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Trans-ethnic genome-wide association study of

colorectal cancer identifies a new susceptibility
locus in VTITA
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The genetic basis of sporadic colorectal cancer (CRC) is not well explained by known risk
polymorphisms. Here we perform a meta-analysis of two genome-wide association studies in
2,627 cases and 3,797 controls of Japanese ancestry and 1,894 cases and 4,703 controls of
African ancestry, to identify genetic variants that contribute to CRC susceptibility. We
replicate genome-wide statistically significant associations (P<5 x1078) in 16,823 cases
and 18,211 controls of European ancestry. This study reveals a new pan-ethnic CRC risk locus
at 10g25 (rs12241008, intronic to VTIIA; P=1.4 x 10 —9), providing additional insight into the
aetiology of CRC and highlighting the value of association mapping in diverse populations.
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olorectal cancer (CRC) is the third most common cancer
and the second leading cause of cancer deaths in the
United States. Genetics is known to play an important
role in CRC susceptibility!. However, genome-wide association
studies (GWASs), mostly conducted in European-descent
populations, have only identified 30 common risk variants
(22 independent loci) for CRC, markedly fewer than for
prostate or breast cancer.

To discover additional risk loci for this cancer, we combine, via
a meta-analysis, two GWASs of CRC in populations of Japanese
and African American ancestry. The top associations for single-
nucleotide polymorphisms (SNPs) in VTIIA are replicated in
European-descent populations.

Results

In the first GWAS, Japanese samples (n=6,424) were identified
from the Multiethnic Cohort study (MEC), the Colorectal Cancer
Family Registry (CCFR), the Japan Public Health Center cohort
study (JPHC) and three case-control studies in Hawaii (CR2&3)
and in Fukuoka and Nagano, Japan (Supplementary Table 1).
Blood leukocyte DNA samples were genotyped on -the Illumina
IM-Duo or the Illumina 660W-Quad arrays, yielding, after
quality control (QC) procedures, data for 323,852 SNPs available
for all Japanese samples (see Methods and Supplementary
Methods). Un-typed markers or markers with partly missing
values were imputed with BEAGLE? using East Asians from the
1000 Genomes Project (phase 1, release 3) as the reference panel.
The second GWAS of African American samples (n=6,597)
(Supplementary Table 2) were identified from the MEC, CCFR,
the Southern Community Cohort Study (SCCS), the MD
Anderson Cancer Center, the University of North Carolina
CanCORS study (UNC-CanCORS) and Rectal Cancer Study
(UNC-Rectal), and from the Prostate, Lung, Colorectal and
Ovarian Cancer Screening (PLCO) Trial. African American
samples were genotyped using the Ilumina IM-Duo bead
arrays (except 170 PLCO subjects on Illumina Omni 2.5M).
Imputation was performed with BEAGLE using Europeans and
Africans from the 1000 Genomes Project (phase 1, release 3) as
reference panels. Over 4.2 million genotyped or imputed
autosomal markers were available for both studies.

In both GWASs, cases and controls were well matched with
regard to genetic ancestry based on principal component (PC)
analyses (Methods and Supplementary Figs 1 and 2). We used
logistic regression within each ethnic group to test for the
association of SNP dosage with CRC risk, adjusting for age at
blood draw, sex and the first four PCs. The genomic control®
inflation factor (A1) was 1.04 for each individual study, indicating
little effect of population stratification after controlling for global
ancestries (Supplementary Fig. 3).

After combining the two GWASs, we observed three SNPs in the
VTIIA gene on chromosome 10q25 to be statistically significant at
the genome-wide significance level (P<5 x 10 ™%, Fig. 1; Table 1).
The strongest association was for rs12241008 (114,280,702bp)
(odds ratio (OR)=1.19, 95% confidence interval (CI) 1.12~-1.26,
P=29x1073, allele frequency 0.9 and 025 in African
Americans and Japanese, respectively), with highly consistent
associations in both populations (I>=0). The other two SNPs,
rs7894915 (114,277,039bp, P=4.8x 1078 and 1510082356
(114,278,181 bp, P=4.9 x 10~ %), were in high linkage disequili-
brium (LD) with rs12241008 (+* from 0.80 to 1.0 in East Asians,
Africans and Europeans), with risk estimates almost identical to
those for rs12241008 (Supplementary Tables 3 and 4). This locus
has not previously been reported to be associated with CRC.

We subsequently replicated these associations in two large
CRC consortia of European-descent populations (allele frequency
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Figure 1| Regional P-value plots for the new colorectal cancer
susceptibility locus at 10g25. Results in the Japanese (a) (n=6,424),
African Americans (b) (n=6,595) and in the combined data (Japanese and
African Americans) (c) are displayed. The SNP with the smallest P-value
from meta-analysis in the combined data (n=13,019), rs12241008, is
shown as a purple diamond. rZ is in relation to this SNP from the 1000
Genomes Project in East Asians (a,¢) or in Africans (b). The plots were
generated using LocusZoom?25,

0.09): Colorectal Transdisciplinary Study (CORECT) with 7,561
cases and 6,328 controls from eight participating studies
(combined OR=1.09, P=0.036, Table 1), and the Genetics
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Table 1] Most strongly associated SNP in the new colorectal cancer susceptibility locus 10g25.

SNP BP Alleles*  Study RAF Sample size OR (95% CI) P 2 (%)
Control Case Control Case
rs12241008 114280702 /T AAT 0.19 022 4,702 1,893 119 (1.08-1.31)  4.6x10~4
JPNE 0.25 0.28 3,797 2,627 119 (110-1.29)  1.6x10~°
AA+JPN 8,499 4,520 119 (112-126)  29x10~8 0
Replication
CORECTT 0.084 010 6,328 7,561  1.09 (1.01-1.19) 0.036 40
GECcot 0.090 0.097 1,883 9,262  1.09 (1.02-117) 0.018 0
CORECT + GECCO 18,21 16,823  1.09 (1.03-1.15) 0.0015 0
Combined 26,710 21343 113 (1.09-118) 14x10~° 53.

*Risk allele/other allele.
FGenotyped in AA and CORECT substudies.
timputed with R2>0.90 in JPN and in GECCO substudies.

AA, African Americans; Cl, confidence interval; JPN, Japanese; OR, odds ratio; RAF, risk allele frequency.

and Epidemiology of Colorectal Cancer Consortium (GECCO)
with 9,262 cases and 11,883 controls from 18 participating studies
(combined OR = 1.09, P=0.018, Table 1). The combined P-value
for rs12241008 in the Japanese, African Americans and
Europeans was 1.4 x 1072 (OR=1.13, 95% CI 1.09-1.18).
A meta-analysis using individual study-level statistics yielded
similar results (P=1.5x 10~9). Although risk estimates were
consistent across individual studies (I2=8%, Ppe=0.35,
df.=27) (see the forest plot in Supplementary Fig. 4), there
was some evidence for heterogeneity in effects across ethnic
groups (12 =53%, Pp=0.12, d.f. = 2). This possible heterogene-
ity in effects, along with the low allele frequencies observed in
European-descent populations (and therefore low power), could
partially explain why previous GWASs in Europeans failed to
identify this locus, and thus emphasizes the importance of
conducting GWASs in ethnically diverse populations.

Similar results were observed for rs7894915 and rs10082356
when the data were combined with the European-descent
GWASs (P=1.6x10"7 and 1.5x 1077, respectively). Nine
other SNPs in this region (located within 12kb in the same LD
block as rs12241008 in East Asians, Africans and Europeans,
Supplementary Fig. 5) also had P-values <5 x 10~ when all data
were combined (Supplementary Tables 3 and 4). However, the
strongest association signal was still with rs12241008
(Supplementary Fig. 5) and none of the other nearby SNPs
within 200 kb represented an independent signal after condition-
ing on rs12241008 in the African American and Japanese
GWASs. Results for these 12 SNPs were similar (change in OR
<1.2%) with or without adjustment for local ancestry estimates
among African Americans (Methods).

There was no important heterogeneity in ORs in the Japanese
or the African American data by anatomical site (colon versus
rectal cancer) (P-values>0.74), by stage (regional/distant versus
local/in situ) (P-values> 0.6), by age of diagnosis (P-values>0.7)
or by sex (P=0.04 in African Americans and 0.80 in Japanese)
for the most significant marker rs12241008 (stratified analysis
results are in Supplementary Table 5). ;

No association reached the genome-wide significance threshold
(5%x10~%) in the Japanese GWAS when analysed separately.
One SNP on chromosome 7, 1579453636, passed this threshold
(P=2.9 x 1079 in the African American study (Supplementary
Fig. 3). However, this association was not replicated
(Supplementary Table 6) in the Japanese or in the combined
European-descent data (P-values>0.15).

Out of 30 known CRC susceptibility SNPs, 27 were available
for analysis in the Japanese study and 23 (85%) effects were in the
same direction as in the original GWAS reports (Supplementary

Table 7). Replication and fine-mapping of the known risk loci in
the African American study was summarized previously*. Twelve
out of the 27 associations were replicated in the meta-analysis of
the Japanese and African American data (P<0.05) and 23 risk
estimates were directionally consistent with those originally
reported (Supplementary Table 7). Considerable heterogeneity
in disease risk between the two ethnic groups (I*>50%) was
observed for six SNPs (Supplementary Table 7).

The three genetic variants with the strongest association with
CRC, rs12241008, rs7894915 and rs10082356, are located in
intron 3 of the VTIIA gene, which encodes vesicle transport
through interaction with t-SNAREs 1A. VTIIA is involved in
regulating insulin-stimulated trafficking of secretory vesicles
enriched with both GLUT4 (glucose transporter) and Acrp30 in
adipocytes®; it also plays key roles in neuronal development® and
in selectively maintaining spontaneous neurotransmitter release’.
A recent GWAS in never-smoking Asian women has identified
rs7086803 in intron 7 of VTIIA as a lung cancer susceptibilit
variant (218kb from and not in LD with rs12241008)°.
Interestingly, a gene fusion product, VTIIA-TCF7L2, was
identified in colorectal tumours and shown to promote
anchorage-independent growth of cultured tumour cells’. The
fusion occurs between VTIIA exon 3 (chrl0: 114,220,869) and
TCF7L2 exon 4 (chr10: 114,760,545) and results in the deletion of
both the intron 3 CRC and intron 7 lung cancer risk variants. No
coding variant is in LD with the top three SNPs. Among the three
VTILA SNPs associated with CRC in this study, rs7894915 and
rs10082356 lie in predicted transcriptional regulatory regions,
suggesting enhancer and promoter regulatory activities across
multiple cell lines (Supplementary Table 8)!%. We explored
regulatory effects of the SNPs correlated with rs12241008 in a
cis-expression quantitative trait loci analysis in 40 paired colon
adjacent-normal and tumour tissue samples from European
descent patients!!. Among the SNPs in high LD (+2>0.8) with
rs12241008 in East Asians, the intronic SNP rs7081965 (alleles:
A/T) affected VTIIA expression (P=0.003) in colon tumour
tissue. Rs7081965 is also in considerable LD with rs12241008 in
Africans (r?=0.21, |D'|=0.88) and in Europeans (r*=0.24,
[D'|=1) in the 1000 Genomes data. Although the association of
157081965 with CRC was not statistically significant in this study
(OR=1.09 for allele T, P=8.2x10~% from the three ethnic
groups combined), these results provide an interesting lead for
future functional investigations.

In summary, this trans-ethnic GWAS identified a new CRC
susceptibility locus at 10925 with directionally consistent
associations across three ethnic/racial populations, providing
additional insight into the genetic architecture of CRC. Further

NATURE COMMUNICATIONS | 5:4613 | DOL: 10.1038/ncomms5613 | www.nature.com/naturecommunications 3
© 2014 Macmillan Publishers Limited. All rights reserved.

53



ARTICLE

NATURE COMMUNICATIONS | DOI: 10.1038/ncomms5613

work is needed to dissect this genetic signal and to conduct
functional studies to uncover the mechanisms underlying this
association.

Methods

Japanese subjects and QC on genotypes. Details on study design and basic
characteristics for each study are provided in Supplementary Methods. Briefly,
1,703 MEC Japanese American subjects were genotyped by the Broad Genotyping
Center on the Illumina 1M-Duo Array and 1,602 (803 cases, 799 controls) passed
their initial QC filters. To maximize sample size, initially ‘failed’ samples on five
plates were re-clustered with a customized genotype calling algorithm—this step
recovered 42 additional MEC subjects (23 cases, 19 controls), although not all SNPs
on the array were preserved. To increase statistical power and to provide a larger
control pool, 1,033 prostate cancer-free men and 808 breast cancer-free women
genotyped on the Illumina 660W-Quad platform were drawn from the MEC
prostate cancer'” and breast cancer!® studies, respectively.

Japanese from the following studies were all genotyped on the Illumina 1M-
Duo array by the University of Southern California (USC) Epigenome Center: 697
from CCFR (384 cases, 313 controls), 155 cases from CR2&3, 1,463 from Fukuoka,
Japan (685 cases, 778 controls), 212 from Nagano, Japan (106 cases, 106 controls)
and 1,332 from JPHC (670 cases, 662 controls). In general, all genotyped samples
were examined and excluded according to the following: (1) call rates <90%, 95%
or 97% depending on the batches, (2) missing on basic covariates (age, sex or
disease status), (3) gender mismatch, that is, the reported sex was different from
that estimated based on X chromosome inbreeding coefficient F, calculated by
PLINK (http://pngu.mgh.harvard.edu/ ~ purcell/plink/), (4) ethnicity outliers, that
is, subjects fell out of the Japanese cluster (by visual inspection) on PC plots, where
PCs were derived for study subjects as well as unrelated HapMap CEU, YRI and
JPT samples with our own R program (The Comprehensive R Archive Network
http://www.r-project.org/), based on about 20k SNPs with inter-marker
distance > 100 kb, and (5) close (>2nd degree) relatives, where relationships were
derived from estimated probabilities of sharing 0, 1 or 2 alleles based on genomic
data (calculated by PLINK), and relatives were removed in the following order:
subjects with most relatives, controls and subjects with lower call rates. All cases
were verified by histological records to have invasive carcinoma of the colon or
rectum. More details on genotype QC can be found in Supplementary Methods.
After QC, the following subjects were retained in analysis: 3,094 from the MEC
(797 cases, 2,297 controls), 285 from CCFR (276 cases and 9 controls), 134 cases
from CR2&3, 1,411 from Fukuoka, Japan (662 cases, 749 controls), 207 from
Nagano, Japan (105 cases, 102 controls) and 1,293 from the JPHC (653 cases, 640
controls).

African American subjects and QC on genotypes. Sample collection and gen-
otyping QC have been described in detail elsewhere* and in Supplementary
Methods. We genotyped 7,168 African American samples from six studies/centres:
the MEC (442 cases, 4,620 controls), CCFR (999 cases, 290 controls), SCCS (164
cases, 160 controls), the MD Anderson Cancer Center (189 cases), UNC-CanCORS
(84 AA cases) and UNC-Rectal (112 cases, 108 controls) on the Illumina 1M-duo
platform. QC procedures for all subjects were similar to the criteria described for
the Japanese study subjects. Included in analysis were 6,427 subjects (4,609
controls, 1,818 cases) on 1,049,327 markers. We also included 170 PLCO samples
(76 cases, 94 controls) that were previously genotyped on the llumina Omni 2.5M
array and pre-filtered by the NCI genotyping centre for analysis (527,383 markers
that overlapped with other studies). Overall, 6,597 subjects (1,894 cases, 4,703
controls) were used in association testing. Supplementary Table 2 shows the
distribution of subjects by participating study.

Imputation. Prediction of un-typed or partly genotyped SNPs was performed with
BEAGLE 3.3 (ref. 2) using the 1000 Genomes Project (phase 1, release 3) East
Asians as reference panels for the Japanese data and Europeans and Africans for
the African American data. Imputation was performed separately for the two
ethnic groups with all cases and controls combined. Markers with minor allele
frequencies < 0.005 in reference panels were excluded from imputation. For the
African American data, 10,050,748 markers with imputation accuracy R*> 0.8
were kept for association analysis; for Japanese data, 4,266,108 markers with
imputation R?>0.95 were retained. Altogether, 4,276,079 autosomal genotyped or
imputed markers were available in both populations for meta-analysis.

Analysis of the Japanese and African American GWASs. PCs were calculated as
in EIGENSTRAT!* with our own R program, including unrelated HapMap CEU,
YRI and JPT samples as population controls. Ethnicity outliers were identified on
PC plots by visual inspection and subsequently removed. Pair-wise PC plots

suggested that the first two PCs were most informative for global ancestry and the
distribution of PCs was similar among all cases and controls in both Japanese and
African Americans (Supplementary Figs 1 and.2). Logistic regression of CRC on
allelic dosage with adjustment for age at blood draw, sex and the first four PCs was
performed to obtain OR estimates and 95% CI of per increase in allele count with
PLINK, where age was grouped as <55 years, 5-year intervals from 55 to 80 and

4

>80 years. The genomic control factor (1) was estimated from the median of the
7% statistics divided by 0.456.

Heterogeneity of genetic effects by site (colon versus rectal cancer, mutually
exclusive), stage (regional/distant versus local/in situ) and age at diagnosis (<55
versus > 55 years) was tested in a case-only analysis. Effect modification by sex was
assessed comparing the model with and without the cross-product term. These and
additional stratified analyses by site, stage, age at diagnosis and sex were adjusted
for age at blood draw, sex (where appropriate), the first four PCs and BMI

Conditional analyses were performed to examine the independence of
association signals in the chromosome 10 region, conditioning on the SNP with the
smallest P-value. Significance of the additional contribution by other SNPs was
calculated based on a likelihood ratio test. These analyses were carried out using
SAS 9.3.

Local ancestry estimation for African Americans. The percentage of African
ancestry (0, 50 or 100%, that is, half of the estimated number of African chro-
mosomes) was inferred for each participant at the putative CRC risk locus on
chromosome 10 (£ 250kb) with the LAMP program v2.4 (ref. 15). To summarize
local ancestry, for each individual we averaged across all local ancestry estimates
that are within the region. The effect of local ancestry was evaluated by examining
the relative change in ORs with and without adjustment for local ancestry in
logistic regression.

CORECT study for replication. The CORECT study meta-analysis was conducted
using germline DNA in the Molecular Epidemiology of Colorectal Cancer study
(MECC) (set 1: 484 cases and 498 controls; set 2: 1,120 cases and 820 controls),
CCEFR (set 1: 1,977 cases and 999 controls; set 2: 1,660 cases and 1,393 controls),
Kentucky case-control study (1,038 cases and 1,134 controls), Newfoundland case-
control study (548 cases and 538 controls), American Cancer Society CPS II nested
case-control study (ACS/CPSII, 539 cases and 469 controls) and the Melbourne
nested case-control study (195 cases and 477 controls). All subjects were self-
reported whites. The majority of the studies were genotyped using the Affymetrix
Axiom CORECT Set containing ~ 1.3 million SNPs and indels on two physical
genotyping chips (Supplementary Table 3). Genotype data were screened based on
filters such as call rates, concordance rates, sample relatedness and ethnic outliers.
IMPUTE2 (ref. 16) was used to impute missing genotypes based on the
cosmopolitan panel of reference haplotypes from Phase I of the 1000 Genomes
Project. Imputed genotypes were screened based on stringent imputation quality
and accuracy filters (info > 0.7, certainty > 0.9, concordance > 0.9 between directly
measured and imputed genotypes after masking input genotypes for genotyped
markers only). Associations between genetic variants and CRC risk were tested
using a log-additive genetic model within each study, allowing for study-specific
adjustment for age, sex, study centre, genotyping batch and 2-4 PCs. More details
of each participating study can be found in Supplementary Methods.

GECCO study for replication. The GECCO GWAS consortium has been
described before!7~1%. The consortium consisted of European-descent participants
within the French Association Study Evaluating RISK for sporadic CRC
(ASTERISK, 948 cases and 947 controls); CR2&3 (87 cases and 125 controls);
Darmkrebs: Chancen der Verhiitung durch Screening (DACHS set 1: 1,710 cases
and 1,707 controls; DACHS set 2: 675 cases and 498 controls); Diet, Activity, and
Lifestyle Study (DALS set 1: 706 cases and 710 controls; DALS set 2: 410 cases and
464 controls); Health Professionals Follow-up Study (HPFS set 1: 227 cases and 230
controls; HPFS 'set 2: 176 cases and 172 controls); MEC (328 cases and 346
controls); Nurses’ Health Study (NHS set-1: 394 cases and 774 controls; NHS set 2:
159 cases and 181 controls); Ontario Familial Colorectal Cancer Registry (OFCCR,
650 cases and 522 controls); Physician’s Health Study (PHS, 382 cases and 389
controls); Postmenopausal Hormone study (PMH, 280 cases and 122 controls);
Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCO set 1: 533
cases and 1,976 controls; PLCO set 2: 486 cases and 415 controls); VITamins And
Lifestyle (VITAL, 285 cases and 288 controls); and the Women’s Health Initiative
(WHI set 1: 470 cases and 1,529 controls; WHI set 2: 1,006 cases and 1,010
controls). All individual studies were genotyped on Illumina arrays on 240k-730k
markers and went through rigorous QC. The genotype data were imputed to
increase the density of genetic variants. The haplotypes from the 1000 Genomes
Project Phase I were used as the reference panel. Logistic regression of CRC on
SNP dosage effect on CRC risk was performed with adjustment for age, sex (when
appropriate), centre (when appropriate), smoking status (PHS only), batch effects
(ASTERISK only) and the first three PCs from EIGENSTRAT!? to account for
population substructure within each individual study. Additional details on sample
collection, genotyping, QC and statistical methods are provided in Supplementary
Methods.

All samples were collected with informed consent and all procedures were
approved by the Human Research Institutional Review Boards (IRBs) at relevant
institutions. Specifically, the study protocols of the Japanese and African
Americans’ GWASs were approved by the University of Hawaii Human Studies
Program and University of Southern California IRB, the IRB in the National
Cancer Center, Japan, the Ethics Committee of Kyushu University Faculty of
Medical Sciences, the University of North Carolina IRB, Vanderbilt University IRB,
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the Fred Hutchinson Cancer Research Center IRB and the MD Anderson Cancer
Center IRB. The GECCO portion of this work was approved by the Fred
Hutchinson Cancer Research Center IRB. The University of Southern California
Health Sciences IRB approved all elements of the CORECT study.

Meta-analysis. A fixed-effect model with inverse variance weighting implemented
in METAL?® was used to combine the results from the Japanese and the African
American studies and for further combining with replication studies. Heterogeneity
measure [> was calculated and Cochran’s Q statistic to test for heterogeneity was
calculated?!. For the 12 top hits in the VTIIA region at 10¢25 (see text), OFCCR in
GECCO was excluded because these SNPs did not pass the quality filters in this
substudy (Table 1, Supplementary Table 4 and Supplementary Fig. 4). In
Supplementary Fig. 5, SNPs that passed the filters in OFCCR were included
whenever applicable.
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Abstract

Introduction

Women worldwide have a lower incidence of primary liver
cancer, respond better to treatment, and show better survival
(1). These data indicate that estrogen plays a preventive role in
liver cancer development. In sex hormone-related cancers such
as breast cancer, an association is suspected between isofla-
vones and cancer risk, because isoflavones are structurally
similar to 17B-estradiol, have the ability to bind to estrogen
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receptors, and act not only as estrogen agonists but also as
antagonists (2). We previously examined the association
between dietary intake of isoflavones and primary liver cancer,
and found that isoflavone consumption was positively associ-
ated with liver cancer risk among Japanese women (3). Given
the preventive effects of estrogen against liver cancer, we
thought this positive association might be partly explained by
the antiestrogenic effects of isoflavones. The main exposure
variable in our previous study was isoflavone consumption as
assessed via a food-frequency questionnaire, so clearly a more
objective measure was required to confirm the association
epidemiologically. Isoflavone concentrations in the blood are
superior to dietary assessments as markers reflecting in vivo
absorption and metabolism (4).

In this study, we examined the effects of plasma isoflavone
concentrations on primary liver cancer risk among women and
men with hepatitis virus infection, using a nested case-control
design based on data from a large-scale population-based pro-
spective cohort study in Japan. As far as we know, no previous
prospective studies have examined liver cancer using biomarkers
to assess isoflavone exposure.

Materials and Methods

Study population
The study design of the Japan Public Health Center-based
Prospective Study (JPHC Study), which began in 1990 for

AACR

Downloaded from cebp.aacrjournals.org on March 16, 2015. © 2015 American Association for Cancer Research.

59



Published OnlineFirst December 26, 2014; DOI: 10.1158/1055-9965.EPI-14-1118

cohort I and in 1993 for cohort II, has been published else-
where (5). Cohort I included all registered Japanese residents
ages 40 to 59 years of 5 public health center areas, and in cohort
11, all residents ages 40 to 69 years of 6 other areas. The present
study was approved by the Institutional Review Board of the
National Cancer Center, Tokyo, Japan.

In this study, we used cohort II data. In cohort I (1993~
1994), 56,542 participants (response rate, 82%) answered a
baseline questionnaire on sociodemographic characteristics,
medical history, smoking and drinking habits, diet, and so on.
Of these, 37% voluntarily provided 10 mL of blood at health
checkups during the baseline survey (1993-1995). The blood
samples were divided into plasma and buffy layers and
preserved at —80°C until analysis. We measured hepatitis B
surface antigen (HBsAg) by reversed passive hemagglutination
with a commercial kit (Institute of Immunology Co., Ltd.)
and anti-hepatitis C virus antibody (anti-HCV) with a third-
generation immunoassay (Lumipulse II Ortho HCV; Ortho-
Clinical Diagnosis K.K.). Study participants were informed of
the objectives and methods of the study in writing, and those
who answered the questionnaire and donated blood were
regarded as having given informed consent to participate. Of
these, we selected only those who had no history of cancer at
baseline and had provided data on basic characteristics,
leaving us with a total of 18,628 participants (6,401 men
and 12,227 women).

Follow-up

Participants were followed up from the date of blood collection
until December 31, 2006. Information on residence status and
survival was obtained annually through residential registries.
With a follow-up rate of 99.7%, selection bias due to lost to
follow-up was negligible.

Data on primary liver cancer incidence were collected for the
JPHC cancer registry from two data sources: major local hospital
records and population-based cancer registries. Cases were coded
using the International Classification of Diseases for Oncology,
Third Edition (code: C22.0; ref. 6). Death certificates were used as
a supplementary information source. The proportion of cases for
which information was available from death certificates only was
4.7%, indicating satisfactory cancer registry system quality during
the study period.

Selection of cases and controls

From the 18,628 participants, we selected 1,544 infected
either with hepatitis B virus (HBV; positivity for HBsAg) or
hepatitis C virus (HCV; positivity for anti-HCV) at baseline. Up
to the end of the study period after blood collection, we
identified 91 new cases of primary liver cancer among these
1,544 participants. For each case, we selected 2 controls at
random from among the participants with no history of liver
cancer when the case was diagnosed. Controls were matched to
each patient with respect to age (within 5 years), sex, public
health center area, fasting status at blood collection, hepatitis
virus infection status (HBV or HCV), and baseline menopausal
status (for women). We could not find appropriate matched
controls for 1 patient, and found only 1 matched control with a
sufficient quantity of plasma’ for each of 5 other patients.
Finally, a total of 90 patients (28 women and 62 men) and
175 controls (54 women and 121 men) were included in the
present analysis.

www.aacrjournals.org
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Laboratory assay for isoflavones

From the blood samples collected at baseline, plasma concen-
trations of isoflavones (genistein, daidzein, glycitein, and equol)
were assessed using triple quadrupole tandem liquid chromatog-
raphy-mass spectrometry (7). All samples were analyzed at a
single laboratory (SRL). Laboratory technicians performed the
analyses under the mask of case-control status, and samples from
matched sets were assayed together. The detection limit for all of
the isoflavones was 1.0 ng/mlL. For quality control, a pooled
blood sample from healthy volunteers was used, and interassay
and intraassay coefficients of variation were <6.2% and <3.0% for
all isoflavones, respectively.

Statistical analysis

Using our previous findings (3), we performed sex-specific
analyses. Comparisons of the baseline characteristics between
the cases and controls were performed with the %* or the
Mann-Whitney test, as appropriate. In the controls, Spearman
rank correlation coefficients were calculated for plasma concen-
trations and dietary intakes of genistein and diadzein. The dietary
genistein and daidzein intake as assessed with the food-frequency
questionnaire has been described in detail previously (3).

Using a conditional logistic regression model, we calculated
ORs and 95% confidence intervals (CI) of primary liver cancer
development for plasma genistein and diadzein concentrations
divided into sex-specific tertiles according to the frequency of
distribution among the controls. For glycitein and equol concen-
trations, three categories were defined: participants with concen-
trations below the detection limit, and lower half and upper half of
those above the detection limit. The trend was tested by assigning
ordinal values for categorical variables. In a multivariable model,
we adjusted for the following variables previously associated with
liver cancer risk (8): alcohol consumption (never, past, or regular
for women, and never, past, <150, 150 to <450, or >450 g/week
ethanol for men); body mass index (BMI; <25.0, >25.0 kg/m?);
diabetes defined as a self-reported history of diabetes, and/
or antidiabetic medication use, and/or blood glucose >5.55
mmol/L (100 mg/dL) fasting or >7.77 mmol/L (140 mg/dL)
nonfasting (yes, no); and coffee consumption (almost never, once
a week to <1 cup/day, >1 cup/day). An additional model was
further adjusted for serum alanine aminotransferase (ALT) levels
(<30, 30-69, >70 IU/L; ref. 9). We also entered the following
variables in the model: smoking status (a suspected risk factor for
liver cancer), vegetable intake, fish intake, and plasma concentra-
tions of total adiponectin (factors associated with liver cancer risk
in the JPHC Study; refs. 10-12). However, the inclusion of these
factors did not change the risk estimates substantially.

Subgroup analyses were performed for 79 patients with
cancer with HCV infection (26 women and 53 men) and 27
female patients after menopause at baseline. To examine the effect
modification of exposure to isoflavones by BMI (<25.0, >25.0 kg/
m?) and diabetes (yes or no), factors associated with both iso-
flavones (13) and liver cancer (8), we conducted stratified anal-
yses using an unconditional logistic regression model adjusted
for matching factors and variables in the multivariable model.
In addition, stratified analyses of equol producers (defined as
participants with equol concentrations above the detection limit
of >'1.0 ng/mL) were performed, because the beneficial health
effects of isoflavones were likely to differ between equol producers
with specific intestinal bacteria and nonproducers (14). In these
stratified analyses, we dichotomized participants into low and
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Table 1. Selected baseline characteristics of cases and controls

Women

Men

Cases (n = 28)

Controls (n = 54)

Cases (n = 62)

Controls (n = 121)

Variables Prevalence (%)  Prevalence (%) P value? Prevalence (%)  Prevalence (%) P value®

Age, vy
40-49 36 37 Matching variable 1.6 33 Matching variable
50-59 25.0 27.8 29.0 289
60-69 7.4 68.5 69.4 67.8

Hepatitis virus infectious status®
HBV 71 5.6 Matching variable 14.5 14.0 Matching variable
HCV 92.9 94.4 85.5 86.0

Menopausal status, premenopausal 3.6 37 Matching variable

Alcohol consumption, regular drinker 0.7 25.9 0.14 50.0 66.9 0.08

Smoking status, current smoker 143 7.4 0.08 48.4 47.9 0.81

BMI, >25 kg/m? 46.4 222 0.02 339 14.9 <0.01

Diabetes, yes© 17.9 n 0.40 403 27.3 0.07

Coffee consumption, >1 cup/day 25.0 352 0.35 226 405 0.02

ALT level, >70 IU/L 53.6 4.0 <0.01 424 7.0 <0.01

Vegetable intake (g/day)° 43.3 (32.5-66.0) 49.1 (30.9-71.5) 0.65 481(25.3-75.8)  48.7 (30.5-75.3) 0.48

Fish intake (g/day)® 37.7 (22.8-57.4)  38.1(21.0-53.5) 0.93 58.9 (37.5-76.0) 52.5(32.7-73.2) 0.40

Dietary intake of genistein (mg/day)® 14.0 (10.5-20.5)  10.3 (6.4-18.7) 0.01 1.9 (6.6-21.2) 13.6 (8.2-20.4) 0.63

Dietary intake of daidzein (mg/day)® 8.4 (6.3-12.3) 6.1 (3.8-10.0) 0.01 7.1(3.9-12.9) 8.1(4.9-12.2) 0.63

3Calculated using the %2 test and the Mann-Whitney test.

positive for hepatitis B surface antigen was regarded as indicating HBV infection and positive for anti-hepatitis C virus antibody as indicating HCV infection.
“Diabetes was defined as a self-reported history of diabetes, and/or antidiabetic medication use, and/or blood glucose >5.55 mmol/L (100 mg/dL) fasting or

>7.77 mmol/L (140 mg/dL) nonfasting.
9Energy-adjusted by using the residual method, median (interquartile range).

high groups, based on the median concentrations of genistein and
daidzein in the controls. For glycitein and equol, participants were
categorized into low (not detected) and high (detected) groups.
We used a likelihood ratio test to examine the potential effect
modifications according to the stratified variables.

All analyses were performed with STATA version 11 (STATA
Corporation, College Station). All P values reported are two sided,
and differences at P < 0.05 were considered significant.

Results

The baseline characteristics of the case and control groups are
shown in Table 1. Among the women, the proportions of over-
weight and high ALT levels and dietary intakes of genistein and
daidzein were higher in the case group than in the control group.
Among the men, there were statistically different distributions of
BMI, coffee consumption, and ALT levels between the case and
control groups. The groups showed no differences in median
plasma concentrations of isoflavones, except for equol in women:
median concentrations of equol tended to be lower in the cases
than in the controls (0 vs. 2.8 ng/mL, P= 0.04; Table 2). Spearman
rank correlation coefficients between plasma concentrations and
dietary intake of genistein were 0.12 for women and 0.27 for men,
and those of diadzein were 0.09 for women and 0.29 for men.

We found no consistent association in either sex between
plasma isoflavone concentrations and primary liver cancer risk

Table 2. Plasma concentrations of isoflavones in cases and controls

(Table 3). The multivariable ORs of primary liver cancer for the
high versus low tertiles of genistein, daidzein, glycitein, and equol
were 1.31 (95% CI, 0.28-6.05), 0.55 (0.10-3.19), 1.97 (0.35-
10.93), and 0.44 (0.13-1.49), respectively, for women; for men,
they were 1.33 (0.58-3.09), 1.23 (0.47-3.21), 2.14 (0.82-5.59),
and 1.35 (0.60-3.04). Further adjustment for ALT levels did not
change the tendency of the results(data not shown). No material
change was seen when the premenopausal women were excluded:
multivariable ORs for the high versus low group are 1.12 (95% CI,
0.24-5.35) for genistein, 0.50 (0.09-2.89) for diadzein, 1.79
(0.32-10.14) for glycitein, and 0.37 (0.10-1.34) for equol. We
also observed a null association when we restricted analyses to
participants with HCV infection (data not shown). In addition,
there was no statistical evidence of any effect modification across
the strata of BMI, diabetes, and equol producers (Supplementary
Table S1).

Discussion

Our previous cohort analysis showed that dietary intake of
isoflavones increased the risk of primary liver cancer in women
(3). Multivariable HRs for the high versus low tertiles of genistein
intake and daidzein intake were 3.19 (95% CI, 1.13-9.00, P for
trend = 0.03) and 3.90 (1.30-11.69, P for trend = 0.01), respec-
tively. Even when analysis was restricted to participants infected
with hepatitis virus (25 cases of liver cancer), this positive

Women

Men

Cases (n = 28)
Median (interquartile

Controls (n = 54)
Median (interquartile

Controls (7 = 121)
Median (interquartile

Cases (n = 62)
Median (interquartile

Isoflavones -range) range) P value® range) range) P value®
Genistein (ng/mL) 46.5 (16.2-111.4) 44.6 (17.1-164.2) on 94.8 (30.2-201.9) 64.7 (31.3-162.5) 0.25
Diadzein (ng/mL) 18.8 (3.3-43.9) 21.7 (5.3-65.0) 0.30 31.8 (7.3-812) 27.4 (10.0-66.8) 0.76
Glycitein® (ng/mL) 15 (0-3.5) 11(0-3.5) 0.77 2.4 (0-7.8) 21(0-5.4) 0.22
Equol® (ng/mL) 0(0-3.3) 2.8 (0-14.6) 0.04 7.1(0-26.9) 3.7 (0-16.7) 0.25

Calculated using the Mann-Whitney test.
bValues below the detection limit (< 1.0 ng/mL) were regarded as zero.
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association remained essentially unchanged. We thought, there-
fore, that plasma concentrations of isoflavones would tend to be
positively associated with the occurrence of primary liver cancerin
women with hépatitis virus infection, although we suspected
sufficient statistical power might not be obtained due to the
relatively small sample size. In the present study, however, we
observed no apparent association.

One possible explanation for this inconsistency is that plasma
concentrations of isoflavones might not actually reflect dietary
intake of isoflavones among participants with hepatitis virus
infection. The half-lives of genistein and daidzein in the blood
are reported to be 8.4 hours and 5.8 hours, respectively (15).
Plasma concentrations of isoflavones reflect the intake of isofla-
vones in a dose-dependent manner (16, 17), and these concen-
trations are known to depend on the time elapsed since the last
meal. Therefore, we matched fasting times in the cases and
controls to minimize any exposure misclassification caused by
differences in fasting times. However, plasma isoflavone concen-
trations are markers of short-term isoflavone exposure, whereas
the results of our food-frequency questionnaire on dietary intake
of isoflavones reflect personal dietary habits over long periods of
time. Short-term exposure does not necessarily correlate” with
long-term exposure. Even so, in the general population of our
validation study, isoflavone concentrations in the blood corre-
lated reasonably well with isoflavone intake as estimated from the
questionnaire (Spearman correlation coefficient = 0.33 for genis-
tein and 0.31 for daidzein in the combined data on both sexes;
ref. 18): plasma isoflavone concentrations seemed to be main-
tained in Japanese who like isoflavone-rich foods. Our earlier
work within the JPHC Study on the associations between iso-
flavones and cancers in other sites supports this assumption, with
similar associations observed between the results of a cohort study
using a food-frequency questionnaire and those of a nested case~
control study using plasma concentrations. (19-26). Therefore,
the present results indicate a possibility that plasma concentra-
tions of isoflavones do not reflect dietary intake of isoflavones in
people infected with hepatitis virus.

The correlation coefficients for plasma concentrations and
dietary intake (as estimated from the food-frequency question-
naire) of genistein and daidzein in the present study population
infected with hepatitis virus (Spearman correlation coefficient for
genistein = 0.12 in women and 0.27 in men, and for diadzein =
0.09 in women and 0.29 in men) tended to be lower than those in
the general population of our validation study (18). Although
these findings might be the result of chance, another possible
explanation lies in the metabolism of isoflavones: isoflavones are
absorbed in the upper small intestine and conjugated in the liver
(27); conjugated metabolites are excreted in the bile, are decon-
jugated in the lower bowel, and are absorbed again (27), meaning
that an enterohepatic circulation is formed. In the present study,
we targeted people infected with hepatitis virus. We hypothesize,
therefore, that the conjugation metabolism of isoflavones in the
liver is delayed when liver function is impaired by virus-related
liver disease, decreasing the enterohepatic circulation volume of
isoflavones in patients with virus-related liver disease, and thereby
reducing isoflavone concentrations in the blood. We also hypoth-
esize that the metabolism of isoflavones gradually declines as
virus-related liver diseases progress. If this hypothesis is correct,
we might observe a positive association between plasma isofla-
vone concentrations and liver cancer in subgroup analyses exclud-
ing participants with severe hepatitis and liver cirthosis, or after

P for trend®

0.41
0.47
0.53
Q.70
0.10
n
0.33
0.47

132 (0.57-3.03)
123 (0.47-3.21)
1.95 (0.84-4.53)
2.14 (0.82-5.59)
>N.2

144 (0.70-2.94)
1.35 (0.60~3.04)

1.33 (0.58-3.09)
>3.2

High

>M.0

27/40

1.36 (0.64-2.87)
>47.8

25/40

29/40

27/40

Men

1.02 (0.44-2.36)
1.05 (0.41-2.68)

1.0-1.2

0.74 (0.27-2.00)

13/35
0.76 (0.33-1.79)

0.61(0.25-1.62)
13.1-47.8

15/38
0.75 (0.32-1.77)

0.68 (0.25-1.82)
10-3.2

0.70 (0.31-1.56)
17/42

41.9-11.0

Middle
14/40

1.00 (reference)
1.00 (reference)
1.00 (reference)

Not detected

16/39
1.00 (reference)

1.00 (reference)
Not detected

22/46
1.00 (reference)

Low

<419

21/41

1.00 (reference)
<131

22/43

1.00 (reference)

P for trend®
0.50
0.75
1
50
0.81
.48
0.06

0.
0
om

1.97 (0.35-10.93)

>12.3

1.09 (0.26-4.50)
6/18

0.65 (0.18-2.29)
1.31(0.28-6.05)

>62.8

5/16
0.33 (0.07-1.58)

0.55 (0.10-3.19)
0.40 (0.13-1.25)
0.44 (0.13-1.49)

High
>100.9

8/18
>34
7114

Women

2.96 (0.60-14.61)
1.0-123

0.79 (0.27-2.33)
4/16

141 (0.37-5.41)
12.0-62.8

nns
0.83 (0.28-2.43)

1.21(0.29-5.13)
10-3.4

9/14
1.43 (0.47-4.31)

28.0-100.9
0.33 (0.10-1.14)
0.26 (0.06-117)

Middle
9/18

1.00 (reference)
1.00 (reference)
1.00 (reference)
1.00 (reference)
Not detected

12/26
1.00 (reference)

1.00 (reference)
Not detected

18/20
1.00 (reference)

1.00 (reference)

<28.0
118

<12.0
12/19

Low

Matching variables adjusted OR (95% CI)P

Multivariable OR (95% CI)*¢

Daidzein (ng/mL)
Matching variables adjusted OR (95% CI)°

Multivariable OR (95% CI)¢

Glycitein (ng/mL)
Matching variables adjusted OR (95% CI®

Multivariable OR (95% CI)¢

Equol (ng/mL)
Matching variables adjusted OR (95% CI)®

Number of cases/controls
Number of cases/controls
Number of cases/controls
Number of cases/controls
Multivariable OR (85% CI)¢
“Linear trends were tested using the exposure categories as ordinal variables.

“Adjusted for alcohol consumption (never, past, or regular drinker for women; never, past, <150, 150 to <450, >450 g/week ethanol for men), BMI (<25.0, >25.0 kg/m?), diabetes (yes, no), and coffee consumption (almost

never, once a week to <1 cup/day, >1 cup/day).

Table 3. ORs and 95% Cls of primary liver cancer according to plasma concentrations of iscflavones
Matching variables were age, sex, public health center area, fasting status at blood collection, hepatitis virus infectious status, and baseline menopausal status (for women).

Plasma concentration
Genistein (ng/mL)
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adjustment for liver disease stage. However, a limitation of this
study is that we had no information on the clinical severity of liver
disease related to HBV or HCV infection. Because of the relatively
small number of cases of liver cancer, it was also difficult to find
any meaningful association after excluding cases diagnosed in the
first several years of follow-up. Careful consideration to this
hypothesis leads us to believe that the null association we
observed in women might be partially explained by the variance
between plasma isoflavone concentrations and dietary isoflavone
intake caused by changes in the metabolism of isoflavones related
to liver disease with hepatitis virus. Further epidemiologic and
experimental investigations are needed to examine the associa-
tion between biomarkers of isoflavones at the early stage of virus-
related liver disease and liver cancer.

As in our previous study based on dietary isoflavone intake (3),
we found no association between plasma isoflavone concentra-
tions and primary liver cancer in men. Testosterone is reportedly
associated with the risk of hepatocellular carcinoma (the most
common form of primary liver cancer; refs. 28, 29). However, the
earlier studies did not address concerns about the association
between soy isoflavones and the male sex hormone (30). We
found no evidence that isoflavones play any role in the etiology of
liver cancer in men, and we believe that even if they do have arole,
it is small.

The major strength of our study is that it is, to our knowledge,
the first prospective study to evaluate the association between
plasma isoflavones and primary liver cancer. We used objective
measures that reflected dietary intake of isoflavones and individ-
ual differences in absorption and metabolism (4), and attempted
to elucidate the influences of exposure to isoflavones in the liver
carcinogenesis. In addition, using blood samples for exposure
assessment made it possible to examine the role of equol, which
cannot be assessed from food-frequency questionnaires. Another
strength is its nested case-control design. Blood samples were
collected before cancer diagnosis, and the cases and controls were
selected from the same population participating in the JPHC
Study. ORs estimated in the nested case-control design represent
a better approximation of risk ratios (31), allowing our study to
overcome the disadvantages inherent in the case-control design.
However, caution is necessary in generalizing the results, because
our participants were limited to those who answered the ques-
tionnaire and provided blood samples (32). Also, primary liver
cancer that was unrelated to HBV or HCV infection was not
considered in this study.

In conclusion, we found no apparent association between
plasma concentrations of isoflavones and the risk of primary liver
cancer in participants of either sex with hepatitis virus infection.
To clarify the role of isoflavones in the etiology of liver cancer,
further studies using both biomarkers and data on dietary intake
of isoflavones are required.

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Authors’ Contributions

Conception and design: T. Michikawa, M. Inoue, T. Yamaji, M. Iwasaki,
M. Mizokami, S. Tsugane

Development of methodology: T. Michikawa, M. Inoue, Y. Tanaka
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): T. Michikawa, M. Inoue, N. Sawada, Y. Tanaka,
T. Yamaji, M. Twasaki, T. Shimazu, M. Mizokami, S. Tsugane

536 Cancer Epidemiol Biomarkers Prev; 24(3) March 2015

Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): T. Michikawa, M. Inoue, N. Sawada, T. Yamaji,
M. Iwasaki, S. Sasazuki, S. Tsugane

Writing, review, and/or revision of the manuscript: T. Michikawa, M. Inoue,
T. Yamaji, M. Iwasaki, T. Shimazu, S. Sasazuki, M. Mizokami, S. Tsugane
Administrative, technical, or material support (i.e., reporting or organizing
data, constructing databases): M. Inoue, S. Tsugane

Study supervision: M. Inoue, M. Mizokami, S. Tsugane

Acknowledgments

The authors thank all staff members in each study area and in the central
offices for their cooperation and technical assistance. They also thank the
Aomori, [wate, Ibaraki, Niigata, Osaka, Kochi, Nagasaki, and Okinawa Cancer
Registries for providing incidence data.

Members of the JPHC Study (principal investigator: S. Tsugane) group are as
follows: 8. Tsugane, N. Sawada, S. Sasazuki, M. Iwasaki, T. Shimazu, T. Yamaji,
and T. Hanaoka, National Cancer Center, Tokyo; J. Ogata, S. Baba, T. Mannami,
A. Okayama, and Y. Kokubo, National Cerebral and Cardiovascular Center,
Osaka; K. Miyakawa, F. Saito, A. Koizumi, Y. Sano, I. Hashimoto, T. Ikuta,
Y. Tanaba, H. Sato, Y. Roppongi, and T. Takashima, Iwate Prefectural Ninohe
Public Health Center, Iwate; Y. Miyajima, N. Suzuki, S. Nagasawa, Y. Furusugi,
N. Nagai, Y. Ito, S. Komatsu, and T. Minamizono, Akita Prefectural Yokote
Public Health Center, Akita; H. Sanada, Y. Hatayama, F. Kobayashi, H. Uchino,
Y. Shirai, T. Kondo, R. Sasaki, Y. Watanabe, Y. Miyagawa, Y. Kobayashi,
M. Machida, K. Kobayashi, and M. Tsukada, Nagano Prefectural Saku Public
Health Center, Nagano; Y. Kishimoto, E. Takara, T. Fukuyama, M. Kinjo, M. Irei,
and H. Sakiyama, Okinawa Prefectural Chubu Public Health Center, Okinawa;
K. Imoto, H. Yazawa, T. Seo, A. Seiko, F. Ito, F. Shoji, and R. Saito, Katsushika
Public Health Center, Tokyo; A. Murata, K. Minato, K. Motegi, T. Fujieda, and
S. Yamato, Ibaraki Prefectural Mito Public Health Center, Ibaraki; K. Matsui,
T. Abe, M. Katagiri, M. Suzuki, and K. Matsui, Niigata Prefectural Kashiwazaki
and Nagaoka Public Health Center, Niigata; M. Do, A. Terao, Y. Ishikawa, and
T. Tagami, Kochi Prefectural Chuo-higashi Public Health Center, Kochi;
H. Sueta, H. Doi, M. Urata, N. Okamoto, F. Ide, and H. Goto, Nagasaki
Prefectural Kamigoto Public Health Center, Nagasaki; H. Sakiyama, N. Onga,
H. Takaesu, M. Uehara, T. Nakasone, and M. Yamakawa, Okinawa Prefectural
Miyako Public Health Center, Okinawa; F. Horii, I. Asano, H. Yamaguchi,
K. Aoki, 8. Maruyama, M. Ichii, and M. Takano, Osaka Prefectural Suita Public
Health Center, Osaka; Y. Tsubono, Tohoku University, Miyagi; K. Suzuki,
Research Institute for Brain and Blood Vessels Akita, Akita; Y. Honda,
K. Yamagishi, S. Sakurai, and N. Tsuchiya, University of Tsukuba, Ibaraki;
M. Kabuto, National [nstitute for Environmental Studies, Ibaraki; M. Yamagu-
chi, Y. Matsumura, S. Sasaki, and S. Watanabe, National Institute of Health and
Nutrition, Tokyo; M. Akabane, Tokyo University of Agriculture, Tokyo;
T. Kadowaki and M. Inoue, The University of Tokyo, Tokyo; M. Noda and
T. Mizoue, National Center for Global Health and Medicine, Tokyo; Y. Kawa-
guchi, Tokyo Medical and Dental University, Tokyo; Y. Takashima and
Y. Yoshida, Kyorin University, Tokyo; K. Nakamura and R. Takachi, Niigata
University, Niigata; J. Ishihara, Sagami Women's University, Kanagawa;
S. Matsushima and S. Natsukawa, Saku General Hospital, Nagano; H. Shimizu,
Sakihae Institute, Gifu; H. Sugimura, Hamamatsu University School of
Medicine, Shizuoka; S. Tominaga, Aichi Cancer Center, Aichi; N. Hamajima,
Nagoya University, Aichi; H. Iso and T. Sobue, Osaka University, Osaka; M. lida,
W. Ajiki, and A. Ioka, Osaka Medical Center for Cancer and Cardiovascular
Disease, Osaka; S. Sato, Chiba Prefectural Institute of Public Health, Chiba;
E. Maruyama, Kobe University, Hyogo; M. Konishi, K. Okada, and L. Saito,
Ehime University, Ehime; N. Yasuda, Kochi University, Kochi; S. Kono, Kyushu
University, Fukuoka; S. Akiba, Kagoshima University, Kagoshima.

Grant Support

This study was supported by National Cancer Center Research and Devel-
opment Fund (to M. Inoue, N. Sawada, T. Yamaji, M. Iwasaki, T. Shimazu, S.
Sasazuki, and S. Tsugane), a Grant-in-Aid for Cancer Research (to M. Inoue and
S. Tsugane), and by a Health and Labour Sciences Research Grant—Research on
Hepatitis from the Ministry of Health, Labour, and Welfare, Japan (to M. Inoue).

The costs of publication of this article were defrayed in part by the payment of
page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

Received September 30, 2014; revised December 2, 2014; accepted December
5, 2014; published OnlineFirst December 26, 2014.

Cancer Epidemiology, Biomarkers & Prevention

Downloaded from cebp.aacrjournals.org on March 16, 2015. © 2015 American Association for Cancer Research.

63



