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RESUMO
Objetivo: Diversos marcadores têm se mostrados promissórios como preditores do diagnóstico e prognóstico do mesotelioma maligno (MM).
Método: Mediante estudo morfométrico e inmunomarcação de componentes estromais (calretinina, CEA, Leu-M1 e trombomodulina) e
nucleares (p53 e Ki-67), avaliamos a sobrevida após o diagnóstico de 58 pacientes com tumores malignos de pleura. Resultados: O padrão
histológico típico do mesotelioma maligno foi encontrado em 50 casos e o padrão atípico em 8 casos. Imunohistoquimicamente foram
confirmados 40 casos como sendo mesoteliomas, 11 como adenocarcimonas e 7 casos do padrão atípico não puderam ser classificados.  A
análise multivariavel do Cox demonstrou a coexistência de um maior fator de risco de morte (476.2), nos pacientes  com idade avançada,
subtipo histológico bifásico e componentes de expressão nuclear. Conclusão: A calretinina foi o marcador inmunohistoquímico (IHQ) mais útil
para o diagnóstico do mesotelioma e  o CEA para o de adenocarcinoma. A quantificação por IHQ da trombomodulina foi fundamental na
diferenciação do mesotelioma quando este foi positivo tanto para calretinina e como para o CEA. A informação prognostica mais valiosa foi
a fornecida pela análise rotineira histopatológica do tipo histológico tumoral. Um ponto importante, divisor natural, foi a idade com uma
media de 55 anos e 30.5% de componentes nucleares de marcação IHQ, separando os pacientes em dois grupos: pacientes com uma
sobrevivência curta contra pacientes com uma sobrevivência mais longa que a esperada. Assim, a análise histopatológica oferece uma arma
poderosa e de elevado potencial para guiar no tratamento adjuvante de  quimioterápicos após a retirada cirúrgica do mesotelioma.
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ABSTRACT
Objective: Various markers have shown promise as diagnostic markers and prognostic predictors in malignant mesothelioma (MM).
Methods: Through morphometric and immunological studies of markers in stromal components (calretinin, CEA, Leu-M1 and thrombomodulin)
and nuclear components (p53 and Ki-67), we evaluated post-diagnosis survival in 58 patients with MM. Results: The histologic pattern of
the MM was typical in 50 cases and atypical in 8. Through immunohistochemistry, we confirmed 40 cases of mesothelioma and 11 cases of
adenocarcinoma, although we were unable to classify 7 of the 8 cases presenting atypical histologic patterns. Cox multivariate analysis
revealed that the risk factor for death was higher (476.2) among patients of advanced age, presenting the biphasic subtype and testing
positive for components expressed at the nuclear level. Conclusion: The most useful immunohistochemical markers were was calretinin (for
mesothelioma) and CEA (for adenocarcinoma). Immunohistochemical quantification of thrombomodulin facilitated the diagnosis of mesothelioma
in patients testing positive for both calretinin and CEA. The most useful prognostic information was that provided by the routine histopathological
analysis of the tumor type. It is of note that the combination of a mean age of 55 years and 30.5% immunohistochemical markers in nuclear
components created a natural dividing point between patients in which survival was shorter than expected and those in which it was longer
than expected. Therefore, histopathological analysis offers a powerful weapon with great potential to inform decisions regarding the use of
adjuvant chemotherapy after surgical excision of a mesothelioma.

Keywords: Pleural neoplasms; Mesothelioma; Tumor markers, Biological; Carcinoembryonic antigen; Prognosis.



J Bras Pneumol. 2006;32(4):322-32

Morphological aspects as a prognostic factor in malignant mesothelioma: a study of 58 cases  323

INTRODUCTION

Worldwide statistics for the mortality of
mesothelioma probably underestimate its incidence.
This is because cases may well be described as
adenocarcinoma or other malignant tumors involving
the pleura and peritoneum. Unless immunohistochemistry
and, in some cases, electron microscopy are available,
the diagnosis will not be made. Assessment via cancer
registry or histopathologic surveys may underestimate
the true rate.

In Brazil, the mortality due to pleural mesothelioma
is unknown. In contrast to the extremely low incidence
among the general population, the population with
occupational exposure to asbestos fibers shows an
incidence one hundred times greater.(1)

Asbestos fibers are the primary cause of
malignant mesothelioma (MM) and carry a higher
risk for amosite and crocidolite than to chrysotile
exposure.(2) In Brazil, since 1940, the asbestos is
explored commercially producing around 200,000
tons/year of chrysotile, exposing about 10,000
workers.(3-5) All has come from two mines: São Felix
mine in the State of Bahia and Cana Brava mine in
the Province of Goiás. In the States of São Paulo
and Rio de Janeiro, about 90% of asbestos
production has been used in the asbestos 'fiber
cement' industry, including chrysotile and
crocidolite imported fibers. For these reasons, an
increase in MM incidence is expected to occur not
only in Brazil, but also in many producing countries,
with peak incidences round 2020-2030, (6-8) thus
making important the accurate diagnosis of MM,
also for clinical management and medicolegal
decisions. Immunohistochemistry (IHC) is generally
considered to be the most useful ancillary technique
for diagnosis of the diverse histopathological
appearances of MM. However, no antibody has
been entirely sensitive or specific for mesothelioma
and there was considerable variation in staining
patterns.(9-10) In this regard, many have studied other
markers to discover what might relate to MM
morphology and prognosis.(11-12) Because molecular
mechanisms such as cytogenetic alterations has
been thought to be important in MM, a group of
specific tumor suppressor genes have been targeted
as potentially useful tumor markers.(13-14) Among
these, p53 shown promise. P53 is a specific tumor
suppressor gene found in human cell lines derived
from patients with MM,(15-17) and by IHC, it has been

found in 44% to 55% of mesotheliomas.(18-19)

To address this problem, we report the
epidemiologic and morphologic features of 58 cases
of MM to explore the relationship among these
factors and the prognosis and outcome in survival.

METHODS

Patients and tumor t issues:  Malignant
mesothelioma was diagnosed in 42 patients at
Hospital das Clinicas of University of São Paulo and
in 83 patients at hospitals from Rio de Janeiro
between 1979 and 2000. The 125 cases involved
the pleura and in none of the cases was another
primary tumor discovered. Tissue obtained by
biopsy, thoracoscopy or necropsy were available
for 58 of these cases and they had all been formalin
fixed and paraffin embedded. The needle biopsies
comprised three to four cores of tissue all processed
as one paraffin block. The thoracoscopic biopsies
consisted of three to four pieces of tissue, the
largest piece measuring approximately 20 mm in
major diameter. The most appropriate block
avai lable of each case was se lected and
histologically examined in the Department of
Pathology of University of São Paulo Medical
School or Department of Pathology of Hospital
Pedro Ernesto (RJ). The histologic reevaluation
subtyping was done by two pathologists according
to the current World Health Organization (WHO)
classification. Where histology revealed unusual
features for mesothelioma a differential diagnosis was
attempted. Two main categories of histopathologic
diagnosis resulted from this: 1) a typical histologic
pattern for mesothelioma and 2) an atypical
presentation. Difficulty in reaching diagnosis was
never due to the small amount of tumor tissue
available, but resulted from the histological picture
itself. In Figure 1 (panel A to F) and Figure 2 (panel
A to F) are examples respectively of typical and
atypical histologic pattern. Data providing insights
into the epidemiology and prognosis were collected
from the case histories and by means of interview.
The survival time was calculated from the date of
diagnosis. Other details about the patients selected
for the study are summarized in Table 1.

Immunohistochemistry tumor analysis: The presence
of CEA, Leu-M1, p53, Ki-67, thrombomodulin and
calretinin was analyzed by immunohistochemical
staining using the avidin-biotin immunoperoxidase
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complex technique, pressure cooking antigen
retrieval, biotinylated rabbit antimouse IgG (Dako
Corp.; dilution, 1:400), streptavidin combined in
vitro with biotinylated horseradish peroxidase
(Dako Corp.; dilution, 1:1000), diaminobenzidine
tetrahydrochloride, and counterstaining with
hematoxylin. The antibodies used were CEA
monoclonal clone II-7 (Novocastra, Newcastle,
England; dilution, 1:400), Leu-M1 clone C3-01
(Biotest Dreieich, Germany; dilution, 1:20),
monoclonal mouse antihuman p53 protein (DO-7;
Dako A/S, Glostrup, Denmark; dilution, 1:20), Ki-
67 antigen (Dako A/S, Glostrup, Denmark; dilution,
1:400) and anticalretinin clone NCL (Chemicon;
dilution 1:200). Brownish nuclear staining was
considered to be evidence of the p53, Ki-67,
calretin and throbomodulin antigen expression by
cells, whereas membranous and cytoplasmic
staining characterized CEA and Leu-M1 expression.
We quantified the staining as follows. First, at low
magnification, we selected the region of the more
intense expression. Then, at X400, we used an
eyepiece systematic point-sampling grid with 100
points and 50 lines to count the number of events
(stained nuclei or cytoplasms) overlaying lines on
the grid. We averaged this over 10 microscopic
fields to obtain a final result as a quantitative
measure of staining structures. Examples of tumor
staining for CEA, Leu-M1, p53, Ki-67, thrombomodulin
and calretinin are shown in Figure 3A to 3F.

Morphometry tumor analysis: As mesotheliomas
present with heterogeneous and confusing
histological forms, leading to large inter-observer
differences, we used point-counting technique and
the same eyepiece grid used for immunostaining
to evaluate the tumor texture proportion of nuclear
and stromal components by morphometry. (20) The
results are expressed as a ratio of points overlaying
nuclei or stroma to total points on the grid,
averaged over 10 non-coincident microscopic X400
tumor fields.

Statistical analysis: Associations of histological
pattern (typical and atypical) with tumour characteristics
(texture analysis and immunohistochemistry) were
made with Mann-Whitney U-test, Kruskall-Wallis
and ANOVA tests. Initial  analyses were done using
Kaplan-Meier curves, and final multivariate analyses
were done using the Cox proportional hazard
model. All the procedures used for statistical
evaluation were done using the SPSS software

program (SPSS Inc., Chicago, IL, version 11.0). The
threshold for statistical significance was taken as
p=0.05.

RESULTS

Histopathologic diagnosis (H&E): Of 58 cases,
H&E re-evaluation characterized typical histologic
pattern for mesothelioma in 50 cases and atypical
histologic pattern in 8 cases.

Immunohistochemistry tumor analysis CEA: The
mean CEA-immunostaining was 2.1 (range 0 - 35).
The staining pattern was usual ly diffuse,
intracytoplasmic. Of 58 cases, CEA-immunostaining
was detected in 8 cases (13.8%), 5 of them
classified as typical histological pattern for
mesothelioma on the H&E. The remaining 50 cases
were CEA-immunostaining negative.

Leu-M1: Leu-M1-immunostaining ranged from
0 to 83.1 (mean of 4.8) and was detected in 17
(29.3%) of 58 tumors. Four positive cases belonged
to the category of atypical histological pattern for
mesothelioma. Eight out of the 17 positive cases
were a lso CEA posit ive and considered
adenocarcinomas. The staining pattern was
diffusely intracytoplasmatic in most instances,
where solid formations were present; a perinuclear
accentuation was sometimes observed.

Thrombomodulin: Nine (15.5%) of the tumors
showed predominantly membrane staining (Figure
2F) that was focal or moderately diffuse
immunostained with thrombomodulin (mean of 0.6;
range from 0 to 15.0). All of the examples belonged
to the typical category.

Calretinin: In 27 (46.6%) of 58 tumors calretinin
was demonstrated. The immunostaining was
nuclear and cytoplasmic (Figures 3D, 3E, 3F) with
intensity ranging from 0 to 72.6 (mean of 10.2).
All positive cases belonged to the category of
typical diagnosis.

P53: Twenty-nine (50%) tumors showed
moderate to intense nuclear immunostaining for
p53 (mean of 4.8; range from 0 to 46.0). Twenty-
five positive cases were categorized as typical
histological diagnosis for mesothelioma. Figure 3B
is an example of p53 immunostaining.

Ki-67: Ki-67 immunostaining ranged from 0 to
55.9 (mean of 7.1) and was expressed in 45
(77.6%) of 58 tumors.  Eight positive cases were
categorized as atypical histologic pattern and 37
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belonged to the typical diagnosis category. The
staining pattern was diffusely intracytoplasmic in
most instances; where solid formations were
present, a perinuclear accentuation was sometimes
observed (Figure 3A).

Histopathologic subtypes
Immunohistochemistry confirmed 40 cases of

mesothelioma and 11 adenocarcinomas but was
unable to classify 7 cases of atypical histologic
pattern for mesothelioma.  Among mesotheliomas
cases, twenty four were positive for calretinin, 9
for thrombomodulin, 8 for Leu-M1 and 1 case
immunostained for CEA in very small quantity.
Adenocarcinoma was considered in 5 out of 12
cases classified as atypical histological pattern for
mesothelioma and in 6 out of 46 cases belonged
to the typical category. Seven among these 11
cases of adenocarcinomas, 7 were CEA positive, 8
were Leu-M1 positive and 3 were calretinin
positive.  After exclusion of the adenocarcinomas
by immunohistochemistry, subtyping among the
mesotheliomas cases found 22 epithelial (Figure
1A, 1B), 12 biphasic (Figures 2C, 2D), 5 sarcomatoid
(Figures 3E, 3F) and 1 desmoplastic.

Morphometry tumor analysis
Table 1 summarizes associations of histological

diagnosis with tumor characteristics.
The epithelial tumor component was estimated

through the nuclear fraction occupied in tumor
cells. The mean nuclear fractions were similar
between typical (21.7% 8.8%) and atypical (21.7%
10.5%) histological patterns and did not achieve
statistical significance (p=0.30). The mean nuclear
fractions found among the histological subtypes was:
23.2% 9.6% for epithelial, 19.8% 8.7% for biphasic,
18.2% 8.1% for sarcomatoid, 14.1% 0% for
desmoplastic and 21.6% 5.6% for adenocarcinomas.
This difference wasn't statistically significant
(p=0.40).

No statistical difference was observed for stromal
component proportion in the 58 tumors after
stratification in typical and atypical histological
pattern (p=0.90).The stromal tumor proportion in
atypical tumors was 32.5%  16.7% and 37.5% 17%
for typical case. The mean stromal proportion
increases as follow: epithelial (34.1% 12.7%),
adenocarcinomas (36.7% 16%), desmoplastic
(37.6% 0%), sarcomatoid (37.7% 20.7%), and

biphasic (45% 22%), but this difference didn´t
achieve statistical significance  (p=0.11).

Survival analysis. Individual survival rates
ranging from 0 to 100 months resulted in a mean
survival of 19.1 months and median survival of
9.5 months. The survival rates observed were: 46%
at one year; 29% at two years; 20% at three years;
11% at four years and 9% at five years. Life
expectancy seemed to be influenced by individual
factors such as age, histological subtypes and
tumor texture analysis.  P53 and Ki-67 variation,
however, didn't achieve statistical significance. For
male a median survival time of 21 months was
recorded, whereas for female it was 16 months.
For patients under 55 years-old, a median survival
time was 12 months, and for patients over 55 years-
old a median of 6 months was seen. For biphasic,
sarcomatoid, desmoplastic, and epithelial subtypes
the median survival time was, respectively, 6, 1, 1
and 19 months. Immunostaining of numerous cells
by p53  indicated a decrease in life-expectancy
(median of 6 months), whereas negative or few
cells immunostained for this marker correspond
to median survival times of 12 months. For tumor
texture analysis, nuclear component indicated a
decrease in life-expectancy (median of 7 months)
while fibrous component resulted in median
survival times of 8 months.

We also tested the influence of individual
factors in life expectancy in a multivariate model
(Table 2). We found that controlled for age,
histological subtypes, texture analysis, older patients
with biphasic mesotheliomas, with predominant
nuclear component (Figure 4), presented a risk
factor for death of 476.2 (95% Confidence Interval:
17.3 to 13068.3; p=0.00).

DISCUSSION

Epidemiologic features. This is the first attempt
to present a epidemiologic, morphologic and
prognostic study about mesotheliomas in Brazil,
where the absence of studies in these tumors make
difficult clinical and medicolegal decisions. In São
Paulo, there is just one paper, reporting three cases
of malignant mesothelioma.(21) In Rio de Janeiro, a
preliminary report by our group of 83 cases of
malignant mesothelioma between 1979-2000,
showed that death certificates can underestimate
mesothelioma mortality.(22) However, in this cohort
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A    B

C   D

E   F

G   H

Figure 1 (A to H) -  Typical histologic pattern of malignant mesothelioma. Epithelioid subtype characterized by sheet of
epithelial cells with abundant eosinophilic cytoplasma and  vesicular nuclear chromatin with prominent nucleoli (A,B). A
combination of sarcomatoid and epithelioid pattern was typical for malignant biphasic mesothelioma (C); the epithelioid
component was represented by sheets of cells with abundant eosinophilic cytoplasm and vesicular nuclear chromatin with
prominent nucleoli (D). Interlacing fascicles of spindle cells compose the panoramic view of malignant sarcomatoid mesothelioma
(E); at high magnification, a myxoid stroma was also present (F). Storiform pattern of slit-like spaces are present in malignant
desmoplastic mesothelioma (G); very frequently, this histologic subtype of malignant mesothelioma required differential
diagnosis with fibrous pleurisy (H). H&E A,B,C X40; D X200; E X40; F X400. H&E A,C,E,G X40; B,D,F X400
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such as survival, occupational exposition, clinical
staging, because the clinical histories were
incomplete, causing a loss of precious information.
Only 4 records had information about asbestos
exposition, showing that occupational history is
not well explored, because asbestos is responsible
for the majority of cases of mesothelioma.(23)

Although a few relatives agreed to cooperate,
interviews with them couldn't complement data

about the exposure to asbestos. Many factors may
have contributed to this disappointing response,
such as low level of education, changes of address,
and the fact that interview with familiars is not a
common procedure in Brazil.

Morphological features. Our results demonstrate
that the diagnosis of malignant mesothelioma still
remains poorly straightforward even with the
experience with this malignancy. Histological

Figure 2 - (A to F) The histological pattern of malignant mesothelioma shown in panels A to F requires the
differential diagnosis between biphasic subtype and adenocarcinoma with desmoplastic stroma. This histological
pattern was called as atypical for mesothelioma (doubtful diagnosis) on H&E slides, requiring immmunostaining
complementation

A    B

C    D

E    F
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study, besides of the relative good casuistic of
mesotheliomas presented, we had great difficulties
in obtain a more complete epidemiologic and
prognostic overview of this not infrequent tumor
in our country. The assessment of medical records
in both Univers i ty Hospita ls  for a better
comprehension of the cases wasn't a problem.
However we were unable to obtain important data,

revisiting demonstrated that is not always possible
to arrive at a confident diagnosis on a purely
histopathological basis. Even the biphasic subtype
could not be considered as a reliable diagnostic
criterion. In our study, the proportion of epithelial
and stromal components in this subtype, however,
varied greatly probably by sampling error thus
resulting in diagnostic difficulties. In general, at

 A      B

C     D

E      F
Figure  3 -  (A to F) Immunohistochemistry for malignant epithelial mesothelioma: nuclear pattern seen for Ki-67 (A)
and p53 (B). Note the nuclear homogeneous immnostaining for p53 contrasting with the granular pattern found for
Ki-67. A clearly membranous pattern was very specific for thrombomodulin immunostaining, even though a few and
focal positive cells were present (C). Nuclear and cytoplasmic immunostaining  for calretinin in tubulo (D) and
papilar (E,F) histologic patterns of malignant epithelial mesothelioma. Immunostaining A to F X400
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least 10% of the tumor must have a fibrous (or
epithelial) component in for the malignant
mesothelioma to be classified as biphasic. In fact,
if we were to classify as biphasic all malignant
mesotheliomas showing both morphologies, most
malignant mesotheliomas would been called
biphasic. For epithelial mesothelioma, histologic
patterns have been described.(24) Large and well-
differentiated epithelial cells with centrally placed
nuclei, lack of atypia, and abundant cytoplasm,
and they often grew forming gland-like spaces or
tubular-like spaces. Some epithelial mesotheliomas
instead grew forming sheets of epithelial cells.

These typical cases were easily recognized as
mesothelial origin in this study. These were,
however, not always present. Variations in the
histological picture, particularly of epithelial
mesothelioma, caused serious problems in reaching
a diagnosis. Adenocarcinomas looked very much
like to malignant mesothelioma, or malignant
mesothelioma looked so atypical as to resemble a
metastatic adenocarcinoma. In these atypical cases,
with tubular formations and more cylindrical cell
types, metastatic adenocarcinoma remains to be
excluded even though no gross invasion of the
lung is present.(25) To rule out these mimics, the

Figure 4 - Cox plots of survival probability versus follow-up time in months in those patients with pathological
malignant mesothelioma. The group with >= 55 years old (panel A) appears as the left botton curve, and the group with
< 55 years old appears as the top curve. The typical histologic diagnosis for mesothelioma (panel B) appears as the right
top curve, and the atypical group appears as the right botton curve. In histologic subtypes (panel C), malignant
mesothelioma biphasic appears as bottom curve. The group with high epithelial texture (80%) appears as the top curve,
and the group with proportion of 45 appears as the bottom curve
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diagnosis of malignant mesothelioma was further
confirmed by immunohistochemistry.

In this paper we have shown that the
immunohistochemical markers for mesothelioma
are indicative rather than absolute. None antibody
used in this study was entirely sensitive or specific
for mesothelioma and in according to previous
studies, there was considerable variation in
staining patterns.(9-11) Despite the use of the
immunohistochemical panel, 7 cases with atypical
pattern for mesothelioma were put in non-classified
category because the lack of expression associated
to the heterogeneous and confusing histological
forms.  However, we found that quantitative way to
report IHC for tumor markers may bring useful
information especially in cases possessing less
typical histological features.

For example, many authors pointed out that
absence of CEA immunoreactivity is characteristic
of mesothelioma, whereas many other authors
reported until 45% of CEA immunostaining
variation.(26) For this reason, we believe that CEA-
positivity should not rule out the diagnosis of
mesothelioma but trigger a thorough investigation
into the possibility of another unknown primary
tumor. The expression of CEA immunostaining is
important in tumors with atypical and typical
histological features. In our study, 5 cases with
typical histological pattern for mesothelioma
expressed CEA-positivity (range 1.4 to 35). The
case with lowest CEA-positivity also expressed
calretinin and thrombomodulin in considerable

amount and was c lass i f ied as epithel ia l
mesothelioma. The remaining four cases were re-
classified as adenocarcinomas.

Similarly to CEA, mesotheliomas usually do not
express Leu-M1, but it is expressed in nearly all

TABLE 1

Associations of histological diagnosis (typical and atypical) with tumour characteristics (texture analysis and
immunohistochemistry) made with Mann-Whitney U-test, Kruskall-Wallis and ANOVA tests.

The threshold for statistical significance was taken as p=0.05

  Histological Diagnosis                                  Histopathologic subtypes
  Typical        Atypical Epithelial      Biphasic Sarcomat      Desmopl   Adenocarc Non-Classified

Immuno   No/Total      No/Total    p No/Total       No/Total  No/Total      No/Total    No/Total    No/Total      p
CEA 5/46 3/12 0.11 1/22 0/12 0/5 0/1 7/11 0/7 0.00
Leu-M1 13/46 4/12 0.28 5/22 3/12 0/5 0/1 8/11 1/7 0.01
Thromb 9/46 0/12 0.10 8/22 0/12 1/5 0/1 0/11 0/7 0.11
Calr 27/46 0/12 0.03 14/22 7/12 3/5 0/1 3/11 0/7 0.30
P53 25/46 4/12 0.26 11/22 10/12 1/5 0/1 4/11 3/7 0.36
Ki-67 37/46 8/12 0.13 13/22 8/12 2/5 1/1 4/11 1/7 0.29
Fraction Mean + SD Mean + SD p Mean + SD Mean +  SD Mean + SD Mean + SD Mean + SD Mean + SD p
Nuclear 21.7 + 8.8% 21.7 + 10.5% 0.30 23.2 + 9.6% 19.8 + 8.7% 18.2 + 8.1% 14.1 + 0% 21.6 + 5.6% 23.9 + 13.4 0.40
Stromal 37.5 + 17% 32.5 + 16.7% 0.90  34.1 + 12.7%  45 + 22%  37.7 + 20.7% 37.6 + 0% 36.7 + 16% 28.2 + 17.6 0.11
Abbreviations: Adenocarc -adenocarcinoma; Desmopl - desmoplastic; Immuno - immunostaining; No - number of positive cases; p- p value;
Sarcomat - sarcomatoid.

TABLE 2

Cox proportional hazard model analysis of survival time

      95% CI for Exp(B)
Variable     B Coefficient  SE    p    Exp(B)  Lower   Upper
Age 3.8 1.30 0.00 45.6 3.3 624.5
Gender -0.5 0.70 0.26 0.6 0.2 2.2
Histologic diagn
Typical
Atypical -6.1 3.50 0.08 0.0 2.4 2.2
Subtypes 0.07
Biphas 3.0 2.40 0.29 20.9 0.2 2289.6
Sarcom 0.1 2.10 0.94 1.2 0.0 76.3
Desmopl 1.3 2.80 0.63 3.7 0.0 864.1
Immunohist
P53 Points 0.33
0 0.1 1.30 0.95 1.1 0.1 13.2
2.6 1.5 1.10 0.17 4.4 0.5 38.0
KI67 Points 0.51
0.3 -1.2 1.30 0.35 0.3 0.0 3.9
6.3 0.2 1.00 0.83 1.2 0.2 8.3
Fraction
Nuclear % 0.00
8.1 4.4 1.70 0.01 84.2 2.8 2562.3
30.5 6.2 1.70 0.00 476.2 17.4 13068.3
Stromal % 0.44
19.9 3.2 2.50 0.20 23.2 0.2 3137.0
55.3 1.3 1.20 0.27 3.8 0.3 43.4
Log Likelihood ratio = 71.3; chi-square = 30.9 (p=0.01)
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cases of pulmonary adenocarcinoma.(27-28) Even
though we have found focal and weak reactivity
(mean of 5.4) in 20% of the mesotheliomas,
contrasting to mean of 28.9 found in 73% of
adenocarcinomas. The results indicate that Leu-
M1 high expression may be useful to differentiate
between mesothelioma and adenocarcinoma.

Recently, several studies have indicated the
importance of calretinin as a positive marker for
the diagnosis of mesothelioma, (11, 29-30) but again, a
large variation in staining patterns make calretinin
indicative rather than absolute marker. Valorization
of cytoplasmic staining, instead of nuclear, and
differences in antibody sensitivity are two of the
causes implied in the discrepancies between the
results. In the present study, we considered nuclei
and cytoplasmic staining for calretinin and found
positivity in 60% of the mesotheliomas, with higher
number of positive cells found in epithelial subtype.

For thrombomodulin, the literature show a large
disagreement on the percentage of thrombomodulin-
positive mesotheliomas, ranging from 49% to 100%.
In our study, 9/40 mesotheliomas (22.5%), reacted
with the antibody antithrombomodulin, indicating
low sensitivity of this mesothelioma-positive marker.

Fifty six and thirty three percent of mesotheliomas
with typical and atypical histology, respectively,
showed nuclear staining of tumor cells with p53,
but no difference was found among the subtypes.
The discrepancies in the results of different studies
may be related to tissue fixation and antigen retrieval,
which strongly affected immunostaining for p53.

Like previous studies we also found that
immunoreactivity to Ki-67, expressed by 77.6% of
the tumors, was not useful for diagnosis or
prognosis of malignant mesothelioma.

Although the histological and immunohistochemical
aspects of the mesothelioma are important in
diagnostic procedure, in this paper we have
confirmed that mesotheliomas lead to large inter-
observer differences. Thus, a texture analysis
describing the histological aspects of the tumor
as well as the morphology of the cells was done.
As far as we know, this paper is the first quantitative
description of tissue architecture by using
parameters describing nuclear and stromal density
by simple, routinely and low cost approach. However,
it is not surprising to us that the heterogeneous
and confusing histological forms of mesothelioma
was again emphasized by texture analysis, because

no significant difference was obtained in terms of
nuclear or stromal fraction among them. Of note,
these findings were very important to predict risk
of death in patients with malignant mesothelioma.

Prognostic features. The median survival period
of 9.5 months is below of the results of other
investigations.  An exceptional survival time of 100
months was found in a patient where mesothelioma
was an unexpected discovery after pleurectomy for
spontaneous pneumothorax. This may indicate that
spontaneous pneumothorax, while being an unusual
presenting symptom, may be considered an early
symptom. Only asymptomatic patients or patients with
such early symptoms may have a better prognosis.
Like others we found that epithelial mesotheliomas
pattern infer a better prognosis. For biphasic,
sarcomatoid and desmoplasic the survival time of 6,
1 and 1 month, respectively, is in accordance with
the literature which ascribes the worst prognosis to
these types. Clearly, the high mortality rate indicates
that no progress towards early diagnosis or effective
treatment has been made. The question of interest is
whether additional, more technological information
gathered from either the tumor tissue can help us
identify early or detect factors with influence on
treatment. Our results suggest that controlled for age
and histological subtypes, texture analysis provide
useful prognostic information than does only routine
histopathological analysis. A natural dividing point
was the median age of 55 years and 30.5% for nuclear
components. These points provided a practical way
to separate patients into two groups: patients with
an expected short survival versus patients with an
expected longer survival. Thus, texture analysis offers
us the potential to guide the use of adjuvant
chemotherapy in-patients likely to fail after surgical
excision of mesothelioma.

Our results indicate that  the most useful marker
for mesothelioma diagnosis was calretinin, while CEA
was for adenocarcinoma. IHQ quantitation of
thrombomodulin helped to diagnose mesothelioma
when calretinin and CEA were both positive. Texture
analysis provided more useful prognostic information
than did only routine histopathological analysis,
offering us the potential to guide the use of adjuvant
chemotherapy in-patients likely to fail after surgical
excision of mesothelioma. Other studies involving a
larger number of patients in a randomized and
prospective trial are required to validate our
quantitative assessment of texture analysis.
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