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Lung Cancer in Asbestos Miners
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Ever since the pronounced incrase in
the inddence of lung cncer among males
became apparent, there have been atiempes
to associate it with one or another of the
various elements in the environment of
mun. The approach used by some workers
has been to suspect one or scveral sub-
stances and then set about in an imensive
searca for lung ancer among persons who
fave had any exposure to those materials.
In this connection. Smith 8 writes: “The
tendexy of authors reporting the coinci-
Jdentsl occurrence of primary lung cancer
with silicosis or with any other theoratial
etiologic conditions, has been 1o emphasize
the percentage relationship - in  extremely
small series of ases. with control cases
which are not in any way comparable.”

It would scem iocvitable that asbesios
should come under scrutimy in this manncr,
because profonged exposure 1o this material
is known to cause a specific type of pneu-
mocontosis, and beciuse persoas who show
this form of preumaconiosis often caine to

" autopsy and provide & ready source of

material for study. It was in this way that
reports of the simultancous occurrence of
lung ancer and asbestosis Legan to accu-
mulate alter the report of 3 ase by Lynch
and Smith®™ in 1935. Within the next {0

" years, about 1S additional ases were re-

ported. and in 1934 Merewether ¢ reviewed

“all deaths Trom asbestosis recorded in Eng-

land since March, 1924, Lung cancer oc-

cured in 166G of these cses. Gloyne,*
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whose work is alsc. frequently referred to
a3 esublishing a connection between asbes-
tosis and ancer of the lung, reported in
1951 that ancer of the hung was present
in 14.1% of asbestosis aases cxamined by
him. In 1941, Nordmann and Sorge™
claimed to have produced lung caancer in
mice which they exposed 1o asbestos dust.

Since 1951, additional cases of ancer of
the lung coexisting with asbestosis have

_been reported, and, according to Hueper
about 100 such cases had been reported up
10 {935, As s result, an association between
the two diseases appears to have been ac-
cepted by many authors, and several writers
were using the term “asbestosis cancer™ of
the lung. Werber,™ in 1952, stated cate- .
gonally that in 7% to 17% of ases of
asbestosis, after a latent period of abow
1% 0 20 years, aarcinoma becomes estab-
tished in the lung.

On the other hand, not all authors ac-
cepted  this  alleged  association  without
reservation. Saupe ™ m 1939 reported that
he had discovered no cases of lung cancer
among 620 cases of asbesiosis which he
had examined; and in 1942, Holleb and
Angrit ** expressed the opinion that the
number of casés of asbestosis with lung
ancer was too small for satistical evalua- -
tion- Jn 1947, Wegelius®® reported 126
radivlogially diagnosed cases of asbestosis
among 476 workers in Finland, and found
no cases of lung cancer in this group.
Goldblatt and Goldblau in their section of
Merewather's hatest book,™ sute: “But at
no stage in all these impressive researches
was any clue obtained which inight have
oflered any support to the possibility that
arhestes cuild act 3s z 2 oL 77
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is wo riable criterive by which e an
anticijate \:u'cinugcnidl)‘ ad, ag is well
known, relatively minuic changes m the
structuze of a chenrical nmucgm are sufﬁ-
cient to diminish or cfi rdnugewc
sction,

1 asbestos is imlced 1o be regarded us 2
artingen, the nced is felt to denwonstrate
some property which an be ngudzd as
sumcthing more than incrtness.”

These authors advance the theory that,
umil some more experimental evidence of
dirert arcinoganesis by asbestos or a de-
composition product of it can be obtatned,
asbestos might be considaed as a "co-car-
cinngen™ which only induces & fusther de-
velopment Of a prencoplastic  condition-

" brought about by sownething independent of

the asbextos, such 3s au cndogenuvns factur.

‘Thus the literature, while tending 10 sufe
port the thesis that asbestosis is in some
way related to the development of lung

cncer, is by 1w ieans unanunous. Alto-

' gether, it 8 perbaps more confusing than

alightening. A careful review shows that
the majority of the repons are clinical and

uot cpidemniological. They lack many ele-"

ments necessary for the appliation of
epidensiological techniques to their content,
and most of the authors do oot make claim
to having done so. What has happened is
that succeeding authors have drawn conclu-
sions and generalized beyond the scope of
the works which they quote. Nowhere, for
example, have we found reierences to -a
populstion of asbestos workers, although
several authors who have quoud the ob-
served incidence of hung cancer in suivpsics
of persons who also had. csbestosis imply
that this incidence applics to asbestos work-
ers, generally. We have likewise been
mee e fmd any study which actually

id of lung ancer
among 2 popuhuon of persous who had
asbestosis, and not just those who Gane (o

© autopsy. With -the exception of a joger

S DAL® none of thise reviewed gave any
d.m- 0N expusurg ared Jdust concartrations,
and cveu Doll's paper medcly rintions
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“schedulal™ arcs, by which is wneant,
“thust arcas where procesecs are artied on
which were scheduled under the ASbestos
lndum') Reguluions of 1931 as being
dosty.”

There is, furennure, 3 mq-kle lack
of definition of tamis as used in the pub-
lished literasture. For oample, the torm
“asbestosis,” a3 used, may refer to changes
abservable only by micToscopic examination
of the lung tissue, or it may men a radio-
logically detectable condition,

Most of the published reponts cbviously
included women among their cases, but
some uf them do not give the ownber or
propartion of wonen involved in the study.

There is alsn a lack of unifarmity as to
what type of exposure most studies have

“dealt with. () 99 cases cnumerated by

Hueyer # i 1955, unly 10 appear ty have
ariginated in the United Sates, and 7 in
Canarda, Souwe of the carlier reports ap-
iwrently included asbestos miners, but it
cin b€ avsumed, ‘since 82 of the 99 ases
had originated in England, and since no
asbestos mining operations are carried an
in that country, that most of the reported

cases have involved workers in the textile

or {abricating industrics.

Such factors as smoking habits, hmly
history of cancer, length of time in the
industty, and age of the individual case are
also noubly shsent in the majority of these
fenonts.

"With this wderstanding of the limia-
tions of the existing literature with respect
1o epidemiologial gencratization, it may be
of valne (0 consider in somewhat more de-
tail some represensative earlier publications.
a few of which were relerred to briefly
above. .

Onue of the mnost detailed studies and one
which doserves the most serious considen-
tion is that reported by Doll ¥ in 1955.
This suxly reviews causes of death among
ashestos workers based on coroners’ rec-

Tordh T almr aliongils i e use 110K

by stwlying records of men who worked
for at least 20 years in exposed situations.
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1) concluded that hung catices was 3 spe-
cific induntrial kazard of certain asbestos
workers and that, after 20 vears of expo-
sure, the risk is 10 times a» great as for
the general popalation.

This anticle is imporamt fur several rea-
tons, in addition to the definite conclusions
at which it arvives. For exaniple, it begins
by stating that “in view of the infrequency
of asbestosis, this large number of cases
(61 ases of tng cancer) sugpesti—but
does not lung cancer is an
occumational hazard of asbestos workers.”
Neither this article nor any previous one
which we have cxamined presents any fig-
ures to prove that asbestosis is an mfre-
quent occurrence, Esti of the numb
of persons potentially exposed 10 asbestos
dust .in the ‘Chnited States alone yary from
10,000 to 35,00, and the incidence of us-
bestosis of any degree might be l'ngntr than
Doll mgmes.

This stwdy. ke so many nchers, involver
autopsy records The aumber of persons
involved in the statistical analysis is oaly
113, representing only 1.04225 man-vearx
of life. It is also true that in selecting men
who had been employed for at least 2U
years, the swdy asvicmatically excluded
those who died from other quses after
shorter employment,

Another reassn why this pubﬁam is
of imporunce is 3 statement which it con-
fins (0 the effect that “the srongent cvi-
dence that it (lung cancer) naay be & hazard
(in asbesios workers) has been raduced
by Merewether and by Gloyne.”

In 1951 Gloyne " presented a. review
of 1205 autopsies on persons who had

* worked in various dusty occupations. This

number included 132 asbesios workers, of
whom 121 showed “paeumoconiosis™—pre-
sumably asbestosis. Primary cancer of the
tung .occurred 17 times in this group, an
incidence rate of 141K for lung cancer
among ubulosu cases commg to aulopy. -
~rte =t 6,96 of these also shawed pri-
nary ancer of the lung. The incidence of
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lung cancer in uther foems of prewmoconis-
sis yas 67%, and in 169 cses which
proved ot to have any type of pneumo-
contosis it was 8.35%. Gloyre cunsidered
“the nwnality of the asbestos workers™ to
be “distocbing.” First of aff, it is abvious
that the paper docs not deal with the “maor-
ulity of asbestos workers,” and secondly,
it must be borne in mind that all of Dr.
Gloyne's cases were submitted to him for
study bccause tbe findings were unusual
for josis. It an
raasonably be umrmd that Qascs, induding
those of asbestosis. in which the Gnding>
were nnt considered unusual were nnt sent
to Dr. Gloyne for examiration. Asa mat
ter of fact, i the same paragraph in which
he expresses concern over the incidence
[fate in asbesiosis. Dr. Glovne himseil
points vut that the rate for lung cancer
based on nccropsies at the London Chest
Hospital was 21356 while the figures of
the Registrar-General showed only 2.4%.
He thus recognized that Paics on a cer-
tain sclectal group of cases were mt rey-
resentative of the general population. Nt
would aron, then, thay m‘i(hﬂamlbg the
value af Dr. Gloyne's work, its importance
as an index ol the prealomce of lung can-
cer in asbestotics has been mtsmlemreted
by some who have quoted him, Al (hat it
raally shaws is the fact that in a group of
121 canes. selecied for special study pri-
marily because they seawed abiarnul by«
preliminary examination, 17. ar 14.16, had
lung cancer.

Merewether © in 1947, i the report of
the Chief Inspecior of Factorier, reviewed
all cascs rqwiried between 1924 and 1946
in which asbextasis was the cause of death
or a cucxisting conditivn. This work war
hater extentded to include all such cases re-
ported up 0 Deconber, 1954, by which time
there were 344 deaaths, inchuding 205 males
and 139 fevnles. Among them were 55
aws (16%) of ancer of the lung, 41 in
-males and 34 in fermales. It is quite possible
that a lrge number af achervice whe 4id
nm die of their asbestosis, or in whose

V. 17, June, 1952
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LUNG CANCER IN ASDESTOS MINERS

dath cenificate it was not montioned. may
have been wissed. The impart ol this 16%

prior to that date and enumerated 3 total

‘of 99. Elcven of these were those dis-

is onh ! by the simul stat
hat the inculence of tung cancer in avtop-
sies of the general populaion is enly 1%.
The danger of atewmiring 1o compare 3
rale found in 34 cases with the raie for
the general popuhition without respect to
age, occupation, and many other variables,
such as smoking habits, is cbvious.

Lynch™ who with Smith® hsd reported
the first case in 1935, reported ¢ cascs of
caranoma of the lung in a serics of 49
autopsies on wurkers in an asbestos manu-
facturing plant who were shown © have
“demonstrable deposits of asbestos in the
tungs.” This. of course. is not necessarily
dentical with the disease asbestosis, Lynch,
himseli, points out. that. although this is an
incddence of 82%, "both figures are too
smsll for very serigus statistical types of
Glulation.” Nevertheiess, later writers
have used this paper to strengthen the case
for an associztion of carcinoma of the lung
with asbestosis. [t is also of interest that
Kioz ® found only the sane number of
ases of lung Qncer in 2 sefies nearty 10
times as large. i.-e.- 4 in 478 awes of
asbestosis, B

Behrens, as cited by Merowether,™ esti-
mated that, of 309 cases of asbestosis in the
literature, 44 showed associated cncer of
the lung~giving an incidence of 142%.
This is an fllusiration of generalizing an
incidence_obuined, in. a2 group of ases
which were undoubtedly reported only &e-
¢cause some of them showed lung cancer, to
possidly  hundreds of asbestoties whose
cases were never reported. The same ap-
plics 1o the concusion of . Teleky.® who
appars 10 have reviewed reports of 39
autcpsies on persons with asbestosis among
which 6 cases of lung cancer occurred. In-
formation from sources such as Whese Socs
not justify generalizations with regard to
morality rates, -,

Perhaps wo one has written so exten-
sivelv on the subject as has Hueper®
In 1953 he reviewed the cases * reporied
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d by Doll 3 and may have been cases
coversd by other suthors. Eight were dis-
covered by Kennaway and Kennaway ® in
an analysis of dath certificates, and, uniess
Merewether's study was incomplete, these
cases should have been included in his re-
port. ‘'Of the remaining 80, it is quite pos-
sible that the 31 contributed by Merewether
and the 17 by Gloyne contain some duplics-
tion with each other or with those of other
Engfish authors.

Principles of the Epidemiological
Method

Dorn 2 has pointed out that much of what
is now thoug™t 10 be pertinent concerning
the comparauive frequency of lung cancer
in different population groups has been de-
veloped from the amalysis of clinical -
terial, particularly surgial and autopsy
records, supplemented to some extent by
the reported impressions of various clini-
cians lased upon their personal observa-
tions. More secently, however, attention
has turned 1o the sysiematic investigs-
tion of this problem by the same methods
that have proved so successful previcusly in
the study of communicable discases, that is
to 53y, by epidemiological methods.

la order to apply this method of investi-
gation to the problem under discussion, we
were of the opinion that a study should be
planned so as to provide (1) 3 well-defined
population group: (2) available data for all
members of this population, induding the
bealthy a5 well as the ill; (3) 2 samphe
which is truly representative of the popula-
tion; (4) relisble and walid observations
relating to the prodlem of the study.

A serious defect, common (0 most of the
studies which have been rcported, is that
kule or no information concerning the
healthy people in the group seems to have
been awailable to the author. In order to
draw 3 generalintion regarding all asbessew
workers, it is necessary for 8 study to in-
clude living persons 13 well as the dead.

v
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Limiting the investigation to cases coming
to outopsy, as has beea frequently done in
aarlier studies, stfl further restricts its use
in geaeratization. The problem with which
we arc concerned s whether asbestos
miners experience more lung cancer than
does the general population. The angwer
accessitates the collection of refizble infor-
mation on asbestos miners as a group, as
weil a3 on the gencral population.

It seems advisable to discuss the differ-
. ences berween the epidemiological appreach
‘and ‘that used in the studies which have
been reported to date. - A very imporuant
consiceration is the facz that lung cancer.

in spite of its increasing nombers, is still a .

disease of low incidence; that is, in a given

* population not many persons will contrac:’

‘this particclar disease. This fact requires
that farge samples or groups must be siud-
ied to provide meaningful results.

Recognizing the difficulty of obtaining
such large samples. mosmt earlier writers
- deviated from the epidemiological method
and sought to circmvent the requirement
ol observing well persons by (1) compar-
ing the reletive frequency of ancer in vari-
ous sites: (2) comparing the velative
{requency of cancer in 3 group of hospital-
ited patients: (3) comparing the refative
{requency of cancer in a8 group of cases
coming to autopsy.

Attempting to compare two pfrtation
.groups, lnoking only at the selative fre-
quenty of ancer in various body sites,

" may result in finding a higher percentage

{relative frequency) in one of the groups.

when, in fact, the mortelity rate of cancer

al 3 panicular organ is exaaly the same
_in both groups. This is- very clearly dem-
" onstrated in the excellent article by Dorn.®
The "morality rate from a pamcular Guse
“ts the Trive measure of comparisen.

It is apparent that selected groups such
as hospitalized patioms or autopsy cases
may not be in sny way representative of

" a larger gramp, snd that in daling with
such sanyples, the cbserver may casily find
. ewen vancs 0f a_given discase than would
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be found in anuther group of the same size,
“but representative of the general population,
it is true that investigation of cases from
such 3 sample can furnish information
valuable for resecarch, but the use of this
information in drawing generalizations is
nccessacily restricted. It is the cobligation
of both the investigator and of those who
rezd his report 10 make proper comparisons

. and to draw only those conclusions which

sre valid and justiied A good sutistical
study of cases of aancer of the lung occur-
fing in a group of autopsies can lead to a
proper inference concerning the frequency
of lung cancer among tases coming to
autopsy. but only to sath cases. For in-
fornation from such a study to be pro-
- jected 1> some Iarger gzoup, it is Aecessary
that the autopsies represent 3 good sample
of that la-ger group. To assume that soch
is the case in any particular series is dan-
gerous and likely 10 be {alse,

There is some danger that the figures
reported by some authors may be miscon-
strued 3s applying o asbestos workers or
even asbestos miners. when, in fact, the
authors in question do not make this gen-
cralization, nor can the generalization be
made for the reasons stated. Close study of
the reports reveals that the percentages
cited refatc only to the group of sutopgies
covered by (he particular investigation.

The present study, in contrast 0 the
earlier works, has been planned to wilize
the epidemiclogical methad. A well-defined
group of aslestos mincrs has been estab-
lished in such a way that it constitutes a
gvod xample of the whole population of
asbestis miners in Quebec. Data for all
memnbers of this graup have been collected
antl analyzel, Those concerning Jung an-
ccf have neceived mot careful considera-
- tiotts- Details of tha methods ecmployed will
be st farth later, but the type of approach
s cunsideted 10 permit of fair comparisons
and valid generalizations,

Callection and A-na!ys’u of Daw
A prefiminary survey <f po.e.ias svuices
uf information in Ftbfu:ry, 1956, involved

Vol. 17, June, 108
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discussions with the physiciaun o charge
of the asbcstos cunyanies’ pmigriuns il
with clinicng, patholagiags, reprosentasives
of City and Provincial health degarntments
and of the Canadian Canver Sociely, and
onther intercsted peryonx, Jt was foum) that
nwrbidity daty, although sanewhat mitedd.
were availble. frmn xich swrces as the
hospitals in Manraal and Quebee Gty aud
the 13 cancer detection conters in the 1*'rove
ince. However, becamre of the high nwr-
tality i lung cawcer, it seancd advisahle
ta depend tjon ddata eeluting W deathy.
These we found 0 be obtainable at the
vital statistics department of the AMinistry
of Hath in Quebee City. Fron the pore-
fiminary survey, it «3s apqarent that exien-
sive and dJewiled information okl be
fathered with res{ect to bath the persams

l..‘
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whurt was then fdlowa] by s of the
annual  physdcal  examivatem  pecurds
through a six-vear interval, 1950 through
1935. Al data cegarding this group werc
then ubulated in onler 1o determine the
characieristics of the cohort. Jor those who
survived the entire period, reference was
made -20 the physial examination results
and x-ray findings at the end of the period.
Those who had died were 1abulaied seps-
mtely, and the use of death was
corroborated by examination- of the death
certificates. A (vrther search was made
enncerming those in the original cohort who
tenmainad utaceunted for when the liviag
and the known dead had been tabulated.
They represent men who had left employ-
ment through retirement or resignation.
Tventusily, all but 3 small number of these

angloved in the asbestos mining i
and the murtality fAgures fnr the guu-ral
peaputation.

Following this exploratary sunvey. the
nitial cfiare was direciard 10 the collection
of dam relating 10 Al workers who had
heen processed through the clinic at Thet-
ford Mines since its inception in 1947, and
sinilar infonnation tegarding all workers

ar Asbestos. Que. Data from ahe clinical

recurds included the uge, family and per-
sensl medical histarics,  snwnking  habits,
number of years of expesure, an oxtimate
of weighted expusure. aud the course of
the md\wdua!‘s health status ar the famc
of his death. ~

From this infonnatian it was pussible
1o {ormulate a “cohtn”™ which cwuld he well

 defined. should be representative aof the

whole: group,-and could be ‘fallowed for 2

definite period of time. Al of the available_

experience” indiates that the develapreent
of asbestosis in less than five vearz of ex-
posure must be somewhat rare. Accanl-
ingly, the cobont was defined as Including
every miner who had a_total exposure of
five or more yars, and who was on' the
empioyment rolls in 1950, Office and other
nonexposed personncl, regardiess of length
of employment, were not included. This

Brewve—Truae

were ac d for as either living or dead.
wul in the Litter event, the cause of death
wax substantiated in 2 similar manner, and
the results added tn the original st of
deaths,

Death centificates for the Province of

Quebec for the yaars 1952 to 1955, inclu-

sive, were reviewed in the department of
vial satistics of the Provincial Heakh
Ministry. together with sutistial sum-
maries of the causes of deaths in the Prov-
ince by counties. - All cases in which death
was certified as having been due to pri-
mary cancer of the lung were examined for
‘such information as place of residence.
nccupation, date of death, hospital in which
death occurred, and whether or nnt an
avtopsy was performed. Cases in which
lung cancer was given a3 2 cause of death,
but in which. it was not specified as to
whether the ancer originated in the lung,

“were also reviewed in an effort to include

all insuancer of primary carcinoma of the
lung in the swudy.

The statistics {or the Province of Quebec
relate to population. toual dauu (mm alt
causes, total-deaths from mresr 37 20, o
and deaths lrom lung cancer, These were
collected and (abulated by counties and by
sex far the years 1950 to 1955, inclusive.
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From them, death qates for the general
mvlwon of robc and of individual

were calculated for specific years
and 3nalyzed by cause.

Practically ail emplayces of one company
are covered by a group policy of lile insur-
ance which, fortunately, nearly all of them
continue to aarty when they retire. A very
few are not covered by this policy, and
those who feave the industry for one reason
or another except retirement usually are
no longer covered, but this is likewise a
small number. As an additional check i:pt;n
the information obuined from the dlinical
records on this group, the records of the
life insurance company were examined for
all death claims paid under the policy, and
pamtuhr notice was taken of the claims

in which the prooi of deith was based on’

cancer of the lung.

Draths from lung ancer among asbestos
miners were thus determined from the
clinical records in the medical scevice of the
industry and checked by means of the death
certificates and insurance company records.
The deaths were then verified individually
by reviewing them with the physicians in
charge of the mediaal services. In this man-
ner, there was established 3 list of cases in
which primary aancer of the lung is con-
sidered to have been proved as the Quse of
death. A few cases in which lung cancer is
strongly suspected but not proved as the
cause of death were cousidered separately.,

Mortslity rates have been cakulated using’

both the “proved™ ind the 0%} of “proved”
and “suspected”™ ©ses ducing the years un.
der observation.  Commrisans were then
made berweca the daath raies fran the same
cause amsng specific seginerits of’ nm;m«i
persans. Al Mg ancer deaths, bath
suspecied and proved, were aarefully ana.
lyzed to determine possible relatnship or
corvelations between the development of
tung cancer and any factor known from the
clinical reconds, such as faniily history of
Qncer, jrersoml history of heavy sinoking,
wearnetice Q1 asbestosis, OF exposure (o
asbestos.

640

1 addition to this analvsis of deaths oc-
curring in the cohort and during the years
under gbservation, every known death ‘from
cancer of the lung, as well as every case
disgnosed but still living, has been tabulated
and amalyzed. They will be discussed separ-
ately from those included in the population
and time-interval under study.

A comparison of lung cancer mortakity
in the asbestos-producing counties has been
made with that in counties which are far
removed from the asbestos snines and in
which, presumably, no asbestos miners live,

Finally. in order 10 broaden the compari-
wn of dath rates in diffierent population
groups, the rates have been collected for
Canada generally, and for the United States,
according 3o, the mos: secent published and
mpublished material.

Results and Interpreation

The cohorn which was constructed accord-
ing to the criteria described in the preceding
sexction has been cunsitlered individually and
compared with the general population.
Description of the cohort will be presented
here as 3 preface 10 the results of the study:

Original Cobam (¥ )]
Lont PFevsos Owdwcred 133
Finsl Cobert 3me
Livieg ln 1938 tearking amd mnd) N
‘\'ld vy 114 191
Couer of lung . - ’

s cancet of buewr <2

1t ctwnry L)
Ustrmew casser - 3

Lend ors (X t3)
Nemangirers - : 1245
Velaoeo 0

. Tables 1.2.3, ami-tpm:emnge wumber
of yaars of anplyyment, weighied average
expasure, 3l anoking hadits of the cohort.

A crmparism of the exposuie tu asbesion
tust is prexented in Table 3. All nwmbers
of the cohart were placed in one of three
citegaries. fepresenting mcmnng degrees

‘af “expasure based on 2 wﬂghm! average

of the yars spent at various fevels of
dustiness. The degree of dustiness lor cach

_job category was determined after npme-tt
tiun with [rersons familiar with the envirans

ment awl condditin< in the various waork
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LUNG CANCER IN ASBLSTOS MINERS

Tanx L—Number and Percentoge Distributon
by Age

TasLg l—V--ka and Percevitage Dittribution by
Length of Employment
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areas. For the purposes of calculation, the
assumption has been made that the relation-
ship between these categories is linear, and
that Category I is twice as dusty, and

Category 17 three times as dosty as Cate-

gory L.

Tasig J.-N;;bvr ond Peveentoge Distridution

Leweth of
Lapwsoeat Namdet  Por Comt

o£| conall
Btouszen

ually smoking more than five cigarettes per
day. Persons who smoke pipes or cigars
exclusively were not considered to be smok-
ers {or the purpose of this srudy.

Table § presents the yea-by-year ex-
perience of the cohort and indicates the

Tantt 6—.\'-60 ond P«m!aw Distrdurion

Exporure Calegory &3 Smoniag Habu,
Ter Cant x Numse  Per Gemt
i e B 3
» OorDewe .. coomenn v eberessenn £ 7
5 L L WY a8 w0
* Lem a0 03%.

The fourth variable, smoking habits, was
similarly Gbulated and is shown in Table
4. This was included because the informa-
tion was available and because smoking was
regarded as one of the vacriables which,
besid the envis " could comi\'a-bly
infl the develop of lung ancer.
As used in this presentation. the term
smoker refers to a cigarette unoker, habit.

number of deaths cach year from specified

‘auses. In genenal, 3 case was coasidered

to be “proved” as one of primary ancer
of the lung when the recards showed that
the diagnosis had been supported by an
autopsy or surgical resection of the lung
with microscopic examination of the re-
moved tissue. In one case so considered,
however, disgnosis was confirmed by bron-
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A M. A ARCHIUEN OF INDUSTRIAL MEALTH

Tasie 6—"Prozed™ Casss of Primary Concer of the Lung
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choseopy with visualization and biopsy. lu
another, al.hough there was no autopsy, the
diagnosis of primary ancer of the lung
seems to have been bevond question.

The terrs “suspected™ primary ancer of
the lung was applied to those cases in
which the diagnosis remains in doubt but
some of the evidence points to cancer of the
lung. There were three such cases. .

The ter: “man-years of risk™ has been
used to mean the number of men at risk
for the year under cbservation. A person
who lived throughout the year was counted
as 3 {ull an-vear of sk, but one who died
during the year was counted as one-half a
man-yer,

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

An indication of the importance of these
“suspected™ cases in interpreting the results
of the calculations is desirable before fur-
ther discussion of the mormality rates which
_are derived in later tables. For example, it*
happens that the rate found for the proved
cses is close (o the “expected” rale based
oa the ;:nenl population figures for the
Province, as will be shawn later, and en
this basis we should find eight deaths from
lung cancer among the cohort. Actually,
unine cases were observed. [f, however, the
3 additional "suspec:ed" cases were in-

.cluded increasing this Sgure to 12, the total

would be very close to the 95% level
of significance. Hotever, having found just
12 cases, we are not sbove this level, and
therefore the hypothesis that asbestos miners
do not have a higher mortality from lung
ancer than does the general population can-
not be rejecied. Nevertheless, the occur-

‘rence of 12 cases in this sample would

increase the rate to a point which approaches
the signiicant ievel. Bectause of the tre-
mendous importance of the questionable
cases in this respect, some detail regarding
them will be given here.

In une of these cases, the suspiion of
ancer of the lung is based upon the x-ray
interpretation. and, although no autopsy was
performed. the death certificate indicates
that death was due to lung cancer. It is
well known that the x-ray appearance of
fibrosis, especially if a localized density or
a superimposed tubercul kesion is pres-
ent, can simulate that of a tumor, 3nd by
itself, does not ‘justify the inclusion of this
case as nme of “proved” cancer of the
lung. A second case was certified as having
died by rea<on of hydrothorax, possibly due
1o lung cancer, but again there was no
surgery and nn postmoriem examination.
In the third case, slthough it was subjected
to autopsy, twa pathologists disagreed as to
whether lung cancer was present. The death
was certifierd as having been due to chironic
myocarditis with nephritis and pulmonary
congestion, and possibly cancer of the lung.
On the basis af these facts, it seems unwar-
ranted to include those three cases among

Tamz 7. —"Swspectsd” Primory Cencer of u.. Lung
Cam No, Age ok Tspomare Dwd Autemy Asusiss
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LUNG CANCER 1N ASBESTON AUNERS

“proved” instance of lung cocer. On the
sther hand, they cann. in fairness, be dis-
regarded completely. 1t is for this reason
that mortality mates have been alculated
tunh ways,
Table B gives the rates by age grirs.

., The rates by length of employment are
shown in Table 9. During the first 40 yaars
uf enployment, the ratc rises, an ohxerva-
tion which seans plausible since the men
were growing older. However, alter 40
vars of exposure there are no “proved”
cases reported for a lota! of 240 men dur-
ing the six years. or about 1430 man-years
of exposure. \WVhen the “suspected™ cases
are added, anc case Joes show up in this

Tass B=Lang Concer Deoths by Aye
Growps
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jericl.  Thix would priduce 2 mte of 69
ger 100000, again demunstraling the im-
portance of these questiomable, but un-
prwved, ‘cases 0 the final  conclusion,
becauss, il there were w0 cases in this
number of men with long expasure, and if
asbestos is a carcinogenic agent, it must be
concluded that these 2¢0 men have demon-
strated considersble resistance. This is a bio-

- logical phenomensn which has been observed

previonsly and is consistent with the theory

[ .« . .
" af an intrinsic or endogenous [actor in can-

cer. The only other explanation would be
that the rusceptible members of this age
group had died carlier of lung cancer. Table
I& which appears later in this sectinn, in-

Yrawmoe Trunn’

Taste 9=Lung Concer Deaths by Lomgih
wf Employwment

Number of Prrows sl Nombwr of Luny Concer Deash~

« Ne,of Dlusths
rrved Tead
3 [}
i

T
8 i
[} 9
‘e ”

Annusl Lune Concer Desth Rites prv 10Q.000
Mac-Veprs of Larosere

° (]
? t
b ol
o 5o d
[d ©
4 L]
3 »

dicates that the members of the cohort
did not dic {rum lung cancer a1 a younger
age than the general population.

The rates by weighted cxposure arse
shawn in Table 10, and @t will be noted
that they present strong evidence against
asbestos xing a carcinogenic agens, for. if
exposure 1o asbestos is in any way con-
nected to lung cancer, we would expect that
the longer and heavier the expusure, the
higher the rate that would be found. The
emly possble error in this interpretation
wnuld accur if the weighted exposures were
inversely related to years of enploywent,
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A. M. A ARCHIVES OF INDUSTRIAL HEALTH
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posure (Category 111) would show the
shortest leng:h of employment. Table 11,
which lists the aumber of persons in various

Tans 2—Lunp Cufn Dmln for
¥ Smoiers and Nowswokers
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exposure categories by tength of ploy.
ment indicates that this error has not oc-
curred. In fact, the average number of vears
of emplorment for each exposure category
is almost ideatical.

Table 12, which develops the rates for

kers and 3. is most striking.
It shows that not a single ase of lung
cancer deveioped among the 1263 non-
smokers and that all cases of hmg cancer,
both “proved™ and “suspected,” occurred in
smokers.

Table 12 was so striking that it was felt
that further verification was necessary. It
was possible that some abnormal distribu-
tion wmay have occurred, e.g., the non-

Tanz ll—Nvmbn ud Pereentage Distribution
of Swokers ond Nomsmobers by Age Growss

. smokers may have included 2 larger
percenugze oi yousg men. Consequently, ad-
ditional Tables. 13, 14, and 13 were con-
structed to show 1he distribution of smokers
and nonsmckers by age. length of employ-
ment, and degree oi ¢xposure. Although
there are slight differences, thev do net
account for the {act that all observed cases
of lung cances were in smokers. In respect
to age (Tablc 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 con-
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LUNG CANCER IN ASBESTOS MINERS
Taseg {S.~Numdrr and Pereentage Distridbution
°’ <, 'y “ A, &, 2
- Exporwe Category .

cerned, the smokers had worked about 2.3
years less on the average than the ndn-
smokers. \Vith longer exposure and greater
age, one would expet the noasmoking
group to show a Aigaer rate if lung cancer
were due to asbestos. Table 13 shows that
the average exposure category was almost
the same for the two grovps. Thereiore,

- this vanable seems to be of no importance

in accounting for this difference.

The result of this 3dditionsl analysis is
that none of these factors appears to lessen
the effect of Table 12,

Comparison of the Cohort Experience
with that of the Province of Quebec, Do-
tsinion of Conado, ond the United Stotes.—
In order to make a comparison of the
experience among asbestos miners with that
of the general population of the Province of
Quebee, statistics were gathered, as stated
esrlier, in the office of the Division of

" Demography in the Provingial Ministry of

Health. The data on toul deaths, deaths
from all forms of cancer, and deaths from
camer of the lung were cbtained by sex
and-by county for the years 1930 through
1955, la addition, all death cenificates
which specified primary cancer of the lung,
and all those which indicated lung cancer
but did oot specify the origin, were exam.
ined for the years 1952 through 1955.

Table 16 gives a tabulation of the number
of deaths from lung cancer in the Province
and in the wohort for the years 1930 through
1955, and shows the annual rate per 100,000
in these segments. 1t will be noted {rom the
table that the morulity rate for the
“proved” cascs in the cohort is only slightly
higher than the rate for the Province
\When the “suspected™ cases are included in
the alculation. the rate for the cohort rises
to 33.8 per 100.000, which is about 30<c
higher than the rate for the Province. This,
it will be recalled from the previous dis-
cussion of the effect of the “suspected”
cases on the results, approaches but does
not exceed the significant Jevel.

One {urther interesting observation from
Table 16 is the rather marked increase in
the toual number of ases for the Province
between 1950 and 1955, 1t is assumed that
at lesst part of this increase is due to im-
proved recognition and reporting of lung
cancer during the interval. For this reason.
the years 1954 and 1953 were thought 10 be
more nearly representative of actual condi-
tions. Even so, it is quite likely that the
general populstion is not swdied for lung
ancer with the same diligence with «which

Tasz 16—Comporizon of Cobort wilk Province of Quebee
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this disease is looked for in the miners, and
it seems probable that the moruality rates
for the Province may be low. This would
appear 1o be substantiated Sy the fact that
the reporting of cases in the cohort thowed
no such intrease over the same period.

Table 17 was compiled ta show the an
nual age-sp lung rate of cases
in which the dath centificate merely read
“ancer of the lung,” as distinguished from
those in which the diagnosis was confirmed
by autopsy, surgery, or biopsy. The term
“specified primary”™ refers to those cases in
these two categories in which the tumor was
specified 33 having originated in the lung.
{t will be noted thay, of the twotal ases
reported in 1955, a much higher percentage
than in 1954 were specified as primary. The
table also shows that 8 higher percentage
ol the tatal cases certified in 1935 were
proved, again indicating increasing interest
in this disease.

A comparison has been muade between
the age-specific rates shown in Table 17,
and thase for the cchort, shown in Talle &
An average of the 1954 and 1955 rates (or
the Province has been used, since the 1955
figure was higher and nay have been ex-
¢eptional.

6

L At

This comparison, summarized in Table
I8, shows that the obscrved number of
deaths in cur sample is not significantly
greater than the expected nwrnber of deaths,
based on the average ol the 1934 and 1933
hgures for the Province. It is true that, in
the ase of the age group of 65 and over,
the five deaths provide a figure which is
almost significant at the 95% level. How-
ever, it should be noted that this number
includes one of the suspected but ynproved
cases previously referved t0. Fusthermore,
it is rather likely that the rate for the
general population is understated in this
age group, for the obvious reason that the
exact cause of death in the very old is not
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LENG CANCER IN ASBESTOS MINERS

Tanz 19.-»430 Distridution of Adult Males fer
the Province of Quedec, J951°

Tamg 20 —Aunxsl Drath Rotes per 160000 for
Cancer of the Lung in Canado *

Proviocs
Nuooer Forcenisgs o Cobent

T4
nen3
s
[

L0408

Bis=z0
Br.552

a marter of the same intensity of interest
as it is in younger persons. -

Table 18 also answers a3 question pre-
viously raised. It shows that the members
of the cohort have not died from lung can-
cer at an age earlier than the general popu-
lation, and that such an explanation cannot
be offered for the absence of lung cancer
in 240 men with more than 40 years of
employment reiesred to on page 643, *

Bejore leaving this comparison of the
Province with the miners, it should be
shown that their age distributions are rea-
sonably the same. That this is the case can
be observed from Table 19.

1t shouid be r bered that the miners
retire and consequently, it can be expected
that the oidest age group will be larger in
the general population. The data presented
in Table 20 indicate that the lung cancer
rate genenally decreases after age 70. There-
fore, we could expect the rate for all people
over 63 to be smaller than the rate for the
group berween 65 and 73, which would apply
to the oldest group of miners. It is felt
that by using the whole advlt male popula-
tion, we have developed rates for the gen-
eral population which are somewhat lower
than if we had been able to exclude the
people in the general population over 75.

A comparison benwween the asbestos miners
and th: population of the Dominion as a
whole was made. using statistical material
{rom several sources. In one source, Phil-
lips ™ gave age. and sex-specific rates for
Canada for three periods between 1931 and
1952, Tte rates for males are given in
Table 20.

These figures show strikingly the increase
in rates berween 1931 and 1932, and this
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increase is particularly marked afier age
50. coniirming an observation previously
made, to the effect that until recently lung
cancer has probably been underdiagnosed
in the clder age groups in the general popu-
lation.

To use these figures for purposes ol
compariscn, it is necessary to combine the
rates for certain age groups in order t0
conform 10 the age distributions used in this
study. Since the exact popuistions in cach
age grozp for the years indicated is not
known. this must be an approximazion.
However. the rates would be somewhat as
follows:

Agt Group  ° Rare
3032 3
a%.34 n
1344 L
"He 095

These rates are, in general. lower than
those developed for the total (proved and
suspected) cases of lung caucer among the
asbestos miners. The only large difference.
however, is in the age group of 65 years and
over, and it is Quite possible that the rate
for this group may bave increased for
Canada between 1932 and 1934 as u did
for the Province of Quebec (Table 17).

A further comparison has been made with
an over-all rate obtained from the American
Cancer Society for respiratory cancer deaths
in Canads in 1933. This rate, for males.
is 20.8 per 100,000, ar 5 more per 100,000
than Phillips’ 1950-1952 rate, and compares
with 23.3 ¢, 182500 lwi proved cases and
33.8 per 100.000 for total cases amang the
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asbestos miners in this study. It is there-
fore obvious that there are no important
difierences benween the rates for asbestos
miners and those for the general population
of Quebec and the Nominion of Canada.*

Since it is probable that figures for the
TUhnited States are mare complete and, there-
fore, possibly more comparable to the daua
for the miners. age-specific rates were com-
puted from ~Vital Seadistics of the United
States,” Volumes | and 11, for 1932, These
rates have besn tabulated in Table 21,

It is apparent that these rates compare
favorably with those {or the asbestos miners
as shown in Table 8. Still other rates for
the Upited States were obuined (rom the
American Cancer Society, and for males,
these were 23.3 per 100.000 in 1933, and
280 per 100.000 in 1953. They are not
identical with the rate calculated from the
figures of the office of Vital Statistics, but
this i possibly because the Americaa Can-
cer Sociewy rates are for males oi all ages.
Nevertheless. they. too, compare (avorabis
with the rates of 23 for 34 for toual cases)
obuining among the asbestos niiners.

Turning for 3 moment to a comparisen
between the asbestos miners and persons
who are expesed to asbestos in one form
ar her (as distinguished from the gen-
eral population groups just discused, wha
have no exposure) an interesting observa-
tion can be developed by deduction. Hue-
per 3% has stated that there are about 35000
persons exposed in the United States, and
we have found that the Canadian mines
employ about 8000. Elsewhere. it has been
estimated that the workers in England who
have exposure total between 3000 and S000.
With workets in Africa, Denmark, Not-
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way, a3nd other countries. at least 30000
persons must be exposed throughout the
world, and it can be assumed that this
number has been fairly constant in the 20
vears aince 1933 when the first Case of
asbestosis with lung cancer was reported.
At least 1,000,000 man-years of exposure
has thus been accumulated, snd this figure
can be divided by the approximately 130
cases of lung ancer with asbestosis re-
poried during the 20-vcar period. This
gives a rate of 15 per 100,000, which is at
least indicative that any lung ancer rate
which can be alculated for workers ex-
posed to asbestos dust is not much greater
than that for the unexposed population.

Comgarison Bemucen Eignt Counties Ad-
jocens 10 the Asdes:os-Preducing Areas and
-Eigrt Selceted Countics.—To compare lung
cancer mortality rates in the counties sur-
rounding the asbestos-producing areas with
another group of counties in which no as-
bestos miners are likely 1o reside, the rates
were computed on the basis of fgures for
the vears 1930 :hrough 1955. The eignt
counties selected [or comparison were Are
genteuil, Chateaugay. Monimagny. -Port-
neuf,  Richlieu, . Rivieredu-loop, St
Hyacinthe. and Terrebonne, mainly because
they represent 3 wide geographic distribu-
tion throughout the Province. The counties
selected because of their proximity to the
asbestos mines include Arthabaska, Beauce.
Drummond. Frontenac. Megantic. Rich-
mond, Sherbrooke, and Wolle. Table 22
shows the number of lung cancer deaths
for thz years 1950 through 1935 for each
of these counties, and a mortality rate,
based an the adult male population in 1952,
To emphasize the comparison, Megantic
County has been shown separately, as has
the Provinte of Quebec and also the Provs
ince with the eight “asbestos-producing”
counties subtracted. Because of it$ unique -
lung cancer death rate, Montreal et Isle de
Jesus has also been listed in order to provide
{urther comparison.

ft is appuacan Jrum ne udle that the
fung cancer death rate for the eight counties
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immediately surrounding the ssbestos-pro-
.ducing areas is practically identical with that

suggesiive of cancer of the hg and in-
cuded such diagnoses as mediastinal

ol cight counties sdected for parison.
While Megantic County has a rate -nearly
twite that of the combined eight seiected
counties, it is lower than the rate for the
Provioce, and considerably lower than the
rate for Mantzeal. The figure for Moniraal
would certainiy be higher éxcept for the
very low nwmnbers of deats reported for
1950 and 1951, and it would appear that
n those years some error in reporting has
undoubtedly been made. On the basis of the
other years, 1950 and 1931 deaths would be
expected 10 be about 260 greater. This
would result in a rate of 40 per 100.000.

The only possible conchusion from this
comparison is that there is no evidence that
the persons who five and work in the coun-
ties surrounding and adjacent to the as-
benos-producing atrat have any gueates
incidence of lung cancer than those who
five elsewhere in the Province,

Comsment ou All Recorded Lung Concer
Cases, Lizing and Deod, emong the Asbes-
10s Miners.—Although 2 simple enumers-
tion of all the known or suspected cases of
cancer of the lungy in these areas hag no
particolar valve from a suatistical poine ol
view, it it of interest 10 summarize guch
cases for the record, There were nine deaths
prior to the beginning of the time period
covered by the study, including ane in which
the diagnosis was mediastinal lymphosar-
coma, During the period covered by this
invewigation, there were nine proved cases
and three suspected cases in the cohort.
Through 1956 and o date in 1957, there
were cight deatha, 3ix of which were merely

Browe-Trvan

lymphosar . ihelioma, cancer of the
teg with mretastases to tung, abscess of lung,
and ancer of the pancreas. Qne other was
diagnosed on the basis of x-ray only. In
addition. there are now living four ases in
which the diagnestic evidence is strongly
suggestive of lung cincer. This is a total of
3 aases of all wpes, including 10 “sus-
pected” but unproved aases. and 4 that are
still living. The remaining 19 contitute the
total of proved cases of cancer of the lung
among the asbestos miners since 1940,

The proved cases averaged 59 vears of
age at death, and varied between 37 yeacs
and 68 years. Their working span covered
periods varying from & minmimum of 14
yaans 10 2 maximer of 37 years. Oniy
three men had less than 25 years of em-
ployment in the industry. Seven ameng
those on whom such isformauion is avail-
able lad a weighted exposure placing them
in Category I1I, and six worked in an
exposure represented by Category 1.

There were only 17 among these proved
lung aanter cases in which we have in-
formation regarding the presence of as-
bestosis.” Asbestosis was present in nine.
although it was minimal in two. Two path-
ologists disagreed regarding its presence in
another. At least seven of the 19 proved

.hung ancers, therefore, were not accom-

anied by asbesiosis.

Summary and Conclusions

Tnierest m the question of whether there
may be an association between lung cancer
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and exposure to asbestos has been evident
since the report in 1933 by Lynch and Smith
of a aase in which lung cancer and ssbes-
tasis were both present. As additional cases
in which the two discases coexisted were
teponed, a3 causal association appears to
have been gradually accepted by many
authors, although some workers considered
the correlation o be incondlusive. The pres-
ent study was undertaken in an effort to de-
termtine whether 3 causal reladionship did,

in fact, exist berween exposure to asbestos.

and ancer of the lung.

Sincz most arlier studies had been
fimited to ing the lung Cancers
found in cernain selected samples, such as
Cases coming to autopsy Or death certificates
in which asbestosis was mentioned. it was
apparent thar they could not fulfill the re-
Quir ts of an epidemiclogial and ste-
tistical approach to the problem. The
present study was. therefore, designed to
mees the requirements of this method.

Alter 3 preliminary survey to explore the
avajlsbility of refiable iniormation. data
were gathered on workers in the asbestos
mines in Quebeg, based on their medical
records. A cohort was defined as 3 group
of asbestos miners having at least five years
of exposure and who were in the industry
in 1950, Datas relative to their characteristics
were collected and their status at the end
of a six-vear period of obsenvation was de-
termined. In the case of those who had

. died, 3n cxhaustire search of death certif-

iates and insurance records was carried out
in order to determine as nearly as possible
the oxaca ause of dath. Mortlity rates
{1am lung cancer {or the general population
of the Province of Quebec and its various
counties and for the Dominign of Canada,
33 well a3 the United States were calculated
f{rom smatisticy collected in the appropriate
places. Comparisons of the rates obtained
for asbesios workers and for the other popu-
lation groups were made according to ace
cepted statistical methods.

Records werse chusined on 6091 persans
who fulfilled the criteria of the cohort. It

650
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was not possilile to trace 133 of these for
the whole period. but 5771 of the remaining
§938 were found to be still living in 1953
or Yater. Of the 167 known dead, cancer
of the lung was considered to have been
rasonably proved in 9 and to be strongfy
suggested in 3.

The members of the cohort wese studied
with respect to age, length of employment.
a weighted average of their exposure, and
their smoling habits. 1t was found that

4673 were smokers within the definition of _

that term 3s used in this study. Thirty-four
per cent of the cohort were more than 45
yaars of age, and thiry per cent had been
employed for longer than 20 years. Thimy
per cent had a weighied exposure which

placed them in the category of highest ex-
posvre.

The mortality rite for lung cancer, 33
computed on the basis ol nine “proved™
deaths among the cohort was 25.3 per 100.-
000. \When the three “suspected”’ cases were
added. the “total” raie for the cohort rose
o 338. The imporante of the suspected
but unproved cases in determining. these
rates has been reiterated because it is likely
that such cases would not be included in
the statistics for the general population and
because they influence the results so mark-
ediy.

According to the findings in this study,
the mortality rate from lung cancer does
not appear 10 incredse with length of ex-
posure or with degree of exposure, 8 fact
which presents strong evidence against the
Qrcinogenicity of asbestos.

Comparison of the expérience among the
asbestos miners with that of various seg-
ments of the unexposed, comparable popu-
faticn shows that the observed number of
daaths 3mong the mincrs is not significanty

greater than the expected number. The rate -

for proved cases among the asbestos miners
(25.3 per 100,000) compares wef] with the
rate of 22.5 per 100.000 for the rest of the
Province, ~~d 202 --. 100.000 for adult
males throughout the Dominion of Canada.
It also compares satisfaciorily with rates
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of 37.2, 25.3, and 28.0 cbtained from various
sources for adult males in the United S:ates.
Finally, in this matter of companison, it
would appear that the workd-wide experience
ol persons exposed to asbestos dust is not
worse with respect to lung cancer than that
of the unexposed population.

The counties surrounding the asbestos-
producing areas, in which it is presumed
most of the asbestos miners live, have al-
most identical morality rates with those of
eight counties widely scatiered through the
Province. and are lower than those for <he
remainder oi the Province, and much lower
than the rate for Montreal .

Since 1940 there have been 19 cases in
which the diagnosis of primary cancer of
the tung may be considered to have been
proved. Appreximateiy hali of these cases
werc associated with asbestosisr All but one
died in the recognized “cancer-age™ and at
least one-third had only the lightest ex-
posure ( Category 11 10 asbesios dust.

On the basis oi what are believed to be
complete and reliable dawa, it seems fair o
conclude that the asbesios miners in the
Provinte of Quebes do not have a signif-
icantly higher death rate {rom lung cancer
than do conmparable segments of the general
population.

Furthennore. the death rate from lung
cancer in the areas contiguous 10 the asbes-
tos operatiuns is comparable to that in areas

" widely tcattered throughout the Province of
Quebec and is lower than in some urban- -

ized areas within the Province.
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An Epidcmiologic_al Study of
' Lung Cancer in Asbestos Miners

DANIIL C. BHAUN, M.D, snd V. DAVID TRUAN, M.A, Pittsburgh

Ever since the pruneunced increase in

~he incidewe of lung cancer amony arles

baame apjuarent, there have bieen attempas

to associate it with one or amnther of the.

varioug elements in the envitonmcat of
man. The approach nsed by ssaue workers
fias ‘Leen o susnct one o soveral sub-
stances aml then sct abaut in an iatensive
‘search for fung caucer among persons whe
have had any expasure to thoese materials.
{n this connection, Smith ™ writes: “The
tendeney of authars reposting the coluci-
dental occurrence of primary lung cancer
with silicosis or with any other theoretical

.etiologic conditions, has been tn emphasize

the percentage relationship in extrenwdy
small series of cases, with control citses
which are not in any way congparable.”

Tt would seem incvitalde that  asbestos
shaudd oo wisler seruting in this akaiwr,
Guause preafongoed exposure o this materiad
is known to cause a specific type of pneu-
meconiosis, aml because persons who show
this form of pucmoconiosis often come to
awtopsy and provide 37 ready source of
witerial foe study, Tt was in this way that

_eeports of the simultancous oocurrence of

lung cancer and asbestosis began to accu-
mulate after the report of a case by Lynch
and Saiith *® in 1935, \Within the next 10
years, about 15 additional cases were re-
ported, and in 1934 Merewether ¢ geviewed

all deaths from asbestusis recosded in Fag-

land since March, 1924, lamg cancer ox-
curred in 16% of these cases.  Glayne!!

Accepted for pulilication Jaa 20, 1938,

This study’ was made possible theeuglh 2 graa
from the Quichee Astestos Mining Association,

Madical Directur {Dr. Nramn) zmd  Statistical

Consaltant (Mr, Traan),  fudisesing Uygivie
Fuunlaltivn,
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whose work is also feequently referred 1o
as establishing a conncetion between ag..
tosis and cancer of the lung, reparted in
1951 that cncer of the lung was presem
w196 of asbestosis cases examined by
hin i 1941, Nonbzon aed Sorge s
clhimed to have praduced lung cancer in
wice which they exprnal © ashestos dy.,

Since 1931, additional cases of cancer «f

the lung | coexisting with  asbestosis haye

beva reportal, and, acconding to Hueper »
about 100 such cases had been reported upe
to 1955. As a result, an association betweey
the two discases appears to have been 3.
cepted by many authory, and several writere
were using the ternn “ashestosis cancer” of
the lung. Werbier™ in 1932, stated cage-
gorically that in 7€2 to 1760 af cases of
asbrestasis, after a0 bitent puerined af abey

194 o X0 years, carcinons bovames esale

(isficd @ the ung.

Oa the other haul, not all authors 3.
cepted “this alleged  association  withow
reservation. Sawpwe * in 1939 reported tha
he had discavercd vo cases of lung aneer
anng G20 qises ol asbestosis which he
had examined; and in 1942, Holleb 259
Angrist ** cxpressed the -opinion that the
nunber of @ses of asbestosis with lung
cancer was too suall for statistical evalyy.
tion. In 1947, \Wegelius ™ reported 126
radialagically dingnosed cases of asbestngis
among 476 warkers in Finland, and found
an cases of lung cncer in this group,
Goldblatt and Goldblatt in their soction of
Merewether's Latest bank,** state: “But g
no stage in all these impressive rescarches
was any clue obtained which wight have
offerad any sapport e possibility thy
asbrestos could act as a earcimngen. Thepe
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T IArNG CANCER IX ANSBENTON MINERS
- % o refiable eriterion by which one o
- Agticipate carcinogenicity and, asx is well
. wn, relatively miovute changes in the
*#3ucture of a chemical carcinogen are suth-
“{xut to diminish ar climinate carciogenic
Y I asbestns is indeod o e regarndod as a
“dhranogen, the newd is fell to demomstrae
L. we property which cun In regarded as
ferred 1n ething more than incrtuess.”
en ashes. ¢ These authors advance the theory that,
jo0rted §, jotil some miore experimetal evidence i
3 present aarcinogenesis. by asbestos or a de-
nined by G position product of it (an be obtincd,
Sorge tos might be considered as a *“cocar-
ancer in n"” which only induces a further de-

d08 du,;, plopment of a prencoplastic  comlitian
Jrought about by somcthing indepenutent of
asbestos, such as an endogenous factor,

{UE]\er s | Thus the literature. while tending ta -
wrted y, fort the thesis that asbestosis is i sonw
1 between 33y related. to the develypiment of fung
been ac. #pocer, is by no means unanimous.  Alto-
U Writere -Jcther, it is perhaps more confusing than
- wicer” of ghtening. A careful review shows that
ted cate. majority of the reports are clinical and
cases of epidemiological. They lack nany cle-
of aboy, pents necessary for the application  of
€3 estab. “Yoidemiologival tevhuinues 1o their coatent,
T Jud most of the authors du nut make ctaim
dlm!; ac. TP baving done so. \What has happered is
without + succeeding authors have drawn conclu-

and gencralized beyond the scupe of
works which they quuie. Nowhere, for

:,gh‘:ncﬁ' mple, have we found references 10 a
dled anc; pulation of asbestos workers, although
that the | cral authors who have quo(‘ed the ob-
ith luge Jorved incidence of lung cancer in autopsies
1 Muj {f persons who also had ashestosis wmply
ried 3o Pot this incidence applics to asbestos work-
'Sbtstosi: ks, generally. We have lxk'ewn.Ge been
ol foun;l le to find any study which acrually
s “grouy, cutated the incidence of lung cancer
sction o(' g a population of persons who had
“Bug a1 bestosis, ax}d not just (ho.sc who came to
ssearches stopsy. With the exception of a gaper

y Doll,* none of those reviewal gave any
‘on expusure .antd dust concentrations,
even Pull's yapree werely  mications

“schodulad”  arens, By which is meam,
“thuse ares where processes are carriad on
which were scheduled winder the Asbestos
Industry Regulations of 1931 as. being
dusty.”

There is, furthermwee, o complete tack
of definition of tenns as used in the pub-

lished literature. For exangle, the teom

“asbestusis,” as usod, nay refer o clanges
observable only by wticruscopic examination
af the fng tissue, or it pay mean a nudio-
lagically detectable conudition,

Most of the publishal reports obviously
inchuled women amang  their cases, but
sane of them do unt give the nunber or
Ivopontion of wonren involved i the study.

There is also a fack of uniformity as to
what type of expasure most studies have
dealt with, Of 99 cases cnuneratid by
Hueprer * i 1955, auly 1) appwear to have
originated in the United States, and 7 in
Canada. Some of the cardier reports ap-
parently included asbestos miners, but it
can be assumed, since 82 of the 99 cases
had originated in England, amt since no
asbestos mining operations are carricd on
in that country, that mnst of the reported
cases have involved wurkers in the textile
or fabricating industrics,

Such factors as smwking habits, family
history of cancer, length of time in the

industry, and age of the individual case are-

also notably absent in the majority of these
feports.

With this understanding of the limita-
tious of the existing literature with respect
to epidemiological genvralization, it may be
of value to consider in soincwhat more de-
tail some representative carlicr publications,
a few of which were referred to briefly
above,

One of the most detailed studics and one
which deserves the must serious considera-
tiom is that reported by Doll 3 in 1955,
This study reviews cavses of denth amemgg
asbestos workers bused on coroners’ ree-
ords. 1t also atteripls to estimate the risk
hy sunlying records of pen who worked
fur at kast 20 years i exposed situations.
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Dol concludal that lungg caneer was & ane
citic anlustriad azard of certain astwestos
workers aml that, after 20 yuears of.expo-
sure, the risk is 10 times az grea as for

*the geavral poputation,

This anticle is mpontan for several va
sems, in ashlition ta the definite conelusions
at which it arvives. For example, it lgins
by stating that "in view of the in(requency
of asbestosis, this large number of cases
(61 cases of lung cancer) stygrests—-but
dis nut prove -det luygg cancer s an

occupational hazard of asastos workers.”
Neither this article ner any previcus one

which we have examined presents any fig

ures to prove that asbestasis is an infre-

(uent OUCurTenee. Fstimates of the number
of persons potentially exposed to asbestos
dust in the United States atone vary from
10,000 (o 33,000, and the ncidence of as-

bestosis of any degree might be higher thaw

Dull imagines.

This stucly, like so many athers, involves
autopsy records. The mmmber of persons
involved in the statistical amalysis is only
113, representing enly 1JH2.25 man-years
of life. 1t is also true that in selecting sen
who hat been emplovad for at east pit}
yoars, the  stwly autennativally  excluded

those whu divd from uther causes after -

shorter cmployment.

Aunother rasan why this publication is
of hupurtance is a sateawnt which it con-
tains to the effixt that “the strompest evi-
dence that it {lung cuteer) aay be a hazard
¢in asbestos workers) has been prrostuced
by Mercwether and by Gloyne.”

In 1931 Gloyne®* presented a review
of 1205 autopsics on persons who had
warked in various dusty occupations, This
number included 132 asbestos warkers, of
wham 120 shewed “preumincaniosis’—- pre-
sumalily astastosis. Primary cancer of the
tung occurred 17 times in (his group, an

incidence mte of 1416 for g cmeer”

among asbestasis cases coming to aulapsy.
There were i his serics 706 cases with sili-
cosis, and 6.9 of these also showed pri-
niary cancer of the lung. The incidence of

636
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hlllL' e e ther formns ol fertettiuniGe
sis was 67%, aml o WM qises which
proved ot (o have any type of pacumo-
cuniosis it was BI%%. Gloyne emidera)
“the morality of the ashestos warkens™
e “disturbing.” Fiest of ll, it is cbvigu.
that the paper does not deal with the “mor.
tlity of astaestos workers,”™ il <evondly
it most Lo borue in mind that all of D,
Gloyme's cases were subsitted o him for
study becnuse the lings were unusial
fur weomplivated prewmoconiosis. " Tt ag
reasomably be assumed that cases, including
those of asbestosis, In which the finding.
were not comsidered unusicd were ot sem
o e, Gloyne for examimation, As 2 ma
tor of fact, in the rame paragragls in whick
he expresses concern over the incidence
rate i ashestosis, Do Glovie himself
poimts ot that the rde for lung caness
based o necropsics at the London Chent
Huspital was 21.3% while the Agures of

.the Registrar-General showed only 2.4,

He thus recognized that autopsics on a cer.
tain selected grmup of cases were not rep-
resentative of the gponerad population,
waull secrn, then, that mtwithstanding the
vidue of D, Glogne's work, ils ingartanee
ax an index of the prevalence of luag can.
cer in ashestalics has boen wisinterpreted
by sume who have quoted him. Al that it
really shows is the fact that in a group of
121 s, solevtad fur speciat study pri.
marily because they seaued abnornad by
preliminary examination. 17, or T41%, hag
lung cander.

Merewether 7 in 1947, i the report of
the Chief Inspector of Facturics, reviewed
all cases reported between 1924 and 1946
in which aslwstosis was the cause of death
or a cuexisting condition.  This work wac
fiter estendad to inclde all sucly cases re.
ported ap to Dveentdier, 1954, by which time
there were 34 deaths, including 205 males
and 139 fanales,  Amang than were 53
cases (165¢) of cancer af the lung, 41 iy
nrdes and Hin fenudes, 10 s quite possible
that a Liegee smunbee of wslastativs who did
it e of ll_u-ir ashestosiz, or in whoge

Ial. 17, June, 13v
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th cerificate it was nol awntionsl, sy
ve been migsed, The import of this 165
enhanced by the simultancous statement
t the incidence of lung cancer in autop-
Sies of the geuerl popultion is unly 1%,
¢ danger of attenpting to cumpare a
te found in 344 cases with the rate fur
general pupulatiun withuut respect o
. occupation, and many other variables,
h as smoking habity, is ebvious!
Lynch,”® who with Smith ® had reported
fiest case in 1935, noported 4 cses of
drcinoma of the lung in a series of 49
opsies on workers in an asliestos manu-
uring plant who were showu to have
demonstrable deposits of asbestos in the
mgs. This. of course, is i nccessarily

Fncal with the disease asbestosis. Tyuch,

scif, points out that, althaugh this is an
deidence of 8.2%, “huth fiires are ton
inall for very serious statistical (ypes of
lation.” Nevertheless, tater writers
Jave used this paper to strengthen the case
for an association of carcinoma of the lung
E:‘asbestosis. It is also of interest that
€ found only the sume number of
ises of lung cancer in a series nearly 10
ines as large, i e, 4 in 478 cases of

cstosts,
t;chmu, as cited by Merewether, esti-
ted that, of 309 cases of asbestosis in the
t:nlure, 44 showed assnciated cancer of
lung—giving an incidence of 14.2%.
Y1is is an illustration of generalizing an
idence obtained in a group of cascs
hich were undoubtedly reported only be-
¢ some of them showed lung cancer, to
ibly hundreds of asbestotics .whose
s were never rcported. The same ap-
ifes to the conclusion of Teleky® who
{pears to have reviewel reports of 39
Jopsics on persons with asbestosis anong
hich 6 cases of lung cancer occurred. In-
hrmation from sources such as these does
ot justify generalizations with regard to

lortality rates,

Perhaps uo one has wrilten xo exten-
wly on the subject as s Hlueper 3399
y 1955 he reviewed the cases 3 reported

busn—T ruan

prioe to that e amd cumnentad a total
of 99. Lleven of these were those dis-
cussed by Doll ** and may have been cases
covered hy ather authors, Fight were dis-
covered by Kennaway amd Kennaway 2 in
an analysis of death certificates, and, unless
Merewether's study was incomplete, these
cases shiould have been included in his re-
port. Of the remaining 80, it is quite pos-
sible that the 31 cantributed by Mercwether
and the 17 by Gloyue contain some duplica-
tion with each other or with those of other
I‘.nghsh authors.

Prlnclples of the prdemmlog\cal
Mecthod

Dorn # has pointed out that much of what
is now thought 10 Le pertinent cuncerning
the comparative frequency of lung caneer
in different population geoups has been de-
veloped frum (he aualysis of clinical -
terial, particulasly surgical and autopsy
records, supplemented to some extent by
the reported impressions—of various clini-
cians based upon their personal observa-
tions.. More recemly, however, attention
has turncd to the systematic investiga-

-tion of this prablem by the same methods

that have proved so successful proviously in
the study of communicable diseases, that is
to say, by epidemiological methods.

In onler to apply this mcthod of investi-
gation to the problem under discussion, we
were of the opinion that a study should be
planned 50 as to provide (1) a wcil-defined
population group; (2) available data for all
members of this population, including the
healthy as well as the dll;
which is truly representative of the popula-
tion; (4) rcliable and valid observations
relating 1o the problem of the study.

A serious defect, connnon to most of the
studies which have been reparted, is that
linle or-no information conceming the
healthy people in the group scems to have
begn availabie to the author. Tn arder to
deaw a generalization repsirding all ashestos

“warkers, it Is necessary for a stuldy to in-

clude living persons as well as the dead.
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Limiting the investigation to cises onning

- to autopsy, as has buen feeyuently done iu

earlier studies, still further restricts ils usc
in generalization. The problem with which
we  are whether

concermsl s ashestus

_miners experience more lung. cancer than

docs the general pupulation. The answer
necessitates the cullection of reliable infor-
mation on ashestos miners as a group, as
well as on the general population,

It seems advisable to discuss the differ-
ences between the cpidemiological appraach
and that used in the studics which have
been reparted o date. A very important
cmsideration is the fact that lang caneer,
in spite of its increasing numibers, is still a
disease of low incidence; that is.-in a given
population not many persons will contract

“this particular discase, This fact requires
that farge samples or groups must be stud-

vl to provile weaningful nesalts,
Recoguizing the difficulty of obtaining
such large samples, most carlicr writers

_deviated from the epidemialogical method

and sought to circamvent the reguircoment
of observing well persans by (1) cnnpar-
ing the relutive [requency of cancer in vari-
(2) comparing  the  eelative
frequency of cancer iu a group of bospital-
ized patients: (3) comparmg the relative
frequency of ‘cancer in a group of cases

ous -siles:

‘coming to autopsy.

CAttempling to compare two  population
groups, Inoking only #&t the relative fre-
quency of cancer in various baily  sites,
nay result in finding a higher percentage

* (relative frequency) in one of the groups,

when, in fact, the mortality rate of cancer
of a particular organ is cxaaly the same
in both groups, This is very clearly dem-
onstrated in the exeellent artide by Dorn®
The mortality mte from a padicular cuse
Is the true mesure of comparisan,

It is apparent that schected groups such
as hospitalizeil patients or autopsy cnses
may not be in any way representative of
a larger group, and tad i dealing with
such samples, the observer may casily findl
muce cases of a given discase than would

AW
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Ine found in anuther group of the same size,
but representative of the general populating,
At is true that investigation of cases from
suwch a sample can fumish information
vaduable fur rescarch, hut the use of ghis
imformation in drawing gencralizations i«
necessarily restricted, It is the ubligation
of both the investigntor and of those ‘who
read his report to make proper comiparisans
and to draw only those conclusions which
are valid and justifl. A guad statistical
study of cases of cancer of ‘the lung oceus-
ring in a group of autopsies can lead (o 5
proper inference concerning the frequency
ul Tung cancer umemg Qs coming 1o
autopsy, but anly to such cases. For in.
formation from such a study to be pre.
jected ta some larger group, it is necessapy
that the autopsics represent a pood suup[:.
of that larger group. To asswiiie that such
is; the case in any particular serics s dan.
gerous and likely to be false.

There is some danger that the figures
reported by some authors may be miscon.
strued as applying to ashestox warkers o
even ashestos miners, when, in fact, (he
authors in question do not make this gen.

eratization, nor cane the generalization by
ade for the reasens stated. Close study of
the reports reveals that the percentngey
cited relate only to 1he group of autopsics
covered by the particular im'cslign_ximn, )

The present studdy, in contrast to the
carlier works, has been planned to utifize
the epidemickgieal wethol, A well-defingg
group of asbestos winers has been esihy- |
lishad in such 2 way that it constitutes 5
gowd sxample of the whele population «f
asbestos miners in Quebne. Data for al
muembers of this group have been collecteg
amt analyzal. These cuncerning lung can-
cer have reecived nust careful considery.
Vi, Details uf the acthods enployed wil)
b set forth kater, but the type of approach
is consitleral o pennit of fair comparisany
and valid generalizations,

v Collection and Analysis of Data

A preliminary stirvey of potential sourees
of information in Februaey, 1936, involved
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mrte au.-

gscus:mu; with the ph)xid’ulu in clarge
lpulaﬁon

the asbustos . companivs’ programs and
ses. from Bith clinicians, pathologists, representatives
ormation ;l City and Provincial health departments

- of this ‘;nl of the Canadian Canecer Soriety, il
\tions s | Yher intervsted persons. Tt was found tha
bligation Lorbidity data, although somuewhat limital,
ose who I available from such soarces as the
parisons _‘Clnmls in .\lmurw:.d amil Qnd:‘n City, and
s which | 13 cancer detection centees in (.lw Urox-
atistin] However, bucause of the high wor-

b depend upon data relating to deaths,
- we found to b oluainatle at the
aing to - $2a) statistics dpartment of he Minisiry

For.-in.:: Halth in Quebee City, From the pre-
© U Rpinary survey, it was apqarent that exten-

be- P"' re and detailed information could be

sampe 'uhercd with respect to both the persons

at such ployed in the asbusts wining fndustey

“is dan-; 1 (hc: mortality figures for the general
;. gopulation,

ﬁslltts Following this exploratory survey, the

miscon... fitial effort was directed to the collectian

kers :; ; data refating o all wockeer who had
wt, the & processed through the clinic at Thet-
is gen- “ord Mines since its inception in 1947, and
ion e - ;nuhr infornmtinn regacding L) workers
udy of | Ashestos, Que. Data fnam the clinical
entagey rds inciuded the age, family and per-

dtopsies . 1" medical histories, smoking habits,
cs .

won, wmber of ywars of cxposure, an ustimate
to the § Weighted cxpozure, and the course of
utilize . individual’s health status or the cause

efined “§ bis deah,

estab- 4 : From this infarmation - it was passible
‘utes g _p formulate a “cohort™ which could be well
ion of 'pined, should be representative of the

" for al ;:holc group, aud could be followed for a
dlecteq - kfinite period of time. Alf of the available

g Gan- 'm-ncc indicates that the development

idera. nhcsto».ls in less than five yoars of ex-

d ‘will uru must be somewhat rare. Accord-

3r0ach , the cohort was defined as including
‘ nsom y miner who had a total exposure of
i or more years, and who was an the
‘ Taployment rolls in 1950. Office and uther
K rexposed persanacl, regaediess of hngale
l- nurces employment, were aot includal. This

s0fved o4

. 1088 | raun—Truan
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duy in lung cancer, it acmed advisable

..

cuhort was then fullowed -hy awans of the
annual - physical  examination  reconds
through o six-year wterval, 1950 theough
1955, Al dutn regantinge his group wiere
then tabubiad in onder 1o detenuine the
churicteristics of the cohort. For, those who
survived the entire perind, reference was
neude o the physical examintion resulls
and x-ray findings at the end of the periwl.
Thase who had dicd were tabulated sepa-
mtedy, and the cse of death  was
curruburated by exauminative of the death
certificates, ” A further scarch was made
camcerning thase in the original cahart wha
reniings) wrwcomwtel for when the living
and the known dead had been tabulated.
They represent men who had left anploy-
ment through retirement or  resignation.
Fventuaily, all but a suall nuwnber of these
were aweswted for as cither living or dead,
and in the latter event, the cause of death

was substantiated in a similar manner, and-

the results added to the original list of
deaths, —_

Death certificates for the Pravince of
Qucbee for the years 1952 to 1935, inclu-
sive, were reviewed in the departiment of
vital “statistics of the Provincial Health
Ministey, together  with  statistical  sui-
marics of the causes of deaths in the Prov-
ince by countics. All cases in which death
was certificd as having been due to pri-
mary cancer of the lung were examined for
such information as place of residence,
uecupation, fate of deab, bogpital in which
death occurred, and whether or not an
autopsy was performed. Cases in which
lung cancer was given as a cause of death,
but in which it was not specified as to
whether the cancer originawed it the lung,
were also reviewed in an cffort (o include
alt instances of primary carcinoma of the
lung in the study. )

The statistics for the Province of Qucbec
relate (o population, total deaths fromy all
causes, total deaths frum cancer of all types,
and deaths’ from lung cancer, These were
cullected sl tbulated by coutities and by
sex for the years 1930 to 1955, inclusive.

AM“

M mme e e s s e

e -
i s

- i s o c—

P pesee

0 G- gy -

P ——- ey ¢

.ee

v o ——

iy

bt 4

BRI TR

o

[t Tl




e

e

s opmpe
-
g

-~

.

e gt m e
R ORI

wr rmerrr— T

TR

By e

TR R Y

B &“. N

4

.
-4

_ chare of the madical services.

A M

From them, death rates for e geneeal
populntion of Quebve amd of individual
counties were clculated fur spuvific years
and analyzed by cause. )

Practically all employecs of ane enmpany

are covered by a group policy of life insur-,
ance which, fortunately, searly all of then
continue to carey wien they retire, A\ very
few are not cuvercd by this policy, and

. those who leave the industry for one reason

or another except retiremient usually are
no longer covercd, but this is likewise a
small aumber. As an additional check upon
the infornmation abtained from the clinical
recunds ou this grap,
life insurance company were exawined for
all death claims paid under the palicy, and
particul:w natice was taken of the clims
in which the proof nf death was bnsm! on
cincer of the lung.

Deaths from lung cancer among ashestos
miners were thus determined from  the
clinical records in the medical service of the
industry and checked by means of the death
certificates and insurance camipany records,
The deaths were then verified individually
by reviewing them with the physicians in
o this mau-
avr, there was established o list of vases in
which primary cancer of the lung is con-
sidered to have been proved as the cause of
death, A few cases v which lung canecer is
strangly suspected Lt nat proved as the
wuse of death were considered separately.
Mortality eates have been ealeulated using
both the “proved” nd the total of “proved”
and “suspected” cases during the vears un-
der observation,  Comparisons were then
made between the death rates from the same
cause antong sgrvific segments of unexposed
persons.  All lung cancer  deaths, bath
suspevted and provial, were carefully ana-
lyzed to determine possible relationship or
corcelations  between the  develupment  of
lung cancer and any Gactor known from the
clinical records, such ax family history of
cancer, persomal history of heavy smwking,
caexistetee of sbestosis, or ‘qmsur\' m
ashestos,

640
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A ARCHIVEN QF INDUSTRIAL HEALTY

Yir addition (o this analysis of deaths cc.

curring in the wulwret and during the years:

under ubscrvation, every known death from

" concer of the lung, as well as every ease

diagnienent but sill living, has been Gilhualagas
and amalyzed. They will be discussed separ.
ately (eonn those included in the population
and luw:-murnl under study,

A comparison of lung cancer moartatiy
in the a<bcslns-pmducmg countics has boen
made with that in countics which are far
remioved  from the asbestos mines and jp
which, presumably, no asbestos miners live,

Fiadly, in order to bruaden the compari.
san of death rtes in different - population
groups, the rates have been collected for
Canada generally, and for the United Stz
acconding to the most reeent publishal ang
unpublished aateral. |

Results and Interpretation

The cubhort which was constructed accorg.
ing to the criteria described in the preceding
scction has been cansiderud individually ang
comparcdd  with —-the  general  pupulation,
Deseription of the cohurt will be presented
here as a preface to the results of the sudy .
hriging Cedwuq

ot

Vomd Pevman Dieboscten) us
Final Uobrt 5935
tinng o 393§ (working and reticed) I
Inad by §935 9
Cancee of lung ’

Qortitmalde canrer of luny 3
dey e 1)
Usloown causes

- Sanders P ‘1:
Nedreamlets .28
Ualiwma h.l

Tables 1. 2, 3, and 4 present age, numbey

of vears of unpluyuum weighted average
expasure, and smnking habits of the cohar,

A comparizon of the exposure to aslhesios
dust is presented in Table 3. AR membierg
of the cohort were placed in one of theee
catgories, aopresenting increasing degrees
of exposure basal an a \\ughml average
of the years spent at various Kvels of
dustiness. The legree of dustiness for e
job categrory was determined aftee consyly.
tian with geesons familine with the ciwipon.
vt awl conditions i e various work

ol 17, Tune, sp

LUNG CaN

fastr L—=XN

(akanwn,..
Totals....
ASeMUEE Age... ...
JS R

* Lo than0.l'

Jareas. For .
assunption !
ship betweer
that Categn:
Category 1L
gory .

TABLE .l.—-.\_'
_-—,—:'_—-—_-‘_':

Repumiere
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been tabulated

¢ the compari- 4
nt population

NG CANCER IN ASBESTOS MINERS

ruut L—Number and l'ercemtuge Distribution
by Age

.

Tante. Z—Numlw and Lercentaye istributiom ln
Length of Employment

Number - Per Cont

81 w522

ireas. For the purposes of caleulation, the
umption has been made that the relation-
thip between ‘these categories is linear, and
t Category I is twice as dusty, and
Category III three times as dusty as Cate-

Yory 1.

by Exposrure Cutegory

published am"{l‘nu d~Number and Percentage Distridution

Length of -
F.mployment Number Ier Cent
1703 »n
2.3 40
w s -
@3 10
" E N
-8 [
L | ARs 10
Avarsgs years of employment...... 18 :

ually smoking mure than five cigarettes per ..
day. Persons who smoke pipes or cigars
exclusively were nat considered to be smok-
ers for the purpose-of this study.

Table 5 presents the year-by-year ex-
perience of the cohort and indicates the

Tacre 4~Number and Percemiage Distributiun
-by Smuhng Habits

tation ._"mm” Number  Per Cent
_— . . u
ructed accord- i b 8
the preceding 3 2
fividually and ] Ty al
{ population,
be prscmcdi Lass than 08%.
sof the study: § The fourth variable, smoking habits, was
~ S Yimilarly wbulated and is shown in Table
s958 3. This was included because the informa-
-3771 Jtion was available and because smoking was
": regarded as one of the varinbles which,
o desides the enviromment, cpuld concivably

¢ jnfluence the development of lung caucer.

fmoking

Hablts Number Per Cent

Now @ b

Uok 1 .
TOU e ceoaemaraneerens 3858 100

¢ Jess than 0.5%.

nuber of deaths cach year (o specified
causes. In geuen, a case was considered

to be “proved” as ouc of primary cancer

aof the lung when the records showed that

the diagnnsis had been supported by an
autopsy or surgical resection of the lung

‘with microscapic examination of the re- .

:.su sAs used in this preseatation, the twerm moved tissue, In vne case so consilered,
’z:i smoker refers to a cigarette smoker, habit-  however, diagnosis was confirmed by bron-
t age, number' s . )
-thted avers Tasie $.~Yeur-by-Year Expericnce of Cohart and Deuth Rates per 100000
i!e Man-Yeors of Risk
of the cohort, J=
re to ube“o’ . Couse of Denth
Na. AR
All mcnlbl:l’s At l‘:‘n ‘;u m %umul Other fan-Years
one of thrreim of Vear Co.vfling . Caofbune Caases Unknown of fitsk
: %0 S | 3 ) 1
sing degrees i : o i { e
thted average qm3 1 : ] ? 1al
as lcvels °(1 ... 3 v ] o HAP
ness for cach " 30 ™ I Bams
: l'tt:; cansultz. {-Proved” mte rer 100,00 o grurs of sisk = i's.'fn‘:T" s ' :
s the .
: e SOVITON- § 11 rute per 100,000 tman-years of risk= -#d
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Tasws 6—=Lroved” Cases of Peiiary Cancor of the Lung

Cams No. At * dwmoker Expsure Died Autapey Adlesionsy

' L] o3 26 yv.ta Cat. {1 10-12-84 Yes

3 o Yes iyt inCat, [ $= 348 Yes E:;

3 [ Yes Yy tatal FTRY No . Yo

N I Nes 31gr.tatat { e Ves e

3 [ Yo Tiye.tn Cat, 1) Al Yes Yo

s [ Yes Vyr.aCal iy ¢-30-33 Yes Yer

1 ] Yre 30 yr, tn Cat. 1T n-g s Yre 444

L4 n Yes myr.m(‘u..l Y Ve No

9 [ Yes 24 yr. i Cull )11 $- 5% yweack, Ne

. choscupy with visualization and bivpsy. In
another, although there was no autopsy. the
diagnosis of primary cancer of the luy
seems to have been bevand question.

The term “suspected” primary cancer of
the tung was applicd tn these enses in
which the diagnosis remains in doubt bwt
some of the evidence points to cancer of the
tung. There were three such cases,

The term “man-years of risk” has been

used to mcan the numbwr of men at risk
for the year under observation. A person
who lived throughout the year was countel
as 2 full man-year of risk, but one who died
during the year was counted as one-haif a
man-year,
- Deaths occurring in the cohort, and in
which lung cancer is considered o have
been proved as a cause, are shown in Table
6. In Table 7 are shown three deaths which
fuve been comsidered s “suspected™ lungg
cancer cases.

An indication of the importance of these
“suspected” cases in-interpreting the results
of the calculations is desimble before fur-
ther discussion of the minctality rates which
are derived in later Gililes, For example, it
happens that the rate (uud for the proved
cases 13 close to the “expectad” rate based
an the gencral population figures for the
Province, as will be shown later, and on
this basis we should find eight deaths from.
lung cancer among the cvhort.  Actually,
nine cascs were observed. If, however, the
3 additional “suspreted” cases were  in-
cluded, increasing this Ggure (0 12, the tatal

Tane 7.—"5“}’(:!-‘4" Priu

would - be very close to the 9359 leve]
of significance. [lawever, having found jug
12 cases, we are not above this levd, and
therefore the hypotheds that asbestos niners
do not have a higher mortality from lung
cancer than dovs the general population cap.
not be rejected. Neverthweless, the occys-
rence of 12 cases i this sample woulg
increase the mite 1o a pmint which approaches
the significant level. Because of the tee.
wwadous importance of the questivnable
cases in this respect, smne detail reganding
them will be given here,

In one of these cases, the suspicion of
cancer of the lung is based upon the x-ray
interpretation, and, although no autopsy wag
perfonmied. the death certificate indicates
that death was due 10 lung cancer. It i
well known that the x-ray appearance of
ibrosix, especiatly if 3 lowvalized density or
a superimposad tuberrbous Tesion s pres.
cat, cau simulate that of a tumor, and by
itself, does not justify the inclusinn of thig
case as e of “praved” cancer of the
hing. A accoml case was centificd as having
died by reason of hydmthorax, possilly (dye
0 lung cancer, but again there wag gy
surgery and wo pastmortem examination,
Tn the thin! case, although it was subjected
10 autopsy. twa [suthulayrists disagread as
whether lung cancer was present. The death
was certified as having been due to chronie
myocarditis with nephritis and pulmonary
congestion, aml possibly cancer of the Jung,
Ou the basis of these favts, it secws unwar.
ranted to include these three cases amaong

wary Cancer of the Lang

Csoe No. Ace Ramkee Exposure \‘ Pt Aulopsy Atbentosty
» Yer Ny Cat 111 Y 103310 No x
. 2 “ Yoo . fo Car. T y. & Vo ¥
3 L] Vey 12 yr. tn Cet. »-30-5% Nu ~No
—
62 Vol 17, June, 1932
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“poroved” instances of tung cancer. (i the

-

o= _gher hand, they canunat; in fairness, be dis-

stasty

—
v level
ad just
e, and
Miners

occur-

sgarded completely. It ix for this reason
t mortality rales have been caleulated
oth ways,
3 Table 8 gives the rates by age groups,
_% The rates by length of anphiyment are
£hown i Table 9. During the first 40) years
A employment, the rate rises, an nlscrva-
.gon which seents plausible since the men
“sere growing older. However, after 40
‘wars of exposure there are no “proved”
{ases reported for a total of 240 wmien dur-
g the six years, or about 1440 wman-ycars
I exposure. When the “suspected” cases
‘JYre added, one case does show up in this

Tame 8.—Lung Cuncer Dvaths by Age

" Tants, ".-.—l.mlu Camecr Doathe by lanyth

af Lwuployment

Nuder of Petrents amul Noudwr of Juay Cancer Beatls

lencth el
Enmployatent

olocvuws
Glo=su=o

Anmaal l..umsl

T lenzhiof

Faployient

Canger Death Rates per 100,000
an-Years of Expenure

1'roved Tota!

L

Ureralla...... PR

tt looﬁxuo
¢l e88Lwoa
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dicates that the members of the cohort
did not dic from lung cancer at & youuger

Graups
-8 Number of Persens and Numher of Lang Cancer Deaths
N No.of vuths
No. af
Persous 'roved Tota)
3908 3 1
LI ] 3
[JL] 3 3
N 4 8
3 [] Q
5938 ] ]

age than the geuneral population.

The rates by weighted exposure are
shown in Table 10, and it will bec noted
that they present strong evidence against
asbestos being a carcinogenic ageny, for. if
exposure to asbestos is in any way con-

'E
g8

Annual Lung Csncer Death Rates per 100,000
Man-Years of Exjusure

Jge Fruny ruved Tutal
4 B )
e 1 M
K-t 213 ]
X T S o 3
. k3 n

.}xy:riml. This would produce & mate of 69

$ no cer 10,000, again danunstrating the im-
tion. “fortance of these questionable. but un-
ected proved, cases to the final conclusion,
as to ‘hecause, if there were no cases in this
leath pumber of mien with long exposure, and if
ronic shestos is a carcinogenic agent, it must be
nary loncluded that these 240 men have demon-
lung. furated considerable resistance. This is a bio-
War- fpgical phenomenon which has becen observed
nong ireviously and is consistent with the theory
Nof an intrinsic or cndogenous factor in can-
== Aer. The only other explanation would be
I s (that the susceptible members of this age
i. ' group hid died earlice of lung cuseer. Taite
3 18, which appears later in this section, in- -
P
1958 lBraun—Truun

uected to lung cancer, we would expect that
the longer and haavier te expasure, the
higher the ratc that would be found. The
only possible error in this interpretation
could occur if the weighted exposures werc
" inversely related to ycars of cmploymens,

Tanr 10.—~Lung Cancer Deaths by Esposure

Cutegery
Number of Persons and Number of Lung Cancer Desthy
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Tasg W.~Number of Persuns in Variaus
Welghted Esposure Cutegories by
Length of Employment
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Tavtg 12—lung Cancer Death fur
Smokers and Nonsinokers

LUNG CANCER IN (15!

{ Task 18.~Number and 7

. of Smokers und .

WMN B3posure

Catsearies
tangth of Un-
Keployment 1 1 n known  Towl
+9 - e 450 ° .19
10-19 [ "3 S1 1 3,08
2029 314 3 303 2 (721
-39 EL ns 313 1
-4y n 7 a 1 [T
. 304 o« n o L
g . — — a— — am—
i Totats 43 - 212 1,773 8 8,058
. Aversgs yeany
d . Qlezpesure U7 114 e N0 118
th

~
-

in which case the heavicst weighted ex-
pasure (Category IIT) would show the
shortest length of cuplayment. Table 11,
which lists the number of persons in various
exposure categories by length of cmploy-
ment indicates that this crror has not oc-
curred. In fact, the average nuniber of years
bt of employment for cach expusure category
is almost identical.

Table 12, which develops the rates far
smokers and nonsmokers, is most striking.
! ) It shows that not a single case of lung

cancer developed among the 1265 non-

smokers and that all cases of lung cancer,

both “proved” and “suspected,” occurred in
smokers.

Talile 12 was s striking that it was felt

" that further verification was necessary, Tt

* was possible that some abnormal distribu-

* tion may have occurred, e.g., the non-

o
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Tasez 13.—Number and Percentosge Distribution
of Smokers and Nonsmakers by dpe Groups

Cxposure ¢
Nunther of Persons and Number of Lun, == A
by Sewding Habits ¥ Cascer Druty Nuymit.
. . -] Espuoure .
No. of Deathy Catepary Suwkery
—_—— .
Pursons Proved Towad e . :.‘;d
“n |4 1 1433
Uuknwn l.ﬂ; : 9 v,ntm'n.. -.
iy = 4 o, .eson 573
Totuls........ 3558 [] n ATeTACe eysure
X P10 1= Y Ed ]

Annual Lun, C:nm Death Rates 100
‘ { Exposure by \-n;hm Hab: 000 ManYan

No.oloum
—_—
) Proved Towl
e - u Q
it SER S
Overalle.eecieerrrcenees %
stnakers wiay have included a hrgu

percentage of young men. Consequently, ad-

ditionn! Tables, 13, 14, and 15 were con.

structed to show the distribution of snwkers
and nonsmokers by age, length of employ-
ment, and degree of exposure. Although
there are slight differences, they do not
account for the fact that all obServed cages
of lung cancer were in simokers. In resper
to age (Table 13) the combined averag:
age of the smokers was 4 9 years less than
that of the nonsuedkers. Table 14 shows
that as far as length of conployinent is con-

Taste 14—Number and Perecntage Distribution
of Smokers and Nvmsmokcrs by Lengih
of Employment

* lesa than Q3%
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3 .
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larger da.vmed, the smokers had wurkal alout 2.3
atly, ad- ‘m.rs less on the average than the nuu-
‘Te con- mokers. With longer exposure and greater
smokers §1g\r. onc would expoct the aonsmoking
employ- ~ Jroup to show 3 higher rate if lung cancer
lthougly sere due to asbestos. Table 15 shows that
do not -phe average exposurc category was almost
d cases fhe same for the two groups. Therefore,
respect jhis variable scems to be of no importance
avergoe %4 accounting fur this diffcrance.
> H - .. - -
ss than The rexult of this additional wnalysis is
shows  Bhat e of these factors appiaes o lessen
is con- 3 effect of Table 12

Camparison of the Colort Expericuce

" kath that of the Provinee of Quckbee, Da-

Aninion of Canade, and the (nited States.—
.da order to make a mmp.uri-'nn of the
(xlk'nﬂltc among asbestos miners with lh:ul

;b the general population of the rovinee of

J‘Queboc statistics were gatherul, as stated

‘.,af;rhc . in the oftice of the UDivision of

I
4

Denwggraphy in the Provincial Ministry of
Health, . The data on total deaths, deaths
~from all forms of aweer, and deaths From
cwneer o the lung were obfuinud by sex
and by camty {or the years 1950 lhmugh
1935, In mlnluu-n. all death certilivates

which specificd priviary eancer of the hang,

“and all those which jndicatel lung caucer
but did not specify the origin, were exam-
ined for the vears 1952 through 1953,

Table 16 gives a tabulation of the nuber
of deaths from lung cancer in the Proviuce
and in the eahort for the yenrs 1950 through
1935, and shows the amnual rate per 100,000
in these sigments. It will be noted from the
table that the mortality wte far the

“proved” cases in the cohort is only slightly
higher than the rmte for the [roviuce.
When the “susprcted” cases are included in
the caleulation, the sate for the cohort rises
W A38 per 000, which is about 50¢%
higher than the rate for the P'rovince. This,
it will be recalled from the previous dis-
cussion of the effect of the “suspected”
cases an the results, agiproaches but does
not exceed the significant level,

One further interesting observation from
Talle 16 is the rather marked increase in
the tatal nundner of ases for the Provinee
between 1950 and 1933, It is assumed that

at least part of this increase is due 1o im- -

proved revopuition amd reporting of lung
cancer during the interval. For this reasan,
the vears 1954 amd 1933 were thaught o be
more acarly represemative of actual condi-
tions. Fven so, it is quite likely that the
general population is not studied for lung
cancer with the same difigence with which

Tase 16.—Cumparison of Cokort with Province of Quebes
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this disease is lwoked for in the miners, and

. it scems probable that the mortality rates

for the Province may be low. This would
appear to be substantiated by the fact that
the reporting of cases in the cohort showed
no such increase vver the samce period.

.. Table 17 was compiled te show the an-

nual age-specific g cancer rate of cases
in which the duath certificate merely read
“cancer of the hamg,” as distinguished from
those in which the diagnosis was confirmed
by autopsy, Surgery, or biopsy. The term
“specified pnmm’\ * refers to those cases in
these two c'ucg«mc‘ in which the tumor was
specified as having originated in the lung.
It will be noted that, of the total cases
reported in 1935, a much higher percentage
than in 1954 were specified as primary. The
table also shows that a higher percentage
of the total cases certified in 1955 were
pro\cd, apain indicating § mcrcﬁﬁmz interest
in this disense,
- A comparison has been made between
the age-specific rates shown in Table 17,
and thosc for the cohart, shown in Tallc 8.
An average of the 1954 and 1955 rateg for
the Province his been used, since the 1935
Ggurv wae bigher and may have been ex-
ceptional. :

1 by appiylag 1991 jusrentages loc age ;nupl Lt vrales ta (he fetnd pilation Gae 1054, 35 ghesn

This canparisun, sunwarized in Table
18, shows that the observed number of
deaths in our sample is not significantly
greater than the expevted number of deaths,
based on the avernge of the 1954 and 1933
figures for the Province. [t is true tha, in
the case of the age group of 65 and aver,
the five Jéaths provide a Rgure which
almost simificant at the 9350 level. How.
ever, 1 vhoukd be.noted that this number

"includes onte of the suspected but unprayed

cases previously refeered to. . Furthermare,
it is eather likely that the rate for the
general pupulation is understated in this
age group, for the obvious rewsomn tha"the
exact cause of death in the very ald is ngg

Tastg 18.~Comparison nf the Actual ond
Expected Number of Lung Cancer
Deaths by Age dAnmung
Asbestas Miners

Fervicuw Olemrrver] N\,
Total Rguvtilod Plrﬂa] N
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oup yer WO.MK Minery l'ullu * froved Touy
o 1A 190 ot \
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RIAL HEALT:; JLUNG CANCER IN ASRESTOS Ml NERS

I Taste l9—Aqr Distribution of Adult ‘l‘llﬂ for

Tanr 20.—Awiual Dieatlh Rates_per 100000 for

ke Province of Quebec, 1951° Cancer of the Lung in Canads ®
o - Groups of Years
ddiind l\‘u":‘sl?d‘l' Age Uroup ([ U Y i:.ﬂ 1 1950-t33
- G T s . & x
Specified Pre aps Grup \uufi« Penwniage .
TS . a . @ {osler. 30 01 o3 10
prit g ez - .18 v . WNH as o 0s
: Tyer] TS wooe W . 3 . 39
‘ 113,467 <A B 81 7] v bt
“1ie ] 1158 408 1w ™ e 33 e 33
H g' Totalooo.. 1,188,458 w Bu 3 ] a3
s w T g2 g OB 8
i hd o 1984, o : u3 s
—_— . . fierest OO i3 ) 8
3 matter of the same intensity of interest &4 33 72 2
-Jas it is in younger persons. All Ages T il 1
Specitnd Privary Table 18 also answers a question pre- ~ -
Vol . Provea -Jviously raised. It shows thal the members .

23 13 of the cohort have nof died from tung ¢an-  increase is particularly marked after age .
) cer at an age eaclier than the general popu- 50, confirming an observation previously -
’y iy € 2 g { P )
- 38 lution, and that such wn explanation cannal  made, 10 the etfect that until receatly lung
ua 13 3be offered for the absence of lung cancer cancer has probably been underdiagnosed

e ———————

in 240.men with anore than 40 years of
oo for ““'"""" ’unplownent referred to an payge 641,
@ Before leaving this comparisen of the

rized in Table #Province with the miners, it should be.

ed number -of ‘Jshown that their age distributions are rea-
ot significantly 4sonably the same. That this is the case can

- mber of deaths, Jbe observed from Table 19.

1954 and 1955 § It should be remembercd that the miners
is true that, in mnre and consequently, it can be expected

if 65 and over, ~-|hzt the ollest age group will be larger in

figure which is {ihe general population. The data presented
¥ level. How- Jin Table 20 indicate that the lung cancer
at this number jrate generally decrcases after age 70. There-
d but unproveg }fore, we could expect the rate for all people
« Furthermore, Jover 65 to be smaller than the rate for the
¢ rate for the {FOUP between 65 and 75; which would apply
Tstated in this ‘o the oldest group of miners. Tt is felt
reason that the jUiat by using the whole adult male popula-
very old is.not tion, we have developed rates for the gen-

. eral population which are somewhat lower

e A ‘;‘ wal and than if we had been able to exclude the

wg Caxcer “§people in the general population over 75. -
s A comparison between the asbestos miners

e Jand the population of the Daminion as a

oum.a‘ No, {whole was made, using statistial material
dfrom several sources. In one source, Phil-
Jips ™ gave age- and sex-specific rates for
qCanada for three periods between 1931 andd
41952. The rates for males are gi\'cn in

Table 20.
av‘:g:- of the 10M and 4

These fgures show strikingly the increase
din rates between 1931 and 1932, and.this

Zol. 17, June, 1050 graun—Truan

in the older age groups in the general popu-
Ltion,

To use these figures for purposcs of
comparison, it is necessary to combine the
rates {or certain age groups in order to
confonn to the age distributions used in this
study. Since the exact populations in each
age group for the yrars indicated is not
known, this must be an approximation.
However, the rates would be sonewhat as
follows: .

Age Group . Rate

2044 s

45-54 7 -
§5-64 6
&5+ : 909§

These rates are, in general, lower than
those develuped for the total (proved amd

suspected) cases of lung cancer among the

asbestos miners. The only large difference.
however, is in the age group of 63 years and
over, and it is quite possible that the rate
for - this group may have increased for

Canada between 1932 and 1954 as it did

for the Provinee of Quebee (Talblc 17).

A further cumuarison has been made with
an over-all rate obtained from the American
Cancer-Society for respiratory cancer deaths
in Canada in 1933. This rate, for males,
Is 20.8 per 100,000, or 5 mere per 100,000
than Phillips' 1950-1952 rate. aml campares®
with 25.3 per 100,000 for proved cases amd
33.8 per 100,000 for total cases among the
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asbestos miners in this study. 1t is there-
fore obviuus that there are no unportant
differences bewween the rates for asbestos
miners and those for the peneral population
of Qucbwee amd the fXaninion of Capada,
Since it is prolablc that tigures for the
United States arc more complete and, there-
fore, possibly sore cumnparable to the data
for the miners, age-sprcific rates were com-
puted from “Vital Statistics of the United

T States,” Volumes T oaud 11, for (952, These

rates have been tabulated in “Table 21,

It is apparent that these rates compare
favorably with those for the ashestos miners
as shown in Table 8. Still other rates for

the Uuited States were obtained froms the |

American Cancer Saciety, and for males,
these were 25.3 per 100000 i 1933, and
2R.0 per WOMK ju 1935, They are nat
ulentical with the rate cabeulied from the
figures of the office uf Vital Suitistics, but
this is possibly becanse the Anwerican Can-
cer Socicty rates are for males of alt ages.

Nevertheless, they, tvg, congpare favorably

with the rates of 25 (or 34 for waa) qises)
obtaining among the asbostod miners,
Turning for 2 moment to. a comparison
between the asbestos miners and persons
who are exposed to asbestas in oue form
or another (as distinguished from the gen-
eral population groups just discused, who
have no exposure) an interesting pbserva-
tion van be devebgual by doduction, Hue-
per & has stated that there are abxt 33,000
persons exposed in the United States, and
we have found that the Camadian mines
employ abiout 8000, Elsewhere, it has been

cstunated that the workers in England who®

have expwisure total tetwoernn 3000 and SO0,

With workers in Alrica, Dousoark, Nor-,

(e

" Juccut 10 the Asbestos-Producing Arcas gud {

A ARCHIUEN OF INDUNTRIAL 1HEALTY

way, mul wher countries, at least 30,000
persons must be exposed  throughout the
-world, and it can be assumied that thig
nuniber has been faiely constamt in the 29
years sinee 1S when the fiest s of
asbcs(usi?' with. lung cancer was reported.
At feast LAG,000 man-ycars of exposure
has thus been accumulated, and this figuce
can be dividad by the approximately 139
cases of fung cancer with asbestosis re.
ported during the 20-yvear period. This
gives a mte of 15 per 100,000, which is 3 -
least indicative that any lung cancer rate
which can bo caleulated for workers ex-
poseld to asbestos dust is wot much greater
tum that for the unexposed population,

Camparison Retzvecn Bight Counties -14.

Eiyht Sdlected Cauntivs.—To compare lung
cancer nrtality rates in the countics sype
rounding the asbestos-pasluciog accs with
another gruup of counties in which np a5.
bestos miners arc likely to reside, the Tates
-were computed on the basis of figures for
the years 1950 through 1935, The cight
countics selected for comparison were A’
geuteail, Qateawgzny,  Montwagmy, Pog.
neuf,  Kichlicn,  Riviere-du-Loug, St
yaciathe, and Terrchomte, wiinly beeause
they represet & wide geographic distriby.
tion throughaut the Province. The counties
sclected because of their PIOXimity 1o he
ashestos mines iucdude Arthatmsia, Beauce
Drammond, Frontenae,  Megantic, Rich-'
mand, Sherbranke, and  \Walie, Table 20
shows the numlber of lung cancer deaghg
for the ywars 1950 through 1955 for each
of these cuuntics, amd a mortality rage,
based an the adult wale populitivn in 1952,
To emphasize the comparison, Meganiic
County has been shawn separately, ag has
the Provinee of Queliwe amt also the Prov-
ince with the cight “nslwsms-pru«lucing"
countivs subtmtl}:\l. Because of its unique
lung -cancer death rate,. Montreal e Tle de
Jusus has also bevn listed in order (o provide
further comparison,

It is apparend feam the table thay the
lung caneer death cae for the cight Counties

Ul 17,7 une, 3%
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immediately surrounding the aslwstus-pro-
ducing areas is practically identical with that
of eight counties sdlected for comparison.
A While Mcgantic County has a rate ncarly
Jtwice that of the combined cight sclected
Jeounties, it is lower than the rate for the
Province, and considerably lower than the

jmc for Montreal. The tigure for Montreal

would certainly be higher except for the
very low unumbers of deathe roported for
41950 and 1951, and it would appear that
in those years some crror in reporting has

Jundoubtedly been made. On the basis of the

Jother years, 1950 and 1951 deaths would be
Jespected to be about 200 greater.
{wauld result in a rate of 40 per 100,000,

j The only possible conclusion from this
compa.mon is that there is no evidence that
id\e persons who live aud work in the coun-

tes surrounding and adjacent to the as-
ibestos-producing arcas have any greater
Yincidence of Iung cancer than thase whe
{five elsewherc in the vaince

Comment on All Recarded Lung Concer
{Cases, Liting and Dead, among the Asbes-
tos Miners.—Although a simple envmera-
tion of all the known or suspected cascs of
ancer of the lung in these areas has no

This .

dation in 1932, . particular value from a statistical point of
son, Megantic ! view, it is of interest to summarize such
wately, as has ]ases for the record. There were nine deaths
also the Prov- -10tior to the beginuing of the time periad
los-producmg covered by the study, including one in which
of its unique !the diagnosis was mediastinal lymphosar-
real et Isle da ’com.‘L During the perind covered by this
eder to provide ‘mvestigation, there were nine pm\ul cases
i and three suspected cases in the cohort.

table that . .
cight mnn:i‘c‘:i jwere eight dueaths, six of which were merely

Braun~Truan

4 I7, June, 19534

.,Thruugh 1956 and 10 date in 1957, theen

* It s aumen e oll anle Bins canrer droths aonmed alter aze 3

suggestive of cancer of the lung amd in-
clufed swh diaguoses as madiastinal
lymphosaranu, sesotheliona, cancer of the
leg with metastases to lung, abscess of lung,

. and curcer of the pancreas. One other was

diaguosed an the basis of x-ray only. In
addition, there are now living four cases in
which the diagnestic evidence is strongly
suggestive of lung cancer. This is a total of
33 cases of all types, induding 10 “sus-
pected” Lut unproveed cases, and 4 that are
still living. The remaining 19 constitute the
total of proved cases of cancer of the lung
among the asbestas minees since 1940,

The proved cascs averaged 59 years of
age at death, and varivd between 37 years
and 68 vears, Their working span covered
periods varying from a minimum of 13
years to a maxitmum of 37 years. Only
three men had less than 25 years of em-
ployment in the industry, Seven among
those on whom such infunnation is avail-
able had a weighted expasuse placing then
in Categoney I, and six worked in an
exposure representud by Category 1.

There were only 17 among these proved
lung cancer cases in which we have in-

formation reganding the presence of as- '

bestosis. Asbestasis was present in nine,
although it was minimal in twa. Two path-
ologists disagreed ecgaeding its presence in
another. At least seven of the 19 proved

lung cancers, therefore, were not accom-

panied by asbestosis,

1 Summary and Conclusions

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

649
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and exposurc tu asbesing has been evident
since the report.in 1935 by [ynch and Smith
of a case in which lung cancer and asbes-
tosis were both present. As additional cases
in which the twn diseases coeXisterd were
reported, a causil association apprars o
have been gradually accepted by many
authors, although sume workers considered
the correlation to be incanclusive. The pres-
ent study was undertaken in an cifort to de-
termine whether a causal relationship did,
in -fact, exist between exposure 1o a‘buln\
and cancer of the lung,

Since most carlicr studies had heen
limited to cnumierating the lung cancers
found in certain sclected samples, such as
cascs coming to autopsy or death certificates
in which asbestosis was mentioned, it was
apparent that they could not fulRll the re-
quirements of an cpidumiological and sta-
tistical appraach to  the prblem.  The
present study was, therefore, designed to
meet the requirements of this mcthod.

After a preliminary survey to explore the
availability of reliable infonuation, data
were gathered on warkers in the asbestos
mines in Quebee, based on their medical
records. A cabort was defined as a group
of asbestos miners having at least five years
of exposure and whn were in the industry
in 1950. Data relative to their characteristics
were collected and their status at the end
of a six-year period of aheervation was de-
termined. In the case af those who had
died, an exhaustive search of death certif-
icates and insurance recurds was carricd 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 Quebee and its various
counties and for the Dominion of Canada,
as well as the UMnited States were ealeulated
from statistics collected in the appropriate
places. Comparisons of the rates obtained
for asbestos workers and for the other papu-
lation groups were made according to ac-
cepted statistical methnds,

Recards were abtained on 6001 persons

who fulfilled the criteria of the cohort. Tt
650
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wis gt |uns'.\i|l|l' toe trawe LAY of these for
the whole perind, but 5771 of the renaining
38 were found to be still living in 19355
or later. Of the 187 known dead, cancer
of the lung was considered o have been
reasomably proved in U and to be strongly
suprested i )

The members of the .cohort were studied
with respect to age, length of cmployment,
a weighted average of thcir cxposure, and
their smoking habits. Tt was found that
4673 were smokers within the definition of
that term as used in this study. Thicty-four

" per cent of the cohort were minre than 45

yeurs ‘of age, aml thirty per cent had been
employed for longer than 20 years. Thiny
per cent had a weighted exposure which
placed them in the category of highest ex-
posure,

The mortality mte for hing cancer, a4
computed on the Lasis of uine “proved”
deaths among the cohort was 253 per 100.-
000. \Vhen the three “‘suspected” cases were
added, the “tatal” rate for the cohort rose
to 33.8. The importauce_of the suspected

but unproved cases in dotermining these

rates has been reiterated because it is likely
that such ases would nat be dncluded iy
the statistics fur the generud population and
because they Influcnce the results o mark-
edly.

According to the findings in (hh Study,
the umnalm' rate, from lung cancer docg
wot appear to increase with length of ex-
posure or with degree of expusure, a fac
which presemts strong cvidence against the
carcinogenicity of asbestos,

Comparisun of the experience among the

ashestos miners with that of various seg-
ments of the unexposed, comparable popu-
lation shows that the observed number of
deaths among the miners is nat w,uuﬁ(“\l\(l)
greater than the expected number. The rate
for proved cases among the asbestos niiners
(25.3 per 100.000) compares well with e
rate of 22.5 per 100,000 for the rest of the
Proviuce, and 20.8 per 100,000 for aduly
ntles throwghout the Diinion of Canads.
It also campares stisfactorily with rate
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£ 37.2,25.3, and 28.0 obtainal from various
Jources for adult males'in the United States.
Finally, in this watter of comparison, il
“would apprcar that the world-wide expericnce
“of persons exposcd to asinstos dust is net
‘garse with respeet to lung cuscer than that
»3f the unexposed population,
The counties surrounding the asbestos-
“roducing areas, in which it is presumed
inost of the asbestos miners live, have al-
g::l identical mortality rates with thase of
ght counties widely scattered through the
Province, and are lower than thase for the
wemainder of the Province, and wuch lower
n the rate for Montreal,
Since 1940 there have been 19 cases in
-which the diagnosis of primary cancer of
je lung may be considered to have been
ved. Approximately half of these cases
‘rere associated with asbestosis, Al but one
fial In the recigmized “eancer-age™ amd at
fast ouc-third had only the lightest ex-
re {Category I) to asbestos dust.
On the basis of what are belicved to be
Yomplete and reliable data, it scens fair to
fonclude that the asbestos miners in the
vamce of Qucbee do not have a siguif-
anll) higher death mte from lung eancer
j:m o camparcalle u-gmcnh of the geacral
.*opuldlum
Furthermore, the death rate from lung
r in the areas contiguous 10 the asbes-
“us operations is comparable to that in arcas
~¥idely scattered throughout the Province of
Duchee and is fower thao in sane urban-
2¢d arcas within the Province.
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AN EPIDEMIOLOGICAL STUDY OF

- = - LUNG GANGER-IN ASBESTO3 MINERS °- — -

- . \'v‘ﬂ."

. S
Danlcl C. Braun, M. D, </ S e 7.

Medical Dlzoctor, Industrial Hygleno Foundation
and

. T. David Truan; M. 4. *
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Evcer slace the pronounced {ncrease in the lncidence of lung can

smong males became spparent, there have been ;uom‘pu.to assoclate it

cor

with

onc or another of the various clen:cato in the enviroament of man, The ap-

and tien sat about in an (atensive scarch for lung cancer among peraons

. : - (82)
bavc had any exposure to thoae matcsials, 1n thia conacction, Smith

> .-

_proach used by somc workers has been to suspect one or-several subatances

who

‘wrltes: “The tendency of authors reportiag the colacidental occurrence of pri-

mary lung cancer with sillcosls or with any other thooretical etloloyic con-

ditlons, bas been to emphsslze tho percentage relationship In extremely

sorlcs of casos, with control casca which aro not In any way comparable

small

It would scewn lnevitablo that agbestoe chould coine under scrutiny

{n Qils madner, bocause prolongod oxposure to thle material e known to

clausc

® spocific type of pnoumoconlvsis, and becausc possons who show this form

. Y

® This ttudy was made poisidble lbrough ¢ grent from the Quubcc Asbeat
Mintog Associstion,

as
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_d‘ynom-_:_\oc‘quool} ciun come to autopey and p‘rgvidc;“u rg_odx_goh_;co of ma-
terial for etudy. It was in this way that r.pot;l of the slmuitanegus occur«
reace of luz.:g cu;cer and aebastosis bogan to accumulxte after the report of
a case by Lynch and Smith{®® 1a 1935, Withta tho next ten yoars, sbout 15

(76)

mltloul cascs were roportad, and in 1954 Meorewethor toviswed all

doaths from asbestosis recorded ln England since March, 1924. - Lung can-

¢e? occurred In 16% of thooe cases, Gloync.u"

whose work {s also frequently

relezred to as sstablishing a connection batwesn asbestosis and cancer of the

lung, reporud_ {n 1951 that cancer of the lung was preseat in 14,1% n;‘a-bu-

tosis cases euxx;lned by him, ln 1941, Nordmann ad'd:SO;so(’s) clatmed to

bave produced lung cancer la mice walch they lx‘p;'oud to asbestos dust.

Slaca ;95i. additlonal casos of cancer of tho lung cosxlsting with o

. agbestosis have beea reported, and, u:eo_r;ﬂng to .Hueper(“) about 100 such

cases é.ld bsen raported-up to 1955. As & result, an aasoclation between the

two dlscases uppc;arc to havo beon-'accopted by many _nut_..lwrl. apd several
(89)

writlers were using the torm “asbestosis cancer” bt'u;. lung. Werber

a 1952, stated catogorically that In 7% to 17% of cases af sshestosls, aftor

® latont perfad.of about 1 1/2 to 20 yoars, carclooma bacomes cotablished I
| the lung, ) : .ot
Oz the othor hand, not all authors accepted thia alicged assoclation

. 80 -
wlthout ressrvatioa, -anupo‘ ! ta 1939 roported that be bod dlacovered no

———

cases of lung cancor among 620 cascs of asbestosis which he had euamined:

48 .
sad ln 1942, Hollob and Angrlu( ) oxprogsed tho oplolon that the number
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] . of casos of ‘alben—toonl.o w_u_h lu::g ;ngéo{ wag loo—l.l.'n_al.I {qr otatistical evalua- 3
tloa. ln‘l)ﬂ. w-;-lluctsb’ roported 126 radlologically diagnosed cases of
sebestosis among 476 workers in Fluhnd.. and found no cases of lung cancer
Lo this group, Goldblatt and Goldblatt in thelr section of Merewcther's latost
book.“q state: "Dut at no stage (o all these (mpressive researches was uy
clue obtained which might have offared any support to the possibllity that

" asbestos could act as 9 carcinogen. There (s no reliable criterion by which

one can anticipate carcinogenicity md..u (s well known, relatively minute

changes (n the structure of ® chemlcal carcinogen are suificlent to dimlatsh

A3

o‘r ol{minate carctnogenic sctfoa.
1f asbestos la {ndaed to bo reglr;od as & carcinogen, the need ts
. §slt to damonstrato some proporty which can be regarded ae something more
han lnortness, .

These authors advance the thoory that, until some moze expotu_i:-nul
evidencs of direct c-uel:o.genelll‘ by asbestos or a df:ompo-tuon produc::.ol
{t cun be obtained, asbestos might be considered as 0."'co-cuclnogen" which
on;y laduces a furthor development of o preneoplastic condition brough'l about
by something independent of tho asbestoc, such as an endogenous (act'or.

Thus the litorature, while tendlng to support tho thastis thl-l asbesto-
ols ls In some way rolated to l!;o de'volopmenl of lung cancar, iz by no moans
ulnlmou.l. Alu:gother."u ls perhaps mors confusing than callghtening. A
careful revicw shows that the majority of tho roports aro clinleal and not

epldomiological. They lack maay slements noceuu-‘y for the applicatlon of
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_spldamiological t!.dml_tiue!.so thelr content nnd_.t.l;o-t.o( the authars domot _ . ... ... _
make claim to having doaso so. What has happencd It that eucceediag authors
bavs drl“'coulullenl and generalised heyona the u:o-pe of the works which
they quota. ﬁwbeu. for example, have we found roforences to a ulation

of asbestos workers, clthough sovarsl suthors who bave quoted the obsorved

incldence of lung cancer (o autopsles of pcrsons who alac had agbestosis lmply
that this {ocidence applica to asbostos workers, generxally, . Wo bave likawise

been unable o find any study which actuslly calculated the lacidonce of lung

cancer among & populstion of persons who had aabestoslo, and not just those

¢
who came to autopay, - With tha excoption of a paper by Doll (za)' none of

those ruviewed gavo ony data on oxposure and dust concontrations, &nd even

Dall's pzper morely eations "scheduled" areas, by which s meant, “those

) uet-u whore procescad ars carried on which waro echodulod under the Asbose

-. tos ladustry Rogulationo of 1931 as bolng ducty, "

Thare is, furthermoro, a complete lack of ddlnt'non of torms as

'nud o the pubiished iitorature. For oxample, the torm “asbaostosis”, as
usod, may rofer lo- changes obsorvable only by microscopic examination.of
the lung tissue, or {t may mosn-a r‘dlologfcally detoctablo condition,

. Most o.l the published raporis abviously included '.omou among thelr
casos, but.-some of them ;lo not givc:' tho number or proportion of womea (o~
volved in n?o"nudy.

Thora is-alod & lack of uniformity as to what type of exposure most

studies bavo doalt with, Of 99 caces coumorated by Hucpor(“) {n 1955, onlfy
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_ten sppear to have ‘cglglpgt'ent_l_u.\ the Unltod States, and seven in Canada, Some_
of the oarilor reports apparontly included aabestos mincrs, but It canbe
assumed, ah;ce 82 of the 99 casss had originated {n England, aad sioce no
ssbestos mining opsrations are carried on In that country, that most t;( the
reportad cases have involved workers in the toxtlle or fabricating industries.

.o Such factors as smoking bablts, famlly hlstory of cancer, -leugth of
time Lo the -tnduuty. and age of the individusl case are sleo notably absent
in the majfority of.thess reporis. V

With thle undoru;m;lhg of the llquono of the oxflttng terature
with uepéct to optdemlologl.ul gesneralization, ft tnn; b‘c of vsluq to consider
ln somowbat more detall some representative earifer p_ubl(eﬂlon-, a few o_l
which were referred to briefly above,

Oue of the most detalled studles .ud one which deservas the most

- seriouo coaslderstion e that reported by Dout{?8) ¢ 1955, Thbhls study revicws

causes of doath among asbesatos warkars based on Fo’ronen' ro:ox:do. It

8lso attempts Lo estimais the rlsk by studylng records of men who wti&ed
for at .luu 20 yoars m'e'xpooo§ situations. Doll concludod that lung csocer
was ® specific industrial hazard of cott.aln. ashostos workors sud that, aftor -

20 yoars of exposuras, the risk is ton 'th'neo as great as ior the F'e.nerll‘popu-j

lation, '

This arillcle Is important for aaveral roascns, {n addition to the
definite concluafons st which {t arrivos., For cumple.- it I;-glul by stating

that “in viow of tho \nfrcquancy of acbastoals, this large aumbor of cases
0252
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(61 cases of lung cancer) suggevte—but does not prove=—thet lung cascer
is aa occupationn] bazard of asbestos workers.” Neithor this article or any
previous one which we have examined prosoats any figures to prove _thu as-
bestosls (s an i{nfrequeat occurrence. Estumnates of the numbar.of persons
.pouuthuy exposed to asbestos dust in the United Statss alone vary from
10,000 to 35, 000 and tho incldence of slb;:ltolll of any dogree might be higher
(than Doll imagines.

Thie uudy. like so many others, involves autopsy records, The
oumber of persons lavolved in the statistical uu.!ych is only 113 representing
enly L, 042...5 man years of iife, It (s also true that [n ul‘oct(ng men who had
bce'n employed for at least 20 years, tho study automatically exdudnd_thole
who dled from o;hu causos after shorter employment.

Ancther reason why this publication {s of lmpor:;mce {s & statament
which {t cox.xushh to tho elfect thas "the sirongest evkdence that it (lung cancaor)
may be a hazard (in asbestos workers) bhas bean produced by Meorewothor l...nd
by Gloyne. "

Ia 1951 Gloyne (41

presented & roview of 1205 autopsies on psraons
who had workad (n various dusty o:cupluonl. This numbcr Included 132
‘ssbestos vorken. of whom 21 Alhoved "pneumoconlnlla"—p;uumbly Y .
~bﬂlt°ll..‘ Primary cancer of the lung occurrod 17 timeo In this group, am
incldence rato of 14.1% for lung cancer among sulonelcd asbestosis cases.
There ware in his scrics 796 cases with silicosis, and 6,97% of thoss also
showaed primary cancer of the lung, The tnetdence of lung _cincer {o other

02S5
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- torras of pncumacontosts was4. 7%, and i 169-°cascd which proved not'to Bave -~~~ 7

say typetf pneumocoaicsis it was 8.37-.. Gloyne considered “the mprul.uy -
of the aobestos workers™ to be "dlsturbing”, Firet of all. it is obvious that

the paper doeg not ;!eul with the "morulliy of uheu.on workers”, and socondly,
it must bo borna ln mind that all of Dr. Gloyne's cases we..to submitiod to him

for study becauso the findings were ususux} (6: ubco;nplluted pneumoconiosis,

It can reasonadbly bo assumed that cases, including those of llbal.ldill. tn

;rhlch the findinge were not considered un\u.un.l wero not sent to Dr, Gloyne
for exanilnation. As a mattar of {act, In the same pﬂrl:grlph la which bo ex-
presacs concern over the {ncidence rate ﬁn sjbuto.h‘: Dr. Gloyne himsod
polsdte out that the' rate for lung cancor based on necropoles s.t the London
Chast Hoopital wae 21,3% whils the ﬂgﬁxea ‘of th; Regfiaotrar-General showed
only 2.4%. He thus rocognlzsd that autopsics on a certaln solected group of
casos wore not ropul;;\'ultve of t.he general population. It would coon.:. then,
that notwithatanding the valae of Dr, Gloyne's work, ite lmpott;nco YR J
fndex of the pnvllénce of lung cancer in n'lbeuou-cg bas beon misintarproted
by some w;ho bave quoted him. All that {t roally shows Lo tho fact that in &
group of 121 cases, sclected for special c;udy primaill} because they scomead
lbnurm‘nl by pt.e‘lmlnary sxamination, 17, or \4. 17 had lung caneor.
Merewother {73} ¢4 1947, in e roport of the Chlef lnspector of
Fuctories, roviowed all casco reported betwoon wz'¢ and 1946 (n which as- \
bsatosis wae 'tho caasc of death or a cooxisting condition, This work wde

lator extended to {ncludo 811 such coses reporiod up to Decomber, 1954, by
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which time there were 344 deaths lacluding 205 matos and 139 fomales, >

Amonz them were 55 cases (16‘,’..) of cnnAc-er of tho lung, 41.}:\ males ;r.-.l' h‘
tn females, It ls quite poasible that a larzo number of asbestotics who did
not die of thelr asbostostio, :or in whose death cortificats it was not mestioned,
may have beon missed. The lmport of thu.lb',‘- {s enhanced by the simul-
tancous statement that the lncldonco of l;mg cancer in autopsies of the .s.eneul
pojulatios is only 1%, The danger of auemptl:ng 1o compare ‘ rate found in
344 cases with the rax‘e for the genersl popululou v;lllwut respoct to age,
occupation, and many othar variables, such u smoking babits, is obvious,

. Lynch uo)vixo with Smith (63 pad voportod-the flrst case ta 1935,

* reported !onr'ca-es of carcinoma of tho lung in a serles of 49 autopsias on
vorkers (n an i\lb-eet:§ manufacturlng plant who were shown to have “demen-
atrable deposits of .nbeatol In the lungs." This, of courae, s not neces-
sarily ldeatical with tho discasa ubelu)l.ll. urnch. bimsell, polnts out thai,
lltﬁoui;h thle {s an Incidencs of 8.2%, “both {luu:.u are .I.o-o sinall for very
cerious stttilllcal types ot calculation, " choﬂhele.u. later writers havo
used this paper to a:éengtheu the CAI;) for aa nesoclation of carcinoma of the.
lung ;lm asbecatosls. It is also of interast lhl; Kletz (63 found only the l-ame
sumber of cases of luag cancer In a sorios nearly 10 tlineo as uré-e. Le..
four ln 479 casos of asbestoste. »

. Behrens, ae quoled In Mir;w;mer (16), o.gl;guted that, of 309 cases
of asbestoals {n the lltarntu.ro. 44 showead 1ﬂlocialo;l cancer of tho lu;;g—glvin;

an tncldence of 14.2%, This ls an lilustration of gencrallzlng an'tncldence

N o 0257
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_ obtaincd in a group af cases »hich wera undoubtedly reporicd valy because -

sonie of them shawed lung cancer, to posoibly hundradas of asdbcatotics whose
ca;cs were ncvor reported, The ¢ame apulles to tl'xe concluoion of Tclel:r(”’
who appears to have reviewed reports of 39 autopsies on porsoas with asbes-
tosls among which six cases uf Jung cancor occurrod, Information from
sourced such as these does not Justiy gen'erauutlom'wuh raga-rd co mortaily

rates,

Fcrhaps no ous has written to oxtonszlvely oa the subject as has

llueper( 52'59,. (58)

In 195¢ be rovicwed the cases reporied prior to that dato
. - {
and enumeralzd a total of ¥9, Eleven of thosa were thoso discussed by Doll
und mzy havo beon cases cuvered by othar authors, Elght wore discovered

by Kcanaway and Kennaway“z)

{n an apalysis of death certificatec and, va-
less Mcrewecther's stuly was lacompleto, those cases should have been in-
cluded tn Mc:'t;epon. Of the remaining 80, (t {s quite povulbl; that tho 31

coatributed by Morowcther and tho 11 by Gloyne castain some duplication with

" each other or with those of other English authors,

Priuciples of the Epidemiological Method

‘Don(’o, has pointad out that mwuch of what {0 cow thought to bo per-
tlnont concarnlng the comparative frequency of lung cancer ln dilierent popu~

huon»grodpo has bocn davuloped.frora tho analysie of clinical material, par-

-tleularly surgical and autopey recordo, aupplomentod to somu extent by the

roported Lmpressions of various cliniclans based upon thecir purconal obeer-

28} -

vatlons. More rocantly, howaver, aticotlon has turned to the -yotezﬁkllc 0258
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uvuug:‘nu of this problem by the eame methods that bave proved so suce
cesnful proviously (o the study of communicable d!se‘uel. that is to say,
by spldemiological methods,

In order to apply this method of investigation to the problem undar

dllcqn.ion. we worso of the opinloa that a study should be planned so as to

providse:

PN A

1. A well-defined population group,

2, Avallable data for all members of this pop-

ulatlon, Including tho healthy as well as the UL

3. A sample which {s truly reprosentative of the

population.

4. ‘Relhblo and valid observations relating to the

problem of -un study. .

A sericua defoct, common to most of tho studles which have been
reported, ls that listle or oo {oformation coacerning the hoalthy people o
the hroup seems to have boen available to the aulhor.. o ozder to draw &
generalization regarding all asbeatos workers, Ut {s nacessary (o'r a ctn&y

to laclude living porsons as woll as the doad. uﬁ:uug the luvectigulon to

lutopseied cases, os has been {roquently done la onrlier studiss, still further

reotricte {ts use n gonatnllz;llon. The problewmn with which we are concesned
ts whetder asbestos minors oxperionce more lung cancor thaa doce the genoral
populstion, The saswer nccoseitatos tho collection of rollable information on

asbestos miners as a group, as wall aa on the 3enau_;'1 population.
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It ssoms advisable to dlscuss the difforences between the epldomio-

' bglcd ;p;;r;:sch ud :hu nn;d l.n :ho'-;m«;lel w.t‘\l:; have becn x:;:po'rud to
'du. A very important conslderatioa {8 (bo fact that lung cuc:x;. in splts
of its Incroasing oumbers, is still @ dlacase of low tncidence; that ls, tn a
given population not many persons will contract this particular disease,
This fact requiros that hrge samples or groups must be studied to provide

moaningful resulta,

Recogalsing tho difficulty of obtatning such large samples, most

" ea¥ller writers doviated from the spldomiological mathod and -ouéht to cir

cumvont the Tequirement of observing well persons byx

). Compariog the relative {reausacy of :Qn_cer lo

var{ous sites,
2, Compariog the relative (zoqncncon( caacer in
.- a group of l;olpltallud paxle_n‘u. ’
. 3. Compariag tho relative frequency of cancer in
& group of casas coming to autopey. o
Attompting to compare two population groups, looking oaly at the -
relative frequency of cancor ia vsrlcb_\u body sltes, may result {n findlag &
bighor percentago (relative {requoncy) in one of the groups, ‘when, in fact,
uu; -'noru_my rato of cancer of o particular organ s onctli the same (o both
groups. This (s vory cloarly demonsirated In tho excolleat u—ll:.\o by botn(Jal.

The mortility rato (rom a particulsr cause {o the truo tessure of compari-

.~ 0260
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It ls apparent that selected groupa such as hoepitalized patlents or
ulopgf‘cano may not bo I.nuy‘\uy re;;_teoenutlvo of ‘a larger group, aud"‘
that ln dealing with such samples, the observer may caeily flod more cases
ofa gtve; dlseasa then would be found in &nother group of the ol;zxe size,
but rupruenuu;n: of the genoral poyulu.lon. It is true that (nvestigation of
c:uu {rom: such a saemple can iurnluh Lnlormall;;a valuable for rosearch,
but the uso of this {aformation in drawiag gonoralisations {3 necossarily re-
stricted, It ls tho obligation of both the lnveit;gatot u:::d of those who ;'old
bis zoport to uuk; proper compariscas ‘:‘d to draw in}y those conclusions
which are valld sad justified, A good statistical study of cases of cancer of
the lung occurring in a group of autopoies cin lead to a proper inference

conceraing the {requency of lung cancer among cases coming to Autopny; but
oaly to such cases. For Information {zom such a study to bo projected to some

larger group, it ls necessary that the lﬁtopclgc reproseat a good sample of

that larger group., To assume that such (s ths case la any particular serics

-.*

_ s dangorous -and likaly to be false, . s K L

Thero le sonie danger that the ﬂéuru roported by somo authors
may be nilsconstrued oo ‘applylug to asbestos workers or evon asbestos miners,
when, ln (act, the suthors l‘u question do not make this gonerallzation, nor
c;n the geno;tllx.;ul_én be made for the reasons stated, Closc study of the
reporta rovoals that the po ;cznlngc-. quoted rslate ouly to 0;9 group of autopsies

covered by the particular lavestigation.
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The prosent study.. In c2atrast to tho carller. works, his been plan-
w ssd to utllize tho-epidemiological method, A woll-dofinod group of asbestos
b misers has been ontablished {u such & way that {t constitutes a good sample

s of the whole population of asbestos minerl tn Quebec, Data for all members

“

of this group have been collacted and apalyzed, Those concarniag lung can-
4 cer have recelved most carcful constderation. Detalls of the methoda om-
1 ployed will be set forth later, but the typo of npptoschv is considered to per-

e mit of Lalr comparisons and valld generalizations,

cid : f
v T Collsction and Analysis of Data - ‘ :
~e1 - . '
. A p'feli;lniry survey of.pounual sources of {nformation ia Febru.
. sry of 1956 involved dlacusatons .wlui un phyoi:kuu o charge of the asbestos
u compul.u' programs and 'lih clinlclans, pa:hoioslnn. repnuu-u:h'u of
J . "] CUty and Proviaclal hoalth dopartments and ol uu Cm&‘l.u\ Cancer §oclot}',
O and other (ntorssted p:rfonl. l't was tound.“ that_porbidlxty_ data, ultf:oug.b some~
what Hmited, 'er nvauabl-. from.cuch Qouicoo as the hoaepitals Lo Moatreal
. and Quebeé Clty, and the 13 Cascer D;uctlon Ceontors (n uw- Province., How-
tver, because of tho high mortallty ta lung cancer, (t scomed advisable to-
depend upoan data r.ehllng' to deaths, ‘r‘heu wo found to bo obtatnable at tha

vital sutistics dopartment of the Minlotry of Health la Quobac City. From the

pnilmlnuy eurvey, It was spparcat that oxtongive and dotailed information

could be gathered with respocs ta Lotk the porcons employsd (o the asbestos

mlolng ladustry an& mostality figurcs for the goneral population. 0262 -
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- Following this -exploratory survey, u;'e_ taltial effofs was dirccied

- . e - et 4

-
to the collection of data relating to all workere who had been processed through
PTI the clilnic at Thetford Mines since Ite Loception (o 1947, and similar lnforma-

TR (lon regarding all workers at Asbestos, P.Q. Dsta {zom the cllnical records

3 hclndld tho age, family and pereonal medical hlatorfos, smoking hab(u.
) numbar of years of exposure, an estimate o! wolghted exposure, and the
19i.; course of the {ndividual's health status or (he cause of hia death.

From thls information it was poulbl.e to {ormulate & "cohl.:rt" wkich
4could be well defined, should be representative of thg whole group, aand could
be {ollowed {or a t'iellnlto perlod of time, All of the avaliable exgerionce {adi~
calss that the de‘iclopment of asbostosis i{n locs then (lvo-yeno of exposuro

must bo semewhat rare, Accordingly, the cobort was dofined as lncludlng

vt rMidel

. svsry woswor who had a total expoaure ol five or more years, and who was on

Y : OFFIe& pold Irack [/oel - Exposcs firseanos, Rey 4€14ED
the employment rolls in 1950. A Thls cohort was then followod by means of

ae P UedfTh o F Emphopmenr, Wege Vo7 sdcivd & -

(he aanual physical examinatioa records through a llx-yur {aterval, 1950 .

Ac
’ through 1955. All data regarding thll group wero t.hcn tabulated la order to
aw . ) . ) .
detorm:loc the charactoristico of the cohort, For thoae who survived the one
e © ) .

tire period, refercoce was mads to tho physical cxamination results and x-T8Y
{indings at tho ¢ad of the perlod. Thou who hnd dlad wore ubuhud lc;nnxely
sad the cauac of donh corrobotntod by oumlnnlou of the doath certUlcawl.

A lurthor scarch was madoe concerning those 1a the‘orlghnl cohort who ro-
msined unaccounted for when tho living asd the known dead h.nd beon u.bul.;led
Thcy foprooent mon vho had left omploymaent through retirement or rectsnav

0263
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living oz d'e_ed.- and (o tho letler ovent, the causg of doath was substaatiated

{o & similar manner, and the rceulls sdded to the origilnal 11st of deaths,
Death certificates for the Frovince of Qusbec for tho ycars {952

t0. 1955, inclusive, were tevtevo; tn the dopartznent of vital statiatics of the

Provincial HuthAMlnlu.ry. together with statistical summarics of the cacses

of deaths (n the Province by counties. All cases {n which death was certifled

as having boocn due to primary cancer of the lung were sxamined for such {oe

formation as place of residence, occupation, dite of doath, hospital in which
dssth qccurnd.' ud whether or oot an ;u.lop‘ly was pu(.otuud. Cases In
which lung cancer wase given as a cause of da.nzh. but G\vhlch it was not
speclificd as to \;l_:othér the cancor origloated (o the lung, wore slso roviewsd
{3 an cifort to {nclude all (ngl;lncel of primary carcinoma of the lung in the
study.

‘nu oullioue'a l.or the Province of Quebec relats to poyulg.lton. total
CArSie, wite weaTHs FRem Femitn o€ Al - Tyuig

4saths {romall Au:a and deaths from luncg cancer., Those wore collected
azd tabulatod by countles and by sex for tha yosrs 1950 to 1955. inclustve.
From l.hcm? doath rates for the goneral population of Ou;boc and of tndividual
unni(u were calculated for spacUlc yoears and apalyzod by cause.

Practically all cinploycos of oae con;pay are covered by 3 grovy
policy of life tnsuraace which, fortunately, ncg.xly all of thom coatlnuo to
carry when-t.hay retire. A vory faw are ot covered by this policy, aad thoso

sbo loave the {nduetry for on-. reason or snother oxcopt retiremont usuaslly

sre no longer Covarad, but this le llkewies a emall aumber. As an additional

: 15.
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living or dead, and (a the latter ovent, the caucco of death was substantiated
ba l‘ml“:t mannaer, and tho resalts added to tho original llet of deaths, ‘
Death certlficates for the Froviace of Quobac for tho yeare 1952
to 19595, h;lnltv-. wers reviewod {n the dopartrnont of vital statlatics of the
Provinclal Health Minlstry, togethor with stattstical summaries of the cacsos
‘ of deaths {n u;o Province by countles, All cased in which death was certifled
ts having been duae to primary caacer of the lung were o-nmlnod for nud.a in-
formatlon u-plue of resldonco, occupatios, date of doath, bospital In which
doath occurred, and whether or not an autopsy was porformied. Casos (n

“n which lung cancer was given as a causo of dosth, but in which it was nat

o

spoclfied s to whethor the cancer origloated in tho lung, wero 5[‘0 reviewed

ta an effort to laclude all tnstancos of primary carcinoma of tho lung io the

13

stedy.
r "The statistics for tha Province of Queboc rolate to population, total
it S edezya, lte e THI LRy Camitn oF Acu’ Ty o
’ deatho fromall Aﬁ:ﬂ and doaths {rom lung cancer, These wore collectod
“ | aad tabulated by countles aad by sex for the yoars 1950 to 1955, Inclusive,
™ From them, death rates for the gonersl population of Quobec and of ladividual
L] 4

¢ountios werg calculated (or speclUiic ycars and analyzed by cause,

Practically all omployess of one company nre covered by & group

policy of life Incurance which, fortusatoly, noarly all of them conzlauo to

o

carry whea thoy vatire. A very fow are ‘not covered by thls policy, and thoso
vho leavo the ladustry for one reasou or anothor except reiiremont usually

“are no longer coveraed, but this le likoewleo a small nu;txbet. As an additional

0265
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"the records of the e lnourance éomgdny' ware sxamined for ail doath c-lilmc

16,
chock upon the {nformation obtained from the clinical records of/this group,

pid \;ndcr the pollcy, and particular ootico was taken of tho claime in which
the proof of death was baaed on cancer of the lung,

* Doathe from lung cancor it;:ong asbostos minars wero thus deter~
mised from the cu.nlen.ncordn (n tho medical service of the industry and
cbecked by moans of the doath certificatos and lnsurance cémpnny Tecords,
The deaths were than verified lndividually by .uvuwtng them with Q:.e physiclans
o charge of tho medical scrvices. 1o this manner, there was ostablished a
st of caaen fn ;vhlch primary cancor ol'the lung (s cfgddcud to have beon
provod au. the uul‘o of doath. A {ew cases in which lu.ng cancer is strongly
luupocled but not proved as the cause of death wore con-ldeud separately,
Mo:uluy rates hnve boen calculated using bou: the "yroved" and the total of
"provoed” and “suspected” cases during the years under oburvulon. Come
parisons were then mado botweon tho: doath ratos {rom &ha sama ciuee among
l'peel(lc u;m'_enn of unexposed porsons. All lunu‘c'l.;cer dcaths, both suo-
_pgewd and proved, were carefully analysod to determine poosible rolation-
ship or correlations botwoen th.c dev.eloymem of lung cancer and any factor

known (rom the cllnlcal records such as lz.muy history ol cancor, pcnoml

. blstory o( heavy lmoklng. cooxiotenco of achostosis, ‘or exposure to asbestos.

In addition t6 thie analysls of dcaths occurrlng la the cobost and
during tho years undar obsorvallon, avery known desth {rom cancer of the

lung, as well as évery caae dlagnosed but atfll living, has beea tabulated and

0266
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anslyzed,  They will bo discussed separately (rom. those {ncluded in the -
population and time-interval under study. . -

A comparuon of lung cancer mortality in tho asbestos-producing
counties has boen mads wuh that in conntteo which are far romoved lrom
the asbostos minas sad {s which, pnnmbly. no ubeuou minars uve.

Filnally, o order to broulu :ho comparhon of death rates in dU-

ferent population groups, tho ratos have beoa collectad for Cacada generally,

sod for the Unlitod States, according to the most recent 'puburlhed and unpub-
. ;-

Hsbed material,-

Rosults aad Interoretation

The cohort which.was cu-tmcud-.lccbrdlug to the criteria described
ta the proce'dln.g section has been considorad {ndividuatlly and compared with
e genoral popuhilon. Description of the cobort will be presented l_w're as’

A prefaco to the recults of the study,

.

Orizinsl Cohort : - 6091
Lost Poreona Deducted . oo 133
Final Cobort ’ . 5958
Living o 1955 (vorklng and rctlrod) B 1 §
Dead by 1955 ) 167
Cancer of lung ) 9
Quostionable cancar of lung 3
Othar causes 169
Unknown causos 6 -
Smokers ' 4673
Nonsmokars 1265
Cnknown . 20

0267
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T;Sleo 1, 2, 3, aud 4 prosont age, number of years of emglojymcnf.
weighted t'vcflg- exposure, and emoking hablts of the eochort.

.A comparison of the oxposure to asbeelos dust L3 prosonted {n Table 3;

Memdens e Ehe Cohoar

M! pazizos wore placed {n one of three caugorl.u. reprosenting increasing
dogreos of exposure baosed on & welghted average of the years spout at various
levols of dustiness. Tho degroc of dustinass (or‘ each job caugox;y was detor-
tminad aftor cm.-umltath'm~ with persons I.a.mmlr with the covironment and con-
ditlons Lo tho various work arsas, For the pupo:e:Ac{ calculation,. the a8-
sumptica has been made Annt. the relationship betwean Ehpn@ categories (s
llna.ar. and that category Il s twice 2s duny.' and uteto.ry I three tlmoo.u‘ ;
dusty as category-l. .

The fourth variable, smoking habits, wac similazly tabulated and s
shown in Tablo 4, This was tncluded bocanse tho laloti'na_iton was avallable
2d becauss om;ktag was ngar‘de;l a¢ one of tho varlablos which, besldes the
nvlronmoiut. could concelvably {nflucaco tho devclopment-ol' lung caocer. As

used (n ibls presentation, the term smoker refers o & :lgsrcne. smoker, babit-
ually emoking miora lhu:_l(vo clgarettas por day. Pcreoas who smoke pipes
or cigars exclustvely were not consldored .to be smokers for tho purpose of

s study,

0268
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TABLE 1 T T
* Numbor and Perceatage Distribution by Age
Age - Nuober Per Cont
20-44 " 3901 66
45-54 1124 19
55.64 615 10
65 ¢ -+ 315 [
Unknown ;] °
Totals ." %958 1007
Avsrage Ago . d 41 .
® Lass th.;n.!iﬂ- H
TABLE l.

Numbor and Percertage Dlstribution by Leagth of Employmant

Leagth of
Employment

$-9

10-19:

20-29

30-39

40-49

50 ¢

Totale

Average Years of
. Ermigioyment

WW

lids
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. TABLE 3 — -

Nunber and Percentage Distribution by Expugure Category

o e

Exposure s

Catcgory T Nun:\bot ’ B - Per Cent
1 ' ) 2081 ' S 3
u. . 2150 " . 3%
o 1712 . . 30
Vakaown =~ . 5 . - L
Totals . 8953 100%
suvA ]| Average Exposure N ) . .
9§ @] ® Less than,, 57
<

TABLE ¢
Number and Perceatzgo Distribution by Smoking Habits

Smoking _ . oL

o J Jablts Number °  Per Ceat

.} Smokers - 467y 79
Nonemokers : 1265 13
Uaknown 20 _e
Totals - 5956 1007

¢ Less than .57

sw\

-
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~ Table 5 proscnts the year-by-yosr oxporienco of the cokort and
isdicatos the numbar of donths each year {rom specified csusos, In geseral,
. s case was considarad to be'proved” as ons of primary cancer of the lung
'; when tho records showod that tho dlagnosts bad boon supportsd by an autopsy
7.2 1 . . e
' or surgical resection of the lung with microscopic examination of the removed
'XL tissus, In one cspe 80 conaldarod, Bowever, dlagaosis Iw'u conflrmed by
":"‘“ bronchoscopy with visuslisation and blopsy. - In anotbar, although there was
¥ev% | a0 sutopay, the dlagnasis of primary cancor of tho lung seoms to have been
1o beyond quostion, . b DI -’_)-'-'-' LEEE A ’ e
TABLE $§
Year-by-Yoar Experience of Cohort and -
Doath Rates por 100,000 Man.Years of Risk
: Causo of Death
No. Altlve Proved Juopected | Map-
At Beglaning Primary Primary Other . Years of
«o— | Year  of Year Ca,ofLung Ca. ofLung . Causes Unknown Riek
':"f,"-' 1950 5958 | Ce W Rt ) 5950
<=2} 1951 5942 -2 o - i7. - 1. $932 -
. - 1952 $922 0 ~.0 - S ¥ BN 0 $903.5
e b 1953 5685 B 3 1 34 - 0 56866, 5
:.:‘;: 1954 5848 1 0 - 33. . 4 5829
al ] 1955 sslo 3 0 36, 0 $179.5
Touls v BRI 1 S I XY
]
— | "Proved" rate por 100,000 man-ycars of rlek 8 0t ___ o 25.5
. 3s21i.5
~Total" rate par 100, 000 man-yoars of risk = 35T 34,0
. 0271
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The term "suspocted” primary caacer of the lung was applled to

thote cascs in which the dlagnosis remains {n doubt but some of the evidence
polnts to cancer of the lung. Thore ware threc such cases.
The term “"man-years of rick"” has been ulodlto mean the number of
men al risk-for the year under observation, An indlvidual who lived through-
‘ out tbe year was counted as a full mu-ye&r of thk but one who dled durlng
the ynt was counted as onc-half a man<year,
t
Denln occurriag in tbe cobort, And h which lung cancer {s considered
m b Tott T 2L
' o have been proved as a casue. are lhown ln Also shown .
are three deaths which have been conl(dered as "-u-pocted“ lung cancer cases, k
" 7- w1 E (
“Proved" Casos of lemu'y Cancor of the Lung
= A - ; Asbes- A
{l s Name Ago Gmoker  Enpogure Died  Autonsy tosis
I A 66  Yas 26 yrs.tnCat.II- 10-12-51  Yos Yes
2, N. P, 65 Yos J4yrs.inCat.l §- 3-55 Yes No
3. R. M, 65.. Yes 37 yrs.inCat.l 7:20+55° No No
4, C. B. 59 Yes 32 yrs.in Cat. { 8-20-50 Yoe . No
S. A S, 48 . Yeos 22 yrs.in Cat.I, *.=51- Yés . Yoo
6. W. F. 61 Yes 33 yrs.in Cat.lll  4-30.53 Yos Yeos
1 L. D 56 Yos 30 yrs.ln Cat. Il  11.22-53 Yos Yes
3, E. L. 37 Yos 16 yra.in Cat. ] 8+ 5-54 Yos . Neo
9. A. R. 68 Yor 28 vrs. ln Cat. 1§ 5. - -55 Dronch. No
Tadis
“Suspected” Primary Cancor of the Lung
Aabes-
Nemo Age Bmoker F.xpoaure Dled  Actopesy tools
1. 1. T, 49  Yeo I2yro.in Ca:.m 10-25-50 No No
& R.D. 46 Yoo 33 yra.ln Cat. Ul 7-° =53 Yee Yes

3. P.P, 65  Yos 42yrs.tnCat. I 9.30-55  ¥e -.No 02?72
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- An tndication of the importance of these “suspected" S
cases in Intorproting the rosults of the c:.lculnloxu is do-l;-nble
before further dlscussion of the u-torullty rates which zxe derived
in lotor tables, For example, it happons that the rate found for
the proved cases'ls closa to lh; "“expocied” rate baced ca the

genoral population figures for the Proviacoe as will be shown later,

‘and on which basie, we should find olght deaths {rom lung cancer.

among the cohort, Actually, nilne cascs wore obsecrved, U, however,
. . L I

the thros additlonal "suspacted' caeee nre (ncluded, lncreasing this
figure to 12, tho total vould be very elou to the 95% level ol signif-

{canco. Howevor, having found jun 12 canes, we are mat above this
TWEK&':’-‘.‘

lcvol. and hmmg tho hypothonll that asbastos

mborn do not have a higher mortality {rom luag caocer than does
Chxner ge Keyecers

the goaercl popu.lulon‘ Noveruulou. the ocsurrence ot 12 cases

{n this sample would lncrogu__tha rato to a polat vblch apptuchu

“the olgnlﬂcam level., Because of the tromeandous tmporunce of the

quostionablo casos {n this reapect. somo dotail: rognrdlng them will

. bo givea here,

&~
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' l; ox;e of theae cilen. -\ho'oun.ptdon ofk-cancet of tho lung-h
u;ad upon the x-ray laterpretation and, slthough no autopsy was ;atlormcd;
tho death certificate Indicatos that death was due to lung cancer, it is well
kaown that !.ho- x-ray appearance of flbrosis, e.poéhlly U a localized donsity
or a superimposcd tuberculous lesion is present, can simulate that of a tumor,
and by {tsell, dces not justify the inclusion of this caso as one of "provod;'_
cancer of the lung. A sccond cl;e was cortified as havisg dled by reason of
hydrothorax, passibly due to lung cancer, but again there was no .\irgery and
no post-mortem ez'amh'\aﬂon. la tho third case, ulthoug’h it was subjected to
utopay, two pathologists dluagreed ae to w-huhe: lung cancer was present.
The déath was :E‘thet} as )-nvlug been due to cl.;toz;lc myourdﬁh with nephe
ritie l;.nd pulmonary congestion, and possibly cancer of thg lung. Oa the baste
of those facts, {t cecems unwarranted to (ng:iudo .d:e se three cases among
"proved” instances of lung cascer, On the ‘olhor band, they. canaot, in foir-
sess, be dlsregardad cotnpletely, It (s for thls reason that mortality rates

have boan cucu}ued both ways, .ot -

.

Tablo £ gives the ratae by age groups.

- 0274
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" TADLE 6

Numbaer of Porsons and Nuwaber .of
Lung Cancor Doaths by Age Groups

< b LummCancer Deaths
.. Alo Grong Porsons Proved Total
| 20-4 _— 3901 1 1
T 45.54 1124 1 3
i §5-64 - 615 3 3
65+ . 318 . 4 5
gt | Uskmown ) X - 2 -
- Totale 5953 - 9 12
a4
o | . . ootz K
" o Anpual Lung Cancer Deoth Ratos per 100,000
: © . Map-Years of Exposura by Ages Groups
ails
wile] AL G}oug Proved Total
] 20444 PR L 4
* 4554 15 % T 44
svon] 55-6% 81 81
] 65¢ 212 265
.vad] Uskaown 0 e T °
Tatol® 23 . 4

AR TS

The rates by leagth of smploymont ars shown in Tablo §, Durlng

the {tret 40 yoars af employma;u. tho rato rises, an obeorvatlon v.-'hlch secms

plausible slace the inen were growling oldor, owevor, -aftor 40 ycars ‘of ex-

pusure thers ore 8o “'proved" casse rcported for o total of 240 wmon during

tho six years, o::'rbout 1440 man-years of oxposure. Whon tho “suspected”

0275
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‘casas aro sdded, ono case doos ghow up in this porlod., This would produce

o ———L Y AT o S

26, -

s zate of &9 per 100,000,agaln demonstrating the importance of these question-

able, but unproved, cases to tho final conclusion, bocause, If there were no

csiu {n this oumbor of men with long 'a:pocun. and £ asbestos is a carcine-

gonic egent, [t must bo cancloded that thooe 240 men havo demomuued con

lldeuble resistance, 'n;udn biologleal phcncmcnon \vhlch lul been observed

BT s

proviously and {s ccn-tnunz wu.h the tbeory of an trm-lnltc or andogcnou- factor

{n cancar. The only other c:plnutioa vould ba that the mcopt(ble menbon

'x
of thls ago group bad dled earlieor of lung mcer. ‘l'able 5’ which appuu

lung cancer st a-younger age than the general population.
- . - . - .
TABLE ¢

Number of Porsone and Number of Lung
Cancer Deaths Ly Ledqth of Erployment

later in this sectlon Indlcauu uuu the mcmbon ol u:o cobox-t did oot dle {rom

Luna Cancer Decaths

Lezgth aof Coxployment Fersons * " Proved Totzl
B 1795 T0 0
19-13 .- 2398 SREEIE PR |
20-29 922 - 3 3
30-39 o 603 L8 R |
40-49 R 185 -~ 0 3
S0+ $5 .9 2
Totalse 5958 9 12
Annual Lung Cancor Death Ratos par 100, 000
Msa-Years of Exoooure by Lancth of Employmont
Learth of Employment Proved Total
' 5-3 0 0
10-19 ? 7
20-29 54 54
30-39 138 193
40-49 0 90
50¢ - 0 0 ~
Over-all 25 Y V"'?G

" - -
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Tha rates by weiglited ezpoaure arc shown ln Table ¥, and it will be
Buted thit they Apuunl. slrong avidonce 23ainat asbestos behg a carclaogesic

agon}, t_ox. Ve sLposure W .anbcuos {s ia any yny.coue_cted to lung- caacer, we
would expect thar the louger aad heaviar tae oxposure, the higher the rate

that would Lo fouad. Th+dy possible error in this Interproteilon could occur
u :.he. weightad gxposurcs wurs. isver3ely rolated to years of ompiomut, in
which case tho hoaviest weighted axposurs (ca‘tog.ory 1II) would ghow the shorte
et langth of ernployment. Tatls y. whick lists the puinbux of porsons o~
varlous exposure categorico by length of c;nplp)'mcnt lodicztes that this error
bas oot occurrod. Ia fact, the average nuxnl;er of years of emplayment {or

uc’b sxposure-category ls almost ldoatical.

P
2 e R )

- .
- -3 "..l LI

. TABLE¥ |0 .-

Numbor of Porsous and Numbes of Lung
Cancer Doaths by Exposure Category

Expasuro

. . Lung Cancer Dczths
Catetory - Persoons . . Proved Total
1 2031 ) 4 4
u . 2150 3 4
s A 1112 z ¢
Usknown' [ 0 0
Totale 3953 ) 1z

19
{Table § coatlnued on next page.)
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TABLE § (contlnuod)
A Asnual Lung Cancor Decth Ratos perjloo. 000
Man-Yozrs of Exposurs by Esposure Category
W a : ’
~«+ | Exposure Category ’ Proved Total
.? 3 . 33 33
u . ’ 23 R
- m - 19 ’ 31
. Unknown . ) L
v} Over-all S M
‘bn
ad - )
P | )
v - TADLE Y |/
Numbor of Percons in Yarlous Weightad
Exposurs Categories by Loagth of Employment
§ Loogth of Welnhted Exvosure Caterorlos
Employoent 1 u i1} Unknown Total
- $=9 107 598 430 "o 1795
- 10-19 663 - -883 8s1 1 <2398
RRE 1029 314 363 243 2 922
. 3039 247 . 218 137 l- 603
40-49 R 1 3] 41 1 185
S0+ ‘24 2 10 0 55
Totals - 03T 2150 177 [ 5953
sV L Avarage yoars of .
exposure 17.8 17.8 16,6 .29.0 17.5
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Table }d, which dovelops the ;;@ep for amokers and non-smoxers,

{s moat striking. It shows that not @ siagle case of lung cancar dev.elcyod

{ among tho 1265 nonsmokers and that all cases of lung cancer, both “proved”

and “euspected”, occurred in smokers,
\ s '

Table ]} was so strikiag that It was folt that furthar verification
was necossary. It waa possidble that some aboormal dlatribution may have
ocnr}od. ¢. §.. tho nonowokors may heve (ncluded a larger parcontage of

D 4 5
¢
to show the distributica of smokars and nonsmokers by age, -length of om-

ployment, end dogres of exposurs. Although there are slight differences,

{they do not accouat {ox the fact that all observed cllal.;:f lung cancer wore -
. : -3 . .
{n smokers, In raspect to age {Table T3 the combined avarage ago of the .

¢
-jsmokers was 4.9 yoars lose than that of tho nonsmokers, Table IR shows

that 88 far as length of employmasat Is coacorned, tho smakors had worked

T Jebout 2.3 yesre less oa the aversgo than tho nonemokers, With longer ox-

(S

. B,

-{posure and greater age, ons would expoct tho: nqnlmok‘ina groupito show

. : 5
“Is digher rate U lung cancor ware dus to ssbostos. Table J§ shows that the

Sverage cxposure category was almost tho samo for tho two groupes. Thore-
fore, this varlable geems to bs of no Importance I accountlag for this

dUlerence,

Tho rosult of this additional analysls {s that none of theoe factors
- | &~ .
appeare o lessen tho elfect of Table 0.

L. ge  STOATe

young men, Conscquently, additfosal Tablos, N, IR, aad }5 wers constructed’
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’ TABLEZ IO~ ’
o Number of Perouno and Number of Lung Carcar Deathe
o by Smoking Habits
.JG“ X
Lung Cancer Deaths
" ‘Persons - Proved Totas
&w | Smokers ’ 467) ‘9 12
Nonsmokers 126% 0 0
sz | Ustmown . __20 0 - 0
Towls . 5958 . 9 12
16y . . -
.« G2 - <
.(.':
Annual Luog Cancer Death Ratos per 100, 000 Man-Yoars of - .josure
) . - by Smoking Habits
.ad
) " ae AProviq ) Toral
s ) smokers - b ¥ . Y Y
1} Nonamaokers 0 0
T Uaknown 0 . [
Over-all : : 25 B T
0y : . : : i
X
(] 3
:{»\
“b
Wl
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TABLE “t3~. )
- Number of Smoksre and Nonsmokers by Age Groups
. Age
Group Smoker Nonsmoksr - Uaknown
20-¢4 3200 YT 12
el | 45254 896 ' 224 )
tart | 9%.64 411 . 202 2
rify | 65 ¢ 164 150 1
1w | Uaknown 14 ] 1
] Towls 473 - 1285 20
Average Age 39.3 44,2 40.7
Percentage Distribution of Smoksrs acd Nonsmokors by Age Groups
Age : :
Qroup Smoker Nonsmokor Unknown
e s . ! . L
+%0 | 2044 68,3 ' 54.5 . 60.0
=TS F 45a94 19.2 17.7 R 20.0
nd ’,‘“ ) 8.‘ 1600 - . * 10.0
e f 69 ¢ 3.5 ’ .s - %0
Uakaown - [ .0 5.0 .
Totals 100% xpoi T 100%
¢ Less than ,05 7% '
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TABLE 12
Number of Smokers and Nonsmokars
_ by Length of Employment
wre ©f Langth of
- “| Lmployment Smokesr Nonemokor Unknown
e 5-9 : 1408 T 10
- 2F 10-19 1967 426 4
) 10-29 22 199 2
-l 2 30239 433 166 4.
) 40-49 i+ 110 ‘13 -]
«vavaf 80 ¢ 33 22 0
- " Totad ’ 4613 1265 : 20
Average Length of 17,0 19.3 - 16,0
Empioyment
Bt —.
- Porcoatage Distribution of Smokers and Nonomokers
R . by Length of £mploymonat
o5 :
e’y
~-el2] Leagth of
td- ¢} Employmant - Emokor Noasmoker- Unknown
P e . . : BN .
vidnl}  $5.9 30.1 29,8 50,0
. 1019 . 42,1 3.1 20.0
0-29 15,4 15,1 10.0
“vs ¢} 30239 . 9.3 13.1 20.0
40-49 2.4 5.9 -0
30 ¢ o7 1,8 . .0
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TABLE N, R . ’
- Number of Smokers and Nonsmokers _ . ™
by Exposure Category
| Exposure :
s:1] Catopgory Smoker Nonsmoker Unknowa
N 1 1553 414 4
L n 1691 . 452 1
: m 1425 .7 338 9
Unkavwa . 4 - - 1 __g_ '
- Totale 4673 1265 20
Averaga Exposure 2.0 - 1.9 2.3
Category ’ :
Percentage Distribution of Smokors and Noosmoksrs
’ by Exposure Category
- Exposure
t Categor Sraoker Nonsmoksr Unknown
- SEe40FY ——— —_—
1 33,2 o 31,8 ° 20.9
i 36.2 35,1 5.0
B m 30.% 26.7 4.0
‘{ Voknswa 0.1 - _0.1 .0
Totals’ 100% 100% 100%
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.Cémp_a't,llon of tho Colort Expericnco with
that of e Frovinco of Quebee, Dominlon of
Csanada, and the Usnited Statea

In ord_;r to make a comparison of the oxpericace among asbestos
olners ':lth that of the genaral population of tho Province of Quobec, stae
llulu-vqn gathered, as ;utedlearllett o tha offico of the Division of
Demography In the Provincial Mintotry of Hoalth., The data oa total deaths,
deaths [rom all (orl;so of cancer, and deathe from coocor of the lung were

obulned_;_b! sex and by county for the years 1950 (hrough‘_l‘u.s. In addition,
all doath coertificatos which opecified primary ca.nc;t o; tho lung, and all those
which (ndicated lung cancer but did not spoclfy the orlgln, were oxamined for
the years 1952 thzquqh 1955. - - -

fl‘:cblo'_:ll‘ gives o upuhllon of the numbor of deathe {rom lung cancoer
ta l.hc h-oﬂaco. and In the co:hon forx the yoars 195.0 through 1955, and ‘lhow.o
the anausl rato per 100,000 n these sogments. It will be noted from the
table that the‘l mortality rato for the "proved” .cnou_..!u the ‘cohort s only -
lllghllyj'hlghﬂ than the rate for the Province, Whon the "cuopec;ed': cases
A'l’i hcl‘ud‘afd h. Wo- calculatlon, the rate on: the cohort rises to 33.8 por 100,000
which (i about'S0% bighor thaa the rate for the Province. This, it will bo
recalled from the previous diacusasion of the effect ol the "“suapoctlod" -:-aaol

oo the resulls, approachos but does not cxceed the l!nnl!lcnul'level.
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TABLB ) ot o
Comparison of Cohqu with Proviace of Quebec . t
. ’ Acnual
Number of Luag Capcer Deathe Rate per
Porsaas 1950 16§51 1952 1953 1954 1955 Tctal 100,000
.Province 1,198, 000° 196 220 245 303 . 303 387 624 - 22.6
Cobort . s,923¢ )
* Total _ - 3° 2 o 3 1 3 1”2 3.8
Proved T S | 2 1 3 9 25,3
Province 1,192,000 193 218 245 300 302 354 L1612 X8
(cxcludiag sobootoo wezkevo) = - : B - ‘. .

In tbe Province figurea, it hzs been asdumed all tndo tung cancer de‘thl are for men of 20 ¢ yeass.-

® Approxizaste mid-point of the meraud pepulation for 1951. and tbe estimated pcpnhlloa for 1954.
{(Rapport, Dlv, do la Damiograpbie}

¢ Number alive in cobort at beginning of 1952,
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‘Ouno further ntorecting obccrvatioa {rom Tabia l,i’h the rather
marked lacroase I the total aumber ¢f cases for the Province betwaca 1950
and 1955, Ji {3 assumed that st least part-of this increcase (s dua 1o Ime
proved recoguition uul roporting of lung cu.u:or dur!.ng tho I.ntoxvnl. For
thle reason, ths 7un 1956 and 1955 were thought to ba more uurly :epre- \ )
uauuve of nc:ul cendulone. Evon oo, {t ls quite lur.cly that tho gcnoul )
| population la aot atudled tor lung cancer vhh the same dlligeaca wtzh whlc.‘.x
this dicecase lo lookcd for {a the minors, ud lt ssoms probablo :bat the more
uuty ratea lor the Province may bo low. nu would 3ppoer to be substan-
v < | tlsted by tho (&ct that the ropoﬂhg of caua ln the cohort ohowod no wch

&} tacroasa over the same poriod,

. e :
£1 L . - -
5 - Table 18'was comptiled to show the annual age-spacific lung cancer

yate of casac In whlc-h. u‘o doath coﬂutca':e maoroly read "mco:'o( tho luag*,
ss distingeished from thooo {n which u;o dla.gmulc wasg conﬂmed by aut.o,puy.
surgery, or blops;. m torm "cpecﬂled pﬂcuu-y ro{ou to those caseo {a
J those two cstogorios ln which the tumor wao opeculod zs h.avlng oxlsl.naud

{s the lung, It Vll! be notod that, of the .touu c?oaq r.portnd n 1955, a much
bigher percontige thaa ln 1954 we?o spaocifiod as ptlmn;—y; 1;139 tabls also

shows that- highor porcentage of tho tatal cases certified tn 1955 wore proved,

sgaln {ndlcu(nn'hcreulng \nterest \n \Sh dluaoo..

—— et v me o —— . .-
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TABLE v
Lung Cancer Deaths for the Province of Quebec . t
. {Data (roris Death Certificates)
K LK - — - 1355 .. :
. Total . Specified ’ Total Specilicd ’
3 Estimated @ Certifled Primary . Certified Primary :
Age Group., Population Total Proved Total Proved Total Proved Total Pfoved :
2040 777,000 © 0 17 13 " 9 1w e T o g = ¢
45-54 ‘202,000, - 61 3% 4y 29 60 35 56 32 -
$5+64 137,000 . .. 100 LT I €9 2 .an s7 e 81
. 65 ¢ H A 11 | - 33 -_68 -29 - 148 54 - _te8 5¢ - .
Totals 1,237,000 . - 295 120 191 99 - 342 °° 1% 337 . 182

8. Eatimate for pnp&laklnn obtllned by applying I9Sl perecuugu (ct age .roupn for mates.fo (he ‘total
population for 1754, as given In Rapport. Div, dela Demn'uphle.

. Anndal Lung Cancer Death Ratas per 100, 000

B 1954 .. . P . .. 1955
Total Spacliied A . Total Specified
Certificd Primary Certifled . Primmary :
Age Group .0 Totat Proved Totat Proved Total Proved =  Totul Proved |
20-44 . 2.2 - 1.7 1.4 1.2 2.2 1.2 2.2 1.2
45-54 - 332 17.8 . 21.3 4.4 249.7 11.3 21.1 15.8
55-64 730 21.1 50.4 23. 4 85.4 41.6 84,1 41.6
65 4 9.7 2.3 - - 862 24.0 ‘122.3 44.6 122, “s
Over-alt 3.9 9.7 15.4 - 8.0 1.6 12.5 27.2 123w
5 . ] e
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A :omynrl-on has been made batwoon tio ago-specUic saton nho;vn
u‘hblo VJ. and thosa for the cohort, showa la ‘l‘ablc §. Anaverage of the
.§984 and 1955 satos for the Province has beon used, slnce the 1955 figure
was highor snd cuy have becn excopiionsl,

W8

This comparison, summarized {n Table M’ shows that the observed

y pumber of deaths {n cur sample ls uot sigaificantly greator than the oxpecud

aumbet of doaths, blld(! on the average of the 1954 and 1955 {lguros for the

-Province, It la tzue that, in the cao0e of the ege grovp of €S and over, the

{ five doaths provide a figure which {s almoat l(gnt.((cant at the 5% lcvel'

ffowever, it should bc notod uun this uumbor lncludol one o( the aucpected

put unproved cases proviously reforred to, Furtbermore, {t is :uhor Ukely
thot the rate {or the g'ngxal poyulaslon {s undoratated in thh ago group,. for

u:o obvious zoason that the exact causo of death ia the very old la not a matter .
of the same latensity of intercet as lt ls (n 7oungor poraons,

Tl TABLE 16

- Comparisan of tho Actual and Expectod Number of cme o
Lung Cancer Deaths by Ano Among Agbsetos Mincts
Province Expoctod? Obsorved No,
Age Towal Specllied Primary - No. of -°° I No, rof of Doaths
Oroup Rate per 100, 000 Minors Dcaths - Proved 1wutal
| EIETHE 1.8 - 3901 . < of 1 1
45094 24,5 . T4 2 R § 3
§9.64 67.6 615 2 3 3
65¢ 49,3 . 318 -2 . < ]
- o 0

Yokaown .- 3
¢ Actually .4 ' ’

] + The expacted numbar (s based on tho avarepe of the 1954 and 195

sge-epecific ratoo for the Frovinco of Quebdbec,
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Table I\ also answers a.qucstion previoualy ralsed, It shows that -
=i | the membdere of the cohort bave n_oidted from fung cancor at an age’'earlier "
*t 1 | then the goneral population, and that such an eaplanation cannot bo offered
v w } for the abeonce of lung cancor o 240 mea with more than 40 years of em-
ployment reforred to on page 2.6.. .
oy Before leaving this comparison of the Frovince with the mlners, it
.nu_A should be shown that their age dlatributions are reasosably the same, That
:'! this {s the casc can ho obacrved from the {ollowing tabulation:
-’ JABLE /7 S .
. Age Distribution of Adult Males for the Proviace af Quobec, 193]
W (Rappore, 1954) e
cnd|
Age Provinco
oty Grovp Humber Pcrccnuaso Porcentage in Cohort
it § 2044 721,135 63 % 66
ot 01 108, 952 16 ) 19
".o_', $5.64 128,944 11 10 -
Ao 113,467 10 5
o} Toul 1,158,498 100 100
P :
A ':-1 1t should bo remembored that the miners rotire and cossoquantly,
~ -F #t csa be expectod that the oldest ago group will be larger Ia the general popu-
LR i 2@
7. | latfon, The data preseanted in Table ‘yu'lndlcatel that the lung camcer rate
. . .
" geoerally decroaaocs ifter ago 710, Thersforo, v.o could expect the ratc for
4 . ’ ’
<t people over 65 to bo amaller than the rote for the group botween 65 and 75,
+. ] which would apply to the oldost group of minors, It is folt that by uzing tho
whole adult aialo population, we havo developed rates for the general popu-
0289
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g loticn wdizh ase su:scrhat lowes than U we Liad beea aile tu erelede
~; the pooglo la tho gmeral popclotian over 6.
g A coxparisoa bciaecn the 2z3er08 @atzers and the pojelatica
.. 5 of ths Doaitztca o3 8 whals was med2, 'e:lq € ctatistical oslertal
: 2o IJ 14
r " froa o3veral goUrced £1 €29 souree, DPEUUS3 (T2) gava age = uru -
npocutc £sics. £cz Cenzda {or tares vctlcds botwoen 1334 ands 1532,
. Retos for moles are pives ( Toble %
. R Z ‘Ltaﬂlfa()&,’;a} ves,er”
(YR J—n' W‘ E F ‘A‘?’“ &—wo-o(Ao
. 0
Age Orozp 7 Orgua.,sf,ygg—-—
W8T I LSs0lEsa
Urder 807 0.3 0.2 Lo
e $0-24 0.9 0.9 .’y 0,6
s 35.-39 3.0 8.2 3.0
oot 40-44 3.0 6.< 6.9
P 4540 83 1o : .7 77 7
PR G0-54 8.3 1.9 ¢ 17 $7.2 .
. 05-30 3.7 31.0 83.y 57-°
PO 60-C4 12.3 83.7 7%.8
) (L 151 .S . 102.9
, —~ 70-54 10.7 80.0 - §6.3 ‘te.d
-7 - 15.0 50.0 €. i Y
80-24 el I7.9 . 8%.%
€3 plua 1L4 11.3 .0
3 AR sges | 3.9 A% 15.0

2" ‘Mostolty Lrom kg copser ta Caands “121 to 19527,
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These ﬂgur;l show strikingly the Increase In rates between .l'iSl'

and 1952, and this Increase ls particularly marked cftor age 50, con(.tr;n-
" Ing an observation previously madse, to the sffoct that unttl rece.uuy lung
¢cascor bas probably beea indnr-dh;noud o the older age groups in the
geaeral population, ’

- Touse thooo figures for puz’polO-ﬂ of comparison, it ls necessary
#» combdine the rates {or cortain age groups {n order to conform to the age ‘
@stributions used Lo this study, Since the oxact populsticas in oach age-group
{51 the years indicated (s not kmown, this uﬁ-ut be an spf:ro.dmt.lon. Howaver,

fe Tatoc would be somaewhat as follows:

Auo Grouz - Rata
20-44 . . [
45-54 o ‘ ’ 21

© 55-64 69

63 ¢ o 9093

-

These ratos are, Injgeneral, lower than these deveoloped {or the
total {proved and o(upected) casecs of lung coocer among the asbestos miners. )
The ounly llxat'dlﬂernnce. however, is in the age group of 65-10120 and over, _

sad {t 1s quite posstble that the rate {or this group may have increased for .

Canada botweon 1952 and 1954 as It d1d for the Proviace of Quebec. (Sec

Table J5.) /9

7 P
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A {urtber comparison has boen made with an over-all rate obtalned
. 1& ] from the American Cancar Soclcty for rospiratory concer deaths tn Canada

. o .
.uwl] 1g 1933, This vato, for caloa, ts 20.8 par 100,000, five more per 100,000

- taa Prlllips’ 19501952 x'ua. ead comparcs with 25.3 per 100,000 for proved

b
¢

[}

cxsss and 33,8 por 100,000 for total cooos among the llb:.lwl miners {o this
atudy, It ts therefore obvicus that thors are ne important differencos between
v “the r;lcl for asbeotos minere and thoso for tha genoral population of Quebsc -
14} ¢od the Dominlon of Cansda, . s

1 V Bince {t s probable that {igurce for the Uanited S'wun arc more
42 § complota and, tharefore, _pauibly more comparable Ia_t‘h; data {or the miners,

sge-spacific rates wore computed {rom "Vital Statistics of tho Unfead Statcs*,

3

.—_-‘.o“'/

. o
Volomes I and II, for 1932, Thase ratas have beos tabulated la Table W.L
TABLE K
Numbor of Deaths and Doath Ratoo per 100,000
- by Age Qroups (or the Adult Male Population of
tho Uaited Statcs—=Data From
"Vital Statistics 6f the United Statos", Volomes I and II, 1952
! Age Group PoE‘ulntlo,n .Cne- ‘Rate per 100, 000
20-44 24,544,000 . 883y 3.6
4554 8,069,000 : 2979 36.9
A !5-66‘ . 6,340,000 - 6254 . 98,6
bese 5. 670,000 6403 114.3
31 Tetsl 4,815,000 16,599 312
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1t ls aprerent that theoe rates .cgmparo favorahly with thoe= for
the ssdastos mincrs as shown In Table &. Stil] othersrates for the Unlted
Btates wore §bulncd {rom. the Amorican Cancer Soclety, and for n.ales,
wess were 25.3 por 100,000 ¢a 1953, and 28,0 per 100,000 in 1355, .'nuy

ere uot identical with tho rate calculated from the {lgures of the office of

 Yitsl §tnlnlco. but thls ls possidly bociuto the American Cancer Soclety

" zales ave for males of all agos, Nevertholoss, they, too, compare favor-

sbly with the rates of 25 {or 34 lor total czaes) obtalning among the asbestos

:‘hir.c
) . _f
Tasalng for 8 moment to a comparison betweon the asbestos miners

‘B sad parsvas who are cxposed to ashestos in ons form or aoother (n_i dic-

tingulebed {rom the gensral popuiation groups juat d(lcua-ud. who Bave no

’ S
syposure} an {nteresting observaclon can be devalopod by deductlon, Huepar( 8
bas stated that thore aye about 35, 000 persons exposed in the Unlted Statos,

sad we have found that the Canadian mioes employ about 8,000, Eluwl;en.

" {15as boen estimated that the workers in Eagland vhq:lu;o exposure total

bstween 3, 000 and 5,000, With workers in Africs, Deamark, Norway, and

_gthes countries, &X least 50, 000 porecns muat be exposcd throughout the world,

sué 11 €an bo sssurnod that this oumbor has beon iclr\y constant in the 20 yvare
slace 1915 w§;n l.ho'tli_u caco of asbestosie with lung .c‘ance.r wae reported,

At l.}ut a mﬂ_llon mu-you;c of oxpo-.nrl.l.uq thue been accumul:l;d. and

thle flgure can be dividod by the upproxl;naloly 150 casou of lung cancer with
sebostorls reported during the 20-year poriod. This gives a rato of 15 per

133,000 which {s at loast Indlcative that say lung cancer rato which can bo
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eslcialated for workers cxpnsed to asbestos duat s not.mmuch greater then

that {or the uncxposed population. -

Comparlson Detwoon Elght Countles
Adjacent to the Asbedtoc-Produciag Arcas
and izht Sonlacted Counties

To compare lung cancer mortality rates {n the countics surround~
{ng the asbestos-producing areas with another ‘roup.cl counties in which
a0 ssbestos milners are likely to resido, the rates wors computed on the

baels of figuroes for the yoara 1950 through 1955. The eight countice selocted

_ for comparison were argontouil, Chatoaugay, Montmagay, Fortacul,

Nchl.iou. R(v(cu-d#-ho@p. st. Hyacintho, and Torrebonae, mainly because

they represont » widas geographic diotx;\bution throughout the Province. The

counties selected because o{ their groxtm}tf to the aobestos mines include
Arthabaeks, Besuco, ;E:ummond. l;ronumc. Megaatic, Richmond, Sherbrooke, )
sad Wolfe, Table % .lh'.)\vo the number of lung c&ncgr.geatho {or the yoa"' .
1950 through 1955 for cach of these conml;s. sad a moru.lit); rate, based on

te adult male population in 1952, To smphasise the comparison, Moegantic
County bas been shown separately, -2 has tho Provisce of Cucbec and aleo the- )
Province with the elght "asbostus-producing” counties subtractod. Bocauso

of {te un@'ue lung cancor doath sate, Montroal ot lalo de Joeus has alco becn

listed to order to provide furiber compariscn.
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TABLE 39

Number of Lung Cancer Dcaths .;sd Rate per 100,000 Man-Years"

T Adult Malé .. . Male Lung Cancer Doathe® :

. « - .Population . - Rate per

Counties. 1952 1950 1951 1952 1953 1954 1955 Total 100,000
Megantic County - 13,100 . 3 t 3 s 1 4 is 18.9
Efght *Adjaceol” Countles 97, 600 6 3 9 16 4 16 54 KX
Elght Selccicd Counties 83,000 2 10 s .18 s 9 49 ‘5.8
Province of Quebee ~ ° 1,198,000 196 220 245 303 303 357 1624 22.6

Province of Quebec less .

Eight "Adjacent” Countles I, 100, 000 190 217 236 287 299 341 1570 ©  2).8

Montreat ci Isic de Josus 394, 000 3 T 158 192 1es 223 770 2.3

K1

© It.1s seaumed that all male lung cancer deaths occurred aflter age. 20, .
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. l.: !s apya;a':'r;t trcr-n the table that the .lung cancer death rate for the
e{ght cocaties loummedlately surroundiang tho ssbeotos-producing areas {e
pucu'u..uyald'ent‘!cal with that of elght cocnliu selectod for comparison,
While *Legantic Couaty has a rate pearly twice that of the combined eight
selocted couatleas, It 14 lower than tho rate for tho Province, sad consldcradbly
lower than |.he rato for Montreal. The flgure for Montreal would cortainly
be hlgho* except for tho very low nun-;bou of deaths roportad for 1950 and.
1951, and it would oppear that {n thoooe ysars some error {u reportiog bas . o
i;ndoubudly boen made, On.u';o baels of z.he oth;x .yearl. 1950 and l‘;Sl doatha
wauld be oxpacted to be about 200 greater, Thia would zesult in & rate of a
40 Fer 100,000, - )

. The only po..lllblc conclusion irom thle cm?rpcrl&on is that thore ta
no ovidoace that the persoaa wh6 live and work {a the counties -uxroundln.g

- .end adjacent to the asbostos-produciog aroas bave any greatez incldence of

" lupg concer than those who live elsowhore in the Frovinco. _ . Coe e
.. .<b\:‘ wv . - ] AR . A LR AP . - e P FLEELAY

+4 - Dlecuseton-of All Racorded Lung Cancer Cases, . -
Llviog and Dcad, ¢rmoza:the Asbectoo Minero

Tie . -

» Although a simple enumeoration of all the kuown or sugpocted casos
o .

of concar of tho luog in thoso areas has so parzic.ular value {rom a stetistical

polnt of view, 1t i of latcrast to summarize such cogee for the rocord, Thare

"werte ntno deaths értor to the beglnnlag of the time period covored by the

#tudy, tncludlag ono n which the diagnoals was medlasitoal lympﬁo-nrcom-.
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Durlng the period coverod by this h.woutignl-on. ‘-:hore wu;e n‘inc pa;oved casos .
and throe auspociod cases In the cohort. ' ’rh,ro.ugh 1956 and to date (n 1957,
there wore alght doathe, olx of which were merely nug},eulve of cancer oi
the lung and {ncluded such diagnoses as mediastiaal lymphosarcoma, meso-
Lbollomn. cancer of the leg wltl; mou-u-'ea to h;ng. ahuu of tung, and
csacor ol the pnucreu. One other was dhgnolod on the basis of x-ray only,
Ia addltlon. there axre mow llving (out cases ln which the dlagnocuc evidence
In etrongly ouggnnlvo of lung cancer, ‘Ihh ic @ total of 33 cssas u( all types,
tacluding ton “suspected"” but unproved cases, and lout that are otill llvlng.
_'l'ho l’onfllnl.ng 19 constitute tho total of proved caces of cancor of the lung
smony tho asbostos miners slnce 1940, ‘

‘The proved cases 5veméod 59 yours of 536 at doath, and varfod
‘otvgoen 37 yeare and 68 years. Thelr wuxkhg' span coversd pa;‘lod- varye

tag from o mlnicwm of 14 yeare toa mtxlmum ol 37 yoare. Ouly threec men

baa looo than 25 years of cmployment In tho hduotry. Soven among those on

vhom euch lnformation |o available had a woightod oxponun placing them in

. catogory KII and ¢lx worked in aa exposure nprenntod by category 1.
’l'hen vioro oaly !7 smoag thoso ptoved lung cancer cases in which
we havu Information rogudlng the.presonce of ;.bootonlo. Albeuoah wae

present in ;\ho. slthough it was minimal o two., Two pathologists dlssgroed

P me et e ews

I R R T --_ ..-l. _...,.\ JTTraNTE ._.... .---'-.:'_'_;‘:‘; s T e e —

4T,

¥egarding {ts presonce o another, At locast saven of tho 19 prov(d lung cancers,

therofore, were not accompaniod by-sebostosls,

0287
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Summary and Conclusions

Iaterest lo the question of whothor there may be au association
between lung cancer and exposure to ashestos l'ah‘l .beon evident since the
report In 1935 by L’nch and Smith of 8 case {n i?:lch lung cancer and ;l.bCl-
tosle wore bolh preseant,

A
cxlltod wers reponod ® causal aosociation oppears to bave bsen gradually

As addltlonu cased Ln which the two discases co-

ucoptod by many authors, although some workaero cono(derod the cot:ohuon

JNDCRTBACN

- to be inconclusive. The prosent nudy was comaslosioned (n an el{ort to

dotetmlne whether a causal ulnlanchlp did, h‘tact. oxist botween expo.‘nre
to asbestos and cancer ol lhe lung.

Since most o'sr_llér' '.tud(el had boen Ifuihed to caut:n;rltlng' lh&_lu;m
cancors (ound {a ccrula oolecud umplu. such as cnul comlng to uuto;wy

ot doath ceruﬂcuel ln which nobe-touh weo montlonod, u was upptrent that

thoy could not mnu the requlromunu o( an cpldcmlologlcnl and statistical

un toqulumenu of thls mulhod

bpplclch to tho problem. The p:uout ltudy wnl, l.borefore. de-lgned to meet

After @ pxellmhury survey to _explon; the sv)nllobl'uty of rellable

information, dats were gathered on workers {n the asbestos mines in Quebec,

basecd on thalr medical records.

A3
A cohor( wae deafined se=

A G A

;A )

"

AVACi L MINCRS A AC BT KRSASr - Frve fadAes a/ FA,—-u(am

mwuum&mme.a 4~ sudy,
béo wexe o Tae srvovirty ;o 773

Data rolative 1o thelr characteristics were collected and thelr status st the

Y

“end of a -lx-yeur-period o(.ob"urvnuon was determined, 1o the case of thoes

who had dled, &n wxhauotive soarch of death certlficatcs and lnsuratice tocords

0298
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was carrled out {n arder to determine as nearly as poosible tho exact cause
of dontb.- Mortality rateo ltotn‘lu'nu czocor for the gonoral population of the
Provlice of Quecbac-and (to various counties znd {or the bon;tnlon of Canada,
ag woll a6 -the Unltod States wero calculated from statistico collected tn the
appropriate places, Comparivons of the uxoi obtained for agbeuo- workers
and for the other population groups were made nccordlng to accopted o:u.mlcd
molhodo;ﬂd:km&ouxphwmﬁemﬂ
. Records wero obtained on §091:persons who (ulﬂusd the crltula of

the cohort. It was mot posscible to trace 133 of theao for the whole perfod,
but 5771 ol- the remaialng 5958 were found .lo bo otill livlag (o 1955 or lator,
Of the la:l known l_!ond: cancer of tho lung wae coneldored to MVO.bGOP'rol.IOII- '
ably y.rovod {n nine and to bo stroagly ouggu}ed in throe,

The members of the cobort were studicd vltl; Tegpoct to s.goA, lonsth
e:( employmeat, ® welghtsd average of thelr exposurd, and thelr smoking
habits. Four thousand, six kundred and uvu-nly-uu-ce were found to bo smokers
'.lthln the defiaitlon of that ferm as usod In thlo amdy.: Tl;lrt.y-iour per cont
of tho cohort were more than 45 yearo of ago, hnd 30% had been omployed for
loanger than 20 yoars. Thirty por coot had x'wolghtod gxposurc which placed
them lnuicl.cgory ‘of highest oxposure,

Tho mortality rate for lung c‘&nc;:t, as computed on tho basls g;.'( atne
"proved" deaths smong tha cohort was 25,3 yer> 100,000, Whon the lhrecA

"suspocted” casos were addod, tho “total" rale for the cohort roso & 33, 8.

et e A oy ey e =+
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The importance of u-u suepectod but unpproved cases in determining those
tll.l. has boen reiterated because it te lkaly that such cases would not be
includod in the statistics {or the gqnenl population and bo;luog they {nfluence
the rosults so markadly,

A‘ccotd(nﬁ t0 the {indings {n this study, the mostality rate {rom lung
cancer doos not sppesr to incrense with longth of oxposure or with dogreo of
exposure, a fact which presents strong ovidance sgaiast n;- carcinogenicity

.. -v
0ee® o er

of asbestos., A L LTSl S N
Comparlson of the expsrionce among the asbestos miners with that
of vazlous sogments of the unexpossd," co.mpu'-b!e population shows that the
observed numbor of desths among the miners {s not cigoificantly greates
" than tho oxpoctod number. Tha rate for proved casce acmong the acboctes
wminere (25,3 per 100, 000) compares well with the rne. of 22,5 per 100,000
* for the rost of l)‘m.!'rovlnc'e. and 20,8 per 160, 000 for adult males throughout
the Dominlon of Canada, It “~.° compares satisfactorlly with rates of 37,2,
25,3, l.fld 28,0 obtatned from various aou"r'co- for adult .maiaa ln't'be United
8tates. Fioally, in thh‘ml\.l.ar of go_mp_at(oén. it would appear that the world-
wide oxporiénce of porsons exposed to acbestos dust {s nat worse with .xelpec!
to lung cancer thas that of the' unexposed population, |
The countice surrounding the asbsstos-producing arons, and lo which
ft {s presumed most of the asbostos mincre live. hav_e n}mou ldo.mlcnl mor-
tality ratos with thooo of elght countics widoly nc-ueroid through the Province,
snd ara lo-wer than !_.hone {or the remainder of the Province, and much iower

than the rate for Montreal.
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uﬁhc; l9;0. ii:er.c ‘hv; be.en 1.9 cn-uu ln \vl;lch the Jlnguo-lo of
primary cancer of the lung may be considered to have beon proved., Approxi.
matoly balf of these cases wore assoctated with asbestosis. All but one dicd
o the recognized “cancor-age" and at lcast one-third had only the lightest
oipo-uu {category I) to ubeiton dust, ) '

On the bastis of what aro bolleved to be complots and reilable data,
it secms falr to conclude that the asbestos minou in the Province of Quobec
do t;ot have & significantly bigher death rate from lung cancer than do com-
parablo segments of the gensral population,

'Fuuurmou. the death rate from dung cancer {n the areas contigu-
ous to the asbestos ?penuonn te comparablo to that in areas widely scattored

throuzhout the Province of Quebec and ts lower than ln pomc urbanized aroas

. vlv.f;la the Proviace.
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AFFIDAVIT OF DAVID S. EGILMAN

STATE OF MASSACHUSETTS )
) ss.
COUNTY OF NORFOLK )

Before me, the undersigued authority, personally appeared Dr. David Egilman and swore ‘
as follows: '

1. My name is Dr. David Egilman. I am over the age of twenty-one years old and am
otherwise competent to make this affidavit. All of the statements contained in this
affidavit are based upon my personal knowledge and are true and correct.

2. 1am the custodian of records of the Industrial Hygiene Foundation.

3. Thave personally reviewed the documents listed below, copies of which are attached to -
this affidavit, and can attest that the attached copies are true, complete and correct copies
-of Industrial Hygiene Foundation documents.

Participants in Seventh Saranac Symposium with attached Aﬁidavit dated May 21, 1991
-of Michael Rhode, employee of the Armed Forces Institute of Pathology, custodian of
original archives of Dr. Arthur J. Vorwald, authenticating the listing. (SCF-ALLF-01290)

Industrial Hygiene Digest, Industrial Health News, Literature Abstracts, Medical,
* Engineering, Chemical, Toxicological, Legal.
January, 1950 (Vol. 14, No. 1) (SCF-ALLF-01180)

Industrial Hygiene Foundation, Industrial Hygiene Digest, Industrial Health News,
Literature Abstracts, Medical, Engineering, Chemical, Toxicological, Legal.
September, 1952 (Vol. 16, No. 9) (SCF-ALLF-01370)

Industrial Hygiene Digest, Industrial Health News, Literature Abstracts, Medical,
Engineering, Chemical, Toxicological, Legal.
September, 1956 (Vol. 20, No. 9) (SCF-ALLF-01760)

Industrial Hygiene Foundation, Industrial Hygiene Digest.
April, 1957 (Vol. 21, No. 4) (SCF-ALLF-0183()

-Industrial Hygiene Digest, Industrial Health News, Literature Abstracts, Medical,

Engineering, Chemical, Toxicological, Legal.
August, 1960 (Vol. 24, No. 8) (SCF-ALLF-02040)
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Industrial Hygiene Digest, Industrial Health News, Literature Abstracts, Medical,
Engineering, Chemical, Toxicological, Legal.
March, 1961 (Val. 25, No. 3) (SCF-ALLF-02140)

Industrial Hygiene Digest, Industrial Health News, Literature Abstracts, Medical,
Engineering, Chemical, Toxicological,- Legal. (SCF-ALLF-02310)

Industrial Hygiene Foundation, 1967 Annual Report. (SCF-ALLF-02836) '
: Indus)rial Hygiene Foundation, 1969 Annual Report. (SCF-ALLF-03082)

Industrial Hygiene Foundation of America, Inc., Report of Preliminary Dust
Investigation for Asbestos Téxtile Institute with attached Memorandums on Plant of
(various companies) Supplementing the General Report “Preliminary Dust Investigation
Jor Asbestos Textile Institute” of June, 1947. (SCF-ALLF-01000)

Members of Air Hygiene Foundation / Industrial Hygiene Foundation as of November
30, 1937 through 1983. (SCF-ALLF-00470)

Air Hygiene Foundation of America, Inc., References to Recent Ltteratw'e of Industrial
Diseases, January 24, 1939. (SCF-ALLF-00565)

Foundation Facts, Vol. 3, No. 6 with attached Digest of Industrial Hygiene, Literature -
~ News — Developments, dated June, 1941. (SCF-ALLF-00685)

Industrial Hygiene Digest, Industrial Health News, Literature Abstracts, Medical,
. Engineering, Chemical, Toxicological, Legal, Foundation Facts, August, 1957.
(SCF-ALLF-01875)

An Epidemiological Study of Lung Cancer in Asbestos Miners, Industrial Hygiene
Foundation Report by Bruan & Truan; study made possible through.a grant from the
Quebec Asbestos Mining Association (Note: date taken from published article), June,
1958. (SCF-ALLF-01939)

Industrial Hygiene Digest, Industrial Health News, Ltteramre Abstracts Medical,
Engineering, Chemical, Toxicological, Legal, May, 1963, Vol. 27, No. §.
(SCF-ALLF-02375)

Preliminary. Program, 28th Annual Meeting, Industrial Hygiene Foundation, October
23-24, 1963, to Mr. Wagner. (SCF-ALLF-02441)

Industrial Hygiene Foundation, 1964 Annual Report with attached membership list.
(SCF-ALLF-02468) -

Industrial Hygiene Foundation of America, Inc., Asbestos Bioeffects Research for
Industry, Medical Series, Bulletin No. 11, 1966. (SCF-ALLF-02683)
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Further, affiant sayeth not.

David S. Egilman, MD, MPH

Comnionwealth of Massachusetts
Norfolk, ss

. e~ .
SUBSCRIBED AND SWORN TO ME, on this S/ day of May, 2006, to certify which N
witness my hand and official seal of office.
'NOTARY PUBLIC IN AND FOR , :
THE STATE OF MASSACHUSSETTS - o~ R——'\

"My Commission Expires acne W \20 11
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 COUNTY OF M 4 imon

"~—~Wotary Publlc, state

AFFIDAVIT OF DR. HERBERT STOKINGER

STATE OF OHIO ) .

) . SS.

)

I, DR. HERBERT STOKINGER, being first duly sworn on

oath, deposes and says:

1. I am the author of the attached letter, Exhibit
"A", which is dated January 20, 1958 from myself to Dr. Daniel
C. Braun, Medical Director, Industrial Hygiene Fourdation of
America, Inc., Mellon Institute, 4400 F.fth Avenue, Pittsburgh,
Pennsylvaﬁia. ) )

2. I was at the time Aqting Editor, AMA Archives of

Industrial Health, and the letter was typed on my letterhead at

the Archives of Industrial Hygiene and Occupational Medicine

and sent to Dr. Braun.

Further Affiant sayeth naught.

Dy ettt sk

'DR. HERBERT STOKINGER

Subscribed and sworn to before me
this ﬂiﬁ day of May, 1992,

Ohlo'.

My commission expires-

4186a:106 IRCTTN, 'HOMDSON

rotary Puhhc Stato of Otuo
Py Commistion gxpires Dec. 6, jo
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0 evee IBITN. i Iﬂdustﬂa] Hygxene 8008 FO 00, o wery
8 @ B Linsts Lisf. %00, .n‘ 9:Q:e 4, Lo0us0, To0e 000

@ 0. travine Sutqqreee

Occupational Medicine .~ ~oonme

EvaTO B, §HUETE Piterye § ¢
(Sremeet € $100.0508 Yo goagn,.

1014 N, Brocdray, Cincinnati 2, Okiq,
Jeanuary 20, 1958

Dre Dantel G, Brsun

VYsdloal Director -

Imiustrial Hygisne Fowdation of Anerics, loc,
¥sllon Institute,

&400 FLfWh Awous

Pivteburgh 1), MNonsylvanis

Dear Dro hﬂ;l

Both Dre Prinei and 1, having peviewed your psper, %i3.
Epidoziologieal Study of Lurg Cancer in Asbesatos Minsrs" are
plsssed to sccept it for publlcsticn in the ANA Archives of
Iodustrial Heslth, We f£ind the repert not caly of exsaptiomal
dsterest dut & a30del of the epidexiologic method 13 dissases of
te lunge ’ i .

Our only orii.tdu w3 that {n pursuing twhe epildemiologia
detall the peper bucaze @ trifle leng and ons got o izpression
towmard ths end that one had read this bofore.

1, myselsf, was particularly pleased 0 loara ths mxin cone
clusion of the papsr wss agsiost the wssocistion of lung cancer
with asdestosis, for I had com t0 & einilar conslusicn on ob-
viocusly far lsss information dut wus efrsid to say so for this ressen.
I as encloeing a review which containg a few ssntencos What I have .
stted 4o this connsction tlat sppears in Wie Anaual Review of lediocine,
Toluze 7, 1936. You will recsll at tiis tice evidencs grevatly favered
Us positive correlaticn of lung esncer on expasure to ssbestos.

Sinosrely yourn,

o N, TN

Hordert I, Stoginygse,.Raedy~- -

-Asting Editor,

AL Archiwg of Ldustrial lsalth
Pnalosure ) '

R N




