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Clinical Characteristics of Mesothelioma and Asbestos-related Lung Cancer in Japan

Tkuji Usami”, Takumi Kishimoto?, Kiyonobu Kimura® Ikuo Nakano®, Keiichi Mizuhashi®,
Kazuo Oonishi® Kenichi Genba® and Nobukazu Fujimoto®
YA sahi Rosai Hospital
?Qkayama Rosai Hospital
YHokkaido Chuo Rosai Hospital
“Toyama Rosai Hospital
9Kobe Rosai Hospital

We reviewed the clinical characteristics of 221 cases of mesothelioma and 135 cases of asbestos related
lung cancer that were diagnosed and treated from January 2000 to January 2008 at 27 Rosai Hospitals. Special-
ized chest physicians who were knowledgeable about the compensation system for industrial accidents visited
each hospital to collect the cases. Within the total of 221 cases, 83.3% were diagnosed with pleural mesothe-
lioma, and 13.1% with peritoneal mesothelioma. Among pleural mesothelioma cases, 85.4% were considered to
be associated with occupational asbestos exposure. The occupations were shipyard work, construction, plumb-
ing, insulation and so on. The mean age was 669 years old, and 859% of the cases were male; 52% were epi-
theloid type, 28% were sarcomatoid type and 14% were biphasic type. The median survival time was 7.3

months for the ‘total cases of pleural mesothelioma, and 111 months for surgical cases. As for the radiographical
findings of ashestos related changes, pleural effusion’ was noted’'in many cases accounting for 82.2% of the
cases. Hyaluronic acid concentration was over 100,000 ng/ml in 39.4% cases. The mean age of the asbestos re-
Jated lung cancer was 711 years old, and 97% of the cases were male;:57.5% were adenocarcinoma, 29.1% were
squamous cell carcinoma and 126% were small cell carcinoma.. The median survival time was 9.7 months for
the cases of asbestos related lung cancer. The tendency of hlstologlcal type and survival curve were similar to
that of the general lung cancer.
) asbestos related lung cancer and mesothehoma cases, we found that the density of occupational
asbestos exposure was higher in lung cancer cases. The ratxo "of ashestosis and pleural plaque were higher and
the duration of occupational asbestos exposure was longer in asbestos related lung cancer cases. In both dis-
eases, the progn031s is poor. Therefore, early detectlon and the increase of surgical cases are most important.
dooe S (JJOMT, 57: 190—195, 2009)

_©Japanese society of occupational medicine and traumatology ~ http://www jsomtjp



CASE REPORT

Malignant Pericardial Mesothelioma with Response
to Chemotherapy

Nobukazu Fujimoto, MD,* Kenichi Gemba, MD,* Sae Wada, MD,* Katsuichiro Ono, MD,*
Yasuhiro Fujii, MD,* Shinji Ozaki, MD,* Tetsuya Ikeda, MD, T Koji Taguchi, MD,}
Tadayoshi Kunitomo, MD,§ and Takumi Kishimoto, MD*
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(J Thorac Oncol. 2009;4: 1440-1441)

Malignant pericardial mesothelioma (MPerM) is an
extremely rare and lethal cardiac tumor.! The prog-
nosis is poor, and treatments such as surgery and radio-
therapy have not demonstrated an impact on disease pro-
gression. We report a case of MPerM with response to
chemotherapy.

CASE REPORT

A 61-year-old woman was referred to our hospital
because of dyspnea on exertion. A computed tomography
(CT) scan of the chest showed diffuse thickening of the
pericardium (Figures 14, B). The presence of fluid in the
right pleural cavity was apparent, but tumor formation was
not found on the pleura or the lung. Cardiac ultrasonogra-
phy showed impaired left ventricular wall motion and
dilatation of the inferior vena cava with loss of respiratory
fluctuation. Cytologic examination of the pleural fluid was
negative (class 1I). An open-chest, pericardial biopsy was
performed without pleural inspection or biopsy. Micro-
scopic examination of the specimen showed proliferation
of mesothelial cells with nuclear atypicality consistent
with malignant mesothelioma (Figure 24). Immunohisto-
chemical analyses revealed that the cells were calretinin
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positive, epithelial membrane antigen positive, and carci-
noembryonic antigen negative (Figures 2B-D). These find-
ings confirmed the diagnosis of malignant mesothelioma.
Systemic chemotherapy consisting of carboplatin (AUC =
5, day 1) and pemetrexed (500 mg/m?, day 1) was initiated,
and regression of the pericardial thickening was exhibited
after the second course (Figure 1C). The dyspnea on
exertion was relieved. Six cycles of the chemotherapy
were given; however, 6 months later, pleural fluid accu-
mulated in the left cavity and mesothelioma cells were
detected in the fluid. As salvage chemotherapy, irinotecan
hydrochloride (60 mg/m?, days 1, 8, and 15) was admin-
istered. A CT scanning of the chest after the second course
showed regression of the pericardial tumor and decrease in
the amount of pleural fluid. Two months later, the patient
died of disease progression, 18 months after the diagnosis.
Autopsy was not allowed.

‘ DISCUSSION

MPerM is a rare tumor, which has a reported inci-
dence of 0.0022% in an autopsy series of 500,000 case
studies.? A clinical sign is constrictive pericarditis. Car-
diac ultrasonography may reveal an effusion or myocardial
mass. A CT scanning of the chest may also show pericar-
dial effusion, thickening of the pericardium, or pericardial
mass formation.! However, these findings are nonspecific.
In the current case, the CT scanning showed diffuse
thickening of the pericardium, indicating constrictive peri-
carditis, but no tumor formation. MPerM should be noted
as one cause of unexplained constrictive pericarditis.

The prognosis for MPerM is poor, and the clinical
course is progressive. No clinical trial has yet been con-
ducted and standard treatment has not yet been established.
Recently, pemetrexed, a multitargeted antifolate, has dem-
onstrated modest activity against malignant pleural me-
sothelioma in combination with cisplatin? or carboplatin.*
Irinotecan was also reported to demonstrate a modest
activity against pleural mesothelioma in a clinical trial.
There is no previous report that these regimens were
applied to MPerM, so the current case might be the first
report that these regimens have shown clinical activity
against MPerM.

Journal of Thoracic Oncology ¢ Volume 4, Number 11, November 2009
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FIGURE 1. CT scan of the chest
at the time of diagnosis showing
diffuse thickening of the pericar-
dium; (A) sagittal and (B) horizon-
tal views. After administration of
chemotherapy consisting of carbo-
platin and pemetrexed, (C) regres-
sion of the pericardial thickening
was exhibited.

In conclusion, MPerM is an extremely rare neo-
plasm. A combination chemotherapy consisting of carbo-
platin and pemetrexed or irinotecan monotherapy would be
a favorable treatment option against MPerM.
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Incidences of mesothelioma are on the rise in Japan. However, the accurate frequency of mesothelioma
occurrence is still unknown. The aim of this study is to clarify the accuracy of pathological diagnosis of
mesothelioma. Among the 2742 mesothelioma death cases extracted from the document “Vital Statis-
tics of Japan” for 2003-2005, pathological materials were obtained for 382 cases. After these materials
were reviewed and immunohistochemical analyses were conducted, mesothelioma was diagnosed by
discussions based on clinical and radiological information. Sixty-five cases (17.0%) were categorized as
“definitely notfunlikely” mesotheliomas, and 273 cases (71.5%) were categorized as “probable/definite”
mesotheliomas. The percentage of “probable/definite” pleural and peritoneal mesothelioma cases in

Keywords:
Mesothelioma
Pathological diagnosis
Immunohistochemistry

Pleura males was 74.3% and 87.5%, respectively, and that of pleural cases in females was 59.2%; however, the
Peritoneum percentage of “probable/definite” peritoneal cases in females was only 22.2%, These results suggest that
Calretinin the diagnostic accuracy of mesothelioma is relatively low in females and in cases of peritoneal and sarco-
D2-40 matoid subtype mesotheliomas; furthermore, approximately 15% of cases of deaths due to mesothelioma

in Japan are diagnostically suspicious.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Mesothelioma is a malignant tumor originating from the
mesothelial cells of the pleura, peritoneum, pericardium, and tes-
ticular tunica vaginalis. The occurrence of this tumor is associated
with occupational and environmental asbestos exposure [1~5]. The
frequency of mesothelioma occurrence is on the rise in Japan. The
data obtained from the “Vital Statistics of Japan” indicated that
there were 500 cases of death due to mesothelioma in 1995, 710
cases in 2000, and 911 cases in 2005. Many of the deaths were due
to past usage of asbestos, especially after the 1950s [3,4]. An epi-
demiological study estimated that there would be approximately
100,000 deaths in Japan due to pleural mesothelioma in the next
40 years, and the peak incidence of mesothelioma would occur dur-
ing the period 2030-2034 [6]. Therefore, there is an urgent need
for accurate diagnosis and treatment of patients suffering from
mesothelioma. However, the accurate frequency of mesothelioma
occurrence is still unknown because different diagnostic methods
and criteria are used in different medical institutes, and no nation-

* Corresponding author. Tel.: +81 82 257 5151, fax: +81 82 257 5154.
E-mail address: ykotake@hiroshima-u.ac.jp (Y. Takeshima).

0169-5002/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.lungcan.2009.01.011

wide mesotheliomaregistry systems have been established in Japan
thus far.

Currently, it is recommended that definite mesothelioma
diagnosis be possible by histological or cytological analyses by
immunohistochemistry using the currently available antibodies
[7.8]. However, thus far, these procedures have not been carried out
appropriately eitherin Japan or other countries. In Japan, during the
period 2003-2005, a total of 2742 deaths due to mesothelioma were
reported in the document “Vital Statistics of Japan,” which has been
published by the Ministry of Health, Labor and Welfare. However,
precise clinicopathological analyses with regard to the accuracy of
the diagnosis in these cases have not yet been conducted.

The aim of this study is to review past death cases diagnosed
with “mesothelioma” and clarify the accuracy of their pathologi-
cal diagnosis. In addition, to improve diagnostic accuracy, critical
pathological diagnostic problems have been analyzed.

2. Materials and methods
2.1. Patient selection

From the “Vital Statistics of Japan” document for the period
2003-2005, we extracted 2742 deaths that occurred due to
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mesothelioma. In addition, we examined the death certificate files
of each of these patients at the Ministry of Health, Labor and
Welfare, Japan, after obtaining permission from the Minister for
Internal Affairs and Communications, Japan. After examination, we
requested all the medical institutes in which mesothelioma cases
were reported during this period to submit materials for patholog-
ical diagnosis. The materials, including histological and cytological
specimens, immunohistochemical slides, unstained slides, paraf-
fin blocks, and formalin-fixed tumor tissues, were obtained for 382
cases(13.9%) from 297 medical institutes with the permission of the
families of the deceased and medical institutes. The details of mate-
rials obtained are as follows: 46 cytological slides (CS), 21 histology
slides stained with hematoxylin and eosin (H&E; SHE), 7 CS and
SHE, and 308 CS and/or SHE with immunohistochemistry, includ-
ing the 237 cases that were analyzed by immunohistochemistry in
our department.

The planning of this study was approved by the ethical commit-
tee at Okayama Rosai Hospital, Japan.

2.2. Pathological evaluation

After the materials (H&E-stained tissue slides or Papanicolaou
or Giemsa stained cytology slides and H&E and immunohistochem-
ically stained tissue slides) were reviewed, immunohistochemical
analyses were conducted in cases with unstained slides, paraffin
blocks, or formalin-fixed tumor tissues; the analyses were based
on the morphology and location of the tumor. Inmunohistochem-
ical staining was performed using the Histofine Simple Stain MAX-
PO (MULTI) kit (Nichirei, Tokyo, Japan). .

Due to limitations with regard to the unstained slides, antibod-
ies against the following markers were initially selected: calretinin
(Polyclonal, Zymed, San Francisco, CA, USA), D2-40 (clone D2-40,
Nichirei BioScience, Tokyo, Japan), cytokeratin marker (CAMS5.2;
clone 2A4, Becton-Dickinson, Franklin Lake, NJ, USA), pancytoker-
atin (clone AE1/AE3, DAKO, Glostrup, Denmark), carcincembryonic
antigen (CEA; clone COL-1, Nichirei), thyroid transcription factor-
1 (TTF-1; clone 8G7G3/1, DAKO), and desmin (clone D33, DAKO)
when epithelioid or biphasic mesothelioma was suspected [9-11].
Calretinin, D2-40, CAMS5.2 (clone 2A4, Becton-Dickinson, Franklin
Lake, NJ, USA), pancytokeratin {clone AE1/AE3, DAKO), CEA, and
desmin, were selected for the diagnosis of sarcomatoid or desmo-
plastic mesothelioma [12-15]. Additionally, Wilms tumor gene
(WT1; clone 6F-H2, DAKO), thromomodulin (clone 1009, DAKO),
epithelial membrane antigen (EMA; clone E29, DAKO), CA19-9
(clone NS19-9, TFB, Tokyo, Japan), epithelial antigen (clone Ber-EP4,
DAKO), epithelial-related antigen (clone MOC-31, DAKO), myf-3
(clone 3A11, Novocastra, Newcastle upon Tyne, UK), CD34 (clone
QBEnd/10, Novocastra), CD45R (clone 2B11 +PD7/26, DAKO), CD3
(clone PC3/188A, DAKO), CD20 (clone L26, DAKO), and estrogen
receptor (ER; clone 1D5, DAKO) were used as appropriate. Anti-
gen retrieval was performed in an autoclave. On the basis of
the number of tumor cells observed following immmunohisto-
chemical staining, the tumors were scored using the following
semiquantitative system: 0, no or trace staining; score 1+, <5%
tumor cells; score 2+, 6-50% tumor cells; score 3+, >51% tumor
cells. The definition of a “positive case” in this study is a case
with a score of more than 1+ Additional immunohistochem-
istry of the cytological specimens was not conducted in this
study.

2.3. Clinicopathological analysis and categorization of each case

After the independent diagnosis of each case by pathologists
(Y.T,KI,and V.J.A.) according to WHO criteria [ 16] and clinical anal-
ysis by 4 physicians (T.K, K.G.,K.A,, and N.F.) and 1 radiologist (K.K.),
a clinico-pathological discussion was initiated to confirm the final

diagnosis. The cases with questionable and/or atypical mesothe-
lioma findings were especially discussed.

For mesothelioma analysis, each case was categorized
into either of the 4 subcategories: “inadequate/insufficient”
(undetermined due to insufficient materials and information),
“definitely notfunlikely” (definitely not mesothelioma and/or
unlikely mesothelioma), “possible” (possible mesothelioma),
“probable/definite” (probable mesothelioma andfor definite
mesothelioma). This conservative category system was used in
this study because of the heterogeneous nature of the avail-
able diagnostic materials and methods, and because there was,
incomplete information and insufficient or inadequate materi-
als for pathological diagnosis that prevented final and certified
diagnosis.

2.4, Statistical analysis

A statistical analysis was performed by the Mann-Whitney's
U-test for the detection of differences in the distribution in each
category by various factors. In this analysis, the cases in the “inad-
equatefinsufficient” category were excluded.

3. Results

3.1. Distribution of the 382 “clinical” mesothelioma cases into the
diagnostic categories

The distribution of cases in the diagnostic categories “inad-
equatefinsufficiency,” “definitely not/unlikely,” “probable,” and
“probable/definite” categories was 19 (5.0%), 65 (17.0%), 26 (6.8%),
and 272 (71.2%), respectively. Among the 272 in the “prob-
able/definite” category, 214 cases (78.7%) were considered as
“definite” mesothelioma cases. :

3.2. Proportion of cases in each diagnostic category depending on
primary tumor sites and gender

By analysis of the primary tumor site, a relatively higher rate
of “probably/definite” pleural mesothelioma cases were observed
(72.0%) as compared to peritoneal cases (64.0%). On the other
hand, a relatively higher rate of “definitely not/unlikely” peritoneal
mesothelioma cases was noted (32.0%) compared with the pleural
cases (14.8%).

Out of 7 other primary site cases, 6 cases {87.5%), including 4
pericardial cases, 1 testicular tunica vaginalis case, and 2 cases
with unknown primary sites, belonged to the “probably/definite”
category.

The proportion of cases in each diagnostic category based on
the primary tumor site (pleura and peritoneum) and gender is
shown in Table 1. A relatively high rate of “probable/definite”
pleural mesothelioma was observed among the males (74.3%) and
females (59.2%). Further, a high rate of “probable/definite” peri-
toneal mesothelioma was noted among the males (87.5%) but
there were only 4 cases (22.2%) among the females. In con-
clusion, a relatively high rate of diagnostically suspicious cases
was noted in the case of females and in the case of peritoneal
mesothelioma.

3.3. Summary of the immunohistochemical profiles of various
lesions in each category

A summary of the immunohistochemical results obtained
with the markers calretinin, D2-40, cytokeratin (CAMS5.2 and/or
AE1/AE3), CEA, and TTF-1 in 308 cases analyzed in each category
are provided in Table 2.
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Table 1
Proportions of cases in each diagnostic category depending on primary tumor sites® and gender.

193

s

b p=0.40 by Mann~-Whitney's U-test (between male and female pleural cases).

¢ p<0.0001 by Mann-Whitney's U-test (between male and fernale peritoneal cases).

Table 2
Summary of the immunohistochemical profiles of various lesions in each category.

a Excluding 4 pericardial cases, 1 testicular tunica vaginalis case and 2 unknown primary site cases.

2 Including CAMS5.2 or AE1/AE3 positivity.
b predominant final diagnoses are indicated.
¢ Not done.

In brief, each of the “probable/definite” mesothelioma and pul-
monary sarcomatoid carcinoma subtypes showed a high calretinin
positivity (more than 50%). Further, D2-40 positivity in the “possi-
ble” and “probable/definite” mesothelioma cases was greater than
50%. In addition, the cases of pulmonary sarcomatoid carcinoma,
fibrous pleuritis and sarcoma, NOS were 50% positive. CEA positivity
in the case of pulmonary adenocarcinoma, pulmonary sarcomatoid
carcinomas, and serous papillary adenocarcinomas invading the
peritoneum in females was relatively high (62.5%, 66.7%, and 40%,
respectively); however, only 3 “probable/definite” category cases
(2.5%) tested positive. Only 6 pulmonary adenocarcinoma cases
tested positive for TTF-1.

Table 3

3.4. Relationship between pathological diagnostic methods and
proportion of cases in each diagnostic category

To evaluate the efficiency of the various pathological diagnostic
methods for mesothelioma, the proportion of cases in each cate-
gory were differentiated according to the 4 types of pathological
specimens (i.e,, only cytology slides with Papanicolaou (Pap) stain
(CS), only histological slides with H&E stain (SHE), both CS and SHE,
and CS or SHE with immunohistochemistry) (Table 3). The result
revealed a higher percentage of cases in the “probable/definite” cat-
egory for cases with immunohistochemistry than for those without
immunohistochemistry.

Relationship between pathological diagnostic methods and proportion of cases in each diagnostic category.

a CS: cytology specimen with Papanicolaou stain,
b SHE: histological slides with H&E stain.

¢ IH: immunohistochemistry.

4 p<0.0001 by Mann-Whitney's U-test (difference in category proportion by the presence of immunohistochemistry).
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Table 4
Correct diagnosis of cases in “definitely not/unlikely” category.

3.5. Correct diagnosis of cases in “definitely notfunlikely” category

Pathological diagnoses of the cases in the “definitely
not/unlikely” category are summarized in Table 4. Among the
pleural cases in males, pulmonary adenocarcinoma (14 cases),
pulmonary sarcomatoid carcinoma (6 cases), and fibrous pleuritis
(8 cases) were dominant. Among the pleural cases in females, there
were a majority of pulmonary adenocarcinomas (3 cases) and
pulmonary sarcomatoid carcinomas (3 cases) similar to the result
in the case of the males. Among the peritoneal cases in females,
serous adenocarcinomas (6 cases) from the female genital tract
were prominent.

Representative cases placed in the “definitely not/unlikely” cat-
egory are shown in Figs. 1-3.

4. Discussion

The present study involved a clinicopathological analysis of
cases where death occurred due to clinical mesothelioma, as per the
files from the “Vital Statistics of Japan” for the period 2003-2005.
Although alimited amount of information was available for all cases
and there was a certain amount of bias depending on the cooper-
ating institutes and submitted materials, we attempted to identify
some characteristic problems in the diagnosis of mesothelioma in
Japan. Consequently, we decided to consider 65 cases belonging to
“definitely not/unlikely” category, and therefore, we assumed that
approximately 15% of mesothelioma deaths were diagnostically
suspicious, especially in females with peritoneal and sarcoma-
toid subtype mesothelioma. All the medical institutes from which
pathological materials were collected did not provide the slides
stained with the recently recommended immunohistochemical
panel, and our department could not perform immunohistochem-
istry with a uniform antibody panel owing to the limitation of
submitted materials. Therefore, the error score (i.e., approximately
15%) estimated in this study might be higher than the “actual” error
score. However, such comprehensive data concerning the accu-
racy of mesothelioma diagnosis has not been previously reported
in Japan. It is ideal to analyze the autopsy materials to pre-
cisely and definitely diagnose clinical “mesothelioma” patients.
However, there are limitations to conducting an autopsy in all
cases and reevaluating all materials submitted for pathological
diagnosis in each medical institute. Therefore, we used the conser-
vative category system, i.e., “inadequate/insufficient”, “definitely
not/unlikely”, “possible”, and “probable/definite”.

There are many diseases that must be differentiated from
mesothelioma. Epithelioid mesothelioma must be differentiated
from pulmonary adenocarcinoma, metastatic adenocarcinoma,
peritoneal serous adenocarcinoma, ovarian adenocarcinoma, and
reactive mesothelial hyperplasia. Sarcomatoid mesothelioma
should be differentiated from pulmonary sarcomatoid carcinoma,
true sarcoma arising in the chest wall and parietal pleura, pul-
monary primary sarcoma, and various types of intraabdominal
sarcomas. The biphasic type must be differentiated from pulmonary
biphasic pulmonary blastoma, carcinosarcoma, synovial sarcoma,
and carcinosarcoma of the female genital tract (ovary and uterus).
The desmoplastic type must be differentiated from fibrous or orga-
nizing pleuritis {7,8]. It must be understood that mesothelioma has
clinical and pathological heterogeneities and that relatively rare
tumors may pose diagnostic difficulties. As expected, the above-
mentioned diseases were responsible for mesothelioma death
cases, as indicated in Table 4.

Fig. 1. Pulmonary adenocarcinoma invading the parietal pleura (69-year-old male). (A) Atypical epithelial cells showed a papillary invasive growth pattern (H&E, x200).(B)

Immunohistochemically, the tumor cells were positive for CEA (immunostaining, x200).
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Fig. 2. Serous papillary adenocarcinoma invading the peritoneum (55-year-old female). (A) Atypical epithelial cells show a complex papillary growth pattern with psammoma
bodies (H&E, x200). (B) Tumor cells tested positive for the estrogen receptor (immunostaining, x200).

Recently, many mesothelial and non-mesothelial markers have
been developed to differentiate mesothelioma from other malig-
nant tumors and benign lesions [9-11,13]. Immunoshistochemical
analysis is absolutely necessary for the accurate diagnosis of
mesothelioma. Therefore, we discussed the differential diagnosis of
mesothelioma from pulmonary adenocarcinoma, pulmonary sarco-
matoid carcinoma, fibrous pleuritis, and ovarian serous carcinomas,
which are the predominant disorders as mentioned in Table 4, espe-
cially with regard to the utility of immunohistochemistry using the
antibody panel.

In this study, 17 pulmonary adenocarcinomas were misdi-
agnosed as mesotheliomas (4.5% of 382 cases). Differentiation
between epithelioid mesothelioma and pulmonary adenocar-
cinoma is sometimes difficult. This is because some pleural
mesotheliomas invade the pulmonary parenchyma and exhibit
lepedic growth [7]. Sometimes pulmonary adenocarcinomas may
grow along the visceral andfor parietal pleura, mimicking the
growth of malignant pleural mesothelioma; this growthis detected
clinically and/or radiologically and it is called “pseudomesothe-
liomatous adenocarcinoma” [17,18]. Over the last 10 years, many
immunohistochemical markers for differentiating between epithe-
lioid mesothelioma and pulmonary adenocarcinoma have been
developed [10,19-24]. Ordonez [22,23] stated that calretinin and
CK5/6 (or WT1) were positive markers and CEA and MOC-31 (or
B72.3, Ber-Ep4, or BG-8) were negative markers. We demonstrated
that the combination of CEA, calretinin, and WT1 or thrombomod-
ulin was the best antibody panel for differential diagnosis [10].

Recently, D2-40 or podoplanin was reported to be useful for dis-
tinguishing mesothelioma from pulmonary adenocarcinoma [25].
On the basis of these facts, we selected the antibody panel from
among calretinin, D2-40, CAMS5.2, CEA, TTF-1, and desmin for differ-
ential diagnosis, The application of these antibodies will contribute
to increase the diagnostic accuracy of epithelioid mesothelioma.
Differentiation between sarcomatoid mesothelioma and pul-
monary sarcomatoid carcinoma is still very difficult if no adequate
clinical and pathological information is available. The higher
number of pulmonary sarcomatoid carcinomas in the “definitely
notfunlikely” category may be reflective of the difficulties in
the diagnosis of sarcomatoid mesothelioma (Table 4). Pulmonary
sarcomatoid carcinoma is described as a poorly differentiated non-
small cell lung carcinoma containing a component of sarcoma or
sarcoma-like differentiation [7]. At present, no sensitive or specific
markers for differentiation of these tumors are available; thus, it
is very important to obtain precise clinical and gross pathological
findings (i.e., main location of tumor, presence of intrapulmonary
nodule, presence of adenocarcinoma or squamous cell carcinoma
foci, etc.). However, the primary site must be determined by exam-
ination of the surgically resected tumor and/or autopsy materials.
Histologically, therefore, the development of new markers for dif-
ferential diagnosis is necessary. Kushitani et al. [10] indicated that
no significant differences exist between tumors in the expression
of calretinin, WT1, AE1/AE3, CAM5.2, and EMA. Recently, Hinter-
berger et al. [14] stated that calretinin and D2-40 immunostaining
in the case of sarcomatoid mesothelioma will improve the diagnos-

Fig. 3. Fibrousforganizing pleuritis (73-year-old male). (A, B) Spindle-shaped cells profiferating in a “zonation” fashion. The surface of this lesion is composed of fibrin,
immature spindle cells, and capillaries (H&E, A: x40, B: x200). (C) Some spindle celis tested positive for desmin (immunostaning, x200).
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tic accuracy of spindle-celi lesions in the pleura. In this study, 6 of 7
(87.5%) pulmonary sarcomatoid carcinomas tested positive for cal-
retinin and 3 of 6 cases (50%) tested positive for D2-40, On the other
hand, 33 of 43 (76.7%) sarcomatoid mesotheliomas tested positive
for calretinin and 15 of 21 cases (71.4%), for D2-40. D2-40 positiv-
ity in the case sarcomatoid mesothelioma tended to be higher than
that in the case of pulmonary sarcomatoid carcinoma; however, a
definite conclusion could not be drawn from the limited number of
pulmonary sarcomatoid carcinoma cases in this study.

The other problem is differential diagnosis between desmoplas-
tic mesothelioma and fibrous pleuritis, In this study, 9 of 65 cases
(13.8%) in the “definitely not/unlikely” category were considered
to be fibrous pleuritis. Churg et al. [26] provided a summary of
distinguishing desmoplastic mesothelioma from fibrous pleuristy
(pleuritis) and/or organizing pleuritis in their review article. They
showed that fibrous pleuritis typically exhibits “zonation” with
high cellularity and cytologic atypia toward the pleural space and
increasing fibrosis with decreasing cellularity and lesser atypia
toward the chest wall. On the other hand, sarcomatous (desmo-
plastic) mesothelioma does not exhibit this type of zonation and is
sometimes accompanied with bland necrosis and overtly sarcoma-
tous foci. To differentiate between these 2 diseases, a relatively large
amount of tissue and/or pleural whole layer tissues is necessary for
a thoracoscopic biopsy. Churg documented that needle biopsy is
generally inadequate, because “small” thoracoscopic biopsy may
not be sufficient to evaluate “zonation” [16].

In this study, 10 carcinomas, i.e., serous papillary adenocarci-
nomas, adenocarcinoma, NOS, and carcinosarcomas of the genital
tract or peritoneum were included in the case of peritoneal cases in
females, and only 4 cases were categorized as “probable/definite”
epithelioid mesothelioma. The ratio of peritoneal mesotheliomas
in Japanese females among all mesothelioma cases is reportedly
higher than that in Western countries [27]. In females, the most dif-
ficult differential diagnosis is that between peritoneal epithelioid
mesothelioma and serous papillary adenocarcinoma of the ovary
and/or peritoneum [28]. Baker et al. [29] described the morphologi-
cal differences between peritoneal epithelioid mesothelioma (PEM)
and serous papillary adenocarcinoma (SC). Peritoneal mesothe-
lioma often invades the peritoneal cavity with multiple nodule
formation, associated with ascites, or occasionally forms alocalized
abdominal mass, including mass formation in the ovary [30]. There-
fore, SC of ovarian or peritoneal origin [28] is the most important
and difficult malignant tumor for differentiation due to the clinical
and histological similarities in the 2 cases [29]. Recently, reports
on the application of immunohistochemistry for differential diag-
nosis have emerged. Attanoos et al. [31] described that calretinin
and Ber-EP4 are useful discriminant markers for distinguishing
PEM in women from SCs and peritoneal carcinoma. Ordonez [9,32]
reported that combinations of best positive markers (D2-40 and
calretinin) and negative markers (Ber-EP4, MOC-31 and ER) were
useful for discriminating between the 2 tumors. The relatively high
rate of misdiagnosed cases among clinically diagnosed female peri-
toneal mesothelioma clinically is a problematic issue. We described
calretinin and thrombomodulin as positive markers and Ber-EP4,
MOC-31, CA19-9, and ER as negative markers with relatively high
sensitivity and specificity [11]. Chemotherapy and/or radiotherapy
can significantly improve patient survival and decrease recurrence,
especially in primary and secondary SC, as compared with PEM
[33-35). However, Sugarbaker et al. recently reported a remarkable
prolongation in the median survival of peritoneal mesothelioma
patients treated with an intensive local-regional treatment strat-
egy that included cytoreductive surgery with peritonectomy and
hyperthermic intraoperative intraperitoneal chemotherapy; the
prolongation was also reported for some patients that received
early postoperative intraperitoneal chemotherapy [36]. Therefore,
appropriate antibody selection for immunohistochemistry and for

sampling a relatively large amount of tumor tissue by laparotomy
are necessary for early and precise diagnosis [37]. The application
of immunohistochemistry for cytology materials (ascites) is also
effective, especially for the epithelioid type mesothelioma [38].

There are various methods to obtain mesothelioma cells and
tissues, such as cytology, needle biopsy, and biopsy under tho-
racoscopy or laparoscopy. Among these methods, pleural or
peritoneal biopsy under thoracoscopy or laparoscopy is a reliable
method to obtain sufficient tumor tissue from the pleura and peri-
toneum for accurate pathological diagnosis [39,40].

Cytology from body cavity fluids is also useful for cancer diag-
nosis; however, morphological observation only by Papanicolaou,
Giemsa, and PAS staining would not be sufficient, even for expe-
rienced pathologists [41]. In particular, as small amounts of tumor
cells from sarcomatoid or desmoplastic mesothelioma are shed into
the body cavity, diagnosis by only cytology is impossible [7]. In this
study, of the 46 cases for which only the cytological tests were per-
formed, 18 cases (39.2%) (al! of epithelioid subtype) belonged to the
“probable/definite” category according to the cytological and radi-
ological features, the level of hyaluronan in body fluids, and so on.
The cytological criteria for epithelioid mesothelioma were based on
classical morphologicai features such as high cellularity, uniform
cell population, intercellular gap, central or paracentral nucleus,
multinucleation with atypia, villosity, nuclear pleomorphism, and
so on. [41]. On the other hand, 5 cases where cytology specimens
were stained by immunohistochemistry, including calretinin, D2-
40, CEA, TTF-1, and so on, were included in this study and among
them 3 cases (60%) (all of epithelioid subtype) belonged to “prob-
ably/definite” category. Therefore, it is assumed that cytology with
immunohistochemistry using an appropriate antibody panel may
increase the accuracy of mesothelioma diagnosis, especially in the
case of epithelioid type mesothelioma [38}. Lyons-Boudreaux rec-
ommended the use of D2-40 and MOC-31, which are sensitive and
specific markers for mesothelial and epithelial cells, respectively,
to improve the diagnostic accuracy with body cavity effusions [38].
Pu et al. reported the utility of WT1, p63, MOC31, and cytokeratin
(K903 and CK5/6) immunostains in differentiating adenocarci-
noma, squamous cell carcinoma, and malignant mesothelioma in
pleural effusions [42]. However, no effective markers are available
thus far with sensitivity and specificity high enough to differentiate
between epithelioid mesothelioma and benign mesothelial lesions
(reactive mesothelial and reactive hyperplasia cells), because the
diagnosis of epithelioid mesothelioma is based on the “invasiveness
of mesothelial cells” [16]. Therefore, we considered that the cases
of the “probable/definite” category among the “cytology-only” cat-
egory in this study should belong to the “probable” mesothelioma
category and not to the “definite” category. We supposed that
body fluid cytology is useful for mesothelioma diagnosis; however,
adequate tissue sampling by biopsy and immunohistochemistry
using an appropriate antibody panel are necessary for “definite”
mesothelioma diagnosis. Recently, Hanley et al. reported the utility
of anti-L523S antibody (antibody to K homolog domain containing
protein overexpressed in cancer (KOC)) in combination with calre-
tinin and CK5/6 for differentiating reactive mesothelial cells from
malignant mesothelioma and metastatic carcinoma [43]. Further
efforts to evaluate new markers useful for differentiating mesothe-
lioma especially from benign mesothelial lesions are required.

In conclusion, it is ascertained that the diagnosis of mesothe-
lioma in females and in the case of peritoneal and sarcomatoid
subtype cases has relatively low diagnostic accuracy, and approx-
imately 15% of the deaths by mesothelioma in Japan are
diagnostically suspicious. Therefore, precise pathological pro-
cedures, including immunohistochemistry using an appropriate
antibody panel selected based on histology and clinical informa-
tion, are necessary for accurate mesothelioma diagnosis. Moreover,
the nationwide mesothelioma registration system must also be
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established for obtaining precise data on mesothelioma for epi-
demiological study. These efforts will help promote early detection
and therapy of mesothelioma and facilitate significant improve-
ments in patient prognoses.
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bl & U SRSt AL H5 40 B, i EHT 24 51,
FHERREA 17 FlciT bz, FRICE L Cid, &EMD
AEEHR YL E 108 + B TS ELFERNE0% Th o
7o FHiEREO 1 EB X U3 EAERIZ65.1% & 232%
<, EFHAEPREIZ 132 A TH oz T, {LEE
EOVEB XU 3EEFTILI02% & 0% T, LFHHMH
hdefiiil 108 ¥ HTH Y, FHRELLEREDLTFE

WL RBR 7 ARA MEB QY 2 ¥ —,
DRGS0 31T, MILERBRT AR MRETO Y 2

vy —, T702-8055 FILITH X HHARNT 1-10-25.
SZAPE 20004 1 H 6 H, $R4RH : 200946 A 8 A.
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DOENCHEISFNEEEE RO (p=004). Cox HL#IN
P FEFNERVASERFIT T, FHROFMICEL

LAANfEREEL 1622 Th o /2. 55k, MWL o
HEARD Shieh, KATFHRTROKETHY, B

SR E BN BRIEDOHMUPAT THIHLEEZLR
7=,

Bl Ay, TR

F LIS

Ml b R BB AR 2 JEES T d B A%, &0 10 FERICEFIEL
FHIIIL, 2025 FE A — 2 ILET B LI S ATV
5.1

2006 £ 3 B 27 H2H [HEMIC X B RBEHREDORKHAI
B4 5] AT S, FPEIEICH T ARG
Vo) EE o T AL R REIEDBRRIER FRICH
LCEHBIERET LME DR, SEDLIL,
W ARER L A I R R B D BREIR IR B L UV FRICDO VT
ML= THET 5.

xR EHE

1993~2008 4 9 A £ TOHBIC, HBAMFEIIGIE
FF&}EE: B8l BleRL L. Iﬁ%fﬁijﬁ%ﬂ’l

DHAME, performance status (,UCF. PS), ﬁ’ﬁ%ﬁi. BA
B, BEAE, EBBARICOWTHRE LA WS
#5113 International Mesothelioma Interest Group (IMIG)
RSO 72, BRI, L LB XUk
TR ELONLZ—MO I E L, Az
#i e L7 2007 48 1 B 2 Pemetrexed (MPA) A3&FR
*hTHh H{LZPWE & L T Cisplatin (CDDP) + Pe-
metrexed # B—BIRE LTV 5, EFERIETURLE
AL LT200849A30BFRETCOREFBERAEL,
Kaplan-Meier 3 W THB L, FEERZEI L log-
rank test & 7z, BEEIERICIZ t B IO ZIREE MV
7o, SEBENICIE Cox BN — FEFVERHVL.
WEROBRED P<005 2 b o THEEH N & L.

B R

MaRErh B BE 81 BRI, Bk 748, K7 6
T, PIERIL 6605 (38~935%) THholz. MEBX
CEFEE»SESIEILBENFEE S NHMIZTLH
(877%) TdH ol LWEFIZHKE FH 72611k 53
(654%) T, ke 7o CEE 48 FITliESh,
7~2560 ug/ml ¢, 100 ug/ml L E2OEEERLAL D
MRI7TBITH -7z FERFEERIE 7161 (87.7%) T, 12/
IMEAH D b O, 40 5 (494%) TH - 2. RPDER

BMESZHE»SHEESHABONSG T TOMMIEZO~
674 + B, wRAE20 4+ H, FH45 5 ATH-o7. PS
X, 0~172%63 0 (77.8%) TH o7z, HEMAMENI LT
B 5061 (61.7%), PIIEEY 21 f] (25.9%, MMETZALEL8
Bl), ZHE8HI (99%), THA2H (26%) TH 7.
TRABENZ, AR 43 51(53.1%), ZZ8 38 H1(469%) TH -
7o, ERFEREICEI L TIE, T E o EAT B A 52
(64.2%) Td o 7z, E o ihHE, {LEFFREAT 36 B (444%)
12, bR + iRt EREEAS LB (1.2%) 12, FlsiRd 24
B1(29.6%) T, EBIC MBI ERHAT AT bR o,
BEHRIBED 3 B (37%) (&, AIEREAT17 #1 (21.0%)
24747z (Table 1).

SN, SfFEMARENREICIVELRL. 0
WRPUE & L CIZIBBAERDT55 B (67.9%) 1247hh
7=, MK st R COBIIX 25 PlicfThoh, £
3% 22 AT ML L OFERITDH » 72 (Table 2).

Table 1. Patient Characteristics

No. of patients 81
Gender Male 74
Female 7
Mean age (years) 66.0+10.6 (SD)
Asbestos exposure (patients) 71 (87.7%)
Pleural effusion 53 (65.4%)
Hyaluronic acid (>100 pg/ml) 17
Chest pain 40 (494%)
Duration to diagnosis (months) 45%90
Performance status 0-1 63 (77.8%)
>2 18 (22.2%)
Histologic type Epithelioid 50 (61.7%)
Sarcomatoid 21 (25.9%)
Biphasic 8 ( 9.9%)
Unknown 2 ( 25%)
Affected side Right 43 (53.1%)
Left 38 (46.9%)
Clinical stage (IMIG) 1 4 (17.3%)
I 15 (18.5%)
m 24 (29.6%)
v 28 (34.6%)
Treatment Chemotherapy 36 (44.4%)
Chemotherapy + Radiotherapy 1( 1.2%)
Operation 24 (29.6%)
Radiotherapy 3{ 3.7%)
Best supportive care 17 (21.0%)
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Table 2. Methods of Diagnosis of Malignant Pleural Mesothelioma

Methods No. of cases Stage [ Stage I Stage I Stage IV
VATS 34 (42.0%) 4 9 11 10
Thoracoscopic pleural hiopsy 21 (25.9%) 9 3 8 1
Percutaneous needle biopsy 17 (21.0%) 1 1 5 10
Cytologic study of pleural fluid 8{ 9.9%) 0 1 0 7
Autopsy 1{ 1.2%) 0 1 0 0

VATS: video assisted thoracic surgery under general anesthesia, Thoracoscopic pleural biopsy:

thoracoscopy under local anesthesia.

Table 3. Characteristics of Patients Receiving Operation or Chemotherapy

Operation (24) Chemotherapy (37) P-value

Gender . Male
Female
Mean age (years)
Performance status (PS) 0-1
>2
Clinical stage (IMIG) I
It
m
%
Epithelioid
Sarcomatoid
Biphasic
Unknown
Affected side Right
Left
Adjuvant method EPP
EPP+CT
CT+EPP
EPP+RT
EPP+CT+RT
EPP+IPT*

Histological type

Containing chemotherapy Gemcitabine + Vinorelbine

Pemetrexed + Cisplatin
Gemcitabine + Cisplatin
Platinum containing
Gemcitabine containing
Pemetrexed containing

23 32
1 5 0331
62.6 64 (SD) 64.6%11.3 (SD) 0221
24 26
0 11 0.001
4 (16.7%) 4 (10.8%)
14 (58.3%) 0 ( 0.0%)
6 (25.0%) 14 (37.8%)
0 ( 0.0%) 19 (51.4%) 0.002
16 (66.7%) 26 (70.3%)
6 (25.0%) 7 (18.9%)
2 ( 8.3%) 2 ( 54%)
0 ( 0.0%) 2 ( 54%) 0.588
13 (54.2%) 18 (48.6%)
11 (45.8%) 19 (514%) 0564
11
9
1
1
1
1
16
13
6
21 (56.8%)
22 (59.5%)
13 (35.1%)

EPP: extrapleural pneumonectomy, CT: chemotherapy, RT: radiotherapy, *IPT: intrapleural hypotonic
treatment, Platinum containing: platinum compounds containing chemotherapy, Gemcitabine containing:
gemcitabine compounds containing chemotherapy, Pemetrexed containing: pemetrexed compounds con-

taining chemotherapy.

FWEP 24 PIOWE TIE, U X/ 3HEE L 22 6]
(91.7%) \ZHEREY >/ HigRIETH. 441 (182%) i
HEpg ) >/ SHIDIER RO D, EFlCBEERKO
R Z 1T o 724%, 2 BN IEE A RO S, R
B O FHE TOFIHHMIE 299 H (11~55H) T
Holz WPIREE, MRACFERED B WAT{LER
EATL B, RIS RRFRIEAS L B, A b + Mosd HaR

EAY LB, Wi ML ERIELS L flciT b/, itk
ICHEH 2 LB E T 5002, LEBEMRE)Z &0 EHHED
9P A L, morbidity 375%, #ffEBESE A1 B
(VIR R B FE BB O 38IE) T mortality 42% T -
7z, ALFEREORE T, EHSNAERPERHE LT
{x. Gemcitabine + Vinorelbine 16 I, Cisplatin + Pe-
metrexed 13 5], Cisplatin + Gemcitabine 6 FI C& - 7.
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Surviving proportion
=4
wn

—— All patients

0.25
0 i (] 1 1 1 —
0 1 2 4 5 6 7
Years
No. of patients 81 33 10 1 1 1
Figure 1. Overall survival of the patients with malignant pleural mesothelioma.
17
Chemotherapy
0.75 e Qperation
,g ------ Best supportive care
&
£ 0.5
g
2
7]
0.25
0 i i 1 ]
0 1 2 4 5 6 7
Years
No. of patients
Chemotherapy 37 12 2
Operation 24 13 6 1 1 1
BSC 17 7 2

Figure 2. Overall survival of malignant pleural mesothelioma is shown stratified by treatment.

BSC: best supportive care.

FRIFE LALEREORRFHEENE REF & BT %
L. PS & IMIG BRI A B0 Sl (Table
3).

FHRIZDVWT AL E, &l 5 EAEFEILE0% T 4L
b it 108 ~ HTdh o 7= (Figure 1), ERiHH
EATE, FHREOLEAFEE51%, SELEFE
23.2%, 5 4EATFEE 154% T, EFEH M P IEIX 132 7 A
THh otz {LFFEEMO | LTS 392%, 2 FAETFHR
87%, 3AEAETEEE 0% T, AYEHAMpYLfEiE 108 » A
Td o7z (Pigure 2). FHifeik & ALERBEOLEFROME
ICHEERRDI (p=004).

Cox DHBINY — FEFNICL B2 TFEHETFORIKT
&, HMEBWHTPS, WRKEY FHOFEOLETFIC
HEENA LN (Tabled). BERMBINTHEREENAD
N7z 3T, {LEFEOFE, VMR OFEY
A HFIOWCE LR 21T/ 25 PS,
B, FOFEISHI LIFERFTHo72. Fiz,

FH OIS &AM fEHR 1L 1622 TH > 72 (Table
5).
z %

INECTOMBFEREIEORKBEICHETAHEL LT
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Table 4. Univariate Analysis of Potential Prognostic Factors for Malignant Pleural Mesothelioma: Cox’s Pro-
portional Hazards Model

Malignant Pleural Mesothelioma—Nishi et al

Variable No. of patients Hazard ratio 95% confidence interval P-value
Age (years) < 70 48 1.000
>70 33 1.171 0.619-3.841 0.925
Gender Male 74 1.000
Female 7 1.212 0.524-2.841 0471
Performance status 0-1 63 1.000
- >2 18 2.200 1.285-2.745 0.009
Chest pain No 41 1.000
Yes 40 1.205 0.882-3.841 0.346
Basis for Symptoms 71 1.000
X-ray findings 10 0.800 0.725-2.377 0.207
Asbestos exposure Yes 71 1.000
No 10 1.135 0577-2.764 0.885
Histological type Epithelial 50 1.000
Non epithelial 31 0.789 0.553-1.981 0.132
Affected side Right 43 1.000
Left 38 1.250 0.765-2.241 0.195
Clinical stage (IMIG) I+0 29 1.000
m+1v 52 1974 1.225-4.716 0.003
Operation Yes 24 1.000
No 57 1.645 1.280-4.652 0.007
Chemotherapy Yes 37 1.000
No 44 1444 0.988-1.841 0.053
Containing platinum Yes 21 1.000
No 16 1112 0.548-1592 0.347
Containing gemcitabine Yes 22 1.000
No 15 1.286 0.643-2510 0.288
Containing pemetrexed Yes 13 1.000
No 24 0.959 0431-1.678 0.257
N factor N(-) 63 1.000
N(+) 18 1.375 0.785-2.765 0078

N factor: metastasis of lymph nodes.

Table 5. Multivariate Analysis of Potential Prognostic Factors for Malignant Pleural
Mesothelioma by Cox's Proportional Hazards Model

Hazard ratio

95% confidence interval P-value

Variable No. of patients
PS

0-1 63

>2 18
Clinical stage (IMIG)

81 29

m-v 52
Operation

Yes 24

No 57
Chemotherapy

Yes 37

No 44
N factor

N(-) 63

N(+) 18

1.000
2.195 1.183-2.935 0.003
1.000
1.500 1.243-2.368 0.024
1.000
1.622 1.283-2.145 0.028
1.000
1.245 0.878-2.231 0.054
1.000
1.221 0.695-1.913 0375
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W, 4710 1O SCHRHSS 90 % # 8% L 7= Hillerdal 42 X 2 ¥R
AR BB LA L, DAEOEEP TOREL.
Takagi & O EEFEIC L 5 189 FA B MG A A SN
BZNATHo 74 BEOHRETIE, WLUSOLET >~
br— MR L DY RGBT, 5 BE S X B B
HRE 7N — 712 X BIREROHRE ORS¢ Bk e
LCitblnisrd 5.7

FANZ MIKBRERENEELREELINTEY,
SEDORET TS 87.7% 127 ANZ ML BEZRD, T
DOMEITRE S, L L, BAShe 7T ANA MEL
BORMEELZDROLVWHLH S, HBETh, BRFTOE
Bic b BEREA, BRI TR T AR L OFEE
i B, TR roREmEERELBBRLTBEY,
B EIERE L VN T AL ELRH D EEI LN

SEBEICOWT, 7161 (87.7%) AHEIRIC & 5 EREE
BAOZBTHY, WE X B L A2HBMNERXLTHD
DHFEBWTHREOCORMBRASERETH S T L5
bz, Lal, WEPEREXRBESNDILIICERY
2004 LD MRS BT B ERFERIEL 490% & fEIKFE
REIMEA LTS,

BEIZOWT AL L, RUOERBELSBHE TS
A5 r AL EBRHEZEL WL TOEBELT, W
BOEBRRBTORER RT3 EBTAER, WK
MBS R RENERTOREOBHOEEE S @b
702 E4E, MEETUEBREZBELZFOTTED
JEEASBARMENL XD ch ), MESHIEEZmLEL
7z,

FIEOWBICHE LTI, A2 B REI R ST
WHRWONEIRTH B, bhbNOHEROIER L ER
e LT, BEOHERLEEHFREIHUIRTREE B
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FELEBERITILELTWA, RECKT 5 FH
#Fix, Sugarbaker H3DIH AT EINS L H IZHE
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Nz B L T, IR st ool i B I By -
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