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Number of Persons and Number ¢f Luny
Cancer Dea:ns by Length of Employment

Lengih Astestos Thetferd Mines Combined
of Lung Lung Cancer Lung Cancer
Empioy- Cancer Deatks Deazks

——es —
ment  Pessens Ceains Persons Proveag Tota Persons Provec Teia

3
]
( : 5.9 860 0 §1% 0 0 1798 0 0
t 10.1% 844, % 1534 i b 23%8 i 1
. 20.20 342 1 £1.14 2 3 922 3 3
: 30-30 168 2 435 3 5 603 $ 7
. 40.4% 17 4] 168 ¢ 1 18 0 1
30« ’ 2 0 53 %} ¥ §5: Q 0
; Total s k) RIT1 s 3 5554 L] T2
i
| -
!
H
i
H Annual Lung Cancer Death Raies per 100,302
; Man-Years o Exposure by Lengit of Employmest
¢
{
- Length of Asbestos Thetiord Mines Combined
Emplovmen: Total Provez Total Proves Tora.
: $-9 0 0 0 0 0
- 10-19 0 o1 7 1
s 20.26 4% 57 - 54 54
3039 198 115 192 138 ie3
: §0.4% 0 0 99 0 %0
: S0« _0 _0 9 0 0
Over-all 22 27 Yy P
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TABLI &
-— Nurmber of Persons and Number of Lung
Cancer Deaths by Exposure Categery
Exposs Asbestos Thetfsrd Mines Combines
ure Lung Cancer &ung Cancer
Cate. Cancer Deaths _ Deaths
gory Persons Deatns Persons Proved Total Persons Proves Total
1 %69 2 1082 2 F 201} 4 4
u $64 1 1586 e 3 2150 3 4
béi 738 Y 1037 e 4 1772 2 4
Uniown ) 8 b s 0 5 I L
Total 2273 3 3685 [ § 5958 9 12
Annual Lung Cancer Death Rates per 100,000
Man-Years of Expgosure dy Exposure Category
Exposure Asbostos hetford Mines Coriined
Categore Tota! Proved Tota: Provesz Tota.
1 34 k31 L3} 3 33
b 30 21 2 23 L}
o 0 2 64 19 LY
Unisvown =0 = K] 20
Over-all 22 27 H 5 34

* No one exposed
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Il exposure 10 43DEIICS IS LN ARY wAY CORNECIOI L0 lung CANCET, we
wouid expect that the longer and heavier the exposure, the higher the
tate that would be found. The only possible erzor 1o this interpreta-
ton could occur of the we:gied e:rposu.ru were inversely relatec to
years of employment, in which case the heaviest weighted exposure
{category 1) would show the saortest l;ngth of ernployrzent. Tables
9, 10, &nd 11 whick list the nurnber of persons in various exposure
cttegories by leagth of ermployrnent andicate that this error bas oot
occurred. ln fact, the average aumber of years of empisyment for

-

each exposure category 13 almost ;dentical.

TABLE 9

Number of Persons in Various Wesghted
Exposure Categories by Lengts of Tmployment

Asdestos
Lengty of Weirited Zxvesure Cateacries
Eciv.0vmernt 1 L A Unraows  Tetal
$.9 423 R &1 219 ° 330
1018 273 2l 3T 1 864
20.2% i59 L] §2 A 342
30.39 98 42 27 l 168
30.4% 9 3 4 1 17
30 - 2 ) 0 K- 2
Totsl €69 S04 735 L] an
Av, Yrs. of 15.5% 15,2 14.% 29.0 15.1
kapesure
——
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TABLZ 0
Numbper of Persons in Varisus Weyghtes
Exposure Categaories by Length of Emplovment
Taetford Mines
‘Length of Weighted Exposure Categaries
Emplovment 1 i - L1} Unknowr  Total
—— —— A— S ——— e —
5.9 279 38% 251 ] 8158
10-9 3%0 666 478 - 0 1534
20-29 158 274 151 ¢ 580
30.3% 149 176 110 ¢ 435
4048 67 b4 37 /] 168
50 + 22 21 10 ] $3
Total 1062 1586 1e3v -'0 3bes
Av, Yrs, of 13.9 18,7 18,1 18,8
Exposcre
TABLE 11
Number of Persons v Various Weignted
Exposure Categaries by Length of Employment
Combined Asbestos and Thetferd Mines
Langth of Weighted Exsosure Catezories
Employment < ey a4 Unknown Total
5.9 ror 598 490 ¢ 1795
10.19 663 833 851 1 ~2308
20.29 N4 363 243 2 922
30. 30 247 218 137 t 603
40.49 76 o7 41 1 18%
50 + 4 21 10 L 35
Total 2031 2150 1172 5 8958
Av, Yrs, of 15.8 17.8 16.6 29.0 17.%
Exposure
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Table 12, which develops the rates {or smokers and ron- s
HIDERETE, 15 Most strikang. It shows thal not A pinglie case of lung
cncu.:tucleped among the 1265 aonsmokers and that all cue.s of
lung eancer, both “proved” and "suspecied”, oceurred in smokers.
A comparison of Tabies 8 and 12 certainly suggests that smeiung is
a greater bazard than exposure to asbostos in the muning operations.

Table 12 was so strilkung t};lt it was lelt that furiper veri-
fication was necessary. It was possible that some abnormal dustrs-
bution roay bave otcurred, ¢.g., the nonsmokers may bave included
4 larger percentage of young rmen. Consequently, acdilional Tadles,
13, 14, and 5 were constructed to show the distribution of smokers
and nonimoxers ;y 3¢, length of employment, and degree of expasure.
Although there are slight dilferences, they do not account for the fact
that all observed cases of lung 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 naonsmokers. Table 14 shows that as far as Jengtd
;I employment is concerned, the smmokers had worked about 2.3 yuf:
less on the aversge than the nonsrnokers. With longer exposure and
greater age, one would cxpect the nonsmoking group to show a higher
rate if lung tancer were due to asbestos.

Table |5 ahows that the average exposure category was ale
moet the same for the twe groups. Therefore, this variable seems to
be of no i.mp.oru.a:c in accountang for the differencc between Jung cancer
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TABLE 12
Number of Persons and Nunber of Lung
Cascer Deaths by Smoking Habits
Asbestes Thetford Mines Combined
Lung - Lung Cancer Lung Cancer
Cancer Deaths Deatts

Persons Deaths Persons Proved Total Persans Proves Tota

Smokers

Nonsmokers

Unknowan
Total

1931 | 1742 [ b 4673 9 i2
340 0 2% 0 0 1265 /] ]

: o _1 o o, 20 o 9
2213 3 3685 6 9~ 8955 9 12

Aanual Lung Cancer Deatk Rates per 100,000
Man-Years of Exposure by Smok:ng Habits

Asbestos Thetford Mines Combined
Yotal Proved Totai Proves Total
Smokers 2b 36 55 32 -43
Noasmokers 0 o 0 0 [}
Unknown /] 9 L 2 L
Over.all F3] b3 al FI A
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Toe resuit of this additional analys:s 13 that none of thagse
{actors appear 0 jessen the effcc: of Tadie j2, whieh i3 therefore
atrongly suggestive of the importance of smoking as compared to the

other varjables.

Asbesiosis and Luns Cancer

When we attempt to relate the Jung cancer deaths occurring
in the cohort with the reparted cases of Asbestosis, we are immediately
aware ol a disturbing inconsistepey. Varicus authors report the incidence
of asbestosis after 1D or 1Y years of exposure as cxce:edi.;\g 50%, and in

one study, 31 high as 87 %, (133) (335} (147} (154} (195) However, data on

cases of ubcn-oul from the conorts at Thetiord Mines and Aabestos 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 autspsy, and those whose most fe-
cent x-Tay interpretation resulted in a diagnosis of aabestesis. This in-

cidence mmay be far lower than if based on microscopic examination of the

lung ussue. As a matter of faci, Dr, Cartier bas estimated 1hat there are

probadly 300 weorkers who do not show radiclogical evidence of asbestosis,
bui who have some degree of fibrosis., He aiso estirnactes that there ase
perhaps 40 workers whu may have died or retired with thas disease. Instead
of 143 cases Of asbestosss wn the whole working force at Thetfors Manes,

wt should then bave perhaps 500, but even this would result in an over-all

rate of less than 187, wiich is far below :z;ose widely reported. In our
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tombined conort, there are 1745 men who have %ad mere than 20
yeats xf emp.oyment, and 431 of these bave worged in the heavies:
average exposure. According to the records, we can account for
only 138 cases of asbestosis in the combined coborts, I even 25%
of the workers with more than 20 years’ exposure develop asbestosis,
we should expect abnul‘ 425 cases. This leads us 0 believe that there
is a very consideradle under.reporting of asbestosis. Such 2 hypothe~
ais is easily conceivable when one considers that many chest x-rays
in this group may be tonsidered normal by compariso_n \n{ith othecs
in the sarme group whereas, if they were to be eemp.a;cd with wha:
Are considered 43 norThal cheat xerays elsewhere, they may be intet.
preted a9 showing fibrosis,

Cases of asbestosis wk;ich were accumulated from tbe au.

topsy Tecords and from the periodical physical exarsinat:ons resuli.n

. & distribytion which is shown in Table lé.

TABLE 16

Distribution of Recorded Asbestos:s Cases

ia Cahurt Asbestoy Thetlord Combhined
Living 18 &b 104
Dcaa _4 a0 o)
Total 22 ilé i38




TABLE 17« Part?

Nuz=ber of Asbesiosis Cares By

Lerg: of Employment and Expasure Category

Asbestos

49,

JLeength of
Emvlovment

Less than 10
10-19
20-2¢
30-)9
40-49
50«
Total

Av, Yrs, of

Employmest

Exposure Categorv

I o
0 [} [}
0 1 4
F 7 4
0 1 4
Q e 1

L £
2 L] 1

2% 25 %

Percentages of Asbestosis Cases By

Lengts of Empioyrsent and Zxposure Categsry

Leogth of

‘Lass than 10
10«19
20-2%
30.3%
4Q-40
500
Over-ali

Exvosure Catezorv

P S
0 ] 0

0 .5 .5
1.3 1.9 4.3
0 2.4 14. 8
] & 25.0
0 » bl

P v S

¢ No one exposes id tBis group

Criciows  Tota!
0 ¢
0 3
[+ 13
[+ §
0 i
2 —
[] 22
T 27
Unknown Totai
. ¢
0 .3
0 3.8
0 3.0
¢ 5.9
2 S
0 1.9

v e

0181



-

TAZLID

—

1T - Past 2

$0.

Number of Asbestosis Cioses By
Lesgth of Empioyment and Exposure Category

Thet{src Mipes

Leng:k of Exsosure Category
Emslovment 1 N _E_.l_- Unkmowsn,  Toral
Less than 190 ¢ 0 0 ¢ ¢
t0-5i9 0 1 7 0 L)
20-29 2 5 2! 0 28
30-39 2 15 3 o 50
40-4% Y 6 20 0 26
50 e 0 2 2 L L R
Total T %9 & 0 lis
Av. Yrs. of 1] 3% 34 34
Employment
Percentages of Asbestosis Cases By
Lergtk of Ermpioymes: azc Sxpesure Caiegory
Lengt: of Exnosure Catesory
Employmen: ) a iy Unknowe  Total
Laess than 10 4 0 [+ - 0 -
18-19 0 2 1.5 0 8
20-29 1.3 1.8 13.% 0 4.8
30.30 1.3 $.5 30.0 0 11.%
40-49 ] §.4 S4.1 0 1s.%
50« L 9.% 20.¢ - 7.9
Over-all .4 T.8 8.0 o I

® No one expossd in tkis Zroup
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*TABLE 17 - Part 12

Numbder of Asdestasis Cazes By
Langth of Exployraest and Exposure Category

Asbestos and Thetford Mines Combined

Length of Exoosure Categorv
Emzigyment 1 iy RpTH Unknown  Total
Less than |0 o ¢ 0 0 ]
{0.19 0 2 9 0 il
20-29 4 12 25 ] 41
30.39 2 1é » 0 55
40-49 U} [ 21 0 7
50+ K] = -2 S s
Tol 6 kY 94 e - 138
Av. Yrs. of 25 33 3 - 3
Employment
Percentages of Asbestosis Cases By
Length of Empioym=ent anc Lxposure Sategery
Length of Exposyre Categorv
Emplovment 4 u Ll Unknown  Toral
et -
> Less than 10 e L o . ?
N 10-19 0 .2 1.0 0 .5
S 20.29 1.3 3 10,3 -0 6.4
- 30.39 .8 7.3 27.9 ¢ 9.1
40.49 ] 9.0 51.2 0 14. 6
80 « L L5 20.0 - 7.3
Over-all .3 1.8 5.3 [ 2.0

4 No one ¢xpoitd In thus Jroyp
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A pertentage incidence of a3bealasis 0T eel: exgosLte
€alegory nad beel ceve.cied 23 well a5 for sagk pericc of emspicy-
ment, n;u wiorrmation is shown wn Table 17,

" It will be noted tbat within &R exposure category, the
inecidence rises with increased length of emplioyment, Iiis also
apparest that the incidences, even ia the category of heaviess ex-
posure, are far beiow the Tates found by the autkors preyicusly re-
ferred 10, 1t seerns clear, that yniess coaceatralions of asbestos
dus: to waich the miners are exposed are very much lower thaz these
which opiain in &ll the other stucies, there bas been a‘g‘rou uncers
teporing of tbe afbuunu cases, The obvious result is a Sigher
relative frequency of lung cancer in association »ith asbestosia.
Table 18 compares deaths due i0 lung cancer anc {atal cases with as-

bestosis, alene and in tombinalion with each other.

TABLE 18 - Partl

Statistical Azalysis of the Causes of Death

Asbesias
Casise Asbesiosis No Asbestes:s  Totsl Percenmtaze
Lung Cancer 1{.2) 2{ 2.8) 3 16.1
No Lung Cancer Q0.9 3(42.2) a6 339
Total 4 4% 49
Percentage 8.2 9.3

Figures in parentbesnis are the “expectied” nurnbers
s P xp
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TAELE I8 - Pas: Ll
S:atisiical Anaivais of the Causes of Deats
Theford Mines
Cause Ashestosis  No Asbestzsis  Total Percentage
Lung Cancer 3{ 1.3 M 4.7} [ 4.5
No Lung Cancer 251026.7) 101 {99.3) 126 95.5%
Total _ 28 104 132
Perzentage 21,2 78.8 -
Figures io pareathesis are the "expected” numbers
¢
TABLE 18 « Part [
Stasistical Analysis of the Causes oi Death
. Asbestos and Thetford Mines Combined
Cause Ashbestosis No Asbestsg:g  Total Percermtice
Lung Cancer 4{ 1.6] ${ T.4) 9 5.0
Ne Lung Cancer 28(30.4) 144 (141,86}  §72 95.0
, Total 32 149 181
< . Percentage 17.7 2.3
s Figures in parenthesis are the "expected’ numbers
- Six deaths from unknown causes not included

The niwmoer of lung cancer deaths combined with asbesiosis
is larger than would be expected in ¢ach cohort and in the combined
cohorts, This difference in sigraficant at the 557 level uaing the chi-
square test of sigriticancs, The importance of the wader-reportng of

asbestoais can be obscrved in Table |9,

—
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TABLE |

Statistica! Azalysis of tbe Causes of Deats of
20 Nonasbestosis Canes bad been Dizgnosed as Asbestosis Cases

Cause Asbestogis  No Asbestasis  Total Percentage
Lung Cancer 4{ 2.8) 5{ 6.4} 9 5.0
No Lung Caacer 48(49.4) 124({122.6) 112 95.0

Total [¥3 29 131
Percentage 28.7 TL.3

Figures in parentbesis are the "expected" numbers

)
in this table, it bas been assurmed that 20 of the cases
which did not bive lung cascer sad which were reported to have no
asbestosis did, in fact, have asbestosis, the diagnosis of which was
missed, Altbougha the cases of luty cancer with asbestosis are suill

higher than would be expected, the difierence 1z no longer signilicant

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

" but it 15 reasonable 10 expect that at least 20 of the l44 might bave

sBown &ibestosis bad they been subicct to wutspsy. On the other band,
& shift of about 40 cases would produce an sxpected ratt alrmost squal
to the rate Jound, Explanation of this efiect of under-reportiag of as-
Sestosis has Heen stressed bETAUSE il RN §O Obvious that i3 under~
reporting asbestosis the reliationsmip berween it and lung cancer has

besn made Lo appear more sgniiicant than it probabdly is.
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Four of the proved cases of lung cancer ard coe 2f ihe
suspecied were Associated with asbegiosis, Since we have cniy 32
deaths in whach asbestos:s way present acecordipg to the reccrss,
the incidence in this series iy (2.5%. waile this is slighily lower
than the rates found by Merewether, Cloyne, and Wedler, it is still
much higber than could be expected if the nsbestasis incidence were

anywhers near the experience reported by other authors,

Comzcarison of the Cehart Exverience with that of the
Provirce of Quebec, Dcmaiudn 2 Canaca, anc the Lhitec Stastes

1a order to make a comparisca of the experience among
ssbeston mmen-with that of the general pepulation of the Province of
Quebec, statistics wers gathered, as stated earlier, in the office of
the Division of Demnography in the Provincia. Mimistry of Eealth, The

data on total deatks, deaths from all forms of cancer, and deashs from

cancer of the lupg were obtained oy s¢x and by county [or the years

1950 through 1555, Ln addition, all death certilicates which specufiec

primary cancer of the lung, and all tbose.whkich indicated lung cancer
but did not speciiy the origia, were examined f{or the vears 1952 through
1955,

Tabie 20 gives a tabulation of the Rumber of destys [rom
lung cancer in the Province ane in the two coborts for-the years 1350

tbrough 1953, and sbows the annual rate por 100,000 in these sogments,
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The success of o study of the type herein reported de.
pends very greatly upon the availability of data from many sources,
and the assistance and cooperation of those in possession of these
"“‘-. Iadusirial Hygiene Foundation was fortunate in baving the
wholebearted cooperation of the asbestos.producing companiss, and
particularly of their medical and nursiag personnel who bave the re-
sponsibility lor maintaining the medical records of the workers. In
this connection, we are especially indebted to Dr. Paul Cartier and
bis staff at the Thetford lndusirial Clizic, and to Dr. T. R. Grainger
and the nurses at Asbestos. All records in these twe medical cen-
ters were put completely at our disposal, and the care and compiste~
ness with which they are maintained assisted considerably in the
preparation of the material relative to the worker population.

Data on papulation {igures and tn the tauses of death in the
Provincs of Quebec were obiained with the utmcnﬂ assistance and co-
operation {rom Dr. Paul Parrot, Head of the Department ¢f Demogra-
phy in the Ministzy of Heaith, Not ealy were all vital statistics and
Teports made readiiy available to us, but Dr. Parrot and his entare
staf{ rendered valuable assistance 1n Mmany ways, including the location
ané wnterpretation of death certificates. Eapecially heipful in this part

of the work was Miss Cauthier of Dr, Parrot's staff. The same helpful
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coopeTaiion was rendered by Messrs. Hardy anc Hopikins of the Su=z
Life Assurance Comnpany of Canada in Montreal, whe made avalalle
their records of the death claims paid under the group })olicy cover-
ing the workers at Asbestos.

Valuable suggestions {or the conduct of the study were
made by Dr. J, A. Vidal, Chaitm;n of the Silicosis Board, and De,
( Cuy, Pathologist for the Board, as well as Dr. Gregoirs, Deputy Min-

ister of Health for the Province of Quebec, and Dra, Simard, Dulresne,
¢ -

-

and Groulx, ia Mentreal,

Staustics {or the mortality rates for the Domunion of Canada
were obilained through the kundness of Dr. Dsan F. Davies, Adminjstra-
ter {or Rucu;h on Lung Cancer for the America. Cancer Scciety, and
those for the United States were graciousiy furnished by Miss Curalnick

in the National Office of Vital Statistics, Dspartment of Health, Education,

R . and Wellare of the United States Covernment. Finally, the very great
%« assistince rendered by Dr. Keaneth W. Smith, Medical Director of Jobns-
- . Manvile Corporation, and Mr, Ivas Sabeourin, General Counsel for the

Associauon, in making the im:euuy centacts, in travel arrangements,

ANy in 3 Many other ways, is gratefully acknowledged.
The metbodology of this research is belicved to be un.que
among the Teported studies Of lung cancer A3 reiated 10 agbesiosis and

tXposure 10 Asbestos. Astistance in planning the study in suca & way 49
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- — it b 8 41




- am

P . — .

A

SRR i St B e

. e

1% s T P ry——r— * e g .

-

P

- —— i b m— W AR -

1
\

lil.

to d3sure 2 proper epidemnioclogical approach, and all biostatistical
applications of the finaungs were provided by Mr. T, Davié Truas,
formerly of the Graduate Schosl of Public Health, University of Pitts-
burgh, and the stalf of the Industrjal Hygiene Foundation.

The report is believed to present the findings in iz objec -
tive mander and is re'lptcﬂu.ily submutted for the consideration of the

Asasciatisn,
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GLOSSARY

For the purpose of clarity and unijormity, tie termms
uded io this report are herewith defined agcerding to the manzer

of their use.

Asbestos workera: Workers exposed to asbestos dust in other
than mining operations.

Asbestos mipers:  Workers engaged in the mmin:ng asd preparas
tion of 4sbestos in the Areas under study.

Asbestosis: A generalized fibrosis of the Jungs diagnos-
. able by x«ray, or by micToscopic examiza.

tion of the lung tissue, but not necessariiy

actampanied by sympioms or B); disapility,

Cobort: . A segmen: of the population, defined accord.
- ing to ¢ertain criteria, anc representative of
the whole population. Specifically in this
study, 2 group of asbestos rmuiners havang at
least five years of exposure in the industry
and who were i& the industry during 1950,

Lung cancer, .
cancer of the lung: A peoplaarn of the lung or bronchua, whera
ever situated, and including adenccarcinorsa,
squamous cell, and undilferentiated, round,
or ""oat cell” histological types. Primary
cancer of the lung roeans suth 4 neoplasm
siginating is the lung, and aot secondarly
in the lung a3 the result of & metastasis {rom
T- another prumary location ia the body,

Smoker: As used in this presentation, the term semoker
reitrs 10 & cigarette smoker, habitually smok-
ing more than {ive cigarcites per day, Persons
who smoke pipes OF cigars exclusively were
not considered to be smokers {or the purpose
of thas atudy.
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1. INTRODUCTION

- Ever gince the pronounced increase in the incidence of “
lusg cancer aznong rmaies became apparent, there bave been attemprs
to arsociate it with one or ancther Of the various elements in the en-
vi.ren:nc.m of tnan. The approach used By some workers has been 1o
suspect one Or several substances and then set about in an intensive

search for lung cancer among persons who bave bhad any exposyrse to

(182) werites; "The ten-

thoss compounds. In this connection, Smith
dency of tu&orls Teporting the coincidearal cecurreace of primary

lung cascer with silicosis or with any other :.b.euuﬁ::nl c'tiololie Cone
ditions, has been to smphasize the percentage relationship in extremely
STOAL series of cases, with contro]l cases which are not in any way
comparable,”

It would seem inevitabie that sabestas should come under
scrutisy in this manner, because prolonged expasure 10 this material ia
koows to cause & specilic type of pneumeconiosis, abd because persons
who show this form of pasumnccorunsis often come to autopsy and pro-
vide & ready source of matersal for study, It was in this way that re-
ports of the simultaneous occurrence of lung cancer and asbestosis de-
gan to 4ccumulate after the report of @ case by Lyneh and Smith (139) A
1935, Withun the neat tan years, about 15 additional cascs were reported,

{155}

and 1n 1946 Merewaiber reviewsad all deaths from asbestosis re-

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

01X
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to Merewether, in 13,27 of these cases. Contunwiag this study to

include December, 1954, Merewcthber counted 55 cases of cancer of

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

{92}

Cloyne, whose werk is also frequently referved to as establishing

3 connectipn between asbestosis and cancer of the [ung, reported in

1951 the results of bus findings on 1205 autopsied cases. This series
iocluded 132 asbestos workers, of whom 12! showed asbestosis. Cancer
of the jung was present in 14.1% of these asbestosis cases. Io 1941,

{161}

Nordmann and Sorge claimed 10 have produced lusg ecancer in mige

which they exposed to asbestins dust,
Since 1951, addit:onal cases of cancer of the lung coexisting
with 35bestosis bave been reported, and, according to Hueper (122) about
100 such cases had besn Teported up to 1955, As a result, an associa~
tion between the two diseases appears 1o have been acsepted by many
authors and several writers were uaing the term "a_lbutoais cancer” of
the lang., Werber 1205) 12 1952, stated categorically thatin 7% to 17%

of cases of asbestosis, after a latent period of about | 1/2 to 20 years,

carcinoma becomes cstablished in the hing.

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

177
tion without teservation, Saupe ¢ )i.n 1939 had reported that be had

discovered no caxvs of iung canver among 620 cases of asbestosis whickh
104
he had examancd; and in 1942, Holleb and Angrist ¢ } expressed the

opinion that the number of casve of asbesiosis with lung cancer was too
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(200}

armail for statissical evaluation, In 1947, Wegelius reported 125 C
radioiof:sally ciaznosed cazes of aabestosis among 476 workers in R
Finuand, and found no cases of lung cancer in this group, Goldblatg

and Coidblatt :n their section of Merewether's latest book, (92) state:

“"But at no stage in 4ll these impressive researches was
any ciue odtained which raight have offered any support to the possi-
bility that asbestos could act as a carcinogen, There is no reliabie
eriterios by which one can anticipate carcinogenicity and, as is well
known, relatively minute changes in the structure of a chemical car-
cinogen are sulficient to diminish or eliminate carti:nog.enic acton.

4 asbestoy is indeed to be regarded as 4 carcinogen, the
need 13 feil to demonsirate some property which can be regarded as
someiling more than ineriness.”

These authors advance the theory that, until some more
experumental evidence of direct carcinogencais by asbestes or & de-
compeosition produc: of it can be obtained, asbestos might be considered
48 & "co«carcinogen"” which only induces a further development c‘}f Apre-
neoplastic condition brought about by something independent of the as-
bestos, such ay an endogenous factor,

Thus the literature, while tending to suppert the _zhuin that
asbestoss 18 1n some way related to the development of lung cancer, is

by ne mcans unarumous. Altogether, it is perhaps more confusing than

enlighten:ng,
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Meanwhile, the Canadian Johns-Manville Comzany in
A3bestos nas been aert te the whole problem, and at the Thetiord
Industria: Clinic, Dr. Payl Cartier was siudying ihe situation
among & working ;bpuhtior; ol about 6300, and made notabie contrie
butisns to the literature just ci:cd“z-“,. Between these two ATeas,
a number of cases bad been recognized and tabulated by the spring of
19%6. At thas time, at the su;guuo; of Dr. Kenneth W. Smith, Medical
Director of the Jobns-Maanville Corporation, and Dr, Cartier, the Quebec
Asbestios Muning Association appreached Indusirial Hgn_ne Foundation
to determine whether 5t would be feasible to :ondu::’u: epidemjological
stuey in orocr 10 discover whether the incidence of lung cancer was, in
fact, greater u;wn; asbestos muners than among tus general popuia-
tion, and whether there was 3 correlation between lung cancer und the
diseasc asbestos:s, The Foundation sybmitted, in March, 1956, a pro-

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

accessidiliity of data which rrught be available. Thas proposal was ac-

-ccpud by the Associanion through its Secretary, Mr, W, H, Soutar, and

its General Counse!, Mr. lvan Sabeurin, Esg.

S
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LU, CRITICAL REVIEW OF LITERATUARZ

A careful review of the published material on this sub-
ject sbhows that the majority of the reports are clinmcal and net i
dcmial.ogieu. They lack many elements hecessary for the applicas
tioz of epidemiological techniques-to their content and most of the
autbors de pel tnake claim to having &oni 80. What has happened
is that succeeding sutbors have drawn conclusions and generalized
beyond the scope of the works which they quote, Nowhere, for ex-
ample, have we found references to a population o{'a\sbuwa workers,
although several authors who have quoted the observed incidence of

lung cancer in sutopsies of porsons who also had asbestosis impi
1 3 ? Py

‘that this incidence applies to asbestos workers., We have likewise
been unadle to find any study which actually calculated the incidence
of Jung cancer among & poepulation of persons who had asbestosis, and
20t just those who came to autopsy, With the exception of a paper by

Dol {63)

, bone of those reviewed gave any data on exposure and dust
concentrations, and even Doll's paper merely mentions "scheduled”
areas, by which is meant, "thosec areas where procvsses are carried
oh which were scheduled under the Asbestos Industry Regulations of
193} as beung dusiy.

There 33, furthurmore, & complete lack of delinition of

terms as used in the published literature. For cxample, the term
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“aghesiosis’t, a8 usec, may refer 1o changes observasie on.y by
micTossIpic exAMinalion of the lung tassue, O it may medn 4 radio-
jogically derectable condizion,

Most of the published reports obviously inciuded women
among their cases, but seme of thern do not give the awsber or pro-
poertion of women involved in the study.

There is also a lack at- uniformity as to what type of ex«
posure most studies bave dealt with, Of 99 cases enumerated by
Hueper a2 in 1955, only ten appear to have originited in the Usnited
States, and sevan in Capada. Some of the earlier reports apparently
included asbestos maners, but it can be assumed, fance B2 of the 9§
cases bad originated 1n England, and sioce no asbestos mining opera-
tions are carried on in that country, that most of the reported cases
have involved workers in the textile or fabricating industries.

Such factors as smoking Babits, family history of cancer,
length of time in the induatry, and age of the individual casze are alzo
naolably absent in the majority of these reporis.

With this undersianding of the limitations of the existing
ltteratury with respect to epidernioiogical gencralization, it may be of
value 10 consider wn somewhat more detau some representitive carlier

publications, @ few of which were referred to beiclly in the previous

ncrioN,

0438



Exi]

One of the most geta.led siudics and one whica deaerves
tie most sericus cansideration 4 that reported by Doll 163} 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 records of men who worked for at least 20 years in exposed situa-
tions. Doll concludcd.tha_z lung ¢ancer was a specific industrial hazard
of certain ubou.aa workers and that, after 20 ysars of exposure, the
risk is ten times as great 33 for the general population.

This article is important for several reasons, in addition
1o the definite conclusions at which it arrives, For ;::un.plt. it begins
by statang that “in view of the injrequency of asbestosis, this large num.
ber of Cases (0l cases of lung cancer) sugZests—bul does not prove—
tbat lung cancer is an occupationa! hazard of asbestos workers, "
Neither this article or any previous one which we have examuned presents
any figures 10 prove that asbestosis is an infrequent occurrence, Es-
timates of the numnber of persons potentially cxpeled- to asbestos dust
in the United States alone vary from 10, 000 to 35, 000 and the incidence
of asbostosis of any degree might be hugher than Doil imagines.

This study, like 30 many others, involves autopsy records.
The number of persens avolved in the stat:stical analysis is only 113
tepresenting only 1, 042.25 man years of Life. It 3s also true thatin
sclecting men wha had buen employed for at [cast 20 yeass, the study

auton.atically exclvded those who died {rom other causes after sherter

cmployment,



It ais0 scemas that this review docs NOL 4G any few cases
io the Literature, although Huvper 1a enumerating 99 ¢ases reperted
price to 1955, Lists |l discussed in it. Clearly, also, the paper ia
not dwaling with asbestos muners,

Ancther reason why this publication is of irmportance is
'y :;.ucmtnt whbich it contains to the ;ﬁcc: that “the strongest evidence
that it (Jung cancer) may be & hazard {in asbestes workers) has besn
ptoduced by Merewether and by Gloyne.”" An examisation of these
references leaves it least sorme question as to the s:re"ng:;'; of the evi-
dence procuced.

In 135) Cloyne Hzlpruenud a review of 1205 autepsies
on pursons wao bad worked in various dusty occupations. This num.
ber inciyded 132 asbestos workers, of whom 121 showed “poeumoconios:s”
w~presnably asbestesis. Primary cancer of the lung occurrec 17
times in this group, an incidence rate of 14. 1'% for l\_:.n; cancer among

autoosied asbestosis chses, There were in his series 796 cases with
o ———— .

silicosis, and 6.9% of these also showed prirmary cancer of the lung,
The ancidence of lung cancer in other forms of paeumoconiosis was 6.7%,
and ia le? cases wluch proved net to Bave any type of pneurnoconioss
itwas 8.0%. Gloynes considered "the mortality of the asbestos wotkera”
te be “cisturbing’. Tirst of all, it is obvious that the paper does not
deal with the "mortality of asbestoy workers”, and sccondly, it must

by Berne 1 muna (Bas all of Dr, Gloyne's cases werx submmitted to bum 0440
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1w study because the findings were ynusual fer uncomplicated pneumos
. ontusif, Presurmnably. ail cases, including those of asbestasis, 1n
ahich th:.{ir.d-.ags were not considered unusual were never brought to
Le, Gl‘e)-nc's attenzzon. Asg a matter of [act, in the same paragrapk

w which he expresses concern over the ingidence rate 1n asbestosis,
lse, Gloyne himnself points out that the rate for lung cancer based on
necropsies 4t the London Chest Hospital was 21, 3% while the figures

wi the Registrar-General showed only 2.4%, He thus recogrized that
Jutepsies on & certain selected group of cases were not representative
o the general population. It would seem, then, that agtwithstanding

the value of Dr. glorne's work, 1ts imporianée as an index of the pre-
velence of lung cancer in asbestotics bas been misinterpreted by those
aho have quoted him. All that it really shows is the fact that in a group
. .s. Tases, selected for special study primarily because they seemed
sznirmal by prelumanary exarnination, 17, or 14,17 had lung cancer.

Merewether (153) in 1947, in the report of the Chief In.

- spector of FactsTies, reviewed 3)) cases reporied between 1924 and

540 18 mhich 4asdesiosis was the cause ox‘_death or 4 COexisting con.
ditvon, TRiB work was laier extended to include all such cases reported
wp 13 Dvcember, 1354, by which time there were 344 deaths including
%3 males 8¢ 139 fumales, Among them were 55 cases {16%) of cancer
ot the turg, 41 in muales angd 14 1n females, [t 18 quite pmui:tc that &

tarye nuinber of asbestotics who did not die of their 33bestosis, or in

0121
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wnose death certificate it was not mentioned, may Bave been Missed.
The umport of th:s 16T 55 enbazced Hy the 3umultanesus statement

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

to age, vccupation, u;d many other variables, such as smoking habizs,

is obvidus,

(142) {139}

Lyach, who with Smith had reported the first
case in 1533, reported four cases of carcinoma of the lung in a series
of 49 autopsies on workers in an asbestos manufaciyring plaat who
were shown to -Iuvc “"demonstrable deposits of asbestos in the lungs.”
This, of course, is not necessarily identical with the disease 23bes-
tosis. Lynch, humself, points out that, although this is an incidence

of 3.2%, "boih figuces are too small for very serious statistical types

of cajculation.” Nevertheless, later writers bave used this paper to

strengthen the case for az association of carcinoma of the lung with

(132} found only four in-

asbestosis. It is of interest te note that Klote
stances Of .ung cancer in 473 cases of asbestosis, a series 1] tirnes
ag iarge,

(1561' estirsated that,

Behrens, as quoted sn Merewcther
of 30+ cases of asbestos:s in the literature, 44 showed associated
cancer of the jung—g:ving an incioence of 14.2%, This is anotber case

of generalizing an incidence obtainvd in & grOup Of cases which were

0142
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undoubtedly reportec only bucause some of them showed lung cancer,

to posFibly hu.-xd.-.us Of 3abe3tolics whose Cases were never reporied.

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

bave reviawed reports of 39 autopsies on persons with asbestosis among
which six casas of lung cancer ogcurred, laformation {from those sources
does not justily generalizations wiih regard to mortality rates,

Werber (205) who made the unequivocal stitement that lung
cancer would result in from 7% to 17T of cases of athestasia, aliowed
bumsel! consideradie latitude by qualifying it, as rc._a.gdl time, to an
interval of 1 1/2 to 20 years. Finally, mention should be made of some
entizely uauypgrud statemenis which tend 1o bulld up a mistaken view-
peint through mere repersion. One example 15 & senterce in “"Nontuber-
culous Diseases of the Chest (e} where the authors say saumply, "an ex-
cessive incidence of puimonary cancer has eccurred among workers un
t_nhn occupations, such as asbestos industries, nickel-copper reflineriss,
stokers in generator plants, ets. " without lublla.nlil'hh‘ rejerence,

As an jllustration of the ease wath which & {ew reports which
merely suggest 3 certain conclusion can, through the lack of a sulficiently
eritical atlitude, be summarized 10 produce the conclusion jnh a deflinite
form, an editeriai 19 W the Journal of the Ameérnican Med;cal‘Auocuuon
mentions the work of Wedler and the report of Merewether and then es-

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

settied. As a final convinging argumnent, it refeca 10 'recent experimnenial

A S mE e W0
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sbatrvations (by) Norermana and Serge (et} . . This is the experumen:
1t which SQUAONS CACINOMma was said to bave been progucec in about
4 dezen white muce, and whick bas oot been duplicated By any other in-
vestigator!

Perbapa no one has written 30 extensively or 30 dogmati-
catly on the subject aa has Hueper (109-124). In 1955 ke reviewed the
cases (122} reported prior to that date aad enumerated a total of 99.

Eleven of these were these discussed by Doll 63) and appear to have

13 ) -
way and Kennaway {13 in an analysis of death certificates and, unless
Merewether's study was incomplete, these cases should bave been e

cluded \n his veport. Of the remauning 80, it is quate possibie tha: the

3} coatributed by Merewether and the 17 by Gloyﬁc contain sorme dupli-

cation with each other or with other Eaglish asthors,

the irequency of pulmenary cander among the total worker populazion
of the asbestos industry on the grounds that it is immaterial bow many

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

nY exposure and therefote do not deveiop asbestosis!

- - - e

12.

been cages covered by other autbors. Eight wers discovered by Kenm.
L]

In the same paper, Hueper dismisses the idea of deterrmining

0133
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W. PRINCIPLES OF THE EPIDEMIOLOGICAL METHCD

- As bas Been indicated, much of what 13 now thought o

be pertinent conceraing the comparative {requeancy of lung cancer

n di.'!crt_nl populition groups has been developed frem the Analysis

of clinical material, particularly surgical and autopsy records. This
bas been supplemented to some extent by the reported impressions of
various ¢linicians based upon their perssaal observations. More re-
cently, bowever, attention bas turned to the systematic investigation
af this problemn by the same methods that bave proved so successiul
previously 0 the atudy of communicable diseases, th_l‘t is to say, by
cpideniological methods,

Epidemiclogy is the method of investiganng a specific
disease in burnan populations in relation to certain variable character-
ahcs, including the environment, ln contrast to the clinical method
whick is primarily concerned with the characteristics of the disease
i indivaduals, epidemniological research involves the investigation of
the disease as a mass phanomenon, It seeks to discover what propor-
tion ol personas in & given set of circumstances will eventually devaiop
the disease. Epidemioclegy cannot predict whether & given individual
will fall victim to @ specific discase, but it can predict the approxis
maie pumber of cases of this disease which will develop in a population

~ specufied size, composition, and subjcct to @ given environment. It

— e ——
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proceeds by Lrst carelully and dccurately describing character-
istics of the disease in dilierent population groups &nd iis essenlial
opjective i3 the {armuidtion, testing, and verification of generali-
sitions concerning the discase in question,

in order to apply this method of investigation to the pro-
blemn under discusyion, the Foundation was of the opinion that a study
shouid be planned 50 as te provide:

l. A well defined popuiation group,

2. Available data for all members of this pep-

ulation, including the healthy as ven:n the W,

3, A sample which is truly ropnuan-u’.ve of the

_.- population.

4. Reliasble and valid observations relating to the

problem of the study.

A serious defect, common 10 most of the studies whick
have been reporied, is that little or ac information conceTning the
healthy people in the group seems to have been svsilable to the author.
Therefore, reaults of thase studies cannot properly be generalized to
snclude such people, '

In order to draw a generalization regarding all asbestos
workers,it is necussary for & study to include living persons as well
as the dead. Limitung the investigation to autonsied cases, 28 has

been frequently cone in earlier studivs, still further reatricts its use

0146
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v generanzation. Tae prodiem with which the C.edez Asbestias
MimangeAssociation is soncerned is whether asbestos miness ex-
perience more lung cancer than does the ganeral population, The
answer necetsitates the eoliection of reliable information on asbestos
miners u.a group, 49 well as on the general population,

It seems advisable to discuss the dilferences between the
epidemiolog:cal approach and that uaed :.n th.m studies which have besa
reported to date, A very importans consideration 1s the fact tha: lung
Cancer, in spite of its increasing numbers, is still a disease of low
intidence; that is, in a given population not many persons will contract
this particular disease. This fact requires that large samples or groups
must o¢ stucied 13 pruvaae meaningiul tesuits,

Recognizing the difficulty of obtairung such large samples,
most sarlier writers deviated {rom the epidemioiogical method and
sought to circumvent the requirement ef observing well persons by:

, :
1. Comparing the relative {requency of tancer

in varicus sites,

2. Comparing the relatave {:-e.qucncy af cancer
in a group of hospatalized panents.

3. Comparing the relative (requency of cancer
in a group of cases coming to auvlopsy.

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

all types of cancer may be inctcascd merely by reason ol a decrease
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;n the inc:dence of cancer of other sites. This could be true even
though the incicente of jung cancer remainea constant, or uf it de-
creased less rapidly than that of the otber types.

Attempling 1o compare two population groups, looxing enly
at the relative {requency of cancer in various body sites, may result
w finding & higher pc-rcenu'e {relative [requency) in one of the groups,
whesa, in fact, the mortalitv rate of cancer of & particular srgan is ex-
actly the same un 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 mcum:'c o.I cornparison.

1t 14 apparent that selected groups such as hospitalized

patients Or AstOPSY Cases DAY not be representative 1 any way ol ¢
largez group, and that in dealing with such samples, the observar may
easily find more cases of any kind than would be found in & group of the

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

' investigation of cases [rorm such & sample can [urnish information valu.

abls for research, bui 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 his report to make proper compatisens and
1o draw only thoae conciusions which are valid and jusiuied. A good
statiatical stucy o cases of cancer of the lung sccurrang sn a group of

*

AUtopsics CAn ledd 10 4 proper inference concerning the frequency of luag

CANCET JMONG CA4¢S CSMinG 10 autopay, but onlv to suck cases. Tor
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information irom such 3 siudy to dbe projected to some larges group.

W s r‘\::esu:)- that the aulspsies represent a gooc sarmpie of thal
larger grovp. To asswne that such i the case 1n any particular seTies
is dangerous and likely to e false.

There 11 some danger that the figures reported by some
authors may be misconstrued as Applying to asbestos workers or even
asbestos muners, when, in fact, the authors in question do not make
this generalization, ner can the generalization be made for the reasons
stated. Close study of the reports reveals that the percentages quoted
relate only to the group of autopsies covered by :he-piru'cuhr investiga-
tien,

‘ ‘n:e present 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 &
good sample of the whole population of ssbestos miners tn Quebes. Data
for all members of this group have been collecten and analyzed. Those
conceraing lung cancer bave received most careful :omiduuion.' De-
tails of the metbods employed will be set forth in a later section, but the

type of 3pproath 13 considered to permit oi {air comparisons and valid

geneTalizations.
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IV, COLLZCTION ANT ANALYSISCGF DATA

A preiumindry survey of potential sources of wformatien
m Feoruary of 1958 involved discussions with the pbysicians in charge
wi the asbesios companies' programs and with clunzcians, pathologists,
representatives of City and Provincial bealth depariments and of the
canadsan Cancer Society, and ot;ur interested persons. It was
ywund that mersidity data, although somewhat limited, were available
trom such sources a3 the Bospitals in Montreal and Quebec City, and
the 1) Cancer Detection Ceniers in the Province, However, because
a1 the hagh mortality in jung caacer, it seemed acvisable to depend upon
Jate relating :E'.duu:s. These we found te be obtainable at the vital
stazzstics department of the Minsstry of Health in Quebec City, From
the prelur:nary survey, it was apparent that extensive and detailed in-
tormation could be gathered with respect to both the persens employed

wn the dsbestas muung wmdusiry and mortality figures for the general

pepulation.

Foilowing this exploratory survey, the inirial efforr was
directr€ Lo the collection of data relating to all workers wbo bad beea
prOCvasen InToush the clinic 3t Thetiord Mines since its inception in
i, Sumilar information was obtained regarauiy &l) workers at the
Canadian Johns-Manville Company in Asbestes, Data from the glinical
reiords included the age, family and personal medical bistories, smomung

Babits, Aumber af years of exposure, an tsimate of weighted exposure,

015
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and the course of the individual's health status or the cause 5 hus death. :
Alsheugh the dafld in these two instances were not exactiy sumilar in '
form, the inclusion of records [rom the personnel depasimaeant at As-
bestos covering employees who had retired, died or become disabled
provided data sulficiently alike {or the purpose of the study,

From tb.is' information it was possible to formulate for both
Asbestos and Thetford Mines "¢oborts' which could be well defined,
sbould be representative of each group, and could be {ollowsd for a de-
finite peried of time. All of the available experience indicases that the
development of asbestosis in less thap five years o{-t;@osun must be
somewhat rare. Accordingly, the cohorts were defined as inciuding
e;try worker who had a total exposure of five or more years, and who
wis 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
432 regarding these groups were then tabulated in order 10 determine
the characteristics of the cohorts, For those who survived the cn;irt
period, reference was made 10 the physical examinatioa results and x-
ray findings at the end of the period, Those who hac died were tabulated
separately and the cause of death corroborated by examination of the
death certuficates, A further scarch was made concerming those in the
origiral cohorts who remained unascounted {or when the livang and the

known dead had been tabulated, They represent men who had ieft
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TAZLE °

Nurmber of Fersons and Number of Lung
Cancer Deatns by Lengih of Empioymnens

Length Asbestog Thetiord Mines Combinec
ol Larg Lung Cancer Lung Cancer
Empioy- Cancer Deatss Deazins

— e, ——
men: Perserns Deatns Persors Provees Tota) Persons Proves Toial

[

$-9 850 Q 915 0 0 1795 Q ¢
1018 Bb4 o 534 1 ) 2398 i 1
20-2¢ a2 1 S$8C 2 2 922 3 3
! 40-32 168 2 435 3 ] 603 L 7
. 40.4% 17 ] 168 ¢ 1 18% ¢ 1
E 5Ce 2 0 53 (4 0 §5: & ¢
: Total PR ¥ Jces s 3 5954 9 TZ
i
! -
1
H
i
H Annual Lung Cancer Deaid Raies per 108,300
; Man-Yesrs of Exposure by Leagt: of Employment
¢
!
Length of Asbestos Thetiord Mines Combined
Emplovment Total Proves Toral P:ovea ;o0ta.
- 5.9 0 0 0 0 ¢
T 10.19 0 1. il 7 1
: 20.2¢ 49 $7 7 54 54
3o-39 158 115 1e2 138 193
40.49 0 [} 9¢ 0 &0
50+ 0 0 0 U} 0
Over.all 22 21 kY T 3
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TABLZ 8
- Number of Persons and Number of Lung
Cancer Deaths by Exposure Categery

; Expos- Asbestos Thetfaed Mines Cembines
) ure Lung Cancer Lurg Cancer
. Cate~ Cancer Deaths Ceatns

e tn W e A SIS e o ——

[

© ——— .

-

F... - — —
gorv  Persens Deatis Persons Proved Lotal Persons Proves Toza!

1 959 2 1062 3 2 01 4 4
) 564 1 1586 2 k] 2180 3 4
B i kEH 0 1037 2 4 17172 2 4
Unienows 5 Ll 0 0 0 5 I e
Total 27 3 3688 [ g ELHT) 9 i2
Annual Lung Cancer Death Rates per 100,000
Man-Years of Zxposure by Exposure Category
Lxposure Asbestos Thetford Munes Combi:ized
Categorw Tota. Proved Tota. Provez Tata.
b h 7] 3 L} k3] 33
pi 30 2i 32 23 il
m 0 a2 64 19 37
Yeknown -0 - 2 L0
Cver.all 22 27 l L) 3

o No ons exposed
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M exposure 1o ASDEICS iF I ALY wAY COMNCCUES (O lung CANCeT, we
wouid exgect that the longer and beavier the exposure, the hagher the
trite that would be found. Tke only possible ¢rror in this interpreta-
tion could oczur uf the weighied expos\;ru WwWETE jAversely relatec to
years of employment, in which case the heaviest weighted exposure
(categary R} would show the shortest l;agth of emmployroent. Tables
9, 10, and i1 which list the number of persons in various exposure
tategories by lengtt of employrzen: andicate that this error has not

occurred. in faci, the average aumber of years of e.-.-.plgymnn: {or

v
-

sach exposuts category 1» almost identical,

TABLE %

Number of Persons an Various Weightee
Exposure Categeries by Length of Zmployment

Asbestos

Lergtr of Weirtted Zovesure Catescries
Er:s.0smrent 4 g a1 Unkaown  Tetal
5.9 428 213 239 ¢ 112
10-5¢ 273 217 373 1 864
20.2% 159 89 92 2 342
0. 39 98 42 27 ! 168
043 9 ) 4 1 17
50 « 2 0 -0 o 2
Total Te “Sov 735 5 2273
Av, Yes, of 15.5 15,2 14.5 29.0 18,1

Eapcsure :
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TABLEZ 10

Numbper of Persons it Various Weightec
Exposure Categories by Length of Emplevment

Thetford Mines

‘Length of Weighted Exposure Categaries
£mziov’men: _l_ _y_ - i Unknown I&g_a_l
5.9 279 388 251 0 915
10-39 356 666 478 - 0 153«
20-29 158 274 151 ¢ 580
30.39 149 b} 110 0 (%11
4049 b7 64 37 [+ 168
S0 e 22 21 1] _g 53
Total 1062 15886 1037 -0 Jess
Av, Yrs, of 13,9 18,7 i8.1 18. ¢

Exposure
TABLE 1l
Number of Perasoss wn Various Weignied
Exposure Categar:es by Length of Employment .
Combined Asbastes and Therford Mines

Length of Weighted Exsosure Catesories
Employmens S A g1y Unknown Toral
5.9 - b $93 49¢ ) 179%
18.1% bb3 882 351 i ~23e8
20.29 314 363 243 2 122
30.)30 24° 218 137 [ 802
40.48 7% Y 4! 1 188
50 24 2! 10 0 35
Total 2031 2150 1172 [ 5963
Av, Yra. of 7.8 7.8 16.6 2%.0 17.5

Exposure
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Table 12, which develops the rates for smokers and non- -
srmokers, is mosi string. It shows thai not § sirng.c case of lung
emeu';neinped among the 1265 nonsmokers and that all cue's of
lung cancer, both “proved™ and "suspected”, occurred in smokers,

A comparison of Tabies 8 and 12 certainly suggests that smoksng is
3 greater bazard than exposure 10 asbestos in the muning operations,

Tadie 12 was 5o strikung u;u it was felt that further veri.
fication was aecessary. It was possible that some abnormal distrie
bution may bave occurred, €.g., the noasmekers may bave wncluded
alarger percentage of young men. Conseguently, adgitional Tatles,
13, 14, and 15 were constructed 1o show the distribution of smokers
and nonsmoners ;y &ge, length of employment, and degree of expasure.
Although there are slight dilierences, they do nor account for the fact
that all observed rases of lung cancer were in smokers. ln respect to
age {Table 13) the combined average age of the smokers was +.3 years
Jeas than that of the nonsmokers. Table 14 shows that as far as Jengtd
;I employmest is toncerncs, the smokers had worked about 2.3 ye;-rs
Jess on the average than the nonsmokers. With longer exposure and
grealer age, one would expect the nonsmoking group to shew 4 higher
vate i Jung cancer were due 10 asbestos,

Table 15 sbows 1hal the average exposure category was al.
mogst the same for the two groups. Therefore, this varidble seems 10
be of ne imp.ortuce in aceouning for the difference between Jung ¢anger

D173

death rates for smokers and nenamokers.,
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‘ TABLE 12

H Number of Persons and Nunber of Lung

‘i Cancer Deaths by Smoking Habits

H

[

1 .

. Asbestos Tretford Mines Combined

i Lung - Lung Cancer Lung Cancer
Cancer Deaths Deattrs

} Persons Deaths Persons Proved Jotal Persons Proved Total

“ Smokers 193] 3 2742 [ 9 4673 9 12

i Nonsmokers 340 0 925 0 0 1265 ¢ 0

1 Unknews 2 9 18 [ e . 20 g L

i Total 2213 3 36858 [ 9-' 85955 9 12

3

§

i

Aanual Lung Cancer Death Rates per 100,000
Man-Years of Expovure by Smoking Habits

4

R
1 Asbestos Thetford Mines Combined
1 Total Proved  Totai Provec Total
} Smokers 26 36 t1 A 43
1 Noasmokers 0 ] 0 ] ¢
S Unknown 0 [ 0 0 L
- Cvar-all b5 7 I 25 34
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Thbe resuit of this additional analys:s 15 that none of these
factors appear 10 iessen the effect of Tadie i2, which ;4 therefore
strongly suggestive of the importance of smioking as compared to the

other variables.,

Asbestasis and Lunz Cancer

When we attempt to relate the Jung cancer deaths eccurring
in the cohort with the reporied cases of asbestosis, we are immediately
aware of & disturbing wnconsistency., Yarious authors report the incidence
of asbestosis alter 10 or 15 years of exposure as c::c:edi.l.'\g $0%, and in

one study, as high as 8770, {133) (138} (1471 {1343 (195) However, data on

cases of ubu:.osi.s {rem the conorts at Thetford Muines and Asbestos pro-
duce & rate of only abou: 5%. It is true that these data are based on oniy
those cases which have bees proved at autopsy, and those whose most T¢-
cent x-ray interpretation resulted in a diagnosis of asbestosis. This in-
cidents may be far lower than if based on microscopic examination of the
lung tissue. As & matter of {act, Dr, Cartier bas ¢stimated rbat t’heu are

probadly J0C workers who do not show radiological evidence of asbestosis,

bui who have some degree of fibresis. He also estimates that there are

perhaps 40 workers whu may have died or relired with this disease. lInstead

of 143 cases of asbes1os1s wn the whole working force at Thetford Manes,
wt ghould then bave perhaps 500, but sven this would result an an oversall

rate of leas than 107, wiuch is far below those widely reported. In our
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combined conort, these are 1765 men who have had more than 10
yeats of einpioyment, and 431 of these have worked in the heaviest
average exposure. According to the records, we can agcount for
only 138 cases of asbestosis in the combined coborts., If even 257

of the workers with more than 20 ysars' exposurc develcp asbestosis,
we should expect tbaut. 425 cases., This leads us 20 believe that there
is & very considerable uader-reporting of asbestosis, Such a bypothe«
als is easily conceivabls when one considers that many chest x-rays
in this group may be considered normal by comparison v.ith others

i
in the same group whereas, if they were to be comp:rud with wha:
are considered as normmal chest x-rays elsewhere, they may be anter-
preted as showing fibrosis.
Cases of asbesioris tl;ieh were accumulaied from the au-

topsy records and {rom the periodical physical exarcinat:ons result in

a distriduticn whuch is shown iz Table 16,

TABLE 16

Distribution of Recorded Asbestosis Cases

In Cahur Asbestos Thetford Combined
Living i8 8é 104
Deas _4 30 L

Total 22 1% i3




TABLE 17 - Part!

Nuzber of Asbestosis Casres By
Lergt: of Zmployment and Expesure Catezory

Asbestos
JSeengty of Esposure Categorv
Emeoloyvmest Y ey L1 Cnimows  Total
Less than 10 0 0 ¢ ¢ ¢
10-19% )] 1 F4 [+ h
20-29 F 4 T 4 0 13
( 30-13% ] 1 4 [+ 1
40-4% /] ¢ 1 -} 1
50+ L 2 I
Total 2 [} il 0 22
Av, Yrs, of 25 28 29 o 27
Ermpleyment

Percentages of Asbestosis Cases By
Langtt of Zxpioyroent and Zxposure Category

Leagth of Exvosure Catezervy

Emplovirent 1 Y _q_;_ Unknown  Total

‘Lass than 10 0 0 » [
10-1% o - 5 .5 L a0
20-29 1.3 7.9 4.3 ] 3.8
30-3% ] 2.4 14. 8 o 3.0
40-49 0 0 25.0 '} 5.9
50 L2 > b > 0
Over-ali .2 1. ¢ 1.5 [+] 1.0

¢ No onc exposes 5 thas group

0181

e . e AW e rmems



——

L

TAZLE 7 - Part

- Nurrber of Asbestosis Cases By

Lezgth of Zmpioyment and Exposure Category

Thet{orc Miges

50.

® No one txposed in this group

Lexng:t of —Exposure Categorvy
Emploviment l A iy Unictewr,  Total
Less than 10 0 0 0 [} ¢
10-19 0 1 7 0 8
20-29 2 ] F 3% ¢ 2%
30-39 2 15 E k] 0 50
£0-4% 0 6 20 0 26
50 e " 2 2 L 4
Total K 29 [§) 0 116
Av, Yrs. of i 3% 34 M
Zmpleyment
Percentages of Asbesios:s Cases By
Leng:: of Zropisymezt azc Zxposure Category
Leagt: of Excosure Catezery
Emplovment £ S Ju Unkrowze  Total
ey Lass than 10 0 ¢ 0 . ¢
L 10-19 0 .2 1.5 ] .8
t’: 20-2% 1.3 1.8 13.9 ¢ 4.8
30-3¢ 1.2 5.5 30.0 ¢ 1.5
4049 "] 9.4 54,1 <} 15.3
50 ¢ 2 8.5 20.0 - 1.9
Over-all .4 1.8 8.0 0 3.1
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-TABLE \V . Parnt 1

Number of Asbestasis Cases By
Lengts of Exmployment and Exposure Category

Asbestos and Thetford Mines Combined

Leagth of Exooscre Category
tmeiopﬂe.’:: - iy N Urnknewn  Tota!
Less than 10 0 Q 0 ] 0
i0-19 0 2 9 0 11
20-2% 4 12 25 0 4]
30.39 2 16 LY 0 55
$0-49 0 [ 2l -] Ha
Shoe _0_ 2 2 L 4
Total 6 kY] 94 9 = - 138
Av, Yrs. of 25 3 33 - 3
Employraent

Parcentages of Asbestosis Cases By
Length: of Empioymant ans Zuxposure Category

Length of Exposcre Categorey

Emplovmernt 1 i A Uninown  Tota}

MY Less thaa 10 0 () 0 . 0
X 10-19 0 W2 1.0 ) .8
St . 20.29 1.3 3.3 10.3 + 0 4.4
- 30.39 .2 1.3 27.0 1] s.1
40.49 Q 5.0 $1.2 [+] 14,6
500 S LX) 20.0 . .3
Over-al! .3 1.8 5.3 0 2.0

4 No one exporcd 1n this group
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A perceniage wncidence of 4stestagia jor u.c:-. exsosure
CategoTy Sas beel seve.cped 42 well 38 for eack perioc O emspuisy-
msest. 'S'h-u wnformatien is shown iz Tabie [7,

" 1t will be noted that within AD eXposure categary, the
incicence rises with increased length of ampleoyment., It is alse
Apparent that the inc:dences, sven in the category of heaviest ex-
posure, ars far below the rstes found by the autbors preyiously re-
ferred 0. It seerms clear, that unless concentrations of asbestos
dust to waich the miners are exposed are vety much lower thaa those
which odiaz iz all the other stuc:ies, there bas been &’g‘ros; under -
reporting of e u_buwns cases. The obvious result is a higker
reiative frequency of lung cancer in association =ith asbestosis,
Table 18 compares deaths dus to Lugl cancer And {313l cases with a3

bestosis, alone and :n sombk:naton with each other.

TABLE 18 - Partl

Statistical Acalysis of the Causes of Death

Asbestos
Cause Asbestosis No Asbestos:s  Total Percentaze
Lung Cancer b .2} 2( 2.5} 3 6.1
Ne Lung Cancer 20,9 A3i42.3) a6 .9
Tetal 4 45 4
Percentage 8.2 9.8

Figures in parenthesis are the "expected” aumbers
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TABLE 18 « Part 1l
S:ansiical Andivas of the Causes of Deats
-
Thesford Mines
Cause Asbesiosis  No Asbestosis  Total Percestace
Lusg Cancer it 1.3) 3 4. 7) & 4.5
No Lung Cancer 25(26.7) 101 {99,3} 126 95.5
Teotal ) 28 “104 13
Percentage 21.2 7.8 -
Figures in parentbesis a7e the “expected” numbers
t
TABLE 18 - Part 21
Statistical Analysis of the Cauvsns of Death
. Asbastos and Toetford Mines Combired
Cause Ashbestosis No Asbesinsis Tolil Persentaze
Lung Cance:r 40 1.6) $( 7.4} 9 5.0
No Lung Cancer L28(30.4) ddd(141.8) 11z 95,0
Total 2 149 181
Perceatage 17.7 82.3

EIFR S -

A, $ @

Figures in parenthesis are the "expected” numnbers

Six deathy from unknown causes not inciuded

The number of lung cancer deaths combined with asbesiosis
is larger than would be expected in each cohort and in the éomhmcc
cohorts, This difference is significant at the 55 % level uaing the chi-
sguare test of sagnificance, The importasce of the under-reporting of

asbestosis can be obscrved in Table 19,
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TABLZ #

Seatistical Analysis of the Causes of Deatx of
20 Nonasbestosis Cases bad been Diagnosed as Asbestosis Cases

Cause Asbestosts No Asbestosis Tota] Percentage
Lung Cancer 4( 2.6) 5({ 6.4) | 5.0
No Lung Cazcar A8(49.4) 124 {122, 6) 172 95.0
Total 52 [¥1] 181
Pearcentage 28,1 1.3

Figures in paresthesis are the "expected” nusmbers

_t
In this table, a6 bas deen assumed that 20 of the cases
which di¢ not bive lung caacer and which wers reported to have no
asbestosis did, in fact, have asbestosis, the diagncsis of which was
missed. Althougn the cases of luzg cancer with agbestosis are still

higher than would be expetied, the diflerence is oo longer significasn:

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

" But it 15 redsonable to expect that at least 20 of the Ll44 might bave

shown asbestosis bad they been subiect to ausepay. On the otber band,
& shift of about 40 cases would produce an «xpacted rate dl=ost equal

to the rate Jound. Explanation of this elfect of under-reporiag of sae

bestosis bas been stressed because it seerms 30 odbvious that is ynder.
reporiing asbestosis the relationsaip ﬁew-on it and lung cancer bhas

been made L0 appear more signilicant thaa it probably is.
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Four of the proved cases of lung cancer Ard cee of the
suspeclec were Associdtec with asbesiosis. Suince we nave enly 32
deaths in yl.uch asbestos:s was present according to the recerds,
tbe incidence in this series is 12.5%. waile this is slighily lower
than the rates found by Merewether, Cloyne, and Wedler, it is stil]
rouck bigher than tould be expected if the asbestosis ingidence were
anywhers near the experience reported b} other autbers.

.

Comzarison of 15e Cchort Ex—erience with thas of tte
Provirce of Quedbec, Domision i Canaca, 4z the Lnited Stazes

ln order to make a comparisen of the experience axmong
aabestos msacn'with that of the general pepulation of the Provinee of
Quabdec, statiatics were gathered, as stated sarlier, in the office of
the Divisior of Demography in the Provingia: Ministzy of Eealtk, The

data on total deaths, deathis from all {forma of cancer, and deatks from

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

1950 through 1955, In addition, all death certificates whick specufied

primary eancer of the iung, and all those.which indicated Jung cancer
bui did not specily the origin, were examined {or the years 1952 through
1955,

Table 20 gives & tabulation of the number of deatys {rom
leng cancer in the Province ana in the fwo coborts for-the years 1340

through (953, and skows the annual raie ﬁer 100,000 in those sogments,
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it wa.u_'be notec {rom the table that the mortaiity rate fos the Asdestas
tobort i3 al'nost exactly the same as that for the Provizce, whie tze
rate {07 'proved” cases in the Thetlord Muses cobort is cnly sisghily
higher. Whesn the "suspecied” cases are included in the calcwazios,
the rates [or the That{ord Mines cobort rises to 41.4 per 100,000 whick
is nearly twice &8 high as the rate for the Province, This, it will be
recalled {rom the previous discussion of the "“suspected” cases, 2p-
proachc.n byt does not exceed the significans level.

One further interesting ehservasion {rom ;Iabic 10 is the
rather marked wacrease io the total oumber of cases for the Provinee
between 150 and 1955, It is assumed that at least part of this increase
is due to irmproved recognition aad reporting of lucg cancer during the
interval. For this reason, the years 1954 and 1955 were thought to be
more nearly representatave of actual condiuuons, Even 3o, it is Quite
likely tbat the genera) population :5 not studied for lunmg cancer with the
same diligence with whieh this disease is lookeg for in the ma‘.ncu.. anc
it searns probable that the mortality rates for the Proviace would tend
to be low, Thus wouw,d appear to be substantsated by the [act that the
reporing 9 cases un the combaned cobort showed no such increase over
the sarmc perieg. |

Tabie 21 was compued to show the asoual 3 e-speciic jung
Cancer rate 0f cases 1n which the death certificate metely read "cazcer

of the lung™, as distinguished from those in whieh the diagnesis was
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confirrmed By uidpsy, suTgery, or iopsy, The terrm gpeiiiec
prinu;;" refers (o those cases in these saDe 1wo categories i
which :tfe tweor was specified as baving origunated o the lung. It
will be noted that, of the total cases certified in 19535, & much higher
percentage than in 1954 was specified as prirmmary, The table also
shows that a higher percentage of :h; total cases certified in 1955
ware proved, agsin indicating increasing interest ic this dissase,

A tomparison bas been made between the age-epecilic
rates shown :n Table 21, and those for the cobor: sagwn iz Table 4,

An average of the 1954 and 1955 rates for the Province has been used,
sipce the (955 figure was highar and rmay bave peex exceptionil.

This comparison, sumimarized in Tabie 22, shows that tke
observed nusmber of deaths in eur sarmple is Dot significantly gruater
than the expesita nurmber of deaths, based on the average of the (954
and 1955 {igures for the Provincs. It is true thas, in the case of the
age group of 63 and over, the five daaths provide a figure which is al-
most signuficant at tke 957 level, Howe\ftr. it should be noted that
this nummber wncludes one of the suspected but unproved cases previcusly
referred 10, Furthermore, it is rather likely that the rate for the gen-
tral populalion 15 understated in this age group, for the obvicus reason
that the exact cause of Jeath in tbe very old is not 3 matter of lhe same

imtensity of interest 42 it is in younger persons,

0199



A e eam i S-S RS N PPERRIRE oy

-+

T AP b o

59,

Before leaving this comparison of the Provinee with iNe
miners, it should be shown that their age distributions are reasonatly

the same. That this is the case can be obaerved {rom the following

tabujation:

.

Age Distribution of Adult Males for the Provinee of Quebec, 1951
(Rappers, 1954)

Percentage
Age Grous Number Percentage Combined Cokarts
20-44 727,138 63 _t &6
45-54 188,952 16 19
55-64 128, 944 il io
65 + 113, 467 10 H
Total - 1,158, 498 100 700

1t should be remembpered that the miners retire and :on;
segquently, il can be expected that the oidest age group will be larger
iz the jeneral population. The data presanted in Table 2J indicates
that the lung cancer rate generally decreases alter age 70, and we
could capect the rate for all peopie over 65 would be amallar than the
rate for a group of 65 to 75, which "‘u; apply to the oldest group &f
miners. It is {elt that By usng the whole adult male population, we
have developed rates which are somewhat lower than if we had been

able to exclude the general population ever 75,
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TABLE 22
Corcparison of the Aciuai and Expected Nurnber of
Lung Cancer Deaths b5y Age Aroong Asbeatos Muiners
Prevince Expected® Observed No.
Age Toral Specified Primary No. of No, of of Ceains
Grous Rate per (00,000 Miners Deaths FProvec Totai
20-44 1.8 3501 G 1 1
45-54 24.% 1124 2 1 3
55.64 67.6 61% 2 3 3
65 + 89.2 315 i 4 $
Unkoowp - 3 - ¢ ¢
® Actually .4
¢

+ The expected nurmber is based on the average of the 1954 and 1965
age-specuiic ratey for the Province of Quebec.

Table 22 also answers 3 question previously raised. It
shows that the members of these coborts bave no: died from lusg can-
€er at an age earlier than the geaeral population, and tha: such an ex-
planation cannot be oliered for the absence of lung cancer in 240 mez

with more thas 40 years of empioyment referred to on page 37.

A comparison between tbe asbeitos miners and the popu-
lation of the Demiunion as & whole was made, using statistical material
(i

from several sources. ln one source, Phallips gave age- and sex.

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

The rates for males are given in Table 2.

it g 4 e R Y. b e
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TABLE 23

Annual Death Rates per 100, 000
{or Cancer of 3¢ Lung in Canaca®

Age Crovns of Years

Groces 1931-1933 1941143 [980.1552

Under 30 0.2 - 0.3 1.0
3034 0.9 0.% 0.8
3539 2.0 3.2 .6
40-44 30 5.4 6.5
4549 5.2 12.% 18,7
5054 8,2 18.9 at.2
5%5+%¢ 12.7 27.0 59.7
60=by 12,5 1.7 ¢ 7.8
6569 15.1 4.5 102.¢
T0-74 16.7 30,8 86,3
1575 15.8 30.0 3.9
80-84 Y. 8.2 27.9 59.7
8o i1.4 ise.d 7.8

Al Ages 2.8 7.1 i5.8

® “Moriality {rom Lung Cancer in Canada™, 1931 1o 1952,

Thease figures sbow strijungly the increase in rates be-
tween 1231 and 1952, and thus increase is particularly marked alter
age 50, conflirming an obaervation prcv:b}aﬂy made, 10 the eifecs: that
lung eancer has probably been under-diagnosed in the older age groups
15 the goeneral population,

To use tbese Jigures for purposes of comparison, it is
Recessary (& combine the rates [or certiin age jroups in oTder to
conforem 1o the age distz:butions used in this study. Since Lhe exact

populations in each sge grovp [or the years iadicated {s not known,
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this must be ad approximation. However, the ratey wou'd be some- b

what as foliows:
amnd

Ape Groun Rate
20-44 5
45.54 27
55.64 . 69
650 _90-95

These rates are, in genersl, lower than those develcped
{or the total (proved and suspected) cases of lung cancer among the
asbesies miners. Tbe only large dilference, howevc—r. is in the age
group of 65 years and over, and it is quite possible that the rate for
this group iy bave increased for Canada between 1952 and 1954 as
it did for the Province of Quebec. (See Table 21)

A further tomparisos bas been made with an over-all

raie obtainad {rom the American Cancer Society for respiratsry can-

- ear deaths ins Canads ia 1953, This rate, for males, is 20,8 per-

i

100,000, an increase of 5 per 100, 000 over Phillips' 1050-1952 rate,

and compires with 25,5 per 100, 000 for proved cases and 34,0 per

160, 000 for t012] cases among the asbestos miners in this study. It
13 therefore obvious that there are no ymporiant dilferences between
the rates for asbesios muners and those for the general population of

Quebes and the Domunion of Canada,
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Sizce 1315 prosabic that figures ior the Unizec Staivs are
more compicte and, therefore, posnibly more comparabie to the data
for the muners, age-specific rates were computed from "Vial Statis-
tics of the United States”, Voiuwses I and U, for 1952, These rales

bave been tabulared 1n Table 24.

TABLE 24

Number of Deaths and Deatk Rates per 100,000
by Age Groups for the Adult Male Populatioa of
the Unuted States—=Daia From -
“Vital Stamisucs of the United States”, Volumes ! #ad I, 1952

Age Groun -Poou.aiion Cases Rate oer 190, 0CO
20.44 24,544,000 883 L6
45.%¢ 8, 065,000 2979 6.9
8%.64 b, 340,000 6254 8.6
65 + 5,670, 000 $453 114.3
Total 44,619,000 16,5%9 37.2

It is apparent that these Tates compare {avoradly with t§0u
for the asbestos miners as sbown in Table 6, Still other rates for the
Uniled States were obtained from the Amerscan Cancer Seciety, and
{or males, these were 25,3 per 100,000 :2 1953, and 28,0 per [GO, 000
1n 1955, They are not identical with the rate calculatsd from the Ligures
of the office of Vital Statistics, but this is possibly bdeauu' the American
Cancer Sotiety rates are ior rales of all ages, Nuvertheicss, they, too,
compare [avorably with the rates of 25 (or 34 for 10tal cases) obtainn;

Amony the Lsbestos rminers.
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Returning 10 a comparison Between the asSesins miness
« .4 persons who are exposed to asbestos in one [orm OF another (49
distingwshed [rem the general population groups just d:scusses, wns
have Ao exposure) an inferesting observation can be deveicped by e
duction, Hueper (122} bas stated tha: there are about 3%, 00D persons
exposed m the United States, and we have fsund that the Canadian
mines employ about 8,000, Elsewhere, it has Desn eatiznated that the
workers in Epgland who bave exposure total betwesn 3,000 azd §, 0CC.
With workers in Africa, Deamark, Norway, and other tountTies, 48

3

least 50, D00 persons must be exposed throughout th:’worid, and it can
be assumed that this number bas been {airly constant in the 20 years
Bwdce 1535 whan the first case of asbestosis with lung cancer was re.
ported. At leasr o rmilliop man-years of exposure has b3 been accumys
lated, and 1his figure can be divided by the approxirnately 150 cases of
lung cancer with asbestosis reported during the 20-year period, Tais
gives 2 rate of 15 per 100,000 which is at least wndicative that any lung

cancer rate which caa be caleulated for workers sxpoasd 10 asbestos

dust is not much greater than that for the unexposed persons,

A
—— v cy e s m memmm e el—
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caTsariazt Beteven Eikr Counties Ag-gest =2
AS0e3i0-Proguc.ng APtas INS &.20% DULCITE wOLElies

_To cermpare lung cancer mortality rates in the coun-
ties surrounding the asbestos-producing areas with mot!:.er grosp
¢of couni:es in which no asbestos miners are likely to resige, the
rates were computed on the bas:s of {igures for the years 1950
througs i$55. Tae e¢:3at counties selected for cormparison ware
Argentesl, Chateaugay, Monumagny, Pormew!, Richliew, Biviers-
du-Lowp, St. Hvacinthe, and Terrebonne, maitsly becadse they Te-
Preseni & wide geographic distribution througkeut the Province. The
counties selested because of their proxumity to the asbestos munes
incluce Arthadaska, Beauce, Drummond, Frontenac, Megaatic,
Richrmend, Sberdroske, ana Wolfe. Table 25 shows the nwzber of

lung cancer ceaths for the yeara 1950 through 1956 for eack of these

counties. And & DOTia.ty rate. based on the acult male population

in [9%2. To empnasize the comparison Megant;c County has been
SROWR separateiy, as ses the Province of Quebec and also the Pro.
vince w:iih the €ight <#0€4108-Progucing’’ countits subtracied., Be-

Cause ©: ity uriguc ;uny CARncer death rate, Monivesl el lsle ce Jesus

Mas A140 Oeen (1s10 n Orcee 10 provace syrther comparison.

- i ek m e e YaLde .
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TADBLE 25

Number of Lung Cancer Deaths and Rale per 100,000 Man-Years

Adult Male . Mate Lung Cancer Deathe®
Population Haie per
Countice 1952 ] 1950 3950 1952 1953 1954 1955 Toral - 100,000
Megantic Counly 13,100 - 3 ! 3} b | 1 4 15. 18.9
Elght "Adjacent” Countles 97, 600 [ 3 9 6 4 11 54 9.4
Eight Sciccted Countics 83, 000 z 10 5 ] ] 5 9 49 9.8
Province of (Quebec i, 198,000 196 220 4% 3 3y 35T 1624 2.6
Province of Quebec lees
Eight “Adjacent* Counlice 1,100,000 190 207 236 zar 199 341 1510 28
Montreal ¢f lele de Jesus 394, 000 3 7 t58 192 185 225 710 32,1}
1
* Jt Je assumed that all male lung cancer doaths occurced after age 20,
!
s/ N—
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It is apparcnt irem the tabie that the iung cancer deal:
rate for the e:git counties irarpedidtely surrounding the asbestos.
producing areas is practically identical with that of e:ght cousties
selected {or comparison. While Megantic County has & rate zearly
twice that of the combined eight sclected counties, it is lower than
the rate for the Province, and eem.idcnhxy lower than the zate for
Montreal. The figure for Montreal would certainly be higher excep:
for the very low pumbers of deaths reported for 1950 and 1951, and
it would appear that some error in reporting has undoubtedly been
made, Oo the basis of the other years, 1950 and 195 deaths would
be expected to be about 200 greater, and this would result in a rate
of 40 per 100,060.

The culy possible conclusion {ror this comparisen is
that thers is D0 evidence that the persens who live in the counties
surroundisg And adjacent to the asbestos=-producing areas Bave any

g - greater ipcidence of lung cancer thas those who live elsewbert in

¥

%

the Proviace.

ok
R

Discussion of ALl Recov4ed Lunc Cancer Cases,
Living and Dead, at +  :slos ano Theiiord Liines

Altbough a simple enumeration of all the koown or sus.
pected cases of cancer of the lung in thess arcas hao no particular

value from a statistical point of view, it 13 ¢f wnterest 10 BUIBmMITIzE
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such cases for the record. There were nine dedths prizs 0 the se-
ginnrTg of the time period covered by the study, including sne in whick
the diagrosis was mediastanal lymphosarcema. All of these siae
cases occurred at Toetiord Mines. It is somewhat surprising that
there 13 £0 record of any lung cancer deatks ameng the Asbeastos
group in the interval preceding th; beginnung of the study and egually
80 that 80 cases Lave bees reported in 1956 and 1957, During the
period covered by tius investigdtion, there were six proved cases

and three suspecied cases at Thetford Mines, as \nl!. a3 thTee proved
cases at Asbestos. Througd 1956 and 1o date in HS-T, there were
aight deatbs &t Theuord Mines, 3ix of which were mervely suspected
and included such diagnoses as mediastinal lymmphosarcoma, mesothe-
lioma, cancer of the leg with metastases to lung, absess of luag, azd

cances of the pancreas, One otber was diagoesed on the dasis of x-ray

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

% evideace is strongly suggestive of lung cancer. Thia is & total of 33

‘-' 7 caser of all types, including ten "suspected” but unproved cases, and
four that ars still living. The remasuning 19 constitute the toial of proved
tases of cancer of the lung in both areas since 1940, Sixteen of these
Bave been at Thetford Munes and only three at Asbestos, all of which
occurred during the period of the study.

Toc proved cases averaged 59 years of age at deatk, and

varied between 17 years and o8 years, Their workung span covered

0201
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periods varving berween & muinuniem of I4 yedry and =axorus of 3
years, Only three men bhad less than 25 years of ermployment ia the
indusiry, Seven among those on whom such information is svadabie
bad a weighted exposure placing them in category LU, and s:x worked
in an expesure represented by category [,

Although they were gubjected to post-morTiers examination,
thars wete three among these proved lung cancer cases in which we
do et bave information regarding the presence of asbestosas, Of the
remainiag 17, Tsbestosis was presest i aine, ;.lr.hm;g?. it was ciniman
in two, and two pathologiats disagreed regarding its ;nunu I one.
SSiht of the ;rnv.ed. lung cancers, thereiore, were not accommpanied by

asbestosia,

-
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Y. SUMMARY AND CONCLUSIONS

laterest in the question of whether there may be an as-
sociation berwecn l‘uag cancer abd asbestosis OF exposure o ashes.

tos bas been svident since the report in 1935 by Lynch aad Smith of

4 case is which lung cancer and asbestozis were both presest, As

additional cascs in which the rwo dissases coexisted wers reperied,
A caupal axgociation appears to bave been gradually accepted by many
suthors, altbough & few workers considered the correlation to be in-
conclusive. Cases of lung cancer which bad occurred arnong the as-
bestes wminers io Quebec bad been carefully recorded over the years,
and the pressnt study was coramissionsd in an effort to determine
whether @ causal relationship did, in fact, axist between exposure 1o
asbesion and cancer of the lung. )
Reference to the liteTature sghows & remarkable uniformity
both of method and of cenclusions. Io gemeral, the method bas besz te
sady a circumascribed series of cases of asbestosis and to enumerats
those in which lung cancer oceurred. ne seTies may consist of cares
corsing 1o autopsy or of death certificates mentivaing asbestosid, and
the total number has served a3 the denorminator by which the aumber
of lung cancer cases 15 divided to produce & certain “incidence rale™.

This rate, as reported by various authors bas been consistent]y high,

and its unifermity is indicaled by the following tabulation.
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Asbestons Cancer Fercentage

Auther Deaths o Lung Incidence
Merewesher J44 L1 16.0
Wedler 92 15 16,3
Wyers 115 7 14,8
Lynek & Cannon 40 b 7.5
Gloyme a2t . AT 14,1
Tosals 7l 107 15.¢0

The notable charactaristic of all previcus publications
is tht adberence to the development of a percantage rflnior.ahi; in
A relatively small and very selected group of :uu.- Quly Dou.“”
ameng all of taese autbors, bas described & representative populstion

group and studied it for the mortality rate from fuag cancer and com-

pared this rate with that for & comtrol group. KHis investigation dealt

~ with only 113 men iz the study population,

Since mest earlier studies had been limited to enumerating

the lung cancers found in certain selected samples, such a3 cases
corning te autopsy or death certilicates in which asbestosis was ren-~
tiored, it was apparent that they could a0t fulfill the requirements of
an epidemiolagical and statistical approsch to the problem. The pre-
sent plucy was, therefore, designed 1o meet the requ.iru;c:n of this
metkod,

Alter 3 preliminary survey to explore the availability of
teliable icformation, dats were gathered on workers in the asbestos

mines iz Quebec, based on medical tecords at the Two rmasn locatiens
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of these operations, Conorts were defineo accarding to certain evie
teria and all workers who met these ¢riteria were included in the
study., Through their medical resords, data relative 1o their charac.
teristics were ¢ollected and thear 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 deatd certilicates and-insurance records was
carried out in order to determine As nearly as possible the exact cause
of death. Mortality rates from lung cancer for the gesera] population
of the Provisce of Quebec and its various counties md..for_the Dem:nion
of Canada, as well a3 the Umited States were :alcu:a—e:l {rom statistics
collected in the appropriate placets. Comparisons of the rates obtaned
for asbestos workers and for the other population groups were made
according to accepted statistical methods which have been explained in
some detail in sectien IV,

Records were obtained on 609! persons who fulfilled the

eriteria of our coborts. It was no! possible to trace 133 of thess for

the whole period, but 5771 of the remaining 5958 were found to be still
living in 1955 or Jater. Of the 187 known dead, cancer of the lung was
considered to bave been reasonably proved in nine and (o be strongly
suggested in three.

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

their amolang babits, Four thousand, six hundred and seventy.three

50%
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were {ound 10 Do smokers wathin the definition of that tevm 33 uscd
in this study. Thirty-four percent of the cohort were more thas 45
years of ige, ind 307 bad been employed for longer thas 20 years.
Thirty percent had a weighied exposure whick placed them in cate-
gory L.
‘ The mortality rates for lung cancer, as computed on the
basis of six "praved” deaths among the Thetford Mines cohort and three
"proved" deaths among the Asbestes cobort, were 27,6 per 100,000

for the Thetford M:ines group, and 22.2 per 100, 000 farithe Asbestos
group. When the three "guspected” cases were added, the "total” rate
for iae Thetford Mines cobart rose to 41.3. The rate for the combined
cobort was 25.5 per 100,000 for "proved” cases, and )4 per 100,000
for “proved” and “suspecied” cases. The importazce of the suzpecied
but unproved cases in ducrnin.‘y?g these rates bas baen reiterated be-
cause it is likely that such cases would aot be included in the statistics
for the ganeral populstion,

Agcording to the findings in tb.i.s study, the mortality raie
from .ung cancer doss not appear to increase with length of exposure
or with degree of exposure, a fact which prescnts stroag evidence a-
gainst thet carcinogenicity of asbestos. Orn the other band, the study
indicates that cigaretie smoking is 4 very importaat factor in the in.
cidence of cancer of the lung.

A comparison of relative {requency of lung cancer and as-

bestosis 1s less reassuring. but we balieve that th:s is because of as

S I, TR B indy s £ TG S s L. 4, et = e
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indicated by the medical records is far below that which would be
expected on the basis of all previously published figures, Naryrally,
when the cases of lung cancer are compared with an arnficialiy low
figure, its refative incidence will be higher than it should, However
this may be, 12.%5% of the recorded cases of asbestosis in this study
developed lusg cancer, a figure slightly lower than those quoted by
authors wbo conflined themseives to this type of comparisen.
Companlun of the experience among the a:sbe_stes miners
with that of various ugmenu' of the une;tpoud. :om;a‘uble population
shows thatl the observed number of deatks among the muners is got
ng.m.t;emtly greater, The tate for proved cases among the asbestos
muners (25,5 per 100, 000) compares well with the rate of 22.5 per

100,000 for the rest of the Province, and 20,8 per 100,000 for acult

mMmales throughout the Dorminion of Canada, It also compares satisfacto-

rily with rates of 37,2, 25.3, and 8.0 obtained from various sources

for adult males in the United States. Fisnally, ia this matter of com-
parison, it would appear that -lhe world-wide experience of pcraons ¢x-
posed to asbestos dust 13 not worae with respect to lung cancer than that
©! the wnexposed population.

The countics surrounding the asbestos .producing arsas, and
in which it 1s presumed meost of the asbestes minvra live, bave Almost

wentical mortality rates with those of ei1ght counticy widely scattered
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through the Provincé, and are Jower than those for the rermainaer cf
the Province, and much lower than the rate {or Montreal.

Since 1940, there have been 19 cases un which the diag-
nosis of primary cancer of the jung may be considered to hive been
proved. Appreximately half of these cases were associated with as-

bestosis, All but one died in the recognized "cancer age” and at least

one-third had only the lightest exposure {category 1) to aabestos dust,

Conclusions :

Op the basis of a carelul and detaiied study of what are
believed to be co;npluc and reliable data, it seems {auir Lo conclude
that the asbestos rmuiners at Thetford Mines and Asbestos in the Preo-
vince of Quebec do not bave a pignificantly higher deaih rate from lung
cancer than do compirable segments ¢f the general population, Despite
this, the resulis suzgest that & mauner who develops the disesse asbes~
tosis does bave 4 greater likelshood of develeping cancer of the lung
than & person without this disease. We sus‘pect. however, that unders
reportang of asbesiosis cases bad led to 3 fallacious finding in this con-
agcyon, ’

The death rate from lung cancer in the areas camrmgunus e
Lhe 2aDestos Operations 13 comparable to that in areas widely s¢attered

thruughiout the Provinee of Quebee and is lower than wtn some urbanized

wrvur W% ine Province,
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The preseat study indicates that the feet of cigare:te
amokinf is 3 rouct mere important coasiderstion 1 the produsiien
of lurg-cancer thaz 1a exposure to 3abestos, and in this respect, it
teads to confirmm recent studies dealing with the elfess of smoking.

The value of this investigation would be considerably en-
banced by continuizg the observation of the coborts formulated Bereun
on & year-bDy-yedr basis. It is strongly recommended that the chest
x-rays of all workers be submzitied te an independent veading [or tae
diagnosis of asbestosis, since an inaccurately low incidencs rate for

this disease creates an artifically bigh rélative incidence for lung cancer.
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