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Ever since tiha pronounced lncnaleAin the L;;cidcncc of lung ;ancc:
among males becams arparent, there have been Mtcm'pu to agsociate it witd
9nc or asethsr ot the various cleniento in the eavizonmes: of :mas. The ag-
prouch usea by some workers has been to ouapect ooe Or several sutbstances
40d (ben set about in a0 iatonsive search io: lur; cancer among persons who
have bad any exposure to thoae matcrials, In this conscciien, Sr:-.i:).(s"
writes: 'The toadency of sulhors rc,o:ung the ceinci ..ca:a.l ogcurrence of pri-
mary lung uncer with silicosis or witd asy other thcorcucal eucxo,;e cone
ditlons, bas bess to ampbasize the perceatage relationsdip in cxtrc:—.-:ely srmall
series of casos, wilh control cases which aro not In any way comparable.”

It would scem inevitable that asbestos should come undar scrutiny
In Qs menner, Lucause prolongsd exposura to this material & known Lo cause

a specific type of pnaumocoaivels, 8nd brcause porscns who show this form

. Iy

® This ttudy was made pocslblo through & graat from We Cuubec Asbestos
Mining Association,

.
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of pneumoconiosis oftea coma 10 autopsy and provide a ready source of mae
tarial for study, It was in this way that seporis of the aimultaneous occure
rence of lung caccer and ssbestosis began 10 accumuliate after the report of
a case by Lynch and Smish'®®) (2 1935, Witis wo naxt ten years, about 15

(76}

additisaal cascs were roporied, and tn 1954 Merewether roviewed all

deaths {rom ssbsatosis recorded ln England sisee March, 1924, Lusg cane
{(43)

ce? oscurred in 16% of these cases, Gloyane, whose work {s also {requantly
Teforrad to as establishing a connection Detween asbestosls and cancer of he
lung, reporisd ln 1951 that cancer of the luog was present (n 14.1% of asbes-

v ?
toels cases cxamised by him, 1o 194], Nordmaczn agd Sotse( &

claimed to
have produced lung cancer lu mice which thsy exposed to asbestos dust.

Sluce 1-951. additional cases of cancer of tho lung coexisting with
Asbestoeis have been reported, aand, accordisg to H“P"(SS) about 100 such
casee had deen rsportad up to 1955,  As a result, an 2ssosiation hetween the
two diseases appoars t0 have been accepted Dy many authors, and several
weitars were using the term “asbestosls cascer” of the lung. Werber el
in 1952, stated catogorically that in 7% te 7% of cases of asbestosis, Altsr
& lateat period of about 1 1/2 t0 20 years, carcinoma becomes established ln
the lung, ’ o

Ca the other hand, aot all xuthors accepted this 3licged association
without reservation, uuyotu) in 1939 roported that he had discovered no
¢ases of lung cancer among 620 cases of asbestosis which he bad sxamined:

48
and la 1942, liolieb and Angrtu( )~ expressed the opinion that the number
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of cases of asbestoais with lung cancar was too small for siatistical evaini-
toa. lIa 1947, wegsliue!®¥ reported 126 radiologically diagocssd cases of
asbestosts among 476 workers in Flaland, aad found no csaes of lueg cazeer
{a this group. Galdblait and Geldblatt in their section of Merawether's latost
book.‘“’ stats: “But at no stage o all these impressivo researches was any
clus obtained which might have offered any support to the possibility that
ssbestos could act as & carcinogen, There tc‘ 80 reliablc critarion by waich
one can asticipate carcianogenicity and, as le wall knowm, rolatively minute

changes o the struciure of a chemtcal ¢arcinogen are sulficlent o dimizish

v
-

or eliminate carcinogenic action.

1f asbestos (s indeed to be regarded as a cazcinogen, the need {s

_ folt to demonstrate some proporty which can he regarded 33 something more

2an inastness,”

Thees authors advasce the theory that, uatil some more experimunial
svidence of direct carclaogencais by asbestos or a dﬁ:empoomoa produc: of
{t can be obtained, asdestos might be considered as & "Co-carcilnogen” which
ealy Induces a further development of o prensoplasiic condition brought about
by semething tndependent of the asbestoes, such &s an endogenous factor.

Thus the literature, while tendlng to support the thosis that asdesto-
sl is In sotne way rolated to the dovelopment of luug csncer, is by no moans
unanimous, Afltbgether. It {s perbaps more confusing than ealightenlng, A
careful review shows that the majority of tha reporis are ¢iinical and not

spidemiological. They lack maay elements necesasry for the application of



epidemiological techniques Lo thair conteat and most of the authors ¢3 not

make claim to having acno 8o, What bas happened in that sugceeding authors
bave drawn conclusions and genersiized boyond the scope of the works which
they quota, Nowbsgre, {or example, have e found roforonces to a Eéguuzion
of asdestos workers, although several authors who have quoted the obsarved

lncidence of juag cancer in autopeles of pereons who also had agbestosis imply

that this lacidence applies to asbestos wurkers, generally. . We have likewise
been unabls &5 {ind sny study which actually aalculated the lacidence of lung
cancer among & population of persoss who had asbestosis, and not just aose
who came o sutopsy. With the excspilon of 3 paper by é)oli “’8). oens of
oee reviewesd gave any dacs oo cxposure Aad dust toncoatrations, and aven
Doll's paper mor;ly meations "“scheduled" araae, by which (s meant, "those
Arags where processas ars carrisd on which wore sgheduled under the Asbeso
tos Industry Regulations af 1931 as belag dusty.*

There {s, furthermore, 8 comploto lack of deflaition of torms as
ussd (o the published literature. For example, the term "asbestosis”, a3
wsed, may refer to changes observable only by microscopic examination of
the lung tissue, o7 it may mean & radiclogically detectablo condition.

Most of the published reports obviously included women samong their
cases, but some of them do not glva the number or proportios of womca Ins
volvad in the”study.

Tluere {s also a lack of uniformity ae to what type of exposurs most

studies bave dsalt with, Of 99 cases coumeoratod by Haepor(sa) ia 1955, enlfy

s 4 7 o W it et St o, i
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ten appear to have oflentcd in the United States, and seven in Canada. Som.e
of the eaglior reporis spparently included asbeatos miners, but it canbe
sasumed, since B2 of the 99 cases had originated in England, and siace oo
ssbestos mining oporstions are carried on In that country, that most of the
reported ¢ss03 have Involved workers in the textile or fabricating industries,

Such factors ss smoking bablts, family history of cancer, length of
time (a the industry, and age of the Individual case aze aleo notably absent
{n tho majority of these reports.

With this understanding of the limiktions of the extsting lterature
with respoct to epidemiological generalization, it ma;l;o of valua to consider
in somowhat more detall some representative earlier publications, & few of
which were referred to briefly adbove,

One of tha most detailed studles and one which deserves the most
urf.ou consideration e that reported by Dontt?d) in 1955, This study reviews
Guses of death among aadbestos workers dased on Qaronon‘ records, 1t
also attempls to estimats the risk by studying zecords of men who worked
for at lesst 20 yoars in exposed situstions. Doll concluded that lung cancer
wae & specific industrial hasard of cortain ashoetos workers and that, after
10 years of exposure, the risk {s tan times sa great as for the generst popa-
latien,

This article (s importaat for severs! reasons, {a addition to the
definite conclusions at which it arrives, For example, it begins by stating

that “in view of the infroquency of asbestosis, thie large numbor of cases
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(61 canes of lung cancer) suggests=but does Aot prove—taat lung caccer
is a2 ocsupational hazard of asbestos workers." Neither this articlo or any
pravicus one which we bhave exarnined presents any {igures to prove that as-

bestosis {8 an infrequent occurrencs. Estimates of the number of persons

poseatially exposed to ssbestos dust in the United Statss alone vary from

10,000 to 35, 000 and the incidencs of asbessosts of any degrue might be highor
than Doll imagines.

This study, like 3o many others, involves autopay records, The
aumba?r of persons iavolved {n the statistical analysis {s only 113 representing
only [,042.25 man years of 1lifo. It is also trus that fn‘ufloc:{ag mena who had
bocta employed {or at least 20 years, the study autormasically excluded thase
who dled from thor causes aller shorier srnploymont,

Anolder reason why this publication (s of importancs is s statement
which {t contains to the effect Lthat "2he sirongsst ovidonse that it {lung cancer)
may be & hasard (in asbestos workers) bas besn produced by Merewother and
by Gloyne. "

1n 1951 Gloysne ) presented a review of 1205 autopsles on persons
who had worked in various dusty occupations. This number included 132
s3bestos worksrs, of whom 12! showed "pucumoconiosis” «mpresumably as-
bastosis. Primary cancer of the lung occurred 17 Hmieca In this grouwp, an
incidenco rate of 14.1% for lung cancer among nutemiéd asbestosls cases.
There were in his serics 796 cases with silicosts, and 6,9% of those also

showed prirmiary cancer of the ling, The Incidence of lung cancers ia other
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forms of pneurmoconiosts wae 4.7%, and in 169 cases which proved not to Save
any typend paeurmnoconiosis {t was 8.3%. Gloyne considered “the mortality
of the asbestos workers” to be "disturbing”, TFirst of all, it {s obvious that
ihe paper does 20t deal with the "mortality of asbeetos workers™, and soccondly,
it must bo borne in mind that all of Dr, Gloyne's cases wers submitted to him
for study because the findings were ua-usui {or uncomplicated pneumoconiosts,
1t can reasonably be assumed thas cases, including thoss of asbestosis, in
which the findings were not coneidered yausual were ot sent ‘to Dr, Gloyne
for examlization. Ae & matter of {act, in the same pau\guph la whieh he ex-
preeess concern over the (ncidence rate in ubu:olu: Dr. Cloyne himself
poidts out that the rate for lung caancer based on necropsice at the London
Clest Hoopital was 21,3% while ths figures of the Reglotrar-General showed
enly 2,4%. He thus recognized that autspsies on & certain selecsed gzéup af
Gases were not representative of the general population. It would seem, then,
that motwithstandiag the value of Dr, Gloyne's work, {ts Imporiance as an
{ndex of the prevalence of lung cancer {n asbestotics has been misinterpreted
by some v.ho have quoted him. All that {8 really shows is the {act that in a
group al 121 cases, sclected for special study primarily because they ssomed
sbnormal by praliminary examination, 17, or 14, 1% had lung cancer.

derowsthes 19 in 1947, In the repor: of the Chic:_imyoctor of
Tectories, reviewaed all cases reparted betweon 1924 and 1946 Lo which ae-~
bestosis was the canse of death or a coexieting condition. This work was

later extended to include all such cases reported up to December, 1954, by
0256
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which tinmie thers wors 344 deaths including 205 males and 139 fumales, N
Amongz them were $§ cases (167.) of cancer of tho lung, 41 Ui males ard 14
- s

n females, It {s quite poseible that & larzs aumber of asbestotics who did
aot dle of their asbestosis, or in whose death cortificate it was sot mentioacd,
may bave been miszsed. The impor: of this 167 is enhanced by the simul-
taneous staterncat that thu lnctdcnco_ of lung cancer in autopeies of the general
population is only 1%, The danger of auen-.‘ptl‘ng to compare 3 rate found in
344 casas with the rate {or the general population withiout sespact to age,
ogcupation, and many othar varisbles, such as smokiag bhablts, is obvious,

Lynch “o)who with Smita (63) had repoxtod—x!.to {iret cane in 1935,
reported four cases of carcinoms of the lung in a series of 49 autopsies on
worke>s iz an Rebestss manufacturing plant who were shown to have “cemone«
strable deposits of asbastos in the lungs.” This, of course, is not neces-
sarily {deatical with the diseass ubeuoo‘u. Lx‘meh, himaelf, points out thai,
although this is an lncidence of 8.31%, "both {igures are too smaull for very
sarious stattatical types of calculation,” Neverthelass, later writers bave
used this pager to sircngthesn the ¢aso {or an association of carcinoma of the
lung with asbestosis. 1t s also of intercst that Kletz (63) found only the saime
sumber of casce of luog cancer in a series nearly 10 thines as largs, Lo,
four {n 478 casos of asbeatosis,

Behrens, ae quotad In Mersweother (76), qstimated that, of 309 cases

of asbestosis {n the litoraturs, 44 showed asscciated cancer of the lung——giving

an lnctdence of 14,2%., This {s an lilustration of gencralizing an {ncldence

0257
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obtained in a proup 3l cases whlel were wndaubiedly reparica valy beenuse

: ——
some of them shswad lung cancer, to peeoibly bundrads of asbestotics whaose
€A3C3 Were DtvOor reported, The same apilles 1o the canelucion of Tclel:y(bs)

who appears to bave roviewed reporis of 39 autopsics ob porscas wilh asbos-

tosis amony v.hich six cases of lunz cancer occurred, laformation from

. sources 3uch as these cous aot justiy geseralizaiions with ragarsd to mortality
e rates.
- Perhaps o onc has written to extenalvely on the subject a¢ has

, uuepct(sz’”]. In 1955 be revicwed the “.“(SS) npo.rud prior to tha: date

and enumeratzd a toral of 92, Eleven of theoe were thoso discussed by Doll
and mz2; havo beon casce cuversd by othar authors, Elzht were discovered

{62)

by leaaawa; asd Keanaway {n an analysis of death certificates and, une
less Merewethez's study was incomplels, these cases should have been in.
cluded n his report, 'Ot the ramaining £¢, it {e quite possible that tho 31
contzibuted by Marowcther and tho 17 by Gloyse contain some duplication with

- sach otber or with thcse of other Esglish authors.

Principles of the Epidem{olocical Method

n“o’ has poisted out that much of whas {s cow thoughs to bo per-

tinent suncsaraing Lthe comparailve {zequanty of lung cancer ia dilierunt popu-
{atlon groups has boea developad {rora tho analysis of clinlcal matezial, par-
. ticularly sargical aad sutopsy recorda, suppleinentod to some extent by the

reparied inpresdione of varicus ¢linicians basud upon their personal obser«
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tavuug:-:toa of thie problem by the same methods that bave proved 20 suce .
cassful previousiy ia the study of communicable disesees, thac is to say,
by spidemioiogical methods,
in order to apply this method of investigstion to the problem under
dlacussion, we were of the opinioa that a study should be planned so as to
provide:
1. A well-defined population ﬁoup.
3. Availadle data for all membders of this pop=
wation, includiag the bealthy as wsll as :h; ui.
3. A sample which {8 truly represeniative of the
population.
4, Reliable and valid observaiions relating to thae
problem of the c:uﬁy._
A ssrisus defnct, common to most of ths studies which have deon
reported, ls that little or no laformation concerning the healthy pecple in
the jroup seems to have been available to the uuau.‘ In order to drawa
generalization regarding all asbestos workers, it ia nocesdary {or a study
te include living perrons a8 weil as the dead. Limliting the {avestigatioca te
sutopsicd cases, 38 has been {roquently done ln carllor studies, still further
restricts ite uae i generalization. Ths prodlem with which we are coscoracd
is wheller asbestos miners experience more lung cancer than docs the general
poPulstion. The snswar necessitates the collaction of reilable ilaformation on

asbentos miners a8 & group, as well as on the general population,
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It seems advisable to discuss the differences betwoen the epidemice
loglcal approach and that used io the studles which have been roported to
date. A very {mportaat consideration is tho fact that lung canccr, Lo spite
of its increasing sumbers, 13 still a discase of jow tacldencs; that i, in a
givea population not maany perscas will contract this particular diseace.
This fact requires that 'lugo samplea or groups must be studied to provide
meaaiagiul resulls,

Recogaiziag the difficulty of obtaining such large samples, most
sariier writers deviated from the epidemiological motbod and sought to cire
cumvent the requirement of observing well persons by:’

1. Comparzing the gelstive {reoucacy of cancar o

various sites,

3, Comparisg the relative frequesncy of cancer in
. a group of haspitallaed patiaats,
3, Comparing the relative {requency of cancer (o
& group of cases coming to autopey, '

Attempting to compars two population groups, looking only at the
relative frequency of cancer Lo various body sites, may result in {inding &
digher percentage (relative {requency) in one of the groupe, when, in fact,
the mortality rats of cancer of & particular organ (s oxactly the saams a both
groups. This is very cloaily demonstrated in tho excolleat article by Doxn‘”}.
The mortality rate from a particular causo is the truo theasure of comparis
son.

.~ 0260
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1t is apparent that selected groups such & hosjutalized patients or
autopey cases may not be in any way represoutative of a larger group, and “
‘ae that {n doalisg with such samples, the observer may easily {lad more cases
1o of & given disease thaa would be found ia anothar group of the same sizo,
w but represcatative of the genaral population, It s true that (nvestigation of
Y casos from such a sample can i;uau); {nformation valuable for resetarch,
“ dut the usa of this information {n drawing generalisations is necossarily ree.
atricted. It s the obligation of both the investigstor and of those who read
Y his repart to ma.k.o proper comparisons and to draw o_nly those conclusiens
vl which are valld and justlfied, A good statistica) study of cases of caseer of

the lung occurring in & group of autopeies can lead to & proper inference
conceraing the {requency of lung cancer among ¢asss coming to autopsy. bdut
oaly to such cases. For information {rom such & study to be projcct{d to some
larger group, 1t is necessary that the autopsies represent & good sample of

that larger group, To sssume that such (s the case a any particular series

ls dangerous and likely to be false.
There {s sonie danger that the figures reported by some authors
.t may be niisconstrued as applying to asbestos workers or even ssbesios miuers,

whea, la fact, the authors in question do not make this generallzation, nor

i

o can the yoneralization be made fi.r the reasons stated. Cloac study of the
reports reveals that tho percentages quoted relate only o the group of autopsies

N covered b} the particular lavestigation,

v o261
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The prasent utudy, ln canirast to ino carller works, hus been plaze
sed to utiilze the epidemiological method, A woll-dofined group of asbestos
misers Bas been establiahed (o such a lway' that it coastitutes a good sariple
of e whole population of asbestos wizers in Juebec, Data for all mambaers
of this group have been collscted and analyzed. Those concerning lung cane
cer bave roceived rmost careful consideraiion, Details of the mothods ame
pleyed will de set forth later, but the type of .a;proach is coaaid.nd to per-

@it of talr comparisons and valid generalizations,

-

-

Collection and Azslvats of Data

A pui!;u.iury survey of potential sources of information ia Febru.
ary of 1956 {nvolved discuseions with the physicians to charge of the asbestod
companies’ programs and with cliniclans, pathologiats, representatives of
City and Frovinclal health departments aad of the Canadian Cancer Socloty,
snd other interssted peracas, It was fousd that morbidity data, although some-
what limited, wers lv;Ulblo from such sources as the hospitsla in Moatreal
and Quabec Clity, and ths 13 Cancer Detection Conisra in the Province. How-
evar, becauss of tho higk mortality ia lung cancer, {t seomed advisable to
depend upon data relating to deaths., Thess wo found to be obtainable at the
vital seatistics depariment of the Mintstey of Health in Quebse Clty. From the
preiiminary survey, 1t was apparent that oxtensive and dotailed tnformation
could be gathered with respect to Loth the percons employed in tho asbesios

mining ladustry aad mortality figurcs for the general population, 0282
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Following this exploratory survey, tha inittal effoss wis &irezias
to the :ollecuon of data relating o all workars who had been processed :.';r;:u;:-.
tde clinic at Taetford Mioes since its {aception {a 1947, and similar lnformae
e, tien regarding all workers at Asbestos, P.Q. Data {rom the clinlcal records
facluded the age, {amily and personal medical bistorics, smokiag babits,

PR aaa;bcr of years of cxposure, aa cstithate of weighted exposure. and the
course of tho ladividual's health status or the cause of his death,

From this information it wae possible to formulate a “cobort” which
could be wall defined, should be representative of thy whole group, and could
be followed for & deilnite period of time, All of the available exparionce iadi-
cates that the development of asboetosis {n locs then flve yeazs of exposure
must be somewbhat rare, Accordiagly, the cobort was dofined as {ncluding
ia midee
svery weswew who bad & total exposure of f{{ve or more years, and who was on

OFFIe wud IT2CR [/1r - Exposs febsomniss, Rty 4C24c

ths smployment rolls In 1950, A This cohort was then followed by means of
Y LemgTh o o k'n/‘o/mc.ﬂ: wWege Me' JeiviES -

s
the annual physical sxamioation zecords through o six-ysaz iaterval, 1950
: through 1955, All data regarzding this group wero then tabulated in order to
'Y 3

determ.ing the charactoristics of the coho'rt. For thoss who survived the ene

- tire period, refcrence was made (0 the physical examination results snd x-ray
findings at the end of the pariod, Thoss who had dled were ubuut?d scparately

apd the causc of doath corroborated by sxamisation of the dsath cartllicates.

A lurther search wos made concerning those in the origiaatl .cohort who re-

mained unaccounted {or when the living and the knewn dead had been tabulated.

Tey repreosant mes who had {eft omployment thzough retirement or resigna. 0253
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liring or dead, and in the latter event, t2c cause of desth was subsraciiated
o 8 similar manner, anc the reaulls added to the origlnal st of Jcaths,

Death certificates for the Province of Cueboc for the years 1952
10 1955, laclusive, ware reviewod in the depariracnt of vital statistics of the
Provincial Health Ministry, togeiher with etatistical summariocs of the cacses
of deaths in the Province by counties, All cases in which ceaih was certified
43 baving been due to primary cancer of tho lung were examined for such ine
formation as place of residence, occupation, date of death, hospital ia which
doath occurzed, n‘d whetber Or Dot an aulopsy was putgrmcd. Cases in
which lung cancer was given as & casuse of daatd, but G.\thch {t was not
tpecified as to w?emor the caacar origlnated in the lumg, were also reviewed
12 an effort to laclude all instances of primary carcinoma of the lung In the
study.

‘rkc statistics for the Province of Quebec relate to populaticz, total

CAeIie, e te whaPHy [lem Cemirn v F Nl Tyug

deaths !ronauagsa and deatds {rom lung csncer, Thase were collected
aad tabulated by counties and by sex for the years 1950 to 1955, inclusive.
From them, doath rates for the general population of Quebec and of individual
eounties were calculated for specific years and analyzed by cause,

Practically all emnployces of one company are covored by a group
poliey of life Insurance which, fortunstely, nearly all of thom continue 10
€arry whea they retire. A very faw are nol covered by Wsle {aollcy. and thoso
sho leave the industry {or one reason or another excopt reliramont usually

are no longer covored, but thie is likewise & gmall pumber, As an kdditionat
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living or dead, and in the laiter event, the causo of doath was substastisted
isa nlm!Tu manner, and the resalis added to tho original 1lst of deaths. i

Death certificates for the Province of Quebsoc for tho years 1952
o 1955, {nclusive, were reviewed in the dopartrnent of vital statistics of the
Proviacial Health Ministry, together with statistical summaries of the causss
' 1 of deaths in the Province by counties. ]m cBess (o which deaih was certificd
* 1 s havieg been due Lo primary canscer of the lung were examined for such {a«
formation as place of residence, occupation, date of death, dospital in which
o= desth ocqurred, sad whether or not an sutopsy was performed, Cases ln
which lung cancer was given as & cause of doath, but in which it was pot
tpeciiied a0 to who'.thor the cancer originated in tho lung, were also reviewed
{a a2 e{fort to {aclude all instances of primazy carcinoms of the lung in the
study,

The statistics for the Provines of Quabac relate to population, total

Clesra el e haTHs FReN CadsiA +F Aol Tyuig

teaths {romall S 3nd dootbs (romh lung cancer. These were collected

[T

i sad tabulated by counties and by sex for the years 1950 to 1955, (nclusive,

" | From them, death rates for the general populatios of Quebec and of individual
. ¢ousties were calculatod {or specific ycars and uatyudvby cause,

" Pzractically all employces of one compazy are caovered by & group

* policy of life insurance which, fortuaaloly, neariy all of them coniinue to

‘ caery whon they telira. A very {ew are not covered by this policy, and those
vho leave the {ndustry for one resscn or anothor exccpt retizement wsually

are v longer covered, hut this {s likewise & small pumber. As as additional

" ., 0265
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check upon the information oblai{ned {rom the clisical records of'this grouy,
tho zecords of tie ilc inpurance compapy wers uxamined for all gealn ¢latms
paid under the policy, and particular notice was taken of the ¢claims (o which
the proof of dsath was bascd on cancs® of the lung,

" Doaths {rom lung cancor among asbostos miners were thus deter.
mined from the cua(eu.rocotd: {a the medical service of the {ndusiry and
chackod by moans of the deatd certificates and lasurance company records,
The deaths were than verified individually by reviswing them with the physicizns
{n chbarge of the medical services. In this manper, there was established a
list of cases in which primary cancer of the lung {s csqaidued to have baen
proved ae the ugs; of death. A {ew cases in which lusg cancer is stronjly
wa'poctod but not proved as the cauee of death were couidoud separsiely.
Moztality rates bave becn caleulated ueing bé&h the “pro;od" aad the total of
"provod" and “suspected” cases during the years under observation, Com.
parisons waze then made botweon the destd ratos {rom :ho. same chuse among
speciflc ccgm;nts of unexposed persona, All lungieu’:eor deaths, both sus-
pected and proved, were carefully analysed to detormine possible relation.
ship or correlations botween the dovalopment of lung cancer and aay {actor
known {rom the clinical records such as family history of cancor, personal
history of boavy smoking, coexiotence of asbostosis, or exposure to 3sbostos.

In adedition to this analysis of deaths occurring in the ¢ohort 3nc
duriag the yeare under obsarvation, every known death from cancer of the

lung, 8a well a0 every case dlagnoeed but still living, has bees tabulated and

0266
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analysed,  They will be discussed separately {rom those lacluded in the

population and time<interval under study,

A comparlsen of Jung canser mortality la tho ashestos-producing

couniies bas been made with that in countios whick are far romoved from

the asbestos mines and (a which, presumadbly, 8o asbestos minors lve,

Floally, ln order to broadaa the comparison of death rates in dif-

17,

ferent population groups, the rates have beon callectad {or Cazada geaeratly,

ssd for the United States, accerding to the most racent published and uspub-

{ished material,

Resultas and Interpretation

The cohort which was cosstructed according to the ¢riteria descrided

is the preceding section hae been considered tndividually and compared with

Q¢ general population, Description of the cohort will be pfcumed bers 29

3 proface to the results of the study.

Osiginal Cobort
Lest Persons Deductod
Final Cobort
Living la 1935 (working and retired)
Dead by 1955
Cancer of lung
Questionabie cancer of lung
Qther causes
Unknows causos
Smoksre
Nonsmokers
T Caknown

4091
133
5958
8771
18?7

169
4073

1265
20

0267
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- Tables 1, 2, 3, and 4 present &ge, number of ysars of employment,
weightad average exposure, and smoking habits of the codort,

A comparison of ae oxposurs 1o Asbestos dust 13 preseniad is Table 3,

MErgers e Che Cohrar
T 2% | Al pacioes were placed (n one of throe categories, representing increasing
73 I degrees of exposure based cn a weighted average of the years spent at various
» levels of dustiness. The degree of dustinces for each job category was deter-
1 § minad after consultation with persons familiar with the cnvironment asd cone
as { ditions ta the various work areas, For the purposes of caleulation, the ase
~éi | gqumption Bas been made that (e relationship between Ehpn categories is
lisoar, sad that category I {a twice as dusty, and catstory Il threc tices as
dusty a¢ category-l.

The fourts variable, smoking habits, was similarly tabulated and is
shown In Tadle 4. This was {ncluded because tho [aformation was available
484 because stncking wis regarded as one of the variables which, besides the
. aavirosmest, could comcoivably laflucacs the development of lung cazcer. As
wsed {n this prescatation, the term smokar refers to n.ciguom smoker, babite

"2 wlly smoking more than {ive cigarettos per day. Porsons who smoke pipes

° | er cigars excluaivoly were not considared to be stnokers for the purpose of

Ois study,

0268
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TABLE
- ™
AT Numbor and Percuatage Distsibution by Age
,_..;,- o Age Nuesber Per Cont
saca . e0-44 3%01 : 66
42-54 ’ - 1124 19
TR TN $5.64 618 10
0% ¢ -.318% s
SAabeer o Unknown ___’- *
Totals 595§ 1007
o} g, |Average Ago © 41
weg el ® Lens than ,5% ,:
[N X M
LTI B .
TABLE 2
al as de Nunbor and Percantege Dlstridution dy Length of Employmeant
Loy . 0.
aaend. e Length of
- Smolozmem Number . : Per Cent
LY i Seaz . . s
$-9 179% 3o
e )ie, 10-19 . 2398 40
- 20.2¢ co922 16
2,15 - 30-39 603 - 10
40-49 185 3
iv 21 $0 o $5 !
Totalo 5958 10075
Avers; ¢ Years of
* Lenupioyment 18
Setaantianey § 8
0288
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TABLYE 3

Nuwaber and Perccatage Distribution dy Expouure Catsgory

TABLE ¢

Exposure
Catecory Number Psr Cent
r 2031 3
a 218 36
14 17172 3o
Uskaown ] .
Totals 5953 100%
Average Exposure 2.9
& Less than,, 5%

Number and Percentzge Distzidution by Smoking Habdits

Smoking
Habits
E——————

Smokerse
Monsmokers

1 Uaknowa

e\

Totals

® Less than .87

Per Cent

!. 2:

]
©
<
%Y

6773
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— Table $ presents the year-by-yoar experienco of the cobort and
{adicaios tho numbar of deaths each year {rom specified causes. In gaseral,
e 8 case was considered to be'pPraved” as ona of primary cancer of the lung
" : whes ths records showod that the dlagnosis 1ad baen supporisd by an autopsy
I -2
A at surgical resaction of the lung with miczoscople sxamination of the removed
f!, tissus. In oce ¢ase so considersd, howsver, dlagnosis was coniirmed by
’:j‘:“" bzoachoseopy with visuzlization and blopsy. 1n another, although thare was
haddol BT autspuy, the dlagnosis of primary cancor of the lung seoms to have been
" beyond quastion, . : L S T . v
TABLE §
Year<byeYear Experienca of Cobort and
Dosth Rates per 100,000 Man<Years of Risk
au3oe of Death
No. Allve “Proves Juepected Man.
At Beglaning PFrimary Primary Other Years of
e | Yoar of Yenr Ca.of Lune Ca.oflung Cauvsos Unkoown Risk
orzlt9se sess T P S P 1 5950
=1 1981 8942 .2 EER & A 1. 5932
- 1952 5922 (] LT - JCRETE X § ° 5903, 5
“ere | 1983 5888 2 1 34 0 8866.3
Rt T o1e%e 8348 } o . 33 4 5829
wal ] 1988 8830 3 0 36 0 $770. 5
Totals v R 169 T NS
4 ,
‘== | “Proved" rate por 100,000 maneyodrrs of PR 8 e » 25,5
) 12
*Total” rate per 100,000 nzn-years of risk « Sens 34.0
. 0271
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The term "suspected” primary cancer of the lung was ap;iled to

points to cancer of the lung. There were threc such cases.

thoss cascs {n which the dlagnosis remains in doubt but sorme of the evideace

The term “maneyears of risk” has been used to mean the number of

{he year wee counted as one-half a maneysar,

men at rlsk for the yeaZ under observation. An individual who lived throughe

oul the year was counted a3 a full man-year of tick. but eae who died during

Deaths occurzing in the cobort, and {5 which lung cancer is considsred
b Toltr T @i

- 1o have deen proved as & cause, are showrn in

> ralka 4

13daivreform—beivw. Also shown

ary three deaths which have been considered as “suspocted” lung cancer casss,

TArLi £ &
"Proved” Caass of Primary Cancer of the Lung
(e b Asboss
W Namse Ago Gmokor Exnosure Died  Autonsvy tosis
L A2 66 Yes 26 yrs.inCat.d  1032-51 Yes Yoo
2, N, P. 65 Yse 4 yrs.inCat.} 5o 3.55 Yes No
3. Re M. 85. Yos 37 yrs,.in Cat. 1 7-20+5%" No No
4 C. B 59 Yae 32 yre.ia Cat, 1 8.20-50 Yes No
S A. 8. 48 Yos 22 yrs.ia Cat.lI. - «51 Yeo Yoo
6 W.F, 61 Yes 33 yrs.in Cat Il 4.30.53 Yes Yes
% & D. 56 Yo 30 yre.in Cat .l 11.22.53 Yos Yes
s, E L. 37 Yes 16 yrs.in Cat. ! Be S5e54 Yes No
’o A\ Ro 68 Yot 25 vrs, in Cas. n‘ Se '55 Dronch, No
TadlE
“Suspacted"” Pricnary Cancer of the Luag
. . Asbes~
Nems Age  Bmoker Fxpoaure Died  Autoosy tools
. 3T 49 Yes 32 yre.in Cat. Ul 10.25.50 No No
¢ R. D. 46 Yas 3 yrs.inCatlll 7. 83 Yes Yoo
3. P. P. ‘5 Yoo 42 Y?..b Cat. I 9-300,, e +No

C2z
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- An tadlc;txoa of the importance of thase "suspected”
cases in interproting the resulis of the calculations s desirable
before fuzther discussion of tha moriality rates which 27e derived
in later tables. For example, it bappons that the rate found for
the proved cases is closs to the lexpected” rate based on the
goneral population {igures for the Province as will be shown later,
and on which basie, we ehould find oight deaths {rom lung cancer

among the ¢ohort, Actually, aine cazos were observed. If, howaver,

[y
-

the three additional "suspocted” cases aTa included, {ncreasing this
{iguze 1o {2, the total would be vory close to the 957 level of signife

{cancs. However, baving found just 12 cases, we are not above this
THEREFens®

lovel, 88d ARAOECSI=juOCiZIISHEIITINNTG tho hypothesis that asbestos

mincrs do Dot have a higher moriality from lung cancer than does
Chunor ge Leyeerass,

ths general population, Nevertheless, the ogeurrence of 12 cases

{a shis sample would ingrease ths rate to & polnt which approaches

the sigaificant leval, Because of the tremondous importancs of the

questionable cases (n this respect, some deiail regardiag them will

be given hers.
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Iu sne of these cases, the suspieion of cancer of the lung is

baged upon the x-ray interpretation and, aithough no sutopsy waa ;;crformcd.
she death certificars indlcates that death was due to lung caacer, jt i well
kaown that the x-ray appearance of flbresis, especially i & locallzed density
or 8 superimposed tuberculous leston is presant, can e{mulate that of & tumsr,
and by ttself, does not justify the tnclusion of this ¢aso a8 one of "proved”
cancer of the lung. A second case was certifled as having died by reascsn of
hydrothorax, possibly due to lung cancer, but sgaln tdere was no surgery aad
20 postemortem sxamination, la the third case, a!:.\ou('h {t was subjected te
dutopsy, rwo pathologists dicsgreed as to whather lung cancer was present.
The déath waa ceftified as having been due to chronle myocarciiis with seph-
ritle aad pulmonary congestion, snd possibly cancer of the fung. Oa the basis
of thooe facts, it seems unwarrantad to include these threc cases ameng
"provod” instances of lung cancer, Oz the other hand, they cannot, in faire

se0s, ba diaregarded cotnpletely. It is {oz this zeasop that mortality rates

have Daen cuculguod both ways.

Table £ gives the ratas by age groups,

0274
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TABLE §
- Nuniber of Fersons and Nuiaber of
Lung Cancer Doaths by Age Groups
LumCancer Deaths
Age Group Persons Proved Total
2044 3901 1 1
45.84 . 1124- t 3
$5<64 618 3 3
6% 318 4 $
Unkaown 3 9. A
Totals 5953 9 i2
Annual Lusg Cancer Death Ratos per 100, 000
. Mag-Yesars of Exposura by Age Groups
Ag2 Group Provad Total
20444 ' 4 : 4
45.54 ) 15 . 44
5544 ’ 81 81
65+ 212 . 265
Unkaowa ‘ 0 . . 0

25 ’ R ¥

Bec e et

The 7ates by length of employment are shovm in Tadle§, During
the first 40 yoars of ermployment, tho rate riscs, aa obsorvation which secems
plausible since Lhe inen were growing older, MHoweover, after 40 years of ex-
posurs there ATe 20 “proved” cases reported for a total of 240 mon durizy

the six yeass, orzbout 1440 man~years of exposura, Whon the “suspected"

0275
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cases ayo addad, one case doos c.hov up in this pariod, Tbis would produce

s rats of 69 per 100, 000,agaln demonatrating the importance of thase quasticn-
.yx.. but unproved, cases to the final conciusion, because, Uf there werze no
cased In this numbor of men with loog exposure, and if asbestos is a carcinge
geaic agent, 1t must bo concluded that those 240 men have demonstrated cone
siderable resistance, r’m-j: blological phenomencn which has baen obssrved

£ previcusly and {s consisstsnt with the theory of &s intrinsic or cadogensus factor

in cances. The only other explacation would ba that the susceptible members
S . - PR N l‘ :

-— of this age group bad died earilor of lung cancer. Tabla 5 which appears
later in this section Indicates thas the mambars of the ‘cobort did not die frex
lung cancer at & younger age thaa the general population,

: TA3BLE ¢
L Number of Pezsons and Numbaer of Lung
Cancar Deaths by Lensth of Ermaluvment
Luny Lanser Deatnd
;. Le=gibh arf Dzzioyment Feraons : :Proved Toiai
o 2 1795 0 ¢
. 0«13 - 3398 NI - 3
’ 23429 922 3 3
. 33-36 603 v. 8 7
- 40+49 188 - 0 ]
50+ 5% 8 .
. Totals 59538 9 12
Annual Lung Cancer Doatd Rates par 100, 000
ManaYcars of Exd0sure by Lancth of Emnloyment
Lennth of Emuloyment Froved Total
% $e9 e 0
10.19 ? ?
20.29 S4 54
30-32 138 193
40.49 : ] 90
£0+ - [ Q ~
Over-all "5 34 VN?S

Tamwe



) s
{
Tha rates by waighied exzo3use arc shown In Talle 4, a3l ic wiil be

oted tha: hey present sirong evidense 2gainst asbestos being @ urciaogeai;
agonl, for, U u{;oau:e s acbesios is in any way coasected to lung canger, we
would expest that the louger and boavier the axpoause, the higher the race

that would Lo fousd. Thﬂ;uy possivle coror fa this Interprotasion could sceur
v m; weighted oxpusuros wurs inveraély rolated to years of ewmploymaeat, (o
+hich cade the boaviess weighted axposure {caﬁgory 1ll) would show the shorte
oot lan gt of erzploynisst. Tabls y. whick 1ists thc number of perscso in
varlous exzcsure categorics by leagth of employment lodicates that this error

has not vecurzed. In fac:, the average sumber of years of employment for

ad expogurs gatogery is almost {dentlcal.

TABLE ¥ [0

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

Esposurze : .7 Lund Cancer Deaths
Catstor Persons Proved Total
4 A S o S—
3 203} 4 4
b H 21%0 3 <
m 1112 2 4
Usknowa 8 0 9
Totals 5953 9 12
,0

{Table § continued oo noxt page.)
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TABDLT ¥ (coatinued)
Ansusl Lung Cancer Death Rates per 100, 000
Mag-Yoars of Txposure Dy Exposure Category
. @ )
~ow | Kxposure Category Proved Total
a2 3 33 33
}1 4 N 23 31
-l m 19 37
Uakaoera 9 (]
.y Over=all H i3
RN
¢ '
v TADLE Y |/
Number of Percons {n Varlous Weighted
Lxposure Cstegories by Langth of Employment
Leagth of WVaiahtod Exvesurs Catenorlcs
Employment i I 3 Unknown Total
- S-9 707 598 490 ° 1793
K3 - 1019 663 883 1133 } +2398
< 2029 314 363 243 2 922
3039 247 218 137 H 603
40449 M 1 (Y] 41 1 185
s0¢ 24 S 9 =32
Totals 231 %o 1772 ) 5050
s Average years of
exposure 17.8 17.8 16. 6 17,8

..
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Tadle }J, which develops the rates (or acnokers and tonvamoxars,
{s moet sizixing. 1t shows that not a single case of lung cancer developed
smong the 1265 nonsmokers aad that all cases of lung cancer, both "“proved"

and "suspected”, oceurred {a smokers,

¥
Table 1Q was 80 striking that {t was felt that furthar verification

wes secessasy, 1t was possible that some aboormal diatribution may bave
accurred, o. g., the sonsmoksrs may have included a larger '”reoaugo of
young men. Consequeatly, additlonal Tables, !\i}. X:: and )I: were construsted
ta show the élstributlion of smokers and nonsmakers by age, -length of em-

ployment, and degree of axposure, Although there are elight ditferences,

they do not account for the fact that all obssrved cases of lung cancor were

13
~ {is smokers. In respect to age {Table TH the combined average ago of the

-
smnekers wae 4.9 yeurs less than that of the nonsmokors. Tabls R shows

that as {7 as length of employmeant is coacorned, the smokers had worked

sbeut 2.3 years lass on the sverage thau the acnsmokers, With longer ex-

. ..

,- potere aad greater age, one would sxpect the: nonsmoking group.to show

. M
‘Fo Migher rate if lung cancer were dus 10 asbestos, Table }4 shows that the

AYETAgE SXPOSUTE CAlagory WA S alcmost the u'mo for tho two groups, There-
fare, this varisble ssems to be of no importance la accounting for this
difference.

The result of this additional snalysis s that none of thu {actore

| S
appesrs 10 lessen the effect of Table 14,
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TARLE IO
Number of Pervono and Numbee of Lung Cancar Desths
" by Smoking Habits
vl -
Lung Caagg Deaths
Poreons Proved Tota,
. —————— Ol s e ——
aw 1 Smokers 4673 . 9 12
Nonsmokers 1268 0 0
4% | Usiiown 20 L 0
Totals 5958 9 12
LY -
« 62 _¢
Aoy
Annual Lung Cancer Death Rates per 100, 000 Man-Years of .josure
«} . N by Smokiag Hatats
Y]
“8 ' Proved Total
i3 | bmukers 32 43
‘f Nenamakers ] 0
oo Uakpown _O_ _0
COvar-all 25 34
04 -
Aa .
va
io}
11N
0280
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TABLE ti-.

~ Number of Smokers and Nonsmokers by Age Groups

Age
Group Smoker Nongmoker Unkaown
20-¢4 3200 689 12
nevd | 43454 836 224 4
27t | 58464 411 : T 2
riei) 1 68 ¢ 164 1%0 !
13 | Unksown 2 0 !
] Tows 4873 1265 20
Average Age 39.3 4.2 40.7

Perceatage Distribution of Smokers acd Nensmokers by Age Groups

Age R .
GQroup Smoker Nonemoker Unknown
la o
#2 § 20.44 68,3 54.9 60.0
=38 4534 319.2 17.7 20.0
nd ,’.“ ‘9‘ 16. /] - . * 10,0
e wm ". ’.5 1‘0‘ ' ’.0
Usknewn . 0 $.0
Tetals 100% 100% 160%

- ® Leso than ,05%
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TABLE i
Number af Smokers aad Nonsmokars
by Lengts of Smployment
l.:‘.‘:: i:‘ L.n‘th of
Employmaent ) Sraoker Nonsmokar Unknown
bie » so’ 1608 ’17 l°
sre it 10619 1967 - 426 4
‘ul 2029 722 - 199 2
net. U 3039 433 166 4
! 40-49 O 1) ‘15 ]
vuvnl S04 33 22 2
- Totad 4673 1268 . 20
Average i.ength of 1.0 C19.8 16,0
£mpioymaeat
9! -
T Percentago Distribution of Smokers and Nonsmoksrs
e by Length of Zxmploymoat
t'of‘n-'. ..
10038
-2} Leagth of
1y- <23 Smployment Smoker Nonsmoker- Unknown
[ 3 : .
vesdt: ’o’ 30. H 39. [ soo 0
. ,‘." 42.1 ”o 7 20. °
3003’ 35.“ - 19.7 10‘0
A% SR 30.39 9.3 13.1 20.0
40-49 2.4 5.9 .0
$0 ¢+ .7 1.8 .0
Totals 106% 100% 100%
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TABLL M,
- Number of Smokers ard Nonsmokers
by Exposure Category
Exposurse
i Catesory Smoker Noasmoker Unknowa
H 16%3 - 474 4
i 1691 452 ?
m 1428 338 9
Uakavwa 4 1 0
Totals 4673 1265 20
Averags Zxposure 2.0 - 1.9 2.3
Calsgory .
Percentage Distribution of Smokers and Nonsmoksrs
by Zxposure Catugory
Lxpesare
Category Smoker Nonsmokor Unknown
t 3s.2 ET N SR 20.0
u 36.2 35,7 35,0
m Jo.% 6.7 45.0
Usknown 0.1 0.1 K
Totate i00‘7o 100% 100%
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Comparison of tho Colort Expericnce with
that of the Froviace of QQuebee, Dominicn of
Canada, and the United Staias

In order to make & comparison of the exparieace smong asbestoe
miners with that of the geaeral population of the Province of Quodec, sta-
tistics were gathored, a3 stated u:licr; {n the office of the Division of
Demography ln the Provinclal Ministry of Health, The data on total deaths,
deatss from all forme of caacer, and deaths from cascor of the lung were
obrained by sex and by county for the years 1950 mouga‘,xess. In addition,
all death certificatons whick specifled primary eucoir o; tho lung, and all those
which indicated lung ¢ancer but did not specify the arigia, were examined for
the years 1952 thzough 1958,

Table l'\ givee a tabdulation of the aumbor of deaths from lung cancer
{a the Freviace and in the cohort {or the yeara 1950 through 1955, and shows
the anaas! rate per 100, 000 in these segments, It will de noted from the
uble that the mortality rate for the “proved” 'euu‘ 1a s cohozt is only .
augiui higher than the rate for the Proviace. When the "ouopccud'; cases
are lacluded in the calculation, the rate 101: the cohort rises to 33.8 par 100,000
which {s about 0% bigher than the rate for the Province. This, it will be
vecalled {rom the previous discussion of the affect of the “euspected” casce

s the resuits, approaches but does not exceed the ulgamcui lovel,
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