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_MESOTHELIOMA

Diffuse mesothelioma is an uncommon, but increas-
ingly recognized, malignant neoplasm derived from meso-
thelial cells of the pericardium, peritoneum, or pleurs; rare
cases apparently derived from mediastinal mesothelial cysts
have also been reported.! Of all thosc sites, the pleura is by
far the most common. The neoplasm is important not only
because of its dismal prognosis but also because of the
potential economic impact of litigation and workers’ com-
pensation.?

Epidemiology

* Before 1960, mesothelioma was so rare that its very
existance was questioned by some prominent pathologists.?
Although it is now a well-established entity, the tamor is
indecd very uncommon; for examnple, the overall incidence
in the United States has been estimated to be oaly about 2
cases per million per yeac* * However, incidence figures
vary considerably in different geographic regions, largely
reflecting the likelitood of environmental or occupational

asbestos exposure. For example, incidence rates in areas thar
have had heavy shipbuilding activity, such as Seattle and
Rotterdam, have been found to be 20° and 607 per million,
respectively. There is evidence that the incidence has been
increasing in the tecent past (at least in men and in some
geographic regions) and may not cease until the early part
of the next century.™!

The incidence of mesothelioma also shows a strking
sex predominance, a finding largely, if not entirely, related
to the incrcased likelihood of occupational asbestos exposure
in men: it has been estimated that only about 5% of women
in North Amcrica have such exposure’ and that 85% to
90% of all mesotheliomas occur in men.” In groups of
women who have occupational ashestos exposure, incidence
rates are equivalent to those of men.* Tt is thus unlikely that
gender itself is a zisk factor, The vast majority of cases of
mesothelioma occur in adults, the mean age at diagnosis
being 60 to 65 years,'* ¢ It has been estimated that only 2%
to 5% of tumors appear during adolescence ar childhood.”

Etlology

There is good cvidence that the majority of cases of
mesotheliomna are related to a carcinogenic effect of asbestos.
However, there are some paticnts in whom the Iung ashestos
burden is relatively slight'® or overlaps that of the general
population.” In addition, the tumor was recognized at the
trn of the century when Jittle asbestos was being used® and
sporadic cases occur in children too young to have had
significant asbestos exposure within the wsually accepted
latent period.® Although these observations may reflect the
existence of a very low threshold for asbestos-xelated neopla-
sia, other factors, including fibrous minerals such ss erienite,
radiation, and pleural fibrosis, have, been clearly implicated
in a small number of cases.?? The possibility that heredjtary,
infectious, or dictary influences may be important has also
been considered.

Asbestos

The close association between asbestos and mesotheli-
oma was first reported by Wagner and colleagues in 19606.2
Since that time, abundant evidence has been published con-
firming their observation,® and it is now clear that exposure
to asbestos is by far the most important risk factor for the
devclopment of this ncoplasm. (Despite this, it should be
remembered that many more cases of pulmonary carcinoms
have been associated with asbestos exposure than mesotheli-
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oma.™) The evidence in favor of a pathogenic relationship
between mesothelioma and asbestos is derived from several
sourees.

Epidemiologic Studies and Clinicol Experience Showing o
Strong Relationship between Asbestos Exposure and Mosotheli-
_ oma. A history of cxposure to asbestus varies considerably
in different series of patients who have mesothclioma,® a
feature rclated in part to the particular population nnder
study; however, it has been greater than 50% in most stud-
ics™* and as high .as 80% to 90% in many*** In some
reports in which the number of asbestos-related cases is
relatively small, the lack of association may be the result of

an inadequate occupational or environmental history: it is
well known that the neoplasm can develop after minimal
asbestos exposure®-< and many years after the injtial contact

(vee farther on); * in addition, secondary contact from
a family member may be easily missed if not carefully
assesscd, :

" As indicated previously, the association between asbes-
tos exposure and mesothelioma has generally been found to

Table 72-1. OCCUPATIONS AT RISK FOR ASBESTO

be much stronger in men than in women;* * however, in
one review of 105 female patients who had the tumor, 74
(80%) of the 93 for whom information was available had a
history of contact with the mineral. 4

Epidemiologic studies show a high incidence of the
tumor in individuals involved both in the mining and produe-
tion of asbestos and in the numerons secondary occupations
associated with its use (Table 72-1).!5 454" Workers at partic-
ular risk in the latter occupations include those in the con-
steuction, oil refining, and railroad indusirics, insulators, ga-
rage mechanics, shipbuilders, and plumbers. As indicated
previously, some occupations have been associated with an
especially high risk; for example, a number of investigators
have shown a dramatic clustering of cases in the vicinity of
shipyards, #*=! the incidence of the mmor in such regions
being as high as 6.2 per 100,000.7 As might be expected,
spraying asbestos-based insulation material has also been

“associated with a significantly increased risk of the disease:%
- Occupational asbestos exposure can also occur in uncommon

or apparently unlikely situations. For example, exposurc (and

EXPOSURE: MINING, MILLING, MANUFACTURING,

AND SECONDARY USES
PROCESS FRODUCTS MADE OR USED JOBS POTENTIALLY AT RISK
Production .
“Mining - Rock mining, loading, trucking
Milling Crushing, milling i
Handling Transport wotkers, dockers, loadezs, those who unpack
. jute sacks (rocently replaced with sacks that do not
. ' pevmit fibess to escape) .
Primary Uses

Sprey insulution

Filler and grouting
Manulacturing of
Textiles - =

Spray of fiber ﬁbu:d with oil

Cloth, curtains. lagging, protective clothing,
mailbags, padding, conveyor belts

Cement products Sheets, pipes, roofing shingfes, gutters, ventilation
shafts, Aower pots . .

“Paper™ products Millboard, roofing felt, fine-yuulity clectrical papers,
finoring felt, fillecs :

Priction matcrials Avtomotive products: paskets, clulch plares, brake
lininps .

Insylation products Pipe nnd boiler insulation, bulkheud linings for ships

Applications
Construction

New construction

Repair, demolition

Boands and tiles; putties, coulk, paints, joint fillers;
cament preducts (ftles, pipes, siding, shingtes)

Shipbuilding

Construction Tnsulation materials (bonrds, matresses, cloth) for

' cngines, hull, decks, lagping of ventilation and
Waer pipes, csbles

Repair, refits Insulation matesials, ax dereribed for “Construction”™
Automotive industry

Manufacnure Cnskets, brake Jinings, undereoating

Repuiy

{taskats, brake linings, underconting

Spry insulatars (i:om:trucﬁon. shipbuilding)

Blending, carding. spinning, twisting, winding, braiding,
weaving, sluy mixing, laminaring, molding, drying

Bleading, slurry preparation, rolling, pressing. pipc
outting

Direct: carpenters, laggers, painters, (e layers, insulation
workers, sheet metal and heating eguipment workers,
masons

Tadirect; all other workers on construction sifes, such as
plumbers, welders, elechricians

Demolition workers for all of thase

' Laggers.-t\:ﬂilcrs, srippers, steam fitters, sailmakers,

joioers, shipwrights, cogine fitters, masens, painters,
weiders, coulkers _

Direct: ell above jobs on refits, dry dock, and other
ropair operations

Indireet: maintenanece fitters and repairers, eloctricians,

plumbers, welders, carpenters

Insuallstion of brake Hnings, paskets, and so on
Service people, brake repairers, body repairers, amto
mechanics ' .

Modified from Becklal
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mesathelioma) has been documcnted in workers involved in  develaping mesothelioma varies considerably with the typs
lhe manufacture of cigarette filters®™ or gas masks, in the  of asbestos to which an individual is exposed. The majority
production of jewelry,’® and after the preparation of an asbes-  of evidence indicates that the greatest risk occurs with the
tos-based cement product in a home basement* amphiboles crocidolite and (to a lesser extent) amosite;”
There is good evidence that exposurc to asbestos out- %% the risk with anthophyllitc appears to be very srnall.®
side the workplace is also hazardous.” Such contact can be The importance of chrysotile has been the subject of some
secondarily related to occupation; for example. mesotheli- debate:; ! 7™ ¥ although the results of most studies suggest
oma has been reported in wives, children, and siblings of  that exposure to this substance is associated with an in-
individuals who work in asbestos plants, cement factories, creased risk of mesothelioma, there is substantial evidence
or shipbuilding sites, in some cases probably after asbes-  that the risk is much smaller than that of crocidolite and
tos exposure during laundering of the workers’ clothes. <™ amosite and may, in fact, be related to the presence of
5758 Similarly, an increased incidence of mmors has been contaminating tremoljte.*
documented in individuals who rcside near factories that The variable pathogenicity of the differcat types of

process asbestos, presumably as a result of an increased  asbestos may be related to their different physicochemical’,

level of asbestos in the atmosphere.)$ ¥ It has zlso been  characteristics. Long straight fibers, such as those of the
speculated that significant contact with asbestos may occur  amphiboles, tend to bc transported to the periphery of the
in office buildings or schools in which asbestos has been  Jung, whereas the jrrcgulac curly shape of the chrysotile fiber
used for insulation, fireproofing, or acoustic control;* how-  predisposes to its deposition in the more central airways.™
cver, although occasional case reports®® and the results of Thus, amosite and crocidolite tend to accumnulate in rela-
epidemiologic studics®! have shown that asbestos-selated dis- - tively Jargc numbers in the peripheral portions of the lung
‘ease (including mesothelioma) does occur in these scitings, close to the pleura. There is also cvidence that chrysotile
the magnitude of the problem appears to be very small fibers fragment with time and are transported out of the lung
Some cases of nonoccupational environmental mesothelioma  ia the mucociliary escalator or lymphatics.™ * Amphiboles,
are also rclated to the presence of asbestos in the soil, asin O the othcr hand, are relatively stable and remain either
some regions of Greece® © Corsica,* Turkcy,® and Cy-  comstant in aumber in an individual who is no longer ex-
pms,* where significant quantities of tremolile have been posed or continue to accumulate over the Iifetme of an
found in this source. individual who is continually exposed. For example, in one
Studies of Ashestos Burden in the lungs of Potients with study of workers in a Norwegian cement plant, analysis of
© Mesothelioma. Many investigatots bave documented an asso- fiber types showed approximately 92% of the fibers to be
ciation between an increased number of asbestos bodics and/  chrysotile, 3% amosite, 4% crocidolite, and 1% anthophyl-
or fibers in lung tissue and the presence of mesothelioma.#n  lite.” However, electron microscopic and x-ray microanaly-
For example. in one study of 50 workers seeking compensa- St of Im}g tissuc samples from workers who had died of
tion in Quebec, 48 had an asbestos body er total fiber mesothelioma or pulmonary carcinoma showed a completely
count greater than the 95% confidence interval of a contral  iEVerse proportion, the perccatage of chrysotile asbestos
population.” Asbestos body'and fiber counts are not always fibers ranging from 0% to 9% and of amphiboles from 76%
elevated in the same patient. For example, in one investiga-  © 99%. There is also experimental evidence that chrysotile
tion of the lungs of 18 patients who had mesothelioma in and cromdo}ne fibers interact differently with chromosomcs
which the asbestos body counts were within nocmal lmits, of rpwothehg.l cells, possibly reflecting a different carcino-
- 6 were found to have an asbestos fiber burden in the vpper  E€ME potential. : .

fifth percentile of normal levels.™ ‘ .
" Despite the finding of an increassd mumber of asbestos e ¢ rous Minerals
fibers in the lungs of meany patients who bave malignant Because the risk of mesothelioma appears w be closely

mesothelioma, several groups of investigators bave found  related to the size and shape of inhaled asbestos-fibers,

this number to be intermediate between those found in the  atiention has been directcd to the possibility that other miner- -

general population und in patients who have asbestosis®  als that have the samc physical characteristics as asbestos
2. In one study of patients in the latier group, an incrcased  2lso may be pathogenic. The most clearly implicated of
incidence of pulmonary carcinoma was found in those with  these mincrals iy crionite, & member of the zeolite group that
moderate 1o severe asbestosis and of mesothelioma in those  is found in the soil of central Turkey and the westem
with minirnal or slight disease.” It has been speculated that ~ United States (see page 2452). Several epidemiologic®™*’
this finding may reflect a dose relationship between asbestos  and experimental™ studics have provided evidence implicat-
burden and the devclopment of asbestosis and lung cancer  ing this substance in the production of both pleural plaques
that does not cxist for mesothelioma;” 7 this, in tumn, sug-  and mesothelioma. A variety of man-made fibers, including
gests that there may be no threshold of asbestos burden  fiberglass, can also induce cancer when introduced directly
below which there is 1o tisk for the development of mesothe-  into the pleural space of animals;™* however, inhalation of
lioma. Although this hypothesis has not becn proven conclu-  these substances by humans docs not appear to be associated
S.i.VG].}', some expeﬁmental evidence ‘suppons i{‘“ with an increased risk of mesotht:lioma.m A PUSSib]c 8s50CE-
Experimental Studies in Animols Showing the Develop- ation with silica fibers in inhaled sugar cane bas also becn
ment of Mesothelioma after Ashestos Exposure. Diffuse mcso- reported.®!
thelioma morphologically similar 10 that seen in humans has

been shown to develop after instiflation of ashestos fibers Radiation

into the ploural space™ ® or trachea® of various animals. Ahthough the findings of several reports suggest that
Mesotheliomo Risk and- Asbestos Fiber Type. The risk of  exterpal radiation is responsible for occasional cases of meso-
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thelioma,'™'% this is clealy a very uncommon event. For
example, in one retrospective review of 1,000 patients who
had rcoeived thoracic radiation at the M. ID. Anderson Can-
cer Center, only 3 were considered to have developed com-
plicating mesothelioma.’® Tn another series of 251,750
women who had breast carcinoma (of whor approximately
25% had received radiothcrapy) and 13,743 patients who
had Hodgkin's disease (about 50% having had radiotherapy),
mesothelioma developed in only 6 patients (in 2 who had
breast carcinoma and radiotherapy and. in 4 who had carci-
noma and no radiotherapy).'” In one review of eight cases
of radiation-associated mesothelioma, the mean age at the
time of diagnosis was 45-ycars and the average interval
between radiation and diagnosis of mesothelioma was 21
years (range, 11 to 29 years).!® Expcrimental evidence sug-
gests that the risk is significantly incrcased when radiation
is combined  with asbestos exposure.'® An increascd inci-
dencc of mesothelioma (predominantly peritoncal) has also
been documented in patients who have a history of exposure
to Thorotrast.i® - .

Infection

Simizn virus 40 (SV40) is a .double-stranded DNA
organism of the papovavirus group that normalty infeets the
kidneys of rhesus monkeys.”™ The virus was inadvertently
wansmitted to' many humans in contaminated polio vaccines
in the late 19505 and early 1960s. Although potential adverse
effects associated with such transmission were inapparent
for a long time, concern was raised when it was found that
the virus has. a vadery of encogenic effects in tissue culture
and can induce mesotheliomas in hamsters.!t Morcover, a
" number of investipators have found DNA sequences identi-
cal to those of the virus in a substantial proportion of human
" mesotheliomas.!>1"¢ The oncoprotcin of the vims (SV40
large cell antigen [Tag)) has been found to bind and ipacti-
vate retinoblastoma family proteins'™ and p33,''S suggesting
thar the virus may mediste oncogenesis by inactivating -
mor suppressor genes. These observations provide evidence
of a possibie role for SV40 in the pathogencsis of mesotheli-

oma, either by itself or as a cofactor with asbestos. However, -

not all investigators have been able to demonstrate evidence
of the virus!” or of associated oncogene mutations!® in
mesothelioma, and furthér stodies are necessary before it
can be concluded that SVAQ has a pathogenic role in the
development of the tumor. .

Rare cases of mesothelioma bave been documented in
paticnts who have the acquired immunodeficiency syndrome
in the absence of ashestos exposare;* although their number
is insafficient 1o be certain of a true relationship, it has
been postulated that the tumor may be secondary to human
immuncdeficiency virus or cytomegalovirus infection. Based
on the observation of two cascs of mesothelioma in 458
patients who had Yersinia enterocolitica infection, one group
of investigators speculated that immunologic reactions re-
lated to the latter organism might be involved in the patho-
gonesis of the tumor. '™ In one investigation of 5¢ mesotheli-
omas in which in-sitw hybridization was utilized in an
attempt o detect Epsiein-Barr virus-encoded RNA-1, no
evidence of infection was identified in any ramor?

Genelic Factors

A [amilial eccurrence of mesothelioma has been docu-

mented by several investigators, -1 Although many cases
arc likely the result of a common sovrce of environmental
or occupational asbestos exposure,’2® it is also possible that
there is a degree of penetic susceptibility. For example, in
one investigation of the first-degree relatives of 196 patients
who had pathologically confirmed mesothelioma, a twofold
increase for the risk of the tumor was found in asbestos-
exposed men who had two or morc relatives' with a history
of cancer.’” In another study of 39 patients who had meso-
theliomz, 28 (71%) reported a parental history of cancer
(most often of the gastrvintestinal tract) compared with 114
of 259 (44%) in an age-matched control group.!®

Miscellaneous Factors

Malignant neoplasms occasionally arise in relation to a
chronically scarred pleura after chronic empyema or thera-
peutic pneumnothorax for tuberculosis; although most of these
are squarnous ccll carcinomas,'¥® occasionl tmors morpho-
logically similar to mesothelioma havc been described.i®
The results of one epidemiologic investigation suggest that
ingestion of some carotenoid fruits and vegetables may de-
creasc the risk of developing mesothcliopa, ' There is no
evidence of a pathogenetic association between the tamor
and tobacco smoke, - 12

‘Pathogenesis

The pathogenesis of asbcstoaémd mesothelioma is
far from clear.™ * As indicated carlier, the size and shape of
asbestos fibers are important determinants of carcinogenicity,
those that are relatively long and thin being the most harm-
ful 2% 82.1% As an example of the significance of this feature,
it is possitile to prepare samples of chrysotile that arc long
and shraight (in contrast to their namral state) and that are at
least as carcinogenic as amosite, both in inhalation experi-
ments and after introduction of the fiber into the pleural
space,® Support for the importance of this feamre is derived
from a study of cultured human mesothelial cells in which
the presencc of longer asbestos fibers was associatcd with
an increase in the polent mesothelial mitogen epidermal
growth factor.™ It is possible that factors associated with

* particle deposition or clearunce are also important in de-

termining pathogenicity.”™® Although it is unclear exactly
how they cmigrate from the lung, fibers have been shown to
be concentrated in “‘black spots” (focal aggregates of car-

. bon-laden macrophages) in the parietal plenra;'® heecause

there is evidence that most, if not all, mesothcliomas origi-
nate in the paticts] rather than in the visceral pleura,'* such
loculization may bc important pathogenetically..

Instillation of asbestos into the peritoncal space of ex-

petimental enimals is rapidly followed by evidence of meso-
thelial injury and an inflammatory reaction;™ mesothelial
hyperplasia, sometimes atypical cytologically, ensues and
can remain for months after the initial asbestos contact.!® It
is possible that oxygen radical production induced by asbes-
tos fibets may be important in the inflammatory reaction and
in causing ccll damage.*! A varicty of such molecules can
be seen in association with asbestos, derived either direcly





