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Lung Cancer in Asbestos Miners

DANIEL C BRAUM, MO, end T. DAVID TRUAN, M.A. Pimbergh

Ever since the pronounced increase in
the inudence of lung @ncer among males
became apparent, there have been attempts
10 associate it with one or another of the
various eienets in the environment of
man. The aoproach used by some workers
has been to suspect one or several sub-
stagces and then ser about in an intensive
searca for lung cancer among persons who
have nad anv =xoosure 1o those materials.
In <us connzcton Smuth @ writes: “"The
tengeiey 0f auinars feporuing the comnc-
dentai occurrence of primary lung cancer
with silicosts or with anv otner theoretal
etioioge conaifions. has been o empnasize
the percenisge reiatonship in extremeiv
smal series of Qses. with control cases
which are not in any way comparaoie.”

It would seem inevitabie that asbestos
should come under scruimy n this manner,
because proionged exposure lo this material
is known to Quse 1 speafic rype of pneu-
moconiosis, and because persons who show
this form of pneunioconiosis often cone to
autopsy and provide . ready source of
materal for study. [t was in this way thac
reports of the simultaneous occurrence of
Iuﬁg ance: and asbestosis Legan 'o accu-
mulate after the -eport of a ase b l.ymch
and Smith * in 1935, Within the next !0
years. about 15 additonal cases were re-
ported. and in 1934 Merewether ™ reviewed
all deaths from asbestosis recarded in Eng-
land since March, 1924, Lung ancer oc-
curred in 165 of these cses Giovne
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whase work s also frequendy referred o
as estadlishing 2 connection betwesn asbes-
tosis and ancer of the lung, reported in
1951 that cancer of the lung was present
in 14.15% of asbestosis cases examined by
him. In 1941, Nordmann and Sorge™
claimed to have produced lung @ncer in
mice whicn they exposed to asbestos dust.

Since 1931, additional cases oi cancer of
the itung coexisting with asbestosis have
_Seen remerte2, and, according to Huensr
avout i0C suca cases had be=n reporied un
1o 1932, As a2 result, ut association detween
the two ciseases appears to have deen ac-
cented by many authors, and severai writers
were unng e term Tasbestasis ancer” of
the lung  Werper®™ in 1932, siatec Qte-
gorially at i 7<% to 17% of cses ot
aspestosis. after a latent pertod of about
1Y5 to 20 years, cartinoma becomes estab-
lished in the lung.

On the other hand, not all authors ac-
cepted  Uus  alleged  association  without
reservation. Saupe ™ m 1939 reported that
he had discovered no cases of lung cncer
among 620 cases of asbestosis when he
had exarmined: and in 1942, Hoiled and
Angrist'! expressed the opimion that the
numoer of cses of asbestosis with lung
Q@ncer was (a0 smail for stausncal evalua-
tion. In 1947, Wegelius ** reported 126
radiolugically diagnosed cases of asbestosis
among 476 workers in Finland, and found
no cases of lung cancer n Uus group.
Coldblatt and Goldblatt in their saction of
Merewether’s latest dook,* sate: “But at
no <age in all these impressive researches
was any clue obtamed which wrught have
ofered any support 1o the possibilicy tha
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LUNG CANCER IN ASBESTOS MINERS

is no refiable crierion by which one cn
atbicijate aranogemany aid. 35 s well
known, relauvely minute chauges in the
structure of a chenucai caronogen are suffi-
cient to dunnush or chinnaie circinugenic
acuon.

1f Bbestos is innleed 1o be regarded «s 2
arcngen, the need s felt 1o demonstrale
some property whicth an be regarded as
something wore than inertness.”

These authors advance the theory that,
antil some more expenmental evidence of
direct caranogeesis by asbestos or a de-
cumiposition product of it cn be vbamerd.
asbestos imight be considered us 2 “co-ar-
cinngen” which only induces a further de-
veioprnent of a pregecolaste  cundition
braugnt about by >omedung independent of
the «sde~10s. stich as an undogenuus factor,

Thus the tneriure, wiie tending tn sure-
pont the thesis that asbettosis s 1 sone
way relaled to the deveiopinent of lung
@ncer, 15 by nou ueans unaniious. Alte-
gewer, it s perbaps more confusing than
aiiigntemung. A creiul review showy that
the mujonty of the redons are chmal and
not epidemiolograal. They lack many eie-
ments necesmary [or the applicauon of
epidennologral techniques to their content,
and most of the authors do oot make claim
to having done so. What has happened 13
that succeeding authors have drawn conciu-
sions and generalized beyond the scopx of
the works which thev quote. Nowhere, ior
example, have we {ound references to J
popuicrtion of asbestos workers, although
severat authors who have quuted the ob-
served mcidence of lung ancer 1 autopsies
of pevsons who also hod asbesiosis implv
that this incidence applies to asbesios work-
ers, generally. We have hkewise beem
unable 10 find any study which actually
clcujated the inadence of fung ancer
among a populsuon of person< who had
asbestosis, and not just thote who cune tn
autopsy. With the exception nf .
‘:' n’)".” noue of those r<\|r-¢d give ans

jiper

data on expuaure aind Just concontrativns,

ad cvien Doil's paper "merely mentions
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“schedulal™ arcus, Ly which 15 meant,
“thuse areny where proces:os are gacried on
which were scheduied under the .?tbeslos
Industry  Regulatnons of 1931
dusey.” .

There is, furtheriore, a compilete lack
of definttion of 1ermis as used in the mub-
lished literature. For example, the term
“asbestosis,” a5 used, may refer 10 changes
observable only by microscopic exuninanon
of the lung tissue, or it may mean 1 radio-
logicily detectable condition.

Most oi the published reports vovously
included women among ther cises, but
~mne uf them do not give the number or
proportion of woinen involved 1n the study.

as being

There i< alsn 2 jack of uniiormuty as to
what tviw of expasure most studies have
Aealt with, ()f 99 caxes cnunerated by
Hueper * i 1955, unly 10 aprear aave
nriginated in the United Swtes. and 7 in
Canadua. Sumc of the eariier reparts ap-
parently mcluded asbestos miners, but 1t
@n be .xsumed, since 82 of the 99 ases
had ooguated in England. and swce no
4cbestos wnning operations are arrted on
in that country, that most of the repored
cses have invoived workers in the texaie
or {abmeaanng industnes.

Such factors as smoking habits. famuly
history of cancer, length of ume in the
mdustrv, and ae= of the indindual ase are
aleo notably ahsent in the majonry oi these
reports.

With this understanding of the iumiaa-
tions of the existing literature with respect
10 epidermoingical generalication, it may be
nf value to consider in soinewhat more de-
tail «ome representative earlier publicaons,
1 few af which were referred to bnedy
above.

Qe of the most detailed studies and one
which deserves the inost serious considera-
tion is that reparted by Doll *' ;q (955,
Thic sunly reviews cauces of deach among
asbestos workers based an coroners’ rec-
TE alwr Wit R

vnels ~eeit wie 113K

by “udying revords of mien who worked
for uc least 20 year; in cxposed sitwauons.
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Doll concluded that lung cancer was a spe-
Cific industriai hazard of certam asbestos
workers and that, aiter 20 vears oi expo-
sure, the rish is 10 tunes as great as for
the general population.

Thes articie is imporiant fur several rea-
sons, in addinon to the defimte zonclusions
at which it arrives, For example. 1t begins
by staung that “in view of the infrequency
of asbestosis. this large number of cases
161 cases of lung cancer) suggests—but
does not prove—that lung cancer is an
occupational hazard of asbestos workers.”
Neither this article nor any previous one
which we have examined presents anv fig-
ures 1o prove that asbesiosir is an mire-
(uent occurrence. Esumates of the number
uf persons polenuallv exnosed to asbestos
dust :n the Lmited States alone varv from
10,000 to 32270, and :ine incigence of as-
bestos:s of any degree mugnt Ye higher than
Doil imagnes.

This study. like so munv athers. involves
autopsv records. The numiber oi persons
involved n the stausual anaivsis s only
113, represenung only 1.042.25 nan-vears
ot life. It is also true that in seiecung men
who had been empioved for at least 20
vears, the study automaticaliv  exciuded
those who died from other cau<es afrer
shorter emplovment.

Anagther reason wiy thic publiation s
of impartance is a statement which it con-
tainy to the efiect that “the sirongest evie
dence thac 1¢ (huig cancer} may be a hazard
{in asbestos workers) has been proxduced
by Merewether and by Glovne.”

In 1951 Giowvne'* presented a review
of {205 auvtopsies on persons who had
worked in vanous dusty occupations. This
number included 132 asbestns workers. of
whom (2] showed "pneumocomosis”—pre-
sumably asbestosis. Primaryv cancer of the
lung ucturted 17 times in this group, an
incidence rate of 14.1%% for lung ancer
wunong asbestosis cases comeng 1o aulopsy.
There were in his series 796 cases wath sthi-
~—==ie sed AQCL of thee also shawed pni-
niary ancer of the lung  The incidence of
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lung canver in other forms of preunocome~
sis was 8§70, and n 169 cases which
proved unot tu have any type of pneumo.
coniosts 1t Mwas 8.}(.r GlO)’ht considerenl
“the murality of the asbestos workers” 10
be “disturbing.” First of all, it 15 obvious
that the paper does not deal with the "inor-
tality of asbestos workers.” and secondly.
it must be bormne m mind that all of Dr.
Glovne's cases were submitted 1o him for
study because the findings were unusual
for uncomplicate] pneumoconions. i an
reasonably be asumed that @ses, including
those af asbesiosis, in which the Anding-
were nnt considered unusual were net cent
1o Dr. Glovne far examination. As a mat
ter of fact. i the same paragraph n which
he exjpresses cancern over the tncidence

rate :n asbestosis, Dr. Glovne himseri

points out that the rate for lung cance:
bases on nevropsies at the London Chest
Hospital was 21.5% winie the figures of
the Registrar-General showed only 2.4%
He thus recogmized that autopsies on a ver-
1N <ciecied group of cases were nut ren-
resentative of the general popuiation It
would <eemn. then, that nonwithstanding the
vaive of Dr. Glavne's work. its importance
as an index of the prevalence ai lung can-
cer 1n asLestotics has been misinterpretes
by sore who have yuoted him. All that ot
reaily shnws is the fac: that in a group of
121 caces. selevted for special study pn-
marily beciuse they seemerd abnormal by
prefinnnary exantanon, 17, ne 14177 had
lung «ancer

Merewether 7> in 1947, ia the report of
the Chief Tnapector oi Facturies, reviewed
all cases reported Letwenn (924 and 1946
in which aabustomis was the cause of death
ar a woexisting conditun. This work was
fater extended 0 nclude all such cases re-
ported up 1o Decomber, 1934, by which ume
there were 344 dcaths, including 205 males
and 139 fanales. Amang 1themt were 53
asex (16%) of ancer of the lang, 41
malec and 14 in {emales. [t 15 quite (mysible
that a large number nf achmtrvice wha Adid
nat die nf their asbestosis, or in whoe
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ILUNG CANCER IN ASULSTOS MINERS

death certificate it was not mentioned, may
have been missed. The unpart of this 16%
1t enhanced by the simuitanenus statement
that the mcidence of lung cancer 1n autop-
sies of the peneral population is only [ %.
The danger of autempung to compare 2
rate found in 344 cases with the rate for
the general population without respect to
age, occupation, and many other variables.
such as smoking habits, 1s obvious,

Linech.’® who with Smith ¥ had reported
the first ase in 1933, reported 4 cases of
caranoma of the lung in a series of 49
autopsies on workers in an asbestos manu-
factunng plant who were thown w have
“demonstrable deposits of asbestos in the
lungs.” This, of course. is not necessarily
identical with the disease asbestnsic. Lymch.
himseil, points our tha:, although this 1s an
inaidence of 8.2S¢, "both figures are 100
small for very serious statishcal tvpes of
aiculation.”  Newverthotess, later  writers
have used this paper to strengthen the ase
for an association of carcinoma of the lung
with asdestosts [t is also of mterest that
Kiotz ¥ found oniy the same number of
cases of lung cancer 1 a series nearly 10
Hmes as large. 1. e, 4 in 478 Gses of
asbestous.

Behrens, as ated by Merewether,™® esti-
mated that, of 309 cases of asbestosis in the
literature, 44 showed associated ancer of
the lung—giving an inadence of 142%.
This is an llustration of generalizing an
incidence obtained in 2 group of cases
which were undoubtedly reported only ée-
cause some of them showed lung ancer, to
possiblv  hundreds of asbestouics whose
Qses were never reported. The same ap-
plies to the conciusion of Teleky,* who
appears to have reviewed reports of J9
autopsies on persans 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 wnnten so exten-
sivelv on the subiect as has Hueper ¥
In 1933 he reviewed the cses** reported

Brawn—Truga

prioe to that date and enumerated 2 1ot
of 99 Eleven of these were those dis-
cussed by Doll ** and may have been cases
coversd bv other authors. Eight were dis-
covered bv Kennaway and Kennaway @ in
an analysis of death certificates, and. uniess
Merewether's study was incompiete, these
cses should have been included in his re-
port. Of the remaming 80, it is quite pos-
sible that the 31 contributed by Merewether
and the 17 by Gloyne contain some dupheca-
non with each other or with thase of other
Enghish authors.

Principles of the Epidemiological
Method

Dom 3 has ~winted out that much af what

is now thoug~t :0 be perunent ccncerming
the ¢omparaiive frecuemev of lung ancer
in diferent rozuiation groups has dezn de-
veloped from the anaiveis of chneal ma-
terial, particurarly  surgal and  autopsy
records, suppiemented to some extent bv
the repomed wmpressions of varous cimi-
aans based wpon therr personal obsera-
nons.  More reeently, however. atiznuor
has tumned to the systemauc :nvesug:-
ton of this aroblem by the same methods
that have proved 50 successiul previousiv in
the study oi commumicable diseases, that s
to say. by eprdemiclogyal methods.

In aorder to apply this method of investi-
gation (o the problem under discussion. we
were of the opinton that 2 study should be
pianned to as to pravide (1) a weil-definea
poputation group: (2) avaiiable data for aill
memoers of this populauien, including the
heaithy as well as the ill; (3) 3 sample
which 18 truly representative of the popula-
tion; (4) reliable and vahid observation:
relating to the problem of the study.

A serous defect. common to most of the
studies which have been reported, is that
little or no information concerning the
healthv people in the group seems to have
been avasiable 1o the author. [n order to
draw 3 generalizanion regarding all asbe<rne
workers, 1t 15 necessary for 3 study to in-
clude living persons as well as the dead
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Limiung the investigation lo cases coming
to autopsy, as has been frequently done in
earlier studies, still further restricts its use
in generalizanon. The prodlem with which
we are concerned is whether asbesios
miners experience more lung cancer than
does the general population. The answer
necessitates the coilection of reliable infor-
mation on asbestes miners as a group, as
weil as on the general papulation.

It seems advisable to discuss the difier-
ences benveen the epidemioiogical approach
and that used in the studies which have
been repored lo date. A very imporant
consideranon is the fact that lung cancer
in spite of its increasing numbers, s still a
disease of iow incidence: that is, in a gven
pooutation nat manv persons will contrac:
this partczlar disease  This fact requirss
that 'arge tannies o grouns must be stug-
ied to prov-de meamingiul resuits.

Recogmizing tne difficulsy of oblaining
such large samples. most earter wriers
deviated from the emdemiological method
and sougnt 10 circumvent the reguirement
of observiry well persons by (1) comipar-
Ing the reiciive [requency of Cancer in var-
ous sites: (2) companing the refatne
frequency of cancer in a group of haspitai-
ized pattents: (3} comparing the relatuve
frequency of ancer in a group of cases
coming o autopsy.

Attenpting to compare two  papulition
grouns. Inoking only at the relarive fre-
quency of cncer in vanious bardv sies
may result in finding 2 higher perccntage
trelative freguency) in one of the groups.
when, in fact, the mortaluy rate of cancer
of a2 parucular organ s exactly the same
in both groups. This is- very cleariv dem-
onstraled in the excellent article by Dorn.3®
The moruality rate from a particular Guse
is the true measure of companson.

It is apparent that seiected groups such
as hospitalized patients or autopsy  cases
may not be in any way representative of
a larger group, and that in dealing wrth
such samples. the observer may easily find
wiwes wares of 3 given disease than would
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be found in anuther group of the saine size,
but renresentatne of the general population.
It 1s true that mestigation of cases from
such 1 sample can furmsh informaton
valuabie for research. but the use of this
informanion n drawing generalizations 13
necessariiy restricted. [t is the obligation
of both the invesugator and oi those who
read his regort 1o make proper compansons
and to draw only those conclusions which
are valid and justfied. A good statisucal
study of cases of cancer of the lung occur-
nng 1n a group uf autopsies can lead to a
proper inference concerning the frequency
of lung cncer among cases comng to
autopsv. but onlv 1o such cases. For in-
formauon from such a3 study to be pro-
jected 13 tome largzr gToup, it s necessary
that the auropsies sent 3 good sardie
of that .arger grous To assume that suca
15 the case :n any partcuaiar series 15 dan-
gerous and hikelv o be lalse.

There ts some danger that the Agure<
reported by some authors may be miscon-
strued o5 apPIVINg 1w asbestos worxers ar
even JasDestos miners. when, in faci, the
duthort in gueshion do not make this gen-
erabzation. noe can the generaiization be
made for the reasons stated. Close studv of
the reports reveais that the percentages
ater refate anly 10 the group of autopsies
covered by the paricuiar invesugation.

The present study, in contrast (@ the
earhier works, has been planned to unlize
the epnderminiogical method. A weil-defined
group af astxstos miners has been estab-
lished 10 such a wav that it canstitutes a
guod ~anmiple uf the whaole f\of\l:)htlorl ul
asbests minery in Quebec. Data for ail
mermnbers of this group have been callected
and analyzed. Those concerming lung ar-
cer have recerved mast careful considers-
tion. Detuls of the methods cmploved will
he st farth fater. but the type of J“:rlroach
in considered to permit of fair companeons
and validd generalizations,

Collection and Analysis of Dana
A prelsninary surves <f L_ L. swuices
of informauon in Februsry, 1956, involved
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discussions with the phvsicans Gn charge
nf the asbestos cuntpitiies’ prageis
with clintcians, jatholn@iss, represeisatines
af Citv.and Provincial health depamunenis
anel ol: the Canadian Canver Socieiv, and
other interested prersems. 1t was fuoml that
marbrdity data, although ~omewhat hnnred,
were a\;«ibblr.frnnl such wrces az the
hospitals in Montreal and Quebey L'il.\" anld
the 13 cancer derection centers m the i'rov.
ince. Howerer. beciu~e of the high mue.
tality in lung cwwer, it ceumed advisahle
tu dJepend uvpon data relating o deaths.
The-e we found 10 be obtamuble ar the
vital statisics deparinen af the Minerry
of Health 11 Queber City.
llmln.‘lr}' FIPAVCY | W@ ajrparent thag exien-
vive and deaied i he
gatnered with respreect tn bnih the jerenns
cnpivved m rthe asbectos nummg indusery
and the mueiality figures for the general

Frinan the re-

niurmation

e epulation

Followmg this explominm catrvey  the
inttial ¢Rner wus directerd 10 the coilevtion
of data refating to all woarker< wha had
been [iroce-ted thruugh the chinic at Thet-
ford Mine< since 1ts inception wi 1947 anrl
suniiar infonnation regarding all workere
ar Asbestos. Que. Dawa fram the «lineal
recueds inciuded the age. fanniv and per-
«wnal medial histnriee smoking  hahies
number of vears of exjwmure. an crnmate
ol weighted exposure. and The courte of
the intlividoal’s health <tatue ar the (anee
nf his deaih.

From this infonmation it was jecable
ta formulale a “cohnrt”” which couid be well
dlefined. should be
whole group, and couid be fnllowed f(or a
definite penod of time. All of the available
experience indicates that the desvelopmient
of asbestosis in less than Ave vearc of cx-
posure must be comewhat rare. Acenrd-
ingly, the cohurt was definerd as indluding
every miner who had a total expncure of

repiresentanve of  the

five ur more yars, and who was on the
empioyment rolls in 1930 Office and other
nonexposed personnel. regardless of length
of empioyment. were not included. This

Bravm— T ruan

woiurt was then todlowed by means of the
annual  pshy seat recurds
through a wix-vear interval, 1950 througn
1933, Al Jawu regurding this group were
then tabulated 1n order to detennme the
characierstics uf the cohort. Foar thuse who
survived the enure period. reference was
inade :0 the physical examinauon results
and x-my findings at the end of the period.
Those who had died were tabulated sepa-
rately, and the cuse of death was
vorroburated hy exammnauon of the death
cernicates. A further search was made
«oncerming thase in the onginal cohort who
rentained unaucounted for when the fiving
and the hnuwn dead had beem tabulated.
Thew reresent men who had left empioy-
men: thArcugh  retirement o resignation.
Inveatvadiv all but a small number af these
nere acevunted for as esther living or dead.
and m the latter event, the cause of death
was supslantiated in a2 amilar manner, and
the resuite ardded in the ongnal list of
leains

pXdnunanon

Deatn cernifcates for the Province of
Quewec far the years 1932 to 1933, inclu-
ave, were reviewed in the depantment of
wvtal sausucs of the Provincal Health
Ministry, together with satistical sum-
maries of the causes of deaths in the Prov-
ince by counties. All cases in which death
was certfied as having been due (o pn-
mary ancer of the iung were exanuned for
~uch niamnation as place of residence.
nccunaton, date of death, hospitai in which
death occurred. and whether or nnt an
autonsy was periormed. Cases in which
lung cancer was piven as 3 cause of death.
but :n which 1t was not specified as (o
whether the cancer oripinated in the lung,
were also reviewed in an eflort to include
all instances of primary aranoma of the
lung n the study.

The statistics for the Province of Quebec
relate 10 population. toral deaths from all
vauses, total deaths from mpziz o N L
and deaths from tung cancer. These were
collected and tabuisted by counties and by
sex for the years 1950 to 1933, inclusive.

839
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From them, death rates for the general
population of Quebec and of individuai
counties were calculated for specific years
and analyzed by quse.

Pracnically ail empiovees of one company
are covered by a group policy of life insur-
ance which, fortunately, nearly ail of them
continue to crry when they retire. A very
few are not covered by this policy, and
those who leave the industrv for one reason
or another exceot retirement usuaily are
no longer covered, but this is likewise a
small number. As an additionai 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
particuiar notice was taxen of the claims

in which :he proof of ceath was basea on’

cancer of the lung.

Deaths irom lung cancer among asbestos
nuners were thus determined from the
climcal records in the med:ical service of the
industry and checked by means of the death
ceruficates and insurance company records.
The deaths were then venfied individually
by reviewing them with the phyvsicians in
charge of the medial services. [n this man-
ner, there was established a list of cases in
which pnmary cancer ot the lung is con-
sidered to have beent proved as the Quse af
death. A few ases in which lung cancer it
strongly <uspected but not proved as the
cause of death were considered separareiy.
Mortatiry rates have been caiculated using
both the “prover™ and the to:l nf “proved”
and “suspected” ases dunng the years un.
der obsemation. Comparisnns were then
made benvern the death mies frami the <amne
causc among pecrfic sepments of unexrosed
persans.  All lung ancer deaths, both
suspected and proved, were carefuily ana-
Iyzed to determine possibic relat:on<hip or
correlations between the development of
tung cancer and any factor known frow the
clinical reconds, such as family history of
cancer, {=rsonal history of heavy sinoking.
caarsienice Nt asbestomis, of expo<ure 1o
asbestos.
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Lt additen 10 this analvais of deaths oc-
curring in the cohor: and dunng the vears
under ubser:ation, every known death from
vancer of the iung, as well a5 every ase
diagnosed but sull hving, has been tabuiated
and analyzed. They wiil be discussed separ-
ately from those included in the population
and time-interval under study.

A companson of lung cncer mortality
in the asbestos-producing counties has been
made with that in counues which are far
remnoved from the asbestos wmines and o
which, presumably, no asbesios muners live.

Finally, in order 10 broaden the compan-
sun ni death rates n different popuiation
groups, the rates have been vollected for
Canada generaily, ana for the Unted States.
acvoryging ;o tre ol mecent puodlished and
mnpudlisned mater:ai

Resuits and [nterpretation

The conurs which was constructed accord-
g 10 the criteria described in the preceding
section has been voneuiersd indinviduaidy and
compared with the genersl population.
Descripuon oi the conort wiil be pretented
here as 3 preface to the results of the study:

Origimast Cobore [ X2}
lant Feremie Uenducred 133
Finai Cohert 1.958

liewre v 1953 (s mwhing armi rememl) §oT
liesd by 1983 a7
Cancer of lune ’
roestonzide canrre af lung 3
IRiver causes 16
1 akrmen caums [y
Sonanrs e
N imsery 1285
Uokimnn 0

Tables 1. 2. 3. and 3 present age. number
of yvars of cnpluvinent, weighed average
cxpnsure, and wnoking habits ai the cohort.

A comparism of the exposure tu asbestos
dust 1> presentetl in Table 3. All members
af the cohart were placed 1 one of three
Gitegnnes, representing ncreasing degrees
al exposure hased un a weighterd average
af the years spent at iarouy levels of
dustiness. The degree ol ducuness for cach
job cStegory was determined afier ~p=oetos
tion with persons fanuliar with the envienn.
nient and condilions ia the various wark
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LUNG C.ANCER IN ASBLSTOY MINERS

amd Percemtage Ditrdutum  Tapig 2. Number ond Prreeviane Disirbuion by
by Age Lennth or Empioyment
Al Number Pee Comt " {
- ;,l;',.:?u,:m Numoer Pu Cant
1%0° “
1t o 1.1y »
1) 18 om ©
ity 3 [ i
H H w3 1
— - m 2
LR 100 L) 1
“ —_ -
1134 ]

* Lem than 4.3 %

areas. For the purposes of calculation, the
assumption has been made that the refation-
ship between these categomes is linear, and
that Category [I is twice as dusry, and
Categor: I three times as dusty as Cate-
gory 1.

TasLr J—Numorr and Pevcentage Jistmbunim
dv Zrpesure Lairgory

ually smoking mare than five cigarentzs per
day. Persons who smoxe pipes or cgars
exclusively were not cunsidered to be smox-
ers for the purpose of this study.

Table 3 presents the vea -ov-year ex-
perience of the cohort and :ndicates the

Tastt 4 —Numors 3ad Perremtsge Dutmbunon
= Ymotimg mzomis

Erpowre
Cauwsgary ~Nurshee Ter Caot
t La 3¢
H »
20
Untnewn. .
Town. . :;

Averses Ecsposume

* lem t2an 03 %,

The fourth variable, sinoking habits, was
similarty wbulated and 15 shown 1n Table
4. This was included because the informa-
tion was availabie and because smoking was
regarded as one of the variables which,
besides the emvironment, couid conceivably
influence the development oi lung cancer.
As used in this presentation, the term
smoker refers 10 a cigarette wnoher, habit-

Smeticr
dasia Nomsoer Per Cent
Smavery .6 H
9 1.8 i
] .
3aa oo

* Lap g 03 %

number of deaths each vear from specified
causes. [n general, a case was considersd
10 be “proved” as one of priman ancer
of the lung when the records showed that
the diagnosis had been supported by an
autopsy or surgraal reseczion of the lung
with nucroscopie examination of the re-
moved nssue. In one ase so considered,
hmwever, diagnosts was confirmea by bron-

Tastg S.—VYear-by-7ear Exserience of Cohort and Death Rater per 100 000
Man-Veors of Ruk

Caume of Deacd
No. thee Proved Suromcted
At Betinniee Prrasry Other
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A M. A H4RCHIUES

OF INDUSTRIAL HIEHLTH

Tast 6.—="Prozed” Caser of Pr;mry Cancer of the Lung

Cam No. Are Smoker Eronure Ored tutepst LiGesions
\ - Yes MvowcCait 101331 N Yu
1 Py Yo Wy Can L > 1033 Yes e
1 res Yes Wy anCarnl 7o 58 ~o i
. » Y3 I ye.1a Cae. } =203 Yes ~o
3 Py Yo Sy aCat il -3l Yres e
I . Yes L yrowa Car il 303 des e1
H Yy Yes 03718 Cat. (] 1n-72-83 Yes Yes
[ Eel Yes 16 yr. ta Cae | - > Yes No
] - Yes Sy Coc lld =33 Broach. Neo
choscopy with visualization and biopsy. In  would be very close to the 95% ‘level

another, aittough there was no autopsy, the
diagnosis of primary cncer oi the lung
seerns to have been bevond question.

The term “suspected” pnmary ancer o
the lung was applied to those cises n
which the diagnosis remains in doubt but
some of e evidence points to cancer of the
lung. There were tnree such ases N

The tem— “man-vears of sk has Deen
used 10 m=an the number of men at risk
for the vear under observation. A person
who lived througnout the vear was counted
as a full man-vear of risk. but one who died
during the vear was counted as one-naif a
man-vear,

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

An indication of the importance of these
“suspected” cases in interpreting the results
of the calculanons is desirable Leinre fur-
ther discussion of the moraiwty rates which
are dertved in later tables. For example, it-
happens that the rate found for the proved
cases is close to the "expected” rate based
on the generai population figures for the
Province, as will be shown later, and on
this basis we should find eicht deaths from
lung cancer among the cnhort.  Actually,
nine cases were observed. [, however, the
3 additional “suspected” cates were in-
cluded, increasing this figure to 12, the total

-

of sigificance. However, having found rust
12 cases, we are not above this level. and
thereiore the hypothesis that asbestos nuners
do not have a hgher mortality [rom iung
aancer than does the general population can-
not be rejected. Nevertneless, the occur-
rence of 12 cases in this sampie wouid
‘nerease the -ate 10 a2 point which appreat
the sigrufcant ‘ever. Zezause of the
menzous imporiance of the questicraole
cases n this respect, some detad regarding
them wiil be given here.

[n une of thete cases. the susowcion of
ancer of the lung 1s based upon the x-rav
mterpretation, and, althougn no autopsy was
periormed. the death cemurcate
that death was due to lung cancer. {t s
weil Nnown that the x-may appearance of
fibrosis. espeviaily 1f a localized density or
a supenmposed tuberculous lesion s pres-
ent, can simulate that of a tumor, and by
iseif, does not ustify the inctusion oi this
case as nne of “proved” cancer naf the
lung A <econd se was certified as havig
dreu by reason ai hydrotnorax. possioly Jue
to lung cancer, but again there wa~ nn
surgery and nn jasimortem  <xXammnation
In the third case, although it was subjected
to autopsy. two pathologists disagreed as to
whether lung cancer was present. The death
was certified as having been due to chronic
myocarditis with nephntis and pulmonary
congestion, and postibly cancer of the lung
On the basis af these facts, it teems unwar.
ranted to include these three cses amang

mnaicstes

Tast 7. —"Swipected” Primary Cancer of the Lung
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FA NG CINCLR AN (ANBENTON MINL RS

Tproved” mstiees of lung cancer On the
uther haml, they caunut, in fairness be dis-
regarded completety. 1t 1y fur thic rea~on
that mortality  rates have heen culeuiated
laith waye,

Tahte 8 gives the rates by age groupe

The rates by length of emplovment are
<hown m Tabie 9. During the first 40 vears
uf employment. the rate rises, an ohsera-
tion which teemns plausible since the men
were growing older. However, after 40
vears of exposure there are no "proved”
ases reported for a 1ol of 240 men dur-
ing the six vears, or abnut 1430 man-years
nf exposure. \Vhen the “suspecied’” cases
are atided. nne case does show up i this

Tamg 5 —=Lung Cancer Deathe I Aye
Gromer

Numeer o Presoms sod Numaer ol Lung ( ancer Deatns

Na Al Immung
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= b
jerixl. This would pexluce a rie of 69

per 100U, agan demun<traung the m-
portance of these questionable, but un-
proval, cates to the final  conclusion.
Lecaus:, i there were no cases m this
number of men wuith long expnsure, and if
asbestos 15 2 carcinugenic agent, 1t must be
voncluded that these 240 inen have demon-
strated considerable resistance. Thisis a bio-
lograal phenomenon which has bren obsersed
reviously and 1s consisient wath the theory
of an intrinsic or endngenous factor 1n can-
cer. The oniyv other explanation would be
that the cuscepuibie members of this age
group had died earlier of lung cancer. Table
IR which sopears {ater in thie sectinn, in-

Yrauwe—T run

Tear P —Lunn Cancer Deaing by Lomgin
o Zompiey et
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dicates that the memters of the <nhurt
Wid not die frimn lung cancer at a younger
age than tre general population.

The ¢« 5y wergnted cxposure are
shown in Tuble 10, and it wiil be noted
that thev present strong 2videmce against
asbestos ing 2 carainogentce agent, for, 1f
exposure 1y asbestos 15 N any w3y con-
nected to lung ancer, we wouid 2xpect that
the longer and heavier the expusure, the
higher the rate that wouid be found. The
nniy  possibie 2rror a this snterpre;auon
vould occur if the weighted exposures were
inverselr related 10 vears of emnplosment,

"
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in which case the heaviest weighted ex-
posure (Categorv 111) wouid show the
shortest leng:h of emplovment. Tabie 11,
which lists tne number of persons ia various
exposure categores by length of empioy-
ment ndicaies that this error has not oc-
currea. In fact, the average number of vears
of emnioyment 10r eacn expoture calezory
1s almost dentical.

Taple 12, which deverops the rates for
smokers and nonsriokers, 15 most striking.
It shows that not i single case oi lung
cancer deveicoed among the 1265 non-
smokers and 1nat ail cases of lung cancer,
both “proves’” and “suspected.” occurred in
smokers.

Table 12 was so stmking that it was felt
that further verification was necessary. [t
was possibie that some abnormal distmby-
tion inay have occurred, e. g, the non-

Taart 13 =~Nvwder and Percentage Distribution
of Smotery ang Vomgmorevs 3 Age Grouer

;
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Tuste 12 —Lung Cancer Dearh for
Smoerr and Womrmokers
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_smokers  may tave aciuded  a larger

percentzge o1 young =en. Consequently ig-
ditional Tazes (3, 13 and |3 were con-
structed to show ‘he distribunion of smokers
and nonsmokers by age iength of emoiov-
ment. and degree of exbosure .Althougn
there are sugn: C:ferences thev do not
account Jor ine facr that ail observed cases
of lung camcer were 1n smokers. [n rescect
to age (Tabie 1J) the combined aiverage
age of the smokers was 49 vears less than
that of the nonsmokers. Table [ show:e
that as far as lengn orf empiovinent s con-

Taoer |4 —=Vumbder and Percentude Disierauinem
of Semueces sma Namgneoere ov Lemath
of Smiiovmens
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LUNG CANCER IN 4SBESTOS MINERS

Taste 15.—=Numder and Percentage Distribuiion
of Smokers and Monsmorers by
Exporwre Category
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¢erned, the smokers nad worked about 2.3
years iess om the average tnan the non-
smokers. \Vitn ionger exposure and greater
age. one would ¢xpect the nonsmoking
group to show a Aaigner rate «f lung cancer
were due to asbestos. Tabie 13 shows that
the average exdosure caregory wis almost
the same ior the two groups. 7hereiore,
this variaoie sesms ta be of no importance
in accounung for this difference.

The result of this additonal analysis s
thar none of these factors appears to lessen
the effect of Table 12

Comparizon of the Cohort Exrsericmce
wirh that of the Prowince of Quedce, Do-
smimion of Canada, and the United States.—
In order to make a2 companson of the
experience among asbestos miners with that
of the general sopulation of the Provinee of
Quebec, statistics were gathered. 3s stated
eariier, in the office of the Division of

Demography 1n the Provinc:al Mintsiry of
Heaith. The daa on 1otal deaths. deatns
from all forms of cancer, and desths from
cancer of the lung were obtained bv sex
and by county for the years 1930 througn
1933, In additon. ail death cermficaces
which tpecfied primary cancer of the lung,
and ail those which indicated lung cancer
but did not speciiy the ongin, were exam-
ined for the vears 1952 through 1953,

Table 16 pves 2 tabulation of the number
of deaths from lung cancer 1n the Province
and in the cohort for the years 1930 througn
1933, and shows the annual rate per 100,000
in these segments. It wiil be noted irom the
table that the mornalicy rate for the
“proved” cses 1n the cohort 18 oniv siightiv
higner than the rate for the Province.
\ohen the “suspected” cases are included :
tne caicuianion, ine rate for the conort nes
to 338 per 100000, which 15 about 0%
higner than the rate for the Province. This,
it will be recailed f{rom the previous ais-
cussion of the eTect of the “susnected”
cases cn the reswits, approacnes but does
not exceed the sigmificant levei.

One further interesung obseration from
Table 16 is the rather marked increase n
the total number of cates for the Province
between 1930 and 1953, It is assumed that
at leasr part of this increase is due to m-
proved recogrition and reporung of lung
ancer during the interal. For this reason.
the vears 1954 and 1933 were thought 10 be
more nearly represenative of acrual condi-
tions. Even so, it 1s quite hkely that the
general population is not studied for lung
ancer with the same diligence with which

TasLr 16.—Comparuon of Cohort unth Provwmer of Quedre
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A M. A ARCHIVES OF INDUSTRIAL HEALTH

Tase 17.—=Lung Comcer Deathr for the Promance of Dwrdec*
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this disease ‘s looked for in the miners. and
it seems prodable that the mortality rates
ror the Province mav be low  This woud
appear to be substantiated Sv the fact that
the report:=g ot Gses in the cohort showed
no sucn increase over the same period.
Table 17 was compiied to show the an-
nual age-speainc lung cancer rate of ases
in which the dath ceruficate merely read
“cancer of the lung,” as disunguisned from
those in whicn the diagnosis was confrmed
by autgosy, surgery, or biopsy. The term
“speciied pnrmany” reiers to those cases n
these nvo categories in which the tumor was
specified as having originated in the lung.
{t wiil be noted that, of the towl cases
reported in 1935, 3 much higher percentage
than in 1934 were specified as primary. The
table also shows that a3 higher percentage
of the toral cases certified in 1935 were
proved, again indicating increasing interest

08 00%ned DY R3D1T12T I9H RFTROLINEI I0F e (TUDS for =aied (0 108 Wl DIDULLD Moy (344, A LITEN

This comoarison, summanzied in Tabie
I8, shows :nat the ooservea numper af
deaths :n our sampie 15 not sigruA@ntly
greater 1nan tne exoected nwmder of desths,
based on the average of the 1932 and 1932
figures ior tne Province. [t 15 true that,
the @se of the age group of 63 and over.
the five deaths provide a figure which s
aimost signiicant at the 9365 level. How-
ever, 1t shouid be noted that this number
includes cne of the suspected dut unproved
cases previously referred to. Furihermore,
it s rather hkeiv that the rate [or the
general ponulation 1s undersiated in this
age growo ior the covious reason that the
exact cause of death in the very oid s not

Tastr 18 —Comparuom of the Aciwal ond
Ezzecied Numoer or Lung Cancer
Deaths by Age Among
Asbryios Miners

in this disease. Prevines Obwrved No,
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A comparisan has been made berween
the age-speafic rates shown in Table 17,

Qrevo e 100 X0 Muwr Desths * Proves Tows

. Dad 15 301 LA 1 L
and those for the cohort, shown in Table B. {4 u3 - H : }
An average of the 1954 and 1955 rates for ¥ ™2 ns N PR

ihe Province nas been used. since the 1955
figure was higher and mav have been ex-
ceptional.
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LUNC CANCER IN ASBESTOS MINERS

Tams 19 —4dar Dintmburion of Aduil Moicr for
* the Prozance o7 Quebec, 1951°

Tanrt 20 —Anmwat Death Rater per 160000 [.r
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a matter of the same intensity of interest
as it 1s in younger persons.

Table 18 also answers a question pre-
viouslv raised. It shows that the members
of the cohort have rot¢ died {rom lung can-
cer at an age earlier than the generai popu-
lation. and that such an explanation cannot
be offered for the absence of lung cancer
in 240 men wuh more than 30 vears of
employmen: rererred (0 on page &=

Before :eaving this comparison of the
Province with the muness, 1t shouid be
shown that their age distributions are rea-
sonaoly the same. That this is the case can
be observed from Table i9.

It shouvid be remembered that the miners
retire and consequentiy, it can be 2xpected
that the oidest age group will be larger in
the general popuiation. The data presented
in Table 20 indicate that the lung cancer
rate generaily decreases aiter age /O There-
fore. we could expect the rate for ail peopie
over 63 to be smaller than the rate for the
group Letween 63 and 73, which would appiy
to the oldest group of rmners. [t s felt
that by using the whole aduit male nopula-
tion, we have developed rates for the gen-
eral popuiation which are somewnal lower
than if we had been able to exciude the
people in the general popuiation over 73.

A comparison berween the asbestas muners
and the population of the Dominion as a
whole was made. using statistical matenai
from s<everal sources. In one source, Phil-
lips * gave age- and sex-specrfic rates for
Canada for three periods between 1931 and
1952. The rates for males are pven in
Tabie 20.

These figires chevwe strikingly the increase
in rates berween 1931 and 193Z. ind this
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mcreass s particularly marked after age

made. 10 the effect that until recently iung
cancer nas probably been underdiagmcted
in the 2wjer age grouns in the generar Cou-
ianon.

To use these Agures for gpurposes ot
CONITATISCT. It 1S necessary 1o comoine e
rates for certain age groups in orcer 10
coniorm to the age distributions used 'a this
study  Since the exac: popuistions in eica
age groun {or the vears indicates :5 not
known. :mis must be an aporoximancn.
However. the rates would be somewnat as
[ailows :

Apr Croun LIy
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These rates are, in general. iowner than
those devetoped for the totai (proved and
suspected) cases of lung cancer among the
asbestos muners. The only large diference.
however, :s in the age group oi 63 vears and
over, 4nd it 15 quite posuible that the rate
for this group may have increased (or
Canaaa detween 1932 and 1934 as it dud
for the Provinve. of Quebec « Table 17).

A further comnparison has been made wiih
an over-all rate obtaned from the Amenican
Cancer Society for respiratory cancer death«
in Canacda n 1933, This rate, far males.
is 208 per 100.000. or 3 niore per 100.(00
than Phillips’ 1930-1932 rate, and compares
fee 122000 L peoved aves and
338 per 100000 for 101l cases amnng the
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! 31 — \umber of Deaths and Dcath Rates
Tu;.'(' 160000 b dac Gnml‘t_ for the Aduit
Aoie Porwatiam of ihe Umited States®

Age Groud Fopuidien Cams Its14 orr 100 oM
Ot pIRCIY . ) ~a 13
a3 LU vy vy .9
AdGd (2 il red [l bl
(1o 3.6:0.00 (X2 1)
— — —
Teut 419,00 16399 )

* Daws s Vil St of e United Swawes " Vel 1
and 2032

asbestos miners in this study. [t s there-
fore cbvious that there are no :mportant
differences berween the rates jor aspesas
nliners and those for the general population
of Quebec and the Nominion of Canada.

Since it is probable that figures for the
Uhnited Stuates are more compiete and, there-
fore, possitiv more ccmparable to the data
for the mn=ss, age-4DeCNC rales sere com-
puted from “Vital Stausiics of the Unued
States,” Volumes | and [I. for 1932 These
rates have deen tabuiated i Table I,

It is apcarenr that these rates compare
favorably wun thase tor the asbestas miners
as shown in Table 5. Sull other raies ior
the Unued S:ates were abtained {rom the
Armerican Cancer Society, and for males.
these were 233 per 100000 n 193], and
280 per 100.000 in 1933, Thev are not
identical with the rate caiculated from the
figures of the ofice of Vital Statisiics. dbut
this i¢ possibly because the Awmerican Can-
cer Soctery rates are for males oi all ages.
Nevertheres:. they too, compare favorabiy
with the rates of 23 cor 34 jor toral cases)
ubtaimng among the asbestos nuners.

Turning ior 2 moinent to a comparison
between the asbesios miners and persons
who are exposed to asbestos in ane form
or another (as disinguished from the gen-
eral population groups just discused. who
have no exposure) an interesting opotera-
tion can be developed by deduction. Hue-
per *¥ has stated that there are about 13,000
frersons exposed in the United States, and
we have found that the Canadian mines
emplov about 8000. Elsewhere. it has been
esnmated that the workers in England who
have expasure total berween 3000 and S009.
With workers in Africa, Denmark, Nor-
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way, and other countries, at least 30,000
persuny must be exposed throughout the
world, and ¢ can be isumed thar thes
nuinier nas been iairiv constant in the 20
vear; since 1933 when the Arst case ot
;sbggo,.s with lung fancer was reported.
At least 1,000,000 man-vears of exposure
has thus been actumulated, and this Agure
can be divided by the approximatelv 130
cases of lung cancer wun asbestosis re-
ported during the 20-vear period. This
gives a ratz of 13 per 100,000, which 15 at
least indicative that any lung cncer rate
which can 2e¢ caleuiated for workers ex-
posed 10 asdestos dus: is not much greater
than ihat for the uynexposed popuiation.
Comopartsan Sericen Zigar Counttes Ad-
jacen 0 the Ariesias-Progucing Areas and

SZizar S

Countes —7To compare iurg
cancer "iles in the counnies sur-
roungIng ihe asdesios-progucing areas with

anoiher group af counties in wmch no as-
bestos miners are likeiv to reside. the rates
were camouted on the basis of dgures ior
the vears 1930 :hrougn 1935, The egne
counties serecied {or companison were Ar-
gentewi, Chateavgay. Maontmaguv, Port-
neuf,  Richlieu, Riviere-du-Loup. St
Hyacinthe, and Terretonne, mainiv because
they represent a wide geographic distriou-
tion througnout the Province. The counties
sefected because of their proximity (o the
asbestos mines include Arthabaska, Beauce.
Drummond. Frontenac. Megantic. Rich-
mond. Sherorooke. and \Valle. Table 22
shows the number of lung cancer deaths
for thz vears 1930 through 1933 for each
of these counties. and a moraiity rate,
based an the aduit male population in 1932,
To emphasize the comparison, Meganuc
County has been shown separately, as has
the Province of Quebec and alsa the Prov-
ince with the eight “asbestos-producing”
vounties subtracted. Because of its unique
lung ancer death rate, Montreal et Isle de
Jesus has also been listed 1n order 10 provide
further comparison.

It is ipperesn J1um ine wote that the
lung cancer death rate for the eight counres
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Taste 2. =Numoer of Lung Cancer Dcaths ond Rate per 100000 Man-iears

Male Lune Crancee Ouatng *

AWt Male
Popuusimon
1957 HE 198
13 100 3 i
E.e08 97 M0 (] 1
Ete2t Sebwcit Countus 0 ow i 0
Proviom ot Queeer Linoo 1 =
Proviote of QueDec bew c1ghL
* wdacwar’ muntiey 1,100 00 1 n?
Monurms et L de <esus 194.00 3 ?

1937 1983 1% H 28Y Towu R:;‘u‘;'
3 ) ' ‘ 1
i i . " " e
3 " 3 1 “ Ve
R 28 P a1 ni 1 =
=4 X7 » MI 1579 ped
e} i Ity = bt g)

* 1t s naanmed LBSE 41 DAk lung QDM desihs coctsred SLer sev X

immediately surrounding the asbestos-pro-
ducing areas is practically dentical with that
of eight counties selected for comoarison.
Whiie Mezantuc County has a rate nearly
twice that of the combined eight se:ecred
counties, it is lower than the rate for the
Provioce, and considerablv lower than the
rate for Montreal. The Agure for Mc
would ceriainiy be higner éxcent !
verv low numoders of deatns redorted
1930 and 1931, and it wouid aogesr that
in those vears some error in reporung has
undoubted!y heesn made. On the basis of the
other vears. 1930 and 193] deaths weuid e
expecied o be aoout 200 greater Tlus
wouid resuii n a2 rate of <0 per 100.060.

The oniy possible conciusion from this
comparison s that there 1s no evidence that
the persans who live and work in the coun-
ties surrounding and adiacemt to the as-
bestos-producing areas have anv greater
incidence of lung cancer than those who
live eisewhere in the Province.

Conument on AN Recorded Lung Cancer
Cases. Lizing and Decad, amona the Asvcs-
tos Miners —Although a sinple enumera-
tion of all the known or susnected caves of
cancer of the lung in these areas has no
particuiar value from a staustical pom: of
view, it is of interest 10 summarize such
ases for the record. There were nine deaths
prior to the begmning of the time period
covered by the sturly. including ane in which
the diagnosts was mediasunal lvmphosar-
coma. During the period covered by this
inveeication, there were mine proved cases
and three suspected cates in the cohort.
Throuzh 1936 and to date in 1957, there
were esght deaths, six of which were merety

Brown—Trem

suggestive of cancer of the lung and w-
cluded such diagnoses as mediasunal
lympnosarcoma. mesothetioma, cancer of the
leg with metastases 1o lun~g; abscess of iung,
and cncer oi the pancreas. One other was
diagnosed on the basis of x-rav aniv in
addion, there are now living four cases in
which the diagnestic ewidence is strongn
suggestive ot lung cancer. This is 2 tatat of
33 cases of all npes, including 10 “sus-
pected” but unoroved cases. and 3 that are
stul living. The remaining 19 constitute the
towl of proved cases of cancer of the lung
among the asbestos miners since 1950

The proved cates averaged 39 vears of
age at death, ind vaned between 37 vears
and 68 years. Their working span covered
periods varyng from a mmmimum of 4
years to a2 maximum of 37 vears. Onh
three men had less than 25 vears of em-
ployment in the indusiry. Seven among
those cn whom such nformanon 13 avaii-
able had a werghted exposure placing them
in Citegory [Il, and six worked in an
exnosure represented by Category [

There were oniv 17 among theze proied
lung cancer cases in which we have in-
formation regarding the presence of a:-
bestosis.  Asbestosis was pretent n e,
aithough 1t was minimal in twe. Two path-
ologsts disagreed regarding its presence in
another At least seven of the 19 proved
lung cancers, therefore, were not accom-
panied by asbestosis.

Summary md Conclusions

Tnterest 1n e question of whether there
mﬂy be an assoc:ation b<[\\'f€ﬂ lung cancer
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and exposure 10 asbesios has been evident
since the report in [933 by Linch ana Smuth
of 1 case in which lung cancer and asbes-
tosis were both present. As additional cases
in which the two diseases coexisted were
reported, a causal association appears to
have been gradually accepted by many
authors, although some workers considered
the correlation to be inconclusive. The pres-
ent study was undertaken in an effort to de-
termuine whether 2 cusal relationship did,
in fact, exist berween exposure to asbestos
and ancer of the lung.

Since most eariier studies had been
limited to enumeraung the lung cancers
found in ccruan seiected samples. such as
caces coming to autonsy or deatn ceruficates
in which aspesiosis was mentioned. it was
apparent tha: they couid not fuldil the re-
quirements of an eprdemiciogral ana sta-
usucal apprcach to the problem The
presen: study was. therefore, designed to
meet the reqauiremen:s of this method.

After a preliminan: survey to explore the
availability of retiaoie information. data
were gathered on workers in the asbestos
mines in Quebec, based on their medical
records. A cohort was defined as 1 group
of asbestos miners having at least Ave vears
of exposure and who were in the industry
in 1950 Data relative to their characteristics
were collected and therr status at the end
of a six-vear period of obseration was de-
termined. In the cse of thaose who had
died, an exhaustive search of death certii-
icates and insurance recards was crried out
in order to determine as nearly as possibie
the exact cuse of death. Morality rates
from lung cancer for the genersl population
of the Province of Quebec and its various
counues and for the Dominion of Canada,
as well as the United States were calculated
from statistics collected in the appropriate
places. Comparisons of the rates obtained
for asbestos workers and for the ather 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

650
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was not possiisle o trace 133 of these for
the whole period. but 3771 of the remaining
5938 were found to be stull living in 19%:
or later. Of the 187 known dead, cancer
of the lung was considered o have besn
reasonadly proved in 9 and ta be strongiy
suggested wn 3.

The mermbers of the cohort wese studied
with respect to age, length of employment.
a weighted average oi ther exposure, and
their smoking habits. It was found :hat
4673 were smokers within the definiuon of
that term as used in this study. Thirty-four
per cent of the cohort were more than 43}
vears oi age. and thirtv per cent had beex
employed ior longer than 20 vears. Thimy
per cent had a we:ghtes exposure whics

_placed them in the categzry of highest ex.

pasure.

The mortality cite for lung cancer, as
computed on the fasis of mine “proves”
deaths among the cohort was 25.3 per 100.-
000. \When :ne three “susoecied™ cases were
added. the “total” raie ior the conom rose
10 33.5. The imporwance of the suspectez
but unproved cases in determuning thess
rales has Seen reiterated because it is likeiv
that such cases would not be included :n
the statistics for the general population and
because they infiuence the results so mark-
edly.

According to the rindings in this study,
the mortality rate [rom lung cancer does
not appear 10 increase with length of ex-
posure or with degree of exposure, a fact
which presents strong evidence against the
arcinogeniairy of asbestos,

Comparison of the experience among the
asbestos miners with that of vanous seg-
ments of the unexposed, comparable popu-
lation shows that the observed number of
deaths among the miners is not significantly
greater than the expected number. The rate
for proved cases among the asbestos miners
(25.3 per 100,000} compares well with the
rate of 22.5 per 100000 for the rest of the
Province ~=<4 209 - 100000 for aduk
males throughout the Dominion of Canada.
[t al>o compares wusiaciorly with raree
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of 37.2, 25.3. and 28.0 obtained from +arous
sources for adult males i1 the Linted S:ates.
Finaily, mn this marter o1 coinparison, 1t
would appear that the worid-wide experience
af persons exposed 1o asbestos dust 1s not
worse with respeci 10 lung cancer than that
of the unexposed population.

The countues surrounding the asbestos-
producing areas, in whien it 15 presumed
most of the asbestos miners live, have al-
most identical monainy rates with those of
eight counuies widely scatiered through the
Province. and are iower than those ior the
remainder of the Province, and much iower
than the rate for Montreal. .

Since 1940 there have been 19 cases in
which the diagnous af primary cancer of
the lung mav be consigered i@ have been
proved. Approxunaten n3il of these cases
were astociated wun sroestosts: All but one
died n the recogmizes ‘cancer-age’” and at
least une-third had oniy the lightest ex-
posure « Category |1 10 asbestos dust.

On the basis of what are beheved to be
complete and renaole data. it seems fair to
conciude tnat ine asdetios miners in the
Province of Queoec do not have a sigmif-
icantly mgher death rate {rom lung cancer
than do comparable segments of the general
population

Furthermore. the death rate from lung
cancer 1 the areas contiguous 10 the asbes-
108 operation: 15 comparable to that 1n areas
widely tcattered throughout the Province of
Quebec and «+ iower than in some urban-
ized areas within the Province.
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