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Fig. 4 Comparison of SVR rates among groups stratified by drug
adherence. The 3 groups of patients divided by the decision tree
analysis (white, gray and black boxes indicating a low (L), interme-
diate (I) and high (H) probability group, respectively) were further
stratified according to the cumulative drug exposure of PEG-IFN and
RBYV. The good adherence group (>80% planned dose of both PEG-
IEN and RBV) had a higher rate of SVR compared with the poor
adherence group (<80% planned dose of both PEG-IFN and RBV) in
the low (p = 0.0003) and intermediate (p = 0.007) but not in the high
probability group (p = 0.53)

aimed to develop a pre-treatment model for the prediction
of response. To analyze the possible effect of drug reduc-
tions on the result of the decision tree analysis, 3 groups of
patients divided by the decision tree analysis (low, inter-
mediate and high probability group) were further stratified
according to the cumulative drug exposure of PEG-IFN and
RBV (Fig. 4). Even after adjustment for adherence, 3
groups of patients still had low, intermediate and high
probability of achieving SVR, respectively. Of note, the
good adherence group (>80% planned dose of both PEG-
IFN and RBV) had higher rates of SVR compared with the
poor adherence group (<80% planned dose of both PEG-
IFN and RBYV) in the low (p = 0.0003) and intermediate
(p = 0.007) probability group, but not in the high proba-
bility group (p = 0.53).

Factors associated with SVR by multivariate logistic
regression analysis

We also explored the factors associated with SVR using a
standard statistical analysis. By univariate analysis, age,
gender, serum albumin, creatinine, alanine aminotransfer-
ase, GGT, red blood cell count, hemoglobin, hematocrit,
platelet count and AFP were found to be associated with
SVR (Table 2). HCVRNA load was not associated with
SVR. By multivariate analysis, age, gender, GGT and
platelet count were found to be independently associated
with SVR (Table 3). Of note, AFP, which was selected as a
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significant predictor of response in the decision tree anal-
ysis, was not found to be an independent response predictor
in the standard multivariate analysis. This indicates a
unique feature of the decision tree analysis; i.e., it could
identify significant predictors that specifically apply to
selected patients, in this case patients younger than
50 years old.

Relationships between decision tree model and stage
of fibrosis or HCV RNA load

Liver biopsy was performed in 664 patients. The distribution
of fibrosis in three probability groups differed significantly.
Advanced fibrosis (F3 or F4) was higher in the low proba-
bility group (39%) compared to the intermediate probability
group (13%) (p < 0.0001) and to the high probability group
(6%) (p < 0.0001). Advanced fibrosis was also higher in the
intermediate group compared to the high probability group
(p = 0.01). AFP was significantly associated with liver
fibrosis stage: medians of AFP levels were 4.9, 5.9, 13.0 and
18.6 for F1, F2, F3 and F4, respectively (p < 0.0001,
Spearman’s rank correlations). Lower platelet counts cor-
related with advanced fibrosis stages (data not shown). The
SVR rate was higher in the high probability group compared
to the intermediate or low probability group after stratifi-
cation by HCV RNA load. Among patients with low
HCVRNA load (<400,000 IU/ml), the rate of SVR was 93,
59 and 50% for the high, intermediate and low probability
group, respectively (p = 0.002 for high vs. intermediate and
p < 0.001 for high vs. low probability groups). Among
patients with a high HCVRNA load (>400,000 IU/ml), the
rate of SVR was 73, 42 and 21% for the high, intermediate
and low probability group, respectively (p < 0.001 for high
vs. low, high vs. intermediate and intermediate vs. low
probability groups).

Discussion

Currently, the combination of PEG-IFN and RBV is the
recommended therapy for chronic HCV infection. The rate
of SVR with 48 weeks of therapy is around 50% in patients
with HCV genotype 1b and a high HCV RNA titer [2, 3].
To date, the virological response during therapy is the most
reliable means for predicting the likelihood of SVR [2, 24,
25]. More potent therapy, such as a triple combination of
protease inhibitor, PEG-IEN and RBV, is being evaluated
in clinical trials but is not readily available [26, 27]. Under
the circumstances, pre-treatment prediction of the likeli-
hood of SVR may be useful for both patients and physi-
cians to support clinical decisions as to whether to start
PEG-IFN/RBV therapy or delay treatment until a new
more effective therapy becomes available.
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Table 2 Comparison of pre-

SVR (n = 240) Non-SVR (n = 266) p
treatment factors between
patients with and without Age (years) 54 (25-75) 60 (36-73) <0.0001
sustained virological response a
(SVR) among the model Male gender 151/240 (63%) 171/266 (41%) <0.0001
building dataset (n = 506) Body mass index (kg/m?) 22.5 (16.8-32.0) 22.6 (15.5-33.3) 0.244
Albumin (g/dl) 4.1 (3.2-5.0) 4 (2.7-4.9) 0.004
Creatinine (mg/dl) 0.7 (0.44-1.14) 0.69 (0.39-1.47) <0.0001
AST (IU/T) 59 (11-370) 61 (17-261) 0.457
ALT (IU/) 58 (11-413) 53 (11-316) 0.031
GGT (IU/) 31 (10-322) 43 (12-328) 0.005
Total cholesterol (mg/dl) 175 (87-297) 171 (73-274) 0.184
Triglyceride (mg/dl) 105 (36-474) 105 (33-294) 0.992
White blood cell count (/ul) 4,600 (2,200-10,900) 4,425 (1,800-10,810) 0.479
Data expressed as median Neutrophils (/ul) 2,507 (667-7.870) 2,423 (900-7,281) 0.321
(range) unless otherwise Red blood cell count (/) 455 (336-577) 441 (313-564) 0.001
indicated ’ Hemoglobin (g/dl) 14.3 (10.2-17.6) 13.9 (9.4-17.9) 0.004
ﬁg ﬁiﬁﬁitiﬁéﬁﬁ?fii? Hematocrit (%) 42.1 (13.3-53.7) 41.2 (30.7-52.0) 0.031
GGT gamma- Platelets (10%/1) 178 (81-380) 142 (60-320) <0.0001
glutamyltransferase, AFP alpha-  AFP (ng/ml) 4.3 (0.9-680) 6.4 (1.9-468) 0.041
fetoprotein HCVRNA (10° IU/ml) 1,400 (100-5,100) 1,700 (100-5,100) 0.659
* Data expressed as number/ Fibrosis stage: F3—4° 21/198 (11%) 52/219 (24%) <0.0001

available data (percentage)

Table 3 Multivariate logistic regression analysis for factors associ-
ated with sustained virological response (SVR)

Odds 95% CI p value
Age (years) 0.96 0.94-0.98 0.001
Platelets (10°/1) 1.09 1.04-1.14 <0.0001
ALT QU/1) 1.01 1.00-1.01 0.001
GGT (1U/1) 0.99 0.98-0.99 <0.0001
Male gender 2.92 1.87-4.55 <0.0001

GGT gamma-glutamyltransferase

Using the data mining analysis, we constructed a simple
decision tree model for the pre-treatment prediction of
response to PEG-IFN/RBV. The analysis highlighted 5
variables relevant to response: age, gender, platelet count,
AFP and GGT. Classification based on these variables
identified subgroups of patients with high probabilities of
achieving SVR among difficult to treat genotype 1b
chronic hepatitis C patients. The reproducibility of the
model was confirmed by the independent internal and
external validation datasets. An advantage of the decision
tree analysis over traditional regression models is that the
decision tree model is user-intuitive and can be readily
interpreted by medical professionals without any specific
knowledge of statistics. Patients can be allocated to specific
subgroups with a defined rate of response simply by fol-
lowing the flow-chart form. Using this model, an estimate
of the response before treatment can be rapidly obtained,
which may facilitate clinical decision making. Thus, this
model could be readily applicable to clinical practice.

According to the results of the decision tree analysis,
patients were categorized into 3 groups: the rate of SVR
was 23-30% for the low probability group, 44—45% for
the intermediate probability group and 65-76% for the
high probability group. About 30% of patients were each
categorized in the high and low probability group and
the remaining 40% of patients in the intermediate
probability group. These results support the evidence-
based approach for selecting an optimum treatment
strategy for individual patients. For example, patients in
the high probability group may be the most suitable
candidates for PEG-IFN/RBV therapy, while patients in
the low probability group may be advised to wait for a
future therapy, such as the combination of protease
inhibitor, PEG-IFN and RBV. However, the estimation
of low probability should not be used to preclude
patients from therapy, and the final decision should be
made on a case-by-case basis, taking into consideration
the acceptance by the patient of a low likelihood of
response and the potential risk of disease progression
while waiting for a future therapy.

Another important finding was that poor adherence to
drugs lowered the rate of SVR in the low and intermediate
probability groups, which implies that effort should be
made to maintain >80% of the planned dose of PEG-IFN
and RBV in those patients. On the other hand, the rate of
SVR was high irrespective of drug adherence in the high
probability group. Whether shorter duration of therapy is
sufficient in this group of patients should be confirmed in
future study.
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The variables used in the decision tree have been pre-
viously reported to associate with the efficacy of IFN
therapy. Younger age and male gender are associated with
a favorable response [28]. Lower platelet count is a hall-
mark of advanced fibrosis in chronic hepatitis C and is
reported to be associated with poor response to IFN [29].
AFP is usually used for the screening or the diagnosis of
hepatocellular carcinoma, but recent studies suggest an
association between higher AFP levels and poor response
to IFN therapy [30-33]. Previous report speculated that
higher expression of AFP by hepatic progenitor cells may
be associated with non-response to therapy [30]. Another
report speculated that AFP levels predict poor response to
therapy through the underlining link to advanced liver
fibrosis [31]. Our data support the latter speculation since
advanced fibrosis was associated with elevation of AFP
levels. Fibrosis of the liver is an important predictor of
response, but we did not include this factor in the decision
tree analysis since liver biopsy may not always be available
in general practice. As a result, two predictive factors that
correlate with fibrosis stage (platelet counts and AFP) were
selected in the model, and three probability groups reflec-
ted the different distribution of fibrosis stage. GGT is
reported to be associated with insulin resistance and
hepatic steatosis [34-37], a factor that confers resistance to
IFN therapy [38-44]. What is unique to the present study is
the visualization of response probability by combining
these factors and its high reproducibility revealed by a
high-quality validation of the model by internal and
external validation datasets that were completely inde-
pendent of the model building dataset. Since factors used in
the model were clinical parameters that are readily avail-
able by the usual workup of patients, this model could
be immediately applicable to clinical practice without
imposing costs for additional examinations.

A potential limitation of this study is that data mining
analysis has an intrinsic risk of showing relationships that
fit to the original dataset but are not reproducible in dif-
ferent populations. Although internal and external valida-
tions showed that our model had high reproducibility, we
recognize that further validation on a larger external vali-
dation cohort, especially in populations other than Japa-
nese, may be necessary to further verify the reliability of
our model.

In conclusion, we built a pre-treatment model for the
prediction of virological response to PEG-IFN/RBV.
Because this decision tree model was made up of simple
variables, it can be easily applied to clinical practice. This
model may have the potential to support decisions about
patient selection for PEG-IFN/RBV based on a possibility
of response weighed against the potential risk of adverse
events or costs.

@ Springer
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The aim of the present study was to clarify the HCV are significant predictors of response to

significance of viral factors for pretreatment pre-
diction of sustained virological response to pegy-
lated-interferon (PEG-IFN} plus ribavirin (RBV)
therapy for chronic hepatitis C using data mining
analysis. Substitutions in the IFN sensitivity-
determining region (ISDR) and at position 70 of
the HCV core region {Core70) were determined in
505 patients with genotype 1b chronic hepatitis C
treated with PEG-IFN plus RBV. Data mining
analysis was used to build a predictive model
of sustained virological response in patients
selected randomly (n = 304). The reproducibility
of the model was validated in the remaining 201
patients. Substitutions in ISDR (odds ratio =9.92,
P < 0.0001) and Core70 (odds ratio = 1.92, P=
0.01) predicted sustained virclogical response
independent of other covariates. The decision-
tree model revealed that the rate of sustained
virological response was highest (83%) in
patients with two or more substitutions in
ISDR. The overall rate of sustained virological
response was 44% in patients with a low number
of substitutions in ISDR (0-1) but was 83% in
selected subgroups of younger patients (<60
years), wild-type sequence at Core70, and higher
level of low-density lipoprotein cholesterol
(LDL-C) (>120 mg/dl). Reproducibility of the
model was validated (r? = 0.94, P < 0.001). In
conclusion, substitutions in ISDR and Core70 of
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PEG-IFN plus RBV therapy. A decision-tree model
that includes these viral factors as predictors
could identify patients with a high probability
of sustained virological response. J. Med.
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INTRODUCTION

The combination of pegylated-interferon (PEG-IFN)
plus ribavirin (RBV) is currently the most effective
therapy for chronic hepatitis C, but the rate of sustained
virological response after 48 weeks of therapy is about
50% in patients with HCV genotype 1b and a high HCV
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RNA titer [Manns et al., 2001; Fried et al., 2002]. The
most reliable means to predict sustained virological
response is to monitor the viral response during the
early weeks of treatment. The early virological response,
defined as undetectable HCV RNA at week 12, is associ-
ated with a high rate of sustained virological response
[Davis et al., 2003; Lee and Ferenci, 2008]. The rapid
virological response, defined as undetectable HCV RNA
at week 4 of therapy, is even more predictive of sustained
virological response than the early virological response
[Jensen et al., 2006; Yu et al., 2008; Izumi et al., 2010].
However, there is no established means that predicts
the virological response before commencing treatment.
Recent reports have revealed that single nucleotide
polymorphisms located near the IL28B gene show a
strong association with the response to PEG-IFN plus
RBV therapy [Ge et al., 2009; Suppiah et al., 2009;
Tanaka et al., 2009; Kurosaki et al., 2010¢]. These find-
ings indicate that the host factor is an important deter-
minant of the treatment response. On the other hand,
the present study’s authors have reported that a stretch
of 40 amino acids in the NS5A region of HCV, designated
as the interferon sensitivity-determining region (ISDR),
has a close association with the virological response to
interferon mono-therapy [Enomoto et al., 1995, 1996;
Kurosaki et al., 1997]. More recently, amino acid sub-
stitutions at positions 70 and 91 of the core region have
been reported to be associated with response to PEG-
IFN plus RBV combination therapy [Akuta et al., 2005,
2007a]. The impact of these HCV substitutions on treat-
ment response is yet to be validated.

Decision-tree analysis is a core component of data
mining analysis that can be used to build predictive
models [Breiman et al., 1980]. This method has been
used to define prognostic factors in various diseases
such as prostate cancer [Garzotto et al., 2005], diabetes
[Miyaki et al., 2002}, melanoma [Averbook et al., 2002;
Leiter et al., 2004], colorectal carcinoma [Zlobec et al.,
2005; Valera et al., 2007], and liver failure [Baquerizo
et al., 2003]. The major advantage of decision-tree
analysis over logistic regression analysis is that the
results of analysis are easy to understand. The simple
allocation of patients into subgroups by following the
flowchart form could define the predicted possibility of
outcome [LeBlanc and Crowley, 1995].

Decision-tree analysis was used for the prediction of
early virological response (undetectable HCV RNA
within 12 weeks of therapy) to PEG-IFN and RBV com-
bination therapy in chronic hepatitis C [Kurosaki et al.,
2010a], and more recently for the pretreatment predic-
tion of sustained virological response [Kurosaki et al.,
2010b]. In the latter model, simple and noninvasive
standard tests were used as parameters; specialized
tests such as viral mutations and host genetics, or inva-
sive tests such as liver histology, were not included
because the aim of that model was for use in general
medical practice, especially in some countries or areas
where resources are limited. Thus, the impact of viral
mutations or liver histology was not considered in that
model.
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The present study examined whether including viral
substitutions in ISDR and the core region of HCV in
the decision-tree model could improve its predictive
accuracy over the previous model to identify chronic
hepatitis C patients who are likely to respond to PEG-
IFN plus RBV therapy.

MATERIALS AND METHODS
Patients

This multicenter retrospective cohort study included
505 chronic hepatitis C patients who were treated with
PEG-IFN alpha-2b and RBV at Musashino Red Cross
Hospital, Toranomon Hospital, Tokyo Medical and
Dental University, Osaka University, Nagoya City
University Graduate School of Medical Sciences,
Yamanashi University, Osaka City University, and their
related hospitals. The inclusion criteria were: (1) geno-
type 1b, (2) HCV RNA titer higher than 100 kIU/ml by
quantitative PCR (Cobas Amplicor HCV Monitor v 2.0,
Roche Diagnostic Systems, Pleasanton, CA), (3) no co-
infection with hepatitis B virus or human immunodefi-
ciency virus, (4) no other causes of liver disease, (5)
patients having undergoneliver biopsy prior to IFN treat-
ment, (6) number of substitutions in ISDR having been
determined, (7) substitutions in the amino acid positions
70 and 91 of the core region having been determined, and
(8) completion of at least 12 weeks of therapy. Patients
were treated with PEG-IFN alpha-2b (1.5 pg/kg) weekly
plus RBV. The daily dose of RBV was adjusted by weight:
600 mg for <60 kg, 800 mg for 60-80 kg, and 1,000 mg
for >80 kg. For the analysis, patients were assigned
randomly to either the model building (304 patients) or
validation (201 patients) groups. There were no signifi-
cant differences in the clinical backgrounds between
these two groups (Table I). Informed consent was
obtained from each patient. The study protocol conformed
to the ethical guidelines of the Declaration of Helsinki
and was approved by the institutional review committees
of all concerned hospitals.

Laboratory Tests

Hematological tests, blood chemistry, and HCV RNA
titer were analyzed before therapy and at least once
every month during therapy. Sequences of ISDR and
the core region of HCV were determined by direct
sequencing after amplification by reverse transeription
and polymerase chain reaction as reported previously.
At position 70 of the core region (Core70), arginine was
defined as the wild type, and glutamine or histidine was
defined as the mutant type. At position 91 of the core
region, leucine was defined as the wild type and meth-
ionine was defined as the mutant type, as described
previously [Akuta et al., 2005]. Fibrosis and activity
were scored according to the METAVIR scoring system
[Bedossa and Poynard, 1996]. Fibrosis was staged on a
scale of 0—4: F0 (no fibrosis), F1 (mild fibrosis), F2 (mod-
erate fibrosis), F3 (severe fibrosis), and F4 (cirrhosis).
Activity of necroinflammation was graded on a scale of
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TABLE 1. Comparison of Pretreatment Factors Between Model Building and Validation

. Patients
Model (n = 304) Validation (n = 201) P-value
Age (years) 55.6 (9.4) 56.0 (12.2) 0.80
Male (%) . 53 (%) 55 (%) 0.13
Body mass index (kg/m®) 23.1(3.1) 23.1 (4.0) 0.99
Albumin (g/dl) 4.0 (0.3) 4.0(0.3) 0.47
Creatinine (mg/dl) 0.72 (0.15) 0.72 (0.14) 0.62
AST QU/L) 63.3 (45.6) 58.9 (46.4) 0.91
ALT (IU/L) 78.7 (58.8) 74.5 (67.5) 0.68
GGT (IU/L) 53.2 (49.1) 57.4 (63.5) 0.43
Total cholesterol (mg/dl) 170.9 (32.6) 169.4 (34.1) 0.33
Triglyceride (mg/dl) 107.0 (44.7) 105.7 (48.0) 0.90
LDL-C (mg/dD) 95.5 (28.0) 96.4 (28.8) 0.34
White blood cell count (/ul) 4,902 (1,489) 4,906 (1,319) 0.86
Hemoglobin (g/dl) 14.1(1.3) 14.3 (1.4) 0.09
Platelets (10°/L) 164 (56) 172 (55) 0.68
HCVRNA (10® TU/ml) 1,859 (1,468) 2,021 (1,393) 0.09
ISDR mutations: >2 (%) 15 (%) 20 (%) 0.11
Core70: mutant (%) 36 (%) 29 (%) 0.22
Core91: mutant (%) 40 (%) 36 (%) 0.20
Fibrosis: F2-4 (%) 49 (%) 48 (%) 0.36
Activity: A2-3 (%) 42 (%) 34 (%) 0.10

AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase;
LDL-C, low-density-lipoprotein-cholesterol; ISDR, interferon sensitivity-determining region.

Data expressed as mean (SD).

0-3: A0 (no activity), Al (mild activity), A2 (moderate
activity), and A3 (severe activity). Sustained virological
response was defined as undetectable HCV RNA by
qualitative PCR with a lower detection limit of 50 IU/
ml (Amplicor, Roche Diagnostic Systems) at week 24
after the completion of therapy.

Statistical Analysis

A database of pretreatment variables included hem-
atological tests (hemoglobin level, white blood cell count,
and platelet count), blood chemistry tests (serum levels
of ereatinine, albumin, aspartate aminotransferase, ala-
nine aminotransferase (ALT), gamma-glutamyltrans-
ferase (GGT), total cholesterol, triglyceride, and low-
density lipoprotein cholesterol (LDL-C)), viral factors
(HCV RNA titer, number of substitutions in ISDR, sub-
stitutions in the amino acid positions 70 and 91 of the
core region), histological findings (stage of fibrosis and
grade of activity) and patient characteristics (age, sex,
and body mass index). Based on this database, decision-
tree analysis was used to define a predictive model for
sustained virological response.

Student’s ¢-test was used for the univariable compari-
son of quantitative variables and Fisher’s exact test was
used for the comparison of qualitative variables. For the
multivariable analysis for factors associated with sus-
tained virological response, logistic regression models
with backward selection were used to identify independ-
ent predictors of sustained virological response.
Variables that showed significant association with sus-
tained virological response by univariable analysis were
included in the multivariable analysis. IBM-SPSS soft-
ware v.15.0 (SPSS, Inc., Chicago, IL) was used for these
analyses. For the decision-tree analysis [Segal and

Bloch, 1989], the data mining software IBM SPSS
Modeler 13 (IBM SPSS, Inc.) was used, as reported
previously [Kurosaki et al., 2010a,b]. In brief, the soft-
ware searched for the optimal split variables to build a
decision-tree structure. The entire study population was
first evaluated to determine the variables and cut-off
points for the most significant division into two sub-
groups having different probabilities of sustained viro-
logical response. Thereafter, analysis was repeated on
all subgroups in the same way until either no additional
significant variable was detected or the sample size was
below 20.

RESULTS
Generation of the Decision-Tree Model

The decision-tree analysis selected five predictive
variables to produce six subgroups of patients (Fig. 1).
The number of substitutions in ISDR was selected as
the best predictor of sustained virological response. The
possibility of achieving sustained virological response
was 83% for patients with two or more substitutions in
ISDR compared with 44% for patients with a single or
no substitution. Among patients with a single or no
substitution in ISDR, age, with an optimal cut-off of
60 years, was selected as the variable of second split.
Patients younger than 60 had the higher probability
of sustained virological response (556%) compared with
those older than 60 years (31%). Among younger
patients, amino acid substitution at Core70 was selected
as the third variable of split—wild-type sequence being
the predictor of favorable response compared with the
mutant type (65% vs. 36%). Among patients with wild-
type Core70, the level of serum LDL-C was selected as
the fourth variable of split, with an optimal cutoff of

J. Med. Virol. DOI 10.1002/jmv
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Fig. 1. Decision-tree model. Boxes indicate the factors used for splitting and the cutoff value for the split.
Pie charts indicate the rate of sustained virological response for each group of patients after splitting.
Terminal subgroups of patients discriminated by the analysis are numbered from 1 to 7. The rate of
sustained virological response was >>80% in subgroups 1 and 2, 64% in subgroup 3, and 31-36% in
subgroups 4, 5, and 6. LDL-C represents low-density lipoprotein cholesterol and Core70 represents amino

acid substitution at position 70 of the core region.

120 mg/dl. Patients with higher LDL-C level had the
higher probability of sustained virological response
(83% vs. 50%). The stage of fibrosis was selected as
the final variable of split, with significant fibrosis
(F2-4) being the predictor of lower sustained virological
response probability (64% vs. 32%).

Among the six subgroups derived by this decision tree,
the subgroup of patients with two or more substitutions
in ISDR (subgroup 1) or with a single or no substitution
in ISDR but younger than 60 years of age, having
the wild-type Core70 and high serum level of LDL-C
(>120 mg/dl) (subgroup 2) showed the highest prob-
ability of sustained virological response (83%).

Validation of the Decision-Tree Model

The decision-tree model was validated using a vali-
dation dataset of 201 cases that were not included the
model-building dataset. Each patient in the validation
set was allocated to subgroups 1-6 using the flowchart
form of the decision tree. The rates of sustained viro-
logical response were 75% for subgroup 1, 73% for sub-
group 2, 65% for subgroup 3, 41% for subgroup 4, 46%
for subgroup 5, and 33% for subgroup 6. The rates
of sustained virological response for each subgroup
of patients were correlated closely between the model
building dataset and the validation dataset (> = 0.94)
(Fig. 2).

J. Med. Virol. DOT 10.1002/jmv

The six subgroups were reconstructed into three
groups according to their rate of sustained virological
response: the high-probability group consisted of sub-
groups 1 and 2, the intermediate-probability group con-
sisted of subgroup 3, and the low-probability group
consisted of subgroups 4, 5, and 6. The rate of sustained
virological response in the high-probability group was
high on a consistent basis: 83% for model-building
patients and 74% for validation patients. The rate of
sustained virological response in the intermediate-prob-
ability group was 64% for model building patients and
65% for internal validation patients. The rate of sus-
tained virological response in the low-probability group
was low on a consistent basis: 32% for model-building
patients and 36% for internal validation patients
(Fig. 3). Thirty percent of the patients were classified
into the high-probability group and 10% of the patients
were classified into intermediate-probability group,
which means that about 40% of patients with higher
than average probability of achieving sustained virolog-
ical response were identified.

Effect of Dose Reductions of
PEG-IFN and RBV

The possible effect of drug reductions was analyzed
in the three groups of patients divided by decision
tree (low-, intermediate-, and high-probability groups)
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Fig. 2. Validation of the decision-tree analysis: Subgroup-stratified
comparison of the rate of sustained virological response. Each
patient in the validation set was allocated to subgroups 1-6 by
following the flowchart form of the decision tree, and the rates of
sustained virological response were then calculated and plotted
for each subgroup. The x-axis represents the rate of sustained viro-
logical response in the model-building datasets and the y-axis
represents the rate of sustained virological response in the validation
datasets. The rates of achieving sustained virological response in
each subgroup of patients correlated closely between the model-build-
i‘gg dataset and the validation dataset (correlation coefficient:
r® = 0.94).
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Fig. 3. Comparison of sustained virological response rates between
groups divided by the decision tree. The rate of sustained virological
response was compared between three groups of patients as divided by
the decision-tree analysis. Black, gray, and white boxes indicate the
low-probability group (subgroup 4, 5, and 8), intermediate-probability
group (subgroup 3), and high-probability group (subgroup 1 and 2),
respectively. The rate of sustained virological response showed signifi-
cant difference between the three groups.
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(Fig. 4). Patients were stratified according to the cumu-
lative drug exposure with PEG-IFN and RBV: the good
adherence group consisted of patients who took >80%
planned doses of both PEG-IFN and RBV, the poor
adherence group consisted of patients who took <80%
of planned doses of both PEG-IFN and RBV. Even after
adjustment for drug adherence, the three groups of
patients divided by decision-tree analysis still had
low, intermediate, and high probability of achieving
sustained virological response, respectively, indicating
that this model predicts sustained virological response
independent of drug exposure.

Multivariable Logistic Regression Analysis

Age, sex, serum levels of creatinine, ALT, GGT, LDL-
C, hemoglobin, platelet ecount, HCV RNA titer, ISDR
substitution, substitution at Core70, substitution at
Core91, histological stage of fibrosis, and grade of
activity were found to be associated with sustained viro-
logical response by standard univariable analysis.
Multivariable analysis including these factors showed
that age, sex, LDL-C levels, GGT levels, platelet count,
ISDR substitution, and substitution at Core70 showed
independent associations with sustained virological
response (Table II). Substitution in ISDR had the high-
est odds ratio, at 9.92. Fibrosis, which was selected as a
significant predictor of response in the decision-tree
analysis, was not found to be an independent predictor
of response in standard multivariable analysis, indicat-
ing that the decision-tree analysis could identify signifi-
cant predictors that would apply specifically to selected
patients.

DISCUSSION

The present study revealed that viral factors such as
substitutions in ISDR and Core70 are significant and
independent predictors of sustained virological
response to PEG-IFN plus RBV in chronic hepatitis C.
In a decision-tree model for the pretreatment prediction
of sustained virological response, the number of substi-
tutions in ISDR was the best predictor of sustained
virological response, followed by younger age, wild-type
sequence at Core70, higher level of LDL-C, and absent
fibrosis. This decision-tree model could identify patients
with high probability of sustained virological response
(83%) among difficult-to-treat genotype 1b chronic
hepatitis C patients. Using this model, rapid estimates
of the response before treatment can be made by allocat-
ing patients to specific subgroups with a defined rate
of response simply by following the flowchart form.
Because more potent therapy, such as a combination
of protease inhibitor, PEG-IFN, and RBV, is under
clinical trial and may become available in the near
future [Hezode et al., 2009; McHutchison et al., 2009],
pretreatment prediction of the likelihood of sustained
virological response may be useful for both patients and
physicians to support clinical decisions whether to start
current standard therapy or to wait for emerging new
therapies.
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Fig. 4. Comparison of the rate of sustained virological response between the decision-tree groups
stratified by drug adherence. The three groups of patients divided by the decision tree (black, gray,
and white boxes indicating the low-, intermediate-, and high-probability groups, respectively) were further
stratified according to cumulative drug exposure to PEG-IFN and RBV.

Two or more substitutions in ISDR had a strong
impact on sustained virological response, because this
factor was selected as a top variable in decision-tree
analysis and had the highest odds ratio in multivariable
analysis. Moreover, even among patients with un-
favorable ISDR (0 or 1 mutation), younger patients
(<60 years) with the wild-type sequence at Core70
and high level of LDL-C (>120 mg/dl) had a high rate
of sustained virological response. The sustained virolog-
ical response rate of these two subgroups of patients was
83% in the model-building patients and 75% in the
validation patients. Thus, patients with high possibility
of sustained virological response could be extracted
by the combined analysis of ISDR and Core70. These
patients may be the best-suited candidates for treatment
with the current combination therapy. Conversely, the
following patients with 0~1 mutation in ISDR had a low
probability of sustained virological response (32—-35%):
(1) older (>60 years); or (2) younger (<60 years) patients
but having mutant-type sequence at Core70; or
(3) younger (<60 years) patients having a wild-type
sequence at Core70, but having a low level of LDL-C
(<120 mg/dl) and advanced fibrosis. These patients may

be advised to wait for a more effective therapy. Decision
may be made on a case-by-case basis, takinginto account
the potential risk of disease progression while waiting.

In a previous decision-tree model using simple and
noninvasive standard tests that are available readily
worldwide [Kurosaki et al., 2010b], the rate of sustained
virological response was at most 65~76% among those
in the high-probability group. That model focused on
use by general physicians in routine general practice,
especially where specialized resources, such as liver
biopsy or determination of viral sequences, are not avail-
able. In that model, younger age, male sex, higher pla-
telet counts, lower alpha-fetoprotein (AFP) levels, and
lower GGT levels were identified as favorable predictive
parameters. Higher AFP levels and lower platelet
counts that are hallmarks of advanced fibrosis
[Shiratori and Omata, 2000; Akuta et al., 2007b] were
associated with low probability of sustained virological
response in that model. On the other hand, the present
analysis aimed to clarify the significance of viral factors
for pretreatment prediction of sustained virological
response, and to build an advanced model that may
be used by specialist physicians engaged in the

TABLE II. Multivariable Logistic Regression Analysis for Factors Associated With SVR

Parameter Odds 95% CI P-value
Age (years) <60 vs. >60 2.28 1.31-3.94 0.003
Sex : Male vs. female 3.36 1.87-5.99 <0.0001
GGT (IU/L) <40 vs. >40 2.65 1.45-4.85 0.002
LDL-C (mg/dl) >120 vs. <120 1.79 0.91-3.53 0.094
Platelets (109/L) >120 vs. <120 2.69 1.22-5.90 0.014
ISDR mutations >2vs. 0-1 9.92 3.71-26.54 <0.0001
Core70 Wild vs. mutant 1.92 1.07-3.47 0.030

GGT, gamma-glutamyltransferase; LDL-C, low-density-lipoprotein-cholesterol; ISDR, interferon sensitivity-determining region.
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treatment of hepatitis. In the present model, stage of
fibrosis was selected as a predictive factor, but at lower
level of significance than HCV mutations. The predicted
rate of sustained virological response in the high-prob-
ability group of the present model is higher than that in
the previous model (75-83% vs. 65—76%). These results
indicate that substitutions in ISDR and Core70 were
important pretreatment predictors of sustained virolog-
ical response. Determination of these viral factors is not
available readily in clinical practice, but is of value for
improving the accuracy of pretreatment prediction of
sustained virological response.

Substitutions in ISDR and Core70 have been reported
previously to be associated with efficacy of IFN therapy.
The association between the number of substitutions
in ISDR and response to therapy was demonstrated
originally in patients treated with IFN mono-therapy
[Enomoto et al., 1995, 1996; Kurosaki et al., 1997], but
recent studies have reported a positive correlation with
PEG-IFN and RBV combination therapy as well [Munoz
de Ruedaet al., 2008; Shirakawaet al., 2008; Ikedaetal.,
2009]. Another important viral factor relevant to treat-
ment response is amino acid substitution in Core70. The
sequence of this amino acid was reported originally to be
associated with nonresponse to therapy [Akuta et al,,
2005], but subsequent studies confirmed the positive
correlation of a wild-type Core70 with sustained viro-
logical response [Akuta et al., 2009]. The multiple logis-
tic regression analysis showed that ISDR and Core70
were independent factors associated with sustained
virological response along with host factors. How these
important viral factors and other host factors can be
combined to predict response to PEG-IFN plus RBV is
an important clinical question. Decision-tree modeling
can make the response probability apparent by combin-
ing all these factors. Some factors that may be associated
with treatment outcome, such as levels of ferritin or
homocysteine, were not included. This may be a poten-
tial limitation of the present study.

It is of interest that a recent study by Li et al. [2010]
has shown that a high serum level of LDL-C is linked
to the IL28B major allele (CC in rs12979860). In that
study, a high serum level of LDL-C was associated with
sustained virological response, but it was no longer
significant when analyzed together with the IL28B gen-
otype in multivariate analysis. Thus, the association
between treatment response and LDL cholesterol levels
in the present study may reflect the underlining link of
LDL cholesterol levels to the IL28B genotype. Recent
reports indicate that the IL28B genotype and HCV sub-
stitutions are correlated closely [Akuta et al., 2010;
Kurosaki et al., 2010c]. Still, Core70 [Akuta et al.,
2010] or ISDR [Kuresaki et al., 2010c] were predictors
of response to therapy independent of IL28B genotype.
Future study is needed to elucidate the possible mech-
anisms underlying the association between HCV
sequences and host genetic factors, and also the role
of host and viral factors for the prediction of treatment
Tesponse.
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In conclusion, a data mining analysis emphasized the
impact of substitutions in ISDR and Core70 on pretreat-
ment prediction of sustained virological response to
PEG-IFN plus RBV therapy. A decision-tree model that
includes substitutions in ISDR and Core70 of HCV could
identify patients with high probability of sustained
virological response, and could thereby improve the
predictive accuracy over predictions that are based on
standard tests.
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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 5 years 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 5years. 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 (IUL) 64.2 (36.5) 67.3 (43.8) 62.5 (48.3)
ALT (IU/L) 80.6 (55.1) 81.2 (62.3) 88.6 (82.1)
GGT (IU/L) 59.3 (50.5) 67.6 (65.1) 55.7 (71.2)
Total cholesterol (mg/dl) 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/dl) 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 lower platelet count (<150 x 10/
L). The HCC development rate was 20.9% when albumin levels
were lower (<4.0g/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 IU/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 r* = 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.

Odds ratio 95% CI p value
Age 1.086 1.029-1.146  0.003
Albumin 0.248 0.100-0.613  0.003
Platelet 0.842 0.769-0.921  <0.0001

Cl, confidence interval.

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 [U/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/dI).
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).

Effect of response to PEG-IFN plus RBV therapy in the reduction of
HCC development: analysis stratified by the HCC risk prediction
model

The 600 nonSVR patients and 472 SVR patients in the external
cohort were fitted into the HCC risk prediction model and
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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*=0.981).

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
cumulative 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-IFN 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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Article history: One of the greatest challenges to HCV vaccine development is the induction of effective immune responses
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contribute to neutralization of HCV the quality of polyclonal anti-E1E2 antibody responses in immunized
mice and chimpanzees was assessed at the level of epitope recognition using peptide scanning and neu-
tralization of chimeric 1a/2a, 1b/2a and 2a HCVcc after blocking or affinity elution of specific antibodies.
Mice and chimpanzees were immunized with genotype 1a (H77) HCV gpE1E2; all samples contained

szzﬁreds‘ cross-neutralizing antibody against HCVcc. By functionally dissecting the polyclonal immune responses
Cross neutralization we identified three new regions important for neutralization within E1 (aa264-318) and E2 (aa448-483
Binding affinity and aa496-515) of the HCV glycoproteins, the third of which (aa496-515) is highly conserved (85-95%)
Antibody blocking amongst genotypes. Antibodies to aa496-515 were isolated by affinity binding and elution from the
Antibody purification serum of a vaccinated chimpanzee and found to specifically neutralize chimeric 1a/2a, 1b/2a and 2a

HCVcc. IC50 titres (IgG ng/mL) for the aa496-515 eluate were calculated as 142.1, 239.37 and 487.62
against 1a/2a, 1b/2a and 2a HCVcc, respectively. Further analysis demonstrated that although antibody
to this new, conserved neutralization epitope is efficiently induced with recombinant proteins in mice
and chimpanzees; it is poorly induced during natural infection in patients and chimpanzees (7 out of
68 samples positive) suggesting the epitope is poorly presented to the immune system in the context of
the viral particle. These findings have important implications for the development of HCV vaccines and
strategies designed to protect against heterologous viruses. The data also suggest that recombinant or
synthetic antigens may be more efficient at inducing neutralizing antibodies to certain epitopes and that
screening virally infected patients may not be the best approach for finding new cross-reactive epitopes.
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