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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
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 matenals.
“The
tendency of authors reportng the coinci-
dental occurrence of primary lung cancer
with silicosis or with any other theoretical

" etioclogic conditions, has been to emphasize

the percentage relationship in extremely
small series of cases, Wwih 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 ™ reviewed
all deaths from asbestosis recorded in Eng-
land since March, 1924. Lung cancer oc-
curred in 16% of these cases. Glayne, ¢!
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whose work is also frequently referred to
as establishing a connection between asbes-
tosis andecancer of the lung, reported in
1951 that cancer of the lung was present
in 14.1% of asbestosis cases examined by
him. In 1941, Nordmann and Sorge™
claimed to have produced lung cancer in
mice which they exposed to asbestos dust.

Since 1951, additional cases of ancer of
the lung coexisting with asbestosis have
been reported, and, according to Hueper %
about 100 such cases had been reported up
to 1955, As a resuit, an association becween
the two diseases appears to have been ac-
cepted by many authors, and several writere
were using the term "asbesiosis ancer” of
the lung. Werber,®™ in 1952, stated cte-
gorically that in 7% to 17% of cses of
asbestosis, after a latent period of about
134 to 20 years, carcinoma becornes estab-
lished in the lung,

On the other hand, not all authors ac-
cepted this alleged association without
reservation. ‘Saupe ® in 1939 reporzed that
he had discovered no cases of lungz ancer
ameng 20 =szc of asbestosis which he
had examined; and in 1942, Holleb and
Angrist * expressed the opinion that the
number of cases of asbestosis with iung
cancer was too small for statistial evaiua-
tion. In 1947, Wegelius #* reported 126
radioiogicaily diagnosed cases of asbestosis
among 476 workers in Finland, and found
no cses of lung cancer in this group.
Goldbiatt and Goldblatt in their section of
Merewether's latest book,** state: “But at

no stage in all these impressive researches
was any clue obtained which might have
offered any support to the possibility that
asbestos could act as a3 carcinogen. There
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_Limiting the investigation to cases coming
to autopsy, as has been f{requently done in
earlier studies, still further restricts its use
in generalization. The problem with which
we are concerned is 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 2 group, as
well as on the general population.

It seems advisable to discuss the differ-
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, is sull a
disease of low 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 mezningful results.

Recognizing the difficulty of obtaining
such large sampies, most earlier writers
devisted from the epidemiological method
and sought to circumvent the requirement
of observing well persong by (1) compar-
ing the relative frequency of aancer in vari-
(2) comparing the relative
frequency of cancer in a group of hospitai-
ized patients; (3) comparing the relative

: ..frequency of cancer in a group of cases

corming to autopsy.
Attempting to compare two population

. groups, looking only at the reiative fre-

quency of cancer in various body sites,
may resuit in finging a digher 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 2 particular cause
is the true measure of comparison.

It is apparent that selected groups such
as hospitalized patients or autopsy cases
may not be in any way representative of
a larger group, and that in dealing with
such samples, the observer may easily find
more cases of 3 given disease than would

be found in another group of the same size,
but representative of the general pupulation.
It is true that investigation of cases from
such a3 sample can furnish information
valuable for research, but the usc of this
information in drawing generalizations is
necessarily restricted. It is the obligatior
of both the investigator and of thnse whe
read his report to make proper comparison:
and to draw only those conclusions whict
are valid and justified A good statistica
study of cases of cancer of the lung occur
ring in a group of autopsies can lead to :
proper inference concerning the frequenc
of lung cancer among cases coming
autopsy, but only to such cases. For:in
formation from such 3 study to be pro
jected to some larger group, it is necessar:
that the autopsies represent a goed sampi
of that !arger group. To assume that suci
is the case in any particular series is dan
gerous and likely to<be false. -

There is some danger that the figure
reported by some authors may be miscon
strued as appiving to asbestos workers o
even asbestos miners, when, in fact, ‘th
authors in question do not make this gen
eralization, nor can the generaiization b
made for the reasons stated. Close study o
the reports reveals that the percentage
cited reiate only to the group of autopsie
covered by the particular investigation.

The present study, in contrast to th
eariier works, has been planned to utiliz
the epidemiological method. A well-define
group of achsetne miners has been estab
lished in such a way that it constitutes =
good sample of the whole population o:
asbestos miners in Quebec. Data for al
members of this group have been coliectes
and anaiyzed. Those concerning lung car
cer have received most careful considers
tion. Details of the methods empioyed wi
be set forth later, but the type of approac
is considered to permit of fair compansor
and valid generalizations,

Collection and Analysis of Dawm
A preliminary survey of potential source
of information in February, 1956, invoive

Vol 17. June. 195
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i 1 'VG CANCER IN ASBESTOS MINERS

is no reliable criterion by which one can
anticipate carcinogenicity and, as is well
known, relatively minute changes in the
structure of a chemical carcinogen are suffi-
cient to diminish or eliminate carcinogenic
action.
1f asbestos is indeed to be regarded as a
Oﬂrcinogen, the need is felt to demonstrate
some property which can be regarded as
something more than inertness.”

These authors advance the theory that,
until some more experimental evidence of
direct carcinogenesis by asbestos 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 of a preneoplastic condition
brought about by something independent of
— the asbestos, such as an endogenous factor.

Thus the literature, while tmdmg to sup-
port the thesis that asbestosis is in some
way related to the development of lung

~ cancer, is by no means gnanimous. Alto-
gether, it is perhaps more confusing than
enlightening. A careful review shows that
the majority of the reporfs are clinical and
not epidemiological. They lack many ele-
ments necessary for the application of
epidemiological techniques to their content,

- and most of the authors do not make claim
to having done so. What has happened is

that succeeding authors have drawn conclu-
sions and generalized beyond the scope of
the works which they quote. Nowhere, for
example, have we found references to a
population of asbestos workers, aithough

. several authors who have quoted the ob-
served incidence of lung cancer in autopsies
of persons who also had asbestosis imply

- that this incdence applies to asbestos work-
ers, generally. We have likewise been
unable to find any study whick actually

~— calculated the incdence of lung ancer

I~_/ among a population of persons who had
asbestosis, and not just those who cme to

. autopsy: With the exception of a paper
- by Doll,*® none of those reviewed gave any
data on exposure and dust concentrations,

Broun—Truan

and even Doll's paper merdy mentions

“scheduled” areas, by which is meant,
“those areas where processes are carried on
which were scheduled under the Asbestos
Industry Regulations of 1931 as being
dusty.”

There is, furthermore, a compiete lack
of definition of terms as used in the pub-
lished literature. For example, the term
“asbestosis,” as used, may refer to changes
observable only by microscopic examination
of the lung tissue, or it may mean a radio-
logically detectable condition.

Most of the published reports obviously
included women among their cases, but
some of them do not give the number or
proportion of women invoived in the study.

There is also a lack of uniformity as tw
what type of exposure most stucdies have
dealt with. Of 99 cses enumerated by
Hueper 5* in 1955, only 10 appear to have
originated in the Udnited States, and 7 ir
Canada. Some of the earlier reports ap
parently inciuded asbestos miners, but u

"can be assumed, since 82 of the 99 case:

had originated in England, and since nc
asbestos mining operations are carried or
in that country, that most of the reportec
cases have involved workers in the textiie
or fabricating industries.

Such factors as smoking habits, family
history of ancer, length of time in the
industry, and age of the individual case are
also notably absent in the majority of these
reports.

With this undersianding of the iimita-
tions of the existing literature with respec:
to epidemniological generalization, it may be
of value to consider in somewhat more de
tail some representative earlier pubiications
a few of which were referred to brief:
above.

One of the most deziled studies and om
which deserves the most serous considera
tion is that reported by Doll® in 1953
This study reviews cuses of death amen;
asbestos workers based on coroners’ rec
ords. It also attempts to estimate the risi
by studying records of men who workec

for at least 20 years in exposed situations

438
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“LUNG CANCER IN ASBESTOS MINERS

discussions with the physicians in charge
‘of the asbestos compantes’ programs and
with clinicans, pathologists, representatives
of City and Provincal health departments
and of the Canadian Cancer Society, and
uther interested persoms. [t was found that
morbidity data, aithough somewhat limited,
Cwere available from such sources as the
hospitals in Montreal and Quebec City, and
the 13 cancer detection centers in the Prov-
ince. However, because of the high mor-
tality in lung cancer, it seemed advisable
to depend upon data relagng to deaths.
These we found to be obtainable at the

1 vital statistics department of the Ministry

" of Health in Quebec City. From the pre-
liminary survey, it was apparent that exten-
"sive and detailed mformation could be
gathered with respect to both the persons

- ( ‘Nemployed in the asbestos mining industry

‘and the mortality figures for the general
population.

Following this expioftory survey, the
initial effort was directed to the collection

'] . of data reiating to all workers who had

been processed through the ciinic at Thet-

-1 ford Mines since its inception in 1947, and

similar information regarding all workers
at Asbestos, Que Datm from the clinical
records included the age, family and per-

: f-\scml ‘medical histories, smoking habits,
T\ . mmmiar of yenrs of exposure, an estimate

of weigired «posure, and thc course of
the individual’s health status or the cause
of his death.

From this information it was possible
to formmuiate a “cohort’” which could be weil

] defined, should be representative of the

whole group, and could be followed for a

] definite period of time. All of the available

posure must be somewhat rare.

1 experience indicates that the development

of asbestosis in less than five years of ex-
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 roils in 1950. Office and other
nonexposed personnel, regardiess of length
of employment, were not included. This

Braun——Trean
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cohort was then foillowed by means of the
annual  physical examination  records
through a six-year interval, 1950 through
1955. All data regarding this group were
then tabulated in order to determine the
characteristics of the cobort. For those who
survived the entire period, reference was
made to the physical examination resuits
and x-ray findings at the end of the period.
Those who had died were tabulated sepa-
rately, and the cause of death was
corroborated by examination of the deatr
certificates. A further search was made
concerning those in the original conhort whe
remained unaccounted for when the living
and the known dead had been tabuiated
They represent men who had left empioy
ment through retirement or resignation
Eventually, all but 3 small number of thes
were accounted for as either living or deac
and in the latter event, the cause of deat
was ‘substantiated in a similar manner, an
the resuits added to the original list ¢
deaths.

Death certificates for the Province ¢
Quebec for the years 1952 to 1953, inch
sive, were reviewed in the deparument ¢
vital statistics of the Provincial Healt
Ministry, together with statisucal sum
maries of the causes of deaths in the Prot
ince by counties. All cases in which deat

"was certified as having been due to pr

mary cancer of the lung were examined ic
such information as place of residenc:
occupation, date of death, hospital in whic
death occurred. and whether or not a
autopsy was performed. Cases in whic
lung <ancer was given as a cause of dear
but in which it was not specified as

whether the cancer originated in the lur
were aiso reviewed in an effort to inciu

- all instances of primary arcinomna of

lung in the study.

The statistics for the Province nf Quet
relate to population, total deaths from
causes, total deaths from cancer of ail opr
and desths from lung cancer. These we
coiiected and tabulated by counties and
sex for the years 1950 to 1955, inclusis
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From them, death rates for the general
population of Queber and of individual
counties were calculated for specific years
and analyzed by cause.

Practically all empioyees of one company
are covered by a group policy of life insur-

" ance which, fortunately, nearly all of them

continue to carry when they retire. A very
few are not covered by this policy, and
those who leave the industry for one reason
or another except retirement usuaily are
no longer covered, but this is likewise 2
small number. As an additional check upon
the information obtained from the climical
records on this group, the records 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 deterggined 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 physicians 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 whicn 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 total of “proved”
and “suspected” cases during the years un-
der observation. Comparisons were then
made berween the death rates from the same
cause among specific segments of unexposed
persons. All lung ancer deaths, both
suspected and proved, were crefully ana-
lyzed to determine possible relationship or
correlations between the development of
lung cancer and any factor kmown from the
clinical records, such as family history of
ancer, personal history of haavy smoking,
coexistence of asbestosis, or exposure to
asbestos.

640

In addition to this analysis of deaths oc-
curring in the cohort and during the years
under observation, every known death {rom
cancer of the lung, as well as every case
diagnosed but still living, has been tabulated
and analyzed. They will be discusscd separ-
ately from those inciuded in the popuiation,
and time-interval under study.

A comparison of lung cncer morality
in the asbestos-producing counties has been
made with that in counties which are far
removed from the asbestos mines and in
which, presumably, no asbestos miners live.

Finally, in order to broaden the compari-
son of death rates in different population
groups, the rates have been collected for
Canada generally, and for the United States,
according to 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 resuits of the study:

Original Cohort 6.091
J.ost Persons Deducred 133
Final Cobort . 5,958
Living in 1955 (worling and retired) 5771
Dead ¥y 1935 . 187°
Cancer of lung 9
Questionadle cancer of lung 3
Other canses 169
Uninown canses [3
Smokers 4,673
Nonsmokers 1285
Unknown 20

Tables 1, 2, 3, and 4 present age, numoer
of years of employment. weighted average
exposure. and smoking habits of the conort.

A comparison of the exposure to asbestos
dust is presented in Tabie 3. All members
of the cohort were placed in one of three
categories, representing increasing iegreess
of exposure based on a weighted average
of the years spent at various levels of
dustiness. The degree of dustiness for each
job category was determined after consuir.:-
tion with persons familiar with the environ-
ment and conditions in the various work

Vol 17, June, lcz\
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Tamz l—~Number ond Percentage Distridution

Tastr 2Z—~Number and Percentage Distribulion by

¢ Lews than 0.3%.

areas, For the purposes of calculation, the
assumption has been made that the relation-

ship between these categories is linear, and’

that Category II is twice as dusty, and
Category III t.hree times as dusty as Cate-

zoryl S -

Tantz J.—Number and Percentage Distmbution
by Exposure Category

by Age Length of Empluyment

Age Number Per Cont £ Length af N e ©
mployment Number v Cont
3501 " >

534 1.13¢ i =1 1.7es 2
Sl - 415 10 10=19. 3, «
ASp ns 13 -9 2= 1%
Unkoown., 3 . 30-39. a3 10
s - 40=49. 18 3
TOI, e rareeranacs R 5,858 100 504, k] 3
versge Age 41 —— -
B TOWME e eeccramncecaconan 5,88 1w

N Aversge yrars of smpIOYOIBR e, 18

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

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

TasLE: 4—Number and Percemtage Distribution
by Smoking Habits

O

vAs used
smoker refers to a cigarette smoker, habit-

- " roum——T ruan

Eroosure
Catagory Number Por Cons
. ¢ .03t M
pad 2% £
¢4 1,772 ®
. Unknown._ : 3 .
Totals 5.988 100
Aversgy Exp 29
;-
* Lam than 0.5%.

The fourth variable, smoking habits, was
similarly tabulated and is shown in Tabie

* 4, This was included becmuse the informa-

tion was available and because smoking was
regarded 3s one of the variables which,
besides the environment, could conceivably
influence the development of lung cancer.
s presentation, the term

Smoking
Radlts Namber ey Cent
Srook veereaeeenn . 4.7 "
N 1,288 psi
Uuaoﬂ:.. ....... SR—— S Y ’
Totals. . vinneaa sesvrnonn 5.958 100

¢ Less thag 0.5%.

number of deaths each year from specifie
causes. In general, a case was considere
to be “proved” as one of primary ance
of the lung when the records showed tha
the diagnosis had been supported by a
autopsy or surgical resection of the lun
with microscopic examination of the rt
moved resne In one case so considered
however, diagnosis was confirmed by bron

Tase 5.—Year-by-Year Experience of Conort and Death Rates per 100000
Man-Y eors of Risk

PR——

—

Cause of Destd
Ai\io. Altve P?;vwd Suspected Mao¥
nAry Primary Other - an-Years
Your . of Year Ca.of Lung Ca. o Lang Causes Takmows of Risk
. NI e aae $.968 1 2 12 1 5.9%0
: / cemmtauee .. ————— 5943 3 ] 1 H .92
~F eI aem 0 9 n o9 19014
B ccranrncas 4,085 2 i H L] 58685
IR e 448 1 [ B 4 1229
b ST s810 2 ] » o (oed
Towis s 3 .- . nma
“Proved™ 100, of — e
Tews” -
e per lmmmmdmtowé - 3D
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choscopy with visualization and biopsy. In
another, although there was no autopsy, the
diagnosis of primary cancer of the lung
seems to have been beyond question.

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

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

_ man-year,

Deaths occurring in the cohort, and in
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

. C3nCer cases.

An indication of the importance of these
“suspected” cases in interpreting the resuits
of the caleuiations is desirable before fur-
ther discussion of the morulity rates which
are derived in later tables. For example, it
happens that the rate found for the proved
cases is ciose 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 cncer among the cohort. Actuaily,
nine cases were observed. If, however, the

3 additional “suspected” cases were in-

cluded, increasing this figure to 12, the total

Tame 7. —"Suspected” Primary Cancer of the Lung

would be very close to the 95% leve
of significance. However, having found jus
12 «ses, we are not above this level, anc
therefore the hypothesis that asbestos miner:
do not have a higher mortality from lung
cancer than does the general population can:
not be rejected. Nevertheless, the occur -
rence of 12 cases in this sample wouic
increase the rate to a point which approache:
the significant level. Because of the tre
mendous' importance of the questionabl
cases in this respect, some detail regarding
them will be given here.

In one of these cases, the suspicion o:
cancer of the lung is based upon the x-ray
interpretation, and, although no autepsy wa:
periormed, the death certificate indicates
that death was due to lung cancer. It it
well known that the x-ray appearance ot
fibrosis, especially if a locaiized density o
a superimposed tuberculous lesion is pres:
ent. can simuiate that of a tumor, and by
itself, does not justify the inclusion of this
case as one of “proved” cancer of the
lung. A second case was certified as having
died by reason of hydrothorax, possibly due
to lung cancer, but agamn there was nc
surgery and no posumortem examination.
In the third se, although it was subjectec
to autopsy, two pathologists disagrued as te
whether lung cancer was present. The death
was certified as having been due to chronic
myocarditis with nephritis and puimonary
congestion, and possibiy cancer of the lung.
On the basis of these facts, it seems unwar-
ranted to include these three cases among

-

—

,! . Cum Ne., Ame Sronker Zrpanwre D Autopsy Astratons
e 1 - - Y . Cat. TI1 onm Ne Yo

S 2 e Yo g;.mmm T 53 Yoo ;:'

! 3 L Yes 432 yr, in Can e Ne

3

Pl 17, Jume. 195%



-

CRL VAN et
Bl Y -3 ]

.

Ce

-y

.&'ﬁi.'.iA e .

.y - A

v

o
. . ~
. .y L
o s ot [P

.

. .
e

©

I’
i~

- . L coa e .

" LUNG CANCER IN ASBESTOS MINERS

“proved” instances of lung cancer. On the
* other hand, they cannot, in fairness,.be dis-
regarded completely. It is for this reason
that mortality rates have been calcuiated
both ways.
Table 8 gives the rawes by age groups.

The rates by length of employment are

shown in Table 9. During the first 40 years
of employment, the rate rises, an observa-
tion which seems plausible sinca the men
were growing oider.
years of exposure there are no “proved”
 cases reported for a2 total of 240 men dur-
. ing the six years, or about 1440 man-years
of exposure. When the “suspected” cases

.* are added, one case does show up in this

‘Tamz 8.—Lung Cancer Deaths by Age
Groups by 4

Number of Poraons and Namber of Lung Cancer Deaths

No. of Deaths
Na, of

Ags Grogp Persoms Proved Towl
Vb cncenencsnace 3,50 1 1
LLos PO, L1 =x 1 3
ccovestmsnm suas 818 3 3
B ocsvsscsncacdenes mns 4 &
Varmnowte. . acveeee 3 [} [}
TS e naee 5558 9 12

Anrual Lang Cancer Desth Rates per 100,000
Man.Yesrs of Exposure

Age group

Proved Towl
S04, 4 3
45=34 18 “
35-44 $1 3t
654 a2 s
Usknowa [} [
Ovoral e e = M

period. This would produce a rate of 69
per 100,000, agsin demonstrating the im-
portance of these questionable, but un-
proved, cases to’ the final conclusion,
because, if there were no cases in this
number of men with long exposure, and if
asbestos is 3 arcinogenic agent, it must be
concluded that these 240 men have demon-
suwated considerabie resistance. This is a bio~
logieai phenomenon which has been observed
previously and is consistent with the theory
of an intrinsic or endogenous factor in can-
cer. The oniy other explanation would be
that the susceptible members of this age
group had died earlier of lung cancer. Table
18, which apperrs later in this section, in-

—_e— - - —— e

However, after 40 °

Tast 9.=Lung Cancer Dearhs by Length
of Employment

Number of Prrsoms and Number of Lung Cancer Deaths

Na, of Deaths
Leneth of Na. of

Zoployment Pwrsons Proved Townd

38 ceenremnrosannes 1708 [ 3

10219 e ireennasranaan 3% i \

= 3 3

o s 1

18 0 1

) '] ?

Totals....... 5.958 ] 12

Anrusi Lnns Cancer Death Rater per 100,000
an-Yeare ot Iaposure

Lensth of
Eopoymeas  Provd Total
9 ] )
10-39. ° =
- ) L
3039 138 183
4049 9 %<
0o ¢ 0
Overall i icencsiscscccees 3 L

dicates that the members of the cohos
did not die from lung cancer at 3 younge
age than the general population.

The rates by weighted exposure ar
shown in Table 10, and it will be note
that they present strong evidence again:
asbestos being a carcinogenic agent, for,
exposure to ‘asbestos is in any way cor
nected to lung cancer, we would expect th:
the longer and heavier the exposure, th
higher the rate that would be found. Tt
only possibie error in this interpretatic
could occur if the weighted exposures we:
inversely related to years of empioymen

Tasz 10.~Lung Cancer Deaths by Esposure
Category

Number of Persons and Number of Lung Cancer Deate

No. of Deaths

Etposure No. of

Cawsgory Peroas Proved Towal
| S—— —verasm b1 4 .
) S, 2150 3 4

.............. voe Ln 2 4

COrDOW e cannnen & L] ]

TotslS eoeee 5.988 ] 12

Ammual Tuang Camexe Death Rates per 100,000
Man-Yars of Expesare

E ronsgre ) .

Catagowy - Proved Tota
1 E-3 §
hod a

)2 1 by

Unkoown, [} ¢

Overall_...oceencsasorses >3 ®
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Tamxr 1L.—Number of Perions in Varioxs

. Wesghted Exporwre Categorwes by
Length of Employment -
Weichted I rvowere
Calssories
Loneth of Te-
F.apoymeot 1 11 fotd Imown  Total
-4 wor | ol 4 ] 1.8
10=19 863 - 8l 1 3%
-2 34 E o 3 3 23
-7 247 ns i 1 03
0=i9 , (24 4 1 s
W~ 1) a » ] »
Towsls 2831 120 L ) S04
Aversge yeany
of aspears 113 173 ws 0 173

in which case the heaviest weghted ex-
posure (Category III) would show the

shortest length of empioyment. 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 years
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

ancer developed among %he 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 feit
that further verification was necessary. It
was possible that some abnormal distribu-
tion may have occurred, e g, the non-

Tame 12—Lung Cancer Death for
Smokers and Nomsmokers

Number of Persons snd Number of Lung Cancer Desths
by Smoking Habits

No. of Daaths
Paraons Proved Towl
Smokers...ovencenan. 4,873 [ 13 .
Nooamokers. . .e.e. 1.288 9 9
AKNOWA_. el b ] 9 14
Towls...... L3S |} 12 "o

Annual Lung Cancer Desth Rates per 100.000 Man-Years
of Exposure by Smeixing Habits

“io. of Destns
Proved Towl
Smok = ]
NonsmoRars [ ]
Tnimno 0 °
OVOralleeoerivevrneeeee B N
smokers. may have included a larger

percentage of young men. Consequently, ad-
ditional Tables, 13, 14, and 15 were con-
structed to show the distribution of smokers
and nonsmokers by age, length-of enploy-

- ment, and degres 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 years less than
that of the nonsmokers. Table 14 shows
that as far as length of employment is con-

Tastr 14.—NVumber and Perceniage Distmdution

. of Smokers and Nomsmokers by Length
Tastr 13 —=Numder gnd Percemiage Distripution of Employment
csf L skers ond MNawomctoes b dre Connn
Pl Mo = b 4 4
Numbee
Numsber $mokws  Nousmiokwms TUaknown
Ags Grouy Sooker Naocrmomse ~ Uninown %g 33 ' le
ke L S 3.200 [~ 12 T2 * 199 2
—reamnous sovossss 308 2¢ 4 @3 168 4
Bl ooe e ononsmmvonn 411 202 2 110 bt Q
L o 154 150 1 cesesccassssnasane 3 = 0
o v 3 -3 1 e — -
—— w— - Totals. .o ... 573 1,288 2
Totals ... 4.873 1.268 x Aversyy lonrth of
ATOrBES ALV vee 3 “2 0.7 (3170 5.0 . | SOUUN 170 193 180
Percestage Distridution Pereenaage Dustridotion
et Sworw N v To ) 4 razs Smoker Nonsmwoker TUnknown
: O’ 2
k- oy R — %8s 54 “s ®
- o oo onsornves 93 17.2 0 |- o TP Dl 33 e
3 180 100 10m e e meeme o et e e [V 3] n.7 mo
OBt e eeee e e n 34 ns (v L % M 184 18.7 10.0
"} . (¥} i8 e et atmana 3 31 2L
. — — — L oy STV S . 24 L9 [-3]
Tt ... 1% m% 100% JADNSPERRIPES IS a7 13 0.0
3 17, -4

— | ——— e s by —
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Tastz 15.—Number and Percentage Disiribution
of Smokers amd Norsmokers by
Exposure Calegory

Nurcber
g:um Smokers Nomamokers Unknown
| P, 1583 a4 4
1,601 452 7
134 1428 =3 *
) % [}
@ Towis, ceeeae 873 108 n
A versce sIDOSUTY
EBLEEVIT e e e camvmns 0 19 3

Pereentage Distribation

) 4 .
C::‘mm Smokers Nonsmokers Unknows

Leccasvessessmaans B2 NS pot-]
| S — a2 35.7 8.9
Ii...... PUTRPE D3 -S4 442
Uaroe —— 0 o 0.0
T Totll . 1% 100% 100%

cerned, the smokers had worked about 2.3

. vears less on the average than the non-

" )smokers. With longer exposure and greater
age, one would expect the nonsmoking
group to show 3 higher rate if lung cancer
were due to asbestos. Table 15 shows that
the average exposure category was aimost
the same for the two @oups. Therefore,
this variable seems to be of no importance
in accounting for this difference.

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

Comparison of the Cohort Experience

~ with that of the Frotince of Quebec, Do~
minion of Canads, and the United Siates.—
In orier ta. rmake 2 comparison of the
experience among asbestos miners with that
of the general population of the Province of
Quebec, statistics were gathered, as stated
earlier, in the office of the Division of

Demography in the Provincial Ministry of
Health. The data on total deaths, deaths
from all forms of cancer, and deaths from
cancer of the lung were obtained by .ex
and by county for the years 1950 through
1955. In addition, all death certificates
which specified primary ancer of the lung
and all those which indicated lung cance:
but did not specify the origin, were exam
ined for the years 1952 through 1955.
Table 16 gives 2 tabulation of the numbe:
of deaths from lung cancer in the Provinc
and in the cohort for the years 1950 thrugi
1955, and shows the annual rate per 100,00
in these segments. It will be noted from th
table that the mortlity rate for th
“proved” cases in the cohort is only slight!:
higher than the rate for the Province
When the “suspected” cases are included i:
the calcuiation, the rate for the cohort rise
to 33.8 per 100,000, which is about 30¢
higher than the rate for the Province. Thit
it will be recalled {rom the previous dis
cussion of the effect of the “suspected
cases on the results, approaches but doe
not exceed the significant level )
One further interesting observation fror
Table 16 is the rather marked increase i
the total number of cases for the Provinc
between 1950 and 1953. It is assumed ths
at least part of this increzase is due to im
proved recognition and reporting of lun
ancer during the interval, For this -easor
the years 1954 and 1953 were thought to ¢
more nearly representative of actual condi
tions. Even so, it is quite likeiy that th:
general popuiation is not studied for lung
cancer with the same diligence with whict

TastE 16.—Comparizon of Cohort with Province of Quebec

|

R Laog Cancer Desths Antual
Number of Rals per

- Persoun 1960 195t 1882 s 1954 198§ Towd 100,000
| Provines L)ﬂ‘:g; it = 8 a3 k- i, 1,824 =8

- Ce ‘Towl 3 2 0 3 1 3 12 s

1 2 0 2 1 3 $ =3

1192000 1= s Y xx0 m 34 1.813 p-xy

(oa*ud?t mbastos

18 U Prevines Arures. it has been swromed all tale luTE cinewr desths are o DG of - vears,
* ADTroTmmis WIdPOLE of the soumeraied PYPUisiion (o 1951, s0d Lhe entuDated popuistYm jor 1T (Rapport, Div. de la [

DoErIpbiel.
tNGmber slive (a chort st degianing of 1593,
T .
N ,:.
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Tamnz 17.—Lung Concer Deat

A. ARCHIVES OF INDUSTRIAL HEALTh

hs for the Provimce of Quebec®

i Number of Desths
M 1084 1968
Zetimated 1 Totsi Cortified Bpocifed Primary Total Certifed 8pecited Prunary
NS
Age Group Popolavion Total Proved Towl - Proved Towad Proved Touwl Proved
D=id 777.000 17 13 11 9 b3 4 L) 17 3
45=54 202000 7 38 < 3 &8 E ] 3 i
4544 137.000 100 38 [ 3 317 5T il¢ 57
H & 123,000 3t N [} - s S iLT) ¥
" Totals 1,237,000 = 1 n » U2 5 37 u-:'
Death Rates per 100,000
1954 1984
Total Certited Specified Primary Total Cartified Specifisd Primary
Age Group Total Proved Towl Prowsd Towl Proved Towl Proved
=44 23 17 14 13 3 12 3 1.2
4554 23 173 03 14.4 b X4 173 27 182
3584 o fo A 50.4 p- X1 .4 1.8 .7 s
[ "7 za a3 UL 123 “s 123 “.4
Cverall -1 3 .2 134 3.0 p-8 ] 124 n2 123

Duta {rom death certificutas.

~ 8

. ,‘m g.r'?o‘o.uli:zm obm::(‘.. by sppiring 1951 per
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 substantiateddy 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 certificite merely read
“cancer of the lung,” as distinguished from

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 iung.
It will be noied that, of the total cases
reported in 1955, a much higher percentage
than in 1954 were specified as primary. The
table also shows that a higher percentage
"+ of the total cases certified in 1935 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 far the cohort, shown in Table 8.
An average of the 1954 and 1955 rates for
the Province has been used, since the 1953
figure was higher and may have been ex-
ceptional.

646

g

those in which the diagnosis was confirmed ~

for ate fTOTPM for Tnsles Lo the total popalstion for (954, as given

This comparison, summarized in Table
18, shows that the observed number of
deaths in our sample is not significantly
greater than the expected number of deaths,
based on the average of the 1954 and 1953
figures for the Province. It is true that, in
the case of the age group of 63 and over,
the five deaths provide a figure which is
almost significant at the 95% level. How-
ever, it should be noted that this number
includes one of the suspected but unproved
cases previously referred to. Furthermore,
it is rather likely that the rate for the
general population is undersiated in this
age group, for the obvious reason that the
exact cause of death in the very old is not

Taaer 18 —Comparuon of the Actual and
Expected Numbcr of Lung Cancer
Deaths by Age Among
Asbestos Miners

Provinm Observed No
Totwal Sewctfed Esoected of Deachs
Ao Rats No.of Ne.ot
Grogp per 100,000 Mioers Desths * Proesd Total
204 13 . L& 1 1
45 N 112¢ H 1 3
3504 [Z] (1] 2 3 3
85 »n3 s H 4 $
Uaxnown - 3 - ] L
¢ The aroectad NOMLNr &3 bamed 08 the atarmee of the 195 snd
see~roaeific ratgs JOF Lha PTOYmos of Quecee.
? Actaally 0.4
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;I'Ath 19.—Age Distridution of Aduwit Males for

Taate 20—Annual Desth Ratzs_per 100000 for

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
. employvment 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 is the case aan

"4 be observed from Table 19.

It should be remembered that the miners
retire and consequently, it can be expected
that the oldest age grou$ will be larger in
the general population. The data presented
in Table 20 indicate that the lung cancer
rate generzlly decreases after age 70. There-
fore, we could expect the rate for &/l people
over 65 to be smaller than the rate for the
group between 65 and 75, which would apply

" to the oldest group of miners. 1t is-felt
that by using the whole aduit male popula-

4 _tion, we have developed rates for the gen-

eral population which are somewhat lower
than if we had been able to exclude the
peopie in the general population over 75.

A comparison between the asbestos miners
and the population of the Dominion as a
. whole was made, using statistical material
I/ from several sources. In one sourcs, Phil-
P~ 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

rawu-Trm

‘ the Province of Quedber, 1951% Cancer of the Lung in Conoda®
Provine Grouns of Yewrs
Percentasm
Number Por £ tn Cohert Ate Group 1B1-100 19411943 19501043
27138 9 % Under 02 03 8
188.003 16 19 30-34 o9 03 ns.
138,044 11 10 Is-39 2.8 33 35
ctemcrenanase 13,487 0 s 0td 3% e b
Total 1,158,458 l; 1; ”-5: :‘g }3 %7
) e ¢ 35-40 122 9 Y
064 123 87 73
[ ]
Rapport, 1064, e a1 us 123
. . . =7 184 5.9
a matter of the same intensity of interest 5B 73 X
as it is in younger persons. Al Acw 3 . s

* “Mortslity from Lung Cancer in Canada,™ 193] to 1682

increase is particularly marked after age
50, confirming an observation previously
made, to the effect that until recently lung
cancer has probably been underdiagnosed
in the older age groups in the general popu-
lation.

To use these figures for purposes of
comparison, it is necessary o combine the
rates for cerrain age groups in order tc
conform to the age distributions used in this
study. Since the exact popuiations in eac?
age group for the years indicated is no
known, this must be an approximation
However, the rates would be somewhat a:
follows:

Age Group Ruwe
20.44 . b
45.54 22
55.54 69
§54 — 9095

These rates are, in general, lower thar
those developed for the total (proved anc
suspected) cses of lung cancer among thi
asbestos miners. The only large difference
however, is in the age group of 63 vears anc
over, and it is quite possible thar the rate
for this group may have increased f{fo:
Canada berween 1952 and 19834 as it dic
for the Province of Quebec (Tabie 17).

A further comparison has been made wir
an over-all rate obtained {rom the America
Cancer Society for respiratory cancer death
in Canada in 1953. This rate, for males
i 20.8 per 100,000, or 3 more per 100,00
than Phillips’ 1950-1952 rate. and compare
with 23.3 per 100,000 for proved cases anc
33.8 per 100,000 for total cases among the
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TasLr 21.—Number of Deatihs and Death Rales
T per 100000 by Age Groups for the Adult
Male Population of the United Sliates®

Age Groap Popuiation Cases Fats per 100,000
bl 24,544,000 53 38
45=54 4,065,000 2978 389
53-04 §.340.000 4,254 5.8
[ 4,670,000 8.483 1143
Total 44,619,000 18,500 n3

* Dsta from “Vital Statistics of the Uoitad Statas,™ Vol. 3
10d 2, J9s2
asbestos miners in this study. It is there-
fore obvious that there are no important
differences between the rates for asbestos
miners and those for the general population

. of Quebec and the Dominion of Canada.

_ Since it is probable that figures for the
United States are rore complete and, there-

fore, possibly more comparable to the data
 for the miners, age-specific rates were com-

puted from “Vital Statistics of the Uhnited
States,” Volumes [ and 11, for 1952. These
rates have been tabulated in Table 21.

It is apparent that thege rates compare
favorably with those for the asbestos miners
as shown in Table 8. Still other rates for
the United States were obtained from the
American Cancer Sodety, and for males,
these were 25.3 per 100,000 in 1953, and
28.0 per 100,000 in 1955. 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 25 (or 34 for total cases)
obtaining among the asbestos miners.
Tuming for 3 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, who
have no exposure) an interesting observa-
tion can be developed by deduction. Hue-
per 3% has stated that there are about 35,000
persons exposed in the United States, and
we have found that the Canadian mines
empioy about 8000. Elsewhere, it has been

"estimated that the workers in England who

have exposure total between 3000 and 5000.
\ith workers in Afria, Denmark, Nor-

A, ARCHIIES OF INDUSTRIAL HEALTH™

way, and other countries, at least 50,000
persons must be exposed throughout the
worid, and it can be assumed that this
number has been fairly constant in the 20
years since 1935 when the first case of
asbestosis with lung cancer was reported.
At least 1,000,000 man-years of exposure
has thus been accumulated, and this figure
can be divided by the approximately 150
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 dfincer rate
which can be alculated for workers ex-
posed to asbestos dust is not much greater
than that for the unexposed population.

Comparison Between Eight Counties Ad-
jacent to the Asbestos-Producing .dreas and
Eight Selected Counties.—To compare lung
cancer mortality rates in the counties sur-
rounding the asbestos-producing areas with
another group of counties in which no as-
bestos miners are likely to reside, the rates
were computed on the basis of figures for
the years 1930 through 1955. The eight
counties selected for comparison were Ar-
genteuil, Chateaugay, Monimagny, Port-
neuf, Richliew, Riviere-du-Loup, St
Hyacinthe, and Terrebonne. mainiy because
they represent 2 wide geographic distribu-
tion throughout the Province. The counties
selected because of their proximiry to the
asbestos mines include Arthabaska, Beauce,
Drummond, Frontenac, Megantic, Rich-
mond, Sherbrooke, and Woife. Tabie 22
shows the number of lung cancer dsaths
tor the vears 1950 through 1953 for esch
of these counties, and 2 mortality rate,
based on the aduit male population in 1932,
To emphasize the comparison, Megantic
County has been shown separateiy, as has
the Province of Quebet and also the Prov-
ince with the eight “asbestos-producing”
counties subtracted. Because of its unique
lung cancer death rate, Montreal et Isle de
Jesus has also been listed in order to provide
further comparison. ’

It is apparent from the tabie that the
lung cancer death rate for the eight counties

Vol 17, June, 1953
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“SLUNG CANCER IN ASBESTOS MINERS

Taste 2.—~Number af Lung Cancrr ['caths and Rate per 100000 Man-Ycar:

Maie Lung Cancer Deathn *

Adtteit Made
At
Counties 1882 1950 1951
Meenntie County, 13.100 3 1
Tiene " Adiscent” Counties ] L3 3
Eigm Seleetort Counties £3./00 2 10
Province of Cuekoe 1.198.000 108 x
Provina of Queboc less eight
“3d mcunt’’ counties 1.100.100 190 ar
Montrenl ¢ lale de Jennn 204 X0 3 1

.t

.4 Rat
182 1.3 14 s Towl lw..ﬂw
3 3 ] 4 18 \:.\‘
1] 1. 4 " 5 0.¢
3 18 13 N 9 49 L L]
s x3 x3 87 1624 26
28 =7 » N 1370 p- )
158 192 188 = m pr

* 1t &5 axstimed that all male ang oancer deaihs oscurred Alter age X,

immediately surrounding the asbestos-pro-
ducing areas is practically identical with that
of eight 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, 1950 and 1951 deaths would be
expected to be about 0O greater. This
would result in a rate of 40 per 100,000:
- The only possible conclusion from this
comparison is that there iIs 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 eisewhere in the Province,

Comment on All Recorded Lung Cancer
Cases, Living and Dead, among 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 ne
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, inciuding one in which
the diagnosis was mediastinal lymphosar-
coma. During the period covered by this
investigation, there were nine proved cases
and three suspected cses in the cohort
Through 1956 and to date in 1957, there
were eight deaths, six of which were merely

-

—

suggestive of cancer of the lung and in-
cluded such diagnases as mediasting
lymphosarcoma, mesothelioma, cancer of the
leg with metastases to lung, abscess of lung
and cancer of the pancreas. One other wa
diagnosed on the basis of x-ray only. Ii
addition, there are now living four cases it
which the diagnostic evidence is strongi:
suggestive of lung cancer. Thisis a toal o
33 cases of all types, inciuding 10 “sus
pected” but unproved cases, and 4 that ar
still living. The remaining 19 constitute th
total of proved cases of cancer of the lun
among the asbestos miners since 1940,

The proved cases averaged 59 years o

“age at death, and varied between 37 year

and 68 vears. Their working span covere
periods varving from a minimum of 1
vears to 3 maximum of 37 years. Oni
three men had less than 25 vears of em
ployment in the industry. Seven amon
those on whom such information is avaii
able had a2 weghted exposure placing ther
in Category III, and six worked in a
exposure represented by Category I.

There were only 17 among these prove
lung cancer cases in which we have in
formation regarding the presence of as
bestosis. Asbestosis was present in nine
although it was minimal in two. Two patt
ologists disagreed regarding its presence i
another. At least seven of the 19 prove
lung cancers, therefore; were not accom
panied by asbestosis.

Surmmary and Conclusions

Interest in the question of whether ther
may be an association between lung cance

o
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and exposure to asbestos has been evident

since the report in 1935 by Lynch and Smith
of 2 case in which lung cancer and asbes-
tosis were both present. As additional cases
in which the two diseases coexisted were
reported, a causal association appears to
have been gradually accepted by many
authors, although some workers considered
the correlation to be inconclusive. The pres-

ent study 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.

Sincz most earlier studies had been
limited to enumerating the lung cancers
found in certzin selected samples, such as
cases coming tO autopsy or death certificates
in which asbestosis was mentioned, it was
apparent that they could not fulfill the re-
quirements of an epidemiological and sta-
tistical approach to 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 2 group
of asbestos miners having at least five years
of exposure and who were in the industry
in 1950. Data relative to their characteristics
were coilected 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 certf-

" icates and insurance records was carried out

in order to determine as nearly as possibie
the exact cause of death. Mortality rates
from lung cancer for the generai population
of the Province of Quebec and its various
counties and for the Dominion of Canada,

. a3 weil as the United States were alcuiated

from statisties coilected in the appropriate
places. Comparisons of the rates obtained
for asbestos workers and for the other popu-
lation groups were made according to ac-
cepted statistical methods.

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

650

. A. ARCHIVES OF INDUSTRIAI HEALTH

was not possibie to trace 133 of these for
the whole period, but 5771 of the remaining
5958 were found to be stll living in 1955
or later. Of the 187 known dead, cancer
of the lung was considered to have besn
reasonably proved in 9 and to be strongiy
suggested in 3.

The members of the: cohort were studied
with respect to age, length of employment.
a weighted average of their exposure, and
their smoking habits. It was found that
4673 were smokers within the definition of
that term as used in this study. Thirty-four
per cent of the cohort were imore than 42
vears of age, and thirty per cent had beer
empioyed for longer than 20 vears. Thiry
per cent had a weighted exposure whict
piaced them in the category of highest ex
posure,

The mortality rate for lung cancer, a
computed on the basis of nine “proved
deaths among the cohort was 25.3 per 100,
000. When the three “suspected” cases wer
added, the “total” rate- for the cohort ros
to 33.8. The importance of the suspecte
but unproved cses in determining thes
rates has been reiterated because it is’ likel
that such cases would not be included i
the statistics for the general population an
because they influence the results so mark
edly.

According to the findings in this study
the mortality rate from lung cancer doe
not appear to increase with length of ex
posure or with degree of exposure, 2 {ac
which presents strong evidence aguinst th
caarcinogenicity of asbestos.

Comparison of the experience among tk
asbestos miners with that of various seg
ments of the unexposed, comparable popt
lation shows that the observed number ¢
deaths among the miners is not significanti
greater than the expected number. The ra:
for proved cases among the asbestos mine:
(25.3 per 100,000) compares weil with t}
rate of 22.5 per 100.000 for the rest of ¢
Province, and 20.8 per 100,000 for adu
males throughout the Dominion of Canad
It aiso compares satisfactorily with rav

Pol. 17, June, 1‘:‘

!
\



+ ..
- » .
» )

L
-l . .o

TR
bt it mad.m

S
~

EE

1

)

3

4.

&

1

P e e - - p———t, -

~LUNG CANCER IN ASBESTOS MINERS

. of 37.2, 25.3, and 28.0 obtained from various
sources for adult males in the United States.
Finally, in this matter of comparison, it

i would appear that the worid-wide experience

| of persons exposed to asbestos dust is not

worse with respect to lung cancer than that
of the unexposed population.

The counties surrounding the asbestos-
producing areas, in which it is presumed
most of the asbestos miners five, 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 half of these cases

\were associated 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 dat®, it seems fair to
conciude that the asbestos miners in the
Province of Quebec do not have a signif-
iantly higher death rate from lung cancer
than do comparable segments of the genera
population. - :

- Furthermore, the death rate from lung
" cancer in 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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FOREZWNORD

The success of a study of the type herein reported de-
pends very greatly upon the availabulity of data from many sources,
az;d the assistance and cooperation of those in possession of these
data., Industrial Hygiene Foundation was fortunate in having the
wholehearted cooperation of the asbestos-producing companies, and
particularly of their medical and nursing personnel who have the re-
sponsibility for maintaining the medical records of the workers. In
this connection, we are esp;cia.uy indebted to Dr, Paul Cartier and
his staff at the Thetford Industrial Cliric, and to Dr, T. R. Graiager
and the nurses at Asbestos. All records iz these two medical cen-
ters were put completely at our disposal, and the care and complete-
ness with which they are maintained assisced considerably in the
preparation of the material relative to the worker population,

Data on population figures and on the causes of death in the
Province of Quebec were obtained with the uumost assistance and co-
operation from Dr., Paul Parrot, Head of the Department of Demogra-
phy in the Ministry of Health., Not only were all vital statistics and
reports made readily available to us.. but Dr. Parrot and his entire
staff rendered valuable assistance in many ways, including the location
and interpretation of death certificates. Especially helpful in this part

of the work was Miss Gauthier of Dr, Parrot's staff. The same heipful
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cooperation was renderad Sy Messcs. Hardy and Hopking of the Suz
Life Assurance Company of Canada in Montreal, #ho made avatiadie
their records of the death claims paid under the group policy cover-
ing the workers at Asbestos.

Yaluable suggestions for the conduct of the study were
made by Dr. J. A, Vidal, Chairman of the Silicosis Board, and Dr.
Guy, Pathologist far the Board, as well as Dr, Gregoire, Deputy Min-
ister of Health for the Province of Quebec, and Drs, Simmard, Duiresne,
and Groulx, in Montreal.

Statistics for the mortality rates for the Dominion of Canada
were obtained through the kindness of Dr. Dean F. Davies, Administra-
tor for Research on Lung .Ca.ncer for the American Cancer Society, and
those for the United States were graciously {urnished by Miss Guralnick
in the National Office of Vital Statistics, Department of Health, Education,
and Welfare of the United States Govermment. Finally, the very great
assistance rendered by Dr. Kenneth W. Smith, Medical Director of Joans-~
Manville Corporation, and Mr, Ivan Sabourin, General Counsel for the
Association, in making the necessary contacts, in travel arrangements,
and in so many other ways, is gratefully acknowledged.

The methodology of this research is believed to be unique
among the reported studies of lung cancer as related to asbestosis and

-

exposure to asbestos. Assistance in planning the study in such a way as



to assure a proper epidemiological approach, and all bilostatistical
applications of the findings were provided by Mr, T. David Truan,
formerly of the Graduate School of Public Heaith, University of Pitts-
burgh, and the staff of the Industrial Hygiene Foundation.

The report is believed to present the findings in an objec-
tive manner and is respectfully submitted for the consideration of the

Association. ’
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For the purpose of clarity ancd uziformity, the terms

used in this report are herewith defined according to the manner

of their use.

Asbestos workers:

Asbestos rminers:

Asbeasatosis:

Ccohkort:

Lung cancer,
cancer of the lung:

Smmoker:

Workers exposed to asbestos dust in other
than mirning operaticns.

Waorkers engaged in the mining and prepara-
tion of ashestos in the areas under study.

A generalized fibrosis of the lungs diagnos-
able by x-ray, or by micrascopic examina-
tion of the lung tissue, but not necessariiy

accompanied by symotoms or by disability,

A segment of the population, defined accord-
ing to certain criteria, and representative of
the whole population, Specifically in this
study, a group of asbestos miners having at
least five years of exposure in the industry
and who were in the industry during 1950.

A neoplasm of the lung or bSronchus, wher-
ever situated, and including adenocarcinoma,
squamous cell, and undifferentiated, round,
or ''oat cell' nistological types, Primary
cancer of the lung means such a neoplasm
originating in the iung, and not secondarily
in the lung as the result of a metastasis from
another prirnary lacation in the body,

As used in this presentation, the term smoker
refers to a cigarertte smoker, habitually smok-
ing more than n_:_e cigarettes per day, Persons
who smoke pipes or cigars exclusively were
not considered to be smokers for the purpose
of this study. '
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I. INTRCDUCTICN

Ever since the pronounced increase in the incidence of
lyng ¢ancer among males became apparent, there have been attempts
to associate it with one or another of the various elements in the e¢n-
vironment of man, The approach used by some workers has been to
suspect cne or several substances and then. set about in an intensive
search for lung cancer armong persons who have had any exposure to

(182)

those compounds, In this connection, Smitk writes: '"The ten-
dency of authors reporting the coincidental occurrence of primary

lung cancer with silicosis or with any other theoretical eticlogic con-
ditions, has be?n 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 ma..n#er, because prolonged exposure to this material is
known to cause a specific type of pneurnoconiosis, and because persons
who show this form of prewrnoconiosis often come to autopsy and pro-
vide a ready source of material for study. [t was in this way that re-
ports of the sirnultaneocus occurrence of lung cancer and asbestosis be-
gan to accurnulate after the report of a case by Lynch and Smith (139) in
1935, Within the next ten years, about 15 additional cases were reported,

(155}

and in 1946 Merewether raviewed all deaths from ashestosis re-

corded in England since March, 1924, Lung cancer occurred, according
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to Merewather, in 13.2% of these cases. Continuing chig study %0
include December, 1954, Merewetker counted 53 cases of cancer of

the lung among 344 cases of asbestosis, raising the incidence to 16%.
Qloyne,(gz) whose work is also frequently referred to as establisaing

a connection dbetween asbestosis dnd cancer of the lung, reported in

1951 the results of his findings on 1205 autopsied cases, Tuis series
included [ 32 asbestos workers, of whom (2] showed ashestosis. Cancer
of the lung was present in (4.1 % of these asbestosis cases, In 1941,

(tely claimed to have produced lung cancer in mice

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

(122)

with asbestosis bave been reported, and, according to Hueper about
100 such cases had been reported up to 1955. As a result, an associa-
tion between the two diseases appears to have been accepted by any
authors and several writers were using the term ''asbestosis cancer’ of

| (205) . . -
the lung., Werber in 1952, stated categorically thatin 7% to 177%

of cases of agbestosis, after a latent period of about ! 1/2 to 20 years,

-carcinoma becomes established in the lung.

Cn the other hand, not all authors accepted the alleged associa-
177;
tion without reservation. Saupe ( ) in 1939 tad reported that he had
discovered no cases of lung cancer among 620 cases of asbestosis which

104
be zad examined; and in 1942, Holleb and Angrist (104) expressed the

opinion that the number of cases of asbestosis with lung cancer was tco
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{20Q)
small for statistical evaluation. In 1947, Wegelius

repcrted 125
radiologically diagnosed cases of asbestogis among 474 workers in
Finland, and found no cases of lung cancer in this group., Goldblatt
and Goldblatt in their section of Merewether's latest book, (95} state:

"But at no stage in all these impressive researches was
any clue obtained which might have offered any support to the possi-
bility that asbestos could ac: a3 a carcinogen, Taere is no reliable
criterion by which one can a.n:icipa.té carcinogenicity and, as is well
known, relatively minute changes in the structure of a chemical car-
cinogen are sufficient to diminish or eliminate carcinogenic action,

If asbestos is indeed to be regarded as a carcinogen, the
need is felt to demonstrate some property which can be regarded as
something more than inertmess, "

These authors advance the theory that, until some more
experimental evidence of direct carcinogenesis by asbestos or a de-.
compesition product of it can be obtained, asbestos might be considered
as a '"co-carcinogen'' which only induces a further development of a pre-
neoplastic condition brought about by something independent of the as-
bestos, such as an endogenocus factor,

Thus the literature, while tending to support the thesis that
asbestosis is in some way related to the development of lung ¢ancer, is

by no means unanimous. Altogether, it is perhaps more confusing than

enlightening,
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Meanwhile, the Canadian johns-Manville Comzany in
Asbestos has been ajert to the whole problem, and at the Thetford
Industrial Clinic, Dr. Paul Cartier was studying the situation
among a working population of about 6000, and made notable contri-
butiaons to the literature just ci:ed(4z-44). Between these two areas,
a number of cases had been recognized and tabulated Yy the spring of
1956, At this time, at the sugges:ion'of Dr. Ken:xieth W, Smith, Medical
Director of the Johns-Manville Corporation, and Dr. Cartier, the Quebec
Asbestos Mining Association approached Industrial Hygiene Foundation
to determine whether :t would be feasible to conduct an epidemiological
study in order to discover whether the incidence of lung cancer was, in
fact, greater among asbestos miner; than amoné the general popula-
tion, and whether there was a.correlation between lung cancer ind the
disease asbestosis., The Foundation submitted, in March, 1956, a pro-
posal for such a study based upon a preliminary survey of the type and
accessibility of data which might be availabie. This proposal was ac-

cepted by the Association through its Secretary, Mr, W, H, Soutar, and

its General Counsel, Mr, Ivan Sabourin, Esq.
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O. CRITICAL REVIZEW CF LITEZRATLURE

A careful review of the published material on tais sub-
ject shows that the majority of the reports are clinical and not epi-
demioclogical, They lack many clements necessary for the applica-
tion of epidemiological techniques to their content and most of the
authors do not make claim to having done so, What has happened
is that succeeding authors have drawn conclusions and generalized
beyond the scope of the works which they quote., Nowhere, {or ex-
ample, have we found references to a povulation of ashestos workers,
although several authors who have quoted the observed incidence of

lung cancer in autopsies of persons who also had asbestosis imply

that this incidence applies to asbestos workers, 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 to autopsy. With the exception of a paper by

63 -
oll ( ), pone of those reviewed gave any data on exposure and dust

D
concentrations, and even Doll's paper merely mentions '"scheduled”
areas, by which is meant, '"those areas where processes are carried
on which were scheduled under the Asbestos Industry Regulations of
1931 as being dusty."

There is, furthermore, a complete lack of definition of

terms as used in the published literature, For example, the term
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"asbestosis", as used, may refer to changes observable only by
microscopic exarmination of the lunZ tssue, or it may mean a radio-
logically detectable condition.

Most of the published reports obviocusly included women
among their cases, but some of them do not give the number or pro-
portion of women involved in the study,

There is also a lack of uniformity as %o wnat type of ex-
posure most studies have dealt with, Of 99 cases enumerated by
Hueper (122) in 1955, oniy ten appear to have o:.-igi.na.:ed_’m the United
States, and seven in Canada. Some of the earlier reports apparently
included asbestos miners, but it can be assumed, since 82 of the 99
cases had originated in England, and since 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 zabits, family history of cancer,
length of time in the industry; and age of the individual case are also
notabiy absent in the majority of these reports.

With this understanding of the limitations of the existing
literature with respect to epidemiological generalization, it may be of
value to consider in somewhat more detail some representative earlier
publications, a few of which were referred to briefly in the previous

section,
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One of the most detailed studies and one whaich deserves
the most seriouls consideraticn is that reported by Doll (63) in 1955,
This study reviews causes of death among asbestos workers based
on coroners' records, [t also attempts to es:u-na.t; the risk by study-
ing records of men who wprked for at least 20 years in exposed situa-
tions. Doll concluded that lung cancer was a specific industrial kazard
of certain asbestos workers and that, after 20 years of exposure, the
risk is ten times as great as for the general population.

This article is important for several reasons, in addition
to the definite conclusions at which it arrives. For example, it begins
by stating that ""in view of the infrequency of asbestosis, this large num-
ber of cases (61 cases of lung cancer) suggests-—but does not prove —
that lung cancer is an occupational kazard of asbestos workers.,”
Neither this article or any previous one which we have examined presents
any figures to prove that asbestosis is an infrequent occurrence. Es-
timates of the number of persons potentially exposed to asbestos dust
in the United States alone vary irom 10,000 to 35,000 and the incidence
of asbestosis 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 thatin
selecting men who had been er'nployed for at least 20 years, the study

automatically excluded those who died from other causes after shorter

employment,



It also seems that this review does not add anv new cases
to the literature, although Hueper in enumerating 99 cases reporied
prior to 1955, lists [l discussed in it. Clearly, also, the paper is
not dealing with ashestos miners,

Another reascen why this publication is of importance is
A statement which it contains to the effec: that '"the strongest evidence
that it (lung cancer) may be a hazard (in asbestos waorkers) hasg heen
produced by Merewether and by Cloyne.'" An examization of these
references leaves at least some question as to the strength of the evi-
dence procuced.

In 1951 Gloyne (92);.--.-esented a review of 1205 autopsies
on persons who had worked in v.rious dusty occupations, This num-
ber included 132 asbestos workers, of whom 121 showed "pneumoconiosis"
—preswmably ashestosis, Prim .ry cancer of the lung occurred L7
times in this group, an incidence rate of 14.17 for lung cancer among
autovsied asbestosis cases, There were in his series 796 cases with
silicosis, and 6,9% of these also showed primary cancer of the lung,
The incidence of lung cancer in other forms of poewmoconiosis was 6.77%,
and in 169 cases which proved not to have any type of pneumoconiosis
it was 8.3%. Gloyne considered ''the mortality of the asbhestos workers'
to be '""disturbing”. First of all, it is obvious that the paper does not
deal with the "mortality‘of‘ asbestos workers'', and secondly, it must

be borne in mind that all of Dr, Gloyne'’s cases were submitted to kim
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for study bSecause the lindings were unusual for uncomplicated pneumo-

»

coniosis, Presumably, all cases, tnciuding :hose of asbestos:is, in
which the {indings were not considered unusual were never broughnt to
Dr, Gloyne's attention., As a rnatter of fact, in the same paragrapd

i1 which ze expresses concern over the incidence vate in asbestosis,
Dr. Gloyme himself points out that the rate for lung cancer dased on
necropsies at the London Chest Hospital was 21.3% while the figures

of the Registrar-General saowed only 2.4%. He thus recognized that
autopsies on i certawn selected group of cases were not representative
of the general sopulation. It would seem, then, that notwithstanding
the value of Dr, Glovne's work, its importance as an index of the pre-
valence of lung cancer in asbestotics has Qeen misinterpreted by those
who have guoted hirm. All that it really shows is the fact that in a group
of 121 cases, selected for special study primarily because they seemed
abnormal by preliminary examination, 17, or 14.1% kad lung cancer.
Merewether (133145 1947, in the report of the Chief In-
spector of Factories, reviewed all cases reported between 1324 and
1946 in whiclk asbestosis was the cause of death or a coexisting con-
dition, This work was later extended to include all such cases reported
up to December, 1934, by which time there were 344 deaths inciuding
205 r:zai.esva.x:'.ci.].3'a females, Among them were 55 cases (1.6%) of cancer

of the lung, +l in males and l4 in females. It is quite possible that a

large numoper of asbestotics who did not die of their asbestosis, or in
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wpose death certificate it was nct menticned, may have seen missed,
The irmport of this 167 is enhanced by the simultanecus statement
that the incidence of lung cancer in autopsies of the general popu-
lation is only L%. The danger of attermpting to compare a rate ‘fcund
in 344 cases with the rate for the general population without respect

to age, cccupaticn, and many other variables, such as smoking kabits,
is obvious,

(142) . 2_‘(1.3:‘?)

Lyneh, who with Smit kad reported the f{irst

case in [535, reported four cases of carcinoma of the lung in a series
of 49 autopsies on workers in an asbestos manufacturing plant who
were shown to have "demonstrable deposits of asbestos in the lungs,”
This, of course, is not necessarily identical with the disease asbes-
tosis. Lymch, himself, points out that, although this is an incidence
of 8.2%, ''both figures are too small for very serious statistical types
of calculation.!' Nevertheless, later writers have used this paper to
strengthen the casge for an association of carciznoma of the lung with-

(132) found only four in-

asbestosis, [t is of interest to note that Xlotz
stances of lung cancer in 478 cases of asbestosis, a series !l times
as large.
. {156) .
Behrens, as quoted in Merewether , estimated that,
of 309 cases of asbestosis in the literature, 44 showed associated

cancer of the lung——ygiving an incidence of 14.2%., This is another case

of generalizing an incidence obtained ir a2 group of cases which were
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undoubtedly reporied oniy cecause some of them showed lung cancer,
to possibly hundreds of asbestotics whose cases were never reported,

S : (132}
The same appliies to the conciusion of Teleky who appears to
have reviewed reports of 39 autopsies on persons with asbestosis among
which six cases of lung cancer occurred. Information from those sources
does not justify generalizations with regard to mortality rates,

(205

Werber who made the unequivocal statement that lung

cancer would result in from 7% to 17% of cases of ashestosis, allowed

himself considerable latitude by qualifying it, as regards time, to an
interval of | 1/2 to 20 years. Finally, mention should be made of some
entirely unsupported statements which tend to build up a mistaken view-
point through mere repetition. One example is a sentence in "Nontuber-
. (76) .
culous Diseases of the Chest’ where the authors sayvy simply, "an ex-
cessive incidence of pulmonary cancer has occcurred among workers in
other occupations, such as asbestos industries, nickel-copper refineries,
stokers in generator plants, etc.' without substantiating reference.

As an illustration of the ease with which a few reports which
merely suggest a certain conclusion can, through the lack of a sufficiently
critical attitude, be summarized to produce the conclusion in a definite

69) o . -
form, an editorial in the Journal of the American Medical Association
mentions the work of Wedler and the report of Merewether and then es-

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

gettled. As a final convincing argument, it refers to ''recent experimental

(’.‘
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observations (by) Nordmann and Sarge ( ) ‘. Tkis is the experument

in which squamous carcinoma was said to dave been produced in about
a dozen white mice, and wnich has not been duplicated by any other in.
vestigator.

Perhaps no one has written so extensively or so dogmati-

109-124
cally on the subject as has Hueper ( : 9 ).

(122)

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

(63)

EZleven of these were thoge discussed by Doll and appear to have

in 1955 he reviewed the

been cases covered by other autkors, Zight were discovered by Xenna-
way and Kennaway (131) in an analysis of death certificates and, unless
Merewether's study w‘as incomplete, these cases should have been in.
cluded in his report, Of the rermaining 80, it is quite possitle that the
31 contributed by Merewethe:: and the L7 by Gloyne contain sorme dupli-
cation with each other or with other English authors.

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

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

no exposure and therefore do not develop asbestosis!



UI. PRINCIPLES QF THE ZRIDEMIOLCGICAL METHOD

As Ras been indicated, much of what i3 now thought to
be pertinent concerning the comparative frequency of lung ¢ancer
in different population groups has been developed from the analysis
of clinical material, particularly surgical and autopsy records, This
bas beer supplemented to some extent Ey the reported impressions of
various clinicians based upon their personal observations. More re-
cexntly, nowever, atteation 2as turned to the systematic investigazion
of this prodlem by the same methods that have proved so successful
previously in the study of communicable diseases, that is to say, by
epideraiological methods,

Epidemiology is the method of investigaring a specific
disease in human populations in relation ts certain variable character-
istics, including the environment, In contrast to the clinical method
wiich is primarily concerned with the characteristics of the disease
in individda.ls. epidemiological research involves the invescigation of
the disease as 2 mass phenomenon, [t seeks to discover what propor-
tion of persons in a given set of circumstances will eventually develop
the disease, Epidemiology cannot predict whether a given individual
will fall victim to a specific disease, but it can predict the approxi-
mate number of cases of this disease which will develop in a population

~{ specified size, composition, and subject to 3 given environment, It



proceeds Dy Iirst carefuily and accurately describing characzer.
istics of the disease in difierent population groups and its essexncial
objective is the formulation, testing, and vertfication of generali-
zations concerning the disease in question.

[n order to apply this method of investigation to the pro-
blem under discussion, the Fourndation was of the opinien that a study
should be planned so as to provide:

l. A well defined population group.

2. Available data for all members of this pop=-

ulation, including the ’nea.itﬁy as well as the il1.

3. A sample which is truly represencative of the

population.

4, Reliable and valid observations relating to the

problem of the study.

A serious defect, common to most of the st;zdies which
have been Teported, is that liftle or no inforrmation concerning the
healthy pecple in the group seems to have been available to the author.
Therefore, results of these studies cannot properly be generalized to
include such people.

In order to draw a generalization regarding all asbestos
workers,it is necessary for a study to include living persons as well
as the dead. Limiting the in#éstigazion to autopsied cases, as has

been frequently done in earlier studies, still further restricts its use
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in generalization. Tae problem with which the Quenec Ashestos
Mining Association is concerned i3 whether asbestos miners ex-
perience more lung cancer than does the general population. The
answer necessitates the collection of reliable information on asbestos
miners as a group, as well as on the general’population.

[t seems advisable to discuss the differences between the
epidemiological approach and that used in the studies which have heen
reported to date, A very important consideration is the fact that lung
cancer, in spite of its increasing numbers, is still a disease of low
incidence; that is, in a given population not many persons will contract
this particular disease. This fact requires that large samples or groups
must be studied to provide meaningful resuls.

Recognizing the difficulty of obtaining such large samples,
most earlier writers deviated from the epidemiclogical method and
sought to circumvent the requirement of observing well persons by:

1. Comparing the relative freguency of cancer

in various sites.

2. Comparing the relative frequency of cancer
in a group of hospitalized patients,

3. Comparing the relative frequency of cancer
in a group of cases coming to autopsy. .

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

all types of cancer may be increased merely by reason of a decrease



1n the :ncidence of cancer of other sites. Tais could bDe irue even
though the incidence of lung cancer remained constant, or if it de
creased less rapidly than that of the other types,

Attempting t0 compare two population groups, lockirng only
at the relative frequency 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 ex-

actly the same wun both groups., This is be:cause tbe relative frequency
of cancer 1n other organs rmay be lower in the second group. Thke mor-
tality rate from a particular cause is the true measure of comparison.
it 1s apparent that selected groups such as hospitalized
i:atieuts Or autopsy cases may not be representative in aany way of a
larger group, and that in dealing with such samples, the observer may
easily find more cases of any kind than would be found in a group of the
same size, but representative of the general population. It is true that
investigation of cases from suca a sample can furnish inforrmation valu-
able for"research. but .the use of this information in drawing generaliza-
tions is necessarily restricted, It is the obligation of both the investi-
gator and of those who read his report to 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 occurring in a group of
autopsies can fead to a.proper i;n.ferem:e corcerning the frequenc;{ of lung

cancer among cases coming to autopsy, but only to such cases. ZIor



information from suck a study (o be projected 1o some larger Irouy,

it is necessary that the autopsies represent a good sample of that
larger group. To assume that such is the case w1 any particular series
is dangerous and likely to be false,

There is some danger that the figures reporzed by some
authors may be misconstrued as applying to asbestos workers or even
ashestos miners, when, in fact, the authors in question &b not make
this generalization, nor 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 the particular investiga-
tion.

The present study, in contrast to the eariier works, has been

planned to utilize the epidemiclogical merthod. A well-defined group of

ashestos miners has been established in such a way that it constitutes a

good sample of the whole population of asbestos miners in Quebec. Data

for all members of this group have been collected and analyzed., Tnose

:w-v-"cv-;«a—n:-

concerning lung cancer have received most careful consideration. De-
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tails of the methods employed will be set forth in a later section, but the

type of approach is considered to permit of fair comparisons and valid

generalizations,
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[V, COLLECTION AND ANALYSISCEF CATA

A preliminary survey of potential sources of information
in i-‘e‘oru:ary of 1956 involved cdiscussions with the chysicians in charge
of the asbestos companies' programs and with cliniciars, pathologists,
representatives of City and Provincial health deparazents and of the
Canadian Cancer Society, and other interested persaxs, [I was
found that morbidity data, although somewnart lim:ited, were available
from such sources as the hospitals in Montreal and Quebec City, and

the [3 Cancer Detection Centers 1n the Province, However, because

of the high mortality in lung cancer, it seemed advisable to depend upon

data relating to deaths., .".'hese welfou..-:d to Se obtaizable at the vital
statistics department of the Minigtry of Health in Quebec City, From
the preiirminary survey, it was apparent that exsensive and detailed in-
formation could be gathered with respect to both the persons employed
in the asbestos mining industry and mortality figures {or the general
population,

Following this exploratory survey, the initial effort was
directed to the collection of data relating to all workers who had been
processed through the clinic at Thetiord Mines since its inception in

1947, Similar information was obtained regarding all workers at the

Canadian Johns-Manville Company in Asbestos, Data {rom the clinical

records included the age, famaly and personal medical histories, smoking

habits, number of years of exposure, an estimate of weighted exposure,

[
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and the course of the individuai’'s nealth status or the cause of nis death.
Although the data in these two instances were not exactly similar in
form, the inclusion of records from the personnel department at As-
beatos covering emplioyees wno had retired, died or become disabled
provided data sufficiently alike for the purpose of the study.

From this information it was possible to formulate for both
Asbestos and Thetford Mines ''cohorts’ which could be well defined,
should be representative of each group, and could be {allowed {or a de-
finite period of time, All of the available experience indicates that the
development of asbestosis in less than f{ive vears of exposure must be
somewhat rare. Accordingly, the cohorts were defined as including
every worker wiho had a total exposure of five or more years, and who
was on the employment rolls at Ashestos or Thetford Mines in 1950,
These coborts were then followed by means of the annual physical ex-
amination records through a six-year interval, 1950 through 1955, All
data regarding these groups were then tabulated in order to determine
the characteristics of the cohorts, For those who survived the entire
period, reference was made to the physical examination results and x-
ray findings at the end'of the pericd. Those who had died were tabulated
separately and the cause of death corroborated by examination of the
death certificates, A further search was made concerning those in the
original cohorts who remained unaccounted for when the living and the

known dead had been tabulated. They represent men who had lest
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emplavment tarauzn retirement or resignalicn., venzually, alil syt

a small number of these were accounted Ior as either llving or dead,
and in the latter event, the cause of death was substantiated in a
similar rmanner, and the results added to the original list of deaths.

Death certificates for the Province of Quebec or the years

1952 0 1335, tnclusive, were reviewed in the deparwunent of vital sta-
tissics of the Provincial Health Ministry, together with statistical sum-
maries of the causes of ceaths inthe Province by counties, All cases
in which death was certilied as having been due o 9:&::;:',' cancer of
the lung were examined for such information as place of residence, cc-
cupation, date of c‘.e#t'n, aospital in which death occurred, and whetner
Or not an autopsy was performed, Cases in wnick lung cancer was
given as a cause of death, but in which it was not specified as to whether
the cancer criginated in the lung, were also reviewed in an effort to in-
clude all instances of primary carcinoma of the lung in the study,

The statistics for the Province of Quebec relate to popuia-
tion, total deaths irom all causes, total deaths from cancer of all types,
and deaths from lung cancer. These were collectad and tabulated by
counties and by sex ior the years 1950 to 1955, inclusive, From them,
death rates for the general population of Quebec and of individual coun-

ties were calculated {or specific years and analyzed by cause,

Practically all employees of the Canadian Johns-Manville

Company are covered by a group policy of life insurance which, fortunately,
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nearly ail of them continue to carry when they retire, A very ‘ew

are not covered Dy this policy, and those who leave the industry for

one reasen Or another except retirement usually are no longer coverad,

bu.t this is likewise a small number, As an additional check upon the

information obtained from the clinical records on the group at Asbestos,

the records of the life insurance company were axamined for all death

claims paid under the policy, and particular notice was taken of tze

claims in which the proof of death was based on cancer of the lung,
Deaths from lung cancer among asbestos workers were

thus determined {rom the clinical recards in the medical service of

the industry and chiecked by means of the death certificates and insur-

ance company records., The list of deaths was then verified individually

'b).r reviewing them with the physicians in charge at Canadian Johns-

Manville Company and at Thetford Mines. In this manner, 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. Mortalii'f rates have been cal-

culated using both the ''proved" and the total of '"proved" and ""suspected"

cages during the vears under observation. Comparisons were then made

between the death rates from thé same cause among specific segrrents

of unexposed persons. All lung cancer deaths, both suspected and proved,

were carefully analyzed to determine possible relationship or correlations

between the development of lung cancer and any factor known from the

cmm————
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ciimical records such a3 family 1istory of capncer, jersonal ni3toTy
of heavy smoking, coexistence of asbestosis or exposure to asbestos,

[n addition to this anmalysis of deaths cccurring inn the co-
aorts and during the years under observaton, every kmown cdeath {rom
cancer of the lung, as well as every case diagnosed but scill living, has
been tabuiated and amalyzed. They will be discussed separately {zom
those included in the population aad time-interval under study.

A.comparison of lung caancer tmortality in the asbestos pro-
ducing counties has been made with that in counties whick are far re-
moved {rom the asbestos mines and in which, presumably, 2o asbestos
miners live,

Finally, in order to broaden the comparison of death rates
in difZerent population groups, the rates have been collected for Canada
generally, and for the United States, according to the most recent pub-
lished and unpublished material.

In order that the method by which these cormparisons cave
been made may be more easily understood, it seems advisadle to discuss
briefly some of the fundamental statistical concepts which have been
toilowed, Tne principle of calculating the probability of a given sample
representing the true condition of a large group can be illustrated by
imagining a contawner in thch there are 1000 marbles of waich 500 are
white and 100 black. The actual probability of drawing a black marble

is one 1n ten,or . L, However, should a sample of ten marbles be drawn
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from the container, it would not te uniikeiy that two, three, or even
no black marbles would be among them, ewven though the “"expected”
number would be one, On the other hand, if all ten were to be black,
¢that sample would unquestionably te "extraordinary'. The following
tabulation shows a calculation of the probability that a given number

of black marbles will be found in 3 sample of ten:

No. of Black Marbles

in Sambole Prabability
0 . 3436784401

L . 3874204890

2 . 19371024453

3 .0573%56280

4 .9111602610

S .0014880348

6 .0001377810

7 . 0000087480

8 . 0000003545

9 . 0000000090
10 . 00000Q0C0O1L
Total 1.0000000000

From these probabilities, it is evident that one mignt ex-
pect a sample of ten to include no tlack marbles or one, two, or three,
but for the sample to consist entirely of black marbles would be ex-
pacted oniy once in ten billion trials. Finding three black marbles in

the sample would be expected in almost six samples out of 100, and it

would be anticipated that the sample would contain four or more black
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marbles in slightly more than oze trizl out of 100, The actual prob-
ability of this happening 13 ,012793134, which :3 determined by adding
the probabilities for 4 through l0. In practical applications of sam-
pling, the percentage of "black marbles' is, of course, unimown and
must be computed from the results found in the sample, There are
limitadons to the accuracy of such a computed value, but it is possible
to state with a known probability that the true value lies within a certain
range, [f the range is wide enough, the probability may be practically
[00%. The usual practice is to require 35% certainzy,

In the present study, since the p'roba.bili:y of raving lung
cancer is so small and since the sample aize‘was fairly large, the
Poisson distribution was used instead of the binomial distribution, which
has just been described. Tkis is a substitution {requently made under
these conditions, because the Poisson distribution is tabulated and the

differences berween it and the binamial distribution are quite small, It

18 based on the equation:
-np x
e "7 (npo)

X
Where ¢ = 2. 71828 (the base.of natural logarithms)
n = number of man years subject to risk
P = incidence rate
x = number of cases observed

The logic of the statistical approach may also justify a few
words of clarification. GCenerally, in problems of this kind, one sets

UP 3 hypothesis, which in our cagse would be, '"Asbestos miners 4o not
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have a nigzer rate of morzality from lung cazncer than the zeneral sopu-
lation.' The bypothesis is then tested by rmeans of the study of data on
asbestos miners and on the general population, inciuding the observed
number of cases of lung cancer, From wbat has been said earlier, it
i clear that even if the asbestos miners and general population had ex-
actly the same lung cancer mortality rate, it is unlikiey that in any
single sarmple this identical rate would be found. S.ome difference is
likely to be observed, but the immportant question is wihether this differ.
ence is greater than might be expected merely as a matter of chance.
In other words, we wish to know whether the difference is '"statistically
significant', If a sample should supply seven cases when the expected
number (based on the rate for the general population) is five, one must
inquire concerning the probability that this would occur purely as a marter
of chance, It is this probability value which is calculated by the Poisson
distribution. If, on this basis, a value is found in the sample which is
sc much larger than the expected value that it (or some larger value}
would occur lesa.:ha.n 5% of the time by chance, there is sufficient evi-
dence ta reject the original hypothesis. If, on the other hand, the value
observed, even thaugh larger than the expected value, is ng greater than
might cccur by chance in fewer than 5% of trials, we have insufficient
evidence to reject the original hypothesis, ) .
Calculations and conclusions based on the results of the find-

ings in this study have been made in conformity with these statistical

concepts, They will be presented in the following section.
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V., RESULTS AND INTEZRPREZTATION

The two cohorts wiich were constructed according to the

criteria described in the preceding section have been considered in-

dividually and compared with each other as well as with the general

opulation. Description and comparison of these cohorts will Ze pre-
pop P I3

sented here as a preface to the results of the study,

A tabulated summary of each group and of the cormbizned

cohorts is shown below:

Thetford  Summmary of

Asbestos Mines Combined

Cokort Cohore Cohorts
Original Cohort 2327 3764 6091
Lost Persons Deducted 54 79 133
Final Cohort 2273 3685 5958
Living in 1955 2224 3547 577TL

(working and retiredj

Dead by 1953 49 138 187
Ca. of lung 3 6 9
Questionable Ca. of lung qQ 3 3
Qther Causes 46 123 169
Unknown Causes v} 6 6
Smokers 1931 2742 4673
Nonsmokers 340 925 1265
Unknown 2 18 20
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Tables |, 2, 3, and 4 present age, number of years of

empioyment, weighted average exposure and smoking nabits of these
two groups. [t will be observed from Tabie | that the Thetford Mines
workers had a higher average age than the Asbestas group (42 years 7 ]
vs. 39 years), Consistent with this finding, Table 2 indicates that
they also had worked longer as asbestos miners {19 years as agaiast

15 years).

A comparison of the exposure to asbestos dust is presented

in Table 3., All workers were placed in one of three categories, re.

presenting increasing degrees of exposure based on a weighted average

of the years spent at various levels of dustiness, The degree of dusti-
ness for each job category was determined after consultation with per- S
sons familiar with the environment and conditions io the various woark |
areas. Although it will be noted that the two cohorts had the same
average exposure, a larger percentage of the Thetford Mines workers»
will be found in category II, while the Asbestos group occupy mainiy the
extremes of exposure, For the purposes of calculation, the assumzption
has been made tha.t the relationship between these categories is linear,

and that category I is twice as dusty, and category III three times as S

dusty as category I.

e2E L A atad—— ey

The fourth variable, smoking habits, was similarly tabulated

5

and is shown in ’f‘able 4, A larger percentage of smokers is indicated

Fasw.d g -

here for the Asbestos cohort - 85.0% compared with 74.4%.
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TABLE |

Number and Percentage Distribuwon
of Astestos and Thetford Mines Conorts

by Age
Theticrd
Asbhestos Mines Combined

Age No, T No. T No. 7
20~-44 1602 70 2299 62 3941 66
45-54 447 20 677 18 1124 13
55-84 135 8 430 12 615 10
63 + 39 2 276 8 315 5
Unknown - -- 3 = 3 -

Totals 2273 180% 3633 100% 3958 100%
Av, age 39 42 41
* lLess than ,3%

TABLE 2

Number and Percentage Distribution
of Asbestos and Thetford Mines Counorts
by Length of Employment

Y

PRSP PR X g 7

Thetford
Lexngth of Asbestos Mines Combined
Employ-

ment Ne. _z?- Na. 7 No. T
5-9 880 39 915 25 1795 30 :
10-19 864 38 1534 42 2398 40
20-29 342 15 580 16 922 16 Tk
30-39 168 7 43% 12 603 10 b
40-49 17 1 168 4 185 3 ol
50 + 2 . 53 L 55 l -
Totals 2273 100% 3685 100% 5958 1007, : ]’
Av, Yrs. of |5. 19 © 18 :
Employment i i‘:
. ifl
* Less than ,5% j' {‘;

!
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TA3L 3

Q]

Number and Percentage Distribution
of Asbestos and Thetiord Mines Cororts
by Exposure Category

Tnetiord
Exposure Asbestos Mines ’ Combined
Category Na, T No, 7 Na. 7,
L 369 43 Los2 29 2031 34
I 564 25 13586 43 2150 36
281 735 32 1037 28 1772 30
Unknown 5 = Q Q 3 =
Totals 2273 100 7% 1833 1007 5333 iG0%
Av, Exposure 1.9 2.G 2.Q
« l.ess than ,5% -
TABLE 4
Number and Percentage Distribution
of Asocestos and Tnetford Mines Cohorts
by Smoking Haoits
Taecford
Smoking Asbestos Mines Combined
Habits No. b No. i No. 7
Smokers 1931 85 2742 74 4673 79
Nonsmokers 340 L5 925 25 1265 21
Unknown 2 b 18 l 20 *
Totals 2273 100%, 3ess 100% 5958 100%

* [ess than .5%
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This is a difference wiich could hardly occur by chance decause of
the large size of the sample. Thaerefore, it is likely that the differ-

ence is a real one unless the method of recording this information at

the time of employ'rr;en: varies at the two locations.

In spite of the minor differences brought qut by these
comparisons, it would seem that the two conorts are quite sirmilar
with regard to the variables of age, length of employment, degree of
exposure and, although less so, in regard to srmoking habits. These
variables appear to us to be tiose mast closely related to' the problem,
and will be taken into account in comparing the workers with the con-
trol groups.

Table 3 presents the year-dy-year experience of the two
cohorts and indicates the number or:. deaths each year {rom specified
causes, [n general, a case was considered to be ''proved'' as one of
primary cancer of the lung when the records showed thac the diagnosis
had been supported by an autopsy or surgical resection of the lurg with
microscopic examination of the removed tissue. In one cage 30 con-
sidered, however, diagnosis was coniirmed by bronchescopy with visuali-
zation and biopsy. In another, although there was nc autopsy, the diag-
nosis of primary cancer of the lung seems to have been beyond question.

The term ‘‘suspected' primary cancer of the lung was ap-

plied 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.
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TABLZ 5 - Partl

Study of the Asbestos Coaart

Cause of Deactn

No., Alive Provea Suspected Man-
AtBeginning Primary Primary QOther Years of
Year of Year Ca.of Lung Ca. of Lung Causes Unknown Risk
1959 2273 Q 0 ) ¢ 2270
1951 2267 l 0 5 Q 22¢4
1952 2261 Q 0 9 0 2256,5
1953 2252 0 0 9 0 2247.53
1954 2243 0 o 12 Q 2237
1955 2231 2 _9_ 5 Q 2227,3
Totals 3 Q 45 ] 135G2.5

"Proved' cancer of lung death rate per 100,000 man-years of risk =

3
22.2 (13502.5)
TABLE S5.. Part 1
Study of the Thetford Mines Cohort
Cause of Deactn
No. Alive Proved Suspected Man-
At Beginning Primary Primary Qther Years of

Year of Year Ca. of Lung Ca. of Lung Causes Unknown Risk
1950 3685 1 2 6 1 3680
1351 3675 1 0 12 1 36638
1952 = 366l 0 0 28 0 3647
1953 3633 2 1 25 0 3619
1954 3605 13 0 21 4 3592
1955 3579 1 0 31 0. 3563
Totals 6 3 123 o 21769

"Proved' cancer of lung death rate per 100, 000 man-years of risk =

6.
27.6 (2._1?69)

"Suspected’ plus proved cancer of lung death rate per 100,000 man-

9
i - *1.3 —
years of risk (21?69)
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TABLE 3 - Pars

Study of Combined Carorts

Combined death rates per 100, 000 rman-years of risk
for Asbestos and Thnetiord Mines

-
=

"Proved' cancer of lung death rate per 100, 000 man-years of risk

el

25.5 (s———eer)
35271.3

"Suspected"” plus proved cancer of lung death rate per 100,000 man-

years of risk = 34,0 (—]-'-E-—)

35271.53

In two, no autopsy was performed but the clinical signs
and symptoms were such that the death certificates read '"cancer of
the lung', and ''suspected lung cancer’, The third case came to au-
topsy but there was a difference of opinion between two pathologists
as to wpether lung cancer was present.

The term ''man-years of risk' has been used to mean the
number of men at risk for the year under cbservation. Aan individual
who lived throughout the year was counted as a full man-year of risk,
but one who died during the year was counted as one-half a man-year.

Deaths occurring in these two cobhorts, and ir which lung
cancer is considered to have been proved as a cause, are shown in
tabulated form on the next page. Also shown are three deaths in -che

Thetford Mines cokort which have been considered as ‘"suspectad'' lung

cancer cases,
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e £

ASBEZSTOS CCHQORT

"Proved' Cases of Primary Cancer of the Lung

Au- Aszbes.

Name Age Smoker Exposure Died tODSV  tosis

1. A, J 66 Yes 26 Yrs. inCat, [I 10-12-31 Yes Yes !

2. N, P. 65 Yes 34 Yrs, inCat, [ 5- 3-33 Yes No :

3. R. M. 63 Tes 37 ¥rs. in Cat, [ 7-20-33 No No '

THETFORD MINES COHORT 1

4

"Proved' Cases of Primary Cancer of the Lung o

Au- Asbese 11

Name Age Srnoker Zxposuse Died topsv  tosis hk

i. C. B, 59 Yes 32 Yrs, in Cat. [ 8-20-30 Yes No ‘
2. A, S, 48 Yes 22 Yrs, in Cat. LI +31 Yes Yes
3. W, F, sl Yes 33 Yrs, in Cat. I 4-30-33 Yes Yes
4, L. D, 358 Yes 30 Yrs, in Caz, U 1l-22-53 Yes Yes
s, E. L. 37 Yes 16 Yrs, in Cac, I 8- 5-34 Yes Ne
6. A. R. 838 Yes 28 Yrs, inCat. I 5« <55 DBrench, Neo

"Suspected' Primary Cancer of the Lung

Aue Aspes-

Name Age Smcker Exposure Died topsy _tosis
J. T. 4&¢ Yes 32 Yrs, in Cat. 11 10-25-.30 No No
R, D. 46 Yes 33 ¥Yrs, in Cat. I 7« 53 Yes Yes
P, P, &5 42 Yrs, in Cat. I 9-30-33 No No

Yes
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At Asbestos there were no <cases n w¥alcl ine diagnos:s
wag quesc;onable, with the result that the rate {or "provec’ cases :n
this conort is the only one developed. At Tretford Mines, nowever,
the three cases mentioned eariier were placed in the category of
"suspected! primary caacer of the lung, An indicaticn of the umpor-
tance of these cases in interpreting the results of the caiculations s
desirable before furtier discussion of the mortality rates which are
derived iz later tables. For example, it nappens that the rate Zound
for the Asbestos cohort is very cloge to the '"expected'' rate pased on
the general popuiation f{igures for the Province as will be shown later,

and on this basis, we snould {ind five deaths f{rom lung cancer among

the Thetford Mines group. As was explained in the section on "Col-

lection and. Analysis of Data', it would then not Be unlikely for six cases

to occur in our sample. This is, in fact, the number of '"proved’ cases

found in the Thetford Mines cohort. If, however, the three additional
''suspected'’ cases are included, increasing this figure to nine, the
whnole situat.ion changes from a statistical point of view, Since the $57%
level of probability in this case falls between 9 and {0, we would reject
the hypothesis that there is no difference between the incidence of lung
cancer in miners and that in the general population if we founrd ten or
more cases. On the other hand, having found nine cases we are not

above the 95 % level and are not justified in rejecting the hypothesis.

Nevertheless, the occurrence of nine cases in this sample would show
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an increase in rate which approaches the signiiicant level, Because
of the tremendous importance of the questionable cases in this res-
pect, some detail regarding them will be given here,
In one of these cases, the suspicion of cancer of the lung

is based upon the x-ray interpretation and, although 1o autopsy was
performed, the death certificate indicates that death was due to lung
cancer. [t is well known that the x-ray appearance of {ibrosis, es-
pecially if a localized density or a2 superimposed tuberculous lesion is
present, can simulate that of a tumor, and by itself, does not justify
the inclusion of this case as one of ''proved' cancer of the lung. A
second case was certified as having died by reason of hydrothorax,
possibly due to lung cancer, but again there was no surgery and no
post-mortem examination. In the third case, althougn it was subjected to
autopsy, two pathologists disagreed as to whether lung cancer was pre-
sent., The death was certified as having been due to chronic myocarditis
with nepbritis and pulmonary congestion, and possibly cancer of the lung,
On the basis of these facts, it seems unwarranted to include these three
cases among '‘proved" instances of lung cancer., On the other hand, they
cannot, in fairness, be disregarded completely, It is for this reason
that mortality rates for the Thetford Mines cohort and the combined co-
bort have been calculated both ways,

. Table 6, giving the rates by age groups, reveals diiferent

experiences for the two cohorts. It happens that all of the deaths in the
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Asoestos conhort {all into one age group, so that the rate {or that age

category is exceptionally nigh. At Thetfiord Mines, a more even distri-

bution of the deaths by age developed a series of rates wnich are less

extraordinary and, as will be seen, are not widely divergent irom the

expected rates for each age category. The unusual rate in the Asbestos

conort for the age group 083 years and over, is the sort of thing which

happens when the sample is small. For example, of these three deaths,

two were exactly 85 years of age and would have been in another age group

had the limits been increased by one year.
TABLE 6

Numbper of Persons and Nur=ber of

Lung Cancer Deaths by Age Graups

Asbestos Taetford Mines Combined
Lung Lung Cancer iung Cancer
Age Cancer .__Deaths Deachs

Grouns Persons Deats:s Perscons Proved Total Persons Proved Tacal

20-44 1602 Q 2299 1 L 3801 l 1
$5-34 447 Q 877 14 3 1124 l 3
55-54 185 0 430 3 3 6ls 3 3
85+ 39 3 278 1 2 313 4 5
Cnknown Y 0 3 9 8 3 Q 9
Total 2273 3 3035 e q 5338 9 L2
 Aanual Lung Cancer Death Rates per 100,000
Man.Years of Exposure by Age Groups
Asbestos Thetford Mines Combired
Age Group ‘Total Proved Totai Proved Toral
20-44 Q 7 v 4 4
13-54 Q 25 T4 15 44
55-64 qQ lla [18 81 81
35+ 1282 60 12t 212 265
Cnimown * 0 Q __Ci _0
Over-all 2z z7 3l 25 3

* No one exposed
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The rates by lengiz of employment [Tatle 7) scow that
the rtwo groups wete- quite similar in this respec:. During the first
40 years of employment, the rate rises, an observation which seems
plausible since the men were growing older, FHowever, after 40 years
of exposure there are no ''proved' cases reported for a total of 240
men during the six years, or about 1440 man-years of exposure. Wkhen
the ""suspected'' cases are added, one case does show up in this period.
This would produce a rate of 69 per 100,000, again demonstrating the
impovtance of these questionable but unproved cases to the final con- -
clugion, because, if there were no cases in this number of men with
long exposure, and if asbestos is a carcunogenic agent, it must be con-
cluded that these 240 men bave demonstrated considerable resistance,
This is a biological phenomenon whir-cb. nas been observed pré;riously and
is consistent with the theory of an intrinsic or endogenous facter in can-
cer, The only other explanation would be that the susceptible members

of this age group had died earlier of lung cancer. Table 22 which ap-

pears later in this section indicates that the members of the cohorts did

Dot die.from lung cancer at a younger age than the gemeral population.

The rates by weighted exposure are shown in Table 8, and
it will be noted that they present strong evidence against asbestos being
a carcinogenic agent. For the Asbestos cohort the rates actually .de-

crease with increasing degree of exposure, and at Thetford Mines they

appear completely independent of exposure, if we count only the "proved"'

Cases,
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Number of Persons and Number of Lung

TABLE 7

Cancer Deaths by Length of Smployment

13,

Length Asbestos Thet{ord Mines Combined
of Lung Lung Cancer Lung Cancer
Employ- Cancer Deaths Deaths
ment Persons Deaths Persons Praoved Total Persons Praved Total
5-9 880 0 915 0 0] 1795 0 0
10-19 864 0 1534 L L 2398 t l
20.29 342 1 580 2 2 222 3 3
3Q-139 L68 2 435 3 S 603 5 7
40-49 17 "] 168 0 L 185 0 1
50+ 2 0 53 0 0 53 Q 0
Total  22:3 ER T 151 B K] 53558 9§ 1z
Annual Lung Cancer Death Rates per 100,000
" Man-Years of Exposure by Length of Employment
Length of Asbestos Thetford Mines Combined
Empvoiovment Total Proved Total Proved Total
523 0 0 0 0 0
[0-19 Q Il 11 7 7
20-29 49 57 37 S4 5S4
30-39 198 Lis Le2 138 193
40-49 0 0 9 0 90
50+ 0 9 0 9 0
Over-all 22 27 il 25 . 134
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TABLE 3

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

Expos- Asbestos Thetiord Mines Combined
ure Lung Cancer Lung Cancer
Cate- Cancer Deaths Deaths

gory Persons Deaths Persons Provea Total Persons Proved Tocal

I 969 2 1062 2 2 2031 4 4+
I 564 L 1586 2 3 2150 3 4
I 735 0 1037 2 4 1772 2 4
Unknown S Q Q Q9 0 5 Q Q0
Total 2273 3 3635 5 S 5958 9 12
Annual Lung Cancer Death Rates per 100, 000
Man-Years of Exposure by Exposure Category
Exposure Asbestos Thetford Mines Combined
Category Total Proved Total Proved Total
I 34 31 31 33 33
u 30 21 32 23 31
oI Q 32 64 19 37
Unimown -9 -~ 2 o 0
Over-all 2 27 4l 25 34

* No one exposed
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If exposure 0 asbestos 1s 1 any way connected {0 Lung cancer, we
would expect that the longer and teavier ke exposure, the Zugher the
rate that would be found. The only possible error in this interpreta-
tion could occur i the weighted exposures were inversely related to
years of employment, in which case the heaviest weighted exposure
(category III) would saow the shortest length of employment., Tables
%, 10, and 1| which list the number of persons in various exposure
categories oy length of employmment indicate that this error has aot
occurred. In fact, the average number of years of empioyment for

each exposure category is almost identical.

TABLZ .9

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

Asbestos
Length of Weighted Exposure Categories

Emvlovrnent L Ry o Unimown  Total
5«9 428 213 239 0 880
10-19 273 217 373 1 864
20-29 159 89 32 2 342
30-39 98 42 27 1 168
40-49 9 3 4 i 17
50 + 2 _9  _3 2 2
Total 269 564 738 5 2273
Av, Yrs, of 15.5 15,2 14.5 29.0 15.1
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TABLE !0

Number of Persons in Various We:gnted
Exposure Categories by Length of Employment

Thnetford Mines

Exposure

‘Length of Weighted Exposure Categories
Emoloyment 1 RS pieq Unknewn  Total
5-9 279 385 251 0 915
10-19 390 666 478 0 1534
20-29 L35 274 151 0 580
30-39 149 176 110 0 435
40-49 67 84 ©37 e 168
50 + 22 21 L0 9 53
Total 1062 1586 1037 0 3683
Av, Yrs, of 19.9 18.7 18,1 18.9

Exposure
TABLE 11
Number of Persons in Various Weighted
Exposure Categories by Length of Employment
Combined Asbestos and Thetford Mines

Length of Weigh:ed' Exposure Categories
Emplovment g g Joig Unknown Total
5-9 707 598 490 0 1795
10-19 663 883 851 l 2398
20-.29 3i4 363 . 243 2 922
30-39 247 218 137 ! 603
40-49 () 67 4l ! 185
50 + 24 21 10 o 55
Total 2031 - 2150 1772 5 5958
Av. Yrs, of 17.8 17.8 16.6 29.0 17.5
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Table 12, which develops the rates {or smokers and non-
smokers, is most striking, It sidows that not a single case of lung
cancer developed among the 1265 nonsmokers and that all cases of
lung cancer, both "proved' and '"suspected’”, occurred in smokers,

A comparison of Tables 8 and 12 certainly suggests that smoking is
a greater hazard than exposure to asbestos in the mining operations.

Table L2 was so striking that it was felt that further veri.
{ication was necessary. It was possible that some abnormal distri-
bution may have occurred, e.g., the nonsmokers may have included
a larger percentage of young men. Consequently, additional Tables,
1%, 14, and 15 were constructed to show the distribution of smokers
and nonsmokers by age, length of employment, and degree of exposure,
Although there are slight diﬁerence;, they do not account for the fact
- that all observed cases of lung cancer were in smokers. [n respect to
age (Table 13) the combined average age of the smokers was 4,9 years
less than that of the nonsmokers. Table 14 shows that as far as length
of employment is concerned, the smokers had worked about 2.3 years
less on the average than the nonsmokers. 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 show$ that the average exposure category was al-
most the same for the two groups. Therefore, this variable seer;xs to
be of no importance in accounting for the difference between lung cancer

death rates for smokers and nonsmokers.,
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TABLE 12
Number of Persons and Number of Lung
Cancer Deaths by Smoking Habits
Asbestos Thetford Mines Caombined
Lung Lung Cancer Lung Cancer
Cancer Deaths Deaths

Persons Deaths Persons Proved Total Persons Proved Total

Smokers 1631 3 2742 é 9 4673 3 12
Nonsmokers 340 0 925 0 0 1265 Q Q
Uninown 2 _f_J 18 9 a 20 9 _9
Total 2273 3 3685 6 9 5958 S 12

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

N

¥

Asbestos  Thetford Mines Combined !

Total Proved Total Proved Total l

Smokers 26 36 53 32 43 f;
Nonsmokers 0 0 0 Q Q i
Unknown 0 Q 0 o i
Over-all 2z 7 &l 2S 34 i
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The result of this additional analysis is that none of zthege
factors appear to lessen the effect of Table 12, which is therefore
strongly suggestive of the irmportance of smoking as compared to the

other variables.

Asbestosis and Lung Cancer

When we attempt to relate the lung cancer deaths occurring

in the cohort with the reported cases of asbestosis, we are immediately
aware of a disturbing inconsistency, Various authors report the incidence
of asbestosis after 10 or 15 years of exposure as exceeding 50%, and in
one study, as high as 87%., (133) (135) {147) (154) {195) However, data on
cases of asbestosis from the cohorts at Thetford Mines and Asbestos pro-
duce a rate of only about 5%. It is 'true that these data are based on only
those cases which have been proved at autopsy, and those wkose most re-
cent x~-ray interpretation resulted in a diagnosis of asbestosis, This in.
cidence may be far lower than if based on microscopic examination of the
lung tissue, As a rna.ue'r of fact, Dr, Cartier has estimated that there are

probably 306 workers who do not show radiological evidence of asbestosis,

but who have some degree of fibrosis. He also estimates that there are

perhaps 40 workers who may have died or retired with this disease. Instead

of 143 cases of asbestosis in the whole working force at Thetford Mines,

we should then have perhaps 500, but even this would result in an over-ail

rate of less than 10%, which is far below those widely reported. In our
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combined cohort, there are 1763 men who tave 2ad more than 29
years of empicyment, and 43l of these have worked in the heaviest
average exposure, According to the records, we can account for
only 138 cases of asbestosis in the combined ¢cohorts, If even 257
of the workers with more than 20 years'exposure develop asbestosis,
we should expect about 42;5 cases, This leads us to believe that there
is a very considerable under-reporting of asbestosis., Such a hypothea-
8is is easily conceivable when one considers that siany chest x-rays
in this group may be considered normal by comparison with others
in the same group whereas, if they were to be compared with what
are considered as normal chest x-rays elsewhere, they may be inter-
preted as show;ng fibrosis,

Cases of asbestosis which were accumulated from the au-
topsy records and from the periodical physical examinations result in

a distribution which is shown in Table 16,

TABLE 1é

Distribution of Recorded Asbestosis Cases

In Cohort Asbestos Thetford Combined
Living 18 86 104
Dead 4 ‘iQ_ 34

2z 116 138

Total 22
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Number of Asbestos:is Cases By
Length of Employment and Exposurs Catagory

Asbestos

Length of Exposure Categorv
Emplovment R o LI Unimown Tocal
Less than 10 0 g Q Q Q
10-19 Q 1 2 0 3
20-29 2 7 4 0 L3
30-39 0 1 4 0 5
40-49 0 Q ! 0 L
50 + o 0 0 0 0
Total 2 3 Il 0 22
Av, Yrs, of 25 25 29 27
Employment
Percentages of Asbestosis Cases By
Lengthk of Employment and Expaosure Category
Length of Exposure Categorvy _
Emplovment i iy 684 Unknown  Total
Less than 10 0 0 0 » Q
10-19 Q .5 .5 0 .3
20-29 1.3 7.9 4.3 0 3.8
30-39 0 2.4 14.8 Q 3.0
40-49 0 ] 25.0 0 5.9
50 + o * * * 0
Over-all .2 1.6 1.3 0 1.0

* No one exposed in this group




TABLE |7 - Pare I

Number of Asbestosis Cases By
Lexgth of Employment and Sxposure Category

Taetford Mines

* No one exposed in this group

Length of Exposure Categorr
Zmolovment I s o Unlmown Total
Less than 10 Q g q 0 0
10«19 Q 1 7 g 8
20-29 2 5 21 0 28
30-39 2 {3 33 0 50
40-49 Q ) 20 ] 26
50 + 9 2 _2 0 4
Total % 23 33 o Tis
Av, Yrs, of 30 36 34 34
Zmployment
Percentages of Asbestrosis Cases By
Length of Employment and Zxposure Category
Length of Exposure Category
Emoloyment I o iig Unknown  Total
Less than IO Q Q 0 - Q
10-19 0 .2 1.5 0 .5
20-29 1.3 1.8 13.9 ] 4.8
30-39 1.3 8.5 30,0 Q LL.5
40-49 0 9.4 S4,1 0 15.5
30 + o 8.5 20.0 It 7.5
Over-all .4 L.8 8.Q o] 3.1




TABLEI {7 - Part !l

Number of Asbestosis Cases By
Length of Employment and Exposure Category

Asbestos and Thetford Mines Combined

Length of Exposure Category
Emsplovment L i et Unknown Total
Less than 10 0 0 Q 90 0
10-19 g 2 9 0 11
20-29 4 12 25 Q 41
30-39 2 16 37 o] S3
40-.49 Q C 2l Q 27
50 + ] 2 2 S &
Total ) 38 94 0 138
Av, Yrs, of 28 33 33 33
Employment
Percentages of Asbestosis Cases By
Length of Employment and Exposure Category
Length of Exposure Category
Ermplovment 1 u 11 Unimown  Total
Less than 10 0 . 0 0 * 0
10-19 Q 2 1.0 Q .S
20-29 1.3 3.3 10,3 0 4.4
30-39 .8 7.3 27.0 0 9.1
40-49 0 9.0 51,2 Q 14,6
SO + o 5.5 20.0 hd 7.3
Over-ail .3 1.8 5.3 Q 2.0

* No one exposed in this group
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A percentage incidence cf asbestos:s 0T eac: exposure
category zas been developed as weil as for each pericd of emmploy-
ment, This informartion is shown in Table (7,

It will be noted that within an exposure catagory, tle
incidence rises with increased length of employment, It is also
apgparent that the incidences, even in the category of heaviest ex-
posure, are far telow the rates {ound by the authors preyicusly re-
ferred to, It seems clear, tnat uniess concentrations of asbeszos
dust to whaich the miners are exposed are very rzruch lower than those
whici obtain in all the other stucies, there nas been a gross under-
reporting of the asbestosis cases. The obvious result is a nigher
relative {requency of lung cancer in association with asbestosis,

Table |8 compares deaths due to lung cancer and fatal cases with as-

bDestosis, alone and in combination with each other.

TABLE 18 - Paztl

Statistical Analysis of the Causes of Death

Asbestos
Cause Asbestosis No Asbestosis Total Percentage
Lung Cancer 1 (.2} 2( 2.8) 3 6.1
No Lung Cancer 31{3.8) 43(42.2) 48 $3.9
Total 4 45 49 i
Percentage 8.2 9i.8

Figures in parenthesis are the "expected' numbers
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TABLZ |8 - Part I
Statistical Analysis of the Causes sf Death

Thetiord Mines

Cause Asbestosis No Asbestosis Total Percentage
Lung Cancer 3¢ L. 3) 3( 4.7) 6 4.5
No Lung Cancer 25(26.7 101 (99.3) 126 §5.5
Total 28 104 13
Percentage - 21.2 78.8
Figures in parenthesis are the '"expected' numbers
TABLE 18 - Part I
Statistical Analysis of the Causes of Death
Asbestos and Thetford Mines Combined
Cause Asbestosis [No Asbestosis Total Percentage
Lung Cancer 4{ 1.8} - S5{ 7.4) 9 5.0
No Lung Caacer 28(30.4) 144 (141, 6} 172 95.0
Total 32 149 181
Percentage 7.7 82.3

Figures in parenthesis are the ''expected’' numbers

Six deaths from unknown causes not included

The number of lung cancer deaths combined with asbestosis

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

cohorts, This difference is significant at the 95% level using the chi-

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

asbestosis can be observed in Table 19.
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TABLZ L3

Statiscical Analysis of the Causes of Death if
20 Nonasbestosis Cases had Ceen Diagnosed as Asbestosis Cases

Cause Asbestosis No Aspestosis Total Percentage
Lung Cancer 4( 2.8) 5( 6.4) 9 5.0
No Lung Cancer 48(49.4) 124(122, 6) 172 95.4Q

Total - 32 129 181
Percencage 28.7 71.3

Tigures in parenthesis are the '"'expected" zuxmbers

In chis table, it has beem assumed that 20 of the cases
whicik did not have luz}.g cancer and waich were reportad to have no
asoestosis did, in fact, have asbestosis, the diagnosis of which was
issed. Although the cases of lung cancer with astestosis are still
higter than would be expected, the difference is no longer significant
at tze 35% level., This still is true if fewer than 20 cases were shifted
but :t is reasonable to expect that at least 20 of the L4+ might have
shown asbestosis had they been subiect ta autopsy. On the otker hand,
a sziit of about 40 cases would produce an expected rats almost equal
to :ie rate found. Explanation of this eifect of under-reporting of as-
bestosis has Deen stressed because it seems so obvious that iz under-
reporting asbestosis the relationship berween it and lung cancer has

been made to appear more significant than it probably is.
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Four of the proved cases of lung cancer and one of the
susgpecled were associated with asbestosis. Since we have only 32
deaths in which asbestosis was present accordiag to the records,
the incidence in this series is 12.3%. waile this is slightly lower
than the rates found by Merewether, Gloyne, and Wedler, it is still

muck higher than could be expected if the asbestosis incidence were

. anywhere near the experience reported by other authors.

Comparison of the Cohort Exnerience with that of the
Province of Quabec, Dominion of Canada, and t4e United States

-In order toc make a comparison of the experience among
asbestos miners with that of the general population of the Province of
Quebec, statistics were gathered, as stated earlier, in the office of
the Division of Demography in the Provincial Ministry of Health, The
data on total deaths, deaths from all {orms of cancer, and deaths from
cancer of the lung were obtained by sex and by county for the years
1950 through 1955, In addition, all death cartificates which specified
primary cancer of the lung, and all those whick indicated lung cancer
but did not specify the origin, were examined for the years 1952 through
1955, |

Table 20 gives a tabulation of the number of deaths {rom
lung cancer in theb Province and in the two cohorts for the years 1950

through 1955, and shows thé annual rate per 100,000 in these segments,



W
-
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[t will ce noted {ror= the table that the mortality rate for t2e Aspestos
conort 13 almost exactly the 3ame as thar for the Province, woile the
rate {or ''proved” cases in the Ttetiord Mines cokort is omly slightly
higher, When the ""suspected' cases are inciuded in the calculation,

the rates for the Thetford Mines cohort rises to ¢l.4 per 100,000 whick
is nearly twice as nigh as the rate {or the Province. Thais, it will Ge
recalled {rom the previous discussion of the ''guspectad' cases, ap-
proaches but does not exceed the significans level,

Cne further interesting observation from Table 20 is the
rather marked izcrease iz the total curmber of cases for the Province
between 19350 and 1955, It is assurzed that at [east part of this increase
is due to improved recognition and reporsing of lung cancer during the
interval, Forv this reason, the years 1954 and (955 were thought to be
more neariy representative of actual conditions. Even so, it is quite
l.i.keljr that the general population is not studied for lung cancer with the
same diligence with which this disease is loocked for in tke miners, and '
it seems probable that the mortalizy rates for the Province would tend
to be low,. This would appear ta be substantiated by the {act that the
reporting of cases in t& combined cohort showed no such increase over
the same period.

Table 21 was compiled to show the annual age-specific lung
cancer rate of cases in which the death certificate merely read '"caacer

of the lung', as distinguished from those in which the diagnosis was
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confirmmed by autepsy, suTrgery, or bicpsy., Toe term ‘‘specified
prirmary’’ refers tq these cases iz these sarme Two categories in
which the tumor was specifiied as taving originated in the lung, It
will be noted that, of the total cases certified in 1955, a muck nigher
percentage than in 1954 was specified as primmary. The table also
shows that 3 nigher percentage of the total cases cartified in 1353
were proved, again indicating increasing interest in this disease.
. -

A comparison has been made between the age-speci.i.‘.:..
rates shown in Table 21, and those for the cohort sacwn in Table 4.
An average of the 1954 and 19505 rates {or the Province has been used,

since the 1933 figure was higher and may have been excepticnal.

Tois comparison, "summarized in Table 22, shows that the

observed oumber of deaths in o’uf sample is oot significantly greater
than the expected number of deaths, based on the average of the 1954
and 1955 figures fov the Province. It is true that, in the case of the
age group of 63 and over, the five deaths provide a figure waich is al-

most significant at the 35% level, However, it should be noted that

this number includes one of the suspected but unproved cases previcusly
referred to, Furthermore, it is rather likely that the rate for the gen-

eral population is understated in this age group, for the cbvicus reasom

that the exact cause of death in the very old is not a matter of the same

intensity of interest as it is in younger persons.
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Before leaving this comparison of the Province with the
miners, it saould be shown that their age distribuzions are reasonanly
the same. That this is the case can be observed from the {cllowing

tabulation:

Age Distribution of Adult Males {or the Province of Quebec, 1551
(Rapport, 1954)

Percentage
Age Group Number Percentage Combinad Cohorts
20-44 727,135 63 46
45-54 188,952 16 19
55-64 128, 944 tl 10
85 + 113, 4467 10 5
Total 1,158,498 100 100

It should be remembered that the miners retire and cone
sequently, it can be expected that the cldest age group will be larger
in the general population., The data presented in Table 23 indicates
that the lung cancer rate generally decreases after age 70, and we
could expect the rate for all people over 65 would be smaller than the
rate for a group of 65 to 75, which would apply to the cldest group of
miners, It is felt that by using the whole adult male population, we
have develcped rates which are somewhat lower than if we had been

able to exclude the general population over 75,
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TABLZ 22

Comparison of the Actual and Zxpected Number of
Lung Cancer Deaths by Age Armong Asbestos Miners

Province Expected®™ Observed No.
Age Total Specified Primary No. of No. of of Deaths
Group Rate per 100,000 Miners Deaths roved Total
20-44 1.8 3901 0= 1 1
45-54 24.5 1124 2 1 3
55-64 87.6 615s 2 3 3
65 + 89.3 318 2 4 5
Uaknown - 3 - 0 Q
* Actually .4

+ The expected number is based on the average of the 1954 and 1955
age-specific rates for the Province of Quebec,

Table 22 also answers a question previously raised. It
shows that the members of these cokorts have not died from lung can-
cer at an age earlier than the gemeral population, and that such an ex-
planation cannct be offered for the absence of lung cancer in 240 rmen
with more than 40 years of employment referred to on page 37,

A comparison between the asbestos miners and the popu-
lation of the Dorminion as a whole was made, using statistical material

(171)

from several sources, I[n ome socurce, Phillips gave age- and sex-

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

The rates for males are given in Table 23.



Y

52,

TABLZ 23

Annual Death Rates ger 100,000
for Cancer of the Lung in Canada*

Age Grouns of Years

Grouns 19311933 {94l-1i943 - 1950-1952

Under 30 0.2 0.3 1.0
30-34 0.9 ¢.9 0.8
35-39 2.0 3.2 3.0
40-44 3.Q 5.4 6.5
45-49 5.2 12.5 6.7
50-54 8.2 18.9 37.2
$5-59 2.7 27.0 5.7
60-04 12,53 33.7 77.8
65-69 15.1 34.5 102.9
T0-T4 10.7 30.6 86.3
75-79 15,8 30.0 83.9
80-84 8.2 27.9 59.7
85 + 11.4 14.3 71.0

All Ages 2.8 7.1 Is.8

* "Mortality from Lung Cancer in Canada'', 1931 to 1952,

These figures show strikingly the increase in rates be-
tween 1931 and 1952, and this increase is particularly marked aiter
age 50, confirming an cbservation previously made, to the effect that
lung cancer has probably been under-diagnosed in the older age groups
in the general population.

To use these figures for purposes of comparison, it is
necessary to combine the rates for certain age groups in ord?r to
conform to the age distriburions used in this study. Since the exact

populations in each age group for the years indicated is not known,




this must be an approximation. However, the rates would te some-

waat as follows:

Age Groun Ré.te
20-44 5
45-54 27
55-64 69
65 + 30-95

These rates are, in gemeral, lower than those developéd
for the total (proved and suspected) cases of lung cancer among the
asbestos miners. The only large difference, however, is in the age
group of 65 years and over, and it is quite possible that the rate for
this group may have increased for Canada between 1952 and 1954 as
it did for the Province of Quebec. (See Table 21)

A further comparison has been made with an over-all
rate obtained from the Am-erican Cancer Society for respiratory can-
cer deatks im Ca.n.a.da. in 1953, This rate, for males, is 20.8 per
100, 000, an increase of 5 per 100,000 over Phillips' 1950-1952 rate,
ind compares Qi:b. 25,5 per 100,000 for proved cases and 34.0 per
100, 000 for total cases among the asbestos miners in this study. It
is therefore obvious that there are no important differences between
the rates for asbestos miners and those for the general popula.f.ion of

Quebec and the Dominion of Canada,



a4,

Since it is probable that ligures {cr the Uz:ited Stazes are
more complete and, therefore, possibly more comparabdle to the data
for the miners, age-3pecific rates were computed {rom "Vital Statis-
tics of the United States'’, Volumes [ and U, for 1992. These rates

aave been tabulated in Table 24.

TADLZ 24

Number of Deaths and Death Rates per 100,000
by Age Groups for the Adult Male Fopulation of
the United States.—Data From
"Vital Statistics of the United States', Volumes I and II, 1952

Age Group Ponulation Cases Rate ser 100, 200
20-44 24, 544, 000 883 3.6
4554 8,065,000 . 2979 36.9
55-04 . 6, 340,000 6254 38.6
65 + 5,570, 000 6483 114,3
Total 44,619,000 16,599 3t.2

It is apparent that these rates compare faverably with those
for the ashestos miners as shown :‘.n"ra.ble 6. Still other rates for the
United States were obtained from the American Cazacer Society, and
for males, these were 25,3 per 100,000 iz 1953, and 28.0 pex 100,000
in 1955, They are not identical with the rate calculated irom the figures
of the office of Vital Statistics, but this is possibly because the Armmerican
Cancer Society rates are for males of all ages. Nevertheless, they, oo,

compare favorably with the rates of'ZS (or 34 for total cases) obtaining

among the asbestos miners,



Rerurning 10 a compgarison tetweszn (e 330esids miners
and persons wno are exposed to a3destos in cne form or another fas
distinguished from the genaral population groups just discussed, who
have no exposure) an interesting observation can be developed by de-

(122)
duction. Hueper has stated that there are about 35,000 persons
exposed in the United States, and we have {ound that the Canadian
mines employ about 8,000, Zlsewaere, it Ras been estirmated that the
workers in E'.ngla.nd wnro Rave exposure tctal between 3,000 and 5, 0040,
With workers in Africa, Denmark, Norway, and other countries, at
least 50, 000 persons must be exposed throughour the world, and it can

be assumed that this nurmber has been fairly constant in the 20 years

"since 1935 when the first case of asbestosis with lung cancer was re-

ported. At least a million man-years of exposure has thus been accurnu-
lated, and this figure can be divided by the approxirmately 150 cases of
lung cancer with asbestosis reported 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 exposed to asbestos

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




Comoartson Serwveen Zizn
Asdoestos-~raau -

(4]

To compare lung cancer mortality rates in the coun-
ties surrounding the aspestos-producing areas with ancther group
of counties 1n which 2o asdestos miners are likely to reside, the
rates were computec on the sasis of figures {or the years 1350
througa 1953. The eigotcounties selected for cormpariscn were
Argenceull, Chateaugay, Montmagny, Pormeuf, Richlieu, Riviere-
du-Loup, St. Hyacinche, and Terreconne, rmainly because tiey re-
present a wide jeograpaic distripution throughout the Provinge, T:h
cﬁu.nties selected because of their sroximmity to the asbestos rmines
include Arthabaska, 3eauce, Drummmond, Frontezag, Megantis,
Ricksnond, Saerbroocke, and Wcife. Table 25 shows the number of
lung cancer deaths for the years 1950 through 19535 for each of these
counties, and a rmortality rate, oased on the adult male population
in 1952, To emphasize the comparison Meganzic County has been
shown separately, as has the Province of Quebec and also the Pro-
vince with the eigint "'asbestos-producing'’ counties subtracted. Be.

cause of its unique lung cancer death rate, Montreal et [sle de Jesus

Bas also been iisted in order to provide further comparison.

—— -
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68.

It is apparent {rom the lable that the [ung cancer death
rate for the eight counties immmediately surrounding the asbestos-
producing areas is practically ideatical witk that of eight counties
selected for comparison. While Megantic County has a rate nearly
twice that of the combined eight seiected caunties, 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 some ervor in reporting kas undoubtedly been
made, On the basis of the other years, 1950 and 1951 deaths would
be expected to be about 200 greater, and 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 persomns wha live in the counties
surrounding and adjacent to tﬁe asbestos-producing areas have any

greater incidence of lung cancer than thaose whae live elsewhere in

the Praovince,

Discussion of All Recorded Lung Cancer Cases,
Livigg and Dead, at A: .:stes and Thetford Mines

Although a simple enumeration of all the known or sus-
pected cases of cancer of the lung in thesge areas has no particular

value from a statistical point of view, it is of interest to summarize



such cases for the record., Tcere were mune deatts prior o the se-
ginniag of the tirme period covered Sy the study, wicluding one ia which
the diagnosis was mediastinal lymphosarcoma, Al of these nine
cases occurred at Thetford Mines, It is somewhat surprising that
there is no record of any lung cancér.deaths araong the Asbestos
group in the interval preceding the beginning of the study aand equally
$0 that no cases bave been reported in 1956 and 1957, During the
period covered by this investigation, there were six proved cases
and three suspected cases at Thetford Mines, as well as three proved
cases at Asbestos, Through [956 and to date in 1957, there were
eight deaths at Thetford Mines, six of which were merely suspected
and included such diagnoses as :‘zxediastina.l lymphosarcoma, mesothe-
lioma, cancer of the leg with metastases to lung, absess of lung, and
cancer of the pancreas., One other was diagnosed on the basis of x-ray
only. In addition, there are now living four cases in which the diagnostic
evidence is strongly suggestive of 1img cancer, Tnis is a total of 33
cases of all types, including ten ''suspected" but unproved cases, and
four that are still living. The remaining 19 constitute the total of proved
cases of cancer of the lung in both areas since 1940. Sixteen of these
have been at Thetford Mines and only three at Asbestos, all of which
occurred during the pericd of the study.

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

varied between 37 years and 68 years., Their working span covered
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pericds varying betweez 3 rminmimum of |4 vears and maxermus of 3
years, Only three men zad less than 25 years of ermpleyment in the
industry, Sevem among those on whom suchk inforrmation is available
had a weighted exposure placing them in category I, and 3ix waorked
in an exposure represented by category [,

Although they were subjected to post-mortem exarzinaticn,
there were three among these proved lung cancer cases in waich we
do not have information regarding the presence of asbestosis, Cf the
remaining 17, asbestosis was p;esem in nine, although it was =inimal
in two, and two pa.:hologiatbs disagreed regarding its presence in one,
Eight of the proved lung cancers, therefore, were not accompanied by

asbestosis,
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VI. SUMMARY AND CONCLUSICNS

Interest in the question of whether there may be an as-
sociation between lung cancer and asbestosis or exposure to asbes-
tos has been evident since the report in 1935 by Lynch and Smith of
a case in which lung cancer and asbestosis were toth present., As
additional cases in which the two diseases coexisted were reportad,
a causal association appears o b.a.v.e been gradually accepted by many
authors, although a few workers considered the correlation to be in-
conclusive, Cases of lung cancer which had occurred armong the as-
bestos miners in Quebec had been carefully recorded over the years,
and the present study was commissioned in an effort to determine
whether a causal relationship.did, in fact, exist between exposure toc

asbestos and cancer of the lung.

Reference to the literature shows a remarkable uniformity
both of method and of conclusions., Ia general, the method bas been to
study a circumscribed series of cases §£ asbestosis and to enumerate
those in whick lung cancer occurred. The series may consist of cases
coming to autopsy or of death certificates mentioning asbestosis, and
the. total number has served as the denominator by which the number
of lung cancer cases is divided to produce a certain 'incidence rate''.
This rate, as reported by various authors has been consistently high,

and its uniformity is indicated by the following tabulation.



-4
~

Asbeastosig Cancer Percentage

Author " Deaths of Lung Incidence
Merewether 344 55 [6.0
Wedler 92 L5 16.3
Wyers L1s 17 14.8
Lynch & Cannon 40 3 7.5
Gloyne 12l 17 14,1

Totals 712 107 5.0

The notable characteristc of all previous publications
is the adherence to the development of a percentage relationship in
a relatively small and very selected group of cases, COnly Dou.(és)
arnong all of these authors, has described a representa.':ive population
group a.;:.d. studied it for the mortality rate from lung cancer and com-

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

with only 113 men in the study population.

Since most earlier studies kad beenr limited to enurnerating
the lung cancers found in certain selected samples, such as cases
coming to autopsy or death ¢ertificates in which asbestosis was men-
tioned, it was apparent that they could not fulfill the requirements of
an epidemiological and statistical approach to the problem. The pre-
sent study was, therefore, designed to meet the requirements of this
method,

After a preliminary survey toc explore the availability of
reliable information, data were gathered on workers in the asbestos

mines in Quebec, based on medical records at the twe main locations

> -




of these operations., Cohorts were defined according to certain cri-
teria and all workers who met these criteria were included in the
study. Through their medical records, data relative to their charac-
teristics were collected and their status at the end of a six-year period
of observation was determined. In the case of those who had died, an
exhaustive search of death certificates and insurance records was
carried out in order to detsrmine as nearly as possible the exact cause
of death., Mortality rates from lung cancer for the gederal populaticn
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 asbestos workers and for the other population grougs were made

according to accepted statistical methods which have been expiained in
some detail in section IV,

Records were obtained on 6091 persons who fulfilled the
criteria of our cohorts. It was not possible to trace 133 of these for
the whole period, but 5771 of the remaining 5958 were found to be still
living in 195% or Iater.. Of the 187 known dead, cancer of the lung was
considered to have been reasonably proved in nine and to be strongly
suggested in three.

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

their smok.i.ﬂg habits., Four thousand, six hundred and seventy-three
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weres found to be smokers within the definition of that tezrz as used
in this study. Thrirty-four perceat of the comort were more than 45
years of age, and 30% ﬁad been employed for longer than 20 years,
Thirty percent had a we:ghted exposure which placed them in cate-
gory III,

The mortality rates for lung cancer, as computed on the
basis of six "proved' deaths among the Thetford Mines cohort and three
"proved' deaths amaong the Asbestos cohort, were 27,6 per 100,000
for the Thetford Mines group, and 22.2 per 100,000 for the Asbestos
group. When the three ""suspected'' cases were added, the "total' rate
for the Thetford Mines cobort rose to 41.3. The rate for the combined
cohort was 25,5 per 100,000 for "proved' cases, and 34 per 100,000
for "proved’ and '‘suspected” cases, The importance of the suspected
but unproved cases in d.eterm.i.m’.*{:g these rates has been reiterated be-
cause it is likely that such cases would not be included in the statistics
for the general population.

Acgording to the findings m this study, the morta'lity rate
from lung cancer does not appear o increase with length of exposure
or with degree of exposure, a fact which presents strong evidence a-
gainst the carcinogenicity of asbestas, On the other band, the study
indicates that cigarette smoking is a very important factor in the in-
cidence of cancer of the lung.

A comparison of rel:;'.:ive frequency of lung cancer and as-

bestosis is less reassuring, but we believe that this igs because of an
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under-reporting of asbestosis cases, Tre incidence of asbestesis
indicated by the rmedical records is far telew that which would be
expected on the ba:;is of all previously published figures. Narurally,
wnen the cases of lung cancer are compared with an artificiaily low
figure, its relative incidence will be higher than it should. However
this may be, 12.5% of the recorded cases of asbestosis in this study
developed lung cancer, a figure slightly lower than those quoted by
authors who confined themseives to this type of comparison.

Compari‘son of the experience among the asbestos miners
with that of various segments of the unexposed, comparable population
shows that the cbserved number of deaths among the miners is not
significantly greater, The rate for proved cases among the asbestos
miners {25.5 per 100, 000) cou.:pa.res well with the rate of 22,5 per
100, 000 for the rest of the Province, and 20.8 per 100, 000 for aduit
males throughout the Dominion of Canada. It also compares satisfacto-
rily with rates oi. ;‘:7. 2, 25.3, and 28.0 obtained from various sources
for adult males in the United States., Finally, in this matter of com=
parison, it would appear that the world-wide experience of persons ex-
posed to asbestos dust is not worse with respect to lung cancer than that
of the unexposed population. |

The counties surrounding the asbestos-producing areas, and
in which it is presumed most of the asbestos miners live, bave almost

identical mortality rates with those of eight counties widely scattered



through the Province, azd are lower than thoge for the remainder of
the Province, and much lower than the rate for Montreal,

Since 1940, there have been !9 cases in which the diag-
nosis of primary cancer of the lung may be considered to have been
proved, Approximately half of these cases were associated with as-
bestosis. All but one died in the recognized ''cancer age' and at least

one-third bad only the lightest exposure {category I) to asbestos dust,

Conclusions
———t00C

Cn the basis of 2 careful and detailed study of what are
bc;iieved to be complete and reliable data, it seems fair to conciude
that the asbestos miners at Thetford Mines and Asbestos in the Pro-
vinge of Quebec do not have a significantly higher death rate from lung
cancer than do comparable segments of thejeneral population, Despitée
this, the results suggest that a miner wh9 develops the disease asbes-
tosis does have a greater likelihood of developing cancer of the lu.né
than a4 person without this disease. We suspect, however, that under-
reporting of asbestosis cases had led to 3 fallacious finding in this con-
nection, |

The_ éeath rate from lung cancer in the areas continguous to
the asbestos operations is comparable to that in areas widely scattered
throughout the Province of Quebec and is lower than in some urbanized

Aveas within the Province.
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The present study indicates that the efiect of cigarecte

smoking is a much more important consideration in the producticn
of lung cancer than is exposure to asbestas, and in this respect, it "

tands to confirm recent studies dealing with the effect of smoking.

The value of this investigation would be considerably en-

hanced by contimuing the observation of the cohorts formulated kerein

KT AT AT hAr 4 T T

on a2 year-by-year basis. It is strongly recommended that the chest

x-rays of all workers be submitted to an independent reading for the

diagnosis of asbestosis, since an inaccurately low incidence rate for

A A A el e e

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