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. e.s., g is graphive and kaolin is aluminum silicate), the

found in the gpf gene are shown in Fig, 5. Interestingly,
Gl o Cot transversions were jnereased i ¢onmmon
with both particle treatments. Since these musations
were commanty ivereased regardless of the constitueus

i might bie the same. It has been reporied
that varisus oxidetive stresses eaused by sunlight, UV
radiation, liydeogen peroxide anid peroxy radicals fre-
guently fnduce Cut to (06 wnsversions i various #
vitro assay systems {14-17), Moreover, a variety of o

Yubash Yomubs of of

idative losion products of guaping other than Seoxod,
ineluding umdamtan& {12y, oxazolone (O, spiroi-
minodihydantoin (Spy and sugnidinohydantoin (Ghy,
ferve been reported {18-243. Three such molecules, Oz,
Spand Gh are now iwu,s;m 1 e Key causes Goyo ©

fons with pansk 3 hests systems (22-251,
“Fherefore, it is suggested that G:C 10 O:G transversions

induced by Gy and kaotin could iavolve Oz, Spand Ghy

formazion. In addigon, GO 0 AT transitions were
also significantly increased by instillation of kuolin bur
not g genernd, G 1o A for € ro T3 transitions have
o iy hem bserved  dn sp and

Ko cepys Eoris Tdnst 4

nine or i«mcdtyﬁcywsum might be involved; Bumey ef
af. reporied that pitrle oxide induces DNA damage, N0
can form NGy, andd direct by thiy agent can lead
DA deamination vig diszonien fon formation (26},
Moreover, nitric oxide Is produced by activated macro-
phag&s i inflamed. orgaus. B fact, test substange~

iised ¢ } and granuic»mas werp fre-
iz;xemty ehserved othe lnngs of mice (45,

Immmunshistochamical Anafysis of Inflammation
Factors

fn ovder to confinm enfimncement. of mun oxide.

production by Cs snd kaolin, we
histchemical stmining’ of an inflammation - factor,
nitrosyeosine (N1, i the lungs of gpf delta mive treated

und deaminaion of gua-

Figatio | i i i af mitostyrosine INTL S Oy is broves i colur, we used an 569 sul

with these nanoparticles using the spme proceduis
reported proviouwsly (27 with minor modification. A3
shown tn Fig, 6, the partern of T staining corresponds
ed to the areas of tnflanunation within lung parenchy-
mas bn:the case of Ca exposure, many regions of the
lungs sxaimi positively {data ot shown), and intense
NT steining was focalized in test substance-phagocy-
tized macrophages and granulomas, Similacly, staining
with NT antibodies was observed in macrophages aadd
alveotar epithelial colls in the Tungs of mice exposed to
kaoling, slthough o a lesser sxtent a3 compared with Cr

Conclusion

Our results clearly demonstrsted that imm i vitrg
aud in vive genotoxielry are dinduced by Co and kaolin,
However, the mechanismy have yet 1o be Fully clarified,
and oxidarive stross might be at Tease partly nvolved,
There are a number of ways in which resctive pxygen
species (ROSY could be generated: i) nanoparticles might
trigger ROS pr fon by dre tysed Featon reace
tions: i) nanopardeles conld accunudare In oélls dueto
phagocyiosis, then enhance the production of ROS by
NADPH oxidase (28,29 Recently, innmte bnmune actic
vation through Nalp3 Inllammasomes has been suggest-
ed to play an important vofe in pulmonary fbrotic dis~
orders of silicosis and asbustosi (30,313, It has been
reporied that profaflammatacy cytﬁhmeb, sncb ag inteee
teukits 14 are key wmolecules for oeoniogis. At
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present, no data are available for activation of the
Nalpd inflammasome pathway by €y and kaolin.
However, it is likely that both nanoparticles can activate
in the same way as asbestos and silica, because oxidative
stress was increased in the lungs of treated mice. Further
studies of the mechanisms of genotoxicity are needed.

Acknowledgment: We thank Mr. Naoaki Uchiya and
Ms Hiroko Suzuki for excellent technical assistance.
‘This study was supported by Grants-in-Aid for Cancer
Research, for the Third-Term Comprehensive 10-Year
Strategy for Cancer Control, the U.8.-Japan Coopera-
tive Medical Science Program and for Research on Risk
of Chemical Substances from the Ministry of Health,
Labour, and Welfare of Japan. Kousuke Ishino is
presently the recipient of a2 Research Resident Fellow-
ship from the Foundation for Promotion of Cancer
Research,

References

I3

w

E3

LaDou J, Castleman 8, Frank &, Gochfeld M, Green-
berg M, Hufl' ), Joshi TK, Landrigan PJ, Lemen R, My-
ers J, Soffritti M, Soskalne CL, Takahashi K, Teitelt

D, Terracini B, Watterson A. The case for a global ban
on asbestos. Environ Healih Perspect. 2010; 113:
897401,

Nishimori H, Kondoh M, Isoda K, Tsunoda S, Tsutsumi
¥, Yagi K. Histological analysis of #nm silica particte-
induced chronic toxicity in mice. Eur ¥ Phaom Biopharm,
2009; 72 626-9.

Nak H, Yoshik T M K, Nak ¥,

In Viteo snd In ¥ivo Genotoxicity tndaced by Fallerene (Cyl and Kaolin

9 Blaic I, DNA add

14

dioxide particles and p,p’-DDT in human

. Environ Mol M 2010; 51: 192-204.
with lipid peroxidation prod 1.
Biol. Chem., 2008; 283: 1545-9.

Chou PH, X S, Matsuda 5, K K, Sasada
Y Oka M, Shinmurz K, Mori H, Kawai K, Kasai H,
H, Matsuda T. Detection of lipid peroxidati

induced DNA adducts caused by 4-0x0-2(E}-nonenat and
4-ox0-2{E}-h 1 in human tissues, Chem Res
Toxicol. 2010; 23:1442-8.
Folkmann JK, Risom L, Jacobsen NR, Wallin H, Loft S,
Moller P, Oxidatively damaged DNA in rats exposed by
oral gavage to C60 fullerenes and single-walled carbon
nanotubes. Environ Health Perspect. 2009; 117: 703-8,
Tsurudome ¥, Hirano T, Yamato H, Tanaka I, Sagai M,
Hirano H, Nagata N, H Itoh H, Kasai H, Changes in lev-
€ls of B-hydroxyguanine in DNA, its repair and OGG1
mRNA in rat lungs after intratracheal administration of
diesel - exhaust particles. Carcinogenesis. 1999; 20:
1573-6.
Nohmx T, Masumura K. Molecular nature cf m~
( 1 deletions and base substitutions §
by envi P Favt
2005; 45: 150-61.
Negishi K, Hao W. Spectrum of muiations in single-
stranded - DNA phage MI3mp2 exposmd (0 mnllght‘
predominance of Go-C tr Ca
1992; 9: {615-8.
Akasaka S, Yamamoto K. Hydrogen peroxide induces
GiC oo TiA and GiC 1o C:G transversions in the supF
gene of Escherichia coli. Mol Gen Genet. 1994; 243:
pli N

Mol Mutag

Arimori A, Isobe M, Tochigi 8, Kondoh S, Hirai T,
Akase T, Yamashita T, Yamashita K, Yoshida T, Nagano
K, Abe Y, Yoshioka Y, Kamada H, Imazawa T, [!ah N,
Tsunoda S, T Y. Sine-d i ic effects
of ik sifica parti fe on L:mgcfhans cells,
Pharmazie. 2010; 65:199-201.

Totsuka ¥, Miguchi T, Imai T, Nishikawa A, Nohmi T,
Kato T, Masuda S, Kinse N, Hiyoshi K, Ogo §,
Kawanishi M, Yagi T, Ichinose T, vakumon N,
Watanabe M, 5 T, Wakak hi K, G ¥

17

18

Valenting MR, Rodrigues H, Termini 1. Mutagenesis by
peroxy radicals is domi jons at deox-
ypuanosine: evidence for the lack of involvement of §-ox-
a-dG1 and/or abasic site formation, Biochemistry. 1998;
37 7030-8.

Shin CY, Ponomareva ON, Connolly L, Turker MS, A
mouse kidney cell line with a GiCC:G transversion mu-
tator phenotype. Mutat Res, 2002; 503: 69-76,
Korayushyna O, Bergcs AN, Muller IG, Burrows CJ. In

of nano/microparticles in in viteo micronuels, in vivo co-
wmet and mntation assay. systems. Part Fibre Toxical,
2002, 6: 23,
Markovie Z, Trajkovic V. Blomedical potential of the
reastive oxygen species: generation and quenching by
foll {C603. Bi ialv. 2008; 29 3561-73.
Couk R, Ricordy R, Aglint T, Gatta ¥, Perticone P, De
Salvia R. Amrbw acxd wnd betascarotene as modulators
of oxid i is. 1997; 181 223-8.
Jacobsen NR, Po;m G, White P, Multer P, Cohn CA,
Korsholm KS,; Vogel 1, Mam:mmx A, Loft §, Wallin H.
icity, and ive oxygen species
mduce& by xmgtowal&:& carbon nanotubes and C(60)
fulleranes in the FEL-Mutarrade markMouse lung
epithelial cells. Bnviron Mol Mutages, 2008; 49; 476-87.
ShiY, Zhung JEE, Hang M, Zho LE, Tan HQ, Lu B, Syu-
ergistic genotoxicity caused by low concentrations of

2

vitee i€ insertion  opposite the  oxidi
ine lesions spiroiminodihydantoin and idino-
hyd: and DNA, syothesis past the Jesions using Bs~

cherichia coli DNA. polymerase | (Kienow fragment).
Biochetistry, 2002; 41 15304-14,

Cadet J, Berger M, Buchko GW, Joshi PC, Raoul S,
R . 2200 4-[(3.5-di-<O-acetyl-2-deoxy-,
bctanD~¢:ry1hm~pentofuxanasyl}ammo} 5w (2H)~oxam~
Joues & novel and pred id

of 3 s’wdk»aaoelxlwz’dmxyguanosnm. I Am Chm Soe.
1994; 116: 74034,

Gayal RN, Jain N, Garg DK, Blectrochemical and et
zymiic oxid of g ine axd 8-hyd

and the effects of oxidation products i m mice. Biowlee
trochem Biownergetics, 1997; 431 105-14,

Ye ¥, Muller JG, Luo W, Mayne CL, Shallop Al, Jones
RA, Burrows CJ. Formation of 13C-, 15&- and 180-fa-
beled gusnidinohydanoio from idation with

Yukari Totsuka ef ol

24

po

5 5

singlet oxygen, lmp s for and
ist. J Am Chem: Soc. 2603; 125: 13826-7,

Burcows CJ, Mullee JG, Kornyushyna O, Luo W, Duarge
¥, Leipoid MD, David $S. Structurs and potential muta-

gmiai)‘ of new hmmn p:oduc:s {rom guanosine md,

8-0z0-7,8-dih

by
metals. ﬁavmm Heahd Pcrs;am 2002 110 Suppl 5
T13-7.
Kine X, Suglyara H. UVR-induced G-C 16 C-G transver-
sions from oxidative m\;A damage. Mutal Res, 2005;
574 33-42.
Kine X, Sugnyama H. ?ossahtc cam of- GvC«C»G irm
vershon by o8 P
fone. Chem Biol, 2001; 8§ 36975,
Kino X, Ito N, Sugasawa K, Sugiyama H, Hanaoka F.
Transiesion symkms by humas DNA polymersse oia
ACross h af
Symp Ser. 2004; 481712
Burney S, Caulfield I, Niles JC, Wishnok JS, Tannen-
baum SR, The chemistey of DHA damage from nitric
axide and peroxynitrile, Mutat Res. 1999; 424: 37-49,
Porter DW, Millecehia L, Robinson VA, Hubbs A, Wit
lard P, Pack D, Ramsey D, McLaurin J, Khan A, Lan-

ine, Nucleic Acids.

»

30

3

dsitiel B, Teass A, Castranova ¥, Enhanced nitric oxide

-and reactive oxygen species production and damage after

inhalation of silica. Am J Physiol Luog Cell Mol Phiysiok.
2002; 283; L485-93,

Aust A, The role of iron in asbestos induced cancer. Ins
Davis IMG, Jaurand M-C, editors. Cellular and molecu-
lar effiects of mineral and syothetic dusts and fbers.
NATO ASL Series, Vol. HSS. Berlin: Springes-Verlag:
1994, p. 53-61. )
Mossman BT, Gee BL., Pulmonary reactions and
mechanisms of toxicity of inhaled fibers. In: Gardner DE,
Crapo JD, McClellan RO, editors. Toxicology of the
lung. 20d ed. Mew York: Raven Press; 1993, p. 371-87.
Dostert €, Péilli ¥, Van Bruggen R, Steele C, Mossman

m‘ "Tschepp 1. Innate immune activation through Nalpd
v 2

of asb s and silica. Science.
2008; 3200 674-7. ) '
Cassel 8L, Eisenbarth 3C, Iyer 88, Sadler 13, Colegia
OR, Tephly LA, Carter AB, Rothman PB, Flavell RA;
Sutterwala FS. The Nalp3 inflammasome is essential for
ihe development of silicosis, Proc Natl Acad Sl 7 S A,
2008; 105: 9035-40,



¢8l

Review Article

Hepatitis B and € Virus Infection

J Epidemiol 2011 21{8}401-416
dol 10.21885ea JE20100190

and Hepatoceliular Carcinoma

in China: A Review of Epidemioclogy and Control Measures

Masahiro Tanaka'?, Francisco Kalayama®, Hideaki

Kato®, Hideo Tanaka®,

Jianbing Wang®, You Lin Qiac®, and Manami inous’

’Wafﬁ&m@em}w&WM&{M%&@WWMWSWMIM

MCwﬁmﬂmekm
of tnecsstionat Health, University of Tokyo, Tokys,
* tof Formsic Medicine, Ragoya Ciry Und

 Epidemintogy and P

Jopan
ity Geaduaie School of Medical Sciences, WMagoys, Fipan
Alohi Cancer Conter, AlcHi, Japan

1"(3&:1«: Tnstizate snd Hospital, %mamy of Meddizst Stionces, Beijing, China

"Deparent of Epldeaiology, Mational Canver Conter, Tokys, Japan

Reveived Imaary 8, 2011; acvopted Fune 20, 20313 whensed ontine Detober 22, 201

ABSTRACT

China has one of the highest carrier prevalences of hepatitis B virus (HBV) in the world: nparty 10% of the general

population. The discase burden of HBV infection and hepatocelinlar carcinoma {HOC) is also befieved 10 be among
the world’s fargest, and that of hepatitls C virus {HCY) infection is Fikely 10 be substantind as well, However, the
epidemiology and measures to control HBY and HCY infection in China remais relatively anknowa outside the
country, We review the epidemislogy of HBY and HOV infection, the disease burden of and risk factors for HCC, and
current contrel weasures agsinst HBY and HOV infection in China, We also discuss. the refevant Hiemture and
implications for future studies of hepatitis and HCC in China.

Key words: Ching; hepatitis; hepatoceifular carcinoma; spidemislogy; control

1 INTRODUCTION

infection with hepaitis B and C vires (HBV and HQY,
mspectively) snd  hepatoceliular camsinoma (HOO) are
responsible for heavy disease burdens in China. In 2006, the
Ministry of Health of China {MOH) estimated that, among
Chinese aged 1 1 59 years as of 1992, the national prevalence
of HBV infection (positivity for HBsAg or any HBY marken)
and HBV carviers wis 57.63% and 9. 5%, respectively, which
coresponds to 690 million infected persons and 120 mittion
carriers, 25 well a5 20 milfion people with chronic hepatitis.!
This discase burden is very large, even when compared with
that of tuberculosis, which was responsible for 1.4 million
new cases in 20002 Chronic hepatitis B is one of the most
serious infectious diseases in China Unfodunately, we lack 2
clear picture of the national #spact of HOV infection, The

nationwide prevalence of HCV infection In 1992 was
estimated to be 3.2%, which was higher than in Japan, the
United Stetes, and most countries of the Eurepsan Union.
HCC is the second most conupon malignancy in Ching, and
s most frequent cause is chronic HBY infection:

Te date, the MOH has taken several measures 1o addemss

these diseases, I its Natiomal Plan for Prevention and

Treatment against Hepatitis B for 2006~10, the MOH states’

thal chronic hepatitis B couses seripus consequences for
patients, their families, and socicty as & whole and that itis a
major tause of poverty and a health issue of the bighest
privnity.

From a global perspective; China hes one of the hxgixesf
HBY carrier privalences in the world® and is also estimated
to bave the highest ineidence of HCC (37.9 and 14.2 for
males and females, respectively, per 106000 world standard
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population as of 2002, accounting for 55% {approximately
340000 cases) of newly diagnosed cases in the world
{approximately 530000 cases) in 20027 Despite the
magnitude of the barden 'of chronic viral hepatitis and HCC
in Ching, the cpidemiotogy and control measures for these
diseases are relatively unknown outside the country, In this
descriptive seview, we hope to increase understanding of the
trends, the studies that revealed the trends, and the chalienges
for future research; In selecting studivs to be reviewed, we
focused on those that were. published in intemationally
accredited: English- journals -and had a full description. of
their methodology. We alse discuss {he results of reports in
Chinese and Japancse, when information was not available in
English. )

2. PREVALENCE OF HEPATITIS BAND C
VIRUS INFECTION

2.1 Susveys up to 1880

The first pationwide survey of HBV infection in China
was conducted in 1979, which coincided with the $tart ‘of
ceonomic teform in the country. The overall standardized
carrier prevalence was reported to by 8.8%, with 2 higher
prevalence in ronaf {10.2%) than ucban f?i’?%} areas.
Howgver, this figure may be an anderestimate because a
teverse passive hemagplutination ussay (RPHA) was used for
HBsAg testing.® Another survey was conducted in 19807 in §
provinees; the prevalence of HBY infection was 42.6% and
HBsAg carrier prevalence was 10.3% {tested by RIA}, The
prevalence of HBY -infection and HBY carcer status was
higher in southern and rural arcas than in norhem and urban
areas. I another survey® from 1984 through 1987 of the 4
provinces of Hunan, Henan, Hebel, ‘and Heilongjiang, the
prevatence of HBV. infection and HBY carrier status was
58.2% and 10.1%, respectively (tested by RIA),

2.2 "The nationwide seroepidemiciogic survey of
hepatitis in 1992 )

With financisl assistance from the World Bank, o vationwide
cross-sectional scxwptdamwlbgw survey of hepatitis A, B,
€, 1, and B infection wis caried ot in 19929 I used
the Wanmw;de Disease Surveillance Points (D8Ps) §ya!cm,
which was established in 1989, As of 1992, the DSP sys-
tem vomprised 145 seporting sites B 30 province-level

for detection ‘of HBsAg, anti-HBe, and anti-HBs; EIA was

‘vsed for HBeAg, and 2 second-generation UBI B1A was used

for anti-HCW. In this section, we summarize and interpret the
results of this survey,

2.2.1 Prevalence of hepalitis B infection by age and sex
The estimated overall HBY carrier prevalence among those
aged 1 to 59 years was 9.75% {mnge of prevalence in
provinces: 4.49%~17.85%), which was comparable 1o the
results of earlier studies, shown in section 2.1, Age-specific
carrier provalence was 9.67% amoog those aged 110 4 years
and 10.22% among those aged 5 10:9 years; it peaked among
those aged 10 10 14 years {11.27%). This increasing trend

‘among individuals ‘younger than 15 years suggests the

presence of age effects {horizontal transmission) andior
cohort effects. Pravalence was mmpamblgﬁ across the ages
of 15 1o 49 years {range of prevalence in provinces:
2.22%-10.25%). Those aged 50 to 59 had 2 sigaificamtly
fower prevalence {7.58%; P 0.01). With regard to sex, munles.
had 2 sigeificantly higher canier provalence (11.3%) than
did fermales {8.2%; P<D.01), as was wepored in other
countries in East Asia. % The prevalence of anti-HBs, anti-
HBe, and HBY infection was 27.42%, 49.81%, and 57.63%,
espectively, The age-specific prevalence of HBV infecti

Jtwereased with age from 38.47% among those aged 1 104 to
70.69% ataong those aged 50 1o $9. The overall prevalence of

HBeAg among HBY carters was 31.94%, and it decreased
with age from $3,32% among those aged 1 to 34 10 12.30%
ammong thoss aged 40 to 59, Although the prevalence of HBV

infection was ingher in Ching, the age and sex characteristics.

of HBY carriers were comparable to those observed in Japan

“and Korea, 1243

2.2.2 Prevalence of hepalilis B infection across regions
HBV carrier prevalence varied across gevgraphic areas. It was
sngnﬁcaaﬂy higher in rural than in urban areas (10.49% vs.

3.08%; P<0.01). Among the 6 major administrative ragwns
in China as of 1992 (Figure 1), carrier prevalencs was 12.75%
in the South Central region, 10.71% in the Northeast, 9.94%
in the Fast, 8.90% in the Soutbwest, 8.68% in the Northwest,

and 5:53% in the Norh Central region. As compared with

the national Jevel, varrier prevalence was significantly higher
in the Seuth Central region. and lower in the Northwest
and North Central regions, Grosraphic disparities in carrier
prevalence might represent differences in sthnic distribution,

i mic sonditions, wnsafe ‘medical practices, and

divistons {provinces, -and pmvmcmwmﬁ AutONOIMLUS
regions/municipalities), "%t which were selected by stratified
chuster - mndom sompling. The DSPs covered. 1% of
representative samplés of the Chinese population and have &
combined population structure sinilar 1o that in the national
census: In the survey, 3 ‘subcluster areas, cach consisting of
shout 35 household Jomly selected from cach DSP,
and all individoals agcd 140 59 years in'each household were
the subjects of the surveilianes, for 1 total of approximately
68000 subjects, A solid-phage tdivimmunosssay wis used

J Epldemiol 2011:21{6)401-416

aceess to HBY immunization services,

When the 30 provingedevet ﬁmmns were, gmup@d by
HBY carrier prevaience, 10 were “classified 2 high endentic
arcas (>11%), 11 a3 moderats fmdemw areas (7-11%), and the
remmmg 9 a5 fosw entiamc areas («f?%) Natabiy, prevalence
was still- high even in low endemic areds, a3 compared with
the intemational standard, In each area, provalence showed an
increasing tend with age-up to age 15 years.

- 2.2.3 Provatence of HCY infection

“The nationwide prevalence of aol-HCY was 3.29% smong
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12,75
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Figure 1. Map of seronpidermicfogic survey of hepatitis vinus infection in 1892 and prevalence of HBs antigen and anti-

HOV by region

those aged | to 59 years (range of prevalence in provinces:
0.9%-5.1%). It increased significantly with age, from 2.08%
among those aged 1 1o 4 years @ 3.96% among those
aged 50 to 59 years. There was no significant difference in
prevalence by sex (3.10% for males and 3.30% for females).
These prevalences were higher than those reported for
first-time Japanese blood donors aged 16 1o 64 years in
19952000 {0.49%; CL: 0.48%6-0.50%)" and the 19881994
participants of NHANES Il in the United States {1.8%; Ck
1.5%-2.3%)%

“The difference in the seroprevalence of anti-HCY across
administrative regions was less pronounced than that for HBV
carrier prevalence. The prevalence of anti-HOV was 455%
in the Northeast, 3,77% in the South Central region, 3.28% in

the Northwest, 3.17% in the North Centeal region, 2.66%

in the East, and 2.53% in the Southwest. As compared with
the national level, the prevalence of HCV infection was
significantly (P<0.01) higher in the Noxtheast and South
Central regions and lower in the East and Southwest. This
regional - variation might reflect é;ﬁ‘mm in h;g?a—mak

{3.0%6,6%) and the remaining 15 as low. eodemic areas

{1.0%~2.9%). In cach category, the prevalence of HCV
infection tended 1o increase with age. In the high endemic
arzas, the provak of HCY infection ranged from 2.69%
among those aged 5 to 9 years to 5.20% among those aged 40
to 49 years. In the low gndemic areas, the provalence of HCV
smnged from 1.37% among those aged 1 to 4 years 1o 3.07%
among those aged 50 to 59 years, The statistically significant
rural-urban disparity in the prevalence of HBY infection was
not observed in the prwaimee of HCY infection (342% vs.
3 14%, respectively).

2.3 The nationwide seroepidemiviogic survey of HBY
in 2006

After the introduction in 1988 of 3 universal HBY vaccination
program in Chinaand its gm{iuat axpwsm {see section 6.1),
ithe MOH conducted 2 natl 1 “‘1{3503}8 survey
in 2006 1o assess the prevalence of HBY infection, its risk
factors, and the impact of the progrom.”? As in 1992¥ the
2006 survey used 2-siage clustered sampling. A total of
369 hips were randomly selected {(1-4 per county} to

practices, such as unsafe medical practices and i 2
drug use, as discussed below.
When the 30 province-level divisions were grouped by anti-

HCV prevalence, 13 were clessified as high endemic areas

weprosent 160 DSPs- in 31 provincedevel divisions' as of
2006 {note: there are 5 levels of local government in China:
the province, prefecture/city, county, lownship, and village).
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Table 4. Prevalence of HCV Infoction in different geographic areas of Ching

Area Raposti Ch of No. of Prevalenes of HOY Reference
{authors) year subjects subjects infaction Testing mathod o,
(s;tgg; 1993 spparenlly healthy pecple 164 % Fistgeneration antibody fest 20
J 0.7%: anti-HCV Dinabo CG~ Japan) and
Jiangsy 7% @ test  lapat
{ito) 1804 blood donors 451 0.2%; HCV RNA ELISA (0o Co. USH, “
Gansu Voluntaer donon 2.5%; EIA 2 {Ortho Diagnostics,
1985 {40 volunteer donors 120 g 22
{Wu, Mizokami) ad 80 paid donors) Pald donot: 35% Rartan, NJ)
Guanxi hospitalized patients ELISA Version 2.0 {Ortho
{Vuan) 896 (poniver diseass) Ly 07% Diagnostics, Rasitan, NJ) .
ssidenis aged 55 years i
Henan " 2 ELISA Versicn 3.0 {Otho
L2005 {patticipants In an 500 96% - 24
{Zhang, Qi) Interventional study) Diagnostics, Rartan, NJ)
in esophageal )
Henan pasticipants HCV ELISA 3.0 {Autobio
2008 cancer sereaning 8226 0.9% ) 25
{Liv) (g6 25-65 ) o, Zhengzhou, China)
Then, 1 village was randomly selected -from each hi sarrier rate, it also cited the possible beneficial effects of other
and 3 sample population was randomly selected in mch progeans o provent horizontal infection and promote. safe
Pl 3

village with 1 weighted sampling method i the age groups 1
to4 years, 5 to 14 years, and 15 to 39 years. The total sample
population was 82078, Blood samples were collected, and
background information for each person (date of birth, sex,
eihinicity, place of birth, occupation, educational level, and
immunization history) was also compiled, The immunization
status of children younger than 15 years was confitmed by
teviewing thelr immunization record. All serum specimens
were tested for HBsAg, anti-HBc; and anti-HBs by ELISA at
the Nationa] Hepatitis Laboratory in the Chinese Centers for
Disease Control and vat:mim in Bejing..

The esti d fence among those aged 1 1o
59 years was. 7.2% for HBsAg, 50.1% for anti-HBs, and
34:4% for ann-&{Bc. The age-specific carrier. prevalence
was 1.0% (Ch 0.8%~1.2%) forage | to 4 years, 1.4% (CE:
L2%-17%) for § to 9 years, 3.2% (Ch: 2.6%-3.8%) for 10 to
14 yoars, 5.4% {CL 44%-6.4%) for 15 10 19 years, and 8.5%
to 10.5% for 20 years or older A marked reduction was
observed among those younger than 15 years who participated
in the nationwide HBY immusization program, a3 well ag
among those aged 15 to 19 years who were  patially
immunized when the program started in 1988, Using
multinomial fogistic regression analyses, the risk fuctors for
HBY carrier state among those aged 1510 59 were identified,
namely, lack of HBV immanization {OR: 2.5), male sex {OR:
1.7}, and public worker (OR: 3.8) {£<0.01). Among those
aged 1 to 14, the major risk factors for HEBY carrier state were
lack of immunization {OR: 2.5), age 10 1o 14 years {OR: 1.9),
and bitth ata township hospital (OR: 2.1) or at home {OR:
4.0) (P <0.01). Based on these results, the MOH detenmined
that the isumunization program contributed 1o reducing the

J Epidemiol 2011,21{8):401-416

injection. .

In addition, the MOH analyzed the immunization status and
background information of those bom from 1992 10 2005 {age
1-14 years).'s Three-dose coverage of HBY vaccination
increased from 30.0% for children bom in 1992 to 93.4%
for those born in 2005. A similsr increase was noted—
from’ 22.2% 1o 82.6%for those recelving a timely birth
dose (ie, within 24 hours after binth). The risk factors for
undervaccination (neither a full vaccing series nor a timely
birth dose} included older age (5 to 14 years), rural residence,
birth at a tosnship hospital or at home, and Tibetan or Uigur
cthnicity (P<0.01), )

To assess the impact of the HBY immunization program,
another survey was conducted in Zhejiang province in 20077
and the results showed a'low prevalence (1.52%) of HBV
carrier state among those aged 0 to § years (V= 3047), while
the prevalence of unti-HBs was high (65%), which supported
the findings of the 2006 survey.

2.4 Other reports on the pravalence of HBV and HCV
infection

Several other surveys,  conducted in limited arcas, found
prevalences of HBY infection that were comparable swith those
from the 1992 and 2006 serospidemiologic surveys, depending
on the year they were conducted. Some studies from Tibet'

and the Guangxi region'® reported very high prevalences.

of HBY carriers (19%; N=262 and 2132, respectively).
With regard to HCV, there are few reports on infection
prevalence, The tesults of those with a. comparstively Jarge

- sample size (N2 120) and o detailed description of their

testing method™*% are ized in Table 1.
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3. EPIDEMIOLOGY OF HBY INFECTION wmwwm

31 Blstribu%fon of HBY gemtym inGhina

The epidemiotogic ‘and chinieat chameteristics of HBV
infection parﬁy depmd xm vius geaoty?& In East Asia,
genotypes B and C are most prevalent.®® Previous studies of
genotype distribution in Chind®? showed that genotypes B
and C.were most common, while geootypes A and D were

also present. The distribution of genotypes B and C differvd

by geographic region. Genotype C was more prevalent in
northern provinces, whlfe gcnotypa B was more prevalent
in-southem provinces, In general, fiver cimhosis and HCC
arg mors fikely to result fom chironic. hepatitis due to BBV
genotype C than that due to HBV genotype B. It has been
reporied that the ity of liver discase induced by HBV
genotype B differs by HBV genotype: B subgenotype. The
Ba subgenotype, which i comumon in Ching, has a higher
potential for pneogenicity than subtype Bj, which is dominant
in Japan®

3.2 Carrler status. and perinatat amd horizontal
transmission of HBY

As inother counivies in East Asls, perinatal infection plays an
important rolz in the development of HEV carrder state in
Ching. Children born o cander mothers have a sigaificantly
higher rigk of becoming an HBV carrier than those bom o
aoncarier moﬁms (miatwe risk 5.33% Another report found
that per o a ted for 35% o 50% of HBsAg
carriers?

Horizontal ission during childhood is also considered
to be common™ and an important factor in carier status. A
study in the Guangxi Zhusng Autor Region ("Gug
region™ hereafter) showed that, out of 289 childron agedlto 10

years whe had HBsAg-negative parents, 36% were infocted
with HBV during childhood™ A study from Sichuan
provinee™ reported an annual HBY infection mte of 15%
among 448 susceptible children in nurserios and preschoels,

Previous seroepidemniologic surveys found that horizontdl
infection had an fmpact on carvier status. The first nationwide
survay, in 1979, showed increasing carrer prevalence with
age: 3.2% among children younger than { year, §9% among
those aged | to 4 years, and higher than 10% among these

aged 5109 years: A similar prevalence trend was found in the:

4-province survey in 1984-87% 3.8% among children younger
than 1 year, 8.7% asmong those aged 1 year, and 94%
to 12.4% mmong those aged 2 fo 9 years, The resulis of
the pationwide survey in 1992 indicated that when an
immunization program was already present in some areas of
the couatry, the impact of horizontal infetion was sot as cloar
as in preceding surveys, but increasing irenids with age were
obseeved in cmier provalence, with a peak between age 10
amd 19 years, These findings strongly suggest that horizontal
infection plays an huportant rolé fn the development of HBY
carrier stats in Chioa,

The impact of horizontal infection un casier slatus can
vary with socioeconomic status and geographic area, with the
ietter being linked to the genotype distribution of HBY. Some
reponts estimated that the proporiion i)f méwxziaais with
positive carrier stalus ‘attdbutable to per i fan
was as low a5 13% to 20%.7 Rcw&wr. # appesrs that forther
studies ars necessary o sonfinn these estimates.

3.3 Horlzontal transmission of HBV among adults
Horizontsl transmission has been docamenied siot only
among children, but miso among adulis, The risk of sexual
wansmission of HBY among newly marmied wnplss hay
ko been reporied.?® Tn that report, 57 couples comprising 1
HBsAg/anti-HBe positive. partner and T HBV-susceptible
partner {pase group) and another 61 couples that were negative
for HBY markers {control group) were followed-up for an
werage of 27 months, HBV tmnsmission was observed in
33% of couples in the case group and only 16% ofthose in the
control group:

Other than sexual and introgenic transmission, visk factors
for horizontal transmission among adelts bave seldom been
investigated ™ However, 2 case-control study in Shanghai?é
demonsteated  that—in addition to invesive medical pro-
cedures, household contact with HBY carders, and fack of
BBV vaccination--body care and beauty freptments were
independently associnted with the occurrence of acute
hepatitis B. Thet study alse found thet HBV genotype €2
was an independent risk factor for the progression of acule
infection to chronic infection.

3.4 latrogenic transmission of HBY
Since the 1990s, the World Health Urganization has expressed
concem segarding  the. potential transmission of  hepatitis
viruses due o unsefe medical practices; sspecially the wse
of contarsinated medical instrurogats, and hes called for
implementation of control messures®? Injection is the most
common and § § invasive intervention in ‘medical and
proventive (xmnwzaam} services in Fast Asia. As of 2007,
China had high prevalences of HBV and HC‘V infection, and
anestimated HIV proval of 0.1%%;. thus, reuse of
syringes and m@dics in the absence of &u?i'msioa £XPOSES
miflions of peaple to the risk of contracting these viruses snd
other bood-borme dzmm

Because jatrogenic infection can cause substantial health
problems, some researchers challenged the necessity and
safety of injection services in China™® The. national
immunization assessment in 2004 showed thet only 40% of
clinfes that provide immunizations used single-use sydnges
and needles™ Province-level rports are alse available. fn
Shandong province—one of the wealihiest provinces of
Ching—a cross-sectionst study of 3 administmative fovels of
‘heslth units (viflage clinic, township health center, and vounty
hospital) i1 urban and 1 rural ares was performed in 2001,
OF 468 health practitioners who provided injection services,
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Table 2. Annual mortality rate (per 100000 persans) for 5 o malignant Iz in China, by sex {2004-5)
Rank Totul Males ) * Famales
i
Disease Death Rata (%) Diseaye Death Rate (%) Disoase Death Rate (%)

1 tung 308 Lung 413 Lung 196

2 Liver 283 Liver 374 Stomaeh 164

3 Stomach 288 Storach 323 Livar 143

4 Esophagus 150 Esophagus 208 Esophagiis 24

5 Colorechim 74 Colorestum 8.3 LColorsctum 6.3

6.2% had unsafe injection practices and 7.6% had improperly
handled used disposable syringes., Another survey of a
county in Chongging city, Sichuan province® found that
imptroperly sterilized glass syringes were found in 52% of
health facilities and that injection practices were not correct in
31% of those facilities.

- Data on the diseass burden from iatrogenic HBV infection
in Ching are limited. A survey by the Centers for Discase
Control and Prevention of the Guangxi region showed that
55% of HBV infections in that region were attributable
to unsafe injections.™ A study in nottheastemn Ching, which
combined & cross-sectional survey of immunization practice
with mathematical modeling of HBY infection, estimated
that the annual number of HBY infections due 1o unsafe
inumunization injection was at least 135 o 1120 cases among
100000 fully immonized children,

transfusion (OR: -4.55), ¢sophageal’ balloon - examination
{OR: 3.78), and intravenous. injection {OR: 5.83) were
significantly (£ < 0.05) associated with HCV infection,
Some studies Qf the yransmission route for HCV suggested
that sexunlly transmitted dxscam and injecting drug 156 were
assaciated with infection. A fuﬁew«up study of heroin users
showed an extremely high incidence rate of HCV infection
of 37.6 per 100 person-years®® Studies. of the prevalence
of HCV among injecting drug users showed  marked
geographic  variation; prcvalcncc was T2% in- Guangsi
region {Nﬂﬁ&”i),” il% in Shanxi provines, und 90% in
Hubei®! (V= 10724}, A smeta-analysis based on a sysmmauc
review of the preval of HOV jufection among injecting
drug users™ wym’tﬁd that the pooled prevalmwe AMOnE
injecting driig users in Ching was 61.4% {Clx 553-67.2%)
and that the epideric was most severe in the southern inland
pmwnm of Hubgi, Humn, Yunnan and Gusmgxa and the

3.5 Other epidemiologic reports on HBV infecti
A prospective cohort study of residents in Haimen,™ Jiangsu
provines, 4 city near Shanghai, found that HBV carriers had a
s:gmﬁmnﬂy higher n,sk of dying of non-fiver diseases as
pared with < the relative gl (RR) was 1.2 (O
1.1=1.3Y in men and 1.4 {Ch 1117} in women, When the
analysis was limited to all noneliver cancers as the cause
of death, the RR was 1.2 (CT: 1.0~1.4) for men and 1.7 (CL
1.2-2.3y for women. In addition, for non-liver, non-cancer
deaths, carriers bad significantly higher RRs: 1.2 (CL: L1<1.4)
and RZ {05 0.9-16) in men and women, respecﬁvely
Possibl for the § J risk inclode soci
vonditions and behavioral factors associated with carier
status,

4. EPIDEMIOLOGY OF HCV INFECTION ——

I China, reports of epidemivlogie. stodies on hepatitis C
are limited, a8 compared with those on Hepatitis B.-As for
HBYV, the epidemiologic and clinical sharcteristics of HCV.
infection partly depend on the genotype of the virus, Several
studies reported that the most common genotype identified in
China was genotype Jp. 12

A compnity-based cross-sectional stady of the risk of
HCV infection in 4 counties of Hebel provines® found that
ant-HCY was detected in 0.9% out of 8226 residents sged 25
1065 years. A subsequent case-control study found that blood

J Epidemicl 2011.21(6k401-418

W ; Xm}xang A Region, It aim found s
significant jati t infection and ethnicaninority
status.

5. EPIDEMIOLOGY OF HEPATOCELLULAR
CARCINOMA

8.1 Mortality and incldence of primary liver cancer
(PLC) \
“Table 2 shows. the. distribution of mortality rates for the 5
most common atatomical sites for sencer in Ching during
20042005 by sex (data from health siatistics of the MOH®).
Overall, and in mwales, PLC ranked a5 the second most
frequent cause of cancer death, after hmg cancer; fu fenmdes,
it was the third vhost comon smuse. of cancer death, after
lung and. stomach cancers, The monality rate from PLC
was. bigher in males (37.4/100000) than in fernales {14.3/
HI0000), When we compared  mortality between wrban
and roral dwellers {Table 3), HOC was the second most
common cause of cancer death fn usban arcas and the most
common cause in rural areas. The slightly fower moxtality
wie in urban areas (2447100000} than v rueal areas
{26.9100000) mtghx reflect, ot least in pm, o disparity in
carrier prevalence,

Although no incidence. dota are available for the whole
country, Yang et al estimated™ (he incidence rates for major
cancer sites in China in 2005, usiog monality rates during




g8l

Tanska M, et al 467

Table 3. Annual mortality rate {per 100000 personsifor 5 ¢ tige inGhina, by area of residonce {2004-5}
Hran Rurgt
Rank -
Diseass Death Rate {%) Disdnne Doath Rate %)
H Lung 384 Liver 268
2 Liver 4 Lung 257
1 Stassach 25 SBlomach 258
4 Estphagus WE Esophagus 73
& Cokosretunm 57 Coloraotum 8.1

ﬁzm a@ﬁfﬁﬁ‘ CHINESE amm S‘TM‘LS’T AL Dl {3&&’!’ ?Dfﬁ by Ministy of Heallly, ”?;ma

e 2369

Qi Hrnl

Age stanadardized rate /100,000

incidence per 100,000 person-yvears; world standard population

Omta source: Canger ingidence in Five Continents, Yol 9, 1ARC

Figure 2. Age-standardized Incidence of primary liver cancer in East Asia, Australia, USA and EU countries, 1988-2002.

2000-5 and date from 7 cancer vegistries reported in the
Canger Incidence in Five Continents (CIV) Yolume £ The
estimated incidence rate of HOC was 4000 in males and 153
in formades per HO0 000 world stendard population, ranking it
as the sevond most common cancer, after losg cancer, i both
sexes (49.0 in nales and 22,9 W fomales). Using data from
CI¥ Volwne 9, Figure 2 shows the snnual HCC incidence rate
per 006 world sueclard population; as reported in canger
registries in Eust Asia. Ausiralia, the United States, and
sefected countrivs in gie Ewropean Union. Overadl, China has
the highest cidenee mtes,

§.2 Temporal trends in PLC incidence
Four Chiese registries that met the data quality requirements
of the IARC and appearcd in the TV Volume 9 r«.;wrwd

wanporal trods 1 PLO ineidence. The age-adjustad

1970:% and in Tianjin ciy”™ and Hong Kong® since the

1980s. In Qidong oity, near Shanghat, the incidence mis
showed no sppuarent temporal change sinee 1978, except that
the agespeetfic mie for jndividuals aged 15 10 34 yours has
Been decreasing dudng 1988-20027 1 addition fo rogistries
in the C1V, thiere gre reports of PLE incidence sinee the 1970s
i Hennn, Fujlan, and Hebel provisces, but semporal tends
wariedd i thise arces.

5.3 Rigk factors for HCC

8.3.1 HBV infection

There bave been several reports oo the prevalence of HBsAg
ansong, paticnts with HOC and primary Tiver cancer® *’5”1%{:
results of studies that provided 2 detsiled deserdpion of
methodology, had o sample size of ot Jeast 10, and were
publighed after 1903 we laed o Table 9. Although there

e of PLO has been decressing in Shanghat 2ity since the

were differsnees o provalence, due o voriation i the metheds
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Table 4. Prevalence of HBY and HCV infection among 3 with bep eliul l (HCC) In different geographic
#Ras
' Fepoticg Chemseristios of No. of . Prevalence of Refarengs
Aeee (it author) your Subects Sctpcts Vit bype viras {95} Tas&\j;g‘ raedhd 0,
Shagh Cong etay e HEC patonts pars HBY it HBshg 52
Gunrt (Okuna ot af) 994 HEC pabients 186 HBY 70 HBsAg &
" m“‘»‘”‘ﬂ‘ e 2004 primay beor cancer - 3250 HBY 810 HidsAg 5
Baging (Gan ol a3 2005 HEE patisnis Ty v 824 HsAg 65
Grsaod 10kuna o2 21} 4595 HEC atents: 186 HOV 54 m&“&m 63
AOBHCY [datais of
4 mgions Yang e 8 2004 primary fvor cancer 3254 HRY 132 Sesting methnd fot B4
whosen)
&g (Gao et al) 2005 HEG pabars 9 Hov 18 oy B m‘,ﬁ3 65

used. for selection of patients and testing for infection, the
findings indicated that most HCC cases in- China were
associated with HBY carrier status, In contrast, ROV was the
most important risk factor in Japan, the United States, and
the selected European Union countrivs. Table 5 ze:
recent reports® 70 in English on the RR of HBV camier state

~or more ‘years was associated with & weak but significant

risk (a0R: 1,06; £<0.05), They aiso found a dose-response.
relationship between alcohol infake and development of HCC,

“namely, heavy drinkers (5000 grams of alcohol per month)

had an: approximately 3- to 4-fold risk as. compared..with
nondriokers, This increased visk was not significant in another
case-control study from Haimen city® that compared ever-

for developing HCC, There are many more Chinese-lang:
reports on relative nisk, One systemtic review and meta-
analysis™ of 32, mostly Chinese-language shudies, reported 2
wide range in rlative risk (3.8-103). The pooled odds ratio
(mOR) was 13.6 (CL: 11.5-21.3) for HBsAg positiviey slene
and 35,7 (Ch 26.2-485) for dual infection with HBV
(HBsAg) sad HCV (anti-HCV),
5.3.2 HCV infection
Since the 1990s, there have besn several reports on the
provaleace of HCV infection among HOC or primary Tiver
cancer patients. As mentioned above, the reponted prevalences
are summarized in Table 4, Prevalence can partly depend on
patient sclection and the testing methiod, but these findings
suggest that the prevalence of HCY infection among patients
with HCC varies by geographic area:

Regarding the refative risk of HOV infection for developt

and neverdrinkers (a0R: 1.38, CL 0.68-2.81). A prospective:
cobort study ‘from Haimen city found no incressed risk
associated with drinking 4 or. more drinksiweek (aRK;: 0,57
for males and 0.9 for females). Another cobon study that
observed 145 male HBV camriers for 10 years also found no
association between HCC incidence and consumption of more
than 1000 mL/month of alcohol™ The differences in the
findings of these studies might be partially due to vaciation in
the criteria for and confirmation of aleohol consumption and/
oradjustment for confounding factors such as HCV infection,
5.3.4 Smoking -

China has 4 very bigh prevalence of smoking among males,

and the. discase burden from tobaceo s believed o be

substantial. One study estimated that 1 in 4 smokers was killed
by smoking ,in the 198057 The relationship between smoking

and the development of HCC in China has only recemly been

HCT, there are few reports in Enghish that include a detailed
description of the study methodology, Among them, reports
from Haimen city®™ and Henan provinee® reported - aORs
of 077 {Cl: 0.19-3.18) and 257 (CL 0,57-12.03) The
abovementioned systematic veview of studics in Chinese™
reporied an mOR of 8.1 (Ch 5,0~13.0) for anti-HCV-only
positivity.

5.3.3 Alcohol intake

Woridmﬁe. alcohol intake is considersd 3 probable cause of
HCC? Analytical studies in China that assessed risk, after
adjusting for HBV carrigr status, bave had variable resulls. A
case-contrel study from Henan province™ found that an
aleohiol intake of 50 g/day or more at feast onee 4 week for

o Epidemiol 2011,21(8):401-416

studied. A case«oomml smdy in Haimen city that estimated
the selative risk of smioking after adjusting for HBV carrier
state and alcohol intake,%® and a-cohort study of HCV varders
in the same area, found no inereased risk due o smoking.” In
contrast, & cohort study in Shanghai that followed-up 13244
men™ found that the risk of dying from HCC was significantly
higher (aRR: 1.§; P <0, 03} for smokers who smoked 20 or
‘more cigaretles per day as compared. with never smokers, afler
adjusting for alcohol use. More recently, a large-scale case-
control study was curried out 1o determine whether swoking
was & cofactor for HCC development.” It analyzed data from
36000 people who died of HCC as cases and 17 000 whe died
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Table 5. Assogiation of hepatoceliniar carch

s {HOR) with hepatitls B-virus caner status

HNo. of Ho, of B’ason- . .
Auhorand | Reference RR {85% Cif for Addjustad Oihar
g Swdyares  Typeofsidy  HOC  commisiize i e
R . of HBY carier slate t
sestad 2ge, residence,
Canal sl . . OR=73 affatoiin intske
1504 3 Shanghat m:gak;d 55 287 £5383% (2.3-2045 sssessed by urinary
akers
. DR=322
Zhang vt al . . LR=IBEZ :
&7 Henyt  studly, hospiteh - 152 15 — g, s6K {13,85-7218)
1898 4038-78,78) (HBY infoction
cape-conirol 256, 8o, fosidanne,
it pl 6 Heggion, stody, 248 248 - OR=18Y Piasory of I drug use,
074 o papulation. : {8.78-336) AeLARY it and
bissad wating habits
nge, sax, hiskory of
» Goozan  odetamits anly ,
Boms® g M oo s sesss  asrm 009 agcupation, cument OO WERHCE
based ey aoohol and 182
{17.6-65.0¢ B ‘Histoey af
ilemales} . histaey
i drirkiog well walsr
bassd 60 32
. casaconol st
mtaansiysie it &
Shistat ropors fiom  ased o0 ORI S Jeporta ot
2005 & 5208 4005 - o - tw%wemam
stale
Note; W%Wn&c&oﬁs&mmﬁmw% of Hlis antigan; only Engli seports that were published after 1980
aﬁd st ?«’ i
interval, ﬁwmﬁm B virgs, HOWV beya’ﬁﬁsi;vm, mmm«mwpmm,cmadjumdwds tatio
By multigte b;mc ragrassion analysis, mOR: odds ratio obiained by HOC:

of liver cirosis a¢ controls from 24 cities and 74 rural
counties, 1o represent geographic differences. The RR for fiver
cancer death, standardized for age and locality, showed 2 36%
excess risk of death among male smokers aged 35 years o
older (RR: 1.36; Ck 1,28-1.43; 2P <0,00001; sttributable
fraction, 13%) and 17% excess risk among female smokers
(RR: 1171 €L 1.06-1.2%; 2P=0.00%; atiributeble fraction,
3%, These figures suggest that approximately 50000 Hver
cancer deaths are cansed by smoking every year in Chine,
Another, more secent eport showed that the attributeble
fraction of Hver mmcar due 16 smoking was 18.72% for men
and 8.95% for women,”

5.9.5 Aftatoxin

Aflatoxing are clssified s established carcinogens by the
TARC™ and are considered an imporiant cause of HCO i
some developing areas iu the word, In Ching, exposire 1o
aftatoxing is the second moststudied risk factor for HOC,
after epatitis viruses. & is hypothesized that the decreasing
incidense of HCC in Hong i(or:g and anga@are B ieast

intake of peanuts and com, which are balieved to be among
the wost copiaminated foods in Ching. In these snidies,
exposure to affatoxin was assessed by estirates of aflatoxin
ingestion obtained via population-based estimates of food
intake, food saropling analyses, or in-person food frequency
interview. Because these indirect estimates of exposure were
not sufficiently reliable, a wore recont nested case-conirol
study in Shanghai® used  urinary aflatoxing and their
metabolites 95 @ marker for exposure, It showed that the
RRs for HOC development among noncartiers exposed fo
aflatsxin, unexposed HBV carrers, and exposed  carriers
wers 34 (CE LI-10.0), 7.3 (Cl: 2.2-24.4}, and 594 (CE
16,6214, respectively, when unexposed noncarriers were
used s the refercace. The results suggested that affatoxing
were risk. factors for both carrders. and noncarriers. and that
positive interaction. existed  betwesn carrier status  and.
aflatoxis exposure. These resulls were consistent with those:
of 2 independent cohort studies of HBV carders in Qidong
Cxiy, which showed that the RR. of affatoxin expmnrw for

partially. due to the deceease in afiat

foud, which resulied from momsc develspment.”?
Regarding the relationshi affatoxin wnd HOC,

several ecolagionl studies ™ were reported i the 19805,

but the results wirs not consistent, Lates; Some case-control

studies™ T found 8 significant corvelation between HOC and

fop of HCC, as d by the p of utinary
aflatonin markers and the 2490eps3 mmu, was 33 {Ch
L.2-8.%; amibutable risk: 0.553)" and 3.5 (CI 25-8 13,
nespectively,
5.2.6 Other sisk factors
Famitial clustering of HUC hos been documented #4855 4
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fat bascd £RSELONN sméy in memg city, }rfmggu
pmvmw” demonsirated that relatives of HCC patients had a
significantly increased risk gﬁk,, 306, CF 148-6.33) of HCC
as compared with relatives of controls, after adiusting for age
and sex. Howeves, sfler adjustment for HBV canrier status, the
QR was no Jonger statistically significant. On the otherhand, a
case-control study in Henan province™ and a cohort study in
Hongsu province® found that o famifial HCC histmy was 4
risk faciax, with a&)i{s of 33&6 {Ch 2755061} 1
{11 92,72 maias oniy), r&spmveiy, :miependmt &f H%W
carrier sia@us, slcohol intake, or exposure o crops: pozmwﬁiy
contaminated with aflatoxin, However, these. studies could
not identify the spwﬁc causes: forthe mms«i visk
associated with kinship,

Some studies have suggested. that drinking contaminated
pond water-is a risk factor for development of HCCY This
potentiel tisk hag m sributed to, microgystin produced by
sigas. However, this association was. not confinmed by other
repoits,® and it s possible that this potential risk: Pactor was
confounded with other risk factors.

The "xaag&e valley is known for a-high endemicity af

production of the vaccine was mandated, In 1986, plasma-
derived vaccines were locally pmdum:d fnr thefirst time in
Ching, and clinical trials confimed them to be safc and highly
effective in preventing HBV infection in infants born 1o HBY
carriermothers.?! In 1988, the vaccine was introduced o some
areas of the country:! Because the supply was limited, the
VRECINE Was mam]y used for peonates bom 1o HBY samcc

~mothers, As a msui:, lhr: pmvalencé of s:amm in Beijing
‘among ch;ldxm aged 0407 years deereased fmm between A%

and 7% 1o between 3% and 4%
To overcome. the” vaceine shontage and, potential fisk of

; plasma»dmwd vaceine, the MOH started a project to prudace.

the vaccine fmm & recombinant expression system, In 1996,
& Chinese hamster ovary {CHO)cell HBsAg expression
ﬁystem s hmnsed 1o i:mduce recombinant CHO bipatitis

B vaccine. At spproximately the. same time, production

of a yesst-based recombinant vaccine was staned - after
a ‘technology tramsfer from Merck & Dohme Co, The
recombinant vaceing was confirmed 1o be safe and effective
in ﬁhmcal trinls and eventually replaced the pl dertved

vaceing, Since 2001, all hepatitis B vaccine w:d n Chm has

been: binant (yeast or CHOYH

schistosomiasis, which causes Hver cirhosis, A ¢ 3
study in Sichuan on the :ievetogmmf of F;CC and :ts
association with 4 prevms dingnesis of sah:awsom;asis“
found that infection was scgmﬁc:anﬁy asw:tatcé wxﬁz HCC
{OR: 3% Ok 101300 i

In 1992, m MQH staxted umve:sa} vaccination for
b This led 1o i d coverage in urban and areas
Qf high sociveconomic: status, but the coverage was less.

provinoes. wheee the infection’ was énderic found élat the

association ‘with HOCC was caused by s cmxfmméer i,

hepatitis  vires infection®  The

scl‘us:qwmasss infection an(i HCC devetapmem i cum:uﬂg
idered less Hikely bzeause the infection does not cause

major inflammation in te hepatic parenchyma.

As deseribed inosestion 5.1, the incidence and mortality
sate of HCC are higher in males than in females in China,
This difference van partly be explained by sex differences in
the carrier prevalence of ﬁBV in addition, 4 cehort sty
in Haimen sity™ found & significant synergistic effect fn
the interaction between sex and HBY infection on liver cancer
martality, afler adjusting for smoking and sleoho! intake. That
study also found that approximately 60% of male deaths from
HCC might be attribulable to this sypergistic effect alone.

6. CONTROL MEASURES AGAINST
HEPATITIS B

8.1 HBV immunization

“The first hepatitis B vaccing was derived from human carier
plasma and was licensed in the United States in 1981, As
described above, Ching has had a vory. large disease Duarden
from chronic HBY infection, and the mzrséucuon of BB
yaceinntion was. an urgent priority. However, there were

chafienges in procuring and financing the huge number of |

vaceines needed for an annual binth cobore of more than 20
mitlion in the 1930s. To. overcome theso challenges, local

J Epidemiof 2014:21(61401-416

Jower wvmgﬁ_ in.}

ve in rural and Tess afffuent areas: & national review of
immunization Jo 1999 showed that immunization: coverage
with 3-dose HB vaccing was 0.7% for the whole chuntry,
but it vmud from 99% in Bca;mg to 7.8% in Tibet, The
“afffuent areas was du fo ,x}u: cost
of ation paid by parents, a Jack of ptibhc awareress of
the waccine, and insdequate vaccine supplics.?!

To mise aoverage, the MOH began 1o provide sl neonates
with free vaccing in 2002 under the National Plan far HB‘&"
Tmmunization,™ but parents were still charged an inj fee
{UUS51.10).% Meanwhile, togsther with the Global Alliance
for Vaceines and 1mmxzauon, the MOH initiated 2 project
w pmwlde free vaccination 10-all neonntes in 12 western
provinces and some less privileged aceas in other provinces, A
survey in 2005 of 11 of the westemn provinces showed that
average Umely birth-dose coverage increased 10 §8% ameng
neonates bore i township hospitals.? After this success in the.
westemn provinces, the ‘Chinese govemnment introduced 2
policy in 2005 10 pxov;de all vaceines listed in the National
Immunization P freesofcharge to- aft and’
infants in- the country. *Ihemﬁex, it was roported. that HB

“ vaceine coverage in neonales was maintained at acarly 93.0%

in-urban arcas of the country and that coverage in most rusml
axens incrwased 1o betwoen 83.5% and 96.5%3

The current HB vaccination -sehedule in- Ching 5 Dased
on that of the Expanded P on X ization of the
WHOQ.? The first dose is gwcn within 24 hours of birth, and
the second and third doses are given in the second and sixth

- months, This schedule is hased on 2 repon® indicating that
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approximately 90% of vertical ission can be p
without using HB immunoglobulin if the first dose is given
within 24 hours of birth,

8.2 National Plan for Prevention and Treatment of
Hepatitis B, 2006-10

In early 2006, the MOH adopted the National Plan
for Prevention and Treslment against Hepatitis B {NPHB}
for 2006-10. The NPHB was a reflection of the Ministry's
acknowledgment that hepatitis B was a critical health
challenge affecting patients, their families, and society as a
whole, and that control of the disease was stll insufficient
despite the of the i program.  The
NPHB had 3 major objectives, namely, (1) to reduce carrier
prevalence to fower than 1% among children aged 0 10 5
years, (2} to reduce carrier prevalence in the overall
population to” fower than 7%, and (3) to reduce carrier
prevalence by 1% in provinces where camrier prevalence
among all residents was already lower than 7%. To achieve
these objectives, the NPHB established a surveillance and

system, based on the limited Hterature written in English and
Japanese by Chinese authors.

Until the 1970s, provision of blood in health care settings
depended on paid donors recruited by each facility, During the
Cultural Revolution, the availability of blood and its safety
were further compromised due to social instability. To ensure
a safe blood supply, a pulsory blood donation system
for citizens was introduced in 1978, and a national standard
for blood donor qualification’ and donation practices was
implemented by the MOH for the finst time.?” The system,
however, retained a partial payment system, due to the
presence of .a dopation quota for each employer and an
honorarium for: donation, The acceleration. of cconomic

reforms in the 1990s was panied by an i in the
number of unlicensed private blood collection: centers, some
of which used unsafe bloed collecti hods. For ipl

non-sterifized needles were often reused and donors did not
undergo HEV testing, Donor-to-donior transmiission of blood-
bome viruses also occurred in these centers due to pooling of
blood from multiple plasma donors and returning of red cell

testing sysiem fe: HBY, strmgthened the 1 ‘azicn
d. safe njecti in medical and
services, § i kn«:swladgc of  hepatitis
mng gmarat ;mbhc, arsd trained  health care workers.
gt in stion - of the NPHB was  assessed
annually and its activities were modified accordingly.
‘While vertical transmission of HBV was controlled by

PGS,

P iy

p to each donor?s Among current HIV carriers in
China {approximately. 1.5 mitlion in 2010),** approximately
10% of HIV infection is atiributable to these unsafe blood
collection and provision pmum

To ensure & stable blood supply and safety in blood
ion, the g  passed the Blood Donation. Law
in 19989 The provisions of thc Taw include strengthening of

the HBV immanization program, the NPHB also proposed
measures  to control horizontal infection. Among - these
meusares was prevention at hcmc, including HBsAg festing
before marriage and i for fer “spouses,
promotion of condom use for carrier sponscs and’ immu-
aization of @il noncamier fanily members in o household with
a cartier,

i blood donation system, clasification of the
mspmsxb:lity of local governments o secure and promote
safety in blood donati blisk of ‘blood d
and supply ‘centers at each level of Jocal government, and
establishment of systems and regulations i blood donation/
provision and elinical practice, such as donor qualification, &
blood screening system, and standards for blood transfusion
tice at health care facitities.

As i “abovc,, jention of &

is very important in heath care seltings; hwever, reports
on the implementation of safe injection measures are Hmited.
A Gyear inteoveniional siudy in village olinics in- Hebei
provinee soported  that, after training mrm pmcutxonam
in clinics and providing smgbwse i

2

Based on the provisions of the law, the blood donation
and banking system came under the authority of the health
department of the central and local governments. A provincial
central blood center, a city cantral blood station, and pre-
& 1 blood donstion stations were established. As of 2000,

%Vwmrc H among 2 1 child born 1o
er mothers dropped to 2.1%; prevalence was 11.6% in
4 cemmi group with no intervention. ™
in heath care facilities, provision of safe blood is alse
important. We discuss this topic in the next section,

8.3 The blood banking system and promation of safe
blood provision

Because of the high prevaloned of HBV and HCV mnd the
increasing numbers of HIV carriers,> provision of safe blaod
is @ critical issue fo Chine. The Chinese Sucicty of Blood
Transfusion reported that 3,1% and L1% of alt whole blood
donors in China were seropositive for HBsAg and anti-HCY,
sespectively, in 1999.5 We briefly describe the blood banking

95% of the 3 levels of local governments for the whole
country were reported to have established blood /
stations, including 325 central blood stations at city Jevel
or Bighen® The requirements for donors were defined as 1
healthy person aged 18 w 55 years weighing 50 kg or more for
men or 45kg or more for women. The mintmmm interval
donations was G months. Donated bleod was required
w0 be i for hemoglobin and packed-cell
volume, ARG group, HBsAg, snti-HCV, ALT, anti-HIVIAR,
amud syphilis infection, With the introduction. of the Blood
Donation Law, the proportion of blood d d by vel
for chinical use increased from 11% in 1996 10 67% in 20005
This propotion is believed to be i in urban arcas.
In Shanghai, for example, 90% of all donors in 2007 were
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volunteers,'™® Also, a compensation sysiem for patients
infected  with HCV  through  blood transfusion  was
established there in 1996, According to a recent report,

that in Japan, the United States, and European Union
countries, in which the average prevalence is typically
below 3%.'® This variability might represent not only real

the volume of blood used for fusion in China conti o

increase as a result of the increasing amount of surgery, and
blood shomages occur even in Beljing during winter and
summer, when students, the major donor population,
temporarily leave the capital ™

7. DISCUSSION

China has the largest population and one of the la:ga(
territories in the world, Hts  diversity in i

difTe in prevalence, but also differences in sampling
and testing methods. However, the main sources of HCV
infection in China are believed to be fatrogenic transmission
and injecting drug use, both of which are associated -with
transmission risks that vary greatly according fo ‘the
distribution  of " unsafe medical - practices and ~high-risk
populations in the socisty. Thus, it is also likely that there is
wide variability in true carrier prevalence across geographic
arcas and population subgroups.

A sy ic review of the RR of HBV carier state for

E e tof

conditions, ethnicity, and cultum has a

the develop of HCC in China showed 1 wide range of

influence on disease ch The incid and
mortality of hepatitis and HCC, and their epidemiologi

ORs (3.8-103.0). During the 19805 and 1990s, studies in
Japan showed a similarly wide range (6.9-58.2)./%49 These

patterns, vary across the country, Therefore, u is not poss;bte
to fully describe the ¢k istics of these d with data
from only a few areas, and we must be cautious in interpreting
these reports, The scientific literature on hepatitis and HCC in
China has been increasing very tapidly in the past decades,
but we need more time before @ clearer national picture
of the epidemivlogy of these conditions emerges. In
addmun, Euglxsh-language reports and  assessments of

{5 Or sy ,-such as the HBY
vaccmauon program and the establistiment of & blood banking

results are roughly comp , but any of risk
in these 2 countries: must lakc inito account the differences
in methodology, particulardy in the pli hod and

adjustment for confoundmg factors ‘such “as afcohol use,.
smoking, and HCV carrier status. The pooled OR of HCY
carrier state for the development of HCC in China was
somewhat lower (mOR: §.1) than ORs reported in Japan
(range: 9<101).1%-D! “This diverpence might have been
caused by differences in average life span, distribution of
RCV‘,Y“,.mdy lences of other risk factors,

system, are still scarce. Thus, we also need to t
more balanced information on these developments.
The national seroepidemiologic survey in 1992 provided

lcoh mption, ‘which is higher per person
in Japan than in China.""* Additional data snd analyses are
needed in both China and Japan to identify the causes for this

In China, HBV is the most important risk factor for the
development of HCC. -Although the HBV immunization

fuable inft jon on the preval and epidemiology of  difference.
hepatitis virus infection in Chma. The report, however, had
some fimitati including an inadeq dmcf;ptmn -:f its
hodology, a lack of to valid

sources, and the absence of  confidence imtervals for
preval data. M , the survey's finding of an
apparent Jimited impact of the HBV vaccination program
among cohorts born. after 1988 casts doubt. on the
appropristeness  of - the sampling and  testing - methods.
Nevertheless, the results were consistent with observations.
in other studies: (13 as deseribed in section 2, HBV carrier
studies in varous parts of the country showed prevalences
ranging from 5% to 20%, which are consistent with valugs
from subgroup analyses in the national survey, (2)a study of
cartier prevalence among 22707 Taiwanese born in various
provinces of the mainland'® showed that the overall carrier
prevalence of HBV was 15.2% (lesting by RIA), with
variation by native province and a higher prevalence among
those bor in southern pmvmces Therefore, the survey results
are probably sufficiently relishle in describing the basic
emdm)mloglc trends in hepatitis virus infection in Ching as of
the carly 1990s.

The prevalence of HCV infection varied considerably
across reports from different areas in China, Some sreas
' g that the preval of HCV inf was higher than

J Epidemiol 2011,21(6):401-416

program is expected to greatly reduce HCC incidence, it will
require a few more decades before we start to see an obvious
decrease among the general population, With the high cost of
the current antiviral therapy for chronic HB, HCC control
among existing carriers depends on the reduction of risk

factors that accelerate the develop of HCC amony
carriers, Among the risk factors we reviewed, only smoking,
aflatoxin exposure, and aleohol intake are preventable by

intervention weasures, However, not all HCC patients wers
exposed o these risk factors, and the importance of obesity,
diabetes, and other potential risk factors for HCC among
carriers has yet to be carcfully assessed. We need additional
evidence on risk factors in order to develop more effective

plans for their reduction,
China 15 a very important-figld for studying the selation-
ship t flatoxin -and HOC development, due to- the
femicity of this caviconmental carcing and HBV.
Stadies cited in- this review appear 1o have established
a causal ‘Tink b “aflatoxin - exp and HCC, at

least among HBV a:ammf Huwever, there s still limited
evidence from - human  biplogical wmonitoring on  the
geographic distribution of aflatoxin contamination, altheugh
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contamination in agrcultaral orops . 5 relatively  well
documented. Further studies are needed fo assess the
population attributable risk of aflstoxin contamination on the
disease burden of HCC in China.

In addition to host (b ) and | factors, viral
characteristics are also important in the development of HCC,
Among these characteristics, information on HBV g
has rapidly accnmulated in the past decades."™ Dats on
genotype, however, are still difficult to obtaln in pop

and anti-HBs in China, Chin I Microbiol. Immunol.. 1986;
E:S20-40 (in Chiness).

6. Lu BM, Li T, Liv §, Zhuang H. Epidenviology and prevention
of hepatitis B virus infection in China. I Viral Hepar, 2010:7
Supplad=9.

7. Hu ZH, Qu Z¥, Jing Q. The overall infection rate of HBY in
Chinese general population by sampling investigation. Chin J
Microbiol Immunol. 1986;6:870~7,

8. Liu CB, Xu ZY Cauo HE, Sun YD, Cheng DB, Jing Q, et ol

based epidemiologic studies. Researchers need to consider the
potential effects of genotype when interpreting the msults of
epideniologic studies,

With the infroduction of HBV immunization, control of
HBY infection is substantially progressing in China, which
will lead to a damatic decrease in the disease burden. from
HBYV infection and HCC, However, the national prevalence of
HCV is notnegligible, ami some aress have a very high
preval The i dis burden from- HCV
infection is expested 16 i as the proportion of HBV-
immunized cohonts grows in the country, There is as yel no
promising candidate for a vaccine against HOV, and the
current standard treatment, interferon, is not affordable for the
general population in China. Under these conditions, the only
obvious measure (o curb the disease burden from HCV
infection ix prevention of its wansmission, paticutarly through
the iatragenic route. To clarify the epidemiology and disease
chatacteristics of HCV infection and. related HCC, further
studies are needed. Hmight ¢ be beneficial for China
to consider coapesation with other countrivs that have been
actively studying these diseases.
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People in Japan have the longest life expectancy at birth in the world. Here, we compile the best available evidence
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ity in a fairly short time through a rapid reduction in mortality rates for
from lhe 1950s to the early 1960s, followed by a large reduction in stroke mortality rates.

)apan had moderate mortality rates for non-communicable diseases, with the a:cepuon of stroke, in the 1950s. The
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health was patﬂy attributable to equal educational opportunities and

financial access to care. With the aduevemem of success durmg the health transition since World War 2, Japan now

needs to tackle major health chall that are

ing from a rapidly ageing population, causes that are not

amenable to health technologies, and the effects of increasing social disparities to sustain the improvement in

population health.

Introduction

Japan has caught the attention of the rest of the world
because of the tremendous success it has achieved in
improving the health status of its population in the
20th century. The improving health status of the Japanese
population was noted as early as the 1920s when infant

mortality rates started to fall.! Increased child suzvival rates
were partly possible then through the enhanced education
and increasing literacy of mothers—in the early
20th century, with the provision of free compulsory
education, almost all girls attended primary schools?
However, after World War 2, Japan showed its strength in
improving the health of its population. The country was
devastated after its defeat. Per person gross domestic
product was roughly international $3400 in 1950 (table),
which is similar to that in India today (Gakidou E, Institute
for Health Metrics and Evaluation, personal communi-
cation). The health status of the population was also
poor—in 1947, male life expectancy in Japan at birth was
only 50 years and female life expectancy was 54 years.®

Rapid economic growth started in the late 1950s and
life expectancy started to increase at an unprecedented
rate. Within a few decades Japan had caught up with and
eventually surpassed many other developed nations
(figure 1; figure 2). Since 1986, Japan has ranked first in
terms of female life expectancy at birth, with the highest
ever recorded worldwide life expectancy of 86 years
in 2009 The country had also maintained the best
healthy life expectancy at birth in 2007 (73 years for men
and 78 years for women).* With a low rate of total fertility,
the proportion of people aged 65 years and older has
quadrupled during the past 60 years to 23% in 2010,*
making the Japanese people the oldest population in the
world. Despite the ageing population, Japan's health
expenditure is only 8-5% of gross domestic product,
which put it in 20th position in terms of expenditure
among the countries of the Organisation for Economic
Co-operation and Development in 2008.¢

‘What has made the population of Japan healthy? How
has Japan achieved the longest life expectancy at birth
worldwide? Will the Japanese population continue to be
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Figure 1: Trends in life expectancy at birth, 1900-2008
Data from University of California at Berkeley and Max Planck Institute for

f Health, Labour and Welfare.*

Research’ and Mini:

healthyin the future? Understanding what has contributed
to making the Japanese population healthy in such a fairly
short period is important for global health policy,
particularly for countries struggling to improve health.
Several aspects of the Japanese lifestyle provide appealing
explanations for the first two questions. First, Japanese
people give attention to hygiene in all aspects of their
daily life. This attitude might partly be attributable to a
complex interaction of culture, education, climate
(eg, humidity, temperature), environment (eg, having
plenty of water and being a rice-eating nation), and the
old Shinto tradition of purifying the body and mind before
meeting others.™ Second, they are health conscious. In
Japan, regular health check-ups are the norm. Mass
screening is provided for everyone at school and work or
in the community by local government authorities. A
systernatic check-up of the whole body, referred to as a
human dry dock (panel 1), is another type of health
screening, which is popular among business people—
they stay at clinics or hospitals for several days to undergo

helancet.com Vol 378 September 17, 2011

thorough physical examinations. Third, Japanese food
has a balanced nutritional benefit, and the diet of the
Japanese population has improved in tandem with
economic development over the five past decades.**
Healthy lifestyle is, however, only one dimension of
Japanese life. Japan is now struggling to deal with several
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major health challenges, which are partly attributable to
the striking changes taking place in the demographic and
social structures of its rapidly maturing society. The
population is projected to shrink from 128 million in 2005
to 95 million in 2050, while the proportion of people aged
65 years or older is expected to rise to 40%.” Since the early
1990s, prolonged political stagnation and economic
recession have helped induce a feeling of increasing
inequality among this ageing population. Moreover,
overweight or obesity is an increasingly serious problem,
emanating from a shift towards a western-style diet and
sedentary lifestyle. About a third of men aged 30-59 years
are overweight or obese,” although the prevalence of adult
obesity (4%) is well below that in other developed nations.®
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Figure 2: Trends in the probability of death at age younger than 5 years (A), 15-60 years (B), and 60-75 years (C) in Japan and selected countries during
1950-2008
Data from University of California at Berkeley and Max Planck Institute for Demographic Research.
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Furthermore, the working life of typical salaried workers
in Japan seems anything but healthy—often working from
early in the morning until late in the evening, 6 days a
week. To relieve daily stress, some of them resort to
negative health behaviours such as smoking tobacco and
getting drunk after work, or even suicide in extreme cases.
Death from overwork is also a serious social problem. In
the context of these demographic and social challenges,
what are the best strategies for Japan to protect the health
and wellbeing of its ageing population?

In this first report in the Lancet Series, we focus on the
improvements in the health of the Japanese population
after World War 2. We review and analyse the best available
data and evidence for population health in Japan to explore
what has made the Japanese people healthy (panel 2). We
provide an overview of Japan’s population health in terms
of the rates and distribution of mortality, and assess
possible factors that might account for the longevity of the
people in Japan. We also draw attention to the future
challenges for Japan in controlling risk factors and social
determinants to further enhance the health status of its
population. We conclude with the global lessons that can
be learned from Japan’s experience over the past 50 years.

Mortality rates in infants and young adults

Most of the increase in longevity in Japan in the past
60 years happened during 1950-65. Life expectancy at
birth increased by 10-1 years in men and 11-9 years in
women during this time, and these increases accounted
for almost 40% of the total increase during 1950-2010
(table). Much of the increase in longevity during this early
period was indicative of an enormous reduction in
mortality rates in children younger than 5 years and young
adults. In 1950, the probability of death before the age of
5 years was greater than 80 per 1000 livebirths and was
very high compared with the probabilities of death in
other developed countries, but fell to about 20 per
1000 livebirths by 1965 {figure 2). The probability of death
in individuals aged 15-60 years was also much higher
than in other developed countries, but fell and was on a
par with probabilities of death in some developed countries
by 1965. Consequently, in the 1950s and early 1960s, lower
mortality rates in children younger than 5 years accounted
for an increase in male life expectancy at birth of 4- 1 years
and female life expectancy at birth of 4-3 years, whereas
reduced mortality rates in adults younger than 60 years
accounted for increases in life expectancies of 3-1years in
men and 4-0 years in women (webappendix p 3).

The health of children younger than 5 years improved
greatly in 195065 through the control of intestinal or
respiratory infections and vaccine-preventable diseases
that occurred with a drop in the number of neonatal
deaths. The agestandardised mortality rate for
communicable diseases, other than tuberculosis,
decreased by 90% in children younger than 5 years
(webappendix p 7); the ag 1dardised mortality rates
for neonatal illnesses fell from 990 per 100000 boys

o com Vol 378 ber 17, 2011

to 173 per 100000 and from 772 per 100000 girls
to 133 per 100000 during 1953-70 (webappendix p 7).
Reduction in mortality rates for infectious diseases, other
than tuberculosis, in children younger than 5 years
accounted for increases of 2-2 years in male life expect-
ancies at birth and 2-4 years in female life expectancies at
birth. The reduction in the mortality rate for neonatal
illnesses increased life expectancy by 1-0 year in both
sexes (webappendix p 3).

The effect of a reduction in the mortality rate for
tuberculosis on the extension of life expectancy at birth
in young adults was equivalent to the reduction in
mortality rate for other infectious diseases in children
younger than 5 years. A 95% reduction in the number of
deaths from tuberculosis in adults (aged 15-59 years)
in 195065 (webappendix p 8) contributed to the increase
in life expectancy of 2-4 years in men and 2-3 years in
women (webappendix p 3).

These reductions in mortality rates in 1950-65 indicated
increasing investment in the public health sector during

Sce Orfina for webappendix
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demilitarisation and democratisation in the early post-war
years in Japan. 32 health laws were enacted during the
first decade after the war® The Japanese Government
collaborated with the American occupation forces in
scaling up public health interventions at the community
level.® Water supply coverage and key interventions for
maternal and child health rapidly improved after the war

(webappendix p 10). The effective provision of essential
interventions for child survival, such as access to safe
drinking water and institutional delivery, was mediated
through a high level of maternal education and health
facility provision that had already been achieved before the
war” Moreover, free treatment for tuberculosis started
in 1952, and included systematic screening with chest
radiography and the use of streptomycin. The incidence of
tuberculosis decreased sharply at a yearly rate of 11%
between 1961 and 1977% Additionally, as elaborated in the
second report in this Lancet Series,® health insurance
coverage, which was applied to about 70% of the population
before World War 2, ensured access to new interventions
such as drugs and vaccines for tuberculosis.

Mortality rates for non-communicable diseases
Even after communicable diseases had been successfully
tackled, life expectancy of Japanese people continued to
increase steadily. Male and female life expectancies at
birth, respectively, increased by 5-7 years and 5-9 years
during 1965-80, 3-0 years and 4-0 years during 1980-95,
and 3-3 years and 29 years during 1995-2008 (figure 1).
The risks of people dying at the ages of 15-60 years and
60-75 years fell, becoming one of the lowest in the
developed world by 1980 (fgure 2).

In 1950, mortality rates for cancers and ischaemic heart
disease were already quite low in Japan compared with
those in other developed countries, whereas the stroke
mortality rate was very high. The age-standardised
mortality rates for men with cancers and other neoplasms,
ischaemic heart disease, and stroke were 163 - 8 per 100000,
143 -4 per 100000, and 363-1 per 100000, respectively, and
for women 137-8 per 100000, 124-8 per 100000, and
326-5 per 100000, respectively (webappendix pp 11-13).
The low mortality rates for cancers and ischaemic heart
disease in the early post-war years is one of the features of
the health transition in the Japanese people. Although it is
not known why the mortality rates for non-communicable
diseases, other than stroke, were already low at this time,
the reasons might be a favourable lipid profile and glucose
metabolism, a generally low body-mass index, and other
lifestyle factors relating to diet and low to moderate alcohol
intake.” Indeed, the results of the Ni-Hon-San study™” and
the Honolulu Heart Program* showed that Japanese
Americans (first-generation immigrants) were more likely
to develop ischaemic heart disease and less likely to develop
stroke than were Japanese people living in Japan, drawing
attention to the importance of lifestyle rather than genetic
background in determining the risk of disease.* The
sustained increase in life expectancy at birth after the
mid-1960s was largely attributable to reduced mortality
rates for non-communicable diseases (webappendix p 4).
From 1965 to 1980, reduced mortality rates in adults with
these diseases had a substantial effect on increasing life
expectancy. Reduction in the mortality rate for stroke in
people aged 60-74 years increased male life expectancy at
birth by 1-1 years and female life expectancy at birth by
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1.0 years (webappendix p 4). Reduced mortality rate for
stroke in women aged 75 years and older also accounted
for a substantial increase (0-9 years) in female longevity.

‘The fall in stroke mortality rates slowed during 1980-95,
while ischaemic heart disease mortality rates continued
to fall steadily. Although not decreasing so rapidly as that
of stroke, the mortality rate for ischaemic heart disease in
adults aged 60-74 years nevertheless constantly decreased
in this period (webappendix p 9). Consequently, although
improved stroke mortality rates continued to be a major
determinant of increased life expectancy, the effect of
decreased mortality rates for ischaemic heart disease
became pronounced during 1980-95, particularly in
elderly women (webappendix p 5). Moreover, a reduction
in the mortality rate in women aged 75 years and older
had the largest effect on the increase in female life
expectancy at birth, accounting for a change of more than
2 years (webappendix p 5). The distribution of the effects
of change in mortality rate on increased longevity by age
and cause of death was similar for both sexes during
1995-2008 (webappendix p 6).

An improved stroke mortality rate coincided with a
reduction in average blood pressure that started in the late
1960s.7%%* The numbers of deaths from stroke associated
with high blood pressure have decreased over the past
three decades.” Two factors that might be important in
contributing to the falling trend in blood pressure in the
population are the increased coverage of antihypertensive
drugs in patients with hypertension and improved
lifestyles that include reduced dietary salt intake.®

A population-wide approach with easy access to primary
care as a result of universal health coverage has proved to
be especially successful in reducing the incidence and
prevalence of stroke.” The national government launched
a strategy for the prevention and control of hypertension
and stroke in 1969 and applied the strategy nationwide
in 1982. This strategy included the measurement of blood
pressure for screening high-risk populations, provision
of national health insurance coverage for the clinical
treatment of hypertension, and population-wide health
education for reduction of dietary salt intake and
improvement of other lifestyle-related factors. On the
basis of this strategy, occupational health acts were
enacted in 1972 and community health acts in 1982 to
mandate the provision of programmes for primary and
secondary prevention, including annual health check-
ups. More than 70% of Japanese men aged 45~54 years
have some form of health check-up at least once a year.®

A reduction in dietary salt intake has been very
important for the health improvement of the Japanese
population. Average salt intake among middle-aged men
decreased from 30 g/day in the 1950s to 14 g/day in the
1980s.“ Some aspects of a westernised Japanese diet, such
as the improved preservation of food might have
contributed to the reduction in dietary sodium
consumption.” These results partly support the claim that
both a population-based approach and subsequent
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advances in modern medical technologies with the scale-
up of their access have made a substantial contribution to
the improved life expectancy of the Japanese population.

Cultural background

Japan’s success in terms of the increased life expectancy
of its population is unlikely to have resulted solely from
the achievement of good access to health care. Instead,
other cultural background factors might be involved.
Marmot and Smith® hypothesised that the way Japanese
people relate to each other and groups might partly
account for the longevity of the Japanese population.®
Results of previous studies have lent support to this
hypothesis because strong ties in Japanese communities
seem to be associated with improved outcomes in
mental health, dental health, and physical functioning,
while buffering against the adverse effects of income
inequality.® More than 50 years of peace and political
stability might also have contributed indirectly to Japan's
success in population health.

Health inequality

The homogeneous and egalitarian nature of Japanese
society is shown in terms of strong educational policies,
formal and informal regulations that ensure employment
security, and universal access to health care. Disparities
in life expectancy at birth between prefectures had started
to decrease before World War 2 and continued to decline
steadily until they were very low in the 1970s.? Indirect
evidence suggests that people living in prefectures in the
northeast of Japan might have shorter life expectancies
than do those living in the prefectures in the southwest.*
This geographical gradient might be attributable to
differences in risk profiles such as a higher prevalence of
hypertension and diabetes in the northeastern prefectures
that are related to lifestyles, health-care resources, and
socioeconomic status. Our additional analysis showed
that the variability in life expectancy at birth across
municipalities remained low from 1985 to 2005—standard
deviations of longevity changed by about 1-0 for male life
expectancy and 0-8 for female life expectancy, and were
small compared with 2:0-2-5 and 1-5-2-0, respectively,
for counties in the USA.#

Gaps in all-cause mortality rates for men in different
occupational groups were reduced from the early 1960s
to the late 1980s, except for workers in the service industry
and those working in the agriculture, fishery, and forestry
industries.* An additional analysis we undertook showed
that the downward trend in socioeconomic disparities in
mortality rates continued in the early 1990s, and the
mortality rates for r gers and p jonals rose in
the late 1990s, which coincided with the Asian financial
crisis in 1997 (webappendix p 14).

The rapid reduction in mortality rates in Japan might
have been partly attributable to the narrowing gap in
income during the period of high economic growth in
the 19605 and 1970s.”* By the 1990s, more than 90% of
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people believed that they were middle class.® However,
this belief might no longer be applicable. During the past
two decades, Japan has had economic recession. Income
inequality has increased to match the average for the
member countries of the Organisation for Economic Co-
operation and Development,” which accords with reports
suggesting widening health disparities in recent years,®
despite the decreasing trend and fairly small health
disparities until the 1990s.?

Challenges for Japanese population health
Increase life expectancy

Cancer, heart disease, and cerebrovascular disease are the
three leading causes of death in Japan, accounting for
more than 50% of the risk that a person at age zero will die
in the course of their lifetime.* To strengthen the extension
of Japanese life expectancy, mortality from these non-
communicable diseases must be prevented. Although the
use of advanced medical technology is a promising
strategy for improving survival, modifying the profile of
the underlying population risk factors is also important to
ensure a long-term increase in population health.

A comparative assessment of preventable risk factors
in Japan showed that tobacco smoking and high blood
pressure were the two distinctive determinants of adult
mortality from non-communicable diseases in 2007
(figure 3).” Of 834000 deaths from non-communicable
diseases and injuries, the exposure to tobacco smoking
in terms of smoking impact ratios accounted for
129000 deaths, whereas high blood pressure accounted
for 104000 deaths. A similar estimate of the number of
avoidable deaths from tobacco use was reported in a
pooled cohort study of the current smoking status.” The
comparative risk assessment also showed that male life
expectancy at birth would have been extended by
1-8 years and fernale life expectancy at birth by 0-6 years
if all adults abstained from smoking; and by 0-9 years
for both sexes if the systolic blood pressure was reduced
to a pressure that resulted in minimum harmful effects
in the population.

Tobacco smoking has a striking effect on population
health in Japan. Despite its well known harmful effects,
smoking is still commonplace——about 50% of young men
smoke—and the rate has been gradually increasing among
young women.” The Health Promotion Law was enacted
in 2003 to support the prevention of smoking and passive
smoking in public places. Although compliance with this
national tobacco control legislation has improved,
disparities still exist in the progress of tobacco control
policy across local governments,” and no mandatory clean
air law has been passed nationally. The retail price of the
most popular brand of cigarettes was only US$3- 3 in 2008,
much lower than the average price in high-income
countries ($5-0)." These circumstances, favouring
smokers, show to some extent that tobacco tax was one of
the most important sources of revenue for the government
in the past.” Further, the rate of mortality attributable to
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this risk factor has increased in recent decades because of
the accumulation of negative health effects in the older
population.” Without effective policy interventions, the
rate of mortality from tobacco smoking will continue to
rise in the coming decades. A renewed emphasis on
tobacco control, espedially through its pricing mechanism,
is necessary to discourage the consumption of tobacco
products and promote smoking cessation.

Despite the decline in population blood pressure in the
past four decades, the management of blood pressure is
still not satisfactory in Japan. Blood pressure is effectively
controlled with drugs in less than a fifth of the population
with hypertension.” Additional efforts in the community
and clinical practice in terms of early detection, lifestyle
modification, and the effective treatment coverage of
high blood pressure have the potential to extend life
expectancy through a reduction in the mortality rates for
cardiovascular diseases. In relation to this, strengthening
adherence to standard clinical guideline recommend-
ations® in general practice through continued medical
education could be the key to increasing the effective
coverage of outpatient services and to ensure the
compliance of patients, as discussed in the third report in
this Series.”

A large improvement in population health is still
possible through the reduction of several risk factors for
non-communicable diseases, such as high concentrations
of blood glucose, physical inactivity, alcohol use, over-
weight and obesity, and high dietary salt intake. The
control of several cardiovascular risks could also increase
longevity for both sexes by reducing the risk of death.” A
comprehensive prevention package is needed to lower
the combined effects of several risk factors or metabolic
syndrome, including the improvement of lifestyles and
diet, and to increase the coverage of antihypertensive
drugs. This package would be particularly relevant in the
cugrent obesity-friendly environment in Japan because,
although lifestyle changes generally seem to matter more
than do genetic factors, evidence suggests that the
Japanese might be genetically more susceptible to being
overweight or to developing diabetes mellitus.”*
Since 2008, in response to soaring health costs, the
government has made it obligatory for people aged
40-74 years to have an annual check-up and a health
education intervention that is focused on the prevention
of metabolic syndrome,” although the effectiveness of
health check-ups is not known in Japan.

Japan, similar to other east Asian countries, has many
cancer-associated deaths from infectious causes.®
Infections with hepatitis C virus and Helicobacter pylori
account for many of the deaths from cancer.” In 2007,
H pylori infection was the cause of 31000 deaths from
gastric cancer. Infection with hepatitis C virus was
associated with 23000 deaths from liver cancer, with
clustering in people aged 70-79 years—ie, individuals
born in the 1930s. Chronic infection with hepatitis C
virus plays a major part in the cause of hepatic
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carcinoma in Japan.” A decreasing prevalence of
infections with hepatitis C virus after the birth cohort
of about 1935 suggests that the disease burden of this
virus will decrease in the future. The fairly high
prevalence of H pylori is similar to that of stomach
cancer.” However, a fall in the prevalence of H pylori
infection has been noted in people born after 1955,
which indicates a future reduction in the burden of
gastric carcinoma attributable to this risk factor
in Japan.

Prevention of suicide

Suicide prevention is another challenge for population
health in Japan. Suicide rates contribute to premature
mortality rates and profoundly affect society—by 2006,
an estimated 3 million people had lost a loved one to
suicide in Japan.® The number of suicides has been
greater than 30000 every year since 1998, when a sharp
rise was recorded from the previous year (figure 4).%
Roughly 70% of people who commit suicide are men and
509 are unemployed, and 40% of suicides in men are in
individuals aged 45-64 years.® Major motives for suicide
among working age men include psychiatric disorders
such as depression, business failure, unemployment,
and debts.*

The trends in suicide mortality rates might be
associated with the increasing economic and social
insecurity resulting from a stagnating Japanese
economy since the beginning of the 1990s, especially in
response to the Asian financial crisis in 1997% The
unemployment rate in the working age male population
rose from 2-0% in 1991 to 3-4% in 1997 and then up to
5-5% in 2003.% Additionally, the work environment has
greatly changed because of the easing in employment
contract regulations in the late 1990s.“ The employment
pattern has shifted from the permanent employment
that underpinned high economic growth in the past.
The percentage of non-regular workers among male
employees has increased from 9% in 1991 to about 19%
in the late 2000s. The government has responded to
the suicide epidemic with a comprehensive strategy
{ie, the Comprehensive Suicide Prevention Initiative®)
that follows on from the Basic Act for Suicide
Prevention, which was enacted in 2006, although its
effect is not yet notable.

Reduction in morbidity and disability

Do Japanese people not only live longer but better in
terms of their physical and psychological functioning?
Globally, evidence suggests an increasing prevalence of
morbidity in accord with the ageing population, while
disability has been falling.” In Japan, research suggests
that trends in disability prevalence differ between the
young elderly (65-74 years) and the oldest old (=85 years).
For example, falling disability rates for those aged
65 years and older were recorded during the 1990s in a
nationally representative sample of the Japanese elderly
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population,” whereas increasing rates were reported for
centenarians in other studies™? National health
interview survey data have been used in studies to show
that the functional health status of the japanese people
deteriorated during 1995-2004; and morbidity rates
decreased from 1984 until 1995, but the trend reversed in
the late 1990s until 2004 However, self-reported data
were used for a few of the health domains in these
studies. The survey questions and response categories
are not detailed enough to obtain a reliable measure of
the non-fatal health status of the population. Therefore,
the national information infrastructure needs to be
urgently improved to gather valid, reliable, and
comparable data for the rates of disability and morbidity
in the Japanese population.

Medical and long-term care

An unprecedented and unexpectedly steep reduction in
mortality rates in older age groups” is contributing to the
rapid increase in remaining life expectancy in Japan. The
country has shown the most rapid increase in remaining
life expectancy over the past six decades. For Japanese
women, life expectancy at age 60 years increased from
16-4 years in 1950 to 28- 1 years in 2007 (webappendix p 2),
while life expectancy at age 80 years also increased
substantially from 5-5 years to 11-4 years (web-
appendix p 2). The stagnating rate of increase in remaining
life expectancy in other developed countries during the
past two decades draws attention to Japan’s exceptional
improvement in life expectancy at older ages.

The nature of health care is also changing in this ageing
society. The proportion of deaths resulting from illnesses
that are no longer amenable to medical care, and Japanese
society’s concern about health have been increasing. A
close link between medical care and long-term care
should be further promoted to enhance population
wellbeing and will be elaborated further in the fourth
report in this Series.™

Glohal lessons
The experience of post-war Japan suggests that countries
with low socioeconomic development can achieve
progress in terms of their population health. Japan's
national income was low in the beginning of the 1950s,
when a tremendous increase in life expectancy at birth
started largely as a result of the scale-up of the coverage
of essential child survival interventions and provision of
free treatment for tuberculosis. The main driving force
for improved population health during this period was
undoubtedly the strong stewardship of the new Japanese
Government in implementing major structural reforms
in the health sector and placing priority on investment in
key interventions for public health in the early phase of
economic growth.

The path towards universal coverage should be
encouraged globally. Stroke mortality reduction was a
major determinant of the sustained extension of the
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longevity of the Japanese population after the mid-
1960s. The control of blood pressure improved with
population-based interventions such as salt reduction
campaigns and an increased availability of anti-
hypertensive drugs through universal health insurance
coverage. A reduction in mortality rates can be brought
about by the interplay of improvements in both medical
care and other societal factors (eg, income, education,
nutrition, and sanitation). In turn, this reduction can
vary by individual, place, and disease type.”” A recent
assessment of worldwide adult mortality rates” identified
three important factors—socioeconomic development,
increased access to health care and the progress in health
technologies, and the diseases of affluence. Universal
coverage is one of the most important factors and is
essential in enhancing access to cost-effective health care
at affordable prices that has indirectly contributed to the
longevity through reduced cardiovascular-associated
mortality rates in Japan. The lessons learned from the
challenges and successes of population health in Japan
lend support for the implementation of the current global
health strategies to develop domestic health financing
and risk-pooling mechanisms through health insurance
and to scale up cost-effective interventions.*

Health disparities across regions and socioeconomic
groups are quite small in this egalitarian society and
have narrowed over time with increasing average
population health. The establishment of free compul-
sory primary education early in the 20th century, a
social insurance system before the war, and universal
health insurance coverage in 1961 enabled the provision
of equal opportunities for health promotion. These
experiences confirm that working on population
averages is not enough. Countries that have the least
regional or socioeconomic disparity in longevity tend to
be those in which the populations enjoy the longest life
expectancies in the world.® Globalisation and rising
economic disparity contribute to health inequalities
and are increasingly causes for concern in many
countries, and Japan is no exception. The goals of a
health system include not only improvement of the
averages but also reduction of health inequalities to a
minimum.® By doing so, countries could accomplish
what Japan has achieved.

Japan now has challenges for population health that
many other countries will have soon. Further progress in
terms of longevity in Japan is dependent on the prevention
of major risk factors for non-communicable diseases such
as tobacco smoking, high blood pressure, and metabolic
syndrome. Prevention of premature mortality from
suicide is another major issue requiring a comprehensive
societal response that involves, for example, stabilisation
of the labour market, and improvement of the promotion
and provision of mental health services.® The rapidly
ageing population as a result of improved survival also
challenges financing and quality of care in Japan’s health
system.®*7 The tsunami and nuclear crisis caused by the
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magnitude 9-0 Great East Japan Earthquake on
March 11, 2011, might also affect future population health,
which will need to be monitored and assessed. How
should Japan respond to these challenges? Policy options
to tackle the challenges are addressed in the other five
reports in this Lancet Series on Japan, which we hope will
serve as a guide that will help other countries to develop
policies that fit their specific circumstances. Indeed, this
Series will draw attention to how Japan is unique in
overcoming different and changing population health
challenges in the past 50 years to achieve population
longevity, and how the country’s experience can be an
important resource for the global health community and
could transcend geographical, social, cultural, and
political boundaries for understanding and helping
enhance population health worldwide.
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Aim: Despite advances in medical therapy, studies have
reported gaps between current evidence and actual practice
in many areas of medicine. Process-of-care quality indicators
(Qls) are tools to measure the evidence-practice gap. This
study aims to examine the feasibility of applying Qls for liver
cancer care to the national registry database operated by the
Liver Cancer Study Group of Japan.

Methods: Prior research developed a set of process-of-
care Qls developed on the basis of the Japanese Clinical
Practice Guidelines for hepatocellular carcinoma. Each QI
describes target patients and care processes indicated
for such patients. Among the 25 developed Qls, six
appeared scorable using the information contained in the
dataset from the 17" Nationwide Survey of Primary Liver
Cancer.

Results: In total, 16 187 patients were eligible for the six
Qls for 34 599 times, among which the indicated care was
provided 83.9% times. The scores ranged from 64.4% (surgical
therapy in patients with HCC 3-5 cm in diameter) to 91.1%
(indocyanine green checkup before surgical resection). The
information was generally available to determine eligibility
{78.3%-100%) and pass/fail (91.9%-99.9%) for the Qls.
Conclusions: Applying Qls to the liver cancer registry, the
quality of hepatocellular carcinoma care can be measured. In
future, providing feedback regarding the results to the par-
ticipating society may improve the quality of liver cancer care
nationwide.

Key words: cancer registry, hepatocellular carcinoma,
quality indicators, quality of health care.

INTRODUCTION

IVER CANCER IS the third leading cause of cancer
deaths worldwide.! Eastern countries generally
exhibit higher incidences of liver cancer, but many
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Western countries have experienced a steady increase.*?
Liver cancer is prevalent in Japan, and it was the fourth
leading cause of cancer deaths in 2009.* Despite recent
advances in diagnostics and therapeutics, the 5-year sur-
vival rates based on population-based cancer registries
remains relatively low at 23.1%.°

To improve survival, both medical therapeutic
advances and their dissemination into dinical practice
are necessary. To distribute current knowledge and
facilitate clinical decision making for liver cancer
treatment, the first evidence-based Clinical Practice
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Guidelines for Hepatocellular Carcinoma in Japan were
published in 2005 with financial support from the Min-
istry of Health, Labor, and Welfare.5? A follow-up survey
of specialists and generalists involved in liver cancer care
demonstrated successful outreach and acceptance of
these guidelines among frontline practitioners of hepa-
tocellular carcinoma (HCC) care.®

The next step in monitoring the effectiveness of the
HCC clinical practice guidelines is the assessment of
the quality of care. Although the quality of care can be
assessed by structure, process, and outcome,’ an evalu-
ation of the process best fits the context of guideline
implementation. Quality assessments that examine the
processes of care compare the actual care provided to
the patient against the pre-specified standards of care.
Although standards may not exist for all aspects of care,
examining how well the standards are incorporated into
daily practice in those areas that do exist can reveal
aspects of quality and create a basis for improvement. In
addition, gaps in the process quality highlight areas for
the guideline committee to focus on in the next round
of revisions. Accordingly, we developed a set of process
quality indicators (QIs) that describe standards for HCC
patient care.'®"! Although the QIs were designed to be
implemented through the review of medical records,
some QIs can be used on the Nationwide Survey of
Primary Liver Cancer - the liver cancer registry operated
by the Liver Cancer Study Group of Japan. This provided
a unique opportunity to pilot test the QIs and examine
certain aspects of the quality of care of some liver cancer
patients in Japan.

METHODS

Development of the Qls

HE QIS WERE developed using Japanese HCC

guidelines, adopting the RAND/University of Cali-
fornia, Los Angeles appropriateness methods."? Details
of processes and results were previously reported in
Japanese.'! Briefly, we first created candidate QIs based
on the recommendations of the Japanese HCC guide-
lines and the medical literature. Each QI described the
care standards defining target patients and indicated the
care processes. From a literature review, we summarized
the rationale for each candidate QI.

Next a nine-member multidisciplinary panel was con-
vened that consisted of two hepatobiliary surgeons,
three hepatologists, a gastrointestinal surgeon, a general
internist, and two interventional radiologists. The panel
members were nationally recognized clinicians from
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various practice settings, including the university. and
general hospital settings. The geographic distributions
of the clinical practices were also taken into account.

The panel examined candidate Qls by following the
modified Delphi process that consisted of two rounds of
anonymous rating of the validity (scale of 1-9; 1 = defi-
nitely invalid, 9 = definitely valid) coupled with a face-
to-face group discussion between rounds. During the
process, the panel was allowed to modify the QIs. As per
prior studies, QIs that had a median rating of 7 or higher
and were rated 3 or lower by two or fewer panelists in
the second ratings were accepted.'2*

Liver cancer registry database

The Liver Cancer Study Group of Japan operates the
Nationwide Survey of Primary Liver Cancer in Japan,
which is a cancer registry specifically for liver cancer.'
Biannually, it collects 178 data items from the newly
treated primary liver cancer patients and 46 items for
following the previously registered patients. Participa-
tion is voluntary and is estimated to cover approxi-
mately 20% of all primary liver cancer patients in
Japan.” We used data on patients receiving therapy for
liver cancer at 645 participating institutions during 2002
and 2003. The data consisted of detailed clinical infor-
mation and included the patients’ baseline conditions,
imaging findings, treatment modality, and pathological
findings. Here, we have limited our analysis to HCC
patients 220 years of age and have excluded patients
who lacked age or diagnosis information.

Quality scores

The expert panel process resulted in 25 Qls,"* which
targeted a wide range of care processes including the
pre-therapeutic evaluation, treatment choice, patient
explanation of the treatment and results, and follow-
ups. Of the 25 QIs, six could be scored using the infor-
mation in the Liver Cancer Registry Database (Table 1).
Patients were eligible for Qls if they met the criteria
described in the denominator, and they were considered
to have “passed” the QI if they received the care pro-
cesses stated in the numerator. The quality score was
calculated for each QI as the percentage of “passed”
patients among those eligible. For example, the first QI
in Table 1 was scored as the percentage of the patients
whose alpha-phetoprotein (AFP) and protein indiced by
vitamin K absence -2 (PIVKA-2) levels were measured
before treatment (numerator) among those who were
diagnosed with hepatocellular carcinoma (denomina-
tor). When necessary information was unavailable (i.e.
either missing or coded as “unknown” in the dataset),
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Table 1 Quality indicators (Qls) applied to the liver cancer registry, quality scores, and data completeness

Denominator (target patients) Numerator
(standard care processes)

n Quality score Data availability (%)

(%) e
Denominator Numerator

Tumor marker before initiation of therapy

Patients who were diagnosed with ~ AFP and PIVKA-2 levels were 16187 82.3% 100% 94.3%
hepatocellular carcinoma (HCC) measured before treatmentt

ICG check-up before surgery

Patients who underwent surgical ~ 15-min ICG retention rate was 4802 91.1% 99.2% 94.6%
resection of HCC for the first time  measured before treatmentt

Local therapy for new HCC (<3 ¢m)

HCC patients with liver damage  Surgical resection or percutaneous 3934 76.9% 78.3% 99.5%

class A, having three or less
tumors of 3 cm or smaller in
diameter

or RFA) was performed.

Surgical therapy for new HCC (3-5 cm)

local ablation therapy (PEL MCT,

HCC patients with liver damage  Surgical resection was performed. 1029 64.4% 78.3% 99.9%

class A having a solitary tumor of
3-5 cm in diameter
TACE indication
HCC patients with Stage IVa or TACE was performed.
earlier, Vp 0-2 and Child-Pugh
class A or B, in whom surgery and
percutaneous local ablation
therapy were not possible
(patients who did not receive
surgery or percutaneous local
ablation therapy within 3 months
after diagnosis)
Documentation of after surgical resection
HCC patients who received Medical record (including
surgical resection

3741 84.5% 82.0% 99.9%

4906 81.4% 99.5% 91.9%

pathological report) documented

the degrees of vascular invasion#
and tumor differentiation was
postoperatively determined.

1Timing of the measurement was uncertain because the date of the test was not present in the registry.

‘Whether surgical resection was the first-line therapy was unclear because the registry did not distinguish the first-line therapy from
subsequent therapies. $Includes invasion to the portal vein (vp), hepatic vein (vv), hepatic artery (va), and bile duct (b).

HCC, hepatocellular carcinoma; 1CG, indocyanine green; MCT, microwave coagulation therapy; PEI, percutaneous ethanol injection;

RFA, radiofrequency ablation; TACE, transarterial chemoembolization.

we treated the patients as follows: if QI eligibility infor-
mation (applicability to the denominator) was missing,
we excluded the patients from the denominator; if the
information needed to determine the “pass” or “fail”
status (the numerator) was unavailable, we considered
that the care was not provided, and thus, the patient was
counted as “fail” on the QI

To evaluate the feasibility of applying these Qs to the
liver cancer registry, we examined the completeness of

the data to determine patient eligibility (the proportion
of patients having all data items necessary to examine
the denominator criteria [i.e. target patients]) and pass/
fail (the proportion of patients having all necessary data
items among all eligible patients) for QIs. Because the
analysis revealed that the liver damage classification of
the Liver Cancer Study Group'® was the most frequently
missing information, we further evaluated the usability
of Child-Pugh classification to substitute for the liver
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damage classification by examining the agreement
between the two classification systems among patients
with both sets of data. Because the QIs that target treat-
ment choice focused on patients with cdass A liver
damage, we calculated the sensitivity and specificity of
the Child-Pugh class A in predicting liver damage class
A. All of the statistical analyses were performed using
STATA 11.1 (College Station, TX, USA). The study pro-
tocol was approved by the institutional review board of
the National Cancer Center of Japan.

RESULTS

Sample characteristics
NTOTAL, 16 187 patients were included. Table 2 pre-
sents the sample characteristics. The mean age of
patients was 67 years (71.6% male). Approximately
50% of patients had liver damage of class A and 50%
had solitary tumors. Similar numbers of patients under-

Table 2 Sample characteristics

n (%)
Age, mean (SD) 67 (SD=9.4)
Male 1 (%) 11592 (71.6%)
Liver damage class
A 8089 (50.0%)
B 4439 (27.4%)
C 1058 (6.5%)

Unknown/No response
Child-Pugh class

2601 (16.1%)

A 10 585 {65.4%)
B 3444 (21.3%)
o] 867 (5.4%)
Unknown/No response 1291 (8.0%)
Number of tumors
1 8970 (55.4%)
2 2727 (16.9%)
3 1198 (7.4%)
>3 3733 (15.7%)
Unknown/No response 757 (4.9%)
Tumor diameter {cm), mean (SD) 4.1 (4.0)
Primary treatment modality
No treatment 1238 (7.7%)

Surgical resection, transplantation
Percutaneous local ablation

4895 (30.2%)
4733 (29.2%)

TACE 4423 (27.3%)
Systemic chemotherapy 718 (4.4%)
Other treatment 110 (0.7%)
No answer 70 (0.4%)

SD, standard deviation; TACE, transarterial chemoembolization.
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Table 3 Cross-tabulation of Child-Pugh and Liver damage
classes

Ccp LD

A B C Unknown  Total
A 7729 1813 35 1008 10 585
B 131 2445 290 578 3444
C 6 56 693 112 867
Unknown 223 125 40 903 1291
Total 8089 4439 1058 2601 16 187

CP, Child-Pugh dassification; LD, liver damage.

went surgery, percutaneous local ablation, and tran-
scatheter arterial chemoembolization (TACE).

Quality scores

On average, quality indicators had 5767 patients appli-
cable, and overall the indicated care processes were pro-
vided 83.9% of the time. Table 1 presents quality scores
and data completeness for each Ql. The score was lowest
for the QI “Surgical therapy in patients with HCC
3-5cm in diameter” (64.4%) and highest for the QI
“Indocyanine green (ICG) checkup before surgical resec-
tion” (91.1%). Although the availability of data for
denominators ranged from 78.3% to 100%, informa-
tion for numerators was available for more than 90% of
patients for all Qls. Qls that use liver damage classifica-
tion, tumor number, and tumor size were least com-
monly available for the denominator (78.3%). Liver
damage classification, tumor number, and tumor size
were missing or unknown for 2601 (16%), 757 (4.7%),
and 1134 patients (7.0%), respectively.

Distribution of liver damage and

the Child-Pugh classification

Table 3 presents the analysis of the concordance
between Child-Pugh and liver damage classifications.
These two dlassification systems agreed in 82.3% of
patients for whom sufficient data were available. Child~
Pugh A could predict liver damage class A with 98.3%
sensitivity and 65.3% specificity.

DISCUSSION

E HAVE DEMONSTRATED that certain aspects of
the quality of care for patients with liver cancer
can be measured using the liver cancer registry operated
by the Liver Cancer Study Group of Japan. To our
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knowledge, this was the first study to measure the
quality of care for HCC. Standardizing the care process
is challenging given the complexity of HCC care, as a
range of treatment modalities from surgical resection
to percutaneous and transcatheter therapy exists. The
choice of treatment is influenced not only by the cancer
stage but also by the baseline liver function. The Qls
in this study, developed by the consensus of clinical
experts, examined the actual care provided against the
standards of pretherapeutic evaluation, the collection of
pertinent tumor information, and treatment choice. The
quality scores were high for most of the QIs, but there
was also room for improvement. Although not all of the
QIs developed were used for this analysis, we believe
that the identification of a focus for improvement is an
important initial step.

The information available in the registry was suffi-
ciently complete for quality measurements to be made.
Although information required to determine eligibility
for Qls was occasionally missing the information
required to assign each QI a “pass” or “fail” status was
generally available, which indicated little ambiguity in
the scoring of the eligible patients. Among the missing
information, the liver damage dlassification was the
most frequently missing, presumably due to the lack of
the ICG test. Although the liver damage classification
was used for the Qls that focused on treatment choice in
accordance with the Japanese Clinical Practice Guide-
lines, alternative criteria would be necessary to review
actual practices. The comparison of the Child-Pugh
class and liver damage class, however, revealed that the
former underestimated the liver damage. For example,
the Child-Pugh dass A includes patients with more
severe disease and is broader than liver damage class A.
This result was expected, as the prothrombin criteria
threshold is lower for the Child-Pugh dlassification.’®
Furthermore, this is consistent with a previous report
that reviewed the medical records of the HCC patients."”
If the Child-Pugh dassification is used in place of the
liver damage classification for the patients whose liver
damage classification data are missing, the QIs targeting
patients with liver damage class A would also include a
broader group of the patients with liver damage class B
or C. Thus, caution should be exercised when using
these liver function classifications interchangeably.

For other types of cancer, we have a predecessor on
using the national database for quality measurements
and feedback. In the National Cancer Database, the
Commission on Cancer of the American College of
Surgeons measured six Qls (three for breast cancer
and three for colorectal cancer) and provided feedback
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regarding the scores of the individual participating
facilities and the distribution of these scores among
other facilities.® This program is now developing the
Rapid Quality Reporting System, in which the facilities
submit and update the information continuously and
the quality of care is monitored in real time. Our study
indicates that the same service is theoretically possible
in Japan using the liver cancer registry.

Some limitations must be considered when interpret-
ing the results of the current study. First, the Qls that
examined the appropriate documentation of vascular
invasion and tumor differentiation were scored based
on the availability of data in the dataset rather than on
the actual medical records. This may underestimate or
overestimate the quality scores for these QIs. Underes-
timation occurs when physicians keep appropriate
documentation but fail to enter that information into
the dataset, and overestimation occurs when physicians
enter the information into the dataset but fail to docu-
ment it in the medical record. Accordingly, caution must
be exercised while interpreting these scores. Second,
quality assessment requires the consideration of excep-
tional cases. For example, in some cases where a QI
indicated surgery, surgery may not be appropriate due to
compromised cardiac or respiratory functions. As the
database does not contain information on the reasons
why surgery was not performed, it is possible that
patients who were appropriately excluded from surgery
may be labeled as having received poor quality care.
Hence, the results of the measurements of quality from
the database should be regarded as starting points for
discussions of quality and not as the final conclusions
about quality. Third, the fact that the facilities partici-
pated in the registrty voluntarily must be taken into
account, as they are motivated and likely to be more
specialized than the average Japanese hospitals. There-
fore, the quality scores from these facilities may be
higher than those provided by typical hospitals in Japan.
Fourth, the Qls were based on the dinical practice
guidelines issued in 2005, ¢ but our study was com-
prised of patients diagnosed in 2002 and 2003. Thus,
the guidelines used may have already improved some of
the aspects of care scored in this analysis, but our study
has demonstrated that the Liver Cancer Registry Data-
base can be a useful data source for analyzing quality of
care. Finally, the timing of the evaluation and the start
of treatment for each patient was uncertain. Although
the QIs targeting pretherapeutic laboratory tests (tumor
markers and ICG retention) require knowledge of
whether these tests were performed before the treatment
was initiated, the test dates were not available in the
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registry. Thus, we assumed that the tests were performed
before the start of the therapy and we therefore overes-
timated the quality scores.

Despite these limitations, we have demonstrated that
the Liver Cancer Registry Database can be a tool for
quality measurement. To date, cancer registries have pri-
marily focused on dlinical and epidemiological research,
and the examination of the quality of care is a new area
of research. Professional societies, however, have the
responsibility to promote improved quality of patient
care. Because the ultimate goal is to improve patient
outcome, the role of these societies should not be
limited to the discovery of new knowledge but should
also include the monitoring of the extent to which the
new knowledge is applied to patient care nationwide.
This study serves as an initial step for the future growth
of such activities.
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APPENDIX

Quality of HCC care measurement on registry 7

The list of the quality indicators (Qls) approved by the expert panel

Denominator (target patients)

Numerator (standard care processes)

Pre-treatment work-up

1 Patients who were diagnosed with hepatocellular
carcinoma (HCC)

2 HCC patients who underwent surgical resection,
percutaneous local ablation therapy and transarterial
chemoembolization (TACE) therapy

3 Patients who were diagnosed with HCC and received
treatment

4 Patients who underwent surgical resection of HCC for the
first time
Treatment choice of local therapy
5 HCC patients with liver damage class A, having three or
less tumors of 3 am or smaller in diameter
6 HCC patients with liver damage class A having a solitary
tmor of 3~5 cm in diameter
7 HCC patients with liver damage class A or B and three or
fewer tumors smaller than 3 cm who had surgical
Tesection or percutaneous local ablation therapy
8 HCC patients with liver damage dass C who underwent
surgical resection, percutaneous local ablation therapy
or TACE
9 HCC patients receiving percutaneous ethanol injection
(PEI) as the initial treatment
10 HCC patients with Stage 1Va or earlier, Vp 0-2 and
Child-Pugh class A or B, in whom surgery and
percutaneous local ablation therapy were not possible
(patients who did not receive surgery or percutaneous
local ablation therapy within 3 months after diagnosis)
11 Recurrent HCC patients with liver damage class A and a
solitary tumor of 3--5 cm in diameter
12 Recurrent HCC patients with liver damage class A and
solitary tumor of 3 cm or smaller in diameter

13 Recurrent HCC patients with liver damage class A and
two or three tumors of 3 cm or smaller in diameter

14 HCC patients who received TACE

15 HCC patients with liver damage class C who satisfied
Milan criteria

Doal ion and expl

16 HCC patients who underwent surgical resection

ion

17 HCC patients who underwent surgical resection

18 HCC patients who underwent surgical resection

AFP and PIVKA-2 levels were measured before treatment

Dynamic CI/MRI study was performed before treatment

‘The medical records documented the clinical stage (TNM
or TNM factors) and liver function level (the
Child-Pugh dlass or the liver damage class)

15-min ICG retention rate was measured before
treatment

Surgical resection or percutaneous local ablation therapy
(PEL, MCT, or RFA) was performed.
Surgical resection was performed.

The advantages and disadvantages of each therapy were
explained and documented in the medical records

The risks and benefits of the treatments received were
explained and documented in the medical records

Medical records documented the reasons why RFA was
not performed
TACE was performed.

Surgical resection was performed, or the medical record
documented the reasons for not performing surgery
Surgical resection or percutaneous local ablation therapy
(PEL, MCT or RFA) is performed or the medical record
documents the reasons for not performing these
therapy

Surgical resection, percutaneous local ablation therapy
(PEL, MCT or RFA), or TACE was performed, or the
medical record documented the reason for not
performing these therapies.

Lipiodol was used in the procedure

The option of liver transplantation was explained and
documented

Medical record (including pathological report)
documented the degrees of vascular invasion and
tumor differentiation was postoperatively determined.

‘The medical record documented the physician’s judgment
on the postoperative risk of recurrence

‘The pathological findings after surgery were explained to
patients and were documented in the medical record
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Denominator (target patients)

Numerator (standard care processes)

Systemic therapy

19

20

HCC patients who received systemic chemotherapy

Patients who received treatment for HCC

Follow-up monitoring

21

22

23

24

25

HCC patients who underwent surgical resection or
percutaneous local ablation therapy
HCC patients who received TACE

HCC patients who received TACE

HCC patients who received TACE

HCC patients who received TACE and who showed
elevated tumor marker levels, increases in the tumor
size from diagnostic imaging or the appearance of new
tumors with rich blood flow

Medical records documented the explanation to patients
that surgical resection, percutaneous local ablation
therapy or TACE could not be performed and that
evidence for the efficacy of chemotherapy was lacking.

Hormone therapy was avoided

AFP and PIVKA-2 were monitored for at least 4-month
intervals for 2 years after the curative treatment

CT/MRI and tumor marker tests were performed within
2 months after TACE

Image studies (contrast-enhanced CI/MRI, if not
contraindicated) were performed at least every
3 months

Tumor marker tests (AFP, PIVKA-2) were monitored at
least every 3 months

TACE was repeated, or the medical record indicates the
TACE was considered

AFP, Alpha-fetoprotein; CT, computed tomography; HCC, hepatocellular carcinoma; ICG, indocyanine green; MCT, microwave
coagulation therapy; MRI, magnetic resonance imaging; PEl, percutaneous ethanol injection; PIVKA-2, protein induced by vitamin K
absence-2; RFA, radiofrequency ablation; TACE, transarterial chemoembolization.

© 2011 The Japan Society of Hepatology



