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Abstract
Due to the scarcity of large-sized prospective databases, the Japanese Joint 
Committee for Lung Cancer Registry conducted a nationwide prospective registry 
for newly diagnosed and untreated pleural mesothelioma. All new cases diagnosed 
pathologically as any subtype of pleural mesothelioma in Japan during the period be-
tween April 1, 2017, to March 31, 2019, were included before treatment. Data on 
survival were collected in April 2021. The eligible 346 patients (285 men [82.3%]; 
61 women [17.7%]; median age, 71.0 years [range, 44–88]) were included for analy-
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1  |  INTRODUC TION

Pleural mesothelioma (PM) is an aggressive cancer caused by expo-
sure to asbestos. Although many developed countries have banned 
the use of asbestos, middle- and low-income countries continue to 
utilize asbestos.1 The estimated number of global mesothelioma 
deaths is currently up to 38,000 per year and increasing.2

The largest database of PM is the International Association for the 
Study of Lung Cancer (IASLC) database. The IASLC, in collaboration 
with the International Mesothelioma Interest Group (IMIG), developed 
its first international database in 20093,4 to update the IMIG staging 
system introduced in 1994.5 The staging systems based on the first 
and second IASLC databases were accepted in the seventh and eighth 
editions of the Union for International Cancer Control UICC/American 
Joint Commission on Cancer (AJCC) manuals, respectively.3,6–8

The majority of the large number of available retrospective nation-
wide databases9–15 are used for epidemiological purposes, while few 
have complete data on patient treatment, clinical courses, and patient 
outcomes. Retrospective studies focused on patient prognosis fac-
tors,9,16–22 but only a few were prospective, multicenter studies.23,24 
These limitations lead to difficulties in decision-making regarding 
treatment strategies for newly diagnosed/untreated PM patients.

Therefore, in our study, we conducted a nationwide prospective 
registry of newly diagnosed, untreated PM. To the best of our knowl-
edge, this is the first nationwide prospective registry. This study was 
conducted as the ninth project of the Japanese Joint Committee for 
Lung Cancer Registry (JJCLCR).25 JJCLCR has contributed to the 
establishment of the staging system of lung cancer through several 
nationwide registries,26–30 including a prospective one.29

The main study aims were to clarify the following issues in newly 
diagnosed/untreated PM patients in Japan: current status of sur-
gical and non-surgical treatment; surgery completion rate, mortal-
ity and morbidity and survival for all patients undergoing surgical 

intervention; macroscopic complete resection (MCR) as the goal of 
curative-intent surgery; tumor shape, tumor thickness, and the sum 
of three-level thickness (STLT) as possible prognostic factors; and fea-
ture and prognostic power of the seventh and eighth staging systems.

2  |  PATIENTS AND METHODS

2.1  |  Study setting

The JJCLCR conducted a prospective observational cohort study en-
rolling patients first diagnosed with PM between April 1, 2017, and 
March 31, 2019, in Japan.

The study protocol is described in Supplementary File S1.25

2.2  |  Inclusion criteria

All patients newly diagnosed according to pathological (including cy-
tology) findings including any subtype of PM in Japan between April 
1, 2017, and March 31, 2019, were included. Patients were not given 
any treatment before registration.

2.3  |  Variables

The case report form is shown in Supplementary File  S2.25 The 
following data were collected and analyzed: (i) demographic char-
acteristics including date of registration, sex, and date of birth; (ii) 
preoperative status including Eastern Cooperative Oncology Group 
performance status (PS), preoperative comorbidities (e.g., asbestos 
exposure and smoking), laboratory values (including tumor markers), 
radiological findings (tumor shape, tumor thickness, and maximum 

non-surgical therapy, and the remaining 44 (12.7%) underwent best supportive care. 
The median overall survival for all 346 patients was 19.0 months. Survival rates at 1, 
2, and 3 years for all patients were, 62.8%, 42.3%, and 26.5%, respectively. Median 
overall survival was significantly different among patients undergoing surgery, non-
surgical treatment, and best supportive care (32.2 months vs. 14.0 months vs. 3.8 
months, p < 0.001). The median overall survival of patients undergoing pleurectomy/
decortication and extrapleural pneumonectomy was 41.8 months and 25.0 months, 
respectively. Macroscopic complete resection resulted in longer overall survival than 
R2 resection and partial pleurectomy/exploratory thoracotomy (41.8 months vs. 32.2 
months vs. 16.8 months, p < 0.001). Tumor shape, maximum tumor thickness, and sum 
of three level thickness were significant prognostic factors. The data in the prospec-
tive database would serve as a valuable reference for clinical practice and further 
studies for pleural mesothelioma.

K E Y W O R D S
chemotherapy, database, pleural mesothelioma, staging system, surgery
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standardized uptake value of the pleura on fluorodeoxyglucose-
positron emission tomography), and respiratory function tests; (iii) 
details of diagnosis (e.g., date of diagnosis, diagnostic method, immu-
nohistochemical evaluation results, histologic type, and clinical stage 
based on both seventh and eighth AJCC/UICC staging systems); (iv) 
surgical treatments, including induction therapy, surgical interven-
tions, combined resection, status of residual tumor, and postopera-
tive morbidity; (v) postoperative pathological diagnosis and stage 
based on both seventh and eighth AJCC/UICC staging systems; (vi) 
chemotherapy regimen; (vii) radiotherapy characteristics, including 
irradiated sites and type of radiation therapy (RT); and (viii) follow-up 
data including date of last follow-up, vital signs and symptoms during 
last follow- up, and date and location of initial relapse.

2.4  |  Definitions

2.4.1  |  Radiological examination

Localized PM was defined according to Allen's criteria.31 All the cases 
were classified into three categories according to the radiological 
appearance of the tumor: minimal, nodular, or rindlike.8 Tumor thick-
ness was measured in accordance with the IASLC report.8 Briefly, 
measurements of tumor thickness perpendicular to the chest wall 
or mediastinum on axial imaging were made, representing the upper, 
middle, and lower third of the hemithorax.8

2.4.2  |  Diagnosis at registration

In the cases where PM was diagnosed by only cytology, the date of 
diagnosis was recorded as the date of thoracentesis. In cases where 
biopsy was performed, the date of diagnosis was the date of biopsy 
regardless of precedent cytological diagnosis.

2.4.3  |  Final diagnosis

In non-surgical cases, diagnosis at registration was the final diagno-
sis. In surgical cases, the final diagnosis was the diagnosis based on 
the surgical specimen collected and the date of the final diagnosis 
was the date of surgery.

2.4.4  |  Surgical nomenclature

Surgical nomenclature was defined according to the IASCL/IMIG 
consensus report.32

In this study, MCR was divided into two subgroups: R0-1 was 
defined as the absence of microscopic tumor cells at the surgical 
margin, while R1 was defined as microscopic residual tumor cells 
confirmed at the surgical margin. R2 resection was defined as com-
pletion of surgery with macroscopic residual disease. Because both 

partial pleurectomy (PP) and exploratory thoracotomy (ET) were in-
dicated as incomplete surgery, they were merged into a PP/ET group.

2.5  |  Assessments of survival and relapse

Overall survival (OS) was defined as the period from the date of di-
agnosis at registration to death. Progression-free survival (PFS), de-
fined as the period from surgery to disease progression or death, was 
calculated in patients who underwent surgery with MCR. Relapse 
pattern was defined according to Kostron et al.33

2.6  |  Enrollment and study periods

Patients were enrolled from April 1, 2017, to March 31, 2019.
The study period was between April 1, 2017, and March 31, 

2026.

2.7  |  Ethics Statement

This study was approved by the institutional review board of Osaka 
University Hospital, where the registry office is located, on October 
11, 2016 (approval number 16038). The registry and the study using 
the registered data were approved by each institutional review 
board of all participating institutions. Written informed consent was 
obtained from all study participants.

This study was registered at the UMIN Clinical Trials Registry 
as UMIN 000024664 (http://​www.​umin.​ac.​jp/​ctr/​index.​htm). This 
study adhered to the ethical guidelines for epidemiologic studies 
published jointly by the Japan Ministry of Science, Culture, and 
Education and the Japan Ministry of Health, Labor, and Welfare on 
June 17, 2002, and revised on February 28, 2017.

2.8  |  Data collection and data analysis

The methods of data management have been previously described.25 
Briefly, patient data were retrieved from the JJCLCR website using 
a USB drive with a coded institution-individual serial key. Data on 
survival were collected in April 2021.

2.8.1  |  Statistical analysis

Patients’ characteristics were summarized with median, interquartile 
range (IQR) and range (minimum, maximum) for continuous variables 
and frequencies for categorical variables. For summary statistics, 
two-tailed 95% confidence intervals (CI) were presented. Survival 
functions were estimated using the Kaplan–Meier method and their 
95% CIs were calculated by using the Greenwood variance with 
the complementary log–log transformation. Comparisons among 

http://www.umin.ac.jp/ctr/index.htm
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multiple groups were made using the log-rank test, which is referred 
to as the omnibus test. For ordinal groups, the log-rank test with 
the linear scores attached was used, referred to as the trend test. 
Differences between survival functions were evaluated using the 
log-rank method. Statistical analyses were performed after exclud-
ing cases with missing values for relevant variables. No multiplicity 
adjustment was applied and a p-value of less than 0.05 was con-
sidered statistically significant. The SAS version 9.4 (SAS Institute, 
Cary, NC) and R version 4.1.2 (R Core Team; https://​www.​R-​proje​
ct.​org/​) were used for statistical analyses. To draw the graphs for 
the Kaplan–Meier estimates, the survminer package for R was used.

3  |  RESULTS

3.1  |  Clinical characteristics of patients

Between April 1, 2017, and March 31, 2019, a total of 348 cases of 
PM were registered from 54 institutions. One duplicate case and an-
other case with multiple missing values were removed. The remain-
ing 346 cases were included for analysis (Figure 1).

The clinical characteristics of the 346 patients are shown in 
Table  1. The median age was 71.0 years (range, 44–88 years). The 
cohort included 285 men (82.3%) and 61 women (17.7%). Most pa-
tients (93.7%) had a good PS score (0 or 1). Asbestos exposure was 
detected in 67.1% of the patients, and 73.2% of patients were cur-
rent/former smokers.

3.2  |  Diagnosis and pathological findings

Diagnosis at registration was made using biopsy specimens in 97.4% of 
patietns (337/346) and cell blocks in 2.6% (9/346) (Table 1; Figure 2). 

Methods of biopsy included open surgery (2.1%, 7/337), video-
assisted thoracoscopy under general anesthesia (74.5%, 251/337), 
thoracoscopy under local anesthesia (11.3%, 38/337), needle biopsy 
(8.9%, 30/337), and others (3.3%, 11/337). Histological subtype at 
registration comprised epithelioid (71.5%, 241/337), biphasic (9.5%, 
32/337), sarcomatoid (17.8%, 60/337), and not otherwise specified 
(NOS, 1.2%, 4/337) categories.

Postoperative pathological analysis of surgical specimens was 
performed in all 138 surgical cases. Diagnosis at registration was 
made using cell block specimens in six patients, which turned 
out to be epithelioid (n = 5) and biphasic (n = 1) subtypes defined 
during postoperative analysis. In the remaining 132 cases, diag-
nosis at registration was made using biopsy specimens. We ob-
served and corrected a discrepancy between preoperative and 
postoperative subtype diagnostics in 8.7% of patients (12/132) 
as follows: epithelioid to biphasic (n = 5), epithelioid to sarcoma-
toid (n = 3), biphasic to epithelioid (n = 1), biphasic to sarcomatoid 
(n = 1), biphasic to NOS (n = 1), and sarcomatoid to epithelioid 
(n = 1). Consequently, the final diagnosis of 343 patients who un-
derwent biopsy and/or surgery was epithelioid (70.0%, 240/343), 
biphasic (10.2%, 35/343), sarcomatoid (18.4%, 63/343), and NOS 
(1.5%, 5/343).

3.3  |  Radiological findings

Computed tomography scans and tumor thickness measure-
ments were performed in all cases: 38 (11.0%) localized PM and 
299 (89.0%) diffuse PM. Patients were classified as having minimal 
(n = 68, 19.7%), nodular (n = 96, 27.7%), and rind-like (n = 178, 51.4%) 
tumors (Table 2). The median maximum tumor thickness (MTT) and 
the STLT were 11 mm (IQR: 5.0–21.0) and 22 mm (IQR: 11.0–39.0), 
respectively.

F I G U R E  1  CONSORT diagram. 
Between April 1, 2017, and March 31, 
2019, a total of 348 cases of pleural 
mesothelioma (PM) were registered from 
54 institutions. One duplicate case and 
another case with multiple missing values 
were removed. The remaining 346 cases 
were included for analysis. BSC, best 
supportive care; JJCLCR, Japanese Joint 
Committee for Lung Cancer Registry; 
NOS, not otherwise specified.

https://www.r-project.org/
https://www.r-project.org/
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TA B L E  1  Patient's clinical characteristics.

Characteristic Total (n = 346) Surgery (n = 138) Non-surgical Tx (n = 164) BSC (n = 44)

Sex — Number (%)

Female 61 (17.6) 21 (15.2) 33 (20.1) 7 (15.9)

Male 285 (82.4) 117 (84.8) 131 (79.9) 37 (84.1)

Age — Number (%)

40–49 5 (1.4) 1 (0.7) 4 (2.4) 0 (0.0)

50–59 27 (7.8) 13 (9.4) 10 (6.1) 4 (9.1)

60–69 114 (32.9) 66 (47.8) 44 (26.8) 4 (9.1)

70–79 154 (44.5) 51 (37.0) 85 (51.8) 18 (40.9)

80–89 46 (13.3) 7 (5.1) 21 (12.8) 18 (40.9)

Age

Total number 346 138 164 44

Median 71.0 68.5 73.0 78.0

Range 44–88 44–88 45–88 51–88

IQR 66.0–77.0 64.0–73.0 67.0–78.0 71.0–82.0

PS — Number (%)

0 185 (53.5) 103 (74.6) 69 (42.1) 13 (29.5)

1 139 (40.2) 33 (23.9) 89 (54.3) 17 (38.6)

2 16 (4.6) 1 (0.7) 6 (3.7) 9 (20.5)

3 4 (1.2) 0 (0.0) 0 (0.0) 4 (9.1)

4 2 (0.6) 1 (0.7) 0 (0.0) 1 (2.3)

Asbestos exposure — Number (%)

Yes 232 (67.1) 94 (68.1) 107 (65.2) 31 (70.5)

No 71 (20.5) 26 (18.8) 36 (22.0) 9 (20.5)

Unknown 43 (12.4) 18 (13.0) 21 (12.8) 4 (9.1)

Smoking — Number (%)

Never 91 (26.3) 29 (21.0) 46 (28.0) 16 (36.4)

Former 231 (66.8) 95 (68.8) 110 (67.1) 26 (59.1)

Current 22 (6.4) 13 (9.4) 7 (4.3) 2 (4.5)

Unknown 2 (0.6) 1 (0.7) 1 (0.6) 0 (0.7)

Laterality — Number (%)

Right 209 (60.4) 74 (53.6) 109 (66.5) 26 (59.1)

Left 137 (39.6) 64 (46.4) 55 (33.5) 18 (40.9)

Histology at registration— Number (%)

Epithelioid 241 (69.7) 112 (81.2) 106 (64.6) 23 (52.3)

Biphasic 32 (9.2) 9 (6.5) 17 (10.4) 6 (13.6)

Sarcomatoid 60 (17.3) 11 (8.0) 36 (22.0) 13 (29.5)

NOS 4 (1.2) 0 (0.0) 2 (1.2) 2 (4.5)

NA (cytology only) 9 (2.6) 6 (4.3) 3 (1.8) 0 (0.0)

Final histology— Number (%)

Epithelioid 240 (69.4) 111 (80.4) 106 (64.6) 23 (52.3)

Biphasic 35 (10.1) 12 (8.7) 17 (10.4) 6 (13.6)

Sarcomatoid 63 (18.2) 14 (10.1) 36 (22.0) 13 (29.5)

NOS 5 (1.4) 1 (0.7) 2 (1.2) 2 (4.5)

NA (cytology only) 3 (0.9) 0 (0.0) 3 (1.8) 0 (0.0)

Abbreviations: BSC, best supportive care; IQR, interquartile range; NA, not available; NOS, not otherwise specified; Tx, treatment.



512  |    HASEGAWA et al.

F I G U R E  2  Pathological diagnosis at registration and final diagnosis. Pathological diagnosis at registration and final diagnosis are shown. 
We observed and corrected a discrepancy between preoperative and postoperative subtype diagnostics in 8.7% (12/132). NOS, not 
otherwise specified.

Characteristic Total (n = 346) Surgery (n = 138)
Non-surgical Tx 
(n = 164) BSC (n = 44)

Diffuse/local — Number (%)

Diffuse 299 (86.4) 122 (88.4) 136 (82.9) 41 (93.2)

Localized 38 (11.0) 10 (7.2) 25 (15.2) 3 (6.8)

No data 9 (2.6) 6 (4.3) 3 (1.8) 0 (0.0)

Tumor shape — Number (%)

Minimal 68 (19.7) 32 (23.2) 29 (17.7) 7 (15.9)

Nodular 96 (27.7) 33 (23.9) 49 (29.9) 14 (31.8)

Rind-like 178 (51.4) 71 (51.4) 86 (52.4) 21 (47.7)

Missing data 4 (1.2) 2 (1.4) 0 (0.0) 2 (4.5)

Maximum thickness

Total number 346 138 164 44

Median (IQR) 11.0 (5.0–21.0) 8.0 (4.0–17.0) 14.0 (7.0–25.0) 12.0 (7.5–18.5)

Range 0–89 0–77 0–89 0–80

Sum of three level thickness

Total number 346 138 164 44

Median (IQR) 22.0 (11.0–39.0) 18.0 (8.0–31.0) 29.0 (13.0–46.0) 26.5 (15.0–39.5)

Range 0–232 0–154 0–232 0–118

Maximum SUV on FDG-PET

Total number 234 97 106 31

Median (IQR) 5.8 (3.4–9.6) 4.4 (2.7–7.4) 7.6 (4.0–11.2) 6.5 (3.3–9.5)

Range 0–32 0–23 0–32 0–18

Abbreviations: BSC, best supportive care; FDG-PET, fluorodeoxyglucose-positron emission 
tomography; IQR, interquartile range; SUV, standardized uptake value; Tx, treatment.

TA B L E  2  Radiological findings.
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3.4  |  Clinical and pathological stages

Clinical stages were defined for all patients. Similarly, for patients 
undergoing surgery, their pathological stages were determined ac-
cording to both the seventh and eighth versions of TNM staging 
systems (Tables 3–5). Stage distribution in the seventh and eighth 
versions of the staging system is shown in Figure 3. Assessment of 

the discrepancy between clinical and pathological stages accord-
ing to the version seventh staging system revealed the following: 
54.3% (75/138) unchanged, 39.9% (55/138) upstaged, and 6.5% 
(9/138) down-staged cancer cases. In contrast, according to the 
version eighth staging system, the results were as follows: 42.8% 
(59/138) unchanged, 52.2% (72/138) upstaged, and 5.1% (7/138) 
down-staged cancer cases.

Characteristic Total (n = 346)
Surgery 
(n = 138)

Non-surgical Tx 
(n = 164)

BSC 
(n = 44)

T (version 7) — Number (%)

T0, T1a 89 (25.7) 56 (40.6) 25 (15.2) 8 (18.2)

T1b 30 (8.7) 9 (6.5) 18 (11.0) 3 (6.8)

T2 54 (15.6) 29 (21.0) 23 (14.0) 2 (4.5)

T3 104 (30.1) 41 (29.7) 47 (28.7) 16 (36.4)

T4 69 (19.9) 3 (2.2) 51 (31.1) 15 (34.1)

N (version 7) — Number (%)

N0 267 (77.2) 123 (89.1) 111 (67.7) 33 (75.0)

N1 12 (3.5) 4 (2.9) 7 (4.3) 1 (2.3)

N2 52 (15.0) 11 (8.0) 35 (21.3) 6 (13.6)

N3 15 (4.3) 0 (0.0) 11 (6.7) 4 (9.1)

M (version 7) — Number (%)

M0 326 (94.2) 137 (99.3) 150 (91.5) 39 (88.6)

M1 20 (5.8) 1 (0.7) 14 (8.5) 5 (11.4)

Stage (version 7) — Number (%)

Stage I 118 (34.1) 64 (46.4) 43 (26.2) 11 (25.0)

Stage II 41 (11.8) 25 (18.1) 16 (9.8) 0 (0.0)

Stage III 108 (31.2) 45 (32.6) 48 (29.3) 15 (34.1)

Stage IV 79 (22.8) 4 (2.9) 57 (34.8) 18 (40.9)

T (version 8) — Number (%)

T0, T1 148 (42.8) 80 (58.0) 57 (34.8) 11 (25.0)

T2 25 (7.2) 14 (10.1) 9 (5.5) 2 (4.5)

T3 104 (30.1) 41 (29.7) 47 (28.7) 16 (36.4)

T4 69 (19.9) 3 (2.2) 51 (31.1) 15 (34.1)

N (version 8) — Number (%)

N0 267 (77.2) 123 (89.1) 111 (67.7) 33 (75.0)

N1 64 (18.5) 15 (10.9) 42 (25.6) 7 (15.9)

N2 15 (4.3) 0 (0.0) 11 (6.7) 4 (9.1)

M (version 8) — Number (%)

M0 326 (94.2) 137 (99.3) 150 (91.5) 39 (88.6)

M1 20 (5.8) 1 (0.7) 14 (8.5) 5 (11.4)

Stage (version 8) — Number (%)

Stage IA 142 (41.0) 77 (55.8) 54 (32.9) 11 (25.0)

Stage IB 87 (25.1) 44 (31.9) 31 (18.9) 12 (27.3)

Stage II 12 (3.5) 5 (3.6) 6 (3.7) 1 (2.3)

Stage IIIA 26 (7.5) 8 (5.8) 16 (9.8) 2 (4.5)

Stage IIIB 59 (17.1) 3 (2.2) 43 (26.2) 13 (29.5)

Stage IV 20 (5.8) 1 (0.7) 14 (8.5) 5 (11.4)

Abbreviations: BSC, best supportive care; Tx, treatment; ver., version.

TA B L E  3  Clinical stages according to 
seventh and eighth TNM staging systems.
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3.5  |  Treatment distribution

Among the enrolled 346 patients, 138 (39.9%) underwent surgery, 
164 (47.4) underwent non-surgical therapy (i.e., chemotherapy with 
or without radiation therapy), and the remaining 44 (12.7%) under-
went BSC.

3.5.1  |  Surgical treatment

One hundred and thirty-eight patients underwent surgery in 35 
experienced centers. Of 138 surgeries, 81 (58.7%) were per-
formed in three high-volume centers. Surgical technique con-
sisted of extrapleural pneumonectomy (EPP, n = 26), pleurectomy/

Characteristic
Total 
(n = 138)

EPP 
(n = 26)

P/D 
(n = 83)

PP/ET 
(n = 26)

Other 
surgery (n = 3)

T (version 7) — Number (%)

T0, T1a 56 (40.6) 8 (30.8) 44 (53.0) 4 (15.4) 0 (0.0)

T1b 9 (6.5) 1 (3.8) 7 (8.4) 1 (3.8) 0 (0.0)

T2 29 (21.0) 7 (26.9) 14 (16.9) 6 (23.1) 2 (66.7)

T3 41 (29.7) 9 (34.6) 18 (21.7) 13 (50.0) 1 (33.3)

T4 3 (2.2) 1 (3.8) 0 (0.0) 2 (7.7) 0 (0.0)

N (version 7) — Number (%)

N0 123 (89.1) 25 (96.2) 75 (90.4) 20 (76.9) 3 (100.0)

N1 4 (2.9) 0 (0.0) 4 (4.8) 0 (0.0) 0 (0.0)

N2 11 (8.0) 1 (3.8) 4 (4.8) 6 (23.1) 0 (0.0)

M (version 7) — Number (%)

M0 137 (99.3) 26 (100.0) 83 (100.0) 25 (96.2) 3 (100.0)

M1 1 (0.7) 0 (0.0) 0 (0.0) 1 (3.8) 0 (0.0)

Stage (version 7) — Number (%)

Stage I 64 (46.4) 9 (34.6) 50 (60.2) 5 (19.2) 0 (0.0)

Stage II 25 (18.1) 7 (26.9) 10 (12.0) 6 (23.1) 2 (66.7)

Stage III 45 (32.6) 9 (34.6) 23 (27.7) 12 (46.2) 1 (33.3)

Stage IV 4 (2.9) 1 (3.8) 0 (0.0) 3 (11.5) 0 (0.0)

T (version 8) — Number (%)

T0, T1 80 (58.0) 14 (53.8) 59 (71.1) 7 (26.9) 0 (0.0)

T2 14 (10.1) 2 (7.7) 6 (7.2) 4 (15.4) 2 (66.7)

T3 41 (29.7) 9 (34.6) 18 (21.7) 13 (50.0) 1 (33.3)

T4 3 (2.2) 1 (3.8) 0 (0.0) 2 (7.7) 0 (0.0)

N (version 8) — Number (%)

N0 123 (89.1) 25 (96.2) 75 (90.4) 20 (76.9) 3 (100.0)

N1 15 (10.9) 1 (3.8) 8 (9.6) 6 (23.1) 0 (0.0)

M (version 8) — Number (%)

M0 137 (99.3) 26 (100.0) 83 (100.0) 25 (96.2) 3 (100.0)

M1 1 (0.7) 0 (0.0) 0 (0.0) 1 (3.8) 0 (0.0)

Stage (version 8) — Number (%)

Stage IA 77 (55.8) 14 (53.8) 56 (67.5) 7 (26.9) 0 (0.0)

Stage IB 44 (31.9) 10 (38.5) 19 (22.9) 12 (46.2) 3 (100.0)

Stage II 5 (3.6) 0 (0.0) 5 (6.0) 0 (0.0) 0 (0.0)

Stage IIIA 8 (5.8) 1 (3.8) 3 (3.6) 4 (15.4) 0 (0.0)

Stage IIIB 3 (2.2) 1 (3.8) 0 (0.0) 2 (7.7) 0 (0.0)

Stage IV 1 (0.7) 0 (0.0) 0 (0.0) 1 (3.8) 0 (0.0)

Abbreviations: EPP, extrapleural pneumonectomy; P/D, pleurectomy/decortication; PP/ET, patrial 
pleurectomy/exploratory thoracotomy; ver., version.

TA B L E  4  Clinical stages for surgical 
cases by seventh and eighth TNM staging 
systems.
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decortication (P/D, n = 83), PP/ET (n = 26), and other surgeries 
(n = 3) (Tables  6 and 7). Surgery alone and surgery as part of a 
multimodality treatment with chemotherapy and/or radiation 
therapy were conducted in 29 and 109 patients, respectively. 
The median age of patients who underwent surgical intervention 
was 68.5 years (IQR: 64.0–73.0). The median value of operation 

time and blood loss were 406.5 min (IQR: 282.5–509.5) and 1210 
g (IQR: 613.8–1855.8). The resection statuses were R0-1 (n = 41), 
R1 (n = 55), and R2 (n = 42), respectively, and MCR (R0-1 and R1) 
was achieved in 69.6% (96/138). Data analysis indicated that 30- 
and 90-day postoperative deaths were 0.7% (1/138, PP/ET group) 
and 4.3% (6/138, EPP: 1, P/D: 2, PP/ET: 3). The causes within the 

Characteristic
Total 
(n = 138)

EPP 
(n = 26)

P/D 
(n = 83)

PP/ET 
(n = 26)

Other 
surgery (n = 3)

T (version 7) — Number (%)

T0, T1a 17 (12.3) 2 (7.7) 12 (14.5) 3 (11.5) 0 (0.0)

T1b 9 (6.5) 0 (0.0) 7 (8.4) 2 (7.7) 0 (0.0)

T2 30 (21.7) 11 (42.3) 16 (19.3) 2 (7.7) 1 (33.3)

T3 61 (44.2) 11 (42.3) 41 (49.4) 7 (26.9) 2 (66.7)

T4 21 (15.2) 2 (7.7) 7 (8.4) 12 (46.2) 0 (0.0)

N (version 7) — Number (%)

N0 107 (77.5) 20 (76.9) 62 (74.7) 22 (84.6) 3 (100.0)

N1 4 (2.9) 1 (3.8) 2 (2.4) 1 (3.8) 0 (0.0)

N2 26 (18.8) 5 (19.2) 18 (21.7) 3 (11.5) 0 (0.0)

N3 1 (0.7) 0 (0.0) 1 (1.2) 0 (0.0) 0 (0.0)

M (version 7) — Number (%)

M0 137 (99.3) 26 (100.0) 83 (100.0) 25 (96.2) 3 (100.0)

M1 1 (0.7) 0 (0.0) 0 (0.0) 1 (3.8) 0 (0.0)

Stage (version 7) — Number (%)

Stage1 26 (18.8) 2 (7.7) 19 (22.9) 5 (19.2) 0 (0.0)

Stage2 25 (18.1) 8 (30.8) 14 (16.9) 2 (7.7) 1 (33.3)

Stage3 64 (46.4) 14 (53.8) 42 (50.6) 6 (23.1) 2 (66.7)

Stage4 23 (16.7) 2 (7.7) 8 (9.6) 13 (50.0) 0 (0.0)

T (version 8) — Number (%)

T0, T1 35 (25.4) 5 (19.2) 25 (30.1) 5 (19.2) 0 (0.0)

T2 21 (15.2) 8 (30.8) 10 (12.0) 2 (7.7) 1 (33.3)

T3 61 (44.2) 11 (42.3) 41 (49.4) 7 (26.9) 2 (66.7)

T4 21 (15.2) 2 (7.7) 7 (8.4) 12 (46.2) 0 (0.0)

N (version 8) — Number (%)

N0 107 (77.5) 20 (76.9) 62 (74.7) 22 (84.6) 3 (100.0)

N1 30 (21.7) 6 (23.1) 20 (24.1) 4 (15.4) 0 (0.0)

N2 1 (0.7) 0 (0.0) 1 (1.2) 0 (0.0) 0 (0.0)

M (version 8) — Number (%)

M0 137 (99.3) 26 (100.0) 83 (100.0) 25 (96.2) 3 (100.0)

M1 1 (0.7) 0 (0.0) 0 (0.0) 1 (3.8) 0 (0.0)

Stage (version 8) — Number (%)

Stage IA 32 (23.2) 4 (15.4) 23 (27.7) 5 (19.2) 0 (0.0)

Stage IB 59 (42.8) 14 (53.8) 35 (42.2) 7 (26.9) 3 (100.0)

Stage II 5 (3.6) 3 (11.5) 2 (2.4) 0 (0.0) 0 (0.0)

Stage IIIA 19 (13.8) 3 (11.5) 15 (18.1) 1 (3.8) 0 (0.0)

Stage IIIB 22 (15.9) 2 (7.7) 8 (9.6) 12 (46.2) 0 (0.0)

Stage IV 1 (0.7) 0 (0.0) 0 (0.0) 1 (3.8) 0 (0.0)

Abbreviations: EPP, extrapleural pneumonectomy; P/D, pleurectomy/decortication; PP/ET, patrial 
pleurectomy/exploratory thoracotomy; ver., version.

TA B L E  5  Pathological stages for 
surgical cases by seventh and eighth TNM 
staging systems.
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90-day mortality range were diagnosed with interstitial pneumo-
nia (two patients) and mesothelioma progression (four patients). 
Of the 37 patients with localized PM, 10 underwent surgery: P/D 
(n = 7), PP (n = 2), and other surgery (n = 1). Of these 10 patients, 
four underwent R0-1 resection, another four underwent R1 re-
section, and two underwent R2 resection.

3.5.2  |  Non-surgical treatment

First-line treatment in 164 patients undergoing non-surgical 
treatment consisted of concurrent chemoradiotherapy (4.3%, 
n = 7), cisplatin plus pemetrexed (51.2%, n = 84), carboplatin plus 
pemetrexed (28.7%, n = 47), pemetrexed alone (6.7, n = 11), and 
others (9.1%, n = 15) (Table 8). Of the 164 patients, 67.7% (n = 111) 
and 17.7% (n = 29) underwent second- and third-line treatment, 
respectively. A total of 43 patients underwent RT. Post-EPP 
hemithoracic RT was performed in 21 patients (45–54 Gy, dose 
unknown in 1). One patient underwent focal adjuvant RT after R2 
resection of P/D. Eight patients underwent RT for postoperative 
recurrence.

3.6  |  Survival analysis

Among 346 patients, 242 patients died during the follow-up pe-
riod. The median follow-up period for the 104 surviving patients 
was 945.5 days (range, 1–1480 days). At the time of data collection 
in April 2021, 229 patients died of PM, 13 died of other diseases 
(seven with PM, six without PM), 85 were alive with PM, and 19 were 
alive without PM. Median OS was 19.0 months (95% CI: 15.4–22.3). 
Survival rates at 1, 2, and 3 years for all patients were 62.8% (95% 
CI: 57.4%–67.6%), 42.3% (95% CI: 37.0%–47.5%), and 26.5% (95% CI: 
21.3%–31.9%), respectively (Figure 4A).

In the surgery group, median OS was 32.2 months. In non-surgi-
cal treatment group, OS was 14.0 months, while in the BSC group, OS 
was only 3.8 months. Survival rates at 1, 2, and 3 years in the surgery 
group were 81.8%, 61.3%, and 41.9%, respectively. Survival rates at 
1, 2, and 3 years in non-surgical treatment group were 56.5%, 32.3%, 
and 17.2%, respectively. Finally, the survival rates in BSC group were 
22.9%, 17.8%, and 11.4%, respectively (Figure  4B). These results 
show significant differences in OS among three groups.

Median OS after multimodality therapy (n = 109) was significantly 
longer than that in the surgery alone group (n = 29): 34.6 months vs. 

F I G U R E  3  Stage distribution in seventh and eighth TNM staging systems. Distributions of clinical stages for all cases are shown in 
Figure 2A,B, respectively. There were 34.3% of c-stage I and 31.2% of c-stage III patients according to the version 7 staging system (A), and 
66.1% cases were classified as c-stage I in the version 8 staging system (B). In surgical cases, 46.4% and 87.7% of cases were classified as 
c-stage I by version 7 and version 8 staging systems, respectively (C, D). Distributions of pathological stages for surgical cases are shown in 
Figure 2E,F: There were 46.4% of p-stage III according to the version 7 staging system (E) and 66.0% of p-stage I patients according to the 
version 8 staging system (F).
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21.0 months (HR = 0.53) (Figure  4C). Median OS by surgical tech-
nique is shown in Figure 4D: 25.0 months for EPP, 41.8 months for 
P/D, and 17.5 months for PP/ET. Survival time of P/D, not EPP, was 
significantly longer than that for PP/ET.

Median OS for R1 resection, R2 resection, and PP/ET were 39.5 
months, 32.2 months, and 16.8 months, respectively (Figure  4E). 
Median OS for R0-1 group was undefined. There was no significant 
difference in OS time between R0-1 and R1 groups. Median OS time 
for the MCR group (R0-1 plus R1) was 41.8 months, which was sig-
nificantly longer than that for R2 resection and PP/ET (Figure 4F).

The trend of survival in each clinical stage is shown in Table 9A 
and Figure 5A,B. A significant difference in survival between stage 
groups was observed using both seventh and eighth staging systems. 
The survival rates at each pathological stage are shown in Table 9B. 
No differences in survival rates were observed using the seventh 
staging system (p = 0.080; Figure 5C). A significant difference was 
observed for pathological stages using the eighth staging system ap-
proach (p = 0.005; Figure 5D).

The median OS for minimal (n = 68), nodular (n = 96), and rind-
like (n = 178) tumor shape groups were 26.7, 21.3, and 15.0 months, 
respectively (Figure  6A). The survival time in minimal and nodu-
lar groups was significantly longer than that in the rindlike group 
(p = 0.007, p = 0.029 respectively). The median OS time (27.0 months) 

was significantly longer in the MTT <5.1 mm group (n = 91) than 
that in the MTT ≥ 5.1 mm group (n = 255) (15.5 months) (p = 0.013) 
(Figure 6B). The median OS time (26.3 months) for the STLT <13 mm 
group (n = 101) was significantly longer than that for the 13 ≤ STLT 
<60 mm group (n = 203) (15.5 months) (p = 0.022) and the STLT 
≥60 mm group (n = 42) (12.0 months) (p = 0.008) (Figure 6C).

3.7  |  Relapse after macroscopic complete resection

Relapse occurred in 74 (77.1%) of the 96 MCR patients and re-
sulted in PM-related death (n = 36), death due to other causes 
with PM (n = 1), and survival with PM (n = 37). Among 22 patients 
without recurrence, four died of other causes, while 18 survived. 
Relapse pattern was described in 71 of 74 relapsed patients. Initial 
relapse sites were local only in 53 (74.6%), distant only in eight 
(11.3%), and both in 10 (14.1%) (Table 10). Distant only metastasis 
was observed in 27.8% (5/18) of EPP patients and 5.9% (3/51) of 
P/D patients.

The PFS time was calculated in 93 of the 96 MCR cases, excluding 
three cases without detailed relapse information. Median PFS and sur-
vival rates at 1, 2, and 3 years for 93 MCR patients were 16.6 months, 
73.1%, 29.3%, and 19.1%, respectively (Figure 7A). Median PFS and 
PFS rates at 1, 2, and 3 years were 13.6 months and 63.6%, 13.6%, and 
13.6% for EPP patients (n = 22), and 19.4 months and 76.2%, 34.4%, 
and 20.7% for P/D patients (n = 68), respectively (Figure 7B).

4  |  DISCUSSION

The JJLCRC generated several nationwide registries to estab-
lish the international staging system of lung cancer.27,29,30 This 
study is the first investigation and analysis of a PM registry by 
JJLCRC. Like previous JJLCRC registries26–30 this study provides 
reliable and critical information with few excluded cases and 
missing values of clinical data. According to the annual report 
of the Japanese Ministry of Health, Labor, and Welfares,34 1555 
and 1512 deaths were associated with PM in 2017 and 2018, re-
spectively. According to the National Clinical Database of Japan, 
622 curative-intent surgeries for PM were performed between 
January 2014 and December 2017.35 Thus, this study represents 
approximately 10% of all PM cases and 50% of surgical cases in 
Japan during the study period.

With the nationwide enrollment prospectively, the present 
study has provided critical information on PM treatment. We 
found that median OS time for non-surgical treatment groups 
and BSC groups were 14.0 months and 3.8 months, respectively. 
These results were in line with a large-scale retrospective study 
in the United States.36 This study revealed that prognosis for un-
resectable PM remains poor. Furthermore, our study provided 
the surgery completion rate, MCR rate, mortality/morbidity rate, 
and postoperative survival rate of all patients undergoing surgery, 
which had been lacking in the literature. Surgery incompletion 

TA B L E  6  Surgical treatments.

Case No

EPP 26

EPP alone 2

EPP + AC 1

EPP + RT 8

EPP + RT + AC 2

NAC + EPP 2

NAC + EPP + RT 11

P/D 83

P/D alone 13

P/D + AC 18

NAC + P/D 31

NAC + P/D + AC 20

NAC + P/D + RT + AC 1

PP/ET 26

PP/ET alone 12

NAC + PP/ET 14

Other surgery 3

Other surgery alone 2

Other surgery + AC 1

Total 138

Abbreviations: AC, adjuvant chemotherapy; EPP, extrapleural 
pneumonectomy; ET, exploratory thoracotomy; NAC, neoadjuvant 
chemotherapy; P/D, pleurectomy/decortication; PP, partial 
pleurectomy; RT, radiation therapy.
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TA B L E  7  Clinical characteristics of patients with PM surgery.

Characteristic Total (n = 138) EPP (n = 26) P/D (n = 83) PP/ET (n = 26) Other surgery (n = 3)

Gender — Number (%)

Female 21 (15.2) 4 (15.4) 10 (12.0) 6 (23.1) 1 (33.3)

Male 117 (84.8) 22 (84.6) 73 (88.0) 20 (76.9) 2 (66.7)

Age — Number (%)

40–49 1 (0.7) 1 (3.8) 0 (0.0) 0 (0.0) 0 (0.0)

50–59 13 (9.4) 4 (15.4) 9 (10.8) 0 (0.0) 0 (0.0)

60–69 66 (47.8) 11 (42.3) 43 (51.8) 11 (42.3) 1 (33.3)

70–79 51 (37.0) 9 (34.6) 27 (32.5) 13 (50.0) 2 (66.7)

80–89 7 (5.1) 1 (3.8) 4 (4.8) 2 (7.7) 0 (0.0)

Total number 138 26 83 26 3

Median (IQR) 68.5 (64.0–73.0) 68.0 (62.0–71.0) 68.0 (64.0–73.0) 71.0 (65.0–75.0) 73.0 (67.0–78.0)

Range 44–88 44–80 55–80 60–88 67–78

Completeness of resection— Number (%)

R0-1 41 (29.7) 10 (38.5) 30 (36.1) 0 (0.0) 1 (33.3)

R1 55 (39.9) 12 (46.2) 41 (49.4) 1 (3.8)a 1 (33.3)

R2 42 (30.4) 4 (15.4) 12 (14.5) 25 (96.2) 1 (33.3)

Surgical time (min.)

Median (IQR) 406.5 393.0 466.0 175.5 274.0

(280.0–510.0) (357.0–487.0) (372.0–554.0) (90.0–233.0) (222.0–290.0)

Range 30–885 177–705 68–885 30–544 222–290

Blood loss (gram)

Median (IQR) 1210.0 1186.0 1450.0 290.0 270.0

(610.0–1861.0) (870.0–1700.0) (860.0–2160.0) (34.0–740.0) (120.0–670.0)

Range 1–25205 300–8036 5–25205 1–4530 120–670

Abbreviations: EPP, extrapleural pneumonectomy; ET, exploratory thoracotomy; IQR, interquartile range; P/D, pleurectomy/decortication; PM, 
pleural mesothelioma; PP, partial pleurectomy.
aLocalized mesothelioma.

TA B L E  8  Non-surgical treatment.

First-line Tx (n = 164) Second-line Tx (n = 111) Third-line Tx (n = 29)

Chemoradiotherapy (n = 7)

CDDP+PEM (n = 84) CDDP+PEM (n = 2) BSC (n = 2)

CBDCA+PEM (n = 8) Others (n = 2), BSC (n = 6)

PEM (n = 5) Others (n = 2), RT (n = 1), BSC (n = 2)

Others (n = 45) CDDP+PEM (n = 1), PEM (n = 1), Others (n = 4), RT (n = 1), BSC (n = 38)

RT (n = 1) Others (n = 1)

BSC (n = 23)

CBDCA+PEM (n = 47) CBDCA+PEM (n = 3) Others (n = 1), BSC (n = 2)

PEM (n = 1) BSC (n = 1)

Others (n = 19) CBDCA+PEM (n = 1), PEM (n = 2), Others (n = 2), BSC (n = 14)

RT (n = 2) Others (n = 1), BSC (n = 1)

BSC (n = 22)

PEM (n=11) Others (n = 5) Others (n = 1), BSC (n = 4)

BSC (n = 6)

Others (n=15) CDDP+PEM (n = 3) Others (n = 3)

CBDCA+PEM (n = 2) Others (n = 1), BSC (n = 1)

PEM (n = 1) BSC (n = 1)

Others (n = 7) CBDCA+PEM (n = 1), Others (n = 2), RT (n = 1), BSC (n = 3)

BSC (n = 2)

Abbreviations: BSC, best supportive care; CBDCA, carboplatin; CDDP, cisplatin; PEM, pemetrexed; RT, radiation therapy; Tx, treatment.
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rate (i.e., ET/PP) in this study was 18.8%, similar to the result of a 
previous single-center retrospective study.37 However, the found 
rate was relatively high compared to the data from previous pro-
spective studies.38–42 The relatively high surgery incompletion 
rate in this study might have reflected that some of participating 
surgeons were not sufficiently experienced. The ambiguity of sur-
gical nomenclature might also serve as a possible explanation of 
our findings. Since the distinction of R2 resection, PP, and ET in 
surgery-intended cases is not clearly described in the consensus 
paper,32 surgery incompletion rate might vary according to the 
surgeon's definition.

The median OS time (32.2 months) for all surgical cases in the 
present study was longer than that in previous prospective studies 

(up to 24.4 months).38,39,43–47 The recent small-scale phase II clinical 
trial reported an intent-to-treat basis survival of 41.4 months.42 The 
present study demonstrated that the postoperative survival for all 
surgical cases was extending over 30 months.

This study reconfirmed that MCR is a reasonable goal for PM 
surgery. Since any type of curative-intent surgery for PM provides 
R1 resection, MCR has become a surgical goal.48,49 However, some 
experts were critical of the reliability of MCR, which was subject to 
the surgeon's discretion.50 This study revealed that the survival of 
the MCR group was significantly longer than those of the R2 resec-
tion and ET/PP groups. During the planning phase of this study, we 
hypothesized that a part of MCR surgery might be more radical than 
the rest. Thus, we divided MCR into two subcategories: R0-1 and 

F I G U R E  4  Overall survival (OS). (A) Median OS and survival rates at 1, 2, and 3 years for all patients were 19.0 months and 62.8%, 42.3%, 
and 26.5%, respectively. (B) Median OS and survival rates at 1, 2, and 3 years were 32.2 months and 81.8%, 61.3%, and 41.9%, respectively, 
for the surgery group; at 14.0 months and 56.5%, 32.3%, and 17.2%, respectively, for the non-surgical treatment group; and at 3.8 months, 
22.9%, 17.8%, and 11.4% for the BSC group, respectively. (C) Median OS for multimodality therapy (n = 109) was significantly longer than 
surgery alone (n = 29): 34.6 months vs. 21.0 months. (D) Median OS by surgical technique were 25.0 months for EPP, 41.8 months for P/D, 
and 17.5 months for PP/ET. There was a significant difference in OS between P/D and PP/ET. (E) Median OS for R0-1, R1, and R2 resection 
and PP/ET groups were undefined, 39.5 months, 32.2 months, and 16.8 months. OS for R0-1 and R1 resections were significantly longer 
for those of R2 resection and PP/ET. There was no significant difference in OS between R0-1 and R1. (F) The median OS for the MCR 
group was 41.8 months and was significantly longer than those for R2 resection and PP/ET. BSC, best supportive care; EPP, extrapleural 
pneumonectomy; MCR, macroscopic complete resection; OS, overall survival; P/D, pleurectomy/decortication; PP/ET, patrial pleurectomy/
exploratory thoracotomy; Tx, treatment.
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R1. However, R0-1 and R1 groups had similar survival rates. Thus, 
the results confirmed that MCR is a reliable and practical goal of PM 
surgery.

In the present study, P/D, not EPP, showed a significantly longer 
survival than PP/ET. Because this study may contain patient selec-
tion bias, including conversion from P/D to EPP,40 it is not appropri-
ate to draw any conclusion on the comparison of different surgical 
techniques. However, the results of this study might suggest that 
we should be cautious in indicating surgical intervention for EPP.

Our study confirmed the prognostic power of both tumor 
shape and tumor thickness that had been found in the previous 

IASLC registry.8 The reliability of MTT and STLT was previously 
confirmed by single-center studies.51,52 To the best of our knowl-
edge, this study was the first to validate that tumor shape is a 
reliable prognostic variable. Since tumor shape and thickness are 
readily accessible to practicians, they are promising candidates for 
the next T descriptors.

We verified and compared the prognostic power using the sev-
enth and eighth versions of the TNM staging system. Approximately 
two-thirds of patients were categorized as c- and p-stage I in the 
eighth TNM staging system. The results of the present study concur 
with previously reported data of a retrospective study that validated 

F I G U R E  5  Overall survival by clinical and pathological stages. (A, B) A significant survival difference between clinical stage groups 
was observed in both seventh (A) and eighth (B) staging systems. (C) There was not a significant survival difference at the seventh version 
pathological stages. (D) A significant survival difference was observed at the eighth version pathological stages.
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the sixth and eighth TNM staging system using the surveillance, ep-
idemiology, and end results (SEER) database.53 This study revealed 
the “bulky stage I” issue of the eighth version as a task for the ninth 
version of the TNM staging system.

This study has some limitations. First, there may be sampling 
bias because this study did not collect all the Japanese PM cases 

during the study period. This study might have not reflected the 
real-world situation in Japan because the majority of the participat-
ing institutions were academic centers or large hospitals. Second, 
the results of this study might not directly translate to other coun-
tries because of differences in racial composition, cultural habits, 
and medical systems.54 Complimentary periodic medical checkups 

F I G U R E  6  Overall survival (OS) by tumor shape and tumor thickness. (A) Median overall survival for minimal (n = 68), nodular (n = 96), and 
rind-like (n = 178) groups were 26.7, 21.3, and 15.0 months, respectively. Survivals for minimal and nodular groups were significantly longer 
than for the rind-like group. (B) Median OS was significantly longer in the MTT <5.1 mm group (n = 91) than that in the MTT ≥5.1 mm group 
(n = 255): 27.0 months vs. 15.5 months. (C) The median OS for the STLT <13 mm group (n = 101) was significantly longer than those for the 
13 ≤ STLT <60 mm group (n = 203) and the STLT ≥60 mm group (n = 42): 26.3 months vs. 15.5 months and 12.0 months, respectively. MTT, 
maximum tumor thickness; OS, overall survival; STLT, sum of three-level thickness.
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TA B L E  1 0  Relapse pattern and sites.

Relapse pattern

Relapse site (local) Relapse site (distant)

Site No (EPP/PD/Other) Site No (EPP/PD/Other)

Local only (n = 53) Total 53 (11/40/2)

Ipsilateral chest wall 45 (9/34/2)

Ipsilateral diaphragm 1 (1/0/0)

Ipsilateral mediastinal LN 11 (0/11/0)

Ipsilateral axillar/supraclavicular LN 2 (1/1/0)

Pericardium 4 (3/1/0)

Distant only (n = 8) Total 8 (5/3/0)

Contralateral chest wall 3 (2/1/0)

Abdomen 2 (2/0/0)

Contralateral LN 1 (1/0/0)

Intrapulmonary 3 (1/2/0)

Local + distant (n = 10) Total 10 (2/8/0)

Ipsilateral chest wall 6 (2/4/0) Contralateral chest wall 1 (0/1/0)

Ipsilateral diaphragm 1 (0/1/0) Abdomen 1 (0/1/0)

Ipsilateral mediastinal LN 4 (0/4/0) Contralateral LN 1 (1/0/0)

Ipsilateral axillar/supraclavicular LN 1 (1/0/0) Intrapulmonary 8 (2/6/0)

Pericardium 1 (0/1/0)

Abbreviation: EPP, extrapleural pneumonectomy; LN, lymph node; P/D, pleurectomy/decortication.

F I G U R E  7  (Legend on next page)
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for high-risk populations and complimentary medical interventions 
for patients with PM are available in Japan. Third, nivolumab treat-
ment was not considered in the questionnaire of the case report 
form because registration of this study was started in April 2017, 
a year before the approval of nivolumab in Japan. Although most 
of the chemotherapeutic agents listed as “others” were presumed 
to be nivolumab, this cannot be verified. It is also presumed that 
nivolumab had an additional effect on the prognosis of both surgical 
and non-surgical cases.
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　石綿（アスベスト）関連疾患には中皮腫や肺癌，良性石
綿胸水，びまん性胸膜肥厚などがあるが，そのなかでも
中皮腫は治療方法が限られており，予後も不良な疾患で
ある．中皮腫は胸膜，腹膜，心膜，精巣鞘膜の中皮細胞
から発生する悪性腫瘍であり，胸膜が 80～85％，腹膜が
10～15％，その他が 1％以下とされる．中皮腫の約 80％
において何らかの石綿曝露との関連が明らかになってい
るが1），明らかな石綿曝露歴がなくとも発症している報
告2）や，遺伝的な素因も明らかになってきている．厚生
労働省の発表3）では令和 4年の中皮腫による死亡者数は
1,554 名で令和 3 年の 1,635 名よりも減少しているもの
の，1995 年の 500 人からは年々増加傾向であること，日
本における発生ピークは 2030 年頃とされていることか
ら，今後も患者数が増加することが予想され，さらなる
治療開発が望まれている．
　本稿では石綿関連疾患のうち，主に胸膜中皮腫に対す
る薬物治療の現況と今後の展望について述べる．

　胸膜中皮腫は組織型により上皮様・肉腫様・二相性に
分類される．治療選択のアルゴリズムを示す（図 1）．
　上皮様症例の場合，Ⅰ～ⅢA期で肉眼的完全切除が得

られると考えられる症例は外科的切除（耐術能に応じて
胸膜切除／肺剝皮術あるいは胸膜肺全摘術）の適応となる
が，解剖学的に切除マージンの確保が困難であり，病理
学的な断端陰性ではなく肉眼的完全切除を目指すことと
なるため再発の頻度が高く，術前あるいは術後の化学療
法（シスプラチン，ペメトレキセド併用療法）が推奨され
る．また胸膜肺全摘術後には再発予防のため補助放射線
治療を行うことがある．二相性症例についても同様の検
討を行うが，上皮様症例に比べると外科的切除の適応に
ついてより慎重である必要がある．肉腫様症例について
は予後が著しく不良であるため外科的切除は原則として
推奨されていない．
　肉腫様症例や切除不能例，術後再発例に対しては薬物
療法が行われるが，2007 年にシスプラチン，ペメトレキ
セド併用療法が承認されて以降，長らく新規治療薬の承
認がなかった．しかし近年の免疫チェックポイント阻害
薬の登場に伴い，抗 PD－1 抗体薬であるニボルマブ単剤
療法がわが国における臨床第Ⅱ相試験（MERIT 試験）5）

の結果に基づき二次治療以降のレジメンとして 2018 年
に承認された．また，ニボルマブと抗CTLA－4抗体薬で
あるイピリムマブとの併用療法が，国際第Ⅲ相試験
（CheckMate743 試験）6）において標準化学療法であるシ
スプラチン，ペメトレキセド併用療法に対し全生存期間
を延長させることが示され，2021 年に一次治療として承
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呼吸器内科学
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図　1　胸膜中皮腫の診療アルゴリズム4）
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認された．特にこれまで治療抵抗性であった非上皮様症
例においてハザード比 0.46（95％信頼区間：0.31－0.68）と
著明な全生存期間の延長効果が認められており，これら
の症例に対する治療成績の改善が期待される．
　一方で免疫チェックポイント阻害薬については，特に
その併用において従前とは異なったさまざまな免疫関連
有害事象が出現する．非小細胞肺癌に対する国内第Ⅲ相
試験（JCOG2007 試験）で，化学療法とニボルマブ，イピ
リムマブの併用療法において，予期していた範囲を超え
る治療関連死亡（治療との因果関係を否定できない死亡）
が報告された7）．治療選択肢が限られる胸膜中皮腫にお
いてはニボルマブとイピリムマブ併用療法が有望な標準
療法であることに疑いはないものの，有害事象には細心
の注意を払いながら治療を進める必要がある．

　胸膜以外の中皮腫に対しては頻度が少ないこともあり
標準治療として定まったものはなく，薬物療法について
は胸膜中皮腫に準じた治療が行われてきた．しかしわが
国で行われた医師主導治験（VIOLA試験）の結果に基づ
き，2023 年 11 月にニボルマブ単剤での治療が胸膜を除
く中皮腫に対しはじめて国内承認され，使用可能となっ
ている8）．

　胸膜中皮腫，その他の中皮腫に対し上述のような新規
薬剤が登場しているものの，いまだ治療選択肢が限られ
ているのが現状である．胸膜中皮腫に対しては一次治療
としてデュルバルマブと標準化学療法の併用9）や，二次
治療以降の治療としてペムブロリズマブ，レンバチニブ
の併用療法10）やペムブロリズマブ単剤治療11,12）の試験結
果が報告されている．ペムブロリズマブについてはプラ

チナ，ペメトレキセド併用化学療法と併用することで全
生存期間を延長させることが報告されており13），新たな
治療選択肢となることが期待される．またプラチナ，ペ
メトレキセド併用化学療法へのベバシズマブの上乗せに
ついては有効性が示されており14），診療ガイドライン4）

にも記載があるものの保険償還されておらず注意が必要
である．また新規の免疫チェックポイント阻害薬と化学
療法の併用についても臨床試験が進行中である．
　免疫チェックポイント阻害薬をはじめとする新規薬剤
の登場により，多くの癌種で予後の改善が認められてお
り，中皮腫においても今後のさらなる治療の発展が期待
される．
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In a recent study published on Translational Lung Cancer 
Research, Klotz and colleagues report the results of their 
retrospective analyses, where they compared treatment 
outcomes among patients diagnosed with epithelioid 
malignant pleural mesothelioma (MPM) (1). They 
compared survival of three patient cohorts: one was treated 
with an extrapleural pneumonectomy (EPP); one was 
treated with an extended pleurectomy/decortication (EPD) 
combined with hyperthermic intrathoracic chemoperfusion 
(HITOC) and adjuvant chemotherapy; and one was treated 
with chemotherapy alone. They demonstrated that the 
median overall survival (OS) was significantly longer in the 
EPD/HITOC cohort than in the EPP and chemotherapy 
cohorts. In addition, their multivariate analysis showed that 
EPD/HITOC was significantly associated with improved 
OS. Based on these findings, they concluded that a less 
radical lung-sparing surgery, EPD, should be performed in 
patients with epithelioid MPM.

MPM is strongly associated with past asbestos exposure, 
and its incidence has continued to increase in many 
developing countries. Surgical resection is applied to 
patients in the earlier stages of the disease. However, a 
tumor resection with wide microscopically negative margins 
is not feasible in MPM, due to the surrounding vital 
structures. The aim of a surgical resection for MPM is to 
remove the entire macroscopic tumor from the hemithorax. 
A macroscopic complete resection can be achieved with 
both an EPP and a PD. However, it remains controversial 

which is the more appropriate procedure. Although an EPP 
was traditionally the technique of choice, perioperative 
mortality and morbidity were significantly lower with an 
EPD than with an EPP. A systematic review showed that 
OS was comparable between those treated with an EPP and 
those treated with an EPD (2). Those results were further 
supported in a meta-analysis (3). In addition, the EPP is 
generally more deleterious than an EPD, in terms of quality 
of life for the patient (4). Based on those reports, the recent 
European Society of Medical Oncology Clinical Practice 
Guidelines considered a lung-sparing EPD the first-choice 
surgical procedure (5). However, an EPP could also be 
offered to highly selected patients in high-volume centers. 
Due to the lack of a direct comparison between these two 
surgical modalities, the superiority of an EPD has not been 
established. 

Klotz and colleagues analyzed the outcomes of patients 
with epithelioid MPM treated with a multimodal approach 
during the last 2 decades in a single high-volume center in 
Germany. They changed their surgical approach between 
2012 and 2013, from an EPP-based multimodal treatment 
to an EPD/HITOC treatment. Many institutions around 
the world have similarly changed their surgical policies, 
based on a randomized feasibility study that compared EPP 
and no-EPP treatments (6). 

In the Klotz study, the median OS of the EPD/
HITOC, EPP, and chemotherapy cohorts were 38.1, 24.0, 
and 15.8 months, respectively. These median OS were 
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consistent with those reported previously. Better survival 
was significantly associated with good performance status, 
a younger age, and negative lymph node status. The 
perioperative morbidity rate was significantly higher in 
the EPP cohort (36.2%) than in the EPD/HITOC cohort 
(18%). The strength of the study was that the results of 
different surgical approaches were compared in a high-
volume institution. This real-world data might support 
a less radical lung-sparing technique as the first-choice 
surgical procedure for epithelioid MPM. It seems quite 
natural that survival was worst in the chemotherapy cohort, 
because those patients had unresectable, advanced disease.

Of note, the study by Klotz and colleagues had some 
limitations. The main limitations were the retrospective 
study design and the limited number of selected patients. 
Moreover, the EPD/HITOC cohort contained more 
patients and better performance status, compared to the 
EPP cohort. Second, as the authors described, due to the 
time difference, potential improvements in perioperative 
management and recent advancements in treating tumor 
recurrence might have influenced the improved OS in 
the EPD/HITOC cohort. Third, the role of an HITOC 
adjunct to surgery for MPM has not been established. 
The objective of the HITOC is to eradicate the remaining 
cancer cells. To date, improvements in recurrence-free 
survival and OS have been observed in a retrospective 
single-center analysis (7). However, the efficacy of HITOC 
has not been demonstrated in a prospective trial. 

In the future, the lung-sparing EPD will be a standard 
surgical approach for resectable MPM, based on the above-
mentioned retrospective studies, including the meta-
analyses. The current report by Klotz and colleagues also 
supported the efficacy of EPD and demonstrated that it 
could maintain the patient’s quality of life. Nevertheless, 
many problems remain to be resolved concerning the 
surgical approach for MPM. First, there is no clear evidence 
on the impact of EPD on extended OS in patients with 
MPM. The evidence may be provided by the MARS2 trial, 
which will prospectively compare the extent of survival 
improvement between EPD and non-surgical therapy (8). 
Another major outstanding issue is whether systemic 
chemotherapy should be delivered in a neoadjuvant or 
adjuvant setting. Some clues to this issue might come from 
a randomized phase II trial that aims to compare the effect 
of neoadjuvant and adjuvant chemotherapy in combination 
with surgery in MPM (9). Furthermore, the exact role of 
HITOC should be clarified in a prospective clinical trial. 

We sincerely hope that, through prospective clinical 

trials and grounded real-world data, an optimal clinical 
approach will be established for patients with MPM.
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ABSTRACT

A 69-year-old man presented with a pulmonary opacity at a
regular medical check-up. He had been exposed to asbestos in
a chemical fiber manufacturing setting. Result of positron
emission tomography with computed tomography (CT)
revealed fluorodeoxyglucose accumulations along the right
pleura in areas with multiple nodules and irregular pleural
thickening. On the basis of analysis of a CT-guided needle bi-
opsy result, he had been diagnosed with having epithelioid
malignant pleural mesothelioma. He received neoadjuvant
chemotherapy, and subsequently, a pleurectomy and decorti-
cation. After 6 months, malignant pleural mesothelioma
recurred with multiple tumors in the pleural cavity. Nivolumab
was administered as salvage immunotherapy. A CT scan result
revealed marked tumor reduction; however, his platelet count
was low (8000/mL), and he was diagnosed with having
nivolumab-induced immune thrombocytopenia. Oral predni-
sone and thrombopoietin receptor agonist were delivered, and
the platelet count improved; therefore, a sustained cycle of
nivolumab was resumed. This case revealed that nivolumab
could be readministered for continued antitumor effects, with
careful management of immune-related adverse events.

� 2022 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
Malignant pleural mesothelioma (MPM) is a rare

malignant disease that occurs in the pleura, peritoneum,
and less often, in other sites. Asbestos exposure is
considered the main cause of MPM.

Nivolumab is an antibody that acts as an immune
checkpoint inhibitor (ICI) by targeting the programmed
death-1. Nivolumab was approved for patients with
recurrent MPM in Japan in 2018, based on results from a
phase 2 trial.1 ICIs cause various immune-related
adverse events (irAEs). Here, we describe a patient
with MPM who developed severe thrombocytopenia
during treatment with nivolumab.
Case Presentation
A 69-year-old man presented with a pulmonary

opacity on a chest radiograph at a regular medical check-
up. He had been exposed to asbestos for 3 years, while
working in a chemical fiber manufacturing setting, and he
had a history of smoking (20 cigarettes/d) for 18 years
from the age of 20 years. In addition, he had been
JTO Clinical and Research Reports Vol. 3 No. 7: 100351
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Figure 1. CT images of the chest reveal nivolumab treatment of recurrent MPM. (A) At 6 months postsurgery, multiple tumors
are present in the pleural cavity, which suggest MPM recurrence. (B) CT images after four administrations of nivolumab reveal
marked improvement in recurrent MPM tumors. CT, computed tomography; MPM, malignant peritoneal mesothelioma.

Figure 2. Clinical course of the case. #, number of the
administration; Nivo, nivolumab; TPO-R, thrombopoietin
receptor.

2 Tanaka et al JTO Clinical and Research Reports Vol. 3 No. 7
diagnosed with having type 2 diabetes mellitus at the age
of 59 years.

Result of a positron emission tomography–computed
tomography (CT) analysis revealed fluorodeoxyglucose
accumulations along the right pleura, in areas with
multiple nodules and irregular pleural thickening. On the
basis of a CT-guided needle biopsy analysis, he had been
diagnosed with having epithelioid MPM. Clinical staging
revealed a TNM stage of T3N0M0 (Union for Interna-
tional Cancer Control TNM Classification of Malignant
Tumors, seventh edition). The patient received three
cycles of neoadjuvant chemotherapy (cisplatin and
pemetrexed), and subsequently, underwent a pleur-
ectomy with decortication. At 6 months postsurgery,
MPM recurrence was detected, when multiple tumors
were found in the pleural cavity (Fig. 1A). Nivolumab
(240 mg/d) was administered as salvage immuno-
therapy, every 2 weeks. After four cycles, a CT scan
result revealed marked tumor reduction (Fig. 1B).

After the ninth cycle, during a routine check-up,
thrombocytopenia was detected (platelet count: 8000/
mL) without anemia or leukopenia. Consequently, nivo-
lumab administration was stopped. The thrombocyto-
penia was not associated with bleeding complications. A
bone marrow biopsy result revealed no megakaryocytic
abnormalities or chromosomal aberrations. The platelet-
associated immunoglobulin G (PA-IgG) level was
elevated (197 ng/107 cells). Antiplatelet antibodies were
negative. Result of the serum test for hepatitis B c-anti-
body, hepatitis C antibody, Helicobacter pylori antibody,
human T-cell lymphotropic virus type I antibody, and
human immunodeficiency virus antibody was negative.
On the basis of these examinations, the patient was
diagnosed with having nivolumab-induced immune
thrombocytopenia (ITP). Oral prednisone at 0.5 mg/kg/
d was delivered to treat the ITP, and the platelet count
improved on day 3 (50,000/mL). A thrombopoietin re-
ceptor (TPO-R) agonist was also delivered as the pred-
nisone was tapered off. The platelet count improved to
200,000/mL on day 24 (Fig. 2). At 3 months after the
onset of ITP, a 10th cycle of sustained nivolumab was
resumed with the consent of the patient.

At the 14th cycle of nivolumab administration, there
were no reappearance of ITP and no exacerbation of MPM.
Discussion
For the past several years, studies have revealed the

efficacy of ICIs in various types of malignancies. Never-
theless, studies have also reported that ICIs cause a va-
riety of irAEs.2 Hematological irAEs are relatively rare;
when all grades are considered, they occur at a rate of
approximately 3.6% (the grade 3–4 rate is estimated at
approximately 0.7%).3 The occurrence of hematological
irAEs was reported to increase with programmed death-
1 and programmed death-ligand 1 antibody adminis-
tration, compared with CTLA-4 antibody administration.
In one review, among 63 patients treated with ICIs, nine
patients died and 18 patients experienced ITP compli-
cations.3 According to a previous observational study,
there were 35 patients with hematologic irAEs including
nine patients with ITP among 948 screened patients,4

and median time to onset of ITP was 10.1 weeks. Only
one case of nivolumab-induced ITP in MPM has been
reported to date, in which ITP developed 16 weeks after
the first administration of nivolumab.5 ITP also
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developed 16 weeks after the first administration of
nivolumab in the current case.

In the current case, thrombocytopenia was likely
caused by PA-IgG antibodies produced by activated
lymphocytes. The elevated PA-IgG level and the negative
finding for antiplatelet antibodies supported the notion
that ITP had caused thrombocytopenia. It is generally
known that steroids have an inhibitory effect on ICIs;
consequently, they are often administered to treat ITP.
Other treatment options include intravenous immuno-
globulins, TPO-R, and other immunosuppressive thera-
pies, such as azathioprine and rituximab.5–7

In the present case, we started treatment with ste-
roids. In addition, we used TPO-R in a combinational
therapy. We aimed avoiding to deliver steroids at high
doses for a long term, because the patient had type 2
diabetes. We also aimed to readminister and continue
nivolumab treatment because nivolumab had produced a
remarkable antitumor effect. In fact, MPM exacerbation
occurred during withdrawal of nivolumab in a previous
reported case with nivolumab-induced thrombocyto-
penia.5 We could resume nivolumab therapy after the
ITP resolved without detectable MPM aggravation in the
current case. The decision to resume ICI therapy after
resolution of toxicity is challenging. A patient’s tumor
response status is an important factor in deciding
whether to resume ICI. According to American Society of
Clinical Oncology guideline, for some patients with a
rapid resolution of certain moderate-to-severe irAEs af-
ter corticosteroid use, resumption of ICI may be less
precarious.7 We aimed to resume and continue nivolu-
mab treatment because nivolumab had produced a
remarkable antitumor effect.

A previous study revealed that nivolumab had clinical
effectiveness as a second-line therapy for an unselected
population of patients with mesothelioma.8 More
recently, nivolumab was approved as a first-line therapy
for MPM in combination with ipilimumab.9 Thus, in
future, nivolumab will play a more prominent role in
MPM treatment strategies. According to a recent report,
nivolumab displayed more antitumor efficacy in patients
with irAEs than in patients without irAEs.10 We need to
manage irAEs appropriately, particularly in MPM treat-
ments, where the treatment options remain limited,
compared with other types of malignancies.
Conclusions
We described a patient with MPM who developed an

irAE of severe thrombocytopenia. We successfully
treated nivolumab-induced ITP with steroids and TPO-R.
The current case revealed that nivolumab could be
readministered and continued as an MPM treatment,
with careful management of irAEs.
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Abstract: Objective: This study investigated whether malignant pleural mesothelioma (MPM) pa-
tients achieved good deaths and good quality of end-of-life care compared with other cancer patients
from the perspective of bereaved family members in Japan. Methods: This cross-sectional study was
part of a larger study on the achievement of good deaths of MPM patients and the bereavement of
their family members. Bereaved family members of MPM patients in Japan (n = 72) were surveyed.
The Good Death Inventory (GDI) was used to assess the achievement of good death. The short
version of the Care Evaluation Scale (CES) version 2 was used to assess the quality of end-of-life care.
The GDI and CES scores of MPM patients were compared with those of a Japanese cancer population
from a previous study. Results: MPM patients failed to achieve good deaths. Only 12.5% of the MPM
patients were free from physical pain. The GDI scores of most of the MPM patients were significantly
lower than those of the Japanese cancer population. The CES scores indicated a significantly poorer
quality of end-of-life care for the MPM patients than the Japanese cancer population. The total GDI
and CES scores were correlated (r = 0.55). Conclusions: The quality of end-of-life care for MPM
patients remains poor. Moreover, MPM patients do not achieve good deaths from the perspective of
their bereaved family members.

Keywords: mesothelioma; asbestos; rare lung disease; palliative care; good death; quality of care

1. Introduction

Malignant pleural mesothelioma (MPM) is a rare fatal malignancy caused mainly by
asbestos [1]. The number of people with MPM who die each year in Japan is about 1550, and
that number is growing [2]. It is estimated that Japan will have 66,000–100,000 deaths from
mesothelioma between the years 2003 and 2050 [3,4]. The median survival from the time of
diagnosis in Japan is 7.9 months [5]. MPM causes a series of debilitating physical symptoms,
such as chest pain, dyspnea, fatigue, anorexia, insomnia, constipation, and sweating [6–11].
Psychological issues, such as uncertainty, lack of control [12], memory problems, difficulties
in concentrating, feeling that problems cannot be solved [13], depression, anxiety, fear, and
isolation [8], all negatively affect the quality of life of MPM patients. Finally, there is additional
psychological distress for victims of the asbestos industry [14]. Suffering from asbestos-related
disease causes fear of premature death [15]. MPM patients in Japan reportedly suffer from
physical and psychological distress [16], and their quality of life is impaired [9].

Lamentably, the quality of life of MPM patients in the terminal stage, particularly
their achievements of good deaths and good quality of end-of-life care, has been scarcely
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researched and thus remains poorly understood. Unfortunately, there are barriers to
conducting research on MPM patients in their terminal stage. These include their small
population, and the short lengths of time between disease diagnosis, debilitation, and death.
Moreover, conducting research on terminally ill patients imposes unnecessary burdens on
them. Therefore, many studies are conducted with bereaved family members [13,17–20] to
evaluate the patients’ achievements of good deaths and the quality of their end-of-life care.

This study aimed to investigate whether MPM patients achieved good deaths and
good quality of end-of-life care compared with other cancer patients in Japan from the
perspective of bereaved family members. The data for the other cancer patients in Japan
were taken from a previous study [21].

2. Methods
2.1. Study Design, Participants, and Setting

This study used a cross-sectional survey design to examine the achievements of
good death and good quality of end-of-life care for MPM patients from the perspective of
bereaved family members.

The inclusion criteria for bereaved family members were as follows: (1) had lost a loved
one to MPM, (2) had a loved one who had been diagnosed with MPM after 2008 when the
first evidence-based chemotherapy succeeded in prolonging the survival of MPM patients,
and (3) could respond to a self-administered questionnaire written in Japanese. The exclusion
criterion was a bereaved family member who had experienced a loss within six months.
This research is part of a larger study which also investigated the complicated grief of the
bereaved family members of MPM patients. According to the previous study, the diagnosis of
complicated grief should be made at least six months after the death of a family member [22].

A request for cooperation was sent to the advocacy group of the Japan Association of
Mesothelioma and Asbestos-Related Disease Victims and their Families. The association
has 15 branches across Japan and works with approximately 700 victims of asbestos-related
diseases and their families. The association sent the informed consent information and
questionnaires to 109 bereaved family members in November 2016. Those agreeing to
participate returned the completed questionnaires via postal mail by March 2017.

2.2. Outcomes

The primary outcomes were the achievements of a good death and good quality of
end-of-life care for MPM patients. The secondary outcome was the presence of the common
symptoms of MPM.

2.3. Instruments
2.3.1. Information of Patients and Bereaved Family Members

The following information was provided by the bereaved family members about the
deceased patients: sex, age at diagnosis, survival and received treatments, receipt of two
types of insurance compensation benefits, and place of death.

The information about the bereaved family members included the following: age,
relationship to the patient, time of bereavement, experience of end-of-life discussion with
the patient, timing of patient’s death, financial impact of patient’s MPM on family, and
level of anger toward asbestos. The bereaved family members were also asked about
their satisfaction with care on diagnosis, when the patient became critical, and when the
patient died.

2.3.2. Good Death Inventory

Achievement of good death was measured using the Good Death Inventory (GDI),
which had internal consistency (α = 0.74–0.95) and acceptable test–retest reliability (intra-class
correlation coefficient = 0.38–0.72) [17]. The GDI was validated to evaluate the achievement
of good death from the perspective of bereaved family members in Japan [17]. The GDI has
18 items consisting of 10 core items and 8 optional items, and is answered using a seven-point
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Likert scale (1 = absolutely disagree, 7 = absolutely agree). The possible scores range from
18 to 126, and a high score indicates the achievement of a good death.

2.3.3. Care Evaluation Scale

The short version of the Care Evaluation Scale (CES) version 2 (Cronbach’s α = 0.96) was
used to evaluate the quality of end-of-life care in Japan [23]. The CES consists of 10 items.
The bereaved family members answered using a six-point Likert scale (1 = highly disagree,
6 = highly agree). A high total CES score indicates a good quality of end-of-life care.

2.3.4. Symptoms

The presence of the common symptoms of MPM, namely, pain, dyspnea, anorexia,
fatigue, anxiety, dysphagia, constipation, nausea, insomnia, edema, and palpitation, was
asked with respect to two time points. These time points were (1) at the end of chemother-
apy (only for the bereaved family members of patients who received chemotherapy—i.e.,
when chemotherapy was stopped, being no longer effective), and (2) at the final critical
stage (i.e., when the patient entered the critical stage). The bereaved family members
checked the items of symptoms the MPM patients experienced. These two time points
enabled the comparison of the present results with previous results that reported on the
care needs of patients because of their severe symptoms [16].

2.4. Missing Data

Mean imputation was conducted for the missing data of GDI and CES scores according
to the instructions for the tools.

2.5. Comparison of Study Data

A nationwide project to evaluate hospice and palliative care in Japan was previously
conducted by Miyashita et al. and reported as the Japan Hospice and Palliative care Evaluation
(J-HOPE) study [21]. This project evaluated the end-of-life care of cancer patients from the
perspective of bereaved family members in nationwide designated cancer centers, inpatient
palliative care units (PCUs), and home hospices. The study focused on care satisfaction, the
structure and process of care, and the achievement of a good death. This previous study com-
pared the data according to the last place of care. Data from this previous study were provided
to us by Dr. Miyashita, who is a co-author of the present study. There were 8398 questionnaire
responses from family members that were analyzed by Miyashita et al. [24].

2.6. Statistical Analysis

The scores of each scale were calculated using a previously reported scoring pro-
cedure [17,23]. The scores of the measurement tool items in GDI and CES were totaled
and compared with those of cancer patients in the J-HOPE study [21]. The GDI and CES
mean scores in the J-HOPE study [21] were calculated according to the place of death and
compared with the GDI and CES mean scores in the present study. The achievements of
good death (measured using GDI) and good quality of end-of-life care (measured using
CES) scores in the present MPM study and the previous J-HOPE study were compared
using the binominal test. The GDI and CES total scores in the present MPM study and the
previous J-HOPE study were compared using a one-sample t-test.

The correlations between the GDI and the CES were examined. Thereafter, the GDI
scores and the patients’ and bereaved participants’ information were examined. Sex, receiving
treatments, approval for compensation, experience of end-of-life discussion with patients,
and satisfaction of care were treated as dichotomous variables. Finally, the coefficients
and their 95% confidence intervals estimated by multiple regression analysis were used to
assess the correlations between the GDI and CES scores and the clinical social factors. A
p-value of < 0.05 was considered to indicate a statistically significant difference. Statistical
analysis was performed using SPSS version 27.
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2.7. Ethical Consideration

This study was approved by the Research Ethics Committee of St. Luke’s International
University (16-A035). It was conducted based on the ethical principles of avoiding harm,
voluntary participation, anonymity, and the protection of privacy and personal information.

3. Results

Of the 109 questionnaires distributed to the bereaved family members through the
related victims and family advocacy group, 74 (67.9%) were completed and returned
via postal mail by the end of March 2017. Two bereaved family member respondents
who had experienced a loss within the last six months were excluded. Thus, a total of
72 questionnaires were analyzed.

3.1. Characteristics of Malignant Pleural Mesothelioma Patients and Bereaved Family Members

As shown in Table 1, 81.9% of the deceased MPM patients were men, and their mean
age at diagnosis was 66.9 years. The treatment modalities they received were chemotherapy
(70.8%), palliative care (56.9%), and surgery (19.4%). A large minority (48.6%) died in
the respiratory ward, followed by the PCU or hospice (33.3%). Only 13.9% died at home.
The mean survival time was 14.5 months from the time of diagnosis. The majority of
the bereaved family members (72.2%) was spouses of the MPM patients, and the mean
bereavement time was 45.2 months.

Table 1. Comparison of the characteristics of malignant pleural mesothelioma patients and cancer
patients, and their bereaved participants.

Disease MPM Cancer *

n = 72

Place of Death

Designated Cancer Center
(n = 2794)

Palliative Care Unit
(n = 5312)

Home Hospice
(n = 292)

Patients n % n % n % n %

Sex
Men 59 81.9 1820 65.1 2906 54.7 181 62
Women 13 18.1 973 34.8 2364 44.5 111 38

Primary cancer site Pleura ** 72 100 - - - - - -
Lung 0 0 688 24.6 1246 23.5 63 21.6
Stomach 0 0 395 14.1 635 12 36 12.3
Colorectum/rectum 0 0 260 9.3 651 12.3 54 18.5
Liver 0 0 279 10 281 5.3 18 6.2
Gall bladder/bile duct 0 0 165 5.9 201 3.8 14 4.8
Pancreas 0 0 243 8.7 398 7.5 18 6.2
Esophagus 0 0 112 4 184 3.5 8 2.7
Breast 0 0 83 3 266 5 8 2.7
Others - - 513 18.4 1389 26.2 69 23.7

Source of asbestos exposure Occupation 49 68.1
Neighboring factory 17 23.6
School 1 1.4
Family 1 1.4
Unknown 4 5.4

Treatment Surgery 14 19.4
(includes multiple treatments) Extrapleural pneumonectomy 12 16.7

Pleurectomy decoration 2 2.8
Chemotherapy 51 70.8
Radiotherapy 15 20.8
Palliative care 41 56.9

Compensated Workmen’s accident compensation insurance 47 65.3
(some had both types) Asbestos-related health damage relief system 56 77.8
Place of death Respiratory ward 35 48.6

Palliative care unit/hospice 24 33.3
Home 10 13.9
Other 3 4.2

Age at diagnosis (years) Range: 36–92 Mean ±
SD 66.9 ± 9.6 69.8 ± 11.5 70.9 ± 12.1 71.8 ± 13.0

Survival (months) 0.5–69 14.5 ± 14.1

Bereaved family members n % n % n % n %

Sex Men 15 20.8 825 29.5 1694 31.9 60 20.6
Women 57 79.2 1696 60.7 3556 67.1 228 78.1

Relationship with patient Spouse 52 72.2 1535 54.9 2506 47.2 165 56.5
Child 20 17.8 672 24.1 1809 34.1 78 26.7
Son/daughter-in-law 0 0 181 6.5 353 6.7 34 11.6
Parent 0 0 49 1.8 100 1.9 4 1.4
Sibling 0 0 56 2 310 5.8 6 2.1
Others 0 0 32 1.2 188 3.5 4 1.4

Experience of end-of-life discussion
with patient

Yes 27 37.5
No 44 61.1

Timing of patient’s death Much sooner than expected 31 43.1
Sooner than expected 25 34.7
Moderate 9 12.5
Later than expected 5 6.9
Much later than expected 2 2.8
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Table 1. Cont.

Disease MPM Cancer *

n = 72

Place of Death

Designated Cancer Center
(n = 2794)

Palliative Care Unit
(n = 5312)

Home Hospice
(n = 292)

Patients n % n % n % n %

Satisfaction with care
on diagnosis Satisfied 29 40.3

Not satisfied 43 59.7
When patient became critical Satisfied 31 38.9

Not satisfied 41 61.1
When patient died Satisfied 47 65.3

Not satisfied 25 34.7
Financial impact of patient’s MPM on
family

Significant impact 12 16.7
Some impact 15 20.8
Moderate impact 20 27.8
Minor impact 15 20.8
No impact 10 13.9

Level of anger toward asbestos Very angry 56 77.8
Angry 11 15.3
Moderately angry 4 5.6
Slightly angry 1 1.4
Not angry at all 0 0

Age (in years) Range: 32–82 Mean ±
SD 62.5 ± 12.2 60.4 ± 12.5 59.3 ± 12.8 60.6 ± 12.1

Time since bereavement (months) 9–110 45.2 ± 27.2 12.4 ± 3.5 11.8 ± 3.7 12.2 ± 6.6

* Cited from the J-HOPE study (reference [21]). ** Pleural mesothelioma was classified as “Others” in the J-HOPE
study. MPM = malignant pleural mesothelioma.

3.2. Achievement of Good Death

The obtained data revealed that MPM patients failed to achieve good deaths. The mean
total GDI score of the MPM patients was 61.9 ± 15.7, which was significantly lower than
the 81.1 of the J-HOPE cancer patients. Figure 1 shows the comparison of the percentage
scores of MPM patients and J-HOPE cancer patients for the GDI items for the achievement
of good death. The lowest percentages of achievement by the MPM patients in the 10 core
items of the GDI were for the items “being free from physical distress” (12.5%) followed by
“feeling that life is completed” (18.1%) and “having some pleasure in daily life” (27.8%).
The binominal test showed that the percentages regarding the achievement of a good death
in the MPM patients were significantly lower than those in the J-HOPE cancer patients
in all items, except for the following four items: “being independent in daily activities”,
“knowing what to expect about the future condition”, “living in calm circumstances”, and
“supported by religion”. The greatest gaps in the achievement of good death between the
MPM patients and the J-HOPE cancer patients were for “being free from physical distress”,
which was true for 12.5% of the MPM patients compared with 64.7% of the J-HOPE cancer
patients, followed by “not exposing one’s physical and mental weakness to family”, “dying
a natural death”, and “feeling life is completed”.

3.3. Quality of End-of-Life Care

The total scores of CES in the MPM patients and the J-HOPE cancer patients were
significantly different, as shown in Figure 2. The mean total score of CES in the MPM
patients was 70.3 ± 16.0, which was significantly lower than the 75.8 in the J-HOPE cancer
patients. The binominal test showed that all the scores of the CES items indicated a
significantly poorer quality of end-of-life care in the MPM patients than in the J-HOPE
cancer patients except in the items “cost”, “coordination and consistency”, and “explanation
to family by physician”.
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Figure 1. Comparison of the percentages of MPM patients and J-HOPE cancer patients concerning
GDI items for the achievement of a good death. Sum of “somewhat agree”, “agree”, and “abso-
lutely agree” responses. Data of cancer patients were from the J-HOPE national survey of Japanese
cancer patients (reference [21]). Weighted means of GDI scores in general cancer patients in Japan
(reference [21]) were calculated according to the place of death. Core and optional items were
established by factor analysis (reference [17]). * p < 0.05, ** p < 0.005, *** p < 0.001.
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Figure 2. Comparison of the percentages of MPM and J-HOPE cancer patients with regard to CES items
for achieving good quality end-of-life care. Sum of “somewhat agree”, “agree”, and “absolutely agree”.
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place of death. Data are from the J-HOPE study (Reference [21]). ** p < 0.005, *** p < 0.001.
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3.4. Symptoms

The percentages of MPM patients who experienced symptoms at the end of chemother-
apy are shown in Figure 3, and the same percentages at the final critical stage are shown in
Figure 4. More than half of the MPM patients experienced pain, dyspnea, anorexia, and
anxiety at the end of chemotherapy. When the MPM patients reached the final critical stage,
symptoms such as fatigue and dysphasia followed.
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3.5. Factors Associated with a Good Death

The GDI and CES total scores were significantly associated (correlation coefficient
ρ = 0.554, p = 0.0001), indicating that the patients who received better end-of-life care were
more likely to achieve good deaths. The multiple regression analysis results are shown
in Table 2.

Table 2. Multiple regression model predicting good death (n = 72).

Dependent Variable: GDI Total Score (F = 9.098, p = 0.0001, Adjusted R2 = 0.260)

Model B SE β t 95% CI p-Value

Constant 41.724 4.769 8.794 32.202–51.246 0.001
Satisfied with care received when

patient became critical 11.597 3.278 0.370 3.538 5.053–18.141 0.001

Female bereaved family member 11.061 4.028 0.284 2.746 3.018–19.103 0.008
Patient died later than expected 3.270 1.556 0.220 2.102 0.164–6.376 0.039

Abbreviations: F, overall F-test for regression; R2, correlation of determination; B, unstandardized coefficient; SE,
standard error; β, standardized coefficient (beta); t, independent-sample t test; CI, confidence interval. Note: The
variables included were as follows: patient’s age on diagnosis; sex of patient; survival; whether the patient received
certified workmen’s accident compensation insurance; whether the patient was certified for asbestos-related health
damage relief system; whether the patient received surgery; whether the patient received chemotherapy; whether the
patient received palliative care; age of bereaved family member; sex of bereaved family member; timing of patient’s
death; bereaved family members’ level of anger toward asbestos; the financial impact of the patient’s MPM on the
family; whether bereaved family members were satisfied with the care received on diagnosis; whether bereaved
family members were satisfied with the care received when the patient became critical; whether family members
were satisfied with the care received at the point of death; the relationship of patient and bereaved family members;
and whether family members had an end-of-life discussion with the patient.

The final regression model for predicting good death showed that higher GDI scores
were significantly related to the surveyed family member being female, the patient dying
later than expected, and satisfaction with care when the patient became critical.

3.6. Factors Associated with Quality of End-of-Life Care

The final regression model for predicting good death (Table 3) showed that higher
CES scores were significantly related to the following: satisfied with the care received when
the patient died, and Received chemotherapy.

Table 3. Multiple regression model predicting quality end-of-life care (n = 72).

Dependent Variable: CES Total Score (F = 34.558, p = 0.0001, Adjusted R2 = 0.493)

Model B SE β t 95% CI p-Value

Constant 30.545 1.807 16.907 26.939–34.152 0.001
Satisfied with the care received

when the patient died 13.272 1.727 0.664 7.683 9.824–16.720 0.001

Received chemotherapy 4.048 1.832 0.191 2.209 0.391–7.705 0.031

Abbreviations: same as Table 2. Note: same as Table 2.

4. Discussion

In this study, we described the extent to which Japanese MPM patients achieved good
deaths and their good quality of end-of-life care. The findings were compared with those
of a large cohort of Japanese cancer patients from the J-HOPE study [21].

The present results demonstrate a lack of good deaths among MPM patients. The
three main findings of this study are as follows: (1) there was a remarkable lack of good
deaths among the MPM patients; (2) there was an enormous burden of symptoms in the
MPM patients; and (3) the quality of end-of-life care in the MPM patients was poorer than
that in the J-HOPE cancer patients. The CES score was correlated with the GDI score,
consistent with the findings of Miyashita et al. [17]. The final regression model showed
that a higher GDI score was significantly related to the surveyed family member being



J. Clin. Med. 2022, 11, 2541 9 of 12

female, the patient dying later than expected, and satisfaction with the care received when
the MPM patient became critical.

4.1. Poor Achievement of Good Death

This study showed an extreme lack of good deaths among the MPM patients. The
lowest score from among the 10 GDI core items was for the item “being free from physical
distress” (12.5%), which was significantly lower than the 62.9% score for the Japanese
cancer population [21]. Symptom management is difficult in MPM patients, possibly
because (1) MPM progresses rapidly and causes a variety of severe symptoms [6,9,25,26];
and (2) MPM results in anger and negative feelings of injustice [7,14,16], which tend to
complicate the patient’s physiological distress more than other malignancies. Additionally,
MPM has the potential to cause spiritual pain. Some studies have advocated care to ease
the spiritual pain of MPM patients [27,28].

Only 18.1% of the MPM patients in the present study had the “feeling that life is
completed”, which was significantly lower than the figure of 49.9% among the cancer
population [21]. The possible reasons are as follows: (1) In this current study, the mean
age of diagnosis was 66.9 years, and the mean survival time was only 14.5 months. The
patients died relatively young, and they had very little time to complete their lives and face
their deaths. (2) As the cause of MPM was asbestos and not one’s own doing, the patient
may have felt that death from MPM was unfair.

For patients with MPM, “Dying without awareness that one is dying” (4.2%) was,
for the most part, not possible. Patients were told at the time of their diagnosis that their
disease was incurable [7].

Only 11.1% of the MPM patients felt “supported by religion”; however, this percentage
was not significantly different from the 19.6% of the cancer population [21]. As Ando et al. [29]
reported, religious care is not very common in Japan.

The multiple regression analysis showed that the family member surveyed being
female, the patient dying later than expected, and satisfaction with care when the patient
became critically ill were related to the GDI score. It is not clear why the family member
surveyed being female was related to a higher GDI score. One possibility is that a higher
number of Japanese females do not work and focus on caregiving; however, we did
not ask about the jobs of the bereaved family members. It is necessary to investigate the
relationship between the gender of the family member and the achievement of a good death.
Carr [30] reported that the interval between the onset of terminal illness and death provided
opportunities for people to plan their end-of-life care. However, an MPM diagnosis leaves
a much shorter time for patients than in most cases, especially for those who died sooner
than expected, reducing their capacity to prepare for good deaths.

The satisfaction with care when patients become critical is related to the achievement
of a good death, which is consistent with the findings in the “Good Death” study by
Miyashita et al. [17]. For patients with MPM to achieve a good death, preparation for the
acute exacerbation of the disease and the implementation of physical, psychological, and
spiritual care in a timely manner are crucial.

4.2. Heavy Symptom Burden

The present results show that the MPM patients experienced various kinds of symp-
toms. As shown in other published studies [6,9,25,26,31], pain, dyspnea, anorexia, and
fatigue were the major symptoms exhibited by the MPM patients. The major symptoms
of MPM patients are similar to the major symptoms of lung cancer patients, with a high
prevalence of pain, fatigue, dyspnea, anorexia, and anxiety [6,32]. An important outcome of
the present study was that it revealed the high prevalence of the various symptoms of MPM
patients at the end of chemotherapy. For symptom management in MPM, several studies
have recommended the introduction of palliative care in the early stages of MPM [26,33].
Unfortunately, similarly to cancer patients [34], MPM patients often refuse palliative care
because of their denial of the fatal nature of the disease. They are thus unwilling to end
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their anticancer treatment and enter palliative care. Advanced care planning is encouraged;
however, this is challenging for MPM patients, who have short prognoses. Horne et al.
reported that discussions about end-of-life care planning following the disclosure of a
terminal prognosis caused a feeling of abandonment [35].

4.3. Poor Quality of End-of-Life Care

The present results show a poor quality of end-of-life care for MPM patients in Japan
and significantly worse care than for other cancer patients. The possible reasons for this
poor quality of end-of-life care could be (1) the limited availability of treatment for MPM,
which has recently improved in Japan [36]; and (2) the health providers’ lack of knowledge
and skills regarding the treatment and care of MPM patients [8]. As the multiple regression
analysis showed that “Satisfaction with the care received when the patient died” and
“Received chemotherapy” were related to the CES score, improvements in end-of-life care
are recommended through (1) the assurance of quality care on the death bed, and (2) the
provision of continuous end-of-life care to patients who do not receive chemotherapy.

4.4. Implications for Care and Further Research

The MPM patients experienced various symptoms at the end of chemotherapy and
when they entered the final critical stage. Medical professionals need to understand that
MPM patients develop various symptoms in the early stages of the disease, even when
treated with chemotherapy. Thus, medical professionals need to inform MPM patients
regarding the possible symptoms that they will encounter and advise them on how to
prepare, which may be challenging for patients. To support MPM patients at this difficult
time, transition care is crucial. The care for MPM patients must include (1) symptom
management from the earliest stage; (2) care for psychological, social, and spiritual pain;
and (3) care for their families as provided by a multidisciplinary team, consisting of a
patient and family advocacy group, and a lawyer [10,27,28].

4.5. Limitations

This study has some limitations. First, not all of the bereaved family members of the
deceased MPM patients were contacted, as Japan has no registration system for MPM pa-
tients. Therefore, this study had a small sample. Second, as the participants were members
of the advocacy group, it is uncertain whether the results are representative of the general
population of bereaved family members of deceased MPM patients. The patients and family
advocacy group, with their network of medical staff and hospitals, may have represented
bereaved family members who are less distressed by the care their loved ones receive,
thus representing a biased group. Third, the mean number of months of bereavement was
45.2; therefore, the participants may have had recall bias or forgotten key factors. Finally,
this study was a cross-sectional study, and therefore, no causal relationships were estab-
lished. To overcome the limitations regarding representativeness, it is necessary to conduct
census surveys based on an MPM registration system, as this will allow representative
random samplings.

5. Conclusions

This cross-sectional study revealed the remarkably rare achievement of a good death
among MPM patients in Japan. The MPM patients experienced an enormous burden from
their symptoms and were seldom free of physical distress. Another challenge faced by
MPM patients in the achievement of a good death was the sense of life completion, which
was difficult for patients with MPM caused by asbestos. The quality of end-of-life care of
MPM patients was poorer than that of other cancer patients. The GDI score of the MPM
patients was closely correlated with their CES score. Further research and interventions are
urgently required, aimed at achieving a good death for MPM patients by providing quality
continuous care, including (1) symptom management from the earliest stage; (2) care for
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psychological, social, and spiritual pain; and (3) care for their families as provided by a
multidisciplinary team.
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Abstract: Objectives: we investigated the prevalence and associated factors of depression and
complicated grief (CG) among bereaved family members of malignant pleural mesothelioma (MPM)
patients in Japan. Methods: Bereaved family members of MPM patients (n = 72) were surveyed.
The Japanese version of the Patient Health Questionnaire-9 (PHQ-9) and the Japanese version of
the Brief Grief Questionnaire (BGQ) were used to assess depression and complicated grief (CG),
respectively. Socio-economic factors, anger toward asbestos, care satisfaction, achievement of good
death, and quality of end-of-life care were assessed in relation to depression and CG. Results: In
the family members of MPM patients, the frequencies of depression and CG were 19.4% and 15.3%,
respectively. The bereaved family members who were not compensated by the asbestos-related
health-damage relief system (p = 0.018) and who felt the financial impacts of the patient’s MPM on
the family (p = 0.006) had a higher likelihood of depression. The bereaved family members who
were not satisfied with the care given when the patient became critical (p = 0.034), who were not
compensated by the asbestos-related health-damage relief system (p = 0.020), who felt the financial
impact of the patient’s MPM on the family (p = 0.016), and whose deceased relative underwent
surgery (p = 0.030) had a higher likelihood of CG. Conclusions: For bereaved family members of
MPM patients, routine screening for depression and CG and the provision of grief care are suggested.
In addition, for family members of MPM patients, financial support, including the promotion of the
asbestos-related health-damage relief system, and improved care for patients who undergo surgery
and when patients become critical, are recommended.

Keywords: mesothelioma; grief; depression; complicated grief; asbestos; bereaved; family

1. Introduction

Grief is a natural response to bereavement. The pain from grief usually eases grad-
ually, and the bereaved eventually establish a new life without the deceased. However,
some people experience ongoing poor psychological wellbeing, including depression and
complicated grief (CG). CG is characterized by intense grief that lasts longer than usual and
causes impairment in daily functioning [1]. It is important to be aware of the circumstances
in which individuals may become more vulnerable to CG. One study in Japan found that
CG occurred in 2.4% of the general population, and almost 25% when subclinical CG was
included [2]. The prevalence of CG in bereaved family members of cancer patients was
14% [3]. The risk factors include place of death, inadequate social support, the family
having difficulty accepting death, dissatisfaction with palliative care, perceived prepared-
ness [4], and financial problems after death [1,5]. Additionally, a violent loss of life, such as
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suicidal death [6], death by terrorism [7], and homicide [8], is associated with a higher rate
of CG. Other bereavement-related mental impairments, such as depression, may appear
along with CG; however, they are considered independent, distinct entities [9].

Malignant pleural mesothelioma (MPM) is a rare, fatal malignancy caused by asbestos
decades after the initial exposure [10]. Japan banned asbestos in 2006 and tightened
regulations in 2012 [11]. People develop MPM not only by occupational exposure, but also
by environmental exposure. An increased, scandalizing mortality ratio of mesothelioma
in both sexes has been observed in Amagasaki city, which was the location of the major
asbestos factories in Japan [12]. Occupational-oriented MPM is compensated by workmen’s
accident compensation insurance, and environment-oriented MPM is compensated by the
asbestos-related health-damage relief system [13]. The number of annual deaths caused by
MPM in Japan is about 1600, and this number has been growing [14].

The survival period after the diagnosis of MPM is as short as 7–15 months [15–18].
MPM causes a series of debilitating symptoms [19,20], various emotional and psychological
problems [21], and additional distress associated with legal procedures for compensa-
tion [22]. Furthermore, the family members of MPM patients are at risk of depression due
to the impact of diagnosis [23] and may experience impaired emotional functioning [22]
and caregiving burdens [24], which are risk factors for CG [1].

People with MPM reportedly receive little information about their disease, have a sense
that their needs are ignored, and feel angry at their country and the employer responsible
for their fatal disease [25], which impairs their quality of life [26]. This indicates that
bereaved family members of MPM patients experience significant psychological distress.
However, little is known about the psychological distress of the bereaved family members
of MPM patients.

In this study, we aimed to investigate the prevalence and associated factors of depres-
sion and CG among the bereaved family members of MPM patients in Japan. The present
study is part of a larger study on the quality of life of the bereaved family members of
MPM patients.

2. Methods
2.1. Study Design, Participants, and Setting

A cross-sectional survey design was chosen to examine the prevalence and associated
factors of depression and CG among the bereaved family members of MPM patients.

The inclusion criteria were people who (1) had lost a family member to MPM,
(2) had a family member who had been diagnosed with MPM after 2008, when the first
evidence-based chemotherapy succeeded in prolonging the survival of MPM patients, and
(3) could answer a self-administered questionnaire written in Japanese. The exclusion
criteria included bereaved family members who lost a family member within six months,
as, according to a previous study, the diagnosis of CG should be made at least six months
after the death of a family member [27]. This research is part of a larger study investigating
the bereaved family members of MPM patients. The participants in this study were identi-
cal to the participants of a previously published study that investigated the achievement
of a good death and quality of end-of-life care of MPM patients from the perspective of
bereaved family members [28].

A request for cooperation was sent to the advocacy group of the Japan Association of
Mesothelioma and Asbestos-Related Disease Victims and their Families. The association
has 15 branches across Japan and works with approximately 700 victims of asbestos-related
diseases and their families. The association generated the list of eligible bereaved family
members according to the criteria and sent a set of the informed consent information and
questionnaires to 109 eligible bereaved family members in November 2016. Those who
agreed to participate returned the completed questionnaires via postal mail by March 2017.
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2.2. Outcomes

The primary outcome was the prevalence of depression in bereaved family members
of MPM patients. The secondary outcome was the prevalence of complicated grief in
bereaved family members of MPM patients.

2.3. Instruments
2.3.1. Information of the Patients and Bereaved Family Members

The following information was provided by the bereaved family members about the
deceased patients: sex, age at diagnosis, survival, received treatments, and place of death.
The receipts of two types of insurance compensation benefits were also obtained.

The information on the bereaved family members included the following: age, re-
lationship to the patient, time of bereavement, experience of end-of-life discussion with
the patient, timing of patient’s death, financial impact of patient’s MPM on family, and
level of anger toward asbestos. The bereaved family members were also asked about their
satisfaction with care upon diagnosis, when the patient became critical, and when the
patient died.

2.3.2. Depression

Depression was evaluated using the Japanese version of the Patient Health Questionnaire-9
(PHQ-9). The original PHQ-9 was developed to screen for depression, and its validity has
been proven in several studies [29,30]. The PHQ-9 consists of nine items and is answered
using a four-point Likert scale (0 = not at all, 1 = several days, 2 = more than half the
days, 3 = nearly every day). PHQ-9 scores of 10 and over represented moderate to severe
depression [31]. The meta-analysis by Manea et al. showed the sensitivity and specificity
values of the PHQ-9 cutoff of ≥10 compared to semi-structured interviews are 0.88 and
0.86. The original PHQ-9 was translated into Japanese and validated with a Japanese
population [32].

2.3.3. Complicated Grief (CG)

CG was evaluated using the Japanese version of the Brief Grief Questionnaire (BGQ) [33],
a validated Japanese version of the original BGQ developed by Shear [7] consisting of five
items on CG to screen for CG. The items were answered using a three-point Likert scale
(0 = not at all, 1 = somewhat, 2 = a lot), and the possible scores range from 0 to 10. A
total score of 8 or higher on the BGQ indicates CG, between 5 and 7 implies probable CG,
5 or higher implies possible CG, and less than 5 denotes absence of CG [7]. In this study,
bereaved family members who scored 9 or higher were considered to have CG.

2.3.4. Achievement of Good Death (GDI)

The achievement of good death was assessed using the Good Death Inventory (GDI),
which has been validated to evaluate the achievement of a good death from the perspective
of bereaved family members [34]. The GDI consists of 18 items and is answered using
a seven-point Likert scale (1 = absolutely disagree, 7 = absolutely agree). A high score
suggests the achievement of good death.

2.3.5. Quality of End-of-Life Care (CES)

The quality of end-of-life care was assessed by the short version of the Care Evaluation
Scale (CES) [35]. The CES consists of 10 items. The bereaved family members answered
using a six-point Likert scale (1 = highly disagree, 6 = highly agree). A higher score indicates
better quality end-of-life care.

2.3.6. Missing Data

Mean imputation was conducted for the missing data of the PHQ9, BGQ, GDI, and
CES scores, according to the instructions for the tools.
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2.4. Statistical Analysis

The scores of each scale were calculated under a scoring procedure. The scores of each
item of the measurement scales (i.e., PHQ-9, BGQ, GDI, CES) were summed and used as
the scale score.

First, we examined the presence of correlations between the total scores of the PHQ-9,
BGQ, GDI, and CES. Then, the scores of the PHQ-9 and BGQ were examined with clinical
social factors such as age and sex of patient and family member, survival, treatments
received, place of death, approved compensations, experience of end-of-life discussion,
satisfaction with care, financial impact of MPM on the family, timing of patient’s death, and
level of anger towards asbestos (Supplementary Table S1).

Finally, we used the odds ratio and 95% confidence intervals (d) in binominal logistic
regression analysis to assess the correlations between depression (PHQ-9 score was equal
to or more than 10) and complicated grief (BGQ score was equal to or more than 8) and the
clinical social factors. A p-value of <0.05 was considered statistically significant. Statistical
analysis was performed using SPSS version 27.

2.5. Ethical Considerations

This study was approved by the Research Ethics Committee of St. Luke’s International
University (16-A035). It was conducted based on the ethical principles of avoiding harm,
voluntary participation, anonymity, and the protection of privacy and personal information.

3. Results

Of the 109 questionnaires distributed to the bereaved family members through the as-
sociation, 74 (67.9%) were completed and returned. Two respondents who had experienced
a loss within the past six months were excluded. Finally, a total of 72 questionnaires were
subjected to analysis.

3.1. Characteristics of Malignant Pleural Mesothelioma Patients and Bereaved Family Members

As shown in Table 1, 81.9% of the deceased MPM patients were men, and their mean
age at diagnosis was 66.9 years. The treatment modalities they received were chemotherapy
(70.8%), palliative care (56.9%), and surgery (19.4%). A large minority (48.6%) died in
the respiratory ward, followed by the PCU or hospice (33.3%). Only 13.9% died at home.
The mean survival time was 14.5 months from the time of diagnosis. The majority of
the bereaved family members (72.2%) were spouses of the MPM patients, and the mean
bereavement time was 45.2 months.

Table 1. Characteristics of malignant pleural mesothelioma patients and their participating bereaved
family members (n = 72).

Patients n %

Sex Men 59 81.9
Women 13 18.1

Source of asbestos exposure Occupation 49 68.1
Neighboring factory 17 23.6
School 1 1.4
Family 1 1.4
Unknown 4 5.4

Treatment Surgery 14 19.4

(includes multiple treatments) Extrapleural
pneumonectomy 12 16.7

Pleurectomy decoration 2 2.8
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Table 1. Cont.

Patients n %

Chemotherapy 51 70.8
Radiotherapy 15 20.8
Palliative care 41 56.9

Compensation Worker’s accident compensation insurance 47 65.3
(some had both types) Asbestos-related health-damage relief system 56 77.8
Place of death Respiratory ward 35 48.6

Palliative care unit/hospice 24 33.3
Home 10 13.9
Other 3 4.2

Age at diagnosis (years) Range: 36–92 Mean ± SD 66.9 ± 9.6
Survival (months) 0.5–69 14.5 ± 14.1

Bereaved family members n %

Sex Men 15 20.8
Women 57 79.2

Relationship with patient Spouse 52 72.2
Child 20 17.8

Experience of end-of-life
discussion with patient

Yes 27 37.5
No 44 61.1

Timing of patient’s death Much sooner than expected 31 43.1
Sooner than expected 25 34.7
Moderate 9 12.5
Later than expected 5 6.9
Much later than expected 2 2.8

Satisfaction with care: Satisfied 29 40.3
On diagnosis Not satisfied 43 59.7

When patient became critical Satisfied 31 38.9
Not satisfied 41 61.1

When patient died Satisfied 47 65.3
Not satisfied 25 34.7

Financial impact of patient’s Significant impact 12 16.7
MPM on family Some impact 15 20.8

Moderate impact 20 27.8
Minor impact 15 20.8
No impact 10 13.9

Level of anger toward asbestos Very angry 56 77.8
Angry 11 15.3
Moderately angry 4 5.6
Slightly angry 1 1.4
Not angry at all 0 0

Age (in years) Range: 32–82 Mean ± SD 62.5 ± 12.2
Time since bereavement
(months) 9–110 45.2 ± 27.2

3.2. Depression and Complicated Grief and among Bereaved Family Members

Of the 72 participants, 19.4% of the bereaved family members were screened as
having moderate to severe depression. Based on the BGQ score, 15.3% suffered from CG
and 56.9% exhibited probable CG. In total, 72.2% of the bereaved family members were
categorized into possible CG (PCG). Two bereaved family members (2.8%) suffered from
both depression and CG (Figure 1).
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Figure 1. Percentage of complicated grief (CG) and depression in the bereaved family members.

3.3. Correlation between the Total Scores of the PHQ-9, BGQ, GDI, and CES

The PHQ-9 score was significantly correlated with the BGQ score (r = 0.481, p = 0.000)
but not with the GDI or CES scores. The BHQ score was significantly correlated with GDI
(r = −0.403, p = 0.000), however, was not correlated with CES.

3.4. Factors Associated with Depression

The results of the binomial logistic regression analysis of depression are shown in
Table 2. The bereaved family members who were not compensated by the asbestos-related
health-damage relief system and who suffered a financial impact from the patient’s MPM
had a higher risk of depression.

Table 2. Binominal logistic regression model predicting depression (n = 72).

Variable Estimated Odds Ratio 95% CI p-Value

Family financially impacted
by patient’s MPM 2.569 1.316–5.015 0.006

Not compensated by the
asbestos-related

health-damage relief system
7.334 1.401–38.374 0.018

Model chi-square = 12.641, d = 1, p = 0.002, R2 = 0.263. Dependent variables: 1: PHQ-9 score is equal to or more
than 10, 0: PHQ-9 score is less than 10.

3.5. Factors Associated with BGQ Total Score

The results of the binominal logistic regression analysis for CG (BGQ score is equal
to or more than 8) are shown in Table 3. The bereaved family members of deceased MPM
patients who received surgery, whose households were financially impacted by MPM, who
were not compensated by the asbestos-related health-damage relief system, and who were
not satisfied with the care given when the patient became critical, were more likely to
develop CG.

Table 3. Binominal logistic regression model predicting CG (n = 72).

Variable Estimated Odds Ratio 95% CI p-Value

Family financially impacted by patient’s MPM 3.278 1.250–8.596 0.016
Not compensated by the asbestos-related

health-damage relief system 19.210 1.609–229.392 0.020

Received surgery 11.301 1.256–101.649 0.030
Not satisfied with the care given when the

patient became critical 13.626 1.213–153.009 0.034

Model chi-square = 22.206, d = 4, p = 0.001, R2 = 0.471. Dependent variables: 1: BGQ score is equal to or more than
8, 0: BGQ score is less than 8.
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4. Discussion

This cross-sectional study demonstrated the prevalence of depression and CG among
the bereaved family members of deceased MPM patients in Japan. The results showed:
(1) the BGQ score and the PHQ-9 score were associated with GDI score; (2) depression and
CG rarely occur at the same time in MPM; (3) financial impact and lack of compensation
from the asbestos-related health-damage relief system are related to depression and CG;
and (4) dissatisfaction with care when the patient became critical and received surgery are
related to CG.

The rates of depression (19.4%) among family members of MPM patients were slightly
higher, but almost at the same level, as reported for bereaved family members of other can-
cer patients, i.e., 15.5–17% [3,36]. Regarding CG, the rate of CG (BGQ ≥ 8) was 15.3%, which
was higher than the 0.7–2.5% in the Japanese general population [2,37] and at the same
level as the other cancer population (10.9–14%) [3,36] and cardio-vascular disease patients
(14%) [38]. It was lower than the 61% for traffic accidents [39]. The possible CG (BGQ > 5)
was 72.2%, which was higher than the Japanese general population at 2.5–22.7% [2,37]
and the population of other cancers population at 55% [40]. The possible reasons for the
high PCG in MPM are poor achievement of good death of the patient, unpreparedness and
unacceptance of loss, and strenuous legal hurdles to claiming compensation for bereaved
family members, who are often not compensated before the patient dies. A previous study
showed some items of the GDI are related to CG [3]. In MPM, the GDI score was signifi-
cantly poorer than in the wider cancer population [28]. Previous studies have also reported
that advanced preparations for the loss [4] and acceptance of death [41] are associated with
lower risks of bereavement-related complications. Unfortunately, MPM patients and their
families generally have difficulty accepting the disease and facing death because MPM is
caused by asbestos, and could have been avoided [25].

Another characteristic of grief in MPM is the low comorbidity of depression and CG.
Only 2.8% of our sample had depression and CG at the same time. A systematic review
by Komischke-Konnerg [42] estimated the co-occurrence of prolonged grief disorder and
depression at 63%. The reason for the lack of co-morbid CG and depression in MPM is un-
clear, but the results of this study indicate that CG and depression are more distinguishable
in MPM. A previous study reported that CG and depression can be considered as different
forms of disorder, even though some of their symptoms overlap [43]. This may be related
to the cause of distress. Ball et al. [44] reported that causes of psychological distress may
differ in MPM and lung cancer because (1) MPM has a worse outlook than lung cancer,
(2) there is additional stress due to legal and financial matters even after loss in MPM,
and (3) MPM patients experience distress and blame a third party for the development of
the disease.

The factors relating to depression and CG in MPM indicate that a lack of support
impairs the quality of life of MPM patients, and, eventually, bereaved family members
develop psychological distress; however, further research is necessary to prove this. An-
other important finding was that, in MPM, the financial impact on the household and the
lack of compensation from the asbestos-related health-damage relief system related to both
depression and CG. This finding supported previous studies reporting financial status as a
factor related to depression [5] and CG [45] in the cancer population. Worker’s accident
compensation insurance is more generous, but only available for occupational MPM. The
current study showed that lack of compensation by the asbestos-related health-damage
relief system that covers all MPM patients is associated with CG. However, financial im-
pacts and lack of compensation from the asbestos-related health-damage relief system
were independent related factors, meaning that even a recipient of compensation from the
asbestos-related health-damage relief system may experience financial impacts. The results
indicate that the compensation from the asbestos-related health-damage relief system may
have a positive effect on bereaved family members, not only financially but also through
easing the pain of victims. Further research is needed to clarify the effect of compensa-
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tion on the bereaved family members of MPM patients, including whether compensation
relieves the financial burden of affected families.

CG had additional related factors, such as patients undergoing surgery and dissatis-
faction with care when the patient became critical. This finding suggests that the provision
of quality care for MPM patients and their family before the patient’s death may be useful
to prevent CG. The targeted points of care are when patients receive surgery and when the
patient becomes critical. It is not clear how surgery is related to CG. The possible reasons
may be complications [46], a reduction in lung volume after surgery [47], and reduced
quality of life from pain [48]. As international guidelines recommend, surgery should be
executed by skilled surgeons in high-volume centers, and should be considered only in
a multimodality treatment plan for selected patients [49]. Other factors that have been
reported to be associated with CG, such as the bereaved family member being female and
the spouse of the deceased [50] and place of death [43], showed no significant association
in the present study.

4.1. Implications of Care

Given the high prevalence of PCG in the current study, we recommend routine screen-
ing of depression and CG for bereaved family members of MPM patients. For those who
have depression and CG, sufficient treatment must be provided by a specialist. Reportedly
effective treatments should be considered, such as antidepressants for depression [51], and
counseling [52] and cognitive behavioral therapy [53–55] for CG.

Care and social support obtained from a good support network were protective against
depression and CG [42,56]. The recommended means highlighted in this study to support
bereaved family members who suffer from depression and CG are financial support,
including the promotion of the asbestos-related health-damage relief system; improvement
in care for MPM patients, especially those who undergo surgery; and improvement in care
when patients become critical.

4.2. Implications for Further Research

A future study to clarify the mechanisms of depression and CG among the bereaved
family members of deceased MPM patients using multisite research across countries is
recommended, as the number of family members of patients with MPM is limited in a single
country. There is also a need to examine more psychosocial factors, such as posttraumatic
stress disorder [57], pre-existing mental impairment [3], preparedness for death [58], and
sense making [6]. Furthermore, the financial problems of MPM patients’ households and
CG among bereaved family members of patients who undergo surgery need to be clarified
to improve the quality of life of patients, and to prevent CG associated with MPM.

4.3. Representativeness of the General Population of Bereaved Family Members of MPM Patients

This study had a small convenience sample, as access to bereaved family members was
limited because Japan has no registration system for people with MPM. Additionally, the
bereaved family members assessed in this study were members of an advocacy group, so
our results may not be representative of the general population of bereaved family members
of deceased MPM patients. However, the characteristics of the patients of this study were
similar to those in a previous study on MPM patients [26] and deceased MPM patients [16].
The majority were male [28] and over sixty years old. Around 20% underwent surgery [16],
70–80% received chemotherapy [28], around 20–30% received radiotherapy, and around
40% received palliative care. However, in this study, survival was 14.5 months, which is
longer than average [16]. Furthermore, more patients in this study were compensated by the
workmen’s accident compensation insurance (65%) and the asbestos-related health-damage
relief system (78%) than previous studies (56% and 46%) [26].
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4.4. Limitations

This study has some limitations. First, as we mentioned above, we had a small
convenience sample. Second, the bereaved family members may have demonstrated recall
bias because the mean duration of bereavement was 45 months. Finally, this study was a
cross-sectional study. The results were based on self-report data, and no clinical interviews
were conducted. We believe that loss of life caused by asbestos contributes greatly to the
development of CG. To prove this hypothesis, more extensive studies with a larger number
of participants are required. Specifically, a longitudinal study is warranted to develop an
optimal support and care program.

5. Conclusions

The rates of depression and CG of bereaved family members of MPM patients were
the same as for cancer and cardio-vascular disease and higher than in the general pop-
ulation but lower than it is for those affected by traffic accidents. PCG occurred more
in MPM than in cancer. For bereaved family members, routine screening for depression
and CG and the provision of grief care are recommended. In MPM, financial impacts
and a lack of compensation from the asbestos-related health-damage relief system relates
to both depression and CG, along with dissatisfaction with the care received when the
patient becomes critical and undergoes surgery. These results suggest the importance of
financial support for MPM patients and their family members, including the promotion of
the asbestos-related health-damage relief system; improved care, especially for patients
undergoing surgery; and improved care when patients become critical.
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ABSTRACT
Background  JME-001 is a phase II trial assessing 
the efficacy and safety of cisplatin, pemetrexed, and 
nivolumab as first-line therapy in malignant pleural 
mesothelioma (MPM).
Patients and methods  Patients with untreated, 
unresectable MPM with an Eastern Cooperative Oncology 
Group (ECOG) performance status (PS) of 0–1 were 
included. The primary endpoint is the centrally reviewed 
objective response rate. The secondary endpoints include (1) 
response rate assessed by investigators, (2) disease control 
rate, (3) overall survival, (4) progression-free survival, (5) 
duration of response, and (6) time to response. Safety and 
adverse events will also be evaluated. Cisplatin (75 mg/
m2), pemetrexed (500 mg/m2), and nivolumab (360 mg/
body) were administered intravenously every 3 weeks with 
a total of 4–6 cycles. If patients did not progress during the 
combination phase, maintenance therapy with nivolumab 
was administered until disease progression or unacceptable 
toxicity. Tissue samples were required and collected for 
programmed death ligand 1 analysis.
Results  Eighteen patients (mean age 69.2 years, 15 men) 
were enrolled between January 2018 and May 2019. The 
ECOG PS was 0 in 3 patients and 1 in 15 patients. Fourteen 
(77.8%; 95% CI 52.4% to 93.6%) patients had an objective 
response. The disease control rate was 94.4% (95% CI 
72.7% to 99.9%). Fourteen (77.8%) patients had partial 
response (PR), three had stable disease, and one was not 
evaluable. Tumor shrinkage was observed in 10/14 (71.4%) 
patients with epithelioid, and 2/2 (100%) patients with 
sarcomatoid or biphasic histological subtype had PR. Ten 
(55.6%) patients experienced grade 3 or worse adverse 
events, including disorder of metabolism or nutrition (33.3%), 
loss of appetite (27.8%), anemia (16.7%), and hyponatremia 
(11.1%). No treatment-related deaths occurred.
Conclusions  The safety and efficacy of this study strongly 
support a definitive trial of this combination.
Trial registration number
UMIN000030892.

INTRODUCTION
Malignant pleural mesothelioma (MPM) 
is an aggressive tumor that arises from 

mesothelial-lined surfaces and has a poor 
survival rate.1 The industrial use of asbestos 
has been banned in Japan since 2006, but the 
incidence of MPM is expected to continue 
to increase for the next few decades due to 
past usage of asbestos.2 Treatment of MPM 
is challenging. Most cases are diagnosed at 
an advanced stage and treated with systemic 
chemotherapy. Combination chemotherapy 
with cisplatin and pemetrexed is the stan-
dard treatment regimen; however, the 
median overall survival (OS) is only about 
12 months.3 Recently, the addition of bevaci-
zumab was shown to improve OS when added 
to cisplatin and pemetrexed in the treatment 
of unresectable MPM.4 However, the prolon-
gation of OS was less than 3 months and it 
can only be administered to bevacizumab-
eligible patients. Therefore, cisplatin and 
pemetrexed is still considered the standard 
treatment regimen and additional treatment 
options are urgently needed.

Immune checkpoint inhibitors (ICIs), such 
as programmed death-1 (PD-1), programmed 
death-ligand 1 (PD-L1), and cytotoxic T 
lymphocyte associated protein-4 (CTLA-
4), have revolutionized cancer treatment. 
Nivolumab is a human monoclonal antibody 
that targets the PD-1 cluster of differentiation 
279 cell surface membrane receptor. Binding 
of PD-1 to its ligands, PD-L1 and PD-L2, 
results in the downregulation of lymphocyte 
activation. Nivolumab inhibits the interac-
tion between PD-1 and its ligands, promotes 
immune responses, and triggers antitumor 
activity and has already been approved in 
Japan for multiple types of cancer, including 
malignant melanoma, non-small cell lung 
cancer, and gastric cancer. Mesothelioma 
carcinogenesis occurs on the background 
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of the chronic inflammatory responses to asbestos, 
and the tumor microenvironment is composed of pro-
inflammatory cytokines, growth factors, endothelial cells, 
stromal cells, and immune cells.5 Thus, there is a strong 
biological rationale to use ICIs in MPM. A phase II trial has 
demonstrated a favorable response to nivolumab in previ-
ously treated MPM.6 Based on the results, nivolumab has 
been approved for patients with MPM that is refractory or 
intolerable to platinum/pemetrexed chemotherapy.

A recent report indicated that platinum drugs enhance 
the effector immune response through modulation of 
PD-L1.7 These encouraging results may extend to the 
first-line treatment of MPM with the hope of enhancing 
the antitumor response, particularly when used in combi-
nation with the current standard chemotherapy. Unfor-
tunately, no prospective clinical trial is being conducted 
to evaluate the combination of nivolumab and cisplatin/
pemetrexed. Therefore, we launched the current trial to 
assess combination chemotherapy with cisplatin, peme-
trexed, and nivolumab for MPM.

MATERIALS AND METHODS
Study design and patients
JME-001 is a single-arm, prospective, non-randomized, 
non-comparative, open label, multicenter, phase II 
trial conducted from January 1, 2018, to November 30, 
2019 (data cut-off date), at four centers in Japan. All 
patients who met the inclusion and exclusion criteria 
(online supplemental tables 1 and 2) were invited for 
screening. Eligible patients were ≥20 years old with histo-
logically confirmed, untreated, unresectable advanced 
MPM and had ≥1 measurable lesion(s) as defined in the 
modified Response Evaluation Criteria in Solid Tumors 
V.1.1 (mRECIST)8 for mesothelioma and confirmed 
by imaging within 14 days prior to enrollment. Eligible 
patients also had to have tumor tissue samples available 
for the analysis of PD-L1 expression and an Eastern Coop-
erative Oncology Group (ECOG) performance status of 0 
or 1. Main exclusion criteria were severe hypersensitivity 
reactions to any other drug, including antibody products; 
concurrent autoimmune disease or a history of chronic 
or recurrent autoimmune disease; multiple primary 
cancers; brain metastases; current or history of interstitial 
lung disease or pulmonary fibrosis diagnosed based on 
imaging or clinical findings; or previous treatment with 
nivolumab, anti-PD-1 antibody, anti-PD-L1 or PD-L2, or 
any other therapeutic antibodies or pharmacotherapies 
for T-cell regulation.

Procedures
Treatment comprised two sequential phases: the combi-
nation phase and the maintenance phase. In the combi-
nation phase, cisplatin (75 mg/m2), pemetrexed (500 
mg/m2), and nivolumab (360 mg/body) were adminis-
tered intravenously. Nivolumab was kindly provided by 
Ono Pharmaceutical. This treatment was mandated to 
repeat every 3 weeks for a total of 4–6 cycles. If there was 

no progression of MPM during the combination phase, 
maintenance therapy with nivolumab was administered 
until disease progression, unacceptable toxicity, or the 
patient’s condition met the withdrawal criteria.

Both cisplatin and pemetrexed are usually adminis-
tered every 3 weeks. Under the consideration of prac-
tical utility and dose intensity, we planned to administer 
nivolumab every 3 weeks at the dose of 360 mg/body. 
Patients underwent tumor imaging by CT or MRI every 
three cycles. Target lesion diameters were measured, and 
the tumor response was assessed according to mRECIST 
criteria.

PD-L1 expression was analyzed in a central laboratory 
(Cancer Genetics, New Jersey, USA) using archival tumor 
tissue samples with 28–8 antibody (Dako, California). 
One or more formalin-fixed, paraffin-embedded (FFPE) 
blocks of tumor tissue samples collected by core needle 
biopsy, excisional biopsy, or incisional biopsy of ≥5 FFPE 
unstained slide samples (serial tissue sections) were 
analyzed for PD-L1 status. Each sample was required to 
contain  ≥100 evaluable tumor cells. PD-L1-positive was 
defined as membranous staining in ≥1% of tumor cells. 
Samples were classified as not evaluable (NE) if the 
biological conditions of the sample rendered the stained 
cell membranes difficult to assess, even if the samples 
otherwise met the evaluation criteria.

Outcomes
This study assessed the efficacy and safety of first-line 
combination therapy with cisplatin, pemetrexed, and 
nivolumab for advanced or metastatic MPM. The primary 
endpoint was the centrally assessed objective response 
according to mRECIST. The objective response rate 
(ORR) was defined as the proportion of patients whose 
best overall response was a complete response (CR) or 
partial response (PR). The secondary endpoints included 
efficacy evaluated by the (1) response rate assessed 
by investigators, (2) disease control rate, (3) OS, (4) 
progression-free survival (PFS), (5) response duration, 
and (6) time to response. Safety and adverse events were 
also evaluated.

The OS was defined as the duration from study regis-
tration until the date of death from any cause. PFS was 
defined as the time from registration to first progres-
sive disease (PD) or death from any cause, whichever is 
earlier. The disease control rate was the percentage of 
patients whose best overall response was CR, PR, or stable 
disease (SD).

Adverse events (AEs) and treatment-related AEs 
(TRAEs) were monitored throughout the study period 
and graded according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events, V.4.0. 
Quality of life (QOL) was evaluated using the EuroQol 
5 Dimension Japanese edition9 and the Lung Cancer 
Symptom Scale for Mesothelioma.10 QOL was evaluated at 
each treatment visit according to the treatment schedule 
before the administration of agents.
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Statistical analysis
The trial size was set as 18 due to feasibility. If we assume 
that 6–12 patients would have a response, the response 
rate would be 33.3%–66.7%. In this case, the estimate 
accuracy indicates that the range between the point esti-
mate of the response rate and the lower confidence limit 
(two-sided 95% confidence coefficient based on exact 
test) would be 18%–22%.

The statistical analysis was conducted based on prede-
termined statistical analysis plan. The efficacy and safety-
related endpoints were analyzed with full and safety 
analysis sets, respectively. The patient characteristics, 
the numbers of treatment cycles and dose reductions, 
duration of treatment, the relative dose intensity and 
trial continue/discontinue condition with the reasons 
were summarized. The centrally reviewed ORR (primary 
endpoint), investigator-assessed ORR and the disease 
control rate (included in the secondary endpoints) were 
estimated with 95% CI. Response rate per histological 
subtypes and PD-L1 expression status were also calcu-
lated. The other secondary endpoints; OS, PFS, duration 
of response, and time to response were analyzed based 
on the Kaplan-Meier product limit approach. The best 
reduction percentage and the change in the sum of 
target lesions from baseline in each patient were graphed 
(waterfall and spider plots). The frequency of AEs and 
TRAEs were summarized with the grade. The summary 
statistics of the QOL scale/score difference between time 
points was calculated.

Role of the funding source
The funding source was not involved in the study design, 
the collection, analysis, and interpretation of data, writing 
the report, or in the decision to submit the paper for 
publication.

RESULTS
Eighteen patients were enrolled between January 2018 
and May 2019 (table 1). Four patients (22.2%) continued 
treatment, and 14 (77.8%) discontinued treatment 
until data cut-off (November 30, 2019). The reasons for 
discontinuation included PD (n=8, 44.4%), development 
of a grade 3 or greater infusion reaction (n=1, 5.6%), 
and continuation of treatment judged as inappropriate 
by the principal investigator (n=3, 16.7%). One patient 
withdrew consent to the treatment after the first cycle of 
induction chemotherapy. All 18 patients were included in 
both the full and safety analysis sets. Median follow-up was 
15.2 (range 6.9–19.4) months.

Patients received an average of 4.8 (range 2–6) cycles 
of induction triplet chemotherapy. Nine patients (50.0%) 
received four cycles and eight patients (44.4%) received 
six cycles. The average number of dose reductions was 
0 for nivolumab, 0.3 (range 0–1) for pemetrexed, and 
0.3 (range 0–1) for cisplatin. The relative dose inten-
sity in combination phase was 93.5% (range 75.0%–
100.0%) for nivolumab, 89.4% (range 60.9%–101.3%) 

for pemetrexed, and 90.1% (range 63.8%–101.1%) for 
cisplatin. The average number of nivolumab total cycles 
was 10.9 (range 2–26). The average total duration of 
treatment was 7.5 (range 0.7–18.7) months.

The best percentage reduction and the change in the 
sum of target lesions in each patient are shown in figure 1. 
Fourteen (77.8%; 95% CI, 52.4% to 93.6%) patients had 
an objective response by central assessment (table  2), 
which was consistent with the investigator-assessed objec-
tive response. Regarding best overall response, 14 patients 
had a PR. The responses and disease control rate are given 
in table 2. Tumor shrinkage was observed in all histolog-
ical subtypes, in 10/14 (71.4%) patients with epithelioid, 
and the four patients with non-epithelioid disease had a 
PR. The three remaining patients with epithelioid had 
SD and one remaining patient with epithelioid was NE. 
Tumor shrinkage was observed regardless of PD-L1 status 
and occurred in 13/17 (76.5%) patients with PD-L1 

Table 1  Patient characteristics (N=18)

Characteristic Value

Median age, years (range) 69 (64–78)

Male/female 15 (83) / 3 (17)

ECOG PS, 0/1 3 (17) / 15 (83)

Histological subtype

Epithelioid 14 (77.8)

Sarcomatoid 2 (11.1)

Biphasic 2 (11.1)

TNM classification

 � T1N0M0 2 (11.1)

 � T1N2M0 1 (5.6)

 � T2N0M0 1 (5.6)

 � T3N0M0 6 (33.3)

 � T3N2M0 1 (5.6)

 � T4N0M0 3 (16.7)

 � T4N1M0 1 (5.6)

 � T4N2M0 2 (11.1)

 � T4N2M1 1 (5.6)

Stage

 � I 8 (44.4)

 � II 0 (0.0)

 � III 9 (50)

 � IV 1 (5.6)

PD-L1 expression

 � <1% 1 (5.6)

 � ≥1% 17 (94.4)

Values are n (%) unless otherwise noted.
ECOG, Eastern Cooperative Oncology Group; PD-L1, programmed 
death-ligand 1; PS, performance status; TNM, tumor, node, 
metastases.
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expression  ≥1% and 1/1 (100%) patients with PD-L1 
expression <1%.

At data cut-off, three patients (16.7%) had an ongoing 
response. The median response duration was 6.7 months 
(95% CI 4.21 to not reached), with median time to 
response of 1.54 (range 1.4–3.3) months. The median 

reduction in target lesions from baseline (depth of 
response) was 55.9% (IQR 52.2%–68.8%).

The Kaplan-Meier curve for PFS, determined by 
blinded independent central review, is shown in online 
supplemental figure 1A. At the time of data cut-off, 11 
(61.1%) events had occurred, and 7 (38.9%) cases were 
censored. All 11 events were PD, and there was no death 
before disease progression. Median PFS was 8.02 months 
(95% CI 5.59 to 14.06). The 6-month and 12-month PFS 
rate was 69.0% (95% CI 40.8% to 85.8%) and 40.3% (95% 
CI 16.2% to 63.5%), respectively. The Kaplan-Meier curve 
for OS is shown in online supplemental figure 1B. At the 
time of data cut-off, 2 (11.1%) events had occurred, and 
16 (88.9%) cases were censored. Median OS was 20.8 
months. The 6-month and 12-month overall survival rate 
was 100% (95% CI 100.0% to 100.0%) and 92.3% (95% 
CI 56.6% to 98.9%), respectively.

All 18 patients experienced AEs, but no treatment-
related death was recorded. All-cause AEs occurring 
in  ≥10% of patients are shown in table 3. Ten (55.6%) 
patients experienced grade 3 or greater AEs, including 
disorder of metabolism or nutrition, loss of appetite, 

Figure 1  The best reduction percentage (A) and the change in the of sum of target lesions (B) in each patient.

Table 2  Response and disease control rates

No. of patients %

Response

 � CR 0 0

 � PR 14 77.8

 � SD 3 16.7

 � PD 0 0

 � NE 1 5.6

Response rate (95% CI) 77.8 (52.4 to 93.6)

Disease control rate (95% CI) 94.4 (72.7 to 99.9)

CR, complete response; NE, not evaluable; PD, progressive 
disease; PR, partial response; SD, stable disease.
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anemia, hyponatremia, leukopenia, lymphocytopenia, 
increased serum alanine aminotransferase, increased 
serum aspartate aminotransferase, pneumonia, nausea, 
colitis, diverticulitis, dental pulpitis, pulmonary embo-
lism, peripheral neuropathy, and back pain. Two patients 
(11.1%) experienced peripheral neuropathy during 
nivolumab maintenance treatment, leading to treatment 
discontinuation.

The mean (±SD) difference in the health visual 
analog scale based on the start of the induction treat-
ment was −5.6±24.2 mm (range −65 to 30) at the start 
of nivolumab maintenance treatment and 0.5±23.3 mm 
(range −40 to 30) at the end of the treatment. The mean 
(±SD) difference in the index score based on the start 
of the induction treatment was 0.0185±0.1389 (range 
−0.319 to 0.292) at the start of nivolumab maintenance 
treatment and −0.0166±0.1912 (−0.364 to 0.292) at the 
end of the treatment. The mean (±SD) difference in 
the total visual analog scale based on the start of the 
induction treatment was −0.01±13.57 mm (−21.1 to 
28.1) at the start of nivolumab maintenance treatment 
and −2.11±21.38 mm (−41.3 to 36.0) at the end of the 
treatment.

DISCUSSION
To the best of our knowledge, this study is the first clin-
ical trial to evaluate the effect of combining nivolumab 
and platinum-based chemotherapy for the treatment of 
advanced MPM. The combination of an ICI and cytotoxic 
chemotherapy is a rapidly evolving area of interest in 
cancer treatment. Cytotoxic agents, including platinum, 
could modulate the immune response through PD-1/
PD-L1 inhibition by enhancing the potential immuno-
genic effect.11–13 Combination regimens that include 
a PD-1 or PD-L1 inhibitor have led to prolonged OS in 
small cell lung cancer14 and non-small cell lung cancer.15 
Previous reports have also shown that cytotoxic agents 
can induce immune-stimulating properties in mesothe-
lioma cell models.16 17

Nivolumab is currently administered at a dose of 
240 mg/body biweekly in clinical practice based on 
recent clinical trials.6 18 However, combination chemo-
therapy with cisplatin and pemetrexed is administered 
every 3 weeks. In the current study, nivolumab was admin-
istered every 3 weeks at a dose of 360 mg/body based 
on a recent report that the combination of nivolumab 
(10 mg/kg) and pemetrexed/cisplatin every 3 weeks has 

Table 3  Adverse events

Event Grade 1 Grade 2 Grade 3 Grade 4 Unknown Total Grade ≥3

Nausea 7 (38.9) 4 (22.2) 1 (5.6) – – 12 (66.7) 1 (5.6)

Appetite loss 2 (11.1) 4 (22.2) 5 (27.8) – – 11 (61.1) 5 (27.8)

Hiccup 4 (22.2) 7 (38.9) – – – 11 (61.1) –

Constipation 4 (22.2) 5 (27.8) – – – 9 (50.0) –

Rush 3 (16.7) 4 (22.2) – – – 7 (38.9) –

Anemia – 4 (22.2) 3 (16.7) – – 7 (38.9) 3 (16.7)

Fatigue 2 (11.1) 4 (22.2) – – – 6 (33.3) –

Nasopharyngitis 3 (16.7) 2 (11.1) – – – 5 (27.8) –

Insomnia 4 (22.2) 1 (5.6) 5 (27.8) –

Neutropenia – 5 (27.8) – – – 5 (27.8) –

Diarrhea 1 (5.6) 3 (16.7) – – – 4 (22.2) –

Fever 4 (22.2) – – – – 4 (22.2) –

Peripheral neuropathy 2 (11.1) 1 (5.6) 1 (5.6) – 4 (22.2) 1 (5.6)

Leukopenia – 3 (16.7) 1 (5.6) – – 4 (22.2) 1 (5.6)

Mucositis – 3 (16.7) – – – 3 (16.7) –

Pneumonia – 2 (11.1) 1 (5.6) – – 3 (16.7) 1 (5.6)

Dysgeusia 1 (5.6) 1 (5.6) – – 1 (5.6) 3 (16.7) –

Hearing impairment 2 (11.1) 1 (5.6) – – – 3 (16.7) –

Abdominal discomfort 1 (5.6) 1 (5.6) – – – 2 (11.1) –

Angular cheilitis 1 (5.6) 1 (5.6) – – – 2 (11.1) –

Hyponatremia – – 1 (5.6) 1 (5.6) – 2 (11.1) 2 (11.1)

Muscle pain 1 (5.6) 1 (5.6) – – –  � 2 (11.1) –

Back pain – 1 (5.6) 1 (5.6) – –  � 2 (11.1) 1 (5.6)

Values are n (%).
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an acceptable toxicity profile and encouraging antitumor 
activity in patients with advanced non-small cell lung 
cancer.19

We set a centrally assessed ORR according to mRECIST 
as the primary endpoint. A modification of the RECIST 
criteria has specifically addressed the difficulties 
measuring and assessing changes in tumor bulk in MPM. 
In addition, the mRECIST criteria have successfully 
distinguished between responders and non-responders 
for the parameters of OS,20 demonstrating its ability as 
an appropriate endpoint, particularly in phase II studies. 
The combination of nivolumab and cisplatin/peme-
trexed has demonstrated a notable ORR of 77.8%. This 
is the highest ORR reported thus far in chemotherapy 
for MPM. Moreover, all participants demonstrated tumor 
shrinkage. One of the most remarkable aspects of the 
participants in the current study was a high tumor propor-
tion score for PD-L1 expression. PD-L1 is expressed in 
a substantial proportion of MPM and is associated with 
poor survival.21 The association of PD-L1 expression in 
mesothelioma cells and the response to anti-PD-1 inhib-
itors are still controversial. PD-L1 positivity was not 
correlated with outcome in one trial,22 but increased 
ORR and prolonged survival was observed in patients 
with PD-L1-positive patients in another study.6 Nivolumab 
plus ipilimumab combination therapy exhibited higher 
ORR in patients with PD-L1-positive MPM compared with 
that in patients with PD-L1-negative MPM.23 In another 
study, PD-L1 expression was not only associated with the 
increase of ORR but also associated with the improve-
ment in PFS and OS when treated with a combination 
of nivolumab plus ipilimumab.24 These results indicate 
that PD-L1 expression could be a reliable biomarker for 
ICI response. The high PD-L1 expression may contribute 
to the favorable response in the current study. The AE 
profile in the current study was consistent with what is 
expected when combining cisplatin and pemetrexed with 
nivolumab. The addition of nivolumab did not appear to 
increase the frequency or severity of AEs associated with 
chemotherapy with cisplatin and pemetrexed.

Recently, a multicenter phase II study was conducted 
in Australia25 in 55 patients with untreated MPM who 
received cisplatin, pemetrexed, and durvalumab for a 
maximum of six cycles, followed by durvalumab main-
tenance for up to 12 months. The primary endpoint, 
6-month PFS, was 57%, and the ORR and disease control 
rate were 48% and 87%, respectively. Based on these favor-
able results, a multicenter trial is planned to randomize 
participants for cisplatin and pemetrexed with or without 
durvalumab. More recently, an international randomized 
phase III trial evaluated the combination of ipilimumab, 
a CTLA-4 inhibitor, and nivolumab versus standard first-
line platinum-pemetrexed chemotherapy in treatment-
naïve patients with untreated, unresectable MPM.26 The 
primary endpoint of OS was met with a 4-month prolon-
gation in median OS in those who received nivolum-
ab–ipilimumab compared with those who received 
platinum–pemetrexed chemotherapy. These findings led 

to the recent approval of nivolumab plus ipilimumab in 
the USA for first-line treatment of unresectable MPM. 
The combination of nivolumab and ipilimumab would be 
a new standard first-line treatment, but some problems 
still remain. One of the problems is a rapid drop-off in 
PFS in patients receiving nivolumab plus ipilimumab. 
Similar results have been shown in clinical trials of non-
small cell lung cancer, which has shown improvement in 
OS and PFS.27 A recent study of non-small cell lung cancer 
that ipilimumab plus nivolumab with two cycles cytotoxic 
chemotherapy demonstrated an improvement in the 
rapid drop-off of PFS and OS.28 These results support the 
further clinical development of the ICI-chemotherapy 
combination in first-line treatment of MPM.

The main limitation of the current study is its single-arm, 
non-comparative design. In addition, we included a few 
participants without tumor PD-L1 expression. Survival 
analyses are immature because most of the participants 
were censored at the time of data cut-off. The trial size 
was determined based not on statistical power, but on 
our ability to accrue patient. However, the estimated 
lower limit of the ORR in the current study was 52.4%, 
which is higher than the ORRs reported in previous 
studies of front-line cisplatin/pemetrexed combination 
chemotherapy.

In conclusion, the combination of cisplatin, peme-
trexed, and nivolumab demonstrated sufficient activity 
and safety as first-line therapy in unresectable MPM. We 
think that adding nivolumab to cisplatin/pemetrexed 
would be a treatment option for patients with advanced 
MPM, though the efficacy and safety should be examined 
in a definitive randomized study.
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