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Preface

The Urgency of Improving and Standardizing Diagnostic
Methods for Mesothelioma

Recent decades have seen substantially increased worldwide incidence and
mortality rates for mesothelioma. Studies in many countries have confirmed
its association with asbestos exposure. Nonetheless, important scientific and
public health questions still need answers.

What morphologic and chemical characteristics of these fibers explain
their carcinogenic effects? Is there a threshold below which asbestos expo-
sure would be harmless? What risks are associated with the current condi-
tions of occupational exposure—which are much shorter and much less
intense than those observed in the historical cohorts that enabled identifi-
cation of the risks associated with this material? Does spending time in
buildings with asbestos have carcinogenic effects when the asbestos fibers
are observed at levels substantially lower than those associated with occu-
pational exposure? What about environmental exposures from either
natural (fibers in the soil) or industrial (asbestos mines, asbestos proces-
sing plants) sources? Can asbestos induce primary pleural tumors of a his-
tologic type other than mesothelioma? Are the man-made mineral fibers
used as asbestos substitutes likely to induce mesothelioma? Are there other
agents capable of such an effect? How will the mesothelioma epidemic
develop in the decades to come in different countries?

Quantification of the risks associated with asbestos is also a major sci-
entific and public health issue. Controversy surrounds the models currently
used, which postulate a linear no-threshold relation, and the parameters
that characterize the dose-risk curve. Risk assessments based on these
models play a determinant role in forecasting incidence trends and esti-
mating the scale of asbestos impact on populations, and they have various
concrete consequences, including financial.

These questions are therefore not at all academic: They are important
when determining prevention policies and financial compensation. An
international mobilization of biologic, experimental, clinical, and epidemi-
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ologic research has sought to improve our understanding of these
questions.

One of the most important pathways to a better understanding of all
these questions involves the improvement and standardization of diagnos-
tic methods for mesothelioma.

Scientists face many difficulties in understanding the mechanisms of this
cancer’s development, the role of the several varieties of asbestos and of a
wide range of other factors, and the extent of the consequences of asbestos
exposure. More problems come when interpreting past incidence trends
and when forecasting future trends. Many of these issues are related to lim-
itations in our capacity to diagnose mesothelioma and in the difficulty
pathologists face in finding methods that are sensitive, specific, and repro-
ducible from an international perspective. The subsequent failure to iden-
tify cases and the inaccurate diagnoses of metastases and other forms of
pleura-based tumors such as mesotheliomas cause individual harm; bias epi-
demiologic surveys, mesothelioma incidence estimates, and international
comparisons; and impede the study of changes in this cancer’s incidence
over time. These factors have led to important scientific (and legal) debates
in a variety of circumstances.

Publication of this work by the International Mesothelioma Panel is
therefore particularly welcome. It provides information about recent
advances—some quite spectacular—in methods for diagnosing mesothe-
lioma. Let us hope that this volume will promote diffusion of the most effec-
tive of these methods to the vast number of pathologists who are not
specialized in this domain but who must occasionally examine this tumor.

Mesothelioma is still a complex scientific and public health problem, and
all the forecasts indicate that it will remain with us for at least several more
decades. Constant improvement of diagnostic methods is urgently needed
to improve our understanding and management of it. Future work by the
International Mesothelioma Panel to improve early detection through the
new tools now available to pathologists (e.g., molecular biology, immuno-
histochemistry) will help with the international resolution of this question,
a resolution today still in its first stages.

Marcel Goldberg

INSERM Unit 88

Epidemiology, Public Health and Occupational and General Environment
Hopital National de Saint-Maurice

14, rue du Val d’Osne

94415 Saint-Maurice Cedex, France
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1
Epidemiology of Mesothelioma

Malignant mesothelioma has risen from obscurity and rarity during the first
half of the twentieth century to become a major occupational and public
health problem late in the latter half of that century and the beginning of
the twenty-first century. The nexus between asbestos exposure and subse-
quent development of mesothelioma was established definitively in 1960
by Wagner et al. [1] in South Africa. By the late 1990s, the incidence of
mesothelioma in some industrialized nations was roughly comparable to
that of cancer of the larynx [2], and the mortality rate was similar to that
for renal cell carcinoma in men and for uterine cancer in women [2-4].
Apart from lung cancer, mesothelioma constitutes the most important
occupational cancer among industrial workers.

Most mesotheliomas encountered during the early twenty-first century
are a consequence of prior occupational exposure to asbestos from the
1940s through the 1970s, including end-use and bystander exposures [5, 6].
The relation between inhalation of asbestos fibers—especially one or more
of the amphibole varieties—and mesothelioma is accepted by almost all
authorities as causal; because of the consistency and specificity of the
asbestos-mesothelioma relation, the incidence of mesothelioma is usually
considered to be an index of societies’ past usage of asbestos (Table 1.1)
[7-10].

Recent incidence rates for mesothelioma in various countries are listed
in Table 1.1 and are generally in the range of 14 to 30 cases per million
persons per year (>15 years of age) [9, 10]. The highest incidence is found
in Australia, where the rate in 1997 was 29.8/million persons/year
(50.6/million/year for males and 9.0/million/year for females, standardized
to the world population >20 years of age, whereas the corresponding crude
rates in 1997 for Australia were 59.8/million for males and 10.9/million for
females) [4]. In the United States, the current rate for the sexes combined
is 10.0/million/year [11].

It has been estimated that about 10,000 mesotheliomas occur annually
throughout North America, Australia, and seven nations in western Europe
and Scandinavia [9]. Peto et al. [5] predicted about 190,000 mesothelioma
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TaBLE 1.1. Mesothelioma incidence across nations relative to historical use of
asbestos*

Nation Mesothelioma incidence Use of asbestos
(cases/million/year) (kg/capita/year)
Australia (1995) 33 4.4 (1968)
The Netherlands (1995) 27 3.4 (1976)
United Kingdom (1991) 23 2.7 (1970)
Ttaly (1993) 22 2.5 (1975)
France (1996) 17 2.6 (1970)
Finland (1995) 15 2.2 (1970)
Germany (1997) 15 3.0 (1975)
Sweden (1995) 15 2.4 (1970)
United States (1999) 10 2.3 (1975)
Norway (1995) 14 1.9 (1970)

Modified from Tossavainen [9].

deaths across six nations in western Europe (Britain, France, Germany,
Italy, The Netherlands, and Switzerland) over the 35-year period dating
from 1999. Modeling of data for France indicates that mortality from
mesothelioma among French men aged 50 to 79 will continue to increase,
reaching a peak of 1140 deaths in 2030 (optimistic forecast) to 1300 deaths
in 2040 (pessimistic prediction), and no preventive measures implemented
at this time can affect this trend [12]. In Australia, the incidence of mesothe-
lioma is expected to peak in about 2020 (approximately 18,000 cases for
the period 1945-2020) [4]. In the United States, the peak incidence was
predicted to occur by the year 2000, with a slow decline thereafter [7]. In
the United Kingdom, the rate of increase in mesothelioma-related deaths
slowed slightly in 1997, when there were 1330 deaths, but the rate increased
thereafter, with 1535 deaths in 1998 and 1595 in 1999 [13]; the crude death
rate for mesothelioma in Great Britain rose from 29.57 per million for
males during 1989-1991 to 40.93 during 1995-1997, and for the same
periods the equivalent death rate in females rose from 4.67 to 5.77 [14].
The Health and Safety Executive [15] estimated that deaths from mesothe-
lioma in men in the United Kingdom “may peak around the year 2011, at
about 1700 deaths per year,” whereas mesothelioma-related deaths in
women “are running at about one-sixth of the level in men.” In this respect,
mesothelioma incidence rates have increased about fourfold or fivefold
in Australia over a period of almost 20 years, and the rate in females
has also increased about threefold; however, the male incidence is
more than five times that in females [4]. In some nations, the time trend
of increasing incidence after 1986 is restricted largely to those aged over
50 years, suggesting that controls on occupational exposures introduced
from the 1970s have been effective [4]. However, this is not the case for
all industrialized countries. In France, for instance, the relative risk of
developing a pleural mesothelioma among men is 1.83 for the youngest
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generation (men born in 1953) compared to the 1928 generation [16],
whereas the maximum risk for males occurs for the 1925-1929 birth cohort
in the United States [17]. These contrasting findings show that awareness
about the danger of asbestos exposure effects was not the same in all
countries.

Asbestos Exposure and Mesothelioma

In national registries, about 90% of male mesothelioma patients have a
history of asbestos exposure, especially those with pleural mesotheliomas,
with a somewhat smaller percentage for patients with peritoneal mesothe-
lioma (about 60%) [4, 18]. The proportion of asbestos-associated mesothe-
liomas is lower in females and varies among countries, ranging from 25%
in the United States to as much as 70% in Australia [4, 18]. In some series
a small number of the exposures are occupational, so nonoccupational
exposures comprise a much larger proportion of mesothelioma cases
among women [19]. Roggli et al. [19] found that the lung tissue asbestos
burden was elevated in 70% of a series of female mesothelioma patients
in the United States: the main fiber type was amosite, followed by
tremolite.

The occupations producing the greatest number of mesotheliomas have
changed over the years from miners/millers and those involved in product
manufacture and insulation work to other end-users of asbestos-containing
products, most notably persons in building construction and demolition
industries and in shipyards [6-8, 13, 20], in part because working conditions
in the building industry in particular have been poorly regulated. Individ-
ual life-time risks of mesothelioma are highest among crocidolite miners/
millers, power station workers, railways laborers, and naval, merchant
naval, and shipyard personnel [4]. However, the number of personnel
employed in each of the last-cited occupations are smaller than in the
building construction industry, so carpenters/joiners, for example, con-
tribute greater absolute numbers to national mesothelioma tolls, although
the individual risk is less [4]. Substantial numbers of mesotheliomas are now
seen as a consequence of nonoccupational exposures, including occasional
“handyman”-type exposure, domestic exposure (e.g., from laundering
asbestos-contaminated work clothes), and other types of occasional or non-
occupational exposures [4, 6, 21, 22]. Mesothelioma has been reported to
occur after brief low-level or indirect exposure [23].

The risk or incidence of mesothelioma shows a dose-response relation to
cumulative asbestos exposure, so the risk is greatest with heavy exposures
[24, 25], and peritoneal mesotheliomas [26] are usually related to heavier
cumulative exposures than pleural mesotheliomas. In general, the incidence
of mesothelioma in asbestos-exposed cohorts reflects the fiber type or types,
cumulative exposure, and the time following exposure so remote exposures
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are more significant for mesothelioma induction than recent exposures,
other factors being equal [24].

Asbestos occurs in two major mineralogic groups: the amphiboles (of
which amosite and crocidolite constitute the major commercial forms) and
chrysotile [27]. Over recent decades, chrysotile comprised about 95% of
world asbestos production, most originating from Canada and Russia [6].
Fibrous tremolite, anthophyllite, and actinolite constitute other forms of
amphibole asbestos. Production of these minerals, however, was restricted
to only a few mines or industries, although small amounts of fibrous tremo-
lite occur in Canadian chrysotile (usually about 1% or less), and tremolite
was used in certain regions (e.g., as a whitewash in Greece and Cyprus and
in New Caledonia) [6]. Although it has been claimed that all varieties of
commercial asbestos have the capacity for mesothelioma induction, there
is general agreement that crocidolite is the most potent type of asbestos for
mesothelioma induction, followed by amosite and then chrysotile [6, 28].
There is much debate regarding the ability of chrysotile to cause mesothe-
lioma. Some of the differences relate to interpretation of the epidemiologic
data, but at the heart of the controversy lie the differing views on the impor-
tance of biopersistence in carcinogenesis and the significance of chrysotile
contamination by tremolite. The association between mesothelioma and
chrysotile exposure is largely based on studies of the Quebec chrysotile
miners and millers, a situation where tremolite contamination of the
chrysotile ore is well recognized [29, 30]. It is outside the scope of this
volume to debate this issue, and the reader is referred elsewhere [28-38].
The greater potency of the amphiboles for mesothelioma induction com-
pared to that of chrysotile is thought to be related to the fiber characteris-
tics and to the greater biopersistence of amphibole fibers in lung tissue than
chrysotile (which fragments or dissolves more rapidly), so the half-life of
chrysotile (weeks to months) in lung parenchyma is much shorter than the
half-life for the amphiboles (years to decades) [6, 38]. The factors influenc-
ing fiber clearance from the lung were well summarized by Roggli and
Brody [39].

Fiber dimensions are also thought to be important for mesothelioma
induction, so short-length fibers have little carcinogenic activity in
comparison to long-length fibers (>5um in length and especially >8-
10um in length) [6, 40]. Boutin et al. [41] demonstrated asbestos fibers con-
centrated in parietal pleural “black spots” in exposed subjects. Amphiboles
outnumbered chrysotile in all samples: 22.5% of fibers were Spum or longer
in the black spots. The black spots were histologically similar to milky spots
as seen by conventional and electron microscopy. These findings may well
explain why the parietal pleura is the target organ for mesothelioma and
plaques.

Most mesotheliomas now encountered among the populations of
Europe, North America, and Australaia occur in individuals with a history
of mixed asbestos inhalation (e.g., chrysotile plus amosite fibers released by
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operations on insulation materials or high-density asbestos-cement build-
ing products) [6].

It should be remembered that a history of exposure to asbestos or the
lack thereof is important when assigning causation to a malignant mesothe-
lioma. However, a history of exposure to asbestos should play no role in
the diagnosis; diagnosis depends on the gross, microscopic and special-
technique observations, as it does with any other tumor.

Latency

There is characteristically a prolonged time interval (i.e., latency) between
the first inhalation of asbestos and the subsequent diagnosis of mesothe-
lioma, generally in the range of 20 to 40 years [37]. For most mesotheliomas,
the latency is more than 20 years, with 15 years or less for only about 1%
of mesotheliomas [13, 42-44]; some authorities delineate a minimum lag-
time of 15 years from exposure and others 10 years [43]. When the latency
is less than 10 to 15 years, it is likely that the proximate exposure was coin-
cidental and that there were one or more unrecognized exposures more
remote in time [38].

Other Factors Implicated in the Induction
of Mesothelioma

Despite strong association with past asbestos exposure, there are other
mesotheliomas for which the cause is unknown [45].

Erionite is a naturally occurring fibrous zeolite and is known to induce
mesothelioma among the inhabitants of certain villages in the Cappadocian
region of Turkey [46—48]. Erionite has fiber dimensions and properties
similar to those of amphibole forms of asbestos.

There are anecdotal reports of mesothelioma following irradiation,
including radiotherapy for childhood cancers such as Wilms’ tumor; cases
of mesothelioma have also been reported following injection of radioactive
thorium dioxide (Thorotrast) for radiologic investigations (for references,
see elsewhere [22-49]). However, a retrospective cohort study on a large
group of women with breast cancer and patients with Hodgkin’s disease—
many of whom had been treated by radiotherapy—found no significant
increase in the relative risk of mesothelioma [50]. In addition, coexisting
asbestos exposure represents a confounding factor for some cases associ-
ated with irradiation: In one report on mortality among plutonium workers,
all the mesotheliomas occurred in patients who had also sustained asbestos
exposure [51]. The incidence of mesothelioma was not increased (as a
second malignancy) in one study of patients with prior radiation therapy
[52].
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Prior Inflammatory Disorders Affecting
Serosal Membranes

Mesotheliomas have occurred years after chronic inflammatory lesions of
the pleura (e.g.,chronic empyema or packing of the pleural cavity with lucite
spheres as treatment for tuberculosis (plombage therapy)), and there are a
few reports (about eight 8 cases) of an association with familial Mediter-
ranean fever (FMF), possibly related to recurrent FMF serositis [53].
However, cases of this type are exceptional. For example, in relation to FMFE,
cases of mesothelioma have been reported in the Mediterranean region
after white-washing homes with tremolite-containing material [54, 55]. Most
cases of “postinflammatory” mesothelioma with a short interval between
inflammation and tumor are probably mesotheliomas that presented with a
burst of inflammatory activity followed by a period of quiescence [56].

Simian Virus 40 and Mesothelioma

A voluminous literature has grown rapidly on the detection of simian virus
40 (SV40) DNA in up to 60% of human mesotheliomas (see Chapter 2).
These reports followed an initial observation that SV40 induces mesothe-
lioma in experimental animals when injected into the pleural cavity [57].
For humans, early poliomyelitis vaccines contaminated with SV40 were a
potential source for the SV40 DNA. However, the evidence in favor of
SV40 as a cofactor for mesothelioma induction is still inconclusive, and a
recent position statement from the British Thoracic Society evaluated the
evidence for this relation as “weak” [58].

Familial Factors

The clustering of mesothelioma within families has been reported in several
articles, which has suggested a genetic susceptibility to the tumor [59]. Some
have occurred in the apparent absence of asbestos exposure, whereas others
have also been associated with asbestos exposure. However, the genetic and
biologic differences between asbestos-related and non-asbestos-related
tumors are unclear [60]. A recent report described a family of three sisters
who developed mesothelioma in association with environmental-residential
exposure to asbestos;in two of the cases,comparative genomic hybridization
showed a loss only at 9p; and it was suggested that this region might be a site
of one or more oncosuppressor genes, which might be related to increased
genetic susceptibility to the carcinogenetic effects of asbestos [61].
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2
Molecular Biology

The 20- to 40-year latency for the development of mesothelioma suggests
that multiple genetic alterations are required for tumorigenic conversion of
a normal to a malignant mesothelial cell. Although the lung fiber burden
depends on the particular fiber type and the extent of exposure [1], the
biopersistence of the more carcinogenic amphibole fibers is significantly
higher than that of the serpentine-type fibers, as shown by rat lung inhala-
tion studies [2, 3]. The long latency from the time of initial asbestos expo-
sure to diagnosis [4] and the early recognition of recurrent chromosomal
abnormalities in malignant mesothelioma provide early support for multi-
ple clonal chromosomal abnormalities and multistep carcinogenesis in the
development of mesothelioma. This chapter reviews the mechanisms of
asbestos-induced oncogenesis, the abnormal expression of oncogenes and
growth factors induced by fibers, the chromosomal damage induced by
asbestos and observed in malignant mesothelioma including chromosomal
deletion and chromosomal polysomy, both reflecting genomic instability,
and the role of well identified tumor suppressor genes such as p/6™** p53,
and NF?2 and of two mechanisms of inactivation of tumor suppressor genes,
MDM2 and SV40, in malignant mesothelioma.

Mechanisms of Asbestos-induced Oncogenesis

There are presently several indications that asbestos may act directly at a
mitotic level and indirectly via induction of reactive oxygen and nitrogen
species and growth factors. Experimental evidence shows asbestos in
tissue culture can interfere with normal chromosomal segregation (mis-
segregation of chromosomes) by interacting with the mitotic apparatus,
leading to aneuploidy [5]. In vitro experiments have also shown that human
mesothelial cells acquire extensive numerical and structural chromosomal
abnormalities shortly after exposure to a low concentration of asbestos
fibers [6]. Some of the most frequent numerical changes observed in vitro
are identical to those commonly reported in malignant mesothelioma. These
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changes induce loss of one copy of chromosome 22, which is strongly associ-
ated in human malignant mesothelioma with a mutation of the resting allele.

Molecular Targets of Asbestos-induced Reactive Oxygen
and Nitrogen Species

The molecular targets of asbestos and its second messengers, reactive
oxygen species (ROS) and reactive nitrogen species (RNS), include critical
biologic macromolecules such as lipid membranes, DNA, and signal trans-
duction proteins. Iron compounds linked to asbestos are involved in lipid
peroxidation, which modifies membrane structure and function [7, §].
Asbestos also causes cellular toxicity by damaging DNA in cell-free systems
in both pulmonary epithelial cells and pleural mesothelial cells: It causes
altered DNA bases, DNA single-strand breaks [8], chromosomal alter-
ations, and sister chromatid exchanges. DNA basepair alterations are prob-
ably caused by iron derived hydroxyl radicals (OH") [9]. Asbestos fibers,
unlike nonfibrogenic particules, induce apoptosis in normal mesothelial
cells. However, mesothelioma cell lines are highly resistant to asbestos or
OH-induced apoptosis. The resistance to apoptosis in malignant mesothe-
lioma compared to that of normal mesothelial cells is still unclear. It is
not linked to disruption of the Bcl2 and bax equilibrium [10], which can
modulate the susceptibility of cells to apoptosis. In the absence of Bcl2
expression, increased activity of antioxidant defenses essentially due to
manganese superoxide dismutase [11] and catalase may account for the
resistance of malignant mesothelial cells to oxidant-induced apoptosis.

Reactive oxygen species and asbestos-induced DNA damage stimulate a
signal transduction cascade. Asbestos can activate MAP-kinase signaling
pathways through the epithelial growth factor (EGF) receptor. Several of
the transcription factors induced in this pathway, such as NFxB, AP1 (C-
fos, C-Jun), and C-myc, are found highly expressed in mesothelioma. Most
of these cytokines, growth factors, adhesion molecules, nitrogen oxygen
species (NOS), and C-myc are regulated by NFxB transcription factor.
AP1 transcription factors (C-fos and C-Jun) participate in inflammation
and fibrotic and proliferative responses to fibers. ROS induces early genes
C-fos and C-myc. How the balance between apoptosis and proliferation
is skewed toward proliferation and the loss of apoptosis in malignant
mesothelioma is still unclear. Further investigations are necessary to deter-
mine the factors regulating the balance between ROS and asbestos-induced
DNA damage that stimulates proliferation signals and mutagenesis in con-
trast to those triggering cell death in normal mesothelial cells.

Abnormal Expression of Oncogenes and Growth Factors

Autocrine activity for platelet-derived growth factor (PDGF), transform-
ing growth factor- (TGFB1 and TGFpB2) and EGF has been detected in
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conditioned media of mesothelioma cell lines [12]. Overexpression of
PDGF protein and PDGF receptors has been reported, suggesting an
autocrine loop of growth in mesothelioma [13, 14]. Results are, however,
conflicting at the moment. Although normal mesothelial cells express
both o and B receptors of PDGF A and B chains, mesotheliomas often
produce PDGF A-chain and B-chain and a-receptors but not B-receptors.
It is thought that PDGF A-chain maintains an autocrine loop of growth
through the o-receptor. Antisense oligonucleotides against PDGF A-
chain inhibit growth of some mesothelioma cell lines, whereas antisense
oligonucleotides against PDGF B-chain do not. Other growth factors
and cytokines are produced at high levels in mesothelioma cells, such as
TGF-a, insulin-derived growth factor-1 (IGF-1), interleukin-lo. (IL-1ct),
IL-1B, granulocyte and granulocyte/macrophage colony-stimulating
factors (G-CSF, GM-CSF), monocyte chemotactic protein (MCP-1), leuko-
cyte inhibiting factor (LIF), tumor necrosis factor-oo (TNFo), IL-6, and
IL-8 [15-16].

Cytogenetic Abnormalities in Malignant Mesothelioma

Karyotypic analysis has shown that malignant mesotheliomas display
multiple clonal chromosomal abnormalities [17-19]. Most mesotheliomas
display more than 10 clonal chromosomal abnormalities [19]. Specific dele-
tion of chromosomal sites involves the short arm (p) of chromosomes 1, 3,
and 9 and the long arm (q) of chromosome 6. The most frequent genetic
change is the loss of one entire copy of chromosome 22. These are the “hot
spots” of chromosomal deletion sites. In addition, malignant mesothelioma
includes nonrandom cytogenic alterations on chromosomes 4, 6, 14, 15, 18,
and 19 and trisomies and polysomies of chromosomes 1, 5,7, 11, 12, and 20.
Most of these cytogenetic abnormalities are found in combination in any
given malignant mesothelioma, all of them being present in about 25% of
malignant mesotheliomas [20]. This pattern is consistent with a multistep
pathogenetic process.

Comparative genomic hybridization (CGH analysis), which is based on
measuring DNA chromosomal imbalance, has shown that malignant
mesothelioma exhibits multiple genomic imbalances [21]. Data from CGH
are consistent with those provided earlier by karyotypic analysis, which
have shown the underrepresentation of chromosome 22q in 50% of cases,
loss of material at chromosomes 1p, 6q, and 9p in 40% of cases each, and
loss of 3p in one-third of cases. In addition, about 50% of cases show losses
at 15q11.1-q21, 42% at 14q24.2-qter, and 42% at 13q12—ql4.

Statistically significant correlations have been found between a high
content of asbestos fibers in lung tissue from mesothelioma patients and
partial or total losses of chromosomes 1 and 4 as well as a breakpoint at
locus 1p11-p22 (p =0.0001, p = 0.003, and p = 0.009, respectively). This con-
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firms the direct role of the asbestos burden in mesothelial mutagenesis. In
addition, an increased copy number of chromosome 7, reflecting genetic
instability, is inversely correlated with survival (p = 0.02) [22].

Loss of heterozygosity (LOH) analysis has allowed specific localization
of tumor suppressor genes. At chromosome 1p the shortest regions of
overlap of losses examined pointed to 1p21-22 representing a 4cM
segment currently undergoing testing for potential tumor suppressor
gene mapping. Allelic loss of 1p21-22 occurs in more than 70% of
mesotheliomas [23].

The most frequent allelic deletion on chromosome 3p occurs at 3p21.3
(70%), which is also a site of frequent allelic deletion in lung carcinoma.
Several candidate suppressor genes are being sought in this region, includ-
ing semaphorins 3F and 3A, B-catenin, and RAS SF1.

Deletions at multiple sites on chromosome 4 are frequent in malignant
mesothelioma [24]. Both cytogenetic and CGH studies have suggested that
chromosome 4 deletions are involved in the pathogenesis of malignant
mesothelioma. LOH studies using polymorphic probes at this region
indicated that region 1 (4q33-34), region 2 (4q25-26), and region 4
(4p15.1-15.3) are sites of frequent losses (80%,60%, and 50%, respectively)
in malignant mesothelioma, which suggests that at least three candidate
tumor suppressor genes should be sought in these regions.

Allelic loss at 6q occurs in 61% of malignant mesotheliomas [25]. Dele-
tion mapping identified four specific regions—6ql4-q21, 6q16.6—q21,
6q21-q23.2, and 6q25—which are also found in other malignancies, includ-
ing breast cancer, ovarian cancer, and non-Hodgkin’s lymphoma. Microcell-
mediated chromosome transfer using three 6q regions (6q14-21, 6q21-23,
6q26-27) have independently caused reversion of tumor phenotypes in
ovarian and breast cancer [26-28]. Active search for tumor suppressor
genes in these regions is under way.

Fifty percent loss of chromosome 15q11.1 21 was detected by CGH
analysis [21]. The minimum region of overlap of chromosomal loss in
mesotheliomas is 15q11.1-15. Interestingly, RADS51 located at 15q15.1 is
potentially a relevant gene acting as a tumor suppressor gene. The RADS51
product participates in the repair of double-strand DNA breaks in chro-
mosomal dysjunction, and mutation of the mouse RADS51 has been associ-
ated with severe chromosomal loss in actively dividing cells [29]. The
13q12-14 site of recurrent loss in mesothelioma (42%) is the location of the
BRCAZ2 gene, whose product is an essential cofactor of RAD51-dependent
DNA repair of double-strand breaks [30].

Chromosome 9p21 is a region homozygously deleted in 85% of malig-
nant mesothelioma cell lines and 22% of primary malignant mesotheliomas
[31]. P16™*A but not P15™**® is deleted [32]. The shortest region of overlap
of this homozygous deletion is a 1-megabase segment situated distal to
the interferon gene cluster that contains two tumor suppressor genes:
pl6/CDKN2 and pI4*®F (discussed below).
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The most frequently overrepresented chromosome arm is 5p [21], which
encodes SKP2 (5p13), a protein involved in control of the cell cycle.

Tumor Suppressor Gene Inactivation in Mesothelioma

Tumor suppressor gene protein products are involved in the negative
control of cell proliferation and in positive control of apoptosis. Tumor sup-
pressor gene expression in tumors is altered by inactivating point mutations,
aberrant expressions, epigenetic silencing most often caused by methyla-
tion of their 5" end and gene rearrangements, monoallelic or complete gene
loss (homozygous deletion), and combinations of these factors. All of the
cytogenetic abnormalities and deletion sites are likely to be involved in
inactivation of tumor suppressor genes in mesothelial tumorigenesis.
However, current knowledge confirms a pathogenetic role only for the fol-
lowing tumor suppressor genes in malignant mesothelioma: CDK-inhibitors
pl6™*4 p53, and NF2.

P16™* an encoded protein at the smallest region of overlap of 9p21 dele-
tion, is an inhibitor of the cyclin-dependent kinases 4 and 6, and inhibits the
catalytic activity of these kinases, which drive Rb phosphorylation. Thus,
P16™** allows Rb to be maintained in an underphosphorylated state, per-
mitting G, arrest in binding the transcription factor E2F. Inactivation of P16
in tumors rivals inactivation of P53 as a significant step in carcinogenesis.
The most frequent modes of inactivation of P16 are homozygous deletion
and methylation, whereas P16 missense mutations are rare. Due to the high
frequency of 9p21 homozygous deletion in mesothelioma cell lines, p16™**
has been proposed as a putative tumor suppressor gene in malignant
mesothelioma. Although p16™** gene is homozygously deleted in 85% of
cell lines, it was homozygously deleted in only 22% of tumor specimens [31,
32]. The p16 mutations were identified in 2 of 39 mesothelioma cell lines
but in no primary tumors. Although genetically normal cells may hinder the
ability to detect homozygous deletion, it has been demonstrated that tran-
scriptional repression and silencing of tumor suppressor genes by hyper-
methylation of their promoter is frequent in various cancers including lung
cancer [33]. In one series, pl6 was inactivated, with loss of protein expres-
sion demonstrated by immunohistochemistry, in most cases of malignant
mesothelioma (tumor and cell lines) [34]. This allows the conclusion that
homozygous deletion and methylation of p16, occurs in malignant mesothe-
lioma in vivo and in vitro.

The pI6™** 9p21 locus is also the location of another tumor suppressor
gene pl4*RF the transcription of which starts from a different exon 1B
(alternative reading frame, or ARF) and shares with p/6™** exons 2 and
3. Both genes induce G, arrest when transfected. P14*%" is an essential
upstream element for P53 activation in response to aberrant oncogene acti-
vation (ras, E2F1, loss of Rb, myc), whereas P16™“acts on the Rb pathway.
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Homozygous loss of both P16 and P14**F would collectively affect both Rb-
and P53-dependent growth regulatory pathways and especially evasion of
G, arrest. Activation of P53 secondary to DNA damage (induced by
asbestos fibers) requires P14*%F, suggesting that both P16™**and P14**F are
the critical targets of 9p21 deletion. P16™** inactivation correlates with
retention of Rb tumor suppressor gene activity in mesothelioma [34-36], as
seen in human lung tumors [37, 38].

pS3 Alterations in Malignant Mesothelioma

The p53 gene maps at chromosome 17p13 [39], where loss of heterozygosity
is rare in human mesotheliomas, in contrast with the high frequency of
rearrangement (76%) in murine mesothelioma [40]. Despite a low inci-
dence of LOH at the p53 17p13 location, P53 stabilization detected by
immunohistochemistry, reflecting p53 dysfunction, was found in 25% to
70% of malignant mesotheliomas [41-43]. Because P53 stabilization and
immunodetection often reflect p53 missense mutations, an active search for
p53 mutations in malignant mesothelioma was performed; mutations were
rarely found, even in cases of P53 overexpression [44, 45] or in experimen-
tal animal models of mesothelioma [46]. Overexpression of P53 in malig-
nant mesothelioma in the absence of mutation suggested the existence of
a protein partner that may associate with P53 to stabilize it. MDM2 was
evoked because overexpression of MDM?2 has been found in one-third of
malignant mesotheliomas [43, 47]. Recent results indicate that an increased
level of MDM2, a 90-kDa protein, binds P53 and reduces its half-time for
inducing proteasome-mediated ubiquitination of P53. This probably
explains why there was no relation in various studies between overexpres-
sion of MDM?2 and the level of stabilization or overexpression of P53
protein. MDM2 overexpression occurred in about one-third of mesothe-
lioma cell lines compared to that in normal human bronchial epithelial cells
and normal fibroblasts. This indicates that in these cases overexpression of
MDM?2 inactivates P53 tumor suppressor activity. MDM2 interferes not
only with P53 tumor suppressor activity, but when binding E2F1 it inacti-
vates Rb-dependent G, arrest [48,49]. Exposure of normal human mesothe-
lial cells or mesothelial lines expressing wild-type P53 to ionizing radiation
induced nuclear accumulation of P53 and its target gene p21™", indicating
that the P53 protein detected by immunohistochemical staining was respon-
sive to DNA damage and was transcriptionally active at least partly in most
mesothelial cells. The variation observed in MDM?2 gene expression was not
considered biologically significant overexpression, being at most five times
more than that of normal cells. In conclusion, MDM2 protein is probably
not a major factor in the etiology of malignant mesothelioma. Another
means of P53 inactivation could be the occurrence of the expression of
SV40 large Tag, as SV40-infected cells expressed high levels of wild-type
P53 protein.
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Simian Virus 40, a Large T Antigen in Human
Mesothelioma: Its Role in Tumor Suppressor
Gene Activation

Studies of DNA tumor viruses, such as simian virus 40 (SV40), have shown
that virally encoded large T antigen (Tag) of SV40 promotes transforma-
tion of cultured human and rodent cells and induces tumors when expressed
as a transgene in mice. This virus causes mesothelioma when injected into
the pleural space of hamsters [50]. The complex of Tag with two important
tumor suppressor genes p53 and Rb, and with other members of the Rb
pocket (P105, P107, PRb2/P130) disrupts normal cell cycle control and pre-
sumably antagonizes P53-induced apoptosis. SV40-like DNA sequences
were found initially in 60% of mesotheliomas, along with the demonstra-
tion of simian virus large T antigen in most. The matching lung samples did
not contain SV40-like sequences [51]. This first study suggested that SV40-
like virus may act independently or as a co-carcinogen with asbestos (by
the polymerase chain reaction, or PCR).

Recently, PCR has also permitted detection of SV40-like DNA sequences
in other human tumors including osteosarcomas, ependymomas, and
gliomas, raising the possibility that SV40 or related viruses are involved in
their etiology. Some studies have provided conflicting information about
the role of SV40-like sequences in malignant mesothelioma [44, 52, 53], and
one series reported no SV40 Tag in 17 mesothelioma samples [54]. In
summary, investigations for SV40-like DNA sequences and immunohisto-
chemistry for small or large Tag have shown 52% to 90% of patients with
a mesothelioma from the United States, Italy, and Germany to be SV40-
positive [55]. Investigators from the United Kingdom provided evidence for
the association of SV40 with human mesothelioma in the British popula-
tion and postulated that SV40 could have contaminated polio vaccines
given between 1959 and 1961, stressing the need for research on SV40 DNA
in mesotheliomas diagnosed before this date [56]. Confirmation is awaited.

It has been postulated that SV40 might bind and inactivate wild-type P53
in mesothelioma [57], interfering with DNA repair, apoptotic, and growth
inhibitory functions and might in this way contribute to the development
of mesothelioma. Another result came from a French study [52] that con-
firmed the presence of SV40-like DNA sequences by PCR in 47.6% of
mesotheliomas and in 16% of nonneoplastic pleural and pulmonary dis-
eases. This raises the possibility that SV40-like sequences may not be
related to mesothelioma. In addition, immunohistochemistry using anti-Tag
antigen did not demonstrate nuclear staining.

Finally, multiinstitutional studies recently reported the results of DNA
protein analysis, SV40 sequences, and SV40 large T antigen expression in
83% of a small number of mesotheliomas (12 cases), and the presence in
some patients of both SV40 and asbestos. The authors concluded that these
two carcinogens might interact in mesothelioma oncogenesis [58]. The
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ability of adenovirus vectors expressing antisense to SV40 to induce growth
arrest and apoptosis in T antigen-positive human pleural mesothelioma
cells was reported in SV40-transformed, T antigen-positive mesothelial cell
lines deficient for P16™** as well as P14*R" expression (COS-7 cells) [59].
Loss of T/t antigen expression was coincident with p21 up-regulation, sug-
gesting that antisense to SV40 allowed restoration of P53-mediated path-
ways and P53-dependent apoptosis. The suggestion that SV40 oncoprotein
contributes to the development of pleural mesothelioma offers a basis for
interventions to abrogate their expression with the aim of inducing malig-
nant mesothelioma cell apoptosis. Human mesothelioma cells seem to be
unusually susceptible to SV40-mediated transformation and asbestos com-
plemented their transformation [60]. The debate on SV40 relevance in
mesothelioma carcinogenesis is not resolved. Although it has been demon-
strated that SV40 large T antigen interferes with normal expression of the
two “in vitro translated” tumor suppressor genes p53 and Rb in human
mesothelioma, it has not been proven that SV40 Tag can inactivate p53 and
RD family gene products in vivo.

NF2 Inactivation

NF2 tumor suppressor gene (autosomal dominant gene) resides on chro-
mosome 22, which is frequently altered in mesotheliomas. NF2 gene
encodes a 595-amino-acid protein called schwannomin or merlin (moesin-
ezrin-radixin-like protein), a highly conserved family of proteins that
connect the cytoskeleton to the plasma membrane. Mutations of NF2 gene
were detected in multiple tumor types related to neurofibromatosis (NF2
disorder) but also in NF2-unrelated tumors such as melanoma and breast
carcinoma. Merlin inactivation is involved in one-half of sporadic vestibu-
lar schwannomas and meningiomas and in malignant mesotheliomas. Lung
cancer, particularly small-cell lung carcinoma, showed a high frequency of
loss of chromosome 22, NF2 mutations were specifically found in mesothe-
liomas (41%) but not in lung cancers [61]. All mutations resulted in a
carboxy-terminal truncated and presumably inactive protein (in-frame
deletions or premature stop codon). This is consistent with previous evi-
dence that all mutations observed in sporadic cancers, melanomas, breast
cancers, meningiomas, and schwannomas were of this type. The absence of
merlin in some meningiomas and schwannomas occurs without gene muta-
tion but is caused by abnormal ubiquitination of the protein at the post-
transcriptional level. The fact that 22q allele loss is not followed by mutation
in resting alleles in lung cancers does not exclude the role of merlin in
carcinogenesis.

The predominance of the NF2 mutation in cases with NF2 allelic loss
confirms the classic Knudson “two-hit” model of tumor suppressor gene
inactivation in the pathogenesis of malignant mesothelioma. Studies [62, 63]
have confirmed the frequent mutation of NF2 in malignant mesothelioma
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cell lines. mRNA alterations, not confirmed at the DNA level, suggesting
aberrant splicing may constitute an additional mechanism for NF2 inacti-
vation in malignant mesothelioma. When Western blot analysis was per-
formed to reveal nf2 protein using polyclonal antibody specific for the
C-terminal region, all the cases exhibiting alteration in the NF2 genes had
no detectable nf2 protein in contrast to 11 malignant mesothelioma cell
lines without the NF2 mutation, where nf2 protein was readily detectable.
Seventy-two percent of the cases with loss of NF2 expression were found
to have a 22q12 allelic loss, suggesting that inactivation of the NF2 gene in
malignant mesosthelioma occurs via the “two-hit” classic Knudson mecha-
nism. When several cell lines were examined [63], it was found that the NF2
gene silencing was restricted to a subset of mesothelioma cell lines. This
NF2 mutation is now considered a progression rather than an initiating
event in mesotheliomas. There is no clear evidence at the moment for the
function of NF2 in normal cells and the role and timing of its alteration in
oncogenesis, as cell lines were studied more often than primary tumors.
Tikoo et al. [64] reported that transfection of NF2 suppressed the malig-
nant phenotype of v-Ha-ras-transformed NIH/3T3 cells, suggesting that an
antitumor function of NF2 is involved in the ras signal transduction
pathway. Although ras mutation does not occur in malignant mesothe-
liomas [46], genetic inhibition might be a means for ras pathway alteration.
The overall frequency of NF2 monoallelic loss is significantly more frequent
than NF2 mutation, giving support for a second supressor gene in the 20q
chromosomal region that may contribute to the development of a subset of
mesotheliomas lacking NF2 alterations.

Wilms’ Tumor-1 Susceptibility Gene

Wilms’ tumor gene (WT1) encodes a transcription factor with four DNA-
binding zinc fingers at the C-terminus and a transactivation domain at the
N-terminus. In transfection assays, WT1 represses transcription from pro-
moters of several early growth response genes including IGF-1 receptor
(IGF-1R),and EGF receptor (EGF-R) [65]. WT1-dependent transcriptional
regulation depends on wild-type p53,in the absence of which W71 could act
as a potential repressor of growth factor receptor genes. A link between
WTI and p53 and the level of expression of these growth factor genes has
been sought in malignant mesotheliomas [66]. However, although WT1 is
expressed in almost all mesotheliomas, in most reactive mesothelial cells and
early mesotheliomas with extensive pleural surface growth there was no cor-
relation between WT1 immunostaining and EGF receptors or IGF-1 recep-
tor, and no significant molecular correlation with p53 expression status in
these mesothelial proliferations [67]. WTT has not been found to be mutant,
except in one exceptional case. It is regarded as the signature of a differen-
tiation state because it is more commonly expressed in epithelial than
sarcomatous mesothelioma. WT1, which is normally expressed during the



20 Pathology of Malignant Mesothelioma

development of mesodermal tissues, could be specifically expressed in those
tissues undergoing mesenchymal-epithelial transition [68]. At the present,
WTI cannot be considered a tumor suppressor gene in mesothelioma cells.

Conclusions

Mesothelioma is most often an asbestos-induced disease. Asbestos is
responsible for up-regulation of a number of growth factors and cytokine
activation as well as chromosomal aberrations in genes regulating the ini-
tiation of cell division. The p53 and Rb pathways are almost constantly dis-
rupted in mesotheliomas owing to frequent p/6 inactivation disrupting the
Rb-dependent G, checkpoint. Although p53 is present in its wild-type state,
complexing of P53 with SV40 Tag or with MDM2 is likely to inactivate p53
at the protein level, reducing the selection pressure for p53 inactivation at
the genetic level. Tag might be required during the initiation of tumor
development to mediate p53 inactivation, which promotes rapid acquisition
of further oncogenic genetic alterations. Inactivation of p53 by Tag or
MDM?2 in mesothelial cells that suffer asbestos-induced chromosomal
damage may allow them to escape p53-dependent apoptosis, which may
favor oncogenic mutations. However, the ability of Tag and MDM?2 to form
complexes with “endogenous p53 and pRb protein” and to block cell cycle
control and apoptosis in mesothelioma cells in vivo must be demonstrated.
NF2 inactivation is an important stage of mesothelioma oncogenesis prob-
ably affecting the ras pathway. W71 has not been clearly implicated in
mesothelioma oncogenesis and is mainly considered a marker of mesothe-
lioma cell differentiation.
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Serosal Anatomy and Anatomic
Distribution of Mesothelioma

The celomic cavity develops early during embryogenesis and is divided by
various partitioning membranes into the pleural, pericardial, and peritoneal
cavities. The body cavities, lined by tissue referred to as serosa, have a vis-
ceral and a parietal layer. The serosal tissue is composed of a layer of epithe-
lioid mesothelial cells, which in the resting state are usually relatively thin,
though are occasionally elongated and appear like squamous epithelial cells
(Figure 3.1A). Ultrastructurally, they show characteristic long, slender
microvilli (Figure 3.2). They are separated by a basal lamina from the under-
lying stromal tissue (Figure 3.1B), which is composed of elastic fibers, col-
lagen, and deeper spindle cells that have been referred to as multipotential
subserosal cells. Mesotheliomas develop from cells forming the serosal
tissue [1, 2].

In the normal resting state, the serosal membranes are thin and almost
transparent. The visceral pleura measures approximately 0.1 to 0.3 um thick.
The parietal pleura is separated from the chest wall skeletal muscle by fibro-
fatty tissue (Figure 3.3) and is approximately 0.2 to 0.4 mm thick.

Serosal tissue is one of the most reactive tissues in the body. With the
least degree of injury or irritation, epithelioid mesothelial cells, which in the
resting state are often squamoid in appearance, become cuboidal, increase
in number, and exhibit enlarged nuclei. As discussed below, reactive
mesothelial proliferation can be extremely difficult to differentiate from
reactive neoplastic mesothelial cells [3, 4]. Multipotential subserosal cells,
which may also exhibit reactive proliferation, have histologic, immunobhis-
tochemical, and ultrastructural features of myofibroblasts (Figure 3.4).
Immunohistochemically, the normal and reactive epithelioid mesothelial
cells express keratins 5 through 8 and 14 through 18 [5]. Reactive multipo-
tential subserosal cells characteristically express keratin, actin, and vimentin
(Figure 3.5).
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Ficure 3.1. A. Normal visceral pleura is composed of a layer of flattened mesothe-
lial cells and underlying spindle-shaped stromal cells admixed with elastic tissue and
collagen. The visceral pleura is approximately 0.1 to 0.3 um thick. B. Immunohisto-
chemical staining of type I'V collagen.



Ficure 3.2. Ultrastructurally, reactive mesothelial cells typically have long, thin,
sinuous microvilli and large nuclei. There are frequent spaces between the adjacent
mesothelial cells into which microvilli project.

FIGURE 3.3. Parietal pleura is composed of a layer of mesothelial cells and under-
lying stroma composed of spindle cells, collagen, and elastic tissue. Fibrofatty tissue
separates the parietal pleura from the chest wall skeletal muscle. The parietal pleura
is approximately 0.2 to 0.4 um thick.



Ficure 3.4. Spindle stromal cells of serosal membranes lining body cavities are
extremely reactive.

FiGure 3.5. Reactive serosal membrane stromal cells are expressing cytokeratin
underneath a layer of reactive mesothelial cells, which show strong cytokeratin
staining. Ultrastructurally, reactive serosal membrane stromal cells have the features
of myofibroblasts.
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Anatomic Distribution of Mesothelioma

From the Mesopath registry of data for men, more than 90% of mesothe-
liomas affect the pleural cavities, 6% are peritoneal, and less than 1% affect
the pericardium or the tunica vaginalis testis. These figures may be differ-
ent in other registries. The greater frequency of pleural mesotheliomas in
comparison to those in the peritoneum appears to correlate with gender
differences regarding the frequency of occupational exposure to asbestos:
A smaller proportion of mesotheliomas arise in the pleura in women; and
in fact, in one study of Swedish insulation workers, all seven mesotheliomas
arose in the peritoneum. Apart from a few cohorts, primary asbestos-
induced mesothelioma affects the pleura more often than the peritoneum,
in a ratio from 3:1 to 11:1 or more. For men in Australia, 94% of these
lesions are pleural mesotheliomas versus 5% located in the peritoneal
cavity; for women, the corresponding figures are about 86% and 14%,
respectively [6]. The same high ratio of pleural to peritoneal tumors is
encountered in the United States [7]. This ratio also varies with industry. In
general, the proportion of peritoneal mesotheliomas increases as exposure
to commercial amphiboles increases, so the highest proportion of mesothe-
liomas have been reported in laggers and asbestos manufacturing workers
[8, 9]. The incidence of asbestosis is higher among those with peritoneal
lesions than in those with pleural tumors [9].

One might expect mesotheliomas unrelated to asbestos to occur with
about equal frequency in the pleura and peritoneum. Possible explanations
for the higher proportion of peritoneal mesotheliomas in some series and
in women include the following: (1) the high proportion of pleural mesothe-
liomas in men is attributable to past occupational exposure to asbestos, with
deposition and translocation of asbestos fibers to a site in anatomic prox-
imity, so asbestos appears to skew the proportional distribution of mesothe-
lioma toward the pleura compared to other sites that involve a more
circuitous route for translocation of fibers; (2) a high proportion of peri-
toneal tumors in some series may be a consequence of patterns of referral
for cases that constitute problems in diagnosis because the diagnosis of peri-
toneal mesothelioma is, in general, more difficult than for pleural mesothe-
liomas; (3) there may be genuine biologic differences in the inhaled dose,
deposition, or transport of different asbestos fiber types in some groups of
workers; (4) the exposure response relations for mesothelioma and asbesto-
sis are nonlinear, with the risk of pleural mesothelioma increasing relatively
more steeply at low exposures but less steeply at high exposures; thus when
an occupation results in relatively low exposure the risk of pleural mesothe-
lioma is increased but without any effect on peritoneal mesothelioma,
whereas at high exposure the risk of both increases, but peritoneal mesothe-
liomas increase disproportionately [9]. The latter would explain the higher
asbestos lung fiber burdens observed in the lungs of patients with peritoneal
lesions compared to those with pleural lesions [10].
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Clinical Aspects of Mesothelioma

The most common presenting symptoms of malignant pleural mesothe-
liomas (MPMs) are dyspnea and chest wall pain [1]. They may be associ-
ated with constitutional symptoms as well, especially weight loss, malaise,
and sometimes night sweats. Additional clinical features include chills,
sweats, weakness, fatigue, fever, and anorexia [2].

The frequencies of each symptom, which have been derived from a recent
study of 219 patients, are summarized in Table 4.1. Spontaneous pneu-
mothorax is an unusual presenting finding of mesothelioma, with only a few
patients presenting this way in most studies [2-9]. Among the 219 patients,
23 had mass lesions, segmental or lobar pulmonary collapse radiologically,
or both. Two patients with mediastinal invasion had signs consistent with
their disease, namely hoarseness (recurrent laryngeal nerve palsy) and
facial swelling (superior vena caval obstruction). Less common features
were hoarseness, myalgias, aphonia, dysphagia, abdominal distension,
nausea, and a bad taste in the mouth [9].

Clinical Behavior

Irrespective of the histologic type, most patients die within 1 year of pres-
entation. Rarely, patients survive up to 3 years [10], and even more rarely
survival may exceed 10 years after histologic diagnosis. Young age, low
stage, female sex under age 50, and good performance status are favor-
able prognostic factors [7, 10-23]. Chest pain as a presenting symptom
may be associated with a shorter survival [15-17]. Dyspnea at presenta-
tion is also a poor prognostic factor [7, 16, 17]. In one study [18] there
was a survival advantage for patients with dyspnea alone, without chest
pain. Ruffie et al. [7] and Herndon et al. [17] also demonstrated that weight
loss was associated with a poorer prognosis. There was a trend toward
pain being more frequently associated with the sarcomatoid subtype.
The presence of clinically apparent metastatic disease at presentation
was also significantly more common in the sarcomatoid subtype.
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TABLE 4.1. Summary of less common presenting symp-
toms in patients subsequently diagnosed as having MPM.

Clinical presentation No. of patients®
Pneumothorax” 8 (3.6%)
Metastatic disease 7 (32%)
Incidental/radiologic* 4 (1.8%)
Empyema*’ 4 (1.8%)
Other respiratory symptoms® 3(1.4%)
Chest wall disease 3(1.4%)
Mediastinal disease’ 2 (0.9%)
“Acute abdomen™® 2 (0.9%)
Anemia 2 (0.9%)
Diabetic complications 1(0.5%)
Total 36 (16.4%)

MPM, malignant pleural mesothelioma.

*Percent expressed in relation to the total number of patients
(n=219).

® Another three patients developed pneumothorax during the
illness.

“Pleural disease was noted on the chest radiograph obtained
for unrelated reasons.

dTemperature, malaise, and signs of pleural thickening follow-
ing a chest infection.

¢Cough (n=2) and hemoptysis (n =1) were seen in the absence
of any other respiratory symptoms.

"Recurrent laryngeal nerve palsy (n = 1) and superior vena
caval obstruction (n = 1) were present.

¢ Patients presented to general surgeons with abdominal and
chest signs.

Table 4.2 lists studies that examined survival in relation to presenting
symptoms.

Few studies have investigated the association of prognosis with histologic
subtype [7, 10, 15, 17, 19-26]. The epithelioid subtype appears to be associ-
ated with a longer survival after diagnosis than the biphasic or sarcomatoid
subtype.

Radiology

Frequent presenting radiologic findings include pleural thickening, effu-
sion, and pleural masses. A rare presentation is with miliary pulmonary
parenchymal involvement, resembling tuberculosis [11]. Other asbestos-
related abnormalities may be present, such as pleural plaques, which were
identified in 70% of patients in one series [12], and asbestosis. Rarely, a
coexistent primary pulmonary carcinoma may be seen [13]. Pulmonary
emphysema is common, as these patients often smoke.
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TABLE 4.2. Summary of studies that have evaluated the influence of presenting
symptoms on survival of MPM patients.

Study Year No.in Pain (%) SOB (%) Weight Survival
study loss (%) analysis®
Alberts [20] 1988 262 58 74 2.6 NS
Antman [15] 1988 136 48 60 15 Pain: p < 0.001°
Calavrezos [16] 1988 132 72 88 — Pain: p = 0.003
SOB: p =0.03
Hulks [18] 1989 68 47 67 23 Pain vs. SOB:
p <001
Ruffie [7] 1989 332 33¢ 28¢ — Pain: NS
SOB: p = 0.001
Weight: p = 0.001
Tammilehto [22] 1992 98¢ 47 46 — NS
Manzini [24] 1993 80 51 65 23 NS
Fusco [23] 1993 113 55 65 14 NS
Yates [21] 1997 272 38° 33¢ — NS
() -)
Herndon [17] 1998 257" 60 70 41 Pain: p < 0.001

(n=219) (n=216) (n=212) SOB:p=0.03
Weight: p = 0.004
Current study 2003 219 42 55 9 NS

NS, not statistically significant at the 5% level.

*Log-rank statistic unless otherwise specified.

" Cox regression.

¢ Another 29% of patients had both symptoms.

4Includes five peritoneal cases.

¢Stratification includes the presence (+) or absence (—) of effusion.
'Symptoms were not recorded for all cases.

Computed tomography (CT) is more sensitive than plain chest radi-
ographs for detecting pulmonary fibrosis as well as for determining the
extent of the pleural abnormalities and involvement of adjacent structures
[14] (Figures 4.1 and 4.2).

Laboratory Findings

The pleural aspirate is an exudate, and the glucose and pH may be reduced.
The fluid in epithelioid mesotheliomas may be viscid owing to large
amounts of hyaluronic acid (Figure 4.3). Hematologic abnormalities include
increased erythrocyte sedimentation rate, fibrinogen, and platelets.



FiGure 4.1. Computed tomography of the thorax from a patient showing diffuse,
irregular thickening of a malignant diffuse mesothelioma with retraction of the
hemithorax.

FiGure 4.2. Computed tomography of the thorax from a patient presenting a diffuse
malignant mesothelioma with pleural effusion.
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Figure 4.3. In epithelioid mesotheliomas the fluid may be viscid owing to large
amounts of hyaluronic acid.

Peritoneal Mesothelioma

Peritoneal mesotheliomas are rarer than the pleural variety and 32% of
cases are associated with asbestosis [27]; in fact, 85% of these patients give
a history of asbestos exposure. Most patients are male, the average age
being 44.7 years (range 18 to 49 years) [28]. The presenting symptoms are
often vague and consist of abdominal pain and gastrointestinal distur-
bances, including dysphagia. In one recent report, four cases presented as
localized acute inflammatory lesions, acute appendicitis, acute cholecystitis,
and an incarcerated umbilical hernia, respectively [29]. The diagnosis was
only made on histology. Ascites and palpable masses may develop owing to
diffuse peritoneal involvement and weight loss [28]. Invasion of surround-
ing viscera and metastases were common. Rarely, mesotheliomas present
as ovarian masses (see below) [30]. CT is of little value in quantifying the
disease [31]. There is doubt as to the wisdom of laparoscopy for diagnosing
peritoneal mesothelioma, as the tumor may subsequently grow through the
abdominal incisions. Little literature exists on staging in this disease. Sur-
vival is 7 months (range 1 to 100 months) for men and 9 months for women
(range 0.25 to 49 months) [27, 28]. The epithelioid and myxoid subtypes
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have more favorable prognoses [27, 28]. The histologic features of the peri-
toneal mesothelioma are similar to those in the pleura and other locations.
However, compared to the pleural well-differentiated papillary mesothe-
lioma, multicystic mesothelioma more frequently enters the differential
diagnosis, and the carcinomas considered in the differential diagnosis are
also somewhat different (see below).

Pericardial Mesothelioma

Pericardial mesothelioma is rare, and in one review there was documented
asbestos exposure in only 14% of cases [32]. The tumor is seen in a wide
age range, 12 to 77 years (mean 47 years). There is a male/female ratio of
2:1 [32]. Pericardial mesothelioma must be distinguished from secondary
involvement by pleural mesothelioma into the pericardium. Patients may
have dyspnea, cardiac tamponade [33, 34], constrictive pericarditis [34],
cardiac failure, arrythmias [33], or tumor invading the right atrium [35];
alternatively, it may present as a left atrial thrombus in a patient with mitral
stenosis [36]. The prognosis is poor.

Mesothelioma of the Tunica Vaginalis

Mesothelioma of the tunica vaginalis presents as a hydrocele, with or
without an associated mass. in one recent series, 1 of 11 patients had a
history of asbestos exposure [37]. Follow-up was available for seven
patients, who had variable clinical outcomes, with a mean 26-month survival
from diagnosis; survival of more than 3 years was recorded for three of the
seven, the longest being 15 years. In another series of three patients, one
had a history of asbestos exposure and one was alive 3 years after diagno-
sis [38]. This tumor must be distinguished from secondary spread from a
peritoneal mesothelioma [39].

Ovarian Mesothelioma

Primary mesotheliomas of the ovary comprised 0.03% (three cases) of
mesothelioma deaths in one UK series [40]. The criteria for the diagnosis
of ovarian mesothelioma included the presence of unilateral or bilateral
ovarian enlargement, parenchymal replacement in the absence of signifi-
cant peritoneal disease, or both. Most ovarian mesotheliomas are due to
secondary involvement [30, 40]. In approximately 50% of cases, the tumor
shows a similar age distribution (with median onset during the sixth decade)
and a similar association with asbestos similar to other mesotheliomas. The
clinical presentation is usually abdominal or pelvic pain or abdominal
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swelling, with an adnexal mass found on pelvic examination or at laparo-
tomy. All tumors present as localized masses. Histology is usually epithe-
lioid, with papillary, tubular-glandular, and solid patterns, although a
biphasic pattern may be seen. Follow-up in five cases revealed that three
patients had died of tumor at postoperative intervals of 8 to 44 months, one
was alive with persistent tumor at 18 months, and one was alive with no
clinical evidence of tumor at 11 years [30], although in the latter series only
two cases were primary ovarian mesotheliomas.

Mesotheliomas should be staged. Various methods of staging have been
proposed in the International literature, including the Butchart (IMIG)
and Sugerbaker classifications. These classifications may be found among
the appendices to this volume. No curative treatment exists at the present
time.
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5

Management of Malignant
Serosal Effusions

Finding the etiology of a pleural effusion is an every-day challenge for chest
physicians [1]. Whereas tuberculosis remains the leading cause of pleural
exudates in the Third World, malignancy comes first in Western countries.
Whenever pleurisy is found, a sample of pleural fluid must be obtained for
inspection as well as odor, chemical analysis, cultures for bacteria and acid-
fast bacilli, and cytology, including a search for tumor cells [2]. Its appear-
ance may suggest malignancy at first sight: whereas a light yellow fluid gives
no clue, a hemorrhagic one is more suggestive of underlying cancer; a
chylous fluid suggests lymphoma; and although rare, a highly viscous orange
fluid is quite typical of diffuse malignant mesothelioma. Biochemistry is not
diagnostic of malignancy. Although it characterizes an exudate, sometimes
with an elevated hyaluronic acid, it suggests but does not prove the pres-
ence of a diffuse malignant mesothelioma [3]. A low protein level of less
than 20g/L rules out an underlying pleural disease. Cytologic examination
is essential but strongly linked to the pathologist’s experience [4-6]. Blind
needle biopsies with an Abram’s or a Castelain’s needle have a low diag-
nostic yield for malignancy [7-9] but are excellent for assessing pleural
tuberculosis [10-12].

Thoracoscopy

Thoracoscopy [13-20] is not a new technique. Jacobaeus invented it in 1910
in Stockhom [21], and over the next 45 years it was used to ensure a
successful outcome of therapeutic pneumothorax in tuberculosis patients
(Figure 5.1) [22]. With the discovery of streptomycin in 1945, p-aminosali-
cylic acid in 1949, and isoniazid in 1952, there came a sudden decline in the
indications for thoracoscopy [23]. This did not last long because with the
invention of new technology, including video control, thoracoscopy came
back with a wide range of indications—except tuberculosis [24].

The procedure allows visual inspection of the cavity. In some instances,
fibrinous veils or bridges must first be torn using the biopsy forceps to break

40
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Ficure 5.1. Tuberculosis showing strands of inflammatory exudates and an
adhesion.

through loculated fluid collections but avoiding the ripping off of poten-
tially vascularized adhesions between the lung and the inner chest wall.
Such adhesions are more likely to be present when thoracoscopy is delayed:
the earlier the procedure is performed, the easier and safer it is with the
best diagnostic and therapeutic results.

Minor complications are not exceptional [25]: pain following insufflation
of talc; fever that may appear during the following days (usually due to the
inflammatory response to talc, but infection must be excluded); subcuta-
neous emphysema; and local infection at the point of entry (avoided by an
appropriate follow-up).

In contrast, major complications are rare. Thoracoscopy is associated with
a very low mortality rate, around 1/1000 procedures [26, 27]. Major com-
plications are avoided by strict rules of prevention. Two complications may
be difficult to predict: (1) acute respiratory failure may follow insufflation
of talc within 36 hours and require steroid therapy; and (2) poor reexpan-
sion of the lung resulting in chronic hydropneumothorax, sometimes asso-
ciated with persistent air leakage. This complication is more likely to occur
in cases of pulmonary atelectasis or carcinomatous lymphangitis.

Asbestos-related benign lesions may have a typical macroscopic appear-
ance, such as the pearly white enamel-like parietal pleural plaques (Figure
5.2); or there may be no specific features such as diffuse pleural thickening.
Malignant mesothelioma can be associated with this lesion so that careful
examination of the surrounding parietal pleura is necessary in order to
detect it (Figure 5.3).
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Ficure 5.2. Thoracoscopic appearance of pearly pleural plaques with adjacent
malignant mesothelioma.

FI1GURE 5.3. Thoracoscopic biopsy of the same case showing a superficial epithelioid
mesothelioma located at the edge of the pleural plaque.
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Thoracoscopy is of great diagnostic value for malignant mesothelioma
because it can provide multiple large biopsy specimens for histologic
evaluation and adjunctive procedures such as immunohistochemistry and
electron microscopy [28-30]. It also provides information for staging, has
prognostic value, and allows pleurodesis with agents such as talc. Early
mesothelioma lesions are usually found on the lower parietal or diaphrag-
matic pleura and may resemble localized inflammation. The most typical
lesions are rounded, more or less translucent masses (Figures 5.4 and 5.5),
that vary in size from a pinhead to several centimeters. Irregular, bumpy
infiltration or diffuse, difficult-to-biopsy pleural thickening may be seen
(Figures 5.6 and 5.7). It may mimic metastatic tumor. There is no specific
aspect for each histologic subtype of mesothelioma.

FIGURE 5.4. Thoracoscopic appearance of a diffuse nodular malignant mesothe-
lioma (epithelioid).

Ficure 5.5. Thoracoscopic view of a diffuse malignant mesothelioma.
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FIGURE 5.6. Thoracoscopic biopsy specimen from the same patient as Figure 5.5.
It shows an epithelioid mesothelioma that infiltrated the parietal pleura in a
single-file pattern.

FiGure 5.7. Thoracoscopic appearance of diaphragmatic involvement by a nodular
malignant mesothelioma.
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On the other hand, metastatic pleural malignancy usually shows scarce
or numerous variable-sized tumor masses affecting mainly the parietal or
diaphragmatic pleura (Figures 5.8-5.12) [31]. Diffuse infiltration and irre-
gular thickening can also be seen. Sometimes candle wax-like lesions of the
parietal pleura, which may be extensive, prove to be metastatic carcinoma.
Even apparently inflammatory masses should be biopsied because they may
prove to be malignant. All these tumoral masses of the parietal pleura may
be hidden underneath a thick layer of fibrinous material and may need to
be sought by deep biopsies.

The visceral pleura may also be affected although less frequently. A sub-
pleural web is suggestive of carcinomatous lymphangitis. Peripheral pul-
monary masses may occur and can be biopsied at thoracoscopy. Obviously,

FIGure 5.8. Discrete nodules from metastatic breast carcinoma.

FiGure 5.9. Large nodular mass with adjacent lymphangitic spread of tumor from
a lung carcinoma.
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Ficure 5.10. Tumor seedlings from a metastatic breast carcinoma.

Ficure 5.11. Thoracoscopic biopsy specimen from the same patient as in Figure
5.10, showing a metastatic breast carcinoma that infiltrated the pleura in a single file
and that may be confused with diffuse epithelioid mesothelioma. The neoplastic
cells were positive for estrogen receptor and negative for calretinin by immuno-
histochemistry.
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Ficure 5.12. Thoracoscopic appearance of parietal involvement by a sarcoma.

such involvement of the visceral pleura cannot be detected by any closed
(and therefore blind) needle biopsy.

Although a century-old procedure, thoracoscopy remains a highly valu-

able technique for exploring a pleural effusion when malignancy is sus-
pected. It yields excellent diagnostic results and allows pleurodesis during
the same procedure. Moreover, it is safe and does not require expensive
equipment.
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Pathologic Diagnosis and
Classification of Mesothelioma

Cytologic specimens are often obtained in mesothelioma cases because of
the high incidence of pleural effusion (Figure 6.1). A definitive diagnosis of
mesothelioma based on cytologic specimens is controversial. This is due to
the fact that when mesothelioma cells are sufficiently well differentiated to
recognize their mesothelial nature, they are difficult to distinguish from
reactive mesothelium. Similarly, when the cells are clearly malignant, it is
difficult to distinguish mesothelioma cells from adenocarcinoma. Sarcoma-
toid mesotheliomas typically shed few tumor cells into the effusion (Figure
6.2). Some authorities diagnose a mesothelioma on a cytology specimen if
sufficient numbers of cells are present in a cell block to permit ancillary
histochemical, immunohistochemical, or ultrastructural studies (or a com-
bination of these tests); others require the intact architecture obtained in
a biopsy specimen before a definitive diagnosis is assigned [1-3]. Most
panel members agree that a cytologic diagnosis of mesothelioma is possible
provided appropriate clinical and radiologic features are present (Figures
6.3 and 6.4).

With approximately 50% of epithelioid mesotheliomas, the pleural fluid
contains neoplastic cellular aggregates or individual neoplastic cells that
may show solid aggregates or tubulopapillary features. In most cases in
which cytologic evaluation is considered positive, there are numerous neo-
plastic cells. The immunohistochemical profile and the ultrastructural
appearance of the cells in pleural fluid are the same as are seen in tissue
specimens (Figure 6.5) [4-8]. When a sample of pleural fluid or ascitic fluid
contains relatively few atypical cells consistent with mesothelial cells,
caution should be used when making a diagnosis of epithelioid mesothe-
lioma. As neoplastic cells in pleural or ascitic fluid become more anaplas-
tic, it is more difficult to make a specific diagnosis.

With respect to fine-needle aspiration biopsy specimens, the same prob-
lems generally exist as with fluids; and whether a diagnosis can be made
on a single specimen depends on the sample size and whether there are
unequivocal malignant tissue/cells present. If unequivocal malignant tissue
is present, immunohistochemical or ultrastrutural studies (or both) can be
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FiGure 6.1. Papanicolaou stain from a cytologic preparation of a pleural effusion
showing clusters of malignant mesothelial cells with central nuclei and small nucle-

oli. Note the high nuclear/cytoplasmic ratio and small peripheral submembranous
vacuoles.

i

FIGURE 6.2. Papanicolaou stain from a fine-needle aspirate of a sarcomatoid pleural
mesothelioma. The tumor metastasized to the spine and gingiva. Note the plump
spindle cells with hyperchromatic nuclei and prominent nucleoli.



FiGure 6.3. Cell block of a pleural effusion from a patient with a malignant epithe-
lioid mesothelioma. Note the large epithelioid cells with central nuclei and small,
centered nucleoli embedded in fibrin admixed with macrophages. Such specimens
are difficult to distinguish from atypical reactive mesothelial cells.

FiGure 6.4. Cytologic preparation showing a cluster of neoplastic cells from a
metastatic breast carcinoma admixed with reactive mesothelial cells showing small
peripheral submembranous vacuoles.
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FIiGuRE 6.5. Cytologic specimen with a cluster of epithelioid malignant mesothelial
cells showing strong membranous staining with HBME-1.

performed on the material to determine the nature of the neoplastic cells

[2].

Pleural Biopsy

The diagnosis of mesothelioma and its distinction from other neoplasms
and reactive processes with which it may be confused requires adequate
tissue sampling. In most cases, this requires a thoracoscopic or open pleural
biopsy specimen. If no tumor nodules are macroscopically visible and only
diffuse pleural thickening is seen, it is advisable to take multiple deep biop-
sies of both the parietal and visceral pleura. In some cases, sufficient mate-
rial is obtained from a core sample from a fine-needle aspirate to permit a
firm diagnosis in conjunction with appropriate ancillary techniques (see
below). Correlation of histopathologic studies or direct observation by the
surgeon is important to avoid certain pitfalls in the diagnosis. A detailed
protocol for the evaluation of pleural biopsy specimens has been described

[9]-
Histochemical Stains
Histochemical procedures can be useful for distinguishing epithelioid

mesotheliomas from certain adenocarcinomas [7, 8]. The basis for this dis-
tinction is the detection of neutral mucins (produced in some adenocarci-
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nomas) by means of the periodic acid-Schiff (PAS) stain following diges-
tion with diastase, or the production of hyaluronic acid (produced by some
mesotheliomas) by means of the alcian blue stain with and without
hyaluronidase pretreatment. Alcian blue and colloidal iron are of limited
use in the diagnosis of mesotheliomas and have been superceded by
immunohistochemical techniques. Care must be taken to distinguish PAS-
positive glycogen, basal lamina, and cytoplasmic glycoprotein globules from
the spidery intraluminal appearance of true mucin. The use of mucicarmine
for this purpose is discouraged because it stains hyaluronic acid under some
conditions and thus gives the mistaken impression that the tumor is not a
mesothelioma. Appropriate positive and negative controls should be
applied. Rare cases of mucin-positive mesotheliomas are reported [10-12].
Asbestos bodies do not occur in pleura-based tumors, so iron stains are not
indicated unless lung parenchyma has been obtained by the surgeon.

Immunohistochemistry

Immunohistochemical studies have grown in popularity during the past two
decades and are frequently applied to distinguish mesothelioma from other
neoplastic and reactive processes. Available methodology includes both the
peroxidase-antiperoxidase method and the avidin biotinylated complex
technique. A wide variety of immunohistochemical markers have been
tested (see Table 8.1), and their utility in various diagnostic circumstances
is detailed below (Figures 6.5 and 6.6). No single immunohistochemical
marker is diagnostic of, or absolutely excludes, mesothelioma, so panels of
markers are recommended to distinguish mesothelioma from other malig-
nant or reactive processes. The panel used must be tailored to the diagnos-
tic circumstances. A differential diagnosis should be generated based on the
appearance of the lesion on hematoxylin and eosin-stained sections, and
the immunohistochemical panel selected should be suitable to sort out the
various diagnostic possibilites. Appropriate positive and negative controls
should always be applied.

Electron Microscopy

Ultrastructurally, it is not possible to differentiate neoplastic from reactive
mesothelial cells reliably. Ultrastructural studies, however, are useful for
distinguishing mesothelioma from carcinoma, and this procedure can be
both rapid and cost-effective compared with other ancillary techniques
[4, 7, 13]. Electron microscopy is most helpful in the setting of conflict-
ing immunohistochemical staining results. Glutaraldehyde fixation is opt-
imal, but 10% buffered formalin works almost as well. The key feature is
to be sure that the tissue sample is thin enough to allow adequate pene-
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FiGure 6.6. Cytologic preparation showing nuclear staining with calretinin in a
malignant epithelioid mesothelioma.

tration of the fixative solution. In fact, most of the ultrastructural features
that aid in distinguishing mesothelioma from other conditions are pre-
served in paraffin-embedded tissues, and retrieval from paraffin can provide
useful information when glutaraldehyde or formalin-fixed wet tissue is no
longer available.

Other Special Techniques

It is possible that in situ hybridization and other molecular techniques will
prove useful in the future pathologic diagnosis of mesothelioma. Some
studies require frozen tissue specimens, but those that gain the widest
acceptance and usage will be the ones that work on paraffin-embedded
specimens. For many tumors, specific genetic markers have been identified
that may assist in the diagnosis. Although no such marker is currently avail-
able for mesothelioma, it is likely that such a genetic marker will be forth-
coming. Comparison with established ancillary techniques are necessary to
establish the utility of such novel diagnostic approaches [14-17].
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Macroscopic Features of
Mesotheliomas

The macroscopic appearance of a mesothelioma [1] depends on when in its
natural history the mesothelioma is first observed. In individuals who
present acutely with effusions, it is not uncommon on thoracoscopic or
laparoscopic evaluation to see the visceral and parietal layers of the serosal
membrane studded by multiple, usually small nodules of tumor (Figure
7.1a). As pleural mesotheliomas progress, the individual nodules presum-
ably coalesce to form a rind of tumor that encases the lung (Figures 7.1b,
7.2, 7.3). Typically, they grow along the interlobar fissures with little lung
parenchymal involvement (Figure 7.4). Approximately one-third of pleural
mesotheliomas directly invade the parietal pericardium and sometimes the
visceral pericardium (Figures 7.5 and 7.6). Rarely, mesotheliomas invade
most of the pericardium and sometimes extensively infiltrate the
myocardium. In some instances, mesotheliomas present as mediastinal or
hilar masses, which usually are due to enlarged lymph nodes involved by
metastatic mesothelioma (Figures 7.7 through 7.9). Rarely, patients have
been seen with a pleural mesothelioma in which the pleural tumor was not
thick enough to be observed radiographically but a localized mass was
observed in the lung or mediastinum [2]. Mesotheliomas not infrequently
have a nodular appearance on their external surface and directly invade the
lung parenchyma, producing large nodular masses. Masses in the lung
parenchyma are often more obvious radiographically than thickened pleura
and can be misinterpreted as primary lung neoplasms. Most mesotheliomas
are thicker at the base of the lung than they are at the apex. Variation in
the thickness of the ring of mesothelioma encasing the lung is common, and
occasionally there is separate involvement of visceral and parietal pleura
by tumor (Figure 7.10).

Mesotheliomas commonly metastasize [3]. The most frequent site of
metastases for pleural mesothelioma is through lymphatics to bronchopul-
monary, hilar, and mediastinal lymph nodes; occasionally, lymphangitic
spread is observed. The next most frequent site of metastasis is the visceral
pleural surface of the contralateral lung (Figure 7.11). Pleural mesothe-
liomas may directly invade through the diaphragm into the peritoneal

57



FIGURE 7.1. A. Visceral layer of the serosal membrane studded by multiple, small
nodules of tumor. B. Example of diffuse malignant pleural mesothelioma. The tumor
typically forms a rind around the lung and obliterates the pleural cavity. Variation in
thickness of the rind of mesothelioma is common, usually being thicker at the base than
the apex. Occasionally, there is separation of involved parietal and visceral pleura.
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FiGURE 7.2. Mesotheliomas frequently have a nodular external surface and directly
invade lung parenchyma.
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FIGURE 7.3. Mesothelioma showing diffuse involvement of the visceral pleura.
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Ficure 7.4. Diffuse pleural mesothelioma involving interlobar fissure with little
lung parenchymal involvement.
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FIGURre 7.5. Mesothelioma showing diffuse visceral and pericardial involvement
encasing the heart. (Reporduced with permission from Dail DH, Hammar SP [eds]
Dail and Hammar’s pulmonary pathology, 2nd edition. Vol 1: Non-neoplastic. New
York: Springer-Verlag New York, 1994:1496.)
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FIGURE 7.6. Mesothelioma showing diffuse pericardial involvement.
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FIGURE 7.7. Mediastinal involvement by mesothelioma.
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Ficure 7.9. Diffuse pleural mesothelioma invading the mediastinum and encasing
the great vessels.
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Ficure 7.10. Diffuse pleural mesothelioma with encasement of the lung showing
variation in the thickness of the ring of mesothelioma with separate involvement of
the visceral and parietal pleura.

Ficure 7.11. Diffuse pleural mesothelioma showing small metastatic nodules in the
contralateral visceral pleura.
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FIGURE 7.12. Adrenal gland showing a metastasis from a pleural mesothelioma.
(Reproduced with permission from Dail DH, Hammar SP [eds] Dail and Hammar’s

pulmonary pathology, 2" edition. Vol 1: Non-neoplastic. New York: Springer-Verlag
New York, 1994:1501.)

cavity. Mesotheliomas can metastasize to brain, bone, liver, and adrenal
glands (Figure 7.12) and to other serosal surfaces, especially peritoneum in
the case of pleural mesotheliomas. Epithelioid mesotheliomas that produce
excessive amounts of hyaluronic acid or proteoglycans are not uncommon
and are characteristically “slimy.” During sectioning, they may be extremely
difficult to grasp because of the “slimy” characteristic of the proteoglycans
and hyaluronic acid. Mesotheliomas that produce excessive amounts of
hyaluronic acid/proteoglycans usually form varying thin-walled, translucent
cysts in the tumor that are filled with the secretory product (Figure 7.13).
Desmoplastic malignant mesothelioma in most cases cannot be differenti-
ated from diffuse fibrous pleuritis macroscopically. Rarely, mesotheliomas
mimic sclerosing mediastinitis grossly.

Hyaline pleural plaques may be observed in those with asbestos expo-
sure and are commonly found to be associated with mesotheliomas [4].
Plaques are observed most frequently on the diaphragmatic parietal pleura
and the lateral chest wall (Figure 7.14), usually in the distribution of the
ribs. Plaques are rarely seen on the visceral pleura covering the lung and
visceral pericardium. Plaques identical to those seen on the parietal pleura
have been observed in the abdominal cavity, most frequently on the splenic
surface. Sometimes plaques are discovered on histology.



FiGUure 7.14. Retrosternal pleural plaques associated with diffuse pleural mesothelioma.
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Ficure 7.15. Diffuse peritoneal mesothelioma encasing intraabdominal organs and
diaphragmatic pleural plaques.

At initial evaluation, peritoneal mesotheliomas often consist of multiple
small nodules studding the visceral and parietal peritoneum [5]. As
peritoneal mesotheliomas grow, they progressively encase organs in the
abdominal cavity (Figure 7.15). In contrast, well-differentiated papillary
epithelioid mesothelioma of the peritoneum, an uncommon mesothelial
proliferation, is characterized by small nodules less than 1cm that spread
over the peritoneal surface of abdominal organs. It is macroscopically dis-
tinct from conventional diffuse malignant mesotheliomas, which are usually
larger and more diffuse. Peritoneal cysts are characterized by multiple
small, thin-walled, translucent cysts; and they have to be differentiated from
malignant mesotheliomas, which sometimes form large cysts because they
are reactive lesions [5-10].

Ovarian mesotheliomas simulating serous carcinomas and multicystic
mesotheliomas, were mentioned in Chapter 4 [11].

Primary pericardial mesotheliomas are rare. They grow like mesothe-
liomas in other sites and encase the heart.

The tunica vaginalis is a recognized primary site of mesotheliomas.
Mesotheliomas that arise in this location characteristically have the same
histologic features of mesotheliomas that arise in the peritoneal cavity and
pleural cavities [12]. They usually present as a nodule in this anatomic site.
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Solitary well-differentiated papillary mesotheliomas may also be observed
in this site [13, 14].
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Classification and Histologic
Features of Mesotheliomas

According to the 2004 World Health Organization (WHO) classification
there are three major histologic subtypes of malignant mesothelioma:
epithelioid, sarcomatoid (including desmoplastic) and biphasic [1]. Within
these subtypes there are myriad patterns, of which it is important to be
aware in terms of the histopathologic diagnosis, although they are not sig-
nificant clinically [2-5].

Epithelioid Mesothelioma

Epithelioid or epithelial malignant mesotheliomas consist of tubules,
acini, papillae, or sheets of atypical, epithelioid mesothelial cells. Like
primary pulmonary adenocarcinomas, epithelioid mesotheliomas show a
wide range of differentiation, and it is common to see several histologic
patterns in most epithelioid mesotheliomas. Tubulopapillary epithelioid
mesotheliomas are formed by small to medium-sized cuboidal cells with
fairly uniform, round nuclei that have small to medium-sized nucleoli
(Figures 8.1 and 8.2). The papillary structures usually have fibrovascular
cores. Most tubulopapillary epithelioid mesotheliomas are well differenti-
ated, although they can be formed by anaplastic cells. Psammoma bodies
are occasionally seen in tubulopapillary mesotheliomas but not as fre-
quently as in some papillary carcinomas (e.g., serous papillary carcinoma
of the peritoneum) (Figure 8.3). Glandular (adenomatoid) mesotheliomas
(Figures 8.4 and 8.5) may be confused with primary pulmonary adenocar-
cinomas or metastatic acinar adenocarcinomas. Occasionally, some epithe-
lioid mesotheliomas are formed by large columnar mesothelial cells (Figure
8.6) and closely resemble pulmonary adenocarcinoma. Mesotheliomas may
show solid sheets (Figure 8.7) of polygonal cells that resemble large cell car-
cinoma (Figure 8.8). Histiocytoid mesotheliomas are composed of cells that
resemble pulmonary alveolar macrophages (Figure 8.9).

There is a spectrum of differentiation, from a solid mesothelioma to a
type of mesothelioma referred to as “deciduoid” mesothelioma in which the

68
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FiGure 8.2. Malignant mesothelioma with tubules and papillae containing fibrous
cores and epithelioid cells infiltrating the cores.
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FIGURE 8.4. Mesothelioma showing adenomatoid pattern.
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FIGURE 8.6. Mesothelioma containing tubules lined by columnar epithelioid cells.
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FiGure 8.7. Mesothelioma with solid sheet of epithelioid cells showing intracyto-
plasmic vacuoles.

Ficure 8.8. Low power microscopic appearance showing trabecular pattern in a
mesothelioma.
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neoplastic cells have the appearance of endometrial decidual cells
(endometrial stromal cells transformed by progestational stimulation)
(Figure 8.10) [6, 7]. These lesions were initially described in young women
not exposed to asbestos but have subsequently been described in older men
and in desmoplastic malignant mesothelioma (DMM), but a homogeneous
pattern is relatively rare.

Epithelioid mesotheliomas show a wide range of cystic-type changes,
including a pattern almost identical to adenoid cystic carcinoma (Figures
8.11 and 8.12). Some mesotheliomas are composed of relatively flattened,
innocuous-appearing cells that form microcystic or macrocystic structures.
Occasional epithelioid mesotheliomas are composed of cells that contain
cytoplasmic vacuoles and have a signet ring morphology but do not stain
for neutral mucin (Figures 8.13 and 8.14). Some mesotheliomas produce
excessive amounts of secretory products (hyaluronic acid and proteogly-
cans) and show variable histologic patterns. In some cases, nests of cells
lie in lakes of bluish gray, sometimes granular material (Figures 8.15 and
8.16), whereas others show cystic change or have a signet ring morphology
(Figure 8.17).

In mesotheliomas that are cystic, it is common to see bluish gray gran-
ules in hematoxylin and eosin (H&E)-stained sections in the lumens of
cysts or in the individual cytoplasmic lumens (Figure 8.18). When studied
ultrastructurally (see below), these granules have the appearance of
proteoglycan granules, which have been described within celomic spaces of
lower animals.

FiGure 8.9. Noncohesive large “histiocytoid” cells in a mesothelioma.
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Ficure 8.10. A. Mesothelioma showing deciduoid pattern. B. Mesothelioma with
few cells showing the deciduoid pattern.
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Ficure 8.11. Microcystic pattern in a mesothelioma.

FiGure 8.12. Adenoid cystic pattern in a mesothelioma.
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FiGure 8.14. Mesothelioma showing signet ring cells.
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FiGuUrE 8.15. Mesothelioma showing epithelioid cells lying in lakes of bluish gray
material.

Ficure 8.16. Epithelioid cells from a mesothelioma floating in pools of mucin.
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FIGURE 8.17. Mesothelioma containing tubules with fine blue staining in the lumens.

Ficure 8.18. Mesothelioma showing adenoid cystic pattern with bluish gray
material in the lumens.
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Some epithelioid mesotheliomas diffusely infiltrate pleura and peritoneal
tissue in a single-file arrangement (Figure 8.19) and can be confused with
other neoplasms such as metastatic lobular carcinomas of the breast. Few
mesotheliomas may have a clear cell appearance mimicking renal cell car-
cinoma (Figure 8.20). Other mesotheliomas may have a glomeruloid
appearance (Figures 8.21 and 8.22), may form a pattern similar to that of
chorionic villi seen in the placenta (Figure 8.23), or may grow in a pattern
resembling “a pastry roll” (Figures 8.24 and 8.25).

Like neoplasms in other parts of the body, epithelioid mesotheliomas
may become poorly differentiated. These mesotheliomas are composed of
large anaplastic cells that are round, polygonal, or irregularly shaped
(Figures 8.26 through 8.28). These mesotheliomas should be referred to as
“poorly differentiated mesotheliomas”. They can create a great deal of diag-
nostic confusion unless it is recognized that they exist (Figure 8.29). Excep-
tionally, mesotheliomas show a lipidic pattern (Figure 8.29 bis). The poorly
differentiated mesotheliomas usually show some immunohistochemical
features typical of mesotheliomas. The ultrastructural features of these
tumors are usually nonspecific.

FiGure 8.19. Mesothelioma showing epithelioid cells arranged in indian file pattern
mimicking lobular carcinoma of the breast.
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Ficure 8.20. Mesothelioma with clear cells mimicking renal clear cell carcinoma.

FiGure 8.21. Mesothelioma with glomeruloid architecture.
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Ficure 8.23. The neoplastic cells surround fibrous connective tissue and form a
pattern mimicking chorionic villi seen in the placenta.
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FiGure 8.24. The neoplastic cells are growing in a pattern resembling a “pastry roll.”

FiGure 8.25. High power view of an epithelioid mesothelioma arranged in a “pastry
roll-like” pattern.
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Ficure 8.27. High power view of a pleomorphic mesothelioma with some tumor
giant cells.
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Ficure 8.29. Reed Sternberg-like cells in a pleomorphic mesothelioma.
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FI1GURE 8.29 bis. A. Epithelioid mesothelioma following interlobular septa. B. Same
case: Calretinin immunopositivity.
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Immunohistochemical Features

A variety of antibodies have been used to diagnose mesotheliomas. They
have been used predominantly to differentiate epithelioid mesotheliomas
from pulmonary adenocarcinomas and other types of adenocarcinoma
[8-11]. As mesotheliomas or, for that matter, any type of neoplasm become
more poorly differentiated, the immunohistochemical findings are less spe-
cific. Caution is urged about “overinterpreting” immunohistochemical fea-
tures in poorly differentiated neoplasms. The antibodies used to diagnose
epithelioid mesotheliomas have been divided into three categories.

1. Antibodies that are relatively specific for mesothelial cells and
mesotheliomas that, when positive, serve as a positive marker for
mesotheliomas

2. Antibodies that show no reaction with mesothelial cells or mesothe-
liomas and, when positive, serve as a negative marker for mesotheliomas
[e.g., estrogen receptors (ERs)

3. Other antibodies that may react with mesothelial cells/mesotheliomas
but are relatively nonspecific

Antibodies that are frequently employed in diagnosing (or eliminating)
mesotheliomas are listed and characterized in Tables 8.1 and 8.2.

Positive markers include keratin (AE1/AE3, CAM 5.3, KL-1, CK5/6,
CK7, CK19) vimentin, calretinin, HBME-1, epithelial membrane antigen/
human milk-fat globule protein-2, thrombomodulin, N-cadherin, Wilms’
tumor suppressor gene product, and recently mesothelin. Negative markers
include carcinoembryonic antigen (CEA), LeuM1 (CD15), B72.3 (TAG-
72), BerEP4, MOC-31, BGS, and thyroid transcription factor-1. Some blood
group antigens have been observed in mesotheliomas but have also been
observed in adenocarcinomas. Thrombomodulin expression has been
observed in epithelioid mesotheliomas and in a significant percentage of
pulmonary adenocarcinomas. Likewise, epithelioid mesotheliomas show
focal expression of CEA, LeuM1 (CD15), and B72.3 in 2% to 10% of cases
and BerEP4 in up to 20% of cases and sometimes diffusely.

Antibodies against hyaluronic acid have been evaluated in mesothe-
liomas and are not specific enough to be used diagnostically. CA-125, which
is identified by antibody OC125 or M11 is expressed in epithelioid mesothe-
liomas but is also not specific enough to be used diagnostically.

Cytokeratin 5/6 is relatively specific for epithelioid mesothelioma [9-12]
(Figure 8.30), although it is expressed in squamous cell carcinomas and
occasionally other neoplasms such as urothelial carcinomas. Cytokeratin 7
is expressed in nearly 100% of epithelioid mesotheliomas and is expressed
in a similar percentage of primary pulmonary adenocarcinomas and a
variety of other epithelial neoplasms including breast and esophageal car-
cinomas. Weak cytokeratin 20 immunostaining is observed in about 10% of
epithelioid mesotheliomas. Several reports have suggested that keratin is
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Ficure 8.30. CK5/6 strong perinuclear immunopositivity in an epithelioid
mesothelioma.

more frequently seen in a perinuclear distribution in epithelioid mesothe-
liomas than in pulmonary adenocarcinomas (Figures 8.31 and 8.32). This is
true, but there is too much variability for this finding to be of diagnostic
usefulness. The characteristics of various keratins and their expression in
epithelioid mesothelioma and pulmonary adenocarcinoma, are shown in
Table 8.2.

The intermediate filament vimentin was initially thought to be found only
in mesenchyme-derived cells, but it is now recognized that it is expressed
in a wide range of tumors not derived from mesenchymal cells. Vimentin
has been reported to be more frequently expressed in epithelioid mesothe-
liomas than in pulmonary adenocarcinomas [13]. This depends to some
extent on the differentiation of the tumor; poorly differentiated mesothe-
liomas demonstrate strong vimentin staining, whereas in well-differentiated
mesotheliomas vimentin expression is usually weak or absent. It is well
known that mesothelial cells are able to express markers of divergent dif-
ferentiation. Mesotheliomas may express desmin, and it has been shown
that desmin is preferentially expressed in reactive mesothelial cells, rather
than in malignant cells [14]. Smooth muscle actin (SMA) and muscle-
specific actin (MSA) has also been observed immunohistochemically in
both epithelioid and sarcomatoid mesothelioma mesotheliomas, but these
markers are not of diagnostic value, as the stromal cells are also expressing
SMA and MSA as well as cytokeratin [15-17].
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Ficure 8.31. AE1/AE3 immunopositivity in epithelioid mesothelioma showing the
perinuclear and cytoplasmic distribution.

i

FiGure 8.32. Strong AE1/AE3 perinuclear positivity of reactive mesothelial cells in
comparaison with pericytoplasmic positivity of adenocarcinomatous cells.
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Epithelial membrane antigen and human milk fat globule protein-2 are
positive in most epithelioid mesotheliomas and show predominantly a thick
cell membrane staining pattern (Figure 8.33). However, some carcinomas
[e.g., nonmucinous bronchoalveolar carcinoma (BAC)] show cell mem-
brane staining. Epithelial membrane antigen and human milk fat globule
protein-2 are usually not expressed in reactive mesothelial cells. The cell
membrane staining pattern is seen with an antibody designated HBME-1
in most well- to moderately well-differentiated epithelioid mesotheliomas.
Experience with HBME-1, a putative marker of mesothelial cells, appears
to vary widely, some investigators finding it useful and others declaring it
to be nonspecific [2, 10]. It is advocated that it should be used in low con-
centration (1:5000 to 1:15,000] to increase its specificity for mesothelial
cells.

Heterogeneous cytoplasmic and nuclear calretinin immunostaining is
observed in most epithelioid mesotheliomas (Figure 8.34) [18, 19]. Many
carcinomas show cytoplasmic immunostaining for calretinin (Figure 8.35),
which is a nonspecific reaction and not diagnostic of an epithelioid mesothe-
lioma. We suggest that nuclear staining positivity is highly suggestive of
an epithelioid mesothelioma after excluding metastatic tumors known to
express calretinin (with nuclear staining). These include urothelial carci-
noma that is also CK5/6-positive, granulosa cell tumor but expressing
inhibin (mesotheliomas do not), and in rare cases metastatic breast carci-
noma that may express calretinin positivity with focal nuclear staining. In

FiGurke 8.33. Epithelial membrane antigen (EMA) membranous staining with thick
borders in epithelioid mesothelioma.
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FiGure 8.34. Neoplastic cells present strong nuclear calretinin staining with a typical
fried egg appearance and heterogeneous cytoplasmic staining.

FiGure 8.35. Mainly cytoplasmic, but occasional nuclear, staining with calretinin in
metastatic adenocarcinoma. (See positive central on the mesothelial cells on the left.)
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this situation ER negativity is highly sensitive in distinguishing mesothe-
lioma (100% negative) from metastatic breast carcinoma.

Neuroendocrine markers are usually not expressed by benign or malig-
nant mesothelial cells, except for NCAM expression, which occurs in 73%
of cases. This is reminiscent of its expression in mesoderm during fetal life
[20].

Mesothelin is a cell surface antigen of unknown function with the 5B2
anti-mesothelin antibody, which has only recently become commercially
available in formalin-fixed, paraffin-embedded samples. It is strongly
expressed in normal mesothelial cells and mesotheliomas, as well as in non-
mucinous ovarian carcinomas, pancreatic ductal adenocarcinomas, 40% of
lung adenocarcinomas, and in some other malignancies [21]. This marker
seems to have more promising diagnostic value as a serum marker of malig-
nancy. Robinson et al. demonstrated that 84% of 44 patients with mesothe-
lioma had elevated concentrations of soluble related mesothelin protein
compared with 2% of 160 patients with other cancers or other inflamma-
tory lung or pleural diseases, and with none of 28 controls who had not been
exposed to asbestos. Moreover, soluble related mesothelin protein appears
to correlate with tumor size and tumor progression [22, 23].

With respect to the immunohistochemical markers of epithelioid
mesotheliomas, there is no antibody that is 100% specific and 100% sensi-
tive. The specificities and sensitivities of various antibodies used for diag-
nosing mesothelioma have been evaluated, and different results have been
found by different investigators [24, 25]. For this reason, most tumors sus-
pected to be epithelioid mesotheliomas are evaluated with a panel of anti-
bodies looking for the positive and negative reactions. Preferred markers
depend on the experience of the laboratory but the International Mesothe-
lioma Panel recommends the use of at least two positive and two negative
mesothelioma markers and a broad spectrum cytokeratin as an initial
panel. If these results are not conclusive, additional mesothelial, epithelial,
vascular, or melanoma markers may be necessary.

Ultrastructural Features

The ultrastructural features of epithelioid mesotheliomas depend on the
histologic/cytologic appearance of the mesothelioma evaluated. Electron
microscopy can be diagnostic for epithelioid mesotheliomas, particularly
when immunohistochemical staining results are discordant. The ultrastruc-
tural features have been extensively described [26-30]. In general, the most
specific features of well-differentiated and moderately—well-differentiated
epithelioid mesotheliomas are long, thin, sinuous microvilli that arise from
the cell surface (Figures 8.36 and 8.37). Comparisons have been made
between the length/width ratios of the microvilli of epithelioid mesothe-
liomas and various adenocarcinomas. In general, this exercise is not worth
the time spent to do it in that it is difficult to determine length/width ratios
of epithelioid mesotheliomas because the microvilli are not straight. In



Ficure 8.36. Ultrastructurally, epithelioid mesotheliomas are composed of neo-
plastic cells that have long, thin, sinuous microvilli.

Ficure 8.37. Epithelioid mesothelioma. The long, thin microvilli are not covered by
glycocalyx like that seen in adenocarcinomas.
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addition, there are various ultrastructural features that help differentiate
epithelioid mesotheliomas from pulmonary and other adenocarcinomas.
The surface of the microvilli of epithelioid mesotheliomas is smooth, with
the exception that in epithelioid mesotheliomas that produce excess
amounts of hyaluronic acid/proteoglycans there can be medium electron-
dense material on the surface of the microvilli (Figure 8.38). Sometimes the
microvilli appear to be embedded in this material (Figure 8.39). In contrast,
most pulmonary adenocarcinomas and many other adenocarcinomas are
associated with glycocalyceal bodies (Figure 8.40) and have a fuzzy glyco-
calyx covering on their surfaces. In addition, the microvilli of most pul-
monary and other adenocarcinomas are straight (Figure 8.41). Rare
pulmonary adenocarcinomas have long, thin, relatively sinuous microvilli,
but in our experience these are always covered by a fuzzy glycocalyx, which
is the differentiating feature used to distinguish pulmonary adenocarci-
noma from epithelioid mesothelioma [31]. Many pulmonary adenocarcino-
mas show rootlets in the apical cytoplasm in association with their microvilli
(Figure 8.42).These are not seen in epithelioid mesotheliomas. Most epithe-
lioid mesotheliomas are connected to each other by junctional complexes

FiGure 8.38. In epithelioid mesotheliomas producing excess amounts of hyaluronic
acid proteoglycans, the microvilli are occasionally covered by a medium electron-
dense material.



-

FIGURE 8.39. In mesotheliomas producing excess amounts of hyaluronic acid or pro-
teoglycan, the microvilli can be embedded in this material.

Ficure 8.40. In contrast to epithelioid mesotheliomas, the microvilli are usually
associated with glycocalyceal bodies in adenocarcinomas.



FiGure 8.41. Most pulmonary adenocarcinomas and other nonpulmonary adeno-
carcinomas have relatively straight, short microvilli.

FIGURE 8.42. Pulmonary adenocarcinoma, showing rootlets in the apical cytoplasm
in association with their microvilli.
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and large desmosomes (Figure 8.43), more frequently seen than in pul-
monary or other adenocarcinomas. The microvilli of epithelioid mesothe-
lioma frequently project into adjacent extracellular collagen, a finding
referred to as the microvillous-matrix interaction (Figure 8.44).

The distribution of intermediate filaments, specifically keratin filaments,
has been evaluated in epithelioid mesotheliomas. In general, epithelioid
mesotheliomas more frequently show intermediate keratin filaments in a
perinuclear distribution than is seen in adenocarcinomas. This is not an
absolute finding, however, as some adenocarcinomas have tonofilaments in
a perinuclear distribution and some epithelioid mesotheliomas have rela-
tively diffuse intermediate keratin filaments throughout their cytoplasm.
Adenocarcinomas of the lung and other organs may produce packaged
mucin in the form of cytoplasmic granules. These granules in pulmonary
adenocarcinomas exhibit a wide range of ultrastructural appearances, and
they must be appreciated. In contrast, the secretory products of epithelioid
mesotheliomas (hyaluronic acid/proteoglycans) are not packaged in the cell
but are secreted onto the surface of mesothelial cells, with enzymes in the
cell membrane being important in the final production of these substances.

In the tumors that produce large amounts of proteoglycans, proteogly-
can granules are seen on the surface of the neoplastic cells and in lumens

Ficure 8.43. Epithelioid mesothelial cells connected to each other by junctional
complexes and large desmosomes.
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FiGure 8.44. Microvilli in an epithelioid mesothelioma projecting into adjacent
extracellular collagen.

formed by several tumor cells or in intracellular neolumens formed in indi-
vidual malignant cells. These correlate histologically with the bluish gray
granules seen in glandular lumens. These proteoglycan granules are not spe-
cific for neoplastic epithelioid mesotheliomas, although they are seen much
more commonly in neoplastic mesothelial cells than in normal or reactive
mesothelial cells and in other carcinomas.

Tubular crystalloid structures are frequent in mucin-positive epithelioid
mesotheliomas [32, 33]. They resemble hollow chrysotile fibers in cross
section and are rod-like in longitudinal section. We have seen them only in
epithelioid mesotheliomas that are mucin-positive and not in other neo-
plasms. These crystalloid structures are most likely either abnormal pro-
teoglycans or hyaluronic acid. Rarely, these structures are in the cytoplasm
of epithelioid mesotheliomas.

The Gaucher-like cells seen in rare epithelioid mesotheliomas have a
characteristic ultrastructural appearance with laminated layers of crystal-
loid material in the cisterna of the rough endoplasmic reticulum (Figure
8.45).

The deciduoid mesotheliomas have a variety of cellular organelles in
their cytoplasm, including intermediate filaments, endoplasmic reticulum,
and mitochondria, among others. The microvilli of many of the deciduoid
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FiGure 8.45. A. Gaucher-like cells seen in rare epithelioid mesotheliomas have a
characteristic ultrastructural appearance with laminated layers of crystalloid mate-
rial in the cisterna of the rough endoplasmic reticulum. B. Same case: high power
view.
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mesotheliomas are shorter than one sees in other epithelioid meso-
theliomas. Occasional deciduoid mesotheliomas produce proteoglycan
granules.

Rare Forms (Variants) of Epithelioid Mesothelioma

Epithelioid mesotheliomas that produce proteoglycans or hyaluronic acid
(or both) can stain positively with mucin stains, usually mucicarmine, and
rarely PAS-diastase [Figures 8.46 and 8.47) [32, 33]. These mesotheliomas
may be confused with pulmonary adenocarcinomas. In the case of muci-
carmine, the material present in the cystic structures or in an extracellular
location is usually eradicated if the tissue is pretreated with hyaluronidase,
which suggests that the material stained was hyaluronic acid (Figures 8.48
and 8.49). In epithelioid mesotheliomas with mucicarmine or PAS-diastase
intracellular droplet-like staining, it is usually not eradicated by pretreat-
ment with hyaluronic acid. In mesotheliomas that have this pattern, the
material in the lumens of the neoplastic cells usually has a crystalloid
morphology when evaluated ultrastructurally and is described above.
Some mesotheliomas are composed almost entirely of small cells and
may be confused with small-cell neuroendocrine neoplasms [34] (Figure
8.50). They usually are associated with other patterns of mesothelioma, such

) 9,

Ficure 8.46. Epithelioid mesotheliomas that produce proteoglycans, hyaluronic
acid, or both can stain positively with mucin stains, usually mucicarmine, and rarely
periodic acid-Schiff (PAS) diastase.
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Ficure 8.48. Epithelioid mesotheliomas that produce proteoglycans, hyaluronic
acid, or both stain positively with mucin stains, such as mucicarmine.
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FiGure 8.49. In this case of mucicarmine positivity, the material present in an
extracellular location is eradicated after the tissue has been pretreated with
hyaluronidase.

FiGure 8.50. Mesothelioma composed of small round dark cells.
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as the tubulopapillary or glandular variety. The neoplastic small mesothe-
lial cells do not express neuroendocrine markers (CD56, synaptophysin,
chromogranin-A) immunohistochemically [35].

Deciduoid mesothelioma was initially reported in the peritoneum of
young women and was associated with a poor prognosis, suggesting that it
was a specific clinicopathologic entity (Figure 8.51) [36]. The cause of the
disease was unknown; and because of the young age of the patients and the
failure to demonstrate hormone receptors in the neoplastic cells, it was
thought unlikely that asbestos exposure or hormonal imbalance played a
role in the development of the disease [36]. Later, and based on the expe-
rience of the International Mesothelioma Panel, it was recognized to occur
in the pleura of elderly men and women, exhibiting a prognosis similar to
that for other types of mesothelioma. The deciduoid appearance is not
uncommon as a minor component (Figure 8.52) in more conventional tubu-
lopapillary epithelioid mesotheliomas, but it rarely predominates [37]. In
the peritoneum it may be misdiagnosed histologically as a gastrointestinal
autonomic nerve tumor (GANT); however, use of immunohistochemical
markers such as c-kit (CD117) and cytokeratin should avoid this pitfall [38].
Shia et al. later reported the ultrastructural and clinical findings of five
patients with deciduoid mesotheliomas; they demonstrated that the pres-
ence of numerous cytoplasmic intermediate filaments, either dispersed or
bundled, appeared to be the likely ultrastructural basis for the deciduoid
histologic appearance [39].

Ficure 8.51. Epithelioid mesothelioma with diffuse deciduoid appearance.
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FiGure 8.52. Deciduoid neoplastic cells mixed with papillary structures seen in a
conventional diffuse epithelioid mesothelioma.

The lipid-rich, diffuse malignant mesothelioma is an uncommon epithe-
lioid mesothelioma (Figure 8.53). It is characterized morphologically and
ultrastructurally by numerous intracytoplasmic lipid vacuoles and numer-
ous long, branching, and intertwining microvilli characteristic of epithelioid
mesothelioma cells [40]. The lesion was first reported by Chang et al. [41].
The lipid vacuoles are useful for separating mesothelial cells from the signet
ring cells of adenocarcinoma, which also are PAS-positive and diastase
resistant.

Clear cell malignant mesothelioma is an unusual variant that is impor-
tant to recognize because it may be confused with other metastatic clear
cell tumors located to the pleura, especially renal and bronchopulmonary
clear cell carcinomas [43, 44] (Figures 8.54-8.56). Immunohistochemistry is
extremely useful for reaching the correct diagnosis when the calretinin
assay is positive (see below).

The pleomorphic variant of diffuse malignant mesothelioma with spindle
and bizarre tumor giant cells shows a histologic resemblance to pleomor-
phic carcinoma. Calretinin and TTF-1 are useful markers [8] (Figure 8.57).

Differential Diagnosis

The primary differential diagnosis of an epithelioid neoplasm involving
the pleura is most commonly between epithelioid mesothelioma and
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FiGure 8.54. Low power view of an epithelioid mesothelioma with clear cell
features.
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Ficure 8.55. High power view of clear cell mesothelioma. Note the round, bland
central nuclei in contrast with the eccentric nuclei seen in clear cell adenocarcinoma
from the kidney.

FiGure 8.56. Renal clear cell carcinoma showing typical glandular structures filled
with numerous red blood cells.
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FiGURE 8.57. Pleomorphic mesothelioma with numerous tumor giant cells.

invasive/metastatic pulmonary adenocarcinoma and metastatic adenocar-
cinoma from an extrathoracic site. It is important to know if there was
a history of a prior neoplasm in the patient. These neoplasms can often
be differentiated from one another if tissue samples are large enough to
perform various immunohistochemical and ultrastructural investigations.
If the sample size is small, diagnosis can be difficult and caution is
urged.

There is a rare tumor that grows like a mesothelioma and is referred to
as a “pseudomesothelioma.” Most of these neoplasms are primary pul-
monary adenocarcinomas [45, 46], but other histologic types and tumors
from other locations may give this appearance. Macroscopically, this tumor
may be impossible to differentiate from a primary pleural mesothelioma
(Figure 8.58). The most frequent pseudomesotheliomatous adenocarci-
noma shows a tubulodesmoplastic pattern in which there are small tubules
or glandular structures associated with a large amount of reactive or dense
fibrous stromal tissue (Figure 8.59). A significant percentage of these cases
are mucin-positive and show immunohistochemical and ultrastructural fea-
tures of primary pulmonary adenocarcinomas [47-49]. From a practical
viewpoint, it usually makes little difference whether a tumor is a mesothe-
lioma or a pseudomesotheliomatous adenocarcinoma. as both have a poor
prognosis and in most instances there is no adequate treatment for either
neoplasm [45, 47, 49]. They are uncommon, comprising 6% of referrals in
the experience of the Environmental Lung Disease Research Group,
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Ficure 8.58. Diffuse and nodular pleurotropic growth by pseudomesotheliomatous
adenocarcinoma.

FIGURE 8.59. Pseudomesotheliomatous adenocarcinoma showing prominent fibrous
stroma.
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FiGuRre 8.60. Pseudomesotheliomatous adenocarcinoma microscopically mimicking
epithelioid mesothelioma.

Cardiff [50] and less than 2% in the experience of the French mesothelioma
panel (Mesopath Group). Calretinin and TTF-1 are regarded as the most
useful markers for the differential diagnosis [51] (Figures 8.60-8.62).
Misdiagnosis may have medicolegal implications in asbestos-related com-
pensation claims.

Other neoplasms that may be confused macroscopically and microscop-
ically with pulmonary epithelioid mesothelioma include epithelioid heman-
gioendothelioma [52, 53] synovial sarcoma [54], intrapleural thymoma
[55], melanoma, lymphoma, and a variety of carcinomas [48-50] that are
discussed below.

Biphasic Mesothelioma

Biphasic mesothelioma consists of a combined epithelioid and sarcomatoid
pattern with the same immunohistochemical pattern seen in the individual
components as previously described. The WHO arbitrarily recommended
there should be at least 10% of each component present to diagnose bipha-
sic mesothelioma. However, there are no data on the clinical significance of
this category and no consensus on these criteria. It is not uncommon for
some biphasic mesotheliomas to have a desmoplastic component of less



110 Pathology of Malignant Mesothelioma

FiGure 8.61. The same tumor as in Figure 8.60, showing typical intranuclear
immunostaining for thyroid transcription factor-1 (TTF-1).

FIGURE 8.62. The same tumor showing cytoplasmic immunostaining for calretinin.
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Ficure 8.63. Biphasic mesothelioma. At the top is a solid sheet of epithelioid cells
and at the bottom pleomorphic spindle cells.

than 50%, which can appear extremely benign and can be confused with
reactive pleural fibroblastic reactive tissue. From a practical point of view,
this is not of any great clinical significance.

It is difficult with some epithelioid mesotheliomas to distinguish reactive
stroma from a sarcomatoid component of biphasic mesothelioma. The per-
centage of mesotheliomas classified as biphasic varies according to location
(peritoneum < pleura) [56, 57] and on the extent of sampling. Biphasic
mesotheliomas occur in approximatively 30% of patients in various studies
and are therefore frequent, especially when a large amount of tissue is avail-
able for evaluation such as autopsy tissue or pleuropneumonectomy/radical
pleurectomy tissue (Figures 8.63 and 8.64). It is well known that mesothe-
liomas may show variable degrees of differentiation. We have seen some
autopsy mesothelioma specimens in which there were several histologic
patterns (Figure 8.65).

Sarcomatoid Mesothelioma

The sarcomatoid variant of mesothelioma accounts for about 10% to 20%
of pleural cases but less than 4% of peritoneal cases. These tumors may
present as nodules or confluent lesions without pleural effusion. Rarely,
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Ficure 8.64. Epithelioid mesothelioma composed of tubules and papillae with
prominent hypercellular reactive stroma mimicking a biphasic tumor.

FiGure 8.65. Biphasic mesothelioma showing tubular and osteocartilaginous
differentiation.
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they present as a localized pleural mass [58-61]. Surgical dissection Dis-
section of such cases is extremely difficult because of chest wall invasion
and the rigid nature of the tumor. In the peritoneum the tumor frequently
encases abdominal viscera, making identification of a gastrointestinal or
genitourinary primary tumor difficult if not impossible.

Histologic Examination

Sarcomatoid mesotheliomas consist of a pure spindled pattern resembling
that of a fibrosarcoma or a malignant fibrous histiocytoma [1, 61, 62]. These
tumors have also been called sarcomatous, spindled, and diffuse malignant
fibrous mesothelioma. They typically consist of spindle cells arranged hap-
hazardly or in fascicles. At low magnification, nodules of tumor infiltrate
surrounding tissues, including parietal pleural fat. The nuclei are elongated
to plump, and nucleoli may be prominent (Figure 8.66). Necrosis and
mitotic activity are variable. The tumor cells may be surrounded by colla-
gen or myxoid stroma. Chronic inflammation is usually minimal. These
tumors most often resemble fibrosarcoma (Figure 8.66), but marked anapla-
sia and bizarre multinucleate tumor cells may result in a pattern closely
mimicking malignant fibrous histiocytoma (Figure 8.67). In a small per-

FIGURe 8.66. Sarcomatoid pleural mesothelioma showing fascicles of atypical
spindle cells with hyperchromatic nuclei.
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FiGuRre 8.67. Sarcomatoid pleural mesothelioma showing bizarre anaplastic tumor
giant cells. Such an appearance closely mimics that of malignant fibrous histiocytoma.

FiGUrRe 8.68. Sarcomatoid mesothelioma with osteosarcomatous differentiation
showing spicules of bone or osteoid produced by the tumor.
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centage of cases, areas resembling osteosarcoma or chondrosarcoma,
leiomyosarcoma, and rhabdomyosarcoma may be present (Figure 8.68) [63,
64]. In some cases, these areas are so prominent that calcified densities can
be seen within the tumor radiographically (Figure 8.69). Other forms of sar-
comatous differentiation potentially can occur in mesotheliomas, but they
are not well documented.

Sarcomatoid mesotheliomas must be distinguished from organizing
fibrous pleuritis, localized fibrous tumors of the serous membranes (LFTs),
sarcomatoid carcinomas, primary and metastatic sarcomas involving the
pleura, and desmoid tumors. Histologic features and cytokeratin staining
can help exlude LFTs, desmoid tumors, and metastatic sarcomas.

Gross features are also useful, as LFTs and desmoid tumors present as a
localized pleura-based mass, and metastatic sarcomas tend to present as
multiple pleural based nodules. However, the differentiation from sarco-
matoid (pleomorphic) carcinoma of the lung secondarily invading the
pleura or metastatic sarcomatoid mammary or renal cell carcinoma can be
exceedingly difficult. Immunostains do not reliably differentiate between
these diagnostic possibilities, as all of these tumors are typically keratin-
positive and negative for glycoprotein markers [65]. In such cases, the gross
features can be helpful. A diagnosis of sarcomatoid mesothelioma should

FiGure 8.69. Computed tomographic scan of the thorax in a patient with osteosar-
comatous variant of pleural mesothelioma. Note the calcific density within the
tumor mass.
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Ficure 8.70. Immunohistochemical staining of a sarcomatoid mesothelioma for
cytokeratins, showing diffuse cytoplasmic positivity in virtually all tumor cells.

be made with great caution in a patient with a radiologic lung mass, as it
often represents a sarcomatoid or pleomorphic carcinoma of the lung. Sim-
ilarly, caution should be used when diagnosing a pleural mesothelioma in a
patient with a known renal mass, as renal cell carcinomas (including sarco-
matoid variants) can metastasize to the pleura and mimic a mesothelioma.
In such instances, mesothelioma should only be diagnosed when both the
renal and pleural tumor have been sampled and shown to be histologically
dissimilar.

Immunohistochemical Features

Histochemical stains are not helpful in the differential diagnosis of sarco-
matoid mesotheliomas because acid mucopolysaccharides are present in
the stroma of any soft tissue sarcoma. However, immunohistochemical
stains for cytokeratins are useful in the diagnosis of these neoplasms. In the
typical case, the tumor cells stain strongly and are diffusely positive with a
cocktail containing antibodies to both high- and low-molecular-weight
cytokeratins (e.g., AE//AE; and Cam 5.2) (Figure 8.70). Variable staining
for cytokeratins may be seen, with strong staining in some areas of the
tumor and absence of staining in other areas. In perhaps 10% or fewer sar-
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FiGure 8.71. Immunohistochemical staining of a sarcomatoid mesothelioma for cal-
retinin showing nuclear positivity in many tumor cells.

comatoid mesotheliomas, there is an absence of staining for cytokeratins.
For this reason, a cocktail should be used. In such exceptional cases, the
diagnosis rests on typical gross distribution and histologic findings and
exclusion of a primary sarcoma elsewhere. Interestingly, areas with chon-
drosarcomatous or osteosarcomatous differentiation often stain negatively
for cytokeratins [63, 64]. Sarcomatoid mesotheliomas are usually positive
for vimentin, which is a useful marker for the adequacy of the fixation. They
may also stain positively for actin and desmin or S-100. Some 20% of cases
also show focal nuclear staining for calretinin (Figure 8.71) or CK5/6 [65].

Electron Microscopic Features

Ultrastructurally, sarcomatoid mesotheliomas have features similar to
those of fibroblasts or myofibroblasts. The stroma consists primarily of
collagen fibers (Figure 8.72). Adjacent tumor cells may be connected by
intermediate-type junctions. In some cases, the spindle-shaped tumor cells
contain tonofilaments and exhibit a few surface microvilli. True desmo-
somes may also be noted in such instances. In the absence of the latter
findings, the ultrastructural features of sarcomatoid mesotheliomas are
nonspecific [66].
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FiGure 8.72. Transmission electron micrograph of sarcomatoid mesothelioma,
showing spindle cells with features of fibroblasts or myofibroblasts. There is abun-
dant extracellular collagen.

Desmoplastic Malignant Mesothelioma

According to the 2004 WHO classification [67], desmoplastic mesothelioma is
a sarcomatoid mesothelioma with a predominance (>50%) of dense collage-
nous stroma and haphazardly arranged slit-like spaces made up of cells with
slightly atypical nuclei (Figures 8.73-8.75). Most of these tumors originate in
the pleura, but such tumors arising in the peritoneum have been described
(Figure 8.76) [68, 69]. Most tumors are sarcomatoid, but some desmoplastic
mesotheliomas with a biphasic or even an epithelioid component have been
reported. In the French series (1998-2002) of 709 consecutive mesotheliomas
published in the annual report of activities of the Programme National de
Surveillance des Mésothéliomes (PNSM) to the Institut de Veille Sanitaire
(INVS), desmoplastic variants accounted for about 2% of cases [70].
Because of the abundant fibrous tissue separating scattered neoplastic
cells, these tumors can readily be confused with fibrous pleurisy. Invasion
of lung parenchyma may also resemble organizing pneumonia. Large biop-
sies are preferable. The reader should be aware that a surface empyema
possibly due to needling can occur in combination with a malignant
mesothelioma underneath. In desmoplastic malignant mesotheliomas
(DMMs), all biopsy tissue must be processed and levels cut if necessary, The
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FiGure 8.73. Low power view of desmoplastic malignant mesothelioma. There is a
subtle change in color in the transition from largely collagenized areas of tumor
(pink) to the more cellular areas (blue).

FIiGURE 8.74. Less cellular areas of the tumor in Figure 8/73, showing band of col-
lagen arranged in the “patternless pattern” of Stout, separated by hyperchromatic
tumor nuclei.
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FiGure 8.75. More cellular area of the tumor in Figure 8.73 shows atypical spindle
cells arranged in a storiform pattern.

FiGure 8.76. Low power view of a desmoplastic malignant mesothelioma localized
to the lower pleural cavity. Distinct layers are seen from the right to the left con-
sisting of parietal pleural plaque and mesothelioma.
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diagnosis is especially difficult and should be made circumspectly from a
closed needle biopsy specimen. However, there are certain diagnostic cri-
teria that strongly suggest a diagnosis of malignancy. These findings include
frankly sarcomatoid areas; foci of bland necrosis; invasion of adipose tissue,
skeletal muscle, or lung; and distant metastases [71]. The tumor may grow
as nodular expansile masses on a background of reactive pleuritis. Frankly
sarcomatoid areas are recognized as regions of more intense cellularity, with
a patternless pattern or focal storifom foci. The atypical spindle cells have
atypical, often hyperchromatic nuclei (Figure 8.77). Mitotic figures are vari-
able. There is often an abrupt transition from relatively acellular to more
hypercellular regions. Areas of bland necrosis appear as subtle areas of
altered staining that on higher magnification are seen to contain nuclear
debris but no or little inflammation. These foci of necrosis may be associ-
ated with vascular invasion and thrombus in a central vessel (Figure 8.78).

Invasion of adipose tissue, skeletal muscle, or lung as well as metastasis
are important criteria of malignancy (Figures 8.79-8.82). Ancillary studies
are of limited utililty in the differential diagnosis of DMM. Cytokeratin
staining may be of greatest utility by highlighting invasion of keratin-
positive spindle cells in adipose tissue and skeletal muscle [Figures 8.83,
8.84). The mere presence of keratin-positive staining is of no particular
benefit because reactive processes often have keratin-positive spindle
cells. Immunostaining of more than 10% of spindle cell nuclei for p53 is

FIGURE 8.77. Frankly sarcomatoid focus in a desmoplastic malignant mesothelioma,
showing prominent cellularity and nuclear anaplasia.
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Ficure 8.78. Focus of bland necrosis in a desmoplastic mesothelioma, showing
subtle changes in staining characteristics in the necrotic area. Note invasion of the

blood vessel by tumor in the upper part.

Ficure 8.79. Invasion of adipose tissue of the chest wall by desmoplastic
mesothelioma.
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Ficure 8.80. Higher magnification of a different case from that in Figure 8.79,
showing invasion of adipose tissue. Note the insinuation of neoplastic spindle cells
between individual fat cells.

Ficure 8.81. A. Low power view showing invasion of lung tissue by desmoplastic
mesothelioma, with a superficial resemblance to organizing pneumonia. B. High
power view showing invasion of lung tissue by the desmoplastic mesothelioma.



124 Pathology of Malignant Mesothelioma

FiGure 8.81. Continued

FiGure 8.82. Metastatic deposit of desmoplastic malignant mesothelioma in bone.
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Ficure 8.83. Cytokeratin immunostaining highlights the invasion of neoplastic
spindle cells in adipose tissue.

FiGure 8.84. Cytokeratin positivity highlighting a nest of proliferation in a desmo-
plastic mesothelioma.
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suggestive of DMM, although this finding has no more predictive value than
the histologic findings alone [69, 71, 72]. Ultrastructural studies have not
been shown to be of benefit in the diagnosis of DMM.

Lymphohistiocytoid Mesothelioma

The lymphohistiocytoid mesothelioma variant was described by Henderson
et al. in 1988 [73] and by Khalidi et al. in 2000 [74]. A series of 21 cases was
reported in 2003 by the Mesopath Group [75]. It is a rare entity occuring
in less than 2% of cases. Lymphohistiocytoid mesothelioma represents a
form of mesothelioma in which the background neoplastic cells are histio-
cytoid in appearance, arranged in nests admixed with a lymphocytic and
plasma cell infiltrate. The histiocytoid cells co-express cytokeratin, vimentin,
calretinin, and CK5/6. The histiocytoid cells are negative for lymphoid and
macrophages markers. By analogy with the criteria for the diagnosis of
desmoplastic mesothelioma, it is suggested that 50% of the tumor or more
in a biopsy sample should be lymphoma-like in appearance for a diagnosis
of lymphohistiocytoid mesothelioma to be made.

The original criterion for recognizing this form of mesothelioma was that
each case was misdiagnosed at some time as serous-based lymphoma
(Figure 8.85). Epithelioid mesotheliomas with a prominent stromal lym-

FiGure 8.85. Lymphohistiocytoid mesothelioma showing numerous lymphoid cells
in association with large epithelioid mesothelial cells mimicking lymphoma.
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phoid infiltrate do not represent lymphohistiocytoid mesotheliomas. They
also are misdiagnosed as lymphoepithelial-like carcinoma reaching the
pleura or as pleura-based thymic epithelial tumors [76]. AE1/AE3 and
calretinin, are important discriminatory assays. The tumor is not related
to Epstein-Barr virus infection, as it stains negatively for for LMP1 and
EBER-1 by, respectively, immunohistochemical and in situ hybridization
analysis.
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Differential Diagnosis:
Mesothelial Proliferations

Because of the difficulty of separating benign from malignant mesothelial
proliferations and malignant mesotheliomas from tumors such as carci-
noma and sarcoma, it is appropriate to express levels of uncertainty in diag-
nostic terminology when all the data are not clear-cut. This problem often
derives from inadequate specimens or conflicting results of special studies.
A guiding principle is that the definitive diagnosis of malignant mesothe-
lioma should be established based only on adequate material in the appro-
priate clinical context with compatible results from special studies. If there
is doubt about the diagnosis, it should be reflected in the pathology report.
It is better to err on the side of underdiagnosis rather than overdiagnosis.
If it is a malignant mesothelioma, the tumor will ultimately declare itself.
When there is uncertainty, if it is decided not to perform an additional
biopsy, the patient should be followed clinically with serial radiographs to
monitor for tumor progression.

Uncertainty occurs at two levels: (1) whether the lesion is benign or
malignant, and (2) whether the tumor is a mesothelioma or some other type
of malignancy. The following phrases are useful to employ in reports to
convey various levels of uncertainty.

Atypical mesothelial proliferation

Atypical fibrous lesion of the pleura

Atypical mesothelilal proliferation, suspicious for (or consistent with/sug-
gestive of) but not diagnostic of malignancy

Malignant epithelioid neoplasm, favor mesothelioma
Malignant epithelioid neoplasm, favor carcinoma
Malignant epithelioid neoplasm, not further classified

Malignant sarcomatoid neoplasm, favor mesothelioma
Malignant sarcomatoid neoplasm, favor sarcoma
Malignant sarcomatoid neoplasm, not further classified

For sarcomatoid neoplasms, it is unusual to encounter a pseudomesothe-
liomatous pattern of growth, so radiographic evidence of diffuse pleural

132
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thickening favors malignant mesothelioma. However, there are exceptions.
such as synovial sarcoma, epithelioid hemangioendothelioma, and some
thymic epithelial tumors that can grow in a diffuse serosal pattern.

A history of exposure to asbestos or lack thereof is important when
assigning causation to a malignant mesothelioma. However, a history of
exposure to asbestos should play no role in the diagnosis; the diagnosis
depends on the gross and microscopic appearances and the results of special
techniques, as it does with any other tumor.

Reactive Mesothelial Proliferations

The distinction of benign from malignant mesothelial proliferations can
be extremely difficult, particularly because reactive serosal proliferations
present a confusing array of changes involving the mesothelial surfaces, and
underlying thickened and inflamed stromal tissue [1-6]. It is convenient to
distinguish these processes for illustrative purposes, but the reader should
remember that benign and malignant lesions may coexist.

Epithelial-type Mesothelial Proliferations Confined to a
Serosal Surface

Any inflammatory stimulus in a body cavity tends to be associated with
reactive changes in the surface mesothelial cells. In its simplest form, this
consists of enlargement of surface cells so they take on a rounded to
cuboidal configuration (Figure 9.1), a common finding in a variety of set-
tings. Pleomorphism is more common in reactive mesothelial proliferations
than typical epithelioid mesothelioma, where the nuclei can be deceptively
bland. Nucleoli are often prominent in benign reactions, and mitoses may
be present. In more florid proliferations, the surface cells form confluent
sheets (Figure 9.2), usually without papillary cores and without lacking an
underlying structure, although occasionally gland-like configurations and
simple papillae are found (Figure 9.3). Formation of intracytoplasmic
vacuoles (often large) is common (Figure 9.4); these vacuoles are usually
negative for neutral mucin (dPAS stain), although they may stain with muci-
carmine, a nonspecific finding in this setting. This finding can be helpful if
the question of metastatic adenocarcinoma arises. Necrosis of surface
aggregates of mesothelial cells may be seen during infectious processes,
especially tuberculosis, and rarely with other benign conditions. The finding
of necrosis, especially in the absence of acute inflammation, always raises
the question of malignancy.

Experience has shown that invasion of the stroma is the most reliable
guide to the diagnosis of malignancy in mesothelial proliferations (Figure
9.5). When a small biopsy appears to be solid tumor from one end to
the other, one is usually on safe ground in concluding that the lesion is
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Ficure 9.1. Hyperplasia of surface mesothelial cells, which are cuboidal in appear-
ance with areas of separation.

FiGure 9.2. Hyperplasia of surface mesothelial cells including formation of sheets.
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FiGure 9.3. Papillary formation in atypical mesothelial proliferation.

FiGure 9.4. Mesothelial proliferation with vacuolation.
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FiGure 9.5. True invasion from epithelioid mesothelioma.

malignant. When a surface proliferation shows features suggestive of malig-
nancy but without invasion, we propose that it be termed “atypical mesothe-
lial proliferation” and that additional biopsies be suggested for cases
clinically suspicious for mesothelioma (Figure 9.6). Atypical mesothelial
hyperplasia can take a variety of forms. In some instances, the process
appears large; and, cytologically, there are highly atypical single cells, usually
cuboidal and occasionally columnar, arrayed along a mesothelial surface.
In other instances, the mesothelial cells form complex patterns, usually with
papillary inflammatory cores (Figure 9.7). Sometimes such proliferations
induce their own stroma, a sign that is suggestive of malignancy (Figure 9.6).

Epithelioid-type Mesothelial Reactions in a Thickened
Serous Membrane

Mesothelial proliferations may extend from the surface into a thickened,
inflamed, or fibrotic serous membrane (which may also have all those char-
acteristics), or they may be located entirely within the membrane. A good
rule of thumb is that true stromal invasion is evidence of malignancy in
mesothelial proliferations, although determination of invasion versus
entrapment of mesothelial cells can be extremely difficult (Figure 9.5).
The following guidelines may be helpful. The distribution of epithe-
lioid mesothelial cells (zonation) in a thickened serosal membrane is an
extremely helpful guide for distinguishing benign from maligant processes.
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FIGURE 9.6. Vacuolated mesothelial proliferation appearing to form its own stroma.
It is suspicious for malignancy.

FiGure 9.7. Complex atypical mesothelial proliferation.
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In the parietal pleura, an epithelioid mesothelial proliferation that infil-
trates fat or chest wall muscle is always malignant. An epithelioid mesothe-
lial proliferation that extends across the full width of a thickened serosal
membrane (e.g., from the pleural cavity to the fat) is usually malignant.
This is true of epithelioid proliferations that are predominantly distributed
toward the chest wall. The same comments apply to the pericardial cavity
and to the peritoneal cavities. Orientation may be difficult to discern in the
peritoneal cavity, but benign processes should not invade fat. Such prolif-
erations can be deceptively bland, and distribution is more helpful than
cytologic detail. Rarely, benign epithelioid proliferations may be displaced
into fat along previous biopsy/needle tracts.

Epithelioid mesothelial cells located immediately underneath the serosal
surface are typical of many benign reactions in which proliferating mesothe-
lial cells have been entrapped owing to a current or previous inflammation.
One should be hesitant to diagnose malignant mesothelioma in the midst
of acute or organizing inflammation. Other clues to the benign nature of
the process are the presence of only one or a few glands in the serous mem-
brane. Glands or single cells forming linear arrays parallel to the serosal
surface also favor benignity (Figure 9.8). This phenomenon represents
layering and organization of an inflammatory exudate on a preexisting
mesothelial surface and is particularly common around uterine adnexae.
Fibrin may be entrapped with mesothelial cells in a benign process, but this
situation also may be seen with mesothelioma.

FiGure 9.8. Sequestrated mesothelial proliferation, which could be mistaken for
malignancy.
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FiGure 9.9. Complex mesothelial proliferation, showing superficial invasion indi-
cating malignancy.

Benign epithelioid mesothelial cell proliferations typically do not show
full-thickness extension through a serosal membrane. An abrupt, often
linear, cutoff of proliferating mesothelial cells at a shallow depth from the
surface favors a benign reaction. In the peritoneal cavity, benign mesothe-
lial cells may become trapped between lobules of fat, where they form
linear arrays but do not infiltrate the fat itself. Malignant mesotheliomas
may, on occasion, also show a predominantly subserosal distribution. Clues
to malignancy are complex glands, typically branching (Figure 9.6) and
often forming a classic tubulopapillary pattern (Figure 9.9). Sometimes
one portion of a biopsy specimen shows a subserosal proliferation that
is suspicious but not diagnostic of mesothelioma, whereas other pieces
or deeper sections demonstrate clearly invasive tumor. Equivocal cases
should be labeled “atypical mesothelial proliferation,” with more tissue
requested.

Sequestration of Mesothelial Cells (Pseudoinvasion)

Reactive mesothelial hyperplasias may be accompanied by low-grade
cytoarchitectural atypia. In addition, serosal inflammatory disorders may
produce sequestration of mesothelial cells in the submesothelial connective
tissue. With benign inflammatory processes, a layer of fibrinous exudate
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covers the surface of the pleural surface and subsequently organizes,
leading to entrapment of mesothelial cells. This phenomenon appears to be
more common in the pericardium and peritoneum than in the pleura. In
both the pericardium and pleura, embedded mesothelial cells extend no
deeper than the submesothelial fibrous layer, so extension into subpleural
adipose tissue or deeper structures such as chest wall striated muscle is a
strong indicator of malignancy.

Inclusions of Mesothelial Cells in Lymph Nodes

Rarely, lymph node metastases are the presenting manifestation of
malignant mesothelioma. Conversely, chronic inflammatory disorders of
serosal membranes are associated with translocation of mesothelial cells to
regional lymph nodes. In some benign mesothelial cell inclusions, the cells
are restricted to the subcapsular sinus (Figure 9.10), whereas in other cases
the inclusions are more extensive, with penetration into the deeper nodal
tissue; under these circumstances, no histologic criteria have been formu-
lated to discriminate between benign inclusions and metastatic mesothe-
lioma [7, 8]. Therefore a diagnostic biopsy of the corresponding serosal
membrane or radiologic evidence supportive of an underlying mesothe-
lioma is mandatory before a diagnosis of metastatic mesothelioma can be
established.

Ficure 9.10. Lymph node showing subcapsular mesothelial inclusion.
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Fibrous Pleurisy

Sarcomatoid and desmoplastic mesotheliomas are discussed above, but
benign reactions in which the proliferating mesothelial cells are entirely or
mostly spindled also occur and are termed “fibrous pleurisy” (other terms
are fibrous pleuritis, fibrosing pleuritis, organizing pleurisy). Equivalent
reactions may be seen in other serosal membranes and can be descriptively
termed fibrosing peritonitis and fibrosing pericarditis.

Like benign epithelial proliferations, fibrous pleurisy is associated with
distinct zonation, with greater cellularity immediately underneath the
surface layer and progressive loss of cellularity and increasing stromal fibro-
sis toward the chest wall (Figures 9.11 and 9.12). Plaque may be subsumed
by tumor and cause problems of interpretation. By contrast, desmoplastic
and sarcomatoid mesotheliomas usually have no zonation and are often
homogeneously distributed through a thickened serosal membrane or are
more prominent toward the chest wall.

The cells immediately under the surface layer of the serosa in fibrous
pleurisy are cytologically atypical and spindled, similar to those at the base
of active peptic ulcers in the gastrointestinal tract. They are usually admixed
with fibrin but do not extend deep into the thickened pleura. These cells
have the morphologic features of myofibroblasts. As one moves further

Ficure 9.11. Long capillaries oriented perpendicular to the pleural surface are a
sign of benign fibrous pleurisy.
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FiGure 9.12. Systemic lupus erythematosus, showing fibrinous chronic inflammation
of the pleura.

away from the surface,long capillaries oriented perpendicular to the surface
(Figure 9.11) may be found. Their presence is helpful because they are typ-
ically not a feature of sarcomatoid or desmoplastic mesotheliomas. Usually
the spindle cells in fibrous pleurisy do not extend into the fat; but such
extension and even the production of fibrous tissue surrounding chest wall
muscle may be seen with a fibrothorax and with prior surgery (Figure 9.13).
As noted above, both benign and malignant spindle cell mesothelial prolif-
erations are usually keratin-positive. Insinuation of keratin-positive cells
between fat cells is a characteristic feature of desmoplastic or sarcomatoid
mesotheliomas.

Plaques

Because most mesotheliomas are caused by asbestos, the parietal pleura
often also shows accompanying hyaline pleural plaques, which are markers
of asbestos exposure but not of asbestosis. Plaques do not predispose to the
development of malignancy but may be encountered in the vicinity of a
mesothelioma. They are observed most frequently on the diaphragmatic
parietal pleura (Figure 9.14) and the lateral chest wall, usually in the
distribution of the ribs. Plaques are rarely seen on the visceral pleura or
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FiGure 9.13. A.Highly cellular asbestos-related pleural fibrosis. B. Same case. show-
ing the absence of invasion of adipose tissue by reactive stromal cells. (Cytokeratin
immunostaining)
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FiGure 9.14. Pearly gray nodular diaphragmatic parietal pleural plaques.

visceral pericardium. Plaques identical to those seen on the parietal pleura
have been observed on the peritoneal surface, most frequently on the
spleen or liver. Grossly, they are white or yellow lesions that are histologi-
cally composed of a basket-weave pattern of acellular collagen sharply
demarcated from the underlying tissue. They express pancytokeratin and
should not be confused with desmoplastic mesothelioma.

The prevalence of plaques in the general population and in association
with malignant mesothelioma varies considerably according to the popula-
tion studied and the method of detection. For example, Roggli et al. [9],
reported that 71% of mesotheliomas were associated with plaques in U.S.
men, and Bianchi et al. reported almost 90% in Italian men and 70% in
women based on autopsy results[10].

Peritoneal Fibrosis/Sclerosing Fibrosis

Peritoneal fibrosis/sclerosing fibrosis are reactive processes characterized
by peritoneal fibrosis that may encase the bowel, causing severe obstruc-
tion. They may be misdiagnosed as desmoplastic malignant mesothelioma,
particularly in a closed biopsy specimen. Multipotential subserosal cells are
well known for presenting pancytokeratin or calretinin positivity in both
benign and malignant mesothelial lesions. In this situation, invasion of
adipose tissue between adipocytes is the clue to the correct diagnosis. Peri-
tonal fibrosis usually occurs in the setting of abdominal operations, whereas
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sclerosing peritonitis may be idiopathic or secondary to chronic ambulatory
peritoneal dialysis. It also may occur in association with fibrothecoma of the
ovary and may mimic a malignant process [11].

Fibrous Periorchitis

Fibrous periorchitis is a diffuse or localized reactive process involving
the tunica vaginalis, the epididymis, and the spermatic cord. It has been
described under various names such as nodular fibrous periorchitis, nodular
pseudotumor, fibrous mesothelioma, and proliferative funiculitis. It is
thought to be a reactive process characterized by diffuse thickening or a
localized process made of multiple fibrous nodules 0.2 to 10.0cm in diam-
eter. Histologically, it is composed of spindle cells and hyalinized collagen.
An inflammatory component may be prominent. These lesions should be
differentiated from desmoplastic malignant mesothelioma and lymphohis-
tiocytoid mesothelioma, which have not been described to our knowledge
at this site. It should also be differentiated from sarcomas, which are gen-
erally more atypical and cellular [12].

Immunohistochemical Findings in Reactive Versus
Neoplastic Processes

Positive staining with broad-spectrum anti-keratin is not a feature specific
for malignancy but can be seen in every active mesothelial proliferation,
benign or malignant, epithelioid or spindled. Keratin staining is helpful,
however, in showing the distribution of mesothelial cells in serosal mem-
branes. This is especially true for showing linear arrays (favoring a benign
process) and subtle penetration into fat or other structures (suggesting
malignancy).

Published studies have reported that neoplastic epithelioid mesothelial
cells show cell membrane staining (often thick) for epithelial membrane
antigen (EMA) (Figure 9.15) and human milk fat globule protein-2
(HMFG-2), whereas reactive atypical epithelial mesothelial cells are
usually nonreactive. Similarly, neoplastic mesothelial cells more frequently
express pS3 gene product than do reactive mesothelial cells. Caution is
urged when using these reactions to establish a diagnosis because reactive
epithelial mesothelial cells may express EMA, HMFG-2, and p53, and neo-
plastic epithelial mesothelial cells may show no reactivity [13].

Desmin also appears to be preferentially expressed in reactive mesothe-
lium. The complementary use of EMA and desmin markers may be of prat-
ical value in ascertaining the nature of mesothelial proliferations [14-16].
Immunohistochemical detection of mutated p53 oncoprotein is more con-
troversial. All these markers are useful but not definitively diagnostic, and
they require more formal evaluation in the future.
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FiGure 9.15. Mesothelial proliferation, showing focal membranous immunostaining
for epithelial membrane antigen (EMA).
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10
Differential Diagnosis: Other

Mesothelial Lesions

Adenomatoid Tumors

Characteristically, adenomatoid tumors are benign proliferations of
mesothelial cells that occur most frequently in the testis/epididymis and in
the cornua of the uterus. Rarely, the tumor has been described in the pleura
(Figure 10.1) [1]. Adenomatoid tumors appear infiltrative and can be con-
fused with other types of neoplasms.

Adenomatoid tumors are usually clinically silent, occurring as genital tract
tumors in both males and females. They are most often discovered inciden-
tally as a minute polypoid, pedunculated, or sessile nodule on surgical speci-
mens. They have no relation to asbestos exposure. Microscopically, these
tumors of the pleura display a proliferation of large epithelioid cells arranged
in trabeculae, with gland-like spaces and containing intracytoplasmic vac-
uoles (Figure 10.2). The cells are devoid of atypia. Lymphoid follicles are fre-
quently seen at the edge of the polypoid pedicle. Immunohistochemically, the
cells are cytokeratin- and calretinin-positive and show no immunostaining
for carcinoma markers. The lesion is considered benign, but some cases with
malignant behavior have been described in the genital tract. A useful feature
for differentiating adenomatoid pleural tumor from the signet ring and
adenoid cystic variants of malignant mesothelioma is that the former lesion is
minute and measures less than 5Smm. These lesions may also be misinter-
preted as epithelioid hemangioendotheliomas, but they are CD31- and
CD34-positive and are usually cytokeratin-negative.

The diagnosis of benign adenomatoid tumor of the pleura should be
restricted to rare cases fulfilling the following criteria: (1) the nodule is small
(<5mm) and is an incidental finding at operation performed for other
reasons; (2) symptoms are restricted to the disorder for which the opera-
tive procedure was carried out, and there is no effusion attributable to the
pleural nodule; and (3) the appearances throughout the nodule are char-
acteristic of an adenomatoid tumor, with no histologic features character-
istic of malignant mesothelioma (e.g., tubulopapillary structures at the
surface of the pleura or a sarcomatoid component).

148
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Ficure 10.1. Low power view of pleural adenomatoid tumor.

Ficure 10.2. High power view of pleural adenomatoid tumor.
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Well-differentiated Papillary Mesothelioma

The well-differentiated papillary mesothelioma (WDPM) was first
described in the peritoneum by Foyle et al. in 1981 [2]. Other reports fol-
lowed in 1990 from Daya and McCaughey [3] and Ascensio et al. [4]. It is
arare tumor that occurs predominantly in the peritoneum of young women,
usually during the third decade. It has also been encountered in the tunica
vaginalis of the testis [5, 6] as well as in the female genital tract [7]. It has
been described in the pleura [8-10], where it is even more rare. It affects
men and women equally, with a mean age of 60 years, and it presents with
recurrent free-flowing unilateral pleural effusion. Histologically, it is char-
acterized by superficial spreading of stout papillary formations with myxoid
cores lined by bland, flattened cells with or without limited invasion (Figure
10.3). WDPMs are associated with an indolent clinical course and a long
survival (from 3 years to more than 10 years). It is considered a specific clin-
icopathologic entity distinct from conventional diffuse malignant mesothe-
lioma. Nearly half of the patients from the French series had a history of
asbestos exposure when the lesion occurred in the pleura [10].

Macroscopically WDPM presents in the pleura as multiple small, pin-
point nodules usually less than 1 cm. Localized disease may appear as a soli-
tary nodule often with a stalk attached to the mesothelial surface.

Ficure 10.3. Visceral pleura: well-differentiated papillary mesothelioma with
surface papillary formation.
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Histologically, the proliferation expands from the serosal surface of the
peritoneum or the pleura, and there is a well developed papillary pattern
(Figure 10.4). WDMPs are characterized by a bland cytology. Moreover,
invasion is absent or extremely limited, as it is mostly a superficial
process.

In the pleura, the major difficulty for the differential diagnosis is with
atypical mesothelial hyperplasia in a recurrent pleural effusion second-
ary to a previous cardiovascular inflammatory, immune, or toxic disease.
According to Galateau-Salle et al. [10], immunohistochemical stains dem-
onstrated 100% membranous staining for epithelial membrane antigen
(EMA) (Figure 10.5). The usefulness of p53 in differentiating WDPMs from
reactive atypical hyperplasia has not been well established.

In the peritoneum, WDPM is usually an incidental finding at surgery
and is not related to prior asbestos exposure [11]. The tumor pursues a
benign or indolent course, or when multiple lesions are present they can
give rise to ascites. Some cases have been reported with persistent or
progressive disease [11]. The main differential diagnosis includes focal
mesothelial reactive hyperplasia and the spectrum of serous peritoneal
tumors, including borderline serous tumor of the peritoneum, as well as
serous papillary carcinoma of the ovary and diffuse malignant epithelioid
mesothelioma [7, 12-14].

s
-
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FiGure 10.4. Well-differentiated papillary mesothelioma with uniform papillae con-
taining myxoid fibrous cores lined by a single layer of bland mesothelial cells.
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Ficure 10.5. Well-differentiated papillary mesothelioma with uniform papillae
showing focal membranous epithelial membrane antigen immunostaining.

Multicystic Mesothelioma

Various names have been used to describe the multicystic mesothelioma,
including “cystic peritoneal mesothelioma,” “inflammatory or postoperative
cysts” of the peritoneum, “peritoneal inclusion cysts,” and “multilocular
peritoneal cysts.” The diagnosis of multicystic mesothelioma should be
restricted to cases where the tumor is completely cystic, with the cysts large
enough to be detected by naked-eye examination. They may be as large
as 20cm. More than 100 cases have been documented in the literature
[15-22].

Multicystic mesothelioma is a rare disease, occurring in the peritoneum
and especially in the pelvis in women of reproductive age. In some cases it
has occurred in men. Exceptionally it has been described in the pleura,
although the size of the cyts was not specified [20].

Macroscopically, this lesion presents as multiple translucents cysts often
organized in a grape-like clustered fashion and separated by fibrous septa.
The cysts contain a gelatinous, mucinous fluid [21-22].

Microscopically, multicystic mesotheliomas (multicystic peritoneal cysts)
are lined by a single layer of flattened or hobnail-shaped epithelioid cells
with no or mild cellular atypia (Figure 10.6). The cyst walls are composed
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Ficure 10.6. Multicystic mesothelioma.

of dense fibrovascular connective tissue scattered with a few inflammatory
cells (Figure 10.7). Neoplastic infiltration of the adjacent fibrous tissue is
absent. Adenomatoid tumors have been associated in rare cases [15, 17,21,
23]. The mesothelial cells lining the cysts show positive immunostaining for
AE1/AE3, CK5/6, CK7, HBME-1, and calretinin; EMA expression is vari-
able, and endothelial markers are negative.

There is some controversy regarding the nature of this lesion. Some mul-
ticystic mesotheliomas appear to be reactive as they develop in association
with prior pelvic surgery, pelvic inflammatory disease, or endometriosis.
Others, presenting with repeated recurrences, are probably neoplastic. The
latter should be considered low grade malignant bona fide multicystic
mesotheliomas, whereas the former are better interpreted as peritoneal or
multilocular peritoneal reactive cysts.

Mesotheliomas are rare during childhood. When they do appear, they
may have a multicystic appearance and unpredictable behavior, requiring
individual treatment strategies [23, 24]. Multicystic mesothelioma does not
appear to be related to asbestos exposure.

The major differential diagnosis includes a conventional epithelioid
mesothelioma with an adenomatoid appearance; if there is an associated
invasive component, the lesions should be regarded as a diffuse malignant
mesothelioma. Additional differential diagnoses include cystic lymphan-
gioma [25] and endosalpingiosis [26]. The former stains positively for CD31,
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Ficurk 10.7. Peritoneal cysts are lined by a single layer of flat cuboidal cells with
benign nuclear features.

factor VIIII-related antigen, and vimentin and does not express mesothe-
lial markers.
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Differential Diagnosis:
Nonmesothelial Lesions

Reactive Squamous Metaplasia

Reactive squamous metaplasia is a rare event with reactive and malignant
mesothelial lesions of the pleura (Figure 11.1) [1]. Squamous metaplasia
may rarely be seen on the pleura of patients with cystic fibrosis. The main
pitfall in diagnosis is with metastatic well-differentiated squamous cell car-
cinoma from adjacent viscera or from extension of a microscopic periph-
eral pulmonary squamous cell carcinoma. In the absence of squamous
pearls, bladder carcinoma metastatic to the pleura has to be considered in
the differential diagnosis.

Nodular Histiocytic Mesothelial Hyperplasia

Nodular histiocytic/mesothelial hyperplasia is a rare tumor-like lesion first
described by Rosai and Dehner in 1975 in hernial sacs [2]. It is character-
ized by nodules distributed at the surface of the pleura and composed
almost exclusively of large histiocytic cells showing a mild degree of atypia
and round to oval nuclei (Figure 11.2) [3,4]. The bland cytology of the lesion
associated with the strong reactivity for CD68 and the absence of cytoker-
atin positivity, except for some scattered reactive mesothelial cells, indicate
the correct diagnosis. Because histiocytes/macrophages exhibit CD31
positivity, this lesion could also be mistaken for epithelioid hemangio-
endothelioma [4]. Nodular histiocytic mesothelial hyperplasia appears to be
identical to mesothelial/monocytic incidental cardiac excrescences [5],
which probably result from irritation to the mesothelial lining by various
causes leading to focal aggregation of histiocytes in the serosal cavity. The
clues to recognizing the true nature of the lesion are clinicopathologic cor-
relation and identification of CD68-positive/cytokeratin-negative cells.
Similarly, displaced mesothelial cells in the visceral pleura do not appear to
penetrate beyond the pleural elastic lamina or into the subjacent lung
parenchyma.
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A

Ficure 11.2. A. Pleural nodular histiocytic hyperplasia mimicking malignant
mesothelioma. B. Same case: CD 68 immunopositivity. C. Same case calretirin
immunopositivity.
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FiGure 11.2. Continued

Endosalpingiosis and Endometriosis

Endosalpingiosis and endometriosis may involve the peritoneum and have
the potential to be confused with mesothelioma. An important distinguish-
ing feature is the presence of columnar cells sometimes ciliated and fre-
quently associated with hemorrhage. As a rule, endosalpingiosis and
endometriosis are focal processes [6].

Ectopic Decidua

Ectopic decidua (Figure 11.3) is a common finding in young women. It
should not to be confused with deciduoid malignant mesothelioma as the
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FiGure 11.3. Florid deciduoid change in the peritoneum 6 months after pregnancy.
There is no invasion of adipose tissue.

latter shows estrogen receptor and progesterone receptor negativity and
calretinin positivity.
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Differential Diagnosis:
Nonmesothelial Tumors of the
Serosal Cavity: Sarcomas

Synovial Sarcoma

Synovial sarcomas (SSs) consist of biphasic and monophasic types (Figures
12.1 and 12.2). Most SSs reported in the pleural cavity have been biphasic,
whereas in the lung most of the tumors have been monophasic [1, 2].

Biphasic SS can be distinguished from biphasic malignant mesothelioma
(MM) by the following criteria. Biphasic SS occurs at a younger age (mean
25 years; range 9-50 years) than MM (mean age 65 years; range 40-80 years)
[1, 3]. Biphasic SS is usually localized although diffuse lesions may be seen,
whereas MM causes diffuse pleural thickening. Histologically, SSs show
long, interweaving fascicles, frequent hemangiopericytomatous pattern, and
hyaline fibrosis. In contrast, MM rarely shows long fascicles and rarely
displays a hemangiopericytomatous pattern. Moreover, in SS the nuclei
demonstrate finely dispersed chromatin and inconspicuous nucleoli,
whereas small central nucleoli and margination of the chromatin are seen
in MM. Biphasic SS typically shows positive mucin staining, whereas this
feature is usually negative in mesotheliomas. In most cases of SS, carci-
noembryonic antigen (CEA) expression is seen in the glandular element,
whereas it is only rarely seen in epithelioid mesotheliomas. S100 may be
positive in SS, but it is usually negative in mesothelioma. SS frequently
express bcl2, in contrast to mesotheliomas. Biphasic SS shows large geo-
graphic areas of membranous and cytoplasmic staining for epithelial mem-
brane antigen (EMA) (Figure 12.3). Epithelioid mesotheliomas typically
show cell membrane positivity for EMA. Calretinin is expressed by both
mesotheliomas and synovial sarcomas. By electon microscopy, synovial
sarcomas are seen to have short, blunt microvilli whereas MMs have long,
bushy microvilli [4, 5]. The t(X,18) translocation is seen in SS but is not
observed in MM [6].

Monophasic SS [6] potentially can occur in the pleural cavity but would
be very difficult to distinguish from sarcomatoid malignant mesothelioma.
Favoring the diagnosis of a monophasic SS would be a localized, rather
than diffuse, macroscopic distribution and histologic features of long,
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FiGure 12.1. Monophasic synovial sarcoma, showing small dark cells and relatively
paucicellular myxoid areas.

FiGure 12.2. Monophasic synovial sarcoma, showing fascicles of dark spindle cells.
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FiGure 12.3. Synovial sarcoma, showing focal membranous epithelial membrane
antigen (EMA) immunostaining.

interweaving fascicles and frequently a hemangiopericytomatous pattern.
Immunohistochemistry for CEA and electron microscopy are usually not
helpful owing to lack of a glandular component. It has been suggested that
positive bcl2 may favor SS, as its presence in mesothelioma appears to be
infrequent [6-8]. Identification of the t(X:18) translocation indicates SS [8].

Poorly differentiated SS (PDSS) is characterized by a highly cellular pro-
liferation made up of large rounded cells with numerous mitoses and necro-
sis, and it may be observed in the pleura. PDSS may be overlooked in this
location because it may be extremely difficult to differentiate PDSS from
poorly differentiated mesothelioma in the absence of molecular cytogenet-
ics analysis for t(x:18) (SYT-SSX) as they usually have the same immuno-
histochemical profile as malignant mesothelioma [1, 7].

Epithelioid Hemangioendothelioma and Angiosarcoma

Malignant epithelioid vascular tumors presenting in the pleura embrace a
spectrum of lesions, from low grade epithelioid hemangioendotheliomas [9]
to high grade angiosarcomas [10, 11]. Epithelioid hemangioendotheliomas
are composed of short cords and nests of epithelioid endothelial cells fre-
quently embedded in a myxohyaline matrix. The tumor cells have sharply
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defined cytoplasmic vacuoles and frequently exhibit a vascular growth
pattern and hyaline necrosis (Figures 12.4-12.6]. The cytoplasmic vacuoles
represent intracytoplasmic lumens within which red blood cells may be
seen. Abortive vessel formation is a helpful morphologic clue to vascular
differentiation. The intermixture of epithelioid cells and fibroblastic stroma
may give a biphasic appearance that mimics biphasic malignant mesothe-
lioma. Epithelioid vascular tumors may show higher degrees of cytologic
atypia, forming an epithelioid angiosarcoma [11].

Epithelioid hemangioendothelioma or angiosarcoma may present with
diffuse pleural thickening but more often these lesions present in the lung
as multiple nodules. Some patients have pulmonary nodules and pleural
involvement. Epithelioid hemangioendothelioma and angiosarcoma can
occur in a variety of other sites as well, such as the liver, soft tissue, and
bone; they and may present in multiple organs simultaneously. The prog-
nosis is poor, with death in less than 1 year regardless of whether the tumor
is an epithelioid hemangioendothelioma or an angiosarcoma [9, 10, 11, 12].
There is no clear association with asbestos exposure [9].

Immunohistochemistry in most cases is positive for vascular markers,
including CD31, CD34, and factor VIII [10, 12]. These tumors can be diffi-
cult to diagnose because occasionally the neoplastic cells express keratin,
suggesting a mesothelioma or carcinoma. Staining for vimentin is usually

Ficure 12.4. Epithelioid hemangioendothelioma, showing “net-like” external com-
pression of lung.
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Ficure 12.5. Epithelioid hemangioendothelioma, showing typical epithelioid cells
set in a myxoid fibrous stroma.

FiGure 12.6. Epithelioid hemangioendothelioma, showing typical epithelioid cells
with intracellular lumen filled with red blood cells.
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strongly positive [10-12]. Calretinin is typically negative. Unless one con-
siders the diagnosis, the correct immunohistochemical studies and ultra-
structural evaluation are not done. In some of the cases, Wiebel-Palade
bodies are seen in the cytoplasm of these cells and are pathognomonic
markers of endothelial cells. This neoplasm often has a poor prognosis.

Leiomyosarcoma

Leiomyosarcomas may occur in the pleura as metastatic or primary neo-
plasms and are composed of fascicles of eosinophilic spindle cells with
ovoid, vesicular, to cigar-shaped nuclei. They usually demonstrate positiv-
ity for smooth muscle actin, desmin, or both [13]. About 30% to 40% of
leiomyosarcomas at all locations are immunopositive for cytokeratins and
EMA, making the differential diagnosis with sarcomatoid mesotheliomas
extremely difficult. Some sarcomatoid mesotheliomas show smooth muscle
differentiation with expression of actin, desmin, keratin, and vimentin; [14]
and they have ultrastructural features of myoid or myofibroblastic
differentiation.

Benign and Malignant Peripheral Nerve Sheath Tumor

Both benign and malignant peripheral nerve sheath tumor can occur in the
pleural cavity. When benign they typically have such morphologic features
as Antoni A and B areas, hyaline vascular changes, and Verocay bodies.
Neurofibromas demonstrate interlacing bundles of elongated cells with
wavy nuclei within a wire-like collagen and mucoid matrix. When malig-
nant they may lack these features and mimic malignant solitary fibrous
tumor and sarcomatoid mesothelioma as well. Positive staining with S-100
is helpful for confirming a neurogenic origin [11, 14].

Primitive Neuroectodermal Tumor

Primitive neuroectodermal tumors (PNETs) consist of sheets of discohe-
sive, small, round tumor cells with frequent areas of necrosis [16]. PNET
and Ewing’s sarcoma represent a spectrum of small round cell sarcoma that
for the purposes of this discussion is called PNET. Rosette-like structures
are common, and cystic spaces may be formed. There is a high nuclear/
cytoplasmic ratio, and the nuclei typically have vesicular or finely granular
chromatin (Figure 12.7). Nucleoli may be present. Glycogen can often be
demonstrated in the cytoplasm utilizing periodic acid-Schiff (PAS) stain
with and without diastase. Immunohistochemistry characteristically is pos-
itive for MIC2 [15, 16] and negative for keratin. However, focal positivity
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FiGuURE 12.7. Primitive neuroectodermal tumor (“Askin tumor”) showing sheets of
dark round cells.

can be seen for keratin, chromogranin, or synaptophysin. Histologically,
these tumors could be confused with small cell mesotheliomas.

The tumors tend to be large, localized masses when involving the pleural
cavity; and they usually also extend into the chest wall, lung parenchyma,
or both. They tend to occur in children and young adults. Rarely, they are
confused with malignant mesothelioma because of their presentation as a
pleural mass; their morphologic features are more likely to be confused
with small cell carcinoma, lymphoma, or other small round blue cell tumors.
Molecular analysis reveals a characteristic translocation: t(11;22)(q24;q12)
although this is not specific [16]. Molecular studies and immunohistochem-
istry must be interpreted in the context of appropriate histologic features
[16,17,18].

Desmoid Tumor

Desmoid tumors are rarely pleural [19]. They often present clinically as
large masses with a mean diameter of 12.5cm (range 5-16cm). They may
involve either the parietal or visceral pleura and usually have a sessile
attachment without a pedicle. Histologically, they consist of intersecting fas-
cicles of bland spindled fibroblastic cells interspersed with a loose fibrillar
collagenous matrix and focal, dense, laminated collagen, reminiscent of a
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FiGure 12.8. Desmoid tumor showing cells with elongated, wavy nuclei.

localized fibrous tumor. The tumor cells are thin with wavy to elongated
nuclei that have sharp, pointed ends (Figure 12.8). The tumors are infiltra-
tive, growing into surrounding soft tissues. Mitoses, pleomorphism, and
necrosis are absent.

Immunohistochemistry may be positive for vimentin, smooth muscle
actin, muscle-specific actin, and desmin. However, CD34, S-100 protein, and
cytokeratin are negative [19]. These tumors must be separated from local-
ized fibrous tumors and neurogenic tumors. Localized fibrous tumors tend
to show a distinctive stromal ropy collagen that is uncommon in desmoid
tumors, which are more likely to show a loose fibrillar collagenous matrix.

Desmoplastic Round Cell Tumor

Desmoplastic round cell tumor is a malignant lesion composed of nests of
small round cells in a dense fibrous or cellular spindle-celled stroma. This
tumor presents most often in the abdomen or pelvis [20], although cases
have been reported rarely in the pleura [21, 22], thorax [23], and parates-
ticular region [24]. Most patients are adolescents or young adults [20]. The
tumor cells usually have scant cytoplasm and some nuclear molding (Figure
12.9). Immunohistochemically, they are typically positive for cytokeratin
and desmin, often with a dot-like cytoplasmic pattern. Immunohistochem-
istry for WT1 is also typically positive, in contrast to PNETs [25, 26].
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FiGure 12.9. Desmoplastic round cell tumor with focal collagenization.

These tumors are characteristically found to have the translocation
t(11;22)(p13;q12) by molecular analysis [27].

Pleuropulmonary Blastoma

Pleuropulmonary blastoma is a cystic or solid neoplasm (or both) in which
the cystic component is lined by benign metaplastic epithelium that may be
ciliated [28,29]. When these neoplams are exclusively cystic, the malignant
component consists of primitive small cells underneath the epithelium with
a cambium layer-like appearance, as is seen in sarcoma botryoides. Focal
rhabdomyoblasts may be found among the malignant small cells (Figure
12.10). Solid areas have differentiated or anaplastic sarcomatous elements
(or both) including embryonal rhabdomyosarcoma, fibrosarcoma, chon-
drosarcoma, anaplastic undifferentiated sarcoma, and mixtures of these cell
types [30]. Solid islands of primitive cells separated by a myxoid spindle cell
stroma may resemble the blastema in Wilms’ tumor.

Pleuropulmonary blastoma is a dysontogenic malignant neoplasm of
early childhood that may involve the lung or pleura (or both). Cystic pleu-
ropulmonary blastoma may mimic benign cystic lung disease and hamar-
tomatous lesions. There is a family history of similar-appearing intrathoracic
tumors, other solid tumors of childhood, and various malformations in
up to 30% of cases. This tumor must be distinguished from pulmonary
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Ficure 12.10. Pleuropulmonary blastoma showing.

blastoma, which characteristically occurs in adults. A favorable prognosis
correlates with the extent of cystic change [29].

Inflammatory Myofibroblastic Tumor

Inflammatory pseudotumor shows a spectrum of fibroblastic or myofi-
broblastic proliferations with a varying infiltrate of inflammatory cells,
typically plasma cells, lymphocytes, and foamy histiocytes. The lesions may
range from a primarily myofibroblastic or fibroxanthomatous appearance
to one that has a heavy infiltrate of plasma cells. These tumors usually occur
in the lung, and rarely they involve the pleura. Whether they represent a
reactive or a neoplastic lesion is not known. They can show invasive growth
and, if not completely excised, may recur. Other terms that have been used
for this tumor include inflammatory myofibroblastic tumor, plasma cell
granuloma, fibroxanthoma, fibrous histiocytoma, and pseudosarcomatous
myoblastic tumor.

Other sarcomas can rarely occur in the pleura, including liposarcoma
[30], rhabdomyosarcoma [31], and others that have already been discussed
[14].
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Differential Diagnosis:
Other Nonmesothelial Tumors

Solitary Fibrous Tumor

Solitary fibrous tumors are uncommon. They can arise from the serous
membranes and many other locations, such as lung parenchyma, upper res-
piratory tract, mediastinum, and orbit [1-4]. In the serous cavities they are
thought to develop from fibroblasts of the submesothelial connective tissue
(5]

They are usually solid but can be cystic and often have a pedicle (Figure
13.1). There is no convincing association with asbestos exposure. Both
benign (most of the tumors) and malignant forms can occur, although the
behavior of individual tumors is difficult to predict.

They vary in cellularity, with densely packed spindle and oval-shaped
cells to acellular collagenous areas. They show a variety of patterns, includ-
ing haphazardly arranged interlacing fascicles (“patternless”), herring-
bone, “hemangiopericytoma-like,” neural-like, diffuse sclerosing, and
loose myxoid (Figures 13.2 and 13.3). These tumors can show calcification.
Features suggesting a malignant or more aggressive behavior [1, 6] are
(1) >4 mitoses per 10 high power fields; (2) the presence of abnormal
mitotic figures; (3) cellular pleomorphism; (4) the presence of tumor
giant cells; (5) size larger than 10cm; (6) areas of necrosis; (7) prominent
nucleoli; (8) lack of a pedicle. Disseminated solitary fibrous tumor may
occur [7].

Solitary fibrous tumors usually do not stain immunohistochemically for
cytokeratin, S100, or desmin but are positive for vimentin and focally for
SMA. CD34 is a useful positive marker for LFT but is not specific [3]. The
neoplastic cells are diffusely positive for bcl2 and CD99 [8]. CD34 does not
usually stain mesotheliomas. However, the malignant forms of localized
fibrous tumors may fail to stain immunohistochemically for CD34 [§]
and a small proportion of sarcomatoid mesotheliomas are negative for
cytokeratin [9].

When the tumor is benign, well localized, and has a pedicle, there should
be no difficulty distinguishing it from malignant mesothelioma. However,

172
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FiGure 13.2. Solitary fibrous tumor, showing the patternless and hemangiopericytic
pattern.
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FiGure 13.3. Same case, high power view as a vessel.

when it is large and toward the malignant end of the spectrum, it may
be difficult to differentiate from the sarcomatoid forms of malignant
mesothelioma.

Calcifying Fibrous Pseudotumor

Calcifying fibrous pseudotumor rarely presents in the pleura or peri-
toneum [10-12]. It appears as solitary lesions in young adults. It also may
present as multiple serosal masses or plaque-like lesions [12]. Calcifying
fibrous pseudotumor has some clinical and pathologic features in common
with inflammatory myofibroblastic tumors and may recur locally, but it has
not been reported to metastasize [13]. It is characterized by densely hyalin-
ized or laminated collagen with few spindle cells and calcification with
either psammomatous or dystrophic features (Figure 13.4). In some cases
there is a lamellar appearance to the calcifications. Chronic inflammation
consisting of lymphocytes and plasma cells is mild. Calcifying fibrous
pseudotumor of the pleura is distinct from calcified granulomas, calcified
pleural plaques, and chronic fibrous pleuritis as well as other calcifying
intrapulmonary lesions such as hyalinizing granuloma, inflammatory
pseudotumor, and amyloid. The pathogenesis of the lesion is still unclear
[14].
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FiGure 13.4. Calcifying fibrous pseudotumor with hyalinized collagen and numer-
ous round, laminated, calcified structures.

Leiomyomatosis Peritonealis Disseminata

Leiomyomatosis peritonealis disseminata is defined by the presence of mul-
tiple peritoneal nodules composed of plump fusiform cells that resemble
smooth muscle cells. It is usually an incidental finding during the course of
laparoscopy or laparotomy for postpartum tubal ligation or during cesarean
section. It is mostly seen in women of reproductive age and during preg-
nancy, although it may occur in oral contraceptive users (70%). It can
occur in postmenopausal women. Leiomyomatosis is considered to be the
result of metaplastic transformation of suberosal mesenchymal cells and
may be observed in the vicinity of ectopic decidua, endosalpingiosis, and
endometriosis [15]. Caution should be used when interpreting these lesions
in pregnant or postpartum women as the cells may have the intermediate
appearance of decidual cells and smooth muscle and may be misdiagnosed
as a malignant deciduoid mesothelioma when the lesion is particularly florid
[16]. The calretinin negativity of cells and the absence of definite invasion
of adipocytes should prevent a false diagnosis of deciduoid or sarcomatoid
mesothelioma.
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FiGure 13.5. Intrapulmonary thymoma showing typical lobulation.

Thymoma/Thymic Carcinoma

Thymic tumors arise rarely in the pleura and may form localized or diffuse
masses, the latter mimicking malignant mesothelioma. Moran et al. [17] and
Attanoos et al. [18] have each reported eight cases. Light microscopically,
the tumors can simulate epithelioid, biphasic, sarcomatoid, and lymphohis-
tiocytic forms of mesothelioma. Important clues to the diagnosis include a
prominent lobulated architecture and perivascular edema (Figure 13.5)
containing lymphocytes of T-cell phenotype, neither of which is seen in
mesothelioma. Attanoos et al. [18] demonstrated that intrapleural thymic
tumors may express the mesothelioma markers (CK5/6) (8/8), calretinin
(8/8), and thrombomodulin (1/8). Calretinin was expressed only in stromal
cells. Nuclear expression was not seen in the thymic epithelial cells. The lym-
phoid component in types B1, B2, and B3 commonly shared an immune
phenotype with expression of CD1a, CD2, CD99, and TdT. The presence of
an immature T-cell phenotype in an epithelial malignancy strongly suggests
a diagnosis of thymic epithelial tumor.
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Melanoma

Malignant melanomas can spread to the pleura, producing a pseudome-
sotheliomatous appearance. They can exhibit a variety of light microscopic
patterns, including large and small epithelial cell, spindle cell, and pleomor-
phic patterns. Therefore light microscopically, melanoma may potentially
mimic epithelioid, sarcomatoid, and biphasic malignant mesothelioma.

S100 and HMB45 are useful markers for melanoma. S100 is more sensi-
tive but less specific than HMB45; 10% to 15% of melanomas are negative
for HMB45 [19]; 20% of melanomas are positive for low-molecular-weight
cytokeratins, particularly the desmoplastic spindle cell form [20]. Electron
microscopy may be useful for the differential diagnosis by showing the
presence of melanosomes in melanoma or long, slender microvilli in
mesothelioma.

Serous Carcinoma

Serous carcinoma can arise from the ovary and peritoneum of women (sec-
ondary miillerian system) and when disseminated can be difficult to distin-
guish from diffuse malignant peritoneal mesothelioma, particularly when
there is a prominent papillary architecture [21-24] Histologic features, such
as the degree of nuclear atypia, stratification, and tufting, may be helpful
but are of limited use (Figure 13.6). Psammoma bodies can occur in serous
carcinomas and mesotheliomas. Similarly, direct stains for neutral mucin
such as periodic acid-Schiff (PAS)-diastase are of little value because a high
proportion of serous carcinomas do not show positive staining. There is a
paucity of studies comparing the immunohistochemical profile of epithe-
lioid peritoneal mesothelioma with serous carcinomas of the peritoneum
and ovary [25]. Epithelial markers, such as carcinoembryonic antigen
(CEA), are not useful, being negative in both mesothelioma and serous
carcinoma. The most useful diagnostic panel appears to be calretinin
and CK5/6, which are frequently positive (88% and 53%, respectively) in
epithelioid peritoneal mesothelioma and usually negative in the serous car-
cinomas (0% and 25%, respectively), and BerEP4 appeared to be the most
useful epithelial marker, being positive in 95% of serous carcinomas and
9% of mesotheliomas [25].

Lymphomas of the Serosal Cavities

Lymphomas of the serosal cavities are being addressed in the WHO 2004
classification of lung, pleural, thymic, and cardiac tumors; and therefore the
classification given below may be superceded.
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FiGure 13.6. Serous carcinoma, showing epithelial stratification and tufting. Note
the rare cilia at the top of occasional cells.

Lymphomatous involvement of the pleura is most commonly due to sys-
temic stage IV disease and theoretically can occur from any of the recog-
nized Revisited European American Lymphoma [REAL] classification
entities. Primary pleural lymphomas are rare and the most frequently rec-
ognized REAL/WHO entities at this site are body cavity (serous effusion)-
based lymphomas and pyothorax-associated lymphoma. Body -cavity
(effusion)-based lymphomas, which are associated with human immunode-
ficiency virus (HIV) infection, frequently present with effusions in serous
cavities. They do not usually produce clinically apparent masses but, instead,
comprise large blastic and mitotically active lymphoid cells in suspension
(Figure 13.7) [26,27]. They are usually positive for CD20, CD30, and CD79a
and may be negative for CD45. HHVS8 and Epstein-Barr virus (EBV) are
usually presentas seen by the polymerase chain reaction (PCR) or South-
ern blot analysis (Figure 13.8) [28, 29, 30].

Pyothorax-associated lymphomas have been described mostly in East
Asians in association with long-standing (more than 20 years typically)
chronic inflammation of the pleural cavity, such as pyothorax or tubercu-
lous pleuritis [29, 30]. They are not associated with HIV infection. They are
composed of large blastic lymphoid cells with immunoblastic morphology.
They are usually CD45- and CD20-positive but negative for epithelial mem-
brane antigen (EMA). They are positive for EBV and negative for HHV8
[31-32].
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Ficure 13.7. High grade malignant BALT lymphoma occurring as a body cavity
(effusion)-based lymphoma.

FiGure 13.8. Same case, showing Epstein-Barr virus nuclear positivity by in situ
hybridization.



180 Pathology of Malignant Mesothelioma

Other Lymphomas That May Involve the Pleura

Diffuse large B-cell lymphoma represents the largest single category in the
REAL/WHO classification, comprising approximately 30% of all non-
Hodgkin lymphomas. Pleuropulmonary involvement has been described
rarely in the absence of nodal or marrow involvement. By light microscopy,
the tumor is seen to be composed of sheets of large blastic cells, some of
which may show an immunoblastic morphology with plasmatocytoid
basophilic cytoplasm and large nuclei with a central prominent nucleolus.
An anaplastic morphology may also be seen where the tumor cells show
more abundant cytoplasm and there is considerable nuclear atypia with
multinucleate giant cells. Mitoses are frequent (atypical forms in the
anaplastic cases), and the proliferation marker Ki-67 reveals 20% to 90%
cycling cells. Immunophenotypically, all patients express CD45 and are of
B-cell phenotype (CD20- and CD79a-positive). Extranodal cases often
express bcl-2 and bel-6 oncoproteins. Small reactive T cells (CD3-positive)
are present in variable numbers. Tumors showing prominent plasmacytoid
differentiation may express EMA. Anaplastic morphology is usually asso-
ciated with expression of the activation marker CD30.

Primary sclerosing mediastinal B-cell lymphoma often presents in young
Females with superior vena caval obstruction, and pleuropulmonary involve-
ment may occur. The tumor is thought to arise from mature thymic B lympho-
cytes. The blastic lymphoid cells may have multilobated or cleaved nuclear
profiles with clear cell cytoplasm and are intimately associated with a lobular
delicate fibrosis. The tumor immunotype comprises CD45, CD20, and CD30
positivity. CD15 is negative, allowing distinction from Hodgkin’s lymphoma.

Anaplastic large cell lymphomas can spread to the pleura to mimic
mesothelioma. They are highly anaplastic tumors wilth large round, oval, or
polygonal cells with bizarre pleomorphic nuclei. They are difficult to dis-
tinguish from carcinoma, melanoma, sarcoma, and mesothelioma. They can
be misdiagnosed because they are sometimes CD45-negative, and half show
EMA positivity. Almost all stain for CD30 and occasionally CD15. A high
proportion of the EMA-positive patients express the t2:5 translocation
associated with ALK-1 chimeric protein production; these lesions represent
a good prognostic group. They may rarely be CAMS.2-positive.

Rarely, nonhematopoietic tissues, including mesothelium, may express
CD30[33]. Awareness of this possibility isimportant to prevent misdiagnosis.
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Appendix

AppPENDIX 1. WHO International Histologic Classification of Tumors, Fourth
Edition, 2004.

Diffuse malignant mesothelioma
Epithelioid mesothelioma
Sarcomatoid mesothelioma
Desmoplastic mesothelioma
Biphasic mesothelioma
Other tumors of mesothelial origin
Well-differentiated papillary mesothelioma
Adenomatoid tumor
Lymphoproliferative disorders
Primary effusion lymphoma
Pyothorax-associated lymphoma
Mesenchymal tumors
Epithelioid hemangioendothelioma
Angiosarcoma
Synovial sarcoma
Monophasic
Biphasic
Solitary fibrous tumor
Calcifying tumor of the pleura
Desmoplastic round cell tumor of the pleura

AprpeNDIX 2. WHO Histologic Classification of Tumors of the Peritoneum (Lyon:
IARC, 2003).

Peritoneal tumors
Mesothelial tumors
Diffuse malignant mesothelioma
Well-differentiated papillary mesothelioma
Multicystic mesothelioma
Adenomatoid tumor
Smooth muscle tumor
Leiomyomatosis peritonealis disseminate
Tumor of uncertain origin
Desmoplastic round cell tumor
Epithelial tumors
Primary peritoneal serous adenocarcinoma
Primary peritoneal borderline tumor (specify type)
Others
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APpPENDIX 3. International Staging System for Malignant Pleural Mesothelioma.

TNM Clinical Classification

T
Tx
TO
T1
Tla

T1lb

T2

T3

T4

Nx
NO

N2

Stage
Stage I Ia
1b
Stage 11
Stage III

Stage IV

Primary tumor
Primary tumor cannot be assessed
No evidence of primary tumor

Tumor limited to the ipsilateral parietal pleura, including mediastinal and
diaphragmatic pleura. No involvement of the visceral pleura

Tumor involving the ipsilateral parietal pleura including mediastinal and
diaphragmatic pleura. Scattered foci of tumor also involving the visceral pleura

Tumor involving each of the ipsilateral pleural surfaces (parietal mediastinal
diaphragmatic and visceral pleura) with at least one of the following features:

Involvement of diaphragmatic muscle

Confluent visceral pleural tumor (including the fissues) or extension of tumor
from visceral pleura into the underlying pulmonary parenchyma

Describes locally advanced but potentially resectable tumor

Tumor involving all of the ipsilateral pleural surfaces (parietal, mediastinal,
diaphragmatic, and visceral pleura) with at least one of the following features:

Involvement of the endothoracic fascia

Extension into the mediastinal fat

Solitary, completely resectable focus of tumor extending into the soft tissues of
the chest wall

Nontransmural involvement of the pericardium

Locally advanced, technically unresectable tumor

Tumor involving all of the ipsilateral pleural surfaces (parietal, mediastinal,
diaphragmatic, and visceral) with at least one of the following features:

Diffuse extension or multifocal masses of tumor in the chest wall, with or
without associated rib destruction

Direct transdiaphragmatic extension of tumor to the peritoneum

Direct extension of tumor to the contralateral pleura

Direct extension of tumor to one or more mediastinal organs

Direct extension of tumor into the spine

Tumor extending through to the internal surface of the pericardium with or
without a pericardial effusion; or tumor involving the myocardium

Lymph nodes

Regional lymph nodes cannot be assessed

No regional lymph node metastases

Metastases in the ipsilateral bronchopulmonary or hilar lymph nodes

Metastases in the subcarinal or the ipsilateral mediastinal lymph nodes,
including the ipsilateral internal mammary nodes

Metastases in the contralateral mediastinal, contralateral internal mammary,
ipsilateral, or contralateral supraclavicular lymph nodes

Metastases

Presence of distant metastases cannot be assessed

No distant metastasis

Distant metastasis present

T1aNOMO
T1bNOMO
T2NOMO
Any T3MO
Any N1MO
Any N2MO
Any T4
Any N3
Any M1

Rusch VW. A proposed new international TNM staging system for malignant pleural mesothe-
lioma from the international mesothelioma interest group. Lung Cancer 1996;14:1-12.
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APPENDIX 4. TNM Classification

Rules for Classification According to the WHO

The classification applies only to malignant mesothelioma of the pleura. There should be
histologic confirmation of the disease. The following are the procedures for assessing T, N,
and M categories.

T categories: physical examination, imaging, endoscopy, and/or surgical exploration

N categories: physical examination, imaging endoscopy, and/or surgical examination

M categories:physical examination, imaging endoscopy, and/or surgical examination

Regional Lymph Nodes
The regional lymph nodes are the intrathoracic, scalene, and supraclavicular nodes.

TNM Clinical Classification
T—Primary Tumor

X Primary tumor cannot be assessed

TO No evidence of primary tumor

T1 Tumor limited to ipsilateral parietal and/or visceral pleura

T2 Tumor invades any of the following: ipsilateral lung, endothoracic fascia,
diaphragm, pericardium

T3 Tumor invades any of the following: ipsilateral chest wall muscle, ribs,
mediastinal organs or tissues

T4 Tumor directly extends to any of the following: contralateral pleura,

contralateral lung, peritoneum, intraabdominal organs, cervical tissues

N—Regional Lymph Nodes

Nx Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes,
including involvment by direct extension
N2 Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)
N3 Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or

contralateral scalene, or supraventricular lymph node(s)

M—Distant Metastasis

Mx Distant metastasis cannot be assessed
MO No distant metastasis
M1 Distant metastasis

pTNM Pathologic Classification
The pT, pN, and pM categories correspond to the T, N, and M categories.

Stage Grouping

Stage I ~ TINOMO
T2NOMO

Stage II TINIMO
T2N1MO

Stage III TIN2MO
T2N2MO
T3NO/N1/N2MO

Stage IV Any TN3MO
T4Any NMO
Any TAny NM1
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APPENDIX 5. Specimen Reporting

Patient name

Date of surgery

Date of receipt of specimen

Site

Type of specimen

Report of frozen section diagnosis

Frozen material available (yes/no)Time from surgery to arrival in the laboratory

Clinical history: type of pleural involvement, localized or diffuse, any intrapulmonary
involvement, history of previous malignancy

Histologic diagnosis
Specify as listed above
Comment about any uncertainty (see diagnostic terminology below)
If lung parenchyma is present: assess for other lesions, including asbestos bodies (iron
stains)

Immunohistochemistry results: summarize (if done) in comment
Electron microscopy results: summarize (if done) in comment
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A
Abdominal cavity
organ encasement in, 66f
pain in, 35-37
plaques in, 64
Actin, 25,117, 165, 167,172
Actinolite, 4
Acute respiratory failure, 41
Adenocarcinomas
as differential diagnoses, 68, 86-92,
104-110, 148-149
microvilli of, 93-96
protein expression in, 86-89, 92,
109-110
pseudomesotheliomatous, 107-110
Adenomatoid tumors, 148-149
diagnostic criteria for, 148
Adhesions
pleurodesis for, 43, 47
and thoracoscopy, 41
Adipose tissue
and desmoplastic malignant
mesotheliomas, 121
tumor invasion of, 122-125, 138-140
Adrenal gland, 64f
AE1/AE3, 86, 87t, 89f, 127
Age/aging
and deciduoid mesotheliomas, 103
and mesothelioma incidence rates,
1-3
and nonmesothelial tumors, 148, 150,
152,158
Allele deletion, 13-15, 18-19

Amosite, 3—4
Amphiboles, 4, 11
Anaplasia, 114f, 121f, 180
Anaplastic large cell lymphomas,
180
Aneuploidy, 11
Anthophyllite, 4
Antibody markers/stains
actin, 25, 117, 165, 167, 172
bcl2, 160, 162, 172
c-kit (CD117), 103
CD proteins, 156, 158f, 163, 167, 172,
176,178, 180
desmin, 87t, 88, 117, 145, 165, 167
factor VIII, 163
hematoxylin and eosin (H&E), 74
HMB-45 (melanoma-specific), 177
hyaluronidase, 100, 102f
mucicarmine, 100-102, 160
negative (partial list of)
B72.3 (TAG-72), 86, 87t
BerEP4, 86, 87t, 177
carcinoembryonic antigen (CEA),
86, 87t, 160
LeuM1 (CD15), 86, 87t
thyroid transcription factor-1
(TTF-1), 86, 87t
neuroendocrine, 103
positive (partial list of)
AE1/AE3, 86, 87t, 891, 127
calretinin. See Calretinin
cytokeratin, 86-88, 103, 116-117,
121, 125f, 165
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epithelial membrane antigen
(EMA), 86, 87t, 90, 145, 146f,
160, 165, 178, 180
HBME-1, 86, 87t
human milkfat globule protein-2
(HMFG-2), 86, 87t, 145
mesothelin, 86, 87t
thrombomodulin, 86, 176
vimentin, 25, 86-88, 117, 126, 163, C
165,167,172 C-kit (CD117) protein, 103
S-100, 165, 167, 177 C-myc transcription factor, 12
types of, 86-92 CA-125, 86
Antoni A and B areas, 165 Calcification, 114, 115f, 117, 124f,

Body cavity (effusion)-based
lymphomas, 178
Bone tissues
osteosarcomatous tumor variants,
114-115, 117, 1241, 174-175
tumors in, 163
Breast cancer, 45f, 46f, 52f, 80f, 90

AP1 transcription factor, 12 174-175
Apoptosis, 12 Calcifying fibrous pseudotumors,
Asbestos 174-175

exposure to. See Exposure, asbestos Calretinin, 86-87

fiber types of. See Fiber types, as best mesothelioma marker,
asbestos 90-91f, 109

historical use by countries, 2t cytoplasmic staining with, 110f

mineralogic groups of, 4 for histiocytoid cells, 126-127

and plaque formation, 142 as negative carcinoma marker, 46f,

reactive species of, 12 177
and simian virus 40 (SM40), 17-18 nuclear staining with, 55f, 117
Asbestosis for pleomorphic cells, 104
plaque absence in, 142 in stromal cells, 176
as presenting symptom, 29, 32, 35 Cancer
Ascites histochemical diagnosis of, 86-92

fluid cytology of, 50-55 mimicking of, 68, 80f, 126-127, 157f
with peritoneal mesotheliomas, 35 morbidity/mortality rates by country,
with well-differentiated papillary 1-3,5
mesothelioma (WDPM), 151 occupational, 1-4, 29
Askin tumor, 166f staging of, 37, 184-185
See also Metastases; specific tumors

B Capillaries, pleural, 141f, 142
B72.3 (TAG-72) protein, 86, 87t Carcinoembryonic antigen (CEA), 86,
Bcl12 protein, 160-162, 172 87t, 160
BerEP4 protein, 86, 87t, 177 Carcinogenesis. See Oncogenesis,
Biopsies asbestos-induced

deep, 45, 53 Carcinomas and other malignancies

by needle aspiration, 40, 50, 53 adenocarcinoma. See

pleural (thoracoscopic), 42-47, 53
Biphasic mesotheliomas, 109-111
incidence of, 111
prognosis for, 32
tubular differentiation in, 112f
WHO’s recommendations on, 109
Bladder, urinary, 156
Body cavities, 25

Adenocarcinomas

of bladder, 156

of bone, 163

of breast, 45f, 46f, 52f, 80f, 90

of kidney, 106f, 115-116

of liver, 163

of lung, 45f, 57-63, 116, 123f, 124f,
160-169



ovarian, 36-37, 66, 177, 178f

pleural. See Malignant pleural
mesotheliomas (MPMs);
Tumors, nonmesothelial

sarcoma. See Sarcomas

staging of, 37, 184-185

See also Cancer; Metastases; specific
tumors

CD proteins, 156, 1581, 163, 167, 172,

176,178, 180

CEA (carcinoembryonic antigen), 87t,

160

Cells, mesotheliomatous

versus adenocarcinomatous cells, 89f
anaplastic, 114f, 121f
cytoplasm of
immunopositivity in, 89-91
microvilli rootlets in, 94
mucin granules in, 97
organelle varieties in, 98
vacuoles in, 51f, 72f, 104
Gaucher-like, 98, 99f
guidelines for malignancy of, 132,
136, 138, 145
hyaluronic acid/proteoglycans on, 64,
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CGH (comparative genomic
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Chromosomes
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diagnostic value of, 33
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115¢
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mesothelioma incidence rates in, 1-3,
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plaque incidence rates in, 32, 144
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(CT) scans
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D
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Deoxyribonucleic acid (DNA)
damage to, 12
repair of, 14
and simian virus 40 (SM40), 6
Desmin, 87t, 88, 117, 145, 165, 167
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diagnostic criteria for, 121
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microscopic images of, 121-125
WHO?’s classification of, 118
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167-168
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metastases to, 57
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damage to, 12
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Dose-response relation, 3—4
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Dyspnea, 31, 33t

E
EBYV (Epstein-Barr virus), 178, 179f
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CT images of, 34f
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fluid analysis for, 40, 50-55
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management of, 40-47
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Electron microscopy
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86, 87t, 90, 145, 146f, 160, 165,
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characteristics of, 64
classification of, 50-55, 68-85,
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poorly differentiated, 79
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tremolite, 3-4, 6
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insulin-derived growth factor-1
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transforming growth factor-p (TGF-
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See also Pericardial mesotheliomas
Hematoxylin and eosin (H&E), 74
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Histiocytoma, malignant fibrous, 113,
114f
Histochemistry, 53-55, 86-88
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HIV (human immunodeficiency virus),
178
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IGF-1 (insulin-derived growth factor-
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Inflammatory myofibroplastic tumor,
169
Insulin-derived growth factor-1 (IGF-
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of biopsies. See Biopsies
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53-55. See also Antibody
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microscopic. See Electron
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Large T antigen (Tag), 17-18, 20
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carcinomas of, 45f, 116
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141-145
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parenchyma of, 57, 59f, 118, 166
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(MPMs)
calcifications in, 114, 1151, 117
classification of, 50-55, 68-85,
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CT images of, 34f, 115f
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132-146
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132-146
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tumor suppressor genes in, 13-20
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microvillous-matrix interaction, 97
rootlets of, 94

Mineralogic groups of asbestos, 4

Morbidity/mortality rates, 1-3

MPMs. See Malignant pleural

mesotheliomas (MPMs)
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differential diagnoses for, 154
Muscle-specific actin (MSA), 88
Myocardium, 57
Myofibroblasts, 28f
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Neurofibromas, 165
NF2 tumor suppressor gene, 15, 17-19
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PAS-diastase, 54, 100, 165, 177
Pathologic analysis. See specific tests
and tumors
Pathology reports, 109, 132, 186
PCR (polymerase chain reaction), 17,
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PDGF (platelet-derived growth factor),
12-13
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mesothelioma incidence in, 29
metastases to, 57, 60-61
serosal anatomy of, 138
tumor cell sequestration in, 140
See also Heart
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direct invasion from pleura, 57
heart encasement by, 60-61, 66
incidence of, 29
symptoms and prognosis for, 36
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100, 165,177
Peritoneal cavity
cysts in, 66
mesothelioma incidence in, 29
pleural metastases to, 57, 139-140
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144-145
organ encasement by, 144
Peritoneal mesotheliomas
desmoplastic, 120f
dose-response relation in, 34
incidence of, 29
organ encasement by, 66f
symptoms and prognosis for, 35-36
Peritoneum
multicystic mesotheliomas in, 152-154
plaques on, 144
serosal anatomy of, 25-28
serous carcinomas in, 177, 178f
tumor cell sequestration in, 140
well-differentiated papillary
mesothelioma (WDPM) in,
150-152
Plaques, pleural
and asbestos exposure, 142
description of, 41
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incidence of, 32, 144
nodules of, 42-45, 58-59, 63f, 144f
thoracoscopic images of, 42f
Plasma cells, 169
Platelet-derived growth factor
(PDGF), 12-13
Platelets, 33
Pleomorphic mesotheliomas, 83f, 84f,
104, 107f
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anatomy of, 25-28
benign tumors of, 138, 148-151
capillaries of, 141f, 142
fluid in. See Effusions
inflammation of, 141-142
mesothelioma incidence in, 29
nonmesothelial tumors in, 160-180
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plaques in, 64, 65f, 142, 144
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thoracoscopic images of, 42-44, 47f
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proliferations in, 132-146
thickening of, 34f, 43, 53, 57-59, 63f,
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mesothelioma incidence in, 45, 47,
150f
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tumors), 165-166
Pneumonia, 118, 123f
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therapeutic, 40
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granules of, 74, 97-98, 100
on microvilli, 94, 95f
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secretion of, 94, 95f, 97
slimy nature of, 33, 64, 65f
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Radiotherapy and risk of
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of specimen pathology, 186
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ROS (reactive oxygen species), 12
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desmoid, 166-167
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tumors, 169
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prognosis for, 32
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benign proliferations in, 136,
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Serous carcinomas in, 177
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Simian virus 40 (SV40), 6, 17-18, 20
SMA (smooth muscle actin), 88
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diagnostic value of, 40, 43, 45, 47
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NF2, 15,17-19
pl6™K*A 1518
p53,15-18,20
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174-175
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disseminata, 175
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176
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tumors, 169
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tumors, 165
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168-169
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165-166
synovial, 160-162
vascular, 162-165
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incidence of, 29
symptoms and prognosis for, 36,
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in benign proliferations, 133, 135f,
1371, 162-163
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167,172
Viruses, 6, 17-18
Visceral pleura. See under Pleura
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Well-differentiated papillary
mesothelioma (WDPM),
150-152
differential diagnoses for, 151
pleural effusions with, 150-151
testicular, 67
Western blot analysis, 19
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Wilms’ tumor gene (WT1), 19-20
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