when analysed separately, the rate of relapse was also
associated with age and total RBV dose among patients
with RVR. The rate of relapse for patients who received
23.0 g/kg or <3.0 g/kg of body weight of RBV was 5%
and 14%, respectively. The rate of relapse for patients
<60 and 260 years was 9% and 18%, respectively.
Collectively, the rate of relapse for patients <60 years
who received 23.0 g/kg or <3.0 g/kg of body weight of
RBV was 2% and 11%, respectively, whereas the rate
of relapse for patients >60 years who received 23.0 g/
kg or <3.0 glkg of body weight of RBV was 12% and
20%, respectively.

Disecussion

The result of the present study shows that older
age and insufficient dose of RBV are significant and
independent risk factors for relapse among patients
with ¢cEVR toc PEG-IFN plus RBV. Older patients
(260 years) who received a total RBV dose <3.0 g/
kg of body weight had the highest risk of relapse
(52%), whereas younger patients who received a total
RBV dose 23.0 g/kg of body weight had the lowest
risk of relapse (16%). The rate of relapse decreased
depending on the total RBV dose in younger patients,
but remained stable in older patients despite a further
“increase in the RBV dose beyond 3.0 g/kg of body
weight. These findings imply that the target dose of
total RBV can be set at 3.0 g/kg of body weight in
patients who achieved cEVR, and further increase in
RBV dose up to 4.0 glkg of body weight or greater
may be recommended in patients <60 years.

The associations between the drug adherence and
virological response had been reported with inconsistent
results. In an earlier study, patients who received >80%
of the planned dose of PEG-IFN plus RBV for >80% of
the planned duration of therapy had a higher rate of SVR
compared to those who received a lesser dose (51 % versus
34%) [31}. Consistent results were obtained in a study
reporting that patients who received >80% of the planned
dose of PEG-IFN and RBV within the first 12 weeks of
therapy had a higher rate of EVR compared with those
who recetved a lesser dose of both drugs (80% versus
33%) [4]. By contrast, a large-scale multicentre study
showed that reducing the PEG-IFN dose during the first 20
weeks reduced SVR; howeves, reducing RBV did not affect
SVR as long as RBV was.not prematurely discontinued
[32]. The reason for these inconsistencies is unclear. One
reason may be the differences in the backgrounds of
patients enrolled in the study, and hence the last study was
limited to patients with advanced fibrosis and prior non-
responders to PEG-IFN therapy. Because the probability
of SVR is affected by virological response and relapse after
response, the effect of drug dosing should be analysed
separately with respect to these two factors.
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In the present study, we focused on factors predictive
of relapse after early virological response. According
to the decision tree- model, relapse was less likely in
patients with RVR compared with cEVR. Among
patients with cEVR, older patients (260 years) had a
higher risk of relapse compared to younger patients
(41% versus 22%). In addition, our results emphasized
the effect of RBV dose for the prevention of relapse. In
our study, a total RBV dose of 23.0 g/kg of body weight
was repeatedly associated with a suppressed rate of
relapse in the model derivation and validation groups.
The rate of relapse in patients <60 years who received
an RBV dose of <3.0 versus 23.0 g/kg of hody weight in
the model derivation, internal validation and external
validation groups were 32% versus 16%, 27% versus
16%, and 41% versus 16%, respectively. The rate of
relapse in patients 260 years who received an RBV dose
of <3.0 versus 23.0 grkg of body weight in the model
derivation, internal validation and external validation
groups were 52% versus 26%, 45% versus 38%, and
44% versus 22%, respectively. It has been reporred
that the rate of relapse is suppressed in 48 weeks of
IFN plus RBV combination therapy compared to IFN
monotherapy, indicating that RBV contributes to the
increase in SYR by reducing relapse [2,3]. Another
study, focused on the associations between the drug
dose reduction and relapse in patients with virological
response, found that maintaining RBV dose 212 mg/
kg/day during 48 weeks of treatment, which can be
translated into a total dose of 4.0 g/kg of body weight,
suppressed relapse [33]. Results of the present study are
in accordance with this report.

The importance of drug dosing on reduction in
relapse is also supported by the findings that extending
therapy from 48 to 72 weeks in patients with delayed
virological response improved SVR rates by reducing
relapse [9-13]. Apart from these clinical studics,
in the real world of clinical practice, duration of
therapy is extended — even in patients with cEVR — at
the physician’s discretion. The relationship between
duration of therapy or RBV dose, and relapse among
patients with cEVR and treated with various lengths of
therapy has not been examined. In the combined group
of our study, extending the duration of therapy was not
associated with a reduction in relapse rate. Rather, the
rate of relapse decreased depending on the total RBV
dose. These findings suggest that acquiring a sufficient
total RBY dose, cither within 48 weeks or by extending
the duration of therapy, is essential to prevent relapse
among patients with cEVR. The limitation of the
present study was that the mean duration of therapy
was only 56.3 weeks in patients whose duration of
therapy was extended beyond 48 weeks. It is probable
that extended duration of therapy was not long enough
for the prevention of relapse. Further studies with
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longer durations of therapy are necessary to confirm
the effect of extended duration of therapy on reduction
of relapse among patients with cEVR.

Previous reports did not consider the effects of age
in setting the optimal dose of RBV. In the present study,
the relapse rate decreased with an increase in RBV
dose from <2.5 to 3.0-3.5 g/kg of body weight, but
remained relatively stable despite a further increase
in the RBV dose in older patients. Thus, a total RBV
dose 23.0 g/kg of body weight should be the target
dose for patients 260 years with cEVR. By contrast,
>3.0 g/kg of body weight of RBV was associated with
lower risk of relapse in patients <60 with cEVR (16%
versus 32%), and a further increase in RBV dose led
to a more profound reduction in relapse rates, as low
as 11% in patients who received 24.0 g/kg of body
weight. Thus, a total dose of 24.0 g/kg of body weight
or even greater should be the target dose in patients
<60 years.

In the near future, more potent therapies, such as
direct antiviral agents [34,35], may become available.
These drugs require RBV and PEG-IFN in combination.

However, not all patients may be able to wlerate’

this triple combination therapy due to adverse drug
reactions, such as severe anacmia or skin eruption. In
particular, it may be difficult to administer a full dose
of triple drugs to older patients. Thus, personalizing the
PEG-IFN and RBV combination therapy based on this
model may be beneficial to patients who were intolerant
to triple combination therapy.

In the present study creatinine was an independent

predictor of relapse by multivariable logistic regression
analysis. However creatinine was not selected as a
splitting variable in decision tree, which may be due
to the unique property of data mining analysis. In
data mining analysis, limitation is imposed to stop
the analysis when the number of patients is <20. This
limitation is used to avoid dividing patients into too
small subgroups which lead to the generation of rules
that only apply to the model derivation population and
pot reproduced when applied to other populations.
This phenomenon is called the over-fitting of the model.
Due to this limitation, the variables selected in the data
mining analysis are not necessarily identical to the
variables that are significant by ordinary multivariable
analysis. In a separate analysis, lower level of creatinine
was associated with higher rate of relapse in each
subgroup of patients with cEVR. The reason for this
association is not clear, but lower creatinine level may
be related ro more efficient clearance of RBV leading to
lower serum level of RBV. Further research is needed to
confirm this speculation.

A potential limitation of the present study is that
data mining analysis has an intrinsic risk of showing
relationships that fit to the original dataset, but

4

are not reproducible in different groups. Although
internal and external validations showed that our-
model had high reproducibility, we recognized that
further validation on a larger external validation
cohort, especially in groups other than Japanese, may
be necessary to further verify the reliability of our
model.

In conclusion, we built a decision tree model for
the prediction of relapse among patients with EVR
to PEG-IFN plus RBV. The result of the present study
shows that older age and insufficient dose of RBV are
significant and independent risk factors for relapse.
The target dose of total RBV can be set at 3.0 g/kg of
body weight in patients who achieved cEVR. A further
increase in RBV dose up to 4.0 g/kg of body weight
may be warranted in patients <60 years.
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Data mining model using simple and readily available factors
could identify patients at high risk for hepatocellular
carcinoma in chronic hepatitis C
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Background & Aims: Assessment of the risk of hepatocellular
carcinoma (HCC) development is essential for formulating per-
sonalized surveillance or antiviral treatment plan for chronic
hepatitis C. We aimed to build a simple model for the identifica-
tion of patients at high risk of developing HCC.

Methods: Chronic hepatitis C patients followed for at least
5 years (n = 1003) were analyzed by-data mining to build a pre-
dictive model for HCC development. The model was externally
validated using a cohort of 1072 patients (472 with sustained
virological response (SVR) and 600 with nonSVR to PEG-inter-
feron plus ribavirin therapy).

Results: On the basis of factors such as age, platelet, albumin, and
aspartate aminotransferase, the HCC risk prediction model iden-
tified subgroups with high-, intermediate-, and low-risk of HCC
with a 5-year HCC development rate of 20.9%, 6.3-7.3%, and
0-1.5%, respectively. The reproducibility of the model was con-
firmed through external validation (r%=0.981). The 10-year
HCC development rate was also significantly higher in the high-
and intermediate-risk group than in the low-risk group (24.5%
vs. 4.8%; p<0.0001). In the high-and intermediate-risk group,
‘the incidence of HCC development was significantly reduced in
patients with SVR compared to those with nonSVR (5-year rate,
9.5% vs. 4.5%; p=0.040). :
Conclusions: The HCC risk prediction model uses simple and
readily available factors and identifies patients at a high risk of
HCC development. The model allows physicians to identify
patients requiring HCC surveillance and those who benefit from
IFN therapy to prevent HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common can-
cer worldwide [1] and its incidence is increasing in many
countries [2]. Chronic viral hepatitis is responsible for 80% of
all HCC cases [2]. The need to conduct HCC surveillance should
be determined according to the risk of HCC development
because this surveillance is cost-effective only in populations
with an annualized cancer development rate of >1.5% [3]. The
annualized rate of developing HCC from type C liver cirrhosis
is 2-8% [4-6], indicating that this population with type C liver
cirrhosis needs surveillance. However, the annualized rate of
HCC development is <1.5% in patients with chronic hepatitis C
but without cirrhosis and the benefit of surveillance for all
patients with chronic hepatitis has not yet been established
[3]. HCC surveillance may be needed for patients with advanced
fibrosis because the risk of HCC development increases in
parallel with the progression of liver fibrosis [7,8]. Liver biopsy
is the most accurate means of diagnosing fibrosis, but a single
liver biopsy cannot indicate long-term prognosis because liver
fibrosis progresses over time. Serial liver biopsies are not feasi-
ble because of the procedure’s invasiveness. Moreover, factors
other than fibrosis, such as advanced age, obesity, sex, lower
albumin, and low platelet counts, also contribute to the devel-
opment of HCC from chronic hepatitis C [8-11]. Therefore, these
factors must be considered while assessing the risk of HCC
development.

A meta-analysis of controlled trials [12] has shown that
interferon (IFN) therapy reduced the rate of HCC development
in patients with type C liver cirrhosis. However, there was a
marked heterogeneity in the magnitude of the prevention effect
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of IFN on HCC development among the studies, probably due to
the large differences in the baseline rate of HCC development
among the different trials [12]. Whether the incidence of HCC
development could be reduced in all patients with chronic hep-
atitis C, especially in those without liver cirrhosis, remains to be
elucidated. .

Data mining analysis, unlike conventional statistical analysis,
is performed in an exploratory manner without considering a
predefined hypothesis. Decision tree analysis, the major compo-
nent of data mining analysis, is used to extract relevant factors
from among various factors. These relevant factors are then
combined in an orderly sequence to identify rules for predicting
the incidence of the target outcome [13]. Data mining analysis
has been used to define prognostic factors in various diseases
[14-20]. In the field of hepatic diseases, data mining analysis
has proven to be a useful tool for predicting early response
[21], sustained virological response (SVR) [22-25], relapse [26],
and adverse events [27] in patients with chronic hepatitis C trea-
ted with pegylated interferon (PEG-IFN) plus ribavirin (RBV). The
findings of data mining analysis are expressed as flowcharts and
are therefore easily understood [28] and readily available for clin-
ical use, even by physicians without a detailed understanding of
statistics.

In the present study, data mining analysis was used to identify
risk factors for HCC development in a cohort of patients with
chronic hepatitis C who had been followed for at least 5 years.
An HCC risk prediction model was constructed on the basis of
simple and generally available tests because the goal was to
make the model easy to use in the clinic. The suitability, repro-
ducibility, and generalizability of the results were validated using
the data of an external cohort that was independent of the model
derivation cohort.

Materials and methods
Patients

The model derivation cohort consisted of 1003 chronic hepatitis C patients
without cirrhosis who had a non-sustained virological response (nonSVR) to
previous IFN administered at the Musashino Red Cross Hospital and were fol-
lowed for at least 5 years. Patients who had SVR or those who were followed
for less than 5years were not included. An analytical database on age, body
mass index, albumin, aspartate aminotransferase (AST) levels, alanine amino-
transferase (ALT) levels, y-glutamyltransferase (GGT) levels, total bilirubin lev-
els, total cholesterol levels, hemoglobin levels, and platelet count at the start of
the observation was created. Histological data such as fibrosis stage, activity
grade, or degree of steatosis was not included in the database because the goal
of the present study was to make the model on the basis of simple and gen-
erally available tests. The patients who developed HCC more than 5 years after
the start of the observation were considered not to have developed HCC by the
5-year point because the model was intended to predict HCC development
within 5 years. The 1072 chronic hepatitis C patients included in the external
validation cohort were treated with PEG-IFN and RBV at the University of
Yamanashi, Tokyo Medical and Dental University, Osaka University, Osaka City
University, Nagoya City University, or Toranomon Hospital and followed for at
least 5 years. Among them, 600 had nonSVR and 472 had SVR. Data from
nonSVR patients in this external cohort were used for external validation of
the HCC prediction model. To assess the preventive effect of PEG-IFN plus
RBV therapy on HCC development, the cumulative HCC development rate
was compared between SVR and nonSVR patients in the external validation
cohort after stratification by the risk of HCC development as determined by
data mining analysis. Informed consent was obtained from each patient. The
study protocol conformed to the ethical guidelines of the Declaration of Hel-
sinki and was approved by the institutional review committees of all con-
cerned hospitals.

HCC surveillance and diagnosis

HCC surveillance was conducted by performing abdominal ultrasonography every
4-6 months. Contrast-enhanced computer tomography, magnetic resonance
imaging, or angiography were performed when abdominal ultrasonography sug-
gested a new lesion suspicious for HCC. Classical HCC was diagnosed for tumors
showing vascular-enhancement with washout on at least two types of diagnostic
imaging. Tumor biopsy was used to diagnose tumors with non-classical imaging
findings.

Statistical analysis

The IBM-SPSS Modeler 13 (IBM SPSS Inc., Chicago, IL, USA) was used for decision
tree analysis. The statistical methods used have been described previously
[21,22,24-27]. In brief, the software searched the analytical database for the fac-
tor that most effectively predicted HCC development and for its cutoff value. The
patients were divided into two groups according to that predictor. Each divided
group was repeatedly assessed and divided according to this 2-choice branching
method. Branching was stopped when the number of patients decreased to <20
to avoid over fitting. Finally, an HCC risk prediction model was created through
this analysis. The model classified patients into subgroups with different HCC
development rates in a flowchart form. For model validation, nonSVR patients
from an external cohort were individually fitted into the model and classified into
the subgroups and the HCC development rates of those subgroups were then cal-
culated. The suitability and reproducibility of the model were validated by com-
paring the subgroup HCC development rates of the model derivation group to
those of the validation group.

On univariate analysis, Student’s t-test was used for continuous variables and
Fisher's exact test was used for categorical data. Logistic regression was used for
multivariate analysis. A log-rank test for Kaplan-Meier analysis was used to sta-
tistically test HCC development rates over time. p-Values of <0.05 were consid-
ered significant. SPSS Statistics 18 (IBM SPSS Inc.) was used for these analyses.

Results

Univariate and multivariate analysis of factors associated with HCC
development

The baseline characteristics of patients are shown in Table 1. The
5-year HCC development rate in the model derivation group was
6.2%, which did not differ significantly from the rate of 6.0% in the
nonSVR group of the external cohort, but the rate of 2.0% in the
SVR group of the external cohort was significantly lower than
that in the model derivation group (p = 0.0003) and the nonSVR
group of the external cohort (p = 0.0012). On univariate analysis,
the factors found to be associated with HCC development in the
model derivation cohort were age, AST levels, albumin levels,
total cholesterol levels, and platelet count. On multivariate anal-
ysis, age (odds ratio 1.086), albumin levels (odds ratio 0.248), and
platelet count (odds ratio 0.842) were significant predictors of
HCC development (Table 2).

HCC risk prediction model by data mining analysis

The results of decision tree analysis are presented in Fig. 1. Age
was selected as the first predictor. The 5-year HCC development
rate was 3.4% in younger patients (<60 years) and 8.6% in older
patients (>60 years). The second predictor for younger patients
(<60 years) was platelet count. The HCC development rate was
6.9% in patients with a lower platelet count (<150 x 10°/L) and
0.8% in patients with a higher count (>150 x 10°/L). The second
predictor for older patients (>60 years) was also platelet count.
The HCC development rate was 13.1% in patients with a lower
platelet count (<150 x 10°/L) and 1.8% in patients with a higher
count (150 x 10°/L). The third predictor was albumin levels,
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Table 1. Baseline characteristics of patients for model deviation and external validation.

Model derivation

External cohort, non-SVR . External cohort, SVR

(n =1003) (n = 600) (n=472)
Sex: Male/Female* 463 (46%)/540 (54%) 306 (51%)/294 (49%) 299 (63%)/173 (37%)
Age (yr) 57.3 (11.1) ‘ 55.9 (9.6) 51.4 (10.6)
Body mass index (kg/m?) 23.5(3.2) 23.4 (3.3) 23.3 (3.1)
Albumin (g/dl) 4.1(0.3) 4.0 (0.4) 4.0(0.3)
AST (IU/L) 64.2 (36.5) 67.3 (43.8) 62.5 (48.3)
ALT (1U/L) 80.6 (55.1) 81.2 (62.3) 88.6 (82.1)
GGT (IUIL) 59.3 (50.5) 67.6 (65.1) 55.7 (71.2)
Total cholestero! (mg/dt) 172.1 (31.5) 168.2 (31.0) 174.3 (33.7)
Platelet (10°/L) 154.0 (53.0) 153.7 (53.2) 176.6 (49.7)
Hemoglobin (g/d]) 13.3 (1.5) 14.2 (1.5) 14.4 (1.4)
HCC development within 5 years: n (%)* 62 (6.2%) 36 (6.0%) 10 (2.0%)

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

AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; HCC, hepatocellular carcinoma; SVR, sustained virological response.

*Data expressed as number of patients (percentage).

whose cutoff value was 3.75 g/dl in patients with a higher plate-
let count (>150 x 10°/L). The HCC development rate was 6.3%
when albumin levels were lower (<3.75 g/dl) and 1.5% when lev-
els were higher (>3.75 g/dl). The cutoff value for albumin levels
was 4.0 g/dl in patients with a Jower platelet count (<150 x 109/
L). The HCC development rate was 20.9% when albumin levels
were lower (<4.0¢g/dl) and 6.4% when levels were higher
(=4.0 g/dl). The fourth and final predictor was AST levels. The
HCC development rate was 7.3% when AST levels were at least
40 1U/L and 0% when the levels were <40 IU/L. On the basis of this
analysis, seven subgroups with a 5-year HCC development rate of
0-20.9% were identified. The area under the receiver operating
characteristic curve according to the HCC risk prediction model
was 0.817.

External validation of the HCC risk prediction model with an
independent external cohort

Six hundred nonSVR patients from an external cohort were fitted
into the HCC risk prediction model and classified into the seven
subgroups. The 5-year HCC development rate of these subgroups
was 0-17.9%. The HCC development rate in the individual sub-
groups of the model derivation group was closely correlated to
that in the corresponding subgroups of the external validation
group (Fig. 2; correlation coefficient 1 = 0.981). The HCC develop-
ment rate in the subgroup of patients with the highest risk of HCC
development (high-risk group) according to the model older age
(=60 years) with a lower platelet count (<150 x 10°/L) and lower
albumin levels (<4.0 g/dl) was 20.9% in the model derivation

Table 2. Multivariable analysis of factors associated with subsequent devel-
opment of HCC within 5 years.

group and 17.9% in the external validation group. The intermedi-
ate-risk group or the patients with an HCC development rate of at
least 5% consisted of the following three subgroups: (1) older age
(=60 years), lower platelet count (<150 x 10°/L), higher albumin
levels ( >4.0 g/dl), and higher AST levels ( >40 IU/L); (2) older age
(=60 years), higher platelet count (>150 x 10°/L), and lower
albumin levels (<3.75 g/dl); and (3) younger age (<60 years)
and lower platelet count (<150 x 10%/L). In these intermediate-
risk groups, the 5-year HCC development rate was 6.3-7.3% in
the model derivation group and 5.3-7.9% in the external valida-
tion group. The low-risk group consisted of the following three
subgroups: (1) younger age (<60 years) and higher platelet count
(=150 x 10°/L); (2) older age (=60 years), lower platelet count
(<150 x 10°%/L), higher albumin levels (>4.0g/dl), and lower
AST levels (<40 IU/L); and (3) older age ( =60 years), higher plate-
let count (150 x 10%/L), and higher albumin levels (>3.75 g/dl).
In these low-risk groups, the 5-year HCC development rate was
0-1.5% in the model derivation group and 0-2.9% in the external
validation group.

Predictability of the HCC risk prediction model on HCC development
rate beyond 5 years

Cumulative HCC development rates in the high-, intermediate-,
and low-risk groups were compared over time using the
Kaplan-Meier method. The 10-year rates were 28.9% in the
high-risk group, 22.9% in the intermediate-risk group, and 4.8%
in the low-risk group (Fig. 3A). The high and intermediate-risk
group created by pooling data from the high- and intermediate-
risk groups had a significantly higher cumulative HCC develop-
ment rate than the low-risk group beyond 5 years (Fig. 3B; 5-year
rate, 11.6% vs. 1.0%; 10-year rate, 24.5% vs. 4.8%; p <0.0001).

Odds ratio 95% Cl p value Effect of response to PEG-IFN plus RBV therapy in the reduction of
Age 1.086 1.029-1.146  0.003 HCC development: analysis stratified by the HCC risk prediction
Albumin 0.248 0.100-0.613  0.003 model
Platelet 0.842 0.769-0.921  <0.0001 The 600 nonSVR patients and 472 SVR patients in the external
Cl, confidence interval. cohort were fitted into the HCC risk prediction model and
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n =320 n=218
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n=16

240 [U/L <40 JU/L

n=21

n =151

Fig. 1. The decision tree model of HCC develop

n=1003

<60

n =465

<150 x 10%/L 2150 x 10%L

n =202

within 5 years. Boxes indicate the factors used to differentiate patients and the cutoff values for those different

groups. Pie charts indicate the HCC development rate within 5 years for each group of patients after differentiation. Terminal groups of patients differentiated by analysis

are numbered from 1 to 7.

classified into the high-and intermediate-risk group or the low-
risk group, as defined above. The HCC development rate was sig-
nificantly lower in SVR patients than in nonSVR patients in the
high-and intermediate-risk group (5-year HCC rate, 9.5% vs.
4.5%; p = 0.040, log-rank test). In the low-risk group, the 5-year
rate was 1.8% in nonSVR patients and 0.9% in SVR patients. Both
rates were low and not significantly different (p = 0.331, log-rank
test) (Fig. 4).

Discussion

An awareness of the risk of HCC development in the context of
routine care for chronic hepatitis C is essential for formulating

’

an HCC surveillance plan personalized for individual patients.
The risk of developing HCC from chronic hepatitis is lower than
that from cirrhosis [7]; therefore, across-the-board surveillance
for chronic hepatitis C is not recommended [3]. A method to eas-
ily determine this risk, without performing serial liver biopsies,
would be extremely significant clinically. In the present study,
an HCC risk prediction model that included the factors such as
age, platelet count, albumin levels, and AST levels was con-
structed. The model was found to have excellent reproducibility
when validated with an external cohort. This model could iden-
tify subgroups of chronic hepatitis C patients at high risk of
HCC development; the 5-year HCC development rate for the
high- and intermediate-risk groups was 11.6%, yielding an annual
incidence of 2.3%. This HCC risk prediction model requires only
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Fig. 2. External validation of the decision tree model with an independent
cohort, Each patient in the external validation group was allocated to groups 1-7
following the flowchart of the decision tree. The HCC development rates were
then calculated for each group and the graph plotted. The x-axis represents the
HCC development rate in the model derivation group, and the y-axis represents

- the HCC development rate in the external validation group. The HCC development
rates in each subgroup of patients are closely correlated between the model
derivation group and the external validation group (correlation coefficient:
R?=0981).

simple test values that are readily obtained in routine care and
can therefore be easily used at the patient bedside. The model
can be used to identify patients with a high risk of HCC develop-
ment and therefore requiring surveillance, thereby allowing the
formulation of surveillance plans personalized for individual
patients. .

Advanced fibrosis has been reported as independent risk fac-
tors for HCC development [7,8]. Platelet counts and albumin lev-
els, which were factors selected for discrimination of the risk of

HCC development, are closely related to the stage of fibrosis. -

Their correlation with the HCC risk has been repeatedly demon-
strated [9-11,29-31}. The present study confirmed the impact
of old age and advanced fibrosis, as reflected by low platelet
counts and albumin levels. These results are consistent with
our previous report [32]. What is unique to the present study
was the study design to build a simple and reliable model for
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Fig. 3. Cumulative incidence of HCC development beyond 5 years in sub-
groups of patients defined by the decision tree model. Cumulative incidences
of HCC in the groups classified by the decision tree model are compared. (A) The
cumnulative HCC development rate beyond 5 years is higher in the high- (group 1)
and intermediate-risk (groups 2-4) groups compared to the low-risk group
(groups 5-7). (B) The high and intermediate-risk group created by pooling data
from the high- and intermediate-risk groups has a significantly higher cumulative
HCC development rate than the low-risk group (5-year rate, 11.6% vs. 1.0%;
10-year rate, 24.5% vs. 4.8%; p <0.0001).
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Fig. 4. Sustained virological response to PEG-IEN plus RBV therapy reduces
the incidence of HCC development after stratification by the HCC risk. The 600
nonSVR patients and the 472 SVR patients in the external cohort were fitted into
the HCC risk prediction model and classified into the high and intermediate-risk
group or the low-risk group. The HCC development rate is significantly lower in
SVR patients than in nonSVR patients in the high and intermediate-risk group
groups 1-4) (5-year HCC rate, 9.5% vs. 4.5%; p=0.040). In the low-risk group
(groups 5-7), the 5-year rate is 1.8% in nonSVR patients and 0.9% in SVR patients.
Both rates are low and not significantly different (p = 0.331).

the prediction of HCC -development that could be easily used in
the clinic. For this purpose, a novel statistical method was used,
histological factors were excluded in the analysis, the model der-
ivation cohort was restricted to those who had nonSVR and had a
long follow-up period duration (5 years), and the reproducibility
of the model was independently validated by an external cohort.
These are the major differences of the present study compared to
our previous report. Many researchers have put a lot of efforts to
formulate regression models for HCC prediction [9,10,33]. These
prediction models are useful for identifying high-risk patients
but are somewhat complicated to use at the bedside because they
require calculations to be performed. Our prediction model is
used simply by incorporating patients’ data obtained through
simple tests into the decision tree and following the flowchart.
These prediction models based on factors easily accessible in
routine clinical settings help physicians identify high-risk
patients out of chronic hepatitis.

Viral eradication is the short-term goal of IFN therapy, but the
ultimate goal is the prevention of HCC occurrence. Previous
reports have shown that SVR to IFN therapy suppresses HCC
occurrence in patients with type C liver cirrhosis and chronic
hepatitis [7,12,30,34,35]. However, there is a marked heterogene-
ity in the magnitude of the treatment effect on the risk of HCC
among studies, probably due to differences in the baseline risk
of HCC among different trials [12]. Thus, the question remains
whether the preventive effect of IFN therapy on HCC develop-
ment could apply to all patients with chronic hepatitis C, espe-
cially those without liver cirrhosis. The result of the present
study indicated that among high- and intermediate-risk patients,
as assessed with our HCC risk prediction model, the cumulative
HCC development rate was significantly reduced in SVR patients
compared with nonSVR patients. This finding suggests that
patients with chronic hepatitis, in whom disease has not yet pro-
gressed to hepatic cirrhosis but who are at a high risk of HCC
development, benefit from antiviral treatment. The preventive
effect of IFN on HCC development was not evident in low-risk

- patients within 5 years of observation. A longer observation term

may be required to analyze the possible effect of antiviral therapy
in these patients. Application of the present model on treatment
decision may have limitations in that effect to prevent HCC devel-
opment may differ in newer therapeutic agents such as protease
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inhibitors [36,37], and that low-risk patients may also benefit
from therapy after a longer term observation period such as
15-20 years. .

Patients with chronic hepatitis often have no subjective symp-
toms accompanying their disease and therefore have a low con-
sciousness of the disease. The broad array of adverse reactions
and the high cost of IFN therapy are frequent hurdles in motivat-
ing patients to undergo therapy. However, patients may be con-
vinced to undergo therapy or remain motivated for continued
therapy if they are made aware of their risk of HCC development
and the preventive effect of IFN on HCC development.

In conclusion, a reproducible HCC risk prediction model,
which includes the factors such as age, platelet count, albumin
levels, and AST levels, was constructed to predict the 5-year
HCC development rate in patients with chronic hepatitis C. The
model requires only a combination of readily available test values

and can therefore be easily used at the bedside. The information.

provided by the model allows the physician to identify patients
requiring IFN therapy for the prevention of HCC and formulate
plans for imaging HCC surveillance.
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Abstract

Background and aims Protease inhibitor (PI)-resistant
hepatitis C virus (HCV) variants may be present in sub-
stantial numbers in Pluntreated patients according to
recent reports. However, influence of these viruses in the
clinical course of chronic hepatitis C has not been well
characterized.

Methods The dominant HCV nonstructural 3 (N83) amino
acid sequences were determined in 261 HCV genotype
Ib-infected Japanese patients before pegylated interferon
plus ribavirin (PEG-IFN/RBV) therapy, and investigated
the patients’ clinical characteristics as well as treatment
responses including sustained virclogical response (SVR)
rate. HCV-NS3 sequences were also determined in 39 nog-
" SVR patients after completion of the therapy.

Results  Four single mutations {1545, Q80K, 1153V, and
D168E) known to confer PI resistance were found in 35 of
261 patients (13.4%), and double mutations (I153V plus
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T548/D168E) were found in 6 patients (2.3%). Responses to
PEG-IFIN/RBYV therapy did not differ between patients with
and without Pl-resistance mutations {mutation group, SVR
48%; wild-type group, SVR 40%; £ = 0.38). On the other
hand, two mutations appeared in two non-SVR patients after
PEG-IFN/RBYV therapy (1153V and E168D, 5.1%).
Conclusions Pl-resistance-associated NS83  mutations
exist in a substantial proportion of untreated HCV-1b-
infected patients. The impact of these mutations in the
treatment of PIs is unclear, but clinicians should pay
attention to avoid further development of PI resistance.

Keywords HCV - Protease inhibitor - Natuzally
occurring viral resistance mutations

ntroduction

Hepatitis C vivus (FICV) infects more than 170 million
persons worldwide and thus represemts a global health
problem. At least 130 million infected individuals are
chronic carriers of HCV and are at significant risk of
developing liver citthosis and hepatocellular carcinoma [1],

“The cument standard treatment with pegylated interferon

plus ribavirin (PEG-IFIN/RBV) is complicated by frequent
adverse reactions, and a sustained virologic response (SVE)
can be achieved only in 50% of patients infected with the
most prevalent genotype 1 [2]. In Japan, since 70% of
patients are infected with imtractable genotype 1b HCV,
more effective treatments are urgently required.

A promising approach is the developraent of specifically
targeted antiviral therapies for hepatitis C (§TAT-C), HCV-
specific protease inhibitors (PIs) target an essential step in
HCV replication by blocking the nonstructural 3/4A (NS3/
44) protease-dependent cleavage of the HCV polyprotein

a Springer
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[1]. Among these NS3/4A Pls, telaprevir, bocsprevir,
SCH446211, danoprevir ({TMN-191}, nalaprevir (SCH00
518), and TMC4335 are now under clinical frials [1, 3-71.
I PROVEL and PROVE? studies {3, 4] undertaker in North
America and Europe, the SVR rate was favorable (67 and
69%, respectively) in a triple therapy regimen including
telaprevir, In addition, some studies have suggested that
shortening of freatment duration may be possible for patients
who achieve a rapid virologic response (RVER] [§, 9].
However the sole use of 8TAT-C drmgs, such as Pls,
promotes production and selection of drug-resistant vari-
ants in patients experiencing vizal rebound during treat
ment [3, 10, 11] a8 well as in HCV replicon experiments
[11, 12]. Therefore, these drugs should be used in combi-
nation with the PEG-IFW/RBV to prevent the appearance
of drug-resistant variants. However, Kuntzen et al. [13]
demenstrated the presence of these drug-resistant varianis
in high frequencies (8.6-162%) by population-based
sequencing in patients not treated with the drugs [1, 13].
Gaudieri et al, [14] have suggested that regions of NS§3
protease and NS5B polymerase are likely to be under HLA
immune pressure and therapentic selection, and that drug-
resistant variants may occur naturally to escape the
immune system. These observations seem quite astonishing
and troubling, since a substantial number of patients may
not respond to the new therapies such as STAT-C drugs,
In the present study, to assess the prevalence of NS3
mutations conferring PI resistance in HCV genotype 1b-
infected Japanesc patienis who had not beep previously
treated with Pls, as well as to assess the influence of those
mutations in response to PEG-IFI/REBYV therapy, the dom-
inant HCV-NS3 sequences were determined in 261 HCV-1b
patients before starting the PEG-IEN/EBV therapy.

Methods
Patients

Serum samples were acquired from 261 HCV genotype
Ib-infected adult Japanese patients before combination
therapy with PEG-IFN (PEGINTRON®, Schering-Plough,
Tokyo, Japan) plus EBV (REBETOL®, Schering-Plough)
between 2004 and 2008 at the University of Yamanashi,
Musashino Red Cross Hospital and Kanazawa University.
The therapy was administered according to the standard
PEG-IFN/RBYV treatment protocol established for Japanese
patients by a hepatitis study group of the Ministry of Health,
Labor, and Welfare, Japan. Specifically, the patients were
subcutaneously administered PEG-TFNx-2b, 1.5 pglkg
body weight, once weekly and RBY 600-800 mg daily per
os for 48 weeks, These patients were not infected with
bumen immunodeficiency virus (HIV). The study was

‘\?_‘_:t Springer

approved by the ethics committees of all participating uni-
versities and the hospital, and the protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki as
reflected in & priori approval by the Institutional Review
Board at Massachusetis General Hospital. Written informed
consent was obtained from each study participant,

Amplification and seguencing of full-length HCV
genomes

Viral loads were determined nsing the Amplicor HCV
RINA kit, version 2.0 (Roche Diagnostics, Tokyo, Japan) or
the Cobas TagMan test (Reche Diagnostics). BCV RNA
was exiracted from pretreatment serum samples by the
AGPC method using Isogen (Wako, Osaka, Japan)
according to the manufacturer’s protocol. Complementary
DNA was synthesised using Superscript @I (Invitrogen,
Tokyo, Japan) and random primers (Invitregen), and then
amplified by two-step nested PCR using the primers listed
in Supplementary Table 1. AU samples were initially
denatured at 95°C for 7 min, followed by 40 cycles of
amplification with denaturation at 95°C for 15 s, annealing
at 55°C for 15 s, and extension at 72°C for 45 s using the
BD Advzmtagem 2 PCR Enzyme system (BD Biosciences
Clontech, CA, USA). PCR amplicons were directly
sequenced using BigDye Terminator version 3.1 {ABI,
Tokyo, Japan) and universal M13 forward/reverse primers
using an ABI prism 3130 sequencer (ABI).

Sequence alignment and analysis

Sequences were determined in both divections, particularly
for the ambiguous stretches, were assembled using the
Vector WTI software (Invitrogen}, and base-calling errors
were comrected following the inspection of chromatograms,
If mixed bases were detected as two different chromato-
gram peaks at the same residue, only the dominant base
was called after evaluation of all overlapping fragments. A
consensus sequence was generated frowa the alignment on
the basis of the most common amino acid at each site.

Determination of PI resistance mutations

Multiple viral NS3 mutations were observed in amino acid
positions reported to comfer PI resistance among 261
patients: V36, Q41, F43, T54, V553, Q80, R109, 153, R155,
Al156, D168, V170, and M175, NS3 aminc acid mutations
with proven PI resistance in previously published studies
(Table 1) were designaied as resistance proven mutations
(e.g.. V36M/A). Mutations in the Plresistance site mot
kmown to confer drug resistance were designated resistance
unproven mutations (e.g., V36I). Patients were allocated to
two groups according to the presence of Plresistance
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mutations (including resistance unproven mutations), and
clinical characteristics including HCV RINA levels and
responses to PEG-IFN/RBV therapy were compared. To
assess the influence of PEG-IFN/RBV therapy on NS3
mutational status, posttreatiment HCV-NS3 sequences in 39
of 58 non-SYR. patients were also examined.

Statistical analysis

Statistical differences in the data, including all available
patients’ demographic, biochemic, hematologic, and viro-
logic data such as sequence variation factors, wese deter-
mined among the various groups by Student’s t test or
Mann-Whitney U test for numerical variables and Fisher's
exact probability test for categorical variables.

Results

Prevalence of dominant Plresistance-associated
nonstructural 3 rmutations in untreated patients

Figure 1 shows the frequency of substiutions in 261
patients for sach of 181 NS3 profease amino acid residuss

Table 1 Prevalence of Pl-resistance-associated NS3 mutations

compared to the comsensus sequence. A total of 41 resis-
tatice proven imutations were detected in 35 (134%)
patients: T348 (14 patients, 5.4%), Q80K (1 patient, 0.4%),
I153V (22 patients, 8.4%), D168E (4 patients, 1.5%), T548
plus 1153V double mutation (4 patients, 1.5%), and 1153V
plus D168E double mutation (2 patients, 0.8%). The
mutation number increased {0 54 in 47 (18.0%) patients
when resistance unproven mutations were included: V361
(2 patients, 0.8%), 1153L (11 patients, 4.2%), and 1153V
plus V361 double mutation (2 patienis, 1.5%). Double
mutations were found in 7 patients {(2.7%) (Table 1). Q80L
was observed in 47 (18%) patients but these were excluded
from consideration because a previous study demonstrated
that this mutation does not confer resistance [15]. All
mutations observed in this study would confer low- io
moderate-leve] PI resistance according to previous studies
16, 15-19]. No mutations conferring high-level resistance
such as RI55 or A156 [11, 17, 19-22] were observed.

Clinical characteristics of patients with Pl-resistance
mutations

Table 2 presents the characteristics of patients classified
according to the presence of Pl-resistance mutations

Drug-resistance mutations described in the literature

Detected resistance

mutations

NS3 Resistance Drugs References Genotype 1b (W = 261},
residue’ mutations (%)
V36 A MLGC Telaprevir, Boceprevir (1,3, 4, 10, 11, 18, 31, 37] I % 2(0.8)
Q41 R ITMN-191, Boceprevir [19]
F43 5, C ITMN-191, Boceprevir, Telaprevir, [15,19)

TMC433
T54 A, 8 Telaprevir, Boceprevir, SCH200518 [1, 3, 10, 11, 19, 20, 31, 38] 5 %K 14 (5.4)
V55 A Bacepreviz {1
QB0 REK TMC435 [&, 15] K % E04
RI10S K SCH446211 f1mn
1153 A% SCH446211 (17 V x 22 (84), L xil (42)
RI53 K T,LM G L, S Telaprevir, Bocepravir, IIMN-191, [1, 3, 4, 6, 10, 11, 15, 1%, 20]

Q BIEN206E, TMC435

Al36 ST, V,L G Telaprevir, Boceprevir, ITMN-191, [1,3, 4,10, 11, 15, 17, 19, 20,

BILN2061, SCH446211, TMC435, 38]

SCHO00518
Digg AV ENTH BILN206E, ITMMN-191, TMC435 [6, 15, 20] B x4 (L5
Vi A Telaprevis, Boceprevir 1, 1%, 20]
M175 L Boceprevir 39
Total number (%) of patients with resistance proven matations 35 (13.4)
Total number (%) of patients with resistance proven and umproven mutations 47 (18.0)

Aming acid mutations conferring PI resistance in the literatures and those observed in PI-freatment-zeive patients in this study are indicated.
Bold indicates resistance proven mutations, and the others indicate resistance unproven muiations

Tiouhle mutations found were as follows: V36[ and 1153V x 1, T548 and I153V x 4, 1153V and D1SSE x 2
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{including resistance unproven mutations). Age, sex ratio,
body mass index, alanine aminotransferase (ALT) levels,
serum albumin, platelet count, and fibrosis stage did not
differ between the NS3 mutation and wild-type groups. No
significant difference was observed between the two groups
in the parameters of PEG-IFN/RBV treatment response,
HCV sequence variations in interferon sensitivity deter-
mining region (ISDR), Core 70, interferon plus ribavirin
resistance-determining  region (IRRDR), or interlenkin
288 (IL28B) single nucleotide polymorphism (SNP}
{rs8099917; T/G and G/G vs. T/T) [23-30} These clinical
variables were also compared between the mutation group
defined as resistance proven mutations and the wild-type
group, but no notable differences were observed.

Unimpaired in vivo fitness of viral strains
with resistance mutations

Because maost Pl-resistance mutations described &l date
have been associated with reduced replicative capacity of
varying degrees [1, 10, 11, 13, 17, 20-22, 31, 32], we
examined viral replication levels in patients with drug-
resistance mutations (Fig. 2). The estimated P value indi-
cated no significant difference between the mutation
{median 1,500 KIU/ml) and wild-type (median 1,800 KEU/ml)
groups (P = 0.69). Fhe results indicate that drug-resistant
HCVs were not necessarily impaired in their ability to
replicate in vivo, However, patients with double mutations
(W =T) tended (o have low viral loads (median 1,200
KEIU/ml) (P = (.09).

Resistance mutations and virclogic response to PEG-
I[FN/REBV therapy

To determine the difference in virologic response to PEG-
IFN/RBY therapy according to the Pl mutation, frequency of
HCV RNA levels below detection at 4 weeks (rapid viral
response, RVR) and 12 weeks (complete early viral
response, cEVR), and SVR rate (%} were invesiigated in

§

each group. The frequency of HCV RNA levels below
detection at 4 and 12 weeks was 14 and 50%, respectively,
in the mutation group, and was 11 and 46%, respectively, in
the wild-type group. The SVR rate was 48 and 40% in the
mutation and wild-type groups, respectively (P = 0.38). No
significant difference was observed betwesn the two groups
in any of the indexes investigated (Table 2). The time-
dependent viral clearance rate during PEG-IFN/RBV ther-
apy was estimated in 133 patients including 25 patients
{19%) with Plresistance mutations available for the analy-
sis. Kaplan-Meier analysis demonsirated that HCV clear-
ance did not differ between the two groups with and without
resistance mutations (log-rank test, P = 0.30) (Fig. 3).

Changes in nonstructural 3 amino acid sequence
diversity during PEG-IFN/RBYV therapy

Full-length NS3 protease sequences were determined in 39
non-SYR patients after PEG-IFN/RBY therapy. A single
amino acid change at resistance-associated sites in two
patients was observed. In one patient, isoleucine (e} at
position 153 changed to valine (Val), and glutamic acid
(Glu) changed to aspariic acid (Asp) at position 168 in the
second (Fig. 4). At the nucleotde level, ATC (Ile) changed
to GTC (Val) in 1153V, and GAA (Glu) changed to GAC
(Asp) in E168D. Both mutations were caused by one
nucleotide exchange. No other changes were observed in
the other 37 patients,

Discussion

Here we report that in 18% (47/261) HCV genotype
1b-infected patients who had not been previously freated with
N33 PlIs, the viral genome contained dominant amino acid
mutations within the N33 Pl-resistance sites, Even after
confining the data to established Pl-resistance mutations,
the mutation rate was stll significant in 13.4% (35/261),
Mo clinical differences were observed between patients
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Fig. 1 Frequency of polymorphic mutations for each of the 181 W33
protease amino acid residues in 261 patients. Arrowheads indicate the
sites reported to confer PI resistance. Dark bars denote the amine acid
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variations at the resistant sites in this study. *80, we detected ome
resistant mutation (Q80E) and 47 (18%) non-resistant variadons
{(3BOL} at the B0th residue
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Table 2 Characteristics of

) X ; s teristi
patients with or without HCV haracteristics

Mélta;lan type (N = 47y Wild-type (W = 214} P value

genomes harboring drug-

s N Patients’ characteristes
sesistance mutations

Age, median (Fangs}
Male, no. (%)

BMI, median (range)
AET TW/ml

Serum albumin g/dl
Platelet count % 104l

HCV RINA KIU/ml, median {range)}

Fibrosis, no. (%)
F0
Ft
F2
F3
F4
IFN pre-treatment no. {%6)

IL28B (rs8099917) T/G or G/G no. (%)
Response to PEG-IFN/RBYV therapy

SVR total cases no. (%)

RVR in total cases no. (%)
cEVR. in total cases 10.(%)
SVR 48w treatment no. (%}

End of treatment respouse no. (%)

HCV genome sequence variation
ISDR mutation <1 no. (%)
Core70 R no. (%)

* Mean + SD
san IRRDR mutation >3 no. (%)

b Numberftotal nurmber (%)

59 (46-72) 57 (19-77) Q.17
26 (35 112 (52) 0.70
23.2 (15.5-31.9) 22.8 (161-31.9) 041
81.5 2= 72.6* 748 & 519 0.93
4,00 # 0,37 401 % 038 0.81
158 4 4.3 145%£438 0.18
1,500 {38-6,310) 1800 (28-15,849) 0.69
0.97
()] 7(3)
23 (30 29 (42
5 20y 52 (24)
920 40 (19)
5411 26 {12)
15/40 (38)° 66/172 (383 1.00
/20 (30) 19/67 (28) 1.00
22046 (48) £3/2350 (40} 0.38
Gi44 {14) 221195 (11) 0.83
22744 (50) 52/200 (46} 0.75
16129 (55} 55130 {42) 6.29
26041 (63} 123202 {61) 091
32/46 (70) 167/210 (80) 0.21
26/44 (59 136/210 (65) 0.56
25/38 (56) 107150 (56) 0.34

harboring viruses with and without these mutations.
Moreover, no differences were observed in the responses of
either group to PEG-IFIN/RBV therapy.

Recent studies reported that significant number of
patients who were never treated with PI possess viral
seguences with Pl-resistance-associated 1983 mutations, In
these studies, the prevalence-of Pl-resistance mutations was
determined to be 8.6-16.2% [13, 14], in HCV genotype
1- and 3-infected patieats in Buropean—American populations.
These patients were often coinfected with HIV. Analysis of
the public HCV databases (EuHCVdb and Los Alamos) also
reported the presence of naturally occurring Fl-resistance-
associated NS3 mutations in worldwide isolates [331.
However, in vive and in vitro studies dermonsirated that most
of the mutations observed conferred only low- to moderate-
level Plresistance [7, 13, 14, 34, 351, Regarding viral fitness,
Pl-resistant HCVs show lower fitness at varving degrees as
revealed by in vitro studies [1, 10, 11, 17, 20-22, 31, 32], but
HCV RINA levels in a clinical study did not differ signifi-
eantly. The response to PEG-TEN/RBV therapy was almost
comparable to that in HCV-infected patients withont
Pl-resistance mutations either in HCV replicon experiments
or in a chinical study of small number of treated patients [34].

The prevalence of 134% for Pl-resistance-proven
patients observed in the present study was almost compa-
rable to the results of previous studies. Although HIV is
known to increase HCV replication in coinfection with
HCV [36}, and HIV patients are often treated with the HIV-
specific PIs, the HIV infection might not affect the natural
oceurrence of HCV-specific Pl-resistance mutations since
cur studied patients were all proven to be free from coin-
fection with HIV infection. As shown in Table 1 and
Fig. 1, 1153 ¥V (22/261, 8.4%), TS4S {14/261, 5.4%), and
DI6BE (4/261, 1.5%) were among the most prevalent
Pi-resistance-proven mutations in thé present study, The
most frequent mutation detected in our study I153V was
reported to appear secondarily to the occurrence of R109K
mutations in a HCV replicon system [17]. Although the
role of this mutation is not understood, the 1153V mutation
on its own conferred SCH446211 resistance to the HCV
replicon to a lesser degree [171. Interestingly, 1153V was
often found in double mutations in our study, as shown in
Fig. 2. This suggests analogy between in vitro and in vivo
data. T545 and D168E, the other frequent mutations, have
been also reported to occur as single dominant mutations in
previous in vitro or in vivo studies in HCV genotype 1

a Springer
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F=008

Fig. 2 In vivo fitness of HCV (a)
with PI-resistance-associated

P=0.8%

WNS3 mutations. HCV RNA I
fevels were compared between
patients with and without N33
Pl-resistance-associated
mutations {&) and between
patients with each resistance
mutation {b}. The estimated

P value (Mann-Whitney U test)
indicates no siguificant
difference between the
wild-type and other groups
(wild-type vs. mutation

type, wild-type vs. single
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Fig. 3 Comparison of virologic response to PEG-IFN/REV therapy
between HCV-infected patients with and withont Plresistance-
associated NS3 muftations. Time-dependent HCV clearance rate
analysis was based on serum HCV RNA positivity during PEG-
IFN/RBY therapy for HCV isolates with resistance mutations or wild-

infections showing moderate degrees of resistance
[16, 18, 19].
Most Plresistance mutations described to date have

been associated with varying degrees of reduced replicative
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Duration of reatment {weeks)

type sequences. A total of 133 patients for whom the limit of viral
genome detection could be determined were apalyzed. Among this
group, NS3 mutations were detected in 25 patients (19%). The
estimated P value (log-rank test) shows no significant difference
between the two groups (P = .30

capacity [10, 11, 17, 20-22, 31, 32]. In the present study,
HCV RMA levels of those patients with low-~ to moderate-
level resistance mutations were similar to those in patients
in the wild-type groups, suggesting that in vitro viral fitness
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E;g- 4 Appearance ofd - {2} Patient No, v+£1 {b) Patient No, Y226
~Feststance-associate

mutations duing the PEG-IFN/ 15_3! {ATCY 153\{ (GTC) 158!5_ {GAR) 168? {GAC)
RBYV therapy. Chromatograms wild-type mutation type mutation ipe . Wild-type
show part of the HCV N§3

sequence demonstrating OG-

PI-resistance mutations in two
patients receiving therapy,
a Site 153 iscleacine (Jle)

o A N
{ATC) changed to valine (Val) 5GCLTCTTC
(GTC), b Site 168 glutamic acid seeaTeT T
(Glu) (GAA) changed to
aspartic acid {Asp) (GAC) e N

does not necessarily reflect in vivo viral fitness. This,
however, does not rule out the possibility that some
unknown compensatory viral mutations might have resul-
ted in upregulation of reduced viral fitmess. Interestingly,
although the replicative capacity conferred by a single
mutation seemed to be the same, the HCV RNA levels of
double mutations were frequently low, suggesting that
double mutations might weaken viral fitness.

In previous studies, climical characteristics representing
the state of liver disease other than HCV RNA levels wers
not studied in patients with Pl-resistance mutations. In this
study, we show that those clinical characteristics did not
differ according to the presence of viral NS3 mutations. As
shown in Table 2, age, sex ratio, fibrosis stage, ALT levels,
serum albumin, platelet count, and past history of IFN
pretreatment did not differ according to the presence of N83
mutations. These results suggest that NS3 mutations occur
independently of disease progression. Moreover, no evident
differences were observed between viral and host factors
known to affect IFN-based treatment responses, However,
viral amino acid variations in the core and NS35A or the
allelic frequency of ILZ8B SNPs, which were recently
reported for the close relationship of responses to PEG-IFIN/
RBYV therapy, did not differ between the two groups.

A significant outcome of the present study is the dem-
onstration that Plresistance mutations might not affect
responses o PEG-IFN/BBV therapy. Previous in viro
studies demonstrated that HCV replicons harboring
Pl-resistance mutations were also sensitive to IFN weat-
ment [31]. In addition, recent clinical studies also indicated
that PL.resistance mutations were sensitive to the PEG-IFIN/
RBYV [10, 34]. However, our analysis was more compre-
hensive because viral and host factors that contribute to
freatient responses were simultanecusly analyzed. A
unique aspect of the present study is that we investgated
the influence of the PEG-IFIN/EBV treamment on the
occurrence of new PI mutations by direct nucleotide
sequencing, and were able o show that the PEG-IFN/RBV
might not induce amino acid mutations.

Will the pre-existence of naturally cccurring Pl-resis-
tance mufations have an influence on future treatment of
HCV infections? Since new PIs are on the verge of clinical
use, all clinicians should bear in mind the substantial
numbers of HCV-infected patients with Plaesistance
mutations. Although the degree of resistance is considered
to be low or moderate in univeated patients, weak resis
tance might progress to more potent resistance with addi-
tional mutations, when PIs become widely used. Therefore,
al} clinicians need to be sufficiently prepared for the pos-
sibility of later onset of Pl-resistance mutations that confer
greater drug resistance and concomitant poorer responses
to therapy. In SPRINT-1 study, the lead-in therapy was
associated with a modestly lower rate of breakthrough than
with ro lead in [7]. Considering that PEG-IFN/RBV was
equally effective for Pl-resistant viruses, sufficient “lead-
in” therapy before the administration of Pls could be an
option in the forthcoming triple therapy modality,

In conclusion, we demonstrate here that Pl-resistance-
associated NS3 mutations exist in a substantial proportion
of untreated HCV-Ib-infected patients. Although the
degree of resistance might not be strong, clinicians will
need (o consider this upon the introduction of wiple
therapy.
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Abstract

Buckground and aims The association between hepatitis
C virus (HCV) sequences with interleukin 28B (IL28B)
single-nucleotide polymorphism (SNP) in the development
of hepatocellular carcinoma (HCC) has not been well
clarified.

Merhods  Complete HCV open-reading frame sequences
were determined in 20 patients developing HCC and 23
non-HCC patients with HCV-1b infection in two distant
time points. An additional 230 patients were studied cross-
sectionally for core and NSSA sequences with HCC
development. Among them, 98 patients with available
samples were investigated for changes in viral core
sequences over time. Finally, IL28B SNPs and HCC
development were investigated in 228 patients.

Results  During observation period (HCC for (.8 years.
and non-HCC for 11.1 years). changes in core a.a. 70 and
three amino acid positions in NS5A were characteristics of
the patients developing HCC. In 230 patients. Q (gluta-
mine) or H (histidine) to R (arginine) ratio at core a.a. 70
was significantly higher in the HCC group (HCC group
43:22 vs. non-HCC group 66:99. p = 0.001). A change in
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core R70Q was observed over time in 11 patients associ-
ated with a decrease in platelets (p = 0.005) and albumin
(p = 0.005), while a Q70R change was observed in 4
patients without associated changes in platelets (nonsig-
nificant) and albumin (nonsignificant). [L28B SNP showed
significant correlation with the core a.a. 70 residue. There
was no evident link between 1IL28B SNPs and the occur-
rence of HCC.

Conclusions  Hepatitis C virus core a.a. 70 residue is
associated with liver disease progression and is indepen-
dent factor for HCC development in genotype-1b infection.
[L28B SNPs are related to core a.a. 70 residue, but not to
HCC. The functional relevance of core a.a. 70 residue in
hepatitis C pathogenesis should be further investigated.

Keywords HCY - HCC - Core - IL28B

Introduction

Hepatitis C virus (HCV) infection is a major risk factor for
hepatocellular carcinoma (HCC). Chronic HCV infection
can result in liver cirrhosis (LC) and HCC over the course
of 20-30 years [1]. However, the rate of progression is
variable; some patients remain for a long time with per-
sistently normal ALT values, while others progress rapidly
to LC and HCC.

Viral factors, host factors, and their interplay appear to
play an important role in determining the progression of
chronic hepatitis C to LC and HCC. In terms of viral
factors, most previous clinical studies have focused on
searching for HCV regions correlated with the response to
interferon (IFN)-based therapy. In those analyses. correla-
tion between amino acid substitutions and treatment
response have been reported for the IFN sensitivity
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