miEAER, 70010 1 111-116, 2015

70 1111

ERSHIBT B BEIFFRDEE"

H s & F Kl E 5

Key Words : HBV carrier, national prevention program of mother-to-child HBV transmission,
HBc antibody, HBs antibody, HBV genotype

LI

WHO otV Tid, BEIFF47 4 VA (HBV)
D REGEET 2048 A, HBV Efses (HBV ¥+
YT ) iE35EATHY, BEHE~ 10075 A
DN A A HBYV BEFRE (EEEEEFE, F
BERHFAVICLYETTE22HEEATY
A, B oOHBV#EFHEIEE (5 24b 5 HBs Bt
B 2A5L, 8% FBATEHNERZRT
L, BAEEME(ER - F-A 70T -
Sa—=T=F Y FEE ), EETYT, FNFE
BL o7 7 AE, 7T v, R
fFTF, HI—ay0—ELEhY, RO
A0 3O AR OEERERBIZEEL Ty
HEZkiZhA, HBVFEX Y7 —DT70% T IT
AR L, FOEREBERIZETEYEE LU/NE
BAOKEEBERIZ L B L S Tns . ARIET YT
D—ETHELH, HBVF+ ) 7— 2% LUTD
BVEAEZESNITNS.

HHTEITTIE 1986 48 A0 5 EH g% & LT HBV
Fyl) T-0FHEFETALE TSI
JiHBs & FR¥E a7 »(HBIG) 8 L B
F R4 (HB) 7 & 5 v % #7383 5 [selective
vaccination | |2 & A HBV B F-Eue e 2 5
MEL/A-Z &z, Pifh, HBVEFREEIIZEA
ERllzolt LEEINTWAY,

A THEINITOEZFEERELL LI,
HBV &G OEZ OB DWTIR Lizve,

BEEAICSTEHBY F+ U7 —

DHHE O BEFF Y A VA BRER T 2 iR
A728, 20004 RIS b4 DD EFTHE
SN R A VAR ELTT.

1, FEENEERICHITIHEERNIIAL

HBV &+ ) 77—

EETCH SN AL
HE L Twd HERTFOLEE Y —II8
% 2001 £ 70 & 2006 48 © 6 4 1 @ %7 B4k i
3,748,422 N DER PO EH LA HBV F v
F(HBsPUBE SR ) 2 WA E R IR 9 (F
1-A). HBV v 1) 7 — S22 1945 £ F A D 4
EETESP e —EEr R L, EEEFATIE
{, FICHBV BV EETFHEHEDORBRZICHAE
L9 TOEMTEELOTERVWEZRL
TWwd, i, HEENCAS L, FHEO L E
2 B5NB S0 AR OERRE TR —EE
FRLTYDSZENFRTHMN, dbiEE, Juiliisg
TREDY -7 EAEZETFHOE LY 2005
HERLTwE, —F, Wwio#iE s, 208
DT OB VERHE TIZ0.04 ~005% D EbhdT
BWHBVH v 1) 7—FEZRLTWnAEI Lo
L. EfE ) 7T Ro@EEIEHEIC L) &
BEFFEOONLL0O0, £ETHRBIZEOLR
w5 (E1-B).
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2. BESREERCSIIHEENICH -
HBV v ) 7—5 .

BEEBIIBWTI986ED S 012F ICERK
ZRILOETHRERBEZZ LA-491915 A
DOHBV 47— 2L HBsHEBHR% B4
EINRT (B 1-C, D). MEHMELER LR
BRIZ 1945 ERTHRICH A Liovbw 2 F DAL
$#HEIC HBV & v 1 7 — BARLE WVEA MR D
bh, EOIC1916FEFIZICHE LAERICBY
THERDOE -9 Bobhs:. —F, HBsHifk
AR ICDOWTARD &, 19854 4 MLk 0 &M
T # 10%, 1950 FERIA AL T34 20%,
1945 4 LIRTH & Tid#930%, 1925 ELARTHIZAE T
1$35% &, HEENSHPDIZLEFILEHVEEZR
FTEDBELIEREoTVS., BEFLETIA VA
PRE INLUEIS, DEEOREREBRLED
WHAZERES, BERSONSH LB, &
EFRFRPHBOERIEI HESEORS A
7 DR HBs b EROEBOFRICHS
AR INDS, 1M48F I HAT SN/ FB#E
R4 0 HBs BB HEROELRBDH LN T
Wipyy,

3. FHBEMICHT I HEFRIHBY X+ )7 —

=

LBEBOERAREE LGBET>TwA
SSEMBENI L, IR OHHZETRE
L7- iR 4EE 12 BT 5 HBV B RiT % R ¥ (F
2). 20104E4 B A H 2011 ES RIS D41 R
Toife % L7:15,233 A (E3H4EH ; 30.5+5.15%,
i 4E 2009 £E O 1 B 1R 0 i 4 £ 25,596 A D 60%
ICHEL ) BRI R E L7229,

HBV % %) 7— I3 L4E T2 0.52% (95%CI :
0.40 ~ 0.63%) TH 5 A%, 1986 FELABFICHAE L/
EEMEETIZ00~0.12% L5 < , HBsHER
HThoEZidbi{r 28 Thor:.

4, ERBEMICHEYAHEERIHBY ¥+ U7 —

=

BRTOEHREZERICHFEY M VARE
*EHET 5 HETRE 2 2011 ~ 20134E L BE
TEM LAESERT. EWMEBLIUY—-EX
FICPEHET S 1,637 AlCBWT, HBVF v ) 7—
F 13 1.1% (95%Cl : 0.59 ~ 1.60%) TH b, 20
~ 298 T120.0%, 70~ 79 TiX3.9% £ B
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{EZR LA EREEIICERRED O o7
(H2). HBsHitAREMERIZ 14.8% (95%CI : 13.1
~16.5%), HBc LR 14 % 14 18.0% (95%CI :
162~19.9%) TH Y, WTFh L ERHRREHIH L
ALY, BWEEZRLA. AEFATHOHBY
BREBRFEOTESEIHLDIINHEED 19.5%
(95%CI : 17.4 ~21.6%) &2 o7-.

—7%, HBeHEBHRIIOWT, BEHEESE
HETHRE Shi- BRFRTEH PR EH RO
BRERBE, FR2ELAISL24E3AFT
O@MEHME 1,079,341 A (B4 619,582 A, &t
459,759 A) @ HBcHifE B PSR 14 1941 ~ 1945 4F
HAEZMFBAELRLTEY (BHEH23%, &
#418%), HAEENFEL BB LLEDITEWEE
%%. HBVEBEMILOTEEM D H 5 HBV R
BAER, BEBRBICRAIEVFOEESHE
Y, iz, INFTHREOBREN L BHPR
REASEVIBEYFHLIEDL, REBODEE
EEM %R & L HBcHiEREDHEI W E
THbrLEZ LN,

7T EEED HBV Bt
—HROTER, NMFLARESESE
HMMETORFLE T IVIFEELS>—

HBVEREOEEERZBBRTH L7V T7D—H
ThrH VRV TEEBIUN LS TR
MEICBOTIT o A MIEEEREDHERERT.

N FARSERFLNET2012£3~9A1C
—BREREHRE LTI oL A N AERS
DFEFFHEDTIZ, MHF509 A(BH% 230 A,
w279 A, FIER | 40.8£12.85) O HBV
F )7 — %X 153% (95%CI : 12.2 ~ 18.5%)
THH, 20~29F T35 < (21%), 50 ~59 %%
DEFHFTHROIEVEGR%) 2R LA (H=3).
7, HBe i BB MR I3 71.7% (R © 67.8 ~
75.6%), HBs i B 1213 60.3% ([ : 56.0 ~
64.6%) THh, HBVREEARIIER IIHVVE
AN A

F7, 000 2ADLEELFHVRYTE
ETERELTHWAIFE YA NVARERTEED
TeHDFELRABETIE, —RER483 A(BH 194
A, K28 AN | FHERL07EU47R) LB
T, HBVF %) 7—Ri34.6% ([ : 2.7~64%)
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20104 B 1 H~2011E3 31 B RBE)
A N=15.033 ] 458 EHHEAIh 41 HEEY
T Ei 1305451
HBsAg B EaE 0.525% | R "
{(95%Cl © 0.40~0.63%)
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E2 HRERICHT5 HBs RIS (A), BERNCH 2 BAFTA D W AME Y — 5 — 5145 (B)

Thb, 30~398TIE74% L,sa,z%“&"v’?*“ * HEY & LT 1999 48 2 & B ERE TR (Nucleic
T i*;i R LSRR I R bk acid Amplification Test, NAT) & A LTy 5

7ro 7z, HBe UL R4 312 38.5% (7] @ 34.2 ~ B G NI B0 Ao % £ o Trd
42.8% ), HBs iR 155312 30.2% (8 © 26.1 ~ 5504 S — M NAT CH-727%, BEZLAGD

34.3%) &, %130 HBV LB ERII S WET M T &I NAT 2979 [E5INAT (2004428 B
a*mzz&. ~ 207 7 — )L NAT, 2014 4 8 Jj ~ ‘fUNAT"‘%i
A) 39T DB IR A0 B & SR B O

HYEOHEOEERICETS ORI V4 LA PR T .

HBV genotype D57 2006 42 10 f 7 & 2007 45 9 B O 4 Bt L &
HARFRAFHIME Y & — T, REnEFY 4,959,541 A5 5 HBs HUE 14 T - 72 1,979
A7) =y FCSEEIdIRTE Wy  » F N\ genotype D ST EE T H - 72 1,887 A

HEBCERL SR LE A B O A VA L DR [Z DT AR FL B 12 HBV genotype D 55 %
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Yoshikawa 528 E L Tw 2%, 1887 LD &
HBV genotype C TH - 72D1362.6%, genotype
B7#Y30.8%, genotype AW 56% TH 1, BED

HIFF4SFEBIIZ BT 5 genotype ADE & & isffﬁ
— T =7z, F7x, lgM HBeHiffR ks 1,887 A
$1 61 A (3.23%) TH "} IgM HBcHifRE s &

LB BRI IOER & B L %“3‘: @?ﬁ"&é 61
JAZ i 8 5 genotype ADOFE1X21.7% & w2
AR BNT A,
5142, {EE %% 1,887 A7) HBV genotype D%}
i BB L, genotype B 2560% L
éi? i:é &, BRHE - WOE - FE - ””,
Genotype B & genotype C 6?3&*5 e R SF i DA
e o O ALIEE - FE - BT
WAk - Bk - T - mEN - *“?\Ffdaﬁh- k4
HAIZBWT éi“‘*‘*ﬁ&ﬁwﬁmvf genotype B#°
1B 72 % genotype C BRI R B %2500, £7-,
M i /5 Cld genotype B & CANEAET 272 &4
FEEICE ATV, TEHA T genotype CHE
FzA LTB 0, MR O A genotype BAME
i Cdh o7z,
HATEOEN B BT 4EH Tl HBV genotype
C & BATKE % 5DTwADE, BB RFT&E
BTl ERA 2 S v b 25 genotype AIZ L B

CEB f/:ifi':

FEEHNE LS A—SEEERIS I3 BEFR I/ N AEE Yy —H — k=

ML, INFTL R L BRI X B B
B o TNH I EATREENTWA.

— 7, BIIEON L EEE T T
FIIBITAHBY genotype@ﬁw ;i
HBV genotype B 14 58 A (75.8%) & %

, genotype C129 A(5.2%), genotype D 4
fmaz%? THhor-(HEREeA). /-, HE
Hh RV T EENI BT HEEEMAETIHE, 26
genotype C TH o7z

B bH W
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BRSO LB o HBY
Fy ) TR, 7l EHE HBV BT
Pt hnEyicsi Lo fz%"é?, DT E O FEE
il LA HBV F 4 7— 04 LRI TEE
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£ B 5 OGRS R Y B LUV HBY +
DT —ALEICI oW TIHEZENBHE IR I AT
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Ao ERNE HIEFRDHLENT VS,

N T?@U)‘&i% CE AN DG OB IR,

HlE
{th
i

&5 H B

)“@‘L

.4

i

s?i
~1
~.3
A el
e

-y



70116

TIVTHEHEEREY =5 be Lizya—rOuibrsi
K BAEEIRET SN THAd, 7YV 7HEL
BT EDHPEDOHBY ¥ v 1) 7 —Hi3E L,
F7-, & - PLERBITB VT HBs PR A B HMUE
WZ bt, +47% HBV BRETF Rt SN E &
AR ETVAZ EETRBELTVS,

¥ 72, HBVEEHAL O Wit 0 5 HBV Bl
EEEEL, WERB IS BICHEVEOHESH
ZEWRENTEY, FRIANVABREHREOR
BLRE, SHBOBBETHHILIWRBEEINS.
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WHO (H#FREEE) oiErt) Tz, R0
BRIFF% Y 4 WA (HBV) OFrfe &g (Fx )
T F24 A, CEBFLY A VA (HCV) DR
BrgeE (HCV ¥ v 7)1k L.3~1L5BAFE
L, HBV - HCV &3 EH L2 fFRBIC L 5
TR, P TEED 110~130 FAICDIZA.

HASE T 1990 FE48 2 & TR Y 12 KT B
A, R ANVABREDOEA - kL EFHD
WHEZEDFRIANVAF Y ) THELERL
TETWA., ABRTIE, ThIToOEENRAE
BARICEDWI R A VADEEEFK - T
R OB L BEIZOWTHAT 5.

FHEE T DR

OAEEDEEDE 1 L% 5D T 5 EEA
Wi & B B T 13 364,872 A (2013 4E 8 W O
28.8%, NI 10 5 AKF 290.3), 2D 9 BT (BF
BIUHFWEE) 0O BEHEYIC X BT
30,175 A (B4 19,816 A, 10,359 A) TH
D, BEEBIRCIEMI T, Bi446n, L6
IHREE L T b (EAHSEE Tk 25 (2013) 4
ANOEEHE). BFEERZALE, TRET
AN 1075 AR 10 ABETH - e TR
1970 E A HAH L 2002 FEIC¥—27 2RLT
W5 (K 1la). BERBRIERICH S LiFwZ,
BWIRCEZRL TV,

FEOAE

RO REIZOWT,

0910-1551/15/ ¥100/ H /JCOPY

—BL-BRE TR

REBRE RERERERRENIERES - BWREEZE 7222 - LAl

v TE A EFVFEHEAY 1980 FH 2 HH#EET
LTwWaAE#t%ZRd (K 1b). HBV Ok
WCEET 2RO TE AT 105 Axt3~4
ANEBEREIBIZ—EDEEZRLTBY, &b
HTHBMBTH A, 2000 EROFMIELT DY
SUTERLTWZ 1977 £ T, FFEECO
#141% A HBV ISERT 5 & E 2 b 7225,
2007 FEIZIZZDHEIEDHI15% LB LTn5,
—7, 1980 4ERLLEE, FFMEE T L 72 )R
HIZFFAFBERICERT S DD LHEETE,
ZFDIFEAENRHCV OFFRERICERT 3 3
DTHAHZEN192ELETIIHL, L 25
Twh, %8, 198FELEOHME AL L,
FEBIECHICHIT 2FBETOEE»EHK
D 10~15% %= GO THMBEmmICHS. LirL,
FFRREFE T 0 8 ENIIF& 7 4 v A OFke i
FIEEL, Z0F I HCV ICHERT 5 L
EINBZ b, WEYANVARET &N
KA NV AOFRRREE (F v ) 7T)HE, IS
CHRIFRTANVAF ¥ ) THED, FHOXE
ELTEETHAZLEIHFETES.

RO A )V AFHREREAE (FvU7E)
DLAMOEE

. FROAIJIVAF U 7E

b2 E T LE DM 7 — Tl i %
DREREHBET A0, H—shRELD
gL LD BWEETRESTDOhTWw 5.
—#EFICBIT 5 HCV B X " HBV D &Gk
WAZDWTIE, #EHE I E (1995~2011 ) ©
Bk 0 Bk OB & Y IFREENFRIET
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mhAEICHTIFEICEZFRTCOMEBE, 1970 FRHLSRMU 2002 FICE—-VE2DA

REZRIERICH 5.
BLAL, 2013 FRRTIHAEZBABIECTH

wHY), FlEREABHRIVLETH S.

m 2007 FEBERT, MR OH 80% (& BEIH 5003 CRIFFR T 1L X DFFHRELIC

BET3EHESNS,
1a HAEIICHITAFEICEK
BETDHEB
(AO10F AL (*égﬁc}ggi (158 2= 8% SR, 25 (2013 48) AT
1950~2012 o PRy ' RERERT & b FERR)
Btk 9
301 F ot
20

10

1CD8

ICD6 ICD7

ICDQ ICD10

bo (AO10HAK)

1[0 HBs #iERatE: [ HCV BB
1@ HBs HiFEREM B 3EFBFC

254
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1985

20
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1990 1995 2000 200

1977~2007~2012

B 1b FERC A 7 FFiamsc
£ BT DORFRIHER

(LA 5548 © JF 9e 55 7 AR BOR BT 58
PRMBERROFOLFRIA NV
A RHARIL - RIIHEE & AR
RCWT AW HE X DEIA)

5 2010

HEH LY 2 RCRE 2 To TV 5B, £
D B, 2001~2006 4F 3,748,422 A D E#Y &
7~ (R 2).

HCV S HER I &EFH T 0.26% TH
B, BEWBETIZ2% 28X, —HEERT
XEDLDOTEWEEZRLTWAS, 7, HBs
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PR R EEFE TIZ0.31% Tho 7275,
HOMRTIZ1% 2B ARBWHEEZRLTY
5. BRI ZEBICF e A v ARRGAVHIBE L 72
£, ThETRELZMOZVE THEOHE
ELTWRLEEZLNDE, INLOEMHP D
1%, 2014 4ERE I T 70 U E OB ERER
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B HCV RFGMEIEFRETIE 2% 2BA 5P, BEFTREHOTEVEEZTRT.
® HBs MEEGMRE, EROEATIE 1% 2BAPEMEEZRL TV, BEFETIE

EWMEZRT.

EBEREHSBVEEHSICBELTVWAHCV £+ U7, HBV ¥+ U713, BRREICEZL.

%
20

HBsAg
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15 20 25 30 35 40 45 50 55 60 65/ 20055K&E

anti-HCV

0.07%

1990 1985 1980 1975 1970 1965 1960 1955 1950 1945 1940 HASE
15 20 256 30 35 40 45 50 55 60 658 20055HS

2 YEHnNELERCS T3 FRERRIICH L HBs fREBMEEE HCV HiFBiEsEE (2000 F£LI#)
(3CHk 3) & &5 H)

Tid, BREZHLZVEIIHETEHEL TV
HCV*¥Y7, HBVFx ) 7HEKRE L TH
WZ AR SN S.

2 FRIAILAFTUTH

BITEIC /R Lzt £ o Rt & & B
TZEEFMORE T HWT, 2005 EREHEO

Fr ) THOBEEToET A, BREZHS
ZVEFIHEICEELTWAHCV %) 7,
HBV ¥+ V) 7ix£hZh 80.8 5 A (68.0~97.4
TN, ¥90.3AHAN@B37~97.0 5AN) & otz
—%, ZOMHEEHMEIZ, 1990 FEALIC FBEARE
BOFETHELZF Y ) 7HERET 5 LR
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B OBEEMOBVEETFHSICBELTWBDX v U7 (ZF, FRIAILABED

HEE A LR,

B QOBELELTTTICHEEE - ABRLTWAF v U7 (212, BIAMOMERY
BEFe M Bh Y I BE D fH#E A&, FFARBARRE 4 £ (BT 2 ERIREE. MERRS D

WBETHDENDIBHEILE,
mOREICE-STWL W,

HBANVEHRZRRICE-S>TWVWAEWVWXYUT (CE, FRIAILAD

R C L AT REXCHEEBREEBOY X7 DIEBHAHE, EHFMBEESEOLHEM.
B OFBRBRICEDIFYIT FPREELEVEDS, BRFHNEELML 3.

@B#F L LTETIOnR

@(lﬁé&tiﬂ%&ug gg) Aﬁb’(wa#.\' U7
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@(mwa)ﬁm L
TETWIXHUT
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gggﬂﬂﬁmwiﬁﬂ@,%ﬁc@btﬁ%#

B3 FRYAMIAZvUT7DHSICEH T IHFERE
43
(E A5 @4 - RS EIREBORTIEI ¥ 2R D SO 7
By 4 v A RBERIR - RIIFER &GS A R HICHT 5
WFPEHE | a. 4T 4 )V A RBRBARIIC B 3 % e BT 98 &
nEIH)

ML EFBEONE R Thbh, K
FAOBRWEFFHRIEBELTWIHLEYA NV
2% X ) THIZ, THRRLEMEZ EHHL L
o TiTo TE M4 DREERMBMDYE KA F
WEh, BAyLLEEZOLNR, LaL, £
HUEEERELZ MO 2T I TWAEHEESH
IEhn, —ERFRYANVABREEZHRT
5bk%ﬁ®5_tﬁﬁ$tmxb
HECBTZHFEKRBRF vV 71Ok
REZHOLZVIFIHEIBELTVSEF YY)
71, T@QBEL LTTTIEE - ABELTWw5
Fx YTl [@FZILEsTVARY, Wi
WHRMZZICE>TwivnEy ) 7, [OFHK
FIZIBF YY) TINEZLNR, ZD4FHEIC
LB5F v Y TOERE - EROEEISFEE L
77a—FTirbTBY, REIC 4585
EABLDZ EIREHE VLS (K 3).
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BF71 U ARREHDBEIC DT :
REOBNCSREE

JF5% - BRSO Y A D—2 & LT, I
RIANWABREOHMENSEETH 5205, Bkx
ST L HE SN UBOBIHICOW T
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Validation and limitation of age—period—cohort model in
simulating mortality due to hepatocellular carcinoma from

1940 to 2010 in Japan
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Aim: We aimed to simulate the mortality due to hepatocel-
lular carcinoma (HCC) by the age-period—cohort (APC) model
with use of sex- and age-specific mortality data, for the
purpose of validating the utility and assessing the limitation of
this model.

Methods: Age-specific mortality due to HCC was gleaned
from people aged 20-84 years during 1940 through 2010 in
Japan.

Results: The APC model had a high performance in repro-
ducing HCC mortality (modified determination coefficient
R%0r 2 0.99). Risk of HCC increased with age in both sexes,
while risk of period barely changed in both sexes. The birth
cohort factor in the APC model in males highlighted the
maximum point within birth years 1931-1935. The observed
HCC mortality in 2010 in males (19 444) was lower than

the predicted, and corresponded to 72.3% of the predicted
26 883.4, and in all age groups by 5-year increments (55.6—
90.9%). In females, the observed mortality was lower than that
predicted in those aged 64 years or less, but not in those aged
65 years or more.

Conclusion: We applied the APC model to predict HCC mor-
tality rate, and it reproduced the observed mortality rate faith-
fully. However, in the recent past, the observed morality rate
in males was only 72.3% that of the predicted. Such differ-
ences would be attributed to combined effects of medical
interventions, such as antiviral treatments and screening for
hepatitis viruses implemented in the early 1990s in Japan.

Key words: age—period—cohort model, epidemiology,
hepatitis B virus, hepatitis C virus, hepatocellular carcinoma

INTRODUCTION

ALIGNANT NEOPLASM REMAINS the most
common cause of death in Japan. Mortality
caused by liver cancer in males started to increase in
1975, peaked at around 2000, and has been slightly
decreasing in recent years. By contrast, the mortality due
to liver cancer in females is still increasing slightly. At
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present, liver cancer remains the fourth leading cause
of death among malignant neoplasms in Japan, and
32 765 people died of it in 2010.

The age-period-cohort (APC) model® is based on
epidemiological experiences in which incidence or
mortality is influenced by three major factors: (i) age
factor; (ii) period factor; and (iii) birth cohort factor.
Age factor reflects the risk of aging, while period
factor mirrors the common risk posed on constituent
members during a given period, regardless of age. The
birth cohort factor reflects the risk of historical back-
ground of medical policies, such as treatments, vaccina-
tions, health insurance and screenings, as well as
environment shared by the birth cohort. The APC model
is used increasingly frequently for analyzing temporal
age-specific incidence or mortality data in late years. For
example, Pham et al® analyzed the mortality due to
chronic obstructive pulmonary disease in Japan using

713
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the APC model, and proposed the relation to cigarette
smoking. Likewise, Ito etal® applied the model to
incidence rates and mortality of some cancers in Osaka,
Japan, and discussed the factor characteristics of each
cancer. Lee et al.” analyzed mortality data of hepatocel-
lular carcinoma (HCC) in Taiwan using the APC model.

From the etiological point of view, however, persis-
tent infections with hepatitis B virus (HBV) or hepatitis
C virus (HCV) are the primary cause of HCC in Japan.®’
HCC is principally caused by persistent infections with
HBV and HCV that were responsible for 16% and 80%
of the cases in 1995,° 13% and 81% in 2000,* and 15%
and 68% in 2005 of the cases, respectively.

Because HCC accounts for the great majority (94%) of
liver cancer in Japan,® they were deemed equivalent and
will be collectively referred to as HCC in this study.

Since HCV was cloned in 1989, anti-HCV screening
was introduced to blood donors for the first time in the
world in Japan."' The opportunity to undergo HCV
testing has increased swiftly in hospitals and clinics, as
well as in health check-ups. We analyzed the utility of
the APC model, as well as the limitation, in simulating
yearly deaths due to HCC in Japan. We went on to assess
how countermeasures against hepatitis and HCC imple-
mented since 1990, such as hepatitis virus screening and
antiviral treatments, influenced the HCC mortality pre-
dicted by the APC model.

METHODS

Data sources

EX- AND AGE-SPECIFIC mortality data of HCC were

obtained from Vital Statistics of Japan' for 15 time
points in 5-year increments from 1940 through 2010
(e.g. 1940, 1945, 1950). During the study period, the
International Classification of Diseases (ICD) changed
six times, and therefore we needed to employ the time-
dependent codes listed in Table 1. Vital Statistics of

Table 1 Target cause of death due to liver cancer

Year ICD Code
1940, 1945 ICD4 46 (3)
1950, 1955 ICD6 155, 156
1960, 1965 ICD7 155, 156
1970, 1975 ICD8 155, 197.8
1980, 1985, 1990 ICD9 155

1995, 2000, 2005, 2010 ICD10 C22

ICD, International Classification of Diseases.

© 2013 The Japan Society of Hepatology
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Japan in 1944 and 1945 are not published, so we used
Vital Statistics of Japan in 1943 to represent number of
deaths and population in 1945. No ethical problem
occurred in this study, because only census data were
used as the data source.

Data analysis
All mortality data were tabulated into 13 5-year age
groups (from 20-24 to 80-84 years) in each of 15 5-year
time periods (from 1940 to 2010).

First, we estimated the sex-specific effects of age factor,
time period factor and birth cohort factor on HCC mort-
tality using the APC model:

yij ~ Poisson (1), log (1) = log (Py) + u+ A + P+ Cy,

where 1, A;, Py and C; denote intercept, factor of i-th age

group (i=1, 2,..., 13), factor of j-th time period
(i=1,2,...,15) and factor of k-th birth cohort (k=1,
2,...,27), respectively. 1 y; and Py denote expected

number of deaths, real number of deaths and popula-
tion in i-th age group, and j-th time period, respec-
tively. The APC model has methodical drawbacks, such
as the “identification problem” (see Appendix I for
details). We assumed that two effects of the birth
cohort factor, Cy (1896-1900) and Cie (1901-1905),
would be the same with respect to the influence of this
problem by Barrett's technique.'? We set the baseline of
each factor as 20-24 years old (age factor), year 1940
for time period (period factor) and 1896-1900 and
1901-1905 for birth year cohorts (birth cohort factor),
respectively, in the calculation of 95% confidence
interval (95% CI).

We estimated effects and their 95% CI of age factor,
period factor and birth cohort factor by the maximum
likelihood method, and estimated the mortality by the
APC model using estimated effects for evaluating the
validity of the model. The expanded determination
coefficient R%*cor'® was used for comparison between
observed and estimated mortality rates (see Appendix II
for details).

Second, we estimated the effects of age, period and
birth cohort factors by using data confined to 1940-
1990 in the same manner, and estimated number of
deaths due to HCC in 1995, 2000, 2005 and 2010 on
the basis of these effects. We assumed that effects
of the period factor after 1990 and those of the
birth cohort factor after 1970 would have remained
unchanged.

Statistical analyses were performed using JMP ver. 9
(SAS Institute, Cary, NC, USA).
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RESULTS

Performance of APC model in simulating
mortality due to HCC

HE 3-D PLOTS of sex- and age-specific mortality

rates from 1940 through 2010 are depicted in
Figure 1, for comparison of the observed mortality
against that estimated by APC model in males (a vs b)
and females (cvs d). Observed mortality rates are closely
reproduced by predicted mortality rates in both sexes
with very high expanded determination coefficients
(RZCOR > 099)

Risk of HCC deaths in relation to age, time
period and birth cohort

The effects of age factor, time period factor and birth
cohort factor on the APC model are displayed graphi-
cally in Figure 2. Age effect was based on the 20-24 year
old group with 95% CI values. There was a trend for
higher risk for HCC mortality with increasing ages. The
effect of the period factor did not change enormously.
With respect to 95% CI values based on the year 1940,
there was no difference in the age-specific risk for HCC
mortality. In late years, however, the risk of HCC deaths
decreased gradually in males.

(a) Males, observed

Figure 1 Trend in observed and esti-
mated age-specific mortalities of hepa-
tocellular carcinoma (HCC) in males
and females. Observed and estimated
(by the age-period-cohort [APC]
model) mortalities (per 100000
people) due to HCC during 1940
through 2010 are shown in the 3-D
plot. (a) Observed mortality in males,
(b) mortality estimated by the APC
model in males, (c) observed mortality
in females, (d) mortality estimated by
the APC model in females.

HCC death simulation in Japan by APC model 715

The birth cohort effect is exhibited based on 95% CI
of the 1896-1905 birth year group. In males, it was high
in birth cohorts born during 1916-1940, and culmi-
nated in the 1931-1935 birth year cohort. In females,
the risk of HCC mortality was the highest in 1881-1935
birth year cohorts.

Discrepancy between HCC deaths predicted
by APC from those observed since 1990

Numbers of HCC deaths were estimated by the APC
model based on 1940-1990 data, and they are com-
pared against observed numbers in Figure 3. In males,
predicted numbers of deaths became higher than
observed numbers since 2000. [Correction added on 11
October 2013, after first online publication: ‘In males,
predicted numbers of deaths became lower than
observed numbers since 2000" has been corrected to
‘... higher than observed’.] Predicted HCC deaths in
2010 are 26 883.4, which correspond to 138.3% of the
19 444 observed. [Correction added on 11 October
2013, after first online publication: ‘Predicted HCC
deaths in 2010 are 26 883.4, which correspond to
72.3% of the 19 444 observed’ has been corrected to
‘... correspond to 138.3% of the 19 444 observed'.] In
females, by remarkable contrast, predicted numbers of

(b) Males, estimated by APC

© 2013 The Japan Society of Hepatology
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Figure 2 Effects of age, period and
birth cohort factors on hepatocellular
carcinoma (HCC) mortality in males
and females predicted by the age-
period-cohort (APC) model. The rela-
tive risk of age factor, period factor and
birth cohort factor were estimated by
the APC model in (a) males and (b)
females. The baselines of age, period
and cohort effects were 20-24 years
old, the year 1940, and 1896-1900 as
well as 1901-1905 birth year cohorts,
respectively.

Figure 3 Comparison between obser-
ved and predicted numbers of deaths.
Number of deaths during 1991 through
2010 were estimated based on mortal-
ity during 1940-1990 by the age-
period-cohort (APC) model in (a)
males and (b) females. O, predicted;
@, observed.



Hepatology Research 2014; 44: 713-719

death were a little lower than those observed. [Correc-
tion added on 11 October 2013, after first online pub-
lication: ‘In females, by remarkable contrast, predicted
numbers of death were a little higher than those
observed” has been corrected to ‘...lower than
observed’.] Thus, predicted HCC deaths in 2010 are
7093.1, corresponding to 84.7% of the 8374 observed.
[Correction added on 11 October 2013, after first online
publication: ‘Thus, predicted HCC deaths in 2010 are
7093.1, corresponding to 118.1% of the 8374 observed’
has been corrected to . . . corresponding to 84.7% of the
8374 observed'.]

Predicted and observed numbers of sex- and age-
specific HCC deaths in 2010, as well as differences
between them, are given in Table 2. In males, observed
HCC deaths were lower than those predicted through all
age groups; observed HCC deaths accounted for 55.6-
90.9% of those predicted. Likewise, in females aged 64
years or less, observed HCC deaths were lower than
those predicted, and accounted for 21.1-99.4%. In
females aged 65 years or more, on the contrary,
observed HCC deaths were higher than those predicted,
and corresponded to 115.1-132.7%.

DISCUSSION

E ANALYZED HCC mortality data by the APC

model. Based on HCC deaths registered during
1940 through 2010 in Japan,’ approximately 30 000
people died of HCC annually. According to hepatitis
virus carrier rates among the first-time blood donors,*
the peak frequency of hepatitis B surface antigen
(HBsAg) was demonstrated by the 1941-1945 birth
cohort, and the peak frequency of antibody to HCV by
the 1931-1935 birth cohort. Hence, 19311935 birth
years have the highest birth cohort effect in males with
the APC model.

The national project for preventing mother-to-baby
transmission of HBV was implemented in 1986 in
Japan. As a result, the HBsAg positive rate among birth
cohorts born after 1986 is extremely low at 0.04%." In
this study, birth cohorts born after 1986 were not
subject to analysis and, therefore, we cannot evaluate
the effect of the national immunoprophylaxis project
by the APC model. However, we can reasonably expect
that the birth cohort effect by the project will manifest
itself in future analysis.

We applied the APC model to HCC mortality rate,
and it reproduced the observed rate faithfully.
However, in males, the observed mortality in 2010 is

HCC death simulation in Japan by APC model 717

Table 2 Comparison between predicted and observed number
of deaths due to hepatocellular carcinoma in 2010

Sex and age No. of deaths
Predicted Observed Ratiot

Male
20-24 3.6 2 55.6%
25-29 7.5 5 66.7%
30-34 22.0 20 90.9%
35-39 64.5 40 62.0%
40-44 128.3 100 77.9%
45-49 261.4 229 87.6%
50-54 705.6 549 77.8%
55-59 1984.4 1258 63.4%
60-64 4127.8 2462 59.6%
65-69 4266.0 2993 70.2%
70-74 4762.5 3 665 77.0%
75-79 6 677.7 4752 71.2%
80-84 3872.0 3369 87.0%
Total 26 883.4 19 444 72.3%

Female
20-24 2.9 1 34.5%
25-29 6.0 4 66.7%
30-34 17.8 6 33.7%
35-39 40.4 15 37.1%
40-44 71.1 15 21.1%
45-49 81.1 41 50.6%
50-54 153.8 80 52.0%
55-59 297.7 220 73.9%
60-64 599.3 596 99.4%
65-69 843.9 971 115.1%
70-74 13123 1 606 122.4%
75-79 18735 2439 130.2%
80-84 1793.4 2 380 132.7%
Total 7 093.1 8374 118.1%

tRatio = observed/predicted.

lower than the predicted mortality in 2010, which
were calculated using data until 1990. This discrepancy
would be a reflection of the introduction of new anti-
viral treatments and progress in surgical techniques
since the 1990s, as well as the promotion of hepatitis
virus screening and construction of clinical network
between hospitals and clinics in each prefecture. On
the contrary, in females, the observed number of HCC
deaths in 2010 was a little higher than the predicted.
The observed mortality of HCC would have increased
because the female life expectancy was prolonged, and
decompensated cirrhosis did not become the cause of
death with progress of the treatment. In addition, it
would reflect a lower response to interferon therapies

© 2013 The Japan Society of Hepatology
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in women than men aged more than 50 years.'® Fur-
thermore, women may have fewer chances for receiving
antiviral therapies than men. Also, we have demon-
strated that the cumulative incidence of HCC increased
with age of over 60 years in women, which is 10 years
later than in men by the Markov model.'"” Another pos-
sibility is that effects of some factors, such as obesity,
might have impacted especially women aged 65 years
or more; they cannot be predicted by data before 1990
in Japan.

Comparison of HCC deaths predicted by the APC
model with those observed demonstrates, for the first
time, the impact of medical treatments for hepatitis and
HCC in Japan and medical as well as control policies
implemented by the Japanese government, including
screening for HBV and HCV infections.*” At the same
time, the APC model is found to be limited in the
application to predict HCC mortality in Japan since
2000.

The APC model examines mortality by three factors,
and there are identification problems, such as “birth
cohort = period - age”. Thus, some methods have been
invented to improve the application of the APC model
to mortality data; effects of these methods are not in
agreement, however. We employed the special struc-
ture in the birth cohort factor (Barrett's technique).'
We accomplished a unique solution for each effect,
but it may or may not be valid under another
assumption.

Several limitations exist in this study. First, six time
changes in the ICD codes might have influenced some
effects, especially the period effect in the APC model.
Second, we could not adjust confounding factors in
applying the APC model, such as carrier rates of HBV
and HCV infections; complete data on them are not
available all through the studied period 1940-2010.
Third, during this period, the difference of diagnostic
ability might have influenced the analytic results
obtained by the APC model. Finally, we must evaluate
and discuss the results, keeping in mind the assumption
of the birth cohort effect.

In conclusion, while the APC model is useful for
reproducing observed HCC deaths, it would not be able
to predict the mortality or incidence of the disease that
can be influenced by medical intervention and prophy-
lactic policies. In these regards, the present study does
not only verify a high performance of the APC model in
estimating HCC mortality, but also demonstrates the
limitation of it in the application to disease that can be
prevented by treatment or screening that keeps improv-
ing with time.

© 2013 The Japan Society of Hepatology
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APPENDIX |
Identification problem

HE AGE-PERIOD-COHORT (APC) model is con-

structed by three parts: (i) age factor; (ii) period
factor; and (iii) birth cohort factor. However, three
factors are not independent (birth cohort = period -
age), so it has an “identification problem” in the meth-
odology. For instance, let u, A;, P;and C, be one solution
of the APC model, then
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pr=p, A=A -t QQi-1+1)/2, P*=P -t (2j—-]+1)/2,
C;,*zCk——t(2k—K+1)/2

is also the solution of the APC model for any number t.
Thus, we cannot get a proper solution without some
conditions.

There are several methods which overcome the
identification problem. For example, Nakamura'® pro-
posed a Bayesian APC model, which assumes that the
successive parameters should change gradually. Mean-
while, effects in each factor can have mathematically
separate linear trend and curvature components. Based
on this, Tango! suggested estimating only the calculable
part that they designated “curvature components”. On
the other hand, Ohtaki et al.?® or Kamo et al.?’ suggested
an interaction model, which contains the age factor,
period factor and interaction of the age and period
factor, instead of the birth cohort factor.

APPENDIX 1l
Criteria of goodness of fit

SUALLY, DETERMINATION COEFFICIENT R? is

used for simple and multivariate regression analy-
sis because of assumption of variance. We used modi-
fied determination coefficient as below:"

—_ (A ~\\2
Ry, = (205 =) (i = 7))
— A~ X\2
D=7 (75— 7)
as criteria of goodness of fit, where r; means mortality,
symbol “hat” means estimator and symbol “bar” means

average. R’cor has a similar character with R? such as
0 <R*r< 1.
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