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Abstract
Background  We occasionally encounter malignant pleural mesothelioma (MPM) of no apparent tumor or pleural thickening 
that is radiological early MPM. This study aimed to examine the clinicopathological outcomes of radiological early MPM.
Methods  Patients with MPM treated with neoadjuvant chemotherapy and planned surgery at the time of diagnosis between 
July 2004 and December 2019 were retrospectively examined. Pretreatment maximal pleural thickness of all patients was 
measured on chest computed tomography. We extracted and investigated the patients who exhibited a lack of pleural thick-
ening or visible tumor, which was defined as radiological early MPM. Survival was analyzed by the Kaplan–Meier method.
Results  Of 296treated patients, 16 (5.4%) exhibited radiological early MPM. Fourteen (87.5%) of these patients underwent 
pleurectomy/decortication and 2 (12.5%) underwent extrapleural pneumonectomy. Pathological stage T1 disease was diag-
nosed in 14 (87.5%) patients; 2 (12.5%) exhibited pulmonary parenchymal invasion (pathological stage T2). Lymphatic 
invasion was detected in only 1 patient. Lymph node metastases and vascular invasion were not detected. Median follow-up 
was 42 months. Median progression-free survival and median overall survival were 40.7 and 56.1 months, respectively. The 
3-year progression-free survival and overall survival rates were 84.8% and 83.6%, respectively.
Conclusions  Radiological early MPM occurs in approximately 1 of every 20 patients treated with neoadjuvant chemotherapy 
and surgery planned at the time of diagnosis in an experienced center. Radiological early MPM was associated with early 
pathological stage and long-term survival.
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Abbreviations
MPM	� Malignant pleural mesothelioma
IASLC	� International Association for the Study of 

Lung Cancer
IMIG	� International Mesothelioma Interest Group
CT	� Computed tomography

PS	� Performance status
NAC	� Neoadjuvant chemotherapy
EPP	� Extrapleural pneumonectomy
P/D	� Pleurectomy/decortication
CE	� Contrast-enhanced
FDG-PET	� Fluorodeoxy-d-glucose positron emission 

tomography
OS	� Overall survival
PFS	� Progression-free survival
MSKCC	� Memorial Sloan–Kettering Cancer Center

Introduction

The current TNM staging system for malignant pleural mes-
othelioma (MPM) utilizes only anatomical descriptors of 
disease extent and invasion [1]. Preoperative clinical staging 
is challenging because MPM commonly has the unusual and 
unique growth pattern of pleural rind formation rather than 
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development from a concentrically enlarging primary lesion, 
as seen in most other malignancies [1, 2].

Pleural thickness has recently been considered a novel 
prognostic factor in MPM [1, 3]. Measuring pleural thick-
ness is useful and easy to perform without specific software 
or additional cost [3]. A recent analysis from the Interna-
tional Association for the Study of Lung Cancer (IASLC) 
database demonstrated the potential impact of pleural thick-
ness on survival in a large cohort of MPM patients, suggest-
ing further examination with regard to incorporation into 
future staging [1]. We previously reported that preopera-
tive pleural thickness was an independent prognostic fac-
tor in patients who underwent multimodal treatment [3]. In 
contrast, MPM patients with no apparent tumor or pleural 
thickening other than pleural effusion on chest computed 
tomography (CT) are occasionally encountered. Hasegawa 
et al. proposed this type of MPM as radiological early MPM 
or radiological T0 MPM [4]. To our knowledge, no study 
has examined outcomes associated with this type of MPM. 
In clinical practice, radiological early MPM or radiological 
T0 MPM belongs to clinical T1 disease.

Based on our experience, we hypothesized that radiologi-
cal early MPM has favorable clinicopathological outcomes. 
Early intervention may play a key role in improving prog-
nosis of MPM, similar to other malignancies [4]. Therefore, 
this study aimed to examine clinicopathological outcomes 
of radiological early MPM.

Materials and methods

Study design

We reviewed the medical records of patients who regis-
tered in the prospective MPM database of our hospital 
surgery program between July 2004 and December 2019. 
Database eligibility criteria were as follows: non-sarcoma-
toid histological subtype on pleural biopsy, clinical stage 
T1-3N0-1M0 (International Mesothelioma Interest Group 
(IMIG) and IASLC staging system, 8th edition [1, 5]), East-
ern Cooperative Oncology Group performance status (PS) 0 
or 1, and no major comorbidity. We excluded patients with 
missing radiological data.

Treatment protocol

All patients received neoadjuvant chemotherapy (NAC) 
with platinum plus pemetrexed for a total of three cycles. 
Tumor response was assessed after NAC using a modi-
fied version of the Response Evaluation Criteria in Solid 
Tumors [6]. Curative-intent surgery was planned for patients 
who achieved a tumor response assessed as stable disease 
or better within 2 months after completion of NAC. In our 

hospital, extrapleural pneumonectomy (EPP) was performed 
before September 2012. Pleurectomy/decortication (P/D) 
was introduced in September 2012 and has been the main 
operative treatment for MPM since. Adjuvant chemotherapy 
was performed within 12 weeks of P/D. Completion of adju-
vant chemotherapy was defined as having completed two 
or more cycles. Adjuvant high-dose hemithoracic irradia-
tion using intensity-modulated radiotherapy was performed 
within 12 weeks of EPP. A total dose of 54 Gy was delivered 
in 30 fractions at 1.8 Gy/day. The above treatment plans 
were performed as per previous reports [3, 7, 8].

Measurement of pretreatment pleural thickness

Pretreatment maximal pleural thickness of all patients was 
measured by two thoracic surgeons using thin-section con-
trast-enhanced (CE) chest CT as described in the IASLC 
mesothelioma staging project and our previous report [1, 3]. 
First, the hemithorax was divided into three zones (upper, 
middle, and lower) using axial thin sections. Zones were 
defined as follows: the upper zone extended from the apex 
of the lung to the inferior margin of the aortic arch; the mid-
dle zone included the pleura between the upper and lower 
zones; the lower zone included the first image on which the 
left atrium was seen and extended inferiorly. The preopera-
tive maximum pleural thickness perpendicular to the chest 
wall or mediastinum was measured at each of the three levels 
(Fig. 1). 

Definition of radiological early MPM, outcome 
evaluation

We extracted the patients who exhibited no pleural thick-
ening or tumor in any of the three zones on pretreatment 
CECT from the MPM database; these patients were defined 
as radiological early MPM.

Clinical data, including patient characteristics, operative 
reports, radiological findings, histopathology, and survival, 
were collected by chart review. Patients were followed up 
every 1 to 3 months after multimodality treatment using CT 
or fluorodeoxy-d-glucose positron emission tomography 
(FDG-PET)/CT. Disease relapse was treated appropriately 
according to patient condition and PS. Overall survival (OS) 
was calculated from the date of pathological diagnosis to 
the date of most recent follow-up or death. Progression-free 
survival (PFS) was calculated from the date of pathological 
diagnosis to the date of most recent follow-up or develop-
ment of progressive disease.

Statistical analysis

Analysis was based on data updated as of March 31, 2020. 
Survival analysis was performed using the Kaplan–Meier 
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method. All analyses were performed using JMP 14 software 
(SAS Institute Inc., Cary, NC, USA).

Ethics

The institutional review board of the Hyogo College of 
Medicine (No. 3537) approved the study on May 23, 2020, 
and written informed consent was obtained from all patients.

Results

Patient characteristics

Figure 2 shows the flowchart of the study. Three hundred 
consecutive MPM patients were eligible for multimodality 
treatment. We excluded four because of missing data; thus, 
the sample size was 296. Of 296 patients, 16 patients (5.4%) 
exhibited no pleural thickening or tumor on pretreatment 
chest CT, which was classified as radiological early MPM. 

All patients underwent NAC followed by curative-intent 
surgery.

Triggers initiating diagnostic procedures are summarized 
in Fig. 3. Among the 16 patients with radiological early 
MPM, seven patients exhibited some symptoms: 5 patients 
presented with dyspnea and 2 with chest pain. Of the nine 
patients who did not present with any symptoms, six patients 
exhibited abnormal chest shadow by medical checkup and 
three patients were found to have pleural nodules inciden-
tally during lung cancer resections. Except for these three 
patients, 13 patients exhibited pleural effusion and under-
went thoracentesis for analysis using the cell block tech-
nique, leading to the diagnosis of MPM. Finally, 15 patients 
underwent thoracoscopic pleural biopsy. One patients com-
pleted NAC without pleural biopsy at a previous hospital.

Characteristics of the 16 patients with radiological early 
MPM are shown in Table 1. Median age was 67 years (range 
51–79). Ten were men (62.5%) and most had PS 0 (93.8%). 
The tumor involved the left pleura in 10 patients (62.5%). 
The median maximum standardized uptake value on FDG-
PET/CT was 0 (range 0–7.2). There was no evidence of FDG 

Fig. 1   Measurement of pretreatment pleural thickness. The tho-
racic cavity was divided into 3 levels (upper, middle, and lower) (a). 
Pleural thickness was measured perpendicular to the chest wall or 
mediastinum at each of the 3 levels on axial computed tomography 

images; the double-headed arrow indicates the measurement of pleu-
ral thickness (b). A case of MPM unaccompanied by pleural thick-
ening or tumor in any of the 3 levels, classified as radiological early 
MPM (c). MPM, malignant pleural mesothelioma
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accumulation in nine patients. Two patients had a history of 
preoperative pleurodesis (Talc), and FDG-PET/CT revealed 
FDG accumulation (SUV max, 7) in the talcoma. There was 
mild FDG accumulation in five patients (SUV max, 1–3). 
All patients were clinical stage 1A. P/D was performed in 14 

patients (87.5%); 2 patients (12.5%) underwent EPP. Mac-
roscopic complete resection was achieved in all patients. 
Pericardium and diaphragm patch reconstructions were per-
formed in 2 (12.5%) and 4 (25.0%) patients, respectively. 
Median postoperative hospital stay was 29 days (range 
15–63). Although one patient required reoperation for empy-
ema, both 30- and 90-day mortality rates were 0%. Twelve 
patients (75.0%) completed adjuvant treatment. Of the 14 
patients who underwent P/D, 10 patients completed adjuvant 
chemotherapy, whereas 4 did not undergo adjuvant chemo-
therapy because of patient refusal (n = 3) and postoperative 
complication (interstitial pneumonia, n = 1). Two patients 
who underwent EPP completed adjuvant radiotherapy.

Pathological findings

Table 2 summarizes the pathological findings of the 16 
radiological early MPM patients. The pathological find-
ings were based on surgically resected pleura. There were 
no patients with localized MPM, and all the patients were 
diagnosed with diffuse MPM. All patients exhibited epi-
thelioid-type MPM. The most common histologic subtype 
was tubulopapillary (n=10, 62.5%), followed by trabecular 
(n=6, 37.5%). No patient exhibited micropapillary, solid, 
or pleomorphic subtype. Two patients (12.5%) exhibited 
pulmonary parenchymal invasion (pathological T2 stage). 
Fourteen patients (87.5%) exhibited pathological T1 stage; 
3 of these tumors were limited to the ipsilateral parietal 
pleura. No lymph node metastases were seen. In this 
regard, 14 patients (87.5%) were stage IA and 2 (12.5%) 
were stage IB. Lymphatic invasion was detected in only 
1 patient (6.3%). There was no case of vascular invasion. 

Fig. 2   Flowchart of the study. Among the 300 eligible patients, 4 
were excluded because of missing data. Sixteen patients exhibited 
unaccompanied by pretreatment pleural thickening or tumor on chest 
computed tomography, classifying as radiological early MPM. Of 
these, all patients completed neoadjuvant chemotherapy followed by 
curative-intent surgery. MCR, macroscopic complete resection; MPM, 
malignant pleural mesothelioma

Fig. 3   Triggers initiating 
diagnostic procedures. Of the 
16 patients with radiological 
early MPM, 7 presented with 
some symptoms. Six patients 
exhibited abnormal chest 
shadow by medical checkup, 
and three patients were found to 
have pleural nodules inci-
dentally during lung cancer 
resection. Thirteen patients 
exhibited pleural effusion and 
underwent thoracentesis for 
further analysis using the cell 
block technique, leading to the 
diagnosis of MPM. Finally, 15 
patients underwent thoraco-
scopic pleural biopsy. One 
patient had completed NAC 
without pleural biopsy at a pre-
vious hospital. MPM, malignant 
pleural mesothelioma
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Port site infiltration occurred in7 patients (43.8%). Median 
p53 and MIB-1 labeling indices were6.5 (range 0–80) and 
3 (range 1–16), respectively.

Survival and progression‑free survival

Among the 16radiological early MPM patients, median fol-
low-up was 42 months (range 8–77). Seven patients (43.8%) 
experienced recurrence. Recurrence was local in 4 patients 
(57.1%), distant in 2 (28.6%), and both local and distant in 
1 (14.3%). The most common pattern of local recurrence 

Table 1   Characteristics of patients with radiological early MPM

COPD, chronic obstructive pulmonary disease; EPP, extrapleural pneumonectomy; FEV1, forced expiratory volume in 1 second; IMIG, Inter-
national Mesothelioma Interest Group; MPM, malignant pleural mesothelioma; P/D, pleurectomy/decortication; SUVmax, standardized uptake 
value

Characteristics Patients with radiological early MPM
(N=16)

Median age, years (range) 67 (51–79)
Sex
 Male 10 (62.5%)
 Female 6

Laterality
 Right 6
 Left 10 (62.5%)

Clinical T classification (IMIG 8th edition)
 T1 16 (100%)

Clinical N classification (IMIG 8th edition)
 N0 16 (100%)
 Median SUVmax (range) 0 (0–7.2)
 FEV1, mL (mean ± SD) 2436 ± 748
 FEV1% (mean ± SD) 79.1 ± 5.7
 COPD 1

Surgical procedure
 P/D 14 (87.5%)
 EPP 2
 Operation time, min, median (range) 453 (362–930)
 Blood loss, g, median (range) 735 (306–1620)
 Macroscopic complete resection 16 (100%)

Patch reconstruction
 Pericardium 2 (12.5%)
 Diaphragm 4 (25.0%)
 Median postoperative hospital stay, days, (range) 29 (15–63)
 Reoperation 1
 30-day mortality 0

Adjuvant treatment
 Complete 12 (75.0%)
 Incomplete 4

Recurrence
 Present 7
 Absent 9 (56.3%)

Initial recurrence pattern
 Local 4
 Distant 2
 Both (local + distant) 1
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(n=5) was pleural thickening (n=4), followed by chest wall 
mass (n=1). In contrast, the most common pattern of distant 
recurrence (n= 3) was peritoneal dissemination (n=2), fol-
lowed by contralateral intrapulmonary metastasis (n=1). Of 
the 6 patients who died, 1 died without evidence of tumor 
recurrence. Kaplan–Meier curves for OS and PFS are shown 
in Fig. 4. The 2- and 3-year OS rates were 92.9% and 83.6%, 
respectively (median OS, 56.1 months). Both2- and 3-year 
PFS rates were 84.8% (median PFS, 40.7 months).

Representative radiological early MPM patient

A representative study patient is described here to highlight 
the potential clinical importance of radiological early MPM. 
A 61-year old man was diagnosed with left epithelioid-type 

MPM on thoracoscopic pleural biopsy. No apparent tumor 
was macroscopically visible at thoracoscopy (Fig. 5a). On 
preoperative CECT, the patient exhibited only a left pleu-
ral effusion unaccompanied by pleural thickening or vis-
ible tumor (Fig. 5b). P/D was performed and the patient’s 
postoperative course was uneventful. The resected speci-
men showed normal pleural thickening of the parietal and 
visceral pleura (Fig. 5c). Histopathological examination 
showed epithelioid-type MPM limited to the ipsilateral 
pleura (Fig. 5d); no evidence of lymph node metastasis was 
seen and lymphatic invasion and vascular invasion were not 
detected. The p53 and MIB-1 labeling indices were 3 and 7, 
respectively. The patient has remained recurrence-free for 3 
years after diagnosis.

Discussion

This study showed three important findings regarding radio-
logical early MPM. First, radiological early MPM occurred 
in 16 of 296 patients (5.4%) treated with NAC and surgery 
that was planned at the time of diagnosis in an experienced 
center. Second, radiological early MPM was associated 
with early pathological stage: Among the 16 patients, 14 
exhibited pathological T1 stage. Lymph node metastases and 
vascular invasion were not seen, and lymphatic invasion was 
detected in only one patient. Third, radiological early MPM 
stage was associated with good OS and PFS. To our knowl-
edge, this is the first study to demonstrate clinicopathologi-
cal outcomes for radiological early MPM.

MPM is an aggressive tumor that frequently recurs after 
treatment [9]. However, early diagnosis and intervention 
may provide a better prognosis. In fact, MPM patients who 
undergo multimodality treatment in the early stages of dis-
ease have improved survival [7, 8, 10–12]. Several previous 
reports have found that patients with radiologically undetect-
able MPM survive longer [13, 14]. Hasegawa et al. proposed 
that radiological early MPM or radiological T0MPMbe 
defined as MPM unaccompanied by pleural thickening 
or tumor visible on chest CT [4]. According to the IMIG/
IASLC staging system, 8th edition, T0 indicates no evidence 
of primary tumor; however, the details are unclear [1, 5]. 
In clinical practice, radiological early MPM or radiological 
T0 MPM belongs to clinical T1 disease. We hypothesized 
that radiological early MPM has favorable outcomes and 
retrospectively examined the clinicopathological features of 
this disease.

The frequency of radiological early MPM is not well 
documented in the literature. A retrospective cohort study 
in Japan assessed the CT findings of 327 patients with MPM 
classified into four stages: no irregularity, mild irregular-
ity, high irregularity, and mass formation. No irregularity 
indicated that no pleural thickening was found or that the 

Table 2   Pathological findings at surgery in patients with radiological 
early MPM

IMIG, International Mesothelioma Interest Group; MPM, malignant 
pleural mesothelioma.

Characteristics Patients with radio-
logical early MPM 
(N =16)

Histology
 Epithelioid 16

Histological subtypes of epithelioid MPM
 Tubulopapillary 10
 Trabecular 6

Pathological stage (IMIG 8th edition)
 1A 14
 1B 2

Pathological T classification (IMIG 8th edition)
 T1 14
 T2 2

Visceral pleural invasion
 Absent 3
 Present 13

Pathological N classification (IMIG 8th edi-
tion)

 N0 16
Lymphatic invasion
 Absent 15
 Present 1

Vascular invasion
 Absent 16
 Present 0

Infiltration to the port site
 Absent 9
 Present 7
 p53 (%), median (range) 6.5 (0–80)
 MIB-1 (%), median (range) 3 (1–16)
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thickening was ≤ 3 mm with no irregular surface. Of the 
327 patients, only 7 (2.1%) were classified as no irregular-
ity [15]. In contrast, another retrospective cohort study in 
Canada reviewed the CT findings of 92 patients with MPM; 
while all patients had pleural thickening, there was no case 
of radiological early MPM [16]. Based on these reports, 
there might be regional differences in frequency of radiolog-
ical early MPM. We found a 5.4% frequency in a population 
of patients from Japan; however, unlike previous studies, 
our study included only patients with radiologically normal 
pleura who had curative-intent surgery planned at diagnosis.

Our results indicate that radiological early MPM was 
associated with early pathological stage. A previous retro-
spective cohort study at Memorial Sloan-Kettering Cancer 
Center (MSKCC) reported pathological findings of 232 
patients with epithelioid MPM [17]:14patients (6%) were 
stage I, 54 (23%) were stage II, 130 (56%) were stage III, 
and 34 (15%) were stage IV (based on the 7th edition TNM 
staging system). The most common histologic subtype was 
solid (38%), followed by tubulopapillary (22%), trabecu-
lar (16%), pleomorphic (15%), and micropapillary (9%). 
Lymph node metastases were detected in 40% of patients, 
lymphatic invasion in 33%, and vascular invasion in 23%. 
The trabecular and tubulopapillary subtypes were associated 
with less lymphatic and vascular invasion. Taken together, 
early-stage (stage I–II) patients with trabecular and tubu-
lopapillary subtypes had a significantly favorable median 
OS compared with pleomorphic and micropapillary sub-
types (26.7 months and 33.7 months vs 14.7 months and 

15.0 months, respectively) [17]. The histologic subtypes 
represented in our study were tubulopapillary (62.5%) or 
trabecular (37.5%), which have more favorable outcome; 
micropapillary, solid, and pleomorphic subtypes were not 
represented, in contrast to the MSKCC study. In addition, no 
patient in our study exhibited lymph node metastasis or vas-
cular invasion, and lymphatic invasion was detected in only 
1. Furthermore, most patients had low p53 and MIB-1 labe-
ling indices. These results are consistent with the MSKCC 
study in that the trabecular and tubulopapillary subtypes 
were associated with less lymphatic and vascular invasion 
and earlier stage. Thus, radiological early MPM shows a 
tendency for earlier pathological stage.

In many solid malignancies, a smaller tumor predicts a 
more favorable postoperative prognosis [3]. Several stud-
ies have recently addressed the correlation between pleural 
thickness and clinical outcomes of MPM [3, 18]. de Perrot 
et al. reported that the sum of pleural thickness on 9 sectors 
of the chest wall, mediastinum, and diaphragm was an inde-
pendent prognostic factor for both recurrence-free survival 
and OS [18]. We previously reported that pleural thickness 
after NAC is an independent prognostic factor and that lower 
post sum values (< 13 mm) reduced the risk of recurrence 
and death in MPM patients [3]. In the current study, radio-
logical early MPM patients showed good long-term survival, 
with 2- and 3-year OS rates of 92.9% and 83.6%, respec-
tively (median OS, 56.1 months). These findings are in line 
with previous studies. Furthermore, although comparisons 
between this study and the previous IASLC report should 

Fig. 4   Kaplan–Meier curves showing overall survival (a) and progression-free survival (b) in radiological early MPM patients. MPM, malignant 
pleural mesothelioma
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be carefully interpreted because of the different populations, 
the outcome of radiological early MPM in our study was 
more favorable than that of clinical T1 MPM in the IASLC 
report (median OS, 56.1 months vs 27.0 months; 2-year OS, 
92.9% vs 58.0%).

The IASLC report described the problems of measur-
ing pleural thickness [1]. First, the procedure of measure-
ment may be subject to interobserver variability; absolute 
differences may be as great as ±2 mm even when a fixed 
outer measurement point is provided [19]. Second, previ-
ous pleurodesis is a potential confounder when measuring 
pleural thickness [1]. In this study, we defined radiological 
early MPM as lack of pleural thickening or visible tumor 
and did not have problems with interobserver variability 
or previous pleurodesis. Taken together, radiological early 
MPM could potentially be used to refine clinical TNM 
staging of MPM and may aid in determining the prognosis 
of multimodality treatment.

This study has several limitations. First, its single-
center design may have introduced bias, so the results 

should be carefully interpreted. Second, Japanese cent-
ers operate earlier for patients with MPM compared with 
centers in the United States and Europe; for this reason, 
the frequency of radiological early MPM is probably 
lower in the USA and Europe than Japan. Future studies 
are needed to compare radiological early with the other 
clinical T stages.

Conclusion

In conclusion, our data suggest that radiological early MPM 
occurs in approximately 1 of every 20 patients (5.4%) treated 
with NAC and surgery planned at the time of diagnosis in an 
experienced center. Radiological early MPM was associated 
with early pathological stage and good long-term survival. 
Prospective nationwide studies are warranted to further 
evaluate radiological early MPM as a new T-component in 
the assessment of the prognosis of MPM.

Fig. 5   Representative case of radiological early MPM. On thora-
coscopy, no apparent tumor was macroscopically visible (a). Pre-
treatment contrast-enhanced computed tomography showed only a 
left pleural effusion unaccompanied by pleural thickening or visible 
tumor (b). The resected specimen after pleurectomy/decortication 

showed normal pleural thickening of the parietal and visceral pleura 
(c). Histopathologically, the tumor was epithelioid-type MPM and 
limited to the ipsilateral pleura (d). MPM, malignant pleural meso-
thelioma
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