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Pre-treatment prediction of response to pegylated-interferon
plus ribavirin for chronic hepatitis C using genetic polymorphism in
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Background & Aims: Pegylated interferon and ribavirin (PEG-
IFN/RBV) therapy for chronic hepatitis C virus (HCV) genotype 1
infection is effective in 50% of patients. Recent studies revealed
an association between the IL28B genotype and treatment
response. We aimed to develop a model for the pre-treatment
prediction of response using host and viral factors.

Methods: Data were collected from 496 patients with HCV geno-
type 1 treated with PEG-IFN/RBV at five hospitals and universities
in Japan. IL28B genotype and mutations in the core and IFN sen-
sitivity determining region (ISDR) of HCV were analyzed to pre-
dict response to therapy. The decision model was generated by
data mining analysis.

Results: The IL28B polymorphism correlated with early virologi-
cal response and predicted null virological response (NVR) (odds
ratio = 20.83, p <0.0001) and sustained virological response (SVR)
(odds ratio=7.41, p <0.0001) independent of other covariates.
Mutations in the ISDR predicted relapse and SVR independent
of IL28B. The decision model revealed that patients with the
minor [L28B allele and low platelet counts had the highest NVR
(84%) and lowest SVR (7%), whereas those with the major IL28B
allele and mutations in the ISDR or high platelet counts had the
lowest NVR (0-17%) and highest SVR (61-90%). The model had
high reproducibility and predicted SVR with 78% specificity and
70% sensitivity.
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Conclusions: The IL28B polymorphism and mutations in the ISDR
of HCV were significant pre-treatment predictors of response to
PEG-IFN/RBV. The decision model, including these host and viral
factors may support selection of optimum treatment strategy for
individual patients.
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by Elsevier B.V. All rights reserved.

Introduction

Hepatitis C virus (HCV) infection is the leading cause of cirrhosis
and hepatocellular carcinoma worldwide [1}. The successful
eradication of HCV, defined as a sustained virological response
(SVR), is associated with a reduced risk of developing hepatocel-
lular carcinoma. Currently, pegylated interferon (PEG-IFN) plus
ribavirin (RBV) is the most effective standard of care for chronic
hepatitis C but the rate of SVR is around 50% in patients with
HCV genotype 1 [2,3], the most common genotype in Japan,
Europe, the United States, and many other countries. Moreover,
20-30% of patients with HCV genotype 1 have a null virological
response (NVR) to PEG-IFN/RBV therapy [4]. The most reliable
method for predicting the response is to monitor the early
decline of serum HCV-RNA levels during treatment [5] but there
is no established method for prediction before treatment.
Because PEG-IFN/RBV therapy is costly and often accompanied
by adverse effects such as flu-like symptoms, depression and
hematological abnormalities, pre-treatment predictions of those
patients who are unlikely to benefit from this regimen enables
ineffective treatment to be avoided.

Recently, it has been reported through a genome-wide associ-
ation study (GWAS) of patients with genotype 1 HCV that single
nucleotide polymorphisms (SNPs) located near the IL28B gene are
strongly associated with a response to PEG-IFN/RBV therapy in
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Table 1. Baseline characteristics of all patients, and patients assigned to the model building or validation groups.

All patients
n =496

Model group Validation group
n =331 n=165
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ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; ISDR, interferon sensitivity determining region; Arg, arginine; Gln, glutamine; His, histidine; Leu, leucine;
Met, methionine; Minor, heterozygote or homozygote of minor allele; SVR, sustained virological response; NVR, null virological response.

Japanese [6], European [7], and a multi-ethnic population [8,9].
The last three studies focused on the association of SNPs in the
1L28B region with SVR [7-9] but we found a stronger association
with NVR [6]. In addition to these host genetic factors, we have
reported that mutations within a stretch of 40 amino acids in
the NS5A region of HCV, designated as the IFN sensitivity deter-
mining region (ISDR), are closely associated with the virological
response to IFN therapy: a lower number of mutations is associ-
ated with treatment failure [10-13]. Amino acid substitutions at
positions 70 and 91 of the HCV core region (Core70, Core91) also
have been reported to be associated with response to PEG-IFN/
RBV therapy: glutamine (Gln) or histidine (His) at Core70 and
methionine (Met) at Core91 are associated with treatment resis-
tance {4,14]. The importance of substitutions in the HCV core and
ISDR was confirmed recently by a Japanese multicenter study
[15}. How these viral factors contribute to response to therapy
is yet to be determined. For general application in clinical prac-
tice, host genetic factors and viral factors should be considered
together.

Data mining analysis is a family of non-parametric regression
methods for predictive modeling. Software is used to automati-
cally explore the data to search for optimal split variables and
to build a decision tree structure [16]. The major advantage of
decision tree analysis over logistic regression analysis is that
the results of the analysis are presented in the form of flow chart,
which can be interpreted intuitively and readily made available
for use in clinical practice [17]. The decision tree analysis has
been utilized to define prognostic factors in various diseases
[18-25]. We have reported recently its usefulness for the predic-
tion of an early virological response (undetectable HCV-RNA
within 12 weeks of therapy) to PEG-IFN/RBV therapy in chronic
hepatitis C [26].

This study aimed to define the pre-treatment prediction of
response to PEG-IFN/RBV therapy through the integrated analysis
of host factors, such as the IL28B genetic polymorphism and var-
ious clinical covariates, as well as viral factors, such as mutations
in the HCV core and ISDR and serum HCV-RNA load. In addition,

for the general application of these results in clinical practice,
decision models for the pre-treatment prediction of response
were determined by data mining analysis.

Materials and methods

Patients

This was a multicentre retrospective study supported by the Japanese Ministry of
Health, Labor and Welfare. Data were collected from a total of 496 chronic hep-
atitis C patients who were treated with PEG-IFN alpha and RBV at five hospitals
and universities throughout Japan. Of these, 98 patients also were included in
the original GWAS analysis [6]. The inclusion criteria in this study were as follows
(1) infection by genotype 1b, (2) lack of co-infection with hepatitis B virus or
human immunodeficiency virus, (3) lack of other causes of liver disease, such
as autoimmune hepatitis, and primary biliary cirrhosis, (4) completion of at least
24 weeks of therapy, (5) adherence of more than 80% to the planned dose of PEG-
IFN and RBV for the NVR patients, (6) availability of DNA for the analysis of the
genetic polymorphism of JL28B, and (7) availability of serum for the determina-
tion of mutations in the ISDR and substitutions of Core70 and Core91 of HCV.
Patients received PEG-IFN alpha-2a (180 ug) or 2b (1.5 pgfkg) subcutaneously
every week and were administered a weight adjusted dose of RBV (600 mg
for <60 kg, 800 mg for 60-80 kg, and 1000 mg for >80 kg daily) which is the rec-
ommended dosage in Japan. Written informed consent was obtained from each
patient and the study protocol conformed to the ethical guidelines of the Decla-
ration of Helsinki and was approved by the institutional ethics review committee.
The baseline characteristics are listed in Table 1. For the data mining analysis, 67%
of the patients (331 patients) were assigned randomly to the model building
group and 33% (165 patients) to the validation group. There were no significant
differences in the clinical backgrounds between these two groups.

Laboratory and histological tests

Blood samples were obtained before therapy and were analyzed for hematologic
tests and for blood chemistry and HCV-RNA. Sequences of ISDR and the core
region of HCV were determined by direct sequencing after amplification by
reverse-transcription and polymerase chain reaction as reported previously
[4,11]. Genetic polymorphism in one tagging SNP located near the IL28B gene
(rs8099917) was determined by the GWAS or DigiTag2 assay [27]. Homozygosity
(GG) or heterozygosity (TG) of the minor sequence was defined as having the
1128B minor allele, whereas homozygosity for the major sequence (TT) was

440 Journal of Hepatology 2011 vol. 54 | 439-448

— 102 —



90 1
80%
80 F —
) 72%
< 701 ]
()]
172
=
e
(7]
e
k<]
€
S 120%
[]
o

JOURNAL OF HEPATOLOGY

NVR
0,
e Relapse
* SVR
* p <0.0001

14%

All
(n = 496)

T
(n = 345)

TG
(n = 146)

GG
(n=5)

TT
(n = 345)

TGIGG
{n=151)

Fig. 1. Association between the IL28B genotype (rs8099917) and treatment response. The rates of response to treatment are shown for each rs8099917 genotype. The
rate of null virological response (NVR), relapse, and sustained virclogical response (SVR) is shown. The p values are from Fisher’s exact test. The rate of NVR was significantly
higher (p <0.0001) and the rate of SVR was significantly lower (p <0.0001) in patients with the IL28B minor allele compared to those with the major allele.

defined as having the IL28B major allele. In this study, NVR was defined as a less
than 2 log reduction of HCV-RNA at week 12 and detectable HCV-RNA by quali-
tative PCR with a lower detection limit of 50 IU/ml (Amplicor, Roche Diagnostic
systems, CA) at week 24 during therapy. RVR (rapid virological response) and
complete early virological response (cEVR) were defined as undetectable HCV-
RNA at 4 weeks and 12 weeks during therapy and SVR was defined as undetect-
able HCV-RNA 24 weeks after the completion of therapy. Relapse was defined as
reappearance of HCV-RNA after the completion of therapy. The stage of liver
fibrosis was scored according to the METAVIR scoring system: FO (no fibrosis),
F1 (mild fibrosis: portal fibrosis without septa), F2 (moderate fibrosis: few septa),
F3 (severe fibrosis: numerous septa without cirrhosis) and F4 (cirrhosis), Percent-
age of steatosis was quantified in 111 patients by determining the average pro-
portion of hepatocytes affected by steatosis.

Statistical analysis

Associations between pre-treatment variables and treatment response were ana-
Iyzed by univariate and multivariate logistic regression analysis. Associations
between the IL28B polymorphism and sequences of HCV were analyzed by Fish-
er's exact test. SPSS software v.15.0 (SPSS Inc., Chicago, IL) was used for these
analyses, For the data mining analysis, IBM-SPSS Modeler version 13.0 (IBM-SPSS
Inc., Chicago, IL) software was utilized as reported previously [26]. The patients
used for model building were divided into two groups at each step of the analysis
based on split variables. Each value of each variable was considered as a potential
split. The optimum variables and cut-off values were determined by a statistical
search algorithm to generate the most significant division into two prognostic
subgroups that were as homogeneous as possible for the probability of SVR.
Thereafter, each subgroup was evaluated again and divided further into sub-
groups. This procedure was repeated until no additional significant variable
was detected or the sample size was below 15. To avoid over-fitting, 10-fold cross
validation was used in the tree building process. The reproducibility of the result-
ing model was tested with the data from the validation patients.

Results

Association between the IL28B (rs8099917) genotype and the PEG-
IFN/RBV response

The rs8099917 allele frequency was 70% for TT (n = 345), 29% for
TG (n=146), and 1% for GG (n=5). We defined the IL28B major
allele as homozygous for the major sequence (TT) and the IL28B
minor allele as homozygous (GG) or heterozygous (TG) for the
minor sequence. The rate of NVR was significantly higher (72%
vs. 12%, p<0.0001) and the rate of SVR was significantly lower
(14% vs. 50%, p <0.0001) in patients with the IL28B minor allele
compared to those with the major allele (Fig. 1).
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Effect of the IL28B polymorphism, substitutions in the ISDR, Core70,
and Core91 of HCV on time-dependent clearance of HCV

Patients were stratified according to their IL28B allele type, the
number of mutations in the ISDR, the amino acid substitutions
in Core70 and Core91, and the rate of undetectable HCV-RNA at
4, 8, 12, 24, and 48 weeks after the start of therapy were analyzed
(Fig. 2A-D). The rate of undetectable HCV-RNA was significantly
higher in patients with the /L28B major allele than the minor
allele, in patients with two or more mutations in the ISDR com-
pared to none or only one mutation, in patients with arginine
(Arg) at Core70 rather than Gln/His, and in patients with leucine
(Leu) at Core91 rather than Met. The difference was most signif-
icant when stratified by the IL28B allele type. The rate of RVR and
¢EVR was significantly more frequent in patients with the [L28B
major allele compared with those with the IL28B minor allele:
9% vs. 3% for RVR {p<0.005) and 57% vs. 11% for cEVR
(p <0.0001). These findings suggest that IL28B has the greatest
impact on early virological response to therapy.

Association between substitutions in the ISDR and relapse after the
completion of therapy

Patients were stratified according to the IL28B allele, number of
mutations in the ISDR, and amino acid substitutions of Core70
and Core91, and the rate of relapse was analyzed (Fig. 3A and
B). Among patients who achieved cEVR, the rate of relapse was
significantly lower in patients with two or more mutations in
the ISDR compared to those with only one or no mutations
(15% vs. 31%, p <0.005) (Fig. 3 B). On the other hand, the relapse
rate was not different between the IL28B major and minor alleles
within patients who achieved RVR (3% vs. 0%) or cEVR (28% vs.
29%) (Fig. 3A). Amino acid substitutions of Core70 and Core91
were not associated with the rate of relapse (data not shown).

Factors associated with response by multivariate logistic regression
analysis

By univariate analysis, the minor allele of IL28B (p <0.0001), one
or no mutations in the ISDR (p=0.03), high serum level of
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Fig. 2. Effect of IL28B mutations in the ISDR, Core70, and CoreS1 of HCV on time-dependent clearance of HCV. The rate of undetectable HCV-RNA was plotted for serial
time points after the start of therapy (4, 8, 12, 24, and 48 weeks) and for 24 weeks after the completion of therapy. Patients were stratified according to {A) the JIL28B allele
(minor allele vs. major allele), (B) the number of mutations in the ISDR (0-1 mutation vs. 2 or more mutations), amino acid substitutions of (C) Core70 (Gin/His vs. Arg), and

(D) Core91 {Met vs. Leu). The p values are from Fisher’s exact test.

HCV-RNA (p = 0.035), Gln or His at Core70 (p <0.0001), low plate-
let counts (p=0.009), and advanced fibrosis (p = 0.0002) were
associated with NVR. By multivariate analysis, the minor allele
of IL28B (OR = 20.83, 95%Cl = 11.63-37.04, p <0.0001) was associ-~
ated with NVR independent of other covariates (Table 2). Notably,
mutations in the ISDR (p=0.707) and at amino acid Core70
(p=0.207) were not significant in multivariate analysis due to
the positive correlation with the IL28B polymorphism (p = 0.004
for ISDR and p <0.0001 for Core70, Fig. 4).

Genetic polymorphism of IL28B also was associated with SVR
(OR =7.41, 95% Cl = 4.05-13.57, p <0.0001) independent of other
covariates, such as platelet counts, fibrosis, and serum levels of
HCV-RNA. Mutation in the ISDR was an independent predictor
of SVR (OR =2.11, 95% Cl = 1.06-4.18, p = 0.033) but the amino
acid at Core70 was not (Table 3).

Factors associated with the IL28B polymorphism

Patients with the I[28B minor allele had significantly higher
serum level of gamma-glutamyltransferase (GGT) and a higher

frequency of hepatic steatosis (Table 4). When the association
between the [L28B polymorphism and HCV sequences was ana-
lyzed, Gln or His at Core70, that is linked to resistance to PEG-
IFN and RBV therapy [4,14,15], was significantly more frequent
in patients with the minor /L28B allele than in those with the
major allele (67% vs. 30%, p<0.0001) (Fig. 4). Other HCV
sequences with an IFN resistant phenotype also were more pre-
valent in patients with the minor /L28B allele than those with
the major allele: Met at Core91 (46% vs. 37%, p =0.047) and one
or no mutations in the ISDR (94% vs. 85%, p = 0.004) (Fig. 4).

Data mining analysis

Data mining analysis was performed to build a model for the pre-
diction of SVR and the result is shown in Fig. 5. The analysis
selected four predictive variables, resulting in six subgroups of
patients. Genetic polymorphism of IL28B was selected as the best
predictor of SVR. Patients with the minor IL28B allele had a lower
probability of SVR and a higher probability of NVR than those
with the major IL28B allele (SVR: 14% vs. 50%, NVR: 72% vs.
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Fig. 3. Association between relapse and the IL28B ailele or mutations in the
ISDR. The rate of relapse was calculated for patients who had undetectable HCV-
RNA at serial time points after the start of therapy (4, 8, 12, 24, and 48 weeks).
Patients were stratified according to (A) the [L28B allele (minor allele vs. major
allele) and (B) the number of mutations in the ISDR (0-1 mutation vs. 2 or more
mutations). The p values are from Fisher’s exact test.

12%). After stratification by the IL28B allele, patients with low
platelet counts (<140 x 10°/L) had a lower probability of SVR
and higher probability of NVR than those with high platelet
counts (>140 x 10°/L): for the minor IL28B allele, SVR was 7%
vs. 19%, and NVR was 84% vs. 62%, and for the major IL28B allele,
SVR was 32% vs. 66% and NVR was 16% vs. 8%. Among patients
with the major IL28B allele and low platelet counts, those with
two or more mutations in the ISDR had a higher probability of
SVR and lower probability of relapse than those with one or no
mutations in the ISDR (SVR: 75% vs. 27%, and relapse: 8% vs.
57%). Among patients with the major I/L28B allele and high plate-
let counts, those with a low HCV-RNA titer (<600,000 1U/ml) had
a higher probability of SVR and lower probability of NVR and
relapse than those with a high HCV-RNA titer (SVR: 90% vs.
61%, NVR: 0% vs. 10%, and relapse: 10% vs. 29%). The sensitivity
and specificity of the decision tree were 78% and 70%, respec-
tively. The area under the receiver operating characteristic
(ROC) curve of the model was 0.782 (data not shown). The pro-
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Fig. 4. Associations between the [128B allele and HCV sequences. The
prevalence of HCV sequences predicting a resistant phenotype to IFN was higher
in patients with the minor 1L28B allele than those with major allele. (A) 0 or 1
mutation in the ISDR of NS5A, (B) Gln or His at Core70, and (C) Met at Core91. p
values are from Fisher’s exact test.

portion of patients with advanced fibrosis (F3-4) was 39% (84/
217) in patients with low platelet counts (<140 x 10°/L) com-
pared to 13% (37/279) in those with high platelet counts
(=140 x 10°/L).

Validation of the data mining analysis

The results of the data mining analysis were validated with 165
patients who differed from those used for model building. Each
patient was allocated to one of the six subgroups for the valida-
tion using the flow-chart form of the decision tree. The rate of
SVR and NVR in each subgroup was calculated. The rates of SVR
and NVR for each subgroup of patients were closely correlated
between the model building and the validation patients
(*=0.99 and 0.98) (Fig. 6).

Discussion

The rate of NVR after 48 weeks of PEG-IFN/RBV therapy among
patients infected with HCV of genotype 1 is around 20-30%. Pre-
viously, there have been no reliable baseline predictors of NVR or
SVR. Because more potent therapies, such as protease and poly-
merase inhibitor of HCV [28,29] and nitazoxianide [30], are in
clinical trials and may become available in the near future, a
pre-treatment prediction of the likelihood of response may be
helpful for patients and physicians, to support clinical decisions
about whether to begin the current standard of care or whether
to wait for emerging therapies. This study revealed that the
1L28B polymorphism was the overwhelming predictor of NVR
and is independent of host factors and viral sequences reported
previously. The IL28B encodes a protein also known as IFN-
lambda 3, which is thought to suppress the replication of various
viruses including HCV [31,32]. The resuits of the current study
and the findings of the GWAS studies [6-9] may provide the
rationale for developing diagnostic testing or an IFN-lambda
based therapy for chronic hepatitis C in the future.
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Table 2. Factors associated with NVR analyzed by univariate and multivariate logistic regression analysis.

Univariate

Muttivariate

95%Cl

p value Odds 95%ClI

ratio

ISDR mutation: 1

Core 91 (Me)

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; ISDR, interferon sensitivity determining region; Gin, glutamine; His, histidine; Met, methionine; Minor

allele, heterozygote or homozygote of minor allele.

Table 3. Factors associated with SVR analyzed by univariate and multivariate logistic regression analysis.

Univariate

Multivariate

Odds 95%Cl
ratio

p value Odds 95%CI p value

05
0.95-0.99

Core 91 (Leu) 1.28

R

107-3.28

0.81-1.96 0.300

ALT, alanine aminotransferase; GGT, Gamma-glutamyltransferase; ISDR, interferon sensitivity determining region; Arg, arginine; Leu, leucine; Major allele, homozygote of

major allele.

Among baseline factors, /L28B was the most significant predic-
tor of NVR and SVR. Moreover, the IL28B allele type was also cor-
related with early virological response: the rate of RVR and cEVR
was significantly high for the IL28B major allele compared to the
IL28B minor allele: 9% vs. 3% for RVR and 57% vs. 11% for cEVR
(Fig. 2). On the other hand, the relapse rate was not different
between the IL28B genotypes within patients who achieved
RVR or cEVR (Fig. 3). We believe that optimal therapy should
be based on baseline features and a response-guided approach.
Our findings suggest that the IL28B genotype is a useful baseline
predictor of virological response which should be used for select-
ing the treatment regimen: whether to treat patients with PEG-
IFN and RBV or to wait for more effective future therapy includ-
ing direct acting antiviral drugs. On the other hand, baseline
IL28B genotype might not be suitable for determining the treat-
ment duration in patients who started PEG-IFN/RBV therapy

and whose virological response is determined because the IL28B
genotype is not useful for the prediction of relapse. The duration
of therapy should be personalized based on the virological
response. Future studies need to explore whether the combina-
tion of baseline IL28B genotype and response-guided approach
further improves the optimization of treatment duration,

The SVR rate in patients having the IL28B minor allele was 14%
in the present study while it was 23% in Caucasians and 9% in
African Americans in a study by McCarthy et al. [33]. On the other
hand, the SVR rate in patients having the IL28B minor allele was
28% in genotypes 1/4 compared to 80% in genotypes 2/3 in a
study by Rauch et al. [9]. These data imply that the impact of
the IL28B polymorphism on response to therapy may be different
in terms of race, geographical areas, or HCV genotypes, and that
our data need to be validated in future studies including different
populations and geographical areas before generalization.
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Table 4. Factors associated with 1L28B genotype.
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Four GWAS studies have shown the association between a
genetic polymorphism near the [L28B gene and response to
PEG-IFN plus RBV therapy. The SNPs that showed significant
association with response were rs12979860 [8] and rs8099917
[6,7,9]. There is a strong linkage-disequilibrium (LD) between
these two SNPs as well as several other SNPs near the IL28B gene
in Japanese patients [34] but the degree of LD was weaker in Cau-
casians and Hispanics [8]. Thus, the combination of SNPs is not
useful for predicting response in Japanese patients but may
improve the predictive value in patients other than Japanese
who have weaker LD between SNPs.

Other significant predictors of response independent of IL28B
genotype were platelet counts, stage of fibrosis, and HCV RVA
load. A previous study reported that platelet count is a predictor
of response to therapy [35], and the lower platelet count was
related with advanced liver fibrosis in the present study. The
association between response to therapy and advanced fibrosis
independent of the IL28B polymorphism is consistent with a
recent study by Rauch et al. [9].

There is agreement that the viral genotype is significantly
associated with the treatment outcome. Moreover, viral factors
such as substitutions in the ISDR of the NS5A region [10] or in
the amino acid sequence of the HCV core [4] have been studied
in relation to the response to IFN treatment. The amino acid
Gln or His at Core70 and Met at Core91 are repeatedly reported
to be associated with resistance to therapy [4,14,15] in Japanese
patients but these data wait to be validated in different popula-
tions or other geographical areas. In this study, we confirmed that
patients with two or more mutations in the ISDR had a higher
rate of undetectable HCV-RNA at each time point during therapy.
In addition, the rate of relapse among patients who achieved
cEVR was significantly lower in patients with two or more muta-
tions in ISDR compared to those with only one or no mutations
(15% vs. 31%, p <0.05). Thus, the ISDR sequence may be used to
predict a relapse among patients who achieved virological
response during therapy, while the IL28B polymorphism may be
used to predict the virological response before therapy. A higher
number of mutations in the ISDR are reported to have close asso-
ciation with SVR in Japanese [11-13,15,36] or Asian [37,38] pop-
ulations but data from Western countries have been controversial
[39-42]. A meta-analysis of 1230 patients including 525 patients
from Europe has shown that there was a positive correlation

between the SVR and the number of mutations in the ISDR in Jap-
anese as well as in European patients [43] but this correlation
was more pronounced in Japanese patients. Thus, geographical
factors may account for the different impact of ISDR on treatment
response, which may be a potential limitation of our study.

To our surprise, these HCV sequences were associated with
the IL28B genotype: HCV sequences with an IFN resistant pheno-
type were more prevalent in patients with the minor IL28B allele
than those with the major allele. This was an unexpected finding,
as we initially thought that host genetics and viral sequences
were completely independent. A recent study reported that the
IL28B polymorphism (rs12979860) was significantly associated
with HCV genotype: the IL28B minor allele was more frequent
in HCV genotype 1-infected patients compared to patients
infected with HCV genotype 2 or 3 [33]. Again, patients with
the IL28B minor allele (IFN resistant genotype) were infected with
HCV sequences that are linked to an IFN resistant phenotype. The
mechanism for this association is unclear, but may be related to
an interaction between the [L28B genotype and HCV sequences in
the development of chronic HCV infection as discussed by McCar-
thy et al., since the [L28B polymorphism was associated with the
natural clearance of HCV [44]. Alternatively, the HCV sequence
within the patient may be selected during the course of chronic
infection [45,46]. These hypotheses should be explored through
prospective studies of spontaneous HCV clearance or by testing
the time-dependent changes in the HCV sequence during the
course of chronic infection.

How these host and viral factors can be integrated to predict
the response to therapy in future clinical practice is an important
question. Because various host and viral factors interact in the
same patient, predictive analysis should consider these factors
in combination. Using the data mining analysis, we constructed
a simple decision tree model for the pre-treatment prediction
of SVR and NVR to PEG-IFN/RBV therapy. The classification of
patients based on the genetic polymorphism of [L28B, mutation
in the ISDR, serum levels of HCV-RNA, and platelet counts, iden-
tified subgroups of patients who have the lowest probabilities of
NVR (0%) with the highest prebabilities of SVR (90%) as well as
those who have the highest probabilities of NVR (84%) with the
lowest probability of SVR (7%). The reproducibility of the model
was confirmed by the independent validation based on a second
group of patients. Using this model, we can rapidly develop an
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Fig. 5. Decision tree for the prediction of response to therapy. The boxes indicate the factors used for splitting. Pie charts indicate the rate of response for each group of
patients after splitting. The rate of null virological response, relapse, and sustained virological response is shown.

estimate of the response before treatment, by simply allocating
patients to subgroups by following the flow-chart form, which
may facilitate clinical decision making. This is in contrast to the
calculating formula, which was constructed by the traditional
logistic regression model. This was not widely used in clinical
practice as it is abstruse and inconvenient. These results support
the evidence based approach of selecting the optimum treatment
strategy for individual patients, such as treating patients with a
low probability of NVR with current PEG-IFN/RBV combination
therapy or advising those with a high probability of NVR to wait
for more effective future therapies. Patients with a high probabil-
ity of relapse may be treated for a longer duration to avoid a
relapse. Decisions may be based on the possibility of a response
against a potential risk of adverse events and the cost of the ther-
apy, or disease progression while waiting for future therapy.
We have previously reported the predictive model of early
virological response to PEG-IFN and RBV in chronic hepatitis C

[26]. The top factor selected as significant was the grade of stea-
tosis, followed by serum level of LDL cholesterol, age, GGT, and
blood sugar. The mechanism of association between these factors
and treatment response was not clear at that time. To our inter-
est, a recent study by Li et al. [47] has shown that high serum
level of LDL cholesterol was linked to the IL28B major allele (CC
in rs12979860). High serum level of LDL cholesterol was associ-
ated with SVR but it was no longer significant when analyzed
together with the I[28B genotype in multivariate analysis. Thus,
the association between treatment response and LDL cholesterol
levels may reflect the underlining link of LDL cholesterol levels to
IL28B genotype. Steatosis is reported to be correlated with low
lipid levels [48] which suggest that IL28B genotypes may be also
associated with steatosis. in fact, there were significant correla-
tions between the [L28B genotype and the presence of steatosis
in the present study (Table 4). In addition, the serum level of
GGT, another predictive factor in our previous study, was signif-
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icantly associated with IL28B genotype in the present study
(Table 4). The serum level of GGT was significantly associated
with NVR when examined independently but was no longer sig-
nificant when analyzed together with the [L28B genotype. These
observations indicate that some of the factors that we have pre-
viously identified may be associated with virological response to
therapy through the underlining link to the IL28B genotype.

In conclusion, the present study highlighted the impact of the
1L28B polymorphism and mutation in the ISDR on the pre-treat-
ment prediction of response to PEG-IFN/RBV therapy. A decision
model including these host and viral factors has the potential to

JOURNAL OF HEPATOLOGY

support selection of the optimum treatment strategy for individ-
ual patients, which may enable personalized treatment,
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Hepatic steatosis in chronic hepatitis C is a significant risk
factor for developing hepatocellular carcinoma
independent of age, sex, obesity, fibrosis stage and

response to interferon therapy
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Aim: Hepatic steatosis is linked to development of hepato-
cellular carcinoma (HCC) in non-viral liver disease such as
non-alcoholic steatohepatitis. The present study aimed to
assess whether hepatic steatosis is associated with the devel-
opment of HCC in chronic hepatitis C.

Methods: We studied a retrospective cohort of 1279
patients with chronic hepatitis C who received interferon {IFN)
therapy between 1994 and 2005 at a single regional hospital
in Japan. Of these patients, 393 had a sustained virological
response (SVR) and 886 had non-SVR to IFN therapy. After IFN
therapy, these patients were screened for development of
HCC every 6 months. The average period of observation was
4.5 years.

Results: HCC developed in 68 patients. The annual incidence

of HCC was 2.73% for patients with a steatosis grade of 10% or
greater and 0.69% for patients with a steatosis grade of 0-9%.

On multivariate analysis, higher grade of steatosis was a sig-
nificant risk factor for HCC independent of older age, male
sex, higher body mass index (BMI), advanced fibrosis stage
and non-SVR to IFN therapy. The adjusted risk ratio of hepatic
steatosis was 3.04 (confidence interval 1.82-5.06, P < 0.0001),
which was higher than that of older age (1.09), male sex (2.12),
non-SVR to IFN (2.43) and higher BMI (1.69).

Conclusion: Hepatic steatosis is a significant risk factor for
development of HCC in chronic hepatitis C independent
of other known risk factors, which suggest the possibil-
ity that amelioration of hepatic steatosis may prevent
hepatocarcinogenesis.

Key words: hepatocellular carcinoma, interferon, steatosis,
virological response.

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is one of
the most common cancers worldwide and its inci-
dence has been increasing. This recent increase in
HCC incidence may likely be attributed to the higher
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prevalence of non-alcoholic fatty liver disease (NAFLD)
and hepatitis C virus (HCV) infection.!

Non-alcoholic fatty liver disease is characterized by
hepatic steatosis with or without inflammation in the
absence of excessive alcohol consumption. Several
studies have indicated the etiological assodation
between NAFLD and development of HCC.>* Other
studies have shown that obesity or diabetes, a common
etiology of non-alcoholic hepatic steatosis, is associated
with development of HCC.>7 Although the mechanism
of carcinogenesis in NAFLD has not been determined,
an animal model showed that obesity-related hepatic
steatosis leads to the development of hepatic
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hyperplasia, suggesting the possibility that hepatic ste-
atosis is a pre-malignant condition.®

Another important etiological agent for HCC is HCV
infection. Because steatosis is a common pathological
feature of HCV-infected patients,’ the important ques-
tion is whether steatosis influences the progression of
liver disease in hepatitis C, by analogy with NAFLD.
Several studies, including ours'® indicated that
hepatic steatosis promotes the progression of hepatic
fibrosis.’**'* The association between hepatic steatosis
and the development of HCC in chronic hepatitis C has
been proposed!® and was confirmed in two studies'-*®
while another study failed to show such an associa-
tion."” The present study was conducted to analyze the
association between hepatic steatosis and development
of HCC in a large cohort of chronic hepatitis C patients,
which enabled to adjust for known risk factors for HCC.

METHODS

Patients

TOTAL OF 1437 chronic hepatitis C patients were

treated with interferon (IFN) at Musashino Red
Cross Hospital between October 1994 and October
2005. Among them, 1279 patients who fulfilled the
following inclusion criteria were enrolled in this study:
(i) positive for HCV RNA by reverse-transcription poly-
merase chain reaction before IFN therapy; (ii) absence
of other causes of liver disease, such as co-infection with
hepatitis B virus, autoimmune hepatitis or primary
biliary drrhosis; (iii) had undergone liver biopsy within
the 12 months prior to IFN treatment; (iv) were fol-
lowed for more than 1 year after the completion of IFN
therapy; and (v) absence of HCC during and within
1 year after the completion of therapy. A total of 158
patients were excluded: two patients who were positive
for hepatitis B surface antigen, 97 patients lacking liver
biopsy, 53 patients with less than 1 year’s duration of
follow up, and six patients who developed HCC within
1 year of the completion of IEN therapy. The study pro-
tocol conformed to the ethical guidelines of the Decla-
ration of Helsinki and was approved by the institutional
ethics review committee.

Patients were followed up by regular visits to our
hospital every 1-3 months. Six patients died of liver-
unrelated disease (two patients with gastric cancer and
one patient each with lung cancer, colon cancer, pancre-
atic cancer and leukemia). There were 122 patients
who were lost to follow up because of relocation. We
included their data in the analysis, censored at the time

Steatosis and HCC in chronic hepatitis C 871

of their last visit. The start of follow up was defined as
the date of completion of first IEN therapy and the end
of follow up was defined as the date of diagnosis of HCC
or the date of the last visit. The average period of follow
up was 4.5 years.

Clinical characteristics and laboratory data were col-
lected at the most recent time point before liver biopsy.
Diabetes mellitus was diagnosed based on a fasting
plasma glucose concentration that exceeded 126 mg/dL,
a casual plasma glucose concentration that exceeded
200 mg/dL, or the need for insulin or oral anti-
hyperglycemic drugs. Information regarding alcohol
consumption was obtained through an interview. Body
mass index (BMI) was calculated using the following
formula: weight in kilograms/height in meters squared.
The baseline clinical features of patients at enrollment
are summarized in Table 1.

Histological examination

Liver biopsy specimens were obtained from all patients
before therapy. The median length of liver biopsy speci-
mens was 13 mm (range 10-42mm) and median
number of portal tracts was 11 (range 4-30). Histologi-
cal findings were re-evaluated recently by three indepen-
dent pathologists who were blinded to the clinical
details to ensure consistency over time. Fibrosis and
activity were scored according to the METAVIR scoring
system.?® Fibrosis was staged on a scale of 0-4: FO (no
fibrosis); F1 (mild fibrosis: portal fibrosis without
septa); F2 (moderate fibrosis: few septa); F3 (severe
fibrosis: numerous septa without cirrhosis); and F4 (cir-
rhosis). Activity of necroinflammation was graded on a
scale of 0-3: A0 (no activity); A1l (mild activity); A2
(moderate activity); and A3 (severe activity). Percentage
of steatosis was quantified by determining the average
proportion of hepatocytes affected by steatosis and
graded on a scale of 0%, 1-9%, 10-29% and 30% or
greater as reported previously.’® All three pathologists
assigned the same scale in 85% of cases for fibrosis
staging, 87% for inflammation grading and 95% for
steatosis grading. If there was discordance, the scores
assigned by two pathologists were used for the analysis.

Screening for HCC

At enrollment, no patient had HCC or any suspicious
lesion on abdominal ultrasonography or computed
tomography. Patients were examined for HCC by
abdominal ultrasonography or computed tomography
at least every 6 months. Suspicious lesions were exam-
ined further by a triphasic contrast-enhanced computer-
ized tomography or magnetic resonance imaging,
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Table 1 Clinical characteristics of patients

Male, n (%)

643 (50%)

Age (years) 542+11.9
BMI (kg/m?) 23.4+3.1
Alcohol consumption 220 g/day, n (%) 44 (3%)
Diabetes Mellitus, n (%) 197 (15%)
AST level (IU/L) 68.9+453
ALT level (IU/L) 929%759
GGT level (IU/L) 41.2+38.2
Platelet count (x10'°/L) 16.4+5.2
HCV genotype, n (%)
1b 873 (68.2%)
2a 236 (18.4%)
2b 139 (10.9%)
3 2 (0.2%)
Not determined 29 (2.3%)
Histological findings
Grade of activity, n (%)
AQ 154 (12%)
Al 574 (45%)
A2 441 (34%)
A3 110 (9%)
Stage of fibrosis, n (%)
FO 24 (2%)
F1 591 (46%)
F2 378 (30%)
B3 242 (19%)
F4 44 (3%)
Grade of steatosis, n (%)
0% 384 (30%)
1-9% 543 (42%)
10-29% 215 (17%)
230% 137 (11%)

SVR to interferon therapy, n (%)
Development of HCC, n (%)

393 (31%)
68 (5%)

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
BM], body mass index; GGT, y-glutamyltransferase; HCC,
hepatocellular carcinoma; SVR, sustained virological response.

angiography or tumor biopsy to confirm the diagnosis.
Diagnostic criteria of HCC on radiological findings were
hyper-vascularity at angiography or hyper-attenuation at
triphasic contrast-enhanced computerized tomography
or magnetic resonance imaging during the hepatic arte-
rial phase.

Statistical analysis

The SPSS software package ver. 15.0 was used for statis-
tical analysis. Categorical data were analyzed using Fish-
er’s exact test. Continuous variables were compared with
Student’s t-test. The time for the development of HCC
was defined as the time from the completion of IFN
therapy to the time of diagnosis. Annual incidence of
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HCC was calculated using the person-years method.
Effect of hepatic steatosis on time to development of
HCC was analyzed by the Kaplan-Meier method and
log-rank test, after stratification by age, sex, BMI, degree
of fibrosis and response to IFN therapy, as well as mul-
tivariate analysis using Cox proportional hazards regres-
sion analysis. A P-value of less than 0.05 was considered
statistically significant.

RESULTS

Background factors for steatosis

ATIENTS WITH A steatosis grade of 10% or greater

were older (53.6%12.6 vs 56.0+9.8, P=0.001),
had a higher BMI (23.0 + 3.0 vs 24.6 £ 3.3, P< 0.0001),
higher frequency of diabetes (12% vs 24%, P<
0.0001), higher' serum levels of aspartate amino-
transferase (AST) (66%46 vs 75143, P=0.002),
y-glutamyltransferase (GGT) (37152 vs 52%33,
P <0.0001), total cholesterol (173 £32 vs 179 £33,
P=0.005), triglycerides (123156 vs 145168, P<
0.0001), and a lower serum level of albumin (4.2 £ 0.3
vs 4.1+0.3, P=0.005) and lower platelet counts
(16.6 £5.2 vs 15.7 5.1, P= 0.007). Histological grade
of activity (A2-3: 39% vs 54%, P < 0.0001), and stage of
fibrosis (F3-4: 18% vs 34%, P < 0.0001) were higher. The
proportion of non-sustained virological response (SVR)
to IFN also was higher (35% vs 19%, P < 0.0001). These
results indicate that hepatic steatosis in hepatitis C is
related to metabolic factors and associated with otherrisk
factors for the development of HCC such as older age,
advanced stage of fibrosis, and non-SVR to IEN therapy.

Factors associated with the development
of HCC

Hepatocellular carcinoma developed in 68 patients
during follow up. An overall annual incidence of HCC
development was 1.19% by person-years. The annual
incidence of HCC development by person-years was
higher in patients with higher grade of steatosis: 0.45%
for patients without steatosis, 0.78% for patients with
1-9% of steatosis, 2.30% for patients with 10-29% of
steatosis, and 3.56% for patients with 30% of steatosis.
The relative risk of hepatic steatosis (grade of 210%) for
HCC development was 4.39 (95% confidence interval
2.66-7.26, P < 0.0001). The difference remained signifi-
cant, even after stratification for other risk factors such as
IEN therapy, stage of fibrosis, age, sex and BMI (Fig. 1).
When analyzed by the multivariate Cox proportional
hazards regression method, a higher grade of steatosis,
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1 10 100 Odds ratioc 95% C P value

All B 44 27-7. 0.0001
Figure 1 Relative risk differences of 3«
hepatocellular  carcinoma  (HCC) Age <60 ° 12.3 4.1-37.3 <0.0001 .
among patients with and without ste-  Age 260 ——— 29 1.6-5.2 0.0006
atosis. The relative risk of hepatic  Female e 47 2.1-105 0.0002
steatosis (grade 210%) for HCC devel- Male e 43 22-8.2 <0.0001
opment was analyzed, after stratifica- SVR - 15.9 3.1-80.8 0.0008
tion for other risk factors such as Non-SVR 32 18-85 <0.0001
interferon (IFN) therapy, stage of fibro- Fo-2 R s 1 47 21-10.3 0.0001
. [T
sis, age, sex and body mass index F3-4 27 14-53 0.0041
(BMI). SVR, sustained virological BMI<23 — 49 20-11.9 0.0004
response. BMI 223 I — 3.7 20-6.8 <0.0001

older age, male sex, higher BMJ, an advanced stage of
fibrosis and non-SVR to IFN therapy were independent
risk factors associated with the development of HCC
(Table 2). The adjusted risk ratio of hepatic steatosis was
3.04 (95% confidence interval 1.82-5.06, P < 0.0001).
The presence of diabetes and consumption of ethanol
were not significant. Figure 2(a) shows the Kaplan-
Meier curve of the time to development of HCC in the
entire cohort. The cumulative incidence of HCC was
significantly higher with hepatic steatosis of 10% or
greater. To adjust for other risk factors, patients were
stratified according to response to IFN therapy, stage of
fibrosis, age, sex and BMI. The difference remained sig-
nificant, even after stratification for these confounding
factors (Fig. 2b~f). Three patients died after the devel-
opment of HCC. All were over 60 years old, and had
significant steatosis. The impact of hepatic steatosis on
the survival rate could not be analyzed due to the small
number of death.

DISCUSSION

N THIS STUDY, we have shown that the presence of
significant steatosis is an independent risk factor for

the development of HCC in chronic hepatitis C. Our
study involved the largest number of patients, compared
to previous reports, and this enabled us to adjust for
other known risk factors for HCC. The impact of steato-
sis on HCC development remained significant even after
adjusting for other risk factors such as older age, male
sex, higher BMI, advanced fibrosis and non-SVR to IEN
therapy. These findings indicate the need of intensive
surveillance for HCC in patients with significant steato-
sis and provide an argument for therapeutic interven-
tions aimed at reducing steatosis, in order to reduce the
risk of HCC.

The association between hepatic steatosis and the
development of HCC in chronic hepatitis C has been
proposed and the possible mechanism has been dis-
cussed.'® There are several cohort studies on this topic
but their results are conflicting. The first report
included 20 patients with SVR to IFN, 51 patients with
non-SVR to IFN and 90 patients who did not receive
IFN therapy.'” In this cohort of 161 patients, older age,
absence of IFN therapy, cirrhosis and steatosis were
associated with HCC development. Another study
involved 25 patients with HCC and an equal number
of patients who did not develop HCC, matched for

Table 2 Multivariate analysis of risk factors for hepatocellular carcinoma

Predictor Odds ratio (95% CI) P-value
Age By every 10 years 1.09 (1.05-1.13) <0.0001
Sex Male vs female 2.12 (1.28-3.51) 0.004
Stage of fibrosis F3-4 vs FO-2 4.30 (2.59-7.14) <0.0001
Grade of steatosis 210% vs <10% 3.04 (1.82-5.06) <0.0001
Response to IFN Non-SVR vs SVR 2.43 (1.13-5.23) 0.023
Diabetes Present vs absent 0.75 (0.42-1.33) 0.319
Ethanol consumption (g/day) 220 vs <20 0.50 (0.07-3.60) 0.478
BMI (kg/m2) 223 vs <23 1.69 (1.02-2.86) 0.043

BMI, body mass index; CI, confidence interval; IFN, interferon; SVR, sustained virological response.
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Figure 2 Cumulative incidence of hepatocellular carcinoma (HCC) among patients with steatosis (solid line) and without steatosis
(dotted line), stratified by other risk factors. The cumulative incidence of HCC was (a) significantly higher in patients with a
steatosis grade of 10% or greater (P < 0.0001 by the log-rank test), even after (b) stratification by the response to interferon therapy
(P <0.0001 for sustained virological response [SVR] and non-SVR by the log-rank test), (c) stratification by the stage of fibrosis
(P < 0.0001 for FO-2 and P = 0.0036 for F3~4 by the log-rank test), (d) stratification by age (P = 0.0001 for age 260 and P < 0.0001
for age <G0 by the log-rank test), (e) stratification by sex (P < 0.0001 for men and women by the log-rank test), and (f) stratification
by body mass index (BMI) (P < 0.0001 for BMI 223 kg/m? and <23 kg/m? by the log-rank test). The number of patients at risk is

shown below each graph.

age, sex, HCV genotype and stage of fibrosis.”® In this
study, only ALT and albumin were identified as predic-
tors of HCC and steatosis was not. The authors
acknowledged the small size of the cohort as a limita-
tion and emphasized the need for larger cohort
studies. The third study analyzed explanted liver from
cirrhotic patients who underwent liver transplantation
and incuded 32 patients with HCC and 62 patients
without HCC." The authors found that older age,
higher a-fetoprotein levels and steatosis were signifi-
cantly associated with HCC. The major advantage of
this study was the standardization of fibrosis stage to
cirthosis. On the other hand, a limitation was the ret-
rospective nature of the study; steatosis was evaluated
after the diagnosis of HCC, when cirthosis already was
present (fibrosis stage F4). Because steatosis has been
reported to decrease once cirrhosis has developed, this
study may have underestimated the grade of steatosis
present prior to the development of HCC. Thus, we
cannot simply apply their findings to a clinical setting
where biopsies are usually obtained before the devel-
opment of cirrhosis and years before the development
of HCC. Based on that background, the principal aim
of this study was to analyze the association between
hepatic steatosis and the development of HCC in
chronic hepatitis C patients, adjusting for known risk
factors. We found that steatosis was an independent
risk factor by the multivariate Cox proportional
hazards regression analysis and by the Kaplan-Meier
method and log-rank test after stratification by other
risk factors. To our surprise, the adjusted risk ratio of
hepatic steatosis was higher than that of older age,
male sex, non-SVR to IFN and higher BMI.

How steatosis contributes to the development of HCC
remains unclear. Several studies including ours,'® indi-
cated that hepatic steatosis promotes the progression of
hepatic fibrosis,’*"** which potentiates the risk of HCC
indirectly. On the other hand, the ob/ob mouse model
of NAFLD showed that hepatic neoplasia developed in
the absence of advanced fibrosis, supporting the concept
that metabolic abnormalities related to obesity initiate

the neoplastic process.® Leptin, an adipocytokine related
to steatosis in chronic hepatitis C,*' was shown recently
to be mitogenic in human liver* and thus may be a link
between steatosis and HCC development. Otherwise,
steatosis may be responsible for increased lipid peroxi-
dation and reactive oxygen species which induce genetic
damage.”-* Another study showed that mice transgenic
for the HCV core gene developed hepatic steatosis early
in life and thereafter HCC which indicates that the HCV
core protein has a chief role in the development of both
steatosis and HCC development.”® The precise mecha-
nism of the association between steatosis and carcino-
genesis needs further investigation.

The higher incidence of HCC in patients with signifi-
cant steatosis has important clinical implications. The
most important question is whether therapeutic inter-
ventions aimed at reducing steatosis could reduce
the risk of HCC in chronic hepatitis C. Because the
adjusted risk ratio of hepatic steatosis was higher than
that of older age, male sex, non-SVR to IFN and higher
BMI, we hypothesize that modification of lifestyle and
the amelioration of hepatic steatosis may efficiently
prevent hepatocarcinogenesis in patients having con-
comitant risk factors. Apparently, further prospective
studies focusing on this point are necessary. Weight
reduction may provide an important treatment strategy
because one study indicated that weight reduction in
chronic hepatitis C leads to a reduction in steatosis and
an improvement in fibrosis despite the persistence of
HCV infection.” Alternatively, insulin resistance may
be another target of therapy because a study showed
that the administration of pioglitazone led to meta-
bolic and histological improvement in subjects with
non-alcoholic steatohepatitis.?® A limitation of the
present study was that data for the plasma insulin
concentration was not available and thus insulin
resistance could not be assessed. Whether insulin re-
sistance plays a role in hepatocarcinogenesis or its
amelioration could improve steatosis and ultimately
prevent development of HCC in chronic hepatitis C
awaits future investigation.

© 2010 The Japan Society of Hepatology
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Another important finding of the present study was
that steatosis was a significant risk factor for the devel-
opment of HCC in patients with SVR to IFN therapy.
Thus, steatosis may play a role in carcinogenesis in
patients who have cleared HCV. Several studies have
shown that the incidence of HCC is reduced but not
eliminated in those with SVR to IFN.2-*! Because the
predictors of HCC development in SVR patients have
not been established to date, steatosis may be used to
identify patients who need intensive surveillance and
long-term follow up, even after the clearance of HCV. In
conclusion, we showed that hepatic steatosis is signifi-
cantly associated with the development of HCC in
chronic hepatitis C independent of age, sex, BMI, degree
of fibrosis and response to previous IFN therapy. Steato-
sis may be a useful marker for identifying patients at
higher risk for HCC. Further studies are needed to evalu-
ate the hypothesis that therapeutic interventions aimed
at reducing steatosis may prevent hepatocarcinogenesis.
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International Agency for Research on Cancer: The International Agency for Research on
Cancer serves as a global reference for cancer information. The Cancer Information
Section of the International Agency for Research on Cancer publishes the world’s largest
information database on cancer incidence and supports cancer registries by providing
administrative facilities and training, etc. Many Asian countries have published cancer
registries, but Indonesia and Bangladesh have yet to do so.

International Association of Cancer Registries: The International Association of Cancer
Registries is a non-governmental organization that promotes information exchange
between cancer registries internationally. It supports cancer registries by means of fellow-
ship funds and computer programs.

Cooperative Studies: Asian cooperative studies using cancer registration data are essen-
tial for combating cancer in the region. For a cooperative study, countries first need to
exchange cancer data and then conduct a comparative study using non-individualized
data. The third step is collection of individualized, anonymous data, which would improve
comparability.

Collaborative Epidemiological Studies: The Asia Cohort Consortium, which includes inves-
tigators from various countries, is a complicated collaboration. Good epidemiological research
collaboration requires researchers’ comprehension of the significance of multinational colla-
borative studies, good coordination, adequate funding and balanced collaboration.
Conclusions: Asia faces various problems in relation to cancer registry, including inadequate
quality, weak infrastructure, insufficient coverage, etc. Epidemiological studies are hampered
by differences in expertise and resources, limited understanding of epidemiology, etc. To allevi-
ate those problems, an organization for Asian cooperation on cancer registration should be
established. Adequate funding of registries and activities is essential. Collaborative and com-
parative epidemiological studies based on data from cancer registries are needed.

Key words: cancer registries — epidemiological studies — collaboration — network

serves as a global reference for cancer information, including

The Cancer Registry and Epidemiological Study Working
Group comprised almost 50 members from 19 countries. Its
discussions focused on the registry systems and collaborative
work necessary for attacking the problem of cancer in the
Asia-Pacific region.

INTERNATIONAL AGENCY FOR RESEARCH
ON CANCER

The International Agency for Research on Cancer (IARC)’s
mission is cancer research for cancer prevention. It also

geographical variations, incidence and trends over time. The
IARC also provides education and training for low-resource
countries. The Cancer Information Section (CIS) includes
three groups: biostatistics, data analysis and descriptive epi-
demiological production. One of the core activities of the
CIS is to issue the cancer incidence in five continents series,
which is the world’s largest database of information on
cancer incidence and has been invaluable for conducting
cancer research, establishing cancer control programs and
determining healthcare policies around the world. The CIS
also supports cancer registries by providing administrative

© The Author (2010). Published by Oxford University Press. All rights reserved.
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facilities, conducting site visits, providing individual and
group training, etc. In 2009, Asian Workshops were held in
Vietnam and Bhutan.

Various Asian countries have published cancer registries
over recent years. Data from 77 registries in 18 countries
were submitted for inclusion in the IARC’s Cancer
Incidence in Five Continents Vol. IX, and 44 (55%) of those
registries in 15 countries were accepted. (1) Sixty per cent of
the world’s population lives in Asia, and 6 of the 10 most-
populated countries are in Asia, consisting of China, India,
Indonesia, Pakistan, Bangladesh and Japan. Unfortunately,
there has still been no cancer registry data from two of those
Asian countries, Indonesia and Bangladesh (Table 1).

GLOBOCAN 2002 estimated 4.8 million cases of cancer
and 3.4 million deaths in Asia, representing almost 45 and
50%, respectively, of the world’s cases. (2) GLOBOCAN
data are being updated, and the objective is to provide esti-
mates of cancer incidence, mortality and prevalence for 28
major cancers. Estimated data for 2008 showed that the
number of cancer cases in Asia had increased by ~10%
since 2002, but deaths increased only slightly.

INTERNATIONAL ASSOCIATION OF CANCER
REGISTRIES

The International Association of Cancer Registries (IACR) is
a non-governmental organization that was founded in 1966
to foster the exchange of information between cancer regis-
tries internationally, aimed at improving the quality of data
and comparability between registries. The number of
member countries has been increasing, especially Asian
nations. In 2009, members from 26 countries covered ~20%
of the world’s population. The IACR is affiliated with two
scientific journals, the European Journal of Cancer

Table 1. Cancer Registries in Asia

Eastern (6) South-Eastern (11) South-Central Western
(14) (18)
China: 43 + (A) Brunei: N Afghanistan Armenia
Japan: 35 + (A) Cambodia Bangladesh Bahrain:
N
South Korea: 8 + N Indonesia (H) Bhutan: N Cyprus: N
North Korea: Lao India: 10 (A) Israel: N
Mongolia: N Malaysia: 2 + N Iran: 2 Jordan: N
Taiwan: N Myanmar Kazakhstan Kuwait: N
Philippines: 4 Kyrgyzstan Oman: N
Singapore: N Nepal: 2 Turkey: 2
Timore Pakistan: 2 Others:
Thailand: 19 + (A) Sri Lanka
Vietnam: 6 Others

Bold: Countries where registries are in operation.
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Prevention and the Asian Pacific Journal of Cancer
Prevention. The IACR standards have been presented in a
number of publications, aimed at improving the quality of
data and comparability between registries. The IACR pro-
vides support to cancer registries by means of fellowship
funds (the Calum Muir Memorial Fellowship and the
Constance Percy Memorial Fund) and also computer pro-
grams. Many Asian countries have cancer registries, but
some do not, including North Korea, Cambodia and Laos.
Meetings to set up an Asian Network of Cancer Registries
were held in Korea in 2008 and Thailand in 2009. Then a
survey was conducted regarding the establishment of an
Asian Network of Cancer Registries, and 22 responses were
obtained from 109 Asian registries (Fig. 1). Seven main
objectives of networking were favored for the organization,
including training for standardization of networking, plan-
ning and execution of collaborative research, evaluation of
cancer control and treatment outcomes, meetings and discus-
sions, etc. Regarding the name, half of the respondents pre-
ferred ‘Asian Association of Cancer Registries’, whereas the
other half preferred ‘Asian Network of Cancer Registries’.

DESIGNING COOPERATIVE STUDIES

A major element in the overall strategy for combating cancer
in Asia-Pacific countries in the future is the effective design
and execution of cooperative studies using cancer registration
data and international comparisons with Asian countries. The
rationale is that society, the mass media and health authorities
pay more attention to cancer incidence and trend data when
they are compared with other countries, rather than only within
their own country. Moreover, the results contribute to improved
cancer control planning in the participating countries.

Prior to a cooperative study, countries need to exchange
data regarding cancer in each of their countries. In Japan,
the incidence of hepatocellular carcinoma (HCC) has been
decreasing because of reduced hepatitis C virus (HCV)
infection rates due to improved hygiene and prevention of

Survey: establishment of Asian
Network of Cancer Registry

+ 22 responses from the 109 registries in Asia

+ ‘Asian Association of Cancer Registries’ vs. "Agian Network of
Cancer Registries’

+ 17 people agreed to be the country steering committee members

+ 8uch networking should address

1} Training for standardized networking of cancer registries

2) Pianning coliaborative research work and executing them

3} Evaluation of cancer control, treatment outcome

4} Serve as a training tool in oncology in Asia

§) Exchangevelated research workers

§) Mestings and discussions

8) Support and propagate APJCP

T} Conduct statistical and epidemicliogical training and studies

Figure 1. Survey: Establishment of Asian Network of Cancer Registry.
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