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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.
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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 30–40 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 

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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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, 

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. c 
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
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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, 

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 

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. c Irregular interlobar pleura: Tuberous 

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
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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 
30–40 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 

Fig. 3   Procedures used to 
select computed tomography 
images of the cases with pleural 
mesothelioma

Table 1   CT images at the 
time of the diagnosis of pleural 
mesothelioma and pleural 
findings from CT images at the 
time of the diagnosis pleural 
mesothelioma compared to the 
T classification system in 327 
cases

CT computed tomography, no. number

Pleural findings No irregularity Mild irregularity High irregularity Mass formation

No. of cases 7 53 140 127

Percentage 2 16 43 39

T1–2 7 49 31 20

T3 0 4 89 58

T4 0 0 20 49
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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 N0), stage III, and stage IV 
tumors were 11.2  months (9.4–13.0  months), 7.9  months 

(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 

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

CT computed tomography, + positive, − negative

Epithelial Non-epithelial p value 
(χ2-test)

CT findings

 Asbestosis + 3 4 0.523

– 176 144

 Plaque + 119 94 0.575

– 60 54

 Rounded atelec-
tasis

+ 1 1 0.893

– 178 147

 Diffuse pleural 
thickening

+ 1 4 0.116

– 178 144

 Pleural effusion + 167 137 0.798

– 12 11

CT stages

 No irregularity 5 2 0.370

 Mild irregularity–mass 
formation

174 146

 No irregularity–mild 
irregularity

36 24 0.365

 High irregularity–mass 
formation

143 124

 No irregularity–high 
irregularity

75 52 0.212

 Mass formation 104 96
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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.
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