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SE G SRR ST, ZNF 02,703 48 111,925 4 (B L 613 4 & 56,493 44 (&) TH D,

A. Bttcrude B. $f%adjusted

k3. R0
TIN—hS—E%¥
TIL—Hh>5—8 1 ¢
H—E AR " bt
LAS) ] e e
HER r te
H—ERAEH
TIN—HhS5—8 e o=
H—E AR 14 e
!H' | [
EER re- ot
ROA NHT—EH¥
TIN—h>5—8 L | I |
H—E AR L 1o
LS 14 e
C. Zf%crude D. Zf%adjusted
k30T
TIh—hS5—E%
TIN—h>—8 1 b
‘Hm I - { , - i
‘g‘ , o J ———
H—ERAEH
TIL—hHh>—8 e o=
H—E AR e [
EH‘ p—— p—
*&‘ —— e
ROANHT—EH
TIN—hF—8 L — —*—
H—E AR B o=
i&' ] I 1 ]

]
[4)]
(4]
-
N A
g
[
w
[4)]
=
N A
g



F 1B BREHN - EEER OBMIEBA DI X

Ay A (95 %15 HE X )*P

ek 3 Hir xR i 5] 511 T2 ETIL3
% %
B
2R 111,925 2,703
TN—NT—PE
TI— TRk 39.0 34.2 1.00 1.00 1.00
Pt Rk 13.5 14.2 1.26 1.26 1.26
(1.11-1.44) (1.10—1.43) (1.10—1.43)
I 4.3 5.0 1.52 1.53 1.53
(1.24-1.86) (1.25-1.88) (1.25-1.87)
" PR 3.2 5.8 1.62 1.61 1.61
(1.35-1.95) (1.34-1.94) (1.34-1.93)
P RPEZE
TI— Tk 4.7 4.0 1.17 1.18 1.18
(0.94—1.47) (0.94-1.47) (0.94—1.48)
Pt Rk 13.4 13.2 1.29 1.29 1.29
(1.12-1.49) (1.12-1.49) (1.12-1.49)
I 1.1 1.2 1.34 1.36 1.36
(0.94-1.92) (0.95-1.95) (0.95-1.95)
" PR 1.6 2.7 1.50 1.51 1.51
(1.15-1.97) (1.15-1.97) (1.15-1.97)
RUANIT— S
TI— Tk 3.6 2.0 0.78 0.79 0.79
(0.58-1.05) (0.59-1.06) (0.59-1.06)
Pt Rk 8.1 9.6 1.48 1.48 1.48
(1.25-1.75) (1.25-1.76) (1.25-1.76)
R 1 6.5 6.5 1.29 1.32 1.32
(1.09-1.53) (1.11-1.56) (1.11-1.57)
" P 1.0 1.7 1.47 1.48 1.48
(1.07-2.03) (1.07-2.04) (1.07-2.04)
HE
2R 56,493 613
TN—NT—PE
TN— 17—k 28.9 28.1 1.00 1.00 1.00
Pt Rk 8.8 10.0 1.48 1.49 1.49
(1.10-2.00) (1.10-2.01) (1.11-2.02)
R I 0.5 0.3 0.92 0.92 0.93

10



gl

B REE
TN—TT—

b R

]

gl

RUARNGT —HEHE
T I—hT—k

It R

)

gl

0.5

4.5

28.2

0.8

0.6

0.9

12.0

14.5

0.8

6.4

28.1

1.0

1.1

1.0

12.9

10.4

(0.23-3.75)
1.69
(0.69-4.15)

1.50
(1.06-2.14)
1.18
(0.95-1.47)
1.81
(0.79-4.12)
1.91
(0.89-4.11)

1.35
(0.59-3.07)

1.37
(1.04-1.81)

0.98
(0.73-1.32)

(0.23-3.76)
1.70
(0.69-4.18)

1.52
(1.07-2.16)
1.20
(0.97-1.50)
1.82
(0.80—4.14)
1.97
(0.91-4.23)

1.35
(0.59-3.08)

1.38
(1.05-1.82)

0.98
(0.73-1.32)

(0.23-3.79)
1.73
(0.70-4.25)

1.52
(1.07-2.17)
1.21
(0.97-1.50)
1.83
(0.80—4.18)
1.99
(0.92-4.27)

1.36
(0.60-3.09)

1.39
(1.05-1.84)

0.99
(0.73-1.33)

AR - ABEAE (RN ) 2 L7 2 Bl

7.

TEA%

By AT 47 AR (T 1)

b IR (AT R - BT 2) L BREERS SOV (PR IR BTV 3) ZB N TR

11
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EMEDS A BT I 1T D REIEE AR D B A+ 28 FE D RE

rgeoHs KN 0 BT SORBR iR e AL - B

INF668 A5 11X pb3 L NZE DA DK 1 Thd 5 MDM2 ZHlfH T 2 ZEHE TH Y | A
FEIZBW T LIRLIRERENRBO OND, Hf-> CTHBMEBIE O HEE L R I T
W5, AR BEPEIES A SR U7 S MTEIT D INFE68 im0 Exon @
R & fREt LT

(FF1E)

BA IR 57 SR BE L F6 U T PR 1 A I3 IDE AR B BRANT O BRI I 2 — R L . 77/ & & Hil
M, W LZ, 2607 ) ZaFHFHRIC LT INF668 &inf? Exonl, 2, 3 DOIFfED
intron FeA X W ER L7274 ~—% M\, PCR #&I2TC Exonl, 2, 3 Z¥IEL7=, &
IZENHD PCR 7 I7A4~—52HNWTHA VT by —T 2o 7IKICT Exonl, 2, 3

/

DY IRFI 2 YIE Uiz, 3 7 B SORIRIT 45U C R SRR RO DR 155 0 7 2 AT L
T EIERE I 0> /8 T 7 ¢ AL HEE A & F VN T ZNF668 B [ 0D 58 B A MLk S T AT L
72

(i )

WEIENESE 7/ ST 31T D INF668 AR T-MRAT : Exonl TIEBERI O —HiHZ R (SNP) & L
TIE rs230322, rs959313015, rs192022056 (ZISWCTERN R Si7-, BEAID SNP LIS
IHERERE) V7 U RAWEN R DL, Exon2 TIEEEM O SNP & L Tl
rs2303223 AR S 7z, Exon3 TIZEE&® SNP & L Tl rs756586541, rs763330703,
rs768496978 M3 HL HALTe, BEMEAESFARIC 51T 5 INF668 & FAS LT ©  ZNF668 & H
VERE D RIS TIXEICBITAETE L T D, B © 6 BEMEEE DR\ & 00 Tl ZNF668 D

et N L <, BEEEOE WD O TREOMR S, il E & NMEN- T2,

(Gt 7 )

IR 7/ 21X ZNF668 AR RN R b D ATt dH 5, F 72 ZINF668 & H D
AIREZ T3 1T D3 BUTAMEEE O @ Wb THRELDME T L T,

A HFFEH ~OMREFEIZ L DBRER T & —HELMI
eI DOFEIC T Z Na, T La—)L R X35 AHH A R Sk o s& s IR - D
Bl BEICLDIFELEOREYE MNEFPEEELEEZOLND, BIE TIXAE

15




BER A2 X o THEBEIR B R A5
JOZERNAEL, ZNUHNERL T driver
LD LIV EMEESAT D,
> TEEMIER D 7 7 22 ED X5 72
JOERENELZ > TW DN ERITT5 2 &
ERE DRSS ORI FREICEZE Th D,

T IBRERCICL DML R, BX
OVA S A SR O AR IR 1 &2 M 5
7oz, BENER EE O Mk s L &
W& 7 DO, RFFZIT> T D,
BIEE TR 7 7 L1035 200 6, 5 BEE
B 7 BEHK 100 Bl A2 RTF LTV D

DLRTC B 2 XSS 7 7 & L Rl —
DI 7 /7 2D Exome AT D LLEE > 5 U
< ONDOEMIERTEREZREL, £
DHIZ INF668 BIn TARNPRBD L
(CR¥FEFFT—H#), INF668 EinF 1% p53
Je O DA DO IEHIR - T & 2 MDM2 % il 1]
THEEAE CTHY, sV LIX
LIFZERNBEO N5 (Cancer Res 71:
6524, 2011), 1t > CILFIHIEAR 7D AT
L RBINTWD, ARl BEHEEE
AN S L EE S BT S

INF668 J&fsF D Exon DHE AL % #iFt
L7,

B. WL HIE

B EIES &7 7 A0S D INF668 s 1-fi#
Hr

FA B 57 S99 [ L2 3 U TR R T 1 I IO e

BIBRAT DBRIZ cold punch (2 CTHESE & —¥B
BEL, 7 aahit, BRLE, £h
LD ) KNEEHERIZ LT INF668 Ein T D
2, 3 DOUfED intron LA XV {E
LT T4 ~—% M\, PCR {EIZT

2, 3 ZHE L7, BiZZNnHD
PCR 7T A ~—%HHWTHXA LT hv—
J Ty Z¥EICT Bxonl, 2, 3 OXilk

Exonl,

Exonl,

16

BlH A2 RE LTc, LT T4 ~—
# 1I2RT,

J15 1Dt e 3% HHL i L
Hr

BE 557 IR R 1T F8 U TR R T A i IO N 05
OIBRAT % J AT U7 BEBEE D N T 7 ¢
A A A F U TC ZNF668 25 [ D FE 8 & FH
s S CHEAT LT,

51T % INF668 5 4 3 FL iR

ZNF668 #H ik 44 ¢ DO fEMT I immunoreactive
score

(https://www. nature. com/articles/sre
p22814/tables/3) |ZHt» T 12 B THT
V. DEVYREOMI EYRBEIND ()
AR OB G A E BRI IR [0-3] &
A [0-4] DR+ % Bl 2 [ HET D,

(far B~ D BLIE)
AMFFEITRE T 52 2 TOMEE T~V
FEFBLO TANEXIG LT 5 EF R
ZEICBAT o fm PR St (SFRk 26 4F 12 A 22
H SCERLRA - A S SR 35 .
e N7 A BB TRATHIZEICBET 5
fBREEF (PR 25 AU RN - R4S
A - BRFEEERETRE 15, Pk 26 4
11 A 25 B —#ekiE) | IZ9E > TARMZEZ
Ehi 9%, FIARBFICILBEH ST S IF AT
T ESITBWTRR I,

C. MrothER
B IR 7 ) T
Hr
RIEFATIZEITH TH D, PCR JEIT L
INF668 &1 Exon DHEMEIXX 1|
KENVGEEH %2R PCREMO XA LT Fv
— 7 T 7N & o T Exonl TIIEEM
DO —HiFZLA (SNP) & LTI rs230322,
rs959313015, rs192022056 (235N T 25
MR BT (K2), BEFD SNP LIAMZ
BRZEED V— 7 2 U ARG R bz

BT 5 INF668 8 s T iR

'ﬂf’/—‘



(BK13), Exon2 TIZBEAI® SNP & L TliZ

rs2303223 28 [ B 4172, Exon3 TIIBEEI D
SNP & L Tl rs756586541, rs763330703,
rs768496978 N L H L7,

15 DR M 55 HELRR L 35 1 % ZNF668 25 [ 7% Bl

Hr
RIZEHTITEATH TH 5, Preliminary
TRRERL L Uik, ZNF668 A& H I e A
Jl CIXEITHISAFE L TV D, B <
M DR B O T ZNF668 0 Ye ok
NI EEEOR WL O TYREDOR X,
Lt R G MR o7 (B14),

D. &z

EERE S 7 7 2R S U7z ZNF668 i As
T D2 B EEWCE IS4 U T AR 2
THDHDON, HDHWIE germline 7/ LD
variation T& 2 I IEF AR IZIB W T
INF668 Hin T DR R OF L T 2 4
BN 5, ZORDIC, BIE, BEbEEA
B DGR/ % v TR D ZINF668 i
BT 24TV BEEIESS 77 7 A L ot
W EM{TT 52 2R LTS,

5 IE RS AR L2 5 1T 5 ZNF668 2 FH 8 Bl
B OV CTHRBDET LTS A
REVEZS B D, 2 D L F INF668 AN H
BIETELTEALTOHS &0 ) REIC
FJEL720N,

E.  fam

eSS 7/ 213 ZNF668 T An 125 B A
oD REEMENH D, F7- INF668 & H
DAIZIZ I T D FE BT ML D &
s THRELAME T L TNz,

F. fE R m RS
(R FE o o 5 1 Re )

17

G.
RFE

H.
L

W
e

TR FEHE O HIRR -+ B Sk L



1:PCRIZ L AZNF668IE T F D 1EIE

Ex1 ExZ Ex3

18



NN
t T

G homozygous G/A heterozygous

SNP Rs23032228/ v — o T 7R,
EEMEREG/G. BlZe/AaD7 ) ILETRT,

19



X3

TAATAGCAA TAATA ACAA
N N K

. 4?0 . 470

G homozygous A+G

V=g T EE. EERERIEG/G. B
[ZA+GZE T L. GeADRHEEZROREEEH D,

Low Grade Bladder cancer High Grade Bladder cancer

INFeRSEH Mk . EEMESTIIZKICHE
LTLEH, EEMEETIIHORIBRITZLLY.

20



# 1 : INF668 i&in - DHEIC W=7 T A ~—

ZNF_Ex1_S: 5-GTCCTTAGGTGCAAAAGCTTCCCCG-3
ZNF_Ex1_AS: 5-CCGCAGGGAAACTGAGGCCAGCTC-3’
ZNF_Ex2_S: 5-"TGAGGCTTTCAGGAGTGGCGAAGGT-3’
ZNF_Ex2_AS: 5-TTACCCTGAGACTCAAACCCAGGCC-3
ZNF_Ex3_S: 5-GCAGTGGGGTCACGTTATGGGTCTG-3’
ZNF_Ex3_AS: 5-TGATGCCCAAACTCCCACCCATTCA-3

21
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I B AR 2 AT IE 7 — &~ — 2 R OV ) 1 B T A W 6 e T SE M 23 A B0 Bk
TR ESEICBE T D ER T — o T X

WHFE TR Yok 7% B 9 hmbe « Bef)
Wt 18 e B R KRB EER R

WEE R

U, i OFEMERGOR B OIRIA & 22 DALEWE 2 EOREENFOHENE L . 2 b DjRfk
WZOWTHT2 A CHRETT 2 BN RE SN TWD, L L, RIERBIHNUE W E I 5 i
REREE TR R IT I AT < . RRIES 22 50 EEREEZ B 1T 25 720 OB HE 2 i#% L
5] DY AT THARAY NOMBRFEITIECONT hikimld +2 TRy, £ 2T, FEREN
bl OTHRIFY A7 2 KBRERT —Z 0 OHEE L B2V A7 T2 A A MG O4A A ZETe
ZEEHAME LT,

(1) O) 5B R 2R O ABERERIKE T — 2 X—2 % H, & PFEE O S ICx
DAy A AR Ule, WERZTE LSRR, B REEICBWT, WL ODOFEEICHT 54
v AHAY 0.66-0.85 (Ba. RS, WEMGRE. AR, JITheeE. MR, K. B, L) &
FESE L VK< BEREETIE 1.07-1.49 CREBUS. JREE. BEbEE. e, KR A8
BT,

(2) PhAR)IRAEMERT AW BB FE LY | BEER & 720 5 D8 2 W CREIRIE FHIRHE D fif
WradT o7z, 2003 FEITIF 22% TH o7z 3 FAEMFRIT, 2009 FI2iT 41% & FR & T TR SGEE
L7co E7FNIRERE (C221) LAFPSMERE N (C240, C241) TIFRAEFERSLTRISENRH Y |
JREALRILC K-> TH PHROELZRB DT, TRBUREFIL, IWMEETHLZ & HETHD Z
ELIEBETHL R ETHho T,

(3) )RR A B e FE L0 | TR O 71 ORRFEZA B Ok AR 22, Hidsk A%
PEIZOWTRRET LT, BEMERIE DL WX O 5 FAEFRIL, 1R EZ RV THEEITRO R
7oo ET-HIFEBERIFIZ staged Th HEIG 1L, RSO CTEVWME R & > 72,

Stk IO OE®RE D L2, FITFHR O 21TV, FEERTEE, VA7 7 AR MK
DR A RET D,

23




A FFFEH

T AR BB L IR BT S
MR 72 &L I, TR HROR O FIE OWAE A
BOL S, Fl a2 OFEMEER R BT D1k
FYEOBHEBENEE ZN D DOFFREIZ DUV THTZ
UL THETT 2 REMEMRE STV 2,
L2~ LRG0 B BREE O 5 TE FEIZ D
TIHEEHoRERS SN TR, TR
JROBRRBIZOW T, IO BI# ORI
BE &b, AARRNE L, B 2%
S VITT LR A& AT Z & 3me TR
BIE¥ETH D,

SEIOWIETIE, B < ANx DOFEREE L 5=
FROBIHEIZOWT, KRBLERT — & 2 Hv
THARHY, PRI 22 LT VRS
TEAA NORMBEERT DAL
L7,

2 KM R T — 2 1%, (RS9
T 22 i D 42 [E 77 SSRBEIC K D AR
JRIRIEE T — 2 X— 2 N1 900 &2 5 H
K ZOHEN R Th R ETEMI L
7= AR KR ORI S AR TH D, Zhb
ZRWT, BERANA Y AT 7N —T OMEE
HORRAT & . BEAF ORGERR 2B 2 BRR A
HIRE 2IT S Z L 2 BIgE L=,

B. W5k

(1) () FrE) A (2 A I HE N 59 47
K0 FR S oA E 5 SR D A B Rk
JERHET — 2 X—=2Z2 [T, maefhs L
T TEIRIA & PESE & OFE-C, PR Z
Rt Lz, Z OWFE TITWIRIE T — 2 _X— =%

24

IZBERS N TV D BERBRME, ABLOX4 L7
ST B, ETEEER ., A, ARREAIE
B, kSR EARH L, BEHO
oA, RREDIRINT 24T 72 o T2, S HIT, A
DFEEr— AL L, i, YR Bk
~ v F SO EIEGNS 2 hr—
N L1 TR L, R ERYRAT v
BT ML > TREORFEICKIT 54 v X
e iE L,

(2) 7ol L U CGEFEER Szl
BRI OUNT, ) 1 RIS A Bk ik 2 Y
PRI OO B PR R (PSS o5 AT, 9 B A
TR AZOWTEIRII Y7 7 v —7 T ki,
BEEDZERT 7T o~ A Y —iEE AT Tk
DEZHT LT,

(3) JED T4 DXk % [ 7250 Hi s ke i
R D720 BESEGIE D O LR
Th DNl 2 VT, JEFIDOBHES T4 %
g Uz,

fi£ T 121X STATA/MP14.0
(Stata-Corp LP, College Station, TX)Z% fu>
7=

R—=R T A T x 2 FRREZ VTR
BrLie, EFRERH O Tix, EfFhox
RaRA > b & 3EAEAFRTIE 1095 H, 54
ATEHRETIL 1825 HE Le (HMFTHEI0 ),
FEENHER SN TWARWERID 5 b, ikt
FEfERS B OB GRS & DIER] (AAFHIE A
RARA > PRI ORER]) 2 B IZ K 2$THH)
D& UTe, ARl SAEAEARIZ, U R
RA L % 1095 H & L, fRIT et R R o
BB RAIIEG 53740 2 V. S E A Cox A2 77

software



M a2 L7z, 544 IT Kaplan—
Meier #£% V), Logrank M€ CH E =4 M
L7z, FECICEET 2 R O — R
Cox NV — REFT L EZHVCTHEM L, P
1T mWRE T, < 0.05%, < 0.01" K <
0.001™ Z#tatAHAE & Liz,

ARFZEE, BIRT SR Jef B B (5
2017-8 ) UMb A EMEREAL 2 0 4
% 12O DEN G FH P —_ A T o AFIEDMH
F . IHALERTEIR DO IR, R 2 50
TR L BT SRBE (35 2014-34
) ROREK T mEEES (55 10891 #)

[ O 551835 AR R A 2 [ 97 SR e 1T
DIV A & Z DO IR B OFRZ) 1 RN
FElRasty/bs o & = AN ST AR [d R S el B
T ERIRFSE ) DOAGR AR CHEM LT,

C. WroEfER

(1) JHET — & _— 2 DfiRfT

(M) F7 B R 2 AR (R B9 4R L 0 3
T SNV A H ORI AR kI 652 7
i v . R—EENT & 2 BB AR Z9)E AR
\ZFRD & 418 T, £ D 9 BIRFEDBRERD &
%HDIE 183 T Th o7, HIT, s hHE
WZIRD & FepEILairig 4,622 #, i
1,538 fiil, fif 2,461 f5l, 'H 12,832 5, Tl
3,360 17, Wl 3,314 7, R4 1,889 fil, X
% 13,502 4, fili 9,182 #4l, $LFE 5,294 #i T
-7,

DU OB 4t B & VN2 151 OJE B R A
FEC R BEHEOEENDOA v X, &
ENEE, KB, LT 0.66(95%C.I
0.46-0.95, 0.59-0.73, 0.53-0.83)%> & Jifi 0.85

25

(95%C.1 0.74-0.97) . HERXFEDHIL R T
0.69(95%C.I 0.62-0.73) 7 © K i # T
0.91(95%C.1 0.85-0.98) & . flLo> A& L 1) K>
EERA RSNz, £, BE KE BED
BowEEXEE DD L g 0.60(C.I
0.49-0.75)7)> & fififs 0.83(95%C.1 0.74-0.95) &
i DOPEFEITEL U TIR S | 5 =R PEZE TIINTIR
o 1.12(95%C.1 KW
1.13(95%C.1 1.07-1.19)%, SV MEAIZ&H > 7=,
RIRGBOL ORI, g gL, ER¥EE
FLD L BEREOA v T, R, B
PRAE . JEE. B ORTHE. WEhE. R KRG,
fifi, LOWFTHUTANT B A BT o 72 (B
1),

KR 2 - b D13 19,377 il 0 . %
DD HEGREHN 2,928 (15.1%), RGN
10,136 5] (52.3%) % 18 7=, Blue collar T
TRWAF S 1,237 ] (6.38%) & flDNEAER
L0 bEEHEMN ST, BIEFEIEGI T, $
B2 OZZ2ROFN GRG0 & R
BEZT TV DEOEEIT, WRERS, B
Prizte LT Ml a2 iR 7,

(2) Hifgls A gk 2 FH VT A D fif AT

1976 4725 2013 AT B ik S L7 IR IX
14,287 1T > 7=, WaRIZIFHIRE#E(C221).
4R (C240), 7 7 — & —3LEARE(C241)
INZEAILETL 3,369(23.6%)1,
B, 1,633 (11.4%)H1 TH - 7=,

AR O W R L 71.4 5% (SD
11.5), FHPFECHRHAFE#ERIT 72.8 7% (SD 11.4) T
bHote (£2),
<HEAFROLETE>

24 T L OAFITREE 3 AR AEAFHRIL, 2003 4R

1.01-1.24) .

9,285 (65.0%)



1B 2004 4ETIE 22.0% Td - 7273, 2007 4F
7B 2008 4ETIE 28.4%, 2009 4725 2010
FTIE41.0%~EF L7z (K1),

FEAZ 8 OD FEES 5 LB = & O 5 ARAEAE R,
JFPN B Tl 5.5% (2005 LLRT) 725 20.3%
(2006-2013) ~ti# L. AFAMHEERE S 8.7%
D 29.4% ~UGEEL DT,
<Y BRAH I >

J7i BRAE A% T 78 RF 7E FTRE T & o 7o iE I
5,481 B TH o7, ATFPINBEREITATAMEE
e, EHEEOBEERE (p<0.0D), F
iz F 2 BEE DD 7203272 (p< 0.01), FFHER
MRS ST, PP IRAEE CII A IR
FEIZ I U CIEIREIE B OEI &R Lo T2 (p <
0.05),

BIETNT OV TR WE, TR, 1
AL RESE LA, B, T oA
T LA B RO — REEERE LT,
JEAMIBAE k3 2 PN IR D~ — R b
ITHEEICEN->T- (HR 1.38, 95% CI 1.31—
1.53), ISR 2 FEE D~ — REI
AEIEA» > 72(HR 0.71, 95% CI 0.54-0.96),
FEFHIEGN T 2 FIRGER] D Y — FEIT
AEIIEA > 72(HR 0.52, 95% CI 0.51-0.58)
(#£ 3),

TNM ZHIZ K 2R 67 1,897
T, B &R OAY— FEIZOWN
CBIMIT 21T 572, AEENRED GNTZD
IXZIERER] 0.70 (95% CI 0.53-0.94), 80 5%
LI F 1.98 (95% CI 1.38-2.84), FEIE HHLERAL
1.46 (95% CI 1.28-1.67). JRELMHAY 0.39
(95% CI 0.19-0.78), FHlf D 1 0.69 (95% CI
0.61-0.78), TNM 2 ¥HIZ & 23] 3.18 (95%

26

CI 2.78-3.65) Tl v . TNM Ji#intaz &
TH, FHERHERITLEDL T,
(13) HuIEDs ARGk A T T e o fg i
2013 AFEIR F TITHRZS) I R A A B Gk IT
Bk S VT AIZERTHEE S C AE AR 23 Al mT
REZRSERHIIE 40,276 Bl CTh o7z, ZHLHD H B,
BRERREGIEDS AT 15 I AN BIEFIIZ DX | 5
EAFRERR Z LICHE L b0 2 T
bDH, ZYTuERE O TFTHDEN, lead time
bias (ZHEINTWDHATREMEZZE L. W
SPHD B HIEFNZ R > THEZHETT 5 &,
staged O 5O HEEOEER I, RN OB

BEICALE LT\ (R 4),

D. B%

(1) 55 SIRBRIIE T — 2 _— 2 % e
%

AWFFE T, BAEFHESH = — R W T,
20 DFEITHE > CTHEELEHD U A2 &K
L7 BIRMECLUBEREZ L DD U A7,
WIETERED B E L BIEL TV D Z L BHEE
Ehb, SVHZ 5L blue collar & white
collar DFFH L EZHZ HILH0H LAV,
AL A AREIT, BEEE Lo/ E
RREWEERRT DL THHLN., HED
BORIROT | EBITHD BIRIEEEOIFEE
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[E¥-2 3.09(0.43-21.8) - - 1.41(0.47-4.23) 0.69(0.25-1.91) -
59 3 0 0 12 13 0
BILAR 0.94(0.77-1.12) 0.86(0.63-1.18) 1.31(0.80-2.12) 0.69(0.62-0.78) 1.00(0.92-1.10) 1.13(0.78-1.67)
4,622 246 81 41 575 1377 60
R 0.13(0.15-1.13) 2.92(0.23-28.5) 1.08(0.64-18.4) 0.55(0.35-0.93) 0.95(0.64-1.42) 0.73(0.16-3.33)
291 2 3 1 32 69 3
5 0.66(0.46-0.96) 0.92(0.55-1.54) 1.48(0.51-4.36) 0.84(0.70-1.07) 1.05(0.89-1.24) 0.84(0.39-1.88)
1,638 57 30 8 185 418 14
RE 0.65(0.43-0.93) 0.42(0.20-0.85) 1.79(0.32-10.1) 0.72(0.55-0.93) 1.01(0.86-1.30) 0.44(0.15-1.25)
1,033 59 13 5 133 273 6
FEE Rt 0.82(0.69-0.96) 0.77(0.57-1.03) 1.35(0.82-2.24) 0.82(0.74-0.91) 1.08(1.00-1.18) 0.69(0.48-0.99)
6,245 321 87 39 798 1797 51
BIE 1.24(0.13-11.9) - -1.88(0.34-10.3) 3.04(0.85-10.9) -
50 2 0 0 8 18 0
BiE 0.73(0.55-0.97) 0.85'0.55-1.31) 1.46(0.73-2.94) 0.94(0.79-1.12) 1.11(0.96-1.27) 0.64(0.35-1.20)
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=] 0.95(0.86-1.06) 0.67(0.56-0.80) 0.93(0.69-1.26) 0.85(0.78-0.91) 1.09(1.03-1.16) 1.21(0.94-1.56)
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3,360 169 47 25 472 845 40
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it 0.85(0.74-0.97) 0.83(0.64-1.07) 1.43(1.01-2.05) 0.89(0.81-0.98) 1.22(1.14-1.32) 0.96(0.70-1.31)
9,182 520 149 101 1311 2560 86
E2 0.66(0.53-0.83) 0.27(0.13-0.56) -1.04(0.85-1.27) 1.13(1.02-1.25) 1.43(0.75-2.71)
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FEH 0.97(0.49-1.91) - -1.19(0.69-2.05) 0.94(0.74-1.18) 0.19(0.02-1.73)
962 21 1 0 30 154 1
FERK 0.79(0.46-1.38) - -1.04(0.65-1.67) 0.96(0.76-1.19) 0.74(0.16-3.32)
1,055 28 0 0 36 186 3
B 4" 1.15(0.60-2.23) 1.07(0.45-2.53) 0.62(1.44-2.67) 0.63(0.42-0.93) 1.12(0.83-1.49) 1.06(0.23-4.88)
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[(E¥-2 - 1.11(0.22-5.57) 2.95(0.54-16.3) 0.34(0.44-2.58) 2.94(0.10-85.2) 2.92(1.06-8.08)

59 1 5 9 2 1 3

AITILAR 1.50(1.03-2.20) 0.93(0.82-1.07) 1.17(1.02-1.34)  1.45(1.09-2.03) 0.61(0.39-0.94) 1.05(0.79-1.40)

4,622 69 478 503 106 36 108

R 1.3(0.56-3.04) 0.98(0.56-1.71) 1.31(0.81-2.14) 0.47(0.16-1.41) 1.38(0.30-6.29) 2.31(0.81-6.63)

291 14 28 40 5 5 12

= 2.62(1.38-5.00) 0.79(0.61-1.05) 1.15(0.93-1.42) 1.25(0.82-1.92) 0.79(0.42-1.45) 1.42(1.12-2.93)

1,538 35 114 201 50 18 50

RE 1.14(0.42-3.13) 0.99(0.72-1.37) 1.19(0.89-1.60) 1.28(0.75-2.18) 0.64(0.33-1.24) 1.78(0.89-3.59)

1,033 9 84 114 36 17 23

FEE R 1.16(0.80-1.69) 1.01(0.89-1.12) 1.16(1.03-1.29)  1.04(0.82-1.35) 0.57(0.40-1.82) 1.07(0.83-1.39)

6,245 62 687 783 137 51 127

B - 2.56(0.37-17.6) 0.24(0.5-1.12) 38.5(0.87-1694) - -

50 0 6 5 1 0 0

BiE 0.96(0.49-1.89) 0.94(0.77-1.15) 1.12(0.92-1.36) 0.83(0.54-1.25) 1.27(0.81-2.27) 0.63(0.38-1.02)

2,461 20 251 278 48 31 30

g 1.13(1.89-1.44) 1.08(0.99-1.18) 1.11(1.03-1.20)  0.9(0.76-1.04) 0.77(0.61-0.97) 1.07(0.89-1.23)

12,832 147 1212 1639 263 136 249

FF i 1.02(0.64-1.75) 1.19(1.01-1.42) 1.01(0.93-1.27) 0.94(0.67-1.33) 0.76(0.50-1.15) 0.95(0.66-1.36)

3,360 29 341 401 68 43 63

e i 1.68(1.06-2.66) 0.97(0.81-1.16) 1.17(1.00-1.36) 0.88(0.60-1.27) 0.94(0.58-1.50) 1.41(0.56-2.08)

3,114 50 270 418 57 35 62

BE 1.13(0.73-2.47) 1.01(0.80-1.28) 1.16(0.94-1.41) 0.94(0.61-1.44) 0.89(0.41-1.53) 0.81(0.51-1.29)

1,889 26 162 228 41 16 33

N 1.14(0.9-1.46) 1.20(1.10-1.32) 1.17(1.09-1.26) 0.99(0.84-1.16) 0.98(0.79-1.21) 1.41(1.18-1.69)

13,502 142 1231 1887 291 172 293

i 0.69(0.49-0.96) 1.04(0.94-1.17) 0.90(0.82-1.00) 0.92(0.74-1.16) 0.78(0.57-1.05) 1.07(0.83-1.37)

9,182 68 889 1062 180 95 148

g, 0.93(0.68-1.28) 1.21(0.95-1.56) 1.15(1.04-1.27) 0.99(0.81-1.19) 1.23(0.88-1.72) 1.09(0.78-1.33)

5,494 78 140 1095 218 78 110

F=EE 0.86(0.38-1.96) 0.99(0.59-1.67) 1.15(0.92-1.45) 1.10(0.71-1.73) 0.49(0.21-1.15) 0.62(0.33-1.19)

962 11 30 204 45 8 15

FER&K 0.73(0.31-1.73) 1.75(0.90-3.41) 1.22(0.99-1.50) 1.01(0.67-1.52) 0.76(0.40-1.42) 0.79(0.44-1.41)

1,055 9 25 244 52 18 21

=HiikES 2.07(0.77-5.59) 1.34(0.8602.11) 0.91(0.63-1.31) 0.61(0.27-1.36) 1.03(0.31-3.48) 1.52(0.58-4.02)
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[(E¥-2 - - 0.22(0.2-2.48) 1.54(0.80-29.9) 4.17(0.25-68.3) - 1.66(0.32-8.49)

59 0 0 5

AIILRR 0.67(0.44-0.85) 0.83(0.59-1.18) 1.69(1.34-2.11) 1.31(0.95-1.79) 0.96(0.68-1.34) 0.86(0.67-1.09) 1.51(1.25-1.82)

4,622 57 132 309

R 1,72(0.55-5.32) 0.70(0.19-2.53) 1.25(0.46-3.36) 1.34(0.63-2.85) 2.45(0.63-9.56) 1.24(0.59-2.59) 0.80(0.39-1.62)

291 8 18 14

= 0.97(0.68-1.39) 0.79(0.47-1.31) 0.84(0.55-1.28) 0.83(0.58-1.19) 1.05(0.47-2.35) 0.95(0.66-1.35) 1.38(0.96-1.98)

1,538 64 64 77

RE 2.24(1.33-3.75) 0.88(0.52-1.48) 1.19(0.69-2.07) 1.08(0.65-1.79) 0.99(0.40-2.47) 1.29(0.82-2.05) 1.19(0.80-1.76)

1,033 56 1.29 62

FE R 0.91(0.73-1.14) 1.07(0.83-1.37) 1.09(0.89-1.35) 1.20(0.98-1.48) 1.33(0.95-1.84) 0.92(0.75-1.12)  0.99(0.84-1.18)

6,245 169 196 300

B 1.04(0.06-17.4) 1.47(0.20-10.7) - 1.67(0.11-24.3) 7.07(0.32-154.3) -

50 1 3 0

BE 1.66(1.20-2.31) 0.67(0.46-0.99) 1.22(0.86-1.81) 0.84(0.53-1.30) 1.59(0.81-3.08) 0.81(0.58-1.13) 1.08(0.80-1.45)

2,461 127 73 116

g 1.09(0.95-1.25) 0.95(0.81-1.12) 0.96(0.84-1.09) 0.84(0.74-0.96) 0.83(0.66-1.04) 0.83(0.73-0.96)  1.19(1.05-1.35)

12,832 463 428 598

PR 1.13(0.89-1.45) 0.81(0.60-1.08) 1.31(1.01-1.71) 1.07(0.80-1.43) 1.26(0.78-2.06) 0.86(0.67-1.11)  1.22(0.95-1.58)

3,360 166 135 147

i 0.71(0.55-0.93) 0.93(0.70-1.23) 1.38(1.05-1.81) 1.40(0.93-1.54) 0.65(0.39-1.01) 0.83(0.64-1.07)  1.04(0.81-1.35)

3,114 109 114 128

REE 0.79(0.59-1.09) 1.14(0.77-1.68) 1.14(0.82—1.59) 0.74(0.53-1.04) 1.54(0.92-2.58) 1.17(0.81-1.67) 1.34(0.95-1.88)

1,889 69 68 78

N 1.04(0.93-1.18) 0.92(0.79-1.06) 0.89(0.80-1.02) 1.03(0.91-1.13) 0.79(0.63-1.00) 0.90(0.79-1.02)  1.14(1.00-1.29)

13,502 580 467 542

fit 1.08(0.91-1.28) 0.93(0.77-1.12) 0.86(0.72-1.03) 1.09(0.92-1.28) 1.01(-.75-1.35) 0.93(0.78-1.10) 0.97(0.82-1.14)

9,182 388 344 343

= 0.90(0.79-1.04) 1.04(0.89-1.23) 1.00(0.86-1.17) 0.86(0.77-0.95) 1.31(0.91-1.90) 0.82(0.67-0.99)  0.91(0.70-1.16)

5,494 410 202 119

F=EE 1.89(1.31-2.75) 1.61(1.06-2.43) 0.57(0.39-0.85) 0.84(0.66-1.06) 0.97(0.31-2.94) 1.09(0.65-1.85) 0.53(0.24-1.19)

962 103 34 9

FERK 1.02(0.71-1.48) 0.81(0.54-1.22) 0.79(0.54-1.12) 1.06(0.85-1.33) 1.15(0.48-2.71) 0.75(0.48-1.16) 1.27(0.66-2.44)

1,055 67 40 21

=Jutz 0.98(0.54-1.80) 1.21(0.61-2.41) 1.57(0.83-2.95) 0.78(0.41-1.48) 0.82(0.25-2.72) 0.59(0.32-1.08)  1.47(0.74-2.94)

529 24 17 21
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(=3 1.57(0.28-8.82) 0.95(0.41-2.19) 0.84(0.38-1.86) 1.50(0.57-3.97) 1.01(0.33-3.16)

59 3 25 26 15 11

Bz 0.92(0.77-1.08)0.84(0.77-0.92) 1.11(1.02-1.21) 0.75(0.67-0.83) 1.02(0.91-1.13)

4,622 327 1993 1993 943 880

BE 0.50(0.14-1.75)0.73(0.51-1.03) 1.49(1.06-2.09) 0.54(0.33-0.88) 1.01(0.66-1.56)

291 5 102 170 38 55

£l 0.73(0.53-0.99) 0.98(0.84-1.14) 1.04(0.90-1.21) 0.82(0.68-0.98)  0.95(0.69-1.15)

1,538 87 611 763 280 273

RE 0.55(0.39-0.78) 0.88(0.73-1.06) 1.29(1.07-1.57) 0.62(0.51-0.78) 1.18(0.95-1.48)

1,033 72 411 488 210 219

e 0.79(0.68-0.92) 0.98(0.91-1.05) 1.07(1.00-1.16) 0.80(0.73-0.88)  0.95(0.87-1.04)

6,245 408 2634 2912 1245 1207

B2 1.24(0.13-11.9) 4.12(1.05-16.2) 0.24(0.06-0.96) 1.71(0.41-7.15) 1.44(0.32-6.57)

50 2 26 22 10 7

BiE 0.76(0.59-0.97) 1.06(0.94-1.20) 0.99(0.88-1.12) 0.88(0.76-1.02) 1.12(0.96-1.31)

2,461 155 1119 1071 551 525

g 0.988(0.94-1.040.98(0.94-1.04) 1.01(0.96-1.06) 0.85(0.79-0.90) 1.09(1.02-1.17)

12,832 5137 5137 6066 2748 2409

P A 0.73(0.59-0.89) 0.93(0.84-1.03) 1.12(1.01-1.24) 0.81(0.71-0.91) 1.16(1.03-1.32)

3,360 216 1342 1655 713 697

i i 0.81(0.67-0.98) 0.98(0.88-1.10) 1.06(0.96-1.19) 0.79(0.70-0.90)  0.91(0.79-1.03)

3,114 254 1173 1559 619 524

e 0.86(0.69-1.07) 0.96(0.84-1.10) 1.05(0.92-1.19) 0.79(0.68-0.93)  0.99(0.84-1.18)

1,889 196 716 899 433 325

N 0.68(0.63-0.76) 0.95(0.91-1.00) 1.13(1.07-1.19) 0.82(0.76-0.87) 1.14(1.08-1.22)

13,502 916 5153 6891 2669 2525

fifi 0.83(0.74-0.95) 1.14(1.06-1.22) 0.93(0.87-0.99) 0.88(0.81-0.95) 1.01(0.94-1.10)

9,182 669 3972 4198 2081 1715

2, 0.60(0.49-0.75) 1.12(1.02-1.24) 0.99(0.91-1.08) 0.79(0.69-0.92) 0.98(0.88-1.09)

5,494 174 1237 3964 383 5494

FEE 1.02(0.53-1.98) 0.97(0.78-1.21) 1.07(0.87-1.33) 1.13(0.74-1.74) 1.24(0.94-1.62)

962 22 184 747 52 150

FEIK 0.76(0.44-1.31) 0.97(0.79-1.20) 1.04(0.85-1.27) 0.91(0.63-1.31)  1.11(0.85-1.44)

1,055 28 222 784 64 131

B 155 1.12(0.67-1.89) 0.87(0.67-1.14) 1.04(0.80-1.34) 0.75(0.54-1.04) 1.27(0.93-1.81)

529 39 209 260 97 98
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1 | INTRODUCTION

Renal cell cancer accounts for 2% of all malignancies in Japan, and
the incidence has been increasing in recent years.)® In 2013,

Institution at which the work was performed: Harvard T.H. Chan School of
Public Health, The University of Tokyo, Kanto Rosai Hospital.

| Adolfo G. Cuevas® | Claudia Trudel-Fitzgerald! | Takumi Takeuchi* |
Ichiro Kawachi

Abstract

Objectives: We sought to examine the association between occupational class
linked to job stress and the risk of renal cell cancer. To identify potential mediators,
we additionally examined whether any observed associations persisted even after
controlling for the contribution of stress-related factors (eg, smoking, hypertension,
and obesity).
Methods:

tal group in Japan, we identified 3316 cases of renal cell cancer (excluding upper tract

Using nationwide inpatient records (1984 to 2016) from the Rosai Hospi-

urothelial cancer) and 168 418 controls. We classified patients' occupational class
(blue-collar workers, service workers, professionals, and managers) and cross-classi-
fied it by industry type (blue-collar, service, and white-collar) based on a standardized
national classification. Unconditional logistic regression with multiple imputation was
used for the analyses.

Results: A significantly elevated risk of renal cell cancer was found among men in
higher occupational class (eg, professionals and managers). The elevated odds in male
managers across all industries persisted even after controlling for smoking and alcohol
consumption, with the association being more pronounced in blue-collar industries
(OR, 1.61; 95% Cl, 1.34-1.93). The association appeared to be mainly mediated by
hypertension.
Conclusion: Occupational class is associated with the risk of renal cell cancer in

men, particularly through modifiable risk factors.

KEYWORDS

hypertension, job stress, occupational class, renal cell cancer, smoking

Cancer Information Service, National Cancer Center, Japan, esti-
mated that the total incidence of kidney cancer (including upper
tract urothelial cancer) was 24 865 (16 610 male and 8 255
female).* Growing evidence suggests that stress-related risk fac-
tors—eg, smoking, obesity, and hypertension®”—contribute to the
risk of renal cell cancer.8* However, very little is known of the

role that stress plays in the risk of renal cell cancer, and the

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2018 The Authors. Health Science Reports published by Wiley Periodicals, Inc.
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association between hypertension and the risk of renal cell cancer
has been previously undocumented in Japan.

Stress has long been hypothesized as a possible contributor to can-
cer risk via stress coping responses (ie, an increase in coping behaviors
such as smoking or excess drinking), and/or direct physiological
responses (eg, elevated blood pressure) that is partially mediated by
activation of the sympathetic nervous system, inflammatory pathways,
and the hypothalamic-pituitary-adrenal axis.*>'¢ However, the empiri-
cal evidence linking various dimensions of stress to cancer incidence
has remained inconsistent.>”"*® Regarding work-related stress, in the
Nurses' Health Study, there was no association between multiple
aspects of job stress, such as high demands and low control as well as
low social support at work, and breast cancer or ovarian cancer.}??°
Similarly, meta-analyses have not found an association between work
stress and lung, colorectal, breast, or prostate cancer.?! Yet no study
to date has specifically investigated the relationship between stress
because of work characteristics and renal cell cancer risk.

In Japanese society, higher occupational classes (managers and

professionals) tend to report more job stress,?223

particularly follow-
ing the collapse of the “economic bubble” in 1990. For example,
Suzuki et al found that the occupational gradient in suicide in Japan
reversed during the last 30 years.?? Specifically, prior to the economic
collapse of the asset bubble in 1991, suicide rates were higher among
service, sales, and production workers. In the decades following the
collapse, however, suicide rates have been higher among professional
and managerial workers.

The distribution of job stress is markedly different in the Japanese
workplace compared with the United States. For example, a recent
study in Japan indicated that higher psychological distress in administra-
tive and professional occupations is associated with increased cancer
mortality at several sites.?* Another study showed that the age-stan-

dardized suicide mortality rate increased among Japanese male

administrative/managerial workers??> between 1975 and 2005. In the
same study, the lowest odds for suicide was observed among blue-collar
production workers.2? More recently, Tanaka et al®® reported that the
age-adjusted mortality rate for male managers increased across 12 types
of occupation during the period of 1995 to 2010, which straddles the
global economic crisis of 2008. While the magnitude of job stress across
occupational classes is debated,?®?” higher occupational class does
indeed appear to be related to greater job stress in Japanese society,
as indicated by the higher rates of suicide rates among managers and
professionals in Japan.??2?% Hence, in contrast to US/European studies,
which typically show that job stress is higher among low-status occupa-
tions compared with high-status ones, the opposite pattern is found in
Japan. Additionally, the prevalence of both hypertension and unipolar
depression appeared to be higher in white-collar occupations compared

with blue-collar occupations in Japan,282?

and hypertension appeared to
be linked to job stress.?®

In the present study, we sought to examine the association
between occupational class and renal cell cancer, assuming that occu-
pational class is a proxy for work-related stress.33! In addition, we
assumed that occupational class is associated with stress-related fac-
tors (smoking, hypertension, and obesity), and that these may increase
the risk for renal cell cancer. Therefore, we also tested whether any
observed renal cell cancer risk associated with occupational class
persisted even after controlling for the potential mediation by stress-

related factors.

2 | MATERIALS AND METHODS

We conducted a hospital-based case-control study using inpatient
electronic medical records of the Rosai Hospital group run by the

Japan Organization of Occupational Health and Safety, an

Blue-collar industry

Service & sales industry

White-collar industry

[ Blue-collar worker l [ Blue-collar worker ] [ Blue-collar worker ]

[Service & clercial workerl [Service & clercial worker] [Service & clercial worker]

[ Professional I [ Professional ] [ Professional ]

[ Manager I [ Manager ] [ Manager ]
Occupational class Japan Standard Occupational Classification Code

Blue-collar worker

and related workers

Security, agriculture, forestry, fishery, manufacturing, transport
and machine operation (stationary and construction machinery
operators), construction, mining, carrying, cleaning, packaging,

43—-59, 64-73

Service & clercial worker Clerical, sales, service, and transport and machine operation
(railway drivers, motor vehicle drivers, ship and aircraft
operators, and other transport related workers)

25—42, 60-63

Professional Professional and engineering workers 05—-24
Manager Administrative and managerial workers 01-04
Industrial cluster Japan Standard Industrial Classification Code
Blue-collar industryt Agriculture, forestry, fisheries, mining, quarrying of stone, A—F, H
construction, manufacturing, electricity, gas, heat supply, water,
transport, and postal service
Service industry Wholesale, retail trade, accommodations, eating, drinking, I,M, N, Q R

living-related, personal, amusement, and compound services,
services not elsewhere categorized

White-collar industryt

Information, communications, finance, insurance, real estate,
goods rental, leasing, education, learning support, medical,
healthcare, welfare, and government except elsewhere

4 i

G,J,KLOPS

T Waste disposal business (Code R88) included. # Political, business and cultural organizations (Code R93), railway transport (Code H42),
road passenger transport (Code H43), and air transport (Code H46) included.

FIGURE 1 Occupational class cross-classified with industrial cluster
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independent administrative agency. Details of the study database
have been previously described.>?® Briefly, the Rosai Hospital group
consists of 34 general hospitals in the main urban areas of Japan. Since
1984, the hospitals have recorded information on the clinical and
occupational history of all inpatients. The database includes basic
sociodemographic characteristics of patients, clinical diagnoses, and
occupational history, as well as patients' smoking and alcohol habits,
derived from questionnaires completed at the time of admission. Since
2002, pathological diagnoses have been recorded for cancer cases,
while information on other risk factors (eg, hypertension, diabetes,
and obesity) has been recorded since 2005. Trained registrars or
nurses are responsible for registering the data. Occupational history
is coded according to the standardized national classification (viz, the
Japan Standard Occupational Classification and Japan Standard Indus-
trial Classification) corresponding, respectively, to the International
Standard Industrial Classification and International Standard Occupa-
tional Classification.®>3® Written informed consent was obtained
before patients completed the questionnaires.

We obtained a dataset under the research agreement between
the authors and the Japan Organization of Occupational Health and

Safety. The Research Ethics Committees of Graduate School of

Open Access

Medicine, The University of Tokyo, Tokyo (Protocol No. 3890-3) and
Kanto Rosai Hospital, Kanagawa, Japan (Protocol No. 2014-38)
approved the study.

2.1 | Cases and controls

The study subjects comprised 171 734 patients (3316 cases of renal
cell cancer [excluding upper tract urothelial cancer] and 168 418 hospi-
tal controls) aged 20 years or older, admitted to hospitals between April
1984 and March 2016. According to available national statistics esti-
mated with several high-quality local cancer registries in Japan, the total
number of renal cell cancer cases in our data set represents 0.8% of the
total incidence of kidney cancer (including upper tract urothelial cancer)
in Japan for the years 1984 to 2013 (3033 of 357 993).4

We excluded patients with the diagnosis of upper tract
urothelial cancer or patients with preexisting cancer history from
the cases. Controls were patients diagnosed with musculoskeletal
diseases (ICD-9, 410-739 and ICD-10, M00-M99; 89%) and skin dis-
eases (ICD-9, 680-709 and ICD-10, LOO-L99; 11%). We assumed
that these diagnoses selected for the control groups were not linked

to work stress.3*

(A) Men, crude (B) adjusted

FIGURE 2 Odds ratios for renal cell cancer
across different occupational classes stratified
by sex. The odds ratio (dot) and 95%
confidence interval (bar) were estimated by
unconditional logistic regression with 5
imputed data. Male and female odds ratios
were (A, C) adjusted for age and year of
admission and (B, D) additionally adjusted for
smoking and drinking. The numbers of cases
and controls were, respectively, 2703 and
111 925 for men and 613 and 56 493 for
women

Occupational class
Blue-collar industry
Blue-collar (ref.)
Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager

Occupational class
Blue-collar industry
Blue-collar (ref.)
Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager

(C) Women, crude
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TABLE 1 Odds ratios in each occupational class associated with risk for renal cell cancer

Characteristics

Men
Total number
Occupational class
Blue-collar industry
Blue-collar worker
Service worker
Professional
Manager
Service industry
Blue-collar worker
Service worker
Professional
Manager
White-collar industry
Blue-collar worker
Service worker
Professional
Manager
Age, mean (SD), y
Year of admission, mean (SD)
Smoking
Never
<20 pack-year
>20-40 pack-year
>40 pack-year
Daily alcohol intakes
Never
<15¢g
>15-30 g
>30 g
Women
Total number
Occupational class
Blue-collar industry
Blue-collar worker
Service worker
Professional
Manager
Service industry
Blue-collar worker
Service worker
Professional
Manager
White-collar industry
Blue-collar worker
Service worker
Professional
Manager
Age, mean (SD), y

Year of admission, mean (SD)

Control, %*

111 925

39.0
135
4.3
3.2

4.7
134
11
1.6

3.6
8.1
6.5
1.0
50 (17)
2000 (8)

27.0
30.3
25.7
16.9

24.7

6.7
29.3
39.3

56 493

28.9
8.8
0.5
0.5

4.5
28.2
0.8
0.6

0.9
120
14.5

NA
54 (17)
2001 (9)

ZAITSU ET AL.
Open Access

Case Odds Ratio (95% Confidence Interval)®

% Model 1° Model 2¢ Model 3¢

2703

34.2 1.00 1.00 1.00

14.2 1.26 (1.11-1.44) 1.26 (1.10-1.43) 1.26 (1.10-1.43)
5.0 1.52 (1.24-1.86) 1.53 (1.25-1.88) 1.53 (1.25-1.87)
5.8 1.62 (1.35-1.95) 1.61 (1.34-1.94) 1.61 (1.34-1.93)
4.0 1.17 (0.94-1.47) 1.18 (0.94-1.47) 1.18 (0.94-1.48)

13.2 1.29 (1.12-1.49) 1.29 (1.12-1.49) 1.29 (1.12-1.49)
1.2 1.34 (0.94-1.92) 1.36 (0.95-1.95) 1.36 (0.95-1.95)
2.7 1.50 (1.15-1.97) 1.51 (1.15-1.97) 1.51 (1.15-1.97)
2.0 0.78 (0.58-1.05) 0.79 (0.59-1.06) 0.79 (0.59-1.06)
9.6 1.48 (1.25-1.75) 1.48 (1.25-1.76) 1.48 (1.25-1.76)
6.5 1.29 (1.09-1.53) 1.32 (1.11-1.56) 1.32 (1.11-1.57)
1.7 1.47 (1.07-2.03) 1.48 (1.07-2.04) 1.48 (1.07-2.04)

62 (12) 1.05 (1.04-1.05) 1.04 (1.04-1.05) 1.05 (1.04-1.05)

2003 (8) 1.02 (1.01-1.03) 1.02 (1.01-1.03) 1.02 (1.01-1.03)

254 1.00 1.00

19.9 0.93 (0.82-1.06) 0.92 (0.81-1.05)

29.6 1.15 (1.03-1.28) 1.13 (1.01-1.26)

25.1 1.13 (1.01-1.26) 1.10 (0.98-1.24)

23.8 1.00
6.0 0.98 (0.79-1.20)

31.7 1.07 (0.96-1.19)

38.4 1.10 (0.96-1.25)

613

28.1 1.00 1.00 1.00

10.0 1.48 (1.10-2.00) 1.49 (1.10-2.01) 1.49 (1.11-2.02)
0.3 0.92 (0.23-3.75) 0.92 (0.23-3.76) 0.93 (0.23-3.79)
0.8 1.69 (0.69-4.15) 1.70 (0.69-4.18) 1.73 (0.70-4.25)
6.4 1.50 (1.06-2.14) 1.52 (1.07-2.16) 1.52 (1.07-2.17)

28.1 1.18 (0.95-1.47) 1.20 (0.97-1.50) 1.21 (0.97-1.50)
1.0 1.81 (0.79-4.12) 1.82 (0.80-4.14) 1.83 (0.80-4.18)
1.1 1.91 (0.89-4.11) 1.97 (0.91-4.23) 1.99 (0.92-4.27)
1.0 1.35 (0.59-3.07) 1.35 (0.59-3.08) 1.36 (0.60-3.09)

12.9 1.37 (1.04-1.81) 1.38 (1.05-1.82) 1.39 (1.05-1.84)

10.4 0.98 (0.73-1.32) 0.98 (0.73-1.32) 0.99 (0.73-1.33)

NA NA NA NA

61 (13) 1.03 (1.02-1.03) 1.02 (1.02-1.03) 1.02 (1.02-1.03)

20083 (8) 1.04 (1.02-1.06) 1.04 (1.02-1.06) 1.04 (1.02-1.06)

(Continues)
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TABLE 1 (Continued)
Case, Odds Ratio (95% Confidence Interval)®
Characteristics Control, %° % Model 1° Model 2¢ Model 3¢
Smoking
Never 78.6 85.0 1.00 1.00
<20 pack-year 16.0 8.7 0.64 (0.47-0.85) 0.65 (0.48-0.88)
>20-40 pack-year 44 52 1.04 (0.72-1.49) 1.06 (0.73-1.54)
>40 pack-year 1.0 11 0.86 (0.41-1.83) 0.88 (0.41-1.89)
Daily alcohol intakes
Never 68.5 74.5 1.00
<15¢g 10.2 7.2 0.81 (0.55-1.19)
>15-30 g 16.1 14.3 0.98 (0.76-1.26)
>30 g 52 3.9 0.89 (0.57-1.40)

Abbreviation: NA, not available.

?Data were estimated with 5 imputed datasets. The percentage may not total 100 because of rounding and multiple imputation. The study period from April

1984 to March 2016 was divided into 2-year financial years.

bUnconditional logistic regression with multiple imputation, adjusted for age and year of admission (confounders, model 1).

“Additional adjustment for smoking (mediators, model 2); smoking and alcohol consumption (mediators, model 3).

2.2 | Occupational class defined by occupational and
industrial category

The questionnaire included questions about the patients' current job
and their 3 most recent ones (including age at starting and ending).
The occupations were coded with 3-digit codes in Japan Standard
Occupational Classification for occupation category and 3-digit codes
in Japan Standard Industrial Classification for industry category. We
selected the longest held job from the history for each patient.
Owing to the enormous variety of “longest held” jobs, we aggre-
gated the occupations into 4 occupational classes, based on previous

»n o«

studies?427:3>36. “plue-collar workers,” “service and clerical workers,”
“professionals,” and “managers.” We also categorized the longest held
occupations into 3 industrial clusters based on the methodology used

» o

in a previous study®”: “blue-collar industry,” “service and sales indus-
try,” and “white-collar industry” (Figure 1). We excluded those who
were not actively engaged in paid employment (eg, homemakers, stu-
dents, and unemployed) in the present study. In addition, we excluded
female managers in the white-collar industry because we did not

observe any renal cell cancer cases in that category.

2.3 | Covariates

Age and year of hospital admission were adjusted as confounding fac-
tors. To control potential changes in diagnosis and treatments over
time, we adjusted for year of hospital admission. In mediation models,
we included smoking and alcohol consumption, as well as potential
stress-related factors such as hypertension, obesity, and diabetes, as
mediators. We assumed that occupational class is associated with
stress-related risk factors (smoking, hypertension, and obesity), and
that these may increase the risk for renal cell cancer.

2.4 | Statistical analysis

Among study subjects, 11% did not provide information on occupa-

tional history, smoking, and alcohol consumption and 20% did not

complete all data. The background characteristics differed between
those with complete and incomplete data (Table S1), and excluding
incomplete data may lead to biased inference.®8%? To deal with missing
data, we performed multiple imputation for missing data among the
171 734 study subjects using all data, including occupational class,
smoking, and alcohol consumption.®®#° Five imputed datasets were
generated with multiple imputation by chained equations method%;
; the following missing data were multiply imputed: occupational class
(20 359, 12%), smoking (23 692, 14%), and alcohol consumption
(48 608, 28%).

Using unconditional logistic regression with multiple imputation,
we estimated the odds ratios (ORs) and 95% confidence intervals
(Cls) for renal cell cancer in each occupational class, with blue-collar
workers in the blue-collar industry as the reference group. We pooled
the 5 ORs and 95% Cls obtained from each imputed dataset into one
combined OR and 95% CI.2%° We stratified all the regression models
by sex. First, we estimated the OR and 95% Cl adjusted for age and
year of hospital admission (model 1). Next, we adjusted for age, year
of admission, and smoking (model 2). Finally, we additionally adjusted
for drinking (model 3).

Owing to the data limitation that the other stress-related factors (ie,
hypertension, diabetes, and obesity) were only available after 2005, we
evaluated the contribution of hypertension, diabetes, and obesity among
63 704 patients admitted to hospitals after 2005 (1544 cases and 62 160
controls). The following missing data were multiply imputed: occupa-
tional class (6943, 11%), smoking (6968, 11%), alcohol consumption
(19 198, 30%), hypertension (8507, 13%), diabetes (8508, 13%), and obe-
sity (8508, 13%). In subgroup analysis, we checked for a mediation by
hypertension diagnosis (model 4). Finally, in model 5, we controlled for
all covariates for hypertension, diabetes, and obesity, as well as age, year
of hospital admission, smoking, and drinking.

Owing to the selection of hospital controls that might intro-
duce selection bias in either direction (ie, toward or away from
the null), we performed sensitivity analysis with 2 different alterna-

tive control groups: (1) all available controls diagnosed with all
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benign diseases (3316 cases and 1 298 207 controls) and (2) con-
trols diagnosed with musculoskeletal disease (3316 cases and
150 210 controls). Additionally, we performed unconditional logistic
regression among patients with complete data without performing
multiple imputation (2496 cases and 116 139 controls diagnosed
with musculoskeletal and skin diseases).

Alpha was set at 0.05, and all P values were 2-sided. Data were
analyzed using STATA/MP13.1 (Stata-Corp LP, College Station, Texas).

3 | RESULTS

Among men, those in higher occupational class (professionals and
managers) had a significantly increased risk of renal cell cancer
compared with blue-collar workers across all industry types
(Figure 2). In all 3 industries, men in the highest occupational
groups, ie, managers, had significantly increased risk for renal cell
cancer, with minimally adjusted OR ranging from 1.47 (for managers
in the white-collar industry) to 1.62 (for managers in the blue-collar
industry; Table 1). The observed increased OR for managers in all
industries were not attenuated on adjustment for covariates and

(A) Men, adjusted for HT

Occupational class
Blue-collar industry
Blue-collar (ref.)
Service s
Professional He-
Manager ™
Service industry
Blue-collar HH
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager 4 han

(C) Women, adjusted for HT

Occupational class
Blue-collar industry
Blue-collar (ref.)
Service i

remained significantly associated with the risk for renal cell cancer
on adjustment for covariates (adjusted OR ranged from 1.48 for
managers in the white-collar industry to 1.61 for managers in the
blue-collar industry, model 3; Table 1).

Among women, we observed marginal increases in the risks for
managers (Figure 2). The results in the minimal-adjusted and full-
adjusted models were similar (Table 1). The full-adjusted risk of man-
agers and professionals in the service and sales industry were
marginally elevated (model 3; Table 1).

In the subgroup analysis, the gradient of the ORs across occupa-
tional classes showed the same trend (Figure 3). Among men, life-
style-related diseases (hypertension, diabetes, and obesity) were
independently associated with the risk for renal cell cancer (eg, hyper-
tension, OR 1.36; 95% Cl, 1.20-1.54; model 5; Table 2); the elevated
risk for higher occupational class was attenuated largely by adjustment
for hypertension (model 4). After fully adjusting for all potential medi-
ating factors, the risk for higher occupational class was not significant
(except for professionals in blue-collar and white-collar industries;
model 5). Among women, the fully adjusted risk among higher occupa-
tional class workers was not significantly elevated (Figure 3); however,

the odds in the service and sales industries showed a trend suggesting

(B) fully adjusted

.
]
P

I
I

(D) fully adjusted

Professional

Manager
Service industry
Blue-collar ==

Service hed
Professional H——
Manager L

White-collar industry

FIGURE 3 Odds ratios adjusted for
hypertension and other stress-related factors
in a subset data after 2005. The odds ratio
(dot) and 95% confidence interval (bar) were
estimated by unconditional logistic regression
with 5 imputed data. Male and female odds
ratios were (A, C) adjusted for age, year of

Blue-collar ! 1 !
Service e

Professional e
Manager

i admission, and hypertension and (B, D) fully
e adjusted for hypertension, diabetes, obesity,
D-T age, year of admission, smoking, and drinking.

The numbers of cases and controls were,

respectively, 1265 and 41 097 for men and

1 10 279 and 21 063 for women
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TABLE 2 Subgroup analysis for mediation with hypertension and other stress-related factors after 2005

Characteristics

Men
Total number
Occupational class
Blue-collar industry
Blue-collar worker
Service worker
Professional
Managers
Service industry
Blue-collar worker
Service worker
Professional
Managers
White-collar industry
Blue-collar worker
Service worker
Professional
Manager
Age, mean (SD), y
Year of admission, mean (SD)
Hypertension
Diabetes
Obesity
Smoking
Never
<20 pack-year
>20-40 pack-year
>40 pack-year
Daily alcohol intakes
Never
<15g
>15-30 g
>30 g
Women
Total number
Occupational class
Blue-collar industry
Blue-collar worker
Service worker
Professional
Managers
Service industry
Blue-collar worker
Service worker
Professional
Managers
White-collar industry
Blue-collar worker
Service worker

Professional

Control, %*

41 097

353
14.1
5.0
3.0

4.9
14.0
1.2
1.5

3.8

8.6

7.5

11
55 (17)
2010 (3)
27.2
11.3
17.9

213
33.2
26.6
18.9

18.3

9.1
315
41.1

21 063

218
8.4
0.5
0.4

51
30.3
0.8
0.4

0.9
14.5
16.8

Case,
%a

1265

323
15.7
59
4.4

4.2
13.0
1.3
2.6

1.7

9.9

7.7

1.5
63 (12)
2010 (3)
42.3
18.2
219

194
26.8
29.2
24.6

17.9

8.5
33.8
39.8

279

20.8
8.2
0.4
0.4

10.4
31.2
1.4
11

0.4
14.7
111
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Odds Ratio and 95% Confidence Interval®

Model 4°

1.00

1.22 (1.01-1.47)
1.39 (1.08-1.81)
1.28 (0.95-1.73)

1.07 (0.78-1.47)
1.11 (0.91-1.35)
1.17 (0.70-1.95)
1.49 (0.94-2.34)

0.57 (0.34-0.96)
1.32 (1.06-1.65)
1.27 (1.01-1.60)
1.28 (0.79-2.08)
1.03 (1.03-1.04)
1.05 (1.01-1.09)
1.45 (1.28-1.64)

1.00

1.20 (0.73-1.96)
1.06 (0.14-7.78)
0.83 (0.11-6.03)

2.29 (1.45-3.60)
1.24 (0.88-1.74)
2.25 (0.80-6.31)
2.51(0.77-8.16)

0.49 (0.07-3.57)
1.32 (0.87-1.99)
0.90 (0.57-1.41)

Model 5¢

1.00

1.19 (0.98-1.44)
1.37 (1.06-1.78)
1.23 (0.91-1.66)

1.07 (0.77-1.46)
1.10 (0.90-1.33)
1.16 (0.69-1.94)
1.45 (0.93-2.28)

0.56 (0.33-0.93)
1.30 (1.04-1.62)
1.26 (1.00-1.59)
1.24 (0.76-2.01)
1.03 (1.03-1.04)
1.05 (1.01-1.09)
1.36 (1.20-1.54)
1.27 (1.09-1.48)
1.31 (1.12-1.52)

1.00

1.04 (0.87-1.24)
1.12 (0.95-1.33)
1.09 (0.91-1.31)

1.00

0.98 (0.76-1.27)
1.05 (0.87-1.26)
1.03 (0.85-1.25)

1.00

1.21 (0.74-1.99)
1.10 (0.15-8.04)
0.83 (0.11-6.04)

2.32 (1.48-3.66)
1.29 (0.91-1.81)
2.31 (0.82-6.48)
2.73(0.84-8.91)

0.49 (0.07-3.55)
1.33 (0.88-2.02)
0.90 (0.58-1.42)

(Continues)
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G Odds Ratio and 95% Confidence Interval®
Characteristics Control, %° %> Model 4° Model 5¢
Manager NA NA

Age, mean (SD), y 58 (16) 62 (12) 1.02 (1.01-1.03) 1.01 (1.00-1.02)
Year of admission, mean (SD) 2010 (3) 2010 (3) 1.01 (0.94-1.09) 1.02 (0.95-1.10)
Hypertension 26.4 34.9 1.22 (0.94-1.60) 1.16 (0.89-1.52)
Diabetes 7.2 11.0 1.31 (0.88-1.95)
Obesity 16.0 19.4 1.19 (0.87-1.64)
Smoking

Never 73.7 82.1 1.00

<20 pack-year 19.0 9.7 0.58 (0.38-0.89)

>20-40 pack-year 6.0 7.2 1.18 (0.73-1.91)

>40 pack-year 1.4 1.1 0.69 (0.22-2.20)
Daily alcohol intakes

Never 57.2 67.1 1.00

<15¢g 15.6 12.6 0.86 (0.56-1.34)

>15-30 g 19.9 15.1 0.81 (0.54-1.22)

>30 g 7.3 52 0.81 (0.44-1.47)

Abbreviation: NA, not available.

?Data were estimated with 5 imputed datasets with study subjects after 2005 owing to the data limitation for lifestyle-related disease (hypertension, dia-
betes, and obesity). The percentage may not total 100 because of rounding and multiple imputation.

bUnconditional logistic regression with multiple imputation, adjusted for age and year of admission (confounders) and hypertension (mediators, model 4).

“Additional adjustment for diabetes, obesity, smoking, and alcohol consumption (mediators, model 5).

a positive occupational gradient pattern (ie, higher risk with higher
occupational class; model 5; Table 2).

In sensitivity analyses, although the precise ORs and 95% Cls dif-
fered according to the analytic model and study population, the direc-
tions of the association (ie, higher risk with higher occupational class)
were identical (Figure 4 and Table S2). The result with complete data
also showed the same pattern (Figure S1). The correlation between
hypertension, diabetes, and obesity were all significant (pairwise cor-
relation; all P values < .001). The profile of patients treated in Rosai
hospitals appeared to be nationally representative (Table S3). The

average length of longest held jobs was over 20 years (Table S4).

4 | DISCUSSION

We found an elevated risk of renal cell cancer among high status occu-
pations (managers and professionals) in men across all industry cate-
gories, suggesting that high job stress may partially be associated
with the risk of renal cell cancer. We also found, for the first time, that
hypertension is a relevant independent risk factor for renal cell cancer
in Japan. Furthermore, the risk for renal cell cancer associated with
higher occupational class was potentially mediated through the risk
for renal cell cancer associated with stress-related risk factors—viz,
hypertension as well as diabetes and obesity. A similar tendency was
found for women working in the service and sales industry, although
the effects were marginal.

Job stress may be related to risk of renal cell cancer through both

direct and indirect causal pathways. The direct pathway posits that job

stress increases risk through direct biological or mechanical stimulus to
cancer stem cells (eg, oxidative stress).*>*? Although the association
between occupation and renal cell cancer was substantially explained
by hypertension and other potential mediators (diabetes and obesity),
some significant associations in blue-collar and white-collar industries
persisted among men in the present study. This residual association
suggests that the direct pathway may be partially pertinent for renal
cell cancer.

The indirect pathway posits that job stress may increase the risk
of renal cell cancer via risk factors potentially influenced by stressful
occupations, eg, cigarette smoking or the prevalence of hypertension.
In fact, previous studies have suggested that psychological factors (eg,
chronic or work environmental stress) can increase such lifestyle-
related diseases.***® In the present study, the prevalence of those
who smoked more than 40 pack-years was higher in the managers
than nonmanagers (25% versus 11%), and the prevalence of hyperten-
sion was greater in the managers (37% versus 27%).

In Japanese society, the concept of “hospitality” or omotenashi is
emphasized in the service industry. Because of these expectations,
those in managerial positions (or in the position of supervising other
workers) may be particularly vulnerable to stress stemming from striv-
ing to meet customer expectations. In some instances, this situation
has even led to death from overwork, referred to as karoshi. Such
stress has been found to affect work-life balance among high occupa-
tional class workers.*” By contrast, Whitehall studies showed that
poorer health (eg, cardiovascular disease) is associated with low con-

k,48

trol at wor which is usually the case for blue-collar workers in

western contexts. Low control at work was also associated with less
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Blue-collar (ref.)
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Service industry
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(C) Women, all benign disease (D) musculoskeletal

Blue-collar (ref.) S 1
FIGURE 4 Sensitivity analysis with Service ) _ ) ) e 3
alternative control groups. The odds ratio Professional ) - ' i '
(dot) and 95% confidence interval (bar) were Manager M -
estimated by unconditional logistic regression, Service industry
adjusted for age and year of admission with 5 Blue-collar e e
imputed data. Male and female control groups Service H re-
were, respectively, (A, C) patients diagnosed Professional ——— H——
with all benign diseases and (B, D) patients Manager H—— H——
diagnosed with musculoskeletal disease. The White-collar industry
numbers of cases and controls were, Blue-collar —T— 1
respectively, as follows: (A) 2703 and 852 997 Service —o— -
for men and (C) 613 and 445 210 for women Professional o e
(all benign disease controls); (B) 2703 and Manager

99 317 for men and (D) 613 and 50 893 for
women (musculoskeletal disease controls)

leisure-time physical activity.*” Although our study is one of the larg-
est case-control studies of renal cell cancer reported in Japan (3316
cases) and the profile of patients treated in Rosai hospitals appeared
to be nationally representative® (Table S3), it represents less than
1% of the total incidence in the country as a whole. Hence, the gener-
alizability of our findings to the rest of the country may be limited.
The strengths of our study include the large sample size and the
detailed job information that enabled us to create occupational clas-
ses into meaningful categories by both industrial and occupational
standard classifications. Another strength is the low job turn over
in Japan, ie, the percentage of workers changing jobs is lower com-
pared with other countries. In fact, prior data show that an average
of 50% of men and 30% of women at their working age did not
change their first job, and 20% of men and 20% of women changed
only once during the age®! from 15 to 64. Our occupational infor-
mation consisted of current and up to 3 former jobs, and we chose
the longest career as a proxy of job stress (the average length of
longest held jobs was over 20 y; Table S4); therefore, in the sense
of lifelong stress, our captured stress would be more relevant than
stress measured at baseline only once in cohort studies.? In fact,

a case-control study from Canada also found a significant association

1 I

25 5

2 4 25 5 1 2 4

—

between job stress and cancer incidence at other sites.>? Further-
more, a stressful working environment of the high occupational clas-
ses in Japan also enabled us to detect the association between
higher occupational class, possibly linked to job stress, and the inci-
dence of renal cell cancer.??

There are some limitations in our study. First, in any hospital-
based case-control study, the selection of hospital controls may intro-
duce selection bias in either direction (ie, toward or away from the
null). However, sensitivity analysis, including controls diagnosed with
all benign diseases (except malignant neoplasms) or only controls diag-
nosed with musculoskeletal disease, resulted in the same direction
to increase the risk. Additionally, one-third of missing data may
have introduced selection bias in either direction—even though
the missing information were multiply imputed; however, the sensi-
tivity analysis with complete data showed the same pattern. There
might also be a potential recall bias in the self-reported information
at the time of admission (eg, occupational history). However, the
association of job stress and renal cell cancer was not widely
known at that time. In addition, the questionnaires did not ask
patients to report job stress, and the study subjects did not know

the aim of our study. Therefore, the recall bias for occupational
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history may not be at play between the cases and controls, and this
limitation might not affect our conclusion.

Second, occupational class is not a perfect proxy for job stress,
and we could not directly assess job stress because our hospital elec-
tronic medical record data did not include an assessment of stress.
Higher occupational class may also reflect anxiety, depression, and
other mental health conditions.?? Kawakami et al also speculated that
job commitment in these high positions might decrease the opportuni-
ties for investing in healthier behaviors such as leisure-time physical
activity.?® Physical activity has been found to be a protective factor
for the risk of renal cell cancer.>® A previous study found that the pat-
tern of leisure-time physical activity differs in Japan compared with
western contexts, viz, the highest levels of exercise were reported
by clerical workers, while the lowest levels were reported among man-
agerial workers and blue-collar workers.>* In the same study, the
highest levels of weekly physical activity, including occupational phys-
ical activity, were reported by blue-collar workers and the lowest
levels among professional and managerial workers.>* These findings
suggest that higher occupational class may be associated with seden-
tary lifestyle behaviors, and that sedentary lifestyle may increase the
risk of renal cell cancer. However, we could not assess potential medi-
ation by physical activity/sedentary behavior because of the limitation
of our dataset. Therefore, future studies should investigate the accu-
mulation of stress on renal cell cancer, incorporating other aspects
of job stress and the intervention on mental health, as well as possible
residual confounding factors including physical activity, genetic, and
nutrition factors, as well as dehydration.2é4->¢

In summary, higher occupational class, which might be linked to
job stress, was associated with increased odds for renal cell cancer,
particularly among men, via mediation by lifestyle-related factors such
as hypertension. Stress management interventions in the workplace
might be a possible approach to complement existing lifestyle inter-

ventions aimed at reducing the risk of renal cell cancer.
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ABSTRACT

Background: Cholangiocarcinoma is a relatively rare cancer that is difficult to diagnose and has a poor
prognosis. Currently, knowledge concerning its etiology, tumor localization, and pathological features remains
limited. The present study aimed to clarify the clinico-epidemiologic nature of cholangiocarcinoma with its
clinical subtypes using the largest regional cancer registry in Japan.

Methods: Using a regional cancer registry in Kanagawa prefecture, Japan, we estimated three-year and five-year
survival rates of cholangiocarcinoma patients, who were classified into two groups: intrahepatic (i-CCA) and
extrahepatic cholangiocarcinoma (e-CCA) cases. The hazard ratio for each subtype, including pathological
tissue type and tumor site, was calculated.

Results: During the period from 1976 to 2013, 14,287 cases of cholangiocarcinoma were identified. The
prognosis markedly improved after 2006, when a new type of chemotherapy for cholangiocarcinoma was
introduced in Japan. Patients with i-CCA were more likely to be younger, and less likely to undergo surgery
than those with e-CCA. The prognosis of cases with i-CCA was poor compared to that of patients with e-CCA.
Conclusion: In Japan, i-CCA was more likely to develop in younger people and to have a poor prognosis.
The prognosis of both i-CCA and e-CCA cases markedly improved after 2006. The present study describes
clinico-epidemiological features of cholangiocarcinoma that may be useful for determining therapeutic

strategies for this disease.

Key words: cholangiocarcinoma — bile duct cancer — epidemiology — survival — adenocarcinoma.

Abbreviations: CI: confidence interval; DCO: death-certificate-only; e-CCA: extrahepatic cholangiocarcinoma;

i-CCA: intrahepatic cholangiocarcinoma; HR: hazard ratios.

INTRODUCTION

Cholangiocarcinoma is a
cancer with a poor prognosis that
arises from the cholangiocytes
lining the biliary tree. Diagnosing
cholangiocarcinoma is difficult
and this cancer is very often
fatal at the time of diagnosis due
to its late clinical presentation
and the absence of an effective
therapeutic strategy, except
for complete surgery [1].
According to the 10th revision
of the International Statistical
Classification of Diseases
and Related Health Problems
(ICD-10), cholangiocarcinoma
includes intrahepatic bile duct

cancer (C221), extrahepatic bile duct cancer (C240), and
papillary cancer (C241). These three cancer types show different
sensitivities to treatment and therefore require different
therapeutic procedures.

Globally, it is well known that morbidity and mortality
rates for cholangiocarcinoma are increasing [2, 3]; regional
differences that originate from rural risk factors are present
[4-7]. The understanding of the cell of origin, well-established
risk factors, molecular pathways and interactions has increased,
and advances in surgical and nonsurgical treatments for
cholangiocarcinoma have resulted in improved outcomes [8-12].

Even though such progress has been reported, most clinical
trials have been performed without accurate analyses of subtype
profiles, such as analyzing tumor site or its pathogenesis and,
therefore, the evaluation of outcomes for specific subgroups
of patients with cholangiocarcinoma is totally inadequate. In
particular, studies focusing on the survival rates of various
tumor sites or different pathological tissue types over time
are lacking.
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We therefore examined the clinical and epidemiological
characteristics of cholangiocarcinoma as well as the prognosis
of patient subtypes according to the tumor site and pathology
over time, using a large-scale cancer registry in Japan.

METHODS

Kanagawa Regional Cancer Registry

Kanagawa Prefecture is a neighbouring prefecture of Tokyo,
and is the second largest in Japan, with a population of about
nine million. The Prefecture started its own Regional Cancer
Registry in 1970, with the accumulated number of cases being
approximately 990,000 by December 31, 2013. Because the
Tokyo Prefecture has only had a registry of cancer cases since
2012 and has therefore not yet accumulated substantial data,
the Kanagawa Regional Cancer Registry is presently the largest
regional cancer registry in Japan. Details on the cancer registry
system in Japan have been reported elsewhere [13]. Data was
collected from neoplasm registration sheets reported by each
diagnosing hospital or from clinics and death certificates of
residents in Kanagawa Prefecture. The Kanagawa Prefectural
Cancer Center collected and consolidated the data into
anonymous formats and made these available for academic
and administrative purposes.

Accumulated data include the following items: 1) personal
identification code, 2) method of registry entry, 3) diagnosing
institution, 4) sex, 5) date of birth, 6) date of diagnosis, 7) local
government code for the patient’s home address, 8) ICD-10
code for disease name, 9) ICD-O-3 code for pathology, 10)
initial or recurrent tumour, 11) therapeutic strategy (very
brief), 12) operative procedure (if any), 13) date of death,
14) cause of death, 15) date of last follow-up, and 16) TNM
classification and pathological grade according to ICD-O-3
in diagnosed patients. The reporting of TNM classifications
became mandatory in 2005.

All information was collected by persons trained in
Japan by the Surveillance, Epidemiology, and End Results
(SEER) program of the National Cancer Institute in the US.
Information was updated every year from vital statistics and
death certificates. Previous versions of pathological codes
were transformed to the latest versions through standardized
regulations consistent with changes in coding practices for
cholangiocarcinoma. The proportion of death-certificate-only
(DCO) cases in the whole database was 18.2% by the end of
2013 [14].

Subject and classification method

We obtained clinical data relating to gastrointestinal
cancers between June 15, 1954 and December 30, 2013 in
an anonymous format under a research agreement with
the Kanagawa Prefectural Cancer Center. From such data,
intrahepatic bile duct (C221), extrahepatic bile duct (C240),
and papillary cancers (C241), according to ICD-10, were
extracted and included in this study. Gall bladder cancer (C230)
was excluded from the analysis, based on current guidelines
for the diagnosis and treatment of cholangiocarcinoma [15].

In order to determine the trend in patient survival rates
throughout the entire analysis period, the three-year survival
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rate of patients was calculated every two years. Because the
number of registrations for cholangiocarcinoma before 1975
was small, we excluded these data.

With regard to the five-year survival rate, we divided the
whole study period into Period 1 (from 1976 until 2006), before
the introduction of new regimens of chemotherapy (such as
gemcitabine, tegafur/gimeracil/oteracil or cisplatin) for the
treatment of cholangiocarcinoma in Japan, and Period 2 (from
2006 to 2013), after the approval of new regimens.

Regarding the location of tumors, C221 was defined as an
intrahepatic cholangiocarcinoma (i-CCA), and C240 and C241
were defined as extrahepatic cholangiocarcinomas (e-CCA).

In cases in which a pathological tissue code was available
according to ICD-O-3, we defined adenocarcinomas as
shown in Supplementary Table I, based on the World Health
Organization International Histological Classification of
Tumors and the International Agency for Research on Cancer
and Rare Care Net Information Network on Rare Cancers.

Regarding the age of onset, young-onset was defined in
cases younger than 65 years of age at the time of diagnosis,
while old-onset was defined as 65 years or older.

Because of a broad diversity of direct causes of death from
cholangiocarcinoma, overall death was chosen for calculating
hazard ratios (HR).

Statistical analysis

A X square test was performed for differences between
percentages of baseline characteristics. The five-year survival
rate was estimated using the Kaplan-Meier method. Cox
proportional hazard models were used to calculate adjusted
HR for overall death. P values < 0.05 or < 0.01 were considered
to be statistically significant. Analyses were performed using
STATA/MP14.0 software (Stata-Corp LP, College Station, TX).

This study was approved by the Ethics Committee of the
University of Tokyo (No. 10891), and the Japan Organization
of Occupational Health and Safety, Kanto Rosai Hospital (No.
2014-34).

RESULTS

The total number of patients with gastrointestinal cancer
registered in the Kanagawa Prefecture Regional Cancer
Registry from 1954 to 2013 was 498,983. Of these, patients
with cholangiocarcinoma comprised 14,287 cases from 1976
to 2013. The details are as follows: the numbers of intrahepatic
cholangiocarcinoma (C221), extrahepatic cholangiocarcinoma
(C240), and carcinoma of the ampulla of Vater (C241)
cases were 3,369 (23.6%), 9,285 (65.0%), and 1,633 (11.4%),
respectively (Table I).

The numbers of males and females were 8,345 (58.4%)
and 5,942 (41.6%), respectively. Cases of i-CCA and e-CCA
comprised 3,369 (23.6%) and 10,918 (76.4%), respectively. In
Period 1, 10,041 (70.3%) cases were included, while in Period
2, 4,246 (29.7%) cases were recognized (Table I). The average
age of patients with cholangiocarcinoma was 71.4 years (+
11.5), and the average age at death was 72.8 years (+ 11.4).
Data concerning the presence/absence of treatment, except for
surgical procedures, was available in 10,837 cases.
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Table I. Baseline characteristics of cholangiocarcinoma patients

Overallt ICD10 Location of
cholangiocarcinoma
C221 C240 C241 Intrahepatic ~ Extrahepatic

Number (%) 14287 (100) 3369 (23.6) 9285 (65.0) 1633 (11.4) 3369 (23.6) 10918 (76.4)
Age at diagnosis, years
(Mean+SD)¥, years 71.4£11.5 69.6+11.4 72.4x11.4 69.0£11.2 69.6+11.4 71.9+11.4
Age at death
(Mean+SD)* 72.8+11.4 70.6+11.4 73.8+11.3 72.0+11.7 70.6+11.4 73.5+11.3
Median of OS* 185 142 183 402 142 201
IQR (25%:75%) (62:475) (54:359) (61:462) (137:939) (65:520) (54:359)
Gender

Male 8345 (58.4) 2028 (60.2) 5344 (57.6) 973 (59.6) 2028 (60.2) 6317 (57.9)

Female 5942 (41.6) 1341 (39.8) 3941 (42.4) 660 (40.4) 1341 (39.8) 4601 (42.1)
Period®

Period 1 10041 (70.3) 2355 (69.9) 6621 (71.3) 1065 (65.2) 2355 (69.9) 7686 (70.4)

Period 2 4246 (29.7) 1014 (30.1) 2664 (28.7) 568 (34.8) 1014 (30.1) 3232 (29.6)
Operation

Yes 5911 (41.4) 964 (28.6) 3852 (41.5) 1095 (67.1) 964 (28.6) 4947 (45.3)

No 8376 (58.6) 2405 (71.4) 5433 (58.5) 538 (33.0) 2405 (71.4) 5971 (54.7)
Other treatment

Data available 10837 (75.9) 2583 (76.7) 6815 (73.4) 1429 (87.5) 2593 (77.0) 8244 (75.5)

Chemotherapy** 2288 (21.1) 797 (30.9) 1276 (18.7) 215 (15.0) 797 (30.7) 1491 (18.0)

Radiation®® 493 (4.5) 151 (5.8) 327 (4.8) 15 (1.0) 151 (5.8) 342 (4.1)

"Data for 14,287 patients with complete information on sex, age, location of bile duct cancer, and period; *SD: Standard
deviation.§Period: Period 1: 1976-2005, Period 2: 2006-2013; ¢ Median of OS: median of overall survival (days), IQR: Interquartile
range; *“The percentage of cases for whom chemotherapy or radiation was performed to cases with treatment data available.

Three-year survival rate

Figure 1 shows the temporal change in the three-year
survival rate (every two years from 1976 to 2013). According to
the data, the prognosis of patients appeared to improve with the
introduction of new chemotherapeutic agents: the prognosis
in 2009-2010 was 40.9%, significantly different from that in
2005-2006 (23.7%), and 2007-2008 (28.4%).

cisplatin
tegafur

gemcitabine

Three-year survival rate
[a]
o

year

1975-1976
1977-1978
1979-1980
1981-1982
1983-1984
1985-1986
1987-1988
1989-1990
1991-1992
1993-1994
1995-1996
1997-1998
1999-2000
2001-2002
2003-2004
2005-2006
2007-2008
2009-2010

Fig. 1. Three-year survival rates were calculated every two years
from 1976 to 2013. Arrows indicate the introduction of gemcitabine,
tegafur, and cisplatin treatments.

Figure 2 shows five-year survival rates of i-CCA and e-CCA
cases by period. The five-year survival rate of patients with
i-CCA was higher in Period 2 (20.3%) than in Period 1 (5.5%),
while that of patients with e-CCA also increased from Period
1 (8.7%) to Period 2 (29.4%). For both periods, the survival
rate of patients with i-CCA was significantly lower than that of
patients with e-CCA (p < 0.01). The same trend was observed
in analysis after the exclusion of cases with papillary cancer
(C241).

Pathology

The number of cases in which pathological tissue was
classified based on ICD-O-3 was 5,441. The distribution of
patient characteristics in these cases is shown in Table II.
Overall, comparing i-CCA and e-CCA cases, a significant
difference was observed in the age of onset and whether patients
underwent surgery; those patients with i-CCA were more
likely to have young-onset (p < 0.01) and less likely to have
undergone surgery than those with e-CAA (p < 0.01). Regarding
overall histopathological results, the proportion of non-
adenocarcinoma cases was significantly higher in i-CCA than in
e-CAA (p <0.02); however, this statistical difference disappeared
when we examined the two periods separately. The details of
non-adenocarcinoma cases in i-CCA were as follows: 10 patients
with squamous cell carcinoma, 6 with undifferentiated, 6 with
sarcoma, and 5 with neuroendocrine carcinoma, as well as 3
other cases. Among extrahepatic cholangiocarcinoma cases
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Table II. Distribution of cholangiocarcinoma with pathological information

Characteristics Intrahepatic Extrahepatic P-value*

Number (%) cholangiocarcinoma  cholangiocarcinoma

Overall (N=5441)

Gender 0,74
Male 894 (63.6) 2546 (63.1)

Female 512 (36.4) 1489 (36.9)

Age of onset <0.01**
old 870 (61.9) 2784 (69.0)

Young 536 (38.1) 1251 (31.1)

Pathology <0.02*
Adenocarcinoma 1376 (97.9) 3985 (98.8)
Non-adenocarcinoma 30 (2.1) 50 (1.2)

Operation <0.01**
Yes 577 (41.0) 2594 (64.3)

No 829 (58.9) 1441 (35.7)

Period 1 (N=3088)

Gender 0.32
Male 546 (62.6) 1345 (60.7)

Female 326 (37.4) 871 (39.3)

Age of onset 0.02*
old 507 (58.0) 1389 (62.7)

Young 365 (41.9) 827 (37.3)

Pathology 0.12
Adenocarcinoma 855 (98.0) 2189 (98.8)
Non-adenocarcinoma 17 (1.2) 27 (1.2)

Operation <0.01**
Yes 367 (42.1) 1529 (69.0)

No 505 (57.9) 687 (31.0)

Period 2 (N=2353)

Gender 0.67
Male 348 (65.2) 1201 (66.0)

Female 186 (34.8) 618 (34.0)

Age of onset <0.01**
Old 363 (68.0) 1395 (76.7)

Young 171 (32.0) 424 (23.3)

Pathology 0.05
Adenocarcinoma 521 (97.6) 1796 (98.7)
Non-adenocarcinoma 13 (2.4) 23 (1.3)

Operation <0.01**
Yes 210 (39.3) 1065 (58.6)

No 324 (60.7) 754 (41.5)

"Young-onset cholangiocarcinoma is defined as patients under 65 years of age; *P-value
<0.05* or <0.01** were considered to be statistically significant.

there were 17 patients with squamous cell carcinoma, 12 with Table III shows HRs adjusted for other factors, including
neuroendocrine carcinoma, 7 with small cell carcinoma, 5with ~ Periods 1 or 2, age of onset, gender, location of the
sarcoma, 5 with a carcinoid tumor, and one undifferentiated,  cholangiocarcinoma, histopathology, and whether surgery
as well as 3 other cases, respectively. There was no significant ~ was performed. In model 1, HRs were analyzed using 5,361
difference in the distribution of gender between i-CCA and  adenocarcinoma cases only. The HR for i-CCA cases was
e-CCA cases. significantly higher than that for e-CCA cases (HR 1.39,

] Gastrointestin Liver Dis, March 2018 Vol. 27 No 1: 59-66



Prognosis of cholangiocarcinoma

63

0.50 0.75 100
" ' L

a.25
L

0.00
L

1.00
L

\ Period 2
A p< 0.01

Proportion of patients surviving

0.75
L

050
L

0.25
'

0.00
L

0 500 1000 1500 2000
Analysis time (days)

rinhepe: colngocwonoma. —— — — = arratepatc chdangoonzrons

Fig. 2. Kaplan-Meier survival curves for overall survival between
intrahepatic and extrahepatic cholangiocarcinoma cases in each
period. Survival was estimated using the Kaplan-Meier method in
patients with complete information on sex, age, location of bile duct
cancer, and observation period, and with right censoring at the 5-year
mark. P values were calculated from log-rank tests. With advances in
chemotherapy, the survival rate improved for both intrahepatic and
extrahepatic cholangiocarcinomas.

95% CI 1.30-1.50). The HR for cases who had undergone
surgery was significantly lower than that for those who had
not undergone an operation (HR 0.52, 95% CI 0.49-0.56).
Model 2 shows HRs analyzed using 5,441 cases, including
non-adenocarcinoma. When non-adenocarcinoma cases were
included, the p values of each variable did not change. The HR
for non-adenocarcinoma cases was significantly lower than
that for adenocarcinoma cases (HR 0.71, 95% CI 0.54-0.95).

DISCUSSION

Our study showed that the prognosis of cholangiocarcinoma
markedly improved with the introduction of new
chemotherapeutic agents. The prognosis was significantly
different depending on tumor site and pathological tissue type.

In recent years, cholangiocarcinomas have been classified as
intrahepatic, peri-hilar and distal [12, 16, 17]. However, reports
concerning the outcome of treatment with anticancer drugs for
these three types of cholangiocarcinoma are limited [18-20].
Five-year survival rates were found to be 20-32%, 30-42%, and

18-54% for intrahepatic, hilar, and distal cholangiocarcinomas,
respectively [20-31]. The prognostic factors of resected cases
are the presence of lymph node metastasis [23, 25, 28] or
minute vascular invasion [16]. However, complete resection
and adjuvant chemotherapy have improved the prognosis for
all tumor sites [19, 20].

A couple of factors have made the clinico-epidemiological
analysis of cholangiocarcinoma difficult. The first is the
ambiguity in classifying tumor location, the topology of
which was changed when moving from the second edition
of the International Classification of Diseases for Oncology
(ICD-0-2) to its third edition (ICD-O-3). Studying 3,350
cholangiocarcinoma cases between 1992 and 2000, Welzel et
al. highlighted the misclassification between intrahepatic and
extrahepatic cholangiocarcinoma in the SEER program [32].
In addition, it is often difficult to detect the original site of the
tumor if the tumor stage is advanced on initial presentation
[16, 32].

Using a large-scale cancer registry, we found that the
survival rate of patients with cholangiocarcinoma markedly
improved with the introduction of new chemotherapeutic
agents. This indicated that the new chemotherapies immediately
became popular in Japan and influenced the prognosis of such
patients. Regarding the location of the tumor, i-CCA cases had
a poorer prognosis than e-CCA throughout the entire period
studied. This difference was noted both before and after the
introduction of a new type of chemotherapy, probably due to
the characteristics of the disease itself. In the case of patients
with e-CCA, the presence of obstructive jaundice accelerates the
diagnosis of this disease. In contrast, in patients with i-CCA, the
disease progresses without any signs and symptoms resulting
in a delay in its diagnosis [7]. The reasons for the difference
in the prognosis between i-CCA and e-CCA cases may also
originate from the type of surgery performed. In i-CCA cases,
hepatectomy is generally undertaken and therefore residual
liver function becomes an important prognostic factor [33].
In e-CCA cases, pancreatoduodenectomy is mostly indicated.
If this procedure is successfully carried out, the resulting
prognosis may be favorable [15, 34]. Therefore, differences
in the type of surgery undertaken may have also caused the
difference observed in the prognosis of patients with the two
types of cholangiocarcinomas.

Itisalso true that no clear evidence exists that chemotherapy
confers any survival benefit to patients with all histologic
subtypes of cholangiocarcinoma, because the number of variant
cases is not substantial enough to undertake a meaningful
statistical analysis [24, 35, 36]. Moreover, large-scale
epidemiological studies do not exist with regard to differences
in prognosis that may occur among cholangiocarcinoma cases
with different histopathological aspects. Cholangiocarcinoma
mostly consists of adenocarcinoma and a few other variants
[37]. In this study, histopathological information was obtained
for 5,441 cases, about one-third of the total cholangiocarcinoma
cases studied. As we have previously reported, the proportions
of young-onset and non-adenocarcinoma cases were
significantly higher for i-CCA [38, 39]. The current study also
showed the same tendency. In addition, this study suggested
that the prognosis for patients with adenocarcinoma was
poorer than that for patients with non-adenocarcinoma.
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Table III. Hazard ratios for overall deaths adjusted for available confounders

Hazard ratio (95% CI)*

Hazard ratio (95% CI)*

Characteristics Model 1 (n=5361) P-value® Model 2 (n=5441) P-value®
Period#

Period 1 1.00 (ref) 1.00 (ref)

Period 2 0.49 (0.46-0.53) <0.01** 0.49 (0.46-0.52) <0.01**
Age of onset

Old 1.00 (ref) 1.00 (ref)

Young 0.87 (0.82-0.94) <0.01%* 0.87 (0.81-0.93) <0.01%*
Gender

Male 1.00 (ref) 1.00 (ref)

Female 1.02 (0.96-1.09) 0.41 1.02 (0.96-1.09) 0.43
Location of cholangiocarcinoma

Extrahepatic 1.00 (ref) 1.00 (ref)

Intrahepatic 1.39 (1.30-1.50) <0.01** 1.38 (1.29-1.48) <0.01**
Operation

No 1.00 (ref) 1.00 (ref)

Yes 0.52 (0.49-0.56) <0.01%* 0.52 (0.49-0.55) <0.01%*
Pathology

Adenocarcinoma - 1.00 (ref)

Non-adenocarcinoma - - 0.71 (0.54-0.95) <0.02*

Data analyzed by a Cox proportional hazards model between the variables of observation period, age, gender,
location of cholangiocarcinoma, operation and pathology. Model 1 was analyzed using 5361 cases with
adenocarcinoma only. Model 2 involved 5441 patients that included non-adenocarcinoma cases. ‘Period: Period
1: 1976-2005, Period 2: 2006-2013; *P-value <0.05* or <0.01** was considered to be statistically significant.

Since, for these analysis periods, chemotherapy may be the
only difference in treatment strategies among adenocarcinoma
and non-adenocarcinoma cases, adenocarcinoma may have
been more strongly resistant to chemotherapy.

As for cholangiocarcinoma, obtaining pathological
tissue is difficult as it is only available after surgery is
performed. In many cases, cytology by endoscopic retrograde
cholangiopancreatography (ERCP) is used for a diagnosis.
Unfortunately, an ERCP cytodiagnosis often yields ambiguous
results since it is mainly performed for the quick, rapid relief
and suppression of infection and jaundice [15, 40]. However,
since the effectiveness of anti-cancer drugs depends on the
histological nature of the disease, a pathological diagnosis is
very important as shown in the current study. In addition,
early diagnosis is required since non-adenocarcinomas, such
as neuroendocrine tumors, may already be at an advanced
stage at the time of diagnosis [35, 41].

Reasons why the age at onset as well as pathological
tissue differed between i-CCA and e-CCA are considered as
follows: known risk factors for cholangiocarcinoma include
intrahepatic stones, liver fluke, biliary-duct cysts, and toxins.
Differences in such risk factors between i-CCA and e-CCA
may exist [42]. In addition to these environmental factors,
host factors also influence carcinogenesis. The intrahepatic
bile duct consists of cells of different origin, including cuboidal
non-mucin-producing cholangiocytes, mucin-producing
cholangiocytes and hepatic progenitor cells (HPCs) [43]. An
i-CCA grows from such heterogeneous cells. The histological
appearance is not uniform: a mixed type is seen in the small
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intrahepatic bile duct and a mucinous type is seen in the large
intrahepatic bile duct [33, 44, 45]. In contrast, e-CCA originates
from a single cell, and therefore tends to consist of a single
mucinous adenocarcinoma [44].

In Japan, gemcitabine has been used as a standard
chemotherapy for unresectable cholangiocarcinoma since
2006 while tegafur/gimeracil was approved in 2008. Although
cisplatin was approved in 2011, it does not appear effective
enough to bring on a radical cure [8]. Despite the rise in
morbidity due to an aging population, the survival rate for
patients with cholangiocarcinoma has clearly improved with
the increasing availability of chemotherapy [33]. Additionally,
continuous advances in surgical techniques and drainage
technology for cholangitis have contributed to a better prognosis
for cholangiocarcinoma. Overall, combined therapies using
new techniques such as cholangiopancreatoscopy is expected
to improve treatment and further enhance the prognosis of
patients with cholangiocarcinoma.

TNM classifications were available for 1,902 cases and
we calculated the HR for overall death after including this
information. We defined cases in stages 1-3 as a reference.
The HRs for the period, young-onset/old-onset, site of tumor,
gender, adenocarcinoma/non-adenocarcinoma, operation,
and TNM staging were 0.71 (95% CI 0.54-0.96), 0.84 (95% CI
0.73-0.91), 1.39 (95% CI 1.22-1.59), 1.00 (95% CI 0.86-1.13),
0.40 (95% CI 0.20-0.80), 0.67 (95% CI 0.59-0.76) and 3.01
(95% CI 2.63-3.44), respectively. Even though we included
information on TNM, our main results were only slightly
affected.
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Several limitations exist in this study. Firstly, with regard
to selection bias, differences in mortality among sub-groups
may exist. However, because DCO cases in this study were
18.2%, which was less than the 20% reliability criterion
of the cancer registry, this suggested that the precision of
the overall survival estimates was high and that selection
bias was minimal. Secondly, because of the nature of the
database, we could not adjust for factors that were common
risk factors for cholangiocarcinoma (viral hepatitis, primary
sclerosing cholangitis, hepatolithiasis, smoking, occupation,
and socioeconomic conditions) and therefore these factors
may have been confounding with regard to the findings of
the current study. Thirdly, little information on treatments
existed. For example, we did not have detailed information
about operation methods or chemotherapy regimens; therefore,
we could not identify which therapies actually improved the
prognosis of i-CCA and e-CCA cases after 2006. Such pivotal
information should be collected in any future studies.

CONCLUSION

This study revealed two important findings. First, we found
an obvious difference in prognosis between patients with
intrahepatic or extrahepatic cholangiocarcinoma. Second,
non-adenocarcinoma cases showed a better survival rate than
adenocarcinoma cases. These results will be helpful in any
future research and treatment of cholangiocarcinoma.
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Supplementary table I. Definition of cholangiocarcinoma pathologies.
Characteristics Definition by ICD-0-3

T Intrahepatic Bile Tract

8160,8140-8141, 8143,8147,8162,8190,8201,8210-8211
8221,8230-8231,8255,8260-8263,8290,8310,8315,8320
8323,8333,8380-8384,8430,8440-8441,8450,8480-8482
8490,8500,8503-8504,8510,8512,8514,8525,8542
8550-8551,8560,8562,8571-8576

adenocarcinoma

Extra Bile Tract
8020-8022,8050,8140-8141,8143,8144,8147,8160,8162
8190,8200,8201,8210-8211,8221,8230-8231,8251,8255
8260-8263,8290,8310,8315,8320,8323,8333,8350,
8380-8384,8430,8440-8441,8450,8480,8482,8490
8500,8503-8504,8510,8512,8514,8521,8525,8542,8550
8551,8560-8562,8570,8571-8576

TAdenocarcinoma of the bile duct using Information Network on Rare Cancers
RARECARENet.
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Abstract

Objective: Notable advances in diagnostic imaging modalities and therapeutic agents have contributed to
improvement in the prognosis of hepatocellular carcinoma (HCC) over the past decade. However, knowledge concerning
their epidemiological contribution remains limited. The present study investigated the effect of emerging diagnostic
and therapeutic agents on HCC prognosis, using the largest regional cancer registry in Japan. Methods: Using data
from the Kanagawa Cancer Registry, the five-year survival rate of patients with liver cancer was estimated according
to the International Statistical Classification of Diseases and Related Health Problems (10th Edition). Result: A total of
40,276 cases of HCC (from 1976 to 2013) were identified. The prognosis markedly improved after the introduction of
new devices into the diagnosis and treatment of HCC (p<0.01). The trend of survival rate varied significantly between
institutions with many registered patients (high-volume centers) (p<0.01). Conclusion: The five-year survival rate of
patients with HCC in Kanagawa has markedly improved in recent years. This improvement in survival may be attributed

to the advances in surveillance and intervention for the treatment of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most
common cancer worldwide and the fourth most common
in Japan (Umemura et al., 2009; Zhu et al., 2016).

Treatment options are limited, with guidelines
recommending resection, ablation, chemoembolization,
radiotherapy or chemotherapy, depending on liver function
and tumor burden (Makuuchi and Kokudo, 2006; Bruix
and Sherman, 2011; Kudo et al., 2011). Detection of the
tumor at an early stage of disease, coupled with effective
systemic therapy, improves long-term survival in patients
with HCC. (Forner et al., 2008)

In Japan, radiofrequency ablation (RFA) was approved
in 2004 as a new curative treatment of HCC. In 2007,
a new contrast-enhanced ultrasound agent known as
perfluorobutane was approved. During the same year,
gadolinium ethoxybenzyl diethylenetriamine pentaacetic
acid (Gd-EOB-DTPA) used in magnetic resonance
imaging (MRI) was also approved. In 2009, sorafenib
— an oral multikinase inhibitor — was introduced in the
treatment of advanced HCC.

Although these new treatment and diagnosis options
have become available, there is a lack of evidence from

randomized controlled trials addressing their impact on
HCC incidence and management. This may be due to
the tailored treatment required to address the disease
characteristics of HCC (Best et al., 2017).

The objective of this study was to examine the
epidemiological effect of these new agents on the
prognosis of HCC, using a large-scale cancer registry
in Japan.

Materials and Methods

Kanagawa Cancer Registry

The Kanagawa Prefecture is the second largest in
Japan, with a population of approximately nine million
people. The Kanagawa Cancer Registry was founded
in 1954, and is the largest regional cancer registry in
Japan. By the end of 2013, the registry had accumulated
and recorded approximately 990,000 cancer cases in
the region. Details on the cancer registry system in
Japan have been discussed elsewhere (Okamoto, 2008).
Data were collected from neoplasm registration sheets
produced by the diagnosing hospitals or from clinic and
death certificates of patients residing in the Kanagawa
Prefecture. The Kanagawa Cancer Center collected and
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consolidated the data into an anonymous format (to protect
the identity of patients), making them available for
research purposes.

The accumulated data include the following
information: 1) personal identification code, 2) method
of registry entry, 3) diagnosing institution, 4) sex, 5)
date of birth, 6) date of diagnosis, 7) local government
code for the patient’s home address, 8) ICD-10 code
for disease name, 9) ICD-0O-3 code for pathology, 10)
initial or recurrent tumor state, 11) therapeutic strategy
(very brief), 12) operative procedure (if any), 13) date
of death, 14) cause of death, 15) date of last follow-up
and 16) tumor/node/metastasis (TNM) classification and
pathological grade according to ICD-O-3 in diagnosed
patients. The reporting of TNM classifications became
mandatory in 2005.

All information was collected by trained healthcare
professionals in Japan according to the Surveillance,
Epidemiology, and End Results (SEER) program.
Information was updated every year from vital statistics
and death certificates. Previous versions of pathological
codes were updated to the latest versions through
standardized regulations consistent with changes in coding
practices for cholangiocarcinoma. The proportion of
death-certificate-only (DCO) cases in the entire database
was 18.2% by the end of 2013 (Goverment, 2016).

Subjects and classification method

Clinical data relating to gastrointestinal cancers
between June 15, 1954 and December 30, 2013 were
obtained from the Kanagawa Cancer Center. From these
records, data pertaining to liver cancer (C220), according
to the International Statistical Classification of Diseases
and Related Health Problems (ICD), 10th Revision
(ICD-10), were extracted and included for analysis in
the present study.

In order to estimate the five-year survival rate of
patients, the analysis period was divided into four
parts: (1) from 1954 to 1999 (4 years prior to the
introduction of RFA), (2) from 2000 to 2003 (4 years

1954/6/15-2013112/31
ALL 997383
DCO18.2%

[ Digestive system cancer 498983 ]

[ C220 Liver , hepalic

[ Kanagawa Prefeclure cancer registry database J

49129 ]

Data of Age Gender facility,
are completely available

[ C220 Liver, hepatic 40276

| facilty with n=400 I'lMNwas available

[ 1580 ] [ st08 ]

TMN was available
2397

Figure 1. Flow Diagram of Patient Selection Out of a
Total of 997,383 Patients (from 1954 to 2013) Identified
in the Database of the Kanagawa Cancer Registry, to
Reach the Final Number of Eligible Patients Included in
This Survival Analysis.
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prior to RFA approval), (3) from 2004 to 2007 (from RFA
administration until Gd-EOB-DTPA and perfluorobutane
approval) and (4) from 2008 to 2013 (following the
approval of Gd-EOB-DTPA, perfluorobutane and
sorafenib). Due to the one-year difference in the approvals
of Gd-EOB-DTPA, perfluorobutane and sorafenib, the last
period was analyzed collectively.

The two-year survival rate of patients every two years
was calculated, to determine the trend in patient survival
rate throughout the entire analysis period.

The analysis was limited to high-volume centers
(facilities registering >400 cases) and cases with available
TNM classification. The differences in the survival
rates between these facilities were also estimated. Each
high-volume center was assigned a letter (from A to O),
according to the five-year survival rate ranking.

Statistical analysis

The five-year survival rate was estimated using the
Kaplan—Meier method. P values <0.05%or <0.01** were
considered to be statistically significant. Analyses were
performed using the STATA/MP14.0 software (Stata-Corp
LP, College Station, TX).

This study was approved by the ethics committee of
the Japan Organization of Occupational Health and Safety
Kanto Rosai Hospital (No0.2014-34).

Results

The total number of patients with gastrointestinal
cancer registered in the Kanagawa Cancer Registry from
1954 to 2013 was 498,983. Among them, patients with
HCC comprised 49,129 cases registered between 1976
and 2013. Of'those, 40,276 cases with complete data were
enrolled in the present study. Of note, the records of 15,180
cases were derived from the top 15 high-volume centers.
The number of cases with available TNM classification
was 5,108 (Figure 1).

The average age of patients with HCC was 66.6 years
(x10.7), and their average age at death was 68.3 years
(x10.8). Approximately three-quarters of patients were
males (29,646; 73.6%), whereas 10,630 (26.4%) were

0.25

o000
0.0

Figure 2. Kaplan—Meier Survival Curves for Overall
Survival in Each Period (A) and TNM Stage (B) for
Patients with Hepatocellular Carcinoma. Survival was
estimated using the Kaplan—-Meier method in 31,921
patients with complete information on sex, age and
observation period, and with right censoring at the 5-year
mark. The p values were calculated using a log-rank test.
TNM, tumor/node/metastasis classification
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Table 1. Baseline Characteristics

Period N (%)? Age of diagnosis Age of death Gender

(mean+SD) (mean+SD) Male (%) Female (%)
Overall' 4,0276 (100) 66.6+£10.7 68.31£10.79 29,646 (73.6) 10,630 (26.39)
1954-1999 22,968 (57.0) 64.2+10.5 66.0£10.6 17,435 (75.9) 5,523 (24.1)
2000-2003 6,161 (15.3) 68.8+9.8 71.0+£9.8 4,442 (72.1) 1,790 (27.9)
2004-2007° 4,546 (11.3) 69.5£9.6 72.5£9.5 3,191 (70.2) 1,355 (29.8)
2008-2013* 6,611 (16.3) 71.3£10.4 73.8+10.1 4,578 (69.3) 2,033 (30.8)

Data for 40,276 patients with complete information on sex, age and period; 2Because of rounding, percentages may not total 100; *Period after
radiofrequency ablation was approved for the treatment; “Period after Gd-EOB, Perflubutane and Sorafenib was approved for the treatment.

Table 2. Distribution of TMN Stage in Each Period

Period N (%)! TMN? stage at initial daignosis

1 2 3 4
Overall' 5108 1,849 (36.2) 1,635 (32.0) 1,111 (21.8) 513 (10.4)
1954-1999 25 6 (24.0) 11 (44.0) 7 (28.0) 1 (4.0)
2000-2003 91 25 (27.5) 31 (34.1) 21 (23.1) 14 (15.4)
2004-2007° 820 246 (30.0) 269 (32.8) 201 (24.5) 104 (12.7)
2008-2013* 4172 1,572 (37.7) 1,324 (31.8) 882 (21.1) 394 (9.4)

Data for 5108 patients with complete information on sex, age, period and TMN stage; *Because of rounding, percentages may not total 100; Period
after radiofrequency ablation was approved for the treatment; “Period after Gd-EOB, Perflubutane and Sorafenib was approved for the treatment;

STNM, tumor/node/metastasis classification.

females. Cases of HCC, classified according to study
period were: 22,968 (57.0%), 6,161 (15.3%), 4,546
(11.3%) and 6,611 (16.3%), for the study parts 1954-1999,
2000-2003, 2004-2007 and 2008-2013, respectively
(Table 1).

The distribution of disease stage at initial registration
for the 5,108 cases with available TNM classification is
demonstrated in Table 2. The proportion of stage I disease
gradually increased over time: 24% (1954-1999), 27.5%
(2000-2003), 30% (2004-2007) and 37.7% (2008-2013).

Five-year survival rate

Figure 2 shows five-year survival rates prior to and
after the introduction of new diagnostic and therapeutic
modalities (A) and by TNM classification (B). Based on
the data, the five-year survival rate was prolonged over

o Sorafenib
Gd-ECB

Parﬂuowbutanel

RFA

|

Proportion of patients surviving

19751976 |
19771978 |

16791980 |

2 22 8 2 2 2 2 2 2 8 8 8% 858

Figure 3. Two-Year Survival Rate Every Two Years from
1975 to 2013. Arrows show the time of radiofrequency
ablation, Gd-EOB-DTPA, perfluorobutane and sorafenib
introduction. RFA, radiofrequency ablation; Gd-EOB-
DTPA, gadolinium ethoxybenzyl diethylenetriamine
pentaacetic acid

time: 10.4% (1954-1999), 17.5% (2000-2003), 27.6%
(2004-2007) and 50.2% (2008-2013) (p<0.01). TNM
classification demonstrated the following: 66.7% (stage
I), 55.3% (stage II), 25.9% (stage III) and 15.7% (stage
IV) respectively (p<0.01).

Figure 3 shows the temporal change in the two-year
survival rate (every two years from 1975 to 2013).
According to the data, prognosis was improved with the
introduction of new diagnostic and therapeutic agents.

Five-year survival rate in high-volume centers

Fifteen institutions were identified as high-volume
centers. The five-year survival rate was estimated for
each facility. Figures 4A and 4B show survival rates for
all cases and for those who underwent surgical resection,
respectively. The performance ranking among facilities
remained unchanged regardless of surgical treatment.
The survival rate of facility A was 49.8% in all cases and
47.6% in those who underwent surgery. In contrast, the

0 1000 150 2000
Arilysis s (diys)

180 20

“0

Aoty e dap)

Figure 4. Five-Year Survival Estimated for All
High-Volume Centers. Kaplan—-Meier survival curves
for the overall survival of patients with hepatocellular
carcinoma in all cases (A) and those who underwent

surgery (B).
Asian Pacific Journal of Cancer Prevention, Vol 18 2473



Rena Kaneko et al

Table 3. Distribution of TMN Staging in Each Hospital Over 400 Registered Cases

Rank Hospital N (%) TMN'! staging at initial daignosis
Overall Stage available 1 2 3 4
1 A 615 235 55(25.4) 107 (45.5) 46 (19.6) 27 (11.5)
2 B 1,624 100 22 (22.0) 49 (49.0) 20 (20) 909
3 C 890 6 2 (33.3) 2(33.3) 1(16.7) 1(16.7)
4 D 1,467 338 160 (47) 107 (31.7) 55 (16.3) 16 (4.7)
5 E 639 154 58 (37.7) 36 (23.4) 20 (13.0) 40 (26.0)
6 F 1132 185 47 (25.4) 64 (34.6) 48 (26.0) 26 (14.1)
7 G 566 9 2(22.2) 2(22.2) 4 (44.4) 1(11.1)
8 H 707 215 97 (45.1) 61 (28.4) 46 (21.4) 11 (5.1)
9 I 1,074 460 189 (41.1) 127 (27.6) 121 (26.3) 23 (5)
10 J 616 78 37 (47.4) 23 (29.5) 11 (14.1) 7 (9.0)
11 K 1,033 312 116 (37.2) 116 (37.2) 57 (18.3) 23 (7.4)
12 L 676 128 45 (35.2) 43 (33.6) 31(24.2) 9(7.0)
13 M 509 25 4 (16.0) 9 (36.0) 8(32.0) 4(16.0)
14 N 400 95 25(26.3) 20 (21.1) 29 (30.5) 21 (22.1)
15 o 489 57 12 (21.1) 23 (40.4) 19 (33.3) 3(5.3)
I'TNM, tumor/node/metastasis classification
, prefecture.
—_ A N B
T NS Discussion

e 19S4B10MNE = 200071200972

20081201372

Figure 5. Temporal Change in Five-Year Survival in
the Facilities with the Highest Prognosis (A and B), and
in Those Two with the Lowest prognosis (N and O). A
consistent improvement was obtained in facilities A and
B, unlike facilities N and O in which improvement was
inconsistent.

rate of facility O was 18.6% and 13.7%, respectively.
Figure 5 demonstrates temporal changes in the
five-year survival rate observed in the two facilities with
the highest rates (A and B) and the two facilities with the
lowest rates (N and O). During the four analysis periods,
prognosis improved in facility A (23.7%, 33.4%, 43.4%
and 71.8%) and facility B (18.7%, 32.9%, 40.6% and
58.1%, respectively). In contrast, improvement was low in
facility N (14.0%, 22.9%, 28.4% and 39.1%) and facility
O (7.7%, 10.3%, 13.3% and 37.9%, respectively).
Table 3 shows HCC staging at initial registration.
Facilities A, D, F, H and I were university hospitals
and cancer center hospitals. Facilities E and N with the
proportion of stage IV cases >20%, and facility M (stage
IV >15%) were located in the port and harbor of the
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This study demonstrated that the prognosis of HCC
improved over the past four decades, as a result of the
introduction of new diagnostic and therapeutic agents.
The rate of improvement was significantly different
between facilities.

According to the data from a large-scale cancer
registry, the five-year survival rate of HCC patients
improved consistently over time. The prognosis of HCC
was good for all stages of disease (I-IV). These results
secure the external validity of this data source.

The Kaplan—Meier curve for the period 2008-2013
reached “plateau” after 1,000 days of analysis time
as shown in Figure 2. A reason for this may be that
the surviving patients at the end of this analysis were
censored. However, the most important reason may be the
early diagnosis of cancer enabled by the introduction of
new diagnostic modalities and effective treatment options.
Detection of the tumor at an early stage, when effective
therapy may be applied, is important for achieving
long-term survival (Forner et al., 2008). Gd-EOB-DTPA
and perfluorobutane permitted the evaluation of
early-stage HCC and prolonged survival (Matsuda et al.,
2014;Kim et al., 2015). Imaging with Gd-EOB-DTPA
presented higher diagnostic accuracy and sensitivity
compared with 64-section multidetector computed
tomography (CT) (Di Martino et al., 2010;Akai et al.,
2011). Perfluorobutane enabled the detection of small
HCC visible only through dynamic CT in continuous view,
unlike the B-mode (Kan et al., 2010;Mandai et al., 2011).
These agents contributed to the detection of early-stage
HCC and may be responsible for the observed increase in
the proportion of stage I cases (Table 2). Consequently,
the two-year survival rate was markedly improved with



the introduction of new diagnostic and therapeutic agents
(Figure 3).

Approximately, 70% of HCC cases in Japan are
attributable to hepatitis C virus (HCV) infection
(Lavanchy, 2011;Zhu et al.,, 2016). The overall reduction
in HCC mortality observed since the late 1990s in Japan
may be associated with the decreased incidence and
improved management of HCV infection compared with
the period between 1940 and 1970. During this time, the
widespread use of unsterile needles and blood transfusions
resulted in an epidemic of HCV infection. (Nishiguchi et
al., 1995; Tanaka et al., 2008; Umemura et al., 2009; Goh
et al., 2015; Bertuccio et al., 2017). In addition, protease
inhibitors such as simeprevir or telaprevir resulting in
highly sustained virologic response (SVR) in HCV were
introduced in 2013 (Kumada et al., 2012; Hayashi et al.,
2014; Izumi et al., 2014). More recently, direct-acting
antiviral agents inhibiting key viral functions have
become the mainstay of anti-HCV treatment (Pawlotsky,
2013; Suzuki et al., 2013; Mizokami et al., 2015). Prior
to the introduction of these therapeutic agents, interferon
(IFN)-based treatment was recognized as the standard
therapy against HCV infection (Izumi, 2010), despite the
suboptimal SVR induced by this treatment (40%-50%).
However, patients responding to IFN therapy and
sustaining loss of HCV RNA are generally regarded as
being at low risk of developing liver cirrhosis or HCC
(Nishiguchi et al., 1995). Furthermore, IFN decreased the
rate of carcinogenesis in those with normal or persistent
low alanine aminotransferase levels (Ikeda et al., 1999).
These continuous efforts and advances in anti-HCV
therapy may have influenced the improvement in the
long-term outcome of patients with HCV.

Sorafenib, an oral multikinase inhibitor with
antiproliferative and antiangiogenic effects, was an
epoch-making drug for HCC. This agent has been shown
to improve overall survival in patients with advanced HCC
(Llovet et al., 2008; Cheng et al., 2009). In the past 30
years, the use of anticancer agents for the treatment of HCC
has not shown consistent survival benefits (Llovet and
Bruix, 2003; Lopez et al., 2006). Sorafenib successfully
addressed this unmet medical need, prolonging patient
survival. This effect may have contributed to the prolonged
five-year survival rate observed after 2009 in this study.

Survival rates varied considerably between
the high-volume centers investigated in this study.
Prognosis was shown to improve over time in all facilities.
However, institutions linked to good prognosis tended to
improve more aggressively than those associated with
poor prognosis. The reason for this tendency may be
“lead-time bias” (Huo et al., 2007; Singal et al., 2014).
The detection of early-stage HCC and the appropriate
administration of curative treatment leads to prolonged
survival (Huo et al., 2007; Oeda et al., 2016; Singal et
al., 2017).

It has been shown that the proportion of patients with
small-size HCC and curative therapy was higher in the
surveillance group than in the non-surveillance group
(Tanaka et al., 20006).

Morphological differentiation between early-stage,
well-differentiated HCC and dysplastic nodules is often

DOI:10.22034/APJCP2017.18.9.2471
Improvement of HCC Prognosis in Japan

challenging (Kojiro and Roskams, 2005). The approach
toward initiating treatment of a small nodule as an early
cancer differs among facilities. To address this point, the
distribution of cases according to the TNM classification
of disease stage was evaluated in this study (Table 3).
The results showed that the distribution of staging was
affected by locality and did not relate to the ranking based
on survival rate. However, the cases with TNM stage were
very few and the lead-time bias remained the main reason
for this difference.

In addition, the preferred treatment against HCC differs
among facilities. The use of methods such as transarterial
chemoembolization (TACE) was heterogeneous between
facilities, and the timing of administration of a multikinase
inhibitor may be critical to the outcome of HCC (Lencioni
etal., 2016).

This is the first study to examine the prognosis of HCC
over approximately 40 years using a large-scale database.
However, the available data did not include information
regarding the etiological factors affecting HCC such
as liver function, viral infection and treatment course.
Therefore, it was not possible to determine the cause of
these changes in survival rate.

In conclusion, this study revealed that five-year
survival of HCC improved over the past decades. This
may be explained by the development of surveillance and
follow-up screening for high-risk groups among HCC
patients. This allowed the early detection of HCC and
appropriate curative intervention, consequently improving
patient survival.
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