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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 eiements 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 materiais.
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 cses, 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 10 this material
is known to cause a specific type of pneu-
moconiosis, and because persons who show
this form of pneumocconiosis often come to
autopsy and provide a ready source of
material for studv. It was in this way that
reports of the simuitaneous occurrence of
lung cancer and asbestosis began to accu-
mulate after the report of a case by [.ynch
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 166¢ of these cases. Glovne!!
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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 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 10 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
1% to 20 years, carcinoma becomes estab-
lished in the lung.

On the other hand, mot 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 of asbestosis with lung
cancer was too small for statistcal 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.
Goldbiart 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

P
(A
Lrown

Tie)

PLAINTIFF'S

Ne. 112

M
ENE FOUNDATION
Pitisburgh 13, p,.

EXHIBIT

THED




LUNG CANCER IN ASBESTUS MINERS

iz nu reliable criterion by which oue caw
anticipate carciogenicity and, as s well
known, relatively nunute changes in the
structure of a chemical carcinogen are suffi-
cient to dimmnish or eliminale circinogenic
acuo.

If asbestos is indeed 1o be regarded as a
carcinogen, the need is felt to demonstrate
some property which cin 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 nw means unammous. Alto-
gether, it is perhaps more confusing than
enlightening. A careful review shows that
the majority of the reports are clinical and
not epidemiological. They lack many 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 scojx of
the works which they quote. Nowhere, ior
exampte, have we found references to a
popuiarion of asbestos workers. although
several authors who huve quouted the ob-
served. incidence of lung cancer n auloupmes
of persons who also hed asbestosis mply
that this incidence applies to asbestos work-
ers, generally. We have likewise Dbeen
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 canie 1o
autopsy. With the exception of o pijer
by Doll,®* none of thuse reviewed gave any
data on exposure aml dust concentrations,
and cven Doll's paper merely mentions
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:'schcdulmi" arcas, by which is meant,
'thflac areus where procusses are carried on
which were scheduled under the Asbestos
tndustry Regulations of 1931 as bcing;
dusty.” .

There is, furthennore, a complete Lack
of definition of terms as used in the pub-
fished literature For example, the tem
“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 cbvicusly
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 3 lack of uniformity as to
what type of exposure most studies have
dealt with. Of 99 cascs enumerated by
Hueper ** in 1953, unly 10 appear to have
originated in the United States, and 7 in
Canada. Some of the earlier reports ap-
parently included asbestos miners, but it
can- be assumed, since 82 of the 99 cases
had originated in England, and since no
asbestos mining operations are carried on
in that country, that most of the reported
cases have involved workers in the 1extle
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
alsn notably absent in the majority of these
I'EPOVIS.

\With this understanding of the limita-
tys of the existing literature with respect
to epndemioingical generahzation, it may be
of value to consider in soimewhat more de-
tatl <ome representative earlier publications,
a few of which were referred to briefly
above.

Oue of the most detailed studies and one
which deserves the most serious considera-
tion is that reported by Doll ¥ in 1355.
Thie sty reviews causes of death among
asbestos workers based on coroners’ rec-
TU also attennds 1o estimate the risk
b sdying records of men who worked
for at least 20 years in exposed situations.
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1ot concluded that lung cancer was a spe-
cifc industrai 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-
¢uent 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. 1t 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 afier
shorter employment.

Another reason why this publication is
ol importance is a statement which it con-
tains 10 the effect that “the strongest cvi-
Jence that it (lung cancer) may be a hazard
rin asbestos workers) has been produced
v Merewether and by Glovne”

fn 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 cancer
among asbestosis cases coming to autopsy.
There were in his series 796 cases with sili-
cosis, and 6.99% of these also showed pri-
niary cancer of the lung. The incidence of

636

ACARCHIY LN OF INDUSTRIAL HE40.TH

tung cancer in other forms of pneumoconio-
sis was 6.7%. and in 169 cases which
proved not tu have any type of pneumo-
coriosis it was 8.3%. Gloyne considered
“the morality 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. [t can
reasonably be assumed that cases, including
those of asbestosis, in which the findings
were not considered unusual were not sent
to Dr. Gluyne for examination, As a mat
ter of fact. tn 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. Glavne's work, its importance
ag an index of the prevalence of lung can-
cer in asbestotics has been misinterpreted
by some who have quoted him. All that it
really shows is the fact that in a group of
121 cases. selected for special study pri-
marily because they seemed abnormal by
preliminary exansnation, 17, or 14,16 | had
lung cancer

m 1947 i the repart of

Pespevior of Factories, reviewed

Merewether 75
[ht; C":lr'.'
Al Gees roported betwern 1924 and 1045
m which asbestosis was the cause of death
or a coexisting condition. This work was
later extended to inciude all such cses re-
ported up to December, 1954, by which time
there were 344 deaths, including 205 males
and 139 females. Among them were 5§
caser {16%) of cancer of the lung. 41 in
males and 14 in females. [t is quite possible
that a large number of asbestotics who did
not e of their asbestosis, or in whase
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JU'NG CANCER IN 4SBESTOS MINERS

death certificate it was ndt mentioned, may
have been missed. The import of this 16%
i= enhanced by the simuitaneous 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,’ who with Smith*® had reported
the first case in 1933, 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
“dernonstrable deposits of asbestos in the
lungs." This, of course, is not necessarily
identical with the disease asbestosis. Lynch,
bimself, 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
times gs 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 15 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
possibly  hundreds of asbestotics whose
cases were pever 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 justify generalizations with regard to
mortality rates,

Perhaps no one has written so exten-
sively on the subject as has Hueper023*
In 1955 he reviewed the cases ’* reported
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prior to that date and enumerated z 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 induded 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 ot with those of other
English apthors.

Printiples of the Epiderniological
Method

Dom ¥ 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 1o some extent by
the reported impressions of wvarious clim-
cians based upon their personal observa-
tions. More recently, however, attention
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 epidermologicai methods.

In order to apply this method of invesn-
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 thie population, including the
heatthy as well as the iil; (3) 2 sample
which 15 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
littte 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 couning
to auiopsy, as has been freguently 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 minars 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 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 vari-
ous sites; {2) comparing the relative
frequency of cancer in a group of hospual-
ized ratients; (3) comparing the relative
frequency of cancer in a group of cases
coming to autopsy.

Attempting tn compare two population
groups, twoking only at the relanve fre-
quency of cancer in various body sites.

mav resuit in finding a higher percentage
sreiative frequenay ) in one of the groups.
whe= i {act, the martality rate of cancer

o7 a particuiar organ 1s exactly the same
i both groups. This is very clearly dem-
onstrated in the excellent articie by Dorn.3°
The mortality rate from a parcticular cause
is the true measure of comparison,

It ts 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 is 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 investigator 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 Jead 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 swdy to be pro-
jected to some larger group, it is necessary
that the autopsies represent a good sample
of that larger group. To assume that such
is the case in any particular series is dan-
gerous and fikely 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 f{act, the
authors i question do not tnake this gen-
eralization, nur can the generalization be
made for the reasons stated. Close study of
the reports reveals that the percentages
cited relate only to the group of autopsies
covered by the particuiar investigation,

The present study. in contrast to the
carlier works, has been planned to utilize
the epidemsivtogical method. A well-defined
group of aslestos miners has been estab-
lished in such a wayv that 1t constitutes a
eond sample of the whoic popuiation of
asbestos miners in Quebee. Data for ail
members of this group have been collected
and analyzed. Those concerning lung can-
cer have received most careful considera-
tion. Details of the methods emploved will
be set forth later. but the type of approach
s considered to permit of fair comparisons
and vahid generalizations.

Collection and Analysis of Data

A preliminary survey of potential sources
of information in February, 1956, involved

Vol. 17, Junc. 958
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discusstons with the physicians in charge
ni the asbesios cumpiunes’ pragrams aned
with clinicians. pathologists, representatives
of City and Provincial health departments
aned of the Canadinn Cincer Societv. and
uther interested prersons. Jt was found that
maorbidity data, although somewhat limited.
were available from such sources as the
hospitals in Montreal and Quebee City, and
the 13 cancer detection centers in the 'rov-
ince. However, beciuse of the hgh mur-
tality in lung cancer, it seemed advisable
to depend upon data relating 1w deaths.
These we found to be oblainable at the
vital statiztics depariment of the Miman
of Health in Quebec City. From the pre-
fiminary survey, it was apparent that exten-
sive and detailed infurmation conld be
gathered with respect 10 both the persons
employed v the asbestos mining indusiry
and the mwriality figures for the general
popalation,

Following thi~ exploratory survey, the
inittal effort was directed (0 the voltection
of data relating to all workers who had
heen processed through the clinic ar Thet.
ford Mines since its inception n 1947, and
similar information regarding all workers
at Asbestos. Que. Data from the clinical
records included the age, family and per-
snnal medical histories. simoking habirs,
number of vears of expusure, an extimate
of weighted extwsure, and the course of
the individual’s health <twtus ar the canse
of his death

From thiz infopnation it was jussible
to farmulate a “cohort” which could be well
clefined. 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 cohort was defined as including
every miner who had a tolal expasure 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

Braun—~Truan

eohory wis then followed by means of the
annual  physical  examination  records
through a six-year interval, 1930 through
1955, All data regarding this group were
then tabulated in order 1o determine the
characteTistics of the cohort. For those who
survived the entire period, reference was
made {0 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
corroburated by examination of the death
certificates. A further search was made
concerning 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 a small number of these
were accounted for as either Yiving or dead,
;unl in the latter event, the cause of death
was substantiated in a similar manner, and
the results acdded to the original list of
deaths.

Death certificates for the Province of
Quebec for the years 1952 to 1933, inclu-
sive, were reviewed itn the department of
vital statistics of the FProvincial 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 as having been duc to pri-
mary cancer of the lung were examined for
wuch information as place of residence.
occupation, dite of death. hospita’ 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 (o population, total deaths from all
causes, total deaths from cancer of ail types,
and deaths from lung cancer. These were
collected and tabulated by counties and by
sex for the years 1950 1o 1953, inclusive.
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Fron: 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 reascn
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 pelicy, 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 {rom 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 individualiy
oy reviewing them with the physicians in
¢harge 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 10 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 to:al of “proved”
and "suspected” cases during the veurs un-
der observation. Comparisons were then
made between the death rates front the <ame
cause among specific segnients of unexnhosed
persons. Al lung cancer deaths, both
suspected and proved, were carefully ana-
lvzed to determine possible relationship or
correlations between the cevelopment of
lung cancer and any factor known from the
clinical records, such as family history of
cancer, personal history of heavy smoking,
coexistence of asbestosis, or exposure to

asbestos.

~
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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 mines and in
which, presumably, no asbestos miners live.

Finally, in order 10 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 matenal.

Results and Interpretation

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

Original {ohort 6,091
Last Persons Deducied 133
Final Cohort 5.958
Living in 1955 (working amd renred) §,771
Dead by 1955 187
Cancer of lung 9
Questionalle cancer nf T 3
Oher causes 169
L aknown Causes 6
Stshers 4,673
Nonwunohers 1,263
Unknowst 20

Tables 1, 205 ang 4 ¢ resent age. nuniber
of vears of emplovment weigh ed average
expnsure, and smoking habets of the cohort.

A comparison of the exposure tu asbestos
dust s presented in Table 3. All members
of the vohort were placed 1 one of three
calegories, represeting inereasing degrees
of exposure based un a weighted average
uf the vears spent at various levels of
dustiness. The degree of dustiness for each
job category wus determined after consulta-
tionn with persons familiar with the environ-

ment ml conditions in the various work
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LUNG CANCER IN 4SBESTOY MINERS

Tarte 1.——Number ond FPercemtage [lutributon

Tasle 2.—Number and Fercentoge Distribution by

by Age : Length of Employment
Ate Number FPer Cent Leneth of
Empioyment Numper Par Cent
A.q0! #H

Ll 4 1,185 0

815 Hi] 2%
318 5 22 b1
3 . a3 G
vy — 188 3
Total e S8 100 prd H
AVRIEEE ARC oo ieannicanran —_ -
‘ 5.9?5 100

LS

* Less 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 TII three times as dusty as Cate-
gory 1.

TasLte 3.—Number and Percenioge Distribution
by Expasure Cotegory

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

TABLE 4—Number and Percentage Distribution
by Smoiing Hobity

Ezposure Smoking

Catagory Nutzher Par Cant bits Nomber Por Cant
2,03 M 4803 ™
2,15 3 1,268 n
1,772 » Unkoown_, . 2 *
v - TOALS st crccamnarnaans 5958 ww

Tolli.. .. 5,058 100
Avernga EXPOSUM. ..o.eiivniannsnnn 19
* Lams than 059,
* Lest than 0.5%.

The fourth variable, smoking habits, was
simifarly 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
influence the development of lung cancer.
As used in this presentarion, the term
smoker refers 10 & cigarette smoker, habit-

number of deaths each vear from specified
causes. In generzl, 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 lung
with microscopic examination of the re-
moved tissue. In one case so considered,
however, diagnosis was confirmed by bron-

Taeui 3=VYear-by-Yeor Lxpericnce of Coacrt and Death Rates per 00000
Man-Yeors of Risk

Cause of Death
ANg'c: “vl' ;::“N sgumq Othe: ™
L ning THAry y ther an-Yéars

Yeat of Year Ca.of ]..Eng Cs.of Lung Causet Unknown t Risk

1 2 12 1 3,93

2 3 i7 1 5.037

a [+] k- 0 5.903.5

1 1 H q 58848

1 o 33 4 3.829

3 0 ] | $,790.5

9 3 L] L] 35,0718
e oad - S _ .

Proved " rate per 100,000 man-veary of risk FTE W =3
“ - 2.

“Towi™ rate per 100,000 man-years of m&-”-————ml T "o
Braun—Trwon 61
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Taste §.—"Proved” Coses of Primary Concer of the Lung

Cate No. Age Smoker Exposurs
i 06 Yes 26 ¥r. 0 Cat
2 65 Yes 3 yr.io Cat
3 0] Yes 37 y1. 1o Cat
4 5 Yes 32 y1. 10 Cat
5 48 Yo 2 yr. o Cat
[ 81 Yes 33 5r. 1o Cat,
7 5% Yes 30 yr. in Cat
8 ki e 16 y7- i Cat
[} &8 Yes 2 yr. 18 Cat,

Dhed Autopsy Asbesiosis
A1 10-12-51 Yes Yes
1 i 355 Yes No
I 5 Ne o
1 §-20-50 Yes No
H =51 Yes Yes
I +-30-53 Yes Yes
1 11-22-33 Yey Yes
1 = 5 Yes No
jiig = -5 Bronels. No

choscopy with visualization and biopsy. In
another, although there was no autopsy, the
diagnosis of primary cancer of the lung
seems to have been beyvond gquestion.

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-vears of risk” has been
used t0 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
mar-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 “suspecred” 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 morialiry rates which
are derived in later tzbles For example. it
naprens that the rate found {or the proved
cases is close ta 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, howsver, the
3 additional “suspected” cases were in-
cluded, increasing this figure to 12, the total

would be very close to the 939 level
of significance. However, having found just
12 cases, we are not above this level, and
therefore the hypothesis that ashestos miners
do not have a higher mortality 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-rav
interpretation. and, although no autopsy was
performed. the death certificate indicates
that death was due to lung cancer. Tt is
well known that the x-ray appearance of
fibrosis. especially if a Jocalized density or
a supermmposed tuberculous lesion s pres-
ent, can simulate that of a tumor. and by
uself, does not justify the inclusion of this
case as ane of "proved” cancer of the
hmg A second case was cernifed as having
diedd by reason of hydrothorax, possidly due
but amn there

o lung cnieer was no

SUTEETY andd no POSUROTICRT eXamination.
In the third casy 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 chrenic
myocarditis with nephritis and pulmonary
congestion, and possibly cancer of the lung.
On the basis of these facts, it seems unwar-

ranted 1o include these three cases among

TaBLE 7.—"$u:p:ctéd” Primary Cancer of the Lung

Cass No, Al Smoker Exposure Died AULOpSy Asbestosis
1 49 Yeu 32 yr. in Cat. 111 10-25-50 No Ne
2 +* Yes 3 yr. tn Cat, I 7- =53 Yeos Yes
3 65 Yes ayr.ioCat I $~30-55 No Ne
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LONG CANCER IN ASBESTON MINERS

“proved” instances of lung cuncer. On the
other hand, they cannot, i fairness, be dis-
regarded completely. 1t 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 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”
cases reported for a total of 240 men dur-
ing the six vears, or about 1440 man-years
nf exposure. When the “suspecled” cases
are added, one case does show up in this

TABLE 8.—Lung Cancer Deathe by Age

Groups
Number of Persons and Number of Tong Cancer Deaths
- No. of Deuths
No, of
Age Uroup Persons froved ol

3,901 1 1
L1244 1 3
ALS 3 3
ns 4 5
3 ] 1]
5.u5% L] 12

Annual Tunz Cincer Death Rates per 100,000
Man - Years of Exposure

Age froup 1'roved Tatal
Wy . L - k] 4
L3 oL D . .- 1% [T}
T e E1] »)
iS4 e e . pivs S
Vaknuwn... . ..., . L n
Uverall .. e e 25 34

peried  This would produce a raie of 99
per 100000, again demonstratng the im-
poriance: of these quesnionable. but un-
proved, cases 1o the final  conclusion,
Lecauss. 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 cbserved
|:reviously 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 this section, in-

Broum-~Truan

TaBLe Y—Luny Cancer Deaths by Length
#f Employment

Number of Persars and Number of Lung Cancer Deaths
No. of Desths
Proved

No. of
lersons

1195
2.3
22
03
185
35

5658

Langh of
Empleyment

Totad

elocwun~oa
Sloe-vwan

Tulals ., .

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

Lanxth of
Emplosment Provod Tutsl
) o
? h
54 B2
138 183
1] 1]
< o
25 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 exposure are
shown in Table 10, and it will be noted
that they present strong evidence against
asbestos being a carcinogenic agent, for, if
exposure 1w 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
oniy possible error in this interpretation
could oceur f the weighted exposures were
inversely related to years of emplovment,

Vawer W —{urs Cancer Deaths by Exposure
Cetonory

Number o Trrurne aml Number ¢f Lune Cancer Deates

. No. of Denths
Fxposure Nooof

Category I'ersons Proved Tetal

) T 2,036 4 4

3 2.150 3 4

... ..., . 1.772 2 4

Unknown.,,......... 5 Q 0

Totals........ 3958 § 12

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

Expasure
Catepory Proved Tota
> ] n
o K|
19 3
L] ]
2 M
643
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TauLs 1l —Number of Persons in Farious
W ewghted Esposure Categories by
Length of Employment

Wweienied Expogure

Calezortes .

Lengthof — n.
E@plorment I i t thown  Taw]
b ] ko ¥4 490 0 .78
10-19 83 83 841 1 2,308
-2 4 w3 13 2 °m
3039 ki ki k113 137 1 &03
108 ] &7 41 1 188
W4 o 18 10 ¢ L)

Taotals .03 2,15 1,572 3 5,958
Average years
of e1posure 1°8 175 6.6 na 178

in which case the heaviest weighted ex-
posure  (Category 111} would show the
shortest length of employment. Tabie 11,
which lists the number of persons in various
exposure categoiies 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
15 almost dentical,

Table 12, which develops the rates for
smokers and nonsmokers, 15 most striking.
It shows that not a single case of lung
cancer developed among the 1263 non-
smokers 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 pessible that some abnormal distnbu-
tion 1nay have occurred. e g. the non-

Task i3 —Number and Percentage Distribution
o Swmoiers and Nowsmokers by Age Groups

TasLe 12—Lung Cancer Death for
Smokers and Nonsmokers

Number of Persons and Number of Lung Cancer Deaths
by Smaling Hahits

No. of Deaths

'arsans Proved Towl
Smokers... ... ...... 4,67 9 2
NONSTDORErS. .. Lvenss 1255 [ 0
Unknowa.......co0ue 20 0 0
Totals........ 588 5 2

Ansual Long Canter Desth Rates per 100.000 Man.-Years
of Exposure by Smoking Habits

No, of Daaths
Proced ‘Taots!
Semokers.. 32 3
Nontmok ¢ 0
Unknown. .. 0 o
Overall...cooviiiirinnnnn. E ;

smokers may have included a larger
percentage of young men. Consequentiy, 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. Table 14 shows
that as far as length of emploviment is con-

TasLe 14 —Number and Percentuge Distribution
of Smakers and Nomsmokers by Length
of Employment

Number
Leneth af
Number Emplovment Smokers  Nonsmokers Unknown
wie Segap Smoker Nonsmoker Unrrown L 4% hird 10
1.967 M 4«
Eet 3w ARG 12 22 19 2
. - s 72 4 433 156 4
Ly, R LIN 202 2 1% 75 [+
fiS— e 3121 150 | 33 ”» o
U'nknown,.. .. ... . 2 0 H —— — —
— — —_ Torals........ 4653 1. 768 ot}
Towls........ 4573 1.265 1] Average laneth of
Average age. . ......, 393 "2 40.7 emulovIoent ... ... 170 0.3 16.0
Percentage Distribution Percentage Distribution
Age Group Smoker  Nonsmoker Ungnown length of .
Employment Smoker  Nonsmwaker  Unknown
B Mns .0
19.2 1 2.0 18 ) s 00
5.5 6.0 10.0 3.9 kN .0
a3 11.8 50 154 ES.T 10,0
. [X] 0 9.3 111 0.9
— —— — 2.4 59 0.0
1005 10% 100% 0.7 1.8 0n
10% 100% 10%

¢ Less than 0.05%.
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LUNG CANCER IN ASBESTOS MINERS

TaBLE 15 —Number and Fercentage Distribution
of Swmokers and Nonsmokers by
Exposure Category

Number
Z rposure .
Category Smokers Nonamokers Loknown
1,553 74 4
1,691 4432 7
1,423 -] 1]
4 1 0
4,673 1,265 0
CRULOrY ..o eiinnnns 24 i9 3
Pereentage Distribution
Category Seookers Nonamokers Unkoown
| PP 32 kR 0.0
| 3.2 35.7 35.0
|3 L) 2.7 45.0
UVDKDOWE. _..o.ooouas 0.1 L%} 0.0
Towls,....... 1009 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 13 shows that
the average exposure category was almost
the same for the two groups. Therefore,
this variable 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 Quebee, Do-
sninion of Canada, end the United States.—
In order to make a comparison of the
experience among asbestas miners with that
of the general population of the Province of
Quebec, sianstics were gathered. as stated
earlier. tn the office of the Division of

Demography in the Provincial Ministry of
Health. The data on total deaths, deaths
from ali forms of cancer, and deaths from
cancer of the lung were obtained by sex
and by county for the years 1950 through
1935, 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 1955.
Table 16 gives a tabulation of the number
of deaths from lung cancer in the Province
and in the cohort for the years 1930 through

+ 1935, and shows the annua! rate per 100,000

in these segments. It will be noted from the
table that the' mortality rate for the
“proved” cases in the cohort is only slightly
higher than the rate for the 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 total number of cases for the Province
between 1930 and 1953, It is assumed tha:
at least part of this mncrease is due to im-
proved recognition and reporting of lung
cancer during the interval. For this reason,
the vears 1933 and 1933 were’ thought 1o be
more neaciv representative of actual condi-
tion: T“ iy quite akely thar che
genety i wwlied lor lung
cancer weh ‘he seme diligence with which

wr . ones

TAnLE 16.—Comparison of Cohort usth Protwner of Quebec

Loag Cenosr Demtbs Annoal
Number of Rate per
Fersous 150 1931 1052 1883 1954 1955 Total 100,000
Provines Liggom « we o u3 n a3 T 1624 pA ]
Cobort 913 t
Total 3 2 3 1 3 12 s
Proved 1 2 2 1 3 ¢ 25.3
Provinas 1,192,000 19 248 s = W2 kL 1,612 25
texeivding asbesiuos
workers}

In the Pravinoee Srures, i Tt bean astumed all male lung canoer deaths are for mea of - Years

mogTaphie).
fhumber allve in eohort st batinning of 1052,

Broun—Truon

. Aaurnnmu 2dpoiat of Lhe enuterstad popuiation for 1951, sod the estiMated populston for 1984 {Rappert, Div. de la De-
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Tabie 17.—Lung Cancer Deaths for the Province of Quebec®

Number of Deaths

1954 1058
£ " Totsl Cartibed Specified Primary Total Certified Specifiad Primary
stimated
Age Groyp Foputation Tawl Proved Touwsl Proved Towl Proved Towl Proved
044 777,000 i 13 1 9 37 9 17 9
4554 ALV 67 B 43 29 [ 35 © 2
5564 135,000 100 3 el 2 1? 51 114 57
o5+ 128000 1 ) w % 4 “ 42 %
Totals 1,200 % e Wl » nz 15 e 132
Death Rates per 100,000
1954 1853
Total Certited Bpecibed Primary Toial Certified Specifad Primary
Age Group Total Proved Total Proved Total Proved Total Proved
22 1.7 1.4 12 2.2 132 22 1.3
138 178 n.3 14.4 .7 173 n! 154
3.0 2.7 0.4 23.4 854 ws 8.7 (1
"y na 4.2 b7 %] 1723 4.8 123 “.6
5 8.7 15.4 80 2t s N3 123

* Data trom death oertificaies,

t Estmaie for pIpuilation oblamed by spplying 1951 perceciages for &ge groups (or males to the Lotal Papulation for 1984, as given

in Rappory, Div. de la Demographse.

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 augpsy, surgery, or biopsy. The term
“specified primary” refers to those cases in
these rwo categories in which the tumor was
specified as having originated n the lung.
It will be noled that, of the total cases
repotted in 1933, 3 much higher percentage
than in 1934 were specified as primary. The
1able also shows that a higher percentage
of the total cases certified in 1955 were
proved, again indicating increasing interest
in this disease,

A comparison has been made between
the age-specific rates shown in Table 17,
and those for the cohort, shown in Table 8.
An average of the 1954 and 1955 rates for
the Province has been used, since the 1955
figure was higher and may have been ex-
ceptional.

646

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 1354 and 1953
figures for the Province. It is true that, in
the case of the age group of 65 and over,
the five deaths provide a fgure which is
almost significamt at the 936 level. How-
ever, it should be noted that this number
includes one of the suspected but unproved
cases previpusly 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 15 not

TasLr 18 —Comparison of the Actual gnd
Expected Number of Lung Cancer
Deaths by Age Among
Asbestosr Miners

Prorince Observed No.

Taest Specited Expected  of Desths
Age Primary Rale  No.of  NO. 0] m——eecce——e

Group per 100,000 Miners Deaths * Provad Total
20-44 1.8 3,901 ot 1 1
45-M P 1AM 2 3 3
5564 876 15 2 3 ‘3
[ 03 ns 2 4 4
Unknhown . ) - [} ]

* The e1pecied namber is based on the aversze of 11 195 snd
1955 apes nﬁe rates (of the Provinos af Quabec.
t Actually D4
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LUNG CANCER IN ASBESTOS MINERS

TasLt 19.—Age Distribution of Adult Males for
the Province of Quebec, 1951

TanLte 20 —Annua! Dcath Rates per 100000 for
Cancer of the Lung in Canada®

Province
Percentaze
Age Group Nutober Percentage  in Cohort
TS L] [
188,952 1% 1%
125,044 133 10
Li3. 487 10 ]
1138495 100 00

* Rappori. 1954,

a matter of the same intensity of interest
as it Is in younger persons,

Table 18 also anawers 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
employvment 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 Tabie 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 af! peaple
over 65 to be smaller than the rate for the
group beiween 63 and 73, which would apply
to the oldesy group of miners. [t is felt
that by using the whoie adult male popula-
tion. we have developed rates for the gen-
erzt ronulation which are somewhat lower
than 17 we had been able 1o exclude the
peopic in the general population over 73

A comparison between the asbestos miners
and th: popuiation 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 between 1931 and 1952, and this

Braun—Truom

Groups of Years

Age Group 1931-1933 1941-1043 1950-1932
Under 3 0.2 03 1.0
- 0.9 0.9 08
-3 2.0 3z 3y
40 =44 an 5.4 3
4549 5.2 12.% 18.7
5054 8.2 18.9 72
5550 12.7 nh N7
064 12,5 813 e
[ ] 1AL M 2.9
0-74 0.7 xe 83
1529 15.8 30.0 .9
-84 2 ] 8.7
K54 N4 H3 7149
All Ages 28 | 158

* =*Morlity from Lung Cancer 1n Canada,”™ 1631 to 1952,

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

To use these figures for purposes of
comparnison, it is necessary to combine the
rates for certain age groups in order to
conformn to the age distributions used in this
study. Since the exact populations in each
age group for the years indicated 1s not
known, this must be an approximation.
However, the rates would be somewhat as
follows -

Ape Group Rate
2045 5
4554 »
504 69
(AT 90-93

These rates are, in general, lower than
those developed for the total (proved and
suspected) cases of lung cancer among the
asbestos rminers. The onlyv large difference.
however, is in the age group of £3 vears and
over, and it is quite possible that the rate
for this group may have increased for
Canada between 1932 and 19534 as 1t 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 maies.
is 20.8 per 100,000, or 5 more per 100,000
than Phillips’ 1950-1932 rate, and compares
with 23.3 per 100.000 for proved cases and
33.8 per 100,000 jor total cases among the
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A M. A ARCHII'ES OF INDUSTRIAL HEALTRH

TasLe 21 —Number of Deaths and Death Rates
per 100600 by Age Groups for the Adult
Male Population of the Umiicd States*

Age Qroup Population Cases Jate per 100,000
0-44 20,344,000 ] 16
455 5005, 000 T 3.0
Sb=trd. 6,340,000 6,24 8.6
Ebape 5,670,000 6,443 1143
Total 44,618,000 18,59 .2

* Dais {10 “Vital Statistes of the Unlied Blaws,™ Vol t
and 2, 1052
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 iz 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 Tabie 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 1955. Thev are not
1dentical with the rate caiculated from the
figures of the office of Vital Statistics, but
this i possibly because the American Can-
cer Society rates are for males of all ages.
Nevertheiess. thev, too, ¢compare favorably
with the raies of 23 7or 34 for total cases)
abupmimer among the asbesios miners

Turnmz for 2 moment (o 3 CoOmMparson
berween the asbesios miners and persons
who are exposed 10 asbestos in one iform
or another (as distinguished from the gen-
¢ral 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
employ abowt 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-
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way, and other countries, at least 30000
persofis must be exposed throughout the
world, and it can be assumed that this
number has been fairly constant in the 20
vears since 1933 when the first case of
ashestosis with Jung 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 peried. This
gives a rate of I3 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 ta the Asbestos-Producing Areas 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 tikely to reside, the rates
were computed on the basis of figures for
the years 1950 through 1955. The eight
counties selected for comparison were Ar-
genteutl, 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 mines include Arthabaska, Beauce.
Drummond, Frontenac. Megantic. Rich-
mond, Sherbranke and \Wolfe  Table 22

shows the ne of lung cancer deaths
for the veurs 1930 through 1933 for each
of these counties, and a morality rate,
based on the adult male population in 1932
To emphasize the comparison, Megantic
County has been shown separately, as has
the Province of Quebec and also the Prov-
ince with the eight “asbesios-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

ooy T
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LUNG CANCER IN ASBESTOS MINERS

TadLe 22.—Number of Lung Cancer Deaths and Rate per 100000 Man-Vears

¥

Male Lang Cancer Deaths *

Aduit Make
Population
Counties 1952 1950 1951
Megantic Counfy 13.100 3 []
Bt “Adpoent” Countes 95,600 8 3
Eigbt Gelectad Counties £3,000 2 10
Provinee of Quebec 1,198,000 196 o0
Provicee of Quebec ey eight
“adjament” munLes 1,300,000 L] ar
Montreal ot Isie de Jasus 394,000 3 1

1082 1953 M 1985 Toui %fogr
3 3 1 4 13
9 1% 1 16 54 lgf
5 18 5 $ W 95
24 A 203 38! 1621 nE
25 %7 ) w. 153
158 192 188 28 7:3 a3

* It s apyumed that all make lung cancer deaths ooslued aller 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 193], and it would appear that
in those years some error in reporiing has
undoubtedly been made. On the basis of the
other years, 1950 and 195] 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
compatison 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 anvy greater
incidence of lung cancer than those who
five elsewhere in the Province.

Comment an All Recorded Lung Cancer
Cases, Living and Dead, among the Asbes-
tos Miners.—Although a simple enumera-
tion of all the known or suspectcd cases of
cancer of the hung in these areas has ne
pacticuiar value from a statistical point of
view, it 1s of irterest to summarize such
cases for the record. There were nine deaths
prior 10 the beginning of the time period
covered by the stily. including one in which
the diagnosis was mediasting! Jvmphosar-
toma. 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

Draun—Trucn

suggestive of cancer of the lung and in-
cluded such diagnoses as mediastina)
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 totai of
33 cases of all types, including 10 “sus-
pected” but unproved cases, and 4 that are
still living. The remaining 19 constitute the
totat 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 14
years to a maximum of 37 vears. 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 -
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
anather. 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 1933 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 10
have been gradually accepted by many
authors, although some workers considered
the correlation to be inconclusive. The pres-
ent study was undertaken in an effort to de-
termine whether a causal relationship did,
in fact, exist between exposure to asbestos
and cancer of the lung.

Since most earlier studies had been
fimited to enumerating the lung cancers
found in certain selected samples, such as
cases coming to autopsy or death certificates
in which asbestosis was mentioned, 1t 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
availability 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 1950. Data relative to their characteristics
were collected and their status at the end
of a <ix-vear period of observation was de-
termined In the case of those who had
died. an exhausuve search of death certif-
wates and insurance records waz carried our
in order to detcrmine 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 wel! 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 §0%1 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
employed 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. VWhen 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 statistics for the general population and
because they influence the results so mark-
edly.

According 1o the findings in this siudy,
the mortality rate from lung cancer does
no: appear to increase with length of ex-
posure or with degree of exposure. a fact
whilh trecents strong evidence against the
carcinogenicity of asbesios

Comparison of the experience among the
asbesios miners with that of various seg-
ments of the unexposed, comparable popu-
lation shiows 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
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of 37.2, 25.3. and 28.0 obtained from 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 respeci 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 iung mav 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 seemns 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
poputation.

Furthermore. the death rate from lung
cancer 1n the areas contiguous to the asbes-
1os operations is comparable to that in areas
widely scattered throughout the Province of
Quebec and s lower than in some urban-
ized area< within the Province.
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One further Intoresting edecrvation {rom Table t',ie{"u the rathcr
g marked locToase La the total aumbder cf cases for the Province betweca 1950
and 1955, It 13 assumaed that at leass part of this tacrease fa dye 1o ime
proved recogoltion and reporting of jung cancer durzlag the interval, For
this ronon. the yoars 1954 and 195% wor.o thought to bc. @mors nearly upn-'
uauun of actual conditions. Evon 80, {t (s quite likely that the gtaonl
popslation is not ntudhd to: lung cancer with the same dillgence -u.h wh!ch
this disessa o looked foF in the miners, and It seoms probable that l.bc more
Wity rates {o7 the Proviace may be low. Tbia would _q'apur to be substan=
tlatad by the fact that the reporting of cau: {z the caho:: szowed no such
L;eruu over tho samse period. - ‘ |

Table 15"'7 was eompu.d to show :ha sanual ago-npocmc fung cascer
e of casad !.n whizk the daath corﬂ.{lea:o nuoly read “cancer o! the lung”,
as distinguished tum those {n which the dk;noou was caaﬂmod by autopsy,
suzgery, or h(opny. m tarm “-p-emcd yrimn-y" nton lo those cnu ia
thess two categorios o which the tumor was lpoclﬂod as having otlgiaaud
{a the lung, It will be notad that, of the _tola.l cases roperud is 1953, & much
Agher percantige than la 1954 wers spocifiod as primary. The able alse

shaws that & higher pezcentage of the total cases certiied In {955 wers proved,

sgain indicatlag inereasing icterest {n this discass,
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A comparisoa has besn made betwoon the aga-opeciiic rates auown

: "1
" {a Table }5, ead those for the cobort, shown in Table . Ao average of the

i 1734 asd 1955 rates o7 tho Proviscs has boen used, slnce the 1955 figure
i was hizher and may have been exceptional, ¢
|

This comparison, summarized in Tabls 14, shows that the ebserved

y sumbar of deatha s cur sample la oot c-llalﬁeuuy greator than the oxpacted

sumber of deaths, basod on the average of tha 1954 and 1953 figures for the

8 Proviace. It is true thai, in the case of the ago group of 65 and over, the

| {ive deatts provide a flgure which {s almoat sigoificant at the 35% level,

< If Jlowever, it sdould -bo no:.od-t.ﬁt tis numb;r t;lcfudoa one QII the sus;eeud
put usproved caesas previcusly reforred to. Furthermore, [t s rather lixely
that the raie for the general population {s understated in this age group, for
the sbvious zeason that the axact causo of death {n the very old is not s matter

of ths same latensity of interest aa Lt is in you.nl;r porvons,

. s TABLE 18 )
B I Comparisan of the Actusl and Expectod Nurcberof .-.~
. Lung Cancer Deaths _b_z Aro Amone Agh=stos Mincrs :
¥ Provioce Expcetoa” Cbasrved No,
§ Age Toul Specifiod Primary No. of - INo.:of of Doaths
Qroup Rate per 1006, 000 Minors Peaths Proved ‘{utal
2044 1.8 3901 . ef ) 1
49454 24,58 1124 2 1. 3
£9.44 67.6 61% 2 3 3
&5+ 89,3 . 3ls -2 . 4 L3
Ulhlﬂ“ﬂ - 3 - 0 0

¢ Actually .4

+ The sxpeciad numbor is baced on the avorage of the 1954 and 1953
ags-tpacific rates for the Froviaco of Quebec.

Al
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Table Ig alao answers & question previously ralsed, It shows tta:
the mambess of the cohort have sot ¢led {rom luag cancor at an age carlier
thec the goneral population, and that such an eaplanation cannot be offcred
for the absonce of lung cancer ln 240 maen with more thas 40 yeazs of em.
ploymant reforred to on page 24,

Before leaviag thls eou;pulun of the Frovince with the miners, {t

should be shown that theair age distributions are zeascaably the same. That

this (s the case cad be obscerved {rom the following tabulazion:

JABLE (7 . .
Age Distributlon of Adult Msles for the Proviace of Guobeg, 195!
(Rapport, 1954)

A Proviace

Cronp tlumbar Forcentane Porgentage in Cohort
20.44 727,138 63 ”w 1
4554 108,952 is - 19
85,64 128, 944 i1 10
5 113,467 10 . ___5.
Total 1,158, 438 Too . 100

.

it ahould be remembered that the miners retire and consequantly,
it ¢sa be expected that the oldest age group ;m be larger ia the genera! popus
latlen, The data presented in Table ‘,l‘?ﬁ’ohilcatel that the lung cancer rate
geasrally decroased after age 70, Therefore, we could axpect the rate {or
sl fecple over 65 to be emaller thao the rats for the group between 65 and 75,
waieh would apply to the oldest group of minarse, It is folt that by using the

wholt adult niale populsiion, we have developed rates fer (e genaral popus=

AR
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laticn whizh aso zeuovhist lomes toon Uwe bod barg aliv lo woolole

the pocple da tha poasrsl popalatian gver 8.

A comparisea bolooon oo azboricd catzers and the soyulativa

of ths Deminies 83 o whold vas meds, valeg O

ciatistizal materiat
14

from osveral sources £=2 cas sourco, PRUUGS (72) gavs age - gux -

specilic ratop fcr Canada for thrsa po

Eates far molea are given Io Toble )?.
2 srirennd, SEaTh St laipians 140 6T

Foo SR

Age Qre

Vrdsr 30°
3024
3539
40=44
4540
60-G4
03-22
60=C4
88-()
T0-T74
To=T8
8024
€ plua
All pges

2" “Mestalty from lung coneer lo Canncy ‘1221 tw 1952,

oitds betroen 153} 2a 1384,

,4..-7‘_,.,\, Cones ot T
)
7 . Seemp ol years
W0S1382 19411363 1580-1355
2.2 0,2 Lo
6.9 89 . v 0.5
2.9 3.2 3.0
3.9 G.& 8.3
8.3 12.5 8.7 0 7
8.2 g /1 7.2 .
12.7 37,0 $3.7 7
3.5 88.7 71.3
13.1 4.3 . 102.9
10.1 au.ﬂ b 5603 ¥ .- s
5.0 50,9 £y .7
[ -} 7.3 89.9
u.d !‘la vl'o
z.a 7.! IBQB
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Thess {lgures sbow sizrikingly the lacraase in rates beiweean iﬁsfl.
aad 1952, sad this inerease is particularly marked cfior age 50, confirme.
lag &3 obsarvation previcusly mads, io the 2ffect that until receotly Jung
tsncor has probably Leen under-dlagnosed in the older ags groups ia the
geseral population,

To uss thoae figures for purpodes of comparison, it ls necessary
@ combine the rates {or cortain age groups iz order to conform to the age
ilatributions used i thie study. Since the exact populsticns io sach age group
far the ysars {ndicsted s not known, this must be as ;pi:roilmnton. Howaever,

e ratos would be somewhat ss followss

Aae Guuz : . Rate
20=-44 . 5
4554 21
$3.04 &
65 90-9%

- -

These rates are, lnjgeneral, hvu; than thoss developed (ler the

- stal (proved and suspscted) cases of lung cancer among the asbestos miness,
The saly large ‘dUference, however, is in the age group of 65 years ind over,
ad it ls quite possible that the rate for this group may have facreasad for
Canada beiwsen 1952 and 1954 as it did for the Province of Quabec, {Sec

fable )4,) ,7-
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A further comparison has been made with an over-all rats obtained

{rom the Anrerican Cancer Socliety {or respiratory cancer desths in Canada

: [y
s 1953, This rata, for malas, s 20.8 par 100,000, {ive mozre per I00, 00Q

thas Phillips’ 195001952 rate, and comparos with 25,3 per 100, 000 for proved

ctsen 8ad 33,8 por 100,000 for total cades among the asbestos miners in this

study. It is therefore obvious thet there are no {mportant dillsrences betweea

ihe rates for asbaostos minere and thoss {or the genoral population of Queboe

sad the Doeninlon of Capada,

Since it {s probable that figurcs for the United States are more

complets and, thorefors, possibly tore comparahle to the data {or the misers,

age-speci{ic raten wers compuled {rom "Vital Statistico of the Unised States,

-
Yelumee ! and 11, for 1952, Those rites have Leon tabulated la Table K‘.L

. Z/
TABLL M

.

Numbar of Deaths and Doath Rates per 100,000
by Age Groups for the Adult Male Popuiation of

the United Statese=Data From

»“¥Yital Statistics A4 the United Jtates*, Yolamos I and I, 1952

Mo Group

10-44
4354
3544
e

Tetsl

Rate per 100, 000

Pogulnuon Cansar
24,544,000 883 3.6
8,065,000 29719 36,9
6,340,000 6254 98,6
5,670,000 6403 114,3
44, ¢19, 000 16, 599 3.2
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It {s apparent that these rates ;:émporc favoranhly with thoe= for
the aebestss mincrs a0 shown {n Table &, Stli] other<rates for the United
Btatad wers obiained {rom the Amarteaal Caocar Soclaty, and for r.ales,
15e0s were Zw‘u 100,000 ia 1953, and 28,0 per 100, 002 in 1955, ‘Thty
are uot {dentical with the rats caleculated {rom the figures of the office of
¥ital Scacisticn, but this (s posslbly becasuse the American Cancer Saclety
rates are for maias of all ages. Nevariheless, they, too, compare favors
sbly with the rates of 25 (or 34 for total casss) obtajaing among the asbestos
miners, ) .

Turning for 4 moment to a3 comparisen bstween :ho aabestos olners
asd parsuns whe are exposed (o asbestos in one form or another (as dise
tisgulsbed (rom the éonoul populstion groups just dlscussed, who bhave oo
s3posure} ap isteresting observation can ba developed by deduction. Huepcr(”}
has stated that there ars sbout 35,000 persons oxj;oud ia the United States,
snd we Bave found that the Canadian mines amploy about 8,000, Elsswhera,

(2 has been estirnated thst the workers o Eagland vho'hn;o ..:po.ur. total
deiveen 3,000 and 5,000. With workers in Africa, Deamark, Noswsy, and
siher countries, ax laast 50, 000 persons mtui be sxposed throughout the world,
aad 1t can be Basumed that this aumber has beon falzly constant in the 20 years
alace 1935 when the {irat case of asbestosis with lung cancer was reporied.

At leset & milllon maneyears of exposurs hae thus been nc:um{;la:;d. and

Bie flgure cad be dividod by the approximataty 150 cases of luag cancer with
sswnitesis reporied during the 20-year pariod. This gives s rate of 15 per

132,000 which is at least lndlcative that any lung cances rate which can be 5 ".\qj

. e - -
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esigalated for workers cxpnand to ashestos dust s not rruck greater than

that fot the unaxposad population.

Comparison Detwoen Elght Countles
Adjacent to the Aabestos-Produciag Arcas
snd Dizht Snlected Countles

To compare lung cancer mortality rates in Wie cuntics suryound.
ing the asbestos-producing arsas with another group of countias in which
se tabeston nilnerse are likely to reslda, e rates weys computed on the
wale of figures for the yoaza 1950 through 1955, The sight countics selocted
for comparison were argentouil, Chatodugsy, Montmagny, Portaeul,
Mchl.iou.. Rivigre-du=loup, S Hyacinthes, saad Torrebonae, mainly because
they Topreasnt & wide geographic distribution throughout the Province, The
counties salected becausse of thelr proximity 1o the asbestes mines (nclude
Aridadbaska, Buue.ez. i::nmmoad. Frontenac, Megantic, Richmond, Sherbruoke,
ssd Wolfe, Table }5 ahows the aumber of lung cascor deaths for the yoars
1950 through 1955 for each of these caunuo“a. atd a moruii;y rate. based on
e adalt male papulation In 1952, To emphasise the camparison, Megantic
County Las been sho'wn separately, a4 his the Proviace of Cucbec and dlao the
Province with the cight "asbestus-produciag' couniles subtractod, Bocause

#f its uslque luag cancer doath rate, Montroal et lalo de Josus bas also beca

listed in order to provide further comparisoa,

02394
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1i is apparent {rom the tadle that the lung cancer death rate for the
eight cazaties immeciately surrounciag the rebeatos+producting aress is
praciicallystdentical with 1ba1 of eight counties selected for comparison,
While Megantic County has a rate nearly twice that of the combined eight
sclectod countiea, 1t te lower than the rate for the Provincs, acd ceasideradly
lower than tae t3te for Montresl, The figure for Montreal would cortainly
be higher except foz the very low sumbars of deaths reported for 1950 and
1951, aad it would appear thas la thooe years some arror (o reporting bas .-
undoubtedly been made, On the basis of t.ho oth;r years, 1950 and 1§51 deaths
would be expected to be about 200 greater, This would xqmln in & rate of .
40 per 100,090, . )

The only p&utblo cosclusion {rom this comperison is that thero {3 \
ao ovidence that the persons who live and work in the couniies surrounding
- 4nd adfacent to the asbestos-producing areas bave asy greater incidoacs of

. lung cancer than those who live eleawhere ia the Fruvises.

- ﬁ‘. . - R ' .- - ’

. . b"\"w J C - . o . ~04 e e -
Dlecussten—of All Rocorded Lung Cancer Cases, . T e

* Livina snd Dend, c'rrosn:the Asboctos Miners

B -

Although & simple enumeration of all the known or cuspecdted casos
:.vt cancar of the Jung o thesa areas hae 20 particulaz value from & statistical
Folat of view, it 19 of taterost to summarise such cascs for the rocord, Tacre
weze nine deaths prior ta tho beginaing of the tice period covered by the

study, includiog ons in which the diagnosis wae madiasticai lymphosarcon:a,

. ?')og
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Durizg the peried caverad by this {avestization, therze were nine proves cases
and three suspectad cases in the cohort. Through 1954 and to date in 1957,
thers were aight daaths, six of which were merely suggestive of cancer of
the lung and (ncluded such disgnoses a8 medlastizal lymphosarcoma, meso-
thollema, cancer of the leg with melastases to lung, abress of lung, and
capcor Ql the panczreas. One other was di;gnoud.oa the basis of x-ray oniy,
in adéition, there nu. now living {four cases in which the -dhgnonlc svidence
{s strongly suggastive of lung ¢ancer, This (o 8 total of 33 cases of all types,
includlap ten suspected” but unproved cases, and four that ars etill lving.
.Tho remaiaing 19 constitute the total of proved cases of cancor of the luzg
among tho asbestos miners since 1940,

The proved cases avercged 59 years of age at doath, and varied
bctyun 37 yeara and 68 years. Thelr worklng span covered periods varye
.hl from & misimum of 14 years to & maximum .d 37 years. Only thres men
bhad lese than 25 years of employment in the lndustry., Seven among thoss oz
whom such informatios 15 available had & vclgi.n"ud o:po-;uo placing them in
€atogory LI, and eix worked Io as exposure r'opnunud by catogory l.

There ware only 17 amoog thess proved lung cancer cases in which
we bave i{rformatien regarding the presence of asbestosis, Asbestosis was
pressent o nise, altbough it wss minimal {a two. Two patliologists disagroed
regarding its presenca ln another, At least seven of tho 19 proved lung cancers,

therefors, were sot accompaniod by asbestosls,

0287
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Summmary snd Conclusicns

interest in the question of whether thers may bs an association
batwoean lung cancer and exposure to asbestos bas beon avident slace the
report la 1935 by l.ynch and Smith of @ caso in which lung cancer and asbes-
toele were both prescat. As additional cases (n which the two dissases co-
oxisted were reportod, a causal sosociation sppearse to bave been gradually

accopted by many authors, lnhough some workers considered the correlation

b e TRAGH
to be inconglusive, The presont lludy was comanlasbaned in an -Hort to

dncrmin. whather-a causal ralnlonshlp did, la hcs. exist betwesn exposure
to asbestos and cancar of the lung.
Since most :.;uuu studles had boen limited to enumerating the lung

tancars found (o cortaln sslacted samplies, such as cases comlag to sutopey

or death cartificates {n which asbastosis was meat{ased, it was apparent that
t)uy could pot :uum tho nquitomuu of n opidcmlologinl and statistical

Ip’tuch to tlu problem, The pnunt nudy was, Lh.n{ou. dulgmd to maet

the requiraments of thia method,

After a preliminary survey to uplon' the avallability of reliable
informatioa, data were gathered on workers (n the ssbestos mines tn Cusbec,

AT A S Aenm apF
blotc o8 thelr medizal zecords, A cobort was defined Actaridenmoertein
AR AL AN CRE NASNE R A‘-‘-l'r Err g Jaaws o F EAL I & pup
o ARG W Tale 1#OTIITY IJ'-‘ ..

Data realative to their characteristics ware coilectad and thelr status at the

opd of & six-yaar-period of observation was determined. In the cane of those

who had died, 2n wxhaustiva sesrch of death cartiflcates and {osurince records

0295
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.

was carried out ia order to detarmiuc 28 neariy as possibie the exact cause

of dooth, Mortality rates {rom lung unc.ur for the gonoral popuiction of the
Province of Quebsc and s various counties 2nd {or the Domipica of Cacada,
As woll 84 the United States wero caleulated from statisiics collected In the
appropriats places, Comparisons of the rates obtained for asbestos workers
and for the other population groups wers miado according 1o sccopted statistical
methode xbisbisytedes tety plaloadelsmt-srre=dn toril .,

Records were obtained o3 609 perscns who {uifilled the criteria of
the cohort, 1t was not possible to trace 133 of theze for the whole period,
but 5711 'at the romalaing 5958 wers found to bo still living in 1955 or loter,

Of the 187 kagwn desd, cancer of the lung was considered to have beon roasoa-
ably proved in aine 82ad to be sirongly suggested Io three,

The mombers of the cohort were studicd with respoct to £ge, lonsgth
of employment, & weighted average of their sxposurs, snd tholr amoking
habite. Four thoussnd, six hundred and sevanty-ihres were {ound to bo smokers
o 'I"uhll the defiloition of that term as used in this nudy." ‘rl;lrt;r-faur par cont

of the cohort were more than 45 years of age, and 30% had beea smployed for
i leager than 20 years. Thirty par ceat had & weighted sxposure which placed
them lnné:tcgory of highest exposuro,
The mortality zate for luag cancer, as computed on the basis of nine
“proved™ deaths smong the cobort was 25,3 per 100,000, When the three

“guspscted” cases were addod, the “total"™ rate {or the ¢cohor: rose 33. 8.
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The imporztance of the suspectod but uaproved cases in deiermining these
nu-‘ bhas boea rettarated because it is likely that such cases would not be
Included (n the staiistics {o7 the geseral populstion and because they influencs
the results s0 markadly,

Accardiag to the {{ndings in this_study, the mortality rate from jung
cancer doss Dot appear 1o Lacroase with lnngun- of sxpodure or with degree of
sxposure, a fact.which presents strong evideace tgainst the carcinogenicity
of asbestos, T T B ot et

Comparison of the experisnce among the atbestos miners with that
of various segmeats of the unexposed, comparable population shows that the
observed number of dedths among the miners [o not 2ignlficantly greater
than the expectod number. The rate for provod ¢ascs cmong the acbestss
miners (25,3 per 100, 000) compares well with the vate of 22. 5 per 100, 000

"for the rost of the Frovince, and 20,8 per 100, 000 for sdult males throughout
the Dominlon of Canada. It also comipares satisfactorily with rates of 31,2,
25.3, and 28.0 obtaived from various sources for adult 'maiu in e United
States, Finally, in Ibls rnnt.ur of compulu;u. it would appoar thet the world-
wide experience of persons sxposed to asbestos dust ls not worse with respsct
to lung cancer than that of the unexposed population,

The countive surrounding the asbestos-producing an;.c. and {n which
it (o presumed most of the asbostos minexs llve, have almost (dontical 'mor-
tallty rates with those of alght countias widely scattared through the Province,
and are lower than those for the remalnidcy of the Province, and miuch jower

than the rats for Montreal. apn
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Sloce 1940, there have been 19 casen iz which the diagnosie of
primary cancar of the lung may be censidered to bave beon proved. Approxie
mately Ball of these cases wore associated with asbestosis. All byt ope dled
{a the recoguized “cancer.age™ And at icast one-third had only the lightest
exposure (category I) to ssbestos dust, . ‘

Cn the basts of what ars delleved to be complets and rellable data,
it secms [alr to conclude that the asbastos miners (a the Provinee of Quobec
deo l';lﬂ have a significantly higher death rate from lung canger than do com-
parablo segments of the general population. 3

Furthermors, tha desth rate from dung cancer {n the areas contigu
ous 1o tho asbhestos -opanslann is comparabls to that {in areas widely scattared

thtoughout the Province of Quedec and is lower thaz in some urbanised areas

* within the Province,

0301
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