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FCREWORD

The success of a stucy of the type herein reported de-
pends very greatly upon the availabuity of data from many'wurcu.
and the assistance and cocperation of those in possession of these
'dau.. Industrial Hygiene Foundation was fortunate in having the
wholebearted cooperation of the asbestos-producing companies, and
particularly of their medical and nursing personnel who bave the re-
sponsibility for mairtaining the medical records of the workers. In
this connection, we are ;spe:ully indebted to Dr. Paul Cartier and
Bis sta{f at the Thetford ladustrial Clizic, and to Dr. T. R. Graiager
and the nurses at Asbestos. All records in these two medical cen-
ters were put completely at our disposal, and the care and compiete-
ness with which they are maintained assisted considerably in tbe
preparation of the materiai relative to the worker populatioan.

Data on population figures and on the causes of death in the
Province of Quebec were obtained with the utmou. assistance and co-
oferation from Dr. Paul Pa.rrot. Head of the Department of Demogra-
phy in the Mainistry of Heaith, Not only were all vital statistics and
reports made readily available to us, but Dr. Parrot and his entire
sta{f rendered valuable assistance in many ways, including the location
and wnterpretation of death certificates. Especially helpful in this part

of the work was Miss Cauthier of Dr, Parrot's staff. The same helpful

0123
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coopeFalion was rencered by Messss. Hardy anc Hopxins of the Su=
Life Assurance Company of Canada 1n Montreal, who made avalatie
their records of the death claims paid under the group -pohcy covers
ing the workers at Asbestes.

Valuable suggestions for the conduct of the study were
made by Dr. J. A. Vidal, Chairman of the §ilicous Board, aad Dr.
Guy, Patholog:st for the Board, as well as Dr. Gregoire, Deputy Min-

ister of Health for the Province of Cuebec, and Drs. Simard, Dulresne,
¢

and Groulx, 1n Montreal.

Statistics f{or the mortality rates for the Dominion of Canaca
were obta:ned through the kandness of Dr. Dean F. Davies, AdmizmasiTa-
tor for Reuar;h on Lung Cancer for the America. Cancer Society, and
those {or the Unuted States were graciously furnished by Miss Curaizicx
in the National Office of Vital Statastics, Department of Health, Education,
and Wellare of the United States Government. Finally, the very great
assistince rendered by Dr. Kenneth W, Smith, Medical Director of Jobns-
Manville Corporation, and Mr., Ivan Saboun.n. General Counsel {or the
Association, in making the necessary contacts, in travel arrangements,
and un 30 many other ways, 13 gratefully acknowledged,

The methodology of this research s belicved to be un.que
among the reported studies of lung cancer as reiated to asbestosis and

exposure 10 asbestos. Assistance in planning the study in sucd a way 33
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to assure 4 proper ep:demiological approach, and all biostatistical
applications of the finaings were provided by Mr., T. Davié Truan,
{ormerly of the Graduate School of Public Health, University of Pitts~
burgh, and the stal! of the Indus:irial Hygiene Foundation.

The report 1s beiseved to presen: the findings in a= objec-
tive manger and is re'spccuully submatted {or the considerat.on of the

Asgociatian.
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of their use.

Asbestos workers:

Asbestos miners:

Asbestosis:

Cobort: .

Lung cancer,
cancer of the lung:

Smoker:

v,

GLOSSARY

For the purpose of clarity and uniiormary, the termms

used in this repost are herewith defined accerdizg to the rmanzer

Workers exposed to asbestos dust ic other
than misang operations,

Workers engaged in the mun.ing and prepara-
ticn of asbestos in the areas uader study,

A generalized fibrosis of the luags diagnos-
abie by x-ray, or by microscopic exariza-
tiop of the lung nssue, but not necessaruy

accompanied by symptorns or By' disaniizy.

A segment of the population, defined accard-
ing to certain criteria, and representative of
the whole population. Specifically in this
study, a group of asbestos rmuiners havang at
least five years of exposure in the indus:ry
and who were 1o the industry during 1950.

A neoplasm of the lung or bronchus, wher.
ever situated, and including adenocarcinoma,
squamous cell, and undilferent:ated, round,
or '"oat cell” histological types. Primary
cancer of the lung means such a neoplasm
o:iginating in the lung, and not secondarily
in the lung as the result of a metastasis [rom
another prumary location in the body.

As used in thus presentation, the term smoker
rejers to a cigarette smoker, habitually smok-
ing more thun {ive cigarcttes per day. ZPersons
who smoke pipes Or cigars exclusively were
not considered to Le smokers tor the purpose
of thus study.

013:
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I. INTRODUCTION

Ever sunce the pronounced increase in the incidence of
-

lung cancer among males became apparent, there have been attempis
to associate it with one or another of the various elements in the en-
viromclnt of man. The approach used by some workers has been to
suspect one Or several substaoces and then set about i an internsive
search for lung cancer among persons who have had any exposure to

(182)

those commpounds. In this connection, Smith writes: "The ten-

deacy of authors reportang the coincidental occurrence of primary

.

lung cancer with sulicosis or with any other theoretical etidologic con-

ditions, bas been to emphasize the percentage relationship in extremely

smaL_ series of cases, with control cases whick are not in any way
comparabie,"

It would seemn inevatahle that asbestos should come under

scrutiny in this manner, because prolonged exposure to this material is

Jnows to cause a specific type of pneumoconiosis, and because persons

who show this form of pnewnccomosis often come to autopsy and pro-

vide a ready source of material for study. It was in this way that re-

ports of the simultaneous occurrence of lung cancer and asbestosia be-
{139)
;n

gan to accumulate after the report of a case by Lynch and Smith

1935, Within the next ten years, about |5 additional cases were reported,

(155)

and an 1946 Merewether reviewed all deaths from asbestosis re-

corded in Enjland since March, 1924, Lung cancer occurred, according
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to Merewether, . .3.27% of these cases. Contunwiag ta:s siucy to
include December, (954, Merewether counted 55 cases of cazcer of

the lung among 34+ cases of asbestosis, rausing the incidence to 16%.

{92)

Cloyne, whose work is also frequently referred to as establisking

a connection between asbestosis and cancer of the lung, reporied in

1951 the results of bus f{indings on 1205 autopsied cases. This series
included 132 asbestos workers, of whorn 12] showed asbestosis. Cancer
of the lung was presen: :n 14,1 % of these asbestosis cases. In 1941,

(181)
3

Nordmann and Sorge lazmed to bave produced lung cancer in mice

which they exposed to asbestos dust.

Since 1951, additional cases of cancer of the lung coexisting
wilb asbestosis bave been reported, and, according to Hueper hz2) about
100 such cases bad been reported up to 1955. As a result, an associa-
tion between the two diseases appears to bave been accepted by many
authors and several writers were using tke term ";sbeuou’.s cancer' of
the lung. Werber (285) 13 1952, stated categorically that in 7% tp ir%
of cases of asbestosis, afier a latent period of about 1 1,/2 to 20 years,
carcinoma becornes established in the hi.ng.

On the other hand, not all autbors accepted the alleged associa-
tion without reservauion. Saupe tm an 1939 had reported that bhe had
discovered no cascs of jung cancer among 620 cases of asbestosis which

04)

he bad examuncd; and 1n 1940, Holleb and Angrast (" expressed the

opinion that the numnder of casvs of asbestosis with lung cancer was too

. 0134
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smail for statist:cal evaluation. In 1947, Wegelius ¢ J reported 125
TACI0ICE:ZAly Clagnosed cases of asdestos:s armong 476 workers un
Fin.and, and founc no cases of lung cancer in this group. Goldblatt

(9%) state;

and Coldbiatt :n their section of Merewstber's latest book,

“But at no stage in all these impressive researches was
asy clue obtauned wh;ch might have offered any suppert to the possi-
bility that asbestos could act as a carcinogen. There is Bo reliable
¢riterion by whick one can anticipate carcinogenicity and, as is well
known, relatively minute changes in the structure of a chemical car-
cincgen are sulficient te diminish or eliminate cutx:nog:mc action.

Lf asbestos is indeed to be regarded as a carcinogen, the
need 13 feit to demcnsirate sorr.e property which can be regarded as
sometling more than inertness.”

These authors advance the theory that, until some more
experunental evidence of direct carcinogenesis by asbestos or a de-
composii:on product of it can be obtained, asbestos might be considered
48 a “co-carcinogen' which only induces a further development ;:t a pre-
neoplastic cordition brought about by soemething independent of the as-
bestos, such as an endogenous factor.

Thus the literature, whilc tunding to support the .thcsis that
asbestosis 15 1n some way related to the development of lung cancer is

vy RO rmvcans unanumous. Altogether, it is perhaps more confusing thas

enlighten:ng.

\=)
+a
()
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Mcanwhile, the Canadian Johms-Manville Comzany in
Asbesios nas been aert to the whole problem, and at the Thetforg
Iagusiriai Clinic, Dr. Paul Cartier was studying the situation
among a working popuhtion. of about 6000, and made notable contri-
butions to the literature just cxud“z'“). Between these two areas,
a2 number of cases bad been recogrized and tabulated by the spring of
1956. At this time, at the suggestion of Dr, Kenneth W. Smith, Medical
Director of the Johns-Maaville Corporation, and Dr. Cartier, the Quebec
Asbestos M:ning Association approached Industrial H\{gune Foundation
to determine whether it would be feasible to conduct-an epidermiological
stucdy in orccer to discover whether the incidence of lung cancer was, n
fact, greater u;aon; asbestos muners than among tue general popula-
ﬁon. and whether there was a correlation between lung cancer .nd the
ciseasc asbestos:s. Tne Foundation submitied, in Marech, 1954, a pro-
posal for such a study based upon a preliminary survev of the type and
accessidbility of data which might be avaudable. This proposal was ac-

cecpted by the Association through its Secretary, Mr. W, H. Soutar, and

its General Counsel, Mr, lvan Sabourin, Esq.

pnaapee v 2 3 IR Ll Shana e i Radbar v e
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. CRITICAL REVIEW OF LITERATURE

A careful review of the published material on this 3ub-
ject shows that the majority of the reports are clinical and not epi=
demiol'ozi:a.l. They lack many elements necessary for the applica-
tion of epidemioclogical techniques to their content and most of the
authbors do not make claun to having done s0. What has bappened
is that succeeding authors have drawn conclusions and generalized
beyond the scope of the works which they quote. Nowhere, {or ex.
ample, bave we found references to a gouuluion of‘a‘sb;szos workecs,

although several authors who have quoted the observed incidence of

lung cancer in autopsies of dersons who also had asbestos:s imply
? 2

that this incidence applies to asbestos workers. We have likewise
been unaole to find any study which actually calculated the incidence
of lung cancer among a population of persons who had asbestosis, and
8ot just those who carne to autopsy. With the exception of a paper by
Dell “”, no;te of those reviewed gave any data on exposure and dust
concentratuions, and even Doll's paper merely mentions "scheduled”
areas, by which 13 meant, "those areas where processes are carried
on which were scheduled under the Asbestos Indusiry Regulations of
1931 as deung dusty,”

There 13, furthermore, a complute lack of definition of

terms as used in the published literature. For cxample, the term

. - e —————— A——————
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"asbesi09.9’, 43 useg, may reiler to changes obscrvadie on.y by
microscopic exam:nation of the lung tassue, or it may mean a racdio-
logically detectable condition.

Most of the published reports obviously included women
among their cases, but some of them do not give the aurzber or pro-
portion of women involved in the study.

There 1s also a lack of uniformity as to what type of ex-
posure most studies have dealt with, Of 99 cases eaumerated by
Hueper (122) in 1955, only ten appear to have origjpated in the United
Siates, and seven an Canada. Some of the earlier reports apparently
included asbestos miners, but it can be assumed, since 82 of the 99
cases bad originatec 1n England, and since no asbestos muning opera-
tions are carvied on in that country, that most of the reported cases
bave invoived workers in the textile or ubricux".ng industries,

Such factors as smokang babits, family histery of cancer,
length of tame 1n the industry, and age of the individual case are also
notably absent in the majority of these reports.

With thas understanding of the limitations of the existing
Iiterature with respect to epidermiological generalization, it may be of
valuv to considcr 1n somewhat more detaul some reprusentative carlier

publications, a few of wbich were referred to bracily in the previous

S$eClIONn,

0138



Cne of the most ce:a.lec; stucicy and one wh.cn deserves
t3e mos: ser:ous cansiceration is that reported by Doll (63) wn 1953, :
This study reviews causes of death among asbestos workers based
on coroners’ records. It aiso attempts to estimate the risk by study-
ing records of men who worked for at least 20 years ia exposed situa-
tions. Doll con:luded.tba_: lung cancer was a specific industrial bazard
of certain asbestos workers and that, after 20 years of exposure, the
risk 1s ten times as great as for the general population.

This article 13 important for several reasons, in addition
to the definite con::us.xons at which it arrives, For ::ample. it beging
by stating tbat “in view of the infrequency of asbestosis, this large nurm-.
ber of cases (ol cases ol lung cancer) sugzests—bul does not prove—
that lung cancer i3 an occupational hazard of asbestos workers, "

Neither this article or any previous one which we have examuned presenis
any figures to prove tha: asbestosas is an infrequent occurrence, Es.
tumates of the number of perscns pcetentially expoud'to asbestos dust

in the United States alone vary from 10,000 to 35,000 and the incidence

of asbustos:s of any degree might be hagher than Doll imagines.

This study, like so many others, involves autopsy records.
The number of pecrsons invelved in the statistical analysis 1s only 113
representing only 1, 042,25 man years of life. It s also true thatin
sclect:ng men wh) had buen employed for at Jeast 20 years, the study
auton.suically excluded those who died [rom other causes after shorter

cmployment. 3139
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I2 ais0 suermay that this review dovs nOt 4CE anY new cases
to the laterature, although Huvper in enumerating 99 cases reportec
price to 1953, lists |l discussed in it. Clearly, also, the paper i3
net dealing with asbestos muiners,

Another reason why this publication is of impor:ance 13
+ a;atemen: wbich it contains to the effect that "'the strongest evicence
that it {lung cancer) may be 2 hazard (1n asbestos workers) has been
producec by Merewether and by Gloyne." An exarmization of these
teferences leaves at least some question a3 to the stre‘.ng:h of the evi-
dence procuced.

In 1;.51 Cloyne Hz’preumed a review of 1205 autopsies

on persons wno had workec in various dusty occupations. This num-

ber wnciuded 132 asbestos workers, of wbom 12] showed "poeumoconissis”
~=presuably asbesiosis, Primary cancer of the lung occurred 17_

times in this group, an incidence rate of 14, 1% for lung cancer axmong
autoosied asbestosis cases. There were in his scries 796 cases with
silicosis, and 6.9% of these also showed primmary cancer of the lung.

The wmncidence of lung cancer in other forros of pneumnoconiosis was 6.7%,
4nd in lo? cases which proved not to bave any type of pacumnoconios:s
itwas 8.3%. Cloyne considered ““the raortality of the asbestos workers"
to oe "aisturbung’., Zirst of all, 1t is obvious that Lhe paper does not

deal with the "mortality of asbestos workers*, and sccondly, it must

by Sorfie :2 mina that all of Dr, Gloyne's cases wure submitted to bam
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tue study because the fincings were unusual for uncomplicated pneumo-
. wniuiis, Presumably, ail cases, includirng tbose of asbesidsis, in
shich xh-:{ir.c;ngs were not considered unusual were never brought o
De, Glpyne's attention. As a matter o [act, in the same paragrajk
wm which he expresses concern over the incidence rate un ashes:ios.s,
tse. Gloyne Eumself points out that the rare for lung cancer based on
necropsies at the London Chest Hosp:tal was 21.3% while the figures
vi the Registrar-General showed only 2. 4%, He thus recognized that
autupsivs ON 3 cer'um selected group of cases were not representative
f the general population, It would seem, then, that ngtwithstanding
we value of Dr. Gloyne's work, i1s unpor:ance as an index of the pre.
velence Of lung cancer in asbestotics bas been misinterpreted by those
sho have quoted hum. All that it really shows 13 the fact that in a gToup
.<. 3ases, selected {or special study prumarily because they seemed
nirmmal oy preluminary examaunation, 17, or 14,17 had lung cancer,

[ 2Ty

Merewether (135) h 1947, 1n the report of the Chie{ In-

- spector of Factaries, reviewed 3ll cases reported between 1924 anc

+%40 1n which asbustosia was the cause of death cr 4 coexisting con-
ditien,  This work was later extended to snclude all such cases reported
p 13 Dveemier, 1334, by which timne there were 344 deaths including
23 males 38€ 134 iemales. Amon; them were 55 cases (16%) of cancer
ot the lung, 41 in mules and 14 1n females, [t 13 quite possible that s

large numnbes of asbestotics who did not die of their asbestosis, or n

0131



o TP R

0.

whnose death certificate it was not mentioned, may have been missed,
The umport ol tais (67 is enbazces by the simultaneous stalement
that the wnc:cdence of lung cancer in aulcpsies of the general popu-
lation 1s only 1 %. The danger of attempting to compare a rate found
in 344 cases with the rate for the general population withou? respect
to age, occupation, a.;xd many other variables, suck 33 smoking babi:s,
18 obvious,

anh.““) wbo with Semith (139) bad reporied the first
case :n 1533, reported four cases of carcinoma of the lung in 4 series
of 49 autops:es on workers un an asbestos manufacturing plaat who
were shown to have “demonstrable deposits of asbestos in the lungs.”
This, of course, 1s not necessar:ly identical with the disease asbes-
ons‘u. Lynch, humself, points out that, although this is an incidence
of 8.2%, "both figures are too small for very serious statistical types
of caiculatiorn.” Nevertteless, later writers have used this paper to
strengthen the case for ar association of carcinoma of the lung with

32 found only four un-

asbestosis, It is of interest to note that Klotz
stances of lung carcer in 473 cases of asbestosis, a series 1l tirpes
as iarge,
(156} .
Behrens, as quoted an Merewcther , estirpated that,
ol 3O+ cases of asbestosis in the literature, 44 showed associated

cancer of the jung—g:ving an inciaence of 14.2%. This is another case

of generalizing an incidence obtained 1n a group Of cases which were

03132
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undoubtedly reporiec only duciuse some of ther showed lung cancer,

to posXibly pundreas of asbestolics wnose cases were never reporied.

The same applies to the conclusion of Teleky (1s2) who appears to

have reviewed reports of 39 autopsies on persons with asbestosis armong
whbich six cases of lung cancer occurred. Information {rom those sources
does not justily generalizations with regard to mortality rates.

Werber (203) who made the unequivocal statement that lung
cancer would resuwit in from 7% to 7% of cases of asbestosis, allowed
lumself consideradle latitude by {uali:y:‘.ng it, as regards ume, to an
wnterval of | 1:2 to 20 years, Fuinally, mention should be made of some
entirely unsupported statemenis which tend to build up a mistaken view-
point through mere repet:tion. One example i3 a sentence :n "Noniuber-
culous Diseases of the Chest” (76] where the authors say samply, "an ex-
cessive incidence of pulmonary cancer has occurred among workers in
other occupations, such as asbestos industries, nickel-copper refineries,
stokers in generator plants, etc.” without subsu.mu‘zmg reference.

As an illustration of the ease with which a few reports which
merely suggest a certa:n conclusion can, through the lack of a suﬂicicn;ly
critacal attitude, be summarized to produce the conclusion 1n a definute
form, an editorial (e9) wn the Journal of the American Medical Association
ment.ons the work of Wedler and the report of Merewether and then es-

tablishes the causal relation detween asbustosis and cancer of the lung as

settled. As a inal convincing argument, it refers 1o ''recent exper:mental

- 0143
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(ei. . This is the experment

observations {bv) Nordmana and Sorge
10 whiCh SQUATOUS CArCiNOMA Was said (o have been proasces in abou:
a dozen white mice, and which bas not been duplicated by any other 1n-
vestigator.

Perbaps no one has written so extensively or so dogmati-

cally on the subject as has Hueper “09.124). In 1955 be reviewed the

cases (ez) reported prior to that date and enumerated a total of 99.

Eleven of these were those discussed by Doll (63) and appear to have
been cases covered by other authors. Eight were discovered by Kenna-
way and Keanaway (13 in an analysis of death ‘:eruﬁ:;tu and, unless
Merewether's study was incomplete, these cases sbould kave been in-
cjud;e wn hus report, Of the rermauining 80, it is quite poss:ble tha: the
)l contributed by Merewethber and the 17 by Gloyne contain some dupli-
catior with eacn other or with other English authors,

In the same paper, Hueper dismisses the idea of deterrmining
the frequency of pulmonary cancer among the total wo.rker population
of the asbestos industry on the grounds that it is immaterial bow many

workers i the .ndustry develop lung cancer, since some of them have

no ¢xposure ancd thervfore do not develop asbestosis!

0143
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E W. PRINCIPLES OF THE EPIDEMIOLOGCICAL METHCD -

- A3 tas Been wndicated, much of what 13 now thought to
be pertinent concerning the comparative {requency of lunj cancer
in dillerent popuiation groups has been developed from the analysis
of clinucal material, parucularly surgical and autopsy records. This
has been supplernented to some extent by the reported impressions of
various clinicians based upon their personal observations. More re-
ceotly, however, attention bas turned to the systematic investigation
of this problemn by the same methods that have proved so successful
previously 1a the study of cornmunicable diseases, :;a‘z is to say, by
equdemiological methods.

Epidemiology is the method of investigaring a specufic
disease in burpan populations in relation to certain variable character-
istics, 1ncluding the eavironrnent. ln contrast to the clinical method
which is pramarily concerned with the charactersstics of the disease
is individuais, epidemiological research involves the investigation of
the disease 33 3 mass pbenomenon. It seeks to discover what propor-
- twon of persons in a given set of cxreu.mu'ancn will eventually develop
the disease. Epidemiolopy cannot predict whether a given individual
will fall vietum 20 @ specific disvase, but it can predict the approx:-
male pumbur of cases of this disease wiuch will develop in a population

~f specificd size, composition, and subject to a given environment, It

- - 0145
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proceeds by lirst careiully and accurately describing character-
astics ©f the cisease in dilierent population groups and its essextial
epjective :3 the formu.ation, lesting, and veruUication of genercali-
zations concerning the disease in question,

In order to apply this metbod of investigation to the pro-
blemn under c:scussion, the Fouzdation was of the opinion that a study
should be planned so as to provide:

l. A well delined population group.

2, Available data for all members of this pop-

wlation, including the healthy as wcu:u the il

3. A sample which is truly representative of the
_. populat:on,
4. Reliable and valid observations relating to the
problem of the study.

A serious defect, common to most of the stucies whuch
have been reported, is that little or no information concerning the °
healiby people in the group seems to have been available to the author.
Therefore, results of these studies cannot properly be generalized to
include such people,

In order to draw a generalization rcgarding all asbestos
workers,:t is necvasary for a study to include lLivang persons as well
as the dead. Luimiting the investigation 10 autonsicd cases, as has

been {requently cone in earlicr studaes, stul further restir:cts its use
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A generacization. Tae prodicm with whch the Covdez Asdesiss
Mining"Associal.on is concerned 15 whether asbestos miners ex-
perience more lung cancer than does the general population. The
answer necessitales the collection of reliable information on asbestos
miners u’a group, as well as on the general population.

It seems advisable to discuss the duferences between the
epridemioiog:ical approach and that used in u';c studies which have been
reported to date. A very important consideration 13 the fact that jung
cancer, in spite of ils increasing numbers, is still a disease of Jow
inc:dence; that 33, 1n & given population not many persons will contract
this particuler disease. This fact requires that large samples or groups
must oe stuc.ed O pruvige meanungful results.

Recognizing the duficulty of obtairzng such large sampies,
most earlier writers deviated from the epidemioiogical method and

sought to carcumvent the requirement of observing well persons by:

1. Comparing the relative {zequency of cancer
i-n various sites.

2. Comparing the relative lre-qucncy of cancer
in & group of hospitalized patients.

3. Comparing the relative frequency of cancer
in a group of cases cominy to autopsy.

The frequency of cancer of the luny relative to the total of

all types of canccr may be incrcascd merely by rcason of a decrease
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in the :nc:cence of cancer of other sites. Tnis could be true even
though the incicence of lung cancer remainec consiant, or u 1t de-
creased less rap:dly than that of the other types.

Atternptiag to compare two population groups, leokung only
at the relative {requency of cancer in various body sites, may result
w finding a2 bBigher pe.r:enuge {relative [requency) in ope of the groups,
when, 1n fact, the mortalitv rate of cancer of a particular organ is ex-
actly the same 1n both groups. This is because the relative {requency
oi eancer in other orgjans may be lower in the second group. The mor-

.
tality rate {rom a particular cause 13 the true measure of comparison,

It 1s apparent that selected groups such as bospitalized

patient> or auiopsy cases rnay not be representative un any way of a

larger group, and that in dealing with such samples, the observer may

easily find more cases of any kind than would be found i1n a group of the
same size, but representative of the general population. It is true that
investigation of cases from such a sarnple can furnish information valu-
able for research, bui the use of this information in drawing generaliza-
tions 13 necessarily restricted, it.s the obligation of both the investi-
gator and of those who read his report to make proper coroparisons and
to draw only those conciusions which are valid and Justulied. A good
slatistica. stucy © cases of cancer of the lung occurring 1n a group of

dutopsies can .edd 1o ¢ proper wiference concerning the frequency of lung

cancer aMong casus coming to autopsy, but only to such cases. Tor
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informat:on irom such 2 siuay to dbe projected to some larger grous,

it i necessary that the au::p‘sies represent a gooc sarmp.e of tha:
-

larger group. To assume that such 15 the case i1n any particular sefies
is dangerous and likely to be false,

There i35 some danger tha! the figures reporied by some
autbors may be misconstrued as applying to asbestos workers or even
asbestos muners, when, in fact, tbe authors in question do not make
thus generalization, nor can the generalization be made for the reasons
stated. Close stucy of the reports reveals that the percentages quoted
relate only to the group of autopsies covered by the«p:ar:a'c.;lar wnvestiga-
tien.

- The presen: study, in contrast to the earlier works, has been
planned to utilize the epidemiological method., A weli-defined group of
ube;tos miness has been established in such a way that it constitutes a
good sample of the whoie population of asbestos miners un Quebec. Data
for all members of this group have been collectea and analyzed. Those
concerning lung cancer have received most careful considenuon.. De-
tails of the methods employed will be set forth 1n a later section, but the

type of approach 1s considered to permit of fair comparisons and valid

generalizations.
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IV, COLLECTION AND ANALYSISCFT TATA

A preiuminary survey of po:en:x;l sources of wnformation
wm Fecruary of 1956 involved discussions with the physicians in charge
ut the Asbestos companies’' programs and with clinicians, pathologists,
rrpresentatives of City and Provincial bealth deparcorents and of the
Canadian Cancer Society, and other interested persozs., [t was
1wend tha: morbicity data, although somewhat limited, were available
trorm such sources as the bospitals in Montreal and Quebec City, and
the |3 Cancer Lereclion Centers in the Province, Héweirer. because
a1 the nugh moriality wn iung cancer, it seemed acvisable to depend upon
Jute relating x:aea:hs. These we found to be obtainable at the vital
statistics department of the Minustry of Health in ducb_ec City, From
the preluTm:inary survey, it was apparent that extensive and detailed in-
tormation coulc be gathered with respect to both the persons ercployed
in the asbestos muung wndusiry and mortality {igures for the general
population,

Following this exploratory survey, the initial effort was
Jirectec L0 the collection of data rehun; to all workers wbo had been
rocvasen tnrousn the clinic at Thetiord Mines since its inception in
1947, Similar infermation was obtained regarsiny all workers at the
(enacian Johns-Manville Company 1n Asbestos. Data from the clinical
tecords inclided the age, family and personal medical bistories, smoiurng

hadiis, number of ycars of exposure, an estimate of weighted exposure,

D B L L ST P S T C e G

0150



19,
and the course of the induvidual's health status or the cause =f his death. ;
Altdcugh the daia in these Two instances were not exaclly sumilar ia y
form, the inclusion of records {rom the personnel depariment at As-
bestos coverung employees who had retired, died or become disabled
provided data sufficiently alike {or the purpose of the study.

From :bia‘ information it was possible to {ormulate for both
Asbestos and Thetford Mines ""cohorts' which could be well defined,
sbould be representative of each group, and could be followed for a de-
finite period of time. All of the available experience indicates that the
development of asbestosis in less than five years ox’.c;:;o:ure mus: be
somewhat rare. Accordingly, the cohorts were defined as including
cv;cry worker who had a total exposure of {ive or more years, and who
was on the employment rolls at Asbestos or Thetford Mines in 1950,
These cooorts were then followed by means of the annual physical ex-
amination records through a six-year interval, 1950 through 1955, All
data regarding these groups were then tabulated un order to deterrmane
the characteristics of the coborts. For those who survived the cn.ure
period, reference was made to the physical examination resuits and x-
ray findings at the end of the period. Those who hac died were tabulated
separately and the cause of death corroborated by examination of the
death certuficates, A further search was made concerning those 1n the
original cohorts wl;o remained unascounted for when the laving and the

known dead had been tabulated. They represent men who had left
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cmpioyment througn retirement or resignation. Eveatualy, aii bt
« small number of these were accounted for as esther living or dead,
and in the _uucr c.vcnt. the cause of death was substantiated .2 a
wmilar manner, and the results added to the origanal liat of deaths.

Death certificates for the Proviace of Quebec (or the years
1952 to 1955, inclusive, were reviewed in the department of vital sta-
ustics of the Provancial Health Muinistry, together with statistical sum-
maries of the causes of deaths in the Province by counties. Al cases
ia wkich death was certilied as having been due to prirmary cancer of
the lung were exarmined for such inforrnation as pla:e-claf r;sidcnce, oc -
cupation, date of deatk, hospital in which death occurred, and whether
vr NGt an au:op:): was performed. Cases in whaich lung cancer was
‘l;rcn 43 2 cause of death, but in which it was not specufied as to whether
the cancer originated in the lung, were alsc reviewea in an ef{fort to une
clude all instances of primary carcinoma of the lung n the study,

The statistics for the Proviace of Quebec relate to popula-
en, total deatss from all causes, total dezths from cancer of all z'y-pu.
and deaths Irom lung cancer. These wcre'col.lc:ted and tabulated by
courties and by sex {or the years 1950 to 1955, inclusive, From them,
¢eath rates for the general population of Quebec and of individual coun-
ties were calculated [or specific years and analy:ed by cause,

Practically all employees of the Canadian Johns-Manville

Cuompany are covered by a group policy of life insurance whkich, fortunately,
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nearly all of thern continue to carry when they relire,

are not covered by this policy, anc inosc whno jeave the industsy for
-—

21,

A very [ew

one reason Or another except retirement usua.ly are no longer covereg,

but this is likewise 2 small number, As an additional check cpon the

information obtained [rom the clinical recorcs on the group at Asbestos,

the records of the life jnsurance company were examined for all death

claims paid under the policy, and particular notice was taken of the

claims in which the proof of death was based on cancer of the lung.

Deaths from lung cancer among asbestos workers were

thus determined {rom the clinical records o the medical service of

the industry and checked by means of the death certuficates and insur-

ance company records. The list of deaths was then veriiied indivadually

by reviewing them with the physicians ia charge at Canadian Johns-

Manville Company and at Thetford Mines,

In this manner, there was

established & list of cases wn which pramary cancer of the lung 18 con.

sidered to have been proved as the cause of death, A few cases in

which lung cancer is strongly suspected but not proved as the cause

of death were considered separately, Mortality rates have been cal-

culated using both the “proved” and the total of “proved” and ""suspected’

cascs during the years under obscrvation,

Comparisons were then made

between the death ratcs irom the same cause among specific segmants

0! uncxposcd persons. All lung cancer deaths, both suspected and proved,

were carcfully analysed to derermune posaibic relationship of correlations

oetween the deveiopment of iung cancer and any facior known {rom the

- e A ——
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pnes tecorda such as farmily history of cancers, personal haisiory
i hedvy SIMOKING, coexistence of asdesios.s or expoOsUTE 10 AsDEsiOs.
in addition to this aralysis of dzaths cccurring in the co-
nufts ana during the vears under observation, every known death {rom
vancer of the lung, as well as every case diagnosed but sull laivang, bas
veen tabulated and analyzed. They will be discussed separately irom
those included un the populai:on and time-interval under study.
A c'mpuuon oi lung cancer morialily wn the asbestos pro-

ducing counties bas been made with that ir counties which are far re-

-
A}

moved from the asbestos munes and in whaich, pruu;ubly. no asbestos
n'nat!! live,
F:rally, in order :0 broadex the comparison of deatt rates
n dullerent population groups, the rates have been collected !o_r Canada
generally, and for the United States, accordizg to the most recent pube
lished and unpublished material,

in order that the metnod by which these coroparisons h.IVt
hesn Mmade Mmay be more easuly understood, it seems advisable to discuss
wrielly some of the undamental statistical concepts which have been
:otlowed. The pranciple of caleuwlating the probability of a given uinplc
representing the trye cond.lion of a large group can be illustrated by
imagining & contawner in which there are 1000 mardbles of which 900 are
white and 100 black. The actual probadulity of drawing a black marble

1 one in ten,of .1, However, should a sample of ten mardles be drawn

0154



:rum the contawner, 1t would not be unlirely thit two, three, or evern

”n

ou black marbies would be among them, even though the “expecicn”
¥t would be cne. On the other hand, if all ten were 10 be black,
that sampie would unquestionably be "“extracrdirary”, Tae {oliowaing

tebulation shows a caleculation of the probability that a given number

vl black marbles will be found 1n a sample of tea:

No. of Black Marbles
in Samoie Probabilitv

.348678440;
. 38742044890
.1937102445
0873950280
.01116026:0
.0014880348
.0001377810
.00CCC8T480
.0CCC003645
. 00000C009¢C
1.00000C0000

CW®mIOCWAEAWN—-O

-4
o
[ od
»
-

From these probabulities, it is evident that one might ex-
pect 3 sample of ten to include no biack marbles or one, two, or three,
but for the sample to consist entirely of black marbles would be ex-
pecied only once in ten billion trials. Finding three biack marbles in
the sample would be expccted in almost six samples out of 100, and it

woule be anticipated that the sample would contain [our or more black
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marbles 1n slightly more than one trial out of 1C0. The aciuval prob-
amlitv of this hagperung 13 . 012795184, which is determuined by adduing
the probabulities for 4 through 10. Ia praciical applications of sam-
pling, the percentage of "black marbles” is, of course, uwninown and
must be computed {rom the results found in the sample. There are
juritasons 1o the accuracy of such a computed value, but it is possible
to state with 2 known probability that the true value Lies within a certain
range, Ll the range is wide enough, the probability may be practically
100%. The usual practice is to require 95% certainty,
in the present study, since the probability of bavizg lung
cancer 13 30 small and since the sample s1ze was {airly large, the
Poisson distripution was used instead of the binormmsal distribution, whics
bas just been described. This is a substitution {requently made uncer
these conditions, because the Poisson distribution 1s tabulated and the
diilerences between 3t and the binarmial distribution are quite small. It
13 based on the equation:
-np x
e (np)
E——————
x.

Where @ = 2, 71328 (the base of natural logarithms)

n = aurnber oI Man years subject to rask

p = inciderce rate

A 3 pumber of cases observed

The logic of the statistical approach may also justily a few

«ures of clarification. Generally, in problems of thus kind, one sets

vp 3 nypothesis, which 1n our casc would be, ""Asbestos rmiasers do not

- PO TS Aty (o P RIS [ e Y~
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bave a bugber rate of mortality {rom luag cancer than the general popu-
lation. " The hypotses:s i1a thesn tested by means of the study of data on -
-
asbestos muiners and on the general population, wncluding the observed
sumnber of cases of lung cancer. From what has been said earlier, it
s clear that even if the asbestos miners and general population bad ex-
actly the same lung caacer mortality rate, it 18 unlikley that in any
single sample this ideatical rate would be found. Some dilference is
likely to be observed, but the important question is whether thus differ-
ence is greater than might be expected merely as a matter of chance,
1o other words, we wish to know wh;:ber the iif[erehée x.l “statistically
significant”. I a sarople should supply seven cases when the expected
sumber (based o.n the rate for the general populat:on) is {ive, one must
inquire copceraing the probability that this would occur ;v;srcly as a maiter
of chance. It is this probability value which is calculated by the Poisson
distribution. U, on this basis, a value is found in the sample which is
s0 mouch larger than the expected value that it (or sorme larger value)
would occur hu.uu.n §% of the time by chance, there is sulficient evi-
dence to reject the original hypothesis. U, on the other hand, the value
observed, even though larger thas the expected value, is no greater than
might occur by ca.rce in fewer than 9% of trials, we have insulficieat
evidence to rejec: the origanal hypothesis.

Calculations and conclusions based on the results of the find-

ings in this study have been made in coaformily with these statistical

0157
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V. RESULTS AND INTZKPRETATION

The two cohoris waich were constructed according o the
criteria described in the preceding section have been considered in-
divadually and compared with each other as well as with the general
popuwlation. Descripiion and corzparison of these cohorts will be pre-
sented bere as a preface to the results of the study.

A tabulated sumrnary of each group aad of the commbined

cohorts is shown below:

Theuord . Surzroary of

Asbestos Mines' Combined
Cokort Conort Cohorts

Origisal Cobort 2327 3764 6051

Lost Persons Deducted 54 79 133

Fizal Cohotrt 2273 3685 5958

Living in 1955 2224 3547 5771

(worzing and retired) .

Dead by 1955 49 138 187
Ca. of lung 3 6 9
Questionable Ca. of luzg 0 3 3
Other Causes 46 123 169
Uniknows Causes 0 6 [

- Sinokers 1931 2742 4673

Nonsmokers 340 925 1265
Unknown 2 18 20

et . e - - - - ®em - e ‘- -
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Tabies [, 2, 3, and 4 present age, nwmzer of years e
employraen:, weighted average exposure ana smoking habits of tkese
two groups. [t wil be observed from Tabiz | that the Thetford Mines
workers had a higber average age than the Asbestos group (42 years
ve. 39 years). Consistent with th.s finding, Table 2 indicates that
they also bad worked longer as asbestos miners (19 years as agaisst
15 years),

A comparison of the exposure to asbestos dust is ;resented
in Table 3, Al workers were pilaced .3 one cf three c'uegoriu, re-
presenting increasing degrees of exposure based on :weighted average
of the years speat at various levels of dustiness. The cegree of dusti-
pess {or each job category was determnined after consultation watk per-
sons familiar with the eavironment and cond:tions in the various work
areas. Altbough it will be poted that the two coborts bad the same
sveraze exposure, a larger percentage of the Taeilord Mines workers
will be found in category U, while the Asbestos group occupy maialy the
extremes of exposure. For the purposes of calculation, the assumption
bas been made that the reuu‘.on;up between these categories is linear,
and that category Ll is twice as dusty, and category LU three times as
dusty as category I,

The fourws variabie, smoking habits, was similarly tabulated
and 1a shown in Table 4. A larger percentage of emokers is indicated

here for the Asdestos cohort - 85.0% compared with 74.4%.

0159
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Numizer arnd Fercentage Distr
of Asbestos and Thetford Miunes Conorts

R LI

TABLE !

St

by Age
Thetiora
Asbestos Mines Combized
Age No. % No. % No. %
20-44 1602 70 2299 62 3901 66
45-54 4“7 20 677 18 1124 19
$5<64 188 8 430 12 615 10
45 « 39 2 276 8 318 ]
Unknowa -e - 3 - 3 .
Totals 2273 130% 3e3s 100% §958 10C%
Av. Age 39 42 4l
* Less than .5%
TABLE 2
Number and Percertage Distribution
of Asbestos and Taelord Munes Coborts
by Length of Erzpioyment
Thetlord
Length of Asbestos Mines Combined
Employ-
ment No. 2 Ne. " % No. %
5.0 850 39 915 25 1795 30
.0-19 864 38 1534 42 2398 40
2029 342 }5 580 16 922 16
10.13¢ 168 T 435 12 603 10
40-49 17 1 168 4 185 3
50 « 2 . $3 1 55 1
Totals 2273 100% 3685  100% 5958 100%.
Av, Yrs. of 18 19 18
Employment -
s Less tkan .87,
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TABLE )
Numbder and Perccniage Distribuiion
of Asbes:os and Thetfsrd Mines Conorts
- by Exposure Category
‘iaeiiorg

Exposure Asbestos M.nes Combires
Catezorv No. ) No. T No. T

1 969 4] 1082 29 203! 34

u 564 25 1586 43 2150 36

ul 738 32 1037 28 1772 30
Uniknewn 5 . 0 0 H .

Totals 2271 100% 3685 100% 5958 10 %
Av. Exposure 1.9 2.0 2.0
s Less than .5%

TABLE 4
Number and Percentage Distrisution
of Asbestos ancd Thetford M:nes Cohorts
by Smoking Hasits
Thetioro

Stoking Asbestos Mines Combines
Habits No. % No. e Neo, [
Smokers 1934 85 2742 4 4673 79
Nonsmoxers 340 13 925 25 1265 21
Unknown 2 . 18 1 20 .

Totuls 2273 100% - 3685 100% 5958 1007

¢ ess than . 5%
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This i3 & difference which could hardly occur by chance because of
tke large size oi' tze sampie. Tnereiore, it is lukely that the ciffer-
ence 13 2 real une unless the me:hod of recording this waformation at
the tume of employment varies at the two locations.

In spite of the m:zor dilferences brought out by these
coméaruom. 1t would seern that the two cohorts are quie simiar
with regard to the variables of age, length of employraernt, degree of
exposure ana, although less so, in regard to srmoking habits. These
variatles appear to us to be those rmost closely related to the problem,
and wil be taken into account in comparing the worker’s:wi:h the con-
irol groups. .
Table S presents the year-by-year experience of the two
conorts ana incicates the number of deaths each year from specilied
vauses. [n gereral, a case was considered to be “proved" as one of
primary cancer of the lung when the records showed that the diagnos;s
hac beer supporied by an autopsy or surgical resection of the lung witk
miCroscopLc examination of tbe removed tissue. [n one case $0 con-
siderec, bowevér. diagnosis was confirmed by broﬁ:bouopy with visuau-
gat:or and biopsy. ln anocther, although there was no autopsy, the diag-
nos:s 31 primary cancer o! the lung seems 10 have been beyond question.

The term “suspected” prunary cancer of the lung was ap-
plied to ikose cases wn which the aiagnons remains in doubt but seme of

the eviderce points to cancer of the lung. There were three such cases.
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TABLE 5 - Par:! s
Stucy of the Asoestas Canor:
-
Ciuse of Death
No. Alive Froveg Suspeciec Man.
At Beginring Prumary Primary Other Years of
Year of Year Ca.ofLunz Ca.of Lung Causes Unkrown Risx
1950 2273 0 ] é 0 2270
1951 2267 1 0 5 0 2264
1952 2261 0 (4 9 0 225¢.5
1983 2252 0 0 9 0 2247.5
1954 2243 0 0 12 0 2237
195§ 2231 2 0 ) 0 222°.5
Totals 3 0 46 0 13502.5%
"Proved' cancer of lung death rate per 100,000 man.years of risk 3
- ‘3
22.2 (m)
TABLE 5« Parst
Stuly of the Toetford Mines Cohort
Cause of Death
No. Alive Provec Suipectea Man.
AtBeginaung Primary Primary Other Years of
Year of Year Ca. of Lung Ca. of Lung Causes Unknown Risk
1950 J6LS l 2 6 l 1680
1951 3679 ! 0 12 ! 3668
1952 3661 0 0 28 0 3647
1953 1633 2 ! 2% 0 3619
1954 3608 l ] 21 4 3592
1955 3s59 L 0 3t 0 3561
Totals ) 3 123 6 21769
“Proved’ cancer of iung death rate per 100,000 man-years of risk =
é
21. go—
é ‘2.1769)
"Suspected’” plus proved cancer of lung death rate per 100, 000 man-
. 9 .
ears of risk = 4], (s
Y - (TT7es’ 0163
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TABLE S - Pamt Ll

S:iév o Combinez Conor:s

Combainea geats rates per 100, 000 man-years of risk
for Ashbestes and Thewford Mines

“Prcved” cancer of lung death rate per 100,000 man-years of risk =

9
25.5 (_—)SZU.S)

"Suspected” plus proved cancer of luag death rate per 100,000 man-

12
£ risk 2 34,0 {ommummmm
years of risk = (35271.5)

In two, no auispsy was performed but tb: clinica. signs
acé symptomns fere such that the death certuficates read "cancer of
the lurg", and "suspected lung ca.gcer". The third case carse to au-
topsy but tkere was a difierence of opinion between two patholog:isis
a3 to whetner lung cancer was present,

The tersr: "rman.years of risk" bas been used to meas the |
awmber o1l men at risk for the year under observation. An indivadual
who lived throughout the year was counted as a full man-year of risk,
but one who d:ed dur.ng the year was counted as one-ball a man-year,

Deaths occurring un these two cohorts, and un which 1@;
cance> :3 consicered to zave been proved a3 a cause, are shown in
tabulaced form on the next page. Also shown are threc deaths in the
Thetlord Mines coaort which bave been considered as "suspected” lung

cancer Cases.
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ASBESTOS ZQORT

- "Proved' Cases of Prumary Cancer of the Lung

Au.  Asbes-
Name Age Smoker Excosure Diec¢ topsy  tos:s

1) Yes 26 Yrs. 1n Cat, LU 10.12.8! Yes Yes
6% Yes 34 Yrs, in Catr, | S« 3335 Yes No

M-
':n7._>
Xvow

3. .M. 85 Yes 37 Yrs. in Cat. ] T+20-55 No No
THZTFORD MINES COHORT
“Proved" Cases of Primary Cancer of the. Lung
Ad-  Asdes-
Narme  Age Smoke- Zxdojure Died toDsv  tos:s
I, C. B, 59 ° Yes 32 Yrs. inCat- 1 8-20.50 Yes No
2. A. 8. 48 Yes 22 Yrs. 1n Cat. U -51 Yes Yes
3. W.F. &l Yes 33 Yrs. in Cat. 1 4-30.5)3 Yes Yes
4, L. D. 8¢ Yes 30 Yrs. in Cat. U 11-22-53 Yes Yes
s. E. L. ¥ Yes 16 Yrs, inCat., | 8- 5-54 Yes No
o. A. R. 68 Yes 28 Yrs. in Cat. IWI 8- «55 Bronck. No
"Suspected” Primary Cancer of the Lung
Au- Asbdes-
Name Age Smoker Exoosure - Died topsy tosis
1. J. T. 49 Yes 32 Yrs. in Cat. Ul 10-25-50 Ne No
.. R. D, 4o Yes 33 Yrs, inCat. Ul 7- <5) Yes Yes
3. P. P, oS Yes 42 Yrs. in Cat. U 9-30-3% No Neo
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Al Asbestos (here were No cases w1 wa:ilh ine T.37%CsLs
was quesiionacie, with the result thal ihe rate {cr “provesz cases o
this conort is the only one developed. At Thetford Mines, nowever,
tke three cases mFaonned earlier were placed un the categor of
"suspecied’” primary cancer of the lung. Ana indicat:on of the impor-
tance of these cases in interpreting the cesults of the calculat:ons is
desirabje before further ducuuxcnvo{ the roertality rates which are
derived ws later tabies. For example, 1t happens that tke rate {ouad
for the Asbestos cobort .s very close to the ""expected' rate Sased on
the genera. population figures for the Province as will be shown ater,
and on tais buu.. we sbould find {ve deaths {rom jung cancer among
the ‘Ttn:;'ord Manes §Toup. As was explained in the section en “Col-
lectior. and Aralysis of Data", it would then not be uniikelv for six cases
to occur 1n our sammple. This is, .n fact, the numper of "proves’ cases
found 1n the Thetford Mines cobort, U, bowever, the three add:itionai
“suspected' cases are included, wncreasizg this {igure to nine, the
whole situation changes {rom a staustical point of view. Since the 5%
level of probability 1o this case falls between 9 and 10, we would reject
the nypothesis that there 15 no dilference between the incidence of lung
cancer 1n miners and that in the ‘geneul population U we found ten or
more cases. On the other band, baving found nine cases we are not
above the 557 level and are not justified an cejecting the hypothesnis,

Never:ireless, tbe occurrence of nine cases i this sample would show

01€6
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4% i1pCrease n T3lv &i0n AFPTSAlNed ne s.ga.iant.oon.. Decaose
of the trermencius Umpsriance of the quesi:cnabic cases in this TCs~
pect, some detal regarcing thern wili be g:vern hece,

In ore of these cases, the suspicion of cancer of the lung
is based upcn the x-ray interpretation and, although no autopsy was
performed, the death certificate indicates that death was due to lung
cancer, It s well known that the x-ray a'ppura.nce of {ibrosis, es-
pecially i a local:zed aensity or a superimposed tuberculous lesion is
present, can sunulate t?ut of a tumor, and by iucl.’.: does not justily
the inciusion of this case as one of '"proved’” can:e: of the iung. A
second case was ceridfied as having died by reason of bydrothorax,
possibly due to lung cancer, but again there was ro surgery anc no
post-rmorte: examaination., in the tznird case, although it was sub eciec 20
autopsy, two pathoiogists disagreed as to whether lung cancer was pre-
sent. The death was certfied as baving been due to chromic myocarditis
with ne;hruu‘ud puimonary congestion, and pouxb.ly cancer of the lung.
On the basis of these facts, it seems uawarranted to include these three
cases among "proved’ instances of lung cancer. On the other hand, they
carnot, i fairress, be c:sregarded completely. It is for this Teason

tnal MmOridl.lv rales for tae Tret:ord M:nes conoTt éna the comsinec ¢O.

aort have been Calculated both wavys.
Table 6, giving the rates by age groups, reveals dilferent

experiences for the two cohorts, It happens that 3l of the deaths in the
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Asbesiss conori fal into one age yrou;, 3o that the rate tor tral age
cate ST, i3 exTeplitna.ly fign. Al Trolizec Nifus, 4 TOTe £.C G815~
bution of the cdeains by age deve.cpec a4 series of rates which are less
extraord.nary and, as wil! be seen, are not wideiy divergesnt [rom the
expecicd raies {or each age category. The unusuai rate in the Asgbestos
conor: for tne age group 65 years and over, 1s the sort of thing which
happens wner the sample s sma... For example, of taese tnree dea:ns,
two were exactly o5 years of age and would have been in anotner age group
bad the !imits beer increased by one year,

TABLZ ¢

.
SNumter 2 Persons azz Nuzoer 2f -

Long Carcer Zeatzs zv 45e Graozs

Asoesiss The:lcré Mimes Com3dined
Lang Lung Cancer Luzg Cancer
Age Cancer Deaths Ceaths

—_— s
Crz.os Persoms Ceatss Perscrns Proves Tcoia. Persons Poovec Toinl

20-44 1oC2 0 22¢9 | 1 3so0l i l
4534 447 0 o7 1 3 1124 I b
$3.84 183 0 43C b] k] 615 3 3
03~ 3 | 3 275 i 2 31 4 5
Crrrcaes o 0 ? 0 By b] Q0 2
I 227 3 3243 [} S 3328 3 2
- « 4 ew e Lva. Setlel 2% L. .. .
At e PP S RIS L I S S
Yo ’, N b 4 s
e 4 4 25 74 .5 44
Ghend 0 116 116 8! 81
Y 1282 60 121 212 285
Lranown . 0 _° 0 ,_o. 0168
Over-ail T2 7 41 b5 L)

¢ No ore exposed
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The rates by leng:n af emplovment (Tus.e 7) sncw that

Be 1WO grouss weTe Guile SLUTdr in this respeci. Our:ing the [irs:
-

40 vears of emmployment, the rale rises, an observalion wtich seems
plausible since the men were growing older. However, alter 40 years
of exposure toere are .no “proved’ cases reported for a total of 240
men curing the six years, or about [4+40 man-years of exposure. When
the "“suspected’ cases are added, one casc does show up in this period.
This would produce a rate of 6% per 100,000, agaun &cmonstrumg the
umportance of these questionable but unproved cases to the final con-
clusion, because, u there were no cases i1n thus numb-e; oz‘.men with
long exposiure, u@ 1f asbesios i1s a carcinogenic agent, 3t roust be con-
cud.ed that these -240 mzen have demonsirated cons:dcrable resisiazce.
This 13 a biological phenomenon wiaick has been observed previously ané
15 consistent with the theory of an intrinsic or endogenous factor un can-
cter. The only otber explanation wouid be that the susceptible members
of this age group had died eariier of Jung cancer. Table 22 whica ap-
pears later in this section irc:cates tbat the members of the coberts did
hot die from lung cancer at a younger age than the general popuiation.

The ratcs by weightes exposure are‘ shown in Table 8, and
it w:ll D¢ noteg that they present strong evidence against asbestos bewng
4 carcinogenic agent. For tbe Asbestos cohort the rates actually de-
crease with \ncreasing cogree o exposure, and at Tactiord Mines they
sppear completely incependent of exposure, 1f we count only the ""proved’’

- 0169
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It wii! be notec from the table iBat the moriaiity rdte for the Aszestss
-

cobort is armost exactly the same as tbat for the Province, wale tze

rate for "'provec’ cases . the Thetford Mines cohort is cxiy siighiy

bigher. Wher the “suspecied” cases are included in the calculasion,

the rates for the Thetford Mines cohort rises to 41,4 per 100,000 which

is nearly twice as bigh as the rate for :he:Provmc. This, it will be

recalled {rom the previous discussion of the "suspected' cases, ap-

proaches but does not exceed the sigmificans level.

One {urther interesting observaziea {rons .Tabie 20 is tse
ratber marked increase 1a the total number of cases for the Provizce
between 1350 and 1955. 1t is assurned that at least part of thus increase
is due t0 wnprovec recognition and reporiiag of luxg cazcer during the
interval. For thus reason, the years 1954 and 1955 were thougit to be
more nearly representalive of actual coaditions. Even 50, it is quit;
likely that the general population :3 not stuched {or lung cancer with tte
same cdiligence wild which this disease is looked {or in the mainers, anc
it seerns probable that the mortality rates for the Province would tend
to be low. This wouwd appear 1o be subsiantiated by the fact that the
teporiing Ji cases un the combinea cobort showed no such incrTease over
the sarme perioc.

Table 21 was compuled to show the annual age-speciiic .ung
Cancer rate of cases in which the death certificate merely read "caace:r

of the lung”, as distuinguished from those ia whick the diagrosis was 0183
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Number of Persons anc Number of Lunyg
Cancer Deains by Leng:h of Empiovment

3s.

Leag:h Asbestos Thetierd Mines Combdinec
of Lurg Lung Cancer Lung Cancer
Empioy- Cance: Deatts Dea:=s

men: Perscns Deatny Persors Provec Teta

—l
Persons Proves JTo:ia.

$-9

850 0 915 o} 0 1795 "} 0
10-19 864 0 1534 i } 2398 1 1
20.20 2 1 £1.19 2 2 §22 3 3
30-39 168 2 435 3 5 603 L 7
40.4¢ 1° 0 168 0 1 185 0 l
5Ce 2 0 $3 C 0 §5- 0 0
Totai I b RITH s 3 8955 9 Tz
Annua: Lung Carces Deaih Raies per {00, ICC
Man-Years o: Exposure by Length of Empioyment
Length of Asbdestos Thetford M:nes Combined
Emslovment Total Provesz Tota. P-oves Tota.
$-9 0 0 0 0 0
10.1¢ 0 i 11 ? ?
20.2¢ 49 57 $T 54 54
30-39 198 8% 192 138 1o}
40-40 0 0 99 0 &0
50« _0 _0 0 0 0
Over-all 22 27 T P Y
- 0170
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TABL

6

- Number of Persons and Numbder 3! Ling
Cancer Deaths by Exposure Category

36,

Expos- Ash “sios Thetfare Mines Combines
ure Lung Cancer ~ung Cancer
Cate- Cance:r Decaths Ceatns
gorv Persons Deatns Persons Proved Tcial Perscns Proves ~o:a.
I 969 b 1062 2 2 2031 4 4
u 564 1 1586 2 3 2150 k] 4
w 738 0 1037 2 4 1772 2 4
Unicnowse $ 0 0 0 0 5 ° 0
Towal 22:3 3 3685 ® 5 5956 T 1z
Annual Lung Cancer Death Rates per [C0,0CC
Man-Years of Exzosure by Exposcre Category
Exposure Asbestos Thnetford Mines Cormbired
Categor:- Tota. Prcves  Tota. Provez 75:a.
1 34 31 3] 33 33
u 30 2l 2 23 3
ul ) kP 64 19 37
Uslnown 8 i L 2 0
Over-all 22 27 } ) 34

* No one exposec
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iexposclre 10 astesiCs (s ANy wdy gormectes (o '.ung cancer, we
wouia exgect that (Be longer anc neavier the exposure, tke higher the
rate that would be rfouna. The only possibie error 1o this interpreta-
tion couid occur uf the we:ghkted exposu.ru were unversely related o
years of empioyment, :1 which case the heaviest weighted exposure
(category IL) would show the saortest length of employrnent. Tables
9, 10, and 11 which 155t the number of persons in various exposure
categories By length of employrsent incicate tbat this error bas aot

occurced. ln facl, the average number of years of empioymert for

‘
-

¢ach exposuce category 1s almost identical.

TABLEZ 9

Nurber of Persons un Various We: ghtec
Exposure Categories by Length of Zmployment

Asbestos
Lengtk of Weigztied Zxocsure Cateacrses
Er:v.0 v mrernt i _£ E.I_ Unraown  Total
$-9 428 213 239 0 880
1019 27} 217 373 l 864
20.29 159 89 92 2 342
30.39 98 42 27 1 168
0.4 9 3 4 l 17
50 - 1 _0 0 L 2
Total 669 S04 735 S 27
Av. Yes, of 15.5 15,2 14.5 29.0 1.1
tapcsure
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TARLE 0

Numbper of Persons in Various Wejghtec
Exposure Categories Sy Length of Empiovment

Thetford Mines

‘Length of Weighted Exposure Categaries
Emplovment A U R Unkaowr  Total
5.9 279 ]} 251 0 8.5
10-19 350 666 478 - 0 1534
20-29 155 274 Ist 0 582
30-39 149 176 110 0 435
40-49 67 64 37 0 168
50 + 22 21 10 o 53
Total 1062 1580 1037 -'0 3643
Av, Yrs. of 9.9 18.7 18.1 18.9

Exposcre
TABLE 11l
Number of Persons un Various Weign:ec
Exposure Caiegor:es by Length of Employment
Combined Asdbestos and Theuford Munes

Length of We:ghte2 Exdosure Catezor:es
Emoloyment N ey ey Unknown Total
$-9 707 599 490 0 1795
10-19 663 831} 851 1 2108
20.29 Il 363 243 2 922
30.3¢ 247 218 137 L 601
40-49 76 67 41 ! 185
50 « M 2] 10 9 55
Total 203! 2:50 1172 5 8958
Av., Yrs, of 17.8 17.8 16.6 29.0 17.8

Exposure

- (e i RIS RSl B Ve [ oo & e P o O
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Table 12, whxcb. develops the rates {or smokers and =one-
srooxers, is mosi strikung. It shows thai not a sing.c case of Ling
cn:cr-;cvcloped, among the 1265 nonsmokers ana that all nu's of
lung ;uccr. both "proved' and ‘‘suspected”, occurred iun smokers.

A comparison of Tabies 8 and 12 certainly suggests that smokrnj is
3 greater bazard than exposure to asbestos in the mining operations.

Table 12 was so striking that it was felt that {furiker veri-
fication was necessary. It was possible that some abnormal distri-
bution may bave occurred, e.g., the nonsmokers may bave includea
3 larger percentage of youn; men. Consequentiy, acg:tiona. Tatles,
13, 14, and 15 were constructec to show the distribut:ion of amokers
and nongmoners ;y age, length of emplovment, and degree of exposure.
Although there are slight dilferences, they do not account for tbe fact
that all observed cases of lung cancer were in smokers. [n respect to
age {Tadle 13) the combined average age of the smokers was 4.9 years
Jess than that of the nonsmokers. Table 14 shows that as far as leagtd
of employmesnt 15 concernce, the smokers had worked about 2.3 years
less on the average than the nonsmokers. With longer exposure and
greater age, one would expect the nonsmoking group to show & higher
rale i lung cancer were due to asbestos,

Table 15 sbows that the average exposure category was al-
most the same for tbe two groups. Therefore, this variable seems to
be of no un];oru:\cc in accounting for the dulference between jung cancer

deatd rates [or smokers and nonsmokers.
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TABLE 12
Number of Persons and Numnber of Lung
Cancer Deaths by Smoking Habits
Asbestos Thetford Mines Combdined
Lung Lung Cancer Lung Cancer
Caacer Deaths Deatks

Persons Deaths Persons Proved Total Persons Provea Tota!l

Smokers

Nonsmokers

Unknowa
Total

1931 3 2142 6
340 0 925 0

2 0 18 0
273 3 B TYH 6

©ojo o v

4673 9 12
12658 0 0
TR T
59558 9 12

Aanual Lung Cancer Deatb Rates per 100,000
Man-Years of Exposure by Smolkiag Habils

Asbestos Thetford M:unes _Combined

" Tota., Provec Totai Provec Tota.
Smokers 26 36 85 32 4)
Nonsmokers 0 0 0 0 0
Unknown 0 0 L ] 0
Over-all 23 7 al 25 34

P
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The resuit of this adcitiona: analys.s 15 that none o7 these
{actors appear 0 iessen the effect of Tadle [2, which is therelore
strongly suggestive of the importance of srmickuny as compared to the

otber variables.

Asbesiosis and Luns Cancer

Wien we attempt to relate the Jung cancer deaths occurring
in the cohort with the reported cases of asbestosis, we are immediately
aware of a disturbing inconsistescy. Various authors report the incidence
of asbestosis after [0 or 15 years of exposure as exCe:ed'uﬁ 50%, and :n

147) (154) (195
one study, as high as 877, (1337 (138) 4 J{154) (195 However, data on

cagses of ubeu‘csis from tbe cohorts at Thetford Mines and Asbestos pro-
duce a rate of only abous 5%. It is true that these data are based on only
those cases which have beea proved at autopsy, ard those whose most se-
cent x-ray interpretation resulted in a diagnosis of asbestosis. This in-
cidence may be far Jower than J based on microscopic examination of the
lung tassue. As a matter of fact, Dr, Cartier nas estimated that t‘ere are
probadly 300 workers who 4o not show radiological evadence of asbestosis,
bul who have some degree of fibrosis. He also eztimates that there are
prrhaps 40 workers whu may have died or retired wath thas disease, lnstead
of 14) cases of asoestosis an the whole working force at Thetford Mines,
we should then bave perhaps 500, but even this wouid result in an over-all

rate of less than 107, which is far below those widcly reported. In our
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combuned conort, there are [ 763 men whko have %ad more than 22
years of emp.oyment, and 43! of these bave worxed in the heavies:
average exposure, According to the records, we can accoun: for
only 138 cases of asbestosis in the combined cohorts, LU even 257,

of the workers with m.ore than 20 years' exposurc develop asbestos:s,
we should expect lbouziils cases., This leads us to believe that there
is a very considerable under-reporting of asbestosis, Such a bypothe-
8is is easily conceivable when one considers that many chest x-rays

in thus group may be considered normal by comparison with others

1

in the same group whereas, if they were to be compared with wha:
are considered as normnal chest x-rays elsewhere, they may be inter.
preted as showung fibrosis.

Cases of asbestosis which were accunjulated {rom tke au-

topsy records and froms the periodical physical exarminations resu't un

a distribution which is shown in Table 16.

TABLE 16

Distridbution of Recorded Asbestosis Cases

Ian Cohurt Asbestos Thetford Comhined
Living 18 86 104
Deao A 30 34

Total 22 ilb [B)

— -
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TABLE |7 « Past

Number of Asbestosis Cases By
Lerg:s of Zmpioymen: ang Exposure Category

Asbestos
Lengis of Exdosure Categorv
Emolovmesnt _1_ L L1 Uncmows Tota!
Less than 10 0 o] +] 0 ¢
10-19 0 i 2 0 3
20-29 2 7 4 0 13
( 30-139 0 1 4 "} )
40-49 0 0 i 0 1
50 + L S 2 s
. Total 2 9 1l 0 22
Av, Yrs, of 25 25 29 T 27
Employmest
Percentages of Asbestosis Cases By
Lengt: of Z=pisyrmest and Zxposure Categcry
Leogth of Exvosure Catezorv
Emaulovmren: 1 u i Unknown Tota:
o Less than 10 0 0 0 L 0 )
P 10-19 0 .5 .5 0 .3
T 20-29 1.3 7.9 4.3 0 3.8
30-39 0 2.4 14.8 0 3.0
B 40-49 0 0 25.0 0 5.9
50 ¢ o 2 = LA T
Over-al: .2 1.6 1.5 0 1.0

®* No onc exposes 2 iais gro<p
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- Number of Asbestosis Cases By
Lecgtt of Zmpioyment and Zxposure Category
Thetiorc Mines
Leng:t of Exsosure Category
Emoloviment 1 i o Unichowr, Total
Less thas 10 0 0 "0 0 0
10«19 0 1 7 0 8
20-2% 2 ] 21 0 28
30-39 2 15 n 0 50
40-4% 0 6 20 0 26
50 « 0 2 _Z _9_ 4
Totai T 5 83 =0 1.0
Av, Yrs. of 30 36 34 34
Zmployment

Percenzages of Asbestos:s Cases By
Lerg:it of Zrmpioymes: azc Zxposure Categery

Lengt: of Exsosure Catezorv

Emvlovrent 3 u AL CUnknowe  Total

Less tkan 10 0 0 0 . 0
10-19 0 .2 1.8 0 .5
20-29 1.3 1.8 13.9 0 4.8
30.30 1.3 8.% 30.0 0 11.5
40-49 0 9.4 4.1 0 18.5
$0 « _0__ 9.% 20.0 o 7.%
Over-all L4 T.8 8.0 0 3.1

¢ No ore exposed in tkis group
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TABLE 17T - Part I2

Number of Assestosis Cases By
Length of Zrsployr=esnt and Exposure Category

Asuesios anc Thetford Mines Combined

S1.

Length of Exvoscre Categorv
Emaiovrnent £ iU w Urknown  Tota.
Less than 10 0 ¢ 0 0 0
10)9 0 2 9 0 1!
20-29 4 12 25 0 4l
30-39 2 16 37 0 55
40-49 (1} [ 2l 0 27
50 + ] -2 -2 28 4
Total é 38 Se o : 138
Av, Yrs, of 28 33 33 - 33
Employment
Percentages of Asbestosis Cases By
Length of Empioymexnt anc Zxposure Category
Leng:th of Exposure Categorv
Emplovment 4 u L Uniknown  Total
Less than 10 0 0 0 . ]
10-19 0 .2 1.0 0 .5
20-29 1.3 3.3 10,3 0 4.4
- 30-39 .8 7.3 27.0 0 9.1
40-49 0 9.0 s$1.2 0 14,6
S0 « 5 L3 20.0 2 7.3
Over-al! .3 1.8 5.3 0 2.0

® No one «xposed in thus group
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A perceniage :ncidence of 385031054 (ST €4l EXZTiLTE
calegory nas leez ceve.Spec s weil 43 [0 each jerioc o ety
meat. Th.u wnJormmation 1s shown un Tablie [7.

it wil be notec thar within an exposure category, the
incidence rises with increased length of employment, It is )
apparent that tke inc:dences, even ia the category of heaviest ex-
posure, are far below the rates found by the autkors preyiously re-
ferred to. It seerns clear, that unless concensrations of asbestos
dust to wo:ich the miners are exposed are very rouch lower thaz those
whoch o3tan u= all the other stucies, there bas been a';‘rou uncer-
reporiung of tae u.beuosu cases. The obvicus result is a Asgker
relative frequency of lung cancer in associaiion wiih asbestosis.

Table 18 compares deaths due 0 lusg cancer anc fa:al cases witd as-

bestosis, alone and :n combinat.on with each other.

TABLE 18 - Partl
Statzstical Acalysis of the Causes of Deas

Asbestos

Cacse Asbes:osis No Asbestos:s Total Percentage

6.1
2.9

Lung Cancer 1t.2) 2( .8
No Lung Cancer 30.8) 43(42.2) 4
Total 4 o
Percentage 8.2 91.8

&
DI W

Figures un parenthesis are the "expected” nurnbers

. 0184
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TABLZ 18 - Par:
S:atisiicdl Anaiysis of ke Causes cf Jea:s
-—
Thetford Munes
Cause Asbeszosis No Asbestcs:is Total Percentace
Lung Cancer 3{ 1.3) 3 4.7) 6 4.3
No Lung Cancer 28(26.7 101 (99.3) 126 95.5
Total 28 104 13
Perceatage 21.2 78.8

Figures in parentbesis are the "expected' aumbers

TABLE 18 « Part ILL
Stanstical Analysis of the Causes o Death

Asbestos and Taetford Mines Combuined

Cause Asdestosis No Asbestss:s Teila. Persermiage
Lung Cancer 4( 1.6) 5( 7.4) 9 5.0
No Lung Carcer 281(30.4) 144 (141.8) Jdr2 95.0
Total 32 149 181
Percentage 17.7 82.3

Figures in parenthesis are the “expected' numbers

- Six deaths from unknown causes not included

The nwnoer of lung cancer deaths combined with asbestosns
is larger than would be expected in each cohort and in the combined
cohorts, This dilfererce is signuicant at the 557 level using the chi-
square test of sigrficance. The importasce of the under-reporting of

ssbestoris can be obscrved in Table 19.

[¥)
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TABLZ ("

Statistical Analysis of tke Causes of Deats of
20 Nonasbestosis Cases bad been Diagnosed as Asbestosis Cases

Cause Asbestosis No Asbestosis Total Percentage
Lung Cancer 4( 2.6} 5( 6.4) 9 5.0
No Lung Caacer 48(49.4) 124(122.6) 172 95.0

Total 52 129 181
Percentage 28.7 7.3

Figures in pareathesis are the "expected' nurmbers

\

in thas table, it bas been assurced that 20 of the cases
which did not have lung cascer and which were reported to have no
asbestosis did, in fact, have asbestosis, the diagnosis of which was
missed. Alwbouga the cases of lucg cancer with asbestosis ave stull
higber than wouwlc be expected, the duffcrence 15 no longer sigoaficas:
at the 5% level. This still is true of fewer than 20 cases were shifted
but it 1s reasonable to expect that at least 20 of the 144 might bave
shown asgbestosis bad they been subiect to autopsy. On the otber band,
4 shift of about 40 cases would produce an expected rate alrmost equal
to the rate iound. Explanation of thas effect of under-reportiag of as-
destosis bas been stressed because 1t seems 30 obvious that is under-
reporiing asbestos:s the relationsnip between it and luag cancer has

been made 10 appear morce signuiicant thaa it probably is.
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Four of the proved cases of lung cancer arg czce 3! the
suspeciec were associatec w:ith asbestdsis. Since we pave croy 32
deatbs in whach asbestos.s was present accordizng to the reccrss,
the incidence in th:s series is 12.5%. walle this 13 siizhuy lower
thaz the rates fou:d by Merewetber, Cloyne, and Wedler, it i3 stil]
much higber than could be expected if the ashestosis incidence were

anywhers near the experience reported by otber autkors,

Comzcar:son of the Cabost Exmerience with that of the
Province of Quedec, Jem:uon 31 Canaca, are tae Lnitec States

la order to maxe a cormparison of the experience amang
asbestos muerl.\nth that of the general population of the Provizce of
Quebec, statistics were gathered, as stated earlier, is the office of
the Division of Demography ic the Provincial Mizistry of Heait:t. The
data on total deaths, deaths {rom all formms of cancer, and deatks {rom
cancer of the lung were obtained by sex and by county [or the years
1950 through 1955. Ln addition, all death certuficaies which speculied
primary cancer of the lung. and all those.which indicated Jung cancer
but did aot specuy the origin, were examuned for the years {952 through
1955.

Table 20 gives a tabulation of the number of deatrs {rom
lung cancer in the Province ana in the two coborts [(or the years 1350

tbrough 1955, and skows the anaual rate per 100,000 in these segments,
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confirrzec Iy duidzsy, surgery, or bicpsy, Theteem Tspeciiiec
pri.mar","' refers to those cases iz these $4;De (wo categoTies »n
which x§¢ twzor was speciufied as bavung originatec = the jung, [t
will be noted that, of the total cases certified iz 1755, a s=ued higher
percentage than in 1954 was specified as prumary. The table also
shows that a tugher percentage of the total cases certfied in 1955
were proved, again indicating i.n;:reui.ng interest in this disease,

A comparison bas been rmade between the age-speciiic
rates shown :n Table 21, and those for the cobort shgwn iz Table 6.

An average of the 1954 and 1955 rates for the Province bas been used,
since the 1955 figure was bigher and roay have been e::ei:tieul.

This comparison, summarized in Table .22. sbows that the
observed number of deaths in our sarcple is mot significastly greater
than the expec:eo nwsber of deaths, based on the average of the 1954
and 1955 jigures for the Province. It is true that, in the case of the
age group of 83 anc over, the five dea;hs provide a figure which is al-
meost signuficant at :he 957 level., However, it should be noted that
this number :ncludes one of the suspected but unproved cases previously
reflerrec to, Furtherroore, it s rather likely that the rate for the ger-
eral populaiion 15 unaerstated in this aje group, for the obvious reason
that the cxact cause of death 1n the very old is not 3 matter of :ae same

intensity of interesti a3 it is iB younger persons,
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Before leaving this comparison of tue Province wiih ihe
m:ners, it should be shown that the:r age distributions are reasonaziy

the sarmne, That this is the case car be observed [rom the {ollowwng

tabulation:

.

Age Distribulion of Adult Males for the Province of Quebec, 195]
(Rapport, 1954)

Perceatage
Age Grous Numbe- Percentage Combtined Cotor:s
20-44 727,138 63 v 66
45-54 188,952 16 19
55-04 128, 944 11 10
65 « 113, 4¢€7 - 10 H
Total == 1,158,498 100 100

It should be remembered that the miners retire anc con;
sequently, it can be expected that the oldest age group will be larger
in the jeneral population. The data presented in Table 21 indicates
that the Jung cancer rate generally decreases alter age 70, and we
could expect the rate for all people over 65 would be smaller than the
rate for a group of 65 to 75, which vou.l.d apply te the oldest group of
miners. It is felt that by usiny the whole adult male population, we
have developed rates which are somewhat Jower than if we had been

able to exclude the general population over 75,
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TABLE 22
Cormparison of the Actuai and Expected Number of
Lung Cancer Deaibs by Age Arcong Asbestos Muners
Province Expected” Observed No.
Age Total Speciiied Primary No. of No. ef of Ceaths
Grous Rate per 100,000 M.aers Deaths Precvez Total
20-44 1.8 390! 0s» 1 !
45-54 24.% 1124 2 1 3
55-64 67.6 61% 2 3 3
65 + 89.3 318 2 4 5
Unknowa - 3 .- 0 0

® Actually .4
<

+ The expected nurzber 13 based cn ite average of the 1954 and 1955
age-specufic rates for the Province of Cuebec.

Table 22 aiso answers 2 questicn previously raised, It
shows tat the membders of these cocorts kave nct died from lung can-
Cer at ap age earlier than the geaeral populat:on, and tha: such an ex-
planation cannot be offered for the absence of lung cancer in 240 men
with more than 40 years of empioyment referred to on page 37.

A comparison between the ubg:toa miners and the popu-
lataon of the Domunion as a whoie was made, using statistical material
from several sources. Lo one gource, Phillips s gave age- and sex-

specuic rates for Canada for threc periods between 1931 and 1952,

The rates for males are g:ven in Table 2).
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TABLE 23

Annual Death Rates per 100,000
for Cancer of the Lung in Carnaca®

Age Crouos of Years

Crouos 193120933 L39)-1443 10€0.1352

Under 30 0.2 0.3 i.0
30-34 0.9 0.9 0.8
35-39 2.0 3.2 .o
40-44 3.0 5.4 6.5
45-49 S.2 12,5 16,7
50-54 8.2 18.9 37.2
55-%9 12.7 27.0 5.7
60-64 12.5% 33.7 T A
65-69 15.1 34.5 102.9
T0-74 1c.? 30.¢é 86.3
75-75 15.8 30.0 83.9
80-84 . 8.2 27.9 59.7
85 « 1l.4 14.3 7.0

Al Ages 2.8 7.1 15.8

* "Mortality from Lung Cancer iz Canada™, 1931 to 1952,

Tbese figuses show strikungly the increase in rates be-
tween 1231 and 1952, and this increase is particularly marked after
age 50, confirming an observation prevm.usly raade, to the effect that
lung cancer nas probably been under-diagnosed un the older age groups
in the general population,

To use tbese ligures for purposes of comparison, it is
necessary io combine the rales [or certain 4ge groups in order to
conform to the age distr:butions used in this study. Since the exact

populations wn sack age gsroup for the years wncicated is not known,
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this must be an approx:mation. However, the rates wod te some-

what as foliows:
—

Age Group Rate
20-44 L)
45-54 27
§5-64 69
65 » 90-95%

These rates are, in general, lower tsan those developed
for the total {proved and suspected) cases of lung cancer among the
asbestos miners. Tbe only large dilference, howeve-r. is in the age
group of 65 years and over, and it is quite possible that the rate for
this group may have increased for Canada between 145.’. and 1954 as
it did for the Provinsce of Quebec. (See Table 21)

A {urther comparison has been made with an over-al]
rate obtained {rom the American Cancer Society for respiratory cas-
cer deaids iz Canada in 952, This rate, for males, 13 20,8 per
100,000, an increase of 5 per 100,000 over Phillips®' 1050-1952 rate,
and comparses with 25.5 per 100, 000 for ;;roved cases acd 34.0 per
100,000 for total cases among the asbestos miners in this study. It
13 there/ore obvious that thece are no umportant dufcrences between

the rates for asbestos muners and those for the general popwiation of

Quebec and the Domunion of Canada.

- ———
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Sizce 3iis prosable tha: figures :or the Unitec 3taics are
more compicte and, therefore, possibly more comparabie to the cata
for the miners, age-ipecific rates were computes {rom 'Vital Statise
tics of the Unuted States', Volurses ] and I, for 1952, These rates

bave been tabulared un Table 24.

TABLZ 24

Number of Deaths and Deat: Rates per 100,000
by Age CGroups for the Adult Male Population of
the United States—Data From ¢ -
“Vital Starsucs of the Unitec States”, Volurpes ! gnd LI, 1952

Age Grous -Povulaticn Cases Rate per 10C, CCC
20-44 24,541,000 8813 3.6
45.54 8,065, 000 2979 36.9
§5.64 6,340, CCO 6254 9e. 6
65 + 8,670,C00 6483 114,35
Teotal 44,619,000 16,559 3.2

It is apparent tbat these rates cornpare favorably with those
for the asbestos roners as shown in Table 6. Still other rates for the
United States were obtained {rom the American Cancer Society, aad
for males, these were 25,3 per 100,000 .z 1953, and 28.0 per 180,000
wn 1955, They are not :dentical with the rate calculatsd from the ligures
o) the eifice of Vital Statistics, but this 13 possidbly because the American
Cancer Society rates are ior males of all 4ges. Nevertheless, they, too,
compare favorably with the rates of 25 (or 34 ior total cases) obtanung

amonyg the L3bestos rminers. ) 0196
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Re:urning to a comgarison between the 335e9:0s T.ness

« .3 persons who are exposed to asbestos in one form or another (as
distiaguisbed from the general population groups ;ust discussed, wnd
heve no exposure] an interesting observation can be deveicped By ce-
duction. Hueper e has stated that there are about 35,000 perscns
exposed in the United States, and we have found tha! the Cazadian
mines employ about 8,000. Eisewhere, it has been estuciated that the
workers in England who bave exposure total between 3, 0CC aad §5,C3¢.

With worxers in Africa, Deamark, Nerway, and other countries, at
)

least 0,000 persors must be exposed throughout the world, azd it can
be assumed tbat thus nurmbder has been fairly constant in the 20 years
swoce 1935 vbcn-the lirst case of asbestosis with lung cancer was re-
ported, At least a milion man-years of exposure has thus been accumy-
lated, and this figure can be divided by the approxmnately 150 cases of
lung cancer with asbestosss reported during the 20-year period, Tais
gives a rate of 15 per 100, 000 which 15 &t Jeast indicative that any lung
cancer rate whichk can be .:alcu.lucd for workers exposed to asbestos

dust is not much greater than that for the unexposed persons.

—— . en - .
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edm™zariasn Sotween Doanr Connties AQ 3zemt ty 0T

AS0C3:08-ProLhb.ny APLud ANS &.0%0 DUL0CICE LOLAL.E

To compare lung cancer mortalitv rates un the coune
ties surrounding the asbestos-producing areas witn uxo:!:?r group
of count.es i1n which no asbestos miners are likxely to resice, the
rates were compuled on the basis of figures for the years [550
througn iS55, Tae e:gnt counties selected for commparison were
Argeniewal, Chateaugay, Monumagny, Portnew, Richlieu, Riviere- ' .
du-Loup, St. Hyvacintne, and Terrebonne, mawniy because they re-
present 2 wide geograph.c distribuiion throughou: the Province. The
count.es selezted pecause of iheir proxumity 1o the asbestos rounes
anclude Artzasasxa, Beauce, Drummond, Frontenac, Megaatic,
Richrmond, Seerdrosxe, anc Wolle. Table 25 shows the nwmber of
lung cancer ceaths for the years 1950 through 1955 for eack of these
counties, anc & Tmorla.iy rate, based on the adult male popuiation
in 1952, To empras.ze t2e comparison Megantic County has been
showr. separate.y, as a3 tzc Province of Quebec and also the Pro-
ViInce #:in the eignt o30€sl0s-procucing’ counties suotracted. Be-
Cause O: its uriguc ..~  cancer dcath rate, Montreal et lsle ce Jesus

has 3]0 oeen .:stec .n Orcer 10 provice jurtber comparison.
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TABLE 25
Nuinber of Lung Cancer Deaths and Rate per 100,000 Man-Yecare . *
Adult Male . Male Lung Cancer Deathe®
Population Rate per
Countics 1952 ] 1950 1951 1952 1953 19%4 1955 Total 100,000 .
Megantic County 13,100 " 3 L} 3 ) ] 4 15 18.9
Eight ""Adjaceal” Countice 97, 600 6 3 o té 4 16 54 9.4
Eigint Sclected Countice 83, 000 2 10 5 18 S 9 49 9.8
Province of Quebec 1,198,000 196 220 245 30} )0} 357 1624 2.6
Province of Quebec leas
Eight "Adjacent” Counlics 1,100,000 1% 217 236 287 299 341 1570 2).8
Montreal ¢t Isle de Jesue 394, 000 ) 1 158 192 185 225 770 32.3
te
\ 4

¢ 1t is assumed that all male lung cancer deathe occurred alter age 20,

L/ -



e M an

1,

68.

1t 13 apparent from the table that the (ung cancer cea:z
rate {or the e:got counties iunrned.ately surrounding the asbesios-
producing areas is practically identical with that of esght cousties
selected for comparison. While Megantic County has a rate nearly
twice that of the combined eight sclected countses, it is lower than
the rate for the Province, and considerably lower than the rate for
Moatreal. The figure for Montreal would certainly de higker except

( for the very low numbers of deaths reported for 1950 and 195], and
it would appear that sorne error in reporting has undoubtedly beea
made. On the basis of the other yesars, 1950 and 195] deatks would
be expected to be about 200 greater, and this would result in a rate
of 40 per 100,060.

The only possible conclusion {rora this comiparisca :s
that there is oo evidence that the persons wko live in the couaties
surroundinsg and adjacent to the asbestos-producing areas have any .
greater incidence of lung cancer thas those who live elsewbere iz

- the Province.

Discussion of ALl Reco=4ed Lun:ﬁan:er Cases,
Living and Dvae, at - :stos ane Thetiord M:ncs

Although a simple enurmneration of all the kaown or sus-
pected cases of cancer of the lung in these areas has no particular

value from a ssatistical point of view, it 13 Of anterest Lo summar:ze
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such cases for the record. Therc were =inc deaths pricr 0 the se-
ginnrTy of the time period covered by the srudy, inclueing cne 13 waick

the diagnos:s was mediastinal lymphosarcoma. All of these nine

'’

cases occurred at Thetford Muines, It i3 somewhat scrprising tta
there is 20 record of any lung cancer deatts amcng the Asbestos
group id the interval preceding :h; begirning of the study and equally
80 that oo cases bave been reported in 1956 and 1957, Duriag the
period covered by thus investigation, there were six proved cases
and three suspected cases at Thetford Mines, as wel‘l as three proved
cases at Asbestos. Tbrough 1956 and to date un 19;7, there were
eight deaths at Thetord Munes, six of which were merely suspected
and included such diagooses as mediastizal lyraphosarcoma, mesothe-
lioma, cancer of the leg with metastases to lung, absess of luzg, and
cance: of the pancreas. One otber was diagncsed on tke basis of x-ray
only. la addition, there are pow living four cases in which the diagzostic
evideace js strongly suggestive of lung cancer. This is a total of 33
cases of all types, inclucing tea "suspected" but unproved cases, 'u:d
four that are still living. The reraining 19 const:tule the to:al of proved
cases of cancer of the lung wn botb areas sance 1940, Sixteen of these
have been at Thetford Muines and only threc at Asbestos, all of which
'occurred during the period of the study.

The proved cases averaged 59 years of age at deatk, and

varied between 37 years and o8 years. Tbeir working span covered

0204



——k A o ¥ 24" i B W 42 =

pericds varyving betwcen 4 munanum of 14 years and =axuzo= of J
years. Only three rmen bad less than 25 years of erspisymmeat ia the
industry. Seven among those on whom such wnforroation 13 avauabje
had a we;ghted exposure placing them in category LU, asd six worxed
in an exposure represented by category L.

Although they were subjected to post-mortem exarzination,
there were three azmong these proved lung cancer cases in wkich we
do zot bave inforrcat.on regarding the presence of asbestoms, Of the
remazning 17, asbestosis was present i rune, uthoug\&. it was =minaal
13 two, and two pathologists disagreed regarding its ;renace & one.

Eigbt of the proved lung cancers, therelore, were 2ot accompanied by

- asbestosis,
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VI. SUMMARY AND CONCLUSICNS

Interest 1o the question of whetber there may be an as-
scciation betweesn xlung cancer and asbestosis or exposure to asbes-
tos bas been evident since the report in 1935 by Lynch and Smith of
a case in which lung cancer and asbestosis were both present. As
additional cascs in which the two diseases coexisted were reported,

& causal asscciation appears to bave been gradually accepted by many
authors, although a few workers considered the correlation to be in-
conclusive, Cases of lung cancer wliick had occurred arsong the as-
bestos miners in Quebec bad been carefully recorded over the years,
and the pressat stucy was coramissioned in aa effort to determune
whether a causal relationshup did, in fact, sxist between exposure to
asbestos and cancer of the lung.

Reference to the literature shows a remarkable uniformity
both of method and of conclusions. ln general, the method has bees to
study a circumscribed series of cases of asbestosis and to enumerate
those in which Jung cancer occurred. The series may consist of cases
corning to autopay or of death certilicates mentioning asbestosis, and
tbe tolal nwnber has served as the desorninator by which the number
of lung cancer cases 13 divided Lo produce a certaun "uncidengce rate’’.
This rate, as reported by various authors has been consistently hugh,

aad its uniformmity is wndicated by the following tabulation.

0203



r N\

P . ot s g

Asbestous Caxncer Percentage
Author Deaths of Lung Incidence
Merewether 344 55 16.0-
Wedier 92 15 16.3
Wyers 118 17 14.8
Lynct & Cansoon 40 3 7.5
Clioyne 121 a7 14.1
Toals 71 107 15.0

The notable characteristic of all previous publications
is the adherence to the development of a percentage r?huonship in
a relatively small and very selected group of r.ues.- Oaly Dou.“”
amorg ail of thgse authors, has described a representative popucasion
group and studied it for the mortality rate from lung cancer azd com-
pared this rate with that for a control group. His investigation dealt
with only 113 mes in the study pt?pulaxion.

Since most earlier studies had been limited to enumeratizg
the lung cancers found in certain selected samples, such as cases
coming to autopsy or death certificates in which asbestosis was men-
tioned, it was apparent that théy could zot fulfill the requirements of
an epidemiological and statistical approach to the problem. The pre-
sent stucy was, therefore, designed to meet the requirements of this
roetkod.

After a preliminary survey to explore the availability of

reliable izformatnion, data were gathered on workers in the_asbestos

mines = Quebec, based on medical records at the two rmasa locators
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o! these operations, Conorts were del:nec according to ceria:n cvie
teria aad all workers who met these criteria were included in the
study. Through their medica: recards, cata relative to their charac-
teristics were coliected and their status at the end of a six-year period
of observation was determined. In the case of those who bad died, m
exhaustive search of death certificates and-insurance records was
carried out in order to determine as nearly as possible the exact cause
of death., Mortality rates from lung cancer {or the general population

of the Province of Quebec and its various count:es and for the Domuinion

-
\

of Canada, as well as the United States were calculu_ed from statistics
collected in the appropriate places. Comparisons of Athe rates obtained
{for ‘ubnton workers and for the other populat:on groups were made
according to accepted statistical methods wnich have been explained &
some detail in section IV,

Records were obtained on 609] persons who fulfilled the
Criteria of our cokorts. It was not possible to trace 133 of these for
the whole period, but 577] of the remainung 5958 were found to be stil]
living in 1955 or later. Of the 187 known dead, cancer of the lung was
considered to bave been reasonably proved in nine and to be strongly
suggested in threc.

The members of the cohorts were studied with respect to
4ge, length of employment, a weighted average of their exposure, and

their smolung babits. Four thousand, six bundred and uvcnh_;othrce

570<
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were ouns 10 Be smokers aathin the delinition of that leTm 3 Lsce
1o this stucdy. Thurty-four percent of the cobort were more thac 45
years of age, and )07 tad been employed for longer than 20 years.
Thirty percent had a weighied exposure which placed them in cate-
gory L.

. The mortality rates for lung cancer, as computed on the
basis of six “‘proved' deatbs among the Thetford Mines cohort and three
“"proved'' deaths among the Asbestos cobort, were 27,6 per 100,000
for the Thetford Muines group, amd 22.2 per 100,000 far'the Asbestos
group. When the three "'suspected’ cases were added, the "total” rate
for the Thetford Manes cobort rose to 41.3. The rate for the combined
cobort was 25.5 per 100,000 for "proved” cases, and 34 per 100, 000
for "proved” and "suspected” cases. Tbe importacce of the suspected
but uoproved cases in deura:u.u these rates bas been reiterated de-
cause it is likely that such cases would not be included in tbe statstics
for the general population,

According to the {findings in this study, the roortality rate
from .ung cancer does not appear to increase with length of exposure
or with degree of exposure, a fact which prescnts strong evidence a-
gainst the carcinogenscity of asbestos. Or the other hand, the study
wndicates that cigarette smokiag 18 & very immportant {factor a the :n-
cidence of cancer of the lung.

A comparison of relative {requency of lung cancer and as- 0”06

bestosis 13 less reassuring, but we believe that theos is because of an



r

. —t

.o o ta e b ALes S s st e

SNTereTELITIG T elleEllsls SaBeS. Toe mIiirnie Ll afiedlis.s
icd:cated by the medical records is [ar below that waich wou.d Se
expected on the basis of all previously publisbed figures. Narurally.
when the cases of lung cancer are compared wath an artfic:ally low
ligure, its relative incidence will be higber thas it should. However
this may be, 12.5% of the recorded cases of asbestosis in this siudy
developed lung cancer, a figure slightly lower thaz those gquoted by
authors who confined themselves to this type of comparison.

Compan;on of the experience amorg the a.sbe'stos miners
with that of various segments of the unexposed, com;;rable popuiation
shows Lhat the observec number of deaths among the miners i3 not
ng‘m.fxcuuly greater. The rate {or proved cases armon; the asbestos
muners (29.9 per 100,000) compares well with the rate of 22.5 per
160, 0CO for the rest of the Pravance, and 2C.8 per 10G, 000 for acuit
males throughout the Dorminion of Canada. [t also compares satssfacto-
rily with rates of 37.2, 25.3, and 28.0 obtained {rom various sources
for adult males i the United States. Finally, in this moatter of com-
parison, 1t wo\uld appear that ‘che world-wide experience of peraops ex-
Posed to asbestos dust 13 not worse with respect to jung cancer than that
of the wnexposcd population,

The countics surrounding the asbestos -producing areas, and

in which it 43 presumed most of the asbestos mincrs live, have almost

wdentical mortality rates with those of eight counties widely scattered

3 0207
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through the Province, and are lower than those for ihe remainger <f
the Provance, and much lower than the rate for Montreal,

Since 1940, there bave been 19 cases in whick the diag-
nosis of prirnary cancer of the Jung may be considered to bave been
proved. Approximnately balf of these cases were associated with as-
bestosis. All but one died in the recognized "cancer age” and at least

one~third had only the lightest exposure (category I) to asbestos dus:.

Conclusions -

Op the basis of a caref{ul and detaued study of what are
b.ehevec to be cc;nplne anc reliadle data, it seems fair to conclude
that the asbestos rniners at Thetford Mines and Asbestos in the Pro-
vince of Quebec do not have a significantly higher death rate from lung
cancer than do comparable segments of the general population. Despate
this, the results suggest that a miner who develops the disease asbes-
10815 does tave a greater likel:hood of developing cancer of the lung
than a person without th:s disecase. We nuipect, however, that under-
reportang of asbestosis cases bad led to a fallacious {inding 1n this con-
nection,

The death rate from lung cancer sn the areas continguous to
the asbestus operations 1s comparable to that in areas widely scattered
througho.t the Province of Quebec and 13 lower than in some urbanized

wvesr wiinn 1ne Provance.
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The present study sndicates that the effect of cigarette
ST OKIDG i8 3 DUCE more w=portant cons.deration un the progusiion
of Juzg-cancer thaz 1s exposure to asbestos, and in thus respect, it
tends to confirm recent studies dealing with the effect of smoking.

Tae value of this investigation wouid be considerabiy en-
banced by continuing the observation of the coborts formulated hereun
on a year-dy-year basis. 1t is strongly recorammended tbat the chest
x-rays of all workers be submitted to an wndependent reading for the

diagnosis of asbestosis, since an inaccurately low incidence rate for

this discase creates an artifically hugh relative incidence for lung cancer,
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