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EPIDEMIOLOGY OF PRIMARY MALIGNANT
MESOTHELIAL TUMORS IN CANADA*

A. D. McDoxarp. A. Harper. O. A. Er Atrar. AxD J. C. McDoxarp

All faral malignant mesothelial tumors known to pathologists in Canada be-
tween 1959 and mid-1968 were registered. Thev numbered 163 (1 per million
population per annum): (wo thirds were in males. Occupational and residen-
tial histories were obtained “blind” from relatives and friends of 90¢% of the
cases and 2 matched conwrol series. An association with definite or probable
occupational exposure to asbestos was clearlv demonstrated. but only 20% of
male cases and one female case had anv such contact. Almost all the excess was
in the manufacture aund indusurial application of asbestos rather than in
mining or milling. No association was found with lesser degrees of occupa-
tional exposure or residence in asbestos-mining areas, but there was a small
excess of possible domestic exposures. The smoking histories in the mesothelial
tumor and main control groups were almost identical and unlike those for

cases of primary lung cancer.

VIDENCE FOR AN ASSOCIATION BETWEEN MA-

lignant mesothelioma and asbestos ex-
posure rests mainlv on the remarkable con-
centration of cases reported by Wagner et al.’
in the aocidolite mining areas of South Africa,
the case-control studies of Elmes et al.l in Bel-
fast, and Newhouse and Thompson? in Lon-
don, and the considerable excess mortality due
to this disease observed bv Selikoff et al3 in
American insulation workers. The survey de-
scribed here was undertaken to obtain a more
generally representative view of the problem
in one of the 2 major chrysotile-producing
countries of the world. Our aim has been to
study all fatal cases known to have occurred
in Canada since 1959.

MEeTHOD

At the end of 1967 we wrote to the 123
members of either the Canadian Association

From " e Department of Epidemiolezy and Health,
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* A prel:minars report on thee results was pre-
snted at toe International Conference on Pneumo-
coniosds at Johanneburz in Apnl. 1269,
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of Pathologists or the Quebec Association of
Laboratory Phvsicians inquiring whether theyr
had seen anv fatal cases of primary malignant
tumors of the pleura or peritoneum diagnosed
by autopsy or biopsy since 1959, In due course
we obtained a reply from them all. and. if this
was in the affirmative, a personal visit was
made by one of us to review the records and
to exclude cases which did not meet these
criteria or about which the pathologist had
serious doubt. In all, 165 cases were found:
113 were pleural, 45 peritoneal. 3 pleural and
peritoneal, and 4 pericardial. The diaznosis
was supported by autopsy in two thirds of the
cases and by biopsy in the remainder. Later,
we plan to have material from as manv as
possible reviewed by a panel of pathologists.
During the visit to the pathologist, 2 fatal
control cases—one orimarv and one second-
arv lung cancer—were selected from the au-
topsy or biopsy records, matched for sex and.
as closelv as possible. for aze and date of
death. In 2 instances, no adequately match-
ing case of primarv lunz cancer could be
found. Two control series were chosen in or-
der to examine 2 tvpes of question. Primarily,
we wished to know whether persons who had
died from maliznant mesathelial tumors had
diifered in their past exposure to ashestas and
certain other materials from comparahle per-
sons in the general populstion. Comparabil-
ity demanded that the control series should
comprise persons matched with the cases for
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age, sex, date and place of death, and post-
mortem diaznostic procedure. To insure that
information ohtained from relatives would be
of equal quality, it was imporwant that the
terminal illness should also he similar. Sec-
ondary lungz cancer seemed to meet these cri-
teria reasonably well and had the additional
advantage that several primar cancer sites
were included, but none were in the lung. A
second main question was whnether primary
mesothelial tumors were related to tobacco
smoking in the same wav as primary lung can-
cer, and, for this reason, a maiched series of
cases of this disease was also selected.

A held survey was arranzes in which in-
vesiigators (doctors, public health nurses,
and public health inspectors; sought out the
relatives and friends of the deceased and com-
pleted a detailed questionnaire in English or
French relating to occupation. resicence, in-
direct household exposure to cust, family his-
torv, and smoking habits. Special emphasis
was given to the occupational history. So far
as possible, all emplovers or emploving com-
panies were listed with dates and a note made
of the exact nature of the work done. The
relative was then asked whether each job in-
volved contact with wood, rubber. asbestos,
cement, copper, nickel, or fiber glass. Finally,
a check list was used, to inquire whether the
subject had ever been emploved in anv of the
following: locomotive repair shop: shipbuild-
ing, overhauling, or breaking: installation of
large boilers or steam pipes; insulation of do-
mestic heating equipment; building—sound-
proofing. fireproofing, heat retention, assem-
bling prefabricated buildings. and demolish-
ing buildings; manufacture of brake linings
or clutch plates; mining industry; textile in-
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dustry; cement industry; dock or transport
industry.

No interviewer knew to which group the
case under investigation belonged, and the
information recorded in the questionnaire
was also coded blind. Questionnaires were
completed for 447 (91%,) of the 493 cases and
controls.

FINDINGS

The distribution of cases by province and
vear of death is shown in Table 1, and by aze,
sex, and site in Table 2. More cases were
found in 1966 and 1967 than in previous
vears. Recent interest in these tumors may
have contributed to this, and, as the records
in some hospitals were poorer for the earlier
vears, memory mav also have been a factor.
With these points in mind. the true rate of
increase is difficult to assess. During the 8§ com-
plete vears, 1960~1967, the average annual in-
cidence was 1.0 per million of populauon
The rate was appreciably higher in Quebec
(1.5) than in Ontario (0.8) or in the rest of
Canada (0.9), 1966 and 1967 again account-
ing for much of the difference. Three quar-
ters of the cases were aged 50 or more at
death, and males predominated by 2.4 to 1.
“Under 50, there was little difference in the
sex distribution.

The case and 2 control series were very
similar in age distribution and in the propor-
tion of each for which the questionnaire was
completed (Table 3). Table 4 shows the
number of men aged 18 vears or more who
were occupationally exposed up to 10 vears
before death to asbestos and certain other ma-
terials in dust or vapor form. Whereas all 3

TasLe 1. Distribution of Cases by Year of Death and Province
Other
Year Ontario Quebec Provinces Canada
1960 - 6 9 15
1961 1 6 3 10
1962 4 4 5 13
1963 9 3 7 19
1964 6 8 3 17
1965 7 7 3 19
1966 8 14 9 31
1967 6 13 6 25
1968 (1st half) 5 9 2 16
46 70 19 163
Incidence/million 'year
10601067 0.8 1.3 0.9 1.0
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Taree 2. Distribution of Mesothelial Tumors by Age. Sex, and Site
Fieura and
Fleura Pecttoneum peritoneum Pericardium Total
Age
(vears) A4 F M F A F M F M F
o - — — 1 —_— - — - — 1
10— ) 1 _ —_ _— _ —_ — 2 1
20- — 4 -_— — —_— —_ — — — 4
30- v 4 1 1 — — — 1 8 6
40— 9 h 4 1 — —_ — 1 13 9
50— 8 3 11 4 1 - 1 ] 31 8
60— 26 5 2 5 —_ 2 —_— — 28 12
70— 13 5 7 6 —_ — — 22 11
80— 3 4 1 1 — —_ —_ — 4 5
All S0 33 26 19 1 2 1 3 108 57
Torar 113 43 3 + 165

groups were equallv exposed to wood dust,
relatively more men in the mesothelial tumor
group were exposed to all the other materials,
the greatest excess being for asbestos. Men
who were exposed to asbestos tended also to
be exposed to other materials. especially ce-
ment and fiber glass (Table 4). but these
were only responsible for part of the excess
exposure to the other materials. The excess
of “definite” or “probable” exposure to as-
bestos (Table 3) in the mesothelial tumor
group compared with both control groups was
substantial (P < .001), but there was vir-
tuallv no difference in the frequencv of jobs
in which exposure was classified as “possible.”
In 609 of the cases. however, occupational
exposure to ashestos was considered ‘‘un-
likelv.” Only 2 women in all had anv occupa-
tional exposure to asbestos; there was a
definite exposure in the mesothelial tumor

group and a possible exposure in the second-
ary lung cancer group.

The occupations involving definite or prob-
able exposure to asbestos are listed in Table
6. Men emploved in asbestos textile manu-
facture, the installation of brake linings, or
as Insulators were responsible for most of the
excess of cases over controls. Mine or mill
workers made little contribution to the differ-
ence, and only one person, a hardware store:
man, had worked with asbestos-cement prod-
ucts. The time between first exposure and
death for the 21 cases in the definite or prob-
able class ranged from 16 to 50 vears; 4 men
and one woman who worked on the job for
less than 4 vears had intervals of 18, 26, 26,
29, and 33 vears.

Materials other than asbestos also deserve
further consideration since several men had
warked with more than one of them. Exclud-

TasrLe 3. Distribution by Age and Sex of Cases and Controls

Mzles Females

Sesnthelials Srsedary Primar Mesntheliz! Secandary Primary
Age tumars lunzg cancer lung cancer tumors lunz cancer linz cancer
0- 101; 1(1) 1(1) 1(1) 1(1)
10~ 2(2) 1(1)
20~ 21¢2) $(3) 2(2)
30- 8(8) 6(6) 2142; 6(6) 6(5) 3(2)
40~ 13(10) 147115 24120 2 (8} 19 (10) 14(13)
50~ 31 (31) 26022) 24723 8(7) 77 8(7)
60— 27 125) 35032) 35733) 12411 15 (14) 12(7)
n- 23122} 20419) 17 7115) 11 010y 13 (11) 15 (13)
&0~ 4(3) 104 4 (1) 5174 3¢3) 3(2)
All 108 (101 108 (97, 107 7193, 57 (51) 37 (53) 36 (47)
Mean 38.7 . 9.1 59.1 55.8 57.4 58.8
sD 13 9 13 3 12.5 19 3 17 3 15.5
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No. 4 MALIGNANT MESOTHREI AL TUMORS -
TasrLe 4. Ocrupational LX,,)O-J'(:' of Men tn Certzin Materials®
- Me~mhelial ' Secnnd. ary Primary
1T lunyg cuer fung cancer

- {100 men) (96 men) (97 men)
Asbestos 210 3 4
Cement 17 %) 9(0; 8 (0
Copper 6(2) 1 (0y 1(0y
Fiber giass 6(3) 0 0
.\n:nel 512) 0 0
Rubber 3(1) 0 1]
Wood 18 (1} 19 () 16 (0
Total exposures

recorded 75113 32(t) 29 (0,

"+ Definite or probable exposure to the substances named in dust or vapor form in men ared 18 or more. The
number of men who were also definitely or probably exposed to asbe:tos is ziven in parentheses.

ing wood, for which there was evidently no
difference between the 3 groups, 37 exposures
to cement, copper, fiber glass, nickel, or rub-
ber were recorded for the cases, of which 12
were in men definitelv or probably exposed
to asbestos. The 25 remaining exposures were
in 19 men, and the comparable fizures for the
2 control groups were 10 and 9, respectively.
An analvsis of these exposures is shown in
Table 7, where it mav be seen that the excess
appeared to be in occupations involving con-
tact with copper, nickel, fiber glass. or rubber
(9:1:1) rather than with cement onlyv., and
seemed unrelated to possible exposure to as-
bestos. The relevant occupations of the 9 men
in the mesothelial group were as follows:
copper: lathe operator (2), munition manu-

facture, brass foundry; nickel: lathe operator
(2), mine worker; rubber: tire manufacture,
plantation work; fiber glass: municipal main-
tenance work, wood-caulking ¢shipj.
Residential histories indicated that 43¢ of
male cases and 33, of female cases had spent
their childhood entirely in a rural area com-
pared with 40 of males and 38 of females
with secondary lung cancer, but the primary
lung cancers were less often reared in rural
areas (males 317, females 23°). No difler-
ence was found between cases and both con-
trol groups after the age of 15 vears. Exclud-
ing 5 cases (3 mine or mill workers and 2
texnle workers) and one mine and mill
worker in each control group. who lived in
mining towns. only 3 men and 2 women had

TaBLE 5. Distribution of Cases and Controls According to Their Occupational Exposure to Asbestos
Males Mesothetial tumors Secondary lung cancer Primary lung cancer
Exposure to asbestos No. o No. < No. %
Definite 1 1 1L
20.0 3.1 ; 1.1
Probable 9; 2 3
Possible 20 20.0 22 229 16 16.5
Unlikely 60 60.0 n 10 P 9.4
Al 100 100 0 926 100.¢ 97 100.0
Males: Distribution of definite and probable groups compared with possible and unlikely: ¥ = 21.5, 2 df,,
P < 0.001
Females Mesothelial tumers Secondary lung cancer Primary lung cancer
Exposure to asbestos No. e No. L No. b
Definite 1 2.0 —_— —
Prohuble —_ — —
Possible — 1 1.9 —
Unlikely 19 93.0 3t QX1 46 100.0
Al 50 1000 ;2 100 0 16 100 0

* One child in each group dyving under the age of I3 has been excluded.
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TartEGS. Distribution of Occupations Classited Under Delinite or Probable
Exposure to Ashestos

Mescthelial Sevondary Primary
tumors lung cancer  lung cancer

Asbestos mine or mill 3 1 1
Asbestos textile manufacture 4* 0 0
Brakelining installatdon 2 . 0 0
Insulation 3 0 0
Other occupations involving

contact with insulation materials 2 3
Hardware store (handling asbestos

sheet and pipe) 1 0 0
Fillad gas masks with asbestos

textle 1 0 0
Tora 21 3 4

* Includes one person who worked in brakelining manutacture.

ever lived within 20 miles of an asbestos
mine. One of the 5 was a case. 3 had second-
ary lung cancer. and one had primary lung
cancer.

The possibilitv of contact as a result of
some other member of the family bringing
home dusty clothes from occupations involv-
ing the use of asbestos was also examined. Ex-
cluding 7 persons (5 cases and one in each
control group) who were occupationally ex-
posed themselves (definitely or probably),
there was one case in a female with' definite
home exposure and one male with probable
home exposure. In addition to 5 persons (one
case and 4 with primary lung cancer) who
were possibly occupationally exposed to as-
bestos themselves, there were 26 persons with
a possible home exposure: 14 cases. 6 with
secondary lung cancer. and 6 with primary
lunz cancer. The catezorv of pos:ible home
exposure was given in households where a
person possibly exposed at work to ashestos
brouzht home dustv clothes. Thus. excluding
thonse persons with definite or probable occu-
pational exposure. there were 135 persons with
mesathelial tumors. 8 with secondarv lung
cancer, and 10 with primarv lungz cancer, who
had had at least possible home exposure to
ashestos dust.

The frequency of cancer reported in close
relatives did not differ from that in the con-
trol groups. An analisis of cigarette smoking
habits is shown in Table 8. In both males
and females. persons in the primary lung
cancer group had smoked considerably more
than those in either the case or secondary
lung cancer groups. The latter 2 groups had
almost an identical distribution of smoking
habits. The 20 men with definite or probable
occupational exposure to asbestos showed no
great difference in smoking habits from' cases
without occupational exposure.

DiscussioN

Though our study is not directly compa-
rable with those of Elmes et al.! in Belfast, and
Newhouse and Thompson? in London, it
seems fairlv clear that the difference between
cases and controls regarding ashestos exposure
was less in our ﬁndmva than in theirs. There
are several possible explanations for this.
The first is that our study was based on a na-
tional sample of cases derived from all parts
of a verv f.rze countrv, whereas theirs were
irom 2 specuc industrial areas, one a ship-
building citv and the other from a hospital
close to a large ashestos factory. A second

TaeLe 7. Occupational Exposure to Certain Materials of Men without
Defrite or Probable Exposire to Asbestos

Mezohelial  Secnndany Primary
t-rors lunz ezncer  ling cancer
Cement only 10 (3) 96, 81(2)
Correr, nickel, rubler, or
f.her glass g% (2) 1013 170)
19(7) 10 (7} 912)

* I-cluding three men al=n expo<erd 1o cement.

The number of men posably exposerd to asbestos is given in parentheses.
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TapLre & Awveraze Daily Number of Civarettes Snoned

Meale Fe-riaie
Methelial
t zmnr- with
Mesthe’ial Frimary BN Me-sthelial  Seanndary
TITnOTS Tunz cancer  exp-dre LAmOr= lunz canrer i.7Z
21 22 E 2 19 29 3% 36 71 2 57
17 Iz 1 11 4 20 9 I1¥ 5 10 9 29
20 41 17 30 13 45 10 20 Y E 1227
’0 O mnTe 19 20 34 36 1 3 2 4 3 6 57
ToTar® 97 100 93 149 93 190 20 107 30 169 31 199 -}5 179

* Fxcludinz 6 persons under 15 vears of ag

possibility is that our series was diluted b\
cases which thev would not have accepted. -
third point is that we took great care to in-
sure that the histories of case and control
were collected and coded without knowledge
of the group to which theyv belonzed. Thxs
was not so stated in the Belfast survey and not
possible in the studv of New house and
Thompson. The findings of Selikoff et al.3 are
not comparable with ours since their investi-
gation was based on an occupational group
selected for its exposure to asbestos and not
on a population sample.

It was not our aim to assess the role of as-
bestos in the etiology of primary lung cancer.
Several studies have shown that occupational
exposure may be associated with increased
risk of this tumor, especially in smokers.* Since
our series of primary lung cancer was selected
to match the mesothelial cases in age. sex,
and geographical distribution. it cannot be
considered representative in itself. Neverthe-
less. it was probably sufficiently so fou it to be
worth noting that the historv of exposure to
asbestos was very similar to that for secondary
lung cancer. Anv contribution from asbestos
in the causation of this series of primary lung
cancers was, therefore, not apparent.

CoxcLusIoN

The findings from this national survey in-
dicate that primary malignant mesothelial tu-

e and 6 men and 2 women whose smoking history was oot rerrfaai

mors are rare in Canada. and it is somewhat
doubtful whether there has been a true in-
crease in incidence since 1939. An association
berween these tumors and definite or prob-
able occupational exposure to asbestos was
clearly demonstrated, but only a minority of
male cases (20°) and one female case had
anv such exposure. No difference was found
between cases and the 2 control zroups re-
garding lesser degrees of occupational expo-
sure or residence in asbestos-mining areas,
but, in 10, of the mesothelial tumors com-
pared with 5% of the secondary lung cancer
group, there was at least a possible domestic
contact with asbestos dust.

Probably our most noteworthv finding
was that almost all the excess in occupational
exposure was in the manufacture and indus-
trial application of asbestos rather than in
mining or milling. Taken in conjunction
with the results of other epidemiologic stud-
ies, this suggests either that chrvsotile is less
associated with mesothelial tumors than other
forms of asbestos or that something in addi-
tion to asbestos is necessarv. If there is an
additional factor. our findings imply that it
is not cigarette smoking.

Nine men with mesothelial tumors had
worked in occupations unrelated to asbestos
but involving contact with copper. nickel.
rubber, or fiber glass compared with one in
each of the control groups. The interpreta-
tion of this finding is doubtful.
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