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TAELE *
Number of Persons anc Number of Lung
Cancer Deains by Length of Employment
Lengmh Asdestos Thetferd Mines Combinec
of Long Lung Cancer Lung Cancer
Empioy- Cancer Deatts Deazns
men: Persgcrns Deatns Perscns Provea Tota Persons Provec Joia:
$-9 880 0 91% 0 ° 1798 ¢ 0
10-18 864 ¢ 1534 i i 2398 1 1
20.20 342 1 $8¢C 2 b 922 3 3
30-39 168 2 415 3 $ 603 $ T
40.49 17 0 168 4 1 18$ 4 H
5Ce ’ 2 ¢ 53 0 L 55 0 0
Total 2173 b I 714 ) 9 $358 9 T
Annual Lung Cancer Dea:n Raies per 108,008
Man-Years of Exposure by Length of Employmesat
- Lengty of Asdesios Thetiord Mines Combined
Emplovment Total Proves Total Proves Jota.
5-9 0 0 0 0 0
10-19 0 il . 1 7 ?
20.2% 49 %7 57 54 54
30-3¢ 198 115 182 138 193
40.4¢ 0 ] 99 0 &0
$0e _0 _90 0 o 0
Over-all 22 27 T 11 34
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TABLZ &
- Number of Persons and Number of Lung
Cancer Deaths by Exposure Category
Expos- Asbestos Thetfsed Mines Combines
ure Lung Cancer busg Cancer
Cate. Cancer Deaths _ Deazss

——— e =
gorv Persons Deatrns Persons Proved Jotal Persorns Proves Tota!

b 969 2 1062 2 2 203 4 4
n $64 1 1586 2 3 2180 3 4
m 73% 0 1037 2 4 1772 2 4
Uninows § 0 0 s 0 5 [ =L
Towal 2273 k) 3685 6 § 5958 9 12
Annual Lung Cancer Death Raies per 100, 000
Man-Years of Exposure by Exposure Category
Exposure Asbestos Thetfors Mines Cormt:ned
Categor~ Tota! Provesd Tota: Provez Tota.
1 34 3 M 33 33
bi 30 2! 32 23 N
al 0 32 64 i9 37
Vaknown =2 I 2 L0
Over-ali 22 7 1 ] 34

* No one exposed
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(M expOseTe 1O 43DE3LTT IS UL ARY WAY SORIECICS to lung cancer, we
wouid expect that tbe longer and neavier the exposure, the higher the
tae that woulc be found. The only possidble error 1o thus interpreta-
tion could oceur uf the we:ghted eqou;ru were inversely related to
years of employment, in which case the heaviest weighted exposure
{categosy L) would show tke soortest ﬁngtb of employrsent. Tables
9, 10, and 1! which list the number of persons in various exposure
categories oy lenzth of employrnen: incdicate that this error bas not

eccurred. [n fact, the average aumber of years of epioyment for

v
-

sach exposure category i3 almost ;dentical.

TABLE 9

Number of Persons in Various Weighted
Exposure Categories by Length of Tmployment

Asbestos
Length of Weiziteg Zxpesuze Catezcries
£r:20vment 4 Y RS Unraows  Total
$«9 428 Ji3 239 0 380
10-1¢ 273 217 373 l $64
2024 is9 89 92 2 342
30.39 9% 42 27 l 168
50 « 2 0 -0 K X
Total <69 “Sov 735 5 2273
Av., Yrs. of 15.% 15.2 14,5 28.0 18.1

kapcsure
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TAZLE 0
Nurber of Persons in Various Waeightes
Exposure Categories by Length of Empioyment
Tuetford Mines
i
: ‘Length of Weighted Exnosure Categaries
H Empiovment R - u Unknowe Total
4
b 5.9 279 38s 251 ] 918
) 10-19 3%0 666 478 0 1534
' 20-29 155 274 151 0 580
3039 149 16 110 ¢ 43%
40.49 67 64 37 ¢ 168
50 + 22 21 10 o $3
] Tosal 1062 1556 1037 -7 3665
i Av, Yrs, eof 19.9 18.7 18.1 18. %
i Exposcre
!
i .
'
H TABLE 11
i Number of Persons v Various Weighied
{ Exposure Caiegories by Length of Employment ,
§ Combined Asbestos and Thetford Mines :
__:, Langth of Weighied Exnosure Catezories
Sy Emoloyment N Yy pity Unknown Total
$.9 107 598 490 0 1795
1019 663 833 851 1 ~23°8
20-24 N3 363 243 2 n22
30-39 247 318 137 I 603
40-49 76 87 +1 } 185
50 34 21 10 K1 35
Total 203! 2150 1172 5 5958
Av, Yrs, of 17.8 17.8 16.6 29.0 12.%
Exposure
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Table 12, which devclops the rates for smokers and non-
smokers, is Mot strakang. It shows that not & sipglic case of Jung
cnen-;cvclopcd among the 1265 nonsmolkers and that all ease's of
Jung caacer, both "proved” and “suspecied”, occurred in smokers.

A comparison of Tabies 8 and 12 certainly suggests that smoking is
3 greater bazard than exposure to atbestos in the muning operations.

Table 12 was 30 strikung t};at it was felt that {urther veri-
fication was necessary. It was possible that some abnormal distri-
bution roay bave ocecurred, ¢.g., the nonsmokers may bave included
a larger percentage of young men. Consequently, acgilional Tadles,
13, 14, and 15 were constructed to show the distribution of smokers
and nonsmokers ;)- age, length of employment, and degree of exposure.
Altbough there are slight differences, they do no: account for tbe fact
that all observed cases of jung cancer were in smokers. In respect to
age (Table 13) the combined average age of the smokers was 4.9 years
Jess than that of the nonsmokers. Table 14 shows that as far as length
;l employment is concerncd, the smokers had worked about 2.3 yci::
Jess on the average than the nonsmokers. With longer exposure and
greater age, one would expect the nonsmoking group to show & higher
Taie i lung cancer were due to asbestos.

Table 15 sbows thet the average exposurc category was al-
most the same for tbe two groups. Therefore, this variable seems to

be of no imporiance in accountany for the differencc between lung cancer

death rates for smokers and noasmokers.

0174



o

- -

.o we

. sgwin

R e Ty

- e e S ani Mg e bl M A B st v o @ ot AT ¢4 B ek 4 A b e vt it 48 K Mg 14t ek A cmm

A % wde cm e

43.
TABLE 12
Number of Persons and Nunber of Lung
Cazcer Deaths by Smoking Habdits
Asbestos Thetford Mines Combdined
Lung - &ung Cancer Lung Cancer
Cancer Deaths Deatts

e ————— e e e ———.
Persons Deaths Persons Proved Total Persons Proved Tota’

$mokers 1931 3 2742 [ 9 4673 9 12
Nonsmokers 340 0 925 0 ] 126% (1] [}
Unknowsn 2 D 18 ] 8. 20 [ =0

2213 3 3685 [ 9-"' 8358 L] 12

Total

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

Asdestos Thetford Mines _Combinec
Total Proved Totai Provec Tota!
Smokers 26 36 55 32 43
Noasmokers [} ] 0 ] ]
Unknown 0 0 ] 2 S
Over.all 2 7 4l 25 3
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Toe resuit of this addational analys:s 15 tha: none of these
{actors appear o leasen the effect of Tadie 12, whieh :s therelore
strongly suggestive of the impertance of smoking as compared 1o the

other variables.

Asbestosis and Lung Cancer

Wien we attempt to relate the lung cancer deaths occurrang
in the cohort with the reported cases of asbestosis, we are immediately
aware of a disturbing inconsistescy, Various authors report the incidence
of asbestosis after 10 or 15 years of exposure as exec:edi.;sg 50%, and in
one study, as high as 87 %, (133) (135) (147) (154) (195) However, data on
cases of ubest-osh from the conorts at Thetfard Mines and Asbeastos pro-
duce a rate of only about 5%. It is true that these data are based on only
those cases which have bees proved at autopsy, and those whose most se.
cent x-ray interpretation resulted in & diagnosis of asbestesis. This in.

cidence mmay be [ar lower than if based on micToscopic examination of the

lung tissue, As a matter of fact, Dr, Carcier has estimated tbat there are

probadly 300 workers who do not show n.d:‘ologiul evidence of asbestosis,
but who have some degree of [ibrosis. He also estimates that there are
perhaps 40 workers whu may have died or retircd with thas disease, Insread
of 143 cases of asbestos:s an the whole working force at Thetford Manes,

we should then bave perhaps $00, but even this would result in an over-all

raie of Jess than 0%, which is far below those widely reported, In our
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combined conort, there are 1765 men who have Sad mose shan 20
years df empioyment, and 431 of these bave worked in the heaviest

i average exposure, According to the records, we can account for
only 138 cases of asbestosis in the combined coborts, If evea 25%
of the workers with more than 20 years’' exposure develop asbestosis,
we should expect aheut‘ 425 cases. This leads us to believe that there

is & very considerable under.reporting of asbestosis. Such a hypothe-

4 sis is easily conceivable when one considers that many chest x.rays
t
R in this group may be tonsidered aormal by comparison with others
. -t :
y in the sarmme group whereas, if they were to be compared with wha:
. are considered 43 normal chest x-rays elsewhere, they may be inter.
i preted as showung fibrosis.
! Cases of asbestosis which were accumulated from the aue
b}
! topay records and {rom the periodical physical exarminat:ons result in
}: . & distribution which is showa iz Table l6.
1
{
@ TABLE 16
- Distribution of Recorded Asbestosss Cases
ia Cohurt Asbestos Thetford Lombined
O e—— A t—— S ———.
Living 18 86 104
Deaa K 20 33
Total 22 16 138
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TABLE |7 - Part!
Num=ber of Asbcsidsis Cazes By
Leng:is of Empioyment and Exposure Categocy
Asbestos
Leagts of Esxvosure Categorv
Emoplovment L u a3 Cnicows  Tatal
Less than 10 0 ¢ i ] 0 [
1019 0 1 2 0 3
20.2¢ 2 7 4 0 13
C 30-39 0 L 4 +) $
40-49 0 [} 1 0 i
50 + BT 1 2 2 e
Total 2 9 1} [] 22
Av, Vrs, of 28 25 29 _r 27
Employrnent

Percentages of Asbestosis Cases By
Lengts of Zmpisyraent and Expesure Categery

Lengtd of Exvesure Catezerv

Emplovmen: & 2 &L Unknows Tetal

‘Less than 10 0 ] 0 . 4
1019 0 .5 . ] 0 3
20-.29 1.3 7.9 4.3 0 3.8
30-39 o 2.4 14.8 0 3.0
40-40 0 ° 25.0 ¢ 5.9
50 + o . - oz o
Over-ali 2 T.6 1.9 o 1.0

¢ No one exposes i3 tzis grosp
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Nuroer of Asbestosss Cases By

-

TAZLI 1T . Par:

"

Lesgth of Zmpioyment and Exposure Category

Thetiore Mages

£0.

Leng:k of
Emslovment

Less than 10
10-19
20-29
30-39
40-4%

50 «
Tozal
Av, Yrs. of
Employment

Exoosure Category

I I

0 0 0

0 1 7

2 s 2l

2 15 3

0 6 20
S 2 -2

4 29 83
30 36 34

Total

Percentages of Asbestos:s Cases By

Lengtt of Zrmpioymest azc Sxposure Caiegery

Lengt: of
&aglev.—..ez:

Less tban 10
10-39
20-29
30.38
40-49
$0 »
Over-all

i el 44
0 0 °
0 .2 1.8
1.3 5.8 3.9
1.3 5.5 30,90
0 9.4 $4.1
o 9.5 20.0
.4 1.8 .0

Exsosure Catezory

¢ No ore exposed in tkis group

Cnknowe

Tota}

ol'oooo.
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"TABLE 17 - Past 12

Numbder of Asdesidsis Cases By
Length of Zxployrest and Exposure Category

AsLestos and Thetford Mines Combdined

Length of Exdosuce Categorv
Emsioyment L iy T Unknown  Total
Less than |0 ¢ ¢ 0 0 0

10.1¢ 0 2 9 0 b9
( . 20-29 . 12 2s 0 o
30-39 2 16 37 0 L}
4049 0 [ 21 0 2?7
50+ R S 1 o A
Toul é 38 94 ¢ : - 138
Av, Yrs, of 25 33 33 h 33
Employment
Percentages of Asdestosis Cases By
Lengtk of Empioymment anc Zxposure Category

Length of Exposure Categorv

Empiovment 1 o L Unimown  Total

Less than 10 0 ° o . 0
,0'19 o . 2 lo 0 ° os
20.29 1.3 3.3 10,3 -0 4.4
30.3¢9 .8 1.3 27.0 0 9.1
40.49 0 9.0 $1.2 0 14.6
S0+ L L5 20,0 2 7.3
Over-al .3 1.8 5.3 0 2.0

4 No one exposed i1n thas group
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A perceniage incidence of 43501205:9 (0T eoll €xzOSLTE
GaiegoTy Tas See: ceve.tped as weil as for eack pericc o emzpicy-
mest, nl: smuiormmation is shown iz Tabie {7,

It will be noted 1bat within an exposure category, the
incicence rises with increased length of employment. I is also
apparent that the incideaces, even ia the category of heaviest ex-
posure, are far below the rates found by tbe authors preyiously re-
ferred to. It seems clear, tsat unless concentrations of asbestos
dust to waich the muners are exposed are very much lower than those
which ootawn is all the other stucies, there has been x';;ou uwier.
reporing of the afbestous cases. The obvious result is a higker
Telative frequency of lung cancer iz association with asbestosia,
Tabie 18 compares deaths due :0 luag cancer and {aal cases witd as-

bestosis, alone and :n combinaiion with each other.

TABLE 18 « Partl

Statistical Azalysis of the Causes of Deawn

Asbesios
Cause Asbesiosis No Asbestosis  Totsl Percentaze
Lung Cancer 1{.2) 2{ 2.8) 3 6.1
No Lung Cancer 0.9 _2(42.2) 26 33.9
Total 4 45 49
Percentage 8.2 9i.8

Figures in parenthesis are the “expected” nurmbers
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TABLE 18 « Pas: 12

S:atisiical Ansivsrs of tse Causes of Deact

Theuord Mines
Cause Asbestosis No Ashestasis Totai Percentace
Lung Cancer 3{ 1.3) 3{e?) 6 4.5
No Lung Cancer 281026.7) 101 (99.3) 126 95.%
Total _ 28 o4 132
~ Perceatsge 23.2 8.8 -
Figures io parentbesis arc the "expected” aumbers
_
TABLE 18 « Part 1
Statistical Analysis of the Causes of Death
. A3bestos and Taetford Mines Combined
Cause Asbestosis No Asbestasis Tolal Persentage
Lusg Cancer 4t 1.6) ${ 7.4 9 5.0
No Lung Cancer 28(30.4) 144 (141,6) 172 95.0
) Total E¥ 149 181
y Perceatage 7.7 82.3
. Figures in parenthesis are the "expected” numbers

Six deaths from unknown causes not included

The awmnber of Jung cancer deaths combined with asbestosis
ig larger than would be expected in tach cohort and in the combined
cohorts, This difference is significans at the §5% level using tbe chi-
square test of significance, The importansce of the wnder-reportung of

asbestosis can be obscrved in Tadble |9,

b e ——- -
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TABLZ I®

Statistical Analysis of tke Causes of Deats of
20 Nonasbestos:s Cases bad been Disgnosed as Asbestosis Cases

Cause Asbestosis No Asbestosis  Total Percentace
Lung Cancer 4{ 2.6) ${ 6.4} 9 5.0
No Lung Casacer X8(49.4) 124(122.6) l22 95,0

Total 52 2% i3l
Percentage 28.7 73.3

Figures in pareatbesis are the "expected” numbers

_°
In this tadle, it has bees assumoed that 20 of the cases
which di¢ not bive lung cazcer and which were reported to bave no
ssbestosis did, in fact, have asbestosis, the diagnosis of which was
missed, Although the cases of lutg cancer with asbestosis are sull

bigher than would be expecied, the difierence 13 no longer signilicant

at the 95 % level. This still is true if fewer than 20 cases were shifted

" bus it 38 reasonable to expect that at least 20 of the 144 might bave

shown asbestosis bad they been aubiect to autopsy. On the other band,
4 shift of about 40 cases would produce an expected rate alrmost equal

to the rate lound, Explanition of this effect of under~reporting of as-
bestosis bas deen stressed because it seems 30 obvious that i3 under~
reporiing asbestos:s the relationsaip between it and lung cancer has

been made to appear more signiiicant than it probadly is.
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Four of the proved cases of lung cancer ard coe of ihe
suspeciec were 23s0Ciated with asdestasis, Since we mave cniy 32
deaths in which asbestos:s was present according to the recerss,
the incidence in this series is 12.5%. waile this is slizhily lower
than the rates found by Merewether, Gloyne, and Wedler, it is still
much bigber than could be expected if the asbestosis incidence wese
anywhere oear the experience reported by other authors.

Comzarison of the Cchosrt Exverience with that of the
Province of Quebec, Demizsuon o Canacs, anc the Lnitec States

ln order to maxe a comparison of the experience asmong
asdbestos munu.with that of the general population of the Province of
Quebec, atatistics were gathered, as stated earlier, in the office of
tbe Divisior of Demography in the Provincia. Ministcy of Eeaitt, The

dats on total deaths, deatns from all forms of cancer, and deatts ‘rom

cancer of the lung were obtained by sex and by county for the years

1950 tarough 1953, Ln addition, all death certificates which specufied

primary cancer of the lung, and all those.which indicated lung cancer
but did not specisy the origun, were examined {or the years (952 through
1955,

Tadie 20 gives a tabulation of the aumber of deatss from
lung cancer in the Province ana in the two cohorts for.-the years 1350

tbrough 1955, and sbows the annual rate per 100,000 :n these segments,

-- .
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The success of a study of the type herein reported de-
peads very greatly upon the availabulity of dats from many sources,
and the assistance and cocperat:on of those in possession of these
_dau" Industrial Hygiene Foundation was fortunate in baving the
wholehearted cooperation of the asbestos.producing companies, and
particularly of theiz medical and nursing personnel who bave the re-
sponsibility for maintaining the medical records of the workers. In
this connection, we are especially indebted to Dr. Paul Cartier and
bis staff at the Thetford lndustrial Clizic, and to Dr. T. R. Grainger
and the nurses at Asbestos. All records in these two medical cen-
ters were put completely at our disposal, and the care and compiete.
Bess with which they are maintained assisted considerably in the
preparation of the material relative to the worker population,

Data on population figures and on the causes of death in the
Province of Quebec were obtained with the utmest. assistance and ¢o.
operation from Dr. Paul Parrot, Heacd of the Deparrment of Demogra-
phy in the Ministry of Heaith., Not only were all vital statistics and
reports made readily available to us, but Dr. Parrot and his ennire
staf{ rendered valuable assistance :n many ways, including the location
and wnterpretation of death ceruificates, Especially hclpfu& in this pars

of the work was Miss Cauthier of Dr, Parrot's staf{f. The same helplul

0123
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€oopeTatIon was rendered by Messrs. Hardy and Hopring of the Suz

Life Assurance Company of Canada in Montreal, who made avaasle
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their records of the death claims paid under the group 'pol'xcy covere
ing the workers at Asbestos.

Valuable sugguzions'tor the conduct of the study were
made by Dr. J. A. Vidal, Ch;‘um;n of the Silicosis Board, and Dz,
( Cuy, Pathologist for the Board, as well as Dr. Gregoire, DcyQty Min-

ister of Health for the Province of Quebec, and Drs. Simard, Dulresne,
( .

and Groulx, in Montreal.

Statistics for the morcality rates for the Dominion of Canada
were obtained through the kindness of Dr. Dean F. Davies, Administra-~
ter for Rcoc&r;k on Lung Cancer for the Americas Cancer Society, and
those for the United States were graciously furnished by Miss Curaleick

in the National Office of Vital Statastics, Department of Health, Education,

and Welfare of the United States Government. Finally, the very great

%,na'. assistince rendered by Dr. Kenneth W, Smith, Medical Director of Jobns-
- . Manville Corporation, and Mr, Ivan Sabourin, General Counsel for the

Association, in makiny the iueuu:y centacts, in travel arrangements,

and in 30 many other ways, is gratefully acknowledged,
The methodology of this research is bclscyed to be un.Que
among the reported studies of lung cahcer as reiated to asbestonis and

exposure 10 asbestos. Assistance in planning the study in suca 4 way a3
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} 10 assure 3 proper epidemioclogical approach, and all biostatsstica!
applications of the finangs were provided by Mz, T, Davié Truan,
formerly of the Graduate Schosl of Public Health, University of Pitts-

burgh, and the staif of the [ndustrial Hygisne Foundation.

The report is believed to present the findings in az objec
tive manser and is u'spcet.’ully submitted for the consideration of the

Asesciation,
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GLOSSARY

For the purpose of clarity and uniormity, the terrms

used in this report are herewith delined accerding to the manzer

of their use.

Asbestos workers:

Asdestos miners:

Asbestosis:

Codort: .

Lung cancer,
cancer of the lung:

Srooker:

Workers exposed to asbestos dust in other
than miging operations,

Workers engaged in the mining and prepara.
tion of asbestos in the areas under study.

A geaeralized fibrosis of tbe lungs diagnos-
able by x.ray, or by microscopis examita-
tion of the lung tissue, but not nscessariy

accompanied by sympioms or By disability.

A segmen: of the population, defined accord.
ing to certain criteria, and representarive of
the whole population. Specifically in this
study, a group of asbestos rminers bavazg &t
least {ive years of exposure in the indusiry
aad who were in the industry during 1950.

A peoplasm of the lung or bronchus, wher.

ever situated, aad including adenocarcinoraa,

squamous cell, and undifferentiated, round, -
or ''eat cell” histological types. Primary

cancer of the lung roeans such a neoplasm

o:iginating in the lung, and not secondaruy

i the lung a3 the result of a metastasis {rom

another prumary location in the bedy.

As used in this presentation, the term smoker
refers to & Cigarettc smoker, habitually smok-
ing more than {ive cagarestes per day. Persons
who smoke pipes orf cigars exclusively were
not considered to be smokers {or the purpose
of ths study.
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1. INTRODUCTION

- Ever since the pronounced increase in the incidence of -
Jung cancer ammong mmales became apparent, there bave been attemprs
$0 associste it with one or another of the various elements in the en-
vinmc.at of man. The approach used by some workers has been to
suspect cne Or several substances and then set about is an intensive

search for lung cascer among persons who have had any exposyre to

(182)

those compounds, ln tais connection, Smits writes: "The tepe

dency of w&or.c Teporting the coincideatal occurrence of primary
lung cancer with silicosis or with any otber :hcatcﬁ::al ;tiolo.ic cone
ditions, has been to emphasize the percentage relationship in extremely
sIAal series of cases, with control cases whichk are not in any way
comparable,”

1t would seem inevitable that ssbestos should come une‘u'»
s¢rutiny in this manner, because prolonged exposure to this material is
koows to cause a3 specilic type of pneumoconiosis, and because persons
who show this form of posumcconiosis often come to autopsy and pro-
vide & ready source of material for study. It was in this way that re-
ports of the simultaneous occurrence of jung cancer and asbestosis be-
gan to accumulate after the report of a case by Lynch and Smith {139 n
1935, Withun the next ten years, about 15 additional cascs were reported,

(15%)

and 1n 1946 Merewetber reviewed all dcaths [rom asbestcsis re-

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

o1x
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to Merewetber, i 13,27% of these cases. Contunuing this study to

iaclude December, 1954, Merewether counted 55 cases of cancer of

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

(92}

Gloyne, whose work is also frequently referred to as establishing

a connection between asbestasis and cancer of the lung, reporsed ia

1951 the resuits of bus findings on 1205 autopsied cases. This series
included 132 asbestos workers, of whorns 12! showed asbestosis, Cancer
of the lung was present in 14.1% of these asbestosis cases. lIn 1941,

{1}

Nordmansn and Sorge claimmed to have produced lung cancer in mice

which they exposed to asbestos dust,
Since 1951, additional cases of cancer of the lung coexisting

(122)

with 3sbestosis have been reported, and, according to Hueper about

100 such cases bad been reported up to 1955, As a result, an associa-
tion between the two discases appears to Bave been accepted by many
authors and several writers were using the term “asbestosis cancer' of
the lung. Werber (205) i 1952, stated categorically that in 7% to 17%

of cases of asbestosis, after & latent peraod of about 1 1/2 to 20 years,

CATCInO™A becommes established in the kﬁ.az.

On the other hand, not all authors accepted the alleged associa-

177
tion without reservauon. Saupe “m in 1939 had reported that be had

discovered no casvs of iung cancer among 620 cases of asbestosis whickh
4
he bad examincd; and in 1942, Holledb and Angrist (104) expressed the

opinion that the numiacer of casvs of asbestiosis with lung cancer was too
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(200}

smail for statistcal evaluatien. In 1947, Wegelius reported 125 °
racioicg:cally ciagnosed cases of asdestosis among 476 workers in .
Fiuand, and found no cases of lung cancer in this group, GCeldblatt

(9%) state:

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

“But at no stage in all these impressive researches was
aay clue obtained whick might have offered any support to the possi-
bility that asbestos could act as 3 carcinogen, There is no reliable
eriterion by which one can anticipate carcinegenicity and, as is well
known, relatively minute changes in the structure of a chemical car-
cinogen are sulficient tc diminish or eliminate carciimog.enic action.

I asbestos is indeed to be regarded as a carcinogen, the
fneed 13 feil to demonstrate some property which can dbe regarded a3
sometling more than ineriness,”

These authors advance the theory that, until some meore
experimental cvidence of direct carcinogenesis by asbestos or a dee
composition product of it can be obtained, asbestos might be considered
38 3 "coecarcinogen' which only induces 3 further development ;{ a pre-
neoplastic cordition brought about by sometbing independent of the 3s-
bestos, such as an endogenous factor,

Thus the literature, while tending to support the thesis that
asbestosis is 1n some way related to the development of lung cancer is

vy Bo mcans unarimous. Altogether, it is perhaps more confusing than

enlighten:ng,
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Meanwhile, the Canadian Johms-Manvilie Comzany sn
Azbestos aas been aiect to the whole prodlem, and at the Thetford
Industriai Clinie, Dr. Paul Cartier was studying the situation

“

among & working population of about 6000, and made notable contri-
butions to the literasure just cinc“z"”. Between these two artas,

a number of cases bad been recognized and tabulated by the spring of
1956. At this time, at the su“nuo;\ of Dr. Kenneth W. Smith, Medical
Director of the Jobns-Masville Corporation, and Dr. Cartier, the Quebec
Asbestos Mining Association approached Indusirial H¥guac Foundation
to determaine whetber it would be feasible to eondu:t'w epidemijological
study in order 1o discover whether the incidence of lung cancer was, in
fact, greater u;wn; asbestos muiners than armong tue general popula-
tion, and whether there was 3 ¢orrelation between lung cancer und the
diseasc asbestds:s, The Foundation submitted, in Mared, 1956, a pro-

posal for such 3 study based upon & preliminary survev of the type and

accessidility of data whbich might be available. This proposal was ac-

-cepué by the Association throygh its Secretary, Mr, W, H, Soutar, and

its Cenesa) Counsel, Mr. lvan Sabourin, Esq.
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U. CRITICAL REVIEW OF LITERATURZ

A careful review of the published material on this 3ub-
jeet shows that the majority of the reports are clinical and not tpi-
dcmi.ol.o‘i:u. Toey lack many elements necessary for the applica-
tios of epidemiological techriques-to their content and most of the
autbors do not make claim to having é.ouht 30. What has happened
is that succeeding suthors have drawn conciusions and generalized
beyond the scope of the works which they quote, Nowhere, for ex-
ample, bave we found references to a population of';sbuton workers,
although several authors who have quoted the observed incidence of

Jung cancer in autopsies of pursons who also hacd asbestosis imply

‘that this incidence applies te ashestos workers. We have likewise
been unadle to find any study which actually calculated the incidence
of lung cancer among a population of persons who had asbestosis, and
26t just those who came to autopsy, With the exception of a paper by
Doll “”, none of those reviewed gave any data on exposure and dust
concentrations, and even Doll's paper merely mentions "'scheduled"
areas, by which is meant, "those areas where procusses are carriad
on which were scheduled under the Asbestos Iadustry Regulations of
193} as deung dusiy,.

There 13, furthermore, 8 complete lack of definition of

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

T Y AL LU S
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“asbesiosis’, 48 use¢c, Sray refer to changes ebservas.e orn.y by
micTessopic exam:anation of the lung tussue, Or it may mean & radio-
logically detectable condition,

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

l There is also a lack of uniformity as to what type of exo
( posure most studies have dealt with, Of 99 cases enurnerated by
Hueper a2 in 1953, oaly ten appear 10 have originited in the United
States, and seven in Canada. Some of the earlier reports apparently
included asbestos musers, but it can be assumed, since B2 of the 99
cases bad originates in England, and since no asbestds muning opera-
tions are carried on in that country, that most of the reported cases
bave invoived workers in the textile or {abricating indusiTies.

Such facters as smoking babits, family bistory of cancer,

length of time in the industry, and age of the individual case are also

:'_t\ notably absent in the majority of these reports.
S With this undersianding of the limitations of the existing
¢ hiteratury with respect to epidemiological generalization, it may be of

valuv to consider un somewhat more detau some reprusentitive carlier

=

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

section,
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Cne of tne most geta:lea stucics and one which deserves
tse mos: serious gansideration is that reported by Doll (83) in 1955,
This study reviews causes of death among asbestos workers based
on coroners’ records. It also attempts to estimate the risk by study-
ing tecords of mea who worked for at ieast 20 years in exposed situa-
tions. Doll ccacludcd'thag lung cancer was a specific industrial bazard
of certain ubu&s workers and that, after 20 years of exposure, the
Tisk is ten times a3 great as for the general population.

This article is important for several reasons, in addition
to the definite conclusions at which it arrives., For :::;mplc. it begins
by stating that “in view of the iairequency of asbestosis, this large aum.
ber of cases (01 cases of lung cancer) sugzests«=bul does not prove—
tbat lung cancer is an occupational bazard of asbestos workers, "
Neither this art:cle or any previous one which we have examuned presents
dny figures to prove that asbestosis is an infrequent occurrence, Es-
timates of the numnber of persons potentially upoud' to asbestos dust
in the United States ajone vary from 10,000 to 35, 000 and the incidence
of asbustosis of any degree might be hagher than Doll imagines,

This study, like 30 many others, involves autopsy records.
The number of persons wnvolved in the statistical analysis is only 113
representing only 1,042.25 man years of life. It 13 also true thatan
sclecting men whd had been employed for at least 20 years, the study

autom.atically excivded those who dicd from other causes after shorter

cmptayment.

-



1: ais0 scerms that this review Gous not ace any new cases
e the Literature, although Hucper 1n enumerating 99 cases reported
prioe to 1953, lists 1l discussed in it. Clearly, also, the paper is
not dealing with 3sbestos miners,

Another reason why this publication is of imporiance is
. :;Axemea: which it contains to the ;ucct that "the strongest evidence
thet it (lung cancer) may be a hazard {in asbestos workers) has taen
produced by Merewether and by Cloyne.” An examizat:on of these
relerences leaves at jeast some question as to the stn:ag'.'h of the evi
dence procuced.

In 1951 Gloyne (92}”""‘“‘ & review of 1205 autopsies

on persons wano bad worked in various dusty occupatiens. This nume

ber inciuded 132 asbestos workers, of whom 121 showed “poeumoconios:s”
—presumnably asbestesis. Prumary cancer of the lung oceurrec 17

times in this group, an incidence rate of 14.1% for lgr.g cancer azong

3 | autcosied asbestosis cases, There were in his series 796 cases with

silicesis, and 6.9% oi these aiso showed primary cancer of the lung.

The wncidence of lung cancer in other forms of paeumoconiosis was 6.7%,
ond in 107 Cases which proved not t0 have any type of pnewnoconiosis
itwas §.3%. Gloyne considered “the mortality of the 3sbestos workers"
to oe “cisturbing’. First of all, it is obvious that the paper does not
deal witn the "mortality of asbestos workers”, and sccondly, it must

¢ BOrae i muna that all of Dr, Gloyne's cases wure submatted to bun 0140
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tue study Decause the indings were unusual for uncomplicated pneumo-
. oniviis. Presumably, ail cases, including those of asbestos:s, in
shich :r:!inc';ag’o were not considered unuscal were never brought <o
Ve, Gl.ornc's attention. As a maiter o [act, in the same paragraph

w which be expresses concern over the incidence rate 1n asbestosis,
tie. Gloyme himself points out that the rate for lung cancer based on
necropsies ac the London Chest Hosp:tal was 21, 3% while tke figures

wi the RegistraraGeneral showed only 2.4%, He thus recogrized that
Jutepsies On & cn.nm selected group Of cases wers ROt representative
of the general population. It would seem, then, that aptwithstanding

we value of Dr, Gloyne's work, 1is imporiance 3s an index of the pre-
velence of lung cancer in asbestotics bas been misinterpreted by those
sho have quoted bim. All that it really shows is the fact that in a group
.. .2, sases, selected for special study primarily because they ssemed
szniommal by prelumindry exarmination, 17, or 14.1% had lung cancer.

Merewether (133 in 1947, in the report of the Chief In.

- spector of Factories, Peviewed 3l cases reported between 1924 and

546 18 which asdusiosis was the cause of .de&tb cr 4 coexisting cone.
dition, This work was later extended o include all such cases reported
=p 13 Dvevmber, 1354, by which time thure were 344 deaths including
S5 males 30 134 jumales, Among them were 55 cases {16%) of cancer
ot the turg, 41 in males and 14 10 {emales, It is quite poux.btc that &

larye aumnber of asbestotics whe did not die of thear 3sbhestosis, or 0

0141
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whose death certificate it was not mentioned, may have been missed,
The umport of thzs 167 .8 endbascesd by the simultaneous statesmen:

that the incidence of lung cancer in autopsies of the general popu-
lation is only 1 %. The danger of attempting to compare a rate found
in 344 cases with the rate for the geaersl population withou: respect

to age, occupation, u;e wmany other variables, such a3 smoking babits,
is obviocus.

Lruch.““) who with Smith (139

had reported the first
case in 1535, reporsed four cases of carcinoma of the Jung in a series
of 49 autopsies on workers in an asbestos manufacturing plast who

were shown to have “‘demonstrable deposits of asbestos in the lungs.”

. -

This, of course, 1s not necessarily ideatical with the disease asbes.
tosis. Lynch, hAumself, points out that, although this is an incidence
of 8.2%, "both figuces are too small for very serious statistical types

of caiculation.' Nevertheless, later writers have used this paper to

strengthen the case jOor ar association of carcinoma of the lung with

(132} found only four in-

asbestosis. It is of :nterest to note that Klots
stances of .ung carcer in 473 cases of asbestosis, 4 series L1 tirnes
a3 iarge,

(156‘. estirsated that,

Behrens, as quoted an Merewether
of 30 cascs of asbestosis in the literature, 44 showed associated
carcer of the Jung—g:iving an ncioence of 14,2%, This is another case

of generalizing an incigence obtainvd in 3 §TOUP Of cases which were

. 0142
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undoudbtzdly reporiec only duciuse some of thewn showed lung cancer,
to possibly hundr?u of 33besiolics whose cases were never Tepories.
The same applies to the conclusion of Teleky (192} who appears to
bave reviewed reports of 39 autopsies on persons with asbestosis among
whith six cases of jung cancer occurred. lnformation from those sources
does not justily generalizations with regard to mortality rates,

Werber (203) who made the unequivocal statement that lung
( cancer would reswlt in from 7% 10 7% of cases of asbescosis, aliowed
hunself consideradie latitude by qualifying it, as regards time, to an
interval of 1 1/2 to 20 years, Finally, mention should be made of some
entirely unsupported statemenis which tend to build up a mistaken view-
point throughb mere repetition, One exarnple 13 & senterce :n "Nontuber-
culous Diseases of the Chest (26} where the authors say saumply, "an exe-
cessive incidence of pulmonary cancer has occurred among workers an

other occupations, such as Asbesios industries, nickel-copper refineries,

stokers in generator plants, etc.” without substantiating reference.

i

Ag an illustration ¢f the ease with which & few reports which

’) B

R&t

merely suggest 3 certain conclusion can, through the lack of a ouf!i:iemly‘
critical attitude, be summarized 1o produce the conclusion in a definate
form, an editorial (o9 W the Journal of the American Medical Asseciation
mentions the work of Wedler and the report of Merewether and then es-
tablishes the causal relation between asbesiosis and cancer of the lung as

settied. As 2 {ina] convinciag argunent, it refecs 1o “recent experimental

0143
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ebservations (Sy) Norermana and Sorge (6}, . This is t3¢ experumen:

10 whiCh SGUaTHIOus CAZCin0mia was 3a1d to Bave been producec in abous
3 dozen white muice, and which Bas 8ot deea duplicated by any other in.

vesligator;

Perhaps no one has written 3o extensively or so dogmati-

(109124}

cally on the subject aa has Hueper « I8 1955 he reviewed the

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

Eleven of these were those discussed by Daoll 163)

and appear to have

been cases covered by other autbors, Eight were discovered by Kenna-
131 . -'

way and Kennaway { y in an analysis of death certificates and, unless

Merewether's study was incomplete, these cases should Bave been 1ne

cluded 1n his report. Of the remauning 80, it is quite possible that the

31 contridbuted by Merewether and the 17 by Glofnc contain some dupli-
cation with sach other or with other Eaglish authors.

In the same paper, Hueper dismisses the idea of deterrzining
the frequency of pulmonary cancer among the total ';rkcr population
of the asbestos industry on the grounds that it is immaterial bow many

workers ir. the industry develop lung cancer, since some of them have

nY ¢xposure and thervfore do not develop asbestosis:

P v-
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3 W. PRINCIPLES OF THE EPIDEMIOLOGICAL METHOD .

- As bas been indicated, much of what is now thought to

be pertinent concerning the comparative {requency of lurng cancer

in dillerent population groups has been developed from the analysis

of clinical material, particularly surgical and autopsy records. This
tas been supplermented to some extent by the reported impressions of
var;ous clinicians based upon their personal observations. More re-
( cently, bowever, attention has turned to the systematic investigation
of this problemn by the sarme methods that bave proved 30 .nuccculul
previously 1 the study of coromunicable diseases, t;a‘t is to say, by
cpidemiological methods,

Epidemiclogy is the method of investiganng a specific
disease in hursas populations in relation to certain variable character-
ey, including the environment, In contrast to the clinical m"‘fwd
which is primarily concerned with the characteristics of the disease
in individuals, epidemiological research involves the investigation of

the disease a3 2 mass phenomenon, It seeks to discover what propor-

- tion of persons in a given set of ¢ircumstances will eventually develep
the disease. Epidemiology cannot predict whether a given individual
will {all victim 20 & specific discase, but it can predict the approxie
male pumber Of cases of this disease whick will develop in 'a populanien

of specyied size, composition, and subject to a given environmen:, It

0145
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proceeds by :irst caresully and accurately describing character-
istics of the disease :n dilierent population groups and its esseznal
objective i3 the formuiation, lesting, and veriulication of generali-
sations concerning the disease in question,

In order to apply this method of investigation to the pro-
blemn under discussion, the Foundation was of the opinion that a study
shouid be planned so as to provide: _

1. A well defined population group,

2. Available data for all members of this popa

ulation, including the healthy as \nll;u the ill,

3. A sample which is truly rcp:ucn::uve of the

:' population,

4. Reliable and valid observations relating to the

problem of tbe study.

A serious defect, common o most of the s:udies which
bave been reporied, is that little or no information concerning ab}
healthy people in the group seems to have been available to the suthor,

Therefore, results of these studies cannot properly be generalized to

.

include such people,

in order to draw & generalization regarding all asbestos
workers,:t is necessary for & study to include living persens as well
3 the dead. Limitiag the investigation to sutonsied cases, as bas

heen frequently cone in ecarlier studies, still further restricts its use

0146
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ip gentralization., Tae prodiem with wnich the Coedes Asdestas
Mining"Association is concerned is whetber asbestos miners ex-
perience more lung cancer than does the general population, The
answer necessitates the ¢ollection of reliable information on asbestos
miners u.a gToup. 33 well as on the general population,

It seemms advisable to discuss the dillerences between the
epidemioclogical approach and that used xn tl;c studies which have been
reported to date. A very important consideration 1s the facs that lung
cancer, in spite of its increasing numbers, is still a disease of low
incidence; that is, in a given population not many persons will contract
this particuler disease. This fact requires that large samples or groups
musi o¢ stucied (3 provise meaningful results,

Recognizing the difficulty of obtairung such large samples,
most earlier writers deviated from the epidemioiogical method and

sought to carcumvent the requirement of observing well persone by:

. .
1. Comparing the relative {zecuency of cancer

in various sites,

2. Comparing the relatave frequency of cancer

in a group of hospitalized patients.
3. Comparing the relative frequency of cancer
in & group of cases coming to aulopsy,
The frequency of cancer of the lung relative to the total of

all types of cancer may be increcased merely by reason of a decrease
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in the :nc:dence of cancer of other sites, This could be true even
though the inc:cence of lung cancer remaines constant, or u it de-
creased less rapidly than that of the otber types.

Attermnptiag to compare two population groups, looxing enly
at the relative frequency of cancer in various body nites, may result
wn finding & bigher pc'recnu'c {relative {requency) in one of the groups,
whez, 1n fact, the mortalitv rate of cancer of a particular organ is ex-
actly the sarne 1n both groups. This is because the relative frequency
of cancer in other orjans may be lower in the second group. The mor-
tality rate [rom a particular cause is the true mcamx:'c e;t comparison.

.

1t 14 apparent that selected groups such as hospiu.lizcd
patients or aut.opay casts mmay not be representative an any way of a
larger group, and that in dealing with such samples, the observer may
edsily {ind more cases of any kind than would be found in a group of the

same size, but representative of the general population. It is true that

investigation of cases [rom such & sample can furniad information valu-

able for research, but the use of this information in drawing generaliza-
tions is necessarily restricted. It is the obligation of both the investi-
gator and of those who read hie report to make proper comparisens and
to draw only those conclusions which are valid and justufied. A good
statistical stucy © vases of cancer of the lung occurrung in & group of

s

autopsies can ledd 10 4 proper inference concerning the frequency of lung

cancer 3mong Cascs coming to autopsy, but only to such cases. For
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information jrom such & siudy 1o be projected to some larges group, bt
it s necessarcy that the autspsies represent 3 gooc sampie of that "

-

larger grovp. To asswne that such is the case 13 any paruicular sesies
is dangerous and likely to be false,

There 13 some danger tha: the figures reported by some
authors may be misconstrued as applying to asdestos workers or even
asbestos muners, when, in fact, the authors in question do act make
this generalization, nor can the generalization de made for the reasons
stated. Close study of the reporis reveals that the percentages quoted
relate only to the group of autopsies covered by the-pitn'cuhr investigs-

tion,

.

‘nac presen: study, in contrast to the earlier works, has been
planned to utilize the epidemiological method, A welledefined group of
asbestos miners has been established in such a way that it constitutes a
good sample of the whole population of asbestos miners in Quebec. Dara
for all members of this group have been collectes and analyzed. Those
conceraing lung cancer have received most careful comidcntion.. De- R
tails of the metbods emploved will be se! forth in 3 later section, but the

type of approach 1s considered to permit of fa1r comparisons and valid

generalizations,

0448
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IV, COLLZCTION ANT ANALYSISCF LATA

A preiuminary survey of potential sources of wmnformation
m Fepruary of 1958 involved discussions with the pbysicians in charge
wi the d4tbestos companies’ programs and with clinicians, pathologists,
sepresentatives of City and Provincial Bealth deparmments sad of the
Canadsan Cancer Society, and o&iuz interested persoms., It was
tvund that merbaidity data, although somewhat limited, were available
from such sources as the Bospitals in Montreal and Quebec City, and
the 1) Cancer Detection Centers in the Province, However, because
o the Righ rnoriality in lung cancer, it seemed acvisable to depend upon
Jats Telating 15 Geatbs. These we found to be obtainasle at the vital
statistics department of the Minsstry of Health in Quebec City, From
the prclz.-r.:suyv survey, it was apparent that extensive and detailed in-
tormation could be gathered with respect to both the persons employed
w the asbestos miung mdusiry and mortality figures for the general
population,

Following this exploratory survey, the initial efior: was
sirecicd 10 the colleclion of data relating to all workers who Bad been
¢ro¢vasen inyough the clinic at Thetiord Mines since its inceplion in
1947, Similar information was obtained regarawny all workers at the
Csnacian Johns-Manvilie Company in Asbestos, Data {rom tbe clinical

records incluaed the age, family and personal medical histories, smoxung

Radits, AUMber of years of exposure, an estimate of weighted exposure,

-
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19,
and the course of the individual's health status or the cause of hus dea:h. 2
Altheuzh the daza in these two instances were not exactly sumilar 1o '
form, the inclusion of records [rom the personnel department at As.
bestos covering emplioyees who had retired, died or become disabled
provided data sulficiently alike for the purpose of the study,

From :his. information it was possible to formulate for both

Asbestos and Thetford Mines "'cohorts” which could be well defined,
should be representative of each group, 2ad could be {ollowed for a de-

{inite period of time. All of the available experience indicates that the

3

development of asbestosis in less than five years of-orpowu must be
somewhat rare. Accordungly, the cohorts were defined as including
cv.ery worker who had a total exposure of five or more years, and who
was on the employment rolls at Asbestos or Thetford Mines in 1950,
These coboris were then followed by means of the annual physical ex-
amination records through a six-year interval, 1950 through 1955, All

data regarding these groups were then tabulated in order 10 determine

the characteristics of the cohorts. For those who survived the entire

- period, reference was made to the physical examination results and x-
ray fandings at the end of tbe period, Those who hac died were tabulated
scparately and the causec of death corroborated by examination of the
death certuficates, A further ecarch was made conccrning those an the
original cohorts who remained unazcounted for when the livang and the

known dead had been tabulated, They represent men who had {eft

0451
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TAELE *

Nurmber of Persons anc Number of Lung
Cancer Dea:hs by Leng:h of Employment

Length Asbestos Thetford Mines Combinec
of Lung Lung Cancer Lung Cancer
Empivy. Cancer Deaths Deazis

———
men: Persens Deatns Persons Provee Tota. Persons Provec Toial

i
'
: $.9 850 0 918 0 0 1795 ) 0
’ 10.19 864 0 1534 1 1 2398 i 1
. 20.2¢ 342 % $3¢C 2 b 922 3 3
! 30-239 168 é 435 3 $ 603 s 7
« 40.4¢ 17 0 168 4 1 185 0 1
: sCe 2 0 $3 s 0 $S: 0 0
: Total 2203 T T3 6 9 5953 ] T
i
! -
H
€
i
H Annual Lung Cancer Dea:id Raies per 108,300
; Man-Years of Exposure by Lengts of Employmest
4
i
© Length of Asbestos Thetford Mines Combined
tmg!osﬁe.'.t Total Proves Total Provea Jota.
i $-9 0 0 0 0 0
: 1019 0 11 . il 7 7
: 20.2¢ 49 57 7 54 5S4
30-39 198 118 192 138 193
. 40.49 0 Q 99 ] &0
2 -0 9 0 Q0
Over-all 22 27 kY 25 34
!
: .
i 0170
1
{
} -

ok L . - - e WL e - R
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TABLZ § ‘
- Number of Persons and Number of Lung
Cancer Deaths by Exposure Category
Expos- Asbestos The:fard Mines Comb:inec
ure Lung Cancer Lung Cancer
Cate. Cancer Deaths Deaths

= = e e e
gorvy Persons Deates Persons Proved To:al Persons Proves Tozal

P N L T e

1 959 2 1082 H 2 2031 4 4
u 564 1 1586 2 3 2180 3 4
m 238 9 1037 2 4 1772 2 4
Uninows $ s 0 14 0 5 e e
Total 2273 3 3688 6 8 595% 9 12
: .
'3 Annua) Lung Cancer Death Rates per 00,000
] Man-Years of Exgosure by Exposuse Category
i
!
5 Exposure Asbestos Thetfors Mines Comti:ined
; Categor Tota. Proved Totai Provez Toa.
] b 34 3! 3 33 33
{ 1 30 21 32 23 3
. n: 0 32 64 19 37
Uskpown =0 - 2 20
Qver.all 22 27 1 ) 34

* No one exposed
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M expossTe to 2a3bestOs (3 N ARy wdy COnmOCies O lung cancer, we
wouid exgmect that the longer and peavier the exposure, the higher the
rate that would be found. Tke only possible error in this interpreta-
tion could ocsur uf the we:ghred cxpos\;res were iaversely related to
years of employment, in which case the heaviest weighted exposure
{cstegosy I} would show the shortest l;ngth of employrnent. Tables
9, 10, and 11 which list the aumber of persons in various exposure
categories by lengtt of employrzent indicate that this error bas aot

occurred. ln fagi, the average aumber of yeasrs of empioyment {or

tach exposure category 13 almost identical.

TABLE 9

Number of Persons in Various Weighted
Exposure Categeries by Length of Zmployrment

Asbestos
Length of Wesztted Txpesuse Catescries
Er:s.0mearnt KN L o Unraown  Total
$-9 428 N 239 0 880
0.1 273 217 373 1 864
302§ 159 89 92 2 342
30. 39 93 @2 217 l 168
0.4 9 3 4 | 17
30 » =2 0 -0 2’ 2
Total <o “Sod 735 ] 2213
Av. Yrs, of 15.% 18,2 14.5 29.0 15.1
Lipcsure :

40.
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TABLE 0
Number of Persons un Various Weghtec
Exposure Categories Sy Length of Emplovment
Teetford Mines
]
: ‘Length of Weighied Exposure Categories
;' £m21¢\1!\eat i . __Ii - -1.1_1 Unknowr Total
i 8.9 279 388 281 0 9158
} 1019 3590 666 478 - b} 1834
' 20-29 158 274 181 ° $80
30.3¢ 149 ivé 110 0 435
4049 &7 64 3? (1] 168
* 0 » 22 21 10 2 53
Total 1062 158% 1035 -0 3685
Av. Yrs, of 19.9 18,7 i8.1 18.9
Exposure
TABLE 11
Numbe: of Persons wn Various Weighied
Exposure Categor:es by Length of Employment \
Combined Asbestos and Thetford Mines
Leagth of Weighted Exsosure Catenories
zmolopncm N U iy Unknown Toal
5.9 707 598 490 0 179%
10.19 663 883 851 i ~23¢%8
20.29 34 363 243 2 22
30.30 247 213 137 [ 802
40-49 7% 87 4 1 185
$0 ¢ 34 1 10 S b3
Total 2031 2150 1772 $ $958
( Av, Yrs, of 17.8 i7.8 16.6 2%.0 17,8
Exposure
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Tadle 12, which develops the rates for smokers ancd nons
s:mokers, is most strakong. It shows thai nota sirgic case of lung
cnenﬁd‘cvelopcd among the 1265 nonsmokers and that all nu.s of
lung cancer, botb "proved” and “suspected”, occurred in smokers,

A compatrison of Tabies 8 and 12 certainly suggests that smoking is
a grester hazard than exposure to asbestos in the mining operations.

Table 12 was so strikung &;ut it was felt that further verie
fication was aecessary, It was possidle that some abnormal distrie
bution may bave occurred, e.g., the aoasmokers may bave ancluded
3 larger percentage of young men. Consequently, additional Tadles,
13, 14, and 15 were consirucied 10 show the distribution of smokers
and nonsmokers ;y age, length of employment, and degree of exposure.
Although there are slight dilferences, they do not account for the fact
that ali observed cases of lung cancer were in smokers. In respect to
sge (Tadie 13) the combined average age of the smokers was 4.9 years
less than that of tbe nonsmokers. Table 14 shows that as far 3s lengtd
o.f employmest is concernes, the srmokers had worked about 2.3 yn‘u
Jess on the average than the nonsmokers, With longer exposure and
greater age, one would expect the nonsmoking group to show a higher
Tale if Jung cancer were due o asbestos,

Table 15 sbows thit the average exposure category was al.
most the same for the two groups. Thercfore, this variadle seems to

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

death raler» for stmokers and nonsmokers,

0172
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43,
TABLE 12
Number of Persons and Number of Lung
Cancer Deaths by Smoking Habits
Asdbestos Thetford Mines Combined
Lung - Lung Cancer Lung Cancer
Cascer Deaths Deaths

e e - | e e ———
Persons Deaths Persons Proved Total Persons Proved Total

Smokers 1931 3 2742 [} 9 4673 9 12
Nonsmokers 340 0 925 0 ] 1265 3 0
Unknowa 2 0 18 0 2. 20 & 9
Total 2213 3 368% 6 9-' 595§ 9 12

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

Asbestos Thetford Mines Combined
Total Proved Totai FProvee Tota!l
Smokers 28 36 55 32 43
Noasmokers 0 /] Q 0 ¢
Unknown 0 (] L 9 2L
Over-all p3 b3d Y} 25 34
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The resuit of this addationa; analys:s 15 that none of these
factors appear to iessen the effect of Tadle i2, which i3 therefore
strongly suggestive of the importance of smoking as compared to the

other variables.

Asbesiosis and Luna Cancer

When we attempt 1o relate the Jung cancer deaths occurring
in the cohort with the reparied cases of asbestosis, we are immediately

. aware of & disturbing inconsistency. VYarious authors report the incidence
of asbestosis alfter 10 or 15 years of exposure as cxreredi.;xg $0%, and :n

one study, as high as 877, (133) (138) (147) (154} (19%) However, data on

cases of nbut.csivs from tbe conorts at Theifard Mines and Asbestos pro-
duce & rate of only abous 5%. It is true that these data are based on only
those cases which have bees proved at autopsy, and those whose most r¢-
tent x-ray interpretation resulted in & diagnosis of asbestosis. This in-

cidence may be {ar Jower than if based on MmicToscopic examination of the

lung tissue. As a matter of fact, Dr, Cartier bas estirnated 1bat there are

probably 300 workers who do not show radiclogical evidence of asbestosis,
but who have some degrer of fibrosis. He also estimates that there are
Perhaps 40 workers whu may have died or retired with this disease. Instead
of 14) cascs of asbesiosys wn the whole working force at Thetford Munes,

wt should then bave perhaps $00, but even this would result an an overeall

rate of leas than 107, wiuch is far delow those widely reported. In our

0179
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combined conort, there are 1765 men wbo have had more than 20

years ol empioyment, and 43] of these bave worxed in the heaviest
average exposure. According to the records, we can account for
only 138 cases of asbestosis in tbe combined coborts, I even 257

of the workers with rmore than 20 ysars'exposure develop asbestosis,
we should expect abom. 425 cases. This leads us to believe that there
is a very considerable uader-reporting of asbestosis. Such a bypothe.
sis is casily conceivabis when one considers that many chest x-rays
in this group may be considered normal by comparison v}th others

in the same group whereas, if they were to be comp:;cd with wha:
are considered a3 normal chest x-rays elsewhere, they may be inter-
pretad as showing fibrosis.

Cases of asbestosis \vt;z'cb were accumiulated from the au-

topsy records and {rom the pericdical physical exarminations result in

a distribution which is shown iz Table 16,

TABLE 16

Distribution of Recorded Asbesiosis Cases

Ia Cahort Asbestos Thetford Combined
Living i8 86 104
Deao 4 20 S

Total 22 16 138

01580
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TABLE 17T - Part !

Number of Asbestosis Cases By
Leng:k of Zmployment and Exposure Category

Asbestos
Jeengts of Exposure Categorv
Emolovment Y X iy Cniciows  Total
Less than 10 0 0 4 ] ¢
10-19 0 i 2 [/ 3
20.2¢ 2 ? 4 0 13
( 30.39 ° 1 4 0 ]
4049 0 0 i 0 1
50 + L2 2 L 0
Total 2 [] 1l 0 22
Av, Yrs, of 25 25 29 _t 27
Emplojymmesnt

Percensages of Asbestosis Cases By
Lengts of Zxpisyioent and Zxposure Categery

Leagtt of Exvosure Catezorv )
Emplovrran: 1 iy ey Unknown  Tota}
1.ass than 10 0 0 0 » ¢
10-1% ¢ - .5 .5 0 .3
20-2% 1.3 7.9 4.3 4] 3.8
30-39 ] 2.4 14. 8 [ 3.0
40-4% [¢] 0 25.0 0 5.9
50 ¢ o L hd > o
Over.ali .2 1.6 1.5 [¢] 1.0

® No one exposes & s group
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TA3LE 7 - Pars U

- Number of Asbestosis Cases By

Lecgtt of Empioymnent and Exposure Category

Thet!ore Mizes

Leng:t of Exposure Catagory
Emploviment —_1:' a o Unkowr
lLess than 10 0 0 o 0
10-19 0 i 7 0
20-29 2 s 21 [
30-39 2 15 E k] 0
40-49 0 6 20 1]
50 « ] 2 =2 8
Total y 29 83 -0
Av, Yrs. of 30 36 34
Zmployment

Percentages of Asbestos:s Cases By
Leng:: of Zropisymest azc Ixposure Category

Lengt: of Exsosure Catesorv

Emolovment i u & Cnknowe

Less than 10 0 4 0 .

10-19 0 .2 1.8 0

- 20-29 1.3 1.8 13.9 )}

30-3¢ 1.3 8.5 30.0 ¢

40-49 © 9.4 S4.1 (]

50 « S 85 200 o

Over-all .4 1.8 3.¢ [

® No one exposed in this group
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-TABLE 17 - Part 12

Numbder of Asdestosis Cases By
Langth of Employrent and Exposure Category

A3Lesios anc Thetford Miaes Combined

$1.

4 No one ¢xposes in thas growp

Length of Exsosure Category
Emsioyment £ iy N Unknown  Teta!
Less than 10 [ < 0 ° 0
10-19 0 2 9 0 11
20-2% 4 12 25 0 41
30.39 2 16 3?7 0 119
4049 0 6 2l ¢ 27
504 £ 2 2 8 s
Total é 38 94 0 : - 138
Av, Yrs. of 28 33 33 - 33
Employraent
Percentages of Asbeszosits Cases By
Length of Empioyment anc Zxposure Category
Leng:h of Exposure Category
Emolovment 1 ey 8 Uniiown  Total
:-:vﬁ'_ Less than 10 0 0 0 . 0
o 10-19 ] .2 1.0 ) .8
S 20-29 1.3 3.3 10.3 o 4.4
- 30.39 s ] 1.3 27.0 0 9.1
40-49 0 9.0 $1.2 0 14.6
50+ S o5 200 o 7.3
Over-al! .3 1.8 5.3 [} 2.9
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A perceniage incidence of astestasis for c.?: exzosure
CalegorTy a3 Leel oeve.cped a5 well 33 for eack perioc of ex2picy-
mest. n;u wniorsnation is shown az Tabie 17,

" 1t will be noted that within an exposure category, the
incidence rises with increased length of employment, 1t is alse
apparent that the incidences, even in the category of heaviest ex-

posure, are far below the rates found ty the aytkbors preyiously re«

’: ferred to. I sserms clear, that unless ¢oncentrations of asbestos
gdust to waich the miners are exposed are very much Jower than those
which e5taiz iz all the other stuc:es, there Bas been a’g;asn under«
reporiing of We n'butom cases. The obvious result is a lighet
reiative frequedcy of lung cancer in association #ith asbestosis.
Table 18 compares deaths due to lu;; cancer and f3:al cases with as-
bestesis, alone and :n combinazion with sach other.

TABLE 18§ - Part!
Statistacal Acalysis of the Causes of Deata
. Asbestos
Cazse Acbe st0sis No Asbestos:s Total Percestaze

Lung Cancer 1{.2) 2( 2.8} b} 6.1
No Lung Cancer 30.9 A3142.2) 36 3.9

Totai 4 45 49

Percentage 5.2 9.8

( Figures in parenthesis are the "expecied” nurabers

e

0184



-

R . L. el . .
o m— - Y % o o S -
»

N AR *
$3.
TABLE 18 « Pas: Il ;
S:atistical Anaivais of the Causes of Deass N
Thetford Mines

Cause Asbestosis  No Asdbestssis Total Percentace

Lusg Cancer 3( 1.3) M 4. 7) 6 4.5

Ne Lung Cancer .2_5(26.‘-’) 101499.3) 126 95.5%

Total . 28 104 132
Percentsge 21.2 78.8 -
r Figures in parenthesis are the "expected” numbers
LS
S
TABLE 18 - Part LU
Statistical Analysis of the Causes of Death
. Asbestos and Taetford Mines Combined

Cause Asbestosis No Asbestos:s Toisl Persentaze

Lung Cancer 4{ 1.6) $( 7.4) 9 $.0

No Lung Cancer 28030.4) 144 (141, 6) Jr2 95.0

Total 32 149 ist
, Percentage 17.7 82.3
w Figures in parenthesis are the "expected” nwmbers
- Six deaths from uninown causes not inciuded
The number of lung cancer deatss combined with asbesiosis

is larger than would be expected in each cohert and in the combined

( cohorta., This dillerence is signilicant at the §5% level using the chi.

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

asbestosis can be obscrved in Table 19, 01$
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TABLEZ ("

Statiscal Analysis of the Causes of Deats of
20 Nonasbestosis Cases bad been Diagnosed as Asbestosis Cases

Cause Asbestos:s No Asbestosis Tota] Percentage
Lung Cancer 4( 2.8) 5{ 6.4) 9 5.0
No Lung Caacer 48(49.4) 134(122,6) 172 95.Q
Total 52 129 1381
Pearcentage 28,7 71.3
( Figures in parenthesis are the "expected' numbers

v
In this table, it Bas Deen assumed that 20 of the cases
which dic not bave lung cancer and which were reported 1o have no
ssbestosis did, in fact, have asbestosis, the diagnosis of which was
missed. Althouga the cases of luzg cancer with asbestosis aze still
!.asghcr than would be expected, the difierence i3 oo longer significaz:

at the 95 % level. This sill is true if fewer thaz 20 cases were shifted

" but it 13 Teascnable 1o expect that at least 20 of the 144 might bave

shown asbestosis bad they been subiect to autopsy. On the other band,
4 3hift of about 40 cases would produce an expected rate al=oss equal

1o the rate found. Explanation of this ellect of under-reporiiag of ase~

be3105is has baen stressec decause 3t seems 80 ODvious that ia uadevT-
TEPOTLING ASDestosis the relationsnip ;emcca it and luag cancer has

( been made to appear more signiiicant than it probadly is.
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Four of the proved cases of lung cancer ard coce 3f the
suspeciec were associdlec with agbestosis. Sunce we have emiy 32
desths in which asbestos:s was present according to the recsres,
the incidence in this series is 12.5%. waile this is slizhily lower
than the rates {ound by Merewetber, Gloyne, and Wedler, it is stil)
much bigher than could be expected if the asbestosis incidence were
asywhere near the experience reported b} other autbors.

Comzarison of t2e Cobort Sxzerience with that of the
Provirce of Quebec, Domiiiion 3i Canaca, ane the Lrited States

in order to make a comparison of the experience amorg
asbestos mucu'vith that of the gezeral pepulation oi the Provioce of
Quebec, statistics were gathered, as stated sarlier, in the office of
the Division of Demography in the Provincial Ministry of Healtk. The

data on total deaths, deaths from all forms of cancer, and deaths &

cancer of the lung were obtained by sex and by county {otr the years

1950 through 1955, in addition, all death certificates whick specified

primary cancer of tie jung, and all those.which indicated lung cancer
but did not specily the origin, were examined for the years 1952 through
1955.

Table 20 gives a tabulation of the number of deat:s from
leng cancer in the Province ana in the two coborts {or.the years 1350

through 1955, and sbows the anaual rate per 100,000 in these segments,
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it will be notec {rom the table that the meortaiity rate for the Asdestas "
-

cobort is alrnost exactly the same as that for the Provizce, whaue :2¢

rate for "proved” cases in the Thetford Munes cohort is caly sisghily

bigber. Whez the "“suspected” cases are included in the calcwasios,

tbe rates for the Thetford Mines cobort rises t0 41.4 per 100, 060 whiel

is asarly twice as Bigh as the rate for the Province, This, it will be

recalled {zom the previous discussion of the “suspected” cases, ap-

proaebd byt does not exceed the significans level.

One further interesting observation froms i‘zbic 20 is the
rather marked increase in the total sumber of cases for the Province
between 1350 and 1955, It is assumed that at least part of this increase
is due to irnproved recognition and reporiing of lueg cancer during the
interval, For this reason, the years 1954 and 1955 were thought to be
mmors nearly representatave of actual conditions., Evesz so, it is quite
likely tbat the general population :s not studied for lung cancer with tie
same ciligence with whyel this disease is looked for in the xa:’.ncn.. anc
it seerns probable that the mortality rates for the Proviace would tead
to be low, Thus wou,d appear to be substantiated by the [act that the
TeRpoTIINg O cases un the combuned cohort showed no such incTease over
the sarmc period. |

Tabie 21 was compued to show the andual 3e-speciiic (ung

Cancer rate of cases 1n which the death certificate merely read "cascer

of the lung™, as distunguished from thosy in whiek the diagrosis was 0188
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confirrzed 3y auldpsy, surgery, or biopsy, The term “speiiiiec
pri:aa;;“ refers (o those cases in these sarDe 1wo categories in
which ;§¢ TTor was 3pecified as baving orsginated .2 tze jumg. It
will be noted that, of the total cases certified iz 19535, & mmued higher
percentage than in 1954 was specified as prirmary. The table alss
shows that 3 bigher percentage of :h; total cases certified in 1955
were proved, 3gain indicating increaging interest iz this disease,

A comparisoz bas been made between the age-specific
rates shown :n Table 21, and those for the cobort shown iz Table 6,
An average of the 1954 and 1955 rates for the Province bas been used,
since the 1955 figure was Bigher and may bave beea excepticnal,

i‘bis comparison, summarized in Table 22, shows that tke
observed sumber of deaths in cur sarsple is not significantly greater
than the expecien surmber of deaths, based on the average of the 1954
and 31955 jigures for the Province. It is true that, in the case of the
age group of &3 and avey, the {ive deaths provide a figure whieh is al-
most sigaificant at :he 95 % level, k!o\uv‘c:, it sbould be noted that
this number wncludes one of the suspected but unproved cases previously
referred to, furtherrnoare, it is rather likely that the rate for the gen-
¢ral population 13 undersiated in this age group, for the obvious reason
that the exact cause of death in the very old is not 3 matier of :ae same

intensity of interest a2 it is io younger peraons,

0199
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Before leaving this comparisen of the Province wilh ke
minecs, it should be shown that their age distributions are reasonazly

the same. That this is the case can be observed {rom the {ollowing

tabulation;

.

Age Distribution of Adult Majes for the Province of Quebec, 1951
{Rapport, 1954)

( Perceatage
Age Grous Number Percentage Combined Coboris
20-44 727,138 63 _t 66
45-54 188,952 1b 19
55«64 128,94+ il 10
65 + 113,467 10 H
Total - 1,158,496 100 100

1t shouid be remerabered that the mirers retire ané cone
seguently, it can be expected that the oldest age group will be larger
in tbe general population. The data presented in Table 2) indicates

that the lung cancer rate generally decreases after age 70, and we

could expec: the rate for all people over 65 would be smaller than the
rate for a group of 65 to 75, which voul; apply to the oldest group of
miners, It is felt that By using the whole adult male population, we
have developed raies which are somewhat lower than if we had been

able to exclude the general population over 75.
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TABLE 22
Corzparison of the Aciual and Expected Number of
Lung Cancer Deaibs by Age Among Asbestos Muners
Province Expected® Observed No.
Age Totwal Specilied Promary No. of No, of of Deaths
Groud Rate oer }00, 000 Mi.ners Deaths Proved Totai
20-44 1.8 350 0 1 )}
4%-54 24,5 1124 2 1 3
55.64 67.6 618 2 3 3
65 + 89.2 318 2 4 s
Unksowsa .- 3 - ¢ 0

* Actually .4
¢

4+ The expected nurmper is based on ihe average of the 1954 ané 1955
age-speculic rates {or tbe Province of Cuedec.

Table 22 aiso answers a question previously raised. It
shows 2hat the members of these cozorts tave not died {rom lung can-
€87 At A1 age earlier than the geseral population, and that such an ex-
planatios caanot be olfered for the absence of lung cancer in 240 men
with more than 40 years of empioymnent rejerred to on page 37,

A comparison between the asbeitos miners and the popu-
lation of the Domunion as a whole was made, using statistical material
from several sources, ln one source, Phallips un) gave age. ind sex-

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

The rates for males are given in Tadle 23,

0183
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TABLE 23
Annual Death Rates per 100,000
for Cancer of the Lung in Canaca*
Age Croups of Years
Croues 19311933 19411243 {e€g.1682
Undes 30 6.2 - 0.3 1.0
30+34 0.9 0.9 6.8
35.39 2,0 3,2 3.0
r 40-44 30 5.4 6.8
\ 45-49 5.2 12.5 16.7
50.34 8.2 18.% 37.2
55.%9 12.7 27.0 59.7
60-64 12,5 33.7 Ut 77.8
6569 15,1 34,8 102.9
70-74 10.7 30.¢6 86,3
75278 15.8 30.0 83.9
80-84 " 8.2 27,9 59.7
85 » 1l.4 14.2 7l.¢
Al Ages 2.8 7.1 5.8
® “Moriality from Lung Cancer i Canada”, 1931 to 1952,
These figures show strikungly the increase in rates be-
tween 1231 and 1952, and this increase is particularly marked after
age 50, confirming an observation previously made, to the effect that
lung cancer has probably been under-diagnosed in the alder age grovys
1n the general populatien,
To use ttese ligures for purposes of comparison, it is
necessary (¢ combine the rates [or certain 3ge groups in order (0
( conform to the age distributions used in this study. Since the exact

POPulalIONs 1n each 4ge grovp lor the years wndicated is not known,

N —— - e— -
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this must be an approximation. However, the rates would be some-

what as follows:
-t

Age Croun Rate
20-44 5
4594 27
55.64 . 69
65 + 90-9%

These rates are, iz general, lower taan those develcped
{or the total (proved and suspected) cases of lusg cancer among the
asbestos miners. The only large dilference, howevc;. is in the age
group of 65 years and over, and it is quite possible that the rate {or
this group may have increased for Canada between 1952 and 1954 as
it did {or the Provisce of Quebec. (See Tabie 21}

A further comparison Bas been made wath an over-all

rate obtained {rom the American Cancer Society for respiratory can-

- eer deaths in Canada ia 1953, This rate, for males, is 20,8 per

100,000, an increase of 5 per 100,000 over Phillips' 1050-1952 rate,
and eompares with 25.5 per 100,000 for ;roud cases and 34,0 pur
100,000 for total cases arnong the asbestos miners in this study. It
15 therefore Obvious that there are no smporiant dmcrea:q between

the rates for asbesios muners and those for the general population of

Quebec and the Domunion of Canada.

63,

.

Sartrara Pen- wem
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Sizce 1! 13 provable tha: figures ior the Unitec St3ies are
more complcte and, therefore, posaibly more comparabie to the cata
for the muners, age-specific rates were computed frorm “Vital Statis-
tics of the Unted States”, Volusnes I and U, for 1952, These rates

bave been tabulared 1n Table 24.

TABLE 24

Nurmber of Deaths and Deatk Rates per (00,000
by Age Groups for the Adult Male Population of
tbe United States——Data From T -
“Vital Statistacs of the United States”, Volumes ! gad U, 1952

Age Groud -Posuiaiion Cases Rate per 10C, 0CO
20-44 24,544,000 883 3.6
45.%¢ §, 065, 000 2979 36.9
$5.64 6,340,000 6254 98,6
65 + 5,670,000 6483 114.5
Total 44,61%,000 16,599 37.2
s : It is apparent that these rates compare favorably with those

TA

{or the asbestos miners as shown in Table 6, Still other rates for the

&

United States were obtained from the American Cancer Society, and

{or males, these were 25,3 per 100,000 2 1953, and 28,0 per 160, 000
15 1955, They are not :dentical with the rate calculated {rom the figures
of the ofisce of Vital Statistscs, but this 13 possibly bcu\ue’ the American
Cancer Society rates are ;or males of all «uges, Nevertheless, they, too,
compare lavorably with the Tates of 25 (or 34 for total cases) obvtanin;

amony the Lsbestos rminers.
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Returning t0 a cumparison belween the asSesios miness
« d persony who are exposed 10 asbestos in one {orm o7 another (a3
distingwshed from the general population groups just discusses, whe
have 80 exposure) an interesting observation can be deveicped 3y des
duction. Hueper Gzd bas stated that there ace sbout 35, 000 persons
txposed m the United States, and we have found that the Canadian
fmines employ about 8,000. Elsewbere, it bas been estiznated that the
workers {n England who bave exposure total between 3, 000 aad §, 00C.
With workers in Africa, Denmark, Norway, and othcr.cou:t.'xu. at

N

least 50,000 persors must be exposed throughout thc.woz".d. and it tan
be assumed that this number bas been fairly constant in the 20 years
siwnce 1935 when the first case of asbestosis with Jung cancer was re.
ported. At least 2 millios man-years of exposure has thus been accumu-
lated, and ibis figure can de divided by the approximately 150 cases of
lung cancer with asbestosis reported during the 20-year period. Tais
gives a rate of |5 per 100,000 whick is at Jeast mndicative that any jung

cancer rate whick can be caleulated for workers exposed to asbestos

dust is aot much greater than that for the unexposed persons,

- -
—ive mEmae  tw terw e dmemmmmmm M ewAe e
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Samsariaan Jetaven Tiakt Counties Ag-3emt c3 12
.t
.

—
AS0eaiD3-ProcLao.ng Arcds INST L.275 dUieCies Louslies
-

Te compare lung cancer mortality Tates in the coune
ties surrounding the asbestos-producing areas witn mozh.e: grouy
©f counties in which no asbesios minsrs are likely to resige, ‘the
Tates weTe compuled on the basis of figures for the years 1950
through i€55. Tae eignt counties selected for cormparison were
Argenteusl, Chateaugay, Montmagny, Portnew!, Richliew, Riviere-
du-Lowp, St. Hvacinthe, and Terredbonne, maiziy because they re-
present a wide geographic castribution throughout the Province. The
counties selesied because of their proxamity to the asbestos munes
ncluce Artsassska, Seauce, Drummond, Frontenac, Megaatic,

Richrmond, Sterbroske, ana Wolie. Table 25 shews the auwrber of

lung cancer ceaths for the years 1950 through 1955 for each of these

counties, and & Toriality rate, dased on the adult male population

in 1952, To empnasize the comparison Megantic County bas been
showrn separateiy, as 343 the Province of Quebec and also the Pro-
vince wiid the eight «30€4l108-Procucing’’ counties sudtracied. Be-
Cause ©: :t3 yrigue Ly cancer dcath rate, Mortreal et laie ce 3¢sus

has AlsO oeen iistec un oreet 1o provide iurtbher comparison,

- L e ®e GnAY s v er MW Valde.

0198



TABLE 25

Number of Lung Cances Deaths and flate per 100, 000 Man-Ycars

G199

Adult Male Male Lung Cancer Deathe®
Population ftare per
Counlice 1952 ) 1950 1958 $952 1953 1954 1955 Total - 100, 000 .
Megantic County 13,100 . 3 ] 3 3 ] 4 15 i8.9
Elght "Adjacent” Countles 97,600 [ 3 3 9 16 4 [T 54 9.4
Eight Sciccted Countice a3, ooo 2 10 5 18 S 9 49 9.8
Province of Quebec 1,198,000 196 220 4% 303 30) 357 1624 22,6
Province of Quebec less
Eight *Adjacent” Countice 1,100, 000 190 217 236 287 299 341 1570 238
Montzeal ¢t lale de Jeous 394, 000 3 1 58 192 18% 225 110 32.3
te
%
| .
* it te assumed that al) male Jung cancer doaths occurred after age 20.
]
r \ —
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It is apparent {rom the tabie that the iung cancer dea::
rate {or the eigdbt counties jrarnediately surrounding the asbesios-
producing areas is practically ideatical with that of e:ght cousties
selected {or comparison, While Megastic County has a rate searly
twice that of the combined eight sclected counties, it is lower than
the rate for the Province, and coac'ideubly lower than the rate {or
Mozsreal. The figure for Montreal would sertainly be bigker excep:
for the very low aumbers of deaths reported for 1950 and 1951, and
it would appear that sorne ¢rror in reporting has undoubtedly been
made. Op tbe basis of the other years, 1950 and 1951 deaths would
be expected to be about 200 greaser, and this would result in a rate
of «0 per 100, 060.

The only possible conclusion from this comparisen is
that there is no evidence that the persens who live in the cousties
surreundisg and adjacent to the asbestos-producing areas bave any

g © greater incidence of lung cancer tban those who live ¢lsewbere in

¥

i

the Proviacs.

i
2

"M
T

Discussion of ALl Recov4ed Lung Cancer Cases,
Laivine and Dead, at ~ :stog ang Theiiore Miney

Although a simple enumeration of all the known or sus.
pecied cases of cancer of the Jung in these arcas has no particular

value from a statistical point of view, it i3 of wnterest 1o summarize

0200
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such cases {or the record. Tnerc were minc deaihs pricr 10 the Te-
ginnzTg of the tume period covered by the study, including one in waick
the diagros:s was mediasuinal lympoosarcoma. All of these mune
cases occurred at Thetford Mipes. It is somewhat surprising that
there 18 2o record of any lung cancer deaths among the Asbestos
group in tbe interval preceding th;‘ beginning of the study and equally
80 that 8o cases bave bees reported in 1956 and 1957, Duriag the
period covered by tous investigation, there were 2ix proved cases

and tbree suspected cases at Thetford Mines, as wel} as three proved
Cases at Asdestos. Tbrougd 1956 and to date in 19;7, there wese
eight deaths at Thetford Mines, six of which were merely suspected
apd included such diagooses as mediastinal lymapbosarcoma, mesothe-
lioma, cancer of the leg with metastases to lung, absess of luag, azé
cancer of the paacreas. One otber was diagnosed on the basis of x-ray

only, la addition, there are now liviog four cases in which the diagnestic

g evideace is strongly suggestive of lung cancer. This is & total of 33

cases of all types, including ten "suspected” but unproved cases, and
four that are still living., The remaaning 19 constitute the toal of proved
Cases of cancer of the lung in both areas since 1940, Sixteen of these
Bave been at Thetlord Munes and only threc at Asbestes, all of which
occurred during the period of the study.

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

varied between 37 years and 8 years. Their worksng span covered

0201
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periods varying Between & minamum of I4 yeary and =axumuss of 37
years. Only three men bad less than 25 years of employment 1a the
industry. Seven among those on whom such information is avauabie
kad a weighted exposure placing 1nem in category LI, and six worked
in az exposure represented by category L,

Although they were subjected to post-moriem cxur.mtio‘n.
there were three among these proved lung cancer cases is which we
do ot bave inforrcation regarding the presence of asbestosis, Of the
remainizg 17, asbestosis was presest ia aine, altbough it was m=inimal
is two, and two pathologists disagreed regarding its presence in one,
.BS&ht of the ;res:cd lung cancers, therefore, wers not accompanied by

asbestosis,
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¥i. SUMMARY AND CONCLUSIONS

Interest in the question of whetber there may Se an ase
sociation berween Jung cancer and asbestosis or exposure to ashese

tos bas been evident since the report in 1935 by Lynch and Smith of

8 ¢ase in which Jung cancer and asbestosis were both present, As

additional cases in which the two diseases coexisted were reported,

& causal association appears to have been gradually accepted by many
authors, altbough a few workers cons:dered the correlation to be in-
eonclusive. Caszes of Jung cancer wkich bag occurred among the as-
bestos wminers in Quebec bad been carefully recorded over the ysars,
and the present atudy was comnmmissioned in An effort to determine
whether a causal relationship did, in fact, exist between exposure 1o

asbesios and cancer of the Jung.

Relereace to the literature shows a remarkable uniformity

" both of muethod and of conclusions. Is general, the method bas beea to

study a circumscribed series of cases of asbestosis and 10 eaumerate
those in which Jung cancer occurred. The series may consist of cases
cofning to autopsy or of death certificates mentioning asbestosis, and
the total number bas served as the denorsinator by which the aumber
of lung cancer cases 3» divided to produce & certain “incidencs rate”.

This rate, as reported by various authors bas been consistently high,

and its uniformity is indicated by the following tabulation.

- 0203
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Asdbestons Cazcer Pezcentage

Author Deaths of Lung Incidence
Merewether 344 $5 16.0
Wedler 92 15 16,3
Wyers 193 17 14.8
Lynck & Cannon 40 3 7.%
Cloymne a2t . a7 14,1
Tozals 71 107 $.0

The notable characteristic of all previocus publications
is the adberence to the development of & parcantage t?ut‘.ouhi; ia
A relatively small and very selected group of euu.- Quly Del.l.(“)
among all of taese authors, bas described a represeatative population

group and studied it for the mortality rate {rom lung cancer aad com-

pared this rate with that for a control group. RKis investigation dealt

~ with only 113 mes is the study population.

Since most earlier studies had been limited to enuzmerating
the lung cancers found in certain selected samples, such as cases
corping to autopsy or death certilicates in which asbestosis was mea-
tioned, it was apparest that they could a;t fulfil] the requirements of
an epidemiological and statistical approach to the problem. The pre-
sent stucy was, therefore, designed 10 meet the requ&ugeau of this
metkod,

Alter a prelimisary survey to explore the availability of
teliable icformation, data were gathered on workers in the asbestos

manes i= Quebec, based on medical records at tte two masn locations

L3
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of these operations, Conoris were del:nco according 10 certa:in ¢r:v
teria 3ad all workers who met these criteria were included in the
study. Through their medical records, data relative to their charace
teristics were collected and their status at the end of a six-year period
of observation was determined. In the case of those who bad died, an
exbaustive search of death certificates and-insurance records was

( carried out in order to determine a3 nearly as possible the exact cause
of death., Mortality rates from lung cancer for the geseral population
of the Province of Quebec and its various counties md.ter.the Dem:nion
of Canada, as well a3 the Umited States were eucu:n-u;. from statistics
collected in the appropriate places. Comparisons of the rates obtaned
for asbestos workers and {or the other population groups wers made
according 0 accepted statistical methods which have been explained in
some detail in section IV,

Records were obtained on 6031 persons who fulfilled the

eriteria of our coborts. It was not possidie to trace 133 of these for .

SARES Y

the whole period, but $771 of the remaining 5958 were found to be still
living in 1955 or later, Of the 187 known aeaé. cancer of the lung was
considared 1o bave been reasonadbly proved in nine and 10 be strongly

suggested in three.

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

their smolung babits., Four thousand, six hundred and seventy-three

5°0<
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were fOuUns 10 Do ITmOkery within the definition of thal term as uscc
io thus study. Thirty-four percent of the cobort were more thac 45
years of dge, tnd 307 bad been employed [or ionger than 20 years,
Thirty percent had a weighted exposure which placed them in cate-
gory L1,
. The morstality rates for lung cancer, as computes on the

Ve
basis of six "praved” deaths among the Thetford Mines cohort and three

4

"provec” deaths among the Asbestos cobors, were 27,6 per 100,000
for the Thetford Mines group, and 22.2 per 100, 000 farithe Asbestos
group. Wben the three "suspected’ cases were added, the "total” rate
for ine Thetford Bfines cohort zose to 41.3, The rate for the combined
cobort was 25.5 per 100,000 for “proved"” cases, a.gd 34 per 100,000
for “proved’ and "suspected' cases. The importance of the suspected
but unproved cases in determiniag these rates bas been reiterated be-
cause it is likely that such cases would sot be included in the statistics

..j; - for the general population,

i According to tbe findings in this study, the mortality rat;
(rom iung cancer does not appear 1o increase with length of exposure
or with degree of exposure, a fact which prescnts strong evidence a-
gainst thet carcinogenscity of asbestos. Or the other Band. the study
indicates that cigarette smoking is a very important factor in the in.
(_ cidence of cancer of the luag.,
A comparison of relative {requency of lung cancer and as- 0906

bestosis 1s less redssuring. but we believe that th:s is because of as .
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isdicated by the medical records is far below that which wowld be
expected on the dasis of all previcusly published figures. Narurally.
whea the cases of lung cancer are compared with an artuficialiy low
figure, its relative incidence will be higher than it sbould, However
this may be, 12.9% of the recorded cases of asbestosis in this study
developed lung cancer, a figure slightly lower than those quoted by
authors wbo conlined themseives to this type of comparisen.

comP‘".”n of the experience among the a‘:be.nos mizers
with that of varjous u;mer.u' of the mc;rpoud. com;a‘nble population
shows that the observed number of deaths among tbe miners is not
ng'm.bcu\tly greater, The rate {for proved cases amoﬁ; the asbestos
muners (25.5 per 100,000) compares well with the rate of 22,5 per

160,000 for the rest of the Province, and 2C. 8 per 100,000 for acult

males throughout the Domunion of Canada, It also compares satisfacto.

vily wilh rates of 37,2, 25.3, and 28,0 obtained irom various sources

for adult males in the United States. Finally, in this matter of com~
parisen, st would appear that 'lhc world.wide experience of peraons ex-
posed to asbestos dust 13 not worse with respect to lung cancer than that
©! the wunexposcd population,

The counties surrounding the asbestos -producing areaa, and
in which it 13 presumed most of the asbestos minces live, have aimost

adentical mortality ratea with those of eight counticy widely gcattered
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through the Provinceé, and are lower than those for the remainaer cf
the Province, and much lower than the rate {or Montreal.

Since 1940, there bave been 19 cases in which the diage
nosis of prirnary cancer of the lung may be considered to hive been
proved. Approximately half of these cases were associated with as-

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

ene~third bad only the lightes: exposure {category i) to asbestos dust,

Conclusions ‘

Ob the basis of a careful and detailed study of what are
believed to be co;npicu ans reliable data, it seems fair to conclude
that the asbestos miners at Thetford Mines and Asbestos in the Pro.
vince of Quebec do Aot bave a significantly higher deaih rate from lung
cancer than do comparable segments of the general population, Despite
this, the results suzgest that a maner who develops the discase asbes.
108is doss bave 3 greater likelidood of developing cancer of the lung
than & person without this disease. We suspect, however, that unders
reporting of asbestosis cases bad Jed to a [3llacious finding in this con-
nection, ~

The death rate from lung canecr in the areas canimgucus to
the asbesios operations 13 comparable to that in areas widely scattered

throughivat the Provinece of Quebec and is lower than in seme urbanized CQO_S
L

w*ue wikn oy Provance,

..
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The present siudy indicates that the effect of cigareste
amoxing is 3 rDuct more immportant consideration 1 the produciien
of Juzg-cancer thaa 13 exposure $o 38bestos, and in this respect, it
tends to confirm recent studies dealing with the effec: of smoking,

The value of this investigation would be consideradiy en-
banced by continuiag the observation of the coborts formulated berewn
o8 3 year-by-year basis. [t is strongly recommended that the chest
x-rays of all workers be submitted to an independent reading for the’
diagnosis of asbestosis, since an inaccurately low incidence rate for

this disecase creates an artifically high relative incidence for lung cancer.
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