
Abstract. Background/Aim: A strategy for improving
survival of malignant pleural mesothelioma (MPM)
patients is earlier diagnosis paired with earlier stage
implementation of therapeutic interventions. This study
aimed to determine the clinical signs of early-stage MPM
to aid an earlier diagnosis and earlier-stage intervention.
Materials and Methods: Out of the 72 cases in our
institution, 40 cases with 18F-FDG-PET/CT-negative MPM
were retrospectively identified between 2007 and 2015.
Overall survival rates were determined and compared with
pathological features, histology, and treatment. Results:
The biphasic histological type of early-stage MPM was
characterized by poor prognosis (p=0.0006). Additionally,
the cytology-negative group (Class III and below) showed
significantly shorter survival times (p=0.0290). There was
no significant difference in survival between patients who
received pleurectomy and those who received
chemotherapy only (p=0.6991). Bimodal therapy resulted
in a longer survival rate than trimodal therapy.
Conclusion: In early-stage PET-negative MPM cases,

biphasic histology and pleural effusion of Class III and
below correlated with a poor prognosis. Surgical treatment
using pleurectomy/decortication resulted in higher patient
survival outcomes than therapy with extrapleural
pneumonectomy. 

The 5-year survival rate of cases undergoing surgery for
primary lung cancer in Japan has improved from 51.9% in
1996 to 69.6% in 2004 (1). Although this could be attributed
to several reasons, early diagnosis and early treatment are
regarded as particularly important factors. In fact, 48.1% of
the 11,663 cases that underwent surgery in 2004 in the Lung
Cancer Registry Study were in stage Ia, with a 5-year
survival rate of 85.1% (1).

However, malignant pleural mesothelioma (MPM)
remains one of the most difficult malignancies to treat, with
a median survival time (MST) from diagnosis of about 1
year (2). Treatments shown to lower the mortality or
morbidity of MPM include adjuvant chemotherapy (2),
neoadjuvant chemotherapy (3), pemetrexed induction therapy
(4, 5), extrapleural pneumonectomy (EPP), introduction of
radical pleural resection/cortical ablation (P/D) (6), adjuvant
radiation therapy (7), and introduction of intensity-modulated
radiation therapy (IMRT) (8, 9). Trimodality therapy (TMT),
involving induction chemotherapy followed by EPP and
postoperative radiation therapy is currently regarded as the
most powerful treatment option (10). However, in most
large-scale studies, the MST after TMT still does not reach
20 months (11, 12), suggesting that aggressive surgery for
MPM patients may not be the most effective option (13).
Another strategy for improving survival is earlier diagnosis
of MPM paired with earlier stage implementation of
therapeutic interventions. Therefore, 40 retrospectively
diagnosed MPM cases were investigated to determine the
clinical signs of early-stage MPM.
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Materials and Methods 

Study approval. This study was approved by the institutional review
board of the Hyogo College of Medicine, Japan in accordance with
the Declaration of Helsinki. The requirement for informed consent
was waived.

Patients. Seventy-two cases diagnosed as MPM (confirmed by
pathology) between April 2007 and December 2015 at the Hyogo
College of Medicine in Japan were included. For TNM
classification, the International Mesothelioma Interest Group (IMIG)
staging was used. The cases in this study were in the early stages,
and all cases were N0, M0. Patients were first stratified into a
positron emission tomography (PET)-positive group (32 cases)
exhibiting significant fluorodeoxyglucose (FDG) accumulation
(SUV ≥2.5) in FDG-PET at diagnosis, and a PET-negative group
(40 cases) not exhibiting significant FDG accumulation. The PET-
negative group served as early-stage MPM cases. Patient
characteristics (age, sex, status of exposure to asbestos), presence
of pleural effusion, cytodiagnosis, histological type, and treatment
modalities were analysed.

Integrated 18F-FDG-PET/CT. The imaging procedure used in this
study has been previously described (14). All 18F-FDG
PET/computed tomography (CT) scans were performed using a PET
scanner combined with a 16-multidetector CT and gadolinium
oxyorthosilicate detectors (Gemini GXL 16; Philips Medical
Systems, Eindhoven, The Netherlands). Patients were administered
with 4.0 MBq/kg of body weight of 18F-FDG after fasting for 5 h.
Static emission images were obtained approximately 60 min after
injection. Helical whole-body CT scans were obtained to attenuate
the correction and anatomic localization. Following CT scan
completion, PET images from the head to the mid-thigh and the
mid-thigh to the tips of the toes were acquired at the 90 s/bed
position and 30 s/bed position, respectively, employing a variable
sampling method. 

Quantitative analysis of FDG uptake was determined by marking a
three-dimensional region of interest (ROI) over the most intense area
of FDG accumulation in the primary maxillary sinus tumour. The SUV
was calculated as regional radioactivity concentration
(Bq/ml)/(injected dose(Bq)/patient weight (g)). The SUVmax, which
was defined as the peak SUV in the pixel with the highest count within
the ROI, was measured and recorded for the focal areas of uptake. 

Statistical analysis. Statistical analyses were performed with SPSS
v22.0 for Windows (IBM Japan, Ltd., Tokyo, Japan). Data were
analysed using Fisher’s exact test or chi-square test and presented
as percentages or mean±standard deviation, unless otherwise stated.
The survival time of patients known to be alive at the time data
collection was censored at the date of last follow-up. Kaplan-Meier
analysis was used to calculate the overall survival (OS), and a
generalized Wilcoxon test with the level of statistical significance
set at 5% (two-tailed) was used to compare the Kaplan-Meier curves
between groups. 

Results
Comparison of OS between PET-positive patients and PET-
negative patients. There was no significant difference in the
OS (median OS: 811 days for the PET-positive group, 1383

days for the PET-negative group; p=0.2356) but the PET-
negative group showed a trend towards longer survival
(Figure 1A). 

In the T-classification, 22 (55.0%) and 18 (45.0%) cases
were T1a and T1b, respectively (Figure 1B). There was no
significant difference in survival between T1a and T1b
groups (1,383 days versus 1,307 days, p=0.8844). The
median age was 70 years (range=51-83 years), with no
significant difference in survival time observed between ages
≥70 years (1,385 days) and ≤70 years (1,805 days) (Figure
1C, p=0.6368).

Impact of histological type and pleural effusion on survival.
Thirty-seven cases (92.5%) were of the epithelioid type and
three (7.5%) were of the biphasic type; sarcomatoid MPM
was not observed in any of the early-stage cases of this study
(Figure 2). Comparison of OS between the epithelioid and
biphasic groups showed a significantly worse prognosis for
the biphasic type (median OS: biphasic type, 385 days;
epithelioid type, 1,383 days, p<0.001).

Accumulation of pleural effusion was observed in all cases.
Figure 3 shows the pleural effusion cytology with no class I
cases, three class II cases (7.5%), six class III cases (15.0%),
seven class IV cases (17.5%), and 24 class V cases (60.0%).
Comparison of OS between a cytology-negative group (Class
II/III) and cytology-positive group (Class IV/V) showed
significantly shorter OS for the cytology-negative group (596
days) when compared with the cytology-positive group (1805
days) (p<0.05). Table I shows the patient characteristics of the
nine cases in the cytology-negative group, based on the results
from pleural effusion cytology analysis. The present study
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Table I. Analysis of cytology-negative (Class II and III) patients.

Characteristics (n=9)

Gender                                                                        
   Male:Female                                                         9:0
   Age (median)                                                69.0 (56-78)
Cytology
   Class II                                                            3 (33.3%)
   Class III                                                           6 (66.7%)
Histological subtype
   Epithelial                                                         7 (77.8%)
   Biphasic                                                          2 (22.2%)
Treatment
   Trimodality (EPP)                                          1 (11.1%)
   Bimodality (P/D)                                                None
   Chemotherapy only                                        7 (77.8%)
   BSC                                                                 1 (11.1%)

EPP: Extrapleural pneumonectomy; P/D: pleurectomy/decortication;
BSC: best supportive care. Gender, cytology, histological subtype, and
treatment received are shown for the cytology-negative group.



demonstrated that the biphasic histological type was associated
with poorer prognosis over epithelioid types, even in early-
stage mesothelioma cases. In fact, of the 40 cases included in

the analysis, two of the three biphasic cases present were in
the cytology-negative group. Investigation of treatment for the
cytology-negative group showed eight cases (88.9%) in the
non-surgery group.

Impact of bimodal and trimodal therapy on survival. Patients
were grouped as follows: Trimodality group [NeoAdjuvant
Chemotherapy (NAC) followed by EPP, followed by
Hemithoracic-Radiation therapy (H-RT)]; Bimodality group
[NAC followed by Pleurectomy/Decortication (P/D)];
Chemotherapy-alone group; and best supportive care (BSC)
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Figure 1. Characterization of study patients. (A) Kaplan–Meier survival
curves of PET-negative and PET-positive patients showed no significant
difference in survival outcomes. (B) Kaplan–Meier survival curves of
TNM classification of patients showed no difference between T1a and
T1b classes. (C) Kaplan–Meier survival curve of patients aged <70 and
>70 years showed no difference in survival dependent on age.

Figure 2. Survival curves of subtypes. Kaplan-Meier survival curves of
biphasic and epithelioid subtypes showed that patients of the epithelioid
subtype have greater survival than biphasic subtype (p<0.001).

Figure 3. Cytology analysis of survival outcomes. Kaplan–Meier
survival analysis showed ≥Class IV cytology-positive patients have
improved survival compared to patients with <Class IV cytology
(p<0.05).



group. Median OS was 432 days for the trimodality group
(five cases, 12.5%), not available for the bimodality group
(eight cases, 20%), 1218 days for the chemotherapy-alone
group (20 cases, 55%), and 1823 days for the BSC group (five
cases, 12.5%). Comparison of OS between the surgery group,
including those who underwent EPP or PD, and the non-
surgery group did not show a statistically significant difference
(Figure 4; p=0.6991). However, the median survival time of
the non-EPP group was 1383 days longer than that of the EPP
group (432 days) (p<0.05) (Figure 5). 

Discussion

There is currently no established evidence that early detection
makes it possible to cure MPM or extend patient survival time
(15). However, previous reports have shown early-stage MPM
patients have better survival outcomes (16-18). There are
major challenges in treating MPM, which has an extremely
poor prognosis, with a median survival time from diagnosis to
death of only 7.9 months (19). This suggests that a practical
method for improving survival times could be earlier diagnosis
of MPM followed by therapeutic intervention (20).

The present study proposed criteria to diagnose the clinical
signs of early-stage MPM, with the purpose of exploring the
feasibility of doing so. The first stage of this study involved
comparing the PET-positive group and the PET-negative
group. No significant differences were found between the
groups. Despite the absence of significant differences, the
PET-negative group tended to have a longer survival than the
PET-positive group. Therefore, in this study, PET-negative

cases (SUV<2.5) were defined as early-stage MPM cases. The
absence of significant differences in survival rates between the
two groups could be attributed to the post-diagnosis treatment.
Moreover, a follow-up of cases without treatment would be
ethically unacceptable. Therefore, the fact that the PET-
negative group tended to have a longer survival was adequate
to justify its use as early-stage cases. The results of the present
study demonstrated the clinical signs of early-stage MPM; it
was found that, even among those in the early-stage MPM, the
biphasic type, those having undergone EPP, and having
negative cytology were identified as factors associated with
poor prognosis. Meanwhile, no significant difference was
observed for the T-factor of the TNM. Based on the recent
Union for International Cancer Control American Joint
Committee on Cancer staging criteria (21), T1a and T1b stages
have been merged together. Consistent with the new staging
criteria, we did not observe any significant difference in OS
rates from patients with T1a and T1b (21).

As with previous reports (22-24), our results demonstrate
biphasic histotype as a poor prognostic factor. The outcomes
of cases that underwent EPP in our study were marked by a
median OS time of 14.4 months and a 3-year postoperative
survival rate of 60%. Considering that the MST after TMT
including EPP remains <20 months in the majority of large-
scale studies (11, 12), the outcomes in our study were similar
to those in previous reports. Thus, the significantly longer
median survival time of the non-EPP group (46.1 months)
than the EPP group (14.4 months) suggests that improved
survival outcomes were achieved by patients undergoing P/D
rather than EPP. 
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Figure 5. PD, chemotherapy, and BSC show better survival outcomes.
Patients who received trimodal therapy (EPP and radiation) had worse
survival outcomes over patients who received bimodal therapy (PD,
chemotherapy and best supportive care) (p<0.05).

Figure 4. Survival difference between patients who received EPP and PD
and those who received chemotherapy and BSC. Kaplan–Meier analysis
of patient groups that received either EPP and PD or chemotherapy and
best supportive care (BSC) showed no difference in survival outcomes.
EPP: Extrapleural pneumonectomy; P/D: pleurectomy or decortication.



Although negative cytology was identified as a poor
prognostic factor, the histotype of two of the nine cases in the
cytology-negative group was biphasic, which was also
identified as a poor prognostic factor. Investigation of the
treatment content for the cytology-negative group showed that
eight cases (88.9%) were in the non-surgery group, and the
median survival times may also be reflective of the differences
in treatment modality.

The MARS study, a randomized controlled study to directly
compare EPP versus no-EPP, concluded that EPP is detrimental
and does not contribute to improving the survival rate (25).
However, this study was designed to verify whether randomized
allocation is feasible, not to be used to select optimal treatment
choices. Opinions differ on the content and interpretation of the
study, and no clear conclusion was reached. 

The IMIG statement (26), currently the most recent
guideline, affirms that surgical treatment plays an important
role in multimodal therapy for mesothelioma. It also states that
the choice between EPP and P/D surgery should be judged
individually, based on patient background and clinical
conditions. The combined used of cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy has been reported
to be effective, with an MST of 63.2 months, 5-year survival
rate of 52.4%, and 10-year survival rate of 44.6% (27).
However, the purpose of this operation is cytoreduction and
not macroscopic complete resection. Thus, even with the same
treatment modalities for another mesothelioma, the primary
purpose is very different.

MPM exhibits diverse clinical symptoms and a wide range
of survival times in the natural course of the disease: patients
may die within several months of diagnosis or survive for
years (28). In this study, some cases achieved long-term
survival in their natural course with chemotherapy alone,
suggesting that a very careful selection of treatments is
required for early-stage MPM. Furthermore, the survival
benefits of P/D were superior to EPP. 
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