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An Epidemiological Study of

Lung Cancer in Asbestos Miners |

DANIIL C BRAUN, M.D., ond T, DAVID TAUAN, M.A., Pitsshurgh

.
Ever since the pronounced increuse in
the incidence of lung cancer among malss
becante apparcat, there have been attempts
to associale it with one or another of the
various elements in the cavironment of
man. The approach used by some workers
has besn to suspect one or severa! sub-
stances and then set about in an inteisive
search for lung cancer among persons who
have had any cxposure to those matenals.
In this connection, Smith®® writes: “The
tendency of authors reporting the coinci-
deutal occurrence of prumary lung cancer
with silicosis or with any other theoretical
etiologic conditions, has been to emphasize
the percentage relationship in  extremely
small series of cases, with control cases
which are not in any way comparable.”

It would scem incvitable that asbestos
should come under scrutiny in this manner,
because prolongal exposure to this material
is known 10 cause a specific type of pneu-
moconions, and because. persons who thow
this form of pncumoconiosis oiten come 10
autopsy and provide 3 ready source of
material for study. It was in this way that
reports of the simultancous occurrence of
lung cancer and asbestoais began to accu-
mulate after the report of a case by Lynch
and Smith ** in 1935, Within the next 10
years, about 13 additional cases were res
ported, and in 1931 Merewcther '* reviewed
all deaths from zsbestosis recorded in Lng-
fand since March, 1924 lLuug cancer ox-

curred in 167c of these cases. Gloyne*!
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whase wark is alo frequently referred to
as establishing 2 connection between asbes-
tosis and cancer of the lung, reported in
1951 that cancer of the lung was present
in 14.17 of asbestosis cases examined by
him. In 1941, Nordmann and Sorge™
clained to have produced lung cancer in
inice which they exposed to asbestos dust.

Since 1951, additional cascs of cancer of
the lung coexisting with asbestosts have
teen reported, and, according to Hucper 3¢
abour 100 such cases had been reported up
to 1933, As a result, an association between
the two discases appears to have been ac-
cepted by many authors, and scveral writers
werc using.the terin “asbestosis cancer™ of
the lung. \Werber,®® in 1932, stated cate-
gorically that in 7% to 170 o cses of
asbustosis, after a latent period of about
1% to 20 years, carcinoma becoimes estat~
lished in the lung.

On the other hand, not all authors ac-
this  alleged  association  without
reservatione. Saupe * g 1932 reported that
he had discovered uo cases of lung cancer
among 620 cases of asbestosis which he
had examined; and in 1942, Hoileb and
Angrist * expressed the opinion that the
numbcer of cases of asbestosis with lung
cancer was too small for statistical evahua-
tion. In 1947, Wegchus ** reported 126
sadivlugically diagnosed cases of asbestoss
among 470 workers in Finland. and found
no cases of lung cancer m this group.
Golidblatt and Goldblatt w their sectica of
Mercwether's latest book,** state: “But at
no stage in all these impressive researches
was any clue obtained whick might have
offered any support to the possibility that
asbestos could act as a carcinogen. There
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LUNG CANCER IN ASHESTOS MINERS

is no reliable criterion by whick one can
anlicipate carcinogenicity and, as is well
known, relatively wminute changes i the
structure of a chemical carvinogen are suth-
cient to diminish or elimisate caraumogenic
acuiont,

If aabestos is inleed to be regardad a> a
arcinogen, the need is felt to demonsteate
somne property which can be regarded s
something more thafi tnertuess.”

These author: advauce the theory that,
until some more experimental evidence of
direct carcinogenesis by usbestos or a de-
conipasition product of it can be oblained,
asbestos might be considered as a “co-car-
cinogen” which only induces a further de-
velopment of a prencoplastic  condstion
brought about by something independent of
the asbuestos, such as an endugenuua factor.

Thus the literature, while tending to sup-
port the thesis that asbestosis is in some
way related to the developinent of lung
cancer, is by no tncans unanimous. Alto-
gether, it is perhaps more confusing than
enlightening. A’ carciul review shows thit
the majority oi the reports are clinwal and
not epidemiological. They lack many ele-
ments nccessary for the application of
epidemiological techniques to their content,
and most of the authors do not make clain
to having donc so. \What has happencd is
that succeeding authors have drawn conclu-
sions and gencralized beyond the scope of
the works which they quote. Nowhere, for
example, have we found references to a
population of asbestos workers, althuugh
several authors who have quoted the ob-
served incidence of lung cuncer i autopsics
of persons who also had asbestosis imply
that this incidence applics to asbestos work-
ers, generally. We have likewise been
unable o find any study which actunily
alculated the incidence of lung caner
among a populauun of persons who had
asbestosis, and not just thuse who cune to
autopsy. With the excepuon of a paper
by Doll,?® none of those reviewed gave any
data on exposure ad duat concentrations,
and cven Doll's paper mercly mentions

Broun—T rusn

“sehaduhal™  arcas, by which i wcane,
“thuse ateia where processes are carned on
which were sohaduled under the Asbostos
Toddustey Regulations of 1931w beung
ddusty.”

There iy, furthermore, a complete Lk
of definitiun of terms as used i the pubs-
hshed hicrature, For example, the term
“asbestosis,” a3 usetd, nay refer to chauges
observabic ouly by microscofuc exannition
of the lung tissue, or it may mcan 4 radio-
logically detectable condition.

Mast of the published repurts obviously
wncluded women among thetr cases, ba
some of them do nat give the awuber or
proportion of women involved in the study.

There is also a lack of uniformuty as to
whit type of exposure most stu:lies have
dealt wuh, Of 99 cases enumcrated by
Huvper 8 in 1935, only 10 apypwear to have
originated in the United States, and 7 in
Canada. Some of the carlier reports ap-
parcutly 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 invulved workers in the textile
or fabricating industries.

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

With this understandiag of the limita-
tivns of the existing literature with respect
to epidemiological generalization, it may be
of value to consider in somewhat more de-
tai} some represemative carlier publications,
a few of which were referred to baefly
above.

Ouc of the mnst detailed studies and onc
which descries the inost serious consnleea-
ton is that reported by Doll 3w 1935
This stwly reviews causcs of death among
asbestos worhers bascd on cusoners’ rec-
ords. It ale, attengets 0 ostunate the rish
by studying records of men who worked
for at least 20 years i expusd situations.
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Dol concluded that lung canver was a spes
cific industrial hazard of certain ashestos
workers and that, after 200 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 couchusums
at which it arrives. For example, it begms
by stating that “in view of the infrequency
of asbestosis, this large number of case>
(61 cases of lung cancer) suggests—but’
does not prove—that lung cancer s an
occupational hazard of asbestos workers.”
Neither this article nor any previous onc
which we have examincd presems any fg-
ures to prove that asbestosts is an infre-
quent occurrence. Fatiniates of the nunber
of persons potentially exposed to asbustos
dust in the United States alone rary from
10,000 to 33.000, and the incidence of a»-
bestosis of any degree might be higher than
Doll imagines.

This study, like so many others, involves
autopsy records. The number of persons
involved in the statistical analysis is only
113, representing only 1.042.25 man-years
of life. It is also truc that in sclecting men
who had been employed for at least 20
years, the study automatically  excluded
those who died from other causes after
shorter employinent.

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

In 1951 Gloync*' presented a review
of 1205 autopsies on persons who had
worked in \arious dusty occupations. This
aumber included 132 asbustas warkers, of
whom 121 showed “pneumoconiosis”—jre-
sumably asbestosis. Primary cancer of the
lung occurred 17 times in this group. an
incidence mate of 14.1% for lung ancer
among asbestosis cases coming to autofsv.
There were in his series 796 cases with sili-
cosis, and 6.9 of these also showed pri-
aary cincer of the lung. The incidence of
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lung camncer in other {orms of pnewmocanie:
sis was 6.7%¢, al in 169 cases which
proved mat to have any Lype of pucumo-
conionis it was 8.3%¢. Gloync consulerad
“the mortality of the asbestos workers” to
be “disturbing.” First of all, it is obvious
that the paper does not deal with the “mor-
tality of asbestos workers,” and sccondly,
it must be bume in mind that all of Dr.
Gloyae's cases were submutted to him for
study because the Andings were unusual
for uncomplicated pncumoconiosis. [t can
reasonably be assumetd that cases, including
those of asbestosis. in which the finding>
were nat considered unusual were nat sent
to Dr. Gluyne for examination. As a mat
ter of fact, in the ame paragraph in which
he expresses coavern over the incidence
mte in asbestosis. Dr. Gloyne himself
point> out thit the rate for lung cancer
based on necropsics at the London Chest
Hospital was 21.3%¢ while the figures of
the Registrar-General showed only 2.4%.
He thus recoguized that autopsies on a cer-
tain celected group of cases were not rep-
sesentative of the general population. It
woulldl scem, then, that notwithstanding the
value of Dr. Gluyne's work, its importance
as an inddex of the prevalence of lung can-
cer in asbestotics has been misinterpreted
by sonic who have quoted him. All that it
really shows is the fact that in a group -f
i21 cases, selected for special study pri-
marily because they secnted abnormual by
prehminary examination, 17, or 14.1%, had
lung -canver.

Merewether 7 in 1947, in the report of
the Chief Inspector of Factories, reviewed
all cases reportal between 1924 and 1946
i which asbestosis was the cause of death
or a coexisting condition. This work was
fater eatended to include all such cases re
ported up to Decembeer, 1954, by which time
there were 344 deaths, including 205 males
and 139 fomales. Amoung them were 55
cases (1670) of cancer of the lang, 41 in
males and 14 in females. It s quite [wassible
that a large number of asbestetivs who did
aot dic of their asbestosis, or in whase
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Limiting the investifation to Cises couning
to autopsy, as has buen frequently done in
carlier studics, still further restricts its use
in generlization. The problem with which
we are concerned is  whether  asbestos
miners experience more lung cancer than
does the general population. The answer
necessitates the coliection of reliable wifor-
mation on asbestos miners as a group, as
well as on the general population.

It seems advisable to discuss the differ-
ences between the cpidumniological approach
and that used in the studies which have
been reported to date. A very imporiant
cansideration 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 samiples or groups must be stud-
ied to provide meaninvful results.

Recoguizing the difficulty of obtuining.

such large samples, most carlicr writers

.deviated from the epidemiological methad

and sought to circumvent the requirement
of abscrving well persous by (1) compar-
ing the relative frequency of cancer in vari-
ous sites; (2) comparing the relative
freqquency of cancer in a group of hospital-
ized patients: (3) companng the refative
frequency of cancer in a group of cases
coming to autopsy.

Attempting  to compare two poupulation
groups, looking only at the relative f{re-
quency of cancer in various budy situs,
‘may result in finding a higher prercentage
(relative frequency) in one of the groups,
when, in fact, the morewlity rate of carcer
of a particular orgun is exactly the <me
in bath groups. This is very clearly dem-
onstrated in the excellent arucle by Dorn.3®
The mortality rate from a particular cause
is the truc mcasure of comparison.

It is apparent that sclected groups such
as hospitalized  patients or autopsy  cases
may not be in any way representative of
a Jarger group, amd that wm dealing with
such samples, the observer any casily find
more cases of a given discase than would
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e fowmd in anuther group af the <ame size,
Lut representatine of the general popratation.
it is true that mvestgation of cases from
such a sample can  furnish infonuaton
valuable for rescarch, but the use of this
infornuten in drawing geacralizations s
necessartdy restricted. 1t s the obiigation
of buth the invesugator and of those whou
read s report to make proper comparisons
and t0 draw only those conclusions which
are vahd and justifed., A good statnstical
study of cases of cancer of the lung occur-
ring in a grotup of autopsics can lead 5 a
propes inference concerning the froevuency
of luag cancer among cascs coming to
autopsy, but only to such cases. For in-
formanon {rom such a study to be pro-
jected 2 same larger group, it is necessary
that the autopsics represcnt a good sampic
of that larger group. To assumc that such
is the case in any particular series is dan-
gerous and likely to be false.

There is some danger that the fgures
reponted by soine authors may be miscon-
strued as applving to asbestos workers or
even asbestos muners, when, i fact, the
authors in qucstion Jo not make this gen-
eralization. nor can the gencralization be
made {or the reasons stated. Close study of
the reparts reveals that the percentages
cited reliute only to the gronp of autopsics
covered by the particular investigation,

The present study, in contrast to the
carlier worksi, has becen planned to uulize
the epaduemivlogical nwthod. A well-defined
group af asixstos miners has been estab-
lished in such a way that it constitutes a
good >unple of the whole population of
asbestes nuners in Quebec. Data for all
members of this group huve been collectad
and analyzad. Those cuncerning lung can-
cer have received most careful considera-
tion. [etails of the mcthods cmployed wall
be st forth later, but the type of approach
i» crmsidered o permit of fair comparisons
and satid -gesteralizatians,

Collection and Analysis of Data
A prehminary survey of potential souries
of information in February, 1936, involved

Vel 17, June. 19462
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LUNG CANCER IN ASBILATON MINERN

discussions with the physicians in charge
of the asbestus compamios’ progeans and
with clinicians, pathologists, sepresentatises
of City and I'rovincial health depurtinents
and of the Canadian Cancer Sacicty, amd
uther interested persons. It was found thit
morbidity data, although sewhat linited.
were available from such sources as the
hospitals in Montreal and Quelwe Uity and
the 13 cancer detection centers in the f'rov-
ince. Howesver, lacause ot the high mor-
tality in lung cancer, it scemed advisable
to depend upon data relating to deaths.
These we found to be oblautable at the
vital statistics department of the Mastry
of Health in Quebec City. From the pre-
liminary survey, it was apparent that exten-
sive and detailal information  could be
gathered with respect 1o both the persans
cmployed in the asbestos mmning industry
and the mortality figures for the general
population.

Following this exploratory survey, the
initial effort was dirccted to the collection
of data relating to all worhers who had
been processed through the clinic at Thet-
ford Mines since its inception in 1947, and
similar information regarding all wotkers
‘at Asbestos. Que. Data f{rowm the clinical
‘records included the age, faunuly and per-
sonal medical histories, smohing  habis,
number of ycars of exposure. an cstuimate
of weighted expousure, amd the course of
the individual’s health status or the cauee
of his death.

From this information it was possible
to formulate a “cohart™ which coulld be well
‘defined, should be representative of the
whole group, and could be followed for a
definite period of tine. All of the avalable
experience indicates that the «developient
of asbestosis in less than five years of ex-
posure must be somewhat rare.  Accord.
ingly, the cohort was defined as including
every miner who had a totil exposure of
five or mure years, atdl who was on the
employment rolls in 1930. Office and other
nonexpasced personnel, regardless of length
of employment, were not inwluded. This

Brewn—Truan
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cohort was then followed by wwins of the
anpual  physical  examinatiuns  recornds
through a sx-year inteeval, 1930 through
1935, A\l data regarding this group were
then tabulated in order o deternune the
charicteriatics of the cohort. For thuse who
survined the entire pericd, referemce was
made o the physical examination results
anid x-ray funcings at the end of the peniod.
Those who had died were tabulated sepa-
mately, am! the cause of death was
vorroborated by examination of the Jdeath
certificates. A further search was made
concerming those in the original cohurt who
remained unaccounted for when the living
and the known dead had been tabulaied.
They represent men who had left employ-
ment through reticcment or resignation.
Eventually, all but a stnall number of these
were accounted for as either hiving or dead,
and in the latter event, the cause of death
was substantiated in a similar manncer, and
the results ackled to the original list of
deaths.

Death certificates for the Province of
Quebee for the years 1952 1o 1955, inclu-
sive, were reviewed in the department of
vital statistics of the [rovindial Health
Miuistry, together with  stanstical  sum-
marics of the causes of deaths in the Prov-
ince by counties. All cases in which death
was certificel as having been duc to pri-
mary cancer of the lung were examined for
such information as place of residence.
occupation, date of death, hospital in which
death occurrext, and whether or not an
autopsy was perfonmed. Cases in which
lung cancer was gwven 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 6f the
lung in the study.

The statistics for the Province of Qucebec
relate to population, total deaths from all
causes, tatal deaths from cancer of all types,
and deaths from lung cancer. These were
collivted amd tabulated by counties and by
sex for the years 1930 to 1955, inclusive.

&9
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From then, death rsates fur the genemal
population of Quuebec and of indivudual
countiva were calculated for specific years
and analyzed by cause.

Practically all employces of onc company
are covered by a group policy of life insur-
ance which, fortunately, ncarly all of them
continue to carry when they retire. A very
few are not covered by this policy, and
those who leave the industry for one reason
or another except retirement usually are
no longer covered, but this is Lkewise a
small numocer. As an additional check unon
the infonmation obuained from the clinical
records on this group, the records of the
life insurance company were examined for
all death claims paid under the poiicy, amnd
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 werc thus dctermined fromn the
clinical records in the medical service of the
industry and cheched by means of the death
certificates and insurance company records.
The dcaths were then verified individually
by reviewing them with the physicians in
charge of the malical services. In this man-
ner, there was established a list of cases in
which primary cancer of the lung is cou-
sidered to have been proved as the cause of
death. A few cases in which lung cancer is
strongly suspectcd but not proved as the
cause of death were considered scparately.
Mortality rites have been caleulated using
both the “proved™ and the ta:al of “proved”
and “suspected”™ cases dunng the years un-

der abservation. Comparisons were then

made between the death rates from the same
cauxe among specific sepments of unexposced
persons. All lung cancer deaths, bath
suspected and proved, were carefully asma-
lyzed to determine possible relationchip or
correlations  between the developuncnt  of
lung cancer amd any factor hnown frum the
clinical records, such as family history of
ancer, personal history of heavy smoking,
coexistence of asbestosis, or exposure to

asbestos.
640
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In addition to this analysis of deaths oc-
curring in the cuhort and durmg the years
under vbservation, every hnown death from
cancer of the lung, as wcil as every casc
diaguosad but still iving, 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 carcer mortality
i the ashestus-praducing counties has been
made with that in countics which are far
ramoved from the asbestos mines and in
which, presumably, no asbestos miners live,

Finally, in order to broaden the comparni-
son of death rates in different popuiaton
groups, the rates have been collected for
Canada generally, and for the United States,
according to the most revent published and
unpublished material.

Results and Interpretation

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

Orikinal Cohest ) 4,00
lont Pessums [eviucted 133
Funal Cobre 5,938
Laving sn 19358 (werbing aml cenrend) 3221
Dead by 1983 a7
Cancer of lung N
Quesuenatle cancer of lung 3
(bt causes 149
Ushnoun caures [
Sawhers 4,673
Nunsnmderd ’ L2653
Usnkuous x

Tables 1, 2. 3, and 4 present age, number
of years of emiployment, weighted average
exposure, and sinoking habits of the cuhort.

A commparison of the exposure tu asbestos
dust i» preseated in Table 3. All members
of the cohurt were placed in one of three
categorics, represcntingy increasing dejrrees
of exposure based on a weighted average
of the yeaes spent at various levels of
dustineas. The degriee of dustiness for each
job category was determined after consulta-
tiun with peersosts familiar with the environ-
ment and comditions in the various work
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Taste 1. —Number and Percentage Distrivunon

by rge
Age Number Per Cont
Wbt ceeerrrerenncenenenenes JETUUU X -
prerey 1038 1"
AS0d [31) n
[ ay [
' L]
TOMS menreeneeennnnnes 5838 we
AvOrngr Age..aeincienananees veovwss 4«
® Lowmihan0.3%.

areas. For the purposes of calculation, the
assumptiont has been made that the relation-
ship between these categories is lincar, and
that Categury II is twice as dustv, and
Category I three times as dusty as Cate-
gory L

Tame J—~Number and Percentage Distribution
by Exposure Category

——— —— - S AN M o O s >
Y . . — - ——

srebe & o B - = o

Tastl 2.—Nuwber and Percentune hstributien by
Length of Employment

Lensth o

Empiv) meat Numbe Per Cant

LT n

33 )

[ 1] 18

-y 1)

m 3

» [}

TN .caeciaaaacincaaren [X ) 108

Atorage yeors of smployment...... 113

ually smoking more than five cigarcties per
day. Pursons who smoke pipes or cigars
exclusively were not considered tn be smok-
ers for the purposc of this study.

Table § prescats the ycar-by-yvear ex-
perience of the cohort and indicates the

Tane 4-—Numbrr and Percentage Distrbusion
by Smoking Habrts

Rapeware
Casegoey

| 4
f....o.
nt...
Unkas

Totals. ... coconna cseormacan iaa
Avernge Esposure. ........ PO, 38

® Lase than 0.37,.

The fourth variable, sinoking habits, was
similarly tabulated and is shown in Table
4. This was included buczuse the informa-
tion was availablc and because smoking was
regarded as onc of the variables which,
besides the environment, could concervably
influence the develnpinent of lung cancer.
As used in this presentation, the term
smoker refers to a cigaretie sinoker, habit-

fmeking
FYZY-TIV ] Nuoalee Pee Cont
Broekers. .. .....ccacicecsresoseccose 4433 g
N 183 a
Uak -
Taals 40 we
® Lam ¢haa 84%.

number of deaths each year from speciied
causes. [n general, a case was considered
to be “proved” as onc of primary cancer
of the lung when the records showed that

“the diagnosis had been supported Ly an

autcpsy or surgical resection of the lung
with alicroscopic examination of the re-
moved tissue. In one case so consudered,
however, diagnusis was confirmied by bron-

Tane S-—-Yenr-b,-) car Experience of Cohort and Death Rates per 100000
Man-Years of Risk

.

Cause of Dwath
Ne. Attee Proved Suapecied N
At Beginsing Primary Prirusry Other Man-Veary
of Vonr Ca o~ taang Ca. of Lung Coumrs Uninewn sf Rut
s.054 ) k] " 1 .00
3,042 3 B ] 1 1 (X t¢4
292 L] 3 n ® $.803.3
[ X1 4 ) » [ [ ¥ )
S.atn 1 [} 3 4 I
L SO, [ 9 11} 3 [} » [ ] L3
TotAll. oo ceeecenreinnrnnienane . 3 = s Bms
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choscopy with visualization and bic, v 1y
another, although there was no auto;-«y opye
diagnosis of primary cancer of th
3eems to have been beyand question

The term “suspected™ primary car. . - of
the lung was applied 10 those caees 1
which the diagnosis remains in dog. - 5y
some of the evidence points to cancer - I the
lung. There were three such cascs.

The terin “man-years of risk™ ha, :cen
used to mean the number of men 3t~k
for the ycar under observation. .\ fer-on
who lived throughout the year was cou--al
as a full man-year of risk. but one wha . .4
during the year was counted as one-haif ;
man-year,

Deaths occurring in the cohort, andt
which lung cancer is considered 1o ke
been proved as a cause, are shown in Toes
6. In Table 7 are shown three death< w> oo
have been considered as “suspected” jo-z
cancer cases,

An indication of the importance of thews
“suspected™ cascs in interpreting the ros:: -
of the calculations is desirable befnee §:--
ther discussion of the mortality rates wh- —
are derived in later tables. For example, -
happens that the rate found for the prow -
cases is close to the “expected” rmate base

Gy

would be very close to the 95% lcvel
of sijmificance. However, having found just
12 canes, we are not above this level, and
therefore the hypothesis that asbestos miners
do mot have a higher mortai.ty fiom lung
ancer than docs the generzl ;<.mulation can-
not be rejected. Neverthe!.:s, the occur-
rence of 12 cases in this sample would
increase the rate ta a point wk.:h approaches
the sipnificant level. Becazuve of the tre-
mendous importance of t:e Auestionabie
cases i this respect, some A=zl regarding
them will be given here.

In une of these cases, tr~ suspicion of
cancer of the lung is based -.:~n the X-ray
interpretation, and, Athough -7, autopsy was
perfonned, the death cert:”--'e Indicates
that ckath was due to lun;; - .ncer. It i .
well hnown that the X-ray .« -camfance of -
fibraus, eipecially if a lccai =<2 density or
A superinpoased tuberculous - : o is pres-
ent. an simulate that of a + «r. and by
itself, does e justify the ire  :.un of this
Qsc 33 ane of “proved” -:-+*t of the
lum,'. A second CASC Was cer® o 2 s h;\,\'i“g
thesl by reacan of hydrotharis - 2+~sibly due
to ¢ cancer, bug At ve i was no
surgesy aml gy POSUnrerts e # Admuination.
In the thet cave, althaugh of = +r subjected

? : : on the gencral population figures for t~: (n autepsy, twa Mthaleg.:ts of. -greed as to
= Province, as will be shown later, and cr  whether lune cancer wa s fetesenr  The death
- this basis we should fnd cight deaths frrs  was certined ac having beoos Aon 10 chrome
Maw.Veary lung cancer among the cohnn. Actuall s myocanhtie with nepheaes ace? nubnonary
o Rux ' nine cases were observed, I, however, tre oagestnnt, Al funalily e o ihe lung.
hye] 3 additional “suspected™ cases were in-  Op the kases oof thete farte o vrs=ms unnar-
:"E:;“ cluded, increasing this figure 10 12, the tots.  ranted i uwhile theee thice < e~ amang
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LUNG CANCER IN ANRESTON MINERS

“proved” instances of lung cancer. On the
other hand, they cannat, in fairness, be dis-
regarded completely. It is {or this reason
that mortality rates have been caleulated
both ways,

Table 8 gives the rates by age groups.

The rates by length of emplovment are
shown 1n Table 9. During the first 40 ycars
of employment, the rate rises, an chserva-
tion which scems plausible since the nien
were growing older. However, after 40
years of exposure there are no “proved”
cases reported for 3 total of 240 wmien dur-
ing the six ycars, or about {440 man-years
of exposure. \When the “suspected”™ cases
are added, one case docs show up in this

Tase 8.—Lung Cancer Dooths by Age

- ew ot wmm A

Growups
Numinr of Perrms and Number of Lung Cancer Deaths
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Man Years ot Laosure
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" st
n 2
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periccl.  This would prexduce a rate of 69
per 100,000, again demonstrating the im-
portance of these questionable, but un-
proved, cases to the final conclusion,
becauss, f there were no cases in this
aumber of men with long expusure, andd il
asbestos is a carcinogenic agent, it must be
concluded that these 240 tmien have demon-
strated counsiderable resistance. This is a bio-
logical phenunienun which fas been observed
previously and is consistent with the theory
of an mtrinsic or endugenous factor in can-
cer. The only other explanation would be
that the suscoptible manters of this age
group had shied earlice of lung cancer. Table
18, which appwars later in this section, in-

Bra;-—Ttuau

Tases 0 —Luny Camcer Deaths by Lonyth
of Empluymcar
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dicates that the wmicmbers of the cohurt
did not die from lung cancer at a youager
age than the general population.

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

Tasr. 10.—Lung Cancer Deaths by Exposure
Categury

Number of Persons sl Number of Lung Cancer Devibe

Ne. of Deaths
Faprure Ne. of
Category Permsny Preced Tewul
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Table 12, which deveh™ the fates 'fl‘f_
smokers and nunsmuheis 2 aost “f'k"‘!
Ic shows that ot 3 Wi c:\:c, of lery
ancer develrped among the 1265 nos-
smokers and that all casss "lun: cances
Sath “provc\'." and ".~u~p\'h~'. ocvurred 1
smokers. ) B
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mnokers iy have included a  larger
ercentage of young men. Consctjuently, ad-
duional Talles, 13, 14, and 13 were con-
structed to «hoow the distribution of smukers
and nonse.t ere by age, length of employv-
ment, aned oegree of exposure.  Although
there are alight differences, they do nat
account for the fact thar all observed cases
of ung ca:oor were in siwokers. In respect
a0 age (T.lle 13) the combined average
age of the w:slers was 4.9 vears less than
‘hat of thr annsmohers. Table 14 shows
that as far wy lengih of emplovinent is con-
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LUNG CANCER IV ASHLSTOS MINLRS

Tasts 1S—Number and Pereentsae Distribution
of Smokers und Nunmsmokers by
Exporwre Cotegury
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cerned, the smokers had worked about 2.3
yars less on the average than the non-
smokers. \With longer exposure and greater
age, one would expect the nonswmoking
group to show a hiyher rate if lung cancer
were due to asbestos. Table 13 shows that
the average exposure category was ahnost
the same for the-two groups. Therefore,
this variuble seems to be of ne imiportance
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.

Comporison of the Cohort Expericuce
with that of the Province of Quecbee, Do-
minion of Canada, and the Unitcd States.—
In order to make a comparison of the
experience among asbestos miners with that
of the gencral population of the Province of
Quebec, statistics were gathered, as stated
earlier, in the office of the Division of

Demwgraphy i the Proviacial Ministey of
Health. The data on total deaths, deaths
from all furms of cancer, and deaths Tron
cancer of the lung were obtamed by sex
and by county for the years 1930 through
1955. In addition, all death certificates
which specificd primary cancer of the lung,
and all thuse which indicated lung cancer
but did not specify the origin, were exane-
ined for the years 1932 through 1935,

Table 16 gives a tabulation of the nuimber
of deaths from lung cancer in the Province
and in the cohort for the years 1930 through
1933, amd shows the annual rate per 100,000
in these segments. It will be noted from the
table that the mortaliy rate f(or the
“proved” cases in the cohort is anly siightly
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 307
higher than the rate for the Province. This,
it will be recalled from the previous dis-
cussion of the effect of the *suspected”
cases on the results, approaches but docs
not exceed the significant level.

One further interesting observation from
Table 16 is the rather marked inzrease in
the total number of cases for the Province
between 1950 and 1935, It is assumexl that
at least part of this incrcase is duc to im-.
proved recognition and reporting of lung
cancer during the interval. For this reason,
the years 1934 and 1955 were thought to be
more nearly representative of actual condi-
tions. Even so, it is quite likely that the
general population i3 not studied for lung
cancer with the same diligence with which

Tasz 16 —Conmipanison of Cohort with Province of Quebes
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Proved ] 7 . ? ] 3 . n3
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Tarse 17.<lunyg Cuncer Dcaths for the Province of Quebec®
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this disease is looked for in the ntiners, and
it secemns 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
“caucer 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 two categorics in which the tuior was
specified as having originated in the lung.
ft will bc noted that, of the total cases
reparted in 1955, a much higher percentage
than in 1954 were specified as primary. The
table also shows that a higher percentage
of the total cascs certified in 1935 were
proved, again indicating increasing interest
in this disease,

A comparison has been made between
the age-specific rates shown in Table 17,
and thase for the cohort, shawn in Table 8.
An average of the 1954 and 1935 rates for
the Province has been used. since the 1933
figure was highcer amnd way have been ex-
ceptional.

66

for ege gToupS for raies (o Lhe total populition fur I8¢, aa giten

This comparison, summarized in Table
18, shows that the obscrved number ot
deaths in our sample is not significantly
greater than the expected number of deaths,
based on the average of the 1954 and 1955
figures for the Province. It is true that, in
the casc of the age group of 65 and ower,
the Ave deaths provide a figure which is
almost significant at the 9555 level. How-
cver, it shoukl be noted that this munber
includes one of the suspected but unprosved
cases previously referred to. Furthennore,
it is rather likely that the rate for the
genenal population is understated in this
age group, for the abvious reason that the
exact cause of death in the very old is not

‘Tastre 1B.—Comparison of the Actusl and
Expicted Number of Lungy Cancer
Deaihs’ by Age Among
Asbestos Miners
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LUNG CANCER IN ASRESTON MINERN

Tane 19.—dne Disiribution of Adult Mules for
the Protince of Quebee, 1951

Taner, 20 —dnnuwal Neath Rates pee 100000 [or
Cuncer of the Lung w Camadag ®
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® Rappert, 1034,

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

Table 18 also answers a question pre-
viously raised. It shows that the members
of the cohart have nor died from luag can-
cer at an age carlier than the general papu-
lation, and that such an explanation cannot
be offered fur the absence of lung caacer
in 240 men with more than 40 years of
employment referred to an pape 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 abserved from Table 19.

It should be remembered that the miners
retire and conscquently, it can be expected
that the oldest age group will be larger in
the general popuiation. The data presented
in Table 20 indicate that the lung cancer
rate gencrally decreases after age 70. There-
fore, we could expect the rate for all people
over 63 to be smaller than the rate for the
group between 63 and 73, which wauld apiply
to the oldcest group of miners. It is felt
that by using the whole adult male opula-
tion, we have developed rates for the gen-
eral population which arc comnew hat lower
than if we had been able to exciwde. the
people in the general population over 73.

A comparison betw cen the asbestos miners
and the population of the Damunion as a
whole was made, using statistical material
from several sources. In onc source, Phil-
lips ' gave age- and scx-specific rates for
Canada for three preriods between 1931 avd
1952, The rates for males are given in
Table 20.

These figures show strikingly the increase
in rates between 1931 and 1952, and this

Broun——Truon
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* “5turtality trom Lung Concer th Canula,’” 1831 w8 1682,

increase is particalarly marked after age
30. confirnming an obscriation previously
made, to the effect that uatit recently lung
cancer. has probably been underdiaguosed
in the older age groups in the general popu-
lation.

To use these fgures for purposes of
comparlsan, it is aecessary to combine the
rates for certain age groups in order to
conform to the age distributions used in this
study. - Since the exact populations in each
age group for the years indicated is not
kaown, this must be an approximation.
However, the rates would be somewhat as
follows:

Age Group Rase
20-44 [
45-54 . ' 27
1564 [
S+ 95

These rates are, in general, lower than
those developed for the total (proved and
suspected) cases of lung cancer among the
asbestos miners. The only large difference,
however, is in the age group of 65 years and
over, and it is cuite possible that the rate
for this group may have increased for
Canada between 1932 and 1954 as it dul
for the Provinee of Guebee ( Table 17).

A further comparizon has been made with
an ovee-all rate obtained frum the American
Cancer Sovicty for respiratory cancer deaths
in Camada in 1933, This rate, for malvs,
is 20.8 per 100,000, or 3 mare per 100.000
than Phillips’ 1930-1932 rate, and compares
with 233 (<r 100000 for proved cases and
338 per 100,0OG for total cases among the
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Tasie 2L —=Numbcr of Deaths and [Dvath Rules
per 100000 by rlae Groups for the clduit
Rlale Populatiin of the Umited Mtaies ®

Age Oroup Populatinn Cams Hete pey 100,000
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-5 YRy 2.ul0 =e
30 [ 3 XLV [ ¥ .
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Tetal 44,419,000 18,3 3.3

* Data frem “Vitel Siatistics of the Uniiel Statss,” Vol }
and 2, 1832 ‘

asbestos minars in this study. It is there-
fore obvious that there are no important
difierences” between the rates for asbestos
miners and those for the general population
of Quebec and the Dominion of Canada.

Since it is probable that figures for the
United States are mwre complete and, there-
fore, possibly morc cumparable to the data
for the mincers, age-spevific rates were com-
puted from “Vital Statistics of the United
States,” Volumes [ and 1I, for 1932, These
rates have been tabulated in Tabie 21.

It is apparent that these rates compare
favorably with thuse for the asbestos nuners
as shown in Table 8. Sdill other rates for
the Cuited 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 1935. They. are not
identical with the rate calculated from the
figures of the office of Vital Statistics, but
this is possibly because the American Can-
cer Sovicty rates are for males of all ages.
Nevertheless, they, too, comparc favorably
with the rates of 25 (or 34 for total cases)
obtaining among the asbestos miiners.

Turning for a2 moment to a comparison
between the asbestos mincrs and persons
who are exposed to asbestos in one form
or another (as distinguished from the gen-
eral population groups just discused, who
have no exposure) an interesting abserva-
tion can be descloped 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 about 8000. [lsewhere, it has been
estimated that the workers tn Englind who
have expnure total between 3000 and 5000,
With workers in Africa, Deminark, Nor.
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way, aml other countries, at least 30,000
persons must be exposed  throughiout the
world, and it can be aoumed that  thas
number has been fairly constant in the 20
years since 1935 when the firat case of
asbestuats with lung cancer was repurtul,
At lcast 1,000,000 inan-ycars of exposure
has thus been accumulated, and this fgure
can be divided by the approximartcly 150
cases of lung cancer with asbestosis re-
ported during the 20-ycar period. This
gives a rate of 13 per 100,000, which 5 at
lcast indicative that any lung cance: rate
which can be calculated for workers cx-
posed to asbestos dust is not much greater
than that for the unexposed popuiation.
Comparison Beticeen Eight Countics 1d-
Jocent to the Asbestos-Producing slrcas and
Eight Sclected Countics.—To compare lung
cancer mortality rates in the countivs sur-
rounding the asbestos-producing arcas with
another group of counties in which no as-
bestos miners arc likely to reside, the rates
were computed on the basis of figures for
the years 1950 through 1935. The eight
counties sclected for comipariscn were As-
genteuil, Chatcaugay, Montmagny, Port-
neuf, Richlicu, Riviere-du-Loup, St
Hyacinthe, and Terreboune, mainly because
they represent a wide gengraphic distribu-
tion throughout the Province. The counties
selected because of their proximity to the
asbestos mities include Arthabaska, Be:uce,
Drummond, Fronteuae, Megantic, Rich-
mond, Sherbrooke, and \Wolfe. Tabie 22
shows the number of lung cancer deaths
for the years 1930 through 1933 for each
of these countics, aud a nortality rate,
based on the adult male population in 1932,
To emphasize the comparison, Megantie
County has been shown scparately, as has
the I'rovince of Quebec and also the Prov-
ince with the cight “asbestos-prostucing™
countics subtracted., Decause of its unigue

"lung cancer death rate, Montreal et Isle de

Jusus has also been listed in order to provicde
further comiparison.

It is apparent from the table that the
lung cancer death rate for the cight countics

- Vel 17, June, 1933
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Taste 2. —Numbher of Lung Cuncer Ireaths and Rute poe 100000 XMun-Viars

o~
p——

Mals Lung Cancer ieathy *

Adult e

opuieen
Ceountiss Wi 13%0 198
Meeantie Couary 13,10 3
Faznt “Adiwent'” Counties [T s 3
Euht deimctent Uounsiks aVieer 2 0
Provintw ul Win-twc [ XITE 1% 0
PFrovince of Qurter less eight
Cadjarent” cuntes 1iman 190 anr
Meatreal at Lale cte dcrus E K] 3 1

Rate jer
2 [ Ch ) 1n4 (1 11) Teatd [I7 XLV

3 3 1 4 1 e

1 ] 1) 4 1. » LX)

3 in 3 L w L1
P{1) p 1Y) p ] . 1638 e
DA > » M 130 as
138 1] 1.3 b1} e 23

* It @ amumed that all mate lung cncer deaths weourred sfter age 0.

immediately surrounding the asbestos-pro-
ducing areas is practically identical with that
of eight countics sclected for comparison.
While Megantic County has a rate ncarly
twice that of the combined cight selected
countics, it is lower than the rate for the
Province, and considerably lower than the
rate for Montreal. The Agure for Montreal
would certainly be higher except for the
very low numbers of deaths reported for
1950 and 1951, and it would appear that
in those years some error in reporting has
undoubtedly bevn made. On the basis of the
ather ycars, 1930 and 1931 deaths would be
expected to be about 200 greater. This
would rcsult in a rate of 40 per 100,000,

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

Comment on All Recorded lung Cancer
Cases, Living and Dead, among the isbes-
tos Miners.—Although a simple enumera-
tion of all the hnown or suspected cases of
cancer of the lung in these areas has no
particular value from a statistical point of
view, it 1s of interest to summarize such
ases for the record. There were nine deaths
prior to the beginning of the time period
covered by the study, including onc in which
the diagnosis was metliastinal lywphosar-
coma. During the periunl covered by this
investigation, there were nine proved cases
and three suspected cases in the cohort.
Through 1936 and to date in 1937, there
were cight deaths, six of which were merely

Breun—Truan’

sugpestive of cancer of the lung and in-

cluded such diagnonscs as mediastinal

lymphusarcoma, mesothelionia, cancer of the
leg with mictastases to lung, abscess of lung,
and cancer of the pancreas. Onc other was
diagmwsed on the basis of x-ray only. In
addition, there are now living four cases in
which the diagnosuc evidence is strongly
suggestive of lung cancer. This is a total of
33 cases of all types, including 10 “sus-
pucted™ but unproved cases, and 4 that are
stiil living., The remaining 19 constitute the
total of proved cascs of cancer of the lung
among the aslwestos miners since 1940.

The proved cases averaged 39 years of
age at dcath, 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 ycars. Only
three men had less than 25 years of em-
ployment in the industey. Seven among
those on whom such information is avail-
able hacdl a weighted exposure placing them
in Category IIL, and six worked in an
exposure represeated by Category 1.

There were only 17 among these proved
lung cancer cases in which we have in-
formation regarding the presence of as-
bestosis.  Asbestosis was present in ninc,
although it was misunal in two. Two path-
ohugists dizagreed regurding its presence in
another. At lcast scven of the 19 proved
lung cancers, therefore, were not accom-
panicd by asbestosis.

Summary and Conclusions

Interest in the question of whether there
may be an association between lung cancer

- 649
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and exposure to asbestos has been evident
since the report in 1935 by Lynch and Smath
of a case in which lung cancer and asbes-
tosis were both present. As additional cases
in which the two diseases cocxisted were
reporicd, a causal assuciation -appears to
have been graudually accepted by wmany
authors, although some workers considered
the correlation to be inconctusive. The pres-
ent study was undertaken in an effort to de-
termine whether a causal relationship did,
in fact, exist betwern exposure to asbestos
and cancer of the lung.

Since most earlicr studies had been
limited to cnwmcrating the lung cancers
found in certain selected samples, such as
cascs coming to autopsy or death certificates
in which asbestosis was mentioned, it was
apparent that they could not fultill 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 Qucbee, based on their medical
records. A cohort was dchned as a group
of asbestos miners having at least five ycars
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 cxhaustive scarch of death certif-
icates and insurance rccords was carricd out
in order to determine as nearly as possible
the exact cause of death. Martality: rates
from lung cancer for the general population
of the Pravince of Quclbec and its various
counties and for the Duminion of Caunada,
as well as the United States were calculated
from statistics collected in the appropriate
places. Comparisons of the rates obtained
for asbestos workers and {or the other popu-
lation groups were made according to ac-
cepted statistical methods.

Records were olitained on 6091 persons
who fulfillcd the criteria of the cohort. It

650

was i juisaible to trace 133 of these for
the whole period, but 3771 of the renining
5938 were found to be still living 1 1935
or later. Of the 187 known dead, cancer
of the lung was considered to have been
rcasonsbly proved in 9 and to be strougly
suggested in 3.

The mambers of the cohort were studicd
with respect to age, length of cmployment.
a weighted average of thair exposure,. and
their smoking habits. It was found that
4673 were smokers within the defisution of
that term as used in this study. Thisty-four
per cent of the cohaort were more than 4%
years of age, and thirty per cent had been
cmployved for longer than 20 years. Thirty
per cent had a weighted expo-ure which
placed themn in the category of highest ex-
posure.

The mortality rate for lung cancer. as
computcd on the basis of mmne “proved™
deaths among the cohort was 23.3 per 100.-
000. When the three “suspected™ cases were
added, the “total™ rate for the cohort rose
to 33.8. The importance of the suspected
but unproved cases in determining thesc
rates has been reiterated because it is likely
that such cases would not be included in
the statistics for the gencral population and
because they influcnce the results so mark-
edly. —_—

According to the Andings in this study.
the mortality rate from lung cancer does
not appear to increase with length of ex-
posuse or with degree of cxposure, 3 fact
which presents strong cvidence against the
carcinogenicity of asbestos. oo |

Comparison of the expericnce among the
asbesias atiners with that of various seg-
ments of the unexposed, commparable popa-
lavion shows that the observed nunber of
deaths anwong the miners is not sigiiiicantly
greater than the expected number. The rate
for proved cases among the asbestos niiaers

233 per 100,000) comparcs weil with the
rate of 22.3 per 100,000 for the rest of the
Provice, and 20.8 per 100,000 four adult
maks throughaut the Duminion of Canula,
It alo compares satisfaciorily with rates

Vel. 17, June. 1988
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LUNG CANCLR IN ANBESTOS MINERS

of 37.2, 25.3. and 28.0 obtaincd frone carious
sources for adult males in the Uned States.
Finally, in this matter of cumpuarison, o
would appcar that the workl-wule expericnee
of pursons exposcd to ashwestos dust is nut
worse with respect to lung cancer than that
of the unexposed population.

The countics surrounding the astastos-
producing arcas, in which it s presuned
most of the asbestos miners live, have al-
most identical mortality rates with those of
cight counties widely seattered through the
Proviuce. and arc lower than those for the
remainder of the Provinee, an! wmch lower
than the rate for Montreal.

Since 1940 there have been 19 cases in
which the diagnosis of primary cancer of
the lung may b considerad to have been
proved. Approximately half of these cases
were assaciated with asbestosis. ANl but one
died in the recopnized “cancer-age™ and at
least one-third had ounly the lightest ex-
posure (Category 1) 1o asbestos dust,

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

surthenore, the death rate from lung
cancer in the areas contiguous to the asbes-
tos opurations is comparable to that in arcas
widely scattered throughout the Provinve of
Quetee and is lower than in some urban-
ized arcas within the Province.
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