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Abstract

Background

A recent genome-wide association study (GWAS) using chronic HBV (hepatitis B virus)
carriers with and without hepatocellular carcinoma (HCC) in five independent Chinese
populations found that one SNP (rs17401966) in KIF 1B was associated with susceptibility to
HCC. In the present study, a total of 580 HBV-derived HCC cases and 1351 individuals with
| chronic hepatitis B (CHB) or asymptomatic carrier (ASC) were used for replication studies in

order to evaluate the reported association Wlth HBV-derived HCC in other East Asian
populations.

Results

We did not detect any associations between rs17401966 and HCC in the Japanese cohorts
(replication 1: OR=1.09, 95 % CI=0.82-1.43; replication 2: OR=0.79, 95 % CI=0.54-
1.15), in the Korean cohort (replication 3: OR=0.95, 95 % CI=0.66-1.36), or in the Hong
Kong Chinese cohort (replication 4: OR=1.17,.95 % CI=0.79-1.75). Meta-analysis using
these cohorts also did not show any associations with P=0.97.

Conclusions

None of the replication cohorts showed associations between rs17401966 and HBV-derived
HCC. This may be due to differences in the genetic diversity among the Japanese, Korean

. |and Chinese populations. Other reasons could be the high complexity of multivariate

interactions between the genomic information and the phenotype that is manifesting. A much
wider range of investigations is needed in order to elucidate the differences in HCC
susceptibility among these Asian populations.
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Background

Hepatitis B (HB) is a potentially life-threatening liver infection caused by the hepatitis B
virus (HBV), and approximately 360 million people worldwide are thought to be chronically
infected with HBV. The clinical course of HBV infection is variable, including acute self-
limiting infection, fulminant hepatic failure, inactive carrier state and chronic hepatitis with
progression to cirrhosis and hepatocellular carcinoma (HCC). Although some HBYV carriers
spontaneously eliminate the virus, 2-10 % of individuals with chronic HB (CHB) develop
liver cirrhosis every year, and a subset of these individuals suffer from liver failure or HCC.
Around 600,000 new HCC cases are diagnosed annually worldwide, with HCC being
relatively common in Asia-Pacific countries and sub-Saharan Africa; more than 70 % of
HCC patients are diagnosed in Asia (with 55 % in China) [1]. However, HCC is relatively
uncommon in the USA, Europe and Australia [1,2]. The majority of HCC develops in
patients with cirrhosis, which is most often attributable to chromc HBYV infection followed by
chronic HCV in the Asia-Pacific region [3].

A recent genome-wide association study (GWAS) using Japanese CHB cases and controls
confirmed that 11 SNPs in a region including HLA-DPAI and -DPBI were associated with
CHB [4]. Moreover, a GWAS using chronic HBV carriers with and without HCC in five
independent Chinese populations reported that one SNP (rs17401966) in KIFIB was
associated with HCC susceptibility [5]. In the present study, we performed replication studies
using Japanese, Korean and Hong Kong Chinese cases and controls in order to evaluate the
reported association with HBV-derived HCC in other East Asian populations.

Results

We performed SNP genotyping of rs17401966 located in the KIF1B gene for the purpose of
replication analysis of the previous GWAS report [5]. Four distinct cohorts were used for
these replication analyses (Table 1). We first examined two independent Japanese case—
control samples including 179 cases and 769 controls from Biobank Japan (replication 1), and
142 cases and 251 controls from various hospitals (replication 2). We did not detect any
associations between rs17401966 and HCC in the Japanese cohorts (replication 1: OR=1.09;
95 % CI=0.82-1.43, replication 2: OR=0.79; 95 % CI=0.54-1.15). We further examined
Korean case—control samples comprising 164 cases and 144 controls (replication 3) and
Hongkongese 94 HCC cases and 187 CHB controls (replication 4), but again did not detect
any association (replication 3: OR =0.95; 95 % CI=0.66-1.36, replication 4: OR=1.17; 95 %
CI=0.79-1.75). Logistic regression analysis adjusted for age and gender also did not show
any association (P,=0.65, 0.27, 0.11, 0.56 for each replication panel). Moreover, we
conducted meta-analysis to combine these studles also not detect any association
(Pmeta =0. 97) ' k




Table 1 Association between rsl7401966 and HBV-derived HCC

cohort sample size cases controls OR
(cases/controls) GG AG AA GG AG AA HWE 95% P® Pu®
' p €D
replication 179/769 13 61 105 45 261 463 0.599 1.09 0.578
1 : )
(Japan 1) (7.2) (34.1) (58.7) (5.9) (33.9) (60.2) (0.82-

/ 1.43)
replication 142/251 5 46 91 14 91 146 1 10.79  0.212
2
(Japan 2) (3.5) (32.4)(64.1)(5.6) (36.2)(58.2) (0.54-

, 1.15)
replication 164/144 17 59 8 15 55 74 0.616 0.95 0.790
3 :
(Korea) (10.4) (36.0) (53.6) (10.4) (38.2) (51.4) (0.66-
‘ : 1.36)
replication 94/187 10 39 44 13 80 94 0.767 1.17 0.432
4
(Hong (10.6) (41.5) (46.8) (6.9) (42.8)(50.3) (0.79-
Kong) ; 1.75)
Meta-analysis ° 0.996 0.9650.423
‘ (0.84-
1.18)

P value of fisher’s exact test for allele model.
PResult of Breslow-Day test.
‘Results of meta-analysis were calculated by the Mantel-Haenzel method.

Discussion and conclusions

Zhang et al. [5] reported that SNP rs17401966 was significantly associated with HBV -related
HCC (joint OR=0.61). They conducted a GWAS using 348 cases and 359 controls in a
population in Guangxi in southern China, and selected 45 SNPs for the replication study
based on the results (P<10™*). In the first replication study, they used 276 cases and 266
controls from Beijing in northern China, and 5 SNPs showed the same direction of
association as in the GWAS (P <0.05). They performed a further replication study (of 507
cases and 215 controls) in Jiangsu in eastern China and only one SNP showed the same trend
(P=3.9x107). Guangdong and Shanghai samples from southern and eastern China were
used for further replication studies. The association yielded a p-value of 1.7 x 10']‘8 on meta-
analysis.

We performed four replication analyses using Japanese, Korean and Hong Kong Chinese
samples (Table 1). Although sample size of each cohort is smaller than that of the previous
GWAS, we conducted mete-analysis of all our study. The result did not show any association
between rs17401966 and HBV-derived HCC (Pyyera = 0.97).



This may be due to differences in genetic diversity among Japanese, Korean and Chinese
populations. A maximum-likelihood tree of 126 populations based on 19,934 SNPs showed
that Japanese and Korean populations form a monophyletic clade with a 100 % bootstrap
value [6]. However, Chinese populations form a paraphyletic clade with two other
populations. This indicates that Japanese and Korean populations are genetlcally closer to one
another than the Chinese population.

We did not find any association with Hong Kong Chinese cohort (P=0.43). Moreover, a
study using 357 HCC cases and 354 HBV-positive non-HCC controls in Hong Kong Chinese
did not show any significant difference (P=0.91) [7]. Previous population studies have
revealed that various Han Chinese populations show varying degrees of admixture between a
northern Altaic cluster and a southern cluster of Sino-Tibetan/Tai-Kadai populations in
southern China and northern Thailand [6]. Although Hong Kong is located closed to the
Guangdong (cohort 3 of Zhang et al study), there is great heterogeneity for 1517401966
between Hong Kong cohorts (our study and Chan’s study [7]) and Guangdong cohort (our
study versus Zhang’s study: Ppe=0.0066; Chan’s study versus Zhang’s study: Phe:=0.035).
This result suggests the existence of other confounding factors, which can differentiate the
previous study in China and this study.

One of the possible reasons could be the high complexity of multivariate interactions between
the genomic information and the phenotype that is manifesting. HCC development is a
multiple process which links to causative factors such as age, gender, environmental toxins,
alcohol and drug abuse, higher HBV DNA levels, and HBV genotype variations [8]. The
eight HBV genotypes display distinct geographical and ethnic distributions. Genotypes B and
C are prevalent in Asia. Specific variations in HBV have been associated with cirrhosis and
HCC. These variations include in particular mutations in pre-core region (Pre-C), in basal
core promoter (BCP) and in ORF encoding Pre-S1/Pre-S2/S and Pre-C/C. Because there is an
overlap between Pre-C or BCP mutations and genotypes, these mutations appear to be more
common in genotype C as compared to other genotypes [9].

Aflatoxins are a group of 20 related metabolites and Aflatoxin B1 is the most potent naturally
occurring chemical liver carcinogen known. Aflatoxin exposures multiplicatively increase the
risk of HCC in people chronically infected with HBV, which illustrates the deleterious impact
that even low toxin levels in the diet can have on human health [10-12]. Liu and Wu
estimated population risk for aflatoxin-induced HCC around the world [13]. Most cases occur
in sub-Saharan Africa, Southeast Asia and China, where populations suffer from both high
HBV prevalence and largely uncontrolled exposure to aflatoxin in food. But we could not
obtain the information of these confounding factors from both of the previous GWAS study
and this study. A much wider range of investigations is thus needed in order to eluc1date the
differences in HCC susceptlblhty among these Asian populations.

Methods

Samples

Case and control samples used in this study were collected from Japan, Korea and Hong
Kong listed in supplementary Additional file 1: Table S1. A total of 179 cases and 769
control subjects were analyzed in the first replication study. DNA samples from both CHB
controls and HBV-related HCC cases used in this study were obtained from the BioBank




Japan at the Institute of Medical Science, the University of Tokyo [14]. Among the BioBank
Japan samples, we selected HBsAg-seropositive CHB patients with elevated serum
aminotransferase levels for more than six months, according to the guidelines for diagnosis
and treatment of chronic hepatisis from The Japan Society of Hepatology
(http://www jsh.or.jp/medical/gudelines/index.html). The mean (and standard deviation; SD)
age was 62.0 (9.4) years for the cases and 54.7 (13.5) years for the controls. The second
Japanese replication sample sets for the cases (n=142) and controls (n=251) study were
obtained from 16 hospitals. The case samples for the second replication included 142 HCC
patients and the controls included 135 CHB patients and 116 asymptomatic carriers (ASC).
The mean (SD) age was 61.3 (10.2) years for the cases and 56.2 (10.9) years for the controls.
The Korean replication samples were collected from Yonsei University College of Medicine.
The third replication set was composed of 165 HCC patients and 144 CHB patients. The
mean (SD) age was 52.2 (8.9) and 37.3 (11.3) years for the cases and controls, respectively.
The samples in Hong Kong were collected from the University of Hong Kong, Queen Mary
Hospital. The fourth replication set was composed of 94 HCC patients and 187 CHB patients.
The mean (SD) age was 58.0 (10.5) and 56.9 (8.3) years for the cases and controls,
- respectively. All participants provided written informed consent. This research project was
approved by the Research Ethics Committees at the Institute of Medical Science and the
Graduate School of Medicine, the University of Tokyo, Yonsei University College of
Medicine, the University of Hong Kong, National Center for Global Health and Medicine,
Hokkaido University Graduate School of Medicine, Teine Keijinkai Hospital, Iwate Medical
University, Saitama Medical University, Kitasato University School of Medicine, Musashino
Red Cross Hospital, Kanazawa University Graduate School of Medicine, Shinshu University
School of Medicine, Nagoya City University Graduate School of Medical Sciences, Kyoto
Prefectural University of Medicine, National Hospital Organization Osaka National Hospital,
Kawasaki Medical College, Tottori University, Ehime University Graduate School of
Medicine, and Kurume University School of Medicine.

SNP Genotyping

For the first replication samples, we genotyped rs17401966 using PCR-based Invader assay
(Third Wave Technologies, Madison, . WI) [15], and for the second, third and fourth
replication samples, we used TagMan genotyping assay (Applied Biosystems, Carlsbad, CA).
In the TagMan SNP genotyping assay, PCR amplification was performed in a 5-pl reaction
mixture containing 1 nl of genomic DNA, 2.5 pl of KAPA PROBE FAST qPCR Master Mix
(Kapa Biosystems, Woburn, MA), and 40 x TagMan SNP Genotyping Assay probe (ABI) for
this SNP. QPCR thermal cycling was performed as follows: 95 °C for 3 min, followed by 40
“cycles of 95°C for 15 s and 60°C for 1 min. The SNP call rate of each replication panel was
100 %, 100 %, 99.7 % and 99.6 %.

Statistical analysis

We performed Hardy-Weinberg equilibrium test for the case and control samples in each
replication study. Fisher’s exact test was applied to two-by-two contingency tables for three
different genetic models; allele frequency, dominant and recessive model. Odds ratios and
confidence intervals were calculated using the major alleles as references. Meta-analysis was
conducted using the Mantel-Haenszel method. Heterogeneity among studies was examined
by using the Breslow-Day test. Genotype-phenotype association for the SNP rs17401966 was




assessed using logistic regression analysis adjusted for age and gender in plink 1.07
(http://pngu.mgh.harvard.edu/~purcell/plink/index.shtml).

Abbreviations

HB, Hepatitis b; HBV, Hepatitis b virus; HCC, Hepatoc’ellular carcinoma; CHB, Chronic
hepatitis b; HCV, Hepatitis ¢ virus; GWAS, Genome-wide association study; ASC,
Asymptomatic carrier
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This study aimed to develop a model for pre-
dicting anemia using the inosine triphospha-
tase (/TPA) genotype and to evaluate its
relationship with treatment outcome. Patients
with genotype 1b chronic hepatitis C (n = 446)
treated with peg-interferon alpha and ribavirin
(RBV) for 48 weeks were genotyped for the
ITPA (rs1127354) and /L28B (rs8099917) genes.

Data mining analysis generated a predictive therapy

model for anemia (hemoglobin (Hb) concentra-

tion <10 g/dl); the CC genotype of ITPA, base-

line Hb <14.0 g/dl, and low creatinine clearance «
INTRODUCTION

(CLcr) were predictors of anemia. The incidence .

of anemia was highest in patients with .Hb
<14.0 g/dl and Clcr <90 ml/min (76%), fol-
lowed by Hb <14.0 g/dl and /TPA CC (57%).
Patients with Hb >14.0 g/dl and /TPA AA/CA
had the lowest incidence of anemia (17%).
Patients with two predictors (high-risk) had a
higher incidence of anemia than the others
(64% vs. 28%, P < 0.0001). At baseline, the
IL28B genotype was a predictor of a sustained
virological response [adjusted odds ratio
9.88 (95% confidence interval 5.01-19.48),
P < 0.0001]. In patients who achieved an early
virological response, the /L28B genotype was
~not associated with a sustained virological
response, while a high risk of anemia was a
significant negative predictor of a sustained vi-
rological response [0.47 (0.24-0.91), P = 0.026].
For high-risk patients with an early virological
response, giving >80% of the planned RBV
dose increased sustained virological responses
by 24%. In conclusion, a predictive model

© 2013 WILEY PERIODICALS, INC.

Hepatitis C virus (HCV) infection is a leading cause
of cirrhosis and hepatocellular carcinoma worldwide
[Kim, 2002]. The rate of eradication of HCV by pegy-
lated interferon (PEG-IFN) plus ribavirin (RBV),
defined as a sustained virological response, is around
50% in patients with HCV genotype 1 [Manns et al.,
2001; Fried et al., 2002]. Failure of treatment is
attributable to the lack of a virological response or
relapse after completion of therapy. Genome-wide
association studies and subsequent cohort studies
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have shown that single nucleotide polymorphisms
(SNPs) located near the IL28B gene are the most im-
portant determinant of virological response to PEG-
IFN/RBV therapy [Ge et al., 2009; Suppiah et al,,
2009; Tanaka et al., 2009; Rauch et al;, 2010]. On the
other hand, among patients with a virological re-
sponse, the probability of a sustained virological re-
sponse decreases when the patients become intolerant
to therapy because of RBV-induced hemolytic anemia
and receive a reduced dose of RBV [McHutchison
et al., 2002; Kurosaki et al., 2012]. Genome-wide asso-
ciation studies have shown that variants of the ino-
sine triphosphatase (ITPA) gene protect against
hemolytic anemia [Fellay et al., 2010; Tanaka et al.,
2011]. These variants are associated with a reduced
requirement for an anemia-related dose reduction of
RBV [Sakamoto et al., 2010; Thompson et al., 2010a;
Kurosaki et al., 2011d; Seto et al., 2011]. However,
factors other than the ITPA gene also contribute to
the risk of severe anemia or RBV dose reduction [Ochi
et al., 2010; Kurosaki et al., 2011d] and the results of
studies on the impact of the ITPA genotype on treat-
ment outcome are inconsistent [Ochi et al., 2010;
Sakamoto et al., 2010; Thompson et al., 2010a 2011;
Kurosaki et al., 2011d]

Data mining is a novel statlstlcal method used to
extract relevant factors from a plethora of factors and
combine them to predict the incidence of the outcome
of interest [Breiman et al., 1980]. Decision tree analy-
sis, a primary component of data mining analysis, has
found medical applications recently [Averbook et al.,
2002; Miyaki- et al.,, 2002; Baquerizo et al.,, 2003;
Leiter et al., 2004; Garzotto et al., 2005; Zlobec et al.,
2005; Valera et al., 2007] and has proven to be a use-
ful tool for predicting therapeutic efficacy [Kurosaki
et al., 2010, 2011a,b,c, 2012] and adverse events [Hir-
amatsu et al., 2011] in patients with chronic hepatitis
C treated with PEG-IFN/RBV therapy. Because the
results of data mining analysis are presented as a
flowchart [LeBlanc and Crowley, 1995], they are easi-
ly understandable and usable by clinicians lacking a
detailed knowledge of statistics. -

For the general application of this genetic informa-
tion in clinical practice, this study aimed to construct
a predictive model of severe anemia using the ITPA
genotype, together with other relevant factors. This
study also -aimed to analyze the impact of the risk of
anemia on treatment outcome, after adjustment for
the IL28B genotype. These analyses were carried out
at baseline and during therapy, when the early viro-
logical response became evident.

MATERIALS AND METHODS
Patients

Data were collected from a total of 446 genotype
1b chronic hepatitis C patients who were treated
with PEG-IFN alpha and RBV at five hospitals and
universities throughout Japan. The inclusion criteria
were: (1) infection by hepatitis C genotype 1b; (2) no
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co-infection with hepatitis B virus or human immu-
nodeficiency virus; (3) no other causes of liver dis-
ease such as autoimmune hepatitis and primary
biliary cirrhosis; and (4) availability of DNA for the
analysis of the genetic polymorphisms of IL28B and
ITPA. Patients received PEG-IFN alpha-2a (180 pg)
and 2b (1.5 pg/kg) subcutaneously every week and a
daily weight-adjusted dose of RBV (600 mg for
patients weighing <60 kg, 800 mg for patients
weighing 60-80 kg, and 1,000 mg for patients weigh-
ing >80 kg) for 48 weeks. Dose reduction or discon-
tinuation of PEG-IFN and RBV was primarily based
on the recommendations on the package inserts and
the discretion of the physicians at each university
and hospital. The standard duration of therapy was
set at 48 weeks. No patient received erythropoietin
or other growth factors for the treatment of anemia.
Written informed consent was obtained from
each patient, and the study protocol conformed to
the ethical guidelines of the Declaration of Helsinki
and was approved by the institutional ethics review
committees.

Laboratory Tests

' Blood samples obtained before therapy were ana-
lyzed for hematologic data, blood chemistry, and HCV
RNA. Genetic polymorphisms in SNPs of the ITPA
gene (rs1127354) and the IL28B gene (rs8099917)
were determined using ABI TagMan Probes (Applied
Biosystems, Carlsbad, CA) and the DigiTag2 assay,
respectively. Baseline creatinine clearance (CLcr) lev-
els were calculated using the formula of Cockcroft
and Gault [1976]: for males, CLcr = [(140 — age in
years) x body weight in kg] + (72 x serum creatinine
in mg/dl) and for females, CLc¢r = 0.85 x [(140 — age
in years) x body weight in kg] + (72 x serum creati-
nine in mg/dl). The stage of liver fibrosis was scored
according to the METAVIR scoring system: FO (no fi-
brosis), F1 (mild fibrosis: portal fibrosis without sep-
ta), F2 (moderate fibrosis: few septa), F3 (severe
fibrosis: numerous septa without cirrhosis), and F4
(cirrhosis). A rapid virological response was defined as
undetectable HCV RNA by qualitative PCR with a
lower detection limit of 50 IU/ml (Amplicor; Roche Di-
agnostic Systems, Pleasanton, CA) at week 4 of thera-
py and a complete early virological response was
defined as undetectable HCV RNA at week 12. A sus-
tained virological response was defined as undetect-
able HCV RNA at 24 weeks after completion of
therapy. Severe anemia was deﬁned as hemoglobin
(Hb) <10 g/dlL

Statistical‘AnalySis
Database for analysis included the following varia-
bles: age, sex, body mass index, serum aspartate ami-
notransferase (AST) levels, alanine aminotransferase
(ALT) levels, gamma-glutamyltransferase (GGT) lev-

els, creatinine levels, CLcr, Hb, platelet count, serum
levels of HCV RNA, and the stage of liver fibrosis
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TABLE 1. Patients’ Baseline Characteristics

Age (years) 58.6 (9.6)
Gender: male (n, %) 185 (42%)
Body mass index (kg/m?) 23.1 (3.7
AST (IU/L) 59.9 (563.8)
ALT (IU/L) 69.8 (53.8)
GGT (IU/L) 48.5 (41.6)
Creatinine (mg/dl) 0.7 0.2)
Creatinine clearance (ml/min) 89.5 (23.0)
Hemoglobin (g/dl) 14 (1.4
Platelet count (10%/L) 154.5 (52.1)
HCV RNA > 600,000 IU/ml (n, %) 354 (79%)
Liver fibrosis: F3-4 (n, %) 108 (24%)
Initial ribavirin dose (n, %) i

600 mg/day 300 (67%)

800 mg/day 138 (31%)

1,000 mg/day , 9 (2%)
Pegylated interferon (n, %)

alpha2a 180 mcg 58 (13%)

alpha2b 1.5 meg/kg 388 87%)
ITPA rs1127354: CC (n, %) 317 (71%)
I1.28B rs809917: TT (n, %) 311 (70%)

AST, aspartate aminotransferase; ALT, alanine aminotransferase;
GGT, gamma-glutamyltransferase. )

Data expressed as mean (standard deviation) unless otherwise
mentioned.

(Table I). Based on these data set, a model for predict-
ing the risk of developing severe anemia was con-
structed by data mining analysis using the IBM-SPSS
Modeler 13 as described previously [Kurosaki et al.,
2010, 2011a,b,c; Hiramatsu et al., 2011]. Briefly, the
software was used to explore the database automati-
cally to search for optimal predictors that discriminat-
ed most efficiently 'patients with severe anemia from
those without. The software also determined the opti-
mal cutoff values of each predictor. Patients were di-
vided into two groups according to the predictor and

each of the two groups was repeatedly divided in the.

same way until no significant factor remained or 20 or
fewer patients were in a group.

The incidence of severe anemia, the total dose of

RBYV, and treatment outcome were compared between
groups with high and low risks of anemia. On univari-
ate analysis, Student’s ¢-test was used for continuous
variables, and Fisher’s exact test was used for cate-
gorical data. Logistic regression was used for multi-
variate analysis. P values of <0.05 were considered
significant. SPSS Statistics 18 was used for these
analyses.

RESULTS ‘
Predictive Model of Severe Anemia

The incidence of severe anemia in the whole cohort
was 49% (Fig. 1). The best predictor of severe anemia
was the baseline Hb concentration. Patients with a
low baseline Hb concentration (<14 g/dl) were more
likely to develop severe anemia (67%) than those with
a higher Hb (>14 g/dl) (34%). The second best predic-
tor for those patients with a baseline Hb <14.0 g/dl
was CLcr. Patients with a CLer below 90 ml/min had
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the highest incidence of severe anemia (76%). In those
with a CLer above >90 ml/min the incidence of severe
anemia was 57% in patients with the CC allele of the
ITPA gene while it was 37% in patients with the CA
or AA allele. On the other hand, the second best pre-
dictor for those patients with a baseline Hb concentra-
tion above 14 g/dl was the ITPA genotype. Patients

“with the AA or AC allele had the lowest incidence of

anemia (17%). For those with the ITPA CC allele,
CLcr was the third best predictor; the optimal cutoff
value was 85 ml/min for this group. The incidence of
severe anemia was 49% in patients with a CLcr below
‘85 ml/min while it was 32% in those with a CLecr
above 85 ml/min.

Following this analysis, the patients were divided
into six groups, with the incidence of severe anemia
ranging from 17% to 76%. Three groups with two pre-
dictors, having an incidence of anemia >40%, were
defined as the high-risk group and the remainder
were defined as the low-risk group. The incidence of
severe anemia was higher in the high-risk group than
the low-risk group (65% vs. 28%, P = 0.029) (Fig. 2).
Comparison of the ITPA genotype and the predictive
model showed that the sensitivity for the prediction
of severe anemia was similar (75.9% vs. 76.4%) but
the specificity of the predictive model was greater
(33.6% vs. 59.3%).

The Risk of Anemia Impacts on Sustained
Virological Responses by Patients Who Achieved
an Early Virological Response

The impact of IL28B genotype, ITPA genotype, and
risk group of anemia on the rate of sustained virologi-
cal response was studied at baseline and week 12. At
baseline, patients with the TT allele of the IL28B
gene had a significantly higher rate of sustained viro-
logical response than those with the TG or GG allele
(43% vs. 10%, P < 0.0001), the high-risk group for
anemia had a significantly lower rate of sustained vi-
rological response than the low-risk group (28% vs.
40%, P = 0.011), and the ITPA genotype was not asso-
ciated with a sustained virological response (Fig. 3A—
C). At week 4, patients with rapid virological response
had a high rate of sustained virological response, irre-
spective of the IL28B genotype (TT vs. TG/GG; 97%
vs: 100%, P = 1.000), the ITPA genotype (CC vs. CA/
AA; 95% vs. 100%, P = 1.000), and the risk of anemia
(high vs. low; 95% vs. 100%, P = 1.000). Among the
patients who did not achieve a rapid virological re-
sponse, those with the IL28B TT allele had a signifi-
cantly higher rate of sustained virological response
than those with the TG or GG allele (38% vs. 8%,
P < 0.0001), and the high-risk group for anemia had
a significantly lower rate of sustained virological re-
sponse ' than the low-risk group (24% vs. 35%,
P = 0.015). At week 12, in patients who achieved a
complete early virological response, the IL28B geno-
type was not associated with a sustained virological
response, while the high-risk group for anemia had a
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Fig. 1. The predictive model for severe anemia. The boxes indicate the factors used to differentiate
patients and the cutoff values for the different groups. The pie charts indicate the rate of severe ane-
mia (Hb <10.0 g/dl) for each group of patients, after differentiation. Terminal groups of patients differ-
entiated by analysis are classified as at high risk if the rate is >40% and low risk if the rate is <40%.
ITPA, inosine triphosphatase; CLcr, creatinine clearance; Hb, hemoglobin.

significantly lower rate of sustained virological re-
sponse than the low-risk group (569% vs. 76%,
P =0.013) (Fig. 3D-F). In patients who ‘did not
achieve a complete early virological response, the
IL28B genotype was a significant predictor of a sus-
tained virological response (TT vs. TG/GG; 14% vs.
2%, P < 0.0001) but a high risk for anemia was not
(high vs. low; 10% vs. 6%, P-= 0.361). :

From multlvarlate analysis (Table II), the IL28B ge-
notype was the most important predictor of a sus-
tained virological response at baseline [adjusted odds
ratio 9.88 (95% confidence interval 5.01-19.48),
P < 0.0001], along with female sex [0.42 (0.26-0.68),
P < 0.0001], platelet = count -[1.09 - (1.04-1.15),
P < 0.0001], advanced fibrosis [0.49 . (0.27-0.91),
P = 0.024], and baseline HCV RNA load [4.14 (2.27—
7.55), P < 0.0001]. At week 4, in patients without a
rapid virological response, the IL28B genotype

remained the most important predictor of a sustained

virological response [7.16 (3.60-14.25), P < 0.0001],
along with female sex and platelet count. At week 12,
in patients with a complete early virological response,
the risk of anemia was an independent and significant
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predictor of ‘a sustained virological response [0.47
(0.24-0.91), P = 0.026], together with the platelet
count and HCV RNA load, but the IL28B genotype
was not associated with a sustained virological re-
sponse. In patients without a complete early virologi-

- cal response, the IL28B genotype was a predictor of a

sustained - virological = response [9.13 (2.02-41.3),
P = 0.004] along with the platelet count. Thus, IL28B
was a significant predictor of a sustained virological
response at baseline and among virological non-res-
ponders at weeks 4 and 12. On the other hand, once a
complete early virological response was achieved, the
IL28B genotype was no longer associated with a sus-
tained virological response but the risk of anemia was
an-independent predictor of a sustained virological
response. ; )

The Risk of Anemia, RBV Dose, and Treatment
Outcome in Patients With a Complete Early
Virological Response

Patients who achieved a complete early virological
response were stratified .according to adherence to
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Fig. 2. The incidence of severe anemia stratified by risk of ane-
mia. The incidence of anemia during therapy is shown for each
group of patients at high and low risk of anemia. The black and
white bars represent the percentages of patients with Hb concentra-
tions below 8.5 g/dl and above 10 g/d], respectively.

RBV (<40%, 41-60%, 61-80%, and >80%), which
showed that patients with a high risk of anemia were
predominantly in subgroups with a lower adherence
to RBV (<40%, 41-60%, and 61-80%), whereas
patients with a low risk of anemia were predominant-
ly in subgroups with a higher adherence to RBV
(>80%) (Fig. 4, upper panel). The percentage of
patients who received >80% of the planned dose of
RBV was significantly higher in the low-risk group for
anemia than in the high-risk group (74% vs. 55%,
P < 0.0001).

Within the groups with high and low risks of ane-
mia, there was a stepwise increase in the rate of sus-
tained virological response according to the increase
in adherence to RBV (Fig. 4, lower panel). The rate of
sustained virological response was higher in patients
who received >80% of the planned dose of RBV than
those who received less, for both high-risk patients
(71% vs. 47%, P = 0.016) and low-risk patients (81%

vs. 60%, P = 0.072). Within the same subgroup of-

RBV adherence, however, the rate of sustained viro-
logical response did not differ between patients with a
high risk and a low risk of anemia. Taken together,
these results suggest that patients with a high risk of
anemia have a disadvantage because they are likely
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to be intolerant to RBV, leading to reduced adherence
to RBV throughout the 48 weeks of therapy and a
reduced rate of sustained virological response. Howev-
er, if >80% adherence to RBV could be obtained, the

rate of sustained virological response would increase

by 24%.

DISCUSSION

This study confirmed . previous reports that  the
IL28B genotype is the most significant predictor of a
sustained virological response to PEG-IFN plus RBV
therapy in chronic hepatitis C patients at baseline [Ge
et al., 2009; Suppiah et al., 2009; Tanaka et al., 2009;
Rauch et al.,, 2010; Kurosaki et al.,, 2011c] and at
week 4 [Thompson et al., 2010b], but it had no impact
on the rate of sustained virological response among-
those patients who achieved a complete early virologi-
cal response [Thompson et al., 2010b; Kurosaki et al.,
2011c]. In contrast, the risk of anemia, assessed by
the combination of the ITPA genotype, baseline Hb
concentration, and baseline CLer, was found to be as-
sociated with a sustained virological response in
patients who achieved a complete early virological re-
sponse. Generally, a complete early virological re-
sponse is the hallmark of a high probability of a
sustained virological response, but the rate of sus-
tained virological responses in patients who achieved
a complete early virological response and had a high
risk of anemia was as low as 59%. This reduced rate
of sustained virological response in these patients was
attributable to poor adherence to RBV throughout the
48 weeks of therapy. Because administration of >80%

 of the planned RBV dose increased the rate of sus-

tained virological response by 24%, it may be postulat-
ed that personalizing the treatment schedule to
achieve a sufficient dose of RBV, such as extension of
treatment duration, may improve sustained virologi-
cal response rates in these patients. Clearly, this pos-
tulate needs to be confirmed in future study. Thus,
the findings presented here may have the potential to
support selection of the optimum, personalized treat-
ment strategy for an individual patient, based on the
risk of anemia.

The degree of hemolytic anemia caused by RBV
varies among individuals. A reduction of the Hb con-
centration early during therapy predicts the likely de-
velopment of severe anemia [Hiramatsu et al., 2008,
2011] but there are no reliable predictors at baseline.
A breakthrough came from the results of a genome-
wide association study that revealed that variants of
the ITPA gene are protective against hemolytic ane-
mia [Fellay et al., 2010]. The ITPA genotype has been
shown repeatedly to be associated with the degree of
hemolytic anemia and dose reduction of RBV [Fellay
et al., 2010; Sakamoto et al., 2010; Thompson et al.,
2010a; Seto et al., 2011; Tanaka et al., 2011; Kurosaki
et al., 2011d]. However, factors other than the ITPA
gene, such as baseline Hb concentrations [Ochi et al.,
2010; Kurosaki et al., 2011d], platelet counts [Ochi

J. Med. Virol. DOI 10.1002/jmv



454 Kurosaki et al.
A X B ) C Anemia risk by
TP,
L2886 genotype TPA genotype data mining analysis
100% - : 100% - 100%
— 90% - _90% - 90%
£ £ g
g 80% - g 80% g 80% -
= = =
E g g
g 70% - P<0.0001 g 70% - P=0.412 g v P=0.011
'% 60% --;g 60% - % 5O
g £ £ : 40%
£ o5ou 43% = 50% - £ 50% -
3 3 A
5 40% - £ 40% - 34% £ a0
7 z g 28%
e 3% - = 30% o 30% -
& g 2
g 0% E 20% - & 20% -
10%
10% - ‘ 10% - 10%
0% . . 0% ; 0% - .
m TG/GG [ CAfAA highrigle  non-high
risk
D E F Anemia risk by
) LZ8B type ITPA genoty a ) -
! genotyp genolype - data mining analysis
100% - 100% - 100% - '
P=0.153 P=0,610 P=0.013
g % g 0% - g 90% - 5%
By @ : €@
Z 80% - 2 80% - £ BO%
'§_ 59% § 66% 70% f’% . )
2 7o% £ 70% : S T0% - 5oy
£ son 52% 2 60% g 60% -
£ £ £
Z 5% = 50% - = 50% -
& s N @
£ z £
£ A0% g 0% £ ao%
= Z z
S 30% S 30% S 30% -
g s g
20% - 20% 20% -
10% 0% - 10% -
0% 5 0% - 0% - : ]
T T6/6G o8 CAMBA “highrisk. - non-high

risk

Fig. 3. Rates of sustained virological responses at baseline and among those with-a virological re-
sponse at week 12. The impacts of IL28B genotype, ITPA genotype, and risk group of anemia on the
rate of sustained virological response were studied at baseline (A~C) and among those with complete
early virological responses (defined as undetectable HCV RNA at week 12) (D-F). At baseline, those
with the TT allele of the IL28B gene had a significantly higher rate of sustained virological response
than those with the TG or GG allele and the group at high-risk of anemia had a significantly lower
rate of sustained virological response than the low-risk group. Among patients with complete early
virological responses, the IL28B genotype was not associated with a sustained virological response,
while the group at high-risk of anemia had a significantly lower rate of sustained virological response

than the low-risk group.

et al., 2010], and CLer [Kurosaki et al., 2011d], also
contribute to the risk of severe anemia or RBV dose
reduction. In the present study, the predictive model
of anemia based on the data mining analysis selected
the ITPA genotype, baseline Hb concentration, and

J. Med. Virol. DOI 10.1002/jmv

baseline CLcr as predictive factors and identified six
subgroups of patients with a variable rate of severe
anemia, ranging from 17% to 76%. The specificity of
the prediction of severe anemia was improved by
25.7% in the predictive model, compared to ITPA
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TABLE II. Logistic Regression Analysis for Factors
Associated With Sustained Virological Response at
Baseline, Week 4 and Week 12

Multi-variable

Odds 95%CI  P-value
Pre-treatment
Sex: female 0.42 0.26-0.68 <0.0001
Platelet (10°/L) 1.09 1.04-1.15 <0.0001
Fibrosis: F3-4 049 0.27-0.91  0.024
HCV RNA: <600,000 IU/L 4.14 2.27-755 <0.0001
1L.28B rs8099917: TT 9.88 5.01-19.48 <0.0001
At week 4 )
Non-RVR patients
Sex: female 045 0.28-0.72 0.001
Platelet (10%L) 1.10 1.05-1.16 0.000
11.28B rs8099917: TT 7.16 3.60-14.25 <0.0001
At week 12 ‘
cEVR patients
Platelet (10%/L) 1.09 1.02-1.17 0.015
HCV RNA: <600,000 TU/L.  3.21 1.39-7.55 0.007
High-risk of anemia® 047 0.24-0.91 0.026
At week 12 - .
Non-cEVR patients
Platelet (10%L) 1.11 1.02-1.21 0.017
11.28B rs8099917: TT 9.13 2.02-41.3 0.004

RVR: rapid virological response, defined as undetectable HCV RNA
at week 4.

cEVR: complete early virological response, defined as undetectable
HCV RNA at week 12.

*High-risk of anemia defined by decision tree analysis includes the
following groups: (1) baseline hemoglobin <14.0 g/dl and creatinine
clearance <90 ml/min, (2) baseline hemoglobin <14.0 g/dl, creatinine
clearance >90 ml/min and ITPA rs1127354 genotype CC, and (3)

baseline hemoglobin >14.0 g/dl, ITPA rs1127354 genotype CC, and

creatinine clearance <85 ml/min.

genotyping alone. Because hemolytic anemia
induced by RBV is one of the major adverse events
leading to premature termination of therapy [Fried

et al., 2002], a method to predict the risk of severe
anemia before treatment is important clinically. A

predictive model of anemia may have the potential to

support individualized treatment strategies; patients

at high risk of anemia may be tested intensively for
anemia or may be candidates for erythropoietin thera-
py, whereas those with a low risk of anemia may
be treated with a higher dose of RBV. Prediction

of anemia will remain important in the era of direct .

antiviral agents for chronic hepatitis C, because these
newer therapies still require RBV and PEG-IFN in
combination, and the degree of anemia complicating
these therapies may be even greater than with the
current combination therapy [McHutchlson et al,
2009; Kwo et al., 2010].

Studies of the impact of the ITPA genotype on treat-
ment outcome have produced conflicting results. Pre-

vious studies of American [Thompson et al., 2010a]

and Italian [Thompson et al., 2011] cohorts did not
find any association between the ITPA genotype and
treatment outcome; whereas a marginal difference
was observed in a report from Japan [Ochi et al,
2010]: Moreover, with a subgroup analysis of Japa-
nese patients, the variant of the ITPA gene was
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associated with a sustained virological response in
patients with the IL28B major genotype [Kurosaki
et al,, 2011d], in patients infected with HCV other
than genotype 1[Sakamoto et al., 2010], and in
patients with pre-treatment Hb concentrations be-
tween 13.5 and 15 g/dl [Azakami et al., 2011]. These
1ncon51stent results may be because the 1mpact of ane-
mia may be greater on a cohort of aged patients, such
as in Japan. Another reason may be that the ITPA
genotype is not the sole determinant of anemia; the
ITPA genotype alone was not associated with treat-
ment outcome in the present study but a high-risk of
anemia, defined by the combination of the ITPA geno-
type, baseline Hb concentration, and baseline CLer,
was associated with sustained virological responses
by patients with complete early virological responses,
even after adjustment for the IL28B genotype and
other relevant factors. This is in contrast to the find-
ing that the IL28B genotype is an independent and
significant predictor at baseline of a sustained virolog-
ical response by patients without a rapid virological
response and those without a complete early virologi-
cal response, but not those with a complete early viro-
logical response. These results indicate that the
IL28B genotype could be used to predict a sustained
virological response at baseline or during therapy in
patients in whom HCV RNA has not yet become unde-
tectable, but it has no predictive value in patients in
whom HCV RNA has become undetectable. The risk
of anemia may be used to predict sustained virological
responses in a selected subgroup of patients who
achieve a complete early virological response.

Patients who received more than 80% of the
planned dose of PEG-IFN or RBV had a higher rate of
sustained virological responses than those who re-
ceived a lower cumulative dose [McHutchison et al.,
2002; Davis et al., 2003]. Patients who achieve a com-
plete early virological response usually have a good
chance of a sustained virological response and the
treatment duration is not extended beyond 48 weeks.
However, reduced adherence to drugs in these
patients was related to relapse after the completion of
48 weeks of therapy [Hiramatsu et al., 2009; Kurosaki
et al., 2012]. In the present study, the rate of sus-
tained virological response was 59% in patients who
achieved a complete early virological response but
had a high risk of anemia, 17% lower than in patients
with a low risk of anemia. However, there was a step-
wise increase in the rate of sustained virological re-
sponse according to the increase in adherence to RBV,
and the rate of sustained virological response was
higher in high-risk patients who received >80% of the
planned dose of RBV (71% vs. 47%). This 24% in-
crease in sustained virological response was observed
among the patients in the present study who received
48 weeks of treatment. These findings suggest that re-
ceiving a sufficient RBV dose is essential for patients -
with a complete early virological response to attain a
sustained virological response and that the treatment
strategy should be personalized for patients with a
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