. MEEEROTIITICET -8R

113



114



<HHERRRDTFATICET 5 —Fak >

[& £ ]
. EEL2ERO
EHRRA LA A RV4 - O 4 | M4 | AR | AR | =Y
i 4
FEEA A — VR I | R, | A H O | EYERE | R | 2024 | 307-
AR fR#t—FAIE 308
INEE— Rk ZOVRML
TWw 35—
2024 4EJift
B EE T v Rz D T5 9% WEPE | SRR | SO HUR 2022 307-
FEEAAR — S —HtEm | B2 b 310
7 A THitha
JEEIES - fifa e
5 % 2
i) 54 D
IR & iE
#
[ % ;:D ]

R KA LH A R4 KT B N—=U | R
Hasegawa S, Shintani | Nationwide Cancer Sci. 115(2) | 507-528 | 2024
Y, Takuwa T, Aoe K, prospective registry
Kato K, Fujimoto N, database of patients
Hida Y, Morise M, with newly diagnosed
Moriya Y, Morohoshi T, | untreated pleural
Suzuki H, Chida M, mesothelioma in
Endo S, Kadokura M, Japan.

Okumura M, Hattori S,

Date H, Yoshino I.

R O#th, A — TRIEIC 3T 53R | BTIESF0H | 289(3) | 207-208 | 2024
HOBPLE A HDORE | DI

Fujimoto N. Spare the lung: Transl Lung | 12(2) 197-199 | 2023
surgical treatment Cancer Res.
approach for
malignant pleural
mesothelioma.

Tanaka T, Asakura S, Thrombocytopenia as | TO Clin Res | 3(7) 100351. | 2022

Hisamatsu K, Fujimoto | an immune-related Rep. doi:

N. adverse event in 10.1016
malignant pleural /j.jtocrr.
mesothelioma: a case 2022.10
report. 0351.

115




<HHERRRDTFATICET 5 —Fak >

FEE KA L H A R4 FEERT B N—= | HRRE
Nagamatsu Y, Sakyo Y, | Bereaved Family J Clin Med. | 11(9) 2541. 2022
Barroga E, Koni R, Members' doi:

Natori Y, Miyashita M. | Perspectives of Good 10.3390
Death and Quality of /jem110
End-of-Life Care for 92541.
Malignant Pleural
Mesothelioma

Patients: A Cross-
Sectional Study.

Nagamatsu Y, Sakyo Y, | Depression and J Clin Med. 11(12) | 3380. 2022
Barroga E, Koni R, Complicated Grief, doi:
Natori Y, Miyashita M. | and Associated 10.3390
Factors, of Bereaved /jem111
Family Members of 23380.
Patients Who Died of

Malignant Pleural
Mesothelioma in

Japan.
JEUH B, AR — 1. 2k (2) Mo ERNTHIN 80 176-180 | 2022
B I D 2 TR B (38 T
5 8):
Miyamoto Y, Kozuki T, | JME-001 phase II dJ 9(10) 00328 2021
Aoe K, Wada S, Harada | trial of first-line ImmunoThe 8
D, Yoshida M, Sakurai | combination rapy Cancer doi:
dJ, Hotta K, Fujimoto N. | chemotherapy with 10.1136
cisplatin, pemetrexed, hite-
and nivolumab for 2021-
unresectable 003288.
malignant pleural
mesothelioma.

116




V. WEREOTITY - Bk

117



118



2021 R

RIS AR 307

DEKDBVN T+ 0—7F 3.

THAICEHAT 2.

HEENRESNTLS.

A TRLLRKEICHHAT 2.

| (F&S: AMP-BBGRESNLURD)

N TSR

BEHARR R iE

malignant pleural mesothelioma

BAf— Uil R 2R L 9T SERPE - M EHR

BE HEhHEL

GL M A KT 4 > 2022 R — B4 Mg B b R

B - BIRAET & o

OBBORA Vb

o PERETRE & HIBT S NAIERI S FHNRBEE T TR
AVIEMEDLEEE, &S ICHERMSREMET
HICF DR RIMEZRERET Z Il X T SR8 8EZ
%519 .

»RABERIICH LTI, BEF T v IRA 2 MNE
EZOHAEE HAIVWEIIVRATSSFU+RX
Ve RHRIEEEAZETT S,

2N, BREDEMMNEL, BRBEFITINE
E AHE, BSHREE, REELREICKZEGHE
DPINETHS.

(AR

« BB IENE, BERIMIREA S 4 U5, BEEH
Rt R R & 7z R R AN O b 2R T
EMNEE T H B,

BEOT ANRA NRBICER T A ENEL, b
BEICBVLT H2E0K 8 BlofEfIcB VT, B
(¥HHVRARBELREICEET AN NREBE LD
MRS T W5,

HBEOT AR NBREH S 30~ 40 FEDEARHRM
DOBICKIET AT ENE L, 70 MATHR I3
L, BaliziFiF4: 1 T°H5.

CHEOF =% T, A TIZERL 1.800 AH3H
fEL, $11.600 ABFEL LTV 5,

Sk L B EYIN, BICTHRET A ENE
<, H#, M, BET, FEHDZES L

BCBRICHHATH L CBIC, #MmLTEZNS |

NSXFZTE, AEE 2~8C) TRETD |
ROMHT D, FISTLT, RSAF=T]
FRNLTCOILWVWEULTEHY, 1 GARIREICDW ;

FRFZT, BILRILAFZT, VRSYTOD |
BESNEURZ ELT, BIEMRERS O |

CIRRLIFSTE, NRICEST HISEEES |
BR5B&UB3 BREDE ENBD. BEFE |

ISEARN

G 2HR

e JER X $2dp B Wi CT I TH/KIFE AR i
JERRE % 588 5. SR T3 e IEAESRE &5 2 W (38
BN BIEE % 328 5 725, B 6 P ICEERE 2R
B9 5L EMEZROLLTH, BIHEMO
PR AN 72 AR TR AR % 5B 8 2 158 S BOR A 1 g A
R % BE S BN H B .

* k2D H5E, MR K D KK 2RI
50, BKHEEZ D& TIBMEEICES R0
EBrZn. T ay 7 2HWERIRYT B GRERE
ZHARDEL L TEMBIRE 5.
ko 7L BESESEEET 56
ﬁ¢&@ﬁﬁ<ﬁbné#,wﬁm§mﬁ<&
L,

» ATREZZ IRV 25 BB N TORIESIREIC X O i
AT, REREEZHVORENICEHT
.

e RIWRMIIBNT, B—TBMTEZAv—H—I&

Wiz, EROBEY—h—LBEEv—h—%

HAEHLETRMT S, BiE~v—H—&LTHL

LvFr=>, WT-1, D2-40, AE1/AE3, CAM

527 &, EtE<w—H—&LTCEA, claudin-4,
TTF-1, Napsin A ZENFHVWLENS., Ih6%
FHEEES, SHTARZBERISCGRIRT 20HE
BH5.

« p16 DREHESHORRIZBMICERTH Y, M
H9 B BAPI 5 WIE MTAP OiH&bZMICE
HE]T%%)

"
ﬁmm&méWWﬁT%t%Méhéééﬁ@#

Bifi EREERICH LTI, RhICHiEiS S0k

MzOLERE 2 HAS DY EZIBREI TN

5. FEEE, DEnIMEmfefEtisETh o712

7, RN 2R T AR ERE A>T

W5, MIRERI R i 6% O RSHREEE I 0 Y 2 &

HEL, BRABRDAN TR sz,
YIBRARE & YW S M AEFNTH L TIEBL RO

RS BEIRES NS,

(ARt

A N5E) FRoOVLThrZHVLS.

1) =R =T (F7Y—4K) i 1E360mg 1
B1E 38IZ&, £/ 1E240mg 18
1@ 2:BZ&+
A1EVLYTT (¥Y—Kq)F 1B 1mglkg
1R1E 6BZ&

SEEE (RBEILE T 2 M % LFRICHEHST)

202 RT I F (T 2 H)aF 1B 75mg/m?
18 1@+
~NXRLFER (ZUL%) E 1E500mg/

i



308 FFIRas&E 2024 55

m 1B1@ W - FRaR IS &
SEME 3BIZEIL4~6 -1 OCHEBEORLY N
G 2 XaE o HRAICHET DREMEFD S5, MR, UJ
@AuEED FTERowThhrzRn5, JNED, R, DR, HSMERE, KA BIKER, #A
1) ZFK=T (FAFYV—K) ¥ 1E480mg 1 BIEFIRER, FEASHERIN O RET D HBADESD
B1E 4@Z&, £411E240mg 1B BRAMRE Z I U CHIRIESE & K3, PIRRE
10 2:8Z¢& SEME (RRE(L: TR BORBPIERSHBERCIDD. =, 8
H 2) #LYREL (SxL¥—Ib) = 1@ 1,000 %, B, DEHSHRETZBWEEHEYCRE
, mg/m? %81, 8, 150 AiEkE 48T L', BEGICHRBERICSHSNS. RER
B (RSB TR %, REER, REY, FEPNBEOSTH
#w 3) EJLIEY (FRMEY) E 1H25mg/ BFEZHIISINS.
m2 %1, 8 E ;ﬁﬁﬁia‘: 3B E (RHEE o RFEMIIOBEEBUEICK ST, NFER §
1% THRE) @ VEEE, REHREE, BRUINSOEHEDE
LRI TRA bb#t KOG I N T VR W BENRIREND. BBEAHERTET 20
FHCH LTI, 2IRIERELTRAMLFERNES IL_, ERICKDREE Eﬁb\%%k?&%gtb‘ﬁ
ZF FMAOHRATREEZERT 5. 3.
PEMPEADIVYILE s ROEEDEVVEEIFAR_EFI4IES T . l

o REARHZ K ZRD 558, HISBEDT AN fR_ERZMBEE (C IS IERREI DR & UICC [C68
A T BRERIEE 7 35 & 35 & | SR 1 2 i R e B i % R TNM RIS TEN'SS L), FREASHA(C & > Tiomi

W, MRS I K SRR E B RT S0 ZIRET .
EN'H2. f G & SO \——

« RHZMRP FOBROEBHESFHOMEIZNHE, 4 O FRIE
BHE, RSHEBIE2EOHEZNITITHONA0EN o Fo BTN bR P REES, AR R R N,
HY, ThoORBEFTHEMMEHRADI Y PR, V) > VRIEE, FERANE, WMETH
U RHEE LW, 5. HEBENBIZSDHEEICK S &, 2018%
P BEBPEDORA > b D 1 FERUAIR D 749 HEFRI B\ TRl 2 &
o RNk %2R BIHE1E, BEDOT AN N AR IESS 5,361 Bl 72 AT, i fig iE A% 2,008
MREREICOWTEMICHZT 5. MR EDS il (39.1%) TRHZEL, ZORIITEZFLE
BON 2 ITHMERICLA2EERE2EO filfi7e & DFERERENE 1,224 ] (228%) THor
5. /NROMEBES I A ERNE L, BHEHENS
o YRR IE S Sk S N8 E, B AR V. BBATIRAB R Y 20 CT 12 & ) BRERTE
BIESHLH KERBRICB T 20, F 7295 K% RaENhsZ &, BEEBEREFOSH THRRESN
BROMENTR & 72 5 72 VIS IS A MR R R E H0% BT ENE.
BICE I KENEONRE RS 780, WICHE o MaRRMEICIE, EREMEIAE, RIS, BHV

iRt 2T 2 0ENH 5. a7y YIE (Good SEMERE) 7 & HCHE
pEHE - NWORC b FEERPEMT A EMMLENTWAS,
s PHRARTIHBEOBRIEASRS N, F-EHrs6 cMRR AN F ) A4 FIZZ RN S W ERE
R, PRIREEEZ EOREREMES . BANLEA (MEN : multiple endocrine neoplasia) I ® &

WA T ANA MRERICHEE T 508 « #2110 THIET A ENDB. 7wy v TiElER 2k
BERICKORER, 520DV, &K THIEHHD. 1
REBER A VY TRE, SHEIPODTT o TR NESC B R B T, FRIRES R, mz
WEETH 5. F*, WER, ﬁ;ﬁ%«@éﬁ%}fﬁk;éﬁw;
HIRT 5. ERHIROPAZEIC L 2 HEBROEE
(EREIREMREE) R RIEOEAEICIL, %m

HtPRiEE BELEET B ENH 5.

mediastinal tumor @ L] {

e T Ty a—— *B9ER CT 12 & DB ORAE (LA, ATHEE, * f
R, RAMR) ZRET S.

BE HFHHLL « FEVERRAIROEENS <12 HCG, AFP, CEA#, 1)

WIS A B4 > 2022 F M — 1 g e iz YNETIER B A vy —afF 2 g{t




gE4i FREKEDEE

307

I. FRIEDEH

i LI

T P g B o Bz I malignant pleural mesothelioma
(MPM) (ZBERI B D RIS AT 2 FHRAR
LENEETH L. PEEOBRERL »OoTOAR
MOMAIZ X b HEFRAICIIBAET D IS 5.
AT, BFEEEICHE 1970 55 90 ERCH
FTKEOAMAMASINTE . 2012 FFI2TXT
ORMOMHHIEL S hizdh, BEOLGREDLS
P IESAE $ TOMRBIM A ZRT 2L, SHOK
FICBI B HEEDRA Y — 71d 2030 FEEH L TR S
NTwa, FLBETLEBMOBREDOEFLIC
P RREEIC BV ORBT 2 A M ICHBEE T 5158
HADH 5.

MPM D EFC IS FHGRE, ARG, EWE
WD, YRR REFN IS BHERE, YIRARRERIC
EIEYERE FLICHERETE AL T O RS,

g 1. SRaR
EHIREVFRIFTEMRICE > THIRME WK
macroscopic complete resection (MCR) 25# K T& %
EEZONBREPNIFHBEICE 2 5. 727210 MPM
FEMEMTTFREIYLFESTLIEFT Y AT %L,
FHIIWHT D 2 VIR HR OS2 GO B
MERO—RL LTHifTS 5. MPM OF#Hi T,
BERUMIEE & PRI & DBIBR~ — ¥ U ASFEIE L 2w
728, RO YIBR GRBEZMBTREEYE) IR TTRETH Y,
R1 YIBg GRER MR RRBTE) 2 B L ek
%. MCR #EHRT 57000213, W4

extrapleural pneumonectomy (EPP) & Jig 4 B/ Bifi
FZ #7 pleurectomy/decortication (P/D) @ 2 Fi¥iAdH
%. EPPIZ, RBEGUbgRE, BEOUM@EE, — MU, HRRR
B, LA —BRICEIBRT AILARMNTHY, P/Did
BERUMRE, MEMMEOAZEIERL, MiziRET 586
IR TH 5.

EPP & P/D DWW Z BT RE DIV TN
FIRRERITIZE > Ty, EPP & P/D ZiEHLLE
L7-00 & SRERIIFFAE L 212, BB THRNR
ICE B LWEOEFRICAREZRZD O W,
FHRFECTHEICBL TiX, P/DEED2.9%IIHL T,
EPP#136.8% L AREICE L, FNEIHERLERIC
BWTH, P/ADEAN27.9% I3 L T, EPPHE X
62.0%TdhhH, KEHDOMTIXIEPP &Y P/D H3
haV. L5 0MRAEBRNTRENIIOVTIE,
JWE D54, PS (performance status), FiHl & s
WHEOFRRESOBE TN EThOFR L, NEHE
RREFX DB PRI L o THRET S hAaR& L E 2
LhTws?,

YIBRWT R MPM (2 LT, #iai E 223k ow
FTHDIIBWTHEENERO—TRE L TIREREN
WE S5, Ml #iEo s SRR bSHE
EIREPCOVTIREREFRIZAY v b, T2
Uy B D FE@mICE T,

4 2. BUER
FEFALEISIER R H RO TIX, EWHRBFEIERD
EX s
I F T MPM OEWEFIIBVTIE, "A ML




308 HE4E EEREOEM

Maximum change in tumor size (%)
|
N
o
1

| |
g 2
1 1

L
g

Subtypes 1 | MERIT ERICH T &

=gm§ow SERIOEREORATLE
1 IC -

; M2 myic, F7-PD-L1%
W Sarcomatcld | gk -, +. nlTERL
PD-L1 status Twa. (X5 &h)

— PD-L1 <1%
+ PD-L1 21%

n Not applicable

¥+ F pemetrexed (PEM) & ¥ X 7 F F ~ cisplatin
(CDDP) DB F LA A%, 2003 I KBBLRERR R
BC & AR S h T LR — OB LR
HBELTHHShTELY. FAEEKTIE CDDP
PHEHLICKVERDE L, TOHERIANKT S
F > carboplatin(CBDCA) & PEM Off A
LhTwa., Thon7 55 RFGEHEDHR,
— %A 3AMIETEN 6 2 — A GA4ER IS,
5 BU EOBRKEICBVTLEFRENRIFTHI
X, b DfLFERENRIRENS.

ZREFUELRIRE SR S 5. KGRI
THEA I FEMBEIISARE LT, /2L
Y UBA, FYLU 5V BAIPHAVONG Z LS
{, E2LNVEYEF LY T E Y OiRaREDRIR
k7% Y. PEM BEHHBITH o Th—REFRE K
PEATORVIRBTRT LTV 4121d, PEM #
HOFES b BREO—2 L2 5.

CDDP & PEM o fif: Al % i ASER HE 19 0 B AL 25 30
IALED HTURE 10 £ Rk, MPM @
LEFEICBVWTHEZ LyuEREIRO 5l ho
7. LaL, 2014 4EICAHTREF = v 7R, U |
FHEXA EH SR L IGEIGEBREERXBZ E L
ol =RKNV=TiE, v MBI FPD-1E/ 2
o—FVHETHY, THRICHFREST S PD-1 &%
AMIBCHEETHAPD-1Y Y FPD-L1B LT
PD-L2) D#& % HETH I LT, HAMBICL-
TR E 2o TWHURNERM T Ml % S HEAL S
2, VESEMREZRETS. MPMIZBWTH, H
PICREHRFEFI 23R & L 724 Mk 3t W 55 — M Bk
(MERIT &) 57hh, 34 Bl 10 FICEB5 %A

BoN (TR 29.4%) (B 1), SEFHIH P I
17.3% A L BIF R RIVRENL Y. BfBED L
W= HR=7id, 2018 4E 8 A [ A A bFFRE#IC
WEL7-YIBRARE 2 41T - 5RO IMPM 123 LAKRR
&h/:. MERIT RECRAEHITEIHEHBINET
HOWBHHEFIBVTEYIEEZ R L TELAERIC
LEMFINA LI, PHE Lo

— KV TE, NOREFzy 7 EL Y MHER
Thr4 Y AT LTSI & TMPM OFE
BHRCBVWTHFHENREShTwS. f1E) A
< 7%, k& MEEk b CTLA-4 €/ 7 u—F otk
ThhH, CTLA-4 L FDY # Y FTHHHUERRHM
Ko ko CD80 B LU CD86 5T L DA ZHET S
ZEitkY, PURAFRM T, stz
v, PEEDRZRIETS. [ ¥V AT TEZR
V=7 OB E S E TOREE{LERETH D
CDDP % 7-12 CBDCA & PEM Bt fi ik & L3
% 8 M A ER (CheckMate 743 3ER) 2¥fThh, &4
HHE ORIz, = Krv=eTe 4 ) A< THH
WEHTIS. 1y A, {L¥REMTII .12 ATD
h, YA TRV TOARERICBY
THECERLTW:Y (M2a). ¥7:, f1EYAY
T RN TOMHAFEICB T B 2EFENEOH
SR LERT18.1 H, LEREITI8.7» ATh
D, MBI TECIED bR Do 7208 {bFEHRE
BoSEEYMomREiddE LR T8.8» H, L
BAEITIX 16.5% A L HBEENC X EWAH ), JEL
BEIZBWTA ¥Y Ax T EoRV< 7o RHE
DEMVHEABRV O R TH - 72 (B 2b,e). ThHD
MBICHOE, 20215 AICA ) AT =KL



2 | CheckMate743 HBRICH 1 3
2457

1 survival in all randomised patients.
a: EfELEy M Ehi-2BE b
FERBE, o ELERBE. CUK
64&b)

I. hEEDHRE 309

Overall survival (%)

Overall survival (%)

Overall survival (%)

a Nivolumab plus  Chemotherapy
ipilimumab group group
100
181 (16:8-21-4) 141 (12:4-16-2)
904 Median overall survival (95% Cl), months
80 Hazard ratio 0-74 (96:6% CI 0-60-0-91); p=0-0020
68% (95% Cl 62:3-72:8)
704
604
58% (95% Cl 51:7-63-2)!
50 : 41% (95% Cl 35-1-46'5)
40+ : -
304 5 :
204 1 27% (95% Cl 21:9-32-4):
104 == Nivolumab plus ipilimumab group ;
—— Chemotherapy group H
O T T T 1 1 1 1 1 1 T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39
Time since randomisation (months)
b Nivolumab plus ~ Chemotherapy
ipilimumab group group
1004 187 (16:9-22:0) 165 (14-9-20-5)
90 Sk, Median overall survival (95% Ci), months
80- =, Hazard ratio 0-86 (95% Cl 0-69-1-08)
69% (95% Cl 63-0-75-0)
704 z
60 66% (95% C1 591-71-8);
50 42% (95% CI 350-481)
40 ;
304 | 33% (95% Cl 26:8-395);
20+ : :
104 : :
0 T T T % T T T ; 1 1 1 T 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39
Time since randomisation (months)
Cc Nivolumab plus ~ Chemotherapy
100+ ipilimumab group  group
181 (12:2-22-8) 88 (7-4-10-2)
90 Median overall survival (95% Cl), months
804 Hazard ratio 0-46 (95% Cl 0-31-0-68)
404 63% (95% Cl 50-9-72-9)
60 :
50
404 ‘ 38% (95% Cl 27-0-49-5)
30-32% (95% Cl 21-7-435): :
204 : :
101 8% (95% CI 33-16-7)
0 T T T t T T T t T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36 39

Time since randomisation (months)




l

310 HF4E R OEM

R 7OGRAMER, YRR AT - B3O MPM
D—REHE L TEMARZ I M.

| 3. B REOLRR LAY

WERHERZZT - BRI, MR, AEREED
AR R, FhEn190 A, 1228, 4%
HTdbh, FERB LAY TRARERSETH
BIFRTFThH o7 . EPPHfTHIOFHETICHT
BYATFITA v 7L a—Td, FEEMTHS
CLRARRTHEARNTLEENTEY, —HoR
JOIHE B % B X PO Y SE B AV RHEIRIZHE SR K e,
THEREEICBYTE, EERBaVR-2 VD
HEIM L FHTFURATFEERTEY, S8E
WERNTHBOBRELHRTHS Y.

HMERICBWTIE, T TOR S BI
DREPTIIHEEN L D BHOBRIEDLL Z L
Lehol. BB Check Mate743 RBrk%Z 2T TA ¥
YA TRV T O HBFESEIELRRE 25
LEbnBA, LEETIIMEEOSEFNE @
BHLHP TRV, HfFEFzy 78, v MHESE
BHOHEERZPBSEINS L) LEFTIZF &6
& 75 FF BH| + PEM $E AL b BIRE )
5. SHIEMEROBIRICBWTD, HERRIZE
EBhIroy—tih.

(ESEET, BAH—)

X ®

1) Cao C, Tian D, Park ], et al : A systematic review and meta-
analysis of surgical treatments for malignant pleural meso-
thelioma. Lung Cancer 83 : 240-245, 2014

2) HAMMES 928 BB SRS K54,
WiREEEMET 4 B 5 4 » BRI R - B & ¢,
2021 4EKH. https://www.haigan.gr.jp/guideline/2021/ (2022
43 A ML)

3) Vogelzang NJ, Rusthoven JJ, Symanowski ], et al : Phase Il
study of pemetrexed in combination with cisplatin versus
cisplatin alone in patients with malignant pleural mesothe-
lioma. J Clin Oncol : official journal of the American Soci-
ety of Clinical Oncology 21 : 2636-2644, 2003

4) Zucali PA, Ceresoli GL, Garassino |, et al : Gemcitabine and
vinorelbine in pemetrexed-pretreated patients with malig-
nant pleural mesothelioma. Cancer 112 : 1555-1561, 2008

5) Okada M, Kijima T, Aoe K, et al : Clinical Efficacy and
Safety of Nivolumab : Results of a Multicenter, Open-label,
Single-arm, Japanese Phase II study in Malignant Pleural
Mesothelioma (MERIT). Clinical cancer research : an of
ficial journal of the American Association for Cancer Re-
search 25 : 5485-5492, 2019

6) Baas P, Scherpereel A, Nowak AK, et al : First-line
nivolumab plus ipilimumab in unresectable malignant pleu-
ral mesothelioma (CheckMate 743) : a multicentre, ran-
domised, open-label, phase 3 trial. Lancet 397 : 375-386,
2021

7 ) Meyerhoff RR, Yang CF, Speicher PJ, et al : Impact of me-
sothelioma histologic subtype on outcomes in the Surveil-
lance, Epidemiology, and End Results database. J Surgi Res
196 : 23-32, 2015

8) Vigneswaran WT, Kircheva DY, Ananthanarayanan V, et
al : Amount of Epithelioid Differentiation Is a Predictor of
Survival in Malignant Pleural Mesothelioma. Ann Thorac
Surg 103 : 962-966, 2017



Received: 30 August 2023 | Revised: 12 October 2023 Accepted: 24 October 2023

DOI: 10.1111/cas.16021

ORIGINAL ARTICLE ﬂancer sclence WILEY

Nationwide prospective registry database of patients with
newly diagnosed untreated pleural mesothelioma in Japan

Seiki Hasegawa! ©® | Yasushi Shintani?>® | Teruhisa Takuwa! | Keisuke Aoe® |
Katsuya Kato* | Nobukazu Fujimoto®® | Yasuhiro Hida® | Masahiro Morise’ |
Yasumitsu Moriya® | Takao Morohoshi’ | Hidemi Suzuki'® | Masayuki Chida'! |
Shunsuke Endo'? | Mitsutaka Kadokura'® | Meinoshin Okumura® | Satoshi Hattori* |
Hiroshi Date® | Ichiro Yoshino®

1Department of Thoracic Surgery, Hyogo Medical University, Hyogo, Japan

2Department of General Thoracic Surgery, Osaka University Graduate School of Medicine, Osaka, Japan
3Department of Medical Oncology, National Hospital Organization Yamaguchi-Ube Medical Center, Yamaguchi, Japan
“Department of Diagnostic Radiology 2, Kawasaki Medical School, Okayama, Japan

>Department of Medical Oncology, Okayama Rosai Hospital, Okayama, Japan

$Department of Cardiovascular and Thoracic Surgery, Hokkaido University Graduate School of Medicine, Hokkaido, Japan
7Department of Respiratory Medicine, Nagoya University Graduate School of Medicine, Aichi, Japan

8Division of General Thoracic Surgery, Chiba Rosai Hospital, Chiba, Japan

“Division of General Thoracic Surgery, Yokosuka-Kyosai Hospital, Kanagawa, Japan

pepartment of General Thoracic Surgery, Chiba University Graduate School of Medicine, Chiba, Japan
Department of General Thoracic Surgery, Dokkyo Medical University, Tochigi, Japan

12Department of Thoracic Surgery, Jichi Medical University, Shimotsuke, Japan

Dijvision of Chest Surgery, Department of Surgery, Showa University School of Medicine, Tokyo, Japan
Department of Biomedical Statistics, Osaka University Graduate School of Medicine, Osaka, Japan

15Department of Thoracic Surgery, Kyoto University Hospital, Kyoto, Japan

Correspondence
Seiki Hasegawa, Department of Thoracic Abstract
Surgery, Hyogo Medical University, 1-1

Mukogawa-cho, Nishinomiya 663-8501,
Japan. Committee for Lung Cancer Registry conducted a nationwide prospective registry
Email: hasegawa@hyo-med.ac.jp

Due to the scarcity of large-sized prospective databases, the Japanese Joint

for newly diagnosed and untreated pleural mesothelioma. All new cases diagnosed

Funding information pathologically as any subtype of pleural mesothelioma in Japan during the period be-
The Japanese Joint Committee for Lung tween April 1, 2017, to March 31, 2019, were included before treatment. Data on
Cancer Registry, Grant/Award Number:

The 9th project of the Japanese Joint survival were collected in April 2021. The eligible 346 patients (285 men [82.3%];
Committee f

61 women [17.7%]; median age, 71.0years [range, 44-88]) were included for analy-
sis. Among these patients, 138 (39.9%) underwent surgery, 164 (47.4%) underwent

Abbreviations: AJCC, American Joint Commission on Cancer; BSC, best supportive care; Cl, confidence intervals; EPP, extrapleural pneumonectomy; ET, exploratory thoracotomy;
FDG-PET, fluorodeoxyglucose-positron emission tomography; IASLC, International Association for the Study of Lung Cancer; IMIG, International Mesothelioma Interest Group; IQR,
interquartile range; JJCLCR, the Japanese Joint Committee for Lung Cancer Registry; MCR, macroscopic complete resection; MTT, maximum tumor thickness; NOS, not otherwise
specified; OS, overall survival; P/D, pleurectomy/decortication.; PFS, progression-free survival; PM, pleural mesothelioma; PP, partial pleurectomy; PS, performance status; RT, radiation
therapy; STLT, sum of three-level thickness; SUV, standardized uptake value; UICC, Union for International Cancer Control.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.

© 2023 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd on behalf of Japanese Cancer Association.

Cancer Science. 2024;115:507-528. wileyonlinelibrary.com/journal/cas 507


www.wileyonlinelibrary.com/journal/cas
mailto:hasegawa@hyo-med.ac.jp
https://orcid.org/0000-0002-0386-1952
https://orcid.org/0000-0002-2540-5288
https://orcid.org/0000-0002-4516-0433
http://creativecommons.org/licenses/by-nc/4.0/
mailto:hasegawa@hyo-med.ac.jp

HASEGAWA ET AL.

508 H
ABRVWIRS Cancer Science

KEYWORDS

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,”1922 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°

2.2 | 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 JICLCR

« 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.
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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) . _ . . _
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 IlI 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 Il 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, T1a 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 1B 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
(hn=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 (nh=1), PEM (n=1), Others (1=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 (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 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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FIGURE 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 25.1 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 <60mm group (n=203) and the STLT 260 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.

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
1.00 1.00+
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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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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

A ORCID: 0000-0002-4516-0433.
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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 MARS?2 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

© Translational Lung Cancer Research. All rights reserved.
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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/uL), 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/).

Keywords: Mesothelioma; Nivolumab; Thrombocytopenia;
Thrombopoietin receptor agonist; Case report

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." 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

*Corresponding author.

Disclosure: Dr. Fujimoto received consultancy fees, honoraria, and
research funding from Ono and Bristol-Myers Squibb. The remaining
authors declare no conflict of interest.

Address for correspondence: Nobukazu Fujimoto, MD, Department of
Medical Oncology, Okayama Rosai Hospital, 1-10-25 Chikkomidor-
imachi, Okayama 7028055, Japan. E-mail: nobufujimot@gmail.com

Cite this article as: Tanaka T, Asakura S, Hisamatsu K, Fujimoto N.
Thrombocytopenia as an immune-related adverse event in malignant
pleural mesothelioma: a case report. JTO Clin Res Rep.
2022;3:100351.

© 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 license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

ISSN: 2666-3643
https://doi.org/10.1016/j.jtocrr.2022.100351

JTO Clinical and Research Reports Vol. 3 No. 7: 100351


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:nobufujimot@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jtocrr.2022.100351
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtocrr.2022.100351&domain=pdf

2 Tanaka et al

JTO Clinical and Research Reports Vol. 3 No. 7

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.

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 T3NOMO (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. 14). 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/
uL) 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/uL). A thrombopoietin re-
ceptor (TPO-R) agonist was also delivered as the pred-
nisone was tapered off. The platelet count improved to
200,000/uL 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.” 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%).> 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.” According to a previous observational study,
there were 35 patients with hematologic irAEs including
nine patients with ITP among 948 screened patients,”
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.” ITP also

Prednisolone | =3 TR
© 20 mg

B 37.5mg
TPO-R agonist 25 mg

m

12.5 mg

Platelet (x 104/uL)

days

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

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.” 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.” 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.” 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."” 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.

Thrombocytopenia as an irAE in MPM 3
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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

‘cjfl;eiic;(t?sr version of the Care Evaluation Scale (CES) version 2 was used to assess the quality of end-of-life care.
Citation: Nagamatsu, Y.; Sakyo, Y.; The GDI and CES scores of MPM patients were compared with those of a Japanese cancer population
Barroga, E.; Koni, R.; Natori, Y.; from a previous study. Results: MPM patients failed to achieve good deaths. Only 12.5% of the MPM
Miyashita, M. Bereaved Family patients were free from physical pain. The GDI scores of most of the MPM patients were significantly

Members’ Perspectives of Good
Death and Quality of End-of-Life

Care for Malignant Pleural

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

Mesothelioma Patients: A
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patients remains poor. Moreover, MPM patients do not achieve good deaths from the perspective of
their bereaved family members.
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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].

av Psychological issues, such as uncertainty, lack of control [12], memory problems, difficulties

Copyright: © 2022 by the authors.  in concentrating, feeling that problems cannot be solved [13], depression, anxiety, fear, and
Licensee MDPI, Basel, Switzerland.  jsolation [8], all negatively affect the quality of life of MPM patients. Finally, there is additional
This article is an open access article  pgychological distress for victims of the asbestos industry [14]. Suffering from asbestos-related
distributed under the terms and  djsease causes fear of premature death [15]. MPM patients in Japan reportedly suffer from
conditions of the Creative Commons  physjcal and psychological distress [16], and their quality of life is impaired [9].
Attribution (CC BY) license (https:// Lamentably, the quality of life of MPM patients in the terminal stage, particularly

Crej;ivecommons'org/ licenses/by/ 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 (« = 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 « = 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 ]-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 ¢-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 *
Place of Death
n=72 Designated Cancer Center Palliative Care Unit Home Hospice
(n=2794) (n=5312) (n=292)
Patients n % n % n % n %
Men 59 81.9 1820 65.1 2906 54.7 181 62
Sex Women 13 181 973 348 2364 45 11 38
Primary cancer site Pleura ** 72 100 - - - - - -
Lung 0 0 688 246 1246 235 63 21.6
Stomach 0 0 395 141 635 12 36 12.3
Colorectum/rectum 0 0 260 9.3 651 123 54 185
Liver 0 0 279 10 281 53 18 6.2
Gall bladder/bile duct 0 0 165 5.9 201 3.8 14 48
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 27
Others - - 513 18.4 1389 262 69 23.7
Source of asbestos exposure Occupation 49 68.1
Neighboring factory 17 236
School 1 14
Family 1 14
Unknown 4 54
Treatment Surgery 14 194
(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 24 333
Home 10 139
Other 3 4.2
. . Mean +
Age at diagnosis (years) Range: 36-92 SD 66.9 + 9.6 69.8 £11.5 709 +£12.1 71.8 £13.0
Survival (months) 0.5-69 145+ 14.1
Bereaved family members n % n % n % n %o
Sex Men 15 20.8 825 29.5 1694 319 60 20.6
Women 57 79.2 1696 60.7 3556 67.1 228 78.1
. . : . Spouse 52 722 1535 549 2506 472 165 56.5
Relationship with patient Child 20 178 672 24.1 1809 341 78 267
Son/daughter-in-law 0 0 181 6.5 353 6.7 34 116
Parent 0 0 49 18 100 19 4 14
Sibling 0 0 56 2 310 5.8 6 2.1
Others 0 0 32 12 188 35 4 14
Experience of end-of-life discussion Yes 27 37.5
with patient No 44 61.1
Timing of patient’s death Much sooner than expected 31 43.1
Sooner than expected 25 34.7
Moderate 9 125
Later than expected 5 6.9
Much later than expected 2 28
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Table 1. Cont.

Disease MPM Cancer *
Place of Death
n=72 Designated Cancer Center Palliative Care Unit Home Hospice
(n =2794) (n=5312) (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 31 389

Not satisfied 41 61.1
When patient died Satisfied 47 653

Not satisfied 25 347
Financial impact of patient’s MPM on Significant impact 12 16.7
family Some impact 15 208

Moderate impact 20 27.8

Minor impact 15 20.8

No impact 10 139
Level of anger toward asbestos Very angry 56 77.8

Angry 11 15.3

Moderately angry 4 5.6

Slightly angry 1 14

Not angry at all 0 0

" Mean + =

Age (in years) Range: 32-82 SD 62.5+122 60.4 +125 593 £12.8 60.6 +£12.1
Time since bereavement (months) 9-110 452 +£27.2 124 £35 11.8 £3.7 122 +6.6

* Cited from the J-HOPE study (reference [21]). ** Pleural mesothelioma was classified as “Others” in the ]-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 ]-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 ]-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 ]-HOPE
cancer patients except in the items “cost”, “coordination and consistency”, and “explanation
to family by physician”.



J. Clin. Med. 2022, 11, 2541 6of 12

— Being valued as a person *** I (0.4 90.2

Trusting physician *** I 5] .4 79.6

Spending enough time with family *++ EEG_———————— (.3 648

10 core
items

Living in calm circumstances 375 491
Being independent in daily activities E——————— 3?13
Being able to stay at one’s favorite place *+ IEG_————— 3.6 56.3
Not making a trouble for others *++  EG—<——————20.0 553
Having some pleasure in daily life * ESG—-——0278

Feeling that life is completed *+* —18.1 499

L Being free from physical distress *** ~H—_12.5 692

Knowing what to expect about future condition EEG_—I_—__——S—S|_|S 575

Feeling that life is worth living **  ECG—————————— 4.7 542

Saying what wanted to tell loved ones * EG_—IG—————— 3.3 493

Dying a natural death *+* EG_——————— 6.4 607
Receiving sufficient treatment *+* IEG_——23.0 55.6
Not exposing one’s physical and mental weakness to family *** EE—15.3 59.9
Supported by religion =111, -
Dying without awareness that one is dying *** ™ 4.2 215
0 20 40 60 80 100
B MPM patients ~ Cancer patient

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.

Physical care by physician ** I — 83.3

93.8
Physical care by nurse *** I 33.3 oks
Explanation to family by physician —E————— 506
Coordination and consistency — EG—_————————————————— 0.6 o
Cost I — 79.2 89.1
Availability ** I 73.6 86.7
Explanation to patient by physician *+ E———— 722
Psycho-existential care *+ IEG_—_——— (9.4 918
Environment * — 69.4 a1
Consideration of family health *++ IEG_—_—— 55.6 b
0 20 40 60 80 100

B MPM patients Cancer patients

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”.
The weighted means of CES scores in general cancer patients in Japan were calculated according to the

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.

Pain I 74.5
Dyspnea I 70.6
Anorexia [N 66.7
Anxiety [N 54.9

Fatigue NI 49.0
Nausea I 43.1
Insomnia I 411
Constipation NN 314
Edema [N 216
Dysphagia [N 17.6
Palpitation [N 9.8

0 10 20 30 40 50 60 70 80 90 100

Figure 3. Percentages of MPM patients experiencing symptoms at the end of chemotherapy (n = 51).

Dyspnea [I——— 86.1
Pain I 83.3
Anorexia I 75.0
Anxiety [ 59.7
Fatigue I 56.9
Insomnia [N 4.4
Dysphagia I 43.1
Constipation I 41.7
Nausea I 40.3
Edema NN 27.8
Palpitation | 20.8

0 20 40 60 80 100

Figure 4. Percentages of MPM patients experiencing symptoms at the final critical stage (1 = 72).
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3.5. Factors Associated with a Good Death
The GDI and CES total scores were significantly associated (correlation coefficient
p = 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 R? = 0.260)

Model B SE B t 95% CI p-Value
Constant 41.724 4.769 8.794 32.202-51.246 0.001
Satisfied with care received when 11.597 3.278 0.370 3.538 5.053-18.141 0.001
patient became critical
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; R?, correlation of determination; B, unstandardized coefficient; SE,
standard error; 3, standardized coefficient (beta); t, independent-sample f 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 (1 = 72).

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

Model B SE B t 95% CI p-Value
Constant 30.545 1.807 16.907 26.939-34.152 0.001
Satisfied with the care received
. . 13.272 1.727 0.664 7.683 9.824-16.720 0.001
when the patient died
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
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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.

Author Contributions: Conceptualization and design of the investigational plan, Y.N. (Yasuko
Nagamatsu), Y.S., R K., Y.N. (Yuji Natori) and M.M.; Data curation, Y.N. (Yasuko Nagamatsu); Formal
analysis, Y.N. (Yasuko Nagamatsu), Y.S., Y.N. (Yuji Natori) and M.M.; Funding acquisition, Y.N.
(Yasuko Nagamatsu); Investigation, Y.N. (Yasuko Nagamatsu) and Y.S.; Methodology, Y.N. (Yasuko
Nagamatsu), Y.S., E.B. and M.M.; Project administration, Y.N. (Yasuko Nagamatsu); Resources, R.K.
and Y.N. (Yuji Natori); Supervision, Y.N. (Yasuko Nagamatsu); Validation, Y.N. (Yasuko Nagamatsu);
Visualization, Y.N. (Yasuko Nagamatsu) and E.B.; Writing—original draft, Y.N. (Yasuko Nagamatsu)
and E.B.; Writing—review and editing, Y.N. (Yasuko Nagamatsu), Y.S., E.B., R K., Y.N. (Yuji Natori)
and M.M. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Japan Society for the Promotion of Science Grants-in-Aid
for Scientific Research (JSPS KAKENHI), grant number 16H05579 and grants-in-aid from the Ministry
of Health, Labor and Welfare, Japan, grant number 210901-01.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of
Helsinki and approved by the Research Ethics Committee of St. Luke’s International University (16-A035).

Informed Consent Statement: This research was conducted based on the ethical principles of avoid-
ing harm, voluntary participation, anonymity, and the protection of privacy and personal information.
The purpose, procedures, and confidentiality of the study were explained in written format. The
participants were informed that nonparticipation would not disadvantage them. Answering the
questionnaire and sending it to the authors was regarded as written informed consent to participate
in the study. Informed consent was obtained from all the subjects for the publication of their details.

Data Availability Statement: The datasets generated and analyzed from this study are not publicly
available to protect the anonymity of the participants but are available from the corresponding author,
Yasuko Nagamatsu, upon reasonable request.

Acknowledgments: We appreciate the participants and Sarah E. Porter for editorial assistance.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Bianchi, C.; Bianchi, T. Malignant Mesothelioma: Global Incidence and Relationship with Asbestos. Ind. Health 2007, 45, 379-387.
[CrossRef] [PubMed]

2. Japan Ministry of Health Labor & Welfare. Yearly Changes (from 1995 to 2018) in Number of Death from Mesothelioma by
Prefecture (Based on Vital Statistics). 2019. Available online: https://www.mhlw.go.jp/toukei/saikin/hw /jinkou/tokusyu/
chuuhisyul?7/index.html (accessed on 25 May 2021).

3. Myojin, T.; Azuma, K.; Okumura, J.; Uchiyama, I. Future trends of mesothelioma mortality in Japan bas ed on a risk function. Ind.
Health 2012, 50, 197-204. [CrossRef] [PubMed]

4. Murayama, T.; Takahashi, K.; Natori, Y.; Kurumatani, N. Estimation of future mortality from pleural malignant mesothelioma in
Japan based on an age-cohort model. Am. J. Ind. Med. 2005, 49, 1-7. [CrossRef] [PubMed]

5. Gemba, K.; Fujimoto, N.; Kato, K.; Aoe, K.; Takeshima, Y.; Inai, K.; Kishimoto, T. National survey of malignant mesothelioma and
asbestos exposure in Japan. Cancer Sci. 2012, 103, 483—490. [CrossRef]

6. Hollen, PJ.; Gralla, R.J.; Liepa, A.M.; Symanowski, ]J.T.; Rusthoven, ].]. Adapting the lung cancer symptom scale (LCSS) to
mesothelioma: Using the LCSS-Meso conceptual model for validation. Cancer 2004, 101, 587-595. [CrossRef]

7. Clayson, H.; Seymour, J.; Noble, B. Mesothelioma from the Patient’s Perspective. Hematol. Clin. N. Am. 2005, 19, 1175-1190.
[CrossRef]

8. Moore, S.; Darlison, L.; Tod, A.M. Living with mesothelioma. A literature review. Eur. |. Cancer Care 2010, 19, 458-468. [CrossRef]

9. Nagamatsu, Y.; Oze, L; Aoe, K; Hotta, K.; Kato, K.; Nakagawa, J.; Hara, K.; Kishimoto, T.; Fujimoto, N. Quality of life of survivors
of malignant pleural mesothelioma in Japan: A cross sectional study. BMC Cancer 2018, 18, 350. [CrossRef]

10.  Woolhouse, I; Bishop, L.; Darlison, L.; De Fonseka, D.; Edey, A.; Edwards, J.; Faivre-Finn, C.; Fennell, D.A.; Holmes, S.; Kerr, K.M.;
et al. British Thoracic Society Guideline for the investigation and management of malignant pleural mesothelioma. Thorax 2018,
73,11-i30. [CrossRef]

11.  Muers, M.E; Stephens, R.].; Fisher, P.; Darlison, L.; Higgs, C.M.; Lowry, E.; Nicholson, A.G.; O’Brien, M.; Peake, M.; Rudd, R; et al.

Active symptom control with or without chemotherapy in the treatment of patients with malignant pleural mesothelioma (MS01):
A multicentre randomised trial. Lancet 2008, 371, 1685-1694. [CrossRef]


http://doi.org/10.2486/indhealth.45.379
http://www.ncbi.nlm.nih.gov/pubmed/17634686
https://www.mhlw.go.jp/toukei/saikin/hw/jinkou/tokusyu/chuuhisyu17/index.html
https://www.mhlw.go.jp/toukei/saikin/hw/jinkou/tokusyu/chuuhisyu17/index.html
http://doi.org/10.2486/indhealth.MS1184
http://www.ncbi.nlm.nih.gov/pubmed/22453207
http://doi.org/10.1002/ajim.20246
http://www.ncbi.nlm.nih.gov/pubmed/16362942
http://doi.org/10.1111/j.1349-7006.2011.02165.x
http://doi.org/10.1002/cncr.20315
http://doi.org/10.1016/j.hoc.2005.09.003
http://doi.org/10.1111/j.1365-2354.2009.01162.x
http://doi.org/10.1186/s12885-018-4293-x
http://doi.org/10.1136/thoraxjnl-2017-211321
http://doi.org/10.1016/S0140-6736(08)60727-8

J. Clin. Med. 2022, 11, 2541 12 0of 12

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Arber, A.; Spencer, L.; Parker, A. ‘It’s all bad news’: The first 3 months following a diagnosis of malignant pleural mesothelioma.
BM]J Support. Palliat. Care 2011, 1, A14—-A15. [CrossRef]

Innamorati, M.; Tamburello, S.; Tamburello, A.; Casale, S.; Cont, C.; Guglielmucci, F; Granieri, A. Quality of life and personality
traits in patients with malignant pleural mesothelioma and their first-degree caregivers. Neuropsychiatr. Dis. Treat. 2013, 9,
1193-1202. [CrossRef]

Hughes, N.; Arber, A. The lived experience of patients with pleural mesothelioma. Int. J. Palliat. Nurs. 2008, 14, 66-71. [CrossRef]
Barak, Y.; Achiron, A.; Rotstein, Z.; Elizur, A.; Noy, S. Stress associated with asbestosis: The trauma of waiting for death.
Psycho-Oncol. 1988, 7, 126-128. [CrossRef]

Nagamatsu, Y.; Horiuchi, S.; Natori, Y. The stages and difficulties of patients with malignant pleural mesothelioma. J. Hum. Care
Stud. 2012, 12, 69-81.

Miyashita, M.; Morita, T.; Sato, K.; Hirai, K.; Shima, Y.; Uchitomi, Y. Good Death Inventory: A Measure for Evaluating Good
Death from the Bereaved Family Member’s Perspective. J. Pain Symptom Manag. 2008, 35, 486—498. [CrossRef]

Addington-Hall, ].; O’Callaghan, A. A comparison of the quality of care provided to cancer patients in the UK in the last three
months of life in in-patient hospices compared with hospitals, from the perspective of bereaved relatives: Results from a survey
using the VOICES questionnaire. Palliat. Med. 2009, 23, 190-197. [CrossRef]

Rhodes, R.L.; Mitchell, S.L.; Miller, S.C.; Connor, S.R.; Teno, ].M. Bereaved family members’ evaluation of hospice care: What
factors influence overall satisfaction with services? J. Pain Symptom Manag. 2008, 35, 365-371. [CrossRef]

Downey, L.; Curtis, ].R.; Lafferty, W.E.; Herting, ].R.; Engelberg, R.A. The quality of dying and death questionnaire (QODD):
Empirical domains and theoretical perspectives. J. Pain Symptom Manag. 2010, 39, 9-22. [CrossRef]

Miyashita, M.; Morita, T.; Sato, K.; Tsuneto, S.; Shima, Y. A Nationwide Survey of Quality of End-of-Life Cancer Care in Designated
Cancer Centers, Inpatient Palliative Care Units, and Home Hospices in Japan: The J-HOPE Study. J. Pain Symptom Manag. 2015,
50, 38-47.e3. [CrossRef]

Shear, M.K,; Simon, N.; Wall, M.; Zisook, S.; Neimeyer, R.; Duan, N.; Reynolds, C.; Lebowitz, B.; Sung, S.; Ghesquiere, A.; et al.
Complicated grief and related bereavement issues for DSM-5. Depress. Anxiety 2011, 28, 103-117. [CrossRef]

Miyashita, M.; Aoyama, M.; Nakahata, M.; Yamada, Y.; Abe, M.; Yanagihara, K.; Shirado, A.; Shutoh, M.; Okamoto, Y.; Hamano, J.;
et al. Development the Care Evaluation Scale Version 2.0: A modified version of a measure for bereaved family members to
evaluate the structure and process of palliative care for cancer patient. BMC Palliat. Care 2017, 16, 8. [CrossRef]

Miyashita, M.; Morita, T.; Tsuneto, S.; Sato, K.; Shima, Y. The Japan HOspice and Palliative Care Evaluation Study (J-HOPE
Study): Study Design and Characteristics of Participating Institutions. Am. J. Hosp. Palliat. Med. 2008, 25, 223-232. [CrossRef]
Clayson, H. The Experience of Mesothelioma in Northern England; University of Sheffield: Sheffield, UK, 2007.

Mercadante, S.; Degiovanni, D.; Casuccio, A. Symptom burden in mesothelioma patients admitted to home palliative care. Curr.
Med. Res. Opin. 2016, 32, 1985-1988. [CrossRef]

Ahmedzai, S.; Clayson, H. Supportive and Palliative Care in Mesothelioma; University Press: New York, NY, USA, 2006.

Abrahm, J.L. Palliative Care for the Patient with Mesothelioma. Semin. Thorac. Cardiovasc. Surg. 2009, 21, 164-171. [CrossRef]
Ando, M.; Kawamura, R.; Morita, T.; Hirai, K.; Miyashita, M.; Okamoto, T.; Shima, Y. Value of religious care for relief of
psycho-existential suffering in Japanese terminally ill cancer patients: The perspective of bereaved family members. Psycho-Oncol.
2010, 19, 750-755. [CrossRef]

Carr, D. Death and dying in the contemporary United States: What are the psychological implications of anticipated death? Soc.
Pers. Psychol. Compass 2012, 6, 184-195. [CrossRef]

Bibby, A.C.; De Fonseka, D.; Morley, A.].; Keenan, E.; Addeo, A.; Smith, S.; Edey, A.J.; Maskell, N.A. Exploring the characteristics
of patients with mesothelioma who chose active symptom control over chemotherapy as first-line treatment: A prospective,
observational, single centre study. BMC Palliat. Care 2017, 16, 71. [CrossRef] [PubMed]

Wysham, N.G.; Cox, C.E.; Wolf, S.P.; Kamal, A.H. Symptom Burden of Chronic Lung Disease Compared with Lung Cancer at
Time of Referral for Palliative Care Consultation. Ann. Am. Thorac. Soc. 2015, 12, 1294-1301. [CrossRef] [PubMed]

Van Zandwijk, N.; Clarke, C.; Henderson, D.; Musk, A.W,; Fong, K.; Nowak, A.; Loneragan, R.; McCaughan, B.; Boyer, M.; Feigen,
M.; et al. Guidelines for the diagnosis and treatment of malignant pleural mesothelioma. J. Thorac. Dis. 2013, 5, E254-E307.
[PubMed]

Miyashita, M.; Hirai, K.; Morita, T.; Sanjo, M.; Uchitomi, Y. Barriers to referral to inpatient palliative care units in Japan:
A qualitative survey with content analysis. Support. Care Cancer 2007, 16, 217-222. [CrossRef]

Horne, G.; Payne, S.; Seymour, ]. Do patients with lung cancer recall physician-initiated discussions about planning for end-of-life
care following disclosure of a terminal prognosis? BM] Support. Palliat. Care 2016, 9, 197-201. [CrossRef]

Nagamatsu, Y.; Oze, I; Aoe, K.; Hotta, K.; Kato, K.; Nakagawa, J.; Hara, K.; Kishimoto, T.; Fujimoto, N. Physician requests by
patients with malignant pleural mesothelioma in Japan. BMC Cancer 2019, 19, 383. [CrossRef]


http://doi.org/10.1136/bmjspcare-2011-000020.41
http://doi.org/10.2147/NDT.S48965
http://doi.org/10.12968/ijpn.2008.14.2.28597
http://doi.org/10.1002/(SICI)1099-1611(199803/04)7:2&lt;126::AID-PON291&gt;3.0.CO;2-A
http://doi.org/10.1016/j.jpainsymman.2007.07.009
http://doi.org/10.1177/0269216309102525
http://doi.org/10.1016/j.jpainsymman.2007.12.004
http://doi.org/10.1016/j.jpainsymman.2009.05.012
http://doi.org/10.1016/j.jpainsymman.2015.01.007
http://doi.org/10.1002/da.20780
http://doi.org/10.1186/s12904-017-0183-2
http://doi.org/10.1177/1049909108315517
http://doi.org/10.1080/03007995.2016.1226165
http://doi.org/10.1053/j.semtcvs.2009.06.006
http://doi.org/10.1002/pon.1625
http://doi.org/10.1111/j.1751-9004.2011.00416.x
http://doi.org/10.1186/s12904-017-0255-3
http://www.ncbi.nlm.nih.gov/pubmed/29221485
http://doi.org/10.1513/AnnalsATS.201503-180OC
http://www.ncbi.nlm.nih.gov/pubmed/26161449
http://www.ncbi.nlm.nih.gov/pubmed/24416529
http://doi.org/10.1007/s00520-007-0215-1
http://doi.org/10.1136/bmjspcare-2015-001015
http://doi.org/10.1186/s12885-019-5591-7

Journal of

%

Clinical Medicine

Article

Depression and Complicated Grief, and Associated Factors, of
Bereaved Family Members of Patients Who Died of Malignant
Pleural Mesothelioma in Japan

Yasuko Nagamatsu *{, Yumi Sakyo !, Edward Barroga !, Riwa Koni ?, Yuji Natori 3 and Mitsunori Miyashita 4

check for
updates

Citation: Nagamatsu, Y.; Sakyo, Y.;
Barroga, E.; Koni, R.; Natori, Y.;
Miyashita, M. Depression and
Complicated Grief, and Associated
Factors, of Bereaved Family Members
of Patients Who Died of Malignant
Pleural Mesothelioma in Japan. J.
Clin. Med. 2022, 11, 3380. https://
doi.org/10.3390/jcm11123380

Academic Editors: Nobukazu
Fujimoto, Kozo Kuribayashi and

Giuseppe Cardillo

Received: 11 May 2022
Accepted: 10 June 2022
Published: 13 June 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Graduate School of Nursing Science, St. Luke’s International University, 10-1 Akashi-cho, Chuo-ku,
Tokyo 104-0044, Japan; yumi-sakyo@slcn.ac.jp (Y.S.); edward-barroga@slcen.ac.jp (E.B.)

2 St. Luke’s International Hospital, 9-1 Akashi-cho, Chuo-ku, Tokyo 104-8560, Japan; riwakoni@luke.ac.jp
3 Hirano Kameido Himawari Clinic, 7-10-1 Kameido, Koto-ku, Tokyo 136-0071, Japan;
natori@himawari-clinic.jp

Department of Palliative Nursing, Health Sciences, Tohoku University Graduate School of Medicine,
2-1 Seiryomachi, Aoba-ku, Sendai 980-8575, Japan; miya@med.tohoku.ac.jp

*  Correspondence: sarah-nagamatsu@slen.ac.jp; Tel. /Fax: +81-3-5550-2262

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 (1 = 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.



J. Clin. Med. 2022, 11, 3380

30f12

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 (1 = 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 14
Unknown 4 5.4

Treatment Surgery 14 194

(includes multiple treatments) Extrapleural 12 16.7

pneumonectomy

Pleurectomy decoration 2 2.8




(months)
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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) 0.5-69 145+ 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 Yes 27 37.5
discussion with patient 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
. o Satisfied 31 38.9
When patient became critical Not satisfied 41 611
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 14
Not angry at all 0 0
Age (in years) Range: 32-82 Mean + SD 625+ 12.2
Time since bereavement 9-110 452 + 270

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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Co-Morbid\ Depression\ None

68.1%
(n=49)

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 (1 = 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 7.334 1.401-38.374 0.018

health-damage relief system

Model chi-square = 12.641, d = 1, p = 0.002, R? = 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 19.210 1.609-229.392 0.020
health-damage relief system
Received surgery 11.301 1.256-101.649 0.030
Not satisfied with the care given when the 13.626 1.213-153.009 0.034

patient became critical

Model chi-square = 22.206, d =4, p = 0.001, R? =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 Il 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/
m?), pemetrexed (500 mg/m?), 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% Cl 52.4% to 93.6%) patients had an objective
response. The disease control rate was 94.4% (95% Cl
72.7% 10 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

1

mesothelial-lined surfaces and has a poor
survival rate." 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.” 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.” Recently, the addition of bevaci-
zumab was shown to improve OS when added
to cisplatin and pemetrexed in the treatment
of unresectable MPM." 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.’ Thus, there is a strong
biological rationale to use ICIsin MPM. A phase II trial has
demonstrated a favorable response to nivolumab in previ-
ously treated MPM.® 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.” 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.I.1 (mRECIST)® 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/m?), pemetrexed (500
mg/mQ), 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-LI status. Each sample was required to
contain =100 evaluable tumor cells. PD-L1-positive was
defined as membranous staining in 21% 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 firstline
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 treatmentrelated 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 edition” and the Lung Cancer
Symptom Scale for Mesothelioma.'” 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%)

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

T1NOMO 2 (11.1)

T1N2MO 1(5.6)

T2NOMO 1(5.6)

T3NOMO 6 (33.3)

T3N2MO 1(5.6)

T4NOMO 3(16.7)

T4N1MO 1(5.6)

T4N2MO 2(11.1)

T4N2MA1 1(5.6)
Stage

| 8 (44.4)

Il 0(0.0)

Il 9 (50)

v 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.

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

expression 21%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

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% Cl) 77.8 (52.4 to 93.6)

Disease control rate (95% Cl) 94.4 (72.7 t0 99.9)

CR, complete response; NE, not evaluable; PD, progressive
disease; PR, partial response; SD, stable disease.

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%
CI16.2% 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 210% 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,
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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 (111 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 (%).
anemia, hyponatremia, leukopenia, lymphocytopenia,  DISCUSSION

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+24.2mm (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£13.57mm (-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.

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.'™ Combination regimens that include
a PD-1 or PD-LI inhibitor have led to prolonged OS in
small cell lung cancer'* and non-small cell lung cancer.'”
Previous reports have also shown that cytotoxic agents
can induce immune-stimulating properties in mesothe-
lioma cell models.'® !

Nivolumab is currently administered at a dose of
240mg/body biweekly in clinical practice based on
recent clinical trials.® ' 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 360mg/body based
on a recent report that the combination of nivolumab
(10mg/kg) and pemetrexed/cisplatin every 3 weeks has
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an acceptable toxicity profile and encouraging antitumor
activity in patients with advanced non-small cell lung
cancer."

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 0S,* 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.?’ 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.® Nivolumab
plus ipilimumab combination therapy exhibited higher
ORR in patients with PD-LI1-positive MPM compared with
that in patients with PD-L1-negative MPM.* 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.** 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 Australia® 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-
naive patients with untreated, unresectable MPM.*® 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 firstline treatment, but some problems
still remain. One of the problems is a rapid drop-off in
PES 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.” 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.”® 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 cutoff. 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 frontline 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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