4 0 g

E

g.
i
]
§,

4

L)

tions in the Study of Cancer in Industry, Am. J.

Pub. Health 44:1159-1166 (Sept.) 1934,

23, Davies, D. F.: Current Status of Lung
Cancer Research: Some Pathogenetic :\:pects.
CA 6:169-174 (Sept.) 1936,

26. Desmeules, R.; Rousseau, L.; Giroux, M,
and Sirois, A.: Asbestosis and Pulmonary Cancer,
Semaine de. hop. Paris 23:1820-1823 (Aug. 7)
1947.

27. Doll, R.: Bronchial Carcinoma: Incidence
and Aectiology (Milroy Lectures, abridged), Brit.
M. J. 2:321-327 (Sept. 5); 385-390 (Sept. 12)

- 1953,

28 Doll, R.: Morulity from Lung Cancer
Among Asbestos Workers, Brit. J. Indust. Med
12:81-86, 1955.

29. Donnelly, J.: Pulmonary Asbestosis, Am. I.
Pub. Health 23:12753-1281 (Dec.) 1933

30. Dom, H. F, and Cutler, 5. J.: Morbidity
from Cancer in the Unted States, Pub. Health
Monograph No. 29, P. H. S. Publication No. +13,
U. S. Public Health Service, 1933, 121 pp.
~ 31. Dom, H. F.: Cancer Morbidity Surveys: A
Tool for Testing Theories of Cancer Etiology,
Am. J. Pub. Health 45:615-621 (May) 1933

32, Egbert, D, S., and Geiger, A. J.: Pulmcnary
Asbestosis and Carcinoma: Report of a Case with
Necropsy Findings, Am. Rev. Tuberc. 34:143-130
(July) 1936,

33. Ellman, P.: Pulmonary Asbestosis: Its
Clindcal, Radiological, and Pathological Features
and Associated Risk of Tuberculosis Infectiom,
J. Indust. Hyg. 15:165-183 (July) 1933

34, Ellman, P.: Pulmonary Asbestosis,
Roy. Soc. Med 3:357 (July) 1941

35. Feil, A.: Pneumoconiosis in  Ashestos
\Workers, Presse med. 39:1872.1874 (Dec. 19)
1931,

36. Fulton, W. B.; Dooley, A.; Matthews,
J. L. and Houtz, R, L: Asbestosis: Part IIL
The Effects of Exposure to Dust Encountered
in Asbestos Fabricating Plants on the Health ot
a Group of Workers, Special Bulietn No 42,
Peamsylvania Department of Labor and Industry,
Bureau of Indust. Standards, Sept. 20, 1933

37, Gardner, I.. U, and Cummings, D. E.:
Studies on FExperimental Pneumoconiosis: [nhala-
tion of Asbestos Dust; [ts Effect upon Primary
Tuberculous Infection, J. Indust. Hyg 13:03-81
(Feb); 97 (March) 1931,

38. Gilliam, A, G.: Mortality Trends in Lung
Cancer, Cancer 3:1130-1136 (Nowv.-Dec.) 1433

3o Gilliam, A, G.: Mortality Attoibuted to
Lung Cancer in the Lirge Cities of the United
States in 1748 and 1749, J. Nat. Cancer Inst
15-1307-1312, 1935,

4). Glowue, S R - Two Cases of Squamous
Carcinoma of the Lung Occurring in \hestosis,
Tubercle 17.3-10 (Oct) 1935.?\; A

632

Proc.

A. ARCHIVES

_evaluation of Present Day Evidence:

- imuntnl

OF INDUSTRIAL HE{LT;:

4l. Gloyme, 5. R.: Pneumoconiosis: A Hige
logical Survey of Necropsy Material in 1205 Caen,
Lancet 1:810-814 (Apnl 14) 1951,

42 Gloyne, 5. R.: A Case of Qar-Celi 3.
cinoma of the Lung Occurting in Ashetrars
Tubercle 13:100-101 "(Dec.) 1936,

43. Gloyne, 5. R, and Merewether, E. R, A .
Asbestos, Oceupation and Flealth, Supplernen: 1w
Encyclopedia on Qccupation and Health, Genew,
International Labor Office, 1933,

H. Goldblatt, M. W, and Goldblau, J.:
dustrial Carcinogenesis and Toxicology, in Ine
dustrial Medicine and Hygiene, edited by E. R A,
Merewether, London, London, Butterworth &
Co. Lud, 1936, Vol 3. pp. 1B3-188.

45, Haenszel, \W. M.. Epidemiological Tewts of
Theories on Lung Cancer Etiolegy, Pub. Healiy
Rep. 71:163-172 (Feb.) 1036.

46. Hammond, E. C.: Lung Cancer and Coms
mon Inhalants, Cancer 7:1100-1108 (Nov.) 195

47. Hammoond, E. C.: Etiology of Bronchiogeme:
Carcinoma, CA 6:136-168 (Sept.) 1936. -

48. Holleb, H. B, and Angrist, A.: Bronchiow
gemc Carcinoma in Association with Pulmonary-
Asbestosis: Report of 2 Cases, .\m. J. Path. 18:
123-135 (Jan.) 1042,

49. Humburger, F.: The Co-Incidence ui
Primary Carcinoma of Lungs and Pulmonary
Ashesto~is: Analysis of Literature and Revort
of 2 Cuses, Am. J. Path. 19:797-807 (Sept.) MY

30. Horn, D.:

Tne

Is Lung Cancer on the Ircrensel
Cancer of..
the Lung., Proceedings of the Scientific Section
Annual Meeting, American Cancer Society, Ine,
Now. 1.4, 1933,

31. Hornig, F.: Clinaal Consideranions on the
Question of Tedustrial Cancer of Ashestos Work-
ers, Ztschr. Krebsforscle 47:281-287, 1938,

532 Hueper, W. C.: Cancer in Its Relaton to
QOccupation  uul  Environment, Bull, Am. Soc
Controt Cancer 23 63-69 (June) 1043

33. Hueper, W. C.: Sigificance ot Livlustrad
Cancer in tite Problem of Cuncer, Ocenp Med
2.100-200 (Sept.) 1746,

34, Hweper, W, C.: Environmental and Oocupas
tional Cancer, Public Health Service, Supp 209,
L. 5. Public Health Service, 1949

35. Hueper, \W. C.: \ Methodolowy for Fnviron=.
mental and Occupatuaal Cancer Surveys, [Cubuc
Health Monograph No. 1, P, H. 3. Pubhweauam
No. 12, U. 5. Public Health Service, 1030

6. Hueper. W, C.:  Environmentai
Cancer, Indust, Med, 20:49-62 (Feb) 1931

37. Hueper, W. C.: Occupational and Environ=~
mental Pulmonary Cancers with Special Reference .
o Pneumocouiosis, Proveedings, Tth
Syinposium o Pneumo-oniosts, 1932,

3R, Hlueper, W, o0 A Quest into the |
‘Gaumey on L‘:!uhﬂl the T.unz,

.

| SRVRT

Sanaé

marens
roi

Y
' 2

|3
!

B NG

!

{ealth

No o 432

i

sa H

el

ths, Ut

ol 1

(K

Keprort

wondad
« Nav.)

6l. &
Sudy
aud L

62
studie-
Faryne

63. !
Larcir
t [-uv )

I \\
Pust
liminz
1933.
65.
New
1038,
66.
pany
Indu-
67
pativ
path.

| BB 000580¢




o+ LUNG CANCER IN ASEUMBOE MINERS

% Health Monograph No. 36, 3% %, Publication
“No. 432, U. 3, Public HeallliR e, 1953,
39, Hueper, W. C.: Environmental Causzes of
- Cancer of the Lung other than Tobacco Smoke,
» Dis. Chest. J0:141-1538 (Aug.) 1936,

’ 0. Isselbacher, K. J.; Klaus, 1., and Hardy,

“H. L.: Asbestosis and Bronchogenic Carcimoma:

« Report of One Autopsied Case and Review of

~ Available Literature, Am. J. Med 13:721.732

= tNov.) 1953,

2 61, Kennaway, E, L., and Kennaway, N. M.: A

< Study of the Incidence of Cuncer ot the Lung

.und Larnnx, J. Hyg 36-236-267 (June) 1936,

62, Kennaway, E. L., and Kennaway, N. M.:

- Studies of Incidence i Cancer of the Lung and

" Larinx, Brit J. Cumcer 5:153-138 (June) 1951

63, Klotz, M O: Assomation oi Silicosis and

+ Carcincnna of the-Luflg, Am. J. Cancer 35:38-49
Jan.) 1939, - - -

- 64 Lanza, A, J.; McConnell, W. J, and Fehnel,
1. \W.: The Effetts of the Inhalation of Ashestos
Dust on the Lungs of Asbestos Workers: Pre-
liminary Study, Puh. Health Rep. 30:1-12 (Jan. 4)
1635, - :

65. Lanza, A. [, editor: Silicosis and Ac<hestosis,
New York and Lemdon. Oxford University Press,
038, it

shy Records for Cancer Studies, A. M. A, Arch.
ndust. Hyg. §:198-208 (March) 1932,

o7. Linzbach, A J., and Wedler, H. \V.: Occu-

. patunal Cancer among Asbestos Workers, Arch.
path. Anat. 307}%7—4@, 1941,

68. Lynch, B M, and Smith, \V. A.: Pul-
ronary  Asbestosis: Carcinuma of TLung  in
Asbesta-Silicosis. Am. J. Cancer 24-36-64 ( May)
1933,

' % Lew, E A Use of Life Insurance Com-

62 Lynch, K. M., and Simith, W. A.: Dal-
“nonary Asbhestoris: A Report of Rremchial Car-
cinoma and Epithelial Mctaplasia, Am. I. Cancer
30 .367-373 (Aug) 1939

0. Lynch, K. M., and Cannon, W, M.: A:bes.
«4is 1 Analysis of 40 Necropsied Cases, Dis, Chest
14874839 (Nov.-Der.) 138,

7L McI'terters, 8. B.: A Sorvey of 3 Group
+¢ FEmplorees Fiposed to Ashestos Dusr, .
Tolas Mg 18-220.2390 (Aprsl) 1936

72 Merewether, £ R A.: The Occurrence of
Pulmwmiary Filrncia and Uther Pulimonary Atfec-
vond e Achesios Warkers, 1 Tnduer Hyvy 12

Vg May ) 210 ¢ hune) 1430, ioeia, faneet 2.0934.956 1 Oct. 31) 1931 P iae
73 Merenether, . R A, aud IPrice, C \V: 1 Waers, Hoo Nsbestows, Postgrad Med, 250, -
Report em Effects of Asbeston Diost onthie Lumes od1638 (Dee )y 1949, Y

<ol Dost Scppression i the Ashestos rdustry,
London, His Majeaty™s Stationery Otfice, 1030,
"t Merewether, E. R A0 A Memarandum on
“osis, Tuberele 15:109; (Dee) 1v33:; 15,
tlan) 1934,

Rraun—Truan

73. Merewcther, E. R A.: Annual Reports of
the Chief Inspector of Factories, London, His
Majesty's Stationery Qffice, 1947,

70. Merewether, E. R. A, editor: Industrial
Medicine and Hygiene, Londan, Butterworth &
Co.. Ltd.. 1136, Vol. 3,

77. Nordwann, M.: The Industrial Cancer of
Workers in Aszhestos, Ztschr. Krebsforch. 47 :288-
302, 1938.

78 Nordmann, M, and Sorge, A.: Pulmonary
Cancer DProcluced by Asbestos Dust in Experi-
mental  Ymmals, Ztschr. Krebsforch. 31.168-182,
1041,

79. Phillips, A J.: Mortality from Cancer of
the Lung in Cunada (1931-1952), Canad. M. A J.
71 242244 (Sept) 1954

80. Saupe, E.: Further Contributions to the
Roentgenvlogical Diagnosis of Asbestosis, Arch,
Gewertepath. u. Gewerbehyvg., 9:391-306, 1939.

81. Smith, K. W.: Pulmonary Disability in
Ashestos Workers, A, M. A. Arch. Induzt. Health _
12:198-203 (Aug) 1955

82, Smith, L. \W.: Pneumoconivsis wnd Lung
Cancer with Special Reference to Silicosis and
Ashestosts, Compens. Med, 2:3-10 (Nov.) 1949

33. Smith, \W. E.: Survey of Some Current
British und European Studies of Occupational
Twmor Problems: Part II1. Asbestos, A M. Al
Arch. Indust, Hyyg 3:242-263 (March) 1932,

M. Seoll, R.; Bass, R., and Anerist, A.:
Asbestosis  Associuted with Bronchogenic Car-
cinoma, A. M. A. Arch. Int. Med 2%-331.834
(Dec) 1031,

85, Teleky, L.: Occupational Lung Cancer, Acta
Union internat. contre Cancer 3:253.273, 1938;
alen, Zentrathl. Gewerbehvg. 27-33, 1930,

#6. Vorwald, A. T: Durkan, T. M, and Pran, &3

P, C.: E~xperimentad  Studies  of  Asbestosig,
A M AL Arch. Tndust. Hyg, 3:1-43 ¢ Jlan) 1951
N7, Wedler,  H. W Achestasia and  Lung
Cancer, Deuteche med. Wehnschre, 69 373-376 -
(Aay, n) 1043 ‘

&3, Wegehius, € ¢ Changes in the Luags m 126
Cases ot Achestenis Ohcerved in Finland, Acta
radiol, 28.139-152, 1947,

2% \Werher, M., [Dulmonary  Ashestosrs Asso-
viated with Curcinoma, Zentralbl, Arheit-mred. u.
\rhestsachutz -2 179180 (Nov,) 1032,

O \Wead, W D and Glovne, 8 R : Pulmonary
\ -hectimre (wnmp[;x.\tml b l’nlmnnur}' TU“ETCU-

T —

@2 \W\amder, Fo L, and Grabham, E. .-\.:}
Enolowie Factors v Bronchiogenic Carcinomasesy
with Spectal Reference to Industrial Exposures ;™=
Keport or 857 Proved Cases, A M. A, Arch,
Peduse, Hyro 4-221.235 (Sept.) 1931

s

Sl

oy ey




DANIEL C. BRAUN, M.D., and

Ever since the pronounced increase in
the incidence of lung cancer among males
became apparent, there have been attempts
to associate it with one or another of the
various elements in the environment of
man. The approach used by some workers
has been to suspect one or several sub-
stances and then set about in an intensive
search for lung cancer among persons who
have had any exposure to those materials.
In this connection, Smith ® writes: “The
tendency of authors reporting the coinci-
dental occurrence of primary lung cancer
with silicosis or with any other theoretical
etiologic conditions, has been to emphasize
the percentage relationship in extremely
small series of cases, with control cases
which are not in any way comparable.”

It would seem inevitable that asbestos
should come under scrutiny in this manner,
because prolonged exposure to this material
is known to cause a specific type of pneu-
moconiosis, and because persons who show
this form of pneumoconiosis often come to
autopsy and provide a ready source of
material for study. It was in this way that
reports of the simultaneous occurrence of
lung cancer and asbestosis began to accu-
mulate after the report of a case by Lynch
and Smith ® in 1935, Within the next 10
years, about 15 additional cases were re-
ported. and in 1954 Merewether 7 reviewed
all deaths from asbestosis recorded in Eng-
land since March, 1924. Lung cancer oc-
curred in 165 of these cases. Gloyne!

Aczepted for publication Jan. 20, 1958

This study was made possible through a grant
from the Quebec Asbestos Mining Association.

Medical Director (Dr Braun) and Statistical

Consultant (Mr. Truan), Industrial Hygiene
oo NOTE: TH!%"
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Reprinted from the A, M. A. Archives of Indusirial Ilealth
June 1958, Vol 17, pp. 634-653

Copyright 1938, by Amcrican Medical Association

RUAN, MLA., Pittsburgh
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whose work is also frequently referred to
as establishing a connection between asbes-
tosis and cancer of the lung, reported in
1951 that cancer of the lung was presenm:
in 14.1%¢ of asbestosis cases examined by
him. In 1941, Nordmann and Sorgc*t
claimed to have produced lung cancer in
mice which they exposed to ashestos dust.

Since 1951, additional cases of cancer of
the lung coexisting with asbestosis have
been reported, and, according to Hueper
about 100 such cases had been reported up
to 1935, As a result, an association between
the two diseases appears to have been ac-
cepted by many authors, and several writers
were using the term “asbestosis cancer” of
the lung. Werber,®™ in 1932, stated cate-
gorically that in 7% to 179 of cases of
asbestosis, after a latent period of about
134 to 20 years, carcinoma becomes estab-
lished in the lung.

On the other hand, not all authors ac-
cepted this  alleged association  without
reservation. Saupe ® in 1939 reported that
he had discovered no cases of lung cancer
among 620 cases of asbestosis which he
had examined; and in 1942, Holleb and
Angrist ** expressed the opinion that the
number of cases of asbestosis with lung
cancer was too small for statistical evalua-
tion. In 1947, Wegelius*® reported 126
radiologically diagnosed cases of asbestosis
among 476 workers in Finland, and found
no cases of lung cancer in this group
Goidblatt and Goldblatt in their section of
Merewether's latest bock,* state:  oLut ac
no stage in all these impressive researches
was any clue obtained which might have
offered any support to the possibility that
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LUNG CANCLR 1IN A>BL3TUS MINERS

is no reliable criterion by which one an
anticipate carcinogeniciy well
known, relatively minte changes o the
struvtuze of a chemical carcinogen are suffi-
cient to diminizsh or eliminate carcinogenic

and, as 1s

action.

If asbestos is indeed to be regarded a- a
carcinogen, the need is felt 1o demonstraie
somy property which can be regarded as
something more than mertness.”

Thesv authors advince the theory that,
until some more experimenial evidence of
direct carcinogenesiz by asbustos or a de-
composition product of it can be obtained.
asbestos might be considered as a “co-car-
cinogen' which only induces a further de-
velopment oi a preneoplastic condition
brought about by something independent of
the astrstos, such as an endogenous factor.

Thus the literature, while tending 1o sup-
port the thesis that asbestosis 15 in some
way related to the development of lung
cancer, is by no means unanimous. Alo-
gether, it is perhaps more confusing than
enlightening. A careful review shows that
the majority of the reports are clinical and
not epidemiological. They lack many ele-
ments necessary for the application of
cpidemiological techniques to their content.
and most of the authors do not make claim
to having done so. What has happened 1+
that succeeding authors have drawn conclu-
sions and generalized beyond the scope of
the works which they quote. Nowhere. for
example, have we found references to a
population of asbestos workers, although
several authors who have quoted the ob-
served incidence of lung cancer in autopsies
of persons who also had asbestosis imply
that this incidence applies to asbestos work-
ers, gemerally. We have likewise been
unable to find any study which actually
calculated the incidence of lung cancer
among a population of persons who had
asbestosis, and not just those who came 1o
autopsy. With the exception oi a paper
by Doll,?® none of those reviewcd gave any
data on exposure and dust concentrations,
and even Doll's paper merely mentions

?YJ'{_ 1l—-—.‘_1‘
Broun—Truon YRR R
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Tscheduled” areas. by which ie eant
“those arcis where processe- are carricd on
which were scheduled under the
Industry
dusty”

There i Turtin:: .o, -
of detinitiear of 1ern.- -
lished Trerature. For exampice, the e
tashestusis,” as wsed, nay refes e ehaeg
observable only by miterescnpe exar b
of the lung tissue, or it may n :
logically detectable condition,

Most oi the publizhed rejacte i gl
included women among theis cise
qome of them du not give the nwsbe- o
proportion of women involved in the sy,

siwlins
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There i~ also o lack of wntiomio o -
what type of exposure mast stubes
dealt with. OFf 99 cases enumerats! by
Hucper ¢ in 1953, only 10 apjnar 1. has e
originated in the United States. and 7 |
Canada. Some of the earlier remirts ap-
parently included asbestos miners. bur i
can be aszsumed, since 82 of the 99 ca-c:
had originated in England, and since o
asbestos mining uperations are carried on
in that country. that most of the reporie!
cases have involved workers in the textil:
or fabricating industries,

ke

Such factors as smoking habuts. fimih
history oi cancer. length of time iy the
industry, and age of the individual cas are
also notably absent in the majority of these
reports. .

With this understanding af the linin,-
tions of the exisung literature with respec:
to epidemiological generalization. it mayv
of valuc 10 consider in somewhat more de-
tail somy representative earlier publicasions.
a few of which were reicrred to briefiv
above. -

One of the most detailed studies and one
which deserves the most serions considera-
tion is that reported by Doll** i 1035
This study reviews causes of death among
asbestos worker: based on coroner:’ rec-
ords. It also attempts to estimate the rish
by studying records of men who worked
for at least 20 years in exposed situation,.

..\,;,:-m,_ _”D
635

1_BB 0005807

- e, YR s s Y g




EAR M ray = SRR

S BT R LT

P A TR B W
ot Sty i

R n‘n-‘_i;_:__

A AL

Doll concluded that hung cancer was a spe-
cific industrial hazard of certain asbestos
workers and that, after 20 vear~ of expo-
sure, the risk is 10 times ax great as for
the general population,

This article i important for several rea-
sona, in addition to the definite conclusions
at which it arrives. For example. it begins
by stating that “in view of the mirequency
of asbestosis, this large numlbwr of cases
161 cases of lung cancer) suggests—but
does not prove~—that lung cancer is an
occupational hazard of asbestos workers.”
Neither this article nor any previous one
which we have examined presents any fig-
ures to prove that asbestosis is an infre-
quent occurrence, Estimates of the number
of persons potentially exposed to asbestos
dust in the United States alone vary from
10.000 to 35,000, and the incidence of as-
bestosis of any degree might be higher than
Doll imagines.

This study, like so many others, involves
autopsy records. The number of persons
involved in the statistical analysis is only
113, representing only 1,042.25 man-years
of life. It is also true that in selecting men
who had been employed for at least 20
vears, the study automatically excluded
those who died from other causes after
shorier employment.

Another reason why this publication is
of importance is a statement which it con-
tains to the effect that “the strongest evi-
dence that it (lung cancer) may be a hazard
{in asbestos workers) has been produced
by Merewether and by Gloyne.”

In 1951 Gloyne*!' presented a review
of 1205 autopsies on persons who had
worked in various dusty occupationis. This
number included 132 asbestos workers, of
whom 121 showed '‘pneumoconiosis’—pre-
sumably asbestosis. Primary cancer of the
lung occurred 17 times in this group, an
incidence rate of 14,1% for -~ cancer
among asbestosis cases coming tu aufopsy.
There were tn his series 796 cases with sili-
cosis, and 6.95% of these also showed pri-
mary cancer of the lung. The incidence of

636
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lung cancer in other forms of pneumeconio-
h7%¢. and in 169 ca~e~ which
proved not to have any tvpe of pneumes.
coniozis 1t was 8.3%. Glovne conepleral
“the mortality of the asbextns worker™ 10
be “disturbing.” First of all. it iz abuious
thar the pajer does not deal with the “mor-

Wi~

28

tality of ashestor workers” and secomdiy,
it must e borne in mind that all of Dr
Gloyne’s case~ were submitted to him fror
study because the findings were unu-ual
for uncomplicated pneumoconiosis. It can
reasonably be assumed that cuses, including
those of asbestosis. in which the finding~
were not considered unusual were ned aont
to Dr. Glovne for examination. As: a ma
ter of fact, in the same paragraph in which
he expresses concern over the incidence
rate in asbestosis, Dr. Glovne himsclf
points out that the rate for lung cancer
based on necropsies at the Londnn Chest
Hospital was 21.3% while the figures of
the Registrar-General showed only 2.4¢.
He thus recognized that autopsies on u cer-
tain selected group of cases were ne: rej.-
resentative of the general population. It
would seem, then, that notwithstanding the
value of Dr. Glovne's work, its importance
as an index of the prevalence of lung can-
cer in asbestotics has been misimerpreted
by some who have quoted him. All thut it
really shows is the fact that in a grou. of
121 cases. selected for special study pri-
marily because they seemed abnorm:ul by
prehminary examimation, 17, or 14.1¢, had
lung cancer,

Merewether ™ in 1947, in the report of
the Chief Inspector of Factories. reviewed
all cazes reported between 1924 and 1940
in which asbestosis was the cause of death
or a coexisting condition. This work was
later extended to include all such cases re-
ported up 10 December, 1934, by which tine
there were 344 deaths, including 203 males
and 139 females. Among them were 33
cases (16%) of cancer of the lung, 41 in
males and 14 in females. It is quite possible
that a large number of asbestotics who did
not die of their asbestosis, or in whose

D':\.'ri!..} ?‘AE?‘;T ma. June, 1038
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LUNG CANULR IN ASRLNTON MINLRS

" death certificale it was nat mentioned, may
have been missed. The import of this 16T
is enhanced by the simulaneous statement
that the incidence of lung cancer i autop-
sies of the gencral populatien i only 1¢¢
The danger of atntempting o compare a
rate found m 344 cazes with the rate for
the general populavion without respect to
age, occupation, and many other variables.
such as smoking habits, is obvious.

Lynch,” who with Smith ¢ had reported
the first case in 1933, reported 4 cases of
carcinoma of the lung in a sertes of 49
autopsies on workers in an asbestos manu-
facturing plant who were shown to have
“demonstrable deposits of asbestor in the
lungs.” This, of course. is not necessarily
identical with the disease asbestusis. Lynch,
himseli, point: out that, although this is an
incidence of 8.27¢, “both figure: are too
small for very serious statistical types of
calculation.” Nevertheless, later writers
have used this paper to strengthen the case
for an association of carcinoma of the lung
with asbestosis. It is also of interest that
Klotz % found only the same number of
cases of lung cancer in a series nearly 10
times as large. i. e. 4 in 478 cases of
asbestosis,

Behrens, as cited by Merewether.™ esti-
mated that, of 309 cases of asbestosis in the
literature, 44 showed associated cancer of
the lung—giving an incidence of 14.2¢.
This is an illustration of generalizing an
incidence obtained in a group of cases
which were undoubtedly reported only be-
cause some of them showed lung cancer. to
possibly hundreds of asbestolics whose
cases were never reported. The same ap-
plies to the conclusion of Teleky.* who
appears to have reviewed reports of 39
autopsies on persons with asbestosis among
which 6 cascs of lung cancer occurred. In-
formation from sources such as these does
not justifv generalizations with regard to
mortality rates,

Perhaps no one has written so exten-
sively on the subject as has Hueper.3*3®

Lo BRI
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prior to that date and enumerated 5
oi 99 lleven of the-e e ver
cussedd by Dol ® and may have beon:
covered by other authar-. Fagh' wern
covervd by Kennaway and Kennaw
an analvais of death certihente
Merewether's study
caser should have been included wo bo-
port. Of the remaining =0, it - g
sible that the 31 contribuied L'\- Merewe:
and the 17 by Glovne contain some duy.
tion with each other or with theee of o
English author.
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Principles of the Epidemiclogical
Method

Dorn 3 ha> pointed out that much o vl
15 now thought to be pertinent convery ¢
the comparative irequency of lung can.-r
in different population groups has been: -
veloped from the analysiz of chmeal @ -
terial, particularly surgical and auuge
records, supplemented to some extent- !
the reported impressinons of various cliz
cians based uprn their personal obsert @
tions. More recently, atientive
has turned 1o the systematic invest
tion of this problem by the :ame methe.'-
that have proved so successful previou-ly -
the study of communicable diseases, that -
to sav, by epidemiological methads,

In order to apply this method of imes
gation to the problem under discussivi. w.
were of the opinion that a study should -
planned o0 as to provide 1) a well-denne
population group: 20 avalable data fur oW
member: of thiz population, including th
healthy as well as the i1l: 13 a samjl
which is truly representative ot the popul.
tion: (4) reliable and vahd obzervidior-
relating to the problem of the study

however.

A serious defect, common to most of thy
studies which have been reported. 1~ the
hittle or no information concernmg  the
healthy people ir the grou, =eems to hine
been available to the author. In order n
draw a generalization regarding all asbest.
workers, it is necessary for a study to n.

In 1955 he reviewed the cases® r cludc l:\mg‘ ersons as well as the den’
FOTE: soUmmaT O L
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Limiting the investigation to cases coming
to autopsy, as has been frequently done in
earlier studies, still further restricts its use
in gencralization. The problem with which
we arve concerned s whether  asbestos
miners experience more lung cancer than
does the general population. The answer
necessitates the collection of reliable infor-
mation on asbestos miners as a group, as
well as on the general population.

It seems advisable to discuss the difier-
ences between the epidemiological approach
and that used in the studies which have
been reported to date. A very important
consideration is the fact that lung cancer,
in spite of its increasing numbers, 15 still a
disease of luw incidence; that is, in a given
population not many persons will contract
this particular disease. This fact requires
that large samples or groups must be stud-
ied to provide meaningful results,

Recognizing the difficulty of obtaining
such large samples, most earlier writers
deviated from the epidemiological method
and sought to circumvent the requirement
of observing well persons by (1) compar-
ing the relative frequency of cancer in vari-
ous sites: (2) comparing the relative
frequency of cancer in a group of hospital-
ized patients: (3) comparing the relative
frequency of cancer in a group of cases
coming 10 autopsy,

Attempting to compare two population
groups, looking only at the relative fre-
quency of cancer in various body sites,
may result in finding a higher percentage
(relative frequency) in one of the groups,
when, in fact, the mortality rate of cancer
of a particular organ is exactly the same
in both groups. This is very clearly dem-
onstrated in the excellent article by Dorn
The mortality rate from a particular cause
is the true measure of comparison.

.. is apparent that selected groups such
as hospitalized patients or aut/psy cases
may not be in any way representative of
a larger group, and that in deaiing with
such samples, the observer may easily find
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be found in another group of the same size.
but representative of the general population.
It 18 true that investigation of caces fron.
such 4 sample can furnish information
valuable for research, but the use of thi-
information in drawing generalization. 1«
necessarify restricted. It is the obligauon
of both the investigator and of theme whe
read his report 10 make proper comparisons
and to draw only those conclusions which
are valid and justified. A good statistical
study of cases of cancer of the lung occur-
ring in a group of autopsies can lead to a
proper inference concerning the frequency
of lung cancer among case: coming tu
autopsy, but only to such cases. For in-
formation from such a study to be pro-
jected o some larger group, it is necessary
that the autopsies represent a good sample
of that larger group. To assume that such
1s the case in any particular series is dan-
gerous and likely to be false. ”

There is some danger that the figures
reported by some authors may be miscon-
strued as applyving to asbestos workers or
even asbestos miners. when, in fact, the
authors in question do not make this gen-
eralization. nor can the generalization be
made for the reasons stated. Close study of
the reports reveals that the percentage~
cited relate only 1o the group of autopsies
covered by the particular investigation.

The present study. in contrast to the
earlier works, has been planned to utilize
the epidemiological method. A well-defined
group of ashestos miners has been estal.-
lished in such a wav that it constitute- a
good sample of the whole population of
asbestos miner: in Quebec, Data for all
members of this group have been collected
and analyzed. Those concerning Jung can-
cer have received most careful considera-
tion. Details of the method: emploved will
be set forth later, but the type of approach
is considered to permit of fair comparnisons
and valid generalizations

Collection and AnalysxiV\ d )

A prehmmar} survey of potential sources
1956, involved
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LUNG CANCER IN ASBLNTON MINTRN

discussions with the physicians in charge
of the asbestos companies’ programs and
with clinicians, pathologists, representatives
of City and Provincial health depirtments
and of the Canadian Cancer Socicty, and
vther interested per-ons Tt was found thint
morbidity data, although somewhat limited.
were available from such sources as the
hospitals in Montreal and Quebee City, and
the 13 cancer detection centers in the Prov-
ince. However, becaure of the high maor-
tality in lung cancer, it seemed advisabic
to depend upon data relating to deaths
These we found tn be obtainable at the
vital statistics deparument of the Miniatry
of "Health in Quebec City. From the pre-
liminary suriey, it was apparent that exten-
sive and detailed information could be
gathered with respect to both the persons
emploved in the asbestos mining mdustry
and the mortality figures for the general
population,

Following thiz exploratary survey, the
initial effort was directed to the collection
of data relating to all workers who had
been processed through the clinic at Thet-
ford Mines since its inception in 1947, and
similar information regarding all workers
at Asbestos, Que. Data from the clinical
records included the age, familv and per-
sonal medical histories. smoking habits,
number of years of exposure, an estimate
of weighted expnsure, and the course of
the individual's health statuz or the cause
of his death.

From this information it was: possible
to formulate a “cohort” which could be well
defined, should be representative of the
whole group, and could be followed for a
definite period of time. All of the available
experience indicates that the development
of asbestosis in less than five years of ex-
posure must be somewhat rare. Accord-
ingly, the cohort was defined as including
every miner who had a total exposure of
five or more years, and who was on the
employment rolls in 1950. Office and other
nonexposed personnel, regardless of length
of employment, were not inciuded. This
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cohort was then followed Ly muin- of the
annual  physical  examination  records
through & six-year interval, 1930 :hrough
1955, All data regarding this groc, were
then tabulated in order 1o deterniiine the
characteristics of the cohort. For thew whe
survived the entire periedd, refercie ¢ was
maide o the physical examination -esuls
and x-ray findings at the end of the :.riod.
Those who had died were tabulatc’ <epa-
rately., and the cause of deatl was
corroburated by examination of the death
certificates. A further search wu: :made
concerning those in the original cuho— who
remained unaccounted for when the hving
and the known dead had teen tihwlated.
Thev represent men who had left cploy-
ment through retirement or resignation.
Eventually, all but a small number oi these
were accounted for as either living or dead,
and in the latter event, the cause of death
was substantiated in a similar manner, and
the results added to the original lis: of
deaths,

Death certificates for the Province of
Quebec for the vears 1952 to 1953, inclu-
sive, were reviewed in the departmen: of
vital statistics of the Provincial Health
Ministry, together with statistical sum-
maries of the causes of deaths in the Prov-
ince by counties. All cases in which death
was certified as having been due to pri-
mary cancer of the lung were examined for
such information as place of residence.
occupation, date of death, hospital in which
death occurred. and whether or not an
autopsy: was performed. Caszes in which
lung cancer was given as a cause of death.
but in which it was not specified a. to
whether the cancer originated in the lung,
were also reviewed in an effort to include
all instances of primary carcinoma of the
lung in the study.

The statistics for the Province of Quebee
relate to population, total deaths from all
causes, 1otal deaths from cancer of all 11wes.
and death: .:-om lung cancer. There were
collected and tabulated by counties and by
sex for the yvears 1930 to 1933, inclusive.

639
Y AT P'.)
‘( ST et u“

[ Y

W S S S S —

C bt



eyt = e e S S e

§ i

A M

From them, death rates for the general
population of Quebec and of individual
counties were calculated for specific vears
and analyzed by cause.

Practically all employees of one company
are covered by a group policy of lic insur-
ance which, fortunately, nearly all of them
continue to carry when they retire, A very
few are not covered by thiz policy. and
those who leave the industry for one reason
or another except retirernent usually are
no longer covered. but thiz is likewise a
small number. As an additional check upon
the information obtained from the clinical
records on this group, the record: of the
life insurance company were examined for
all death claims paid under the policy. and
particular notice was taken of the claims
in which the proof of death was based on
cancer of the lung,

Deaths from lung cancer among asbestos
miners were thus determined from the
clinical records in the medical service of the
industry and checked by means of the death
certificates and insurance company records.
The deaths were then verified individually
by reviewing them with the phyvsicians in
charge of the medical services. In this man-
ner, there was established a list of cases in
which primary cancer of the lung is con-
sidered to have been proved as the cause of
death. A few cases in which lung cancer is
strongly suspected but not proved as the
cause of death were considered separately.
Mortality rates have been calculated using
both the “proved” and the 10:al of “proved™
and “suspected” cases during the vears un.
der observation. Comparisons were then
made between the death rates from the same
cause among specific segments of unexposed
persons.  All lung cancer deaths, both
suspected and proved, were carefully anma-
lyzed to determine possible relationship or
correlations between the development of
lung cancer and any factor knowr from the
clinical records. such as family history of
cancer, personal history of heavy smoking.
coexistence of asbestosis, or exposure to
asbestos.
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In addition to this analysis of deaths oc-
curring in the cohort and during the veurs
under obizervation, every known death frum
cancer of the lung. as well as every case
diagnosed but still hving, has been tabulated
and analyzed. Thev will be discussed cepar-
ately from thoxe included in the population
and time-interval under study.

A comparison of lung cancer mwortality
in the ashestos-producing counties has been
made with that in counties which arc far
removed from the asbestos mines and in
which, presumably. no asbestos miners live.

Finally, in order to broaden the compari-
son of death rate: in different population
groups. the rates have been collected for
Canada generally, and for the United States.
according 10 the most recent published and
unpublished material.

Results and Interpretation

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

Original Cohort €.001
Lost Persons Deducred 133
Final Cohort £93k
Livine in 193% (working aml renred) RS |
Dead bv 1933 185
Cancer of lung a
Questionable cancer of luny 3
Other cautet 169
I'nknrwn causes [
Sneders 1672
Nounamohers 1.064
Uniknoun 20
Tables 1, 2. 3. and 4 present age. number

of vears of cmplovment, weighted average
exposure, and smoking habits of the cohort

A comparion of the expozure to asbestos
dust 15 presented in Table 3. All members
of the cohort were placed in once of three
categuries, representing increasing degrees
of exposure based on a weighted average
of the vears spent at various levels of
dustiness. The degree of dustiness for each
job category was determined after consulta-
tion with persons familiar with the environ-
ment and conditions in the various work
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<= Taste 1~Numder ond Percentage Distribution TaBle 2—Nwmber and Fercentuge | ivibutiom by
. by .Jp¢ Length of Lmployrion -
- e - = T T T Pl e e = - Cr—
. i Age “ymber T'er Cent Langth of
Etujeloy fro g Numts I'er Ceny
- ... .. 3,00, lLE
e POV L. . 11 133 5t R . 1 k'
AS-4, . . ... .. . . .. (0% 0 To-14, N . 240 40
........... e e e e aem eea . 319 i AL ik e e e . . Y. i€
Unknown., . . .. . ... ., ..... 3 . AN L o - [ 10
——— — dug, L . Is" 3
Totuls ... . . . Nt pLCR L LE . O o 1
Averuge Afe......... O e 4 —_ =
—— - . Total: | e pR A 100
Avernp Mears uhm;-l'-\..ur' ..... 1

* Lessthul, 0,59,

areas, Jor the purpuses of caleulauion, the  ually smoking more than five o1r -ctes per
assumption has been made that the relation-  day. Dersons who smoke pipe- or cigars
ship between these categories i» linear, and  exclusively were not considered 10w smok-
that Category 1l i» mice as dusty, and  er< for the purpose of this 2.

Category TIT three times as dusty as Cate Table 3 presents the year-b: -var ex-

gorv L. perience of the cohort and ird e the

TABLE 3—Number and Percentage Distribution TaeLk 4—Numbcr and Pevcentage L'it=buon
by Exposure Categery by Swmoking Habits

- e —r—

Erposure Smokier .
Caregory Number FPer Cent Habns Nurber i ¢r Cant

| M Smokers, | 4.673
II .. .. 2180 36 NODscichers | I 2
mr._..... . 1,772 30 Unknowu..... . 2 .
L1370 5 T 5 . — -
R —— - TOA)S. e rrirrra e 5,95 100
...... 5.05% 100
Average Exposu 20

® Less than 0.5%5.

* Less than 0.5

The fourth variable, smoking habits, was  number of deaths each vear frum: :j-cified
similarly tabulated and is shown in Table causes. In general. a case was cutisidered
4. This was included because the informa-  to be “proved” as one of primary cuncer
tion was available and because smoking was of the lung when the records shewed that
regarded as one of the variables which. the diagnosis had been supported in an
besides the environment, could conceivably autopsy or surgical resection oi the lung
influence the development of lung cancer. with microscopic examination of the re-
As used in this presentation. the term moved tissue. In one case so consilered,
smoker refers 10 a cigarette smoker, habit-  however, diagnnsis was confirmed by btiron-
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TaBLE S —Vear-by-Year Esperiency of Colort and Death Rates per 100006
Man-Years of Risk

Cause of Death

No. Alive Proved Suspected
At Berinning Primary Prunary Other Man-\eans
Yaar of Yeur Ca. of Lung Cs.of Lung Causes Uoknown ul Kook

1 2 12 1 340
2 1] 17 1 L2
................... o [} h [ X
2 ) M [} v 7
1 a 3 4 L]
.................... 3 0 » [+] AT
Towls. ..o, . 9 3 LY 6 b LI B
“Proved" 9 24 (' lqr "
rate par 101,000 man-years of risk = TN 1) = 234 ,"_J ! I |
*Totsl" rate per 100,000 man-) anrs of ruk-iﬁ_l;"T—- .0
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i TaBLL O ~"Froicd’ Cascs of Primary Cancer of the Lun
¥ q
Case No Age Smoker Exspursure Thed Autofey A3ta st
1 ot Yer 26 vr, 10 Cat 11 1" 'l Yen Yoo
2 83 Yes vt {Car A Yer N
3 63 Yez yroae Ot No N
4 59 Yot vt Car 1 Yeu N
5 [} Yes San Cat 1) Y- Va
® ) Yer an a3 Vs Yo
H I Yes araan Cat I Yer Yo
[} 3 Yes yT.n Cut. ) Ay New
[} By Yeo i Cal 1l Epuxt. N
choscopy with visualization and biopsy, In would be very cluse to the 93¢ Jevel

another, although there was no autopsy, the
diagnosis of primary cancer of the lung
seems to have been bevond question.

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

The term “man-vears of risk” has been
used to mean the number of men at risk
for the year under observation. A person
who lived throughout the vear was counted
as a full man-year of risk. but one who died
during the vear was counted as uvne-hali a
man-year,

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

An indication of the importance of these
“suspected” cases in interpreting the results
of the calculations is desirable before fur-
ther discussion of the mortality rates which
are derived in later tables. For example, it
happens that the rate found for the proved
cases is close to the “expected” rate based
on the general population figures for the
Province, as will be shown later, and on
this basis we should find eight deaths from
lung cancer among the cohort. Actually,
nine cases were observed. If, however, the
3 additional “suspected” cases were
cluded, increasing this figure to 12, the total

in-

of significance. However, having found just
12 caser. we are not above thi: levdd, and
therefore the hypothesis that ashestos miners
do not have a higher mortality from hang
cancer than docs the general population cun-
not be rejected. Nevertheless, the occur-
rence of 12 cases in this sample would
increase the rate 1o a point which appiroaches
the significant level. Because of the tre-
mendous importance of the questionubly
cases in this respect, some detail regarding
themn will be given here.

In vne of these cases. the suspicion of
cancer of the lung is based upon the x-rav
interpretation, and. although no autopsy wa-
performed. the death certificate indicates
that death was: due to lung cancer. Tt i-
well known that the x-ray appearance of
fibrosis, especially if a localized density or
a superimposed tuberculous lesion pres
ent, can simulate that of a tumor. and by
itself, does not justify the inclusion of thi-
case as one of “proved” cancer of the
lung. A second case was certified az having
died by reazon of hydrothorax, possibiv due
to lung cancer, but again there
surgery  and POSUMOTIEM  examinat
In the third case, although it was subiected
to autopsv, two pathologists disagreed as< to
whether lung cancer was present. The death
was certified as having been due to chromie
myocarditis with nephritis and pulmonary
congestion, and possibly cancer of the hung.
On the basis of these facts, 1t seems unwar-
ranted to include these three cases among
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TasLr 7.—"Suspected” Primary Cancer of the Lung
Cwm No, Age 8moker E fposure Ded Autopsy Asbestoss
1 L1 ) Yes 32 yv. in Cat. ITT 10-25-30 No Ko
2 4 Yor My In Cat, 1T - -8 Yes Yes
3 88 Yeas Qyr.inCat. 1 *30-35 No No
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e - o -
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=
“proved” instances of Jung cancer. On the Tastr 9 —Lung Cancer Deaths vr L ougth x
. . . of Employment o
other hand, they cannot, in fairness, be div-  _ — - - . s
regarded completely. It is for thix reason Number or Persons and Number of Luzn €2 - - Deape 2
that mortality rates have been calculated Ne oW vhe .
Y Length of Mool e ———— e, )
both w AV, Emgay ittt Versans frengm ! Fotal i
Table B gives the rates by age groups, 5-9 1w u o
HISILR . 2 gus i .
The rates by length of emplryment are  x.. Iy 3 A
. sy A 5 b
shown m Table 9. During the first 40 vears 4. e 0 i
. ° a4, 54 v '
of employment, the rate rises, an observa- — - .
. . P . Totels ..... LRTAN 1 12
tion which seems plausible since the men )
were growing older. However, after 40 Antual Lung Cancer Death Rates per o
“ - Muat: Year« of Exposure
years of exposure there are no “proved Ceneth of .
AEtL 6 T
cases reported for a total of 240 men dur-  Emplymem Frove, T utal ]
ing the six vears. or about 1440 man-vears so......_........ .. .. o o
of exposure. When the “suspected” cases = 4 )
. 13- 193
are added. one case does show up in th 1& u w
L [
Tase 8 —Lung Cancer Draths by Age Overall... ..o veenen.... P =

Groups

Number of Persons and Number of Lung Cancer Deaths  dicates that the members of the wohort

o of No. of Deaths did not die from lung cancer at & v unger
Age Group Persons Proved Total age than the general population.
901 ! ! The rates by weighted exposu-- are
s 3 3 shown in Table 10, and it will b noted
3 o o that they present strong evidence ugainst
5,05 v 12

asbestos being a carcinogenic agent, for, if

exposure to asbestos is in anv wayv con-

Annual Lung Cancer Death Rates per 100,000 nected to lung cancer, we would expwct that
Man-Years of Exposure .

the longer and heavier the exps:ure, the

. higher the rate that would be foun.!! The

18 o only possxblfr error .in this interpretation

212 - could occur if the weighted exposurc- were

= inversely related to vears of emplovinent,

Age group Proved Total
4

] Taser 10 —Lung Cancer Deaths by Exr rury
period. This would produce a rate of 69 Category

r 100.000, again demonstrating the im- y
pe ., 2ga A g Number of Persons and Number of Lunc Cances !reathe
portance of these questionable. but un-

Nuouf e

proved. cases to the final conclusion, Erposure No of  —— e —
X K A Category Persony P'rows o
becaus:, if there were no cases n this . . ,
number of men with long exposure. and if ... ... 2.1 3 ‘
asbestos is a carcinogenic agent, it must be Unknowo. .00, A v v
concluded that these 240 men have demon- Totals..... 3,98 v "
strated considerable resistance. This 1s a bio- -
logical phenomenon which has been observed Annual Lung Cancer Death Rates ger o

: : . : Man Years o1 Exposure
previously and is consistent with the theory

N L B F.rposure )
of an intrinsic or endogenous factor in can-  Category Froved (€ T"‘-l‘ LRAM
cer. The only other explanation would be  |f-ooooee e s u .

i i 1 Lo i e
that the susceptible members of this age [l oo oo o ° 8
group had died earlier of lung cancer, Table Overall.. ... =

18, which appears .later in this secnorNG E—THTS—UD_CUM-ENTW
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TasLe 1.—Numbcr of Persons in 1 arious
Weighted Eaposure Categories by
Length of Employment

Weighted Exposure
Culegorics

length of
Eraployment

5-9
w-19
-2
¥-39
09
e

Totals
Aserage yeary
of exposure 108

| S=m—n—2

2,031

3 .
o

in which case the heaviest weighted ex-
posure (Category 111) would show the
shortest length of employment. Table 11.
which lists the number of persons in various
exposure categories by length of employ-
ment indicates that this error has not oc-
curred. In fact, the average number of vears
of employment for each exposure category
is almost identical.

Table 12, which develops the rates for
smokers and nonsmokers, is most striking.
It shows that not a single case of lung
cancer developed among the 1265 non-
smokers and that all cases of lung cancer.
both “proved” and “suspected,” occurred in
smokers.

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

Tame 13——Number and Percemtage Distribution
of Smokers and Nonsmokers by Age Groups

Numbwer

Smoker Nonsmoker Unknown

TapLr 12—Lung Cancer Death 7or
Smokers and Nonsmokers

Number of Perwns and Number of lung Cancer Iwat-
by Smoking Habate

No of Drathy

Persons Froved Toral
Smokers... .. . ... 4,673 " 1
MNonsmuhery ... .. 1.26% 1
Unknuwn 20 "

‘i
5938 9 12

Annual Lung Cancer Deatk Rates fer 10uwm Man ) ear
of Exposure by Smoking Hatn'e

No, of Deatha

I'mveq Tnial

S_mokers .......................... . 4
wonsmokers, . w
"

ki)

smokers mayv have included a larges
percentage of young men. Consequently, ad-
ditional Tables, 13, 14, and 13 were con-
structed to show the distribution of smokers
and nonsmokers by age, length of emplay-
ment, and degree of exposure. Although
there are slight differences, 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 vears less than
that of the nonsmokers. Table 14 shouws
that as far as length of emplovment iz con-

Taste 14 —Nwumber and Percentage Distribur: n
of Smokers and Nonsmokers by Lenath
of Employment

“umber
Lenuth nf
Employment Amokers  Nonsmokers  Unknewn
204 il
an
1o
1hn
L2
F LN
Aversze lonth of
smployment. ... o 19.3

Percentage Disuribution

Norsmoker Unknown
5.5 &0.0
11.7 0.0
18.0 100
18 50

0.0

100%

Emo

* Leoss than 0.05%,
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Percentage Disrribution

Lencth of

Ewmployment Smoker Nonunoker Unknown
0. N
X

187

11

59

1.8

0% 1005
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CTABLE 15.=Number and Percentage Distribution
of Smokers and Nomsmokers by
Exposwre Categowy

Number
Eaposure .
Cateynory fmokers  Nonsmokers  Uunknown
) 1583 AT 1
... . JR 1,591 482 v
111 . P 1,423 3~ v
UDknown. . vrvsoion 4 1 a
Towls.... ... 4.673 1,265 -
Average exposure
CRLLEOTY. . .ecaeme.s 20 1.9 2.3
Percentaze Distribution
Ezpnsure . X
Catvgory Smokers Nonsmokers Lnpknown
33.2 373 .0
3.2 .5 L
30.5 e 45.0
0.1 Q.1 0.0
100%% 1005% 1005

cerned, the smokers had worked about 2.3
vears lesz on the average than the non-
smokers. \With longer exposure and greater
age, one would expect the nonsmoking
group to show a higher rate if lung cancer
were due to asbestos. Table 15 shows that
the average exposure category was almost
the same for the two groups. Therefore.
this variable seems to be of no importance
in accounting for this difference.

The result of this additional analvsis is
that none of these factors appears to lessen
the effect of Table 12,

Comparison of the Cohort Expericnce
with that of the Provinmce of Quebce, Do-
minion of Canada, and the United Statcs.—
In order to make a companson of the
experience among asbestos miners with that
of the general population of the Province of
Quebec. statistics were gathered, as stated

SR "ft*»:awuker%‘g‘.i.xv'-—-. e e,

SN
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Dumography in the FProvincial Mini-rry of
Health. The data on total death:, dvaths
from all forms of cancer, and death- ‘rom
cancer of the lung were obtained by sex
and by county for the vears 1930 th-ough
1953, In addition, all death cerin. utes
which tpecified primary cancer of the lung,
and all thoze which indicated lung cuincer
but did not speciiy the origin, were «xam-
ined for the vears 1932 through 1933,

Tuble 16 gives a tabulation of the nusiber
of deaths {rom lung cancer in the Uroiice
and in the cohort for the vears 193 thr. igh
1955 and shows the annual rate per Wi
in thesz segments. It will be noted fran, the
table that the mortality rate for the
“proved™ cases in the cohort is only slightly
higher than the rate for the Prouince.
When the “suspected” cases are inchudrd in
the calculation. the rate {for the cohort rizes
to 33.8 per 100,000, which is about )¢
higher than the rate {or the Province. This.
it will be recalled from the previous dis-
cussion of the effect of the “suzpected?
cases on the results, approaches but res
not exceed the significant level.

One further interesting observation from
Table 16 is the rather marked increasc in
the total number of cases for the Province
between 1930 and 1935, It is assumed that
at least part of this increase is due to im-
proved recognition and reporting oi lung
cancer during the interval. For this reazon.
the vears 1954 and 1935 were thought 1 be
more nearly representative of actual condi-
tions. Even so, it is quite likelv that the
general population is not studied for lung

carlier, in the office of the Division of cancer with the same diligence with which
TABLE 16.—Comparison of Cokort with Province of Quebec
Lung Caremr Dwaths Annuil
Number of Rare rwr
Fersous 1950 145t 1932 1953 1954 1943 Total 100 vy
Province 1,198,000 * 196 o0 b1 a0 303 s 1,624 e
Cobort 2981
Total 3 b 3 1 3 12 b&
Proved 1 2 2 1 3 9 pLINS
Provinee 1,192,000 193 218 P2l 300 X2 hL1) 1,617 ondi
(exeludag astwsioy
werkars)
In tra Province figores, (t has been assomed sll made Jung censer daaths sre for men of 204 yvea
. Apprummu m\guwmv. of the enumerstad population for 1951, snd the sstimawd populstion lor 194 (Rapport, Div. de la De-
moeTaphie
thumbor alive {n cohort at beginning of 1932,
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Death Rates per 100.000

1944

Towl Certified

Specificd Frimary

Total Certifien] Zpwcifled I'ritmary

Age Group Total Froved

Total

Proved Total Total Prived

14
213
¢
3%.2

154

12
1ow
41 6
"

123

,.

-
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o

* Duta from deith certifioates.

+ Estimare [or population obtiingl by applving 1951 percentages for age gronps for males 1o the total population for 1054, 33 giver.

io Rapport, Div. de ls Demographi,

this disease is looked for in the miners, and
it seems probable that the mortality rates
for the Province may be low. This would
appear to be substantiated by the fact that
the reporting of cases in the cohort showed
no such increase over the same period.

Table 17 was compiled to show the an-
nual age-specific lung cancer rate of cases
in which the death certificate merely read
“cancer of the lung,” as distinguished from
those in which the diagnosis was confirmed
by autopsy, surgery, or biopsy. The term
“specified primary” refers to those cases in
these two categories in which the tumor was
specified as having originated in the lung.
It will be noted that, of the total cases
reported in 1933, a much higher percentage
than in 1934 were specified as primary. The
table also shows that a higher percentage
of the total cases certified in 1955 were
proved, again indicating increasing interest
in this disease.

A comparison has been made between
the age-specific rates shown in Table 17,
and those for the cohort, shown in Table 8.
An average of the 1954 and 1955 rates for
the Province has been used, since the 19533
figure was higher and may have been ex-
ceptional.

646

This comparison. summarized in Table
18, shows that the observed number of
deaths in our sample is not significamtly
greater than the expected number of death:.
based on the average of the 1954 and 1933
figures for the Province. It is true that, in
the case of the age group of 65 and over.
the five deaths provide a figure which i~
almost significant at the 93% level. How-
ever, it should be noted that thi numlwr
in¢ludes one of the suspected but unpren el
cases previously referred to. Furthenuore.
it is rather likely that the rate for the
general population is understated in this
age group. for the obvious reason thut the
exact vause of death in the very old i: not

Taste 18 —Comparicon of the Actus! an!
Expected Number of Lung Cancer
Dcaths by Age Among
Asbestos Miners

Frovinee
Tota! Specified
Primary Rate

Per 100,000

]
5
[

Obwerred Vo,
Espected  of Deathe
Na.ol  Nooof

R
Miners Deatns® Froved Total

3001 ot
LI 2
613 2
2

Are
QOroup

2044
4354 2
A4 [
) 313

3

1
1
3
4
0

654
Josbown

* The expwcted number (s besed 00 the avernre of the 1054 an i
1048 aze-3pwcife rates for the Provinoe of Quehec.
1 Actually 0 4.
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LUNG CANCLR IN ASBLSTOS MINERS

the Praance of Quebee, 1931%

TARLE 20 —dnnual Death Rates per I Aie
Cancer of the Lung i Canada®

I'rovinee
Yercentage
Age Group Number Percentape  in Cobort
2044 ... Y203 fd A
. 196,952 16 14
123044 1 n
s - 113467 10 3
Total..... . 1,158,498 100 100
* Rapport, 1954.

a matter of the same intensity of interest
as it is 1n younger persons,

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

Before leaving this comparison of the
Province with the miners. it should be
shown that their age distributions are rea-
sonably the same. That this 1s the case can
be observed from Table 19.

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

A comparison between the asbestos miners
and th2 population of the Dominion as a
whole was made, using statistical material

from several sources. In one source, Phil-
lips *® gave age- and sex-specific rates for
Canada for three periods between 1931 and
1952. The rates for males are given in
Table 20.

These figures show strikingly the increase
in rates between 1931 and 1952, and this

NETE S

Broun—Truon

A

Grours of Years

Age Group 1031 - 1933 1v41-1943 ILE CPR
Under 3 0.2 03 14
-4 (23 0% [
Yol 2.0 3.2 E2]
=44 3.0 5.4 [
45 5.l 125 "o
50-54 »l 19 ke
55-% 2.7 o -
00 64 2.5 1.7 e
AS-G9 5 .5 w2
074 0.7 3n A 4
=70 LX) W0 LR
80-84 L Xy .7
B .4 Ha T
All Ages 2.b ! 15
* “Mortalny from Lung Caneer i Canwelun.” WAl 1 1972

increase is particularly marked after ige
50, confirming an observation previeu-iy
made, to the effect that until recently lung
cancer has probably been underdiagne.-.d
in the older age groups in the general pr; u-
lation.

To use these figures for purposes of
comparison, it is necessary to combine the
rates for certain age groups in order in
conform to the age distributions used in thiz
study. Since the exact populations in eich
age group for the vears indicated is 1
known, this must be an approximativii.
However, the rates would be somewhat as
follows :

Age Group Rate
20-41 3
45.54 py
55-64 69
63~ CLE- T

These rates are, in general, lower than
those developed for the total (proved and
suspected) cases of lung cancer among :he
asbestos miner~, The only large differene.
however. is in the age group of 63 vears rnl
over, and it is quite possible that the rate
for this group mav have increased for
Canada between 1932 and 1954 as 1t hd
for the Province of Quebec « Table 17,

A further comparison has been made w:th
an over-all rate obtained irom the American
Cancer Society for respiratory cancer deaths
in Canada in 1933. This rate, for malc~,
is 20.8 per 100.000. or 3 more per 100.000
than Phillips' 1950-1952 rate, and compares
with 23.3 per 100,000 for proved case: and
33.8 per 100,000 for total cases among the
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TasLe 21.—Number of Deathe and Diath Rates
it 1('0”0(' by Age Groups fur the Aduti

Male Popuiation of the United Ntates ®

Age Group Populatinn Cuse: Hate per 100,000
3044 24,544,000 [N 3.6
455 005, 104) 247 360
S=fi 30,0 0204 " X3
8o+ 3,670,000 6,484 143
Total 44,619,000 16,509 32

* Dats from ''Vital Stattstics of the United Siates,™ Vol, 1

and 2, 1852
asbestos miners in thiz study, It is there-

fore obvious that there are no important
differences benrween the rates for asbestos
miners and those for the general population
of Quebec and the Dominion of Canada.

Sin¢e it is probable that figures for the
Uhnited States are more conplete and, there-
fore, possibly more comparable to the data
for the miners, age-specific rates were com-
puted from “Vital Statistics of the United
States,” Volumes [ and II, for 1952. These
rates have been tabulated in Table 21.

It is apparent that these rates compare
favorably with those for the asbestos miners
as shown in Table 8. Stll other rates for
the United States were obtained from the
American Cancer Society. and for males,
these were 23.3 per 100,000 in 1933, and
28.0 per 100,000 in 1933. They are not
identical with the rate calculated from the
figures of the office of Vital Statistics, but
this is possibly because the American Can-
cer Society rates are for males of all ages.
Nevertheless. they. too, compare favorably
with the rates of 23 (or 34 for total cases)
obtaining among the asbestos miners.

Turning for a moment to a comparison
between the asbestos miners and persons
who are exposed to asbestos in one form
or another (as distinguished from the gen-
eral population groups just discused, wha
have no exposure) an interesting observa-
tion can be developed by deduction. Hue-
per *# has stated that thers are abo. 35,000
persons exposed in the United States, and
we have found that the Canadian mines
employ about 8000. Elsewhere. it has been
estimated that the workers in England who
have exposure total between 3000 and 5000.
With workers in Africa, Denmark, Nor-
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way. amd other countries, at fus-t 30 0ep
persons must be exposed throughcut the
world, and it can be assumed thu
number has been fairly conatant in the 20
vears since 1933 when the first case of
asbestosis with lung cancer was reporterd
At least 1,000,000 man-vears of exposure
has thus been accumulated, and thiz figure
can be divided by the approximately 130
cases of lung cancer with asbestosis re-
ported during the 20-year period. This
gives a rate of 15 per 100,000, which is at
least indicative that any lung cancer rate
which can be calculated for workers ex-
posed to asbestos dust is not much greater
than that for the unexposed population.

Comparison Between Eight Countics AHd-
jacent to the Asbestos-Producing Arcas and
Eight Sclected Countivs—To compare lung
cancer mortality rates in the counties sur-
rounding the asbestos-producing areas with
another group of counties in which na as-
bestos miners are likelv to reside, the rates
were computed on the basis of figures for
the years 1930 through 1935, The eight
counties selected for comparizon were Ar-
genteuil, Chateaugay. Montmagny. Port-
neuf,  Richlieu.  Riviere-du-Loup. St
Hyacinthe. and Terrebonne. mainly because
they represent a wide geographic distribu-
tion throughout the Province. The countie~
selected because of their proximity to the
asbestos mines include Arthabaska., Beauce.
Drummond. Frontenac. Megantic. Kich-
mond. Sherbrooke, and \Wolfe. Talle 22
shows the number of lung cancer deaths
for the vears 1930 through 1933 for each
of these counties, and a mortality  rate.
based on the adult male population in 1932,
To emphasize the comparison, Megantic
County has been shown separatelv, a: ha:
the Province of Quebec and also the Pron-
ince with the eight “asbestos-producing’
counties subtracted. Because of its unique
lung cancer death rate, Montreal et Isle d
Jesus has also been listed in order to provid.
further comparison.

It is apparent from the table that 1
Tung cancer death rate for the eight courrtie

t-
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LUNG CANCER IN ASBLSTOS MINERS

TaBLe 22 —Number of Lung Cancer Deaths and Rale per 100000 Man-Y cars

Mule Lung Cancer Deaths *

Adult Mol
Populatwn
Counties 1952 1950 188}
Mepantie County 13000 3 1
Eight “Adpcent Counties 97 ik 4 3
Faght Saelected Countics XA 2 10
Provinee of Queter 1198000 9% ps-9
Froviner of Quelec le3s eight _
“sg et cnuntiers 1,100,000 1% s
Montreal &t Isle de Jesus 3.0 3 7

1952 1053 1954 195% Towd PR
3 3 1 4 1% ey
9 1 4 Y LY w4
5 ™ ) 9 '™ e

245 30y 303 k1Y 1624 T

36 287 ] M1 1870 PE

158 w2 s A e LR

* Iy ix sssumed that all male lung cancer deatbs occurted after age 20.

immediately surrounding the asbestos-pro-
ducing areas is practically identical with that
of ecight counties selected for comparison.
While Megantic County has a rate nearly
twice that of the combined eight selected
counties, it is lower than the rate for the
Province, and considerably lower than the
rate for Montreal. The figure for Montreal
would certainly be higher except for the
very low numbers of deaths reported for
1950 and 1951, and it would appear that
in those years some error in reporting has
undoubtedly been made. On the basis of the
other years, 1930 and 1951 deaths would be
expected to be about 200 greater. This
would result in a rate of 40 per 100,000.

The only possible conclusion from this
comparison is that there is no evidence that
the persons who live and work in the coun-
ties surrounding and adjacent to the as-
bestos-producing areas have any greater
incidence of lung cancer than those who
live elsewhere in the Province.

Comment on Al Recorded Lung Cancer
Cases, Lizing and Dcad, emong the Asbes-
tos Miners.—Although a simple enumera-
tion of all the known or suspected cases of
cancer of the lung in these areas has no
particular value from a statistical point of
view, it is of interest to summarize such
cases for the record. There were nine deaths
prior to the beginning of the time period
covered by the study, including one in which
the diagrosis was mediastinal lymphosar-
coma, During the period covered by this
investigation, there were nine proved cases
and three suspected cases in the cohort.
Through 1956 and to date in 1957, there
were eight deaths, six of which were merely

Brawn—Truan
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suggestive of cancer of the lung and in-
cluded such diagnoses as media-tinal
lymphosarcoma, mesothelioma, cancer ¢ the
leg with metastases to lung, abscess of lung,
and cancer of the pancreas. One other vas
diagnosed on the basis of x-ray onlv. In
addition. there are now living four case: in
which the diagnostic evidence is strong'y
suggestive of lung cancer. This is a tatal «of
33 cases of all types, including 10 *su:-
pected” but unproved cases, and 4 that ar
still living. The remaining 19 constitute the
total of proved cases of cancer of the lung
among the asbestos miners since 1940,

The proved cases averaged 39 vear: of
age at death, and varied between 37 vear:
and 68 years. Their working span covercd
periods varving from a minimum oi 14
vears to a maximum of 37 vears, On'v
three men had less than 25 vears of e
ployment in the industry. Seven among
those on whom such information is avail-
able had a weighted exposure placing them
in Category III. and six worked in ar
expnsure represented by Category 1.

There were only 17 among these proved
lung cancer cases in which we have in-
formation regarding the prezence of as-
bestosis. Asbestosds was present in mine.
although it was minimal in twe. Two path-
ologists disagreed regarding its presence in
another. At least seven of the 19 proved
lung cancers, therefore, were not accow-
panied by asbestosis.

Summary and Conclusions

Interest in the question of whether there
may be an association bet yeen lung cancer,
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and exposure to asbesto: has been evident
since the report in 1933 by Lynch and Smith

- of a case in which lung cancer and asbes-
, t0sis were both present.

As additional cases
in which the two diseases coexisted were
reported. a causal assuciation appear: to
have been gradually accepted by many
authors, although some workers considered
the corrclation to be inconclusive. The pres-
ent studyv was undertaken in an effort to de-
termine whether a causal relationship did.
in fact. exist between exposure to asbestos
and cancer of the lung.

Since most earlier studies had been
limited to enumerating the Jung cancers
found in certain selected samples, such as
cases coming to autopsy or death certificates
in which asbestosis was mentioned. 1t was
apparent that they could not fulfill the re-
quirements of an epidemiological and sta-
tistical approach to the problem. The
present study was. therefore, designed to
meet the requirements of this method.

After a preliminary survey to explore the
availability of reliable information, data
were gathered on workers in the asbestos
mines in Quebec, based on their medical
records. A cohort was defined as a group
of asbestos miners having at least five vears
oi exposure and who were in the industry
in 1950. Data relative to their characteristics
were collected and their status at the end
of a six-year period of observation was de-
termined. In the case of those who had
died, an exhaustive search of death certif-
icates and insurance records was carried out
in order to determine as nearly as possible
the exact cause of death. Mortality rates
from lung cancer for the general population
of the Province of Quebec and its various
counties and for the Dominion of Canada.
as well as the United States were calculated
from statistics collected in the appropriate
places. Comparisons of the rates obtained
for ashestos workers and for the other popu-
lation groups were made according to ac-
cepted sta**~+ical methods,

Records were obtained on 6091 persons
who fulfilled the criteria of the cohort. It

650

! i, T S -
. “ab v e vt T i
: L e i ~
i e e

A ARCHIVEN OF INDUSTRIAI

33348,

o
wi

CU
HEALTE

was not possible o trace 133 of these for
the whole period, but 3771 of the remaining
53938 were found to be still living in 1955
or later. Of the 187 known decad. cancer
of the Jung was considered to have heen
reazonablyv proved in 9 and to be strongl
suggested in 3.

The members of the cohort were studivd
with respect to age, length of emplovmen:
a weighted average of their expwsure. ane!
their smoking habits. It was found that
4673 were smokers within the definition of
that term as used in this study. Thirty-iour
per cent of the cohort were more than 43

vears of age, and thirty per cent had beeffio-
emploved for longer than 20 vears. Thirn&md

placed them in the category of highest ex-«.

posure.

-

The mortality rate for lung cancer. .v-'"
compuied on the basiz of mne “proved =

deaths among the cohort was
000. \Vhen the three suspectcd cases Were™

added. the “total” rate for the cohort rose

to 33.8. The importance of the suspeczer‘*

VE

.

*J

per cent had a weighted expnsure whicke— shn
¥

D

"

=

3.3 per Iff--i*f

At

s LY

Rl

but unproved cases in determining thesc

rates has been reiterated because it is likelyvz==

that such cases would not be included in;*

)

the statistics for the general population and ... t-

because they influence the results so mark-:

edly. e

the mortality rate from lung cancer does
not appear to increase with length of ex-
posure or with degree of exposure, a fact
which presents strong evidence against the
carcinogenicity of asbestos,

According to the finding: in this studv.

Comparison of the experience among the
asbesios miners with that of variou: seg-
ments of the unexposed. comparable popu-
lation shows that the observed number of
deaths among the miners is not significantly
greater than the expected number. The rate
for proved cases among the asbestos miners
(25.3 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 adul
males throughout the Dominion of Canad-
It also compares satisfaciorily with rates
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LUNG CANCLR IN ASBLSTOS MINERS

of 37.2, 23.3, and 28.0 obtained irom vanous

._ sources for adult males in the United Siates,

Finally, in thiz matter of compari=on, 1t
would appear that the world-wide exyerience
of persons exposed 1o asbestos dust 15 not
worse with respeci to lung cancer than that
of the unexposed population.

The countivs surrounding the asbestos-
producing areas, in which 1t is presumed
most of the asbestos mmers live, have al-
most identical mortality rates with those of
eight counties widely scattered through the
Province, and are lower than those for the
remainder of the Province. and much lower
than the rate for Montreal.

Since 1940 there have been 19 cases in
which the diagnosis of primary cancer of
the lung may be considered to have been
proved. Approximately hali of these cases
were assowiated with asbestosis. All but one
died in the recognized “cancer-age” and at
least one-third had only the lightest ex-
posure { Category I to asbestos dust.

On the basis of what are believed to be
complete and reliable data, it seems fair to
conclude that the asbestos miners in the
Province of Quebec do not have a signif-
icantly higher death rate from lung cancer
than do comparable segments of the general
population,

TFurthermore. the death rate from lung
cancer 1 the areas contiguous to the asbes-
tos operations is comparable to that in areas
widely scattered throughout the Province of
Quebec and is lower than in some urban-
ized areas within the Province.
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