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C. iRfER

2019 /1 HH 5 2022 423 A 31 HETOMH] 1. H7EphE
I 23 BIASHFCSIN LT, 1 BBk s =8
(ZHFZED DBEBL L7720, fibT 0 BERIN LT, o |
2024 4F 2 H 1 HIEE T 11 4O A HER LT, %d
BRI P OB R A 11T, -5
QOL 5% ¢ 5 QLQ-C30 & CoQoLo A = “g
T ORI bR EN TR 1 LR 2ITRT, S
QLQ-C30 TlXemotional functioning | 3~—2A § ‘ ‘ ‘ ‘
Z 4 L0 eE, Fatigue, Dyspnea (38 LT 0 'gﬁ%ﬁ%ﬁ ($)1 1.5
VAR, MOEH BB R DIV Nerae . y .
7. CoQoLo Tldizhiiks, 6722H%, 144 T
BERAAT OEUTIRONR) T,
#1. QLQ-C30mRFFHZET
Baseline 6 month 12 month
Mean SD Mean SD Mean SD p
Global health status 47.2 23.5 49.4 26.1 62.0 28.3 0.872
Physical functioning 77.9 25.1 69.3 27.2 74.0 18.7 0.205
Role functioning 78.0 29.7 62.2 34.8 66.7 37.7 0.275
Emotional functioning 72.7 22.6 83.3 16.7 81.7 17.5 0.073
Cognitive functioning 73.9 26.5 63.3 24.6 65.0 26.6 0.385
Social functioning 75.8 24.5 67.8 34.8 80.0 25.8 0.656
Fatigue 33.3 23.0 48.9 25.8 50.0 28.3 0.028
Nausea/Vomiting 7.6 16.8 4.4 9.9 5.0 11.2 0.599
Pain 22.2 32.2 30.0 26.9 25.0 18.0 0.424
Dyspnea 28.8 29.6 53.3 35.2 43.3 27.4 0.004
Insomnia 25.8 32.4 26.7 36.1 20.0 17.2 0.923
Appetite loss 24.6 35.1 35.6 29.5 30.0 42.9 0.181
Constipation 20.6 24.7 31.1 32.0 20.0 23.3 0.687
Diarrhoea 18.2 24.6 11.1 16.3 10.0 16.1 0.671
Financial difficulties 25.8 27.1 24.4 32.0 23.3 22.5 0.833
2. CoQoLox a7 mREENZ1
Baseline 6 month 12 month
Mean SD Mean SD Mean SD p
WEZAQT 46.9 11.98 48.5 11.65 53.2 7.17 0.773
On L IZOERH D70 4.0 2.09 3.9 1.75 4.3 2.00 0.343
OZABFRTEBIETWLD 5.0 1.93 5.3 1.91 5.7 0.87  0.332
ORBLABRBIENH D 4.2 1.72 4.3 1.63 5.0 1.73  0.529
OEmMzEEBELTVLS 6.2 1.35 6.3 1.53 6.7 0.50 1.000
OANIZEKREEMNTTOLWVWERKL S 3.4 2.00 3.5 1.81 3.8 1.64  0.852
OZRERTRAETDICEREZBIETWS 3.9 1.81 4.5 1.88 5.0 2.00 0.791
OBpEYDZ EIFI-WTWESTTED 5.3 1.71 5.0 2.10 5.9 0.33 0.957
OFbEVWEERETAIETWS 5.2 1.73 5.6 1.40 6.1 0.33  0.067
QUEELTARYIZENTWBERL S 5.6 1.41 5.3 1.58 5.6 1.01  1.000
ONEZEZEF-EITETWBLERL D 4.7 1.55 4.9 1.81 5.2 1.20 0.570
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#%3. QLQ-C30x a7 & F#

<50 vs >50 12EmnE

HH HR 95% ClI HR 95% ClI

Global health status 0.20 (0.05 -0.88) 0.97 (0.93 -1.00)

Physical functioning 0.08 (0.01 -0.51) 0.98 (0.95 -1.00)

Role functioning 0.37 (0.09 -1.61) 0.99 (0.97 -1.01)

Emotional functioning 0.25 (0.04 -1.58) 0.99 (0.96 -1.02)

Cognitive functioning 0.36 (0.06 -1.95) 0.99 (0.97 -1.01)

Social functioning 0.23 (0.05 -1.07) 0.98 (0.96 -1.00)

Fatigue 3.28 (0.72 -14.88) 1.01 (0.99 -1.04)

Nausea/Vomiting NE 1.01 (0.97 -1.05)

Pain 7.19 (1.46 -35.31) 1.01 (1.00 -1.03)

Dyspnea 2.92 (0.65 -13.11) 1.01 (0.99 -1.03)

Insomnia 3.36 (0.64 -17.75) 1.01 (0.99 -1.03)

Appetite loss 7.81 (1.53 -39.97) 1.02 (1.00 -1.04)

Constipation 1.56 (0.28 -8.56) 1.01 (0.99 -1.04)

Diarrhoea NE 1.01 (0.99 -1.04)

Financial difficulties 2.47 (0.39 -15.66) 1.01 (0.98 -1.03)
#4, CoQoLora7 & ¥

<4 vs >4 1t
BEH HR 95% ClI HR 95% ClI
WeEzxa7 NE 0.92 (0.84 -1.00)
O B7EOERFEHN DAL 0.45 (0.11 -1.85) 0.85 (0.61 -1.19)
OZALBFATEI LTV 0.38 (0.07 -2.02) 0.79 (0.56 -1.10)
OBLIAIHRDZEDH D 0.59 (0.14 -2.47) 0.86 (0.57 -1.28)
OEfMzEELTWS NE 1.00  (0.41 -2.41)
OMNIZEREEMNITFTOHWVWERL S 0.06 (0.01 -0.60) 0.54 (0.30 -0.97)
OZREPZRANETDICHERZBZETWLWS 0.32 (0.06 -1.60) 0.71 (0.44 -1.16)
OFDEYDZ LW TWENTTES 0.09 (0.01 -0.56) 0.62 (0.40 -0.95)
OFbAEVERETAIETWLS 0.26  (0.03 -2.32) 0.82 (0.52 -1.29)
QVEELTARENIENTLWS ERL D NE 1.01  (0.58 -1.74)
ONEZEFSEITETWBERL D 0.82 (0.13 -5.11) 0.93 (0.60 -1.46)
F# L QLQ-C30 227, CoQoLo A7 D D. £

BREA ZNEER 3, K417, QLQ-C30 D
Global QOL, Pain, Appetite loss DIV T
NHEBEICTHRAR EB#E LT, CoQoLo
TN ZNT TOLNEE LD, FoRY
DZ LT TVESTTELD 2HAD A=A
7 ETPHRDPA RS R LT,

41

BRI R W S T B s b B2 i R o
QOL Z2Wiks « 6 20 HA1% » 1482 S HEHmI il
L7z, %< O QOL ITERFIZMK NIA O
IRIPTZ0N, 257 « PRI el B L L
Tz, 72720, QOLIETHIET > /r— b~
[EVEANGESOHITSED B DB AHER S 4172,

W< 20D QOL H5IR & AAFHIFI A e
EDH BT, PS I3 EHI72 5 A8 QOL & %
EZONDN, [FRHO PS IIFAEIR T L TE



HY. THREDOHERBEEIR LN T,
FEREZ B REIROAHESS QOL DK T4 ks
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T4 L OB A YR T 5 Z LN TE T,
AMFZEDORRIT 28 B &5 RO IVTERECT
HD, ZOMH AR T IR AR AR
72 E ORI IR RE Ch o7z, —H TR
e clt & 72 QOL & T oRa 3R
H< | BRRAICEWRD & DGR A RN A]
REMEASEIV

E. &k

QOL 955, QLQ-C30 @ Global health
status O, BAMRIZ T & RO BEEZ R
L7, QOL DK T &4tz 3 5 = & TRk
JZNERBE O TH ARG Z THITE D rREM &
Do
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L T NKp46 B E&H1 & PDCD1 FEEEAK TR O D 2 & & SEGE L, k52 s
(238175 NKp46 U T FTHD CSV X° ecto-CRT DOFRELFHE AR L7-, NK HifaH+
® NKp46 B e PDCD1 BHEAL 28 ICI B R EICHFETH A, A~—T1—

A. BIREH

ARG 61T HFe 4 ORIFFE B H B R
NEDGIETF =~ 7 7R A o SR (ICI) 15%
AE O IESREINRE 2R L. WP R AR O%)
R TR D07 AR R L, sE7RR
PRI 227 53 D905 M A~ — I — 2R
HZETHD,
WELERE & COMFFEIZRW T, T = v 7 R A
v MEEH=FRL~7 (B PD-1 HuiAd) 1
AT O R B AR A LD Yo S RES R
HradTuo, #5020 (PR) Z/RdAERIZIs0
CHIMEEME T #iia( CTL) i PD-1 (PDCD1)
LHIEtL D UBE2ES 728, FF =2 7057 —f
Jiel (NK) Tl NKp46 73, T~/ S—#ffa (Th)
TS D TNF-a 25EH8 /23 B RO b
E LTz BTz, PRIERID CD56* NK il
TIZPDCD1 mRNA FH &I T —ERE K N L,
EMEZRIATH S NKp46 @ mRNA FHiHE:
TR L. 2 OS2 it DSER] & b
~ PR JEFICTHBEICEME TH -7 (K1),
PDCD1 & NKp46 mRNA #Hi&E, BILOZFD
oL ORI & OFBIWEAFR~T- & &,
PDCD1 /% NKp46, Granmzyme B, IFN-y X &
EIZADOHBMZ R L, NKp46 & Granzyme
B LITHAREICEOMBEMNEZ /R LT, Fexldihn
F IR OIS L OVEM R R

N AR D S BIRE DRFHE A ] 573 LT
12D, FTHZORFHIZRFHEDO—21E, NK
AR IS1T 2 NKpd6 FEELED AAETEIC KV
FENAR T L, B RERE OARMIMmIZ I
THHEIEWZ L ThD (Nishimura Y, et
al. Int J Immunopathol Pharmacol.
2009;22(3): 579-90. Nishimura Y, et al. Int J
Immuno pathol Pharmacol. 2009;22(4):879-
88), LN OLDFIRAMET 5 & FMEh AR

AERAIS R (CHFBZRILY. NKp46
SARILERME. 37A% (PDOBARZNLUAINBEHD) O&34k P
TIRIMENZIES (2018~20214F) 6

BHID SEFAR

)

&
MOP-1 D g
Sa
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F1X NKp46 FEUE T 2R & 92 NK s
B T AR08, =L~ 7RI
NK HlaERED SARANCIBHE U, FEEE N
HL7=Z eV s,

NK e IHUEE e 2 dou GRS R~
WL, NEia 2 58a% LIsH b S s, 16k
b7 NK i a2 5545 2
LT T IFN-y PEASCHEEAEARIE & U fik
H S DRI X0 BRI A S L L, g
PURRF R, CTL OFFEIZHFE- L, BIGR
2 O HES SR I S HUBEE s RIC I\ T
BN ERT=T, Folt, Hix il o
BDER S QU D AlIEEE T Vimentin (CSV)
X ER A MLV RIZXVFHE I D MAEE -
Calreticulin ( ecto-CRT ) 7% NKp46 DV 4>

RE&705 Z LAV, FUEEEICBITS
CSV < ecto-CRT ® NKp46 ~Dit&z 1 Lz
NK HEOVERT R S Tund (Satelli
A, et al. Clin Cancer Res. 2015;21(4):899-906.
Sen Santara S, et al. Nature. 2023;
616(7956):348-56 ), == T, t h NK Hflakk
% PO SERORE 1TV, NK ffEizsi %
PDCD1 X° NKp46 % &t eii{nFiElEil )z
Tz, HI, b MNEMR RO IR
21TV, CSV, ecto-CRT FHEDZA A AFHT L.
F72 ER A b L ABREGER - ORBLE ST L
770 LLEX Y . =R~ 7 V5% O R iE
BB S - NKRZ31) 5 NKp46 &
I FHEADIENE & 1RIRZe8h & DRREARRREE L=,

B. BIRAE

bk NKA#Blakk NK-92 ffila 2, 0.04-20 ng/ml
WD T2 F7203 T-15 22U LIBT3
HFESHE Lo, BEE%OMiia kv total RNA %
S L. RTqPCR 2 & 0 NKp46, IFN-y,
granzyme B, perforin ( PRF1 ), PDCD1 D4
mRNA LYo T gapdh ZNEHEREL L
TR ER Lo, F7o, b MEMEHRIERE
Jiakk Cd % NCI-H20562 % 721X MSTO-211H #f
Jla% oxaliplatin (Oxa ) F7-1% cisplatin (Cis)
EUSINUTEEHIC1 B E2I3 2 HESR L, 5%
AN L 7-H % Phycoerythrin (PE ) 155
1 CSV HUA, Alexa Fluor® 488 1Z35#H1 CRT H1t
RCc @Yt L, CSV+ecto-CRTl N % &
CSV*ecto-CRT-#ifii% % 7 m—H% A F A LU
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—lc Xk viElEL, Flow Jo v10 T L7z, =
7=—H Oz VT RTgPCR (2L W ER A
~ L RIZBEhE URBLEDSEINT 5 Z L 3B
% spliced form of XBP1 mRNA ( sXBP1 )
mRNA 55T CHOP, BiP mRNA L%
FERPER LTz, BT, U 7S A LHblasEne
fidriEE EZ-TAXIScan % FVC NK-92 #ifia
& NCI-H2052 #fa 4 4 Wi asmE ot 4
17, NK ez L 2 b B As i ia ok
% (killing) OEIGFRNTAAT>72, Ml
1% 10% 7 (g AN RPMI1640 5thiA H
VN2, BEEHEHTIZ 12 IBM SPSS Statistics 28 35
J OV GraphPad Prism10 % v 7z,

(frmBRn ~ORLE)

ABFFEZDONTUE, TR TH D) IRHEFR
REAES: « VIR 2 ief (3 & L OB ieg
ZATVVEGBHE A TH D,

C. iRiER
1) IL-2 BRI L7z NK Mlh&EsT
mRNA L~LVOHENR;

T e L 0 pEA S NK AR OB - {EMAL
(ZB< IL-2 DOIRESFEZZE 2 T b NK #ila
R NK-92 #Miflaz 3 HREBE LI L 25,
NKp46, IFN-y, Granzyme B mRNA L3
IL-2 JREEH AN A TR RN A 7R LTz, i
A2, PDCD-1 mRNA /%, IL-2 R T
WHEZREINZ R Uz (K2), T2 Rl
£ LHBLRAE) 2~ NK Hifla s oBEs 1
mRNA DM ZF~7- & Z A, PDCD1
mRNA L% NKp46, Granzyme B, IFN-y
mRNA & fEICAICHE L., R
( Pearson ) 1& FIZTd IL-15 flfiRroDFEE &
EENZ AR TE Y B CTh -7, —J7, NKp46,
Granzyme B, IFN-y mRNA |IFHAIZHER
IEOMEM AR LTz (K3),
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1 | INTRODUCTION

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.! 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 2009%* to update the IMIG staging
system introduced in 1994.% 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.>¢8
The majority of the large number of available retrospective nation-

715 are used for epidemiological purposes, while few

wide databases
have complete data on patient treatment, clinical courses, and patient
outcomes. Retrospective studies focused on patient prognosis fac-
tors,”19722 put only a few were prospective, multicenter studies.?®?*
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).?> JJCLCR has contributed to the
establishment of the staging system of lung cancer through several
nationwide registries,?*%® including a prospective one.?’

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

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 3years 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.

chemotherapy, database, pleural mesothelioma, staging system, surgery

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 51.%

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 $2.2° 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
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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

241 | Radiological examination

Localized PM was defined according to Allen's criteria.>! All the cases
were classified into three categories according to the radiological
appearance of the tumor: minimal, nodular, or rindlike.® Tumor thick-
ness was measured in accordance with the IASLC report.® 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.®

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.*?

In this study, MCR was divided into two subgroups: RO-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
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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.®®

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.?
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 (Cl) were presented. Survival
functions were estimated using the Kaplan-Meier method and their
95% Cls were calculated by using the Greenwood variance with
the complementary log-log transformation. Comparisons among
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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 71.0years (range, 44-88years). 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

Diagnosisatregistration was made using biopsy specimensin 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 22mm (IQR: 11.0-39.0),

respectively.

Enrolled and screened (n = 348)

« From 54 institutes

* Newly diagnosed between April 1, 2017, and March 31, 2019, in Japan
« Untreated patients

« Written consent

Excluded (n = 2)

* Duplicated case (n = 1)
* Multiple missing values (n = 1)

Eligible and approved for analysis (n = 346)

FIGURE 1 CONSORT diagram.

Data collection by JJICLCR

« Data on survival were collected in April 2021

« Patient data were sent to JJCLCR website using USB drive with coded institution-individual serial key

Between April 1, 2017, and March 31,
2019, a total of 348 cases of pleural
mesothelioma (PM) were registered from

l

54 institutions. One duplicate case and
another case with multiple missing values

+ 61 female/285 male
* Median age 71.0 years (range, 44—88)

« Final diagnosis on biopsy specimen (n = 343): epithelioid (n = 240), biphasic (n = 35), sarcomatoid (n =
63), NOS (n = 5). Histological subtype not available in other 3 patients undergoing cytology only.
« Treatment: Surgery (n = 138), Non-surgical treatment (n = 164), and BSC (n = 44)

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/

HASEGAWA ET AL.

TABLE 1 Patient's clinical characteristics.

Characteristic

Sex — Number (%)
Female
Male
Age — Number (%)
40-49
50-59
60-69
70-79
80-89
Age
Total number
Median
Range
IQR
PS — Number (%)

0
1
2
3

4
Asbestos exposure — Number (%)
Yes
No
Unknown
Smoking — Number (%)
Never
Former
Current
Unknown
Laterality — Number (%)
Right
Left
Histology at registration— Number (%)
Epithelioid
Biphasic
Sarcomatoid
NOS
NA (cytology only)
Final histology— Number (%)
Epithelioid
Biphasic
Sarcomatoid
NOS
NA (cytology only)

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

Total (n=346)

61 (17.6)
285(82.4)

5(1.4)

27 (7.8)
114 (32.9)
154 (44.5)
46(13.3)

346

71.0
44-88
66.0-77.0

185 (53.5)
139 (40.2)
16 (4.6)
4(1.2)
2(0.6)

232(67.1)
71(20.5)
43(12.4)

91 (26.3)
231 (66.8)
22 (6.4)
2(0.6)

209 (60.4)
137 (39.6)

241 (69.7)
32(9.2)
60(17.3)
4(1.2)

9 (2.6)

240 (69.4)
35(10.1)
63(18.2)
5(1.4)
3(0.9)

Surgery (h=138)

21(15.2)
117 (84.8)

1(0.7)
13(9.4)
66 (47.8)
51 (37.0)
7(5.1)

138

68.5
44-88
64.0-73.0

103 (74.6)
33(23.9)
1(0.7)
0(0.0)
1(0.7)

94 (68.1)
26(18.8)
18 (13.0)

29 (21.0)
95 (68.8)
13(9.4)
1(0.7)

74 (53.6)
64 (46.4)

112(81.2)
9 (6.5)

11 (8.0)
0(0.0)
6(4.3)

111 (80.4)
12 (8.7)
14 (10.1)
1(0.7)
0(0.0)

Non-surgical Tx (n=164)

33(20.1)
131 (79.9)

4(2.4)
10 (6.1)
44 (26.8)
85 (51.8)
21(12.8)

164

73.0
45-88
67.0-78.0

69 (42.1)
89 (54.3)
6(3.7)
0(0.0)
0(0.0)

107 (65.2)
36(22.0)
21(12.8)

46 (28.0)
110 (67.1)
7(4.3)
1(0.6)

109 (66.5)
55(33.5)

106 (64.6)
17 (10.4)
36(22.0)
2(1.2)
3(1.8)

106 (64.6)
17 (10.4)
36(22.0)
2(1.2)
3(1.8)
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BSC (n=44)

7 (15.9)
37 (84.1)

0(0.0)
4(9.1)
4(9.1)
18 (40.9)
18 (40.9)

44
78.0
51-88
71.0-82.0

13(29.5)
17 (38.6)
9 (20.5)
4(9.1)
1(2.3)

31(70.5)
9(20.5)
4(9.1)

16 (36.4)
26(59.1)
2(4.5)
0(0.7)

26(59.1)
18 (40.9)

23(52.3)
6(13.6)
13(29.5)
2(4.5)
0(0.0)

23(52.3)
6(13.6)
13(29.5)
2(4.5)
0(0.0)
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Diagnosed on biopsy specimen (n = 337)
Epithelioid (n = 241)
Biphasic (n = 32)
Sarcomatoid (n = 60)
NOS (n = 4)

At registration

HASEGAWA ET AL.

Diagnosed on cell block (n = 9)

Proceeded to surgery (n = 132)

No surgery (n = 205)

No surgery (n = 3)

Final diagnosis

A - Epithelioid (n = 129) Proceeded to surgery (n = 6)
EPE';.he"m.d (n=112) Biphasic (n = 23) Epithelioid (n = 5)
iphasic (n = 9) . _ B . _
Sarcomatoid (n = 11) Sarcomatmd_(n =49) Biphasic (n=1)
NOS (n=4)
Histological subtype corrected (n =12)
epithelioid to biphasic (n = 5)
epithelioid to sarcomatoid (n = 3)
biphasic to epithelioid (n = 1)
biphasic to sarcomatoid (n = 1)
biphasic to NOS (n = 1)
sarcomatoid to epithelioid (n = 1).
Final diagnosis on biopsy specimen (n = 343) Histological subtype not
Epithelioid (n = 240) available
Biphasic (n = 35) (n=3)

Sarcomatoid (n = 63)
NOS (n = 5)

FIGURE 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)
Diffuse/local — Number (%)
Diffuse 299 (86.4) 122 (88.4)
Localized 38(11.0) 10(7.2)
No data 9(2.6) 6(4.3)
Tumor shape — Number (%)
Minimal 68 (19.7) 32(23.2)
Nodular 96 (27.7) 33(23.9)
Rind-like 178 (51.4) 71(51.4)
Missing data 4(1.2) 2(1.4)
Maximum thickness
Total number 346 138
Median (IQR) 11.0(5.0-21.0)  8.0(4.0-17.0)
Range 0-89 0-77
Sum of three level thickness
Total number 346 138
Median (IQR) 22.0(11.0-39.0) 18.0(8.0-31.0)
Range 0-232 0-154
Maximum SUV on FDG-PET
Total number 234 97
Median (IQR) 5.8(3.4-9.6) 4.4 (2.7-7.4)
Range 0-32 0-23

Abbreviations: BSC, best supportive care; FDG-PET, fluorodeoxyglucose-positron emission

Non-surgical Tx

TABLE 2 Radiological findings.

(n=164) BSC (n=44)
136 (82.9) 41(93.2)
25(15.2) 3(6.8)

3(1.8) 0(0.0)

29 (17.7) 7 (15.9)

49 (29.9) 14 (31.8)

86 (52.4) 21 (47.7)

0(0.0) 2(4.5)

164 44
14.0(7.0-25.0)  12.0(7.5-18.5)
0-89 0-80

164 44
29.0(13.0-46.0) 26.5(15.0-39.5)
0-232 0-118

106 31

7.6 (4.0-11.2) 6.5(3.3-9.5)

0-32 0-18

tomography; IQR, interquartile range; SUV, standardized uptake value; Tx, treatment.
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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

TABLE 3 Clinical stages according to

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.

seventh and eighth TNM staging systems. Characteristic Total (n=346) (Snu;gie:;;) (':c;nisél:‘r)gical T 3'5:44)
T (version 7) — Number (%)
TO, Tla 9(25.7) 56 (40.6) 25(15.2) 8(18.2)
Tib 0(8.7) 9 (6.5) 18 (11.0) 3(6.8)
T2 4(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 9 (19.9) 3(2.2) 51(31.1) 15(34.1)
N (version 7) — Number (%)
NO 267 (77.2) 123 (89.1) 111 (67.7) 33(75.0)
N1 12(3.5) 4(29) 7(4.3) 1(2.3)
N2 52 (15.0) 11 (8.0) 5(21.3) 6(13.6)
N3 15 (4.3) 0(0.0) 11 (6.7) 4(9.1)
M (version 7) — Number (%)
MO 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 | 118 (34.1) 64 (46.4) 3(26.2) 11 (25.0)
Stage Il 41(11.8) 25(18.1) 6(9.8) 0(0.0)
Stage Ill 108 (31.2) 45 (32.6) 8(29.3) 15(34.1)
Stage IV 79 (22.8) 4(2.9) 7(34.8) 18 (40.9)
T (version 8) — Number (%)
TO, T1 148 (42.8) 80 (58.0) 57 (34.8) 11(25.0)
T2 5(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 9 (19.9) 3(2.2) 51(31.1) 15(34.1)
N (version 8) — Number (%)
NO 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 (%)
MO 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) 4(32.9) 1(25.0)
Stage IB 7 (25.1) 44 (31.9) 1(18.9) 2(27.3)
Stage Il 2 (3.5) 5(3.6) 6(3.7) 1(2.3)
Stage IIIA 6(7.5) 8(5.8) 6(9.8) 2(4.5)
Stage IIIB 59 (17.1) 3(2.2) 3(26.2) 3(29.5)
Stage IV 0(5.8) 1(0.7) 4(8.5) 5(11.4)

Abbreviations: BSC, best supportive care; Tx, treatment; ver., version.
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Total EPP P/D PP/ET
Characteristic (n=138) (n=26) (n=83) (n=

T (version 7) — Number (%)

TABLE 4 Clinical stages for surgical
cases by seventh and eighth TNM staging
systems.

Other
surgery (n=3)

TO, Tla 56 (40.6) 8(30.8) 44 (53.0) 4(15.4) 0(0.0)
T1lb 9 (6.5) 1(3.8) 7 (8.4) 1( 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( 0(0.0)
N (version 7) — Number (%)
NO 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(231)  0(0.0)
M (version 7) — Number (%)
MO 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) 0(0.0)
Stage (version 7) — Number (%)
Stage | 64 (46.4) 9 (34.6) 0(60.2) 5(19.2) 0(0.0)
Stage Il 25(18.1) 7 (26.9) 0(12.0) 6(23.1) 2(66.7)
Stage IlI 45 (32.6) 9 (34.6) 3(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 (%)
TO, 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(77) 0(0.0)
N (version 8) — Number (%)
NO 123(89.1) 25(96.2) 75 (20.4) 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 (%)
MO 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 7 (55.8) 4(53.8) 6 (67.5) 7(26.9)  0(0.0)
Stage IB 4(31.9) 10(38.5) 19 (22.9) 12 (46.2) 3(100.0)
Stage Il 5(3.6) 0(0.0) 5(6.0) 0(0. 0(0.0)
Stage IIIA 8(5.8) 1(3.8) 3(3.6) 4(154)  0(0.0)
Stage IIIB 3(2.2) 1(3.8) 0(0.0) 2( 0(0.0)
Stage IV 1(0.7) 0(0.0) 0(0.0) 1( 0(0.0)

Abbreviations: EPP, extrapleural pneumonectomy; P/D, pleurectomy/decortication; PP/ET, patrial

pleurectomy/exploratory thoracotomy; ver., version.

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/
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TABLE 5 Pathological stages for

surg.ical cases by seventh and eighth TNM Characteristic :;,0:1138) aP:%) :),.,/533) Z,PiEz-Z) Zt:‘g::-y (n=3)
staging systems.

T (version 7) — Number (%)
TO, Tla 17 (12.3) 2(7.7 12 (14.5) 3(11.5) 0(0.0)
T1lb 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) 1(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 (%)
NO 107 (77.5) 0(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 (%)
MO 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 (%)
Stagel 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) 3(50.0) 0(0.0)

T (version 8) — Number (%)
TO, T1 35(25.4) 5(19.2) 25(30.1) 5(19.2)  0(0.0)
T2 21(152)  8(30.8)  10(12.0) 2(7.7) 1(33.3)
T3 61 (44.2) 1(42.3) 41 (49.4) 7 (26.9) 2(66.7)
T4 21(15.2) 2(7.7) 7(8.4) 2(46.2)  0(0.0)

N (version 8) — Number (%)
NO 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 (%)
MO 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 Il 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.

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 68.5years (IQR: 64.0-73.0). The median value of operation

time and blood loss were 406.5min (IQR: 282.5-509.5) and 1210
g (IQR: 613.8-1855.8). The resection statuses were RO-1 (n=41),
R1 (n=55), and R2 (n=42), respectively, and MCR (RO-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
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FIGURE 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 | and 31.2% of c-stage Ill patients according to the version 7 staging system (A), and
66.1% cases were classified as c-stage | in the version 8 staging system (B). In surgical cases, 46.4% and 87.7% of cases were classified as
c-stage | 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 Ill according to the version 7 staging system (E) and 66.0% of p-stage | patients according to the

version 8 staging system (F).

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
(h=7), PP (n=2), and other surgery (n=1). Of these 10 patients,
four underwent RO-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=284), 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 945.5days (range, 1-1480days). 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% Cl: 15.4-22.3).
Survival rates at 1, 2, and 3years for all patients were 62.8% (95%
Cl: 57.4%-67.6%),42.3% (95% Cl: 37.0%-47.5%), and 26.5% (95% Cl:
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 3years in the surgery
group were 81.8%, 61.3%, and 41.9%, respectively. Survival rates at
1, 2,and 3years 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.
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TABLE 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.

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 RO-1 group was undefined. There was no significant
difference in OS time between R0O-1 and R1 groups. Median OS time
for the MCR group (RO-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<5.1mm group (n=91) than
that in the MTT25.1mm group (n=255) (15.5 months) (p=0.013)
(Figure 6B). The median OS time (26.3 months) for the STLT <13mm
group (n=101) was significantly longer than that for the 13<STLT
<60mm group (n=203) (15.5 months) (p=0.022) and the STLT
260mm 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 3years for 93 MCR patients were 16.6 months,
73.1%, 29.3%, and 19.1%, respectively (Figure 7A). Median PFS and
PFSratesat 1, 2, and 3years 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.?2%%° This
study is the first investigation and analysis of a PM registry by
JJLCRC. Like previous JILCRC registries?®=° 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,®* 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 2017.2° 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.3 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
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TABLE 7 Clinical characteristics of patients with PM surgery.

Characteristic Total (h=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 8

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 (%)

RO-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)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.

Localized mesothelioma.

TABLE 8 Non-surgical treatment.

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

Chemoradiotherapy (n=7)

CDDP+PEM (n=84)

CDDP+PEM (n=2)
CBDCA+PEM (n=8)

BSC (n=2)
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 (1=4), RT (n=1), BSC (hn=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 (h=2) Others (n=1), BSC (n=1)
BSC (n=22)
PEM (n=11) Others (h=5) Others (n=1), BSC (n=4)
BSC (n=6)

Others (n=15)

CDDP+PEM (n=3)
CBDCA+PEM (n=2)

Others (h=3)
Others (h=1), BSC (n=1)

PEM (n=1) BSC (n=1)
Others (n=7) CBDCA+PEM (n=1), Others (n=2), RT (h=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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FIGURE 4 (Continues)
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FIGURE 4 Overall survival (OS). (A) Median OS and survival rates at 1, 2, and 3years 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 3years 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 RO-1, R1, and R2 resection
and PP/ET groups were undefined, 39.5 months, 32.2 months, and 16.8 months. OS for RO-1 and R1 resections were significantly longer

for those of R2 resection and PP/ET. There was no significant difference in OS between RO-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.

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.’®*2 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,®?
surgeon's definition.

surgery incompletion rate might vary according to the

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).383%43-47 The recent small-scale phase Il clinical
trial reported an intent-to-treat basis survival of 41.4 months.*2 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.® 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: RO-1 and
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FIGURE 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.

R1. However, RO-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,*C 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.® The reliability of MTT and STLT was previously
confirmed by single-center studies.’>*? 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 | in the
eighth TNM staging system. The results of the present study concur
with previously reported data of a retrospective study that validated
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rind-like (n=178) groups were 26.7, 21.3, and 15.0 months, respectively. Survivals for minimal and nodular groups were significantly longer
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the sixth and eighth TNM staging system using the surveillance, ep-
idemiology, and end results (SEER) database.’® 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.>* Complimentary periodic medical checkups
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TABLE 10 Relapse pattern and sites.

Relapse site (local) Relapse site (distant)
Relapse pattern 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.

(A)  PFs for MCR cases (n = 93) (B) PFS by surgical technique
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FIGURE 7 Progression-free survival. (A) Median PFS and survival rates at 1, 2, and 3years for MCR patients (n=93) were 16.6 months
and 73.1%, 29.3%, and 19.1%, respectively. (B) Median PFS and PFS rates at 1, 2, and 3years 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. EPP, extrapleural
pneumonectomy; MCR, macroscopic complete resection; P/D: pleurectomy/decortication; PFS, progression-free survival.

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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