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FOREWORD

The success of a study of the type herein reported de-
pends very greatly upon the a.vaila.bi.}.i-ty §£ data from many sources,
and the assistance and Ccogperation of those in possession of these
data. Industrial Hygiene Foundation was fortunate in having the
wholehearted cooperation of the asbe stos-producing companies, and
Particularly of their medical and Rursing personnel who have the re-

sponsibiliif for maintaining the medical records of the workers, In
this connection, ‘we are especially i;ndebted to Dr. Paul Cartier and
his staff at the Thetford Industrial Clinic, and to Dr. T. R. Grainger
and the nurses at Asbestos. All records in these two medical cen-
tgrs were put completely at our disposal, and the care and complete -
aess with which they are maintained as sisted considerably ia the
preparation of the material relative to the worker population.

Data on popuiation figures and on the causes of ceath in the
Province of Quebec were obtained with the uytmast assistance and co-
cperation érom Dr. Paul Parcrot, Head of the Departoment of Demogra-
Phy in the Ministry of Health., Not orly weve ail wital statistics ang
reports made readily available to us, sut Dr. Parrot and his entire
staff rendered valuable assistance in many ways, including the location

and interpretation of death certificates., Especially helpiul in this par:

of the work was Miss Gauthier of D-. Parrot's staif, The same helprul

-



cooperaiiop. was recdered by Messrs. Hardy and Hopking of tre Sc=
Life Assurance Company of Canada in Mortzeal, who rmade available
their records of the death claims paid under the group policy cover-
ing thé workers. at Ashestos.,

Valuable suggestions for the conduct of the study were
made by Dr. J. A. Vidal, Chairman of the Silicosis Board, and Dr.
Guy, Pathologist for the Board, as well as Dr. Gregoire, Deputy Min-
ister of Health for the Province of Quebec, and Drs. Sirmard, Dufresne, °
and Groulx, in Montreal,

Statistics for the mortality rates for the Dorsinion of Canaca
were obtained thfough the kindness of Dr. Dean F. Davies, Administra-
tor for Research on Lung Cancer for the Armerican Cancer Society, and
those for the United States were graciously furnished by Miss Guralnick
in .the National Office of Vital Statistic s, Departmen: of Heal:k, Zdueaszicn,
and Welfare of the United States Govern—ment, Finaily, tze very great
assistance rendered by Dr. Xenneth W. Smitz, Medical Direcsar of Johns-
Manville Corporation, and Mr. Ivaz Sabourin, General Counsel Iar the

Association, in rmaking the Recessary contacss, in travel arrangemen:s,
and in so many other ways, is gratefvlly acknowledged.
The methodology of this research is believed to e unigue -

among the reported studies of lung cancer as reiated to asoestosis and

exposure to asbestos. Assistance in planning the study in such a way as
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to assur'e 2 proper epiderniclogical approach, and all biostatistical
applications of the findings were provided by Mr.‘ T. David Truan,
formerly of the Graduate School of Public Health, University of Pitts-
burgh, and the-staff of the Industrial Hygiene Foundation.

The report is believed to present the findings in an objec-
tive marnner and is respectfully subrnitted for the consideration of the

Association.



- GLOSSARY

Ior tkhe pPurpose of clarity and uniformity, the tesm

used iz this report are herewith defined according to tke rmacmer

of their use,

Asbestos workers: Workers exposed to asdesctos dust iz other
than mining operations,

Asbestos miners: Workers engaged in the mining and prepara-
tion of asbestos in the areas uader stedy.

Asbestosis: A gezeralized {ibrosis of tke lungs diagnos-
able by x-ray, or by microscopic exarmirae
tion of the lung tissue, buc not necessarily

.accompanied by symptoms or by disapility,

Cohort: A segment of the population, defined accord-
ing to certain criteria, azd representalive cf
the whole population, Specifically iz this
study, a group of asbestos rzizers cavicg at
least five years of exgosure in the industzy
azd wto were in the industry curs 3 1530

Lucg cancer,

cancer of the lung: A neoplasm of the lung or breoneaus,
ever situated, azd including adenscarcincma
scuamous ceil, zzmg ungiifar
or "oat cell’ zistzlogical tyves, FPrimary
cancer of the lung mazns

[

L e
originating i= the iung, and ncot sec
-

ey

Smoker: As used in this zresentation, 'he termm smcker
reiers to a cigaretis smoker, nabituaily smok-
ing more than five cigarettes per day, Persons
who smoke pipes or cigars exclusively were
not considered to be smokers for the purpose
of this study.



I. INTRODUCTION

Ever since the pronocunced increase i1 the incidence of
lung cancer ameong raales became apparent, there have beeq Fttempls
to associate it with one or another of the various elements in the en-
vironmesnt of man., The approach used by some workers has been to
suspeé: one <;r Beveral substances and then get about in an intensive
search for lurg cancer among persons who have had any exposure to
those compounds. Ia this conne.ction. Smith (182 writes: ''The ten-
dezcy of a.uthor; reporting the coiﬁciden:al occurrence of primary
lung cancer with silicosis or with any other theoretica] etiologic con-
ditions, has been to emphasize the percentage relationship in extremely
small series of cases, with control €ases which are not in any way
comparable, "

It would seerm ine*d:ablg t2at 2sbesics skhould ceme under
serutiny in this manner, because PTolonged exposure to tnig Taterial is
kzown to cause a specifiz *yPe of cnewsncconiosis, and because DeTscons
who show .this form of pzeumocosniosis often corme 3 2uitdsy and sro-

L%
el

vide 2 ready source of rmaterizl for study. It was i

(%)

*
‘way that rea

It

ports of the simultaneous occurrence of lung cancer and asbestosis beo
¢ - ; Lumck i Semien (139)
gan to accurnulate after the Teport of a case by Lynck and Smith in

1935, Within the next ten years, about |3 additional cases were reporied,

L3 . .
and in 1946 Merewether (135) revicwed all deaths from asbestosig re-

corded in England since March, 1924, Lung cancer oceurred, according



to Merewether, in 13.2% of these cases, Contizuing chiz study tg
include December, 1954, Merewether counted S5 cases cof cancer of
the lung among 344 cases of asbestosis, raising the incidence to 16%.

(92) . . . ‘s
Gloyne, wnose work is also frequently referred to as establishizg
a connectiaa betweepn asbestosis and cancer of the lung, reporzed in
1951 the results of bis findings on 1205 autopsied cases, This series
included 132 asbestos workers, of whom 121 showed asbestosis. Cancer
of the lung was present in 14, 1 7 of these asbestosis cases, In 1941,

1)

16 . . . . :
Nordmann and Sorge ( claimed to have produced lung cancer in mice

which they exposed to asbestos duste,

Since 1951, additional cases of cancer of the lung coexisting

22)

* =

asoul

. . . . (
with asbestosis have been reported, and, according to Hueper

100 such cases had been reported up to 1955. As 2 resul:, a= associa-

tion between the two diseases 2ppears to have been accested Sy mazy

authors and several writers were using the ter= "asbestcsis cazcer't o7

(205) .
the lung., Werber i

2 1952, stated categorically tha: in T o 1T
of cases of asobestosis, after a lzrent cer:iod of atout !
carcinoma beccrnes established in the lung.

On the otier tand, zot all authors accegted tne zileged assac

(177)

tion without reservation. Saupe in 1939 tad reporied that he had

[
-4

discovered no cases of lung cancer among 620 cases of idsbestasis which

. {(l0%)
be had examined; and in 1642, Holleb and Angrist expressed the

opinion that tze¢ number of cases of asbestosis with lurg cancer was too
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small'fo.r statistical evaluation. In 1947, Wegelius (200) reported 124
radiOIOgéca.lly.diagnOSed Ccases of asbestosis among 476 workers in
Finland, and fouad no cases of lung cancer in this group. Goldblast
and Goldblatt. in their section of Merewether's latest book, (95) state:
"But at no stage i all these impressive researches was
any clue obtained which might have offered any support to the possi-
bility that asbestos could act a3 a carcinogen. There is no reliable
¢riterion by which one can anticipate carcinogenicity and, as is well

known, relatively minute changes in the structure of a chemxcal car-

cinogen are sufficient to diminish or eliminate carcinogenic action.

If asbestos is indeed to be regarded as a carcinogen, t‘he
need is felt to demonstrate some property which can be regarded as
something more than iner.;tness."

Taese authors advance the theory that, un:il some more
experimental evidence of direct €arcinogenesis by asbestos or a ce-
composition product of it can be obtained, asbestos m: ignt te ccnsicered
as a 'eo-carcinogen' whick only induces a further develoomen: of 2 pre-
neoplastic condition breught about by sommetling indecendent of the as-
bestos, such as an endogenous factor,

Thus the literature, whaile teading to support the thesig that
asbestosis is in 3ome way related to the development of lurg cancer, is
0y no means unanimaus, Altogether, it is perhaps more confusing than

enlightening, -
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Meanwhile, the Canadian Jchas-Manville Comgany ¢
Asbestos has been alert to the whole sreblem, and at the Thetiord
Industrial Clinic, Dr. Paul Cartier was studying the situation
among a working population of about 6000, and made notable contri-

. . . . 44
butions to the literature just cxted“z ). Between these two areas,

a number of cases had been recegnized and tabulated by the spring of
1956. At this time, at the suggestion of Dr. Keaneth W, Smith, Medical
Director of the Johns-Maaville Corporation, and Dr.Cartier, the Quebec
Asbestos Mining Association approached industrial Hygiene Foundation
to determine whether it would be feasible to conduct an epicemiological
study in order to discover whether the incidence of lung cancer was, in
fact, greater among asbestos miners than among the general popuia-
tion, and whether there was a correlation between lung cazcer and the

disease asbestosis. The Foundaticn submitied,

. Ve o s 23 -
=oolaren, L1%39, a oarsa.

‘U

posal for such a study based upon a preliminary survey ol the iyge

-
poted

m

accessibility of data which might be available. This °Tososal was ac-

cepted by the Association through its Secretary, Mz, W, M. 3

its General Counsel, Mr. ivan Satourin, Zsc.



IO. CRITICAL REVIEW OF LITZRATURE

A careful review of the published material on this sub-
ject shows that the majority of the reports are clinical ard not egi-
demiological, They lack many elements necessary for the applica-
tion of epidemiological techniques to their content and most of the

authors do not make claim to having done so. What has bappered

beyond the scope of the works which they quote. Nowhere, for ex-

ample, have we found references to a population of asbestos workers,
__'_

although several authors who have quoted the observed incidence of

lung cancer in autopsies of persons who also had asbestosis impiy

that this incidence applies to ashestos workers., We have likewise
been unable to find any study which actually calcwlated th incidence
of lung cancer among a population of persons wha =agd asdesiosis, and
not just those wha carme to autopsy, Witk the excezilon of a paper oy

Deoll (63)

» none of those reviewed gave 2ny data cn exzosure ang duse
coucentra;tiona, and even Doll's Paper merely mentions "scheduied!
areas, by which is meant, "those areas where oracesses are carried
on which were scheduled vnder the Asbestos Industry Regulaticng of
193¥ as being dusty. "

There is, furthermore, a complete lack of definition of

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

"asbestosis', ag used, Tay refer to changes observable only by
micToscopic examination of the lung tissue, or it lay mean a radio-

logically detectable condition.

-
.

Most of the published reports obviously ircluded women
among their cases, but some of them do not give the number or pro-

portion of women invoived in the study.

There is also a lack of uziformi 7 a3 to whnat type of ex-
pPosure most studies have dealt with, Of 99 cages enwrnerated by
. (122}, .. . .
iueper in 1953, only ten appear to have originated in the United
States, and seven in Canada. Some of the ea::licr Tepaorts apparently
included asbestos miners, but it can be assumed, since 82 of the 99
Cases had originated in England, and since no asbestos mining opera-
tions are carried on in that country, taat rmost of the reported cases
have involved workers in the textile or fabricating indusirieg,

ba o

Such factors as st2oking kabits, family aistory of cancer,

length of time in the izdustrv, and age of the individual case are z]so
notably absent in the majorizsy cf these Teports,
With this undersianding of the limizatians of she exisiing

literature with respect to epidemiological generalization, it may be
value to consider in somewrat more detail some Tepresentaiive eariier
publications, a few of wkich were referred to oriefly in the previocus

section,
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. One of the most detailed studies and one which deserves
(63)
the most serious consideration is that reported by Doll in 19355,
2is study reviews causes of death araong asbestos workers based

on coroners’.records. It also attempts to estimate the risk by study-
ing records of men who worked for at least 20 years in exposed situz-
tions. Doll concluded that lung cancer was a specific industrial hazard
of certain asbestos work'ers and that, after 20 years of exposure, the
risk is ten times as great as for the general population.

This article is important for several reasons, in addition

to the definite conclusions at which it arrives, For example, it begin

by stating that “in view of the infrequency of asbestosis, this large num-

- - .

ber of cases (61 cases of lung can;:ef) s'.ug.gest“s--—'but dées ROt DrOvVe —
iha.t lung cancer is an occupational hazard of asbestas workers, '
;\Iei:her this article or any previous one waich we have examined presen:s
any figures to prove that asbes:osis is an infrequent occurrence, IZs-
tisnates of the number of persans potentially exposed to asbessos cus:
in tke United States alone vary {rom 10,000 to 35,600 ang the incidence
of ashestosis of any degree might be higher than Doil imagines,

Tais study, like so many cthers, involves 2utopsy reccrcds,
Tze number of persons involved in the statistical aralysis is only L13
rep;:esenti.ng only |, 042.25 man vears of life. Itis also tyue that in
sclecting men who had been employed for at least 20 vears, :he stugy
automatically excluded those who died from other causes afier shorter

¢mployment,



- It also seems that this review does cot add oy new cases
to the literature, although Hueger in enumerating ¢9 cases raporzed
prior to 19535, lists 1l discussed in it. Clearly, also, the caper is
not dealing with agsbestos rainers,

Another reascn why this publication is of importance is
3-statement which it containg to the effect that the ge= zgest evidence
that it (lung cancer) may be a kazard (ix asbestos workers) has been
produced by Merewether and by Gloyne.' An exarmization of these
references leaves at least some question as to the strength of the evi-
dence produced, ’

In 1951 Gloyne (92)presented a review of 1205 aucpsies
On persons who had worked in various dusty occupations, 7Tais pume
ber included 132 asbestos workers, of whom 121 showed "'zzeurnoccn
-;-presuz::ably asbestosis». Priary cancer of the iung ccgurred 17
times in this group, an incidence rate of 14,17 for lung cancer amen
autoosied asbestosis cases. Tzere were iz his secies 739 caseg with
silicosis, and 6.9% of these zlso szowed sTimary canzer ¢l the ius
The incidence of lung cancer in other fzrms of Pneumcconissis was 6,77
and in 169 cases which proved not to tave any tyge of

it was 8.37%, GCloyne considered "the rmorsality of the astestos workars'

'3 be "c‘isturbi.ng". First of all, it is obvious tha: the paper does n

’
[ &}
r

deal with the "mortality of asbestog workers', and second ély, it must

be Horne in miné thar all of Dr, Gloyne's cases were submitied to him

—a
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for stud—y’ because the {indings were unusual for uncomplicated pnewmo-
coniosis. .Presumably, all cases, including t‘:.o.%e'of asbestosis, in
which the findings were not considered vausual were never brougkt to
Dr. Gloyne's attention. As a matter of fact, in the same paragraph

in which he expresses concern over the incidence rate in astestosis,
Dr. Gloyne himself points out that the rate for lung cancer based on
necropsies at the London Chest Hospital was 21.3% while the figures

of the Registrar-General showed only 2.4%, He thus recognized that :
autopsies on a certain selected group of cases were not representative
of the general population. It would seem, then, that notwithstanding
the value of Dr. Gloyne's work, its importance as an index of the p:;e-
valence of lung cancer in asbestotics has veen misicierpreted by tzose
who have quoted him. Al that it really shows is the fac: that in a gToud
of 121 cases, selected {or special study primarily because thev seermad

abnormal by preliminary examinaticn, 17, or 14,17 zac lung cances

spector of Tactories, reviewed i) cases T2p990rted seTveen 1321

"

1946 in which astestosis was the cause ¢f deat: o¢ a cosxisiing con

dition. This work was later extended 19 inciucs 2! such cases r

[{)

coried

up to December, 12334, Dv whnich time there were 344 deaths tnclucding

205 males and 135 {emales. Among them were 33 cases (165

-~
o]
"
3l
b
N
A

IN

ot the lung, 4l in males and 14 in {emales. Lt is custe possiole that a

large number of usbestotics who did not die of their 1shestosis, or in



'..
)

whose death certificate it was not mentioned, may have been missed,
The import of this 167 is enhamced by the simultaneous statemens
that the incidence of lung cancer i autopsies of the general coou-
lation is only 1%, The danger of attempting to cormpare a rate found
in 344 cases with the rate for the general population without rescect

to age, occupation, and many other variables, suck as s— king habits,
is obvious.

Lynch.“d"z) who with Smith (139) oad reported the firg:
case in 1935, reported four cases of carcizoma of tke lucg in a series
of 49 autopsies on wo:gers in an asbestos mariu.:’ac:u:ing plant wrno
were shown to have ";{er::ons:rable deposits of asbestos in the lungs.”
This, of course, is not necessarily identical with the disease ashesg.
tosis. Lymch, himself, peints out that, altbough this is an incicdence
o.f 8.2%, "botk figures are too small ‘or very serisus statistical iyvoes

of calculation. Never:ieless, later writers have used sois Tager o

strengthen the case for an asscciation of carcizama of *ha lumg witk
. . e o (B32Y
asbestosis. It is of interes: t3 note ©at zlotz LOUnC S fzur iso

stances of lung cancer in <73 cases of 235Cesiosis, a series !l simas
as large,

Behrens, as qucted in Merewether » 2stimated tha,

.

of 309 cases of asbestosis in the literazure, 44 showed assceiates
ing

ca2ncer of the lung—giving an incidence of 14.2%. This is angider case

of generalizing an incicdence ottained in a group oI c2ses which were
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undoubtedly reported cnly because some of them showed lueng cancer,
to possibly kundreds of asbestatics whose cases were never Tenorted,

. 192
The same applies to the conclusion of Teleky ( ) who appears to

have reviewed reports of 39 autopsies on persons with asbestosis among
which six cases of lung cancer occurred. Information {rom those sources

does not justify generalizations with regard to mortality rates.

. {205)
Werber who made the unequivocal statement that lung
cancer would result in from 7% to 17% of cases of asbestosis, allowed °

bimself considerable latitude by qu;li.fying it, as regards time, to an
interval of | 1/2 to 20 years. Finally, mention should be made of some
entirely unsupported statﬁmen:s which tend to build up a mistaken view-
point through mere repetition. One example is a sentence in "Nontuber-
(76 :

culous Diseases of the Chesc" wheze the authors say simply, "an ex-
cessive incidence of pulmonary cancer nas occurred amcng werkers in
other occupations, such.as asbestos incustries, nicxel-copper relineries,
stokecs in generator plants, etc. ' without substantialing Telerence,

As an illus:ration of the ease with whica a faw T2D0TIS whicha

merely suggest a cestain conclusion can, through the lack of a suificiamsion

cre. ’

critical atiitude, be summarized :o produce the conclusion in 2 des

(69)

form, an editorial in the Journal of the Amesican Medical Associarion :
mentions the work of Wedler and the Tepor: of Merewether and then eos-
tablishes the causal relation between asbestosis and cancer of the lung as

settled. As a final convincing argument, it refers to "recent experimen:zal
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observations (by) Nordmmann arcd Sorge (161)., . This i3 the experimment
in which gquamous carcimema was said to bave been produced in about

a dozen white mice, and which Bas not been duplicated by any other in-

.y -

vestigator!

Perkaps no cne has written so extensively or so dogrmati-

.. . (109-124) ..
cally on the subject as has Hueper « In 1955 e reviewed the
(122) L. o .
cases Teporied prior to tiat date and erumerated a total of 9,
. (63) , ]

Eleven of-these were those discussed by Doll and agpear to zave

been cases covered by other authors, <Zight were discovered by Kenna-
(131) .
way and Kennaway in an analysis of death certificates anc, unless
Merewether's study was incomplete, these cases snould Eave been in-
cluded in kis report. Cf the remxaiaing 80, it is quite possitle thas tza
31 contributed by Merewetker and the 7 by Gloyne contai= sorme du sii-
ca.non witk each other or with other Znglisa autiors.
In the same pager, Hueper dismmisses the idea ¢f ceterrminin
the frequency of pulmcnary cancer ammeng toe total vorker zTopulatizn
of the asbestos industry on the grounds that it is immazerial mow o

PYPR=N

workers in the industry deveisp lung cancer, sizc

-

1]
1w
Q0
H
1]
(8]
e,
‘e

no exposure and thereiore 25 not cevelop 2sbesztosiz]
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OI. PRINCIPLES OF THEED EPIDEMIOLOGICAL METHOD

As has been izdicated, much of what i3 now thougkt to
be perticent concerning the comparative frequency of lung cancer
in different po.pu.lation §Toups bas been developed from the analysis
of clinical material, particularly surgical and autopsy recarcs, This
has beex suppiemented to some extent by the reported impressions of
varicus clinicians based upon their personal observations, More re-
ceatly, however, attention has turned to the systerzatic investigation
of this problem by the same methods that kave proved so successiul
previously in the study of communicable diseases, taat is to say, by
epidemiological methods.

Epidemiology is thke method of investigating a specii
d.isease in humman populations in relation ta certain varizble charac:er-
isticy, including the environrment, I= contrast 13 (he clinical metkod
whichk is primarily conc?:ned with the characterisiics of the disease
in izdividuals, epidemiolegical research imvolves she investizaticn
the disease as a mass ptezomensn. It seeks :o discover whas dTCpor-
tion of persons in a given ser of circummstances wiil eveniuaily develsp
the disease. Epidemioclogy canzot predict whether a given indivicual
will fall victim to a specific disease, but it can 9Te2dict the approxi-
mate number of cases of this discase which will cevelop in a population

»{ specified size, composition, and subject to a given eavironment, I:
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e

Proceeds by first Carefully and accurately describing characser-

istics of the disease in ¢iffevent scpulaticn groups and its esgectial
objective is the formul tion, testing, and verificztion of gezerali.
zations concerning the disease in guesticn,

In order o apply t=is method of investigation to the =ro-
blem under discus sion, the Toumdaticn was of the ozinion that a srugy
should be planned so as o provice:

l. A well defined population group.

2. Available data for all members of this ooD-

ulaticn, including the khealthy as well as the i1,

3. A sample whick is truly represernzative of th

population,

4. Reliable and valid obserwvations relaiizng o0 =t

problem ci tke study.

A serious deifect, cammon 19 most of the stuGies wrick
have been reported, is thaz little or mg infsr—maticn concerniz
healthy people in the §TSUD seems 10 have Teen avarlakie 1o the zued
Thereifore, results of these siudies camnar Sroteriy Te geoes
include such people.

In orcer to draw a generalizarisn regarcing all ashes:ios

workers,it is necessary for a study to izclude iiving persons as well

as the dead. Limiting the investigation to autoosied cases, as mas
ttt— i ———

been freguently done in carlier studies, st:ll further restricss its GCse
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in genéralization. Tre problem with which the Quehec Asbestcs

Mining Association is concerned is whether asbestoss miners ex-

perience more lung cancer than does the general populatian. The
answer necessitates the collection of reliable information on asbestos
miners as a ETOup, as well as on the general population.

It seems advigable to discuss the differences Setween the
epiderniological approach and that used in the studies which have been
reported to date, A very important consideration is the fact that lung
cancer, in spite of its increasi.ng numbers, is stil] a disease of low
incidence; that is, in a given population not many persons will cortrace
this particular disease. This fact requires that large samples or g;:oups
must be studied to provide meaningful results,

Recognizing tf:.c difficulty of obtaining such large samples,
Most earlier writers deviated f-om the epicermiolaogical methog and
sought to circumvent the requirement of observing well persons oy

l. Comparing the relative {recuency of cancer

3. Comparing the relative freguency of cancer
in a2 group of casegs ¢aming o autopsy.
Tae frequency of cancer of the lung relative to the tocal of

all types of cancer may be increaseq merely Dy reason of 2 decrease
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in the incidence of cancer of othker sites. Thais could Be ¢(ruz even
though the incidence of lung cancer remaised congtant, or if iz de-
e 1C 8 .

creased less rapidly than that of the other types.

Attempting to compare two population groups, looking only
at the relative frequency of cancer in various body sites, may resul:

in finding a highes percentage (relative frequency) in one of the groups,

when, in fact, the mortality race of cancer of a particular organ is ex-
actly the same in both groups. This is because the rejative frequency
of cancer in other orga;zs may be lower in the second group. Tee mor-
tality rate from a particular cause is the true measure of comparison,
It is apparent that selected Broups such as hospitalized
patients or Autopsy cases may not be representative in agy way cf a
larger group, and that in dealing with such samples, the observer may
e.asily find more cases of any kincd than would be {ound in a group of ihe
same size, but representative of the general population. It is rey
investigation of cases from such a sample can furnis: informmatien
able for research, but the use of this information in drzwing zenerai:

-
\

tions is necessarily restricted,
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gator and of those wno read his TePOTI to make proper commzarisons
to draw only those conciusions which are valid and jus:iified.
statistical study cf cases of cazcer of the lung occurring = a group of

autopsies can lead to a pPreper inference concerning the trequency of lung

cancer among cases coming to autopsy, but only to such Cises



in.forma:tiqn from such a study to be projected to some larger group,

it is necessary that the autopsies represent a gooc} sample of that
larger group. To assume that such is the case in any particular series
is dangerous and likely to be false.

There is some danger that the fizures reported by some
autaors may be misconstrued as apply:ing to asbestos workers or even
asbestos miners, whean, in fact, the authors in question do not make
this generalization, nor can the generalization be made for the reasons
stated. Close study of the vrepor:s reveals that the percentages quoted
relate only to the group of autopsies covered by the particular investiga-
tion.

The present study, in contrast to the earlier works, nhas been
planned to utilize the epid‘emiological method, A weil-defined group of
asbestos mizners has been established ia such a way that it constizures a
good sample of the whole population of 2sbes:os rmimers in Cuedec, Da:z
for all members of this group Rave bteen collected 2nd analyzed, Tagse
concerning lung cancer have received most caresul csnsiceraticn, De.

tails of the methods emploved will Be set faz:h in 2 later seciion, hHut ite
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type of approach is considered t3 perm:it o

generalizations,
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IV, COLLZCTION AND ANALYSIS OF DATA

A preliminary survey of potential sources of iznformacion

ca

in February of 1956 involved discussions with the physicians in ckarge

of the asbestos companies! programs and with clinicians, pathologists,
representatives of City and Proviccial bealth departments azd of the
Canadian Cancer éocic:* » azd other interested persax=s. Ir was
found that morbidity data, although somewhat limited, were available
from such sources as the kospitals in Montreal and Quebec City, and
the 13 Cancer Detection Centers in the Provm;e. However, because

of the high mortality in lung cancer, it seemed advisable to depend upoz

data relating to deaths, These we found to be obtairable at tae vital

statistics department of the Ministry of Healt: in Quebec City. oo

—
Py

.

tie preliminary survey, it was apparent that extensive anc cesailed ima

formation could be gatiered with resgec: to Soth e cerscns ermsicvec
in the asbestos rmining indusiry and morialisy figures f{or tte general
population,

Following this exploraiory survey, the el ellsr:sas
directed to the collecticn of datz relating 5 all workers was hacd Teen
processed through the clinic at Thetford Mines since i=s incestion :

1227, Similar information was ostained regarding all workess at tze

Canacdian Jorns-Manville Cempany tn Asbestos. Zata frem the ciinic

records included the age, family and personal mecical kistaries, smoking

habits, number of vears of exposure, an estiimate of weignted exposure,
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and the cqurse of the individual's health status or the cause of his ceath,
Although the data in these pwo instances were not‘ exactly gimilar in
form, the inclusion of records from the personnel department a: As-
bestos covering employees who had retired, died or become disabled
provided data sufficiently alike for the purnose of the study.

From this information it was possible to formulate for both
Asbestos and Thetford Mines ""cohorts" which could be well defined,
should-lﬁe representative of eack group, and coﬁ.ld be followed for a de-
finite period of time. All of the available experience incicates that the
development of asbestosis in less than five years of exposure must be
somewhat rare, Accordiﬁgly. the cohorts were defined as including
every worker who kad a total exposure of five or more years, and who

e 7

was on the employment r'olls at Asbestos or Tzetford Mines in 15950,
These cohorts were then {ollowed by rmeans of the annual onysical ex-
amination records through a six-year inzerval, 1350 thrsughk 1353, Al
data regarding these groups were then tasulated in order 9 determine
the characteristics of the coRorts. TFor t=ose wro survived the enzire
periad, reference was made 0 the oaysical examinziiza results anme x-
ray findings at the end of the pericd. Those who had cied were tabulazed
separately and the cause of ceath corroborated by examination of the
deatk certificates, A further search was macde concerning those in the

original cchorts who remained unaccounted for when the living and the

known dead had been tabulated. They represcnt men who had left -
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emP“ﬁqnt througk retirerment or resignation. Zventually, all by:
a sma.ll_‘nl.}mber of these were accounted for as either living or dead,
and in the latter event, the cause of ceath was substantiated iz a
similar rmanner, and the results added to the original list of deaths.
Death certificates for the Province of Quebec for the vears
1952 o 1953, inclusive, were reviewed iz the Ceparwzexzt of vital sia-
tistics of the Provincial Health Ministry, together with stasistical U
maries of the causes of deaths in the Province By counties, All cases
in whick death was certified as having been due to primary cancer of
the lung were examined for such izformation as place of tesidence, cc~
cupation, date of dea:'b:. kospital in which deata occurred, and whether
OF not an autopsy was perforr=ed, Cases in wnick lung caccer was
given as a cause of dea:h.-but in wiick it was naot speciiied as to whet=es
the cancer originaied in the lung, were also reviewed in az effor: 1o -
clude all instances of primary carzizorma of the lizg o ke study,
The statistics {or the Prevince of Quetec reiate to poouia-
tion, total deaths irorm all causes, iotal ceaths from gamcer of it tyoes,

—— . . et ..
-n8se were cgilacied a=d iasuiates oo

and deaths from lung cancesr.
couriies and by sex for the years 1330 13 1535, inclusive.
death rates for the general population of Quebec and of indiwi 22al coun-
ties were calculated for specific years ard analyzed Sy cause.

Pracrically all employees of the Canadian Jorns-Man-Alle

Company are cavered by a group policy of life insurance WBich, fertuzazely,



nearly all of them continue to carry when they retire. A vesy fow
are not covered by this policy, and those who leave the induszry for

one reason or another except rstirement esually are no longer covered,

.
.

but this is likewise a2 small number., As an additional check upon the

information obtained from the clinical records on the group at Asbestos,

the records of the life insurance company were examined for all ceath

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 luizg cancer among asoestos workers were

thus determined from the clinical records in the medical service of

the industry and checked Ey means of the death certificates and ir.su?w

Ance company records., Txze list of deaths was then verified incividually

b'y reviewing thém with tﬁe paysicians ia charge at Canadian Jjoans-

Manville Company and at Thetford Mines. in this manner, there was

established a list of cases in whick pri=mary cancer of the lung i3 con-

sidered to have been proved as the cause of cezsh. A few czses in

wnick lung cancer is strengly suspecied Sug ~st sTsSved as ke cause

of death were considered sepavately. MNiortalily rates nave heen cal-

culated using both the ''provec' anc tae i0t2l o Yproved' ang "suspecied”

cases during the years uncer observatisna, Cemparisons were then mace

Detween the death rates from the same cause among speciiic segments

of unexposed persons. All lung cancer deaths, both suspecied and proved

between the de.velo!:)ment'-of lung cancer and any factor known from the



clinical records such ag {armily history of cancer, personal :
of heavy smoking, coexistence of asbestosis or exposure o a

In addition ta this analysis of deaths cccurrizg in

I~

(32

igtarey
3CesIos.

the ¢o-

horts and during the years wader observation, every kzown cdeath frem

cancer of the lung, as well ag every case diagnosed buz s:ill 1

»

iring, =as

been tabulated a.x:d'ax:alyzed. Tzey will be discussed sezarately from

aa ‘e

those included i the population and tize-interval uzder snudy,

A comparison of lung cancer mortality in the asbestos oro-

ducing counties has been made with that in counties whick are
*

far ves

moved from the asbestos mines and in which, presumably, no ascestos

miners live,

Finally, in order to broaden the comparison ¢f ce

in different population groups, the rates have been collec:ed ¢

ath rates

or Canzgda

generally, and for the United States, accor 2ing to the most recent Tus-

lisked and uopublished material,

. .

Ir order that the metheg Sy whick these comzarisens rave

been made may te more e2sily understood, it seerms z2dwvisan:

riefly sorme of the undamensal statistical concepts wiich Rzve seen

followed. The princicie of calculaiing tze probabilizy of 2 given sam-=:

representing the true condition of 3 large group can Te iiluses

imagining a container in waickz there are 1000 maroles of wn:

waite and 130 black. The actual probability of drawing 1 biack marsle

is onc in ten,or . !, However, should a sample of ten marszie

s he Srawn



from the <ontainer, it would not be untikely tha:‘ t#o, three, or even
no black marbles would be arnong them, even t.‘:.ov:gh the '"expected"
number would be one. On the other hand, if all ten were to be black,
that sample would unquestionably be '"extraordinary’*, The following
tabulation shows a calculation of the probability that a given number

of black marbles will be found in a sample of ten:

No. of Black Mazbles
in Sample o Probabilitv

. 3486784401
.33874204890
.1937102445
.0573956280
.0111602610
. 0014880348
. 0001377310
.0000087430
. 00000035645
.00CC5CCCe0
.0000000¢01
1.006G000G00

O V0O NOW b wive—O

—
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o
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Tight ex-
pect 2 sample of ten to include no olack marbies or one, tx¥o, Or three,
but for the sample to consist entirely of black marbles would be ex-~

pected only once in ten billion trials. Finding three biack marbles in

the sample would be expected in aimost six samples out of L00, and i

o

would be anticipated that the sample would contain four or moare black
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toarbles in slightly more than one trial out of 1CO. The actual probe
ability of this happening is ., 012795184, which is determined by acdin
the probabilities for 4 through 10, Ia practical apolications of sam-
pling, the percentage of "black marbles” is, of course, unlcrowm and
must be computed fror the resu.}.ﬁa found i the sarmple, Threre are
limitations to the accuracy of such a computed value, but it is Dosaible
to state with 2 known probability that the true value lies withi= a certain
range. If the range is wide enough, the probability may be practically
100%. The usual practice is to require 95% certainty.

In the present smdy, since the pro.babiliz*f of having lung
cancer is so small and since the sample size was fairly large, toe
Poisson distribution was used instead of the binomial dis Titutiom, wiicz
has just been described, Tkis is a substituzion {requently rmade under
ti1ese conditions, because the Poisscn distribution is tatuiaced and the
differences between it and the bizcmial distribution are guite srmall, I

is based on the eguaticn:

Where e = 2, 71823 (the base of mazurall
n = numbder of man yeass sutjec: t

P = incidence rate
x = number of cases observed

The logic oi the statistical approach may aiso justify a few

words of clariiication. Generally, in probiems of this kind, one sets

Up 2 nypothesis, which in our case would be, "Asbestos miners do not
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have a..higher rate of mortality {rom lucg caccer than the general popu-
lation,." The hypothesis is then tested by rmeans of the study of data cn
asbestos miners and on the geaeral population, inclucing the observed
number of cases of lung cancer. From what kas been said earlier, it
13 clear that even if the asbestos mirers acd general population had ex-
actly the same lung cancer mertality rate, it is unlikley thas in aay
single sample this identical rate would be found, Some differeace is
likely to be observed, but the important question is whether this differ-
eace is greater than might be expected rmerely as 2 matter of chance,
In other waords, we wish to kciow whether tae difference is ‘'statistically
sigaificant", If a sa.rv:n.plebshould supply seven cases when the expected

aumber (based on the rate {or the general opulaticn) is five, cze must
g POT

inquire concerning the probability that this would oceusr purely ag a maize
of ckance. It is thig prodability value whick is caleulated 9y tte Poisscn
distribution, If, ox this basis, 2 value is fgund = tie samsle which ig
$0 muchk larger than the éxsected value thas: it {or sc= larger value)
would occur less than 5% cf the ti=ie by chance, tzere i3 suiiciens evia
dence to reject the original typotzesis, If, an the cthas zand, the value
observed, even though lazges thaz the expecied vaive, i3 2o gTealer ttan
might occur by chance in fewer tham 57 of trials, we tave insufiicieas
evidence to reject the original hypothesis,

Calculations and conclusions based on the results of the (ind-
ings in this study bave been rmade in confor:::iiy with these statistical

“oncepts, They will be presented in the tollowing section.
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V. RESULTS AND INTERPRETATION
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Tte two coborts which were constructed according to the

criteria described in the preceding secti

dividually and compared with each other

or have been coasidered -1

2s well as with the general

population. Description and cormparison of these cohorts will Le pre-

seated here as a preface to the results of the study.

A tabulated summary of each group and of the cormbined

cokorts is shown below:

Thetford Summm=ary of
Asbestos Mines Combirzed
Cohort Conozwt Cohorta

Original Cohort 2327 3764 5061

Lost Persons Deducted -.‘-:_‘_i 79 133

Final Cohort 2273 20385 5658

Living in 1955 2224 3547 3771

(working and retired)

Dead by 1955 <9 133 137
Ca. of lung 3 a 9
Questionable Ca, of luag a 3 3
Other Causes 48 123 169
Unlknown Causes 0 6 8

Smokers 1931 2742 £673

Nonsm=okers 340 G2s3 1255
Unknown 2 18 29
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- Tables 1, 2, 3, and 4 PTesent age, number of years ¢f
er=ployment, weighted average exposure and smc}_cing babits of ttese
two groups. It will be observed from Table l that the Thetiord Mines
workers had a higher average age than the Asbestos group (42 years
vs. 39 years). Consistert with this finding, Table 2 izdicates tha:
they also had worked longer as asbestos miners (19 years as aga:izst
15 years).

A comparison of the exposure to asbestos dust is presenzed
in Table 3, All'workers were placed in one of three categories, re-
Preasexnting increasing degrees of exposure based on a weighted average
of the years spent at various levels of dustiness. The degree of duéti-
cess {or each job category was determined after comsuliaticn with per.
sons familiar with the environment and conditions iz the various work
areas. Although it will be noted that the rwo cohorts bad the same
verage exposure, a larger percentage of the Tretford Mines workers
will be found in category IT, while the Asbesias group ccoupy maiziy the

—
-
-

extrer=es of exposure, Or tZe purposes of calculiation, the as sumgoricn
has beea rmade that the relaticnsiip betweex these categovies is lizeas
and that category U is rwice as dusty, znd categery Il shree tirmes 23

dusty as category I,

 The fourth variable, smoking

g habits, was similarly tabulazed

.

and {s shown in Table 4. A larger percentage of smokers is indicate

w

nere for the Asbestos cohort - 85.0% compared with T4, 4%,
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. TAZLZE L
. Number and Percentage Distridution
of Asbestos anc Tzetford Mizes Corgrts
By Age

Age
—r———

20-44
. 45-54

55-64

65 +

Unknown

Totals
. AV, age

Askestos ' Mines Cormbized
No. % No. _’j No. 7,
1602 70 2299 62 3601 66
447 20 677 '8 1124 19
185 8 430 L2 615 Lo
39 2 278 8 Ils 3
2273 100% 1639 1007 5558 100%
39 42 : 41

* [.esg than .5%

TABLE 2

Nuszder and Percentage Distrizution
of Asbesios and Thetford Mines Conores
By Lezgta of Ex=ployrment

seorg

Length of Asbestics Mines Cembines
Employ-

r=ent No. ) Na. T No. =,

5-9 880 39 915 25 L7353 30
10-19 864 38 1534 12 23233 40
20-29 3%2 15 530 15 322 14
30-39 168 T 433 12 503 10
40-49 17 { 163 + 185 3
50 + 2 = 33 1 33 !

Totals 2273  100% 3635 LCO% 59538 100¥
Av. Yrs. of LS 19 18 -

, Employment

* less than .57




TABLE 3

Number and Percentage Distribution
of Asbestos and Thetford Mines Cohorts
by Exposure Category

Tnetiosra

Exposure Asbestos Mires Combined
Category No. T No. % Ne, Ty

I 969 43 1062 29 2031 34

a 564 25 1586 43 21590 36

Jant 735 32 1037 28 1772 30
Unkrown S = 0 0 5 =

Totals 2273 1007 30383 100% 5¢33 10Q <%
Av., Exposure 1.9 . 2.0 2.0
* lLess than .5%
TABLE 4
Number and Percentage Disccibution
of Asbestos and Thetford Mines Cchorts
by Smoking Habits
Trhetiosd

Smoking Asdestos Mines Ccombined
Habits No. ) Na. o ~No. E
Smokers 1931 §5 2742 T4 16732 T3
Nonsmokers 320 15 225 25 12:3 20
Unknown 2 = 13 1 23 =

Totals 2273 1007 3035 1007, 3%33 100 %

* Less than .

5%




This is a difference waich could kardly accur by chance tecause of

the large size of the sample. Trherefore, it ig likely thas the diffes

.

ence is a real one unless the method of recordiag this izfor=ation a:
the_tizme of exiployment varies at the two locas tioms.

In spite of the minor . differences brought cut 5y :hese
c:;riia#risons, it wﬁuld seern that the two ¢onorts are quute suzilar
with regard to the variables of age, length of empioymex=t, degree of
exposure and, although less so, in regard to stmaoking kabits, These
variables appear to us to oe those fr.osﬁ closely related :a the sroblem,
and will be taken into' account in compariag‘thé workers with the con-

trol groups.

Table 5 presents the year-py-year experience cf the two

cohorts and indicates the number of deaths each year from specified

causes. In gereral, a case was considered ta be ““Droved' as cze af
primary cancer of tke lung woexn tze records showed tha: she clagnosis
kacd teen supported 5y an 2uidPsy or surgiczl reseciicn

-

MiICTOS5CODIC EX2mination of the rarm vec issee, nzane ¢

sicered, however, diagnosis was confirmed 5w 3rcone:
zation and diopsy. Ia anciher, although there was no autsssy, the ciag-
nosis of primary cancer of the iux ‘3 Seems 10 nave teen zevond g

The term '"suspec:ed' primarwy cance: of the lung was ap-

piied to those cases in wkich the €:12¢gnosis Termains 1o doubt but some

the evidence poxnts to cancer of the {un iagre were
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TABLE 5 - Partl

. Study of the Ashestos Cohort

Cause of Death

No. Alive Proved Suspected " Man-
AtBeginning Primary Primary Other Years of
Year of Year Ca.ofLung Ca. of Lung Causes Unknown Risk
1950 2273 0 o} 6 0 2270
1951 2267 [ 0 5 0 2254
1952 2251 0 0 9 0 2254.5
1953 2252 0 0 9 0 2247.5
1954 2243 0 0 12 a 2237
1955 2231 2 0 5 0 2227.5
Totals 3 0 46 0 13502. 5

"Proved' cancer of lung death rate per 100,000 man-years of risk =

3

2 ——
22.2 (13502.5’

TAZLE 3 - Part I

Study of the Thetford Mines Cohort

Caucse 2% DSeath

No. Alive Proved Stuspec:ted Man-
AtBeginning Primary Primary Other Tears cf
Year of Year Ca. of Lung Ca. of Lung Causes Urknown Sisk
1950 36385 l 2 6 3 35680
1951 3675 l c i2 L 3543
1952 3681 0 0 23 Q 3647
1953 3633 2 ! 25 0 3619
1954 3605 L 0 21 4 3592
1953 3579 l 0 31 0 31363
Totals & 3 123 6 21769

"Proved' cancer of lung ceath rate ner 100, 000 rman-yvears of risk =

)
?00 7
&1. 0 (2—-17'09)

"Suspected* plus proved cancer of iung death rate per 1€0, 000 mant

years of risk = 41,3 (i_)

21769




- TABLEZ 5 - Pars [T

- Study of Commbined Cokorts

Combined death rates per I‘OO','OOO”ma.n-years of risk
- __for Asbestos and Thetford Mines

"Praoved" cances of lung death rate per 100, 000 rmap-~years cf risk =

5.5 (e
>3 (5335773

"Suspected" plus proved cancer of lung death rate per 100, 000 —an-

2
years of risk = 34.0 (:%7
3327

o~

In two, no autopsy was performed but the clinical signs
and ;y'mptorns were such that the death certificates read '"cancer of
the lung', and "suspected lung cancer', The thisd case came to au-
topsy but there was a difference of opinion petweez two patzclegises
as to whether lung cancesr was present,

The term "::;.a.noyears of Tisk'' zas beex used to mean tk
number of men at risk Jor the year under obserwaticn, An incivicual

who livec througtout the year was counzed as a icll man.year of risk,

bl

'but one wno died during the vear was counied aos cre-gall 3 rman-vear,
Deaths cccurring in these rwo cohorts, azd iz whick lung

cancer is c.onsidered to have Ceen proved as a cause, are skown in

tabulated form on the next page. Also saown are three ceatks in the

Thetford Mines conort whick have been considered as "'suspected" lung

-

cancer cases;
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ASBESTOS COHORT

2D

"Proved" Cases of Primary Cancer of the Lung
AUl- Asbes-
Name Age Smoker Exposure Died tOvSY togis
l. A, J. &6 Yes 26 Yrs, in Cat, I 10-12-51 Yes Tas
Z. N. P. &5 Yes J4 Yrs, in Cat. 5- 3-53 Yes No
3. R. M. 65 Yes 37 ¥Yrs, in Catz. I T«20-55 Na No
THEZTFZORD MINES COHORT
“Proved" Cases of Primary Cancer of the Lung
. Ale Ashes-
Name Age Smoker Exoosure Diec toD3yY tosis
1. C. B. 59 Yes 32 ¥Yrs., in Cat. I 8-20-350 Yes No
2. A, S. 48 Yes 22 Yrs, in Cat. [T Te51 Yes Zes
3, W.F. 61 Yes 33 Yrs, in Cat. I 4.30.33 Tes Tes
4, L. D. 56 Yes 30 ¥Yrs, in Cat, II 11-22-33 Yes Yes
5. Z. L. 37 Yes 16 ¥ra, in Caz. I 8- 3.34 Tes No
6. A. R. 68 Yes 28 ¥Yrs. in Cat. [ 5. .33 Sronck, No
"Suspeciec" Primary Cancer of the Lung
Au- Asdes-
Name Age Smoker Ixsosure Tied IS5V 1osis
1. I, T. <9 Ves 32 Yrs, inCat. I 10-25.29 No» Ne
2. R. D. 46 Yes 33 ¥Yrs, in Cac. Il 7. -33 Yes Yes
3. P, P. 635 Yes %2 Yrs, in Cat. 11 2-.30-55 No No
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At Asbestos :'ae;e Were no cases in whick the diagmosis
Was questionable, with the resul: thas the vate [ar “zroved'' czseg in
this cohort is the only one deveiopecd. At Tietfssd Mines, however,
the three cases mentioned earlies wese placec in the category of
‘suspected" primary cancer of the lug, An indicarion of the Lmpor-
tance Qf tt}gse Cases in {zrerpreting the resulis of the calculasisns is
desirable before further discussion of the raortality rates whica are
derived in later tables. For example, it naprens that tze rase isung
for the Asbestos cohort is very close to the "expeczed' rate basec cn
the general population £igures for the Province as will ge shown later,
and on this basis, we should find five deaths irom lung cancer among
tte Toetford Mines group. As was explained iz the seciicn on "Cai-

lection azd Analysis of Daza', it would then not ze wniikely ior 3ix cases

to ogcur in our sample., Tkis is, ia face. :he nummber o
found in the Thetford Mimes cohors, Z, owever

“suspected' cases are incluced, ZcTeasing tal
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level of probability iz this case r2ll; cerveen 3 and 13, we wou' s Teecs
the hypothesis that thece is no Gifference Tevseen tze incidencs
cancer in miners and that in the general 20DLialion Y we louzc

more cases. On the other hazd, havi: g ‘ound nine cases we are no:
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an increase in rate which approaches the significant level. Because
of the tremendous immportance of the questionable cases in this res-
pect, some detail regarding them will be given here,

In one of these cases, the suspicion of cancer of the lung
is based upon the Xe-ray interpretation and, although no autcpsy was
performed, the death certificate indicates that death was due to lung
cancer, It is well known that the X-ray appearance of fidrosis, es-
pecially if a localized density or a superimposed tuberculous lesion is
present, can simulate that of a tumoz?. and by itself, does not juscify
the inclusion of this €ase as cone of ''proved' cancer of the lung, A
second case was certified as having died by reason of nydrothorax,
possibly due to lung cancer, but dgain there was no surgery anc no
éost-mor:em examination. In the thirzd case, altzough it was susjecied :
.a.utopsy. two pathologists diszgreecd as to wherher lung cancer was pra-
sent, The death was cer:ified as aaving bYeen due :0 caronic Tyocardisis
with nephritis and pulmonary cengesticn, anc 2Cssidly cancesr ¢f the 'o-

On the basis of these faces, it seems unwarranted :o inclucde thess thcae

.

cases among "proved'" instances of lung cances, Cn the cizes aang, thavw
carnot, in fairness, be disregarded complietely. It is {or tais reason
that mortality rates for the Thetford Mines coficrt and the combines co-
hort have been calculated both ways,

Table 6, giving the rates by Aze groups, ceveals difje;c:-.:

* -~

experiences for the two conrorts, [t happens that all of the deatks T the
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Asbestos cohort fall into one age group, so that the raze for that age

category is exceptionally high. At Thetford Mines, a more even diser:

. L.

bution of the deaths by age developed a series of rates which are less

extraordinary and, as will be Seen, are not widely divergent {rom the

expected rates for each age category, Tre unusual rate in the Asbestos

conort for the age group 45 years and over, is the sor: of thing which

happens when the sample is small, For example, of these three deaths,

two were exactly 65 years of age and would have been in anotmer age group

had the limits been increased by one year,
' TABLZ. 6

Number of Persons and Nurzber of
Lung Cancer Deaths by Age Groups

Asoestos T:zetford Mines Cornbined
Lung Lueng Cancer Lung Canger
Age Cancer: Death Ceaths
Grouns Persons Deaths Persons Proved Total Persors FProved Tzl
20-44 1602 Q 22<Q 1 L 3201 ! :
15-34 427 0 377 1 3 liZ24 { 3
$5-64 183 0 £30 3 3 3l5 3 3
85+ 3¢ 3 273 1 2 313 % 3
Unknown 0 B 3 0 0 3 3 G
Total 2273 3 3343 5 2 3353 3 L2
Annual Leng Cancer Teath Races cer 100, 45CC
Mar-Years ef Zxposure by Age Groups
Asoestss Tretfore Mines Cormbized
Age Groun Tetel Proved Tetal Sroved Toral
20-43% 0 T 7 < <
$3.34 0 235 T4 L3 44
33-04 0 116 lla 31 o3
3. 1282 o0 121 212 233
Crimown + 0 0 a 0
Over-ali 22 27 3T 25 3%

No one exposed




- The rates by lenztk of employment (Table 7) show that
the two groups were quite similar ia this respect. Duri=g the first
40 years of employment, the rate rises, an observation which seems
plausible since the men were growing older. However, after 40 years
of exposure tkere are no "proved" cases rTeported for a total of 240
men during the six years, or about 1440 man-years of exposure, When
the "suspected" cases are added, one case does show up ia this period.
This would produce a rate of 69 per 100,000, again demonstrating the
importance of these questionable but unproved cases to the final con-
c¢lusion, because, if there Were no cases in this number of men with
long exposure, and if asﬁes:os is a carcinogenic ageat, it maust be con-
cluded that these 240 men have demonstrated considerable resistance.
This is a biological phenohmenon which tas been observed previousiy and
is consistent with the theory of ag intrinsic or endogezous factor in can-
cer. The only other explanation would be thar the susceptible members
of this age group had died earlier of lung cancer., Table 22 whica ap-

pPears later in this section incdicates that tce members of the cohorts dig

not die from lung cancer a: a3 YoungerT age than the jezer

[
‘o

opuiazisn,
The rates oy weigtted exposure are stown in Tabie 3, azd

it will be noted that they present strong evidence ag2inst aspestos being

a ca‘rcinogc'nic agent. I oI tze Asbestos cokort th Tates actually de-

Crease with increasing degree of exposure, and at Thetford Mines they

ipPpear completely independent of exposure, if we count only the "pfovez"

casegs, :
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TABLE 7

L3

Number of Persons and Number of Lung
Cancer Deaths by Length of Employment

Length Asbestos Thetford Mines Combined
of Lung Lung Cancesr Lung Cazcer
Employ- Cancer Deaths Deatks

ment Persons Deaths Persons Proved Total Persons Provegq Total

5-9 880

0 915 0 0 1795 0 0
10-19 864 0 1534 l l 2398 l H
20-29 342 . l 580 2 "2 922 3 3
30-39 168 2 435 3 5 603 5 7
40-49 17 0 168 o I. 185 0 l
50+ 2 0 33 0 0 55 0 0
Total 2273 3 3533 O 9  3%3 3 1z
Annual Lung Cancer Death Razes per 100,400
Man-Years of Exposure by Leng:2 of Zmpioymexn:
Length of ' Asstestos Theticsd Mines Combzined
EZmolovment Totai Provad zatal Froved Total
5-9 0 0 0 Q 9
10-19 0 11 11 N 7
20-29 +9 3T 37 34 34
30-39 1938 115 192 138 193
40-49 0 0 ce Q c0
50+ 0 _0 0 G 0
Over-.all. 22 27 il 3 X




TABLE 8

Number of Persons and Nurmber of Lung
Cancer Deaths by Exposure Category

Expos- _  Asbestos __Ttetford Mines Combined
ure Lung Cancer Lung Cancer
Cate- Cancer Deaths Deaths

gory Persons Deaths Persons Proved Total Persons =roved Toral

I 969

2 2 2 2031 4 4

I 564 1 1586 2 3 2150 3 <
I 735 0 1037 2 4 1772 2 4
Uniciown 5 Q 0 0 Q 3 2 0
Total 2273 3 3685 3 9 5353 9 12

1062

Annual Lung Cancer Death Rates ser 100,000
Man-Years of Exposure oy Zxposure Category

Exposure Asbestos Thaetiore Mlines Cembinad
Category Total Provec Total Droves Taezl

1 34 11 il 33 33

I 30 21 32 23 31

or Q 32 5% L9 37

Unknown ' _0 d 2 0 0

Over-all 22 27 n 25 33

* No one exposed




If exposure to asbestos is in dny way conaected to lung cancer, we
would expect that the longer and beavier the expasure, the higher tke
rate that would be found. The only possible error in this inter;:reca.-
tion could occur if the weighted exposures were inversely related to

years of employment, in which case the heaviest weighted exposure

(category L) .would show the soortest leagth of employr=ent. Tables

910, and-i1 which list the number of persons in various exposure
categories by length of employment indicate that this erryor kas not
occurred. In fact, the average number of years of employment for

each exposure category is almost identical,

TABLZ ¢

Number of Persons in Various Weighkted
Exposure Categories by Length of Employment

Aspestos

Leng:h of Weizhted Txsosure Catazories
Emolovment RS = i Unknown  Taal
5-9 423 213 239 0 330
10-19 273 217 373 ! 36+
20-29 159 89 92 2 342
30-39 98 42 27 l 183
40-49 9 3 < ! 17
50 + 2 0 0 0 2
Total 59 et 7335 5 2273
Av, Yrs, of 15.5 15.2 14,5 29.0 L5,

Exposure




( ) " TABLE !0

-- - Number of Persons in Various Weighted
Exposure Categories by Length of Empldvment

Taetford Mines

‘Length of Weighted Exposure Categories
Emrployment i _LI_ Lif Unknown  Tatal
5-9 279 38 251 0 9153
10-19 390 666 478 0 1534
. T 20-29 135 274 151 0 580
30-39 149 176 l10 0 435
- 40-49 67 64 37 0 168
50 + 22 2} 10 o 53
Total 1062 1586 1037 0 3635
. Av, Yrs, of 19.9 18.7 18.1 13.9
_Exposure :
i( TABLE 11
Number of Persons in Various Weighted
Exposure Categories by Length of Zmployment
Combined Asbestos and Thetforg Mines
Length of Weighted Exvosure Caiegories
Emoloyment 2 £ £ Uniown Total
5-9 707 | 538 430 o] {735
10-19 663 333 3351 i 23¢3
20.29 314 3563 243 2 322
30-39 247 218 137 L 503
40~49 76 o7 41 1 135
50 + : 24 2] 10 0 33
Total 2031 2150 1772 B 3353
Av, Yrs, of 17. 17.8 16.85 29.0 7.5
Exposure

L}
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Table 12, which develops the rates for smokers and non-

smokers, is most striking. It shows that not a single case of lung

cancer developed among the 1265 nonsmokers. and that all cases of
lung cancer, ‘Potb. "proved" and "suspected", occurred in smokers.
A coxv-x‘u;ar.i-sor; of ‘1'3.51;5‘8 a.rid 12 certainly suggests that smoking is
a greater bazard than exposure to asbestos in the mining operations,
Table 12 was so striking that it was felt that further veri-
fication was necessary. It was possible that some abnormal distri-
bution may bave occurred, e. g., the nonsmokers may have included
a larger percentage of young men, Consequently, additional Tables,
13, 14, and 15 were constructed to show the distribution of smokers
and nonsmokers by age, length of employment, and degree of exposure.
Although there are sh'ght.di.f.ferences, they do not account for the fact
that all observed cases of lung cancer were in srookers., In respect to
age {Table 13) the combined average age of the smokers was 4.9 years
less than that of the nonsmokers. Table 14 shows that as far as leng:h
of ermployment is concerned, the smokers had worked about 2.3 years
less on the average than the nonsmokers. Vith I¢nger exoosure and
greater age, one would expect the nonsmoking Zroud 15 show a higher
rate if lung cancer were due to asbestos.
Table 15 shows that the average exposure category was al-
most the same for the two groups. Taerciore, this variable scems to

be of no importance in accounting for the differeance between lung cancer

death rates for smokers and nonsmokers.



. TABLE 12

Number of Persons and Number of Lung
Capcer Deaths by Smoking Habits

Asbestos Thetford Mines

Combined
Lung Lung Cancer Lung Cancer
Cancer Deaths Deaths

Persons Deaths Persons Proved Total Persons Proveg Total

Smokers 1931

3 2742 6 9 4673 9 12
Nonsmokers 340 0 925 (4] 0 1265 +] 0
Unkaown 2 0 18 0 g 20 °} _9
Total 2273 3 3685 3 9 5958 9 12

Annual Lung Cancer Death Rates per 100,000
Man-Years of Exposure by Smoking Habits

Asbestos Thetiord Mines Combized
Tortal Provec Total Proved Total
Srnokers 25 36 33 32 43
Nonsmokers 0 0 0 0 0
Unkzown ) Q Q Q 0
Over-all 22 27 vy 23 e
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The result of this additional analysis is that none of these
factors appear to lessen the effect of Table 12, which is therefore

strongly suggestive of the importance of smoking as corapared to the

other variables,

Asbestosis and Lung Cancer

When we attempt to relate the lung cancer deaths cccurring
in the cohort with the reported cases of ashestosis, we are immediately
aware of a disturbing inconsistenqy. Various authors report the incidence
of asbestosis after 10 or 15 years of exposure as exceeding 50%, and in
one study, as high as 87'7.. (133) {135) (147) (154) (195) However, data on
cases of asbestosis from the cohorts at Thetford Mines and Asbestos pro-
duce a rate of only abouf 5%. It is true that these data ase based on orly
those cases which have been proved at autopsy, and those whose most re-
cent x-ray interpretation resulted in a d-iagnosis of astestosis, Truis in-
cidence rmay be far lower than if based on micTosconic examination of the
lung tissue. As a matrer of fact, Dr. Cartier has estimazed ttat there are
probably 306 workers who do not show radioiogical evidence of 2sbestosis,
but who have some degree of fidrosis. He 2lso estimates taar there are
perhaps 40 workers who may have died or retired with this disease., Iastead
of 143 cases of asbestosis in the whole working force at Thetiord Mines,
we should then have peraaps 500, but even this would result in an over-all

rate of less than 10%, which is far below those widely reported. [n our



combined cohort, there are 1765 men who have had more than 20

years-of employment, and 431 of these bave worked in the heaviest

average exposure, According to the records, we can accouat for
only 138 cases of asbestosis in the combined cohorts, If even 259
of the workers with more than 20 years'exposure develop asbestosis,
we should expect about 425 cases, This leads us to believe that there
i{ a very considerable under-reporting of asbestosis. Such a hypothe-
8is is easily conceivable when one considers that many chest x-rays
in this group may be considered normal by comparison with others
in the same group whereas, if they were to be'compared with what
are considered as normal chest X-raya elsewhere, they may be inter-
preted as show%ng fibrosis.

Cases of a.abe.stosis which were accumulated from the au-
topsy records and from the periodical physical examinations result in

a distribution which is shown in Table 1.

TABLZ i¢6

Distribution of Recorced Asbesissis Cases

In Cohort Asbestos Thetiord Combired
Living 13 36 102
Dead + 30 33

Total 22 116 133




TABLE 17 - Partl

. Number of Asbestosis Cases By
Length of Employment and Exposure Category

Asbestos
JLength of Exposure . Categorv

Employrment RS peg r Unlciown  Total

Less than 10 0 0 0 a n
10-19 0 3 2 0 3
20-29 2 7 4 0 13
30-39 0 ! 4 0 5
40-49 0 0 l 0 3
50 + 0 9 29 o o0
Total Zz . 11 0 22

Av. Yrs, of 25 25 - 29 . 27

Employment

Percentages of Asbestosis Cases By
Lengtk of Exmploymment and Exposure Category
Length of Exvosure Categorv

Emovloyment 1 iy LI Unknown Tctal

Less than 10 0 0 0 = 0
10-19 0 .5 .3 9 .3
20-29 1.3 7.5 2.3 0 3.8
30-39 V] 2.4 1£.5 3 3.0
40-49 0 0 23,0 0 3.9
50 + o = = = 0
Over-all .2 l.o 1.5 v 1.0

* No one exposed ia this group

43,




- TABLE 17 - Part I

-. Number of Asbestosis Cases By
Length of Employment and Exposure Category

Thetford Mines

Length of Exvosure Category
Emvlovent L o IO Uclowown  Total
Less than 10 Q 0 0 0 0
10-19 0 3 7 0 8
20-29 2 5 21 0 23
30-39 2 13 33 0 50
40-49 0 ) 20 0 26
S0 + 0 2 2 0 4
Total Y 29 83 ) 116
Av. Yrs. of 30 36 34 34
Employment .o ’
Percentages of Ashestosis Cases By
Length of Employrent and Exposure Category
Length of Exposure Categorv
Emplovment RS a iy Urimown  Total
Less than 10 0 0 0 = 0
10-19 0 .2 1.5 G .3
20-29 l.3 1.8 13,¢ 2 +.3
30-39 1.3 8.5 30.0 2 L3
40-49 0 5.+ <.l 0 t3.5
50 + 0 3.3 20.0 = 7.3
Over-all i 1.8 3.0 0 31

# No one exposed in this group

i



TABLEZ 17 - PartID

. Number of Asbestosis Cases By
Length of Ermployment and Exposure Category

Asbestos and Thetford Mines Combined

Length of Exsosure Category

Employment A i jees Uniknown Total

Less than 10 0 0 0 0 0
10-19 0] 2 9 0 11
20-29 4 12 25 0 41
30-39 2 1o 37 0 55
40-49 0 6 2l 0 27
50 + o 2 2 0 4
Tatal 6 38 94 o 138

Av. Yrs. of 28 33 33 - 33

Employment '

Percentages of Asbestosis Cases By
Length of Employment and Exposure Category
Length of Exsosure Category

Employment I o 1 Uniciown Teral

Less than 10 0 0 0 = 0
10-19 0 .2 1.0 o] .5
20-29 1.3 3.3 10,3 0 2,4
30-39 .3 7.3 27.0 0 9,1
40-49 -0 9.0 51.2 Q 11,8
50 + 9 8.3 29.0 = T.3
Over-all .3 1.3 5.3 0 2.0

* No one exposed in this groun
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. A percentage incidence of asbestosis for eack exgosure
Category Jas been developed as well a3 for each peried of exploy-
ment. This izformation is shown iz Table 17,

- It will be noted that witkin an exposure catagory, the
incidence rises with increased len'gth of employment., Iz is also
apparent that the incidences, even in the category of geaviest ex-
posure, are far below the rates found by the authors preyiously re-
ferred to. It seems clear, taat unless concenrrations of asbestos
dust to which the miners are exposed are very much lower than those
which obtain in all the other stucies, there has been a gross under-
reporting of the asbestosi:s Cases, Tae obvious result is a aigher
relative frequency of lung cancer in association with asbestosis,
’l'#ble 18 compares deaths due to lung cancer and fatal cases with as-

bestosis, alone and iz combization with eac: other.

TAILZ 18 - Pazsl

“ Statistical Acalysis cf the Causes of Deata

.

Asbestos
Cause Asbestosis o Asbestosis Tortz Percensage
Lung Cancer 1(.2) 2( 2.3) 3 o.t
No Lung Cancer 3(3.3) +3(42.2) 36 3.3
Total < 43 19
Percentage 3.2 1.8

Figures in parenthesis are the ‘expected” numbers -




TABLE 18 - Pazt II

Statistical Analysis of the Causes of Deazy

Thetford Mines

Cause Asbestosia No Astestosis Total Percentaize
Lung Cancer 3( 1.3) 3( 4.7) & 4.5
No Lung Cancer 25(26.7) 101 (99.3) 128 95.5

Total 28 104 13
Percentage 2l.2 78.8

Figures in parenthesis are the ‘"expected' numbers

TABLE 18 - Part II
Statistical Analysis of the Causes of Death

Asbestos and Thetford Miges Combined

Cause Asbestosis No Asbestosis Total Percenrage
Luzng Cancer 4( 1.86) 5( 7.4) 9 2.0
No Lung Cancer 28(30,4) 122 (121.8) 172 5.0
Total 32 129 131
Percentage 17.7 82.3

‘Figures in parenthesis are the "expec:ed" numiers

Six deaths from unkaown causes not inclucded

ThRe number of lung cancer ceaths combined with asbestosis
is larger than would be expected in each corort and in the combined
cohorts. This difference is significant at the 95 7o level usizg the chi-
square test of significance. The importance of the u::cier-reportin:g of

ashestoais cah be observed in Table 19,
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- TABLE 19

- Statistical Apalysis of the Causes of Death i£
20 Nonasbestosis Cases hag been Diagnosed as Asbestosis Cages

Cause . Asbestosis .No Asbestosis Total Percenzagze
Lurg Cancer 4( 2.6) 5( 6.%) 9 5.0
No Lurg Carncer 48(49.4 124 (122, 6) 172 5.0

Total 52 129 181
Percentage 28.7 71.3

Figures in parenthesis are the "expected" ausbers

In this table, it has been assumed that 20 of zhe cases
which did not have lung cancer and which were revoried to tave no
asbestosis did, in fact, have asbestosis, the diagrosis of whick was
raissed. Although the cases of lung caocer with asbestcsis are seilt
higoer than woulid be expec:ied, the difference is mo longer sizmifizang
at the 95% level. Tkis st:.LI is tzue U fewer tham 20 cases weve szifteqd
but it is reasonabdle 1o exzec: that at le2s: 20 of tze it —Iizzt zave
shown asbestosis had thev been sudbiecs io auisosy. Cnotze cihar bang
2 sailt of about 40 cases would srocduce 2n expected rite aimost ecual
to the rate found. Zxplazaticn of :his effec: of uncdeT-reporiizg of as-

jeemis 50 Obvicus thal iz uncdera

Fa)

bestosis has been stressed Secause i
reporting aspestosis the reiaticnshis Setween it and lung camcer has

oeen rmade to appear more significan® than i prooaoly is,
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. Four of the proved cases of lung cancer and one of :t
suspected; Were associated with asbestosis. Sincg we have oaly 32
deaths in which asbestasis was preseat a;ccording to the records,
the __i..:.:_xcidenchg. in this series is 12.57.. whnile this is slightly lc.;we:-
than the rates found by Merewcth}:r. Gloyne, and Wedler, it is still

much higher than could be expected if the ashestosis incidence were

anywhere near the ex;;erience reported by other autkors,

Comparison of the Cokart Experience with that of the
Province of Quebec, Dominion of Canada, and the Unitec States

In order to m'ﬁke 3 comparison of the experience armong
asbestos miners with that of the general population of the Province ef
Quebec, statistics were gathered, as stated earlier, in the affice ol
the Division of Demograpey iz the Provincial Mizistry of Healtz, Txe
data on total deaths, deaths from all formms of cazcer, and ceaths from
cancér of the lung were obtained by sex and by county for the vears
1950 through 1955, Ia addition, all ceath cer:ificates wnick specified

pPrimary cancer of the lung, a=d all those which indicased leng cancer

but did not specify the origia, were examined for the years 1932 througa

1953, -
- Table 20 gives a tabulation of the number of deaths from

lung cancer in the Pravince a=d in the two coharts for the years 1350 .

through 1955, and shows the annual rate per 100,000 in these segments,
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It will se.noted fror= the table that the mortality rate for tte Ascestos
cohort is almost exactly the sarce as that for the ’:'f-:ovi::ce. woile ¢tk
rate for "proved" cases in the Ttetford Mizes cozort is orly siightly
bigher. When the "suspected” cases are included ix the calculaticn,
the rates for the Thetford Mines éohort rises tg 41l.4 per 100,000 whicx
is nearly twice as kigh as the rate for the Provizce. Tois, it will be
recalled from the prev-iogs discussion of the "'suspected' cases, ap-
proackes but does not exceed the significant level.

One further izteresting observation from Table 20 is the
rather marked increase iz the total number of cases for the Provicce
between 1950 and 1955, it is assursed that at least part of this increase
is due to improved recognition and reporting of lung cancer during the
interval, For this reason, the years 1954 a=d 1955 wese tbcugat ta te
r2ore zeariy representative of actual conditicns., Ivexz so, it is cuite
likely that the gezeral population is cot siudied fer lumgz camcer with i=e

n
e,
[o}
"
b
e
ir
»
il
b
[{ ]
[]
1 %]
P
"
N

sarze dilizence witd wiick thig disease is loske
it seerzs ;:robable t2at the mortality rates for tte Provizce would tend
to be low, Thais would azpear 10 e substazmrizied 2y t2e fzct thas sze
Teporting of cases i the combdined cokor: showed 20 suck increasze sves
the same period.

Taole 21 was comptiied to snow tte acmuai age-speciiic =g

ead '"'canza-

cancer rate Of Cases in wnich the deatp cerificate merely

"

of the luag™, as distinguisted {rom those in which the diagnosis was

e
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confirmed by autopsy, surgery, oz biopsy. Tke term "specified

(14

primary’ refers to those cases in these saze twq categories in
whick the tumor was specified as baving originated ix the lemg, It
will be noted that, of tke total casas certified iz (955, a muck bigker
percentage than in 1954 was specﬁed as prizmary, The table aiso
shows that a higher perceatage of the total cases certified in 1955
were proved, again indicating increasing interest i this cisease,

A cormpariscn has been made berween the age-speciii
rates shown in 'Table 21, and tkose for tke cokort shown iz Table 5.
An average of the 1954 and 1955 rates for the.P:ovmce kas been usgd,
gince the 1955 £igure-was higher and may have been exceptionai.

This comparison, summarized in Table 22, shows toar the

observed number of deaths in cur sarmple is not significant!y greager

e

than the expected nurcber of deatks, based on the average of t2e L33
and 1955 figures for thé Province. It is true thar, iz the case cf ime

age group of 65 and over, the five caaths provide a Iigere whigh

ta

i
most sigr.ﬁ:’ica:z: at e 337 level. However, it s2ould te mzted 12z:
this number includes cne of the suspectsd Zul ungroved cises srevicusiy
referred to. Furthermore, it is Tatier likelv that the raze i5r r:e zen-

eral population is understated iz thig age group, I9r the cbvious reason

e
{
P
[}
,e
.
]
[£7
w
l’u
3!

[}

that the exact cause of ceath iz the very old is not a ma:

intensity of interest as it is in younger persons.



2

Before leaving tkhis comparison of the Province with tk
miners, it should be shown that their

the same, That this is the €ase can be ooserved from the following

tabulation: .

Age Distribution of Adult Males for the Province of Quebec, 1951
(Rapport, 1954)

ol

Percexstage
Age Group , Number Percentage Cambined Cckorss
20-44 727,135 . 63 66
45.54 188,952 16 19
55-64 128,944 11 Xy}
65 + 113,467 10 5
Total 1,158,498 100 100

It skould be remembered that the miners retire and con-

sequently, it can be expected that the oldest age group wiil te larger

in the general population. The data presented in Table 23 incicates

that the lung cazncer rate generally decreases aster age 70, and we

could expect the rate for all Pecple over &3 would Ze smaller sh:

.
L
& a3l o2

Tate for a group of 63 $o0 73, which would azdly 0 the olcdes:

miners, It is felt that by using the waole adult male population, we

have developed rates which are somewhat lower than if we cad been

able to exclude the general populatiorn aver 73,

W

age distributions ar reasonably
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TA3LZ 22

‘Comparison of the Actual and Zxpected Nummper of
Lung Cancer Deaths by Age Amaong Asbestds Miners

. Province Expected® Observed No.
Age  Total Specified Primary No. of No. of of Deaths

Group Rate per 100,000 "Miners Deaths Proved Total
20-44 1.8 3901 0= H 1
43-54 ’ 24.5 : 1124 2 1 3
55-64 : T 67.6 : 615 2 3 3
65 + 89.3 315 2 4 5
Unknown - 3 ~- g ]

* Actually .4

+ The expected number is based on the average of the 1954 and [535
age-specific rates for the Province of Quebec.

e ¢t e . vemveie e sme = . . D T

Table 22 also answers a question previously'ra..ised. It
s?.ows that the members of these cohorts bave not died from lunz can-
CeT at an age earlier than the general population, and :hat suck ag ex-
planation cannot be offered {or the absence of lung cances in 240 men
with roore thag 40 vears of ermployment referred 12 on sage 17,

A compariscn between the ashestds rminers zad tte cozu-
lation of the Dominion as a whole was rmace, usizg statisiical marerial

s (171) .
from several sources, Ia one source, Prilliips gave age- and sex-

specific rates for Canada for three periods berween {931 and 1932,

Tze rates for males are given in Table 23,



02.

( : TABLEZ 23
. Annual Death Rates per 100, 000
for Cancer of the Lurg in Capadas
Age . Croups of Years
Grouns 193141933 ) 1941-1643 1530-1332

Under 30 0.2 0.3 L.0
30-34 0.9 0.9 0.8
’ 35.39 2.0 3.2 3.0
40-44 3.0 5.4% 6.3
. 45.49 5.2 12.5 lo.7
50-34 8.2 18.9 7.2
55-59 12.7 27.0 58,7
60-64 12.5 33.7 77.3
65-69 15.1 3¢.5 102.9
. 70-74 10.7 30.6° 86.3
757 15.8 30.0 83.9
80-84 8.2 27.9 59.7
85 + 11.4 14.3 71.0
2.8 7.1 5.3

v ALl Ages

* “"Mortality from Lung Cancer in Canada'', 1931 to 1¢52.

These figures stow strikingly the increase in rates ce-
tweez 1931 and 1952, a=nd this increase is parsicularly macked aitas
age 30, confirming an observatian sreviousiy tmace, 2 tze eifecs thar
lung cancer nas prodabiy been under-diagnosed in the sider ige zTousns
in the general population.

To use these figures for purposes of comparisen, i is
aecéssary'to combine the rates {or certain age groups in 9rdes o
coniorm to the age distriburions used in this study. Since the exact

R populations in each age group for the years indicated is not <nown,-



this must be aa approximation. However, the rates would be some-

what as follows:

Age Groun : Rate

20-44 . 5
45.54 27
55-64 69
65 + 90-35

These rates are, in general, lower than those developed
for the total (proved. and suspected) cases of lung cancer among the
asbestos miners. The only large difference, i;owever. is in the age
group of 63 years and over, and it is quite possible that the rate for
this group may have increased for Canada between 1952 and 1954 as
it did for the Province of Quebec. (See Table 2l)

‘ A further comparison has been macde with an sver-all
rate obtained from the American Cancer Scciety {or respiratory can.
cer deaths in Canada iz 1953, Tuis rate, for males, is 20.3 ger

100, 000, a= izcrease of 5 per 100, 000 over Prillins' 19

N

0-1652 »aze,
and compares with 25.35 per 100, 000 for proved cases and 34.0 per
100, 000 for total cases ammong the ashestos miners in this study. It
is therefore obvicus that there are ao Lmporrtant differences benween

the rates for asbestos miners and those for the gencral populaticn of

Quebdec and the Dominion of Canada.

[¢A]
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- Since it is probable that £ ures for the Uzited States are
o g

more complete and, therefore, possiply raore com

parable (o the ca:za

for the miners, 2ge-specilic rates were computed from ''Vital Statige

-

tics of the United States", Voluwmes I and II, for [S52. Tzese rates

bave beexn tabulated in Table 24.

: . TABLZ 24

Nummber of Deaths and Death Rates per 100,000
by Age Groups for the Adult Male Population of
" the United States—Data From
""Vital Statistics of the United States', Volumes [ and I, 1952

Age Group Pooulation Cases Rate per 100, 000
20-44 24,544, 000 383 .6
. 43-54 8,065,000 2979 38.9
55-64 6,340,000 6254 ©8.6
65 + 5,670, 000 64383 11,3
Total 44,619, 000 16,599 37.2

It i3 appac-ent thac these rates ccrmzare favoratiy with those
$ = J

for the astestos —miners as scown in T

ix Tabie 5. Still cthar rates ‘gr the

- - .
=2 SIDeTical Lencer Toeiar

N}
7]
[}

United States were obraized izom the A
for males, these were 23,3 ver 100,000 iz 1633

in 1955. They are not idertical with the raze cajculate

Cancer Society rates are for males of all iges, lievertheiess

compare favoraply with the rates of 23 {or 31 for to2al cases) obtamning

araong the zsbesios rminers,



.  Returning to a commparison tetween the asbestos miners
and persons who are expose‘d to asbestos in one fgrm or another (as
distinguished from the general population groups just discussefi. who
bave no exposure) an interesting observation can be ceveloped by de-

. (122) :
duction. Hueper bas stated that there are about 35,000 persons
exposed in the United States, and we have found that the Caradian
mines employ about 8,000.- Zlsewhere, it has been estimated that th
workers in Ezgland who have eéxpasure total between 3,000 azd 5, GQO.
With workers in Africa, Denmark, Norway, and other countries, a:
least 50 000 persons must be exposed throughout the world, and it caz
be assumed that this number bas been fairly constanc in the 20 years
since 1935 when the first case of asbestosis with luag cancer was re-
ported. At least a million man-years of exposure has thus beea accur=u-
lated, and this figure can be divided by the approximately 130 czses c:

lung cancer with asbestosis Teported during the 20-year cericd, This

(a4

gives a rate of 15 per 100,000 which is at least indicative tha

iny lun

Ul

cancer rate which can be calculated for workers excsosec D aszasios

dust is not mmuch greater than that for rhe unexsosed cersons.

"
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( Comparison Between Sight Counties Adjacent ¢
Asoestos Producing Areas aac Ziza: Selectec Co

..
"
]

To compare lung cancer rmoztality rates iz the coun-
ties surrounding the asbestas-producing areas witn another gv sup
. of counties in which no asbestos f:i::ers are likely to resice, the
rates were computed on the basis of figures for the years 1530
through 1955. Tae eight counties selected {or compariscn were
Argenteuil, Chateaugay, Montmagny, Portmeuf, Richliey, Fiviere-
du-Loup, St. Hyacinthe, and Terrebonne, maialy Secause they re-
. present 2 wide geographnic distribution th:Oug&out the Province, Tze
counties selected because of their proximity to the asbestos ro:nes
( inclucde Arthabaska, 3eauce, Drummond, Frontenac, Megaz:ic,
. .
.

Richmond, Saerbrooke, and Wolfe. Table 25 shows tte zummoeT of

*e,

0r each =i ¢

(1

<

"

}:ung cancer deaths Ior the years 1950 tzrough 1$33
counties, and a rzortality rate, based on tze acuit male sosuliziicn
in 1952, To emptasize the comparison Meganzic County 2z3 Seen
shown seg&arately, as a3 e Frovince cf Quetec zng 2150 ths Seao
vince with the eight “astesiss-orodusing’’ counties suliractas. Za.

cause of its unique lungz cancer ceacth rate, Mcnireal ar isla ce Je sus

has also been .istecd in orcer to srovide furzzer comparison.
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It is apparexnt from the table that the lung capcer death
rate for the eight counties immediately surrounding the asbestos-
producing areas is pPractically ideatical with that of eight counties
selected for comparison, While Megantic County bas a rate neasly
twice that of the corzbined eight selected counties, it is lower than
the rate for the Province, aad considerably lower than the rate for
Montreal. The figure for Montreal would certainly be bigher except
for the very low numbers of deaths reported for 1950 and 1951, and
it would appear that some error in reporting has undoubtedly been
made, On the basis of the other years, 1950 and 1951 deaths wou.l.d
be expected to be about 200 greater, and this would result in a rate
of 40 per 1060, 000,

Tke only possible conclusion from this comparison is
that there is no evidence that the persoxs who live in the coumrcieg

surrounding and adjacernt to the asbestos-producizy areas have a-

o
5

greater incidence of lung cancer than those who live elsewrere in

the Province,

Discussion of ALl Recorded Lung Cancer Cazses,
Living and Dead, at A: :.:3tos ana Tcetiord Mines

~Although a simple enumeration of all tae known or SuS=~

pected cases of cancer of the lung in these areas has ro particulas

-

value from a statistical point of view, it is of interest s sumarize
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such c‘a.s_eS for the record. There were rine deaths prior %o the e~
ginning of the tirme pPeriod covered by the study, ineluding cne iz which
the diagnosis was medjastinal lymphosarcoma. All of these nine
cases occurred at Thetford Mines, It is somewhat surprising.:b.at
there is no record of any lung cancer deaths among the Asbestas
group in the interval preceding the begiznniag of the study and ecgually
50 that no cases have been reported in 1956 and 1957, During the
period covered by this investigation, there were six proved cases
and three suspected cases at Taetﬁérd Mines, as well as three proved
cases at Asbestos., Through 1956 and to date in 1957, there were
eight deaths at Thenfo;.'d Mi.nes, six of which were merely suspected
and included such diagnoses as mediastizal lyraprosarcoma, mesotze-
licma, cancer of the leg \;rith metastases to lung, absess of luzg, and
cancer of the pa.ncxzea.s. One other was diagnosed on tze basis of X-ray
only., In addition, there are now living four cases in which the diagrostic
evidezce is strongly suggestive of lung cancer. Tais is a total of 33
cases of all types, including ten ""suspected' it unproved czses, andg
four that are still living, The rermaining 19 constitute tze tosal of sroved
cases of cancer of the lung iz both areas sizce 1340, Six-een ol these
have been at Thetford Mines azd cnly three at Asbestos, all of which
occucred during the period of the study.

Tte proved cases averaged 39 years of age at death, and

varied between 37 years and 63 years. Their working span covered

.
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periods varying berween a migimu— of 14 years and maxirsues of 37

years. Only three men had less shan 25 vears of employment in the

industry., Sevep among those on whom such inforrmation is available
bad a weighted exposure placing tker= in category III, and six worked
in an exposure represented by ca:égory I.

Although they were subjected to post-mortem exarzinatice,
there were three among these proved lung cancer cases in which we
do not have information regardizg tke presence of asbestosis, Of the
remaining 17, asbestosis was present in nine, although it was minimal
in two, and two pa.thologis_ts disagreed regardiﬁg its presexnce in one.
Eight of the proved lung cancers, therefore, were not accompanied by

asbestosis,
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- Asbestosis Cancer | FPercentage

Author Deaths of Luag Incidence
Merewether 344 55 16.0
Wedler : 92 15 16.3
Wyers 115 17 14,8
Lynch & Cannon 40 3 7.5
Gloyne 12t 17 14,1
Totals 712 107 I1s5.0

The notable characteristic of all previous publications

is the adherence to the development of a percentage relationship in

: (63}
a relatively small and very selected group of cases. Ornly Doll, '
among all of these authors, has described a representative populatica
group and studied it for the mortality rate from lung cancer aand corc-
pared this rate with that for a comtrol group. His investization deal:
with only 1_}3 mezn in the study pgpula.tion.

Since most earlier studies had been limited ta enuwmerating
the lung cancers found in cectain selected sampies, suchk as cases
corning to autopsy or dea:i: ceriificates in wpick ashestosis ‘7as rmex-
tioned, it was apparen: tha: ttey could not £uifill she Tecuirements of
2o epidemiological and statistical 25proacn to the problerz. The pre-
sent study was, therefore, cesigned to meet the requiremerts of tkis

method.

After a preliminary survey to explore the availability of

reliable information, data were gathered on workers in the asbestos

.

mines in Quebec, based on medical records at the two rmain locaticns



of these operations. Cokorts were defined according to certain cri-
tevr-ia a.nd.a.ll workers wuo met these criteria were included in the
study. Through their medical records, data relative to their charac-
teristics were collected and their status at the end of a six-.-yca.r period
of observation was determined. Ia the case of those who kad died, an
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 caacer for the general population
of the Province of Quebec and its v.a.ri,ous counties and for the Domizion
of Canada, as well as the United States were calculated from statistics
collected in the appropriate places. Comparisons of the rates obtained
for asbestos workers and for the otker populaticn groups were made
according to accepted st#t.istica.l methods whica have beea explained in
some detail in sec:ion» Iv.

Records were obtained on 6091 persons who fuléilled she -
criteria of our cohorts. It was not sossiole to trace 133 of these for
the whole pericd, but 5771 of the remaizing 5938 were fouzd to be still
living in 1955 or later. Of the 137 known cead, cancer cf the lung was
considered to have been reasonably praved iz nine and to se sirongly
sﬁggested in three.

The members of the cororts were stucied with respect o
age, length of employment, a weighted average of their ¢xposure, and

their smoking habits. Four thousand, six hundred and seventy-three



were found to be smokers within the definition of that term= ag used
in this study., Thrirty-four percent of the cohort were rmare than 45

-

years of age, and 30% kad beex employed for longer thaz 20 vears,
Thirty percent.had a weigated exposure which placed them in cate-
gory LI,

The mortality rates for luzg cancer, as corzputed on the
basis of six "proved' deaths among the Thetford Mines cohort arc three
"proved" deaths among the Ashestos cohort, were 27. 4 per 100,000
for the Thetford Mines group, and Z;.Z per 100,000 for the Asbestos
group. When the three "suspected'" cases were added, the ''total" rate
for the Thetford Mines .cob.ort tose to 41.3. Tke rate for the com'oi.r;cd
cohort was 25,5 per 100,000 for "proved' cases, ard 34 per 100,000
for "sroved'" azd "suspectéd.“ cases. Tze importance of the suspec:ed
but vnproved cases in dgterm‘.-:;;.g tbese rates has been reiterared se-
cause it is likely tbat Such cases would not be incluced in t=2 statistics
for the general population.

" According to the findingg iz this study, the morialite rzte
from lung cancer does not agpear 3 increase with lengil of exposur
or with degree of exposure, a1 fict whick presents sircag evidance a-
ga.ihst the carcinogenicity of asbestos., On ize otzer tand, the study
indicates that cigarecte smoking is a very irmporiant facIor in the inme
cidence of cancer of the lung,

A comparison of relative frequency of lung caacer and as-

bestosis is less reassuring, but we belicve that thiy {3 because of an



under-reporting of asbestosis cases. Tze incidence of asbestosis
indicated by the rmedical records is far below that which would be
expected on the basis of all previcusly published figures., Naturally,
when t}::e~ cases of lung cancer are compared with an.artifi ially low
figure, its relative incidence will be bigher than it should. However
this may be, 12.5% of the recorded cases of asbestosis in this study
developed lung cancer, a figure slightly lower than those quoted by

authors who confined themselves to this type of corzparison.

0

Comparison of the experience among the asbestos —iners
with that of various segments of the unexposed, comparable population
shows that the ocbserved :.m.mber of deaths among the mizers is not
significantly greater, The rate for proved cases among the asbestos
miners (25,5 pér 100,000) compares well with the rate of 22.5 per
100,000 for the rest of the Province, znd 29.3 per 100,600 for acwis
males throughout tee Dominion of Canada. I also compares satisfacts-
rily with rates of 37.2, 25.3, z=d 28.0 obtained {rom various sourceg
for adult males in the United Stazes. = inaily, in this rmmatter of cam-
parisor, it would appear that the world-wicde experience of tersens ex-
posed to asbestos dust is nct worse with resgect o iumg cancer ttan =
of the unexposed poopulation,

The counities surrounding ihe asbestos-producing areas, and
in waich it s presumed most of the asbes:ios miners live, rave almos:

identical moctality rates with those of eigzt counties widely scattered

.



U\

through tl:.Le Province, and are lower than those for the remaindey of
tke Provi:zce, and much lower than the rate for Montreal,

Since 1940, there have been 19 cases in which the diag-
nosis of primary cancer of the lung may be considered to have been
proved. Approximately half of these cases were associated with as=-

bestosis. All but one died iq the recognized "cancer age' and at least

one-third had only the lightest exposure (category I) to asbestos cust.

Conclusions

On the basis of a careful and detailed study of wnat are
believed to be complete and reliable data, it seems fair to conclude
that the asbestos miners at Thetford Mines and Asbestos in tke Pro-
vince of Quebec do not have a significantly higher death rate from lung
cancer than co compa:éble segments of the general pepuwlation, Zespitg
this, the results suggesi that a miner who cdevelods the cisease asbesa
tosis does kave a greazer likelihaod of cevelozing cancer cf ke lung
than a person without t2is disease, Wa suspec:, towever, that under.
reporting of asbestosis cases tad led to a fallaciaus finding in

nection,
The death rate {rom lung cancer in the areas coniinguous 19
the asbestos operations is comparable to that in areas wicely scattcred

throughout the Prowvince of Quebec ind is lower than in some urbanized

Wwillin e Pravince.
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. Tke present study indicates that the effect of cigzaretie
smoking is a much more important consideration in the production
of lung cancer thag is exposure to asbestos, and in this respect, it
tends to confirm recent studies dealing with the effect of smoking,
The value of this investigation would be considerably en-
hanced by continuing the observation of the coborts formulated herein
On & year-by-year basis. It is strongly recommended tha: the chest
X-rays of all workers be subrritted to an independent rTeading for the

diagnosis of asbestosis, since an inaccurately low incidence rate for

this disease creates an artifically high relative incidence for lung cancer,
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