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Ever since the pronounced increase in
the incidence of lung cancer among males
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 worker:
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 materiais.
In this connection, Smith® 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 cses, with control cases
which are not in any way comparable.”

It would seem inevitable that asbestos
should come under scrutmy 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 simultaneous occurrence of
lung cancer and asbestosis Legan 1o accu-
mulate aiter the report of a case by l.vnch
and Smith® in 1935. Within the next 10
years, about 15 additional cases were re-
ported, and in 1954 Merewether ™ reviewed
all deaths from asbestosis recorded in Eng-
land since March, 1924. Lung cancer oc-
curred in 165 of these cases. Glovne,*!
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whose work is also frequently re .
2s 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 Sorge ™
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 ancer” of
the lung. Werber,® in 1952, stated cate-
gorically that in 7% to 17% of cases of
asbestosis, after a latent period of about
1% to 20 years, carcinoma becomes estab-
lished in the hung.

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 lung cancer
among 620 cases of asbestosis which he
had examined; and in 1942, Holleb and
Angrist ' expressed the opinion that the
number of cases oi asbestosis with lung
cancer was oo small for statistical 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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JUNG CANCER IN (ASBESTUS MINERS

is vy rehable criterion by which oue an
wMmicipate areinogemicity and. as is well
known, relatively minule changes in the
structure of a chemical carcinogen are suffi-
cient 10 dimiish or climinale carcinogenic
action.

If asbestos is indleed 10 be regarded s a
crcinogen, the need is felt to demonstrate
some property which wn 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-
cumyosition product of it can be obtained,
asbestos might be considered as a “co-ar-
cinogen” which only induces a further de-
velopment of a prencoplastic condition
brought about by something independent of
the asbestos, such as an endogenous factor,

‘Thus the literature, while tending 10 sup-
port the thesis that asbestosis is in some
way related to the development of lung
cancer, is by nu means unanimous. Alto-
gether, it is perhaps more confusing than
enlightening. A areful review shows that
the majority of the reports are clinial and
not epidemiological. They lack many ele-
ments necessary for the appliation of
epidenuological techniques to their content,
and most of the authors do pot make claim
to having done so. What has happened is
that succeeding authors have drawn conclu-
sions and generalized beyond the scojx of
the works which they quote. Nowhere, for
exampie, have we found references to «
scrulgrion of asbestos workers. although
several authors who have quoted the ob-
served incidence of lung cancer m autopsies
of persons who also had asbestosis imply
that this incidence applies 10 asbestos work-
ers, generally. We have likewise been
unable 10 find any study which actually
calculated the incidence of lung cancer
among a population of persons who hud
asbestosis, and not just those who cine 1o
autopsy. With the exception of i paper
by Dull,?* none of thuse reviewed gve any
data on exposure aml dJust concentrations,
and cven Doll's paper merely mentions
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:schcdulnl" arces, by which is meant
thpsc arens where procusses are @rried on'
\Ivl:;ch were scheduled under the Acbestos
ndus N 1 H

dusty.t:y Regulations of !9.?1 as being

There is, furthermore, a complete luck
of definition of ternis 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-
logically detectable condition.

Most of the published reports cbviously
included women among their cases, but
wome uf them do not give the number or
proportion of womnen involved in the study.

There is also a lack of uniformity as to
what type of exposure most studies have
dealt with. Of 99 cascs enumerated by
Hueper 88 i1 1955, only 10 appear to have
originated in the United States, and 7 in
Canada. Sumc of the earlier reports ap-
parently included asbestos miners, but it
can be assumed, since 82 of the 99 cases
had ongmnated in England, and since no
a<bestos 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 are
aiso notably ahsent in the majority of these
reports.

With the understanding of the limita-
Tans of the existing literature with respec:
tn ejndemioingical generalization, it may be
af \valne to consider in somewhat more de-
1ail come representative earlier publications,
a few of which were referred to briefly
above.

One of the nost detailed studies and one
which deserves the most serious considera-
tion is that reported by Doll#* in 1955.
Thie study veviews causes of death among
ashestos workers based on coroners’ rec-
ards. TU also attempits 1o estimate the risk
by studying records of men who worked
for at Jeast 20 years in exposed situations.
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Doll cuncluded thal tung cancer was 4 spe-
ciAc industriai hazard of certain asbestos
workers and that, after 20 vears 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
161 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 mfre-
uent occurrence. 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. i

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
vears, the study automatically excluded
those who died from other causes after
shorter empioyment.

Another reason why this publication 1s
of importance 1s a statement which it con-
tains o the effect that “the strongest evi-
dence that it (lung cancer) may be a hazar
1in asbestos workers) has been produced
by Merewether and by Gloyne ™

In 1931 Gioyne*! 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 14.1% for lung aancer
among asbestosis cases coming to autopsy.
There were in his series 796 cases with sili-
cosis, and 6.9 of these aiso showed pri-
mary cancer of the iung. The incidence of
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lung cancer in other forms of pneumoconio-
sis wa~ 6.7%. and in 169 cases which
proved not tu have any type of pneumo-
coniosis it was 8.3%. Gloyne counsidered
“the mortality 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 borne 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 asbestosts, in which the findings
were not considered 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 incidence
rate in asbestosis, Dr. Glovne himseif
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
wouid seemn, 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 sume whn have quoted him. All that it
really shows is the fact that in a group of
121 cises. selected for special study pri-
mariy because they seemed abnormal by
prelminary exantnation. 17, or 1416, had
Iung cander
Merewether 77 m 1947 i the revort of
the Choet !:-~;:a;ln! ol Factories, reviewed
all Gases reported Letween: 1924 and 1946
n which asbestnsis was the cause of death
or a coexisting condition. This work was
later extended 10 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 (16%) 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 whnse
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JLUAG CANCLR IN ASBESTOS MINLRS

death certificate 1t was not menuoned, may
have been missed. The import of this 16%
1« enhanced by the simultaneous statement
that the incidence of Jung 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 variabies,
such as smoking habits, is obvious.

Lynch,”™ 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 shown to have
“demonstrable deposits of asbestos in the
lungs.” This, of course, is 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 aiso of interest that
Klotz ® found only the same number of
cases of lung cancer in a senies nearly 10
times 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 ancer of
the lung—giving an incidence of 14.2%.
This is an illustration of generalizing an
incidence obrained in a group of cases
which were undoubtedly reported only be-
canse some of them showed lung cancer, to
possibly  hundreds of asbestotics whose
cases were never reported. The same ap-
piies 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 justify generalizations with regard to
mornality rates.

Perhaps no one has written so exten-
sively on the subject as has Hueper 53¢
In 1955 he reviewed the cases 8 reported
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prior to that datc and enumerated a tow!
‘of 99. Eleven of these were those dis-
cussed by Doll 2 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

Dorn 2 has pointed out that much of what
is now thought to 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 various clini-
cians based upon their personal observa-
tions. More recently, however, attentior
has turned to the systematic investiga-
tion of this problem by the same methods
that have proved so successful previously in
the study of communicable diseases, that is
to 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 grour: /2) available data for all
members of this population. including the
heaithy as well as the ill; (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, common to most of the
studies which have been reported, is that
little or no information concerning the
heaithy 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 coming
to autopsy, 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 more 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 berween the epidemiological approach
and that used in the studies which have
been reported to date. A very important
consideration is the fact that lung cancer,
in spite of its increasing numbers, is still a
disease of low 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 obtaining
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 relative frequency of cancer in van-
ous sites; (2) comparing the relative
irequency of cancer in a group of hospital-
1zed patients: (3) companng the relative
frequency of cancer in a group of cases
cnming to autopsy.

Attempting (n compare two population
grours. lsoking only at the rclatine fre-
auency af cancer in various bodyv snes.

may resuit i finding a higher percentage
reative tequenay) an one of the groups.
whes 1 D0t the sartaiity rate of cancer

of a particular organ 1s exactly the sime
in botn groups  This 1s very clearly dem-
onstrated in the excelient article by Dorn.3°
The mortality rate from a particular cause
is the true muasure of comparison.

It is apparent that selected groups such
as hospitalized paticnts 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 samne size,
but representative of the general population.
It 1s true that investigation of cases from
such a2 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 investigator and of those who
read his report to make proper comparisons
and to draw oniy 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-
yected to some larger group, it is necessary
that the autopsies represent a good sample
of that larger group. To assume that such
1s 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 reason, stated. Close study of
the reports reveals that the percentages
ated relate only to the group of autopsies
covered by the particular investigation.

The present study. in contrast to the
carlier works, has been planned to utilize
the epidemiological method A well-defined
group of asbestos muners has been estab-
lished 1n such a wav that it constitutes &
good sample of the whoiv population of
asbestes miners in Quebec. Data for all
members of this group have been collected
and analyzed. Those concerning lung carn-
cer have received most careful considera-
tion. Details of the methods employed will
be set forth later. but the type of approach
i» cunsidered to permit of fair comparisons
and valid generalizations.

Collection and Analysis of Data

A preliminary survey of potential sources
of information in February, 1956, involved
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discussions with the physicans m charge
ni the asbestos companies’ programs amd
with chimcians, pathologists, representatives
of City and Provincial health deparmens
and of the Canadian Cancer Society, and
uther interested persons. It was found that
maorbidity data, although somewhat himited.
were available from such sources as the
hospitals in Montreal and Quebev City. and
the 13 cancer detection centers in the I'rov.
ince. However, becuuse of the high mor-
tality m lung cuncer, it seemed advisable
to depend upon data relating 10 deaths.
These we found 10 e obtamable at the
vital statisties depariment of the Mmierr
of Health in Quebec City. Fromi the pre-
liminary survey. it was apparent that exten-
sive and detailed information could  be
mathered with respect to both the percons
vmployed in the asbestos mining industry
and the mortality figures for the general
populabon,

Following this exploratary surver. the
initial ¢ffort was directerd to the collection
of data relating to all workers who had
been proce-sed through the clinic at Thet-
ford Mines since its inception in 1947, and
sinilar information regarding all workers
at Asbestos. Que. Data from the clinical
records included the age. fannly and per-
sonal medical histanies amohing habits,
number of vear: of expusure. an esbmate
afl weighted exnosure, andd the cnurce af
the incdividual’s health <tatus ar the cavse
of his dea'h

From this wmfonuatian it was paossible
1o formulate a “cohart” which could be well
defined. should be representative ai the
whole group, and could be followed for a
definite period of time. All of the available
experience indicates that the developmem
of asbestosis in less than five vears of cx-
posure must be somewhat rare. Accord-
ingly, the cohort was defined as including
every miner who had a total exposure of
five or more years, and who was on the
employment rolls in 1950. Office and other
nonexposed personnel, regardless of length
of employment, were not included. This
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cohoft wits then followed by means of the
annual  physical  examation  records
through a wix-year interval, 1950 through
1935. Al daa regarding this group were
then tabulated in order 10 determine the
characteristics of the cohort. For those who
survived the entire period, reference was
made -0 the physial 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
concemning 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.
Fventually, all but 3 small number of these
were accounted for as either living or dead,
and in the latter event, the cause of death
was substantiated in a similar manner, and
the results arlded to the original list of
deaths.

Death certificates for the Province of
Quebec for the years 1952 10 1933, inclu-
sive, were reviewed in the department of
vital staustics of the Provincial Health
Ministry, together with statistical sum-
maries of the causes of deaths in the Prov-
ince by counnies All cases in which death
was certified as having been duc to prn-
mary cancer of the lung were exanined for
such ininrmation as place of residence.
onccupation e af death. hoenisz' n which
death occurred and whether ar nat 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 aiso 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 1o 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 1930 to 1955, inclusive.
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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 from the
chinical 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 1s con-
sidered (0 have been proved as the cause of
death. A few cases in which lung cancer i<
strongly <uspected but not proved as the
cause of death were considered separately.
Mortality rates have been calculated using
both the “proved” and the to:al nf “proved”
and “suspecied” cases during the vears un-
der observation. Compparisnans were then
made betvween the death rates from the same
causc among specific segments of unexvosed
persons. Al lung cancer deaths, both
suspected and proved, were carefully ana-
lvzed to determine postible relationship or
correlations between the development of
lung cancer and any factor known from the
climcal recards, such as family history of
cancer, personal history of heavy smoking,
coexistence of asbestosis, or exposure to
asbestos.

A ARCHNTESY OF INDUSTRIAL HLALTH

In addiuon to this analysis of deaths oc-
curring in the cohort and during the vears
under gbservation, 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
remmoved from the asbestos mines 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 coliected 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 1o the results of the study:

Original Cohory €.091
last Persons Deducred 133
Final Cohort 5,958
Taving w1955 (worhing ol retired) .71
liead by 195§ 187
Cancer of lunx 9
Questionabie cancer a1 oy 3
Other causes 169
L nknawn causes 6
Stshere 4873
Nununokers 1.263
{'ninown 20

Tables 1, 2.3 anu 4 ¢ rzsent age. nuniber
of vears of ciplovment weigh'ed average
exposure, and sinohing habuts ai the cahart.

A comparison of the exposure tu asbestos
dust 15 presented in Table 3. All members
of the cohort were placed in one of three
ciltegories, representing increasing degrees
of exposure based o a weighted average
of the years spent at various levels of
dustiness. The degree of dustiness for each
job category was deterniined after consulta-
tion with persons familiar with the environ-
ment and conditions in the various work
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LUNG CANCER IN ASRLSTOS MINERS

TAasLe | —Number and Percemioge Distribusion

by Age
Ags Number Per Cent
Webdo.ooen oen o s 3.70! [ )
1124 1w
615 10
p 1Y 5
; »
TOMM e et 5,958 w_o
AVOTOER AQC.eceeem eeen o nenees .l
* Less thas 0.5%.

araas. For the purposes of calculation, the
assumption has been made that the relation-
ship between thesc categones is linear, and
that Category II is twice as dusty, and
Category III three times as dusty as Cate-
gorv I.

TABLE 3. —Number ond Perceniage Distribution
by Exposure Category

Tase 2—Number and Percentoge Disinbution by
\ Length of Employment

Langtd of

Empioyment Nuamber Per Cent

1,798 0

2% «©
b -] " -

) 10

185 3

9 1

Towsls........cvvunnnne... [ ] 100

Avernge yarn of employment. ..... It ]

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 cohort and indicates the

Taste 4—=Nuwmber and Percentage Distmdution
by Smoking Habits

Eposure
Catagory Number Per Cant
2.03! M
2139 k]
1,772 W0
s .
5,058 100
20

* Less than 0.3%.

The fourth variable, smoking habits, was
similarly tabulated and is shown in Table
4. This was included because the informa-
tion was available and because smoking was
regarded as one of the variables which,
besides the environment, could conceivably
infiuence the development of lung cancer.
As used n this presentation, the term
smoker refers 1o a cigarette smoker, habit-

Smoking
Habiu Namber Per Cant
SBORORL. ... aeeeivnennimarennns 4«3 ™
NoDSDORR.canee.onvrconnnnan roven 1,285 an
o] Bocensevnane censems 2 .
Tl ...crececeeenne P 1o

* Lass theo 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
autopsv or surgical resection af the lung
with microscopic examination of the re-
moved ussue. In one case so considered,
however, diagnosis was confirmed by bron-

TaBLE 5 =Vear-dy-Year Experience ¢f Concrt and [eath Rates per 100000
Maon-Years of Risk

Cause of Deatd
No. Alive Proved Buspected
Al Beginniae Prirosry Prumary Other Man-Years
Year of Yesr Ca. of Lung Ca.of Lung Causes Unknown R
1 2 12 1 5.9%0
3 [} I 1 .02
0 o b o ] s9s
2 1 M 0 500835
] [} I ¢ .59
3 [} 3% [ ] 3,703
cerenne ] 3 1 ) 8.7
. e $
Proved'’ rate per 100,000 man-vears of risk = TE - 28,3
v 12
‘Total™ raie par 100,000 man-years of m-uzu - 3.0
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[}
TasLe 6 —"Proved” Cascs of Prwnary Cancer of the Lung

Case No Age Smoker Ezposure Dwd Aulopsy Asbesioss
1 [ Yes 26 yr. 10 Cat. {1 10-12-31 Yes Yes
2 65 Yeos HMyr.iaCet. | 5 3-58 Yas No
3 [ Yas 37yr.aa Cat. | 7-20-5 No No
4 ] Yes 32yr.1n Cat. | +20-% Yes No
s < Yes Ryr.\n Cat. Il -84 Yes Yes
[} 61 Yes 3 yr. . Cat. 11 +-30-13 Yas Yes
7 % Yo 3037.18 Cat. I 1-22-82 Yas Yas
'y h 14 Yes 163710 Cat_ | = S5 Yas No
(] [ ] Yes 2 yr. 1o Cat. LU 5 -3 Broaeh. No

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

The term “suspected” primary cancer of
the lung was applied 1o 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-vears 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 a3 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 Tabie
6. In Table 7 are shown three deaths which
have been considered as “‘suspected” lung
cancer cases

An mnd:cation of the importance of these
“suspected” cases in interpreung the resuits
of the calculanons 1s desirabie before fur-
ther discuscion of the mortality rates which
are derited :n later tables For example, it
nappens that the rate found for the proved
cases 15 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 cohort. 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 95% level
of 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 momnality 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
themn will be given here.

In une of these cases, the suspicion of
cancer of the lung is based upon the x-ray
interpretation. and, although no autopsy was
performed. the death certificate indicates
that death was due to lung cancer It s
well known that the x-ray appearance of
fibrosis. especially if a localized density or
a superimposed tuberculous lesion 1s pres-
ent, can simulate that of a tumor. and by
itself, does nat justify the inclusion of thic
case as one of “proved”’ cancer nf the

iung A ~ewond case was cernfied as having
diexl by resson of hydrotharax, possibly due
o lung fnrecs put oagarn theesr was no
Surgery and po posumonien:  examination.

In the third case although 1t was subjected
10 autopsy. twa pathologists disagreed as to
whether lung cancer was present. The death
was certified as having been due to chronic
myocarditis with nephritis and pulimonary
congestion, and possibly cancer of the lung.
On the basis of these facts, it seems unwar-
ranted to include these three cases among

Tasr 7.—"Suspected” Primary Cancer of the Lung

Cass No. Ags Srosker Etposure Dwd Autopsy Asbestoss
i 49 Yo 329v.la Cat. II1 10-25-%0 No Ne
2 «“ Yer 33 yv. tn Cat. 11 7o =83 Yes Yes
3 (1Y Yes Qyr.iaCat. Il -30-88 Ne Ne
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LUNG CANCER IN ASBENTON MINERS
“proved” instances of lung cancer. On the
other hand, they cannot, in farrness, be dis-
regarded completely. 1t 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
<hown in Table 9. During the first 40 vears
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”
vasvs reportied for a towal 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

Tane 8B.—Lung Cancer Dcathe by Age
Groups

Numher of Persons and Number of Lunx (ancer Deaths

- No. of Douths
No. of

Age Group l'ersons Proved Total
W=4........... .90t ) 1
=8 1.1 1 3
Wbt . ... Als 3 3
[0 o T ns 4 s
Unknown . .. 3 v [}
TCowls.... v L] 12

Annual lunz Cancer Death Rates per 100.000

Man Years of Exjosure

Age prouy Iroved ‘Fotal
W-4s, .. . .. 4 ]
-8 . . ts “
ELL 7 R . al N
S+ . . .. a2 H
Unknown., . ... L. “ n
Urer-alt 2 3

period  This would produce o rate of 69

per 100U, again demonstrating the 1m-
poriance of these quesuonable. but un-
proved, cases to the final conclusion,
becaus:. if there were no cases in this
number of men with long exposure, and if
asbestus is a carcinogenic agent, it must be
cuncluded that these 240 mnen have demon-
strated considerable resistance. This is a bio-
logical phenomenon which has been observed
previously and is 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
18. which appears later in thic <ection, in-

Braun—Truan

Tasie 9 —Lung Cencer Deaths by Length
of Employment

Number of Perears and Number of Lung Cancer Death-

No. of Deaths
leneth of No. of
Employment I‘orsons Froved Total
| o JTT 1.7 0 (]
118, ...... .. . ... 1.2:% | !
-/ [ -] 3 1
W0-38. .. e..L .. “w ) D
by, ... . 188 [} 1
L1 N . 8 0 0
Towls ... S.use [] 12

Annuat Lunc Cancer Death Rates per 100.000
Man Years of Eznusure

Leneth of
Employment Provod Tutal

0 0

7 N

4 M

138 193

0 ]

] 0

Overallo.... .o ienenn.n 3 ‘M

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 Tabie 10, and it will be noted
that they present strong evidence against
asbestos being a carcinogenic agent, for, 1f
exposure tu asbestos is n 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
oniv possible error in this interpretation
enuld occur 1f the weighted exposures were
imverseiyv related to vears of employment,

Takir Y0 < Lme Caneer Deaths by Exporsure
Jererey

Number o* Nersrnd 24 Number of Lunc Cances Dearre

No of Denths
F.2nosyre No of

Category 1'ersons Froved Tout

2.03 4 .

2190 3 ‘

| ery ] 2 .

s 0 [}

.9% ] 12

Annual lLung Cancer Death Rates per 100,000
\Man-Years of Ezposure

F.aprsure
Category Proved Tots
k> n
n n
" 7
0
z n
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P2y



4. M. A ARCHIVES OF INDUSTRIAL HEALTH

Taute 11 —Number of Persons in [arious
Weghted Esposure Categories by
Length of Emplovyment

Weieniod Expraure

Caterories
Langth of o e e oo e e Un-
Emnpioyment ! u 1t known  Towl
[ b " 0 0 1.788
10-19 3 8y 1 1 .39
n-% 3 63 213 2 ;m
30-39 4 U8 137 1 [+Y]
4049 6 67 41 1 185
0+ n n 10 Q 88
Towls 20 2,130 [Frey s 5,958
A vernge \uars
of e1posure v [+ ) 1LY ] D0 118

in which case the heaviest weighted ex-
posure (Category I111) would show the
shortest length of employment. Table 11,
which lists the number of persons in various
exposure categories 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
1s 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-
smowners and that all cases of lung cancer,
both “proved” and “suspected,” occurred in
smokers.

Tablz 12 was so striking that it was felt
that furiner verification was necessary. It
was nossibie that some abnormal distnibu-
thon may have occurred. e.g.. the non-

Taste 13==Number and Percemtage Distribution
-r Swmazers ond Nomgmokers by Age Groups

Tasct 12—Lung Cancer Death for
Smokers and Nomsmokers

Number of Persens and Number of Lung Cancer Deaths
by Semoking Hahis

No of Danchs
V'erons Proved Towl
Sookers.............. 4.673 , 12
Nonsmokers 1288 Q [}
Usxoowa............ b ] 0 [}
Totals........ 3088 ] E

Annual Long Cancer Death Rates per 100.000 Man.Vears
of Exrosure by Smoling Habus

No. of Deaths
Proced Towal
2 [} ]

[} 0
] Q
b) M

smokers may have included a larger
percentage of young men. Consequently, ad-
ditional Tables, 13, 14, and 15 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. Table 14-shows
that as far as length of emplovinent is con-

Taste 14 —Number and Percerivae Distribution
of Smokers and Nonsmokers by Length
of Employmert

Nurober
. Leneth of

Number Emplovment Smokers Nonsruokers Unknown

AEe Ger Smoker Nonsmoter Unrnown S ... 1,406 = 10
Welb, ... (R > 4

s oas 3w L] 12 =]/, ... L k< 19y 2
- .. R kil 4 =35 ... .. .. (2% LY 4
L an 0 2 a9, L 110 " 0
AT .. 4 180 t W ool s kY] n °
Urngnown | | . 2 ] 1 — - -

— — - Totals........ 467 1,268 »

Towls........ .47 1,268 2 Averaas leagth of
ATe30€ 35C.......... %3 “.2 0.7 (1300 4 1 1 RSO 170 193 1.0
Pereesiage Distridution Percentage Distridution
Age Group Smoker  Nomamoker Unknown Leneth of .
Empioyment Smoker Nonsmwoker Unknown

[ K] 8 #0.0

19.2 15 00 0.1 B R0

[ X 180 10.0 421 kS »0

3 118 5.0 15.4 18.7 10.0

. 0.0 3.0 [ X 13.1 00

— — —— 24 X ] 00

1009, 100% 100% 0.1 18 00

Towls........ % 100% 100%

* Leas than 0 05%.
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LUNG CANCER IN ASBESTOS MINERS

TasLe 15 —Number and Percentage Distribuiion
of Smokers and Nomsmokers by
Exposwre Cotegory

Number
Lrposure X
Cewsgory Smokers Nonsmokers Unkpoweo
1.3 474 4
1.600 442 7
1428 a8 9
4 ] [
Totals........ (X 2] 1988 x
A versgs sxposure
csecoosmanse 20 1 23
Peoroeawage Dutribution
E rposure
Caagory Smokers Nonsmokers Uakoown
S 0.2 ns .0
4 O 2.2 2.7 0
133 0.3 7 4.0
Uaxpows............ 0.1 %] 0.0
Towls........ 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 varable seems to be of no importance
in accounting for this difference.

The result of this additional analysis 1s
that none of these factors appears to lessen
the effect of Table 12.

Comparison of the Cohort Expericmce
with that of the Province of Quebee, Do-
minton of Cenada, and the United States.—
In order to make a comparison of the
experience among asbestos miners with that
of the general population of the Province of
Quebec, stanstics were gathered, as stated
eariter. 1n the office of the Division of

Demography in the Provincial Minustry 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 addiuon, all death certificates
which specified primary cancer oi the lung,
and all those which indicated lung cancer
but did not specify the origin, were exam-
ined for the years 1952 through 1935.
Table 16 gives a tabulation of the number
of deaths from lung cancer in the Province
and in the cohort for the years 1950 through

- 1955, and shows the annua! rate per 100,000

in these segments. It will be noted from the
table that the mortalin rate for the
“proved” cases in the cohort 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 recalled from the previous dis-
cussion of the effect of the “suspected
cases on the results, approaches but does
not exceed the significant ievel.

One funther interesting observation from
Table 16 is the rather marked increase in
the tota! number of cses for the Province
between 1950 and 1933, It is assumed that
at least part of this increase is due to 1m-
proved recognition and reporting of lung
cancer dur:ing the interval  For this reason.
the vears 19335 and 1933 were thought 1o be

more n-ariv represenlative of acrual cordi-
ton: P oAU 'i‘r'd\ that the
geren 0 Lt o omen sl lor lung

cancer weor He szame diligence with which

TasLz 16.—Comparison of Cohort uath Provwee of Quebec

—_  — —— — ——— — ———— ———— —— ——

Laag Canasr Dustos Annasl
Number of Raie per

Persoas 10 1881 1082 183 1954 1938 Total 100,000

Provines l,l-.g * i o s n 03 kL4 1.8 4

ol st 3 2 0 3 1 3 12 338

Proved 1 2 0 2 1 3 [] »n3

Provines 1,192,000 i 3 N E ) 0 n i 1.642 o3
(srriudiag asbasios B

werkers)

vinee Srores. it has besa assutded all male lung cavar desilts sre for eo of M+ vesrs
!.n A'ph;::uu @idpoint of Lthe eouthersied popalation for 1831, aod Lbe estimaiad popuistion for 19 (Rapport, Div. de s De-

mographie).
INumber sfive (0 cohort st beginning of 1953,
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TasLe 17.—Lung Cancer Deat
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hs for the Provwnce of Quebec®

o E———
R

Number of Deauhs
1054 1983
£ o Towl Certided Specibed Primary Towl Cartifed Specified Primary
stimat
Age Group Foputation Towl Proved Towsl Proved Tosal Proved Towl Preved
To—td 000 v 13 n 9 17 9 17 [
45 .00 6 38 a n ® E ) “ n
13 wo 100 38 '3 R ny 8 e ]
a4 121,000 1 3 [ » I} “ 14 “
Towls 1.257.000 n 12 mn » a 1. ™ 13
Death Rates per 100,000
1954 1888
Total Certited Bpecified Prinary Total Certified Spectied Pravary
Age Group Total Proved Total Proved Total Proved Towl Proved
22 1.7 1.4 12 2.2 1.2 1.2
2 178 1.3 104 2.7 153 2}3 154
3.0 o7 0.4 3.4 8.4 ALS M7 .6
9.7 na %2 M0 23 “se .3 “.e
ns 9.7 15.4 80 278 s ;1_.3. B

* Deua from daath certifcalss.

t Estunaw for popuisios obtained by sppiyiag 1951 percaciages for age groups (or males Lo the total papulstion for 1984, as giver

1o Rapport. Div. de la Demographm.

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 bv-the fact that
the reporung of cases in the cohort showed
no such increase over the same period.

Table 17 was compiied 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 nvo categortes in which the tumor was
spectfied as having originated in the lung.
[t wili be noted that, of the total cases
reportec 1n 1933, a much higher percentage
than in 1934 were specified as primary. The
table also shows that a higher percentage
of the total cases certified in 1935 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 1955 rates for
the Province has been used, since the 1955
figure was higher and may have been ex-
ceptional.

646

This comparisén, 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 1954 and 1953
figures for the Province. It is true that, in
the case of the age group of 63 and over,
the five deaths provide a figure which is
almost significant at the 955¢ level. How-
ever, it should be noted that this number
includes one of the suspected but unproved
cases previousiy referred to Furthermore.
it is rather likelv that the rate for the
general population is undersitated in this
age group. for the obvious reason that the
exact vause of death 1z the very old is not

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

— . —— ———
Provine Obeserved No.
Total Specifed Ervpected  of Desths

Are Primare Rate  No.of  No.of
Qroup per 100,000

D=44 1.8 LR ot 1 1
=™ 2.8 - LIM 2 1 3
S04 s ans 3 3 3
[ 03 aus 2 4 3
Uoknown .. 3 . [ ] 0

* The etpeeied number s bsed 00 the avernse of Lhe 1834 sod
1933 ape-specrfic ralas for the Proviam of Quabec.
t Actually 0.4.
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LUNG CAANCER IN ASBESTOS MINERS

Taure 19 —Age Diuntribution of Adult Malcs for
the Province of Quebec, 1951°
—— e e ————
Provisce -
Percentage 'I;lCoMr(

Age Group Number
-4, . . A3 &3 [}
435, . . 185,982 16 1
FX . PN 125.044 1 10
[ 113,487 10 ]
Towl....... 1,158.408 100 100
* Rapport, 1884,

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

Table 18 also a~swers a question pre-
viouslv raised. It >aows 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
emplovment reierred 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 between 63 and 73. which would apply
to the oldest group of miners. [t is felt
that bv using the whole adult male popula-
tion we have developed rates for the gen-
ecx! ragianton which are somewhat lower
we nad been able to exciude tne
people in the general population over 73

A comparison between the asbestos miners
and th2 population of the Dominion as a
whole was made. using statistical material
from several sources. In one source, Phil-
lips ® 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 berween 1931 and 1952, and this

- <
...... 1
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Tante 20 —Annual Dceath Rates per 160000 |.»
Cancer of the Lung wm Canado®

———=

Oroups of Years

Age Oroup 1831-1803 19411943 1830-1082
Under 20 0.2 03 1.0
30-24 (3] 09 (3]
-9 i 2 3V
4044 30 .4 63
[ il A2 128 18.7
30-54 8.1 189 n2
b el ] 1.5 7o »?
G064 12.8 b8 .8
6540 150 M3 e
0-74 10.7 06 [ ]
-7 153 30.0 2.9
82 o ] ».7
[ o HE) 3 no
All Ages 23 11 s

¢ *Morwality from Lung Canecer 1n Canada.’ 1831 w0 1932,

mcrease is particularly marked after age
50, confirming an observation previously
made, o 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 1o 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 -

Ape Group Rate
20-31 H
Y >
35-62 69
65+ 90-95

These rates are, in general. lower than
those developed for the total (proved and
suspected) cases of lung cancer among the
asbestos miners. The only large difference.
however, is ir the age group of 63 vears and
over, and it 1s quite possible that the rate
for thic group may have increased f{or
Canada between 1932 and 1954 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 1933. This rate, for males.
1s 20.8 per 100,000, or 5 more per 100.000
than Phillips’ 1930-1932 rate, and compares
with 235.3 per 100.000 for proved cases and
33.8 per 100.000 for total cases among the
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Tame 21 =Number of Deoths and Death Rates
pov 100000 by 4dge Groups for the Adult
AMale Porwation of the Unmued States®

Ags Oroup Population Cases Rate par 100,000
2044 24,544.000 [ ] 3.4
-5 »060.U0 1979 3%
(e 6.240.000 6,254 s
65 3.670.000 6.4 1143
Towl 44,619,000 16,599 N3

* Data from “Vital Statistis of the United Buates,” Vel. 1
and 2. 1982
asbestos miners in this study. It is there-
‘fore obvious that there are no important
differences berween 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 10 the data
for the miners, age-specific rates were com-
puted from “Vital Statistics of the United
States,” Volumes I and II, for 1952. 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 23.3 per 100.000 in 1933, and
28.0 per 100,000 in 1953, Theyv are not
idenncal with the rate caiculated from the
figures of the office of Vital Statistics, but
thig is possibly because the American Can-
cer Society rates are for wiales of all ages.
Nevertheies: thev, too, comjpare faverably
with the rate. of 23 /or 34 for total cases)

Clhaemine amens the asbesies muners

Turning fur 2 meamnen 10 a COMparison
benween the asbesivs mrners 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 % has stated that there are about 33,000
persons exposed in the United States, and
we have found that the Canadian mines
emplov 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

A ARCHII'ES OF INDUSTRIAL HLALTH

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
vear; 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 cncer with asbestosis re-
ported during the 20-year period. This
gives a rate of 13 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-
focent to the Asbestos-Producing Areas and
Eight Selccted 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. Ryviere-du-Loup, St
Hyacinthe. and Terrebonne. main!y because
they represent a wide geographic distribu-
tion throughout the Province. The counties
selected because of their proximity to the
asbestos mines include Arthabaska. Beauce
Drummond. Fronierac. Megantic. Rich-
mand, Shertirrnke and \Wolfe Table 22
shows the numier of lung cancer deaths
for thz veurs 193¢ through 1933 for each
of these counties, and a morality rate,
based on the adult male population in 1952.
To emphasize the comparison, Meganuc
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 2 —Number of Lung Caoncer Deaths and Rate per 100000 Man-Years

) %
Male Lang Cancer Deaths *
Adult Male
Population e rar
Counues 1982 1930 1981 1982 1Y 105¢ 1948 Towl 100,000
Merantic Counte 13.100 3 1 3 3 t . is s
Eigbt “Adseent Counties 97.600 [} 3 ) 1% ‘. ™ n 31
Elght Selectad Countis £3.000 2 10 s 18 $ ’ © M
Provioee of Quebec 1,196,000 196 E- E ] ] 03 187 1634 24
Provine of Quedec lom eight "
“adacent’’ counties 1,100,000 180 n? D8 = »m Ml 1370 ns
Montreal ot Lale d¢ Jesus 364,000 3 ? 18 m s s =0 »3

* It 13 aasumed Lhat all male lung cavcer deaths cocurred afiar age 2.

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 eight 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 1o be about 200 greater. This
would result in a3 rate of 40 per 100,000

The only possible conclusion 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 areas have anv greater
incidence of lung cancer than those who
live elsewhere in the Province.

Comment on All Recorded Lung Cancer
Cases, Living and Dcad, amonag the Asbes-
tos AMiners —Although a simple enumera-
tion of all the known or suspectcd cases of
cancer of the line in these areas has no
particuiar value from a statisrical poin: of
view, 1t 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 diagnosis was mediastinal lymphosar-
coma. During the period covered by this
inveerigation, there were nine proved cases
and three suspectéd cases in the cohort.
Throuzh 1956 and to date in 1957, there
were eight deaths, six of which were merely

Oraun—Truan

suggestive of cancer of the lung and in-
ciuded 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-rav only. In
addition, there are now living four cases in
which the diagnastic 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 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 |4
years to a maximum of 37 years. Oniv
three men had less than 25 yvears of em:
ployment in the industry. Seven among
those on whom such information 1s avail-
able had a weighted exposure placing them
in Category III, and six worked in an
exposure represented by Category 1.

There were onlv 7 among these proved
lung cancer cases in which we have 1n-
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 !o
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 studv 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
rmunes 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 1950 Data relative to their characteristics
were collected and their status at the end
of 2 =ix-vear period of observation was de-
termined In the case of those who had
dred an exhaustive search of death certif-
wentes and insurance records was zarried out
in order to determ:ne 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 fuifilled 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
vears of age, and thirty per cent had been
employed for longer than 20 vears. Thirty
per cent had a weighted exposure which
placed them in the category of highest ex-
posure.

The mortality rate for lung ancer, as
computed on the basis of nine “proved”
deaths among the cohort was 25.3 per 100,-
000. \When 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 determining these
rates has been reiterated because it is likely
that such cases would not be included in
the stanstics for the general population and
because they influence the results so mark-
ediy.

According to the findings in this study,
the mortahiy rate from lung cancer does
no: appear to increase with length of ex-
pnsure or with degree of exposure, a fact
whe it 1recants strong evidence agains: the
carcinogemicity of asbestos

Comjiarison of the experience among the
asbesios miners with that of various seg-
ments of the unexposed, comparable popu-
lation 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 aduit
males throughout the Dominion of Canada.
It also compares satisfactorily with rate«
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of 37.2, 25.3. and 28.0 obtained from various
sources for adult males in the United Siates.
Finally, in this matter of comparison, it
would appear that the world-wide experience
of persons exposed to asbestos dust is not
worse with respeci to lung cancer than that
of the unexposed population.

The counties surrounding the asbestos-
producing areas, in which 1t 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 imuch 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. Approxunately 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

Turthermore the death rate from lung
cancer 1n the areas contiguous to the asbes-
105 operation: is comparable to that in areas
widely scattered throughout the Province of
Quebec and - lower than in some urban-
ized arca~ within the Province.
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One {uzther Lntoresting odcervation {rom Table 1/u the ratlcr

marked loczsase (a the total sumber of cases for the Provincs between 1950
and 3955, 1t {s assumed that at least part of this iocrease ls dye to ime
proved recognition and reporiing of lung cancer duriag the Intarval, For
tale nuaa. the yuu 1954 and 1958 'u'c thought to bcl more aearly npu-‘ !
ssstative of agtual eudmou. Even s0, & {8 quite likely that the ..nonl
popslation {s not .Mhd for lung cancer with the same diligence wilh wbleh
this ¢lsease I8 fooked for ia the miners, and it seoms probabdle that m mese
wlity zates {or the Province may be low, ~ Thia would _a;put to be substasne
tiated by the fact that the reporting of esu; {n the cobort showed 0o such
chnu ever the same peried. | . |

Tabdle I:lz was compiled to show the annual sge-specilic lung cancer
_nu of casas La which the death unmeuo. ;ncroly zead "mu:‘ot the lung”,
as distinguished lnm those {a which the dupuu was euﬂmod by autopey,
suzgery, or blopny. m tazrm "opoel.tled pﬂ-uty" uuu u these cases in
these twe categories ia which the tumo? was lpoemld s havisg oﬂghnu
{a e luag, It will be noted that, of the _cou& cases reporiad la 1955, a much
Mgher percenizge than ia 1954 were specified as primary, The table aleo

shews that & higher perceaiage of the total cases certified la 1955 were proved.

sgais iadicating lacressing Lzterest in ils dlsease,
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A comparison has besn mado between Lha ags-specidic rates suswn

V1 i
ia Table 15, aad those for the cobort, saown in Table §. An average of the

Eordlie - T

. -
v

1786 and 1955 ratee for the Provincs has been used, slace the 1955 {'gure

LTSt ra a9

was hizher and may have been exceptional, g

This comparises, swnmarized ta Table l‘(. shows that the obscrved

y sumbey of deaths o our sample ls pot il;suunuy greitar than the expected
sumber of deaths, based o the average of tha 1954 and 1955 {igures for the
Proviass. It is true that, in the case of the age group of 63 and over, the
{ive deaths provide a {igure which {s almoet sigaiilcant 8t the $5% level,

- 1] Jewever, it should .bo aoz'ld.ﬁl this nunb;r indudu oae of the oucp'«ud

but uapreved cases previouely referred to. Furthermore, Ut ls rather llkely

that the 7ate {or the general population (s uaderstated in thls age group, for

(he ebvisus 7eason that the exact cause of death la the very old is not & matter

of the same iatensity of laterest as it la la you..or pervoas.

] . TADLE 18 .
o . Comparisan of the Actual and Expected Numberef  .-.«
N Lung Cancer Deathe by Are Amone Ashcetos Miners
¢ Proviace Expecioa” Qbservad No.
Ago Tetal SpecUlied Primary No. of " IMe, of of Desthe
Qreup Rate per 100, V0 Minsrs Deaths Proved lutal
0.4 1.8 3901 - ef ) 1
49094 24.8 1124 3 1. 3
$9.64 7.6 618 2 3 3
53¢ 893 . 318 - & . 4 S
Uakaown ee 3 - ] 0

L] Aﬂullly b

¢ The sxpected number is basad on the average of the 1954 and 1955
sge-opecific rates for the Froviace of Quebsc.
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Table 0\ also asswers & question previously ralsed. [t shows 15a:
the membere of the codort bave 2ot died {rom lung cancer at aa age eariler
thas the general population, and that such an eaplanation caznot be offered
for (he absence of lung cancez 18 140 msan with more thae 40 years of em-
ployment referzed o on page 24,

Before leaving this comparison of the Froviace with the miners, it

should be shown that their age distridutions are reascoably the same. That

tbis (s the case can bo observed from the following tabulation:

TASLE (7 .
Age Distribution of Adult Males for the Proviace of Cuabec, 1951
(Rapport, 19354)

Asge Provisece
Grovp jlumber Ferccatage Percentage {n Colort
20-44 121,138 63 e (19
4854 108,982 16 19
88064 128,944 il 10
X 113,467 10 $
Total 1,753,498 Too : Too

1¢ should be remaembaered that the miners retire aad consequantly,

U1 ¢aa be expected that the oldest age group will be lazger ia the general popus-

20
latlen. The data preseated in Tabdle 'y.' ndicates that the luag cascer rate

geserally decreases after age 70. Therefors, we couli axpect the rate for

ail pesple over 65 to be smaller than the rate for the group belween 65 and 785,

whicd would apply to the oldest group of miaers. It te falt that by usicg the

whele adult a:ale population, we have developed ratcs for s general popus~

g28]9
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These {lgures sbow etrikingly the iacrease in rates beiweea XGS(I
aad 1952, and this increase is particularly marked aftor age 50, con{irm.
lag 48 observaiion previously made, to e elfect that uatil receutly lung
cancer has probably Leea undsr-dlagacsed {a the older age groupe in the
geaeral pepulation,

To wae these (igures for purpodes of comparisca, It is necessary
# combine the ratas (or cortaia age groupe in order to conform Lo the ags
{stzidutiens ueed in this study, Siace the sxact populatiens (s oa;h age group

sz the years (ndicsted le not knewn, thie muet be aa spﬁnﬂnnton. However,

¢ ratse would be sotnewhat as followss

Ano erz Rate
20.44 . s
45454 271
$5.64 (1]
65 ¢ 90-9$

These 70tee a7e, Injgeneral, h'o;‘m thoss developed ier the
- wial (proved aad suspected) cases of lung Ae'necr among the asbestos miners,
The ealy lazge .dluouneo. however, is la the age group of 45 years iad over,
3d 18 ls quite possible that the rats for this group may have increasad lor

Canada beiwsea 1952 and 1954 as it did {or the Proviace of Quebec. (Sec

Table 38,9 ,1

0291
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A further comparison has deen made wilh an over-all rate obtained
frem the Aaruricas Cancer Society for respiratory cancer desths ln Cansda
{a 1933, This rate, for malos, (s 20.8 per 109, ooo.ﬂuu more per 100, 000
thas Philllpe’ 19901952 rate, aad compares with 25.3 per 100,000 {or proved
esses aad 33,8 per 100,000 for total cases among the aebestos miners in this
study, 1 is therefore obvious that thers are 30 imporiant dillereaces betweea
13e rates for asbeetos tinors and those [or the gensral populaiion of Quebee
sad the Dominioa of Casada.

Since it (s ’nh'nlo that figurcs for the United States are more
complets and, therefors, possibly more comparable to ﬁ; daia {or the miners,
age-opeciiic rates were compulad from "Viial Statistico of the Usimed States™,

ot
Yelumen ] and [1, foz 1952, Thess rates have been tabulated {a Tadle H’.L

.. - </
TADLE M
Number of Deaths and Death Rates per 100,000
by Ago Greups for the Aduit Male Population of
the Ualitad Statese=Data From
*¥ial Statistics & the United Jtates™, Volomes ] and U, 1952

-

Age Creup Poeulnllon Casee Rate per 100,000
1044 24,544,000 88) 3. 6
354 8,063,000 2979 36.9
$8.4¢ é,340,000 #2354 9.6
3 5.670, 000 6403 114.3
Tetal 44, ®19, 000 - 16,9%99 37.2

0292
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1t {s apiarent that thess Tates .e;mpo re faveradly with thoee for
the debostos miners as shown (n Table &, Sill) other-ratas for the Unlted
States were oblained {rom. the American Caacer Soclety, and for r.ales,
thets wers ZS.._S_P" 100,000 In 1953, and 28.0 per 100,000 in 1755, They
are eet idestical with the rata calculated from the {igures of the office of
Vital Statistics. but this (s possibly becauss the American Cancer Soclety
rates are for males of all ages. Nevertheless, they, toes, comparse favor.
ably with the rates of 25 (or 34 for total cases) obtaining amoag the u‘bumo
mlaers, ‘ .

Turaing for s moment to & comparisoa between :hlc asbestos mizers
sad persvms who ll'.. eaposed to asbestos in one form or asother (as dls-
tiaguished {rom the ‘uonl population groups just discussed, who have no
espesura) as {ateresting observation can be developed by deduction, Haopo:(
bas stated that there are about 35,000 persons u.poud ia the United States,
sad we have found that the Canadian mines omploy about 8,000, Elsewhere,
(¢ 322 beoa estimaied that the workars ia Eagland vho.n;o exposurs total
betweea 3,000 and 5,000, With werkers in Africa, Deamark, Norway, aad
other countriss, a3 least 50, 000 persens ll'\\u.t be exposed throughout the world.
sad Il can bo sssumed that thie sumber has been falrly cosstant in the 20 years
slace 1935 when the first case of asbestosis with lung cancer was repurted,

At lesst & milllon maseyears of exposure has thus been u:umulu'cd. and
ibls figure caa be divided by the spproximately 150 casen of luag cancer with
sebestenie hpoﬂ.d during the 20.year period. Thie gives a 7ate of 15 per

§23.000 which ls as least ladicative that any lung cancer rate which can be

58)



eslcalated for workers cupnserd to asbestes dust s r3t rmuch sreazes iN2n

that for the unaxposed population,

Comparisen Detwoen Elght Countles
Adjacent to the Asbestos-Producing Arcas
and Lizht Salacted Counties

To compare lung cancer mortality rates in the counties surrounde
ing the asbestos-produciag areas with another group of countiss in which
ss 8obeastos nilners are likely to reside, Lhe rates were cormputed oa the
dels af figures for the years }950 through 1955. The :ight counties selected
{er comparison ware argentouil, Chaleaugay, Montmagay, Fortseul,
llaiiou. Rivieroegueloup, St. Hyacinthe, and Terrebonne, mainly because
they represent a wide geographic distribution throughout the Province, The
couniles selected because of their proxzimity to the asbestos mines iaclude
Arthabaska, Beauco, Drummoad, Froatensg, Msegantic. Richmoad, Sherbruoke,
swad Weolls, Table f‘ sbows the aumbder of luag cazcer deatdhs for the years
1950 threugh 1955 for each of thase eouatu"l. snd a m:uiuy rate, based 02
®e adult male population la 1952, Te emphasise the comparison, Megastic
County bas beea shown ecoparatsly, as has the Proviacs of Cusbec and also the
Because

Prevince with the eight "asbestus-preducing’ countiss subtracted.

of (10 unlque luag cancer desth rate, Montreal ot 1ala ds Jesus bas alsg been

ifoted in order to provide further comparisoa,

0294
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1i {8 apparent {reon the table that the lune cancer death rate far the
eight couaties lmmeclately surrouncisg the asbestos-produciag aress i
praciically-idastical with thas of eight counlies selected fo- comiparison.
Whlle }degantic Couaty has & rate nearly twice that of the combiaed ¢ight
sclected counties, 1t Lo lower than the rate for the Province, acd cosaideradly
lower than tae rate {or Mootresl. The figuze for Montreal would certaialy
be higher except for the very loew aumbers of deathe reported for 1950 and
1951, and it wuuld appear thal Lo those ysars some error io Teporting bas
wadoubtedly besa made, On tho basis of the olh;: yoares, 1950 aad 1951 deaths
would be expectsd to be about 200 greater. Thio would Tesult in & race of
40 per 100,000, | i

The only poﬁlbh coacluslon {rom this comparison (s that there i3
20 ovidence that the persoas who live and work in the counties surrounding

- asd adjascent to the asbestoe-producing areas bave aoy groater incidence of

. luag cancerz than thoes who live eleewhere la the Frovizce. .

L n" - T - ._.,,, < ) -
. b“w - . -

Discussion-o! All Necorded Lung Cancer Casee, . e
: &lvln and Dead, c'rroz=:the Asbestos Miners

Although & simple eaumoration of all the known or suspected cases
:'nl cancer of e lung 1n these aress hae ac particular value from & swailstical
folat of view, it ls of latezrast to summarise such caecs for the rocord, Tacre
were aloe deaths prior te the beginalag of the ticns period coveresd by the

study, (ncluding one in which the diagneosis was mediastinal lymphosarcen:a,

P




P S 2 N R e U P S e e s e cwe b s T e e ey LR A

47,

Durizgthe ;eriod coverod by this investization, there were nine ;roves cases
and three suspected cases in the cohort, Through 1956 and to date in 1957,
there wers eight daaths, six of which were merely sugzestive of cancer of
wbe lung and tncluded such diagnoses as mediastiaal lymphosarcoma, meso-
thelloma, csncer of the leg with metastases to lung, absess of lung, and
cancer 6! the pancreas. Ome olher wae dia;noud,en the basis of n-ray only.
1a addition, there uo' sow living four cases (n which the 'dugncule evideace
le strongly suggsstive of lung cancer. This is & tetal of 33 cases of all types,
lacluding ten “suspected” but unproved cases, and four that are still living,
.‘l'ho nu?uau. 19 constitute the total of proved cases of cancer of the lung
samong the asbestos miners since 1940,

The proved cases averaged 59 years of age at doath, and varied
botyou 37 yeara and 68 yeare. Their working span covered periods varye
lag from a misimum of 14 years to & masimum .ol 37 years. Only three men
had leeo than 25 yeare of employmesnt lo the lndustry. Seven among those on
whom such laforw.atios is availsdle bad s 'ot'l;‘od otpoc.un placing them {a
categery Ll1, aand eix worked in an enposure r'opnuaud by category 1.

Thers were only 17 among thess preved lung caaser cases in which
we bave ieformaticn ragardiag Lthe pressnce of asbestosis, Asbestosis wae
present ia nine, although it was minimal in two. Two patlologists disagresd
vegarding its presence Lo anothar, At least seven of the 19 preved lung cancers,

herefore, were net accompanied by asbestosis.

027
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Summary and Cancliciens

laterest la the question of whether there may be an asscciation
between luag cancer and exposure to asbestos has beon svident sioce the
zeport la 1935 by L’aeh aad Smith of & case ln which lung cancer and asbes-
tosis were both present. As additional cases Lo which the two dissases co-
exlsted were reported, a causal association sppears to have been gradually
accepted by many authors, alihough somse workers considered the correlation

JND R TRNECN
to be inconclusive. The presest siudy was comariesicasd in an ol{on to
‘otormlno whether a causal ulnlouhtp did, la fact, exist between sxposure
to asbestos and cancer of the lung.

Sinces most O.Atll.l’ studies had bsen limited to eaumerating the lung
cancere found ia cersala selected umpxu. such a8 cases coming to autopesy
or death certificates {a which ubuuuu was mentiossd, it was apparest that
tloy could et muu the nqulumuu of an op!dcmlolo;lul aad statistical
uppr“eh te lhc problem. The puum study was, therefore, designed 1o meet
tbo requirements of this method.

- After & prelicninary survey te uploﬁ the availability of zellable
{aformation, dais were gathered on workers (n the sabeotos mines in Cusdec,
. A A G Aeer P
baesd os their madizal records. A cobort was defined sczamctcarmcmttnin
[ RVARCE L MARS NASAE AT ASASS Lrre fades e F Fapibog & s
beo WaR& s Fa& 17OVIIYy ;o "J L
Data relative to their characterisiics were collected and thelr status at the

oad of & six-yearpariod of obasrvation was determined, o the cass of those

whe had died., tn vxhaustive search of death cortificaiss aad issurance records

0295
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was carried out in order to determiue as nearly as possidic the axact cause
of death, Mortality rates from lung cancer for the general popuistion of the
Proviace of Quebec and its various counties &nd for the Domislos of Canada,
as well se the United States were calculated from statistics coliscted in the
appropriate places, Comparisens of tho ratss obtained for asbestos workers
and for the otber population groups were misade according to sccepted statistical
methode xinewioxtedes tntzplilasdulonsprrrencde tatl,

Records were obtained on 6091 persons who fulfilled the critezia of
the cohort, It was not possible to trace 13) of these {or the whole period,
bat 5771 .ol the remaining 5958 wers found to bo etill liviag s 1955 or loter.
Of the 187 kaown dud_. cancer of the lung wae considered to have beoa reasca-
ably proved (o nine and to be atrongly suggested in thres,

The membere of the cohert were studied with respoct to sge, length
of employmest, & weighted average of their exposurs, aad thelr smokiag
ubltp. Four thousand, six bundred and seventy-three were found to be smokers

e "“ill the deflaltion of that term as used {a this study, ’ Th-lrtyotour per cent

X
¥

of e cobort were meore thas 45 years of age, And 30% 2ad beea omployed for
i longer than 20 years. Thirty per cent had & weighted sxpesurs which placed
them l:;:u;oty of higheat exposure,
The mortality rate {or luag cancer, as computed on the basis of nine
“proved” deaths among tbe cohort was 25,3 per 100,000, When the three

“suspected” cases were 8dded, the "total" rate {or iec cohort rose ® 33.8,

029
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The importance of the suspectod but uaproved cases (o determining these
zates bas boen reiterated because it {e likely thal such cases would not be
{ncluded in the statistics for the general populstien and because they (afluence
the results so markedly,

According to the {indings i this_study, the mertallty rate from lung
cancer does not appear to Incresse with lon.lh. of exposurze or with degree of
oxpecurs, & focl which precents stroag svideace agsinst the carclnogealcity
of asbestos., L e . SRR

Comparison of the experience among the ssbestos miilners with that
of various segmants of the unexposed, comparable populatien shows that the
observed number of Jeathe among the miners is not sigaificantly greater
Whan the expected nutnber. The rate for provod cases amoag the asbectcs

miners (25.) per 100, 000) compares well with the rate of 22,5 per 100, 000

"for the rest of the FProviace, aad 20,8 per 100, 000 for adult males throughout

the Dominion of Canada. It also comapares satisfactorily with rates of 37,2,
25.3, and 28.0 obtained from vazious sources for adult .uuiu ia the Uanited
Siates. Fiaally, ia this mu.ur of eompnu;n. {t would appear that the world-
wide oxperience of pereone exposed to asbaetos dust le net worse with respect
to lung cancers than that of the unsxposed population.

The countles surrounding tho asbestos-producing areas, and ia which
it ls presumed mest of the asbestos miners live, have almest tdentical mor-
tality rates with those of sight counties widely ecattared through the Province,
and are lower than Wose for the remainder of the Province, and much lower

thea the rats for Montreal,

"
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Slace 1940, there heve been 19 cases ls which the dlagnosis of
primary cancer of the lung may be considered 1o bave been proved. Approxi.
mately ball of thesec cases wore ageociated with asbestosis, All byt ons disc
{s the recognized 'caacer-age” and at least onecthird had only the ll‘h;ut
exposure {category [) to asbestos dust. . '

On the basis of what are believed to bs complete and rellable data,

- 1t sssms fair to conclude that the asbestos miners in the Province of Gaebec
do l;ol bave a signliicantly higher death rate from lung cancer thaa do com-
parable segmonts of the genaral population,

Furthermore, the death rate from dung cancer {n the areas contigus
ous to the asdsstos ?p.l’lﬂ“l {s comparable to that {n areas widely scattored
throughout the Proviace of Quebec and s lower thaa (a some urbanized areas

* withia the Proviace.
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