 506,00 b ATl 8.0
55A £.340.000 6,254 LXY
65 $.670,000 6,483 1143
Total 44,618,000 16.5% 32

* Duts from “Vital Statistics of the Unlted Siatas,” Vol 1
g 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 Quebec and the Dominion of Canada.

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 1 and II, 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
Awmerican Cancer Society, and for males,
these were 23.3 per 100,000 in 1933, and
28.0 per 100,000 in 1935. They are not
wdentical with the rate caiculated from the
figures of the office of Vital Statistics, but
this is possibly because the American Can-
cer Society rates are for males of all ages.
Nevertheiess. they. too, conpare favorably
with the rate: of 23 Jor 34 for total cases)
among the asbesius miners

Turning for & moment 10 3 COMPari=on
benwveen the asbesios muiners 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 exposure) an interesting observa-
tion can be developed by deduction. Hue-
per %8 has stated that there are about 33,000
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 5000.
With workers in Africa, Denmark, Nor-

648
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way, and other countries, at least 30,000
persohs must be exposed throughout the
world, and it can be assumed that this
number has been fairly constant in the 20
vears since 1935 when the first 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 130
cases of lung cancer with asbestosis 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 calculated for workers ex-
posed to asbestos dust is not much greater
than that for the unexposed population.
Comparison Between Eight Counties Ad-
jacent to the Asbestos-Producing Arecs and
Eight Selected Counties.—To compare lung
cancer mortality rates in the counties sur-
rounding the asbestos-producing areas with
another group of counties in which no as.
bestos miners are likely to reside, the rates
were computed on the basis of figures for
the years 1950 through 1935. The eight
counties selected for comparison were Ar-
genteuil, Chateaugay. Montmagny, Port-
neuf, Richlieu. Riviere-du-Loup, St.
Hyacinthe. and Terrebonne, mainly because
they represent a wide geographic distribu-
tion throughout the Province. The counties
selected because of their proximity to the
asbestos nunes inctude Arthabaska, Beauce.

rummond, Frountenac. Megantic. Rich-
mond, Shertrenke and \Wolfe Table 22
shows the number of lung cancer deaths

for thy vears 1930 through 1933 for each
of these counties, and a mortality rate,
based on the adult male population in 1952,
To emphasize the comparison, Megantic
County has been shown separately, as has
the Province of Quebec and also the Prov-
ince with the eight “asbestos-producing™
counties subtracted. Because of its unique
lung cancer death rate, Montreal et Isle de
Jesus has also been listed in order to provide
further comparison.

It is apparent from the table that the
lung cancer death rate for the eight counties
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LUNG CANCER IN ASBESTOS MINERS

TasLe 22.—Number of Lung Cancer Deaths ond Rate per 100,000 Man-Years

)

Male Lung Cancer Deaths *

Adult Male
Population
Counties 1982 W0 1951
Maeewntic County 13.300 3 1
Elght “Adjacent’ Counties 97.600 [] 3
Eight Seleciad Counties 83,000 2 10
Province of Quebec 1,168,000 196 20
Provioee of Quebec ey ¢ight
“'adjacent’ eouniies 1,100,000 190 a7
Montreal ot isie de Jasus 394,000 3 7

952 1853 1954 1958 Totai f}&?&f
3 3 1 4 15
9 16 n 16 kn tgﬁ:
,‘g 18 5 9 9 Qs
£ o3 bt 1624 28
2% 27 2% u1 1570
158 n 188 2 70 gg

* It Is asurmed that ali male jung cancer deatds oosurred slter age 0.

immediately surrounding the asbestos-pro-
ducing areas is practically identical with that
of eight counties selected for comparison.
While Megantic County has a rate nearly
twice that of the combined ecight selected
counties, it is lower than the rate for the
Province, and considerably lower than the
rate for Montreal. The figure for Montreal
would certainly be higher except for the
very low numbers of deaths reported for
1950 and 1951, and it would appear that
in those years some error in reporting has
undoubtedly been made. On the basis of the
other years, 1930 and 1951 deaths would be
expected to be about 200 greater. This
would result in a rate of 40 per 100,000.

The only possible conclusion from this
comnparison s that there is no evidence that
the persons who live and work in the coun-
ties surrounding and adjacent to the as-
bestos-producing areas have any greater
incidence of lung cancer than those who
five elsewhere in the Province.

Comment on All Recorded Lung Cancer
Cases, Living and Dcad, amonqg the Asbes-
tos Miners.—Although a simple enumera-
tion of all the known or suspecicd cases of
cancer of the ling in these areas has no
particuiar value from a statistical poin: of
view, it is of interest to summarize such
cases for the record. There were nine deaths
prior to the beginning of the time period
covered by the study. including one in which
the diagnosts was mediastinal lymphosar-
coma. During the period covered by this
investigation, there were nine proved cases
and three suspected cases in the cohort.
Through 1956 and to date in 1957, 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
lymphosarcoma, 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 only. 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 “sue-
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 (he asbestos miners since 1940,

The proved cases averaged 39 years of
age at death, and varied between 37 years
and 68 years. Their working span covered
periods varying from a minimum of 14
years to 2 maximum of 37 years. Onlv
three men had less than 25 years of em-
ployment in the industry. Seven among
those on whom such information is avail-
able had a weighted exposure placing them
in Category III, and six worked in an
exposure represented by Category 1.

There were only 17 among these proved
lung 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 -

Interest 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 berween exposure to asbestos
and cancer of the lung.

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

After a preliminary survey to explore the
availabilitv of reliable information, data
were gathered on workers in the asbestos
mines in Quebec, based on their medical
records. A cohort was defined as a group
of asbestos miners having at least five vears
of expnsure 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-
wates and insurance records was carried out
in order to determine as nearly as possible
the exact cause of death. Mortality rates
from lung cancer for the general population
of the Province of Quebec and its various
counties 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
5958 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 employment.
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 45
years of age, and thirty per cent had been
empioyed for longer than 20 years. Thirty
per cent had a weighted exposure which
placed them in the category of highest ex-
posure.

The mortality rate for lung cancer, as
computed on the basis of nine “proved”
deaths among the cohort was 25.3 per 100,-
000. WWhen the three “suspected” cases were
added, the “total” rate for the cohort rose
to 33.8. The importance of the suspected
but unproved cases in determiming these
rates has been reiterated because it is likely
that such cases would not be included in
the statistics for the general population and
because they influence the results so mark-
edly.

According to the findings in this study,
the mortality rate from lung cancer does
no! appear to increase with length of ex-
posure or with degree of exposure. a fact
which escents strong evidence agains: the
carcinogenicity of asbestos

Comparison of the experience among the
asbesios miners with that of various seg-
ments of the unexposed, comparable popu-
Jation shows that the observed number of
deaths among the miners is not significantly
greater than the expected number. The rate
for proved cases among the asbestos miners
(25.3 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

Vol 17, June. 1958

a4

/7'7-2/°

K



LUNG CANCER IN ASBESTOS MINERS

of 37.2, 253.3. and 28.0 obtained {rom various
sources for adult males in the United S:ates.
Finally, in this matter of comparison, it
would appear that the world-wide experience
of persons exposed to asbestos dust is not
worse with respec: to lung cancer than that
of the unexposed population.

The counties surrounding the asbestos-
producing areas, in which it is presumed
most of the asbestos miners live, have al-
most identical mortality rates with those of
eight counties widely scatiered through the
Province. and are lower than those for the
remainder of the Province, and much lower
than the rate for Montreal.

Since 1940 there have been 19 cases in
which the diagnosis of primary cancer of
the lung may be considered to have been
proved. Approximately half of these cases
were associated with asbestosis. All but one
died in the recognized ‘‘cancer-age” and at
least one-third had only the lightest ex-
posure ( Category 1) to asbestos dust.

On the basis of what are believed to be
complete and reliable data, it seems fair to
conclude that the asbestos miners in the
Province of Quebec do not have a signif-
icantly higher death rate from lung cancer
than do comparable segments of the general
population.

TFurthermore. the death rate from lung
cancer in the areas contiguous to the asbes-
tos operations is comparable to that in areas
widely scattered throughout the Province of
Quebec and i: lower than in some urban-
ized areas within the Province.
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One {urthor ntorestizg edecrvation from Table yi’ia the rather
marked {ocTease La the total sumber cf cases for the Provincs betweca 1950
and 1955, 1t {3 assumed that at least part of this increaso (s due ts ime
proved recogaition and reporiing of lung cancer durlag the interval, For
this reasos, the yuzl 1954 and 1955 'or; thought to boi moze nesrly rvnyu-‘ !
sestative of actual eoadmoaa. Even o, It is quite u.koly that the guoul
population s not uudiod tor luag cancer with the same diligence vm: 'a!ch
ls disease 18 looked {or in the miners, and it seoms prodable that t.hc mor-
tality rates {or the Provisce may be low. Thla woul:i _-aépu: to be substane
tlated Dy the {act that the reporting of cuc; i.r.\.nu cf.aho:t showsed oo sush
laczesse over the same period. i v -

7 .
Tabdle LB’ was eompilod to show :ho annual agc-opocmc lung ecaacer

sate of cases Ln which the death conmeau mc:oly read “cancer ot tho lung”,

: X

ss distinguished tre:a thoss {n which the dugacuo was conﬂmod by autopey,
puzgery, o btopoy. m term "opcctﬂcd pﬂmuy" releu to those cuu in
thess twe catogorios (n which the tumor wno lpoculod e having ortgta.nod

{a the tung, It will be noted thet, of the _tou.l cases reportad lo 1958, a much
higher percentzge than la 1954 were specifiod as primary, The table alae
shews that & higher parcentage of the totsl caese certUied in 1955 were proved,

sgeia {ndicatiag lacreasing Icterest (o this disesse,
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A comparison has been mado betwoon the aga-opecilic rates anown
fa Table ‘u. sad those for the cobort, saown in Table §. An average of the
1784 and 1933 rates for the Provincs has been used, slnge the 1955 figure
wss hlzher and may have been exceptional,

§

\
This comparison, eummarized ia Table }S, shows that the observed

y sumbsr of deaths (s our sample ls ot ;lgaiﬁcuuy greator than the sxpected

aumber of deaths, bascd on the average of the 1954 and 1953 figures {or the

R Proviscs. It is tzue that, in the case of the age group of 65 and over, the

.

{ive deaths provids a figure which {s aimost otgamm: at the 35% level,
Slowever, 1t sdould bc sotod t.‘:at this ambor tacludu oae o{ the uupcctod

but usproved cases previously reforred to, Furthermore, (t is rather likely
that the rate for the general population is understated in t?_t_g age group, for
the ebvious reasoa that the exact cause of death {n the very old is not s matter

of the same latoasity of interest as it is {n younger psrsocas,

TABLE 18
. Compaﬂou of the Actual and Expectod ﬂubo: of -~
Lung Cancer Deaths by Arc Amons Aghsetos Mincrs
. Province ~ Expectod” Observed No,
Age Towl Specified Primary No. of -~ IMo. of of Doaths
Ouog Rate per 100, 000 Mincrs Deaths Proved dotal
20.44 1.8 3901 - of 1 1
49034 24.5 1124 2 1. 3
5964 67,6 618 2 3 3
&5 89.3 . 318 -2 . 4 s
Uakaown e 3 - '] 0

o Actually .4

+ The sxpected numbor ts baced on tho aversge of the 1954 and 1955
sge-specific ratos jor the Froviaco of Quebdec.
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Table I\ also answers & question previously raised. It shows :ta:
e members of the cohort have ot dled {rom luag cancor at aa age carlier
thec the goneral population, and that such an eaplanation cannot be offcred
{or the adsonce of lung cancer lo 240 mien with more than 40 years of em.
ploymant reforzed to oo page 24,

Before leaviag this eou;pulaon of tho Frovince with the miners, it
should be shown tlat their age diotrthu;len. are reascoably the same, That

this (s the case can e observed {rom the following tabulatics:

TALLE (7 . .
Age Distribution of Adult Maies for the Proviace of Quabec, 1931
(Rapport, 1954)

Agse ] Proviace

Geovp lumbar Fovcestago Porceatage in Colort
2044 727,138 63 ”n L1
4584 188,952 18 h 19
85464 128,944 111 10
oo 113,467 10 A s
Teual 1,758, 498 Too . 100

.

It should be remembered that the miners retire and consequently,

-} 1t csa Do expectod that the oldest age group will be larger in the geners! popu-

20
lation, The dota pressated in rohlo‘yfudlcuu that the iung cancer rats

genarally decreasos after ago 70. Therefors, we could expect the rate for
sll pecple over 65 to bo smaller thas the rato for the group between 65 and 75,
wiich would apply to the oldest group of miners, It is folt that by using the

wholt 3dull n:alo popwlation., we have devaloped rates for (e general popus
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4
; the pocgle la tha gonorsl posclattan over T3,
-3
o A eomparison bolaeen tho 225orton catzers and thy sopulativa
of tho Domicics 03 2 whols vag medy, valng O statistisal matertal
T4 74
from osveral sources £t cas souTeo, PRULGI (72) gave age - Goex -
speciiie ralos fcr Cansda for thrse pc:éuis botizown 1331 anzt 1534,
. Beotes far malies are glven U Toble %.
. Zrtoae Z d.-c;.z/. /.?1(.'..,'/.:‘4./ r7e°, er s -
- . . - > y (‘4-: — A
R YIRS T J.(*' W%ADZ‘: g?é A '7,,—»
0
Age Qrop T Lo Ay e3rs - e
. t'/ -
31232 1341063 L8o-1isa
1. Vrdsr 30° 0.3 0.3 Lo
.. $0-34 69 - 0.9 . 7 0.8
4 73 3539 a9 3.3 $.0
;e 4044 - 3.9 Gk 0.0
i 4542 8.3 n.s 17 7 7
.. 60-G4 82 " 9 7 1.2 .
s 0522 12.7 37.0 §3.7 57
e 60«C4 ' Bs . 83.7 77.3
’ 88C) 132 34,3 . 102.9
——— - 70-T74 10.7 80.0 - §6.8 e
=72 15.8 $50.9 £3.9 .7
8024 8.3 27.3 83.7
€ plaa 1.4 . 14.3 7.0
. All eges .3 e 3.8
v 2" “Mestalty from lang coneer L3 Caunds ‘1021 to 1327,
0z2en
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M
These {igures sbow strikingly the lacrease in rates beiweea {551
ad 1952, and this increase is particularly marked aftor age 50, confirme.
lag 23 observation previously made, to the alfoct that until recestly lung
¢a06r bas probably Lesa under~diagnosed in the older age groups iz the
geaeral population,
To use those figures for purposes of comparison, it is necessary
@ combine the rates {or cortain age groups o order to conform to the age
ilstributions used is this study, Since the exact populstions ls each age group
for the years ndicated {» not known, this must ds an apﬁtc'xtmstion. However,

B¢ Tatos would be somewhat as follows:

Age erg : , Rato
20-44 . L
4554 27
55.64 (1]
65 ¢ 90-953

These rates are, injgenoral, %ovc‘t.uua those developed ‘.Ol’ the
tal (proved and suspected) cases of lung cancer among the asbestos miners,
Tas caly large ‘dUference, however, is ia the age group of 65 years ind over,
1ad 1t 1s quite possiple that the rase for thie group may have lncreassd for

Canada between 1952 and 1954 as it did for the Province of Quebec. {Sese

Table }3,) [7'
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A further comparison has been made with an over-all rate obtained
‘&1 {rom the Anrericans Cancer Society {or respiratory caacer desths {n Canada
wt§ (s 1993, Thls rate, for males, s 20,8 per iOO. 000.‘-.‘(1\'0 more per 100,000
2o f thas Phillips' 195021952 rate, and compares with 25,3 per 100,000 {or proved
esso0 sad 33,8 por 100,000 for total caoos among the asbestos miners in this
study. It is there{ore obvious thet thore ars a0 {mportant dillerences between
ul § 1he rates for aebastos minere and those for the gencral population of Quebes
1% § sad the Docninton of Caseda,

b 8ince it {s probadle that figurcs for the Unfited S}uu are more
] . complets and, thorefors, possibly more comparabla to 5;; da:a {or the miners,
sge-speciflc rates were computed from "Vital Statistico of the Usived Statos’,

P 4
Yelumea ! and {1, foz 1952, Those rates have Leon tabulated ia Table M’.L

e L/
TABLE M

Numbar of Deaths and Death Ratos per 100,000
- by Age Groups for tho Adult Msle Popuiation of
the United States~=Data From
»Vital Statissics B4 the United Statos", Volamos ] and U, 1952

: Age Group Population Casor Rate per 100, 000
2 10-44 24, 544,000 883 3.6
45054 8,065,000 2979 36.9
s $8.64 6,340,000 6254 98.6
(1 X) 5,670,000 6483 114.3
3 Tetal 44, 619, 000 16,599 v 37.2

’/.
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It {s apjarent that theee rates -cgmpon favorably with thoes for
s+ { ihe ssbestos miners as shown in Table b, Stil} otbercwrates for the United

¥ Statas were obtainad {rom the American Cancor Sociaty, and for n.ales,

b2 ad )

1 § thess ware 25,3 por 100,000 ta 1953, and 28.0 per 100,000 {n 1955, They

are ot identical with the ratz caleulated from the figures of the office of

v

e ¥ital Statistice, but this {s possibly because the American Cancer Saciety
.3 & rates ars for males of all ages. Nevartheless, they, tos, compare favore
t B ably with the rates of 25 {or 34 {or total cases) obtalning among the asbestos

minere,

-
POY

> Turzing for a momest to & compariecn between the asbestos miners

ot

asd psravns who are exposed 1o asbestos in one form oOr another (as disa

7.1 tingsisded {zom the g'onoul popuiation groups juss dlscusssd, who bave e
esposure} An interesting observation can ba developed by deduction. Buopﬂ‘ss)
Mt aiated that there ars sbout 35,000 perscas cx.poud {n the United States,

ssé we dave found that the Canadlan mines employ about 8,000, Elsewhers,

eeiees

( 3ae been estimated that the workers in Eagland vho'havo sxposurs total

E deiweea 3,000 and 5,000, With workers in Africa, Deoniark, Norway, and

-1 other countries, at least 50,000 persons must be exposed throughout the world,
1sd t can be assamed that this sumber has beon falzly constant {n the 20 yoars
sisce 1935 when the {irst case of asbestosis with lung cancer was reporied.

i Atleast & milllon maneyears of exposure bes thus been accumulated, aad
tis flguce can be dividaed by the approximatoly 150 casos of lung cancer with
ssdestasis reported during the 20.year period. This gives a rats of 15 per

132,000 which is at least indicative that asy lung cancer rate which caa be
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eslcalated for workers cxpnsed to ashestas dust is not rmuch greates thas

that for the unaxposed population.

Comparison Detwacn Elght Countles
Agjacent to the Asbestoe-Produciag Arcss
sad Lizht Sonlected Counties

To compare lung cancer mortality rates in the counties surrousde
ing the asbestos-producing areas with anotber group of counties in which
8o asVestos nilaors aze likely to reside, the rates wers computed on the
Mols of figures for the years 1950 through 1955. The eight counties selocted
{or comparison were ~rgontouil, Chatosugay, Montmagay, FPoriaeul,
tichiiou. Rivierceduel.oup, Si. Hyacinthe, a8d Torrebonae, mainly because
they represent & wide geographic distributioa throughbout the Proviace., The
cousiies selected because of thelr proximity to the asbestos mines include
Arthadaeka, Buue.o{ :l?:ummoad. Frontenas, Megantic, Richmond, Sherbruoke,
sad Wolle, Table 5 shows the aumber of luag cuc'o:.guma for the years .
1950 through 1955 for each of these counties, sad a motuiity rate, based on .
e adult male population in 1952, To emphasise the comparison, Megantic
Couaty Las been shown eeparately, a8 has the Province of Cusbec and tlsc the
Provisce with the eight “asbestus-praoducing” countics subiracted, Bocause

of {ts unique lung cancer death rate, Montroal ot 1olo de Josus has also beca

tsted (o order to provide {urther comparison.
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1t is appazent {Tom the table that the lung cancer death rate for the
oight cauaties immeciately surrounciag the asbeotos-producing areas is
practically~ideatical with tbat of eight counties selccted for comparison,
While Megantic County has & 7ate nearly twice that of the combined eight
sclected countiea, 1t {o lowes thag the rate for the Province, acd consideradly
lower than tae rate {or Mentreal, The figure {for Montraal would csrtainly
be highez except {or the very lew numb.on of deaths reported for 1950 asd
1951, and it would appesr that in those years some error ia reportisg bas .-
undoubtedly beea made, On the baala of cbo oth;: years, 1950 and 1951 deaths
would be expectod to be about 200 greates. This would Tosult in & race of .
40 per 100,000, . )
The oaly péuthh coaclusion {rom this comparison is that thezo is \
20 evidence that the persons who live and work in the counties surrounding ‘
454 sdfacent to the asbestos-producing areas bave asy greater iacidence of

. lusg cancar than thass who live elsewhers ia the Frovizes,

A U
Discusaten-of All Nocorded Lung Cancer Cases, . T e
* Livina and Dead, c'rrosn:the Asboctos Miners

-

Although a simple enumeration of ail the known or suspected cases
::l cancer of the lung (o thesc areas has no particular value from & statistical
polat of visw, it i3 of Laterest to summarise such cascs for the rveord, Tacre
were nlae deaths prior to tho beginsing of the time period covered by the

study. includiog oao in which the diagnoeis was meodiastinal lympbosarcoma.

. oo

-y ¢ — s wmt ¢
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Durizg the period coverod by this {aveatization, there were nine proves cases
and three auspectad cases in the cohort. Through 1956 and to date in 1957,
there were aight doathe, 8ix of which wore merely suggestive of cancer of
the lung and included such diagnoses as mediastizal lymphosarcoma, meso~
thalioma, cancer of the leg with metastases to lung, absess of lung, and
capcor c;l the pancreas., One othsr was dia;aoud‘ou the dasis of x-ray only.
1a addition, there an' now living four cases in which the ;Iilgooollc svidesce
{s strongly suggastive of lung cancer. This (s & total of 33 cases of all types,
{ncludlag ten “suspected” dut unproved cases, and four that ars still living.
jtho remalaing 19 constitute the total of proved cases of cancor of the lusg
among tho asbestos mineres sincs 1940,

The proved cases avernged 59 years of age at doath, and varied
vbotvfna 37 years and 68 years. Thelr working span covered pericds varye
‘h( {rom & miaimum of 14 years to & maximum of 37 years, | Quly three men
had less than 25 years of employment in the industry. Seven among those on
whom such inform.atios is available had s votgt.n“od oxpoo.un placing them in
category LLl, and eix worked in an exposure r'opunaud by catogory L.

Thers wore only 17 amoag theas proved lung caccer cases in which
we have {nformaticn regardiag the presence of asbestasie., Asbestosis was
present in nine, altbough it was minimal {a two. Two patlologists disagroed
vegarding ftes presence Ln another, At least seven of tho 19 proved lung cancers,

therefore, were sot accompaniod by asbestosts,
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Sumnmary and Conclusicns

interest o the quostion of whether there may he aa associstion
between lung cancer and exposuro to asbestos has beon evident alace the
report Lo 1935 by L?nch and Smith of & caso in which lung cancer and ashes-
tosis were boith present. As additional cases ln which the two diseases co-
sxisted wers rsportad, & causal association appears to have been gradually
accaptad by maay suthors, .uhonah somo workers considered the correlation

JNDCRTRAGN

to be inconglusive, The present oxudy was comarbosboned in an effort to
doutmlno whether a causal rol&uonohip did, la uct. oxist botween exposure
to asbesios and cancer of the lug. o

Since moat o'ntltor studies had boon limited to caumerating the lung
§uceru found (o cortaln selected samples, such as casas comiag to autopoy
or doath certificates {n whick ..ol.n.noot. wad meationed, it was appareat that
tboy could aot lullm tho nqu!romcau of Aa opido:niologtcal and outinlctl

apptnch to t)u prodblom. Tbhe prount atudy was, t.borotou. dutgnod to moeet

ﬂu requirements of thia method.

-

YT
-
.

- After a prelicninary survey to oxploxi the availability of reliable
intormatioa, data were gathered on workers (n the ssbestos mines {n Cuebec,
A A G Aeem 0

Dased oo thelr medizal records. A cobort was defined accanidorxawouctsin
AORCE,o I ppin S AP NE AT AOlJ’I‘ Arv e JaAws o F EAP g & prap

brbo W eR& N Ta& 17OVIirTy s 2P3ITe,
Data relative to theiz characteristics ware collected and thelr status at the

| ead of a six-yaar-paricd of observation was determined, 1n the tise of thosse

who had died, £a wxhaustive search of death certificates and lgeurance rocorda
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was carried out ia order to determiue as neariy as possibie tho exact cause
of death, Mortality rates {rom tuag unc.u {for the gonoral populstion of the
Province of Quebec and its various counties &nd for the Domninion of Canada,
as well as the United States wero calculated {rom statistics collected (n the
appropriats places, Comparisons of the rates obtained for asbestos workers
and for the other population groups were wiade according 1o accopted statistical
methode oiriahiowmedes SetZplalosdelomesrrre=de torit,

- Records wero odtained oa 609 persons who fuifilled the critezia of
the cohort, It was not poseible to trace 133 of these for the whole peringd,
but 5771 ?{ the remaining 5958 were found to bo still liviag is 1955 or later,
Of the 10:! known dold.. cancer of the lung was consideored to have beon roadscae
ably proved in nine and 1o ba strongly suggesisd in thres,

The mombers of the cohart wore studicd with respoct 23 sge, longh

of employment, & weighted average of their expoeuro, and their smokiag
habdits, Four thousand, six hundred and seventy-three wore found to be smokers

P '}Qla the deflaltion of that term as used in this nudy." 'rl;lrtydour per cent

of (3¢ cohors were more than 45 years of ags, and 30% had bees smployed for
i leager than 20 years. Thirty per cent had s wolghted exposusre which placed
them i:;::ogory of highest exposurse.
The mortatlity rate for lung cancer, 2o computed on the dasis of nine
“proved” deaiths smong tho cohors was 25,3 per 100,000, When the three

“guspecied” cases were addod, tho “total' rate for the cohort rose® 33.8,



.- e Nt ittt s e P

L ) -

sc.

The {mportance of the suspectod bust uaproved cases io determining these
7ates has been reiterated because it {s lkely that such cases would not be
included (n tho atatistice for the genecral popuistion and bocause they tnflucnce
the reaults 30 markedly,

Accordiag to the {indings {n this_study, the mortallty rate from lung
cancer doos oot appear to ncresse with !on;th. of exposure of with degree of
sxposure, & fart which presents strong svidence against the carcinogenicity
of asbeston, S S Sl ea

Comparison of the experience among the esbeestos miners with that
of vazious segmsents of the unexposed, comparable population shows that the
observed number of deaths among the miners {a not sigaificantly greater
than the expected number, The rate for provod cascs tmong the acbested
miners (25,3 par 100,000} comparas well with the rate of 22,5 per 100,000

“for 1he rost of the Frovince, and 20,8 per 100, 000 for adult males throughout
the Dominion of Canada. It also compares satisfactorily with rates of 37.2,
25.3, and 28.0 obtained from various sources for adult .nuin in the United
Siates, Finally, {n thte mn.tn of campuh;n. {t would appoar that ths world-
wide sxperience of persons exposod to asbestos dust {s not worse with respect
to lung cancer than that of the uncxposed population,

The countics surrounding the asbestos-producing uu.o. and {a which
it (s presumed most of the aebastos misers live, have almost tdentical mor-
ality rates with those of sight counties widely scattered through the Province,
and are lower then hose for the remainder of the Province, and niuch lower

than the rate for Montreal. onon
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Sloce 1940, there bave been 19 casee iz which the diagnosis of
primary cancer of the lung may be considered to bave deen proved. Approxie
mately Balf of thesc cases were associated with asbestosis. All but one died
{o the recognited "cancer-age” and at least one-third had oanly tho lightest
exposura {category I) to asbestos dust, . ‘

On the basis of what ars belisved to be complete and reliable data,

{t escms [alr to conclude that the asbestos miners in ths Province of Quobec
do :;ot bhave & significantly higher death rate from lung cancer than do come
parablo segments of the gensral population, i

Furtbermore, the death rate {rom dusg cancsr {n the areas contigus

ous 10 the asbestos 9pouuono is comparable to that in areas widely scattered

throughout the Province of Quebec and is lower than in some urbanised areas

- within the Province.
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