FILE NAME: Industrial Hygiene Foundation (IHF)

DATE: 1957 Sept

DOC#: IHFO41

DOCUMENT DESCRIPTION: Report - An Epidemiological Study of Lung Cancer in
Asbestos Miners



AN - = LT
DY el

ic_? A '.‘.-' "”:".;2

il %3
Teqel

L.

ATy
",

3R '__‘
: S

T

14‘.’:’75-:3--.,, T
N FANP SN TP W L e
N R A T AR AR S

b e LIV TRy

OB IR T S e

LT ey
‘____'_;_-‘____ M et D RO L e L o Lod
ey - -

T -m"'mw-:-..—‘*.—-v-:zw
S S o e e ccamt  m——— o e ——— - wmmrt s ey a ssmmem -
i recrme e s .ee. L . o e

.-:7‘;‘,;.':'.".'1"'.-
FD L e
I o S

P AT 5.
W NEZEY i

QG-“.' - L
Ll e LA

> AT
! i 0 A ; . : ——Tx - .
At Rl Ry 1o s KT RIE W N IR S RAY e 7
Pty A TR S _...__;;.‘-.- Tmyesd e e ._'f}_-‘ Y L‘!‘)‘{' L S Sy P
—r

- ———
- .

- L e semmm e v m———-
- o N .

" AN'EPIDEMIOLOGIGAT. STUDY OF 777
' LUNG GANGER B
U IN AS.BESTOS MINERS - D

. o adveea o e aa. taat . T et e ey Rt tel R S
Py 2 B - ; Ppel
.- .. - -
B i . A .

Report to -

QUEBEC ASBESTOS MINING ASSOCIATION

. Quebee, Canada

Scptember, 1937



LIF Y O

September,

L'must*zal Hygiene Foundation of Amer:ca Inc.
R 4400 Fifth Avenue '

P1ttsburgh 13, Pa.

. AN EPIDEMIOLOGICAL STUDY OF
LUNG CANCER

IN ASBESTOS MINERS
For

QUEBEC ASBESTOS MINING ASSOCIATION

Quebec, Canada

July, 1956 to July, 1957

" Daniel C, Braun, M.D.
Medical Direc:or

1957 By: C. Richard Walmer, M.-D.
Managing Director



TABLZ OF CONTENTS

Page

Foreword . .,

Glessazy . . . .

-t
.

Imtreduction. . . . . . . . .
II. Critical Review of Literature . .

OI. Principles of the Epidemiclogical Method . . . . . . . L3
IV. Collection and Analysisof Data . . . . . . . . . . .. 138
V. Results and Iaterpretation . . . . . , . . . . .. .. 28
Asbestosis ard Lung Cancer. . . . . . . . . . . . 47
Comparison of the Cokort Experiecce

with that of the Province of Quebec,
Deminion of Canada, and the United States

S5
Comparison Between Zigkt Counties
Adjacernt 2o the Asbestos-Producing
Areas and Zight Selected Counties . oY)
Discussion of All Reccrded Lung Carcer
Cases, Livicg and Dead, at Asbestos azd
Toetford Mires. . . . , . . . . . 68
VI. Summmary and Conclusions . . . . . . . . . . . . . .7l

VII.Bibliography....................73



FOREWORD

The success of a study of the type herein reported de-
pends very greatly upon the availabi.li.ty of data from many sources,
and the assistance and cooperation of those in possession of these
data. Industrial Hygiene Foundation was fortunate in having the
wholehearted cooperation of the asbestos-producing companies, and
Particularly of their medical and nursing personnel who have the re-
sponsxbxlxty for maintaining the medical records of the workers. Ia
this connect;i.on, .we are especially indebted 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-
ness with which they are maintained assisted considerably in 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 utmost assistance and co-
operation f.rorn Dr. Paul Parrot, Head of the Department of Demogra-
phy in the Ministry of Health. Not ondy were ail +vital statistics angd
reports made readily available to us, bdut Dr. Parr-ot and his entire
staff rendered valuable assistance in many ways, including the location

and interpretation of death certificates. Especially helpful in this part

of the work was Miss Gauthiar of Dr. Parrot's staii, The same helprul



cooperation was recdered by Messrs. Eardy and Hopkins of the Sun

Life Assurance Corzpany of Canada in Montreal, who rmade -a.va.ila.ble
their records of the death claims paid under the group policy caver-
ing the workers. at Asbestos.

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. Sixmard, Dufresne,
and Groulx, in Montreal.

Statistics for the mortality rates for the Dorsinion of Canaca
were obtained through the kindness of Dr. Dean F. Davies, Administra-
tor for Research on Lung Cancer for the American Cancer Society, and
those for the United States were graciously furaished by Miss Guralnick
in .tbe National Office of Vital Statistics, Cepartmen: of Eeal:hx, Zducazizn,
and Welfare of the United States Government, Tinally, the very great
assistance rendered by Dr. Xenneth W. Smitz, Medical Direcrar of Schns-
Manville Corporation, and Mz, Ivan Sabourin, General Ccunsel fgr the

Association, in rmaking the neceéssary contacts, intravel arrangemens:s

’
and in so many other ways, is gratefully acknowledged.
The methodology of this research is believed to be unique

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

éxposure to asbestos. Assistance in planning the study in such a way as



v
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to assur;z 3 proper epidemiological 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 manner and is respectfully submitted for the consideration of the

Association.



- GLOSSARY

For the purpose of clarity and uniformity, the term

TI-s

used iz this report are herewith defized according to the man-er

of their use,

Asbestos workers: Workers exposed to asbestos dust iz othe

than rmining operations.
Asbestos miners: Workers engaged in the mining and prepara-
tion of asbestos in the areas under study.
Asbestosis: A gezneralized fibrosis of tke lungs diagnos-
able by x-ray, or by microscopic examiza-
tion of the lung tissue, but not necessarily
.accompanied by symptoms or by disability,

Cohort: A segment of the population, defined accor
ing to certain criteria, and representa:'.’-'e ci
the whole pooulat'on. Sueci.:'ica.J.y in this
study, a group of asbestos r=izers caving at
least five years of exgosure in tte industry
and wko were iz the industry curizg 153

- .

Lung cancer,

cancer of the lung: A ceoplasm of the lung or brenczus,
ever situated, azd including adenscarcincra
sguaious cell, anc undiffar
or "oat cell' nistzlcgical tyes
cancer of the lung means such a ne
origimating i= the iung, and nct sec
in the lung as the resuit of a metastagis from
anotker pr < : t

Smoker: As used in this gregsentation, the term smcoker
reieTs to a cigaretie smoker, napitually smok-

ing more than {ive 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 pronounced increase i1 the incidence of
lung cancer among males became apparent, there have been ¥ttempts
to associate it with one or another of the various elements in the en-
vironment of man., The approach used by some workers has been to
suspeé: one c;r several substances and then set about in an intengive
search for lurng cancer aong persons who have had any exposure to

2)

those compounds. Ia this connevction. Smith (18 writes: '"The ten-
dezcy of a.u:.hor.s reporting the coincidental occurr ence of primary

lung cancer with silicosis or with any other theoretical etiologic con-
ditions, has been to exmiphasize the percentage relationship in exiremely
small series of cases, with control cases which are not in any way
comparable, "

It would seem i::.evi:able‘ that 2sbestics should ceme under
scrutiny in this manner, because prolonged exposure to thig Taterial is
known to cause a specifiz tyPe of snew=cconiosis, and Secause nersong
who show ‘this form of Phewnioconiosis citen come o auispsy and pro-
vide a ready source of rmaterial for study. It was iz this way that Te-
ports of the simultaneous occurrence of lung cancer and asbestosis beo

(139) |

gan to accumulate after the report of a case oy Lynch and Smithy in

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

155 . )
and in 1946 Merewether (155) reviewed all deaths from a3bestosis re-

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



to Merewether, in 13.2% of these cases. Contizuing chis study to
include December, 1954, Merewether counted 55 cases of cancer of

the lung among 344 cases of asbestosis, raising the incidence to 16%.

(92) . . . Lo

Gloyne, wnose work is also frequently referred to as establishing

2 connection between asbestosis and cancer of the lung, reported in

1951 the results of his findings on 1205 autopsied cases. This series
included 132 asbestos workers, of whom 121 showed asbestosis, Cancar
of the lung was present in l4.1% of these asbestosis cases. In 194},

1)

16 . . . . .
Nordmann and Sorge ( clairmed .to have produced lung cancer in mice
which they exposed to asbestos dust,
Since 1951, additional cases of cancer of the lung coexisting
. . . e (122) .
with asbestosis have been reported, and, according to Hueper azou:
100 such cases had beexn reported up to 1955. As a resul?, az assoc:a-
tion between the two diseases appears to bave been accested Sy —azy
authors and several writers were using the ter= "asbestcsis cazncer!! ¢f

(205)
the lung, Werber i

2 1952, stated categorically shaz in T 3 177
of cases of asbestosis, after a latent seriod of adour ! /2 12 29 vears

carcinoma beccrnes established in the lung,

-

On tke other tand, zsot all authors accepted ke alieged assoc:

(177)

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

—
-4

discovered no cases of lung cazncer among 620 cases of a3Destosis which

, et : . (10+)
be had examined; and in 1542, r=olled and Angrist expressed the

opinion that the number of cases of asbestosis with lung cancer was too



e

small fo_r statistical evaluation. In 1947, Wegelius (200) repaorted 124
radiolog%ca.lly.diagnosed cases of asbestosis among 476 workers in
Finland, and found no cases of lung cancer in this group. Goldblatt
and Goldbla:t_ in their section of Merewether's latest book, (95) state:
"But at no stage in all these impressive researches was
any clue obtained which might have offered any support to the possi-
bility that asbestos could 4Ct a3 a carcinogen. There is no reliable

criterion by which one can anticipate carcinogenicity and, as is well

known, relatively minute changes in the structure of a chemical 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 inex;tness. "

These authors advance the theory that, unil some more
experimental evidence of direct carcinogenesis by asbestos or ace-

composition product of it can he obtained, asbestos Tight be cc

3

'eR

cderagd

13

IS

as a ""co-carcinogen' whick only induces a further developmen: of 2 ore-

encent of the as-

'y

neoplastic condition brought about by sometking ince
bestos, such as an endogenous factor.

Thus the literature, while tending to support the thesis that
asbestosis is in 3ome way related to the development of lurg cancer, is
Dy no means unanimous. Altogether, it is perhaps more coniusing than

enlightening, -



-

Meanwhile, the Canadian Jchns-Manwville Company in
Asbestos has been aler? to the whole preblem, and at the Tterford
Industrial Clinie, Dr. Paul Cartier was studying the situation
among a working population of about 6000, and made notable contri-
(42-44)

butions to the literature just cited . Between these two areas,

a number of cases had been reccgnized and tabulated by the spring o

-t

re,

1

1956. At this time, at the suggestion of Dr, Kenneth W. Smith, Med:ica
Director of the Johns-Manville Corporation, and Dr.Cartier, the Quebec
Asbestos Mining Association approached Industrial Hygiene Foundaticn
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 cancer and the

disease asbestosis, The Foundaticn susmitzed, in Marcn 1359, a pro-

cepted by the Association through its Secretary, M-, W, =, Scutar

its General Counsel, Mr. Ivan Sakourin, Zse.



IO. CRITICAL REVIEW OF LITERATURE

A careful review of the Dudlished material on this sub-
ject shows that the majority of the reports are clinical and not eci-
demiological, They lack many c‘Ler::en:s 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 bappened
is that Succeeding authors have drawn conclusions and generalized
beyond the scope of the works which they quote. Nowhere, for ex.
ample, have w; 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 imply

that this incidence applies to asbestos workers. We have likewise
I?een unable to find any study which actually calculated th incidence
of lung cancer among a population of persons who Rag asdesissis, and
not just those who came to autopsy. Witk the excestion of a Daper zy

(63)

Doll » none of those reviewed gave any data cn exgosure and du

(7]

t
concentrations, and even Doll's 2ader merely menriong "scnecuieg"
areas, by which is meant, "those areas wnere processes ace carriag
on which were scheduled under 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



a~
0

"asbestosis', ag used, Tay refer tO changes observable only by
micToscopic examination of the lung tissue, or it may rmean a radio-

logically detectable condition.

-

Most of the published reports obviously included women
among their cases, but sorme of t.ﬁem do not give the number or pro-
portion of women involved in the study.

There is also a lack of uniformity a3 to what type of ex-
posure most studies have dealt with, Of 99 cages enurnerated by

: (122) : :
iueper in 1955, only ten appear to have criginated in the United
States, and seven in Canada. Some of the ea::licr Teports 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, that most of the reported cases
I;a.ve involved workers in the textile or fabricating industries,

Such factors as srmoking kabits, fammily mistory of cancer,
leagth of time in the industry, and age of the individual case are also

notably absent in the mazajority cf

(44

ieése reports,

With this understanding of the limizations of she exisii
literature witk respect to epidemiological generalization, it may be of
value to consider in somewnat more detail scme Tepresentaiive eariiew

publications, a few of which were referred to orietfly in the previous

section,



]

. One of the most detailed studies and one whickh ceserves
the most serious consideration is that reported by Doll (63) in 1955,
Tzis study reviews causes of death among asbestos workers based
on coroners'.records. I: also attempts to estimate the risk by study-
ing records of men who worked for at least 20 years in exposed situa-
tions. Doll concluded that lung cancer was a specific indust=ial kazarg
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 tmportant for several reasons, in addition

to the definite conclusions at which it arrives. For example, it begi;-:s
by stating that "in view of the infrequency of asbestosis, this large num-
ber of cases (61 cases of lung. ;a-n;:e;') s;ug;gest;-—';:nu:.d.ées not prove —
fha.: lung cancer is an occupational hazard of asbestos workers, "
;\Ieither this article or any previous one which we have examinecd presen:s

—

any figures to prove that asbestosis is an infrequent occurrence., =Zs.
imates of the number of persons potentially exposecd to astestos cuss
in t2e United States alone vary from 10,000 to 35,000 and the incicdence
of asbestosis of any degree might be higher than Doll imagines,

Tais study, like so many others, involves autopsy reccrcs,
The number of persons involved in the statistical aralysis is only 113
.-ep.:'esenting only 1,042.25 man vears of life. Itis also true that in
scleciing men who had been employed for at least 20 yvears, the stucy

automatically excluded those who died from other causes alter shorter-

employment,



- It also seerms that this review does cot adc any new cases

to the literature, although Hueger iz enwmerating GG cases reported

pPrior to 1955, lists 11 discussed in it. Clearly, al

not dealing with asbestos rziners,

so, tke paper is

Another reason why this publication is of irmporiance is

a-statexent which it containg to the effec: that Heke

strcngest evidernce

that it (lung cancer) ™may be a kazard (in asbestos workers) has been

produced by Merewether and by Gloyne." An exam

ination of these

references leaves at least some question as to the strength of the evi-

dence produced,

In 1951 Gloymne (92)presen:ed a review of 1205 autcpsies

on persons wno had worked in various dusty occupa

ber included 132 asbestos workers, of whom 121 showed '"'pz

——Dbresummably asbestosis. Primary cancer ¢

re,
ce
e
(1]
2

times in this group, an izcidence rate of 14, | 70 I0T

autoosiec asbestosis cases, There were iz his seri
e ———— R ——————

ticns. Tais num-

silicosis, and 8.9% of these zlso showed Primary cancer cof the lung,

Tre incidence of lung cancer in other fsrms of sheumiccconicsis was 6, T

23
™

and in 169 cases which proved not to tave any ty

it was 8,37%. Cloyne considered 'the rzorality cf

to be “disturbing', irst of all, it is obvious tha:

deal with the "mortality of asbestos workers'', and

WITISCOniosis

[o]
XN
Re]
1]
1]

he astestos workers!
the paper does not

seconcly, it must

be borne in mind that all of Dr, Gloyme's cases were submitied tohim

-

L7,



for stud»y because the {indings were unusual for uncomplicated creumo-
coniosis. .Presumably, all cases, including those.of asbestosis, in
which the findings were not considered vausual were never brougkht 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 Loncon 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 been misintersreted by tzose
who have quoted him. Al that it really shows is the fact that in a gToun
o'f 121 cases, selectecd for special study primarily because theyv seemad

abnormal by preliminary examinaticn, ¥, or 12,17 zad lung cancer.
. 133) . -
Merewerrer (153) o 15T

<0

y i the recort of the Chief In.
spector of Factories, reviewed zi! cases raported sevtwveen [324 ané
1946 in which assesiosis was the cause cf deats o= a co2xisiing con
dition. Tnis work was later extended i9 include 2'! suech cases repor
up to December, 1332, Dv whnich time there were 344 cdeaths including

205 males ancd 135 females, A mong them were 33 cases (165) o

",
(]
7
(2]
q

of the lung, 4! in males and 14 in females. [z is custe possiple that a

large number of asbestotics who cdid not die of their isbestosis, cr in



,,.
(@]

whose death certificate it was not =entioned, may khave been missed.
The import of this 16% is enracced by the siz ":‘a::eous stateman:
that the incidence of lung cancer in autopsies of the general popu-
lation is only 1 %. The danger of attempting to compgpare a rate ‘fcund
in 344 cases with the rate for the general sopulation without Tescect
to age, occupation, ard many other variables, suck as smoking habits,
is- obvious.

(142) : o (139)

Lynch, who with Smith nad reported the firg:
case in 1935, reported four cases of carcizoma of the lung in a secies
of 49 autopsies on wor}cers in an asbestos rnariuz’ac:u:i::g plant wno
were shown to have ""dermonstrable deposits of asbestos in the lungs. "
This, of course, is not necessarily identical with the disease ashes-
tosis. Lymch, himself, points out that, although this is an incidence
o.f 8.2%, "botk figures are too small ‘or very serisus statistical ypes
of calculation.' Nevertieless, later writars have usec 1215 zager o

strengthen the case for an asscciation cf carcizorma of e lung with

. .. : (132) | C o
asbestosis. [t is of interes: ¢35 note tha: Xlorz sung only fcur in.
stances of lung cancer in 473 cases of zs-estosis, a series 'l oimmes
as large,

(128 : .
Behrens, as qucted in Merewether » e@stimated thar,

of 309 cases of asbestosis in the literature, 44 showecd asscciateq
cancer of the lung-—giving an incidence of 14.2%,. Thais i3 another case

Of generalizing an incicence octained in a group of cases whick were
=2 2 =) -



~

undoubtedly reported caly because some of them showed lung cancer,
to possibly hundreds of asbestotics whose cases were never reported,

. , (192) |
The same applies to the conclusion of Teleky wWno appears to

have reviewed reports of 39 autopsies on persons with asbestosis among
which six cases of lung cancer occurred. Iaformation from 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 177 of cases of asbestosis, allowed
himself considerable latitude by qualifying it, as regards time, to an
interval of 1 1/2 to 20 years. Finally, mention should be rmade of some

—_—t
entirely unsupported statements which tend to build up a mistaken view-
point through mere repetition. One example is a sentence in ""Nontuber-
. s e (T6) " - "

culous Diseases of the Chest wnere the authors say simply, "an ex-
cessive incidence of pulmonary cancer nas occurred armncong workers in
other occupations, such.as asbestos industries, nickel-copper relineries
stokers in generator plants, etc. " without substantiating Telerence.

As an illustration of the ease with whick a few TeDOTts wnicn
merely suggest a ceriain conclusion czn, through the lacx 27 2 swWiiiciens:
critical attitude, be summarized :o Procduce the conclusicn in a celini:te

(69) . , N
form, an editorial in the Journal of the American Medical Associatien
mentions the work of Wedler and the Teport of Merewether and then es-

tablishes the causal relation between asbestosis and cancer of the lung as

settled. As a final convincing argument, it refers to '"recent experimental



-
{~

observations (by) Norcmann ard Sorge (161)., . This is the experimzex

LS9y —poy

—-

in which gquamous carcinoma was said to have been produced iz about

a dozen white mice, and which khas pot been duplicated by any other in-

-
vestigator!
Perkaps no ocne has written so extensively or so dogmati-
) . (109-124)
cally on the subject as has Hueper . In 1955 e reviewed the
(122) Co . :
cases Teporled prior to that date and enurnerated a total of 99,
. (63) .
Eleven of these were those discussed by Doll and agpear to rave :

been cases covered by other authors. Zight were discovered by Kenna-

(131) :
way and Kennaway in an analysis of death certificates and, unless

Merewetheris study was incomplete, these cases saould have teen in-

cluded in kis report, Cf the rermaining 80, it is quite possible thas:

31 contributed by Merewetker and the 17 by Gloyne contain some dupli~

cation witk each other or with other Znglisa aut:ors,

In the same pager, Hueper dismisses the idea cf caterm: ing
the frequency of pulmmcnary cancer ar=cng the ozl worker copul
of the asbestos industry on the grouncs thar it is mmazterial mew manes

workers in the industry ceveico lung cancer, sizce some of them mave

no exposure and thereiore <o not

fe]
11
<
[1]
yoe
O
U
)
th
o
o
1)
[
[8]
I
.-
w
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OI. PRINCIPLZIS OF THEZD EPIDEMIOLOGICAL MEZTHOD

As has been izdicated, much of what i3 now thought to
be pertinent concerning the comparative frequency of lung cancer
in different po.pu.lat:'on gToups bas been developed from the analysis
of clinical material, particularly surgical and autopsy recorcs., This
has been supplernented to some extent by the reported impressions of
various clinicians based upon their personal observations. More re-
cexatly, however, attention has turned to the systemmatic investigation
of this problem by the same methods that kave proved so successiul
previocusly in the study of communicable diseases, that is to say, oy
epidemiological methods, .

Epidemiology is the method of investigating a specific
iisease in human populations in relation t5 certain variable character-
istics, including the environrment. In contrast o the clinical methaod
which is primarily conc.e:'::ed witk the characieristics of the disease
in individuals, epidemiolcgical research involves the investizaticn
the disease as a mass pcezomensn, It seeks 10 ciscover whas dTCzor-
tion of persons in a given ser of circumstainces will evantually cewvelcp
the disease. Epidemiology can=ot predict whether a given incividual

will fall victim to a specific disease, but it can oredict the approxi-

3

mate number of cases of this disecase which will cdevelop in a population

n{ specified size, composition, and subject to a given environment, 3



e

proceevds. by first Carefully and accurately describing characser-
istics of the disease in diffevent sopulaticn groups and its essexntial
objective is the formulation, testing, and veriiication of gezerali.
zations concerning the disease in guesticn.,

In order to apply this method of investigaticn to tke sro-
blem under discussion, the Fouzcation was of the ozinicn that a study
should be planned so as 10 provice:

l. A well deiined population group,

2. Available data for all members of this ToD -

. ulaticn, including the kealthy as well as the ade,

3. A sample which is truly represerncative of the

population,

4. Reliable and valid observations relaiing o th

problem ci tze study.

A serious cefec:, COomImcn o most of the sticies woich
have been reported, i3 thar little or no infsrmarticn concernizg the
healthy people in the group seems 0 have Seen avairlatie IS tne author,
Therefore, results of these studies cannot socoter
include such people,.

In orcer to draw a generalizaticn regarcing all ashbes:ios
wofke:s.i: i3 necessary for a study to include living persons as well
as the dead. Limiting the investigation to autoosicd cases, as has

been freguently done in carlier studies, still further restrices its Cse



(Y1)

in genéralization. The problem with which the Quehec Asbestocs

Mining Association is concerned is whether asbestos miners ex-

- -

pPerience more lung cancer than does the general population. The
answer necessitates the collection of reliable Information on asbestos
miners as a ETOuUD, as well as on the general population.

It seems advisable to discuss the differences between the
epidemiological 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 increasing numbers, is still 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 the difficulty of obtaining such large samgples,
most earlier writers deviated from the epicerniological method and
sought to circumvent the requirement of Observing well PeTsoas by:

1. Comparing the relative {recuencw of cancer

in various sites.

2. Comparing the relat:ve frequency of cancer
in a group of hospitalized Satients,

3. Comparing the relative frequency of cancer
In a group of cases corting to autopsy.

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

all types of cancer may be increased merely by reason of 2 decrease
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in the incidence of cancer of other sites. Tais could be (=2 even

- -

—

though the incidence of lung cancer remained constant, or if i- de-
em——soEnCE ¢

creased less rapidly than that of the other types.

Attempting to compare two pepulation groups, lookizg only
at the relative frequency of cancer in various body sites, may resul:
in finding a higher percentage (relative frequency) in one of the groups,

when, in fact, the morzalic:- rate of cancer of a2 particular organ is ex-

actly the same in both groups. This is because the relative {requency
of cancer in other orgaﬁs may be lower in the seccnd groun. Tze mor-
tality rate from a particular cause is the true measure of comparison,
It is apparent that selected groups such as hospitalized
patients or autopsy cases may not be representative in any way cf a
larger group, and that in dealing with guch samples, the observer may

easily find more cases of any kind than would be fouzd in a group o

ro,
re
{r
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same size, but representative of the gereral population., I is rey
investigation of cases from= such a samzple cax furnisk informarticn
able for research, but the use of this in‘arm tiox in drawing
tions is necessarily restricted, It is the obligation ci b
gator and of those who read his TEPOori to make proper cormparisons an
to draw only those conclusions which are valid and justified. =
stati.s:ica.l stucdy of cases of caxcer of the luag occurring ina grou

dutopsies can lead to a preper inference concerning the irequency of

cancer among cases coming to autopsy, but only to such cises, Ior



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

it is necessary that the autopsies represent a goo? 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
authors may be misconstrued as applying to asbestos workers or even
asbestos miners, when, 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 vreports 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, has been

e,

planned to utilize the epidemiological method, A well-defined group o
a..sbestos miners has been established in such a way inat it constizutes a
good sample of the whole population of asbestos miners in Quebec, Da:z
for all members of this group have teen collected and znalyzed, Tzgsa
concerning lung cancer have received most carerful consiceraticn., De-

tails of the methods emploved will e set fo-:h in later seciizn, Hug the

type of approach is considered to permit of fair comparisons and wvalid

generalizations.
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IV, COLL=ZCTION AND ANALYSIS OF DATA

A prelimizary survey of potential sources of izformazion
in February of 1956 involved discussions with the physicians in charge
of the a.sbestos. companies' programs and with clinicians, patkologists,
representatives of City and Provincial health departments azd of the
Canadian Cancer éocic:~ » acd other interested persax=s. [f was
found that morbidity data, although somewhat limited, were available
from such sources as the hospitals in Montreal and Quebec City, and
the 13 Cancer Detection Centers in the Provi:x;e. However, because
of the high mortality in lung cancer, it seemed advisable to depernd upoa

data relating to deaths, These we found to be obtainable at the vital

statistics department of the Ministry of Healt: in Quebec City., From

te preliminary survey, it was apparent that extensive anc cesailed im-

-

!

formation could be gathered with rescec: to Soth ize cerscns emmpicved

'y

in the asbestos mining indusiry and mortalisy figures {or the general
population,

Following this exploratory surveyw, :he Ar"""""‘ eiicr: was
directed to the collecticn of dasz relz ting 1o all workers wzo 2ad Sesn
processed through the clinic at Tretford Mines since i-s inceztion

19-%

. Similar information was ottained regarding all workers at the
Canacdian Jorns-Manville Company in Asbestos. Data from the clinical

records included the age, family and personal medical kistories, smoking
habits, number of years of exposure, an estiimate of weighted exposure,
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and the caqurse of the individual's health status or the cause of his ceath,
Although the data in these two instances were not exactly similar 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 purpose of the study.

From this information it was possible to formulate for both
Asbestos and Thetford Mines "cohorts" which could be well defined,
shou.ldrbe representative of each group, and could be followed for a de-
finite period of time. All of the available experience incicates that the
development of asbestosisl in less than five years of exposure rust oce
somewhat rare, Accordh.-xgly, the cohorts were defined as including
every worker who had a total exposure of five or more years, and wao
was on the employment r'oLls at Asbestos or Tzetford Mines in 1950, -
These cohorts were then followed by means of the annual 2nysical ex-
amination records through a six-year inzerval, 1950 throughk 1533, ALl
data regarding these groups were then tabulated in order 0 determine
the characteristics of the cchorts. For :t=ose wro survived the enzire
period, reference was rmade to t=e Physical examinziisn resulss aré x-
ray findings at the end of the nericd. Those who had cied were tabulated
separately and the cause of ceath corroborated by examination of the
deat: certificates. A further search was macde concerning those in the
original cohorts who remained unaccounted for when the living and the

known dead had been tabulated, They represcent men who had leit -



emPIC’Yme_nt through retirement or resignation. Zventually, all

v
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but

a small number of these were accounted for as either living or cead,
- ——

and in the latter event, the cause of death was substantiaited in a

similar I2anner, and the results added to the original list of deathgs,

Death certificates for the Province of Quebec for the

years

1952 to 1955, inclusive, were reviewecd iz the deparw=ext of vital sta-

tistics of the Provincial Health Ministry, together with statistical suz.

maries of the causes of deaths in the Province By counties, All cases

in which death was certified as having been due to primary cance

T of

the lung were examined for such izformation as place of residence, cc-

cupation, date of death, hospital in which death cccurred, and whethesr

OFr not an autopsy was performmed, Cases in wnick lung cancer was

given as a cause of cdeath, but in whick it was not speciiied as to whetner

the cancer originated in the lung, were also revieweq in as effor: to in-

clude all instances of prirmary carcizmoma of the luzmg in ke study

The statistics for the Province of Quebec Telate to pepuia

tion, total deaths from all Causes, iota] ceaths frem cazces ci al

v

and deaths from lung czncer. These were ccilected 2=

f.

couriies and by sex for the years 1930 10 1633, inclusive. From

death rates for the general population of Quetec zné of individual coun-

ties were calculated for speciiic years and aralyzec by cause.

Practically all employees of the Canadian Jorns-Manwslle

Company are covered By a group policy of life insurance whkich,

fcrtu:;a.:e‘.‘,',



nearly all of them continue to carry whnen they retire. A very few
are not covered by this policy, and those who leave the indusiry for

one reason or another éxcept retirement usually are no longer covered,

-
-

but this is likewise a 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 death

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

claims in which the proof of death was based on cancer of the lung,
Deaths from luizg cancer among asbestos workers were

thus determined from the clinical records in the medical service of

the industry and checked by means of the death certificates and i::su?-

ance company records. The list of deaths was then verified in iividualiy

Hy reviewing them with tSe paysicians ia charge at Canadian Johrns-

Manville Company and at Tretford Mines. I this manner, there was

established a list of cases in which rizmary cancer of the lung is con-

sidered to have been proved as the cause of ceatk, A few cases im

whnick lung cancer is strongly suspected but nst sroved as tme cause

of death were cons%dered separately. MNortaliizy cates have Seen cal-

culated using both the '"provec' anc the total of Y'proved' ang "suspec:ted"

cases during the years under observatisn, Ccmparisons were then made

bet\&;een the death rates from the same cause among speciiic segments

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

were carefully analyzed to determine possibllc relationship or corretations

between the development-of lung cancer and any factor known from the
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clinical records suck ag farmily history of cancer, personal histarvw

.

of heavy smoking, coexistence of asbestosis or exposure 1o astes:os.

In addition ta this acalysis of deaths cccurrizg in the co-
horts and during the years under observation, every kmown cdeath from
cancer of the lung, as well ag evAe.r:y case diagnosed bu: sl living, =as
been tabulated a.nd'analy::ed. Taey will be discussed sezarately irom
those incluced in the population and tirme-interval uzder so- Y.

A comparison of lung cancer mortality in the asbestos pro-
ducing couniies has been made with that in counties which are far -e-

.
moved from the asbestos mines and in wiaich, éresu:::ably. 0 astcestos
miners live,

Finally, in order to broaden the comparison cf ceath rates
in different population groups, the rates have been collected for Canaca
generally, and for the United States, according to the mos: recens cub-
lisked and unpublished material.

In order that the methcd By whick these cormnariscns cave
been made may te more easily understood, it seems adwvisasie s ciscuss
briefly sorme of the “Unczmen:a] statistizal concepis woich Rzve Seen
followed. The princicie of calculaiing the probability of 2 given samzi
representing the true ccocndition of a larze group can te ilivstrazecs Sy
irmagining a container in waich there are {000 marsles of waich S00 2-»
wn:te and 120 black. Tre actual probability of drawing a1 biack marale

S one inten,or .. However, should a samole of ten massies e drawn



from the <ontainer, it would -not be unlikely that two, three, or even
no black marbles would be armongz them, even thou.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. og Black Marbles
in Sampvole . Probability

. 3486784401
. 3374204890
. 1937102445
. 0573956280
.0l116025610
.0014880348
.0001377810
. 0000087430
. 0000003645
.00CC50CeCs0
.0000000C01
1.006G000G00

OWVENOWVpWN~O

—

R
o
re
[
-~

From these probabilities, it is evident that one migat ex-
pect a2 sample of ten to include no olack marbies or one, two, or three,
but for the sample to consist entirely of olack marbles would be ex-
pec:-ed only once in ten billion trials, Finding three biack marbles in

the sample would be expected in aimost six samples out of 100, and i

would be anticipated that the sample would contain four or more black
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marbles in slightly more than one trial cut of 1C0. The ac:iual prob-
ability of this happening is . 012795184, which is determined by adding
the probabilities for 4 through 10. Ia practical applications of sam-
pling, the percentage of "black marbles" is, of course, uzxixmown and
must be computed from the resu}.fs found in the sarmple. Thaere are
limitations to the accuracy of such a computed value, but it is possidle
to state with a 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 study, since the pro"oa.bilit'f of having lung
cancer is so small and since the sample size was fairly large, the
Poisson distribution was used instead of the binormial distribution, wkica
has just been described. Tkis is a substitution frequently rmade uvzoder
ti:tese conditions, because the Poisscn distributicn is tazueliated azd the
differences between it and the bizcmial distribusicn are guite srmail, Is

is based on the eguation:

Where e = 2.71828 (the base of mazural lo
n = number of man years sucjec: :
P = incidence rate
X = number of cases observed

Tre logic of the statistical approaci may aisoc justify a few
words of clarificztion. Generally, in problems of this kind, one sets

up 2 hypothesis, which in our case wouid be, "Asbestos micers co not
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have a-higher rate of mortality from lucg cancer than the general popu-
lation." The hypothesis is then tested by raeans of the study of data en
asbestos miners and on the general population, Including the observed
number of cases of lung cancer. From what kas been said earlier, it
s clear that even if the asbestos miners acd general population had ex-
actly the same lung cancer mortality rate, it is unlixiey that in any
single sample this identical rate would be found. Some difference is
likely to be observed, but the ilmportant question is whether this disfanr.
ence is greater than might be expected merely as a matter of chance.
In other words, we wish to kqow whether the difference is ”statis:icall'{
significant", If a sa.r'.n.ple‘should supply seven cases when the expected
aumber (based on the rate for the general population) is five, cze mus:
inquire concerning the pfobabi.lity that this would occcur purely as a maszer
of ckance. It is this prodability value waick is calculated 3y tZe Poisscn
distribution, If, on thig basis, a value is found im tze samzcie which ig
So muckh larger than the exzected value tha: it (or scm larger value)
would occur less than 5% cf the time By chazce, there i3 suificien: ey:.
dence to reject the original zypottesis, If, zn the ctmes cand, e valyue
observed, even though larger thar the exzecied value, i3 2o greater siza
might occur by chance in fewer than 57 of trials, we tave insufficien:
evidezce to reject the original hypothesis,

Calculations ard corclusions based on the results of the {ind-

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

<oncepts, Thc‘y will be presecnted in the L'ollowing secticon,
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V. RESULTS AND INTERPRETATION

Tbe two cohorts whick were constructed accordin

criteria described in the preceding section have been considered in-

dividually and compared with each other as well as with the gé

population. Description and corcparison of t

sented here as a preface to the results of the study,

A tabulated summary of each group and of the corzbined

cohorts is shown below:

g to the

neral

™~

o

bese cohorts will he pre-

Thetford Sum=ary of
Asbestos Mines Combired
Cohort Cohor? Cohorts

Original Cohort 2327 3764 6051

Lost Persons Deducted 5_:1 79 133

Final Cohort 2273 36385 5658

Living in 1955 2224 3347 5771

(working and retired)

Dead by 1955 49 133 137
Ca. of lung 3 C 9
Questionable Ca. of lung Q 3 3
Other Causes 46 123 169
Unknown Causes 0 6 4

Smokers 1931 2742 $673

Nonsrmokers 340 G235 1255
Unknown 2 18 20
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- Tables I, 2, 3, and 4 pPTesent age, number of years cf
employment, weighted average exposure and smo}.ci.—;g habits of these
two groups. It will be observed from Table | that the Thetford Mines
workers had a higher average age than the Asbestos group (42 years
v3. 39 years). Consistert with this finding, Table 2 indicates that
they also had worked longer as asbestos miners (19 years as agaiz=st
15 years),

A comparison of the eéxposure to asbestos dust is presented
in Table 3. All' workers were placed in one of three categories, re-
Presenting increasing degrees of exposure based on a weighted average
of the years spent at various levels of dustizess. The degree of custi-
cess for eack job category was determined after consuliatica with per.
sons familiar with the environment aad conditions iz the various work
aceas. Although it will be noted that the two cohor:cs 2ad tze same
average exposure, a larger Perceniage of the Tretforsd Mines worker
will be fouznd in category II, wkile the Asbestos gToup cccupy maiziy the

extre=es of exposure,

- v wan

has beex made that the relaticnship berweexn these categories is lizear

uQ

and that category I is rwice as dusty, znd category LI three timmes as
dusty as category I.

 The fourth variable, smoxing habdits, was similarly tabulazed
and is shown in Table 4. Alarger percentage of smokers is incicated

nere for the Asbestos cohort - 85.0% compared with T4, 4%,



TA3LE 1

Number and Percentage Distribution
of Asbestos and Thetford Mizes Cokgrts

[
(o

by Age
Teoewora
. Askestos Mines Combized
Age No. A No. T Nao, A
20-44 1602 70 2299 62 3601 66
. 45-54 447 20 677 ] 1124 L9
55-64 185 8 430 12 615 10
65 + 39 2 278 8 315 5
Unknown -- - .3 x 3 =
Totals 2273 100% 3635 100 % 5553 100%
. AV, Age 39 12 ) 41
* Less than .5%
(
¢
$
TABLE 2
Number azd Percentage Distrizution
of Asbesios and Ttetford Mines Conorts
By Lezgth of Ex=zloyrzent
Thetiore
Length of Asbestos Yines Ccmbines
Employ-
rcent No. ) No = No. A
5-9 880 39 913 25 L7335 30
10-19 864 38 1534 12 2333 40
20-29 34 15 530 ) 922 HES
30-39 168 T 35 12 503 10
40-49 17 l 63 + 185 3
50 + 2 = 33 ! 33 H
Totals 2273 100% 3635  1CO% 3353 100
) Av, Yrs. of 15 19 ' 18 ;
;’ Employment

* Less than .

N e



TA3LE 3

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

. Tnetiorg

Exposure Asbestos Mires Combined
Categoryv No. T No, A No. =

I 969 43 1062 29 2031 34

II 564 25 1586 43 2130 36

111 735 32 1037 28 1772 30
Unknown 5 b 0 0 3 =

Totals 2273 100% 36835 100% 5633 1005
Av. Exposure 1.9 . 2.0 2.0
* less than .5% ‘
TABLE 4
Number and Percentage Distribution
of Asbestos and Tretford Mines Ccohores
by Smoking Habits
Trhetiora
Smoking Asoes:os Mirnes Cembined
Eabits No. ) No. 2 vo e

Smokers 1931 85 27+2 T4 3073 T3
Nonsmokers 340 15 Q25 25 1233 21
Unknown 2 = 13 1 20 =

Totals 2273 1007 3033 100 % 3653 1007

* Less than .5%




This is a difference waich could kardly cccur by chance because of

the large size of the sample. Ttereiore, itis likely thas the differo
ence is a re;;l one unless the method of recording this izformation a:
the time of emiployment varies at the two locations.

In spite of the r::‘.:or-&iffe:-ences brougkt cut by ttese
cémpé.risons, it w'ouJ.d seern that the t'wo cohnorts are quile su=:lar

——

with regard to the variables of age, length of employmex=t, degree of
exposure and, although less so, in regard to smoking habits. These
variables appear to us to be those most closely related :3 the probiem,
and will be taken i.nto. account in comparing the workers with the ccn-

trol groups.

'I'a.b.le 5 presents the year-by-year experience of the two
cohorts and indicates the number of ceaths each year from specified
causes, in general, a case was considered to be ""Droved' as cze of
Primary cancer of the lung whex tze records sbowed tha: =2 diagnosis
kac ‘.:;een supporied Dy an auspsy cr surgical resec::
microscopic exam:ination of tze remaoved issue., Incnec

sicerec, however, ciagnosis was coniirmed o 3rcnchoscooy with

zation and diopsy. Ia ancizer, although there was ro avicpsy

nosis of primary cancer of the itng seems 2 have been Sevond guestico
A‘l"he term ''suspec:ied' prirmary cancer of the lung was is-

plied to those cases in which the diagnosis remains o doust but sorme af

the evidence points to cancer of the lung. There were three such cases
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TABLE 5 - Partl

- Study of the Asbestos Cohort

Cause of Death

No. Alive Proved Suspected " Man-
AtBeginning Primary Primary Other Years of
Year of Year Ca.of Lung Ca. of Lung Causes Unknown Risk
1650 2273 0 0 6 0 2270
1951 2267 L 0 5 0 22584
1952 2251 0 0 9 0 2256.5
1953 2252 0 0 9 0 2247.5
1954 2243 0 0 12 0 2237
1555 2231 2 0 5 0 2227, 5
Totals 3 0 6 0 13502.5

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

3

2.2 (—m———
2 (13502.5)

TABLE 5 - Partll

Study of the Tketford Mines Cohort

Cause 27 Dearh

No. Alive Provec Suspec:ed Man-
AtBeginning Primary Primary Othrer Tears of
Year of Year Ca. of Lung Ca. of Lung Causes Unknown Risk
1950 3685 l 2 6 l 3680
1951 3675 l 0 12 L 3553
1952 3661 0 0 23 Q 3647
1953 3633 2 1 25 0 3610
1954 3605 L 0 21 4 35Q2
1955 3579 l 0 31 0 3543
Totals 3 3 123 3 21755

"Proved' cancer of lung death rate se

"

100, 000 man-vears of risk =

.

)
,"‘ 7
&4, O (2*1769)

"Suspected" plus proved cancer of iung death rate per 100, 000 man:

years of risk = 41.3




- TABLE 5 - Part [1I

- Study of Combined Cokor:s

Combined death rates per 100, 000 man-years of risk
- _for Asbestos and Thetford Mines

"Proved" cancer of lurg death rate per 100, 000 man-years cf risk =

- & o

-~
9

25.5 (m——am
23 (33

""Suspected" plus proved cancer of lung deatk rate per 100,000 man-

’ .
years of risk = 34.0 (-1—'
33271.5

In two, no autopsy was performed but the clizical signs
and éirmptoms were such that the death certificates read '"cancer of
the lung', and "suspected lung cancer'. The third case came to au-
topsy but there was a difference of opinion betweez two pathclogists
as to whether lung cancer was present,

The ter= "r.;'.a.n-years of risk' tas beex used to rmean th
number of men at risk {or the ¥Year under observaiicz, An indisw=dual

who lived througtout tke year was counted as a ‘!l man-year of risk

but one who died during the vear was couxmted as crne-gall 3 man-vear,

Deaths cccurring in these two cohorts, and in which luzg
cancer is c‘onsidered to Kave been proved as a cause, are szown in
tabulated form on the next page. Also shown are three ceatks in the
Thetford Mines conort whick have been considered asg "'suspected! lung

cancer cases,



( ’ ASBESTOS COHORT

"Proved'" Cases of Primary Cancer of the Lung

Au- Asbes-

Name Age Smoker Exposure Died tODSY tosis
l. A, J. 66 Yes 26 Yrs., in Cat, II 10-12-51 Yes Tes
. Z. N.P. &5 Yes 34 Yrs, in Cat. I 5. 3.33 Yes No
3. R. M., 65 Yes 37 ¥rs. in Cat. I 7-20-55 No No
THEZTFORD MINES COHORT
"Proved" Cases of Primary Cancer of the Lung
* Au-  Asbes-
Name Age Smoker Exoosure Diec toosy tosis
1. C. B. 59 Yes 32 Yrs, inCat. I 8-20-350 Yes No
( 2. A. S, 48 Yes 22 Yrs, in Cat. I .51 Yes Yes
. 3. W.F, 61 Yes 33 Yrs, in Cat. III 4-30-33 Tes Tes
: 4, L. D. 56 Yes 30 Yos, in Cat, II 11-22-53 Yes Ves
5. Z. L. 37 Yes 16 ¥Yrs, in Caz., I 8- 5.3+ Tes No
6. A. R. 68 Yes 28 Y¥rs, in Cat. I 5. .33 Sronch, No
""Suspec:tec" Primary Cancer of tze Leng
Aue A3bes-
Name Age Smoker Zxsosure Died tSSsv Iosis
1. J. T. =9 Yes 32 ¥rs. in Cat. I 10-25-33 No Mo
2. R. D. 46 Yes 33 Yrs, in Cat. I'I 7- -33 Yes Ves
3. P. P. 65 Yes 42 ¥Yrs, in Cat. I 9-30-55 No No
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At Asbestos there were no cases in whick the diagmssis
Was questionable, with the resul: tha: the rate for “sroved'' czses in
this cohort is the only one developed. At Thetford Mines, however,

the three cases mentioned earlier were placed in the categorv of

"suspected" pPrimary cancer of the lung, An indication cof the oo

"

tance of tt_:.ese Cases in izterpreting the results of tre calculatiszs is
desirable before further discussion of the roortality rates whick are
derived in later tables, For example, it nappens that the rate {guzg
for the Asbestos cohort is very close to the "expected'' rate based cn
the general population £igures for the Province as will e shown later,
and on this basis, we should find five deaths irom lung cancer among
the Thetford Mines group. As was explained in tke sec:icn on "'Cii-

lection and Analysis of Data', it wowld then not se uniixely {or 3ix cases

to occur in our sample. Tkis is, ina l2c:, txe nummber o
found in the Thetford Mizes corore, X, however, the tiree adgiss nal
"suspected' cases are incluced, imcreasinz this ligure i3 nina, :he

whole sitvation changes from a stazistica) scint of view, 3
level of probability iz shis case s2'!ls Serveen ¥ and (7, we wouls Te :
the hypothesis that there is no ciffarencae Sevxeen tze incidence
cancer in miners and that in the general sopulation Y we lou=d
mofe cases. On the other 2azd, having jound nine cases we ace no:
above the $59 level and are not justified in rejeciing the RuToiResis,

Nevertheless, the occurrence of nin
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an increase m rate which approaches the significant level. Because
of the tremendous importance of the questionable cases in this res-
pect, some detail regarding them will be given nere,

In one of these cases, the suspicion of cancer of the lung
is based upon the X-ray interpretation and, althouga no autcosy 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 turnor, and by itself, does not justify
the inclusion of this case as one of '"proved' cancer of the lung, A
second case was certified as having died by reason of nRydrothorax,
possibly due to lung cancer, bug again there was no surgery aad no
éost-mor:em examination. In the third case, altiougn it was subjecied 13

autopsy, two pathologists disagreec as to wher=e- lung cancer was

U
o
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sent, Tohe death was cer:ified as aaving been cue 9 chronic myocardisis

with nephritis and pulmonary conges:ica, anad PCssidly cancer c¢f the Lung,
On the basis of these facts, it ceems unawarraated 10 include thesz th-ae
cases among ''proved' instances of lung cances, Cn the cihes ~zand, hav
cannot, in fairness, be disregarced complietely. It is {or this reason
that mortality rates for the Thetiord Mines ccorort and the combined cao-
hort have been calculated both ways,

Table 6, giving the rates by age groups, rewveals diijc;cn

-

experiences for the two ¢ohorts., [t happens that all of the deaths fn he
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Asbestos cohort fall into one age group, so tiat the rate for that age
( category is exceptionally high. At Thetford Mines, a more even distri.
bution of the deaths by age developed a series of rates which are less
extraordinary and, as will be seen, are not widely divergent {zom the
expected rates for each age category. Tre unusual rate in the Asbestos
conort for the age group 65 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 another 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 Tzetéord Mines Combined
Lung Lung Cancer Luzg Cancer
,-( , Age Cancer: Death Ceaths
Grouns Persons Deaths Persons Proved Total Persons Provec Tzial
20-22 1602 Q 2239 1 l %0l ! :
43-54 27 0 577 l 3 liz+ i 3
. 55-564 185 0 +30 3 3 als3 3 3
o5+ 3¢ 3 275 1 2 315 % 3
Unknown 0 0 3 0 0 3 a O
Total 2273 3 3065 5 2 3333 3 L2
Annueal Lung Cancer Death Rates zer 100, 3CC
Mar-Years cf Zxposure by Age Grougps
Asbestos Tretford Mines Combized
Ace Crous Tortal Proveg Total Proved Toral
20-34 a T T + <+
23.34 0 25 T4 L3 44
35-h4 Q llo Lo 81 31
5= 1232 o0 121 212 235
Crimown + 0 Q 0 0
) Over-ali 22 27 11 235 3%

:NO one exposed
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- The rates by length of employment (Table 7) show that
the two groups were quite similar in thig respect. Durizg 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 reported 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 periad.
This would produce a rate of 69 per 100, 000, again demonstrating the
importance of these questionable but unproved cases to the final con-
clusion, because, if there Were no cases in this number of men with
long exposure, and if a.sb?stos is a carcinogenic ageat, it must be con-
cluded that these 240 men have demonstrated considerable resistanc e.
This is a biological p'neno.rnenon which has been observed previously and
is consistent wita the theory of an intrinsic or endogezous factor in can-
cer. The only other explanation would be that the susceptible membpers
of this age group had died earlier of lung cancer. Table 22 wekick ap-

pears later in this sec:ion incdicates thar the members of the conorts cig

not die from lung cancer a: a Younger age than tte general sopulasion,
The rates oy weigtted exposure are stown in Tabie 3, aznd

it will be noted that they present strong evidence against asgestos being

a ca'rcinoge'nic agent. Ior tze Asbestos cohort the Tates actually ce-

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

iPpear completely independent of exposure, if we count only the "'"pfoved

cases, :
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TABLE 7

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

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

ment Persons Deaths Persons Proved Total Persons Proveg Total

5-9 880

0 915 0 0 1795 0 0
10-19 864 0 1534 1 l 2398 1 !
20-29 342 | 1 580 2 "2 922 3 3
30-39 168 2 435 3 5 603 5 7
40-49 17 0 168 0 I. 185 0 1
S50+ 2 0 53 0 0 55 0 0
Total 2273 3 3633 6 9 5358 3 1z
Annual Lung Cancer Death Races per 100,000
Man-Years oi Exposure by Length of Zmploymen:
Length of ' Astestos Theticsd Mines Combsined
Emvblovment Total Praovacg Total Froved Toral
5-9 0 0 0 o 0
10-19 0 11 il T 7
20-29 +9 3T 37 34 54
30-39 1¢38 115 192 138 193
40-49 0 0 ca 0 c0
50+ _0 _0 0 G 0
Over-all. 22 27 Yy 3 33




TABLE 8

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

Expos- __Asbestos Tketford Mines Combined
ure Lung Cancer Lung Cancer
Cate- Cancer Deaths Deaths

gory Persons Deaths Persons Provea Total Persons Froved Total

I 969 2 1062 2 2 2031 4 4
I 564 l 1586 2 3 2130 3 4
I 735 0 1037 2 4 1772 2 4
Unimown 5 ) 0 0 0 5 0 0
. Total 2273 3 3685 % 9 538 3 12
‘( Annual Lung Cancer Death Rates ser 100,000
Man-Years of Exposure oy Zxposure Category
Exposure Asbestos Thetioré Mines Ccmbined
Category Total Provec Total Proved Taral
I 34 31 31 33 33
I 30 21 32 23 31
I 0 32 54 .9 37
Uznknown ' _0 * 2 n 0
Over-all 22 27 Ty 25 3%

* No one exposed




If exposure to asbestos is in any way conaected to lung cancer, we

would expect that the longer and keavier the exposure, the higkher the

rate that would be found. The only possible error in this interpreta-

tion could occur if the weighted exposures were inversely related to
Years of employment, in which case the heaviest weighted exposure

(category III) .wou.ld show the soortest length of employr=ent. Tables

9710, and-i1 which list the number of persons in various exposure
categories by length of employment indicate that this error has not
occurred. In fact, the average number of years of empioyment for

each exposure category is almost identical,

TABLZ 9

Number of Persons in Various Weigznted
Exposure Categories by Lengtk of Employmen

Asgcestos

Length of “eiztted TxTosure Categories
Emolovment RS 8 i Unlmown  Tomat
5-9 428 213 239 0 330
10-19 273 217 373 ! 364
20-29 159 89 Q2 2 352
30-3¢ 98 42 27 l 163
40-49 9 3 < ! 17
50 + 2 0 0 0 2
Total 69 5ot 735 5 2273
Av, Yrs. of 15.5 15.2 14.5 29.0 13,1

Exposure




( . " TABLE 10

-« - Number of Persons in Varicus Weighted
Exposure Categories by Length of Empldvment

Thetford Mines

‘Length of Weizhted Exposure Categories
Erzployment _I A Ll Unknown  Total
5-9 279 385 . a5t o 915
10-19 390 666 478 0 1534
. - 20-29 155 274 151 0 580
30-39 149 176 l10 0 435
- 40-49 67 64 37 0 1638
50+ 22 21 10 0 53
Total 1082 1586 1037 0 30385
. Av. Yrs. of 19.9 18.7 18.1 13.9
Exposure 3
i( TABLE 11
Number of Persons in Various Weighted
Exposure Categories by Length of Employment
Combined Asbestos and Thetford Mines
Leagth of Weighted Exnosure Categories
Emvoloyment 1 gy iz Urixnown Total
5-9 707 | 538 <20 0 1733
10-19 6583 333 351 1 23¢3
20-29 314 353 243 2 322
30-39 247 218 137 ! 503
40-49 76 67 41 1 1335
S0 + : 24 21 10 0 335
Total 2031 2150 1772 5 5353
Av. Yrs, of 17.8 17.8 16.85 29.0 7.5
Exposure
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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, :Doth "proved' and ''suspected", occurred in smokers,
A corr‘x;;rli:sorrx»;n" Tab1e$‘8 and 12 certainly suggests that smoking is
a greater hazard 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 ag?, length of employment, and degree of exposure.
Although there are slight.diiferences, they do not account for the fact
that all observed cases of lung cancer were in smmokers, 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 length
of employment is concerned, the smoxers had worked about 2.3 years
less on the average than the nonsmokess. Witk lenger exposure and
greater age, one would expect the nonsmoxing group 2 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. Thercifore, this variable scems to

be of no importance in dccounting for the difierence between lung cancer

death rates for smokers and nonsmokers.



TABLE 12

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

Asbestos Thetford Mines Combined
Lung Lieng Cancer Lungz Cancesr
Cancer Deaths Deaths

Persons Deaths Persons Proved Total Persons Proveg Total

Smokers 1931 2742

3 6 9 4673 9 12
Nonsmokers 340 0 925 0 0 1265 0 0
Unknown 2 0 18 0 g 20 Q _0
Total 2273 3 3685 6 ) 5958 9 12

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

Asbestos Thetiord Mineg Comiired
Total Provec Total Proved Total
Smokers 25 36 3z 32 43
Noansmokers 0 0 0 0 0
Unkaown 0 0 0 Q 0
Over-all 27 27 e 25 EE
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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 occurring
in the cohort with the reported cases of asbestosis, 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 a.bout. 5%. It is true that these data are based on ornly
those cases which have been proved at autopsy, and those whose most re-
cent x-ray interpretation resulted in a d-iagnosis of asbestosis. Tris in-
cidence may be far lower than if based on microscopic examinaticn of the
lung tissue. As a matter of fact, Dr. Cartier has estimarzed ‘zat there are
probably 30G workers who do not show radioiogical evidence of asbestosis,
but who have some degree of fidrosis. He also estimmates thac there are
perhaps 40 workers who may have died or retired with this disease, Instead
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 | 765 men who bave had more than 20

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

average exposure, According to the records, we can accouat for
only 138 cases of asbestosis in the combined coborts. If even 257,
of the workers with more than 20 years'exposure develop asbestosis,
we should expect about 425 cases. This leads us to believe that ther
i.ﬂ:. a4 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-rays elsewhere, they may be inter-
preted as show%ng fibrosis,

Cases of asbe.stosis which were accumulated from the au-
topsy records and from the periodical physical examinations result i

a distribution which is shown in Table 14,

TABLZ |6

Distribution of Recorced Asbesicsis Cases

In Cohort Asbestos Tretiord Combined
Living 13 3% 104
Dead ' 1 30 34

Total 22 16 133




TABLE 17 - PartI

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

Asbestos
Length of Exposure . Category

Employrment RY i pisy Unknown  Total

Less than 10 0 0 0 Q e
10-19 0 1 2 0 3
20-29 2 7 4 0 L3
30-39 0 1 4 0 5
40-49 0 0 L 0 L
50 + 0 0 0 0 _0
Total Z K2 11 0 22

Av. Yrs. of 25 25 29 27

Employment

Percentages of Asbestosis Cases By
Lengtkr of Employment and Exposure Category
Length of Exvosure Categorv

Embvloyrzent I pig LI Unknown Tctal

Less than 10 _ 0 0 = 0
10-19 0 .5 .3 2 .3
20-29 1.3 7.5 .3 0 3.8
30-39 0 2.4 1£.3 ¢ 3.0
40-49 0 0 23.0 Q 3.9
50 + o = = = 0
Over-all .2 1.6 l.> 0 1.0

* No one exposed ia this group

43,




. TABLE

.. Nu.rﬁbef of Asbesio'sis Cases By

17 - Part I

Length of Employment and Exposure Catégory

Thetford Miges

w

Length of Exposure Category
Emvloyment I I Jass Unlnown  Tctal
Less than 10 0 0 0 0 0
10-19 0 1 7 0 8
20-29 2 5 21 0 23
30-39 2 15 33 Q 50
40-49 0 6 20 0 26
SO + 0 2 2 0 4
Total ) 29 83 ) 116
Av. Yrs. of 30 36 34 34
Employment '
Percentages of Asbestosis Cases By
Length of Smployrment and Exposure Category
Length of Exvosure Categorv
Emrplovment 1 o e Uniznown rotal
Less than 10 0 0 0 = Q
10-19 0 .2 1.5 C .3
20-29 1.3 1.8 13.¢ e 4.3
30-39 1.3 8.3 30.0 0 1.3
20-49 0 G.= 341 0 3.5
50 + 0 9.5 20.0 = 7.3
Over-all L4 1.8 3.0 0 3.1

* No one exposed in this gToup




TABLEZ 17 - Part I

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

Asbestos and Thetford Mines Combined

Length of Exposure Category

Employment 1 i _II_I Unicnown Total

Less than 10 0 0 0 Q 0
10-19 0 2 9 0 11
20-29 4 12 25 0 41
30-39 2 lo 37 0 55
40-49 0 6 2l 0 27
50 + 0 2 2 9 4
Total & 38 9% 0 133

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 sy Uniciown Tcral

Less than 10 0 0 0 = 0
10-19 0 .2 1.0 Q .3
20-29 1.3 3.3 10.3 Q 1.4
30-39 .3 7.3 27.0 0 9.1
40-49 -0 9.0 51.2 0 1+, 8
50 + o 9.5 20.0 = 7.3
Over-all .3 1.3 5.3 0 2.0

* No one exposed in this group
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. A percentage incidence of asbestosis for each exposure
category Ras been developed as well as for each period of erxmploy-
ment. This information is shown iz Table [7,

- It will be noted that within an exposure category, the
incidence rises with increased len'gth of employment. It is also
apparent that the incidences, even in the category of ngeaviest ex-
posure, are far below the rates found by the autkors preyiously re-
ferred to. It seems clear, taat unless concentrations 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 asbes:osi's cases, Tae obvicus result is a aigher
relative frequency of lurg cancer in association with asbestosis,
Té.ble 18 compares deatks due to lung cancer arnd fatal cases with as-

bestosis, alone and in combization with eacs other.

TA3LZ 18 - Pazzl

" Statistical Aralysis cf the Causes of Deat:

Asbestos
Cause Asbestosis No Asbestosis Totz Percentage
Lung Cancer 1(.2) 2( 2.3) 3 6.1
No Lung Cancer 31(3.3) 43(42.2) 2o 33.3
Total 4 43 <9
Percentage 8.2 1.8

Figures in parenthesis are the "expected’ numbers -




TABLE 18 - Part II

Statistical Analysis of the Causes of Death

Thetford Mines

Cause Asbestosis No Askbestosis Total Percentaze
Lung Cancer 3( 1.3) 3( 4.7) 6 4.5
No Lung Cancer i5_(26.7) 101 (99.3) 126 35.5

Total 28 104 32
Percentage 21.2 78.8

Figures in parenthesis are the '"expected' numbers

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

Asbestos and Thetford Miges Combined

Cause Asbestosis No Asbestosis Total Percentage
Lung Cancer 4( 1.6) 5( 7.4) 9 5.0
No Lung Cancer 28(30.4) 122(141.9) 172 5.0
Total 32 129 131
Percentage 17.7 82.3

‘Figures in parenthesis are the ""expected' numiers

Six deaths from unknown causes not included

The number of lung cancer ceaths combined with asbestosis
1s larger than would be expected in eack corort and in the combined
cohorts. This difference is significant at the 95 7 level usizg the chi-

square test of significance, The importance of the uncer-reporting of

ashestosis ca.h be observed in Table 19,
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. TABLE 19

. Statistical Ampalysis of the Causes of Deatk if
20 Nonasbestosis Cases bad been Diagnosed as Asbestosis Cases

Cause . Asbestosis No Asbestosis Total Percentage
Luzg Cancer 40 2.6)  5( 6.4) 9 5.0
No Lurg Cancer 48(49.4¢ 124(122.6) 172 §5.0

Total 52 129 181
Percertage 28.7 71.3

Figures in parenthesis are the "expected" aubers

In this table, ‘it has been assumed that 20 of the cases
which did not have lung cancer and which were repored to kave no
asbestosis did, in fact, have asbestosis, the diagnosis of wrich was
missed. Although the cases of lung cancer with asbestcsis are griil
higher than woulid be expec:ied, the difference is mo longer sizmificang
at the 95% level., This ;tiu is true i fewer than 20 cases were shiftag
but it is reasonable o exzec: that at leas: 20 of the 4z =:igzt zave
snhown asbestosis nad thev been subiec: io auicosy. Cnotze citzer bang
a snilt of about 40 cases would zrocduce zn extecied rite aimmcst equal
to the rate found. Zxplanaticn of this eifec: of unces-reporiing of as-
bestosis has been stressed tSecause it seems so otvicus that iz under-
resorting asbestosis the reiaticnship Serween iz and lun

oeen made to appear mose significane shan it probably is.
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. Four of tke proved cases of lung cancer ard one of :&
suspected: were associated with asbestosis. Sincg we have only 32
deaths in which asbestosis was present according to the records,
the ’Hi-xi‘c.idenc‘gv.in this serigs is 12.5%. wnile this is slightly lc;we:-
than the rates found by Merewe:hér, Gloyne, and Wedler, it is stil]

much higher than could be expected if the asbestosis incidence were

anywhere near the ex;;erience reported by other authors.

Compvarison of the Cohort Exverience with that of the
Province of Quebec, Dominion of Canada, and the United States

In order to mﬁke a2 comparison of the experience azong
asbestos miners with that of the general population of the Province cf
Quebec, statistics were gathered, as stated earlier, in the office of
the Division of Demograpkhy in the Provincial Mizistry of Healtz, Tze
data on total deaths, deaths from all forms of cazncer, and ceaths from
cancer of the lung were obtained by sex and by couxnty for the vears
1950 through 1955, In addition, all ceath certiiicates wnich specified
primary cancer of tte lung, a=d all those whick indicased lung cancer
but did not specify the origin, were exarninecd for the years 1832 througn
1955,

- Table 20 gives a tabulation of the number of deaths {rom
lung cancer in the Province and in the two cohorts 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
cobort is almost exactly the sarre as that for the E?-:cvi:-.ce, weoile tk
rate for "proved" cases in the Tretford Mines cozort is only siightly
higher. Wher the "suspected’ cases are included ir the calculaticn,

the rates for the. Thetiord Mines éohor: rises tg 41l.4 per 100,000 wkicz
is nearly twice as kigh as the rate for the Provizce. Trois, it will be
recalled from the previogs discussion of the '‘suspected" cases, ap-
Proackes but does not exceed the significanr 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 assumed that at least part of this increzse
is due to improved recognition and reporting of lung cancer during the
interval. For this reason, the years 1954 and 1955 werse thcugnt to te
rmore nearly representative of actual conditicns, Zvex so, it ig cuite
likely that the gezeral population is not studied fcr luzz cazcer witk :he

sarce diligence with waick thig disease is losksd for iz

e mizers, zz=2

1

it seerzs ';:-obab‘.e tzat the morzality rates {or the Frovince would renc
to be low, nis wowld agrear 0 e substanmrizied Ty the fict thas the
reporting of cases iz the combdined cohor: showed no suck increase sves
the same period.

Table 21 was compiled t0 show t2e anruai age-speciiic Lo
cancer rate of cases in wnich the death certificate merely read "canza-

of the lung™, as distinguished irom those in which the diagnosis was
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confirz.ne_d by autopsy, surgery, or bicpsy. Tke term 'specified
Primary’, refers to those cases iz these same twq categories in
which the tumor was specified as having origirated iz the lung, It
will be noted that, of the total cases certified in 1955, a —uch bigker
percentage than in 1954 was spec;'_iied. as prirmary, Tke table also
shows that a higher percentage of the total cases certified in 1955
were proved, again indicating increasing interest in this cdisease.

A compariscn has been made between the age-speciii
rates shown in .‘l'able 2l, and those for tke cokhort shown iz Table 5.
An average of the 1954 and 1955 rates for the.P:ovince kas peen used,
since the 1955 Iigure'was bigher and may have been exceptiorzal,

This compargson. summarized in Table 22, skows tzar the
observed number of deaths in cur sarzple is not significantly greater
than the expected nurzper of cdeatbs, based on the average of the [354

and 1955 figures for thé Provizce. [t is true thar, iz the case cf e

[o]

age group of €5 ancd over, the five deaths provicde a Iigure which iz zi.

U

most significant at the 23% level. Howewver, it szauld se nciled tzas

this number izcludes cne of the suspectad nul ungroved ciies sreviz

referred to, Furthermore, it is -ather likelv tzat the rate 75r 1=e

eral population is understated iz thig age group, Ior the covious reason

that the exact cause of death iz the very old is not a mazaiter 2f the sam

ey

intensity of interest as it ig in younger persons.

P

e



.“

Before leaviag this cormparison of the Prgwvince 'with th

o

miners, it should be shown that their age distr

the same, That this is the case can be ovserved from the following

tabulation: -

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

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

It should be remembered that the miners retire ang con-

sequently, it can be expecied thatr the oldest age group will te larger

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

that tke lung cancer rate generally decreases alter age 70, and we

could expect the rate for all people over &3 wouid

e smaller than she

rate for a group of 63 o 73,

which would azply 10 the oldes:

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

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

able to exclude the general population over 75,

n

ibutions are reas onably
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TABLZ 22

Comparison of the Actual and Zxpected Number of
Lung Cancer Deaths by Age Armong Asbestds Miners

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

Grouv Rate per 100, 000 "Miners Deaths Proved Total
20-44 1.8 3901 0= 1 1
45-54 ' 24.5 1124 2 l 3
55-64 ’ T 87.6 : 615 2 3 3
65 + 89.3 315 2 4 5
Unkaown - 3 - 0 0

* Actually .4

+ The expected number is based on the average of the 1954 and 1635
age-specific rates for the Province of Quebec.

@ e i « e em et ce eme e . . f e e eamiaim o

Table 22 also answers a question previously‘ra-.ised. It
sf:.ows that the members of these cohorts have not died from luzg can-
C&T At 21 age earlier than the gezeral population, and tha: suck az ex-
planation cannot be of_‘er'ed for the absence of lung cancer in 240 men
with r=ore than 40 vears of employment referred to oz cage 17,

A compariscn between the asbestos miners and tke copu-
lation of the Dominion as a whole was rmace, usizg statisiical material

e (1T .
from several sources. In one source, Priliips gave age- and sex-

specific rates for Canada for three periods perween 1931 and 1932,

Toe rates for males are given in Table 23.



¢

o2,

- TABLZ 23

. Annual Death Rates per 100, 000
for Caacer of the Lurg in Caradas

Age . Groups of Years

Groups 1931-1933 . 1941-1643 1530-1352

Under 30 0.2 0.3 1.0
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 16.7
50-54¢ 8.2 18.9 37.2
55-59 12.7 27.0 58.7
60-64 12.5 33.7 77.3
65-69 15.1 34.5 102.9
70-74 10.7 30.6 86.3
75-79 15.8 30.0 83.¢9
80-84 8.2 27.9 39.7
85 + 11.4 14.3 7L.0

All Ages 2.8 7.1 5.3

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

These figures scow strikingly the increase in -ates te-
tweez 1931 and 1952, a=nd this increase is particuiarly rmarked asftas
age 50, confirming an obserwvaticn prewviousiy mace, g ke eifect tmar
lung caccer nas probably Been under-cdiagnosed in the oicaer ige grouess
in the general population.

To use these figures for purposes of compariscn, it is
necéssary'to combine the rates for cestain age grouds in orcers o

conform to the age distributions used in this study. Since tze exacet

populations in each age group for the years indicated is rnot Xnown,-



..

this rnust be an approximation. However, the rates would be some-

what as follows:

Age Groun Rate

20-44 . 5
45-54 27
55-64 69
65 + 90-935

These rates are, in general, lower than those developed
for the total (proved. and suspected) cases of lung cancer among the
asbestos miners. The qnly large difference, i‘.towevcr, is in the age
group of 65 years and over, and it is quite possible that the rate for
thig group rmay bave increased for Canada between 1952 and 1954 as
it did for the Province of Quebec. (See Table 21)

‘ A further comparisoa has been rmacde with an over-all
rate obtained from the Armerican Cancer Scciety for respiratory cacz-
cer deaths in Carada iz 1653, Tris rate, for males, is 20.3 per
100,000, a= increase of 5 per 100,000 over Prillips' 1930-i¢52 Tase,
and compares with 25,35 per 100, 000 for proved cases azd 34.0 ger
100, 000 for total cases among the ashestos rminers in this study. It
is therefore obvious that there are no important differences between

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

Quebec and the Dominion of Canada,.

o



- Since it is probable tkat figures for the Uzited States are
fnore complete and, therefore, possibly r=ore cemparable o the caza

for the miners, 2ge-speciiic rates were computed from ''Vizal Statisg-

-

tics of the United States", Volumes I and II, for 1652, Tzese rates

bhave been tabulated in Table 24.

- » - TABLEZ 24

Number 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 24,544,000 833 .6
45-54 8,065,000 2979 36.9
55-64 6,340,000 6254 28,6
65 + 5,670,000 £433 114.3
Total 44,019,000 lo,359¢ 37,2

It is apparent that these rates cermzpare favoraliy with those

for the astes:os minecs as scown in Tabdie 5, Stiil cther -2

. - -
122 Armmerican Lealiter =cc

United States were obtained srom
for males, these were 23.3 ver 100,000 iz 133

in 1955. They are not identical with tae raze caiculated f=om :

2tze ra:s ™ the figures
of the ofiicé of Vital Statistics, but this is possidly cecause the
Cancer Society rates are for males of all iges. Dleverctheiess, :hev, :co,
compare favorably with the rates of 25 (or 34 {or o

tal cases) obtaining

iraong the asbestos miners.
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- Returning to a comparison between the asbestos miners
and persons who are expose'd to asbestos in one form or another (as
distinguished from the general population groups just discussef‘.. who
have no exposure) an interesting observation can be ceveloped by de-

) (122) :

duction. Hueper bas stated that there are about 35, 0CO persons
exposed in the United States, and we have found that the Caradian
mines employ about 8,000, - Zlsewhkere, it has been estimated that th
workers in Ezgland who have e€xposure total between 3,000 and 5, GOO.
With workers in Africa, Denmark, Norway, and other countries, at
least 50, 000 persons must be exposed throughout the world, and it ca=
be assumed that this nu.:ﬁber has been fairly constant in the 20 years
since 1935 when the first case of asbestosis with lung cancer was re-
ported, At least a million man-years of exposure has thus been accumu-
lated, and this figure can be divided by the approximmately 130 czses cf
lung cancer with asbestosis reported during the 20-year cericd., This
gives a rate of 15 per 100,000 which is at least indicative tha: any lun
cancer rate which can be calculated for workers exzosec 0 astagiss

dust is not much greater than that for rhe unexgosec tersons,



Comparison Between Sight Counties Adjacent to the

Asbestos-?roducmg Areas anc Ziznr Selectec Couniies

-

To compare lung cancer rmortality rates in the coun-
ties surrounding the asbestos-producing areas with another gToup
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 1950
through 1955. Tae eight counties selected for compariscn were
Argenteuil, Chateaugay, Morntrmagny, Portmeuf, Richlieu, Siviere-
du-Loup, St., Hyacinthe, and Terrebonne, maialy Secause they re-
present a wide geograpnic distribution throughout the Province. Tze
counties selected because of their proximity to the asbestos r=:ines
include Arthabaska, 3eauce, Drummond, Frontenac, Megaz:zic,
ﬁichmond, Saerbrooke, and Wolfe. Table 25 shows the sumger of
l.ung cancer deaths Ior the years 1950 tzrougn 1633 for each cf these
counties, and a roortaiity rate, based on the acui: male sosuiziiza
in 1952. To emptasize the cocmparison Meganiic Counzy 223 taen
shown separately, as =as the Province cf Quezec 2m¢ 2l30 saa Pro-
vince with the eight “astesiss-oroducing’ sounties sulsracias. Za.
cause of its unique lung cancer ceath rate, Mcnireal ar Isle ce Jesus

has also been iisted in orcer 10 srovide {urizer comparison.

ho.
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It is apparent from the table that the lung cancer death
rate for the eight counties immediately surrounding the asbestos-
producing areas is pPractically identical with that of eight counties
selected for comparison. While Megantic County has a rate nearly
twice that of the combined eight selected counties, it is lower than
the rate for the Province, and considerably lower than the rate for
Montreal. The figure for Montreal would certainly be higher 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. Oa the basis of the other years, 1950 and 1951 deaths would
be expected to be about 200 greater, and this would result in a rate
of 4«0 per 100,000,

The only possible conclusion from this comparison :is
that there is no evidence that the persozs who live in the cou=sieg
surrounding and adjacernt to the asbestos-producizg areas have azy
greater incidence of lung cancer than those who live elsewcere iz

the Province,

Discussion of All Recorded Lung Cancer Cases,
Living and Dead, at X: .:3tos and Teetiord Mines

-Although a simple eaumeration of all the known or sus-
pected cases of cancer of the lung in these areas has no parsicular

value from a statistical point of view, it is of interest o suTriiarize
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such c.a.s_es for the record. There were nine deaths prior to tke te-
ginning of the tirme period covered by the study, i::.cludi:.g one iz whickh
the diagnosis was mediastinal lymphosarcoma. All of these ni-
cases occurred at Thetford Mines. It is scmewhat surprismg.:hat
there is no record of any lung cancer deaths among the Asbestos
group in the interval precedirg the begizning of the study and egually
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 Tnet{érd Mines, as well as three proved
cases at Asbestos. Through 1956 and to date in 1957, there were
eight deaths at Thenfo;-d Mines, six of which were merely suspected
and included such diagnoses as mediastinal lymphosarcoma, mesothe-
lioma, cancer of the leg w;rith metastases to lung, absess of luxg, and
cancer of the pancx:eas. One other was diagnosed on tze basis of X-ray
only. In addition, there are now living four cases ir which the diagrostic
evidence is strongly suggestive of lung cancer., Txis is a total of 33
cases of all types, includizng ten ''suspected' bu: unproved cases, and
four that are still living, The rermaining 19 constitute tze total of Sroved
cases of cancer of the lung in both areas sizce 1320, Six:teez of these
have been at Thetford Mines and cnly three at Asbestos, all of which
occurred during tke period of the study.

The proved cases averaged 59 vears of age at death, and

varied between 37 years and 68 years. Their working span covered



periods varying between a mirimu=— of 14 years and maxir=um of 37

years. Only three men had less than 25 vears of employrment in the

industry. Seven among those on whom such inforrmation is available

had a weighted exposure placing ther= in category I, and six worked
in an exposure represerted by cafegory I.

Although they were subjected to post-mortem exarimaticr,
there were three among these proved lung carcer cases in wgich we
do not have information regardizg the presence of asbestosis. Of the
remaining 17, asbestosis was present in nine, although it was minimal
in two, and two pathologis;s disagreed regard.fng its presence in one,
Eight of the proved lung cancers, therefore, were mot accompanied by

asbestosis,
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: Asbestosis Cancer . Percentage

Author Deaths of Lung Incidence
Merewether 344 S5 16.0
Wedler y 92 15 16.3
Wyers 115 17 4.8
Lynch & Cannon 40 3 7.5
Gloyne 121 17 14,1

Totals 712 107 15.0

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. Only Doll, 4
among all of these authors, has described a representative population
group and studied it for the mortality rate from lung cancer and cos-
pared this rate with that for a control group. His investigation deal®
with only 1.1.3 mez in the study pgpu.lation.

Since most éarlier studies kad beexn limiteqd to enumerating
the lung cancers fouzd in certain selected sampies, suck as caszes
coming to autopsy or ceail certificates in whick asbestogis ‘Fas rmen-

tioned, it was apparen: tha: ttey could not fuifill ke Tequirements o

re

an epidemiological and statistical approacn to the problem. The Dre-
sent study was, therefore, cesigned to meet the Tequirements of this
method,

After a preliminary survey to explore the availability of
reliable information, data were gathered on workers in the asbcst'—os

mines in Quebec, based on medical records at the two main locations



of these Operations. Cohorts were defined according to certain cri-
teria and all workers who met these criceria were incluced in the

study. Through their medical records, data relative to their charac-
teristics were collected and their status at the end of a sixf-yca.r pericd
of observation was determined. In 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 cancer for the general population
of the Province of Quebec and its various 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 other populaticn groups were made
according to accepted sta'.t.istica.l methods which have beea explained in
soxe detail in section_ v,

Records were obtained on 6091 persons wko {ulfilled tze -
criteria of our cchorts. It was not possible to trace 133 of these for
the whole period, but 3771 of the Temaizing 5358 were jou=d to he still
living in 1955 or later. Of tze [87 known cead, czncer of the lung was
considered to have been reasorabdly groved in nine and to be strongly
sﬁggested in three.

The members of the cohorts were stucied with respect to
age, length of employment, a weighted average of their exposure, and

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



-
e

were found to be srmokers within the definition of that tez= as used
in this study. Thirty-fous percent of the cohort were more thaz 45

years of age, and 30% kad been employed for longer than 20 vears,

-

Thirty percent.had a weighted exposure which placed them in cate-
gory III.

The mortality rates for luzg cancers, ag corzpuled on the
basis of six "proved'" deaths among the Thetford Mines cohort and three
"proved' deaths among the Asbestcs cohort, were 27.6 per 100,000
for the Thetford Mines group, and Z;.Z per 100,000 for the Asbestos
grous., When the three '"suspected'' cases were acdded, the ''total" rate
for the Thetford Mi._nes 'cohort rose to 41.3. Tke rate for the combi:-;ed
cobort was 25,5 per 100,000 for ""proved' cases, ard 34 per 100,000

L

for "proved' and '"suspected" cases., T:ze importance of the suspec:iec

but unproved cases in dctermi:.:’.";g tbese rates has been re:terazed se-
cause it is likely tkat such cases would not be incluced iz t=s statistics
for the general population.

" According to the findings ix this siudy, the oTIaiitv rate
from lung cancer does not agpear 0 increase with lengiz of exposur

or with degree of exposure, a fact wrick presents sircog evicdence a-

e

gaihst the carcinogenicity of asbestos. On tze otzer hand, :he stady
indicates that cigarette srmoking is a very irmpor:ant facsor in the in-
cidence of cancer of the lung,

A comparison of relative frequency of lung cancer and as-

bestosis is less reassuring., but we believe that thiy i3 because of an



under-reporting of asbestosis cases. Tze incidence of asbestosis
indicated by the rmedical records is far telow that whick would be
expected on the basis of all previously published figures. Naturally,
when the cases of lung cancer are compared with an.artificially low
figure, its relative incidence will be higher 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.

»

Comparison of the experience among the asbestos —iners
with that of various segments of the unexposed, comparable population
shows that the cbserved ﬁu.mber of deaths among the mizers is ot
significantly greater, The rate for proved cases among the asbestos
miners (25.5 per 100,000) compares well with the rate of 22,3 ser
100,000 for the rest of the Province, z=c 20.3 per 100,000 for acul:
males throughout tte Dominion of Canada. It also compares satisfactc-
rily with rates of 37.2, 25.3, z=d 28.0 obtained from various sources

for adult males in the United States. Tinaily, in this mmatter o

P |

re,

ccmm-
parison, it would appear that the world-wice experience of terscas ex-
posed to asbestos dust is not worse witk resgect o0 iung cancer tzan :k

-~ "
[0

of the unexposed population.
The counties surrouncding the asbestos-producing areas, an

in which it :s presumed most of the asbesios miners live, have almos:

identical mortality rates with those of eigkt counties widely scattered
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through the Province, and are lower than those for the rermainder of

the Province, 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 asa-

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

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

Conclusions

On the basis of a careful and detailed study of wnat are
believed to be complete and reljable data, it seems fair to conclude
that the asbestos miners at Thetford Mines and Asbestos in tze Pro-
vince of Quebec do not have a significantly higher death rate {rom lung

cancer than do comparable segments of the general pepulazion, Zes

'y
e
1S

this, the results suggest that a miner who develops the diseage asces-
-] s S

tosis does kave a greazer likelihood of develozing cancer cf the o

than a person without t2is disease, e suspect, however, thai umcder.

reporting of asbestosis cases tad led to a fallacious :in

[ pSetodiel

[T
3]
v
o
yar
tn
(2]
[0]
o)
]

nection.

The death rate {rom lung cancer in the areas continguous to

the asbestos operations is comparable to that in areas widely scaitered

taroughout the Province of Quebec and is lower than in some urbanized

aren

within the Province.



-,

-1
-4

The present study indicates that the effect of cigarette
smoking is a much more important consideration in the production
of lung cancer than is eéxposure to asbestos, and iz this respect, it
tends to confirm recent studies dealing with the effect of smoking,
The value of this inve'stigaticn would bte considerably en-
hanced by continuing the observation of the coborts formulated herein
on a year-by-year basis. It is strongly recommended that the chest
X-rays of all workers be subritted to an independent reacing 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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