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RELATION BETWEEN EXPOSURE TO ASBESTOS A\D MESOTHELI

Irvine J. Serikorr, M.D.,;7 Jacos CHURG,

MAF

M.D..fz axp E. Cuyrer Hauotonp, Sc.inj

NEW YORK CITY

3 cares of dxf“u<e plcural mesotheiiona irom the

—th Western Cape Province of South Africa. The
collectio:. of such a large number of cases of a rare
tumor within a short time (1956-1960) in one area
was considered unusual enough. Even more striking
was the fact that close questioning and investiga-
tion revealed that 32 patients had evidence, admit-
teclv circumstantial in most cases, of some potential
or acitci contact with asbestos by virtue either of
resicence in mining dreas or i industry twenty
to iorty vears before.

This remarkable concentration of cases ir. one area
of Souih Africa was explained by the hyvpothesis
that mesothielioma was the result of exposure to one
special npe of asbesios {crocidoliie', mined almost
enurey in ihat re:AOﬂ The report of a mesothe-
lloma assccizted with asbestosis in Western Ausira-
lla.® one of the few other regions of the word in
which crocicolite is mined, was consistent witn this
hvpothesis. Similariv. the occurrerice of other cases
of mesoihelioma, including several of the perito-
neum, in Great Bri:ain** was not disturbing since
British asbestos comipanies have long been intimately
related in ownership and management with the
South African asbestos industry and the largest por-
tion of crocidolite mined in South Africa had in
previous vears been imported into Great Britain.>¢

TN 1560 Wagner, Slezgs and Marchand? reported
5
No

PresexT INVESTIGATION

We uncertook to study the question whether
mesotheiioma of the pleura and peritoneum had an
important relation with asbesios exposure in the
United Siates. We had previousiv found that lung
cancer and possibly gastrointestinal cancer were
markediy increased in incidence among asbestos-in-

*From the Section on Environmental Health, Departocnt of Mcdicine,
and the Deartment of Pathowgy, Mount $ rai Hesnial,

Supovrea by the Health Research Counail w the City of New York.

tlicad. Sect.on on Environmental Health, Department of Mediane,
Mount Sinx Hospital.

TAsciate attending  patholegist, Department of Pathology,
Sinay Hoegaial.

§Directon, Statstical Racarch Scction, Amencan Cancer Sociery.

Mount

sulation workers.” The investization was 3.anned o
demonstrate  wrether another poCnual neomlastg
nazard of asbestos exposure existed in in=
States. Secondiv, data developed in the
tion would have epidemioiozic and paiio unetc
bearing on the problem since the concition of
American asbestos utilization differeC 10 some ex-
tent from British and South Airican exnerience in
at least one important respeci. Crocidolize is a

elative newcomer to the American asbesios-.ndus-
irv scheme. Thus, American imports of cra*co.z:e
{none is mined here! were less than 305 tons in
1935 and had reached a .e\ex of only 20.000 tors
even in 1962, In contrast, curvsotiie, tnz wvoe of
bestcs fiber w:de.v used in he American asbesic
industry. was imported at a level of 103.057 wons in
1953 and 630.0G5 tons in 16622

ur investrigations sought t0 determine whether
mesothelioma is more common among
ng with asbestosis than those without tnis diseasc
in the United States. conversely, whether proof of
asbestos inhaiation can be found among cases o
mesothelioma and whether an estimate of we inct
dence of this neoplasm can be made among worken
with known exposure to asbesios.

The answers to these cuesitions are powennz
oi vonsiderable practical importance. Ii the ..\potlxc-

that mesothelioma associated with asbesios con-
tact is a special case of asbestos cancer. caused bt
exposure to one xind of asbestas fiber crocidoiiwe
is correct the problcm is a rather limited one. Al
though it wouid be important in the areas in which
crocidolite is mined. and to thase working with it
the United States asbestos indusiry could be advis
10 avoid this rvpe of nber in favor of other forms o
asbestos. T

Our investigations could serve to test
pothesis.  Crocidolite has had a smail e in tie
United States asbestos industn aid that bt recenth
Neopiasmns associated wWith asoesios expos.se Jeav:
ally occur only twenty 1o fortv vears after exposun
If mesothelioma could be found with increased e
Quency in assoviaton with asbestos fr s connin
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t wou'd demonstrate that this tumor was another
nnlastic hazard of asbesios exposure in 'JPnera] and
T-st limited to one area or to one type of 4he

] Mareriars axp MeTHoDS

* First of all, since cifuse pleural and peritonea

mesotheliomas are fatal cornditions we decided to
wudy their relation to ashestosis in autopsy series.
< For this purpose, we analyzed 2379 consecutive
, uztopsies, which comprise the personal autopsy ex-
erience from 1933 to 1964 of two pathologist mem-
wrs.of our investigative c_rmup.* All patients show-
"7 characteristic ashestos bodies and pulmonary
“iresis were accepted as having had pulmonary as-
esiosis, and the cause of ceath was reviewed. Al
:zes of diffuse mesothelioma were also selected, and
@ tumors carefully restucied to verify va_ho;omc&
Jzssifcation and  hist ologic characteristics of the

even if mesotheliomas were frequently
ourd n Dat'ents dving with asbestosis, this would
Il not prove w hether or not the tumors were com-
wonly caused by asbestos inhalation since few pa-
Zemts are known to die with ashestos’s. To study
Ys s2cond cuestion. we reviewed 2l cases of pleural
d peritoreal mesctheliomas in the fles of the
Forces Institute of Pathology, in co-overa-
“on with Dr. S, Rosen of the Institute. Forty-ﬁ\’e
sgpes (19 'D eu ral and 26 Y\er:toneal\ of ciffuse pleu-

Armed

.

mesoJ)e.ioma nad been szforw]\' con-
slered although in some cases alternate ciagnoses
"ech as peripheral bronchozenic carcinoma. fibro-
rreoma and metastatic carcinoma of undetermined
onvin were entertained. In addition. each of these
tases had available at least a small portion of lung
for histo'ogic study (sometimes verv small, such as
atag of lung at the border of tumor tissue). Other
tases of ciffuse mesothelioma are present in the files
of the Institute, but since lung tissue was not ava.l-

le, they were not studied.

Each case was caref:'y restudied, both to verify
e patholoriral diagnes's and histolocic character-
Sies of the neoplasm™ and to search for asbestos
‘oles in the lune tissue available. We apprecicte
tany attempt o eveluate the presence or absence
ashestos Rders in tssues, ‘"""ed to identification
asestos bndies, mav qrossly \mc’crvi’"n'\ ¢ the
e frequency of the presence of asbestos. In other
Tidies, we have demen<rated that in worlers ex-
Miadoto ashestos, ashestos fibers may be present
1 laree nimbers in the abence of asbesios bm”*‘
and coated abers. Urfortunateh
was not available for
"( was not n(w::?‘fc

thich are aleered
cases
i'u(’ic: nccc:\'aw

tfe In mest tissre
RS ,,“Y:.:O‘«,'

0o s!ut.\ '.h': neidence of lm‘\othumm.

*Drs. J. Chure and S. Moolten,

MESOTHELIOMA AND ASBESTOS — SELIKOFP

‘Cred and thirtv-two men were enrolled in

ET AL. 251

-\‘

among persong exposed to ashestos, we undert
a sarvey of 1522 members of ‘e Ashestos \\'r)r_-:e,f
Union in the New York rre'.m')o“'tan area, rrem-
bers of New York Local 12 ané Newark , New Jrre,
Local 32 of the Imemat:or:a! Assoc:at:on of Hez-
and Frost Imsulztors and Ashesios Workers, Tr
are Insulation workers. primarily ervaged in
Huil ding, powerfouse and shipvard  construce’
work in which they have relativelv light, intermiten:
exposure to asbestos-containing insulation materia's.
Some of the insulation materials used by chese
such as fibrous glass, cork and hair felts, cr--
ta'n no ashestos, whereas o‘hers, such as magnesia
or calcium silicate insulation block and insula
cements, may conzain 10 to 13 ner cent ashestos,
E\')osxAres are therefore to a number of dusts,
asbestos apnears to be the only biologically active
present in significant amonunts
Little free silica is found, and histologic study in
our laboratory of lung tissue of 43 of
tfon workers showed diffuse interstitial
acteristic of asbestosis and no evidence of the whorlec
nocdular ﬁ‘)rosis of _“'cosis n

e
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ber of either of these :cca!s at any time ‘rem De-
cember 31, 1912, to December 31, 1062, Sf.

1
"

in 1042, and 890 men subsequentiy *o*ned n the vezr
benwveen 1942 and 19627 On January 1. 1962. 25
oI these men were dead, 1238 were alive. ord. ¢
these, 1117 have been examined by us.
1963, to August 31, 196+, —}3 men cled. Th
om January 1. 1943 to August 31,
f' ave been 307 deaths among t‘i
workers. Each death has been im
the cause ascertained. Copies of deam cersificates
were obtained in all but 1, autopnsy protecols were
reviewed (6% cases*. histologic specimens were ex-
amined /71 cases’. and hospital records were chained
and reviewed in the deaths (163 in number® in which
the terminal iilness had occurred In a hospita'.
The types and intensity of exposure to0 ashestos
were studied in several wavs, including aralvsis of
the occupational histories detailed during ""o ‘nter-
Views with the examined men. review of trace proc-
industry sources,

[

”
by

ano'vies of

tices with unien and
marterinis retrieved curing repair work
nertinent published cara in this Held.
Nistories of the men were obiained

arrned men when avatlahle and from o
These data gave the

calculation L‘f the onset and cura

for the others.

~noof e

In the groun of 307 consecutive deass omeny
These asbestos-incuravion workers ne 0 oo o
rsothelioma woas accented witheunr a e BERRER

Togic materny’ and \(‘-!‘::‘u‘.‘.!:ot\. ol mathe'n L close

Seation.s To i powehle that mesothe’ o wers
present i persons who died and 3 owhes o by
O OPIYIIUNIY to evamine histologic man o and
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Meotheboma an Autopsics with Asbestosis
In the antoysy sorios stadied 2300 cases were ox-
!
NETCTPR B O E N B eludice 7620 adult miales.

An.ong these ashesiosis was recorded in 26 cases
The causes of deaih in these cases are summarized
in Tabie 1. Mesoine.loma of the pieura was presen
in . mosothelioma of the peritoneum in 3.
bren.chocenic carcinoma in 7.

This frequency of 4 pleural mesotieliomas among
26 autopsics (15 per cent} with astcestosis may be
corirasied with the frecuency of pleural mesothe-
Homa in a general autopsy series. Hochbere®? coi-

fecied 23.732 reporis of autossied cases from ihe
literature. with 36 ::1e<ot‘neli0'*ms recorced. ior an
zutopsy incidence of 0.07 per cent. He acdded 7

16.310 autopsies stucied by
him, an incidence of 0.0t per cent. Rénig*® found
102 pleural mesotheliomas among 13.307 consecu-
tive autopsies without asbestosis at tae St. Georg
Hospital in Hamburz (0.77 per cent‘. but 4 of 26
auiopsies with asbestosis (15.4 per cent).’® In the
same stuGy he reported 22 “peritoneal carcinomas”
among the 13.307 autopsies without asbestosis (0.16
per cent) and 3 among 26 autopsies with asbestosis
(11.5 per cent}. :

In this autopsy series we found no case of meso-
thelioma in the absence of asbestosis.

mOSOULenGInas among

Asbestosis among Casas of Mesothelioma*

A search for asbestos bodies demonstrated them
to be present in 12 of 45 cases of pleural and peri-
toneal mesothelioma in which lung tissue was avail-
able for studv: in 3 of 19 pleural mesotieliomas and

in 7 of 26 peritoneai mesotheliomas (Tabie 27. In
2 cases asbestos bocies were already known to be
present. In the other 10 the present review first

brought them to notice.

The discover of previously undetected asbestos
bodies on re-examination of lung tissue in these
cases of mesothelioma parallels the experiences of
McCaughev, Wade and Elmes™ and of Hourihane.*
It reflects the rarity of these bodies in lung sections.
easily missed on random scanning and often found
oniy with diificulty on prolonged examination even
when deliberately sougnt.
~ How oiten such diligent search of histologic lung
sections would uncover asbesios bodies in routine
autopsv material has not vet been completely stmud-
ied. The negative results of ordinary autopsy expe-
rience should not be accepted as an answer to this

*Armed Forces Insuitute of Pathology matenial.
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question since detailed, prolonged review of lung
sections is usua:ly not urdertaxen in the abeence of
in

special indications, However, in one study. an
institution in which mesotreliomas were {ound to
he f{requentiy associated with ashbestos bodles ip
lung <ections, 50 consecuiive au j) v cases exciud-
ing chest tursors) were studied c.ﬁcally 1o dem-
onsirate asbestos bodies in lung sections.  In none
were they present.t

Th.e resulis of our review of this grous ci 1mesc.
theliomas mayv well represent an unceres :Z~7 zte of
the true incidence of asbestosis amorg €zses o

mesothelioma in the United States. In in
as noied, very little lung tissue was avalaZle for
scanming In muany cases since the submission of the
matenal to the Institute had been for review of
the neoplasm. with the status of the iung noi of
immediate concern. This was particuiariy true of
biopsy specimens Secondiv. no information was
avaiiable concerning the pomon of the lunz from
which the specimen was taxen. In ine search for
asbestosis the lung bases are preferred. since these
areas are more neavily involved. Trirdiv. we zz:

to be satisied with a review of. sections for o=
bestos bodies as a diagnostic criterion. Yet in som*
cases of asbestosis. these may be virtuanv zadsen

despite the presence of many unaltered asbesios -
bers. which usually require special technics fer dem-
onstration. These were not avaliabie in this stucy.
incidence of Mesothelioma among Asbestos Workers
We have analvzed 307 consecutive deatis amens
asbestos-insulation workers. These comprise u'.‘ ceaus

of members of the New Yorx C.ity and  New-
ark, New Jersev. locals of the insulation workers

union from January 1, 1943, to August 3i, i%:

SJies in Lurns Sectox
e

Mesorzenoma

TasrLe 2. Presence of Asdesios Bo
among +3 Ccses of Pleurel and Peritoncel

T ocATION OF MESOTHELMMA No. or ASBESTOS DONES
Casss
rovso NOT POLND
ne. of cares  ma. & ki
Pleura 19 3 4
Pentoncum 5 7 i
Totaly 4 12 35

*Armed Forces Institute of Pathology matenial.
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“uzie 3. Underlying Cause of Death in 207 Consecutive
“oatks emong Asbestos Imsulation YW erkers, January 1, 1943,

- to August 31, 1564,
. Cavsz or Deats No. oF Deatus PLeceNTAGE
‘ g
Brenchogenic carc noma 53 i7.3
, rolnte<t’nal cancer 34 11t
. g ! rmesot’ eloma 4 1.3
Zeritonea! rnetothelioma 6 1.9
A1 other neop'asins 27 £e
L rstoss 17 3.5
AL other causes 166 511
Touals 307 100.9

ble 3 summarizes the causes of death among these
Ten mesothelomas, 4 of the pleura and 6 of the
-“roneum, were found. This incidence of more than
~or cent of deaths is remarkably high for a tumor
-lnarily so rare that neither mesothelioma of the
sura por mesothelioma of the peritoneum is sep-
-xely classifed in the International Classification
* Discases used@ by health cepartments for report-
-1cauvses of death.

In the ahsence of data segregated by such cod-
: of recorded ceaths it is cifficult to ascertain the
incidence of mesothelioma among
ks in general. We have been able to obtain
- information, however, that emphasizes the
-equency of this neoplasm in the general popu-
Zen of the Unitec States at the present time.

Senveen October 1, 1059, and February 13, 1960,
116 volunieer workers of the American Cancer
tv enrolled 1,076.891 men and women in a
“ective study. The subjects are traced annually
- once every two vears are requested to fill out 2
“of questionnaire. Whenever a death is reported
ooy of the Ceath certificate is obtained, and when
nter is mentioned on the certificate, inquiry is
22 of the certifying physician concerning diag-
s anc histolomic tvpe of the neoplasm; 1.048,-
men and women etween the ages of thirty
e vears were traced through Septem-

). 10A2% ol whomn 31632 were dead. Only 3
. died of mesothelioma of the pleura, and none
- ~esothelioma of the poritoneum.
n addition to the neopiasia among the recorced
= R LSRN o . Y. 2 ey e sre}
zths of +he asbestos workers, 3 men are alive with
“vm neeplasms (1 lung cancer and ! pleural and
»droneal mesothelioma®, 1 is apparently cured of
~eer of the colon and ! of tongue cancer, and 3
ve after successiu! resection of localized lung

muarstive

Discussion

Sartees renorss of reonlasia of the pleural and
Deeat onTaces noosseciation with ashestosis var-
Teoaheled tendiereatiated carcinoma,” Cendoe-
ealT ol have been avatlable

S vears Althonzh oaspecial relation had

ekt

MESOTHELIOMA AND ASBESTOS — SELIKOFF ET AL.

heen propowed!’ such considerations faced the
Sculty of the infrequency of renoried cases and
absence of population and epidemioiogic seucies.
Shnitar diffeuities plagued the guestion of the rela-
tion between lung cancer and 23De505 exposurs
until their resolution by adequate enidemiolozic ir-
vestigations, which confirmed the accurate but un-
verifed pathological and clinical stucies. It appears
ted regarcing

that a similar process is being comnle
the complication of mesothelioma.

Lung cancer hes ously heen demonstrated o
be a frequent compl n of ashestos exposure
among insulation workers in the United States.” The
Cata in Table 3 may be consicered an extencion
previously reported observations, which were based
upon age-specific death rates among 632 men with
ac least twenty vears elapsed tmz from onser of
first exposure to asbestos and which were concerned
with 233 consecutive deaths. There were 42 ceaths

cue to lung cancer at that time {165 per cent}. In
the 52 acdditional deaths 11 have been due to lung
cancer (21.2 per cent). Originally. there were =

mesotheliomas among the 235 ceaths: there are now
0. Ten deaths from mesothelioma among 307 corsec-
wtive deaths is an extraordinarilv high rate and per-
mits the conclusion that this disease is an imporian:
complication of ashestos exposure. This conclus
moreover. refers to such exposure in the Unitec
Seates, under working conditions of the recent pasi.
with relatively light and intermirent asdestes ex-

won.
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Ficvre 2. Microscopical Appearance of the Tumor (X75)
There are compresced tubules of epithelial-like cells in dense
connective-tissue stroma.

posure. It indicates, too, that mesothelioma may
not nececssarily be entircly a problem of only one
kind of asbestos {crocidolite) and that it is surely
not .imited to South Africa.

We undertock taree different wypes of investiga-
tiors because each is subject to the difficulty of
sma.l numbers of cases of mesoinelioma avauable
for study. and with small numbpers. there is a danger
that findings may be due to cnance. Autopsy seile
are selected: they exclude the patients wita a disea
who do not die, and carry the nisx of including an
uncue proportion of tne more unusual and com-
pucaied cases. Thus, the finding of 7 cases of
mesothelioma in the autopsy series of 26 cases of
asbestosis cannot be interpreted as recessamiy indi-
cating tne true incidence of this neonlastic com-
piication although it does point to its siznificant ire-
quency. Seconcly, the search for asbesios in cases of
mesothelioma, as in the Armed Forces Instiiute
of Patheloay material. carries the hazard of uader-
reading because only siall specimens of lung paren-
chyma are available and it is simultancousiv difficult
to demonstrate scant asbestos bodies. On the other
hand, there is the risk of overemphasis of the im-
portance of such bodies since they are occasionaliv
found in “normal” lungs without asbestosis. owing
to chance environmental contact.’ Analysis of the
results of our clinical study, with review of 307
consecutive deatns among 1322 asbestos insulation
worxers, has the advantage of suggesting an estimate
of the inciderce of mesothelioma. However, even
this estimate may underevaiuate the incidence since.
whereas each of the 10 mesotheliomas was conrinned
by histologic examination of operative or auiopsy
mazerial, only 110 of the remaining 297 deaths nad
such confirmation.

We have anaivred the work exnerience of the i0
men in the union group who died of mesothelioma.
Age at death varied from fity 0 seventv-five vears
{average, fifty-nine). Exposure to asbestos vaned

wi

&

O PRI - r U, b~ SO
Ficvre 3 Peritoneal Mescthelivme in an Ache-to--Tr-ular-
Worker with Mirimal Pulmonary Fibroci: “AX75).
This is e biotsy of one of many nodules thet :1udded :
peritoneum, snowing papilary and solid areas of eputhel:
lire cells.

from fifteen to forty-three vears (averzze. thir.
one and iour tenthsj, but there was no man -
whom this neoplasm deveioped in less tnan thim.
two vears irom the onset of exposure (averaze. thau.
eight and five tenths . Seven of the men were wok-
ing as insulation workers at the time ol onset ¢
the fatal lliness, and 2 .at other occunaticns O:
was retired. The 3 no longer exposea 10 ashesi
had leit insulation work inree. fifteen and fiftee
vears Deiore. There was no eviGent COITa.Llion ui-
tween the occurrence of mesothelioma and e s
veritv of asbestosis {Fig. 1-3".

Six of the 7 men with mesotheloma In U
autopsy series also had histories of pro.crzed en
ployment in the asbestos indusuy alinc.In in -
bestos-factory work rather than insuiaton work. Tw
of the 6 had left such work five and niteen vear
before their fatal iliness.

The seventh man in the autopsy series raises
potentiaily important probiem. He was seen by or
of us in 1961, and the dlagnosis of mesoinelioma ¢
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FIGURE 4. Thoracotomy Saecirien, Demonitrgilz an Extve

sive Unilageral Plenral Tamor in a Fuiy-;joweYeart -
Carpenzer,

Autopsy corprmed the Jingnosis of piewral mesothelioms
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“3URE 5. Asbestos Body (Arrox) in an Area of Pulmonary
Fidrosis (X440)

"2 pleura was made clinically and by blopsy (Fig.
. Because of the suspected association with as-
=05 exvosure, he was closely questioned with re-
2t to such exy This questioning was par-
“larly thorough because he was emploved as a
“penter {emplovment in the construction industry
s suspect’. This man denied ever having seen,
«d or handled any asbestos product. He later
‘=, ancd on post-mortem examination. both as-
w08 bocles and fibers were found in the underly-

*? 'lung {Fig. 3. In another case we found as-
stos fihers in the lung of a man who died of

“tural mesothelioma and who had worked in a
nleaning plant as a “spotter.”” This obsenation
""s to minc the fincding of ashestos becies and fi-
"'s m the <')uh'm 0*' reonle emploved in a dry-
Africa in an area 100 miles

the neares: x“.‘.".c.“ as well as cases of
causad! by o contaminnted work
wWes® These examples of indirect occupational

henre and commupitv exposure raise the mner-

=oovestion whether mesethelioma will he found
br a communitv nrobhlem in addition te thas

“usting with Indusirial exresire to asbestos
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Sutanary avp Coxcrusions

Our sudy of 207

among ashestos-insuiation worker N

New jers“v disclosed 10 deaths caused by :
omna of the pleura /4 cases) or peritoneum '5 cases).
This is an CVtraor(.‘._aerv high incidence for 2 tu-

mor generally so rare that 1t is not separatelv coded
among causes of death. In cont'ast, In a prespec-
tive study of the genera! population, among 31,652
deaths fin patier:s thirty to eighty-nine wvears of
age), onlvy 3 were due to mesothelioma.

In 2 additiornal studies, the association of meso-
thelloma with asbestos was further indicated Hv the
finding of 4 mesotheliomas of the pleura and 3
mesotheliomas of the peritoneum among 26 consec-
utive autopsies of cases of asbestosis and, also, Dy
the finding of asbestos bodies in lung sections in
more than 25 per cent of cases of mesothelioma.

It appears that vnesoh.ehor:':a A.-Lst be acdded
the neoplastic risks of
lung cancer {53 of 307 deaths® 2
of the stomach and colon 3% of JOI dezr~ s
significant complication of such incustrial expesure

iy §
in the United States.
We are indebted to the AFIP for making availabl
lected cases of mesothelioma for our review and, In 7
to Dr. S. H. Resen, of the Instituze, lor co-operation.
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