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Asbestos Exposure and Neoplasia

L

" Buildiog trades insulation worlers have
relatively lizht intermittent, exposure to
asbestos. Of 632 iosulstion workers, whe
eatered the trade before 1943 and were:
traced throuzh 1962 forty-five died of
cancer of tre lung o pleura, whereas only
6.6 such desths were expected. Three of
the pleural tuniors were niesatheliomas: .
there was also one peritoncal mesothelie.
ms. Four mesotheliomias in s total of 253
deaths is an exceedingly high incidence for
such u rare tumor. Is sddition, 2@ unes.
pectedly large number of men died of can
i of the stoniach, colon. or rectum (29
compared with 9.4 expected). Other tane
cers were not increased: 20.5 were expected,
2 Q«.umd. Tweive mea died of ashertosia

LTHOUCH PULMONARY CARCINOMA had
_been observed in the earlicst studfes of asbes-
toss, asociation between the two conditions was
Haal supgeaeu Uy Lyunis aed Sumi 18 1mid ade
Sitional repors of such associstion followed. Pere
haps the most striking dats was presantad in the
aonual repont of the Chid Inspector of Factories
of Creat Britain for 1933.' Every death with as-
bestosis in the files of the Factory Department,
frem the frat recognition of asbestosis as a disease
enity, was studied. Altogether 363 such deaths
were récorded (1924-1988). Sixty-Bve or 17.9% were
found to panied by of the lung or
phrura. Doll® after reviewing the problem and add-
ing data of his own, concluded that lung cancer
~iis & specife industrial hazard of heavily exposed
asbestos workers,
Nevertheless, sodie investigators have held that,
while these observations might be suggestive, they
did not establish an increased incidence of carci
-noma of the lung im puimenary ssbestosis, and
" - further, that the association wag unproved.
The factor of selection was coasidered a poten-
‘#) weakDess im evalusting reports of sutopsy
-giries. It was noted that complicated and unusuel
<nses would be more likely to come to autopsy,
<thus raising the apparent frequency of associated
hiog * Further, it was argued that aue
“topey statistics, which deult with purticular Euups
-of those who died. do nnt reflect tatal popuiations
. of asbestos wurkers. Additional reservutions wers
Based on the frequent abience of data regarding
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exposure, smoking hahits, and peronal liistory, on
the nize of senes, and on inadequate histologicel
verification in some cases.

Within the lust fese vears s number of sdditional
problems connected with ashestox expenure have
appeared, muking clarification and re<clutim of the
foregoing statistical uncertainty a matter of cone
siderable concern. Fint, there has been gready
increased use of the vunous types of asbestos (a
Gve-fold incrense in world utilization of this group
of minerals, from 500,000 tons to 2.50C.000 tons per
year in the lust 30 vesrs), as well s 2 grestly in-
creased pumber and variety of industnal applics-
tions of asbestos (over 3,000 sucli uges now ree
corded). Second, suspicion has been growing that
malignancy sasociuted with ashestoy expovure mav
inchide neoplasms other _carcinoma of the
luog. Thus, a signi relatiomhip has been
claimed between difuse mesothwlioma of the pleura
and peritonewin and wbestos exposure.®

This communicution is concerned with investis
gatony undertaken to study tiw tollowing tactors:
(1) the incidence of dclt:t‘s dmito pulmo‘:d‘n- car-
cinoms among & workers v t0 &5
bestos undc'mm ’sum indu.i:da‘l‘oamdudom
in the Jm several decades, (2) whether ar not
such iodividuals would alse be found to have an
increased risk of other neoplasms, and (3) whether
such risks would be present in an industy other
thap the ub«ton-fmdudng or abestos-products
industries, with which most reports in the puast
have been concersed but which would not cece
essarily represent the most important areas of as-
bertos exposure at this time. Fustner, it was hoped
that study of an industry ‘with ashestos exposure
of limited extent and intensity would throw some
light oa the potentisl problemx amodiated with
minimal exponure to asbeston.

" Materials and Methods

Our investigations lave been concermcd wath
1,522 members of the Asbestos Workers Union in
the New York mutropolitan aren. members of New
York Local 12 and Newark, NJ, Locai 32 of the
International Assacistion of Heat and Frost [nsu-
lators and Asbestin Warkers, As the full ntle un-
plies, theve men ure insulation warkers. Although
the union is.comidered ane of the buldmg-trads
unions, its members do insulation work in & ve.
riety of {udusteien, incleding shiphuilling. Cullead
"laggers” in Creat Brituia, they are often dong-
nated “pipe cuverers,” “insulitom,” of “wbeos
workers” in this country.

“The union_is one of the aldiae in the cmntry.
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Tha New Yark local, as the “Saidmander Aswias

-« tiun of Builer and Dipe Felterr,™ was the firxt union

of insulation workers in the United States. 1t amal-
gamated with other kocals as the curnnt Aslustos
Warken Union in 19)2 The stability of this uniin
has boen reflected in the stability of its member-
dup rulls, “Owev 2 pipevoverer, alwiys a pipecose
eror” has been of epickemialagical importance ta us
and has made this group of men particularly aut.
atle for the stwdy of long-term efects of acbes-
tos inhalation. Unlile unshilled workers exposed
to asbestos inhalation in poorhy paid industnes,
there is httle labor turnover smong insulation
wixkers. Accurate emplmment records are main-
taned by the union. which has also been con-
cerned with health problems mn the industry.

The tade was badly hit during the depression:
some men had to drop out and very few were
adided during the 1930s. By the end of 1842 the
uniion rolls consisted mainly of men with consid-
esable experience, plus s few who joined 1n 140,
1641, and 1941 Between 1946 and 1962 unicn
metbership increased substantially.

Source of Data.=From union records, 8 hist was
prepared of every individual who was a member
of either of the metropolitan locals on Dee 31,
1947, or who joined between that date and Dec 31.
1062, No one was omitted, whatever his subse-
quent work history. The 1942 list included 632
gien, 590 men joined after 1942

. Persona! data were obtained from union records,
and the work history of each man was detailed.
includine withdrawal from emnimment (war ser-
vice, other empioyment, retirement, illness ). These
data gave the baseline for calculation of the onset
ahd duration of exposure. For members who had
d ed, records of the Health and \Velfare Fund pro-
vided date and place of desth. Copies of death
cortifcates were obtained op all but one of them.
Autopsy protocols, histalogical specimens, and hes-
pital records were obtained and reviewed in those
deaths, approximately one half, in which the ter-
minal illness had occurred in a hospital.

.- Statistical Analysis.—Previous studies have sug-
gosted that neoplasia associated with asbestosis sel
dom occurs until 20 vears after first exposure to ss-
bestos dust. Therelore, we decided to lLimit the

resent anslysis (@ med with such an exposure
istory. Our e records cnver all members
of the unios (including sctive and retired mem-
ters, both dead and slive) Mw 20vear
3, 1982

Hewm.“ o fow N ozlv men with
s hist years or since first expoture
-(ou:;aumﬁkmmc‘:u the unioce rolls as
of Jaa 1, 1943 (The exceptions were 2 few men
ho joined the uniom after Jun 1, 1943, but whe
had been emploved previously ax ashestos workers
clsewhere.) Of these 832 men, 255 died before jan
1,158 }
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Of these 632 men, 339 had been exposed to as-
bestes dust pror to 19%3¢ In other words, as of Jan
1. 1943, 20 vears or Jonge:r had elapsed since these
339 men were first exposed. The remaining 293
men reached the 20-yvears-since-first-exposure point
at some time after Jan 1, 1943, and before the end
3f 1982, The 33% men who were first exposed prior
to 1924 were counted in each of the 20 years (or
up to the time of death of those who died). The
293 who were first exposed n 1924 or later were
counted only after they reached the 20-vears.since-
Brst-exposure point (those who died being dropped
st the time of death), When the ratistics were
completed, we found that we had records covering
a total of 87375 man.years of experience of men
with a history of 20 years or longer since Brst
eaposure.to asbestos dust.

Of the 56,7375 man.years, 1912.0 were in the Svee
vear perind 1943-1847; 2376.0 were in the period
1348-1832; 23363 were in the period 1353-i857;
and 20110 were in the period 1938.1962. Table 1
shows the age distribution of the man.vears in
each of these Bve-yesr periods. Table 2 shows (1)
the average age-specific death rates of all US
white males Guring each of these periods. and (2)
the sverage age-specific death rates from cancer of
the lung, pleura, mediastinum, and trachea among
US white males during each period. as reported by
the US National Office of Vital Statistics.

The man-vears were thea muluplied by the cor-
responding reported US death rates to ascerisin
the expected number of deaths under the null
hypothesis that the death rates of asbestes workers
do not difer from death rates of all US white
males (both age and date being talen into consid-
eration). The results are summarized in Table 3.

Results

Total Desthe.~During the frst 8ve vears (1943
1947) only 25 deaths occurred among the asbestos
workcrs, whereas 39.7 deaths would have occurred
had their age-specific death rates been the same
as for all U?-th‘lc males during those vears (Ta-
ble 3). la other words, at the start of the study.
the asbestos workers had below avcrage death
rates. This is by no means surprising. indeed, such
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{s aimost always found in the Brst few years of &
prospective epideminlagical study of this type. The
explanation is almost certainly as follows: The 632
men {o this analviis were sctively employed as as-
bestas workers in 1342 Since divahility from ill.ess
or other causes preciudes employment in a trade
of this type, thesc men were presumably well (or
at least not disabled) at the start of the study pe-
sil Almost any group so selected as to evclude
the ill end disabled has & lower death rate during
the ensuing ‘ew years than does the general popus
lation, since ill snd disabled persons have extremes
ly high death rates. A selcctive efiect of this type
gaduslly wears of with 6ma and largely dissp-

. peirs within five to ten years from the tima of ine

itial selection.

During the second Bve-yvear period (1948-1982)
the death rate of the asbestos warkers was slight.
ly higher than the death rate of all US white males,
{e, 54 observed deaths compared with 50.8 exe
pected deaths. Ia later periods, the death rute of

. tho asbestos workers was proportionately higher.

Fqr the period 1953-1957, there were 55 observed

desths compared with 36.8 expected deaths, and

for the period 1955-1962, thers were 53 obscrved

deaths compared with oaly 544 cxpected doaths.
o .-
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Cancer of the Lung, Pleura, and Trachce.=In
each of the four bve-vear pericds, far more deaths
from cancer of the lung aod plevrs occurred
umo:j the asbestor workers than would have cc:
curtred had their death rates from these diseases
been the same a3 for all US white males (Table 3).
Altogether 45 of the 832 asbestos workers died of
a:fg g{. these n‘:':. {whcuu only 8.6 such deatls
wi avpect rom general US expenence.
Of these 435 deaths, 42 were recorded as due to
bronchogenic carcinoms and 3 to neoplasms of the
pleurs. The pleural neoplasms were all recorded
a5 mesotnenomas.

Thus it was found that the death rate from can-
cer of the bronchus and pleurs was 68 times as
bigh g these ash workers as in the gen.
eral US white male population (both age and date
being taken into consideration).

It may be asked whether the high rate of lung
cancer among these asbestos workers could pos-
sibly be stuibuted to an unusually large proportion
of cigarette smokers among them. \Ve cannot an-

- swer this question directly, since we have not vet

-been able to ascertain the smoking habits of the
men who died. However, the following pieces of
endence indicate that unusual smoking hatwts can-
oot account for the high desth rate from lung can-
osr among these workers:

We have interviewed 320 of the 377 sunviviag
members of the 1942 group. Table 4 gives 2 sum-
-mary of the smoking habits in this group compared
with s sample of men drawn from the ge
population of 1,121 counties in 25 states.” The un-
ion sample is somewhat insdequate since it does
oot inchude the men who died and does oot in-
~lude all of the presant living members of the
union. Neverthelem, it shows that a sulxtantial
propurtiun of aalnatue workers never soicrhed cia-
rettes segularty. Certainly the 632 men in aur analve
sis of death rates were vt ull leavy agantte
senokers. .

la the genoral awle populitivu. hing<anar
death rates are abeut ton times a3 liigh amonz
cigarette smokors as among noavmobers; Jad the
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desth rate from lung cancer increases greatly with
the amount of cigarette mmoking.* However, a large
oportion of all men in the United States have a
_history af regular ciparette smoling. From data in
a prospective study on smoking.® it may be esti-
mated that if all men smoked a pack or more of
cigarettes a day (ie, if all the nonsmokers, ciger
_ smokers, pipe smokers, and light cigarette smok-
" ers had, instead, been heavy cigarette smokers) the
‘lung-cancer death rate would be approximately
3.4 times as high as it is at this time. :
" From this we may conclude that even if ail our
ssbestos workers had smoled a pack or more of
" cigareties a day (and, indeed, f1om our sample we
konow they did not), and if exposure to asbestos
were of no significance. then their lung cancer
death rate would have been sbhout 3.4 times &
high as the rate in the general US male popule-
tion. Clearly, the smoking habits of the asbestas
workers cannot account for the fact that their lung-
‘gmmgmr daash rres e 88 domer op Righ 23 shae of
white males in the general population.
& Castrointestingl Cancer.—Rather t0 our surprise,
the death rate from of the st h and the
death rate from cancer of the colon and rectum
wire higher among the asbestos workers thas
would be expected 'rom the rates reported for the
US white male population, calculated in the same
way as for lung cancer. Twelve deaths from gastric
cancer occurred among the asbestos workers, o
cortipared with only 4.3 expected. Seventesn deaths
from carncer of the colon and rectum occurred
tmong the asbestos workers, as compared with 53

ed.

.‘_’?ﬂm of All Other Sites.—The combined death
rate from cancer oF all sites other than lung and
pleurs, and stomach, colam, 1nd rectum was net
increased. Twenty-one such deatls occurred
wsbestos workers, as ug;nnd with 205
' A:hcmda;gl the deaths, 12 were dus te
ssbestasis  (pulmonary insuffciency, cor puime-
nale). The lapeed time from first asbestos exposure
‘o death from asbestouis sveraged 4338 years, with
& range of 32 ta 59 years.
:' . * Comement . )
' *Carcincma of the Lung.~The results with regard

ascinoma of the Jung are clear. Industrial ex-

b

posure to asbestos by insulation worlers, as stud-
ied here, results in a marked increase 1n the ingi-
dence of cancer of the lung. approvimately six to
seven times the expected intdence. Aliogetlier,
45 (17.6%) of 255 mea with more than 20 years
elapsed since the onset of exposure died of cancer
of the lung or pleurs.

These data de not give the “incidence of cancer
of the lung in eshestons.” They relate to the spe-
cvific conditions of our investigation: to a group of
men with only intermittent exposure to matenals
vontaining limited amounts (often 2% to 203) of
asbestos under working tonditions varying from
very dusty, as in extracting old insulation in cloted
quarters, to those with little dust exposure, a3 in
building construction in open air. Moreover, they
selate to the relstively recent past, in a trade with
the shorter work week of the mon&buﬂdia; mdes
unions, i4 aa era when industry has been aware
of potential asbestos hazard and the werking popu-
telime tame et suum UL '--u'..' I
risk associsted with dust exposure. These data
would not necessarily apply to asbestos exposure
in other industries, such as the fuctory producton
of asbestos products, the asbestos testile industry,
ete, where conditions of employment might be
quite different. Our results do not contradict the
even higher incidence of lung cancer suggested 1a
other studies®; they are merely a shade less strk-,
ing.

Diffuse Plevrel and Peritoncal Malignancy—
Mesotheliome~Determining the incidence of dif-
fuse pleural messthelioma is complicated by the
insecurity of its histological \erification. \While
some pathologists will so categorize 1 high propor-
tioa of diffuse pleural tumors, in the ecperience of
athers it s & very rare tumor and may be mim-
icked by anaplastic peripheral carcinoma of the
lung and diffuse Sbrosascoms of the pleura It is
difScuk to evaluate completely the published re-
ports of diffuse pleural mesotlielioma in asbestons
in the absence of complete details of each case.

To the pretent time, there has been na informa.
tion concerning the incidence of diffuse pleural
mentheloma in asbestosis, since the publishied
ases are reported without reference (o & total pop-
ulition In which they occur. Nevertheless, the
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growing number of reports of individual cases
suggests that Uwss tumors are porhups becoming
relatively frequent complications of asbestos ex-
posure.

Ovyr observations in this series are similarly sug-
gesiive. In three of the 255 deatlis among the men
why had worked for 20 viars or more, the exam-
fning patholagic considered the death due to dif.
fugs pleural mesntichoma, and in the two esses in
which we have been ahle to review the histological
maerial, the histological appearance was that of.
ten 30 categorired. and ashestos bodics were pres.
ent. This incidence of more than 1% of deaths
from pleural mesothelioma is stnkingly high fer &
turvor which is generully conudered to be extreme-
ly rare. In one case in qur serivs pathological ex-
amination suggested diffuse pentoneal mesotheli.
oma. This single experience is too fragmentary for
evaluation.

{Zastrointestingl Carcindma.-Isolated instances of
gastrointestinal carcinoma in the presence of as-
bestosis have been known. but there have been no
data to'indicate that these were mare than coinci.
dental Sndings. imong the asbestos workers
stdied here, cancer of the stomach, colon, and
revtum was three Smes as frequent as expected.
These data suggest that there may perhaps be an
etioloical relationship between industmial asbestos
exposure and curcinoma of the gastoirtestinal
raee

Environmental Asbestos Exposurc~The recent

" demonstration, by South African® and British® in-
vestigators of pleural and peritonesl neoplasms -

among individuals who had chance environmental .

e1posure to asbestos many vears before raises the
very important question of possible widespeead
carcinogenic air pollution. The possibility of en-
vironmental exposure has long been Lknown. Soca
alter the initial clarificution of asbestosis as & clinic
entity, Haddow '* demoostrated asbestos bodies in
4 man not emploved ia the industry but [iving next

I
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door to an ashestos fuctory. This finding was later
mirrored in the finding of chromie bervilium dise
ease amang residents of a community near a bervl-
linm factury.”" What is new, howvever, is an appre-
clation of the potential oatent of the problem.
Thomson and associates '* have reported the fre-
quent findings of ashestos haclics in the lungs of
urban dwellers. Among 6,312 individuals x-raved
in an area abeut an asbestos mine in Finland,
Kiviluoto '* found 499 cases of plevral caieihication
of the type charactrristically seen among acbestas
workers, without obvious cause. In a comparable
area without any usbestos mine. no cases were
found amoni 7.101 persons a-raved. It should be
noted that these were not people who warled in
the mine-none did-but, rather, were farmers.
liuusewives, and otlers who lived in the general

tion. In one subjeet who came to autopsy.
polarized-light microscopy demonsirated asbestos
Ebers in the lung. Similarly, the lung of & cow graz.
ing“mr the mine also showed presence of
agdestos.

A particular variety of envirenmental exposure
may be of even greater concern. Ashestos exposure
in industry will not be limited to the patticular
craft that utilizes the material. The foating Gbers
do not respect job classifications. Thus, for exe
ample, insulation workers undoubtedly share their
CXPAUIE Wills LIEr wuihueiey i s Uedes,
intimate contact with asbestes is posnble for elec
tricians, plumbers, sheet-metal workers, steamfie.
ters, laborers, carpentery, boiler makers, and fores
men; pndh:xa even the supenising architeet should
be inclu

1 £ 100th St New York 10029 (Dr. Selidoff).

This srudy was supported by the Heaith Actearch Coune
il of the City of New York.

Cosperating in this investigation were the eaecutive ofs
fcers of the International Asseciaties of Heat and From
tanglaters and Asbestas \Workers, Washingion, DC. and the
oficers and memlership of the New York and Newark, NJ,
lacals of this Union.
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