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Malignant mesothelioma, once a relatively
rare disorder, now cccurs in industrialized nations

lung amphibole {crocidolite, amasite, and tremo-

lite) burden than the mean burden in 31 female

in epidemic proporiions. The majority of cases “—conmolswar found m 119 (96%).of 117 women

are che result of the widespread use of asbestos
prior to 1972, especially in cthe construction and
shipbuilding industries.. Because workers in rhese
industries have rraditionally been men, there 15 a
striking pender bias in this disease. Nonetheless,
mesotheliomas of both the pleura and peri-

toneum occur in women as well, although little *

information is available regarding the
histopathologic features or the primary sites of
such tumors. Furthermore, little is known

Teited

TFrom the perspective of differential diag-
nosis, special consideration must be given ro
papillaty peritoneal wmors in women. Peritoneal

mesotheliomas must be distinguished from

primary and secondary serous papillary carei-

nomas of the periconeam. '+ Furthermore, the

well-differentiated papillary mesothelioma of the

peritonicutn 15 a special variant characterized by

an indolent clinical course and prolonged

regarding the types of asbestos exposure (if anyT™Survival.** Tleciduoid peritoneal mesothelioma 15

or the lung asbestos burdens in women compare On variaiit that atfecrs young

women. '’ Interestingly, in the Goldbiom and”

v

with men.

In 1980, McDopald and McDonald reported ~Hartstudy, 13 women with diffuse malignant

on a survey of all fatal maliznant mesochelial

tumors in North America.” Ameng 357 mesothe:
liomas reported through the end of 1972, 162

{Z9%) occurred in women; of these, ¢
wer€ pleurat in origin. The annual incidence of

T . et HEE T
mezsothelioma in 1972 was estimated to be 0.7

Tases per million women dged 15 vears and ol Ider,

rate of mesothelmma iy women had remamed
SOMEWNAL constant over a 1 3-year periad. A

" history of occupational exposure to asbestos was
—fourid in only 5% of the women in the study.

Hillerdal reviewed the lizerature on

mesorhelioma and found 471C published cases

through 1982.2 Information regarding pender was
available in 2867 of these cases, and 619 {22%)

nccurred in women. Among ten subsequent series

af patients wich mesathel 1601

ginﬁ!yrefr_g&mmd_ﬁmmd—ehemn
WONIETI. Thus the percentage of women with

mesothetioma has remained fairly constant

worldwide over the past several decades.
A 195, Dawson et al reviewed [77 cases of

women with mesothelicma from rhe Unired

Kingdon; this is the only large study dealing
aurhors found little difference in wmor site or
15t010g1C FYPE between meh ang women.

. Afiiong those women for whom a5bestos €Xpo-

sure information was available, 74 (30%) of 93

—had A history of such exposurc. Lung fibrosis was
identificd In 72 (47%) of 152 cases. A higher

peritoneal mesotheliomas had no known history
of askestos exposure, '

The purpose of the present study is 10 review
our expetience with malignant mesothelioma in
women, including clinical and histopachologic
fearures as well as asbestos exposure. Mineral
fiber analysis of lung rissue was performed in
about one third of the cases. Patients with serous
papillary carcinoma of the peritoneum were
excluded.?®

MATERIALS AND METHODS

Among 770 patients with malignant
mesuthelioma from one of the authors’ {VLR)
files, 62 (B.0%) were women. All rumors were
pathologically confirmed based on open or thora-
coscopic biopsy, decortication, pneumonactomy,
Of autopsy tpecimens using previously described
criteria.? Information regarding occupational or
other exposures to asbestus was obrzined by
direct patienc interview. Age, scx, and primary
site of the mesothelioma (ie, pleura or peri-
toneum) were also reccorded in each instance.
The presence or absence of asbestosis or parietal
pleural plaques was also noted in patients for
whom such informarion was available. Criteria
for che pathologic diagnosis of these conditions
have been published previously.2>-12
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|I&E-stained sectivns of each rumor were
reviewed. Immunochistochemical studies were
performed using the avidin biotinylated complex
technique on trypsinized sections. Antibodies
employed included monoclonal antibedies
apainst cytokeratins (AE/AE:, Boehringer
Mannheim, Indianapolis, Ind, and CAM 5.2,
Becton Dickinson, San Jose, Calif} and Leu-M1
{CD-15, Becron Dickinsonl, and polyclonal anei-
badies against carcinoembryonic antigen (CEA;
Daks, Carpineeria, Calif). Antibocies were local-
ized using diaminobenzidine as the color reagent.
Negative controls included normal rabbit serum
and an irrclevane mouse monoclonal antibody.
Paositive controls were used with each study.

Farmalin-fixed or paraffin-embedded periph-
eral lung parenchyma was available for analysis of
tissue asbestos conrear in 20 of the 62 cases.
Most of these were from autopsies where lunu
tissue was available for analysis, although some
were from surgically resected specimens. In the
other 42 cases, only tumor tissue was available or
the amworat of lung rissue sampled was insuffi-
cient for analysis. Lung rissue was processed lor
digestion nsing the sodium hypochlorite tech -
nique as previously described.?? The residue was
collected on 0.4-pum pore filters (MNuclepore
Corp, Blasingame, Calif). For light micrascopic
analysis, the filter was mounted on a glass slide
for asbestos bedy quantificarion. Filters were
counted ac a magnification of X400, and only
badies with rypical marphalogy and chin, translu-
cent cores were counted as asbestos bodies.??
Results were reported as asbestos bodies per gram
of wet lung tissue {AB/g). The normal range for
our laboratory is O to 20 AB/g. and the detection
limit for a €.3-g sample size is approximately 3
AB/g. For samples in which no asbestos bodizs
were dececred, the value was recorded as less
than the detection limit.

For scanning ¢lectzon microscopic (SEM)
analysis, the filter was mounted on z carbon sb
with colloidal graphite, sputter-coated with gold
or platinum, and examined in a JEOL JSM 6400
scanning ¢lectron microscope {JEOL Inc,

Peabody, Mass} ar a screen magnification af
%x1000. Fibers 5 um or greater in length were
counted using a protocol in which 100 consecu-
tive fields or 200 fibers were counted, whichever

came first. Fibers were defined as particles with
an aspect ratio {lengeh o width) of at least 3:1
and roughly parallel sides. The cencentration of
fihers for each sample was calculated based ¢n
the fiber density {per mm?) on the filter surface
times the effective area of the filcer, divided by
the weight of the lung sample. The results are
reported as total uncoated fibers 5 pm or greater
in length per gram of wet lung (UF/g). The
normal range for cur laboratory is less than 440
to 13,000 UF/g (median, 3100 UFfg), and the
detection limit for a 0.3-g sample size is approxi-
mately 440 UF/g. Uncoatced fibers were detected
in all samples analyzed.

Fiber types were determined using 4 combi-
nation of fiber morphology assessed by SEM and
elesnental composition assessed by energy disper-
sive x-ray analysis {EDXA). Fibets were classified
as ashastos or nonasbestos mineral fibers as previ-
ously deseribed .22 Asbestos Fikers were further
classified as amosire, crocidolite, tremolite,
anthophyllite, acrinclite, or chrysotile. Amosite
and crocidolite were grouped together as
commetcial amphiboles; tremolize, anthophyl-
lite, and actinolitc were grouped together as
noncommercial amphiboles. Between 5 and 28
fibers-were analyzed for each sample {mean. 14
fibers per sample). The proportion of ¢ach fiber
type and the total uncoated fiber concentration
were used to determine the tissue concentration
of amosite and crocidolite; remolire, anthophyl-
lite, and actinolite; chrysorile; and nonasbestos
minetal fibers for each case. For those where no
fibers of a particular type were detecred, the
value was recorded as less chan the detection
limit for that fiber type.

RESULTS

The demographic, pathologic, and exposure
information for the 62 women with mesothe-
lioma is summarized in »TasLe 8-1+. The median

age of the 6 partients for which this information
was available was 59 years (range, 28-82 years).
These values are similar to those previously
reported for cthe overall series of mesothelioma in
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»TABLE 8-14

Demographic, Pathologic, and Exposure Information for 62 Women With Mesothelioma

CaseNo.  Age  Exposure History/Occuparion Diagnosis Case Na. Ape  Expusure History/Qceupation Diagnosis
l 58  Spinnerfwiner/wenver, ashestos textile plami, BRI 3 73 Brelder operator, Johns-Manville D Pe
14 y; wife of insulator 34 45 Daughter of insulator who dicd of mesethelioma Bl
2 62 Wife of shipyar) worker, 29 y B el 35 31 Daughter ofinsulator, 10y EP
3 28 Seans postchemotherapy and radiation for BPl 36 59 NA EP
Wilms' tumor 37 66  Smoked Kent cigarettes : EPl
4 52" Laundry worker, military insticute E Pl ] 46 Daughter and wife of ashestos insulators, 30+ y B el
5 57  Wife of shipynrd worker EPi 1) 4l Household contact (father and uncles}, (8 y B Pe
A NA NA Te 40 70 Smuked Kent cigarettes Sel
7 4% Smatus pustchemaotherapy and crdintion for EP 41 56 Howsehold amtact {(dauphrer of machinist), 7 y EPl
lymphan, 1977; wife of aute mechanic 12 48 Administrative assistant, polyurethane EPl
8 75 Wife of shipyaed pipecoverer, 30 y Bl manufecturing plant
Y 41 Wife of merchant marine seaman, 4 y L Pl 43 &Y Radiavion therapy for breast cancer, 21 y prior Sl
1o 43  Schoolreacher EPL to diagnosts .
[ 58  Teacher'saide, 18y SP 44 81  Household contact (shipyard worker) Pl
12 3R Tupboat worker, 15 mo EPl .45 76 Rousebold cuneact (asbestos worker), 5y EPl
13 32 Daugluer of inselator, 18 yi wife of insulator, 7 v 5P 46 71 Radiation o pelvig, 50+ y prior o diagnosis EPe
14 68 Cormrpany nurse, Johas Manvilie, 40y EP] 47 74 Household contact (wife of insularar) EFI
is 44 Urycleaning plant assemble EP! 48 46 Household zontact (stepdaugher of shipyand EPe
16 5% Howseliold eontact {ashesros warker) SP wutker), Gy
11 o8 Flomemaker: no known exposuee RP 49 11 Household contacr {davghter of tire presser), 13 BPl
18 71 Wife of insularar, 27 y B 50 68 Household contace {wife of popermaker}, 30y EPl
19 3 Houwsehaeld conraee {pipecaverer), €y nr 51 53 Labuorer, alumioum end chemical plants, 2 y E Pt
X 66 Household conmer Guother of pipefictes), 2.5y Al 57 51 NA ] B Pe
2l 6f. Huousehok! contact (usbestos worker| Bt 53 71 Househuld contact (mothet of steamfittec), 5 y ghl
21 69 Shipyard worker, Ty LI 54 53 Household contacy (wife and daughrer of shipyard EPe
23 48  Qptizal plant worker orl and refinery workers), 30y
24 45 Elementary school stnudent, 6 3 E Pe 95 29 Househaold contacr (facher, cousin, uncle), 20 ¢ BPi
25 T Labwrer on cleanup crew, iron works. 3.5y EDl 55 78 Houschold comace {wife of shipyard worker). 30y EPI
26 38 Daughter of amosite asbestos plant worker ETI 57 74 Houschold contact {wife of vil relinery worker), 27y EPl
27 68 Simoked Kenr cigarsttes BPL 58 68  Houschald contaet {wife of insulator}, 25 ¥ ET
28 70 Wife of construction worker sel 59 78  Shipyard worker, 2 v; houschold contact £EN
29 49 Houwsehold contact (aunt of Case 13}, 11 v RP (wife of insulater), many yeaw
radiation for brewst carcinoma, 4 yprior to diagnosis 60 47 Aunt smokec Kent cigarettes EDI
El] 70 Homemaker; no known eaposure ) SFl 61 81 Hausehold contact (wife and mother of ETI
31 65  Wilc of shipyard warker SPe pipefitrersfwelders), 41 v
32 65 Household contact {wife of plumberfpipefiteer), 15y EP! 62 71 Shipyard wortker, 2 ¥ EPl

B, hiplesias T, plevral; B, epicheliak Py, peritomcal; S sarcommtoid; HAL noe senilable,
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men and women.2423 Fifty-three of the tumors

arose in the pleura and nine in the peritoneum.

than in the pleura. Only one of the perizoneal
mesotheliomas in women was a purely sarcoma-

I Nic ratio of pleural to perituneal tUMOTS Was

5.9:1 for women corapared witn 10.6:1 in men
(unpublished data from che authot's [VLR]
series),

Twenty-nine (56%) of 52 pleura: mesothe-
liemas in women were epithelial varianes,
including tubulopapillary and solid epithetial
pattetns »Imace 8-i+. Nine tumors (17%) were
satcomatoid, including three with a predomi-
nantly desmoplastic pattern »lmace 8-2+. The
remaining 14 mesotheliomas (27%) were
biphasic »Imace 8-3«. The ratios of cpithelial to
biphasic to sarcomaroid tumors showed a prearer

roportion of epithelial mcs i
compared with mep (56:27:17 for women v
41:35:23 for men). Similar racios were observed
among the 9 peritoneal mesotheliomas in women
(56:33:11). The proportion of epithelial peri-

toneal tumors was also increased compared with

those occurring in men (49:46:5 for peritoneal
tumors in men). In both sexes, purely sarcoma-
1o1d tmens were less conunon in the peritonsum

toid variant vIMAGE 8-4<.

Aucillary evidence of asbestos exposure
includes the findings of parietal pleural plaque
formation or asbestosis in sections of lung
parenchyma. Parietal pleural plaques *lmace 8-5+
were noted in 13 (50%} of 26 patients for whom
such informartior: was available. Asbestosis »Imace
B-6+ was present in 5 (16%) of 31 patients from
whom lung tissue was obrained, and 4 of these
were occupationally exposed to ashestns (see
next section). These percenteges for cxposure in
women are lower than those for men with
mesothelioma (73% pleural plaques and 24%
ashestosis) in the author's (VLR) series.

Results of immunchistochemical studies were
available for 47 women »TasLe 8-2~. Positive
staining for cytokeratins was ohserved in 47 of 46
“tristances. | he four that were Keratin negative
involved the use of polyclonal beef-rauzzle keratin
antibodics in sarcomatoid or biphasic tumors. The
authot (VLR) currently uses a monoclonal anci-
keratin cocktail char includes AEJAE3 and CAM

‘ *IMAGE 8-1+
Care 60. Malignant mesathelioma shewing o tubulopapillary pateern. {} J&E, x25}
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HIMAGE 8-24
Case 20. Malignan: mesothelibma showing a desmoplastic paciern, consisting of thek cotlagen bundles arranged in 3 stori-

form pavtern and separated by tumor cells with plump, often hyperchromatic, nuclei. (H&E, %7
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#IMAGE 8~3+

the upper part of the

showing predomunantly epichelial morphology in

HIma,
field and a syrcomarcid pattern in che bower parr. (Keratin immunoperoxidsae, x75)

Case 33. Biphusic variant of mnalignant mescthel

p
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*IMAGE 8-4+

{225e 31. Sarcomatoid mesothelioma of the perivsneum showing a fibrosarcamatnus pattern. (H&E, x50

HImacE 8-54

Cuse [. Peribrorchiolar fibrasis assariated with asbestos bedies {upper left and right lewer cencer), Noge the muitingeleate

ginnt vell {right wpper center). (HISE. <100}
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*IMAGE B0~
Case 2., Parirtal pleural plague consisting of layers of acellulzr hyalinized coblagen arranged in a “basket-weave” pattern.
(Fisek, %23}

*TABLE B-2+

Immunohistechemical Findings in Women With
Mesothelioma

Antigen We. of Cases {Posirive/Total}*
Cyrokerating 42146
Carcinoernbtyonic 146

ancigen (CEA)
Ley M- {CDI5) {41
HBME-] 38

*Number of cases wich pasitive staining nver tal iuiber of cases for
waich stining with the indiczred anzibady was performad. See text’
e Jerails regarding the antibodics used.

3.2. All mesotheliomas studied in women were
keratin positive using this particular cocktail
~imace 8-7<, Forty-six tumors were stained using 4

mesothelial cells,2® and five of these were positive
~lmace B-8<. In our experience, this antibody does
nor significantly stain the sarcomatoid comnpo-
nent of mesotheliomas. Immunostaining for
vimentin, cpithelial membrane antigen, and

72.3 was performed in too few cases for mean-
ingful interpretation. The overall immunochisto-
chemical results were quite similar to those
observed for mesotheliomas in men.1?

Exposure Information

Information regarding potential exposure to
asbestos was available in 59 cases = TasLe 8-I.
Fleven women (19%} had an occuparional expo-

sure to asbestos. T hree worked in shipyards for 1

_g_:_:.‘ years, and one worked on a tughoat for 15
months. ]hree patients workad ar an ashescos

manufacruring plant for 14 o more than 4C years

polyclonal antibody against carcincembryanic
antgen; onc stained focally positive. Similarly,
onc of 41 tumors stained focally positive for Leu
M-1 (CD15). Eight tumors were stained using a
manocloral antibody raised specifically against

{one as 4 braider; one as a spinner, winder, and
weaver; and one as a company norse). 1 he other
four patients were exposed to asbestos while
cmploved ar a power plant (13 years), as a kiborer
at an iron works (3.5 years), 4s 4 laborer ut a
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*[MAGE B-7«
Case 31. Sarcomaroid peritoncal mesuthetioma show:ng keracin-positive spindle celfs invading adipose tissue. (Keratin

immunopcroxidase, x50)

*IMAGE 8-8+
Epithclial malignunt mesothelicma scained wich monoclonal antibody HBME-1, showing # predominantly rmembranous

pattern nf srainung {HBME- 1 immunoperoxidase, x100}
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chemical plant (2 years), and at an optical manu-

women with © Teupational eXposures also had

-—pathologicasbestos s (Casés T, 14, 75, and 33),

—

“and 59—

“and four eutal plaques (Cases 25, 33, 31,

By far the most common form of exposure

was rhrough household contact with an asbestos

elementary school for 6 years as a ¢hild. Another

“facrurinig plant (nic time available). Four of the potential exposure to asbestos on clothing

accurred in a laundry worker at a milicary insti-
tute {Case 4). Three other cases had no known
exposure to ashestos: One was a dry-cleaning
plant assembler (Case 15) and two were home-
makess (Cases 17 and 30).

Therapeutic radiation has heen associated

5 02 12:13/6T. 12:91/N0, 4£62209470 F 17

wotker, from asbestos brought home on the with the development of mesothelioma many_

— clothes of a worker living inp_the same household.  years Tater, 2" and five patients gave 2 history of
Thiry-six (61%) of 59 women with mesothe: 7ot radiation. One (Lase 3] had received radia-

lioma were honsehold contacrs of ashestos

workers. For 34 of these cases, this was the
identifiable exposute to asbestos. All gave a

history of washing the work clothes in the house-

hold. The household contacy was a husband in
22 cases, a father in 6, a husband and a father tn
3, and a son in 2. There was one case each of
contact through a husband and a son; a father
and uncles; and a father, a cousin, and uncles.
The hcousehold conracts' occupations were as
follows: mnsulacor (10 cases); shipyard worker {6
cases); pipefitterfwelder (3 cascs); o1l refinery
worker (2 cases); and steamfitter, papermaker,
tire presser. machinist, construction worker,
merichant marine seamman, auto mechanic, and
asbestos plant manufacrurer (1 case each). In 7
cases. thie nerupation of the household coneact
was not available. The duration of exposure for
the household convact was known in 27 cases
and ranged from 1.5 10 41 years {(median, 17
yeats). Nine of the wamien in rhis group had pari-
etal pleural plaques {Cases 2, 13, 18, 19, 11, 28,
44,47, and 59}, and two also had asbestos:s
{Cases 1 and 47). Three had peritones! mesothe-
liomas (Cascs 31, 39, and 48), and one parient's
(Case 34) father died of mesothelioma.

The disease-producing potential of ashestos

tion and chemotherapy for Wilms® tumor as a
child.?¥ Apalysis of her lung tissue demonstrated

an asbestos content no diffcrent from back-

ground. Another patient (Case 7) had received

radiation and chemotherapy for lymphoma 7
years prior to the diagnosis of mesothelioma. She
was also the wife of an asbestos-exposed indi-
vidual. A third patient (Case 29) received radia-
rion and chemotherapy for breast cancer 4 years
prior to the diagnosis. This is a rather short
larency for radiation-induced mesothelioma, and
the patient also had exposure as a household
contact. Analysis of her lung rissue disclosed
consideraoly increased levels of ashestus, A
fourth woman (Case 43) had received radiation
therapy for breast cancer 21 years prior tc the
diagnosis of mesothelioma in the ipsilateral
pleura, whilc a fifth (Case 46) with peritoneal
mesothelioma had received pelvic radiation more
than 50 years prior to the diagnosis. None of
these patients had pleural plaques or asbrstosis.
Studies have shown that there is no relation-
ship between cigarette smoking and the subse-
quent development of mesothelioma.’® However,
special case is Kent ciparetees, the Kicronite
filter of which contained crocidolite askestas

between 1957 and 1996, lalcott et al reported a

in buildings has stimulated considerable contro- $fAking Iincidence of mesothelioma ameng

versy.2h# In this regard, it is interesting to note
that two of the women with pleural mesothe-
lioma had potential exposure co asbestos as
teachers within schools with friable asbestos-
containing materials (Cases 10 and 11). One of
these patients {(Case 11} had pleural plagues. and
tissue asbestos analysis was performed (see next
section). An additional case was a 45-year-old
woman with peritoneat mesothelioma (Case 24)
whose only known exposure to asbestos was in an

o manudfactured the lilters,” and
Longo ¢t al showed that substantial numbers of
fibers were released when these cigarettes were

smoked.™ Wonerhelass, there has been no

convincing evidence vo dare of an increased risk
of mesorhelioma among individuals who smoked
these cigarerzes. One of the difficulties in such
studies is that occupational exposure to ashestos
is such a major factor in the causation of
mesotheliomas in men that any effect due ta fow-
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dosc exposure from smoking Ken: cigarertes is
lest in epidemiologic studies. In contrast, occupa-
tional exposure is less prevalent in women, and
therefore this group may be ideal for measuring
the effects of low-dose exposure to cigarerre
smoke. ‘
Smoking histories were obtainec for the 61
_women it this study »Taste 8-3+. Twenty-four
wete smokers or ex-smokers, and 19 were lifelong
nonsmokers. Among the 24 smokers, three weze
too young {less than 12 years old in 1936} to
have smoked during the Kent Micronice-filter
era. Smoking histories were unavailable for 19
patients, but four of these were oo voung to have
smoked Kents with Micronite filters. Three
women actually reported a hiswery of smoking
Kents from 1952 ro 19596, which is 14% (3/21) of
those who were known tu be smokers and were
old enough to have smoked during the time in
guestion. 1f one assumes that among the 15
women for whom smoking information wus
unavailable and who were old enough to have
smoked during the relevant vears, all were

10 years (including 1952-1936) with her ount,
who smoked Kent cigarettes. Analysis of fung
fiber burden in this case was unremarkable.
These data suggest an association between
smoking Kent cigarettes with Micronire fileers
and the subsequent development of pleural
mesothelioma among women. Qur observations
need ro be confirmed in a larger population-
based study, such as the Surveillance, Epidemi-
ology and End Results (SEER) Program.*?

Fiber Analysis

Analysis of lung parenchyma fer mineral
fiber content was performed in 20 cases ~Taste
&-44. The median asbestos body count for 19
cases studied by light microscopy was 31 AB/g
{ranpe, 2.0-8200). The asbestos body count
exceeded our normal range of 0 to 20 AB/g in 11
(58%) of 19 cases. SEM with fiber-type analvsis
was performed in 18 cases. Of these, 9 had an
elevated leve: of commercial amphiboles

“{amosite of crocidolite) and 3 had an elevated

smokers and none smeked Kents from 1952 1o
1956, then the percencage of women smoking’
Kents among those who smoked would be as low
as 8% (3/36). In contrast, the market share for
Kent Micronite fileer cigarettes from 1952 o
1956 was less than 1%.72 One other patient’s
only known exposure accutred when she lived for

*>TapLE B~-3+

Smoking Histories in 43 Women With

Mesothelioma*
No. of
Smoking Catcgory Coases
Smokersfex-smokers 24
Were nld enough to have senoked Kent 214

cigarettes with Micronite filtces
Smuoked Kent cigarcttes with Micronite filers 3
Lifelong nonsmokers 19

*Sravk.ng histosics were unaviiilable for 19 patients, 15 of whom wers
old erwwgh to have smoleed during the Keat Micronize-filcer era.
“Mictonire lilters concained crecidodite asbestos berween 1952
and [956. Parienrs aged 17 yeart ae older in 1956 were considered
old enough tw have canceivably smoked Kents during che time in
question,

evels were ougide our control range in 3 cases

content of noncommercial amphiboles {rremo-

tice, actinolite, or anthophylliice). Chrysorti)

An elevated fiber burden was derected in 14
(70%) of 20 cases.

Tissue for asbestos analysis was available for
only two of the women with occuparional expo-
sures {Cases 1 and 12), and bath demonstrated
an elevated puimonary asbestos burden. One
{Case 1) was 2 spinner, winder, and weaver of
chrysotile asbestos textiles, and she had a
markedly increased chrysotile burden, including
chrysotile asbestos bodies »imace 8-9+. This
patient also had an elevated burden of amosite
asbestos, probakly derived from washing the
clathing of her husband, an insulator. The other
woman (Case 12} had a mildly elevared asbestos
kady count and increased levels of both commer-
cial and noncommercial amphiboles.

Fiber burden analysis was performed vn lung
tissue from 13 women who were household
contacts of asbestos workers, and 10 (77%) of
these had an elevared tissue asbestos burden. The
median asbestos body counc for these 13 samples
was 300 AB/g {range, 2-8200 AB/g) and
excecded the background range in 8 (62%) of 13
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*»TABLE 8-44

Tigsuc Asbestos Comtent in 20 Women Width Mesot_h_cllon_m

ABfg (LM} UFfe AC TAA - Chrys

Case No. NAMF
1 S100 67,000 14,000 670 33,500 26,800
z 8200 — -— —_— — -_—
3 9.4 3900 —_ —_— — —
5 2.0 24300 <4860 9720 <4860 14,60C

11 2.9 13,030 <870 4330 <870 867C

12 k1l 24,000 4800 4800 <2400 14,40C

i3 233¢C 17,300 5460 2430 1820 1300

15 64 - 6800 <680 3440 <680 1360

17 9.8 3300 <HA0 1980 <660 1320

18 300 4550 3250 <650 <630 1300

19 418 8490 450~ <1060 <1060 §190

20 29 45,000 <4500 <4500 <4500 45,000

29 1650 30,000 46350 1350 1550 23,250

32 390 13,900 2920* 7170 <2390 - 16.700

34 8.4 2920 <490 490 <490 2430

3¢ 17 11,300 <660 1990 <@60 9300

44 i3 117,000 1280 9360 <4680 103,600

47 7480 40,000 34,000 4000 <2000 2000

g5 5.G 4400 490 1960 <490 1960

60 — 4190 <310 1220 <310 3060

Conrrolst 20 12,700 <2540 2540 <1540 10,200

AB/g ILM), ashesins badies per gram of wer lung tissuc as deczimined by bight microscopy: UFrg, arcaated Fbers 5 i o preater in length per
gram of wet lung tivaee 15 determined by scanping cleerrrn micieseopy: AC, amesite or cracidnline [ereeidabite Jereceed only in Tasc 471
. TAA, trzmobiee, agrinolire, or anthophyllite: Chrys, chrysorile; INAMT, nanasbestns milaeral fibers.

*Conaced fiters only.

FCamwrol values represent ahe upper limit of values identified in hMle male conzrol caser sa previowsly w‘:)[islkd.::"}

cases. Among the 12 samples for which SEM and
EDXA were performed, commercial amphibplés
were elevated in 7 cases, noncommercial
boles in 4 cases, and chrysotile i
unique situation, both the woman {Case 18) and
her husband presented with mesothelioma and
pleural plaques; the hushand also had asbestasis.
Analysis of the husband’s lung tissuc demon-
strated about B0 times as many ashesros bodies
and 30 times as many uncoated fibers as those
found in his wife's lungs.

Among the threc parients expused through
household contact but without an elevated rissue
asbestos burden, une was a 29-year-old woman
(Case 55) with pleural mesothelioma, who was
exposed to dust on the clorhes of her father,
cousin, and uncles over a 20-vear period. A
single amasite fiber was derecred by SEM, which

is considered an ambiguous resule (hone expecred
in contrals). Anather patient was a 45-year-old
woman (Case 34) with pleural mesothel:oma
who was exposed to dust on her father's clothes
for 18 years; her fathier was an insulator who died
of mesothelioma. The (hird patient was a 41-
year-cld woman (Case 39) with peritoncal
mesothelioms who had been exposed to asbestos
on the elothes of her father and uncles during the
summers aver a 2C-year period.

Tissue ashestos analysis was performed in
five additional cases. One patient (Case 11) was
a teacher's aide for 18 years in a schonl wirh
chrysotile-containing asbestos ceiling tile. This
patient had a normal range asbestos bady count
Sut an increased tremolite (2 known contami-
nant of chrysotile) burden by SEM/EDXA M
Anather patient {Case 15) was a dry-cleaning
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: *MaGeE B-9
Cuse 1. Nuclepore filter with o cluster at choysorile ashesros fibers olated trom the lungs. Free fiber ends appear tooapin of)
the central musc ke the umms of u spiral galaxy and heve hecore coutad 1 foem numeroas chrysotile asbesron bodics.
(eprintzd with permssion from Rowgli V) {Scanning elecmon mivrescopy, x330)

plane assembler with an elevared asbesros hoady
count and an increased cremolite burden; the
source of remolite exposure was not identified.
A third patient (Case 3) was e 28-ycar-old
woman with pleural mesorthelioma who had
received radiation and chemotherapy treatments
for Wilms' rumor of the kidney ac 4 years of

age.!? A fourth patient (Casc 60) lived for 10
years with an a2unt who smoked Kent cigarettes.
A fifth pacient (Cuse 17) had no known exposute
to asbestos. The tissue asbastos burden in all
three of these last cases was indistinguishable
from background. :

Nonasbestos mineral fibers were identified
in all 18 cases in which SEM was performed.
The fibers included talc, nutile, silica, aluminum
silicates, and porassium aluminum silicaces.
Such fibers generally have low aspect (length
diamecer) ratios, and there is no evidence that
they play any role in the pathogenesis of
mesothelioma %3

Discussion

The pathologic features of malignant

mesutheliona in womnen sre similar to those

observed in men. Pleurat mesotheliomas
cutnumber peritoneal tumars in both sexes,
although the proportion of peritoneal mesorhe-
liomas is slightly higher in women. Epithelial
_variants predominare, and the percentage of
epithelial types is slightly greater in women
compared with men. The immunohistochemical
fearures ate also similar in boch sexes: both
epicthelial and spindle cell componants of the
tumots stain positive for cyrokerating when a
cocktail containing antibodies directed against
both low and high molecular weight keratins is
used. Fewer than 5% of mesotheliomas stain
positive for CEA.or Leu-M1I, and such staining is
usually focal.
Caution must be exercised in dispnosing
epithelial variants of peritoneal mesothelioma in
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women, as these may be confused with serous

illary carcinomas of the peritoneum. The

distinciion can usually be made based on careful
attention ro histologic, histochemical, immuno-
histochemical, and ultrascructaral features.
Budding or tufting is commonly seen in serous
papillary carcinomas, as ara numerous psam-
moma bodies. Intracellular mucin ¢an be demon-
strated with the periodic acid-Schiff stain in as
many as half of papitlary carcinomas, but only

rarely in mesotheliomas. Staining with OC-125

is identified in more than 90% of serous papillary
carcinomas, but in only 14% of mesotheliomas.
Uirmsrrgcmrall mesotheliomas possess long-
microvilli that are often quite humerods,
whereas th cmvl]h of serous papillary carci-
rather than long and slender. T
Ancillary histologic findings supportive of
an ashestos ctiology may be found in women but
are somewhat less common. In our series of cases,
pleural plaques were found in half of the women
but in nearly three guarrers of the men.
Asbestosis was identified in 16% of the women
with mesothelioma comparcd with 24% of men.
The exposure histories and results of tissue
asbestos analysis in the women studied resulted
in some interesting observations. A history of
exposure 1o asbestos threugh household contact
with an asbestos worker was found in 61% of cur
cuses. This type of exposure was first reporied as a
cause of mesorhelioma by Newhouse and
Thompson in 1965,3% and Anderson er al
reported 5 cases of pleural mesochelioma in a
study of 756 household conracts of asbestos
factory workers in 1979.37 Gibbs ot al reported
the resules of tissue asbestos analysis in a series of
13 patients with mesothelioma who were house-
hold contacts of asbestos workers and found
elevated counts beyond those of a reference
population in 8 of the 10 cases.® These findings
are almost identical to those presented here, in
wkich an elevated tissue asbestos burden was
noted in 10 (77%) of 13 of the household
conzacts with mesothelioma. One of the wmaors
{Case 31) was a sarcomatoid petitoneal mesoche-
lioma. To our knowledge, this is the first case of
peritoneal mesochelioma in a household contace
in which an elevated pulmonary asbestos content

has been demonstrated in support of an asbestos

etiology.
A history of occupauonal exposure to

asbesms was identified in 19% of our cages, and

an elevared tissue ashestos burden was found in
each of the two instances in which lung tissue
was available for analysis. These findings differ
from those reported by McDonald and

“McDonaldt and by Dawson et al.** The former
Teported an uacupdtithal history of exposure 1o
ashestos in only 5% of women with mesothe-
lioma in North America. That scudy depended
on occupational histories obtained by ititer-
viewing surviving relatives, and thus may have
underestimatcd the actual prevalence of expo-
sure. Furtkermore, the reports were colleceed
prior to 1980, and it is difficult to know how
many might have been serous papillary carci-
nomas of the peritoneum misdiagnosed as
mesothelioma. In the study by Dawson et al,
occupational exposure to asbestos was identified
in 51 {55%) of 93 cases for which informarcion
was available. This series contained a substantial
nurmher (20) of women who were exposed to
ashestos during the manufacture of gas masks
during World War 1. Qur cases are largely
medicolegal referrals, and thus may not be tepre-
“Sentative of all mesotheliomas in women in the

United States. | herefore, it is difficnlr t know
the precise percentage of US women wirh
mesothelioma who are occupationally exposed to
asbestos.

Considerable scientitic controversy and
debate has surrounded the problem of how to
manage the large amount of ashestos presently in
place in public buildings in this country. One
teview of this subject noted that no cases of
asbestos-related disease have been reported
among individuals whose only known exposute
was at occupants of buildings wich friable
asbestos-conraining marerials. 2 Contrary to this
assertion, two cases of pleural mesothelioma have
heen reported in such a setting. Stein et al
described a 54-year-oid woman wich pleural
mesothelioma whose only known exposure to
asbestos was as an office worker in a building

with ceiling material composed of 70% amaosite
asbestos. ¥ Amosite asbestas fihers were identified
in samples of this patiznt’s lung tissue. Roggli and
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Longo described a 38-year-old woman with
“pleural mesothclioma, pleural plaques, and a
worlk history including 18 years as a teacher's aide
in 2 building containing tremclite-contaminated
chrysotile in ceiling tiles. Analysis of pulmonary
fiter burden demonstrated an clevared tremolite
content in this patient.>* The risk of this accur-
rence must be extremely low when one considers

the rarity of this association and the large

numnber of individuals with presumed exposure.
Some mesotheliomas have a0 demonstrable

@is_o_oz:latmn with asbestos exposure. ¥ In this—Tommercial ar}lpmbo[c imu

regard, it is interesting that a history of thera-

peutic radiation to the site of subsequent™

asbesros on the pleura.?’ If tumor suppressor
genes are. involved in such a predisposition, then
a possible mechanism would be hereditary dele-
tion of une copy of the suppressor gene, so that
interaction of ashestos with mesothelial cells
would inactivate or delete the single remaining
copy.
A history of asbestas exposure was clicited in

45 {76%) of 39 of our cases, ard an abnormal

tissue asbestos content was found in 14 (70%) of

20 cases. The main tiber type 1dent|f|ea was

noncommercial amphiboles Traostly emohte}
identified less frequently and chrysorile identified

mesothelioma development was reported in five™ Icast. Redent stadies have shown chat as many as
of the patients in this study. One of these women ~58% of women with mesothelioma in Australia

had a brief period of only 4 years berween the
radiation and the diagnosis of mesothelioma but
alse: haad a strong history of housezold exposure
and an elevated tissue asbestos content. We
therefore believe that this case is asbestos related.
The other four wowmen received radiation from 7
to more than 50 years prior co the development
of mesothelioma. The association herween prior
creatment for Wilms' tumor and subsequent
development of mesothelioma, as seen in Case 3,
has been reported by others as well . H-# The

and 30% of women in Franze have a positive
asbestos exposure history. 9743 These observations
have important implications for estimates of the
Eackground rate of mesothelioma. McDonald

_and McDonald estimated the background rare to

ke one to two cases per million populatlon per

rear, based on the obsery

the authors' finding that only 5% were occupa-
tionally exposed to asbestos.! However, if half of
tnese womeri are exposed, the background esti-
mate would be closer to one case per million per

discovery of a Wilms’ tumor suppressor gene aud — year, This would amiunT 1o an expected number
the idencificacion of the genc product in a largeof 250 mesotheliomas per year in the Unired

proportion of mesotheliomas is fascinating®® and
may provide a lead in the study of familial or
hereditary predisposition to mesothelioma. The
association between prior radiarion for breast

cancer and subsequent development of mesathe-

lituna, s seen in Case 43, has also been reported
previously.*

The vccurrence of familial mesothalioma
suggests a peNericpredispsition, as alteady
noted. T hree of our cases may be examples of
“genetic predisposition. 1 wo paticnts (Cases 13

9) belonged to families in which mesoche-
lioma occurred in the mother, daughter, aunt,
and uncle. In another instance (Case 34), the
father and daughter both developed mesothe-
lioma. In the present series, a history of ashestos
exposure andfor an elevated pulmonary asbestos
fiber burden was present, which indicares thas
the genetic factor probably makes the individual
more susceptible than usual ro the effects of

250: L

States. The real number obscoved is ZZO0 cases
per year, which implies that 89% ({220C -
Arc 45 i this regard, T
is interesting that an clevated asbestos content

was observed In 89% of cascs for our entire series

{both men and womeny). 7

SuMMaRY

Abour 6% of our cases of mesothelioma
octur in women, with a median age of 59 years.
QOur perceutage is lower than-other series
ceported in the literature because of the large
number of occupationally exposed men referred
to our laboratory. Tumor arose in the pleura in.
86% of the women in our study, and the majority
were epithelial. Pleural plaques were lound in
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hall of the women for which this information was
availakle, and ashestosis was found in only 16%.
A history of exposure to ashestos was identified
in three quarters of the women, more than half of
whom were household contacts of ashestos
workers. Occupational expasure o ashestos was
identified in only 9% of patients. An elevated
tissue asbestos burden was noted in 70% of
wotmen from whom lung tissue was availahle for
analysis. The main fiber type identified was
amosite, followed by tremolite and chrysaotile.
These findings and those from other countries
suggest a néed for reassessment of the background
rate of mesothelioma in industrialized nations.
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