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Mesothelioma and Its Association

“With Asbestosis

Maxuwell Borow, MD, Alfred Conston, MD, )
Lawsence L. Livornese, MD, and Norbert Schalet, MD

Vithin a three-year period in a community hospital,
17 cases -of mesothelioma, nine of the pleura and eight
of the peritoneum, were found at surgery. Two of our
milients contracted this malignancy with only environ-
menial exposure consisting of living in a2 community
acjacent to the asbestos mill. In the same hospital, there
has been a high incidence of bronchogenic cazrcinoma
with ashesiosis. A review of the autapsy material of the
past ¢ecade brought to light only one additional case.
It is our belief that the incidence of mesothelioma is
increasing as is the incidence of asbestosis, with the
iacreasing application of this product in many different
industries.

rimary tumors of the serosal surfaces are so.

rare that for years they were considered to be
pathologic curiosities. The first reference to such tu-
™ors can be found in a report by Von Rokitansky,'
who in 1854 described primary tumors of the peri-
oneam which he called “colloid cancer.” During
ﬁ}e next 100 years, there were sroradic revorts of
similar types of tumors. However. this entity re-
mained so ill defined that there was much doubt as
10 its precise nature. Brown and Johnson® in 19051
vonsidered these mesothelial tumors (mesothelio-
~a} to be the end result of an inflammatory pro-
"%, with organization of the exudate. Willis® in
Is rathologic text made the following s‘ntement:
<0 the present day accounts of supposeg!y orimary
“™sai tumors continue to be descriptively inade-

“ie and insufficient!y critical, displayving a lack of

“areness of the possible behavior of small unde- -

“ed earcinomas.” end he also cautioned the reads
'+ 0 preserve an open mind regarding the exact
“egenesis of these tumors In 1934, Ackerman®
:;‘-!:v(: that it was the majority opinion :hat ale
-sough primary mesotheliomas are rare thev do
. r:v:'} the departments of surgery and rathology. Samerser !los:
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exist. Since Godwin® in 1957 laid down strict cri-
teria for the diagnosis of pleural tumors ard Wins-
low and Taylor® in 1960 for neritorenl tumors. the
diagnosis of these neoplasms has become more com-
mon. The -incidence of primary meeothelioma has
varied statistically from .02% to .2¢7 of ail autop-
sies. with a ratio of one to two in favor of the male.

The first Jarge series .of cases of difyse meso-
thelioma was diagnosed histologicaliy in 1957 at the
Pneumoconiosis Research Unit 2t Johannesburg,
South Africa. In trying to explain this mvsierious
epidemic, Wagner et al,” noting that asbes*os bodies
could be found in the lunes of some of their pa-
tients, obtained detailed life histories of these pa-
tients. By 1960, they were ahle to establish an as-
sociation with the Cape of Good Hope asbestos
fields, or the industrial use of ashestos. i 32 of
33 patients with histologically proven pieural meso-
theliomas. The maiority of these patients had not
actually worked with asbestos but had 'ved in the
vicinity of the mines and mills and some had left
these areas of exposure as voung children. The aver-
age period between exposure ancd develonment of
the tumor was 20 to 40 years. By 19062, Wagner et
al® had diagnosed a total of &7 vleural and two
peritoneal mesothéliomas. In only two casss was
it not possible to establish a history of exrosure to
the asbestos dust; Of these 87 coses. 12 had had
industrial exposure and the remainder “od had ‘en-
vironmental exposure from living In the vieinity of
the mills and dumps, This ascoviaticn hetween
mesothelioma and. asbestosis was made even more
intriguing when. in 1955. Bonser e al* desoribed a
series of 72 autopsies on parionts with ashésrosis,
in which four cases of peritonen! moesorhelioma wore
found. Subsequently, Mancuso and Conlier !
five peritoneal mesotheliomas in auropsica o 1495
astiestos workers, and Hourthine, upes v o ing
the necropsy files of the Londe~ Heww il -wm
01T to 1962 found 34 cases of vesor L vvs, 1T
of the pleura and an equal norsler oo e peris
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» All 6f 1hese mﬁwnts had pulmonary as-
: a;w;: uwg%‘ in g few there was no his-

¢ar, 1~.mw&rw P mrﬁ ‘??mzther“ reported 11 (’a.ktn “of
oncal mes m%m in patients exposed to as-

ine whether mesothelio-
d #ny relationship with
nited States, Selizof et
» deaths among asbestos
3T m ffnitad States..

used by mesothelioma,
ritoneal nesothekmnas. In

smdy where they re-
autopsies of patients with

’ pet%nm

, éﬁm of us (M.B. s had the unique experience of
ting, within the two years, on 11 paiients
o %apmed to have mﬁhehama. Six of these
* Agére of the penwnmwﬁ five of the pleura. These
¢asés. added to those diagnosed previously made a
“totat0f17 cases of mmth&lxma, of which eight were
_péritoneal and nine were gleural mesotheliomas. All
17 tases were 8iagrioséd within the past three years.
) A review of the autopsy material at Somerset Hos-
TWET T pital, Somerville, NJ, from 1948 through 1965 did
not disclose any aad;ﬁonal cases of mesothelioma.
This high concentration of what is considered to be
& pate tumor can be eéxplained by the close pm'wmty
%é a major asbestos mill. Approximately 75% of all
e asbestos fiber which is mined in North Amerca
s converted to commercial use in an industrial fa-
t%ﬁv \xt;iixch is Iocaw& mﬁy two miles from Somerset
association batwem puhnonaty cancer and
asbﬁtom has been récognized at this institution for
many years. The number of patients admiited with
these conditions is difficult to determine, as in ear-
lier years many of them were diagnosed as pulmo-

- nary fibrosis or silicosis. The only accurate statis-
‘ties could be obtained from the autopsy marterial of
ast decade. 1 zﬁw 1865, when 1,330 autop-

wxm pulmonary asbes-

cthat, despite the fact
s of women also employed
by ‘and many contracted as-
an;y one female with mesothelio-

plam bur hx'edfawbv This expenence is in
ast to other reported series, particularly those
‘Bouth Africa where there was a significant
~piber of females afflicted with mesothelioma.
‘Newhouse and Thompson,™* in studying the occu~
pational histories of 83 patients with mesothalio-
" yo#y noted that 42 of these patients were female.
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four mesotheliomas of the .

as weli as the i’m of mesothelioma. An-

We might atfinﬁam ﬁ@xa' SRt
with this discate dueto.a differen wmyazw. .
exposure hetween the male ferale worias
However, other. xﬁmm@n@;ﬁaﬁa&aﬁtm this,
a3 there appéats: “be a hiz andidence of mee
theliomas in myi&j just Yiving in vhe wiciniiy
: fm/Wagnw*» saries
k. L net
W égé%:; Th‘“::
il EX Do “ due to liv
and digaps. Toe stz
1, as mrftu.& by
s much the zame.

z dnly an en-

vmnmmmf tWQw Wim s Wxﬁa this infor-

%wve not seen similar

hy.

thezema!&zgémv
dentiatarea. - - ‘

Another mﬁarwﬁn %wgmn in our series ix
the fact that 16 of’ tha 17 patients with mesotheiio-
ma were diagnosed within the past three years. A re-
view of the autopsy material for the previous decade
brought to kght oniy one additional case which
initially had been . Since the refine
ment of the mbestns fiber m been one of the ma-
jor industries in this geegxgggjﬂ

c.area for over. 6

yedrs, it is difiiclt to explain 'why we are only now

aware of this diséase. Dne, possible tion is
that in our group of patients, once the- ézagnosk
was suspected, an intensified effort was made to
obtain an autopsy when. the phiient died. However,

prior to our recogmuoaui this . entity, patients with
mesothelioma were most’ *aiy diagnosed s having
a generahzecf carcinomatosis. and litde effort was

made to obiain an autopsy when they did. Qe;am. «

fess whether this reasoning is torrect or pot, it i
our distinct impression that there has been a cei-

nite increase in incidence of this malignancy withiz

the last few years.

1. Tubulcpapillary type mesothelioma (case 1, '
slightly feduced from x120).
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2. Asbestosis of the lung (case 1, X120).

Repori of Cases

CASE 1.~A 52-year-old white man was admitted to the
Leupital with increasing constipation, an enlarged abdomen
«f one month's duration, and an ill-defined abdominal pain.
e had been retired with a medical disability from pubmo-
nary asbestosis after working 28 years at an ashestos miil
tle suffered & myocardial infarction two years before ad-
wission, He smoked only occasionally.

Physical examination revealed a slightly emphvsematous
wst with harsh breath sounds and abdominal distention.
%o intra-abdominal masses could be palpated at that time.
Clast x-ray of the lungs demonstrated basilar fibresis,
Lshuerally, interpreted as most likely due to asbestosis,
R Hifeabo pORteRioY “wiray filmy, withoat-gontrast--meaterial,
«! the abdomen demonstrated a ground glass appearance
sirestive of ascites. Some attenuation of the rectosig-
“iul on the x-ray film taken after evacuation of the
" nm enema raised the possibility of a pelvic mass. A
- racentesis yielded approximately 1,500 ce of straw-col-
<1 fyid. Surgical exploration revealed the visceral and
purictal serosal surfaces to be studded with fine papillary,
almest granular-like, projections. A diagnosis of papilloma
mesnthelioma was made from a biopsy specimen (Fig 1).

Following an intraperitoneal injection of gold AU-198,
b remained symptom free and ascitic free for nine
-«nths. Fourteen months after surgery he died from a
muxardial infarction. )

Autopsy  examination revealed pleural cavities to be
{rev of tumor. Pleural plaques were present at the bases
<l there were multiple adhesions. The lungs demonstrat-
ol hullae emphysema with an irregular delicate fibrosis
twroughout. The heart was enlarged with old scarring and
) fresh infaret. The peritoneal cavity vielded 1,000 cc of
Yhthe muceid vellowish fluid, and all the coelomic cav-
YL wnans as well as the parietal peritoneum wera cove
+7! with white hard nodules, varving from 53 mm to 5 em
i dvvmeter and having a mucoid appearance on the cut
»htve In many areas there was a tendency for these
*atles to coalesce to form larger tumor masses. The tu-
orkdid snot peneteate for any appreciable distance be-

2. Serosal tumor encasing loops of bowe! (case2). °
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neath the surface, and all other organs were mmremarkable.

Microsenpic examination demonstrated an extensive in-
terstitial fihrosis of the lungs with many ashestos hodies
(Fig 2. The hypertrophied heart showed areas of fibrosis
and acute necrosis. The tumor was characteristic of meso-
thelioma with cuboidal celis showing some pleomorphism
and superficial papillation.

Casz 2.—-A 51.year-old white man was admitted to Som-
erset Hospital because of abdominal pain. For 25 years he
was an employee at an ashestos refining plant. He smoked
less than one pack of cigareites per day.

Results of physical examination were nermal, and all
lahoratury studies were unrevealing. Chest x-ray showed a
fibrotic infiltration of both lower lobes. An upper gastro-
intestinal roentgenographic series demonstrated duodeni-
tis and gastritis. He was discharged on'a regimen for ul-

... «€er. convalescenge only to he readmitted seven months

later with postprandial abdominal pain and a 10-1b weight
loss. On palpation the abdomen appeared board-like, though
there was no tenderness, and an extraluminal mass could be
palpated through the anterior portion of the rectal wall. A
barium enema demonstrated rigidity and narrowing of the
sigmoid colon. At surgery, the abdominal eavity was found
to be almost completely obliterated by large masses of neo-
plastic tissue which had enveloped the intra-abdominal or-
gans and was infiltrating the parietal peritoneum. A diag-
nosis of mesothelioma was made from a biopsy specimen.
The patient died four months later.

Pertinent findings at autopsy included numerous large
plaques on the parietal pleura and congestion at the bases
of both lungs. The peritoneal cavity was virtvally obliterat-
ed by a large, yellowish-white hard tumor which was com-
pletely encasing the abdominal organs (Fig 3). Except
for this surface involvement, the organs were unremark-

Microscopic examination demonstratéd Bromehisl pren-
monia with a mild pulmonary fibrosis and many asbestos
bodies. The tumor consisted of fusiform cells in a hyali-
nized stroma with papiliary formation characterisiic of
mesothelioma (Fig 4).

Case 3.—A 47-vear-old white man was admitted to the
hospital with a nonprocductive cough and ill-defined dis-
comfort in the right lower lobe of the lung. The initial
chest x-ray film was normal. but a secornd one taken twc
days before admission demenstrated a small pleural eflu-
sion in the right costophrenic angle. Though he had been
an insurance agent and more recentiy a liquor salesman,
he had worked as a stock boy in an ashestos refining plant
for 18 months, 24 vears ago.

Physical examination and complete work-up were unre-
vealing. including scalene node and tweo needle pleural
biopzies, Thoracocentesis vielded 100 c¢ of straw-celored
fluid with some mesothelial cells. At exploratory thoraco-
tomy the patient was found to have a greatly thickened
parietal and visceral pleura with encasement of a partial-
lv atelectatic lung. In ceriain areas the parietal and vis-
ceral pleura were intimately adherent to one another
and could not be separated. There wis ne nodulurity of
the serosal surfaces.

A diagnosis of pulmonary asbestosis and mesothelioma
was made from a biopsy specimen, Postopemiively he re-
ceived stereids and cobalt radiation with a poor response,
and he died ten months later with bhilatera! plewral in-
velvement,

.

Clirical Features

Our patients with reritoreal mesothelioma pre-
sented themselves in one of two wars Four had as-
cites of unknown origin and the other thne com-
plained of vague abdominal pain and welght loss
In this Iatter group an U-defined muse wae warally
palmaiad either throvgh the abdomine? wall or on
rectal examination. Labormiory work-vs and roent-
genographic  examination of oo .

TANYOS L,
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Those ;‘,a.xe.‘ with ascites were found 10 have
smali papinerny projections sudding the visceral
and parietal peritoneurn. The ascitic fiuid varied

irom a clear syrupy to a mm straw-colored consis-
ten Y. Those paiienis with the palpable masses
were Icund on exploration to have complete ob-
}zerzw.. of the periioneal cavity by large tumor
masses which were occupying most of the coelo-
mic cavity and xmmdmg the panetal peritGneum.
\‘«e beleve that this pieture is but the end stage of
sisease, whiledtnose patients with. ascites, repre-
sert an earlz > stgge. This is substantiated by the
ﬁndma ol papl :larv projections at surgery in several
of our patienis who having presented with ascites
and in whow obliteration of the peritoneal cavity
with large tumor masses developed later, as seen at
autopsy.
Parieats with pleural mesotheliomas all present-

"ed with varving degrees of chest pain and pleural

effusion. A work-up was likewise unrewarding with
the exception of positive ﬁmimgs from a pleural
biopsy in one patieni. The fiuid in the pleural cavi-
tv varied from a gross bloody effusion to straw-col-
ored fluid, and the tumor involvement varied irom
papillary projections on the parietal and visceral

yleursro-a “generalized thickemed ‘pleura. -In areas

the visceral and parietal pleura were intrimirtely ad-
herent and could be separated only with dificulty.

Treatment with cobailt radiation therapy, radio-
active gold and chromium, and chemotherapy, used
alone or in combination, had little effect on the
course of this disease. Fifty percent of the patients
suffering either irom ‘or peritoneal meso-
thelioma died within one year and the remainder by
the second year

Criteria for Diagnosis

Although it is now accepted that mesothelial
tumors of the serosal surfaces do exist and possess
a number of characteristics which justiiy their seg-
regation as an entity, the criteria for the idendfica-
tion of these tumors are still largely imprecise. The
currently accepted criteria for the diagnosis of these
tumors are thatz (1) The diagnosis should be ap-
plied to ihose groups which show an unequivocal
predilection to spread along the serosal membranes,
with either none or only a shallow invasion of the
underlving organs. (23} All other sources for the tu-
mor have been excluded. (3) If metastases are pros-
ent. they should be limiied to the regional Iymph
nodes. rarely occurring in liver, bone, and lung,

Special s:aining or histologic techniques may aid
in a diagnosis of this disease. \'&agner et al'* have
suggested that metachromatic staining (removable
by exposure to hyaluronidase) within a tumor is
strong evidence for the diagnosis of mesothelioma
in a patient.

Pathologic Charccteristics.—In the earlier stages,
the tumor is made up of many small, rounded, firm

inre 5 a coalescence of these nocues. 30 thes
ine termmaI state usuaby consists of 0.5, “roid,
ihick bands which encompazs the viscera zna &
ihera within a dense mass. Qfien the coonzaton
netween parietal and visceral peritoneuss 35 lost, &
that the usual autopsy dissection is impcssible Guz
to this encasement, The tumor is gensraiy whin
and firm and may have a mucinous appearance on
the cut surfzce.

'Histalagie Characteristics.—~We hLave seen twy
major histologic types of me\.otheuama. Trne mos
common variety is the epithelial form where the:

-are.cuboidal ar polynedral ce.s produciag a zubuic

papiflary appearance or a soiid group of cels witk

oux a clear tubular formation. Usualy trhere is a fair-
ly uniform cellular structure, bht cecasionall;
bizarre nucleated cells can be seen. Pathaicgic mit-
tic cells are rarely found, bu: aoumy ;...c,catc:
and multinucleated tumor celis are olten seen. Ti:
other variety is the mesenchymal or fibrous typ
of mesothelioma in which spindle celis are arrangec
in an almost fascicular pattern withia a stroma !
abundant hyaline collagen. Occasionally tne cel:
may be arranged loosely in indistinct fascicuil or may
occur in solid nests. The most striking histolog::
characteristic of mesothelioma is the structusa
variation which may occur from area 10 area withiz
~&hesarne-jumor, .60 that in one area 1he growin me;

have epithelial structure, while in another a purels
mesenchymal appearance or in between combmc-
tions.

Pathogenesis

The mode of action of asbestos in producing nec-
plasia is at present poorly understood. Furtzermor:.
a puzzling feature has been the presence oi mesc-
thelioma in one mining area, while in anstzer mir
ing area a few miles distant, the disease has as Ye:
to be identified. There are two major mining dis-
tricts in the Republic of South Africa. In the nortz-
west Cape of Good Hope province, crocidoiize is ta:
fiber mined, whereas in the Transvaal asbesics feid.
both crocidolite and more importantiv armosite ar
mined. Up to the present time there has been :

4. Spindle cell type mesothelioma (case 2, X59}.
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kigh prevalence of mesothelioma of the pleura and
peritoneum in northwest Cape of Good Hope. On
:he other hand no case as yet has heen reported
from the Trensvaal asbestos area or its surround-
inas, Sluis-Cremer®® has studied the geographical
and environmental differences in these two areas
and has come to the conclusion that none of the fac-
ors examined explained satisfzctorily the absence
of mesothelioma in the Transvaal region. Other
than for the mineralogic difference between the two
areas, he found no variation in the mtr»mzty or
nzth of production of these fields or in the extent
the environmental nollution and incidence of pul-
mnga:.v. -ashestosis. In North America, chrysotile«is
the main fiher mined although erocidolite and amo-
tite are present in lesser amounts, Both pleura and
neritoneal mesothelioma have been found in work-
ers exposed to these fbers,

Wagner'™ in 1952 induced mesothelioma by inocu-
lating various dusts into the pleural cavity of rats.
Pleural tumors developed in those inoculated with
crocidolite, chrysorile, and a finely divided silicon
powder (99.9¢; s¥icon dioxide). Recently Skidmore
and Wagner’® showed that crocidolite, chrysetile,
siiica nowder, and to a lesser extent, amosite, all
induced pleural mesotheliomata in guinea pigs after

. interpleural injection. Peacock and Peacock'® in-

duced malignant tumors in fowls with crocidolite

- «-and -amosite.-A--number -of. hupotheses-to-enplain.

the pathogenesis of this disease have been proposed.
but none of them have been widely accepted. The
first theory was that of physical irritation due to
the presence of asbestos fibers deposited in the ter-
minal Iymphatics of the serosal surfaces or due to
the migration of the asbestos fiber from the lung
follgw ing inhalation or from the gut as a result of
‘-.-est:on Fibers bhave been demonstrated in a2 nuin-

ter of t*-:sues, including parietal pleura, gastric mu-
coca and spleen. but there have been no reports
of ihers in the peritoneal surfaces.

.«other-iwe fibers. Iatmmpesed by Har

Another concept iz the auln-immune theory in
which the presence of asbestos bodies in the lung
is said to elicit the production of 2n abnormal ziobu-
lin. Cp to the present time, there is h’ttle positive
evidence for this concept. The serum of patients
with either ashestosis or neoplasia shows only a
slightly raised titer for the rheumatoid factor, and
immunofluorescent staining has not shown evidence
of an antigen-antibody aggregate. Recentlv, Har-
ington and Roe* suggested that the carcmogemcxtv

of ashestos may be related to the presence of nat-
ural and contaminated oils associated with the as-
bestos fiber or to certain carcinogenic metals or

.metal complexes in.ihe..Sbers.. They found that

crocidolite and amosite contained apprecizble
amounts of natural -oils. Furthermore, all the as-
bestos fibers, including chrysotile, may contain sec-
ondary oils as a result of an addition of oil to the
asbestos during the pmcessiﬁg or as a result of con-
tamination. Furthermore, aimost universal ally, the
ashestos is transported and stored in jute bags and
the oil from the jute fiber is absorbed tu a great ex-
tent by all three tvpes of asbestos Sber. W

Both chrysotile and amosize have a signifcant
ferrous content, particularly of certain macromolec-
ular complexes of iron, such as iron-dextran which
is knowz to be highly carecinegenic in animalz. The
iron content of chrysotile is much lower than the
Harington and
Roe® that the carcinogenic agent or agents may
not be the fiber themselvw but either the natural
oil or secondary oils which are present on the fiber
and or possibly the iron complex. The authors are
currently performing bm!ovxc tests for the carcino-
genicity of these materials. However. these siudies
were in a preliminary form at the time of the report.

Generic and Trade Names of Drug

Gold Au 198—Aurcoloid-198, Aureolope-Au 198, .-m.'roscan‘«IQS.
Radiogold Colloidal Au 198, Aurcotope.
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