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Abstract. Aim: The objective of this study was to determine the
computed tomographic (CT) features of malignant peritoneal
mesothelioma (MPM). Patients and Methods: We analyzed CT
features of MPM cases and compared them to those of other
malignant conditions (non-MPM). Results: Multiple nodular
lesions occurred more frequently in the MPM group compared
to non-MPM cases (p=0.013). Thickening of the mesentery was
detected more frequently in MPM cases than in non-MPM cases
(56% vs. 18%, p=0.029). Pleural plaques were detected in 13
cases (45%) in the MPM group but were not detected in the
non-MPM group. The MPM-CT index score, determined in each
case as the sum of the findings which are potentially
characteristic of MPM, was significantly higher in MPM than in
non-MPM cases (p=0.001). Conclusion: MPM presented
characteristic CT findings, and the MPM-CT index may be
useful for differential diagnosis of MPM.

Malignant mesothelioma (MM) is an aggressive tumor that
develops from mesothelial cells of the pleura, peritoneum,
pericardium, or testicular tunica vaginalis. It is generally
associated with a history of asbestos exposure (1) and has a
very poor prognosis (2). Once rare, the incidence of MM has
increased worldwide as a result of past wide-spread exposure
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to asbestos. Malignant peritoneal mesothelioma (MPM)
represents the second most common site of MM, accounting
for 10-20% of MM (3, 4).

A diagnosis of MPM should be based on the histology of
an adequate specimen of the peritoneum or cytological
analyses of ascites, but this is often difficult. Paracentesis with
fluid cytology has a variable sensitivity of 32-76%, with the
major limitation being difficulty in distinguishing benign from
malignant lesions (4, 5). In particular, the differential diagnosis
between MPM and peritoneal carcinomatosis is a critical
issue. Radiological analysis is essential for this differential
diagnosis; computed tomographic (CT) imaging is the most
common initial imaging modality and can reveal moderate to
extensive ascites with peritoneal, visceral, or omental
involvement. Magnetic resonance imaging may more
accurately quantify the extent of disease; however, its routine
use is not yet supported (6). The role of positron-emission
tomography is not well defined in detection of this disease (7).

In the current study, we retrospectively examined the CT
features for patients with MPM.

Patients and Methods

Study approval. All procedures performed in the current study were
in accordance with the Helsinki declaration. This study was
performed in accordance with the Ethical Guidelines for
Epidemiological Research of the Japanese Ministry of Education,
Culture, Sports, Science and Technology, and Ministry of Health,
Labour and Welfare and was approved by the Japan Labour Health
and Welfare Organization and the Institutional Review Boards of
Okayama Rosai Hospital. Patient confidentiality was strictly
maintained. As described below, informed consent was provided by
the closest living relatives of each patient.

Patients. This study was a part of our previous nationwide survey
of MM. Methods of the retrospective survey have been described
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previously (1, 8). In brief, we requested and received authorization
to view the death records from the Vital Statistics database in Japan.
We then extracted all cases of death due to MM between 2003 and
2005. There were 2,742 deaths due to MM (Figure 1). We contacted
the closest living relatives of each patient to obtain consent for our
study by postal mail. As a result, informed consent was obtained by
postal mail for 1,153 cases. Based on authorization from relatives,
we contacted the patients’ medical institutions to obtain medical
information, including medical records, X-ray and CT images by
postal mail. These data were obtained in 743 cases. Among them,
we found 105 cases in which the clinical diagnosis of MPM had
been made. Pathological specimens were provided in 53 out of the
105 cases. We reviewed the pathological specimen of these cases
according to World Health Organization criteria (9), and analyzed
the radiological features of the cases.

CT analysis of MPM. The items examined on the CT images were
as follows: (i) degree of accumulation of ascites, (ii) location of the
lesion, (iii) maximum dimensions of the nodular lesion, (iv) number
of tumor masses, (v) extent of peritoneal thickening, (vi) extent of
thickening of the mesentery, (vii) stellate pattern findings in the
mesentery, and (viii) pleural plaques. These items were examined
according to the criteria listed in Table I.

Statistical analysis. Comparisons between independent groups were
performed using the Chi-square test and non-parametric analysis
was performed with the Mann—Whitney U-test. Average values were
compared by 7-test. Areas under the receiver operating characteristic
(ROC) curves (AUCs) were calculated using standard techniques.
Statistical calculations were performed with SPSS statistical
package, version 11.0 (SPSS Inc., Chicago, IL, USA).

Results

Pathological review of the cases. As shown in Figure 2,
pathological diagnosis of MPM was confirmed in 34 cases.
Among the 34 cases, there were 27 (79.0%) cases of
epithelioid, four (12.0%) cases of biphasic, and three (9%)
cases of sarcomatous sub-types. There were 16 cases ultimately
diagnosed as other conditions (non-MPM), including six cases
of serous papillary adenocarcinoma, four cases of
adenocarcinoma, two cases each of carcinosarcoma and
unclassified sarcoma, and one case each of peritoneal
metastasis of renal cell carcinoma and rhabdomyosarcoma.
Differentiation between the epithelioid sub-type of
mesothelioma and poorly differentiated adenocarcinoma was
impossible in one case. In another case, a confirmed
pathological diagnosis could not be made as to whether it was
an epithelioid sub-type of mesothelioma, another malignant
condition, or reactive mesothelium. In addition, there was one
case in which a malignant condition was highly suspected from
CT images, but only reactive mesothelium was demonstrated
in the pathological specimen. These three cases were finally
categorized as “diagnosis could not be made,” and they were
excluded from further analyses. The MPM group included 30
(88.2%) males and 4 (11.8%) females and the non-MPM group
included two (12.5%) males and 14 (87.5%) females.
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Figure 1. The schema of the case collection of this study.

Radiological analyses. Among the 50 cases, abdominal and
pelvic CT scans were available in 32 MPM cases and 11 non-
MPM cases (three cases of serous papillary adenocarcinoma,
two cases each of adenocarcinoma, carcinosarcoma and
unclassified sarcoma, and one case each of peritoneal
metastasis of renal cell carcinoma and rhabdomyosarcoma).
Chest CT images were available in 40 cases (29 MPM and 11
non-MPM). CT findings of the MPM and non-MPM groups
are shown in Table I.

There were 19/32 (59%) cases of moderate to massive
accumulation of ascites in the MPM group, and 3/11 (27%)
cases in the non-MPM group. Although the proportion was
higher in the MPM compared to non-MPM group, the
difference did not reach statistical significance (p=0.066).
We analyzed the location of MPM. For this purpose, the
existence or non-existence of MPM in the parahepatic space,
great omentum, paracolic gutter, mesentery proper,
rectovesical pouch, and perisplenic space was determined.
There was no difference concerning the location of the
disease between the MPM and non-MPM groups.

We next categorized the maximum dimension of the
nodular lesion as <1 cm, 1-3 cm, >3-5 cm, or >5 c¢cm based
on the abdominal CT images (Figure 3A). As shown in Table
I, the proportion of cases with a maximum dimension of
<1 cm was higher in the MPM group than in the non-MPM
group, but this difference was not statistically significant
47% vs. 18%, p=0.097).

In the MPM group, there were multiple nodular lesions in
30 cases (94%), which was significantly more frequent in
MPM than in non-MPM cases (p=0.013).

Thickening of the peritoneum was categorized as none, mild,
irregular, or massive (defined as =1 cm, Figure 3B). As shown
in Table I, MPM cases had a higher proportion of irregular or
massive thickening compared to non-MPM cases, although this
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Table 1. Computed tomographic findings of malignant peritoneal mesothelioma (MPM) and finding of cases ultimately diagnosed as other conditions

(non-MPM).
Characteristic Proportion of cases with the finding (%)

Findings MPM Non-MPM p-Value
Ascites accumulation None 2 (6.3) 2 (18.2)

Small 11 (344) 6 (54.5)

Moderate 12 (37.5) 2 (18.2)

Massive 7(21.9) 1(9.1) 0.066
Maximum dimension of nodular lesion <1l cm 15 (46.9) 2 (18.2)

1-3 cm 6 (18.8) 2(18.2)

>3-5 cm 2 (6.3) 3(27.3)

>5 cm 9 (28.1) 4(364) 0.097
Location of MPM
Parahepatic space Yes 18 (56.3) 5 (45.5)

No 14 (43.8) 6 (54.5) 0.536
Great omentum Yes 29 (90.6) 8 (72.7)

No 3(94) 3(27.3) 0.139
Paracolic gutter Yes 18 (56.3) 5(45.5)

No 14 (43.8) 6 (54.5) 0.536
Mesentery proper Yes 25 (78.1) 8 (72.7)

No 7(21.9) 3(27.3) 0.715
Rectovesical pouch Yes 18 (56.3) 9 (81.8)

No 14 (43.8) 2 (18.2) 0.13
Perisplenic space Yes 14 (43.8) 3(27.3)

No 18 (56.3) 8 (72.7) 0.668
Nodular lesions Solitary 2 (6.3) 4 (36.4)

Multiple 30 (93.8) 7 (63.6) 0.013
Thickening of the peritoneum None 3094 3(27.3)

Slight thickening 15 (46.9) 6 (54.5)

Irregular thickening 6 (18.8) 2 (18.2)

Massive thickening 8 (25.0) 0 (0.0) 0.066
Thickening of the mesentery None 14 (43.8) 9 (81.8)

Slight thickening 12 (37.5) 2(18.2)

Irregular thickening 4 (12.5) 0 (0.0)

massive thickening 2 (6.3) 0 (0.0) 0.029
Stellate pattern findings Yes 11(34.4) 3(27.3)

No 21(65.6) 8 (72.7) 0.665
Pleural plaques Yes 13 (44.8) 0 (0.0)

No 16 (55.2) 11(100.0) 0.007

difference was not statistically significant (44% vs. 18%,
p=0.066).

Thickening of the mesentery was categorized as none,
mild, irregular thickening, or massive thickening (defined as
=3 mm, Figure 3C). Thickening of the mesentery was
detected more frequently in MPM cases than in non-MPM
cases (56% vs. 18%, p=0.029).

We examined stellate pattern findings as an indicator of
mesenteric vascular enlargement (Figure 3D). Stellate
patterns were detected in 11 cases (34%) in the MPM group
and in three cases (27%) in the non-MPM group. This
difference was not statistically significant (p=0.665).

Finally, pleural plaques were examined in chest CT
images, which were available for 29 out of the 32 MPM

Cases with pathological specimen
N=53

Diagnosis could not be made 3

MPM
N=34

Non-MPM
N=16
Epithelioid 27
Biphasic 4
Sarcomatous 3

Serous papillary adenocarcinoma
Adenocarcinoma

Carcinosarcoma

Unclassified sarcoma

Peritoneal metastasis of renal cell carcinoma
Rhabdomyosarcoma

= = MM O

Figure 2. The breakdown of the confirmed pathological diagnosis of
enrolled patients.
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A

Figure 3. Examples of computed tomographic images of malignant peritoneal mesothelioma with maximum dimension of the nodular lesion >5 cm
(A), massive thickening of the peritoneum (B), massive thickening of the mesentery (C), and stellate structure findings (D).

cases and 11 of the non-MPM cases. Pleural plaques were
detected in 13 cases (45%) in the MPM group. None were
detected among the non-MPM cases.

Proposal of an MPM-CT index. Among the findings
analyzed above, we selected six findings that were detected
more frequently in MPM than in non-MPM with a p-value
of <0.100: degree of accumulation of ascites, maximum
dimension of the nodular lesion, number of tumor masses,
extent of peritoneal thickening, extent of thickening of the
mesentery, and pleural plaques. In each case, CT findings
were scored as 1 in the case of (i) moderate to massive
accumulation of ascites, (ii) maximum dimension of nodular
lesion <1 cm, (iii) multiple nodular lesions, (iv) irregular to
massive thickening of the peritoneum, and (v) mild to
massive thickening of the mesentery. The MPM-CT index
was determined in each case as the sum of these six findings.
As shown in Figure 4A, the index was significantly higher
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in MPM than in non-MPM cases (p=0.001). To evaluate the
utility of the index for differentiation between MPM and
non-MPM cases, we performed an ROC analysis. The AUC
value for the differential diagnosis between the two groups
was 0.821 (95% confidence interval=0.694-0.945) (Figure
4B). Based on a cutoff value of 3, sensitivity was 53% and
specificity was 100%.

Discussion

MPM is poorly described and the knowledge of its natural
history is very limited. In previous reports, at least 70% of
cases of MPM were associated with chronic exposure to
asbestos (10, 11); however, it is not clear how inhaled
asbestos induces peritoneal neoplasms.

It is often difficult to make a pathological distinction
between MPM and peritoneal metastatic adenocarcinoma
(12, 13), although some immunohistochemical markers, such
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Figure 4. A: Comparison of malignant peritoneal mesothelioma (MPM)—computed tomography (CT) index between MPM and non-MPM groups. B:
Receiver operating characteristic curves to evaluate the usefulness of the MPM-CT index for the differentiation between MPM and non-MPM.

as calretinin, thrombomodulin, and cytokeratin 5/6, could
facilitate this (14, 15). In the current study, we reviewed the
pathological specimens of 53 cases that had been diagnosed
as MPM, and confirmed a diagnosis of MPM in only 34
cases (64.2%). The difficulty involved in making a clinical
and pathological differential diagnosis often results in a
diagnostic delay. Factors contributing to the diagnostic delay
include the rarity of this entity, the long latent period from
the exposure to asbestos, and the non-specific clinical
features of the disease. Biochemistry and tumor markers are
of limited assistance in this regard.

In the current study, we analyzed CT features of MPM. For
this purpose, we extracted all cases of death due to MM
between 2003 and 2005 based on death records from the Vital
Statistics in Japan. A strength of our study is that it contained
many cases of MPM. To the best of our knowledge, this is
the largest study of radiological analysis of MPM. We tried
to analyze 105 cases in which the clinical diagnosis of MPM
had been made, and after the pathological review of the
provided specimens, we determined there were 34 MPM
cases. We had to accept the low collection rate of the study
based on the postal mail method. However, there is no
selection bias throughout the process of data collection.

There is a wide spectrum of imaging findings in MPM, the
most common of which include a thickening of the mesentery
and peritoneum. Findings on CT images are highly variable;
therefore differentiating MPM from other intra-abdominal

malignancies is difficult (12, 16-18). Based on the results of
the current study, we proposed the use of an MPM-CT index
that comprises accumulation of ascites, maximum dimension
of the nodular lesion, number of tumor masses, extent of
peritoneal thickening, extent of mesenteric thickening, and
pleural plaques. We found marked differences in these findings
between the MPM and non-MPM groups. With a cut-off score
of 3, diagnostic sensitivity was 53% and specificity of 100%,
while ROC analysis revealed an AUC value of 0.821. These
results indicate the clinical utility of this MPM-CT index for
the differential diagnosis of MPM. In fact, the sensitivity is
around 50%; however, the high specificity would contribute to
the differentiation.

A limitation of the current study is that this was a
retrospective analysis. A validation study to confirm the
utility of the index is warranted, with a new patient cohort
that includes pathologically confirmed MPM cases and other
peritoneal malignant conditions.

Conclusion

MPM is a rare tumor that is difficult to diagnose and treat. An
accurate diagnosis of MPM is essential in order to determine
the prognosis, and occupation-related compensation claims
following asbestos exposure. MPM demonstrates characteristic
radiological findings, and the MPM-CT index may be useful
for the differential diagnosis of MPM.
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Abstract

Purpose The purpose of this study was to clarify the char-
acteristic findings of mesothelioma at the time of diagnosis,
and determine precautions and guidelines for diagnosing
mesothelioma early in imaging studies.

Materials and methods Overall, 327 patients with pleural
mesothelioma were selected from 6030 patients who died
of mesothelioma between 2003 and 2008 in Japan. Their
imaging findings were examined retrospectively.

Results Plaques were found in 35 % of computed tomog-
raphy (CT) scans. Asbestosis, diffuse pleural thickening,
and rounded atelectasis were found in only seven (2 %),
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five (2 %), and two cases (1 %), respectively. Pleural
thickening findings on CT scans were classified into four
stages: no irregularity, mild irregularity, high irregularity,
and mass formation. Overall, 18 % of cases did not show
a clear irregularity. Localized thickening was observed in
the mediastinal (77 %) and basal (76 %) pleura and in the
interlobar fissure (49 %). Eight percent of cases did not
have any thickening in these three areas.

Conclusions Upon examination of the CT scans at diagno-
sis, 18 % of mesothelioma cases did not show a clear irregu-
larity. When diagnosing pleural effusion of unknown etiology,
it is necessary to consider the possibility of mesothelioma
even when no plaque and pleural irregularity are observed.

Keywords Mesothelioma - Computed tomography -
Japan
Introduction

Mesothelioma is a rare, asbestos-related disease [1, 2] with a
poor prognosis [3]. Asbestos was used extensively in Japan
for construction and industrial products owing to its useful
characteristics; however, since the discovery of its carcino-
genic potential, alternative products have been introduced
and the manufacture and use of asbestos is now prohibited.
It takes 3040 years of incubation to develop mesothelioma
or lung cancer originating from asbestos [4—7], and the num-
ber of patients with mesothelioma has been increasing over
recent years; this has become a problem in many countries.
The United States prohibited asbestos usage earlier com-
pared to other countries, and the number of patients devel-
oping asbestos-related problems reached a peak there in
2004, with the number now decreasing. In Europe, the peak
is expected be around 2015-2020, and in Japan, where the
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prohibition occurred later, the peak will be around 2025,
which implies that the number of patients will keep increas-
ing until this time [6]. In accordance with Japanese law, cro-
cidolite and amosite usage was stopped in 1995; chrysotile
usage was stopped in 2004. The country’s recent discontinu-
ation is evidence of the delay in asbestos regulations in our
country, and the damage caused by these delays is apparent.
A newspaper article published in June 2005 reported that
five residents who lived near the now-closed asbestos cement
pipe plant in Amagasaki, Japan, developed pleural mesothe-
lioma [8]. Since this report, asbestos-related problems have
raised significant social concern. We performed a nationwide
retrospective survey to evaluate all cases of mesothelioma
in Japan. As a result, we analyzed more than 6000 cases
of mesothelioma that were registered in the Vital Statistics
yearly survey performed by the Japanese Ministry of Health,
Labour, and Welfare between 2003 and 2008. To the best of
our knowledge, this is the largest study of Japanese cases of
mesothelioma. Our study used images, mainly computed
tomography (CT) and plain radiography, from deceased
patients with pleural mesothelioma that were acquired with
family and institutional permissions. In a review of the lit-
erature, we found no other reports examining the number
of cases with mesothelioma and their images. The clinical
features of the cases with mesothelioma in this study have
already been reported [9]. The purpose of the current study
was to clarify the characteristics of the imaging findings
obtained at the time of the diagnosis of pleural mesotheli-
oma, and determine precautions and guidelines for diagnos-
ing mesothelioma early in imaging studies.

Subjects and methods
Study approval

This study was conducted according to the Ethical Guide-
lines for Epidemiological Research by the Japanese Minis-
try of Education, Culture, Sports, Science and Technology,
and the Ministry of Health, Labor, and Welfare. The study
was approved by the relevant institutional ethical review
boards.

Patient selection and imaging studies

The methods of this retrospective survey have been previously
described [9]. In brief, we requested and received authoriza-
tion to view the death records in the Vital Statistics register in
Japan, and we extracted all cases of death due to malignant
mesothelioma between 2003 and 2008; in total, 6030 deaths
were found to be due to mesothelioma. We contacted the
closest living relatives of each patient to obtain consent for
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our study by postal mail. As a result, informed consent was
obtained by mail from the relatives of 2069 patients (34.3 %).
Subsequently, we contacted the patients’ respective medi-
cal institutions to obtain the following information by mail:
medical records, radiographs, and/or CT images. Different
institutions had different types of CT images. We accepted
both digital and film CT scans for review to examine as many
cases as possible. We also reviewed the medical records and
radiological images to confirm the clinical and pathological
diagnoses of malignant mesothelioma.

Image interpretation

All patients underwent CT and plain radiography at the
time of diagnosis of pleural mesothelioma. CT images were
obtained using various CT scanners and a range of scan pro-
tocols at each institution. CT scans with a 5-mm thickness
were the most common, but other slice thicknesses were
found, ranging from 1 to 10 mm. Plain radiographs and CT
images were retrospectively reviewed with consensus by
three co-researchers: one chest radiologist and two pulmo-
nologists. The chest radiologist (K.K.) had 24 years of experi-
ence and the two respiratory physicians (T.K. and K.G.) had
28 and 20 years of experience, respectively. Additionally, all
three co-researchers had worked in a hospital that specialized
in occupational respiratory disease for more than 10 years,
and they were members of the official pneumoconiosis exam-
ination committee for laborers in the Okayama prefecture.

Evaluating items

First, pleural plaque and its calcification were evaluated
on CT images. Pleural plaques were also assessed on plain
chest radiographs of the same cases. Additionally, the
images were checked for pleural effusion, lung asbestosis,
diffuse pleural thickening, and rounded atelectasis.

Next, the pleural findings from the CT images were clas-
sified into four stages: no irregularity, mild irregularity, high
irregularity, and mass formation. The four stages are shown
in Fig. 1. No irregularity indicated that there was no pleural
thickening found or that the thickening was <3 mm with no
irregular surface. Mild irregularity indicated a regular sur-
face with a thickening >3 mm but <5 mm; this stage also
included cases of slight asperity with no clear nodular irreg-
ularity. Clinically, this was non-specific thickening due to
either a benign or a malignant lesion. Mild irregular findings
on CT may indicate benign pleural lesions such as pleurisy.
High irregularity indicated a thickening >5 mm. Clear nodu-
lar thickening was required for this classification, and clini-
cally, a malignancy was strongly suspected. Mass formation
indicated that the irregularity was even more severe and that
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Fig. 1 a No irregularity: pleural
effusion but no irregularity of
the pleura. b Mild irregularity: a
slight irregularity of the pleura;
however, the irregularity does
not indicate a severe irregular-
ity, such as a malignancy. ¢
High irregularity: severe irregu-
lar thickening of the pleura; a
malignant lesion is suspected. d
Mass formation: severe irregular
thickening of the pleura, with
clear mass formation; this find-
ing suggests a malignant lesion

a partial mass with a diameter of >1 cm was clearly formed.
We did not include massive irregularity in mass formation;
we included only the CT findings that identified a clearly
formed mass. We examined the entire pleura very carefully,
because the grading of pleural irregularity changes even
with a localized pleural thickening. Both multiple and iso-
lated masses were defined as a mass formation; clinically,
this indicated a malignant lesion.

When we considered the tumor (T) part of the tumor
node metastasis classification of malignant tumors staging
system, used by the International Mesothelioma Interest
Group, for pleural mesothelioma, it was difficult to distin-
guish between T1 and T2 by using CT alone; therefore, T1
and T2 were considered a single group. Thus, our examina-
tion was based on three groups: T1-2, T3, and T4.

Following the staging classification, localization of
the pleural lesions was examined; we evaluated for signs
of mediastinal pleural lesions, which are characteristic of
mesothelioma [10]. The interlobar pleura, where pleural

lesions are more easily identified, and the basal lung, which
frequently has lesions, were also examined for the presence
of abnormalities (Fig. 2).

Statistical analysis

Statistical analysis was performed using the chi-squared
test to analyze the correlation of each CT finding with the
pathological diagnoses that were divided into the epithe-
lial type and non-epithelial type. We considered p < 0.05
significant. Statistical calculations were performed using
the SPSS statistical package, version 22.0 (IBM Corp.,
Armonk, NY, USA).

Results

Data from 1111 patients were obtained. We confirmed
the clinical diagnosis of mesothelioma in 929 patients,
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Fig. 2 a Mediastinal pleural irregularity: a thickened pleura with
a slight irregularity in a broad area of the mediastinal pleura. The
thickness is not severe in this classification, but if broad thickening
is found in this area, a high potential for mesothelioma can be sus-
pected. b Pleura irregularity in the base of the lungs: Tuberous irregu-
lar pleural thickening at the base of the left lung. A malignant pleu-
ral lesion can be suspected. ¢ Irregular interlobar pleura: Tuberous

including 753 men (81.1 %) and 176 women (18.9 %).
The median age at diagnosis was 67.0 years (range,
16-94 years). The origin of mesothelioma was the pleura in
794 patients (85.5 %), peritoneum in 123 (13.2 %), pericar-
dium in seven (0.8 %), and testicular tunica vaginalis in five
(0.5 %). Of those 794 patients, 327 (273 men, 54 women;
mean age, 68 years) had chest CT images obtained at the
time of diagnosis; we examined those images (Fig. 3).

The histological subtypes of mesothelioma were deter-
mined in 327 cases based on the World Health Organiza-
tion’s criteria [11]: 176 (54 %) with epithelioid mesotheli-
oma, 75 (23 %) with sarcomatoid mesothelioma, 59 (18 %)
with biphasic mesothelioma, and 17 (5 %) with other types.

Pleural plaque was found on chest CT images of 114/327
patients (35 %), and 56 of those (49 %) had calcification.
Plain chest radiographs showed that only 36 (11 %) of 327
patients had plaque.

Pleural effusion was found in 304 patients (93 %), but
lung asbestosis, diffuse pleural thickening, and rounded
atelectasis were only found in seven (2 %), five (2 %), and
two patients (1 %), respectively.

Table 1 shows the classification of pleural findings into
the four stages. Table 1 compares these four stages with
the T classification system. Among the 327 cases of pleu-
ral mesothelioma, seven were classified with no irregular-
ity (2 %); 53 with a mild irregularity that included a pos-
sible benign lesion (16 %); 140 with a high irregularity that
included seemingly malignant lesions (43 %); and 127 with
a mass formation that indicated a malignant lesion. Thus,
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thickening begins in the right interlobar pleura. The interlobar pleural
layer is surrounded by lung parenchyma; therefore, the pleura can be
easily evaluated on the images. High-resolution computed tomogra-
phy (CT) can provide clearer images, but evaluation of the interlobar
pleural irregularities is also possible using average CT scans, if care-
fully examined

82 % of cases showed severe pleural irregularities on CT
images that were indicative of a potential malignancy, and
18 % of cases did not have irregularities that were indica-
tive of malignant lesions. All the cases with no irregular-
ity were classified as T1-2; 49 cases (92 %) with a mild
irregularity were also classified as T1-2. Cases with a mild
pleural irregularity progressed slowly. However, cases with
a high irregularity and mass formation had a high malig-
nant potential; 78 % of cases with a high irregularity and
84 % of cases with a mass formation were classified as
T3-4.

Lesion localization was as follows: the mediastinal
pleura in 251 patients (77 %), base of the lungs in 250
(76 %), and interlobular pleura in 159 (49 %) (Table 2).
Only 27 cases (8 %) had no lesions in the mediastinal and
interlobular pleurae.

Statistically, there was no significant correlation between
the CT findings and pathological subtypes (Table 2).

Discussion

Eighty percent of patients with pleural malignant meso-
thelioma are men [6, 12]. In the present study, 273 patients
(83 %) were men. The high percentage of men in our
study is similar to the finding of a previous report [6].
The age range of our study was extremely wide, ranging
from 16-94 years at diagnosis. This wide age range indi-
cates that cases of mesothelioma caused by environmental
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Fig. 3 Procedures used to
select computed tomography
images of the cases with pleural
mesothelioma

All 6030 cases of death due to mesothelioma between

2003 and 2008 in Japan

¥

2069 cases: informed consent of living relatives provided by postal mail

¥

1111 cases: informed consent obtained from the closest relatives
by postal mail and with medical information including medical records,
radiographs, CT images, and pathologic specimens

4

794 cases: confirmed pleural mesothelioma after review of
the medical records and radiological images to confirm the clinical and
pathological diagnosis of Malignant mesothelioma

¥

327 cases: obtained CT images
at clinical diagnosis

Imaging findings
were evaluated

-

Table 1 CT images at the

. . ; Pleural findings No irregularity Mild irregularity High irregularity Mass formation
time of the diagnosis of pleural
mesothelioma and pleural No. of cases 7 33 140 127
findings from CT i t th
indings trom 1mages at te Percentage 2 16 43 39
time of the diagnosis pleural
mesothelioma compared to the T1-2 7 49 31 20
T classification system in 327 T3 0 4 89 58
cases T4 0 0 20 49

CT computed tomography, no. number

exposure were included in this study. The average latency
period (i.e., the time interval between the first asbestos
exposure and death) for mesothelioma development is
3040 years [13]. Bianchi et al. [7] reported that the latency
period ranges from 14-75 years (mean 48.8 years, median
51.0 years). This suggests that if the onset is diagnosed at
16 years old, the patient must have been exposed to the
attributing environmental conditions since birth. This could
be the case, for example, if the patient was born in a neigh-
borhood with an asbestos factory. Due to this environmen-
tal exposure, juvenile mesothelioma would occur; these
cases were also included in our study.

The image findings, mainly CT results, of 327 patients
with pleural mesothelioma were selected from 6030

patients who died of mesothelioma between 2003 and
2008. Although there are a number of previous studies that
have described the findings of pleural mesothelioma on CT
scans [10, 13-16], no reports have evaluated the CT scans
of as many as 327 patients by using uniform criteria. There-
fore, the results of our study are of interest, as we present
the first broad report on the results of mesothelioma on CT
scans obtained at the time of the initial diagnosis.

Pleural plaque was observed in 35 % of the CT scans but
in only 11 % of plain chest radiographs. Previous studies
that used CT have shown pleural plaque in 12.1-78 % of
cases [10, 14-16]. Additionally, only one-third of cases that
had plaque on CT scans also had plaque on radiographs;
this result is similar to that of a previous study [17]. Only

@ Springer
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Table 2 Results of the statistical evaluation of the difference in CT
findings between the epithelial type and non-epithelial type of meso-
thelioma

Epithelial Non-epithelial p value
( Xz—test)
CT findings
Asbestosis + 3 4 0.523
- 176 144
Plaque + 119 94 0.575
- 60 54
Rounded atelec-  + 1 1 0.893
tasis R VA 147
Diffuse pleural + 1 4 0.116
thickening _ 178 144
Pleural effusion 4+ 167 137 0.798
- 12 11
CT stages
No irregularity 5 2 0.370
Mild irregularity—mass 174 146
formation
No irregularity—mild 36 24 0.365
irregularity
High irregularity-mass 143 124
formation
No irregularity—high 75 52 0.212
irregularity
Mass formation 104 96

CT computed tomography, 4 positive, — negative

2 % of cases had pulmonary fibrosis equivalent to asbesto-
sis in the current study. Asbestosis results from high-dose
asbestos exposure. This examination was a national investi-
gation that included patients who did not work with asbes-
tos and those who worked in asbestos-related industries.
Plaque was observed in only 35 % of cases. Therefore, we
believe that the ratio of persons with a high concentration
of asbestos exposure among the target cases was low.
Regarding pleural irregularities, 18 % of cases had either
no irregularity (no clear malignancy on the image) or a
mild irregularity (these cases were mainly T1-2). Although
previous reports have described the pleural effusion occur-
rence rate [5, 18], to our knowledge, no reports to date have
described the difficulties in diagnosing malignancy based
on CT images among the more than 300 known cases.
To make a successful early diagnosis, it is necessary to
be aware that there could be cases with no irregularities
among T1-2 cases. It is necessary to pay extra attention
to the possibility of a mild pleural irregularity. According
to the International Mesothelioma Interest Group staging
system, the median overall survival (OS) rates for patients
with stages I and II (T1-2 and NO), stage III, and stage IV
tumors were 11.2 months (9.4—13.0 months), 7.9 months
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(7.1-8.7 months), and 3.9 months (3.0-4.6 months) (95 %
confidence interval), respectively. The OS was significantly
shorter for stage III patients than for stages I and II patients
(p < 0.001); the OS was significantly shorter for stage IV
patients than for stage III patients (p < 0.001) [8].

Regarding lesion localization, the mediastinal pleura
was the most common site (77 % of cases). Abnormal find-
ings were also observed in the basal lung and interlobular
pleurae. Overall, lesions in these three sites encompassed
82 % of all cases. Mediastinal pleural lesions can be con-
sidered to have a relatively high specificity as malignant
pleural lesions, and the basal lung and interlobar pleura
are surrounded by lung parenchyma, which makes the
evaluation of microlesions easier. Therefore, focusing on
these three locations on CT images during diagnosis could
improve the sensitivity and potential for diagnosing meso-
thelioma earlier.

There was no significant correlation between each CT
finding and the pathological subtypes. Although the epithe-
lial type of mesothelioma is associated with a better prog-
nosis than the sarcomatous and biphasic subtypes [19], less
irregularity subtype groups are not significantly correlated
with the epithelial subtype of mesothelioma.

There are a number of limitations in our study. First, our
study was retrospective, and the cases were collected from
many institutions. Therefore, a variety of imaging devices
and methods for both CT and plain radiography were used.
However, because we evaluated CT images obtained with
various scanners, our image evaluation process was simple;
the principal objective was to identify irregular findings
that the mesothelioma expert believed to be malignant. In
Japan, there is a wide range of CT imaging techniques, but
in most cases, an evaluable image was obtained. However,
an advantage of this multi-center study was the large num-
ber of cases we were able to collect and examine. Secondly,
the ability to diagnose mesothelioma differed among the
hospitals. As the timing of the mesothelioma diagnosis var-
ied according to the diagnostic ability of each institution,
this may have introduced bias into our study; the progres-
sion of the mesothelioma lesion could be associated with
a delay in diagnosis. Therefore, we speculate that the num-
ber of cases with mesothelioma with less severe irregular-
ity findings would increase if each institution had made the
diagnosis at an appropriate time. Additionally, in our study,
we did not evaluate interobserver variation, thus this was
a limitation too. However, all observers were adequately
experienced with asbestos-related diseases, and thus good
evaluation for radiologic images was performed.

In conclusion, 18 % of cases with mesothelioma in our
study did not display a clear irregularity on CT images, and
these cases were classified as low T-stage at the time of
diagnosis. Therefore, when diagnosing pleural effusion of
unknown etiology, the possibility of pleural mesothelioma
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must be considered even in cases with no identifiable
plaque. When the findings do not indicate a malignant
lesion, we can still suspect potential mesothelioma when
slight changes are observed in the mediastinal or interlo-
bar pleura. Images of early-stage mesothelioma need to be
interpreted accurately.

Acknowledgements This research was funded primarily by grants
from the research foundation of the Ministry of Health, Labor,
and Welfare of Japan (200500129A, 200635021A, 200733015A,
200733015B, 200836010A, 200938007A, and 201032004B) and by
the Industrial Disease Clinical Research Grants from the Ministry of
Health, Labor, and Welfare of Japan (1403101). This study is one of
the research and development and dissemination projects related to
the 13 fields of occupational injuries and illnesses of the Japan Health,
Labor, and Welfare Organization. The sponsors had no involvement
in the study design, collection, and analysis and interpretation of the
data; writing of the manuscript; or decision to submit the manuscript
for publication. We thank the living relatives of the patients with mes-
othelioma who provided consent; medical institutions that provided
the medical information on the patients with mesothelioma; and Mrs.
Rie Sugimoto, Mrs. Keiko Fujimura, Miss Naomi Ogura, and Miss
Shiori Sato for collecting data.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflicts
of interest.

Funding This research was funded primarily by grants from the
research foundation of the Ministry of Health, Labor, and Welfare
of Japan (200500129A, 200635021A, 200733015A, 200733015B,
200836010A, 200938007A, and 201032004B) and by Industrial Dis-
ease Clinical Research Grants from the Ministry of Health, Labor, and
Welfare of Japan (1403101).

Ethical statement This study was conducted according to the Ethi-
cal Guidelines for Epidemiological Research by the Japanese Ministry
of Education, Culture, Sports, Science and Technology, and the Min-
istry of Health, Labor, and Welfare. This study was approved by the
Japan Health, Labor, and Welfare Organization and the institutional
review boards of each institution. Patient confidentiality was strictly
maintained. Informed consent was obtained from the closest living
relatives of each patient.

References

1. Wagner JC, Sleggs CA, Marchand P. Diffuse pleural mesotheli-
oma and asbestos exposure in the North Western Cape Province.
BrJ Ind Med. 1960;17:260-71.

2. Prazakova S, Thomas PS, Sandrini A, Yates DH. Asbes-
tos and the lung in the 21st century: an update. Clin Respir J.
2014:8:1-10.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Muers MF, Stephens RJ, Fisher P, Darlison L, Higgs CM,
Lowry E, et al. Active symptom control with or without chem-
otherapy in the treatment of patients with malignant pleural
mesothelioma (MS01): a multicentre randomised trial. Lancet.
2008;371:1685-94.

Rusch VW. A proposed new international TNM staging system
for malignant pleural mesothelioma from the International Mes-
othelioma Interest Group. Lung Cancer. 1996;14:1-12.

Metintas M, Ucgun I, Elbek O, Erginel S, Metintas S, Kolsuz
M, et al. Computed tomography features in malignant pleural
mesothelioma and other commonly seen pleural diseases. Eur J
Radiol. 2002;41:1-9.

Robinson BW, Lake RA. Advances in malignant mesothelioma.
New Engl ] Med. 2005;353:1591-603.

Bianchi C, Brollo A, Ramani L, Bianchi T, Giarelli L. Asbestos
exposure in malignant mesothelioma of the pleura: a survey of
557 cases. Ind Health. 2001;39:161-7.

Oshima H. 51 death asbestos-related illness in ten years. Main-
ichi Newspapers. 2005;1.

Gemba K, Fujimoto N, Aoe K, Kato K, Takeshima Y, Inai K,
et al. Treatment and survival analyses of malignant mesothe-
lioma in Japan. Acta Oncol. 2013;52:803-8.

Leung AN, Muller NL, Miller RR. CT in differential diagnosis of
diffuse pleural disease. AJR Am J Roentgenol. 1990;154:487-92.
Churg A, Cagle PT, Roggli VL. Separation of benign and malig-
nant mesothelial proliferations. In: AFIP Atlas of tumor pathol-
ogy. Series 4. Tumors of the serosal membrane. Silver Springs:
ARP Press; 2006. p. 83—101.

Roe OD, Stella GM. Malignant pleural mesothelioma: history,
controversy and future of a manmade epidemic. Eur Respir Rev.
2015;24:115-31.

Erzen C, Eryilmaz M, Kalyoncu F, Bilir N, Sahin A, Baris YI.
CT findings in malignant pleural mesothelioma related to nonoc-
cupational exposure to asbestos and fibrous zeolite (erionite). J
Comput Assist Tomogr. 1991;15:256-60.

Kawashima A, Libshitz HI. Malignant pleural mesotheli-
oma: CT manifestations in 50 cases. AJR Am J Roentgenol.
1990;155:965-9.

Senyigit A, Bayram H, Babayigit C, Topcu F, Nazaroglu H, Bil-
ici A, et al. Malignant pleural mesothelioma caused by environ-
mental exposure to asbestos in the Southeast of Turkey: CT find-
ings in 117 patients. Respiration. 2000;67:615-22.

Seely JM, Nguyen ET, Churg AM, Miiller NL. Malignant pleural
mesothelioma: computed tomography and correlation with his-
tology. Eur J Radiol. 2009;70:485-91.

Staples CA. Computed tomography in the evaluation of
benign asbestos-related disorders. Radiol Clin North Am.
1992;30:1191-207.

Okten F, Koksal D, Onal M, Ozcan A, Simsek C, Erturk H. Com-
puted tomography findings in 66 patients with malignant pleural
mesothelioma due to environmental exposure to asbestos. Clin
Imaging. 2006;30:177-80.

Meyerhoft RR, Yang CF, Speicher PJ, Gulack BC, Hartwig MG,
D’Amico TA, et al. Impact of mesothelioma histologic subtype
on outcomes in the surveillance, epidemiology, and end results
database. J Surg Res. 2015;196:23-32.

@ Springer



European Journal of Radiology 85 (2016) 1594-1600

Contents lists available at ScienceDirect

RADIOLOGY

European Journal of Radiology

journal homepage: www.elsevier.com/locate/ejrad

Pleural irregularities and mediastinal pleural involvement in early
stages of malignant pleural mesothelioma and benign asbestos
pleural effusion

® CrossMark

Katsuya Kato®*, Kenichi Gemba®!, Nobukazu Fujimoto®, Keisuke Aoe®,
Yukio Takeshima¢, Kouki Inai%2, Takumi Kishimoto®

2 Department of Radiology, Okayama University Hospital, 2-1-1 Shikatacho, Okayama 7008558, Japan

b Department of Medical Oncology, Okayama Rosai Hospital, 1-10-25 Chikkomidorimachi, Okayama 7028055, Japan

¢ Department of Medical Oncology, National Hospital Organization Yamaguchi-Ube Medical Center, 685 Higashikiwa, Ube 7550241, Japan
d Department of Pathology, Hiroshima University Graduate School of Medicine, 1-2-3 Kasumi, Hiroshima 7340037, Japan

¢ Department of Internal Medicine, Okayama Rosai Hospital, 1-10-25 Chikkomidorimachi, Okayama 7028055, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 8 March 2016

Received in revised form 23 May 2016
Accepted 19 June 2016

Objective: To elucidate differences in the level and localization of pleural irregularities in early malignant
pleural mesothelioma (eMPM) and benign asbestos pleural effusion (BAPE) using CT.

Study design: Retrospective assessment of CT findings of consecutive patients with BAPE at a single centre
and patients with eMPM reported in Japanese vital statistics.

Methodology: Thirty-six patients with confirmed diagnoses of BAPE and sixty-six patients with confirmed
diagnoses of eMPM (mesothelioma stages T1 or T2) were included. Informed consent, CT scans, and
clinical and pathologic details were obtained for all patients and were reviewed by one radiologist, two
pathologists, and two pulmonologists. Asbestosis, pleural plaque, rounded atelectasis, and diffuse pleural
thickening were assessed in all patients.

Results: Prevalence of asbestosis, pleural plaque, rounded atelectasis, and diffuse pleural thickening was
significantly higher in the BAPE group. Low-level irregularity was more common in the BAPE group
(p<0.001), whereas high-level irregularity, mediastinal localization, and interlobar fissure were more
prevalent in the eMPM group (p <0.001). Interlobar pleural irregularity was not observed in any patients
in the BAPE group, although 55% of patients in the eMPM group showed interlobar pleural irregularity.
Mediastinal pleural involvement was observed in 74% of patients in the eMPM group and had a positive
predictive value of 89%.

Conclusion: This study demonstrates that the level and localization of plural irregularities significantly
differed between patients with BAPE and eMPM. Large-scale prospective studies are needed to fully
establish the diagnostic utility of such differences.
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1. Introduction ably later stages. Unfortunately, however, the diagnosis of MPM is

often delayed, either because of nonspecific symptoms or the unre-

Malignant pleural mesothelioma (MPM) is a neoplasm of meso-
dermal origin and is associated with exposure to asbestos [1]. MPM
has a poor prognosis, but detection in early stages can significantly
increase patient survival, as distant metastasis occurs at consider-
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liability of radiological imaging and pleural biopsy techniques [2].
In particular, the variability of pleural findings makes features of
anatomical imaging modalities complicated [3], leading to poor dif-
ferential diagnosis with benign tumours and with other malignant
tumours, such as sarcomas and adenocarcinomas [4-6].

Benign asbestos pleural effusion (BAPE) is a complication of
chronic exposure to asbestos. It is generally classified as the accu-
mulation of pleural fluid and may be asymptomatic or associated
with pain, fever, and dyspnoea. Differentiation of BAPE from early
stages of MPM is difficult, due to several overlapping radiological
features [7,8]. Considerable work has been conducted to discern
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All 2742 cases of death due to mesothelioma between 2003
and 2005 in Japan

¥

375 cases: informed consent obtained from the closest relatives
by postal mail and with medical information including medical
records, radiographs, CT images, and pathologic specimens

¥

¥

325 cases were diagnosed as
pleural mesothelioma

50 cases were diagnosed as
peritoneal mesothelioma

¥

233 cases; confirmed pleural mesothelioma after review# of the medical
records, pathological specimens and radiological images to confirm the
diagnosis of mesothelioma

211 cases; obtained CT images
at the time of diagnosis

# The review was performed by 5 pulmonologists,
‘ 2 pathologists and 1 radiologist with discussion.

=

66 cases; T1or T2 (IMIG

classification

Fig. 1. Flow chart summarizing enrolment of patients in eMPM group.

distinct features of MPM and BAPE, using different diagnostic
modalities including X-ray, PET, MRI, and CT [9-11]. However, con-
firmatory diagnoses of MPM mostly still depend on histopathologic
evaluations of biopsy specimens, even though the procedure is
associated with complications [12].

In Japan, the production and application of asbestos have been
prohibited since 2004. However, since asbestos-related diseases
have long latency periods, the number of mesothelioma patients
has increased in recent years [13-15]. Evidence suggests that it
takes 30-40 years of incubation to develop mesothelioma after
exposure to asbestos. It has therefore been postulated that the num-
ber of MPM patients in Japan will peak in 2025. The trend is in line
with other advanced countries, as in the past, asbestos was used
extensively for construction and industrial products [16,17]. We
researched the Vital Statistics survey carried out by the Japanese
Ministry of Health, Labour, and Welfare and found more than 6000
mesothelioma cases [17]. These statistics, along with the diagnostic
issues outlined above, clearly stress an immediate need for efficient
strategies for the early diagnosis and management of MPM.

Computed tomography (CT) has been used as a non-invasive
tool for diagnosing, staging, and following-up MPM. Asbestos expo-
sure may lead to pleural effusion, pleural thickening, and pleural
plaques, which can be effectively diagnosed using CT scans [18].
However, the differences between the CT features of benign and
malignant pleural diseases are poorly understood [3,4,19]. The pur-
pose of this study was to evaluate the differences between the CT
findings of patients diagnosed with stage I and Il MPM and patients
diagnosed with BAPE. We also attempted to assess changes in the
grade of pleural irregularity, localization of pleural irregularity, and
changes in CT scan features during follow-up.

2. Subjects and methods
2.1. BAPE group

Thirty-six patients who were referred to the Okayama Rosai
Hospital between Mar 1, 2005 and Apr 30, 2008 and who had a
definitive diagnosis of BAPE were included. BAPE was indicated by
symptoms including chronic cough, abnormal pulmonary function
tests, chest pain, breathlessness, hoarseness of the voice, and CT
scan results. All patients had a history of asbestos exposure. Pleural
biopsy was performed in all cases. All pathologic specimens were

reviewed by a pathologist, and the histological assessment of malig-
nancy was made on the basis of standard cytological tests. BAPE was
defined on the basis of four criteria: (a) history of asbestos exposure,
(b) radiologic or thoracentesis confirmation of pleura, (c) absence
of another cause for the pleural effusion, and (d) no malignant
tumour developing within one year [20-22]. Follow-up was con-
ducted through routine visits. Informed consent was obtained from
all patients, and the Institutional Ethical Review Board of Okayama
Rosai Hospital approved the study.

The CT scans were obtained using X-vigor in 6 cases and
Aquilion™32 (Toshiba Medical Systems, Otawara, Tochigi, Japan)
in 30 cases. Patients were screened in the supine position with or
without injection of contrast media, depending on the radiologists’
judgment; 9 cases were screened without contrast media, while
24 cases used it and 3 cases were screened both with and with-
out contrast media. A slice thickness of 5 mm and mediastinal and
lung parenchymal window settings were used. The window width
was 1500 HU for parenchymal imaging and 350 HU for soft tis-
sues. Parenchymal and soft tissue images were reconstructed with
sharp and smooth filters, respectively. Intravenous iodinated con-
trast medium was used to determine lymph node enlargement and
pleural irregularities. The CT scans and accompanying chest radio-
graphs were reviewed by one radiologist and two pulmonologists
(K. K., T. K., and N. F.) who were familiar with asbestos-related
disease and who were members of the official pneumoconiosis
examination committee for labourers in the Okayama prefecture.
The observers were unaware of the pathologic diagnosis; a conclu-
sion was reached by consensus.

2.2. Early MPM (eMPM) group

Sixty-six patients were included in the early MPM group. The
subjects were selected from mesothelioma death cases in the
Japanese Vital Statistics (2003-2005). The detailed method for
patient selection and data collection has been described elsewhere
[23]. In brief, we extracted all cases of death due to malignant
mesothelioma in the Vital Statistics register in Japan (2003-2005).
Informed consent was obtained from living relatives, and complete
medical records, radiographs, and/or CT images were obtained from
the respective medical institutions. We reviewed medical records
and radiological images with clinically and pathologically con-
firmed diagnoses of malignant mesothelioma based on ICD CD46.
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Table 1
Characteristics of patients in BAPE and eMPM groups.
Characteristic Total (n=102) BAPE (n=36) eMPM (n=66) P value
Age, years (Mean + SD) 69.34+9.3 72.0+7.2 67.8+10.1 0.0297
Sex (M/F) 92/10 36/0 56/10 0.0133
History of asbestos exposure, years (Mean + SD) 2414159 28.1+14.7 16.6+17.0 0.0009
Latency, years (Mean =+ SD) 31.3+21.6 46.3+11.5 24.0+21.6 0.0001
eMPM histological subtype
Epithelioid 41 (62.12%)
Sarcomatoid 8(12.12%)
Biphasic 12 (18.18%)
Unknown 5(7.58%)
Table 2
Clinical imaging characteristics in BAPE and eMPM groups.
BAPE (n=36) eMPM (n=66) P value
Asbestosis 6(17%) 1(2%) <0.05
PR classification PR1 4 1
PR2 1 0
PR3 1 0
Pleural plaque 33(92%) 23 (35%) <0.001
Calcification (+) 25 10
Rounded atelectasis 16 (44%) 0(0%) <0.001
Diffuse pleural thicknesses 9(25%) 1(2%) <0.001
Pleural effusion 36 (100%) 64 (97%) 0.291

PR: profusion rate.

Thirty-four cases were screened without contrast media, while 27
cases used contrast media, and 5 cases were screened both with and
without contrast media. Patients with incomplete CT findings were
excluded. All CT scans were retrospectively reviewed at our insti-
tution by one radiologist and two pulmonologists (K. K., T. K., and K.
G.) who were familiar with asbestos-related disease and who were
members of the official pneumoconiosis examination committee
for labourers in the Okayama prefecture. The TNM Classification
of Malignant Tumors staging system used by the International
Mesothelioma Interest Group (IMIG) for pleural mesothelioma was
used to stage MPM [24]. Only patients with stage T1 and T2 tumours
were included in the analysis (Fig. 1).

2.3. Pleural findings

The images were analysed to identify pleural plaques and calcifi-
cation, pleural effusion, lung asbestosis, diffuse pleural thickening,
and rounded atelectasis. Pleural plaques were defined as cir-
cumscribed, pleural areas of opacity with well-demarcated edges
[25]. The pleural findings from the CT images were classified into
four stages: “no irregularity”,” low-level irregularity”, “high-level-
irregularity”, and” mass formation”. These four stages are shown
in Supplementary Figs. 1-4. “No irregularity” indicated complete
absence of pleural thickening or thickening <3 mm with no irreg-
ular surface. “Low-level irregularity” indicated a regular surface
with a thickening >3 mm but <1 cm; this stage also included cases
of slight asperity with no clear nodular irregularity <5 mm. Clini-
cally, this was non-specific thickening due to either a benign or a
malignant lesion. Mild irregular findings on CT may indicate benign
pleural lesions such as pleurisy. “High-level-irregularity” indicated
aregular thickening >1 cm, anirregular thickening >5 mm, and clear
nodularity >3 mm but not “mass formation”. For an irregular thick-
ening, slight asperity was required for this classification. Clinically
“high-level irregularities” have a high index of suspicion for malig-
nancy. “Mass formation” indicated a clearly formed partial mass
with a diameter of >1cm. We examined the entire pleura very
carefully, to ensure careful grading of pleural irregularity changes,
even with localized pleural thickening. Both multiple and isolated
masses were defined as mass formation; clinically, this indicated

a malignant lesion [17]. Metintas et al. showed that thicknesses
>1cm were not a meaningful variable in univariate analyses [9].
In this work, we therefore proposed criteria based on much lower
pleural thickening (no irregularities <3 mm; low-level irregulari-
ties >3 mm but <5 mm, high-level >5 mm, and mass formation was
noted at >1 cm). We believe that these criteria can be useful for the
diagnosis of the early stages of MPM (I & II) [26]. In the case of the
BAPE and eMPM groups, all pleural thickenings were measured on
the monitor with electronic callipers in the DICOM medical image
viewer at an appropriate digital magnification. In the BAPE group,
all measurements were made with the Synapse medical imaging
and information management system (Fuji Medical, Tokyo, Japan).
In the eMPM group, when digital data were available, measure-
ments were performed in the POP-net system (Image ONE, Tokyo,
Japan). When digital images were not available, we measured the
numbers of pixels in a 1 cm scale on the scanned film and used the
pixels in the pleura to calculate the thickness of the pleura. All cases
where diffuse pleural thickening was observed involved contrast
CT, and we could differentiate thickened pleura from the collapsed
lung.

2.4. Statistical analysis

Statistical analysis was carried out using the SPSS 20 software.
Descriptive statistical tests were used for analysis of data. Unpaired
t-tests and Mann-Whitney tests were used to compare differences.
P values less than 0.05 were considered to be statistically signifi-
cant.

3. Results

Thirty-six patients (all males), with a mean age of 72.0 years,
were included in the BAPE group, and sixty-six patients, with a
mean age 67.8 years, were included in the eMPM group. In the
BAPE group, histopathological results indicated chronic inflamma-
tion in the majority of cases; the average history of exposure to
asbestos was 28.1 years and the mean latency (the gap between
exposure to asbestos and diagnosis) was 46.3 years. In the eMPM
group, complete data and informed consent were obtained from
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Table 3
Grade of pleural irregularity in BAPE and eMPM groups.
BAPE (n=36) eMPM (n=66) P value
No irregularity 8(22%) 6(9%) <0.001*
Low-level irregularity 26 (72%) 36 (54%)
High-level irregularity 2 (5%) 15 (23%) <0.001"
Mass formation 0 (0%) 9 (14%)

Low-level irregularity” indicated a regular surface with a thickening >3 mm but
<1cm, and “High-level-irregularity” indicated a regular thickening >1cm, or an
irregular thickening >5 mm, and clear nodularity >3 mm but not “mass formation”.
#No- and low-level pleural irregularity together (BAPE vs. eMPM: 94.4% vs. 63.6%;
P<0.001).

*High-level pleural irregularity and mass formation together (BAPE vs. eMPM: 5.5%
vs. 36.4%; P<0.001 (x? test).

Table 4
Localization of pleural irregularity in BAPE and eMPM groups.
BAPE (n=36) eMPM (n=66) P value
Mediastinal 8(22%) 49 (74%) <0.001
Basal 32(91%) 51(77%) 0.150
Interlobar fissure 0 (0%) 36 (55%) <0.001

1111 patients, and thoracoscopic biopsy, pleural biopsy, and pleu-
ral fluid cytology confirmed the diagnosis of stage I and stage II
MPM in 66 patients. The mean age at diagnosis was 67.8 years, and
the origin of eMPM was epithelioid in 41 cases, sarcomatoid in 8
cases, biphasic in 12 cases, and unknown in 5 cases. Of the eMPM
subjects, 60.6% had an occupational exposure to asbestos, with a
mean duration of exposure of 16.6 years and a mean latency of
24.0 years (Table 1).

Asbestosis was found in 6 patients in the BAPE group, and the
incidence was higher than that observed in the eMPM group. The
prevalence of pleural plaque was notably higher in the BAPE group.
Rounded atelectasis and diffuse pleural thickening were also sig-
nificantly more common in the BAPE group, although there was no
significant difference in pleural effusion (Table 2).

The grades of pleural irregularity are presented in Table 3. No
irregularity was found in 22% of the BAPE group and 9% of the eMPM
group. No mass formation was observed in the BAPE group, but it
was found in 14% of patients in the eMPM group. Interestingly,
no- or low-level pleural irregularity together were more preva-
lent in the BAPE group and high-level pleural irregularity and mass
formation together were more prevalent in the eMPM group

Table 4 presents the locations of pleural irregularity. Mediasti-
nal and interlobar fissure were found to be statistically different
between the two groups. Interlobar pleural fissure was not
observed in any of the patients in the BAPE group, although
55% of patients in the eMPM group had interlobar pleural fissure
(P<0.001). Mediastinal pleural involvement was observed in 74%
of patients in the eMPM group and just 22% in the BAPE group
(P<0.001); notably, mediastinal involvement had a sensitivity of
79.5%, specificity of 81%, positive predictive value of 89%, and nega-
tive predictive value of 68% for eMPM diagnosis. Basal irregularities
were higher in the BAPE group (91% vs. 77%), although the differ-
ence did not reach statistical significance.

In addition to differences in pleural irregularity, location, and
plaques in the BAPE and eMPM groups, a significant difference was
observed in the pleural parameters during follow-up. In patients
diagnosed with BAPE, pleural irregularities either regressed or
remained unchanged, whereas in patients diagnosed with eMPM,
pleural irregularities were found to worsen or remain unchanged
during follow-up. Fig. 2 presents a representative case of a patientin
the BAPE group who had shown high-level unilateral pleural irreg-
ularities at diagnosis. During the 5-year follow-up period, the level
of pleural irregularities remained high, with little change in fea-
tures. Fig. 3(A-D) shows changes in the CT scan features during

follow-up of two patients in the BAPE group. One patient showed
bilateral mediastinal pleural thickening at diagnosis, which signif-
icantly regressed within two months in both axial and coronal CT
scans. In another patient (Fig. 3C,D), unilateral mediastinal pleural
thickening and effusion in the right thorax was observed at pre-
sentation and significantly regressed before the CT scan recorded 3
months later. Fig. 4 shows a CT scan of a patient in the eMPM group
at presentation and follow-up; CT findings did not indicate any
regression of pleural irregularities. Fig. 5 shows a CT scan of another
patient diagnosed with eMPM at presentation and at follow-up; it
was evident that pleural irregularities rapidly worsened within a
period of few months.

4. Discussion

Our results indicate that CT imaging features can aid early
diagnosis of MPM. One distinct feature was the involvement of
mediastinal pleura, which was found to be significantly more
prevalent in patients with eMPM than in patients with BAPE.
Metintas et al. reviewed the CT findings of patients with MPM
and benign pleural disease [9]. They concluded that circumferen-
tial lung encasement by multiple nodules and pleural thickening
with irregular pleuropulmonary margins were more prevalent in
patients with MPM. They also reported mediastinal pleural involve-
ment as an independent factor that could be used for differentiation
of MPM from benign pleural diseases; in our work, mediasti-
nal pleural involvement was observed in 74% of patients with
eMPM and just 22% of patients with BAPE (P<0.001), highlight-
ing the mediastinal pleural involvement even in early stages of
MPM. Leung et al. investigated differential diagnoses of benign and
malignant pleural diseases using CT scans and also reported medi-
astinal pleural involvement [25]. In our work, asbestosis was found
more frequently in the BAPE group, which supports the belief that
asbestosis is probably not involved in the initial stages of asbestos-
induced lung carcinogenesis, though it might increase the risk of
lung cancer [1,19,27].

Okten et al. reported pleural effusion in 83% of patients with
MPM [28]; they cautioned that no CT scan findings were pathog-
nomonic for MPM, although such findings may provide clues
for differential diagnosis. In another study, plural effusion was
observed in almost 80% of the cases, but an independent associ-
ation was not established [29]. In our work, we found 97% and
100% pleural effusion in the BAPE and eMPM groups, respectively,
without any statistical difference. This observation supports the
findings of Okten et al. and indicates that pleural effusion should
be used with caution for the diagnosis of MPM, especially in the
early stages. Interestingly, we found that pleural plaques were more
prevalent in the BAPE group than in the eMPM group (92% vs. 35%,
P<0.001), undermining the diagnostic utility of pleural plaques for
the diagnosis of eMPM. This finding is of particular importance
since pleural plaques are reported in some studies to have strong
association with mesothelioma [27], even after adjustment for time
since first exposure to asbestos and cumulative exposure index.
Conversely, out of 13 identified studies on the association of pleural
plaques with lung cancer, only three have reported such correla-
tions [19,27,30]. In spite of disagreement among different studies
on association of pleural plaques with MPM, the markedly higher
prevalence of pleural plaques observed in patients with BAPE in
this work provides strong evidence for the poor utility of pleural
plaques for the diagnosis of early stages of MPM.

Our results suggest that pleural irregularity grade and loca-
tion have different features in BAPE and eMPM patients. Patients
with BAPE showed a high prevalence of low-level pleural irregular-
ity, whereas MPM patients had high-level pleural irregularity and
mass formation. We defined irregularities on the basis of pleural
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Fig. 2. Changes in the CT scan features of a patient in the BAPE group (male, 70 years) with a 21-year history of asbestos exposure. (A) Axial CT scan at diagnosis, showing
high-level irregular pleural thickening (arrows). (B) Axial CT scan after five years of follow-up; a similar level irregular pleural thickening persists.

Fig. 3. Changes in the contrast-enhanced CT scan features of a patient in the BAPE group (male, 64 years) with a 39-year history of asbestos exposure. (A) Coronal view of the
patient at diagnosis, with visible bilateral mediastinal pleural thickening and left pleural effusion. (B) Coronal view of the same patient after two months, showing regression.
(C) Another patient (male, 69 years) with a 42-year history of asbestos exposure. Axial CT scan at diagnosis, showing unilateral mediastinal pleural thickening and effusion
in the right thorax (arrows). (D) Axial CT scan after three months of follow-up, showing regression.

thickening. Leung et al. reported that parietal pleural thickening
greater than 1 cm was helpful in distinguishing benign cases from
malignant ones, although they also used criteria such as circum-
ferential and nodular pleural thickening [28]. MPM is generally
locally aggressive, with frequent invasion of the chest wall, medi-
astinum, and diaphragm, which might complicate CT scan. In the
analysis of follow-up CT scans, it was evident that in cases of BAPE,
pleural effusion either regressed or remained constant, whereas
in cases of eMPM, pleural effusion either advanced or remained
constant. Mavi et al. used dual time point 18F-fluorodeoxyglucose
positron emission tomography to differentiate between benign and
malignant plural diseases [31]. They showed that, in MPM, 18F-FDG
uptake increased with time. Conversely, in benign pleural disease,
the uptake of 18F-FDG decreased with time. Our results indicated
that changes in pleural irregularities during follow-up might be
useful for eMPM and BAPE diagnosis, although a more extensive

study is needed to clearly establish the suitability of follow-up CT
scans for differential diagnosis.

Our study had certain limitations. First, as the eMPM group used
retrospective data collection from multiple centres, there was an
inhomogeneity in the CT scan parameters and protocols used. How-
ever, the multicentre nature of the eMPM group helped us avoid any
regional biases. Furthermore, adding to the strength of this work,
obtaining a prospective group with this much sample size is prac-
tically difficult considering the rarity of the disease, and all CT scan
image analyses were done by a team of independent reviewers who
were blinded to the histopathologic results. The other limitation
was that the BAPE group was another unique group and was sin-
gle centre based. There is therefore a possibility that the patients
were representative only of a particular region in Japan. Another
limitation is that there could be an effect of contrast media in CT
scan images; however, being a retrospective and registry-based
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Fig. 4. A representative axial CT scan showing mediastinal pleural thickening and interlobar fissural pleural thickening of patients in eMPM group. (A) Male, 75 years old,
with a 33-year history of asbestos exposure, showing unilateral mediastinal pleural thickening. (B) Posterior pleural thickening in the same patient. Mediastinal pleural

thickening (arrows) and basal pleural thickening (arrow heads).

Fig. 5. A representative axial CT scan depicting changes during follow-up in a male, 78 years old, with a 35-year history of asbestos exposure. (A) Unilateral mediastinal and
posterior pleural thickening and pleural effusion. (B) Progressed irregular pleural thickening after two months. (C) Progressed irregular pleural thickening after 8 months.

study, we could not investigate the effect of contrast media on pleu-
ral irregularities in all cases. Nevertheless, in 8 cases (3 BAPE and
5 eMPM) we could obtain CT scans both with and without con-
trast media. Our analysis indicated no difference between CT scans
with or without contrast media. Despite this, a dedicated indepen-
dent study with a large sample size is needed to further strengthen
the effect of contrast media. Additionally, in this study, to avoid
ambiguity, decisions on CT findings were made by relying on the
agreement within a team of one radiologist and two pulmonolo-
gists. Inter-rater reliability and independent association between
parameters should to be taken in future studies.

However, in spite of these limitations, this work clearly
underscores the significance of level and localization of pleural
irregularities, which could provide important clues for the diag-
nosis of early stages of MPM. More large-scale, multicentre studies
with long-term follow-up are needed to establish a diagnostic stan-
dard for eMPM and to fully elucidate pleural irregularities in the
early stages of MPM. This study serves as a basis for such studies.

5. Conclusion

This study indicated that the level and location of pleural irreg-
ularities could be of potential help in the differential diagnosis
between BAPE and eMPM. There was no significant difference
between the two groups in term of prevalence of pleural effu-
sion. However, mediastinal pleural involvement was found more
frequently in patients with early MPM. Large-scale multicentre

prospective studies with long-term follow-up are needed to fully
establish a standard protocol.

Conflict of interest

The authors declare that they have no conflicts of interest to
disclose.

Funding

This research was funded primarily by grants from the
research foundation of the Ministry of Health, Labour, and Welfare
of Japan (200500129A, 200635021A, 200733015A, 200733015B,
200836010A,200938007A, and 201032004B) and by Industrial dis-
ease clinical research grants from the Ministry of Health, Labour,
and Welfare of Japan (150401).

Role of funding

The funding source had no role in study design and concept,
data acquisition, data analysis and interpretation, and manuscript
preparation and submission.

Author contribution

Katsuya Kato: image reading/interpretation (BAPE, eMPM),
analysis of imaging results.



1600 K. Kato et al. / European Journal of Radiology 85 (2016) 1594-1600

Kenichi Gemba; image reading/interpretation (eMPM), statisti-
cal analysis, clinical analysis.

Nobukazu Fujimoto: image reading/interpretation (BAPE), gath-
ering cases, clinical analysis.

Keisuke Aoe: gathering and management of cases, clinical anal-
ysis.

Yukio Takeshima: pathological investigation.

Kouki Inai: pathological investigation.

Takumi Kishimoto: image reading/interpretation (BAPE,
eMPM), gathering and management of cases, research supervision.

All authors have approved the final article.

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.ejrad.2016.06.
013.

References

[1] S.Prazakova, P.S. Thomas, A. Sandrini, D.H. Yates, Asbestos and the lung in the
21st century: an update, Clin. Resp. J. 8 (2014) 1-10.

[2] L.T. Nickell, J.P. Lichtenberger, L. Khorashadi, G.F. Abbott, B.W. Carter,
Multimodality imaging for characterization classification, and staging of
malignant pleural mesothelioma, Radiographics 34 (2014) 1692-1706.

[3] M.B. Gotway, Pleural abnormalities and volume loss: imaging considerations,
Clin. Pulm. Med. 16 (2009) 346-349.

[4] S.G. Armato III, A.K. Nowak, R]J. Francis, M. Kocherginsky, M.J. Byrne, Observer
variability in mesothelioma tumor thickness measurements: defining
minimally measurable lesions, ]. Thorac. Oncol. 9 (2014) 1187-1194.

[5] K.H. Lee, et al., Mesenchymal tumours of the thorax: CT findings and
pathological features, Clin. Radiol. 58 (2003) 934-944.

[6] R. Maeda, N. Isowa, H. Onuma, et al., Minute localized malignant pleural
mesothelioma coexisting with multiple adenocarcinomas, Gen. Thorac.
Cardiovasc. Surg. 58 (2010) 91-94.

[7] M. Metintas, I. Ucgun, O. Elbek, et al., Computed tomography features in
malignant pleural mesothelioma and other commonly seen pleural diseases,
Eur. J. Radiol. 41 (2002) 1-9.

[8] C.S.Ng, R.F. Munden, H.I. Libshitz, Malignant pleural mesothelioma: the
spectrum of manifestations on CT in 70 cases, Clin. Radiol. 54 (1999) 415-421.

[9] A.M. Khan, K. Tlemcani, N. Shanmugam, A localized pleural based mass with
intense uptake on positron emission tomography scan, Chest 131 (2007)
294-299.

[10] J.M. Seely, E.T. Nguyen, A.M. Churg, et al., Malignant pleural mesothelioma:
computed tomography and correlation with histology, Eur. J. Radiol. 70
(2009) 485-491.

[11] T. Terada, C. Tabata, R. Tabata, et al., Clinical utility of 18-fluorodeoxyglucose
positron emission tomography/computed tomography in malignant pleural
mesothelioma, Exp. Ther. Med. 4 (2012) 197-200.

[12] N.A. Maskell, F.V. Gleeson, RJ.O. Davies, Standard pleural biopsy versus
CT-guided cutting-needle biopsy for diagnosis of malignant disease in pleural
effusions: a randomised controlled trial, Lancet 361 (2003) 1326-1330.

[13] A.lyoda, T. Yusa, C. Kadoyama, et al., Diffuse malignant pleural mesothelioma:
a multi-institutional clinicopathological study, Surg. Today 38 (2008)
993-998.

[14] N. Fujimoto, K. Aoe, K. Gemba, et al., Clinical investigation of malignant
mesothelioma in Japan, J. Cancer Res. Clin. Oncol. 136 (2010) 1755-1759.

[15] K. Gemba, N. Fujimoto, K. Aoe, et al., Treatment and survival analyses of
malignant mesothelioma in Japan, Acta Oncol. 52 (2013) 803-808.

[16] T. Kishimoto, K. Morinaga, S. Kira, The prevalence of pleural plaques and/or
pulmonary changes among construction workers in Okayama, Japan, Am. J.
Ind. Med. 37 (2000) 291-295.

[17] C. Bianchi, A. Brollo, L. Ramani, T. Bianchi, L. Giarelli, Asbestos exposure in
malignant mesothelioma of the pleura: a survey of 557 cases, Ind. Health 39
(2001) 161-167.

[18] K. Chaisaowong, T. Aach, P. Jager, et al., Computer-assisted diagnosis for early
stage pleural mesothelioma: towards automated detection and quantitative
assessment of pleural thickenings from thoracic CT images, Methods Inf. Med.
46 (2007) 324-331.

[19] J. Ameille, P. Brochard, M. Letourneux, C. Paris, J.C. Pairon, Asbestos-related
cancer risk in patients with asbestosis or pleural plaques, Rev. Mal. Respir. 28
(2011)el11-e17.

[20] G.R.Epler, T.C. McLoud, E.A. Gaensler, Prevalence and incidence of benign
asbestos pleural effusion in a working population, JAMA 247 (1982) 617-622.

[21] T.L. Guidotti, C.A. Brodkin, D. Christiani, et al., Diagnosis and initial
management of nonmalignant diseases related to asbestos, Am. J. Resp. Crit.
Care Med. 170 (2004) 691-715.

[22] D.W. Henderson, et al., Asbestos, asbestosis, and cancer: the Helsinki criteria
for diagnosis and attribution, Scand. ]. Work Environ. Health 23 (1997)
311-316.

[23] T. Kishimoto, K. Gemba, N. Fujimoto, et al., Clinical study on mesothelioma in
Japan: relevance to occupational asbestos exposure, Am. J. Ind. Med. 53
(2010) 1081-1087.

[24] V.W. Rusch, A proposed new international TNM staging system for malignant
pleural mesothelioma: from the international mesothelioma interest group,
Lung Cancer 14 (1996) 1-12.

[25] A.N. Leung, N.L. Muller, R.R. Miller, CT in differential diagnosis of diffuse
pleural disease, Am. J. Roentgenol. 154 (1990) 487-492.

[26] A. Orki, O. Akin, A.E. Tasci, et al., The role of positron emission
tomography/computed tomography in the diagnosis of pleural diseases,
Thorac. Cardiovasc. Surg. 57 (2009) 217-221.

[27] J.C. Pairon, F. Laurent, M. Rinaldo, et al., Pleural plaques and the risk of pleural
mesothelioma, ]. Natl. Cancer Inst. 105 (2013) 293-301.

[28] F. Okten, D. Kéksal, M. Onal, et al., Computed tomography findings in 66
patients with malignant pleural mesothelioma due to environmental
exposure to asbestos, Clin. Imaging 30 (2006) 177-180.

[29] O. Tamer Dogan, I. Salk, F. Tas, et al., Thoracic computed tomography findings
in malignant mesothelioma, Iran. J. Radiol. 9 (2012) 209-211.

[30] U. Elboga, M. Yilmaz, M. Uyar, et al., The role of FDG PET-CT in differential
diagnosis of pleural pathologies, Rev. Esp. Med. Nucl. Imagen Mol. 31 (2012)
187-191.

[31] A.Mavi, S. Basu, T.F. Cermik, et al., Potential of dual time point FDG-PET
imaging in differentiating malignant from benign pleural disease, Mol.
Imaging Biol. 11 (2009) 369-378.

— 110 —



ONCOLOGY LETTERS 11: 705-712, 2016

Establishment and molecular characterization of cell lines
from Japanese patients with malignant pleural mesothelioma
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Abstract. Malignant pleural mesothelioma (MPM) is an aggres-
sive disease that is resistant to conventional therapies. Cell lines
are useful models for studying the biological characteristics
of tumors; therefore, the establishment of MPM cell lines is
valuable for exploring novel therapeutic strategies for MPM.
In the present study, 4 MPM cell lines (YUMCS, YUMC44,
YUMC63, and YUMC64) were established, which consisted
of 2 epithelioid and 2 sarcomatoid mesothelioma histological
subtypes, from Japanese patients with MPM. The DNA meth-
ylation status, mutations, copy number gains, protein expression
of representative genes, and the sensitivity to several drugs
were examined in these 4 cell lines. Methylation of P/6 was
demonstrated in 3/4 cell lines, in which the protein expression of
pl6 was lost. Methylation of RASSF/A was observed in 3/4 cell
lines. Copy number gains of EGFR, HER2 or MET were not
detected in the 4 cell lines. Mutations in various genes, including
EGFR,KRAS,HER2, BRAF,and PIK3CA, which are frequently
detected in non-small cell lung cancer, were not detected in the
4 cell lines. microRNA-34b/c is a direct transcriptional target of
P53 and is often silenced in MPM by promoter methylation. In
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the present study, miR-34b/c was heavily methylated in 2/4 estab-
lished MPM cell lines. For cell adhesion molecules, E-cadherin
expression was detected in the 2 epithelioid MPM cell lines,
whereas N-cadherin expression was detected in all 4 established
cell lines by western blotting. Vimentin was strongly expressed
in the 2 sarcomatoid MPM cell lines. None of the established
MPM cell lines demonstrated significant responses to the drugs
tested, including NVP-AUY922, 17-DMAG, Trichostatin A,
and Vorinostat. Although novel molecular findings were not
observed in the current characterization of these MPM cell
lines, these lines will be useful for future extensive analyses of
the biological behavior of MPM and the development of novel
therapeutic strategies.

Introduction

Malignant pleural mesothelioma (MPM) is an aggressive
tumor with a poor prognosis, arising from mesothelial cells in
the pleural cavity (1). Exposure to asbestos is closely associ-
ated with the development of MPM (2). MPM is historically
a rare disease; however, the incidence of MPM is predicted
to increase due to the use of asbestos worldwide and the long
latency period for the development of MPM following expo-
sure (3). Multimodality therapy that is centered on surgical
resection is indicated for the treatment of MPM in the early
stage (4). However, MPM is often diagnosed at an advanced
stage, and it is known to be refractory to conventional thera-
pies, such as surgery, chemotherapy, and radiotherapy (1).
Therefore, novel strategies for the diagnosis and treatment of
MPM are needed. However, much less information is avail-
able for MPM compared with other solid neoplasms. Thus, it
is of great importance to investigate the biological behaviors
of MPM.

In the current study, 4 MPM cell lines were established
from Japanese patients and the methylation status, presence of
mutations, copy number and protein expression of representa-
tive genes, including NF2, P16, and RASSFIA, which have
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been reported to be frequently altered in MPM, were charac-
terized (5-7). In addition, the status of the microRNA (miR)
34 family, which we have previously reported to be important
in the pathogenesis of MPM, were analyzed (8). MiR-34b/c
is the direct transcriptional target of p53, is reported to
serve an important role in in the pathogenesis of MPM and
to be frequently downregulated in MPM by promoter meth-
ylation (8). Furthermore, the sensitivity of the established cell
lines were examined in response to various drugs, including
conventional chemotherapeutic drugs, histone deacetylase
inhibitors, and heat shock protein 90 inhibitors.

Materials and methods

Patients and establishment of the cell lines. A total of
4 Japanese patients with pleural thickening and/or pleural
effusion were diagnosed with MPM through histopathological
examinations of hematoxylin-eosin and immunocytochemical
staining of the specimens that were obtained from pleural
biopsies at Yamaguchi-Ube Medical Center (Ube, Japan).
YUMCS was established from the pleural effusion of a
76-year-old man; YUMC44 was established from the tumor
tissue of a 67-year-old man; YUMCG63 was established from
the pleural effusion of a 72-year-old man; and YUMC64 was
established from the pleural effusion of a 58-year-old man.
After the collection of the materials, the pleural effusion or
dissected tumor samples were transferred into Primaria™
culture dishes (BD Biosciences, Franklin Lakes, NJ, USA).
The samples were incubated in AmnioMAX-C100 medium
(Life Technologies, Carlsbad, CA) at 37°C in a humidi-
fied atmosphere with 5% CO,. To eliminate fibroblasts, the
medium was replaced with serum-free medium GIT (Nihon
Pharmaceuticals Co, Ltd., Tokyo, Japan) accordingly. After
stable growth of the tumor cells was observed, the medium
was replaced with RPMI 1640 medium (Sigma-Aldrich, St.
Louis, MO, USA) with 10% fetal bovine serum (FBS). To
confirm the uniqueness and absence of cross-contamination of
the established cell lines, DNA fingerprinting was performed
with a Cell ID™ System (Promega Corporation, Madison, W1,
USA). The resulting electropherogram was compared to the
fingerprint results of hundreds of cell lines that were obtained
by Gazdar et al (9). The present study was approved by the
Ethical Committee of Yamaguchi-Ube Medical Center (Ube,
Japan), and written informed consent was obtained from all of
the patients.

Additional cell lines used in the present study. A total of
4 MPM cell lines, NCI-H28, NCI-H290, NCI-H2052, and
NCI-H2452, and one human bronchial epithelial cell line,
HBEC-5KT, were kindly provided by Dr. Adi F. Gazdar
(Hamon Center for Therapeutic Oncology Research and
Department of Pathology, University of Texas Southwestern
Medical Center, Dallas, TX, USA). The lung cancer cell line
A549 and the nonmalignant transformed human pleural meso-
thelial cell line MeT-5A were purchased from the American
Type Culture Collection (Manassas, VA, USA). The MPM
cell lines and A549 were cultured in RPMI 1640 medium that
was supplemented with 10% FBS, 100 U/ml of penicillin, and
100 mg/ml of streptomycin. The MeT-5A cell line was cultured
in Medium 199 (Life Technologies, Grand Island, NY, USA),
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which was supplemented with 20 mM of HEPES, 24 mM of
sodium bicarbonate, 3.3 nM of epidermal growth factor (EGF;
Sigma-Aldrich), 100 nM of hydrocortisone (Sigma-Aldrich),
4 mg/1 of insulin (Waka, Osaka, Japan), 2 mM of L-glutamine
(Life Technologies, Inc.), 100 U/ml of penicillin (Life Tech-
nologies, Inc.), 100 mg/ml of streptomycin (Life Technologies,
Inc.), and 10% FBS (Life Technologies, Inc.). The HBEC-5KT
cell line was maintained in Keratinocyte serum-free medium
(Life Technologies, Inc.) with bovine pituitary extract and
human recombinant EGF. They were grown in a humidified
incubator with 5% CO, at 37°C.

Cytological examination and immunocytochemistry. The
established cell lines were seeded onto autoclaved glass
slides in culture dishes. After growing on the glass slides,
the cells were immediately fixed in ice-cold 70% ethanol and
then stained with hematoxylin-eosin (Sakura Finetek, Tokyo,
Japan), Papanicolaou, and monoclonal antibodies against
cytokeratin (CAMS.2; BD Biosciences; ready to use), pan-cyto-
keratin (AE1/AE3; Dako Denmark A/S, Glostrup, Denmark;
diluted 1:100), Calretinin (Life Technologies; diluted 1:100),
podoplanin (D2-40; Dako Denmark A/S; diluted 1:100),
cytokeratin 5/6 (CK5/6; Dako Denmark A/S; diluted 1:50),
Wilms' Tumor-1 (WT-1; Leica Biosystems Newcastle Ltd.,
Newcastle upon Tyne, UK; diluted 1:40), carcinoembryonic
antigen (CEA; Biocare Medical, Concord, CA, USA; diluted
1:100), thyroid transcription factor-1 (TTF-1; Dako Denmark
A/S; diluted 1:100), epithelium (BerEP4; Dako Denmark
A/S; diluted 1:400), epithelial-related antigen (MOC31; Dako
Denmark A/S; diluted 1:50), desmin (Dako Denmark A/S;
diluted 1:100), S-100 (Dako Denmark A/S; diluted 1:1,000),
a-smooth muscle actin (a-SMA; Dako Denmark A/S; diluted
1:100), glucose transporter 1 (GLUTI; Spring Bioscience, Inc.,
Pleasanton, CA; ready to use), and p53 (Dako Denmark A/S;
diluted 1:50).

For immunocytochemistry, the specimens were heated to
110°C in a Decloaking Chamber (Biocare Medical) at a pH of
6 or 9 or incubated with trypsin at 37°C to facilitate antigen
retrieval. Before applying the antibodies, internal peroxidase
activity was inhibited with 3% H,O,. The specimens were
incubated with each antibody, and a secondary antibody
was then applied (Histofine Simple Stain MAX PO, Nichirei
Biosciences Inc., Tokyo, Japan). Finally, diaminobenzidine
was applied to the specimens and counterstained with hema-
toxylin.

DNA extraction. Genomic DNA was obtained from the cell
lines with a DNeasy Tissue Kit (Qiagen Inc., Valencia, CA,
USA) according to the manufacturer's instructions.

Gene mutational analyses with SNaPShot and polymerase
chain reaction (PCR)-based sizing assays. Mutational status
was determined for EGFR, KRAS, BRAF, AKTI1, MEKI,
NRAS, PIK3CA, and PTEN with a SNaPShot assay, which
is a targeted mutational analysis assay that was designed
by Su et al (10). The platform involves 2 methods: A screen
(SNaPShot) that is based on the multiplex PCR, primer exten-
sion, and capillary electrophoresis of 38 somatic mutations in
the eight genes and a PCR-based sizing assay that assessed
EGFR exon 19 deletions, EGFR exon 20 insertions, and
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HER?2 exon 20 insertions. The Snapshot assay reagents were
purchased from Applied Biosystems (Foster City, CA, USA),
and performed as described previously (10).

Copy number analysis by quantitative PCR (qPCR). Copy
number gains of EGFR, HER2, and MET genes were deter-
mined by qPCR with Power SYBR Green PCR Master Mix
(Life Technologies), as previously reported (8,11). In brief,
the LINE-1 gene was used as a reference gene for each copy
number analysis. The gene dosage of each target and reference
gene was calculated by the standard curve method. Relative
copy number of each sample was determined by comparing
the ratio of the target gene to LINE-1 in each sample with the
ratio of these genes in human genomic DNA (Merck KGaA,
Darmstadt, Germany).

Copy number loss of the PI6 and NF2 genes in the genomic
DNA of MPM cells was analyzed by qPCR and determined
by the comparative threshold cycle method using the RPS6
gene as a control and the genomic DNA of MeT-5A, which are
human pleural mesothelial cells, as a reference, as described
previously (12). In the comparative threshold cycle method, a
calculated value of 1.0 indicates no deletion, a value of 0.5
indicates a one-allele deletion, and a value of O indicates a
two-allele deletion.

Methylation-specific PCR assay. Genomic DNA was subjected
to bisulfite treatment with an Epitect Bisulfite Kit (Qiagen Inc.),
according to the manufacturer's protocol. The DNA methyla-
tion status of P16, RASSFIA, and miR-34s was examined by
bisulfite genomic sequencing and methylation-specific PCR,
as previously reported (13).

MiR-34s expression analysis with reverse transcription-quan-
titative PCR (RT-qPCR). MicroRNA were isolated using
TagMan MicroRNA Cells-to-CT Kit (Life Technologies), and
reverse transcription was conducted using TagMan MicroRNA
Reverse Transcriptional Kit system (Life Technologies)
and TagMan primers for each miR as to the manufacturer's
instructions. The primer and probe sets were purchased from
Life Technologies. PCR amplification was conducted on an
ABI StepOne Real-Time PCR Instrument (Life Technologies),
and gene expression was calculated with the comparative Cq
method. To quantify the relative changes in the gene expres-
sion, the AACq method was used, and the reactions were
normalized to miR-374 expression level. As miR-34b/c was
partially methylated in normal mesothelial cells (MeT-5A),
normal bronchial cells (HBECK-5KT) were used as a reference
for each analysis of miR-34s expression. miR-34b/c expression
values were relative expression values that were compared to
those of HBECK-5KT, which was defined as 100.

Western blotting. Preparation of total cell lysates and western
blotting were performed as described previously (8). The
primary antibodies that were used for western blotting were as
follows: rabbit monoclonal anti-E-cadherin, anti-N-cadherin,
and anti-vimentin antibody from Cell Signaling Technology,
Inc. (Danvers, MA) and rabbit polyclonal anti-NF2 and mouse
monoclonal anti-p16 antibody from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA). Mouse monoclonal anti-actin antibody,
which was used as an equal loading control, was purchased
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from Merck KGaA. The following secondary antibodies were
used: horseradish peroxidase-conjugated goat anti-rabbit or
anti-mouse IgG (Santa Cruz Biotechnology, Inc.). To detect
specific signals, the membranes were examined with an ECL
Prime Western Blotting Detection System (GE Healthcare
Life Sciences, Chalfont, UK).

Cell growth inhibition assay. The drugs were obtained from
the following sources. The chemotherapeutic agents cisplatin
and docetaxel were purchased from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan). Vinorelbine was purchased
from Kyowa Hakko Kirin Co., Ltd. (Tokyo, Japan). Peme-
trexed was purchased from Eli Lilly Japan K.K. (Kobe,
Japan). The histone deacetylase inhibitors Trichostatin A
and Vorinostat were purchased from Sigma-Aldrich Co.
LLC and Cayman Chemical Company (Ann Arbor, MI),
respectively. The heat shock protein 90 inhibitors 17-dimeth-
ylaminoethylamino-17-demethoxygeldanamycin (17-DMAG)
and NVP-AUY922 (AUY-922) were obtained from LC Labo-
ratories (Woburn, MA) and Novartis (Nuremberg, Germany),
respectively.

The sensitivities of the MPM cell lines to the drugs above
were determined by a modified MTS assay with CellTiter®
96 Aqueous One Solution Reagent (Promega Corporation), as
described previously (14). The anti-proliferative activities of
each drug are presented as ICs, which is the concentration of
the drug required to inhibit cell proliferation by 50%.

Results

Establishment of the MPM cell lines. The 4 cell lines that were
designated as YUMCS, YUMC44, YUMC63, and YUMC64
were established from pleural effusion or tumor tissue of
Japanese patients with MPM by Dr Hirosoma Yamamoto. The
patients' backgrounds and the immunocytochemical results of
each cell line are summarized in Table I. Representative images
of these cells stained with immunocytochemical staining
are presented in Fig. 1. The cytological examinations and
immunocytochemistry that were performed in the established
cell lines demonstrated that all of the established cell lines
were derived from MPM and that the immunocytochemical
characteristics were concordant with those of each original
specimen. In YUMCS cells, the immunocytochemical staining
for desmin in the original tissue was partially positive: Only
some components of the tumor cells were stained positively. It
is possible that the desmin-positive cells were not tumor cells
but instead normal spindle mesothelial cells that were mixed
in the tumor tissue. As for the histological subtypes, YUMCS
and YUMC44 cells were diagnosed as the sarcomatoid type,
and YUMCG63 and YUMCG64 cells were diagnosed as the
epithelioid type. The results of DNA fingerprinting revealed
that each established cell line was unique, that there was no
cross-contamination of cell lines, and that none of the cell
lines were contaminated by mycoplasma (data not shown).

Profiling of the molecular characteristics of the established
MPM cell lines. The genetic and epigenetic characteristics of
several molecules were analyzed in each established cell line.
NF?2 deletion was observed in YUMC44 cells, and P16 dele-
tion was observed in YUMC44 and YUMC64 cells (Table II).
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Table II. Genetic and epigenetic alterations in MPM cell lines.
Cell line YUMCS YUMC44 YUMC63 YUMC64 NCI-H28 NCI-H290 NCI-H2052
Copy number change
NF2 1.3 0 1.12 1.44 1.66 1.33 2.52
plo6 1.57 0 1.7 0 0 0 0
EGFR 391 1.77 2.71 1.65 2.67 241 1.19
HER?2 2.87 3.32 32 2.72 2.85 3.17 2.5
MET 235 2 2.62 1.67 0.97 1.72 1.1
Methylation
pl6 M M M/U M M M M
RASSFIA M/U U M/U M U M M
miR-34b/c M U U M M/U M M/U
Mutational status
EGFR WT WT WT WT WT WT WT
KRAS WT WT WT WT WT WT WT
HER?2 WT WT WT WT WT WT WT
BRAF WT WT WT WT WT WT WT
AKTI WT WT WT WT WT WT WT
MEKI1 WT WT WT WT WT WT WT
NRAS WT WT WwT WT WT WT WT
PIK3CA WT WT WT WT WT WT WT
PTEN WT WT WT WT WT WT WT
M, methylated form; U, unmethylated form; WT, wild-type.
Table III. Sensitivity (ICs, values) to various drugs in 4 MPM cell lines.
Cell line YUMCS YUMC44 YUMC63 YUMC64
Drugs
Cisplatin 59+2.4 19.6+£5.9 12.6£2.9 4.8+0.13
Pemetrexed >100 >160 >160 >160
Vinorelbine 0.0078+0.0026 1.1+0.9 >10 0.020+0.016
NVP-AUY922 0.019+0.010 1.7+0.3 >10 32420
17-DMAG 0.056+0.026 0.19+0.12 >10 4.3+2.5
Trichostatin A 0.060+0.012 0.20+0.04 0.15+0.05 0.18+0.01
Vorinostat 5.1+£3.6 5.6+1.5 7.5+£5.8 10.3+4.5

Values are represented as mean + standard deviation.

As for methylation, P16 was heavily methylated in YUMCS,
YUMC44, and YUMCO64 cells and partially methylated in
YUMCGO3 cells. RASSF1A was heavily methylated in YUMC64
cells and partially methylated in YUMCS and YUMCG63 cells.
miR-34b/c was heavily methylated in YUMCS and YUMC64
cells, and miR-34a was partially methylated in YUMCS and
YUMCG63 cells (Fig. 2).

The expression of miR-34b and miR-34c was examined
with RT-qPCR. As miR-34b/c was partially methylated in
normal mesothelial cells (MeT-5A), the expression levels
of these miRs were examined in established MPM cells to
those of normal bronchial cells (HBECK-5KT). In all of the
MPM cell lines, including unmethylated cells (YUMC44

and YUMCG63), the expression of miR-34b/c was suppressed
(Fig. 3).

The copy number gains for EGFR, HER2, and MET
were analyzed, which are often altered in non-small cell lung
cancer (15). These genes were not amplified in the MPM cell
lines that were established. Although the mutational statuses of
EGFR, KRAS, HER2, BRAF, and PIK3CA were also studied,
mutations were not detected in these genes (Table II). These
results were consistent with those of previous reports regarding
MPMs (16,17).

Western blotting revealed that E-cadherin was expressed
in the epithelioid MPM cell lines (YUMC63 and YUMC64).
N-cadherin and vimentin were expressed in all of the MPM
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Figure 1. Representative images of the established malignant pleural mesothelioma (MPM) cell lines. Phase-contrast microscopic images of hematoxylin-eosin
(HE), Papanicolaou, and immunocytochemical staining of CAMS5.2, Calretinin, and AEI/AE3 of the YUMCS, YUMC44, YUMC63, and YUMC64 cells,

respectively. Scale bar, 100 ym.
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Figure 2. Methylation-specific polymerase chain reaction (PCR) assay of the
MPM cell lines. M; methylated form, U; unmethylated form.

cell lines. NF2 was not expressed in YUMC44 cells. pl6 was
expressed only in YUMCG63 cells (Fig. 4).

Association between the molecular characteristics and drug sensi-
tivity. The drug sensitivities against various agents are presented as
IC,, in Table III. Associations between the drug sensitivities and
the molecular profile were not observed in this study.

Discussion
In the current study, 4 MPM cell lines were newly established

that consisted of 2 sarcomatoid and 2 epithelioid cell lines, and
their immunocytochemical characteristics were concordant
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Figure 3. Relative expression levels of (A) miR-34b and (B) miR-34c.
miR-34s expression values are relative expression values compared with
those of normal bronchial cells (HBECK-5KT), which were defined as 100.

with those of the original tumors. Established tumor cell lines
are useful for elucidating the molecular characteristics of the
tumors that they are derived from, which results in substantial
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Figure 4. Protein expression profile of the established MPM cell lines. Whole
cell lysates were subjected to western blotting with the antibodies indicated
in this figure. Actin expression is shown for equal protein loading.

contributions to tumor translational research. For example,
>200 lung cancer cell lines have been established and used for
research, which has led to the discovery of intriguing proper-
ties that are linked with treatment, such as EGFR-activating
mutations and EML-ALK fusion genes (9). In contrast, a rela-
tively small number of MPM cell lines have been established
compared with those for lung cancer (12,17), and the number
of cell lines that have been deposited in publicly open banks
is limited. Thus, we plan to deposit them with the molecular
profiles that we determined in a public cell bank for the conve-
nience of other researchers.

The molecular statuses of representative tumor-associated
genes or proteins of these established cell lines. Among the
examined molecules, the P16™%* gene, which is located at
chromosome 9p21, is frequently deleted in MPM, and it has
been demonstrated that its deletion results in the dysregulation
of cell-cycle control through the Rb pathway and malignant
transformation (18,19). In addition, the present authors have
previously reported that DNA methylation of P/6 is another
mechanism that leads to the loss of pl6 expression (7). In
the present study, P/6 deletion was observed in YUMC44
and YUMCG64 cells, and P16 was methylated completely in
YUMCS, YUMC44, and YUMCG64 cells and partially in
YUMCG63 cells. Both deletion and methylation were observed
as the cause of the loss of protein expression.

The status of the other molecules, such as the methylation
status of RSSF1A and miR-34b/c, the expression of miR-34b/c,
the mutational status of 8 cancer-related genes and the expres-
sion of EMT markers, were similar to those of previous
reports (6,8,17,20). The sensitivity of the cell lines to a number
of therapeutic drugs and their associations with the molecular
profile were examined, however no significant effects were
observed. Taken together, the molecular characteristics of
these cell lines appeared to be similar to those of previous
reports, which indicated that the characteristics of the estab-
lished cell lines were representative of MPM and thus they
may be considered useful for studying the biological behavior
of MPM.

To determine the anchorage-independent growth of the
4 established MPM cell lines, a soft agar assay was performed.
However, a significant number of colonies were not detected

(data not shown). In vivo experiments of the tumorigenicity of
the established MPM cell lines were not performed, because
these cell lines did not demonstrate anchorage-independent
growth.

In conclusion, novel MPM cell lines were established that
were named YUMCS, YUMC44, YUMCG63, and YUMC64.
Since MPM cell lines are less established compared with
other malignancies, these established cell lines are valuable
for analyzing the molecular and biological characteristics of
MPMs, which may lead to the development of novel therapeutic
strategies.
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Utility and pitfalls of immunohistochemistry in the differential diagnosis between
epithelioid mesothelioma and poorly differentiated lung squamous cell carcinoma

Aims: The aims of this study were to clarify the use-
fulness of immunohistochemistry in the differential
diagnosis of epithelioid mesothelioma with a solid
growth pattern [solid epithelioid mesothelioma (SEM)]
and poorly differentiated squamous cell carcinoma
(PDSCC), and to confirm the validity of a specific type
of antibody panel. Additionally, we aimed to clarify
the pitfalls of immunohistochemical analyses.

Methods  and  results: Formalin-fixed  paraffin-
embedded specimens from 36 cases of SEM and 38
cases of PDSCC were immunohistochemically exam-
ined for calretinin, podoplanin (D2-40), Wilms’
tumour gene product (WT1), cytokeratin (CK) 5/6,
p40, p63, carcinoembryonic antigen (CEA), epithe-
lial-related antigen (MOC31), claudin-4, thyroid tran-
scription factor-1 (TTF-1), and napsin A. WT1
showed the highest diagnostic accuracy (85.1%) as a
mesothelial marker, and CEA, p40 and claudin-4

showed higher diagnostic accuracies (95.9%, 94.6%,
and 93.2%, respectively) as carcinoma markers. Cal-
retinin (diagnostic accuracy: 75.7%), D2-40 (diagnos-
tic accuracy: 67.6%), CK5/6 (diagnostic accuracy:
63.5%), TTF-1 (diagnostic accuracy: 55.4%) and nap-
sin A (diagnostic accuracy: 52.7%) could not differen-
tiate between SEM and PDSCC. Among these
markers, the combination of calretinin and WT1
showed the highest diagnostic accuracy (86.5%) as a
positive marker, and the combination of p40 and
CEA showed the highest diagnostic accuracy (97.3%)
as a negative marker. The combination of CEA and
claudin-4 also showed relatively high diagnostic
accuracy (94.6%) as a negative marker.

Conclusions: We recommend the combination of
WT1 and calretinin as a positive maker, and the
combination of CEA and claudin-4 as a negative mar-
ker, for differential diagnoses of SEM and PDSCC.

Keywords: calretinin, carcinoembryonic antigen, claudin-4, immunohistochemistry, mesothelioma, p40,

squamous cell carcinoma, WT1 protein

Address for correspondence: Yukio Takeshima, MD, PhD, 1-2-3
Kasumi, Minami-ku, Hiroshima 734-8551, Japan. e-mail: ykotake@
hiroshima-u.ac.jp

© 2016 John Wiley & Sons Ltd.

Introduction

Malignant mesothelioma (MM) is a rare, aggressive
malignant neoplasm that most commonly arises from
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pleural mesothelial cells. MM is correlated with occu-
pational and environmental asbestos exposure.’ > As
the incidence of MM has increased in many coun-
tries, pathologists encounter this disease frequently.
In Japan, the death toll from MM has been increasing
since the 1990s, and it is predicted to peak in the
2030s.°

A diffuse pleurotropic growth pattern is charac-
teristic of MM.”® However, a number of non-
mesotheliomatous neoplasms showing diffuse pleu-
rotropic growth patterns (described as ‘pseudome-
sotheliomatous growth’) have been reported, and
most of these tumours are peripheral lung carcino-
mas.” ® Although the majority of pseudomesothe-
liomatous lung carcinomas are adenocarcinomas
(ACs), a few pseudomesotheliomatous pulmonary
squamous cell carcinoma (SCC) cases have also
been reported.'® Lately, the incidence of peripheral-
type pulmonary SCC, but not central SCC, has been
increasing.’>'® Thus, the chance of encountering
‘pseudomesotheliomatous’” SCCs might increase.
Additionally, MM may occur as a localized mass
similar to peripheral lung cancer and other pleural
tumours; it is then classified as ‘localized MM’
according to the new World Health Organization
(WHO) classification.” Therefore, the histopathologi-
cal differential diagnosis of MM and SCC will
become crucial in the future.

Malignant mesotheliomas are divided into three
major histological subtypes: epithelioid, sarcomatoid,
and biphasic. Among these, epithelioid mesothelioma
(EM) shows a wide range of histological and cyto-
logical patterns, such as papillary, tubular, solid,
clear cell, deciduoid, rhabdoid, and pleomorphic.'”
Poorly differentiated SCC (PDSCC) shows a nested,
sheet-like or cord-like histological pattern, and lacks
obvious keratinization and/or intercellular bridges in
some parts of or throughout the tumour.'® There-
fore, the differential diagnosis between EM showing
a solid histological pattern [solid EM (SEM)] and
PDSCC can be challenging with conventional light
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microscopy (haematoxylin and eosin-stained speci-
men) alone.

The role of immunohistochemistry in distinguishing
pleural EM from pulmonary AC has received much
attention. Currently, many immunohistochemical
markers are available for distinguishing pleural EM
from pulmonary AC. Among these, calretinin, cytok-
eratin (CK) 5/6, podoplanin (D2-40) and Wilms’
tumour gene product (WT1) are regarded as the best
positive markers for EM, and carcinoembryonic anti-
gen (CEA), MOC31 [epithelial-related antigen (ERA)],
Ber-EP4, BG-8, thyroid transcription factor-1 (TTF)-1,
and napsin A are regarded as the best positive mark-
ers for lung AC.1% 22

However, there are only a few reports on the
immunohistochemical differential diagnosis of EM and
lung SCC. Ordonez et al. have reported the immuno-
histochemical analyses of 30 EMs showing a solid
pattern and 30 pulmonary non-keratinizing SCCs,
and have recommended the combination of two posi-
tive (WT1 and calretinin/mesothelin) and two nega-
tive (p63 and ERA) markers for differentiating EM
from lung SCC.%>

Here, we examined 11 commercially available
immunohistochemical markers in histological speci-
mens of SEM and PDSCC obtained from Japanese
cases. We aimed to evaluate the usefulness of
immunohistochemistry in differentiating SEM from
PDSCC, and to recommend the best antibody panel
for use in pathological laboratories, after consider-
ing the pitfalls of immunohistochemical analyses.

Materials and methods
PATIENTS AND HISTOLOGICAL SAMPLES

We wused formalin-fixed paraffin-embedded (FFPE)
specimens from 36 patients with a definite histolog-
ical diagnosis of SEM who had undergone pleural
biopsy, pleurectomy/decortication, extrapleural pneu-
monectomy or autopsy between 2000 and 2014.

-

Figure 1. Representative
histological images of solid
epithelioid mesothelioma and
poorly differentiated squamous
cell carcinoma. (A) Solid
epithelioid mesothelioma. (B)
Poorly differentiated squamous
cell carcinoma.

© 2016 John Wiley & Sons Ltd, Histopathology



SEM was defined as ‘EM consisting of mainly solid,
sheet-like or cord-like proliferations of cuboidal or
polygonal epithelioid cells’ (Figure 1A). All SEM
cases used in this study were comprehensively diag-
nosed according to a combination of clinical history
(e.g. occupational asbestos exposure), radiographic
examination (e.g. diffuse pleurotropic growth pat-
tern, lack of intrapulmonary mass, or the presence
of pleural plaques), and histopathological findings.
In all cases, we performed immunohistochemical
investigation with 15-20 markers, including the 11
markers examined in this study.

Formalin-fixed paraffin-embedded histological sam-
ples of the surgical specimens from 38 patients with
a histological diagnosis of primary pulmonary PDSCC
were obtained by surgical resection (wedge resection,
segmentectomy, lobectomy, or pneumonectomy)
from 2000 to 2014. PDSCC included keratinizing
SCC with minimal squamous differentiation (kera-
tinization and/or intercellular bridge) and non-kerati-
nizing SCC, as defined in the WHO 2015 criteria
(Figure 1B).”* The samples were collected from the
archives of the Department of Pathology at Hir-
oshima University. Among 38 PDSCCs that we
examined, 34 were of the peripheral type, and four
were of the central type. Ten cases showed invasion
to the visceral pleura but not right through and
exposed on the surface of the pleura, seven cases
showed focal invasion to the parietal pleura or chest
wall, and 21 cases were intrapulmonary lesions
without pleural invasion. There was no case show-
ing diffuse pleurotropic growth.

Each tumour specimen was reviewed by three
pathologists (K.K., V.J.A., and Y.T.); all of the cases
were rediagnosed on the basis of the currently
accepted histological criteria.'”1®

This study was performed in accordance with the
Ethics Guidelines for Human Genome/Gene Research
enacted by the Japanese government for the collec-
tion of tissue specimens, and was approved by the
institutional ethics review committee (Hiroshima
University E-48).

IMMUNOHISTOCHEMICAL PROCEDURES

Immunohistochemical staining of sections from the
FFPE tissue samples was performed with Ventana
BenchMark GX (Roche Diagnostics, Basel, Switzer-
land), by use of the Ventana ultraView Universal
DAB Detection Kit; the staining procedure is based on
the indirect biotin-free system. Protocols involving
heat induction-based or protease digestion-based anti-
gen retrieval were performed as recommended by the

© 2016 John Wiley & Sons Ltd, Histopathology
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Table 1. Primary antibodies used in this study

Location of
Marker Clone Manufacturer  Dilution evaluation
Calretinin SP65 Ventana Prediluted Nucleus
Podoplanin  D2-40 Nichirei Prediluted Membrane
Bioscience
WT1 6F-H2 Ventana Prediluted Nucleus
CK5/6 D5/16 B4 Dako 1:25 Membrane
and/or
cytoplasm
p40 BC28 Biocare 1:100 Nucleus
Medical
p63 DAK-p63  Dako 1:25 Nucleus
CEA COL-1 Nichirei Prediluted Membrane
Bioscience and/or
cytoplasm
ERA MOC31 Dako 1:25 Membrane
Claudin-4  3E2C1 Life 1:100 Membrane
Technologies
TTF-1 SPT24 Nichirei Prediluted Nucleus
Bioscience
Napsin A MRQ-60 Ventana Prediluted Cytoplasm

CEA, carcinoembryonic antigen; CK, cytokeratin; ERA, epithelial-
related antigen; TTF-1, thyroid transcription factor-1; WT1, Wilms'
tumour gene product.

manufacturer, with some modifications. Table 1
shows the list of primary antibodies, clones, sources,
and antibody dilutions.

Immunoreactivity was scored as either negative
(no immunostaining) or positive. Cells showing
nuclear staining for calretinin, WT1, p40, p63, and
TTF-1, membranous staining for podoplanin, ERA,
and claudin-4, cytoplasmic staining for napsin A or
membranous and/or cytoplasmic staining for CK5/6
and CEA were regarded as ‘positive’. The immunore-
activity grade was semiquantified as follows: 0, 0%
positive cells or trace staining; 1+, 1-10% positive
cells; 2+, 11-50% positive cells; and 3+, >51% posi-
tive cells.

EVALUATION OF UTILITY OF EACH MARKER AND
COMBINATIONS OF TWO MARKERS

Sensitivity, specificity, positive predictive values
(PPVs), negative predictive values (NPVs) and diag-
nostic accuracies were calculated for each marker
and combination of two markers.
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Results

IMMUNOREACTIVITY OF ANTIBODIES FOR SEM
AND PDSCC

The detection rates of each antibody in SEM and
PDSCC are shown in Table 2. Representative immuno-
histochemical staining images for SEM and PDSCC are
shown in Figures 2 and 3, respectively. The staining
pattern for each antibody for the two tumour types is
described in the following paragraphs.

CALRETININ

Thirty-three of 36 SEMs (91.7%) and 15 of 38
PDSCCs (39.5%) were positive for calretinin. In SEMs,
immunoreactivity was generally strong and diffuse
(grade 3+). In contrast, in PDSCCs, the staining grade
was distributed from 1+ to 3+ approximately equally.

D2-40

Thirty-five of 36 SEMs (97.2%) and 23 of 28 PDSCCs
(60.5%) were positive for D2-40. In the majority of
SEMs, immunoreactivity was strong and diffuse

(grade 3+), whereas the majority of PDSCCs showed
a focal or multifocal positive pattern (grade 1-+/2+).

WT1

Twenty-six of 36 SEMs (72.2%) were positive for
WT1, with most of them showing grade 3+, whereas
only one PDSCC (2.6%) was focally positive (grade
1+) for WT1.

CK5/6

Twenty-six of 36 (72.2%) of SEMs and 37 of 38
(97.4%) of PDSCCs were positive for CK5/6. For both
tumours, the majority of cases showed diffuse and
strong immunoreactivity (grade 3+).

P40

Only two SEMs (5.6%) were positive for p40, and
staining was observed in an extremely confined area
(grade 1+). In contrast, 36 of 38 PDSCCs (94.7%)
were positive for p40, and most cases showed diffuse
and strong immunoreactivity (grade 3+).

Table 2. Immunohistochemical findings for solid epithelioid mesothelioma (SEM) and poorly differentiated squamous cell

carcinoma (PDSCC) for various antibodies

SEM staining grade

PDSCC staining grade

Marker SEM, 1 (%) 0 1+ 2+ 3+ PDSCC, n (%) 0 1+ 2+ 3+
Calretinin 33/36 (91.7) 3 0 2 31 15/38 (39.5) 23 7 4 4
D2-40 35/36 (97.2) 1 3 2 30 23/38 (60.5) 15 5 12 6
WT1 26/36 (72.2) 10 5 3 18 1/38 (2.6) 37 1 0 0
CK5/6 26/36 (72.2) 10 5 6 15 37/38 (97.4) 1 2 6 29
p40 2/36 (5.6) 34 2 0 0 36/38 (94.7) 2 0 4 32
p63 6/36 (16.7) 30 5 0 1 37/38 (97.4) 1 1 2 34
CEA 0/36 (0) 36 0 0 0 35/38 (92.1) 3 14 13 8
ERA 12/36 (33.3) 24 8 3 1 34/38 (89.5) 4 5 11 18
Claudin-4 2/36 (5.6) 34 2 0 0 35/38 (92.1) 3 3 17 15
TTF-1 0/36 (0) 36 0 0 0 5/38 (13.2) 33 5 0 0
Napsin A 0/36 (0) 36 0 0 0 3/38 (7.9) 35 3 0 0

CEA, carcinoembryonic antigen; CK, cytokeratin; ERA, epithelial-related antigen; TTF-1, thyroid transcription factor-1; WT1, Wilms' tumour

gene product.

The grade of immunoreactivity was semiquantified as follows: 0, 0% positive cells or trace staining; 1+, 1-10% positive cells; 2+, 11-50%

positive cells; 3+, >51% positive cells.

© 2016 John Wiley & Sons Ltd, Histopathology



Figure 2. Representative
immunohistochemical staining
panel for solid epithelioid
mesothelioma. The
mesothelioma cells showed
positivity for calretinin
(nuclear) (A), D2-40
(membranous) (B), and Wilms’
tumour gene product (nuclear)
(C), but were negative for
carcinoembryonic antigen (D),
p40 (E), and claudin-4 (F).

P63

Six of 36 SEMs (16.7%) were positive for p63, and
most of them showed staining in an extremely con-
fined area (grade 1+). However, one SEM showed dif-
fuse and strong immunoreactivity (grade 3+). In
contrast, 37 of 38 PDSCCs (97.4%) were positive for
p63, and most of them showed diffuse and strong
immunoreactivity (grade 3+).

CEA

None of the SEMs were positive CEA. In contrast,
92.1% of PDSCCs were positive for CEA. However, in
the majority of the CEA-positive PDSCCs, staining was
limited to <50% of the tumour cells (grades 1+ and 2+).

ERA

Approximately 33.3% of SEMs and 89.5% of PDSCCs
were positive for ERA. In the majority of the ERA-

© 2016 John Wiley & Sons Ltd, Histopathology
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positive SEMs, staining was limited to <50% of the
tumour cells (grades 1+ and 2+). In contrast, approx-
imately half of the ERA-positive PDSCCs showed
diffuse and strong immunoreactivity (grade 3+).

CLAUDIN-4

Only two SEMs (5.6%) were positive for claudin-4,
and staining was observed in an extremely confined
area (grade 1+). In contrast, 35 of 38 PDSCCs
(92.1%) were positive for claudin-4, and, in most of
them, staining was observed in >10% of the tumour
cells (grade 2+ or 3+).

TTF-1 AND NAPSIN A

None of the SEMs were positive for TTF-1 or napsin
A; five PDSCCs that were positive for TTF-1 and three
PDSCCs that were positive for napsin A showed focal
immunoreactivity (grade 1+).
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SENSITIVITY, SPECIFICITY, PPVS, NPVS AND

DIAGNOSTIC ACCURACIES OF EACH ANTIBODY
FOR DIFFERENTIAL DIAGNOSIS BETWEEN SEM
AND PDSCC

The sensitivity, specificity, PPVs, NPVs and diagnostic
accuracies of each marker and combination of two
markers for the differential diagnosis between SEM
and PDSCC are shown in Tables 3-5.

For SEM, WT1 as a positive marker and p40, p63,
CEA and claudin-4 as negative markers showed rela-
tively high diagnostic accuracy (>80%). Among the
11 antibodies evaluated, that for CEA showed the
highest sensitivity, NPV and diagnostic accuracy
(Table 3).

Among the combinations of two markers, the com-
bination of calretinin and WT1 (both calretinin posi-
tivity and WT1 positivity) showed the highest
specificity, PPV and diagnostic accuracy as a positive
marker (Table 4), and the combination of p40 and
CEA (both p40 negativity and CEA negativity)

Figure 3. Representative
immunohistochemical staining
panel for poorly differentiated
squamous cell carcinoma. The
carcinoma cells were positive
for calretinin (nuclear) (A),
D2-40 (membranous) (B),
carcinoembryonic antigen
(cytoplasmic) (D), p40
(nuclear) (E), and claudin-4
(membranous) (F), but
negative for Wilms’ tumour
gene product (C).

showed the highest specificity, PPV and diagnostic
accuracy as a negative marker (Table 5).

Discussion

Here, we used various commercially available mark-
ers to differentiate SEM with a solid growth pattern
from PDSCC showing minimal or no keratinization,
and attempted to identify the best antibody panel for
differentiating SEM and PDSCC, with their pitfalls in
interpretation. We found that WT1 had the highest
diagnostic accuracy as a positive marker, and that
CEA, p40, p63 and claudin-4 showed high diagnostic
accuracies as negative markers (>90%).

Wilms' tumour gene product encodes a zinc-finger
transcription factor that controls the expression of
many growth factors and their receptors.”> Nuclear
immunoreactivity for WT1 has been reported in
43-100% of EMs,>*222° whereas it is negligibly
expressed in pulmonary ACs and SCCs.?*2'2327 In

© 2016 John Wiley & Sons Ltd, Histopathology
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Table 3. Sensitivity, specificity, positive predictive values (PPVs), negative predictive values (NPVs) and diagnostic accura-
cies of each antibody for the differential diagnosis between solid epithelioid mesothelioma and non-keratinizing squamous

cell carcinoma

Diagnostic
Immunohistochemical findings Sensitivity (%) Specificity (%) PPV (%) NPV (%) accuracy (%)
Calretinin-positive 91.7 60.5 68.8 88.5 75.7
D2-40-positive 97.2 39.5 60.3 93.8 67.6
WT1-positive 72.2 97.4 96.3 78.7 85.1
CK5/6-positive 72.2 2.6 413 9.1 36.5
p40-negative 94.4 94.7 94.4 94.7 94.6
p63-negative 83.3 97.4 96.8 86.0 90.5
CEA-negative 100 921 923 100 95.9
ERA-negative 66.7 89.5 85.7 73.9 78.4
Claudin-4-negative 94.4 92.1 91.9 94.6 93.2
TTF-1-negative 100 13.2 52.2 100 55.4
Napsin A-negative 100 7.9 50.7 100 52.7

CEA, carcinoembryonic antigen; CK, cytokeratin; WT1, TTF-1, thyroid transcription factor-1; Wilms' tumour gene product.

Table 4. Sensitivity, specificity, positive predictive values (PPVs), negative predictive values (NPVs) and diagnostic accura-
cies of combinations of two positive markers for the differential diagnosis between solid epithelioid mesothelioma and

non-keratinizing squamous cell carcinoma

Sensitivity Specificity Diagnostic
Combination of two markers (%) (%) PPV NPV accuracy
Calretinin-positive and D2-40- 88.9 73.7 76.2 87.5 81.1
positive
Calretinin-positive or D2-40-positive 100 263 56.3 100 62.2
Calretinin-positive and WT1-positive 72.2 100 100 79.2 86.5
Calretinin-positive or WT1-positive 91.7 57.9 67.3 88 74.3
D2-40-positive and WT1-positive 72.2 97.4 96.3 78.7 85.1
D2-40-positive or WT1-positive 97.2 395 60.3 93.8 67.6

WT1, Wilms' tumour gene product.

this study, although the sensitivity of WT1 (72.2%)
was the lowest among the positive markers, its high
specificity (97.4%) and the fact that it showed the
highest diagnostic accuracy (85.1%) among three
positive markers (calretinin, D2-40, and WT1) for dif-
ferentiating SEM from PDSCC led us to consider WT1
as the best positive marker. Previously, Ordonez et al.
had reported WT1 positivity in 93% (28 of 30 cases)
of the EMs studied.”® In this study, 72.2% of EMs

© 2016 John Wiley & Sons Ltd, Histopathology

tested positive for WT1, which is lower than the posi-
tivity percentage reported by Ordonez et al. Differ-
ences in the source of the primary antibody or
staining system might explain this discrepancy. The
positivity rate for WT1 in SEMs in this study was
similar to that observed in our previous studies on
EMs with a tubulopapillary pattern,”®?' indicating
that the WT1 positivity rate is not different between
tubulopapillary and solid EMs. Additionally, we
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Table 5. Sensitivity, specificity, positive predictive values (PPVs), negative predictive values (NPVs) and diagnostic accura-
cies of combinations of two negative markers for the differential diagnosis between solid epithelioid mesothelioma and non-

keratinizing squamous cell carcinoma

Diagnostic
Combination of two markers Sensitivity (%) Specificity (%) PPV (%) NPV (%) accuracy (%)
p40-negative and CEA-negative 94.4 100 100 95 97.3
p40-negative or CEA-negative 100 86.8 87.8 100 93.2
p40-negative and claudin-4-negative 91.7 100 100 92.7 95.9
p40-negative or claudin-4-negative 100 86.8 87.8 100 93.2
CEA-negative and claudin-4-negative 94.4 94.7 94.4 94.7 94.6
CEA-negative or claudin-4-negative 100 89.5 20 100 9%4.6

CEA, carcinoembryonic antigen.

detected positivity in the endothelium of blood vessels
in the same sections of SEM, which excludes the pos-
sibility of false-negative results.

Calretinin is a 29-kDa, calcium-binding protein
involved in calcium signalling, and is strongly
expressed in the neurons of the retina and sensory
pathways.”®?? Immunoreactivity for calretinin has
been reported in 55-100% of EM cases.’? In this
study, calretinin showed relatively high sensitivity
(91.7%) as a positive marker for SEM. However, the
specificity (60.5%) and diagnostic accuracy (75.7%)
were not sufficiently high, although the distribution
of the reactive grade in PDSCC was lower than that
in EM. Therefore, the utility of calretinin for differenti-
ation between SEM and PDSCC is limited. However,
the combination of calretinin and WT1 antibodies
would be helpful for elevating the low sensitivity of
WT1 (72.2%) for practical application and detection
of mesothelial origin. D2-40 is not useful for differen-
tiating SEM from PDSCC; although D2-40 showed the
highest sensitivity (97.2%) as a positive marker for
SEM, its specificity (39.5%) and diagnostic accuracy
(67.6%) were the lowest among the three positive
markers for mesothelioma (calretinin, D2-40, and
WT1).

p40 (ANp63), a non-transactivating isoform of
p63, is a squamous/basal-type biomarker.> p63 and
p40 are expressed in most SCCs, but are rarely
expressed in EMs; p40 shows higher sensitivity and
specificity than p63.°°2! In addition, Bishop et dl.
reported that p63 was expressed in various propor-
tions of ACs and large-cell lymphomas, and p40
showed much higher specificity for SCC.>? In this
study, both p40 and p63 showed high sensitivity,
specificity, and diagnostic accuracy, but the
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sensitivity and diagnostic accuracy of p40 were
higher than those of p63, suggesting that p40 is a
useful negative marker for distinguishing SEM from
PDSCC. However, a small number of EMs showed
positivity for p40 and/or p63 (most cases were
graded as 1+); this phenomenon must be kept in
mind when p40 is used in practical pathological
diagnosis.

Claudin-4 is a major component of tight junctions,
and is widely expressed in most epithelial and carci-
noma cells.>>3> Membranous immunoreactivity for
claudin-4 has been reported in 88-100% of carcino-
mas of various origins and in 0-29% of
EMs.?3:3%36:37 Therefore, claudin-4 is considered to
be a useful immunohistochemical marker for distin-
guishing EM from various carcinomas. In this study,
claudin-4 showed high sensitivity (94.4%), specificity
(92.1%), and diagnostic accuracy (93.2%), implying
that claudin-4 is a useful negative marker for distin-
guishing SEM from PDSCC.

Carcinoembryonic antigen was the first accepted
immunohistochemical marker for differentiating EM
from lung AC;*® because of its high sensitivity and
specificity, it is still considered to be one of the best
markers.>® Ordonez reported that CEA is also useful
for differentiating EM from lung SCC.?* In this study,
CEA showed the best sensitivity (100%) and diagnos-
tic accuracy (95.9%) among all 11 evaluated mark-
ers, suggesting that CEA is the best negative marker
for distinguishing SEM from PDSCC.

Ordnez et al. and the IMIG2012 update recommend
MOC31 (ERA) as a negative marker (positivity rate:
EM, 2-10%; SCC, 97-100%).'7?* However, on the
basis of the results of the present study, we cannot
recommend the use of MOC31 as a negative maker

© 2016 John Wiley & Sons Ltd, Histopathology



(positivity rate: EM, 33.3; SCC, 89.5). This discrep-
ancy may be attributable to the different clones of
antibodies and differences in the antigen detection
systems used.

The IMIG2012 guideline recommended considera-
tion of two mesothelial and two carcinoma markers,
on the basis of morphology at initial workup,'” and
the new WHO classification recommends calretinin,
CK5/6, WT1 and D2-40 as the best mesothelial
markers.” However, the choice of markers for differ-
entiating SEM from poorly differentiated non-small
cell carcinoma requires attention. Calretinin, D2-40
and CK5/6 are useful mesothelial markers for differ-
entiating EM from AC. However, these markers are
not useful for distinguishing SEM from PDSCC,
because of their low sensitivity or specificity. There-
fore, when two of these three markers are chosen as
mesothelial markers, there is some possibility of mis-
diagnosing PDSCC as SEM. Similarly, although TTF-1
and napsin A are useful carcinoma markers for differ-
entiating EM from pulmonary AC, they are not useful
for differentiating EM from SCC. Therefore, the use of
TTF-1 and napsin A as carcinoma markers may also
lead to misdiagnosis of PDSCC as SEM.

In this study, the combination of calretinin and
WT1 showed the highest diagnostic accuracy as a
positive marker panel, and the combination of p40
and CEA showed the highest diagnostic accuracy
(97.3%) as a negative marker panel. From these
results, the combination of calretinin, WT1, p40 and
CEA seems to be the best immunohistochemical mar-
ker panel for distinguishing SEM from PDSCC. How-
ever, when p40 is chosen as one of the carcinoma
markers, there is some possibility of misdiagnosing
solid AC as SEM, because p40 is rarely expressed in
AC.*°32 In contrast, claudin-4 is widely expressed in
both AC and SCC,*>*>*° and the diagnostic accuracy
of the combination of CEA and claudin-4 (94.6%)
was comparable to that of p40 and CEA (97.3%). On
the basis of these considerations, claudin-4 should be
used as a carcinoma marker instead of p40, in the
histopathological differential diagnosis of pleural
tumours consisting of solid, sheet-like or cord-like
proliferations of epithelioid cells, which require differ-
entiation from PDSCC or solid AC.

In conclusion, we conducted immunohistochemical
analyses for differentiating SEM from PDSCC, using
11 commercially available antibodies. On the basis of
our results, we recommend the use of a combination
of WT1 and calretinin as a positive maker, and a
combination of CEA and claudin-4 as a negative mar-
ker, to overcome the weaknesses of the individual
markers to some extent. In the future, there should

© 2016 John Wiley & Sons Ltd, Histopathology
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be an emphasis on the identification and utilization of
new markers, especially mesothelial-specific positive
markers.
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Abstract

Purpose The treatment outcome in elderly patients with
limited-disease small-cell lung cancer (LD-SCLC) remains
poor. We carried out a phase II trial of split topotecan and
cisplatin (TP) therapy and sequential thoracic radiotherapy
for elderly LD-SCLC patients as a follow-up to our previ-
ous phase I trial.

Methods 1In total, 30 patients aged 76 years or older, with
untreated LD-SCLC were enrolled. Four courses of topote-
can (1.0 mg/m?, days 1-3) and cisplatin (20 mg/m?, days
1-3) were administered, followed by thoracic radiotherapy
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(1.8 Gy/day, total of 45 Gy). The primary end point was the
overall response rate (ORR).

Results The trial was terminated early with 22 patients
because of slow accrual. Their median age was 79 years.
The median number of courses of chemotherapy adminis-
tered was three, and the actual completion rate of the entire
treatment course was 41 %. The ORR was 68 % with a
95 % confidence interval of 47-89 % (15/22 cases). The
median progression-free survival and overall survival were
9.1 and 22.2 months, respectively. The main toxicity was
myelosuppression, with grades 3—4 neutropenia (96 %),
thrombocytopenia (50 %), and febrile neutropenia (32 %).
Conclusions This regimen produced a favorable survival
outcome, despite moderate-to-severe toxicity profiles.
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Further efforts are necessary to define an optimal regimen
for elderly patients with limited SCLC.

Keywords Lung cancer - Elderly patient - Chemotherapy -
Topotecan

Introduction

The standard treatment for patients with limited-disease
small-cell lung cancer (LD-SCLC) is a combination of
early concurrent twice-daily thoracic radiotherapy (TRT)
and chemotherapy, consisting of etoposide (ETP) and cis-
platin (CDDP) [1]. For extensive disease (ED)-SCLC,
chemotherapy consisting of CDDP and ETP (PE) [2, 3] or
CDDP and irinotecan (CPT-11) (PI) has widely been inves-
tigated [4].

However, elderly patients were excluded from these pre-
vious trials [4]. PE with early concurrent twice-daily TRT
in elderly patients was effective, but highly toxic [5]. A
combination of carboplatin and CPT-11 caused a high inci-
dence of diarrhea (grade 2 or greater: 40 % [6]). Also, a
combination of carboplatin and VP-16 is now often used
for elderly patients [7], but no standard regimen has been
established. Thus, there is ongoing need to further develop
treatment strategies for the elderly.

Topotecan (TOP) is a promising drug for relapsed SCLC
patients. TOP monotherapy produced better survival than
best supportive care in a phase III trial [8]. In previously
untreated SCLC patients, TOP monotherapy showed a
39 % overall response rate (ORR) [9]. Non-hematological
toxicities were mild. In particular, diarrhea, which is the
dose-limiting toxicity (DLT) of CPT-11, is reportedly rare
[10, 11]. However, its utility in a first-line setting in the
elderly remains unclear.

In a prior phase I trial, we demonstrated the safety
profile of split TOP and CDDP (TP) therapy; the DLTs
were febrile neutropenia (FN), persistent neutropenia,
hyponatremia, and hepatic toxicity [12]. In that study, the
ORR was 60 % in LD-SCLC patients and 55 % in ED-
SCLC patients, with median survival times of 16.0 and
11.0 months, respectively. Based on these findings, we
subsequently conducted a phase II trial of split TP therapy,
with the primary end point of ORR and secondary end
points of 1-year survival rate and toxicity.

Patients and methods
Eligibility

The eligibility criteria are listed in Supplemental Table 1.
The baseline pretreatment evaluations included a complete

@ Springer

history, physical examination, laboratory tests, a chest
radiograph, computed tomography (CT) scans of the chest
and abdomen, bronchoscopy, magnetic resonance imag-
ing of the brain, and a radionuclide bone scan, if medically
indicated.

Written informed consent was obtained from each
patient before any screening or inclusion procedure. This
study was conducted in compliance with the principles of
the Declaration of Helsinki. The protocol was approved
by the institutional review board of each participating
institution.

Treatment schedule

The dose and schedule of the investigational regimen were
intended to be the same as in the phase I trial [12]. TOP
(1 mg/m?, days 1-3), diluted in 100 mL of physiological
saline, was administered intravenously for 30 min on days
1-3. After completion of the TOP infusion, CDDP (20 mg/
m?, days 1-3), diluted in 300 mL of physiological saline,
was administered intravenously over 1 h on the same days.
The treatment was repeated every 3 weeks until PD or a
maximum of four cycles. Each patient was pre-medicated
with dexamethasone and 5-HT3 inhibitor.

Initiation of the next cycle of chemotherapy was delayed
until recovery of the white blood cell count to >3000/mm°,
the neutrophil count to >1500/mm?>, the platelet count to
>10 x 10¥%mm?>, hemoglobin to >8.0 g/dL, and serum cre-
atinine to <1.5 mg/dL. If grade 4 leukopenia, neutropenia,
or FN was noted, the use of granulocyte colony-stimulating
factor (G-CSF) was permitted.

Patients with LD-SCLC received thoracic irradiation at a
total of 45 Gy in 25 fractions after the completion of chem-
otherapy. Prophylactic cranial irradiation was not planned.

Assessments of toxicity and antitumor activity

All toxicities were graded according to National Cancer
Institute Common Terminology Criteria for Adverse Events
(ver. 2). The standard Response Evaluation Criteria in Solid
Tumors (ver. 1) was used to evaluate responses. A CT scan
to assess target and nontarget lesions was designed to be
done every 3 weeks during treatment. After the planned
treatment, a CT scan was done at least every 6 months.

Statistical considerations

The efficacy of this combination therapy was assessed sep-
arately for LD- and ED-SCLC. In the LD group, assum-
ing that an ORR of 90 % in eligible patients would indi-
cate potential utility, whereas a rate of 70 % would be the
lower limit of interest, with « = 0.05 and 1 — 8 = 0.8, and
the estimated accrual number was 30 patients. An interim
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Table 1 Clinical demographics of the 22 patients with LD-SCLC

Age, years (median, range) 79 (76-84)

Gender (male/female) 19 (86 %)/3 (14 %)

Staging (I/IV/IITA/IIIB) 3 (14 %)/3 (14 %)I7 (32 %)/9
41 %)

ECOG PS (0-1/2)
Smoking (never/ever)

20 (91 %)/2 (9 %)
4 (18 %)/18 (82 %)

Median Charlson score (range) 3(2-6)

LD-SCLC limited-disease small-cell lung cancer, ECOG Eastern
Cooperative Oncology Group, PS performance status

analysis was preplanned, so that the regimen would be
rejected if 19 or fewer of the first 23 patients had an objec-
tive response with Simon’s minimax design. The primary
end point would be considered to be met if 22 or more
patients had an overall response at the final analysis.

In the ED group, assuming that an ORR of 85 % would
indicate potential utility, whereas a rate of 60 % would be
the lower limit of interest, with « = 0.05and 1 — 8 = 0.8,
and the estimated accrual number was 25 patients. This
regimen would be rejected if three or fewer of the first five
patients showed an objective response. The primary end
point would be considered to be met if 18 or more patients
had an overall response at the final analysis.

Results
Patient characteristics
Enrollment in this study began in December 2004. In the

ED group, the trial was terminated at the time of the interim
analysis for ED-SCLC (performed in 2007) because only

Fig. 1 Study flow. TRT thoracic

three of the first five patients had an objective response
(Supplemental Table 2). Therefore, further investigations
were not evaluated in ED group. For LD-SCLC patients,
the trial was also terminated early with 22 of the planned
30 patients because of slow accrual. The demographics of
the 22 patients are listed in Table 1. The median age was
79 years (range 76—84), and 86 % of the patients were male
(19/3). Most patients were ever smokers (82 %) had a per-
formance status of 0—1 (91 %) and had a median Charl-
son score of 3 (range 2—6). Treatment delivery is shown in
Fig. 1. Ultimately, 9 of 22 (41 %) patients completed the
planned treatment.

Efficacy

With an intention to treat analysis, the ORR was 68 %
(15/22, 95 % confidence interval [CI] 47-89 %) with
no complete response; this did not meet the primary end
point. The disease control rate, defined as the percentage of
patients with partial responses and stable disease, was 77 %
(95 % CI 58-96 %; Table 2).

For the survival analysis, with a median follow-up time
for surviving patients of 17.9 months, 19 (86 %) patients
experienced disease progression or died. The median pro-
gression-free survival (PFS) was 9.1 (95 % CI 4.7-14.9)
months (Fig. 2a), and the median overall survival (OS) was
22.2 (95 % CI 9.8-35.4) months (Fig. 2b). The 1-year sur-
vival rate was 72 % (95 % CI 49-87 %).

Toxicity
We assessed toxicity in 22 patients. The main grade 3

or 4 toxicities are listed in Table 3. The most common
adverse event was neutropenia (96 %, 21/22), followed

*Median number of chemotherapy courses: 3

radiotherapy, AE adverse event,

Assessed for eligibility (n = 22)

*Patients who needed any dose reduction in

MOF multiple organ failure
l the planned cycies: 11 {50%)
Received chemotherapy”
{n=22)
9 patients left this study.
Disease progression: S
AE: 3
v neutropenia: 1
N pneumonitis: 1
Received TRT MOF: 1
{n=13) Patient’ wish: 1
4 patients left this study.
Disease progression: 1
v AE: 2
Completed TRT radiation pneumonitis: 1
— fatigue: 1
(n 9) Patient’ wish: 1
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Table 2 Overall response rate (n = 22)

Table 3 Adverse events (n = 22)

No. of patients %

Response rate 15 68
Disease control rate 17 77

Partial response 15 68

Complete response 0

Stable disease 2 9

Progressive disease 4 18

Not evaluated 1 4.5

Disease control rate was defined as the proportion of partial response,
complete response, and stable disease
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Fig. 2 a Progression-free survival curve (n = 22). b Overall survival
curve (n = 22)

by thrombocytopenia (50 %, 11/22), and anemia (36 %,
8/22). These hematological adverse events were tolerable
with an appropriate treatment or dose reduction of the
protocol treatment. Other common adverse events were
FN (32 %, 7/22), pneumonitis (18 %, 4/22), and nausea
(14 %, 3/22). One treatment-related death during cycle 4
was observed, due to multiple organ failure, followed by
hepatotoxicity.
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Toxicity No. of patients

Grades Any grades 3 4 5
Hematological

Neutropenia 22(100%) 5@23%) 16(73%) 00 %)
Thrombocytopenia 18 (82 %) 7032%) 4(18%) 00 %)
Anemia 17 (77 %) 732%) 145%) 00 %)
Non-hematological

Febrile neutropenia 7 (32 %) 73B2%) 00 %) 0(0 %)
Creatinine elevation 5 (23 %) 145%) 00 %) 0(0 %)
AST/ALT increased 10 (45.5 %) 0 (0 %) 0(0 %) 1(5 %)
Nausea/vomiting 12 (54 %) 3(13%) 00 %) 0(0 %)
Diarrhea 6 (27 %) 0 (0 %) 0(0 %) 0(0 %)
Esophagitis 8 (36 %) 0(0 %) 0(0 %) 0 (0 %)
Pneumonitis 11 (50 %) 4 (18 %) 0(0 %) 0 (0 %)

Subsequent treatments

At the time of the analysis, 17 (77 %) patients showed
recurrence, 7 (41 %) developed distant metastases, 8
(47 %) had loco-regional disease, and 2 (12 %) devel-
oped both loco-regional disease and distant metastases.
Brain metastases were observed in 2 patients (12 %). Of
the 17 patients, 13 (76 %) received subsequent treatment
(Table 4).

Response and survival stratified by clinical factors

The efficacy stratified by several clinical factors is shown
in Supplemental Table 3. No significant difference in ORR
or survival time was evident between the groups.

Discussion

We conducted a phase II trial of split TP therapy in elderly
SCLC patients. In the ED group, the ORR was 68 %,
which did not meet the primary end point. The survival
outcome was somewhat favorable with a median PFS time
of 9.1 months and median OS of 22.2 months, but moder-
ate-to-severe toxicities were observed with one treatment-
related death, leading to a low completion rate of the whole
treatment (41 %).

Regarding ORR (the primary end point), it did not sat-
isfy the preplanned criterion. Although this study was ter-
minated early, the registered number of 22 patients was
sufficient to determine whether the ORR did meet the end
point in the interim analysis. The ORR of 68 % in this
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Table 4 Subsequent treatments (n = 17)

Chemotherapy 7 (41 %)
CBDCA + ETP 4
CPT-11 + AMR 1
ETP 1
AMR 1

Chemotherapy + TRT 4 (24 %)
AMR followed by TRT 2
CBDCA + ETP followed by TRT 1
ETP + TRT 1

Palliative RT 2 (12 %)

Best supportive care 4 (24 %)

CBDCA carboplatin, ETP etoposide, CPT-11 irinotecan, AMR amru-
bicin, TRT thoracic radiotherapy, RT radiotherapy

phase II trial was consistent with our phase I trial result—2
of 3 (67 %) patients at the recommended dose responded
to treatment [12]. This reproducibility suggests that the
current negative result was attributable simply to the pre-
defined statistical consideration that was too strict in this
phase II trial, and, possibly, to the moderate-to-severe
toxicity profile and low completion rate of the planned
treatment.

The median survival time of 22.2 months was favorable.
It was not inferior to those noted in previous trials (Supple-
mental Table 4) [6, 7, 13, 14]. This was partly attributable to
the high proportion of subsequent treatment after progres-
sion. This might mean that TP therapy is a regimen that can
easily be transitioned to a subsequent treatment. Another
reason might be patient selection; in fact, the median Charl-
son score was 3, meaning that the patients who participated
in this trial were in good general condition.

In terms of safety, the main toxicity was myelosuppres-
sion, especially neutropenia (Table 3). Thus, several of the
toxicities that occurred with this regimen may be prevent-
able using prophylactic PEGylated G-CSF administration.
In fact, it can reduce the proportion of FN by 6-68 % [15,
16], and 6-22 % in elderly patients. In total, the toxicities
were more severe than those in previous trials, although
there was no severe diarrhea, which is an advantage of TOP
versus CPT-11 (Supplemental Table 4). Of note, severe
pneumonitis was observed in 4 (18 %) patients, while its
severity in TOP and radiotherapy has rarely been reported.
The reason for this high proportion is unclear, but it might
be due to patient selection. Careful patient follow-up is
needed with our regimen, even though there was no treat-
ment-related death due to pneumonitis.

This study has several limitations. The time period
of accrual was too long, and factors other than the inves-
tigational regimen itself potentially affected the out-
come, including the starting situation and any change in

supportive care. Unfortunately, we could not obtain infor-
mation about the actual number of patients who underwent
a positron emission tomography scan. Also, we did not
have detailed information as to how large the volume of
lung receiving at least 20 Gy (V20) was and how the radio-
therapy field was set in each patient, although these might
have affected the efficacy, including PFS and OS. Thus,
our results should be interpreted cautiously. Furthermore,
we did not have any biomarker of this regimen for efficient
patient selection, as is often the case with other cytotoxic
agents.

In summary, split TP therapy and sequential thoracic
radiation therapy did not meet the primary outcome crite-
ria, with moderate-to-severe toxicities. The regimen is not
useful and further efforts are necessary to define an optimal
regimen for elderly patients with limited SCLC.
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