w————— s b 4 * -

£G3.

—— -~ crei o e
<

Reprinted from the A. M. A. Jrchives of Industrial {fealth
June 1958, Vol. 17, pp. 634-653

Copyright 1938, by American Medical Aszociotian

An Epidemiological Study of

WOUSTRIL o
AL HYGIENE
400 Fifth Ave, rOURDATION

Pittsburgh 13, p,.

Lung Cancer in Asbestos Miners

DANISL C BRAUN. A;.D.. end T. DAVID TRUAN, M4, Pirshvrgh

Ever since the pronounced incresse in
the incidence of lung @ncer among males
became apparent, there have been attemprs
10 associate it with one or another of the
various elements in the environment of
man. The approach used by some workers
has been to suspect one or several sub-
sances 2nd then set about in an intensive
search for lung cancer among persons who
have had any exposure to those materials.
In this connection, Smith® writes: “The
tendexcy of authors reporting the coinci-
dentai occurreace of primary Jung cancer
with silicosis or with any other theoretical
etiologic conditions, has been to emphasize
the percentage relationship in extremely
small series of cases, with <ontrol cases
which are not in any way comparable.”

It would seem inevitable that asbestos
should come under scrutimy in this manner,
because prolonged exposure to this material
is known to cause 3 specific type of pneu-
moconiosis, and because persons who show
this form of pneunioconiosis often come to
awtopsy and provide a ready source of
material for study. It was in this way that
reports of the simultaneous occurrence of
lung cancer and asbestosis began to accu-
mulate after the report of a case by Lvnch
and Smith® in 1935. Within the next 10
years, about 15 additional cases were re-

.ported. and in 1934 Merewether ™ reviewed

all deaths from asbestosis recorded in Eng-
fand since March, 1924. Lung cancer oc-
curred in 16G; of these cases. Gloyne,*
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whose work is alse. frequently referred to
as esuablishing 2 connection berween asbes-
tosis and @ncer of the lung, reported in
1951 that cancer of the lung was present
in 14.1% of asbestosis cses 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 ancer of
the Jung coexisting with asbestosis have
been reported, and, according to Hueper
about 10C such cases had been reported up
10 1933, As a result, an association betwees
the two diseases appears to have been ac-
cepted by many authors, and several writers
were using the tetm “asbestosis cancer” of
the lung. Werber,® in 1952, stated cate-
gorially that in 7% to 17% of cases of
asbestosis, after a latent period of abowt
1% to 20 years, carcinomz becomes estab-
lished in the lung.

On the other hand, not all authors ac-
cepted this alleged association  without
reservation. Saupe * in 1939 reported thar
he had discovered no cases of Jung ancer
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
Qancer was 0o small for swtistical 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 Goldblatz in their seciion of
Merewether's latest book,™ swmte: “Bur at
no stage in all these impressive researches
was ay clie obtained which might have
offered any support 10 the possibility that
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is no reliable criterivn by which one an
amticipale arcinvgenicity aud. as is well
known, relatively minue chauges i the
structure of a chenmical arcinogen are suffi-
cient 10 diminish or cli wircinogenic
action,

1f asbestos s indeed to be regarded uas 3
arcinngen, the need is felt to demonstraie
some property which @n be regarded as
something more than inertness.”

These authors advance the theory that,
ontil some more experimental evidence of
direct carcinogenesis by asbestos or u de-
cumposition product of it an be obtained.
asbestos might be considered as 2 “co-car-
cinogen” which only induces A further de-
velopmient of u preneoplastic condition
brought about by something independent of
the asbestos, such as au cndogenuus factar,

“Thus she literature, while tending to supe
port the thesis that asbestosis is i some
way related to the development of lung
ancer, is by uu means unaniuous. Alto-
gether, it is perbaps more coniusing than
cnlightening. A careful review shows that
the majonity of the repons are clinical and
not epidemiological. They lack many ele-
ments necessary for the appliction of
epidentiological 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 scope of
the works which they quote. Nowhere, ior
example, have -we found references to0 3
population of dsbestos workers, although
several authors who have quoted the ob-
served incidence of lung cancer in autopsies
of persons who olso hod asbestosis imply
that this incidence applies 10 asbestos work-
ers, genenally. We have likewise been
unable to find any study which actually
aiculated the incidence of lung cancer
among a population of persons who had
asbestosis, and not just thoce who cune i
awopsy. With .the exception of a paper
S Dl none ol thuse reviewed grve any
data o1 expusure wml dust concemrations,
and even Doll's paper merely mentions
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“schedulad™ uruts, by which is ineant,
“thuse arens where procusses are varried on
which were scheduled under the Albestos
Industry  Regulations of 1931 as being
dusny.” .

There is, furthermwre, a complete luck
of definition of temis as used in the pud-
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-
logicnlly detectable condition.

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

There is also 2 lack of uniformity as to -
what 1vpe of exposure most studies have
dealt with. (f 99 cases envmerated by
Hueper ** in 1933, unly 10 appear to have
nriginated in the United Swates, and 7 in
Canacla.  Sonse 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 carvied on
in that country, that most of the reported
cases have involved workers in the texgle
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
also notably ahsent in the majority of these
reports. X

With this understanding of the limita-
tions of Lhe existing literature with respect
1o epidemiological generalization, it may be
of value to consider in somewhat more de-
tail some representative earlier publications.
a few of which were reierred to briely
above.

One of the most detailed studies and one
which deserves the most serious considera-
tiows is that reported by Doll3* jn 1955,
This suuly reviews causes of death among
asbestos workers based on coroners’ rec-

by stwlying tecords of wmen who worked
far at least 20 years in exposed situations.
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Doll concluded that lung cuncer was 2 spe-
* ¢ific industrial 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 defnite 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—uhat 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 inire-
quent occurrence, Estithates of the number
of persons potentially exposed to asbestos
dust in the United States alone vary from
10,000 to 33.000, and the incidence of as-
bestosis of any degree might be higher than
Doll imagines.

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

* Another reason why this publication is
of imporrance is a statement which it con-
ains to the effect that “the strongest evi-
dence that it {lung cncer) may be a hazard
(in asbestos workers) -has been produced
by Merewether and by Glovne.”

In 1951° Gloyne ' presented a review
of 1205 autopsies on persons who had
worked in various dusty occupations. This
number included 132 asbestos workers, of
whom 121 showed “pneumoconiosis”™—pre-
sunmably asbestosis. Primary cancer of the
lung ocaurred 17 times in this group, an
incidence-rate of 14.1% -for lung cancer

among asbestosis cases coming 10 sutopsy. .

There were in his series 796 cases with sili-
~eie and 6,9% of these also showed pri-
mary cancer of the lung. The incidence of
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lung cancer in uther forins of pueumioconico-
sis was O.7%. and 1n 169 cases which
proved not to have any type of pneumno-
contosis it was 8.3%c. Gloyne consideredl
“the monality of the asbestos workers™ to
be “disturbing.” First of all, it is obvious
that the paper does not deal with the “inor-
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 ases, including
those of asbestosis. m which the findings
were nnt considered unusual were not semt
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. Gloyne 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 24%.
He thus recognized that autopsies on i ver-
tin selected group of cases were not rep-
resentative of the general population. )t
would seemn. then, that notwithstanding the
value of Dr. Gloyme's work. its importance
as an index of the prevalence of lung can-
cer in asbestotics has been misinterpreied
by some who have quoted him. All that it
really shows is the fact that in a group of
121 cases, selected for special sty pri-
marily because they seemed abnormal by
prefiminary examination. 17, or 14.16;, had
lung cancer.

Merewether *° in 1947, in the report of
the Chief Inspector of TFactories, reviewed
all cases reported between 1924 and 1946
in which asbestosis was the cause of death
or a coexisting condition. This work was
later extended to include all such ases re-
ported up to December, 1954, by which time
there were 334 deaths, including 205 males
Among them were 53
cases (16%) of ancer of the lung, 41 in
males and 14 in females. It is quite possible
that a large number of a<hastatirs wha Aid
nat dic of their asbesiosis, or in whose
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LUNG CANCER IN ASBESTOS MINERS

death certificate it was not mentioned, may
have been missed. The impor: of this 16%
it enbanced by the simuitanenus statement
that the incidence of lung cancer in autop-
sies of the general popuintion is only 1%.
The danger of attempting to compare a
rate found in 344 cases with the rate for
the general population withoyt respect to
age, occupation, and many other variables,
such as smoking habits. is obvious.

Lynch,™ who with Smith * had reported
the first cse 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
“demonstrable deposits of asbestos in the
lungs.” This, of tourse. is not necessarily
identical with the disease asbestosis. Lynch,
himseli, points out tha:, although this is an
incidence of 82¢c, “both figures are too
small for very serious statistical -types of
calculation,” Nevertheiess, later writers
have used this paper to strengthen the case
for an association of carcinoma of the lung
with asbesiosis. It is 2lso of interest that
Kiotz ¥ found only the same number of
cases of lung cancer in a- series nearly 10
times as large, i. ¢, 4 in 478 cases of
asbestosis.

Behrens, as cited by Merewether,'® esti-
mated that, of 309 cases of asbestosis in the
literature, 44 showed associated cancer of
the lung—giving an incidence of 14.2%.
This is an illustration of generalizing an
incidence obtained in a group of cases
which were undoubtedly reported only be-
couse some of them showed lung cancer, to
possibly  hundreds of asbestotics whose
cases were never reported. The same ap-
plies w0 the conclusion of Teleky,* who
appears to have reviewed reports of 39
autopsies on persons with asbestosis among
which 6 cases of lung cancer occurred. In-
formation from sources such as these does
not jusiify generalizations with regard to
" morality rates. .

Perhaps no one has written so exten-
sively on the subject as has Hueper.3®s?
In 1955 he reviewed the cases 3% reported
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prior to that date and enumerated o 1ol
of 99. Eleven of these were those dis-
cussed by Doll** and may have been cases
coversd 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
cses 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 concain some duplica-

tion with each other or with those of other -

English aothors.

Principles of the Epidemiological
Method

Domn 3% has pointed out that much of what
is now thought 10 be pertinent concerning
the comparaiive freguency of iung cancer
in different popuiation groups has been de-
veioped from the amalvsis of clinical ma-
terial, particsiarly surgial and  autopsy
records, supniemented to some extent by
the reporied impressions of various clini-
ciane 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 successiul previousiy in
the study of communicabic 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 weil-defined
pepulation group; (2} available data for all
members of this population, including the
healthy as well as the ill; (3) a sample
which is trulv representative of the popula-
tion; (4) reliable and valid observations
relating to the probiem of the study.

A serious defect, common to most of the
studies which have been reported, is that
litle or no information concerning the
heaalthy peaple in the group seems to have
been availabie to the author. In order to
draw a generalization regarding all asbesro«
workers, it is necessary for a study to in-
clude living persons as well as the dead.
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Limiting the investigation to cases comning
{0 outufs¥, "as has been tréquently done in
earlier studies, still -further restricts its use
in generslization. The problem with which
we are concerned is whether asbestos
miners expérience more lung cancer than
does the general population. The answer
necessitates the collection of relizble inior-

mation on asbestos miners as a group, as

well as on the general population.

It scerns advisable to discuss the differ-
ences benween the epidemiological approach
and that used in the studies which have
been reporied to date. A very important
consideration is the fact that lung cancer.
in spite of its increasing numbers, is still 2
disease of iow incidence; that is, in a given
population not many persons will contract
this particular disease. This faer requires
that large s amples o: groups must be stug-
jed to provide meaningiul results.

Recognizing the difficulty oif obtaining
such largs samples, most earlier writers
deviated {rom the epidemiological method
and sought to ciccwmvent the requirement
of obseriing well persons by (1) compar-
ing the rcictive frequency of ancer in vari-
ous sites; (2) comparing the relative
frequency of cancer in a group of hospital-
ized patients; (3) comparing the relative
frequency of cancer in 2 group of cases
coming to autopsy.

Attempting to compare two population
groups, looking only a1 the rclative fre-
quency of cancer in various body sites.
may result in finding 3. higher percentage
(relative frequency) in- one of the groups.
when, in fact, the mortelity rate of cancer
of 3 particulac organ is exactly the same
in both groups. This is. very clearly dem-

" onstrated in the excellent article by Dorn.%®

The morwlity rate from a particular cause
is the true measure of comparison.-

It is apparent that selected groups such
as hospialized patiams or autopsy cases
msy not Ye in any way representative of
a larger group, and that in dealing with
such samples, the observer may easily find
wmesc wases of 2 given disease than would

o .
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be found in anuther group of the same size,
but representative of the general population.
It iy true thar investigation of cases from
such a sample can {urnish information
valuabie for rescarch, but the use of this
information in drawing generalizations is
necessariiy restricted. Jt 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 justiied. A good statistical
study oi cases of cancer of the tung occur-
ring in a groud of autopsies can lead to a
proper inference concerning the frequem:)
of lung cancer among cases coming to
autopsy, but only to such cases. For in-
formation from such s study 1o be pro-
jected o some larger group, it is necessary
that the autopsies represent a good sample
of that iarger group. To assume that such
is the case in any particular series is dan-
gerous and likely to be false.

There is some donger that the Rgures
reported by some authors may be miscon-
strued us applying e asbestos workers or
even asbesios miners, when, in fact, the
authors in question do not tnake this gen-
eralization, nor can the generalization be
made for the reasons stated. Close study of
the reports reveals that the percentages
citedl relate only 10 the group of autopsies
covered by the panicular investigation.

The present study, in contrast to the
earlier works, has been planned to utihize
the epidemiciogical methnd. A well-defined
group of asbestos miners has becn estab-
lished in such a way that it constitutes a
guod sample of the whole population of
asbestts miners in Quebce. Data for all
members of this group have been collected
and analyzed. Those concerning lung can-
cer have received most carciul considera-
tion. Details of the methods ¢mployed will
be sct forth later. but the tvpe of approach
is cunsidered to. permit of fair companwm
and r.nl-d generalizations,

Collection and Analysis of Data
A pfchm\m.n’ SUIVEY 31 Puinanian sOUSCES
of information in Febru:sr)', 1956, involved
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discussions with the physicians in charge
of the asbesios companies’ prograas onl
with clinicians. pathologists, represensatives
of City and Pravincial heaith depansvenis
and of the Umnadinn Cancer Secicty., avd
sher interesied persons. Jr was found, that
marbidity data, although somewhat limited.
were available from such sources as the
hospitals in Montrea! and Quebew CGity, andt
the 13 cancer detection centers in the Prov-
ince. However, because of the high mare
tality in lung cnwer, it secmed advisahle
ta depend upon data relating 1o deaths.
These we found to e obtainable at the
vitl suristics depariment- of the Minisiry
of Health in Quebee City. Fromt the pre-
liminary survey, it was apparent that exiens
sive and detailed infurmation could  be
gatnered with respect 10 both the peremns
emploved in the asbestos mining imdustey
and the maormlity figures for the general
popstation, | :

Following, this cxploratory survey, the -

mitial cffort was directed 10 the vollection
of datz relating to all workers who luad
been processed through the clinic at Thet-
ford Mines since its inception in 1947, and
sinilar infonnation regarding all workers
at Asbestos. Que. Data from ihe dinical
records included the age, family and pere
sonal medial histories.  smoking  habits,
number of yvears of exposure, an cstimate
of weighted exposure, and the course of
the individual's health stalug-or the cause
of his death, .

From this infonmation it was possible
to formuiate 2 “cohart” which coukd he well
defined. should be representative oi the
whole group, and could be followed for a
definite period of time. All of the available
experience” indicates that the develapniemt
of asbestosis in less than five years of ex-
posurt must be somewhat rare, Accord-
ingly, the cohort was defined as including
every miner who had a total exposure of
five or mote ymrs, and who was on the
empioyment rolis in 1950. Office and other
nonexposed persennel, regardiess of length
of employment, were not included. This

Brauwe-Truan
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vohort was then Jollowed by means of the

annual  physical  examination  records
through a six-vear interval, 193} throuzh
1933, Al daw segurding this group were
then tabulated in order to detennine the
characieristics of the cohort. Tor those who
survived the entire period, reference was
made 10 the physical” examination results
and x-ray @indings at the end of the period.
Those who had died were tabuiated sepa-
rately, and the cause of death was
vorroborated by examination of the death
certificates. A fumher search was made
concerning those in the original cohort who
remainal unaccounted for when the living
ant the known dead had been tabuiated.
They represent men who had leit employ-
men: through retirement or resignation.
Fventaiiv. all but a small numboer of these
were acvounied for as either living or dead,
s it the lutter event, the cause of death
was sybsiantiated in a similar manner. and
the resuits added to the originai list of
cdeaths.

Death certificates for the Province of

Quebec ifor the years 1952 w0 1935, inclu-

sive, were reviewed in the depanimem of
vital statisties of the Provincial Health
Ministry, togetner with suatistical sum-
maries of the causes of deaths in the Prov-
ince by counties. All cases in which death
was cestified as having been duc to pn-
mary cancer of the lung were examined for
such infonmation as place of residence,
nccupation, date of death, hospital in which
death occurted, and whether or not an
autopsy was performed. Cases in which
lung cancer was given as 3 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 1o include
all instances of primary carcinoma of the
lung in the siudy.

The statistics for the Province of Quebee
relate 1o population, total deaths from ail
causes, total'deaths from mnzar 22 .0 ., pee,
and deaths from lung cancer. These were
collected and tabulated by counties and by
sex for the years 1950 10 1933, inclusive.

639
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From. themy, death rates for the geneial
population of Quebec and of individual
counties were calculated for specific years
and analvz2ed by cause.

Practirally 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 rezson
or another except retirement usuvally 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 prooi of death was based on
cancer of the lung.

Deaths {rom lung cancer among asbestos
miners were thus determined {rom the
clinical records in the medical service of the
industry and checked by means of the death
certificates and insurance company records.
The deaths were then verified individually
by reviewing them with the physicians in
charge of the medicai services. In this man-
ner, there was established a list of cases in
which primary ancer of the lung is con-
sidered to have been proved as the cause of
death. A few ases in which lung cancer is
strongly suspected but not proved as the
cause of death were considered separately.
Monality rates have been calculated_using
bath the “proved” and the toml of “proved”

and “suspected” Gses during the years un.

der observation. Comparisons were then
made benveen the death rates from the same
cause among specific segments of unexnosed
persons.  All lung cancer deaths, both
suspected and proved, were carefully ana-
yzed to determine possible reiationship or
correlationy between the development of
tung cancer and any factor known from the
clinical recards, such as family history of
cancer, personal history of heavy smoking.
sweamenee 0t asbestosis, or exposure te
asbestos,

]
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11 sudition (O Ly JNaivsts of deaths oc-
curring in the cohor: and during the years
under observation, every known death from
cancer of the lung, as well as every case
diagnosed but still Jiving, has been tabulated
and analyzed. They will be discussed separ-
ately from those inciuded in the population
and time-iiterval under study.

A comparison of lung cancer mortality
in the 3sbestos-predducing counties has been
made with that in counties which are far
removed from the asbestos mines and in
which, presumably. no asbestos miners live,

Finally, in order to broaden the compari-
soin of death rates in different population
groups, the rates have been collected for
Canada generally, and for the United States,
acvording to the mos: recent publisned and
unpublished materia!.

Resuits and Interpretation

The cohort which was constructed accord-
ing to the criteria descrided in the preceding
section has been vonsidered individually and
compared with the general  population.
Description of the conore will be presemed
here a5 a preface to the resuits of the study:

Drizinal Codert 6,091
Loz Pervous Deducind 133
Final Cobert 3958
Living in 1938 («orking uwl reneal) 2N
Tiead Wy 1958 137
Cancer of lune 9
Questwnmaiie cancer ai lnow .2
(nher causes 169
Unkonern causes é
Smashers 4673
Nonvalers 1283
Cnboewn 20

Tables 1. 2. 3. and 4 present age, number
ot years of amployment, weighled average
expasure, and sinoking habits of the ¢ohort.

A cemparisan of the exposure to asbesios
dust is presented i Table 3. All members
of the cohart were placed in one of three
categories, representing increasing degrees
of exposure based nn a weighted average
of the ye3rs spent at various levels of
dustiness, The degree of dustiness for each
job category was determined afrer cone-des
tiunt with persons familiar with the environ-
ment aul conditions in the various work

Tul. 17, Jume, JYSK
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aras. For the purposes of calculation, the
assumption has been made that the relation-
ship between these cutegories is linear, and
that Category Il is twice as dusty, and
Category Il three times as dusty as Cate-
gory L.

Tase JNumber an-d Pereentage Distributiom
by Expesure Category

vally smoking more than five cigarentes per
day. Persons who smoke pipes or cigars
exclusively were not considered 1o be smok-
ers for the purpose of this study.

Table 5 presents the yea--by-year ex-
perience of the cohort and indicates the

Tastt $o—Numbre and Pereentoge Distribusion
& Smotine Heints

Esvosure
Caugory Nursher Per Caoe
SRSV . 3
12 2,10 *
Il PRy k]
T - .

L2 T S .95 100
Averste tu»wn_............. e 28

¢ Lem 1ban 0.4%.

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 2s one of the variables which,
besides the environment, could conceivably
influence the development of lung cancer.
As used in this presentation, the term
smoker reiers to 3 cigarete sy smokcr. habit-

Smexict

Haoug NRumver Per Cent
$ i

q 1265
G L) veen 2

—_—
TOUImeee s nvreroennannen 3.

B1 .03

© bass than 937,

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

Tanz S—Yur-brYtar Experience of Cohort and Death Rotes per 100000
Mon-Yeors of Risk

Cause of Daath
MN;. Aldive 'ru e Sasoncted Other Masy
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: .
Tast 6.—"Froved” Casvs of Prunary Cancer of the Lung
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% Ju o 1.0 CaL lL 11-22-53 Yes Yes
n Je 16 yy. 10 Cau'l » S Yes Ne
« Ye3 Sy CaL Ul o Broach. Ne

« visualization and biopsy. In
wugh there was no autopsy, the
pricmary ancer of the lung

been beyvond guestion.
Juspected” primary cancer o
et va those cases in
- =5 in doubt but
. pnts 10 cancer of the

ere three such cases.

“an-years of risk™ has been
he number of men at risk
nder observation. A person
1ghout the vear was counied
:r of risk, but one who died
was counted as ane-half 2

ng in the cohort, and in
s is considered to have
cause, are shown in Table
shown three deaths which
red as “suspected” lung

- the importance of these
2 interpreting the results
s is desirable Lefare fur-
the mortality rates which

-tables. For example, it*

«i¢ found for the proved

. he “expected” rate based
vlation figures for the

.+ shown Jater, and on

d find eight deaths fram

v the cohort  Actually,
rved. If, however, the
wted” cases were in-

1is figure to 12, the total

would be very close w the 955 level
of significance. However, having found just
12 cases, we are not above this Jevel, and
therefare the hypothesis that asbestos miners
do no¢ have a higher mortality from lung
Gncer 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 ievel. Because of the ire-
meadous impartance of the questionadble
cases in this respect, some detail regarding
them will be given here.

~ In oune of these crses, the suspicion of
cancer of the lung is based upen the x-ray
interpretation, and. althacgh no autopsy was
periormed, the death c¢ertificate indicares
that death was due w0 lung <ancer, It is
well known that the x-ray appearance of
fibrosis, especiaily if a localized density or
a superimposed tuberculous lesion is pres-
ent, can simulate that of a tumor, and by
itself, does not justify the inclusion of this
case as nne of “proved” cancer of the
lung. A second case was certified as having
died by reason of hydrothorax, passibly due
to lung cancer, but again there was no
surgery and a0 postmortem examination.
{n the third case, although it was subjected
to autopsy, hwe pathologists disagreed as to

-whether lung cancer was present, The death

was certified as having been due to chronic
myocarditis with nephritis and pulmonary
congestion, and possibly cancer of the lung.
Q1 the basis of these Jacts, it seems unwar-
ranted 1 include these three cases among

Tastr 7.~"Suepected” Primary Cancer of the Lung
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%nghtrd Eaposure Categorics by
Length of Emploxment
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in which case the heaviest weighted ex-
posure (Category 111} wouid show the
shortest leng:h of employment. Tabie 1i,
which lists the number of persons in various
exposure categories by length of empioy-
ment indicates that this errar has not oc-
curred. In fact, the average number of vears
ol empioyment for each exposure calegory
is almost identical.

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

Table 12 was so striking that it was fele
that furnther verification was necessary. It
was possible that some abnormal distribu-
tion may have occurred, e.g., the non-

Taste Il—Nvmbcr and Pereentage Distridulion
of Smokers and Nonsmokers ox Age Groups

[P .
: Smoders and Nonsmokers

Number of Pervens and Numder of Lung Cancer lleahs
by Smexing Mamts

No. ol Deachy
Termons Proves Totsl
SBOKEr, . ueearraans 63 b4 12
Noasmoten oo 108 13 9
(LS ey 2 K °
TS mrene 388 + 12

Amm;l Lung Cincer Dead Rates per 100.000 Man.Vears
of Txpesure 3y Imoxing Hadus
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Proted Taui
2 aQ
[} [
0 ]
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LT 2 T e B N

smokers mayv  have inciuded a larger
percentzzs of young en. Conseguently, 36-
dizional Tabies, 13, 14, and 13 were con-
structed to show the distribution of smokers
and nonsmokers by age. length of emplov-
ment. and degree of exposure. Although
there are siigh: diFerences,. they do not
account for ihe fact that all observed cases
of lung cancer were in smokers. In respec:
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 employment is con-

Tasr 14 —Number and Percentvge Distridution
of Smaksrs and Nonsmokers oy Lengtis
of Empioyment
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LUNG CANCER IN ASBESTOS MINERS

Tastz 15.—-Numder and Perem!au Distribution
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cernied, 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 Aigaer rate if lung cancer
were due to asbestos, Table 13 shows that
the average exposure category was almost
the same for the two groups. Thereiore,

- 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-
minion of Canads, and the United Stotes.—
In order to make a comparison of the
exXperience among asbestos miners with that
of the general population of the Province of

2

Demog-arby in the Previncial Minniay oi
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 vears 1930 through
1955. 1n addition, all death certificates
which epecified primary cancer of the lung,
and all those which indicated Jung cancer
bur did not speciiy the origin, were exam-
ined for the years 1932 through 1933,

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 annual rate per 100,000
in these segments, It will be noted from the
table that the mortalicy rate for the
“proved” cases in the cohort is only elightly
higher than the rate for the Province
When the “suspected” cases are included in
the calculation. the rate for the tonor: rises
1o 33.8 per 100000, which is about 30%
higher than the rate for the Province. This,
it will be recalled from the previous dis-
cussion of the effect of the “suspected”
cases cn the results, approaches bu: does
not exceed the significant level.

One turther 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 that
at least part of this increase is due 10 im-
proved recognition and reporting of lung
ancer during the interval. For this reason,
the vears 1954 and 1935 were thought to be
more nearly representative of actual condi-
tions. Even so, it is quite likely that the

Quebee, statistics were gathered, as stated general population is not studied for lung
eaclier, in the ofiice of the Division of cancer with the same diligence with which
Taste 16—~Comparison of Cohort with Provinee of Quebee ’
N Lang Caneer Destds ’ Annaal
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‘TAILK 7. =Lung Concer Deaths for the Province of Qucdec”
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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 intrease over the same period.

Table 17 was compiled to show the an-
nual 3ge-specific lung cancer rate of ases
in which the death certiicate merely read
“ancer 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 rwo categories in w.}ﬁh the tumor was
specified as having originated in the lung.
ft will be noted that, of the total cases
reported in 19533, a much higher percentage
than in 1954 were specified as primary. The
tble alsa shows that 3 higher percentage
of the total cases certified in 19353 were
proved, again indicating increasing interest
in this disease. '

A comparison has been made between
the age-specific rates shown-im 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 3nd may have been ex-
ceptional.

646

This comparisen, summarized in Table
18, shows that the observed number of
deaths in our sampie is not siznifeamir
greater :han the expected number of deaths.
based on the average of the 1954 and 1932
figures for the Province. It is true that, in
the case oi the age group of 65 and over.
the five deaths provide a figure which is
almost significant at the 935 level, How-
ever, it should be noted that this number
includes one of the suspected but unpraved
cases previously referred to. Furthermore,
it is rather likely that the raie for the
general population is understated in this
age group, ior the obvious reason that the
exact <ause of death in the very old is not

Tant 18 —Comparison of the Actual ond
Expected Number of Lung Cancer
Deaths by Age Amang
Asbestos Miners

Prorinc Observed No.
Tetdl Stwcied Zypected  of Desths

Are Pamary Rate No.of  No, of et

Qrounp e 1R bwers Deaths * Proved Towd
Wesh 13 30 ot 1 1
3.3 WS - Lt 2 3} 3
3 s 2 3 3
s nl m 3 I 3
Unknown . - . ¢ (]

* The vinrcied number 3 hased 60 the avaraee of the 198 and
1244 atea0ncite Trigs 106 tha Pravities of Quabme.
t Actusuy 0.4,
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LUNG CANCER IN ASBESTOS MINERS

Taniz 19.40e Distribution of Aduit Males for
the Province of Quebee, 1955

»

Tanr 20 —rnnual Death Rotes per 160000 [or

Cancer of int Luny in Comiuy

Province -

Age Graup Nugber Perreniaze i Canrs
Dbl cencrorasenn A [~ %
4334, a—sen 128352 1 i
..., - 13944 u 10
[ NN 11367 0 3

Teal ... - LIS 10 190

* Rapport, 1084,

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

Table 18 alsdo answers a question pre-
viously raised. It shows that the members
of the cohort have not died from lung tan-
¢er at an age earlier than the general popu-
lation, and that such an explanation cannot
be offere¢ for the absence of lung cancer
in 240 men with more than 40 wyears of
employment reiesred to on page 643,

Bejore leaving this comparison of the
Province with the ntiners, it should be
shown that their age distributions are rea-
sonably the same. That this is the case can
be observed from Table I9.

Tt shouid be remembered that the miners
retire and consequently, it can be expected
that the oidest age group will be larger in
the general popuiation. The data presented
in Table 20 indicate that the lung cancer
rate generally decreases after age 7Q. There-
fore, we could expect the rate for o/l people
over 65 to be smaller than the rate for the
group between 635 and 73, which would apply
to the oldest group of miners. It is ielt
that by using the whole adult male popula-
tion. we have developéd rates for the gen-
eral popuiation which are somewhat lower
than if we had been able to exclude the
peopie 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 between 1931 and 1952, and this

Brows—Truom
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Ate Group 1931-198 4110 1930-1532
Unaer 0 .2 [ 53 19
- o9 os 08
3-9 20 1.2 1y
e EY 3.4 T $3
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R 2. no "
[ 128 B i
11 by wy
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bt o ] 15.5 30.0 05
] 22 9 05
[0 4 Hny x
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* "Mentztize trom Lunz Cancer 1n Canadts.”” 1931 10 1932,

merease s particularly marked after ags
50, conirsming an observation previousiy
made, 0 the effect that undl recendy lung
cancer >as probably been underdiagnosed
in the ¢ider age groups in the genersi pepu-
latior.

To use these figures for purposes of
comparisch. it i necessiry to combine the
rates ior certain age groups in order 10
conform to the age distributions used in this
study. Since the exact popuistions in each
age grouy {or the Years indicated is not
known, s must be an approximatien.
However, the rates would be somewhat as
follows:

Age Greup Rase
20.12 . . 1
45.54 »
3844 : 69
S 8093

These rales are, in general, lower than
thase developed for the totai (proved and
suspected) cases of lung cancer among the
asbestos miners. The only large difference.
however, is in the age group of 65 vears and
over, and it is quite possible that the rate
for this group ma) have increased for
Canada between 1932 and 1934 as it did
for the Province of Quebec { Table 17).

A further comparison has been made with
an over-all rate obtained from the American
Cancer Society for respiratory cancer deaths
in Canada in 1953. This raie, for males.
is 208 per 100,000, er 3 mcre per 100500,
than Phillips’ 1950-1952 rate, and compares
with 22.2 fe. 182000 Lui proved cases and
33.8 per 100,000 for total cases amang the
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Tases 2, —~Number of Deathe nud Dotk Rotes
por J0 P00 by Age Groups for the Aduit
AMetc Poruistion of the United Starrs”

Age Group Fepulation Cuases ate per 100.000
20-d4 U400 ~y 3.3
4534 aoduy yi9 .9
3-G4 AL .24 .6
Lo 3,670.000 [ i
—— —— —
Tewal 44,619,000 1639 5.2

* Data trom ~Vital Stataia of the Uniied Staset,” Vol. 1
and 31932
asbestos sminers in this smdy. It is there-
fore obvious that there are no important
differences benveen the rates for asbestos
miners and those for the general population
of Quebec and the Nominion of Canada.

Since it is probable that figures for the
United States are mote compiete and, there-
fore, possibiy more comparabie 1o the data
for the minzrs, age-specific rates were com-
puted irom “Vital Statistics of the United
States,” Voiumes I and II, for 1932. These
rates have been tabulated in Table 21.

It is apparent that these rates compare
favorably with those for the asbestos miners
as shown in Table S. Still other rates for
the Uhnited 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. They are not
identical with the rate alculated from the
figures of the office of Viral Statistics, but
this is possibly because the American Can-
cer Society rates are for males of all ages,
Nevertheless. they. 100, tompare favorabiy
with the rates of 23 Jor 34 for 10tal cases)
obiaining among the asbestos miners.

Tuming for a moment to a comparison
between the asbestos miners and persons
who are exposed to asbestos in one form
ar another (2s distinguished {rowm the gen-
eral population groups just discused, who
have 10 expasure) 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 Cinadian mines
employ about 8000. Elsewhere, it has been
estimated that the workers in England who
have exposure total between 3000 and 5000.
With workers in Afria, Denmark, Nor-
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way, and cther countries, at least 30,000
persons tust be exposed throughout the
world, and it can be assumed that this
awnber has been {airly constant in the 20
vears since 1935 when the frst case of
asbestosis with Jung cancer was reported,
At Jeast 1,000,000 man-years of exposure
has thus been accumulated, and this Hgure
can be divided by the approximately 150
cases of lung cancer with asbestosis re-
ported during the 20-vear period. This
gives a rate of 13 per 100,000, which is at
least indicative that any lung cancer rate
which can be clcuiated for workers ex-
posed to asbestos dust is not much greater
than that for the unexposed population.

Comparison Berween Eignt Counties Ad-
Jjacent to the Asdes:os-Producing Arees and
Eizrt Scicsied Countics ~—To compare fung
cancer mortaiity raies 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 Sgures for
the vears 1930 through 1935, The eigh:
counties seiected for comparison were Ar-
gentewil. Crateaugay. Montmagny, Port-
neui,  Richliew. Riviere-du-Loup,  St.
Hyacinthe, and Terrebonne, mainly because
they represent a wide geographic distribu-
tion throughout the Province. The counties
selecred because of their proximity to the
asbestos mines include Arthabaska, Beauce,
Drummond. Frontenac. Megantic, Rich-
mond, Sherbrooke, and Wolie. Table 22
shows the number of lung cancer deaths
for the years 1930 through 1953 for cach
of these counties, and a mortality 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 “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 appercuc Jum ne wable that the
lung cancer death rate for the eight counties
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’

Tastr 2.-~Nwmnber of Lung Cancer Deaths snd Rawr per 100000 Man-Teurs

Aduit Male

Male Luae Cancer Deatnse

Popuation
Couslies 1922 130 195)
Meeantie Couney 13.300 b ] i
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* It 18 sssumned that alt make lung Qooer destds occuaes Aftet age .

immediately surrounding the asbestos-pro-
ducing areas is practically identical with tiat
of eight counties selected for comparison.
While Megantic County has a rate neariy
twice that of the combined cight seiccied
counties, it is lowez than the rate for the
Province, and considerably lower than the
rate for Montreal. The figure for Menireal
would centainiy be higher excent icr the
very low numbsrs of deaths reported for
1950 and 1931, and it would appeir that
in those years some ersor in teporting has
undoubtedly been made. On the basis of the
other years, 1930 and 1951 deaths wouid be
expecied to be about 200 greater. This
would resuilt in a2 rate of 40 per 100.CCO.

The only possible conciusion 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 any greater
incidence of hing cancer than those who
five elsewhere in the Province.

Comment on All Recorded Lung Cancer
Cases, Living and Dead, smong the Asbes-
tos Miners—Although a simple enumera-
tion of all the known or suspected cases of
cancer of the lung in these areas has no
particular vatue {rom 2 swtistical point of
view, it is of interest 10 summarize such
&ases for the record. There were nine deaths
prior to the beginning of the time period
covered by the stuly. including ane in which
the dizgnosis was mediastinal lymphosar-
¢oma. During the period. covered by this
invecsigation, there were nine proved cases
and three suspected cases in the cohort.
Throuzh 1936 and to date in {957, there

were cight deaths, six of which were merely

Dravn—~Truan

suggestive of cancer of the fonz ind L
cuded such diagnoses as memizaiaal
Iymphosarcoma. mesatheiicmm, Acsr ¢ the
leg with metastases to lung, sdaexes. of leng,
and cancer of the panereas. Cma ciRer was
diagnosed on the basis of x-tawv amiz: In
addition, there are now livizg foer mees i
which the dizgnesiic evifemee i sromgiv
suggestive of jung caacer. This it 2 wiad of
33 cases of all types, intuding 0 “sue-
pecied” but unproved cases. a=d 4 thas aze
stiil living. The remaining 19 camstiture the
total of proved cases of cances of saw mme
among the 2sbesics miners since V32X,

The proved cases averagest 32 veam. of
age at death, and varied bervesm 3T arams
and 68 years, Their working spac coveresi
periods varying from 2 mimiowe of &
years to a2 maximum of 37 seary. Oniv
three men had less than 25 rexrs af em-
plovment in the indusiry. Sevta amang
those on whom such infosrmatiem s avai-
able had a weighted exposure piacing them
in Category I1I, and six worked in a2
exnosure represented by Categasy 1,

There were only 17 among these praxed
lang cancer cases in whick we bave im-
formation regarding the presemcs of ae-
bestosis. Asbestosis was presens in. nine.
slthough it was minimal in twe. Two path-
ologists disagreed regarding s peetencs in.
another. At least seven of the 19 proved
lung cancers, thereiore, were mat acrom-
panied by asbestosis.

Summary and Conclusions

Interest in wie question of whether chere
may be an association between Rung cancen
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“-and enposure (0 asoeslos 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 additionz! cases
in which the two diseases coexisted were
reported, 2 causal association appears to
have been gradually accepted by many
authors, although same warkess considered
the correlation to be inconclusive. The pres-
ent study was undertaken in an effort to de-
termine whether 2 causal relationship did,
in fact, exist benvesn exposure w0 asbestos
and cancer of the lung.

Sincz most earlier studies had been
limited to enumerating the lung cancers
found in certain selected sampies, such as
cases coming 1o autonsy or death cestificates
in which asbestosis was mentioned. it was
apparent tha: they couid not fulfiil the re-
quirements of an epidemioiogical and sta-
tistical approach to the problem. The
presen: study was. therefore, designed to
meet the requiremen:s of this method.

After 2 preliminary survey to explore the
availability’ of reitabie iniformation. datz
were gathered on warkers 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 years
of exposure and who were in the industry
in 1930, Data relative to their characteristics
were collected and their status at the end
of a six-year period of observation was de-
termined. In the case of those who had

.died, an exhaustive search of death cenii-
icates and insurance records was carried out
in order to determine as nearly as possibie

- the exact cause of dexth. 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 alculated
from sttistics collected in the appropriate
places. Comparisons of the rates obtained
§or asbestos workers and for the other popu-
lation groups were made according to ac-
cepted statistical methods. '

Records were obtained on 6091 persons
who fulfilled the criteria of the cohort. It

- . .
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was not possible to trace 133 of these for
the whole period, but 5771 of the remaining
3958 were iound to be still living in 1933
or later. Of the 187 known dead, cancer
of the lung was considered to have been
reasonably proved in 9 and to be strongiy
suggested in 3.

The members of the cohort were studied
with respect to age, length of employment.
2 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 cohert were mare than 43
years of age, and thiriy per cent had been
employed for longer than 20 years. Thiry
per cemt had a weighied exposure which
placed them in the categzsy of highest ex-
posure.

The morality rate {or lung cancer, as
computed on the basis of nine “proved”
deaths among the cohost was 25.3 per 100.-
000. When the three “suspected” cases wers
added. the “wotal” raie {or the cohon rose
to 33.8. The imporunce of the suspected
but unproved cases in determining these-
rates has been reiterated because it is likely
that such cases would not be included i
the statistics for the general population and
because they infivence the resvits so mark-
edly.

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

Comparison of the experience among the
asbestos 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
fate of 22.5 per 100.000 for the rest of the
Provinea ~~3 202 2 100000 for adult
males throughout the Dominion of Canada.
It also compares satisfaciorily with rates
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of 372, 25.3. and 28.0 obtained from various
suurces for aduit males in the United Siates.
Finally, in this matter oi companison, it
would appear that the world-wide experience
of persons exposed to asbestos dust is not
worse with respec: to lung cancer than that
of the unexposed population.

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

Sinee 1940 there have been 19 cases in
which the diagnosis of primary cancer of
the lung :may be considered o have been
proved. Approximateiy hali 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 t Category [} to asbestos dust.

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

Turthennore, the death rate from lung
cancer in the areas contiguous to the asbes-
tos operations is comparabie to that in areas
widely scattered throughout the Province of
Quebec and is lower than in some urban-

ized areas within the Province.
e
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