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directly visualized by fluorescence microscopy on days
1-7. As shown in Figure 2(a), the number of cells posi-
tive for both JFH1-EYFP and JFH1-AsRed mutants,
but not for JFH1-EYFP and JFH1-AsRed-infected cells,
increased in a time-dependent manner. In JFH1-EFYP
mutant-transfected cells, the proportion of EYFP-
positive cells on days 3, 5 and 7 post-infection was
4.4%, 29% and 41%, respectively. In contrast, only
4.9% of JFH1-EYFP-transfected cells became EYFP-
positive at 3 days post-infection, and the percentage of
these fluorescence-positive cells decreased rapidly there-
after (Fig. 2b). Similarly, the percentage of cells infected
with JFH1-AsRed mutant but not JFH1-AsRed increased
exponentially. These results indicated that the two fluo-
rescence virus clones with mutations are able to secrete
infectious virus particles. We next compared levels of
HCV core antigen in culture medium of cells infected
with JFH1, JFH1-EYFP, JFH1-EYFP mutant, JFH1-AsRed,
and JFH1-AsRed mutant viruses. The mutant viruses, but
not the wild-type, produced amounts of core protein

- comparable to that of the parental JFH1 (Fig. 2C).
In HCV-JFH1, JFH1-EYFP mutant, and JFH1-AsRed
mutant-transfected cells, the core protein reached a peak
of 1.25, 1.35 and 1.34 fmol/L, respectively, at 14 days
post-transfection, while that of JFH1-EYFP JFH1-AsRed-
transfected cells became undetectable at 10 days post-
transfection. These results indicated that the mutant
type is capable of producing an amount of viral particles
comparable to that of the parental JFHI1.

Using the two fluorescence-tagged viruses, we con-
ducted co-infection of two virus strains, JFH1-AsRed
mutant, which secreted infectious virus particles, and
JFH1-EYFP, in which virus particle secretion was
impaired. We collected culture media from cells trans-
fected with JFH1-AsRed-mutant or JFH1-EYFP on day 2
post-transfection and infected both media onto unin-
fected Huh7.5.1 cells at a multiplicity of infection (moi,
focus forming unit per cell) of 0.01. The number of
JFH1-AsRed mutant-infected cells increased exponen-
tally until day 3 but reached a plateau on days 5 and
7 postinfection. Interestingly, the number of cells
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positive for viral secretion-impaired JFH1-EYFP also
increased in a manner similar to that of the JFH1-AsRed
mutant (Fig. 3a). The percentage of AsRed mutant-
positive cells was 4.6%, 6.7% and 14.8% at days 3, 5
and 7, respectively, while the percentage of EYFP-
positive cells at the corresponding days was 3.1%, 4.8%
and 5.1%, respectively (Fig. 3b). These results suggest
that, in the co-culture of two HCV clones with and
without virus particle secretion, a secretion-impaired
virus clone is able to replicate and produce infectious
particles possibly through the complementation of the
intact virus.

Expression and subcellular localization of
NS5A-fluorescence proteins

We next used fluorescence microscopy to study the
subcellular localization of fluorescence and viral pro-
teins. In cells transfected with JFH1-EYFP, JFH1-AsRed,
and the respective mutants, EYFP and AsRed, were
clearly visualized as dot-like structures in the peri-
nuclear area (Fig. 4a). To determine if the NS5A-AsRed
fusion protein indicates the subcellular localization of
NS54A, we performed immunofluorescence staining
of JFH-AsRed- and JFH1-AsRed mutant-infected cells
using NS5A and HCV-core antibodies. Fluorescence of
AsRed was co-localized precisely with NS5A and par-
tially with core proteins. The fluorescence intensities of
the JFH1-EYFP and -AsRed mutants within the cells
were equal to that of the wild-type constructs. EYFP-
NS5A of wild type and mutant JFH1 were localized in
the ER (Fig. 4b). Western blotting was performed by
using anti-GFP and anti-HCV-NS5A antibodies. As
shown in Figure 4(c), three bands of the expected
molecular weights of 27, 58 and 85 kDa, which corre-
sponded to EGFP, NS5A and NS5A-EYFP fusion
protein, were detected in EGFP, JFH1, JFHI-EYFP,
JFH1-AsRed, JFHI1-EYFP mutant, and JFH1-AsRed
mutant-transfected cells. The expression levels of
core protein in JFH1-EYFP mutant- and JFH1-AsRed
mutant-transfected cells were almost the same as those
transfected with parental JFH1. These results indicate

3

Figure 5 Kinetics of hepatitis C virus (HCV)-infected cells. (a) Huh7.5.1 cells were infected with JFH1-EYFP or JFH1-EYFP mutant
HCV RNA. At the days indicated, cells were harvested and subjected to flow cytomeuy. EYFP-positive cells were sorted based on
EYFP activating (x-axis) and staining with a marker of dead cells (y-axis). The results are depicted as density plots. The ratios of
EYFP-positive cells vs time are shown below. Assays were carried out in triplicate and the results are expressed as mean * standard

deviation. *P<0.05. **P<0.01. ——, JFHI1-EYFP mutant,

-<-, JFHI1-EYFP. (b) Culture media from JFH1-EYFP or mutant-

transfected cells were added onto uninfected Huh7.5.1 cells at a moi of 0.01. At the days indicated, infected cells were analyzed
using flow cytometry. The results are depicted as density plots. The ratio of EYFP-positive cells vs time are shown below. Assays were
carried out in triplicate and the results are expressed as mean = standard deviation. *P<0.05. **P < 0.01. WT, wild type. ——,

JFH1-EYFP mutant; - <-, JFH1-EYFP.
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that the fusion proteins of NS5A and the fluorescent
proteins remain intact within cells and serve as accu-
rate markers of infection and as indicators of the sub-
cellular localization of HCV-NS5A proteins.

Kinetics of HCV infection

Using those fluorescence-tagged HCV constructs, we
analyzed more precisely the ratio and kinesics of HCV
RNA-transfected cells and virus-infected cells by flow
cytometry. After HCV RNA transfection, the percentages
of JFH1-EYFP and JFHI-EYFP mutant-transfected cells
were almost equivalent up to 2 days. Thereafter, JFH1-
EYFP-positive cells began to decrease in number, while
the mutant-transfected cells increased exponentially
until 5 days post-transfection and then reached a
plateau, when 52.2% of the cells were EYFP-positive
(Fig. 5a). We collected the media from JFH1-EYFP and
mutant-transfected cells at 2 days post-transfection, and
added it onto uninfected Huh7.5.1 cells at a moi of
0.01. Similar to the results of the transfection assay,
the population of JFHI-EYFP mutant-infected cells
increased exponentially and reached a stable state at
6 days post-infection, when 39.2% of the cells were
EYFP-positive (Fig. 5b). Calculating from the above
data, the rate of expansion of HCV-infected cells was
2%5/day. The cell-to-cell expansion of the JFHI1-EYFP
mutant infection was blocked by prior treatment of cells
with anti-CD81 antibody (data notshown). This finding
indicated that the expansion of the EGFP-positive cells
was due to cell-cell spread of EYFP-tagged HCV and not
the division of the virus-positive cells.

To further refine the calculation of the rate of cell-to-
cell spread of infection, we carried out JFH1-EYFP
mutant infection of uninfected Huh7.5.1 cells seeded
at various densities from 2x 10° to 2 x 10° cells/mL
(Fig. 6). Flow cytometry showed that the rates of expan-
sion of HCV-infected cells were 2**, 2** and 2**/day at
2x10° 2x10* and 2 x 10° cells/cm?, respectively. The
ability of JFH1-EYFP to spread is greater in cells seeded
at higher density. The maximum rate of expansion of
HCV-infected cells was calculated as 2**/day.

Effects of antiviral drugs on
HCV-infected cells

We next investigated the effects of antiviral agents on the
infection kinetics of tagged-HCV. Eighteen hours after
transfection of EYFP-tagged HCV RNA, the cells were
treated with 10, 30 or 50 U/mL of IFN-¢-2b or with
10 uM of protease inhibitor, BILN2061. JFH1-EYFP
mutant-transfected cells were analyzed using flow

© 2011 The Japan Society of Hepatology
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Figure 6 Rate of expansion of hepatitis C virus (HCV)-infected
cells. The medium from JFH1-EYFP mutant was inoculated
onto Huh7.5.1 cells seeded at different densities (2x 10°
4% 10°, 1x10%, 2x10* and 2x10° cells/em?®) with core
antigen adjusted doses. The results of flow cytometric analysis
are depicted as density plots. The ratios of EYFP-positive cells
vs time are shown beneath. Assays were carried out in triplicate
and the results are expressed as mean & standard deviation.
==, 2% 10% -+, 4% 10% =, 1% 10% -+, 2 x 10% ——, 2 x 10°.

cytometry. As shown in Figure 7, treatment of cells with
the two compounds suppressed the time-dependent
increase of HCV propagation. In addition, IFN-o-2b
suppressed the dose-dependent increase of HCV
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Figure 7 Effect of antiviral drugs on hepatitis C virus (HCV)-infected cells. Huh7.5.1 cells were transfected with JFH1-EYFP mutant
RNA. Eighteen hours after transfection, cells were cultured with 10, 30 or 50 U/mL of interferon (IFN)-¢-2b or 10 uM of the
protease inhibitor BILN-2061. The cells were harvested at the days indicated and flow cytometry was performed. Ratios of
EYFP-positive cells over time are shown at lower left. Plot values of 100% in each curve represent the EYFP expression levels in
untreated cells (lower right). Assays were carried out in triplicate and the results are expressed as mean * standard deviation.
*P<0.05. **P < 0.01. P, protease inhibitor. - =-, vehicle; ——, 50 U/mL; -+-, 30 U/mL; —=, 10 U/mL; —, PL
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propagation. At all time points, the number of infected
cells was significantly lower in the culture treated with
the two compounds than in the untreated culture. The
protease inhibitor suppressed infection faster than did
IFN-0-2b. These data indicate that IFN and the protease
inhibitor were not only able to suppress intracellular
HCV replication levels but also to inhibit virus par-
ticle secretion and expansion of HCV-infected cell
populations.

DISCUSSION

N THIS STUDY, we used fluorescence-tagged HCV,

in which virus assembly, particle secretion and
re-infection functions are fully preserved (Fig. 1)."" Ud-
lizing the fluorescence-tagged HCV, we analyzed the rate
of expansion of HCV infection using live-cell flow cyto-
metric analyses (Figs 5-7). In the early periods of infec-
tion, the expansion of the virus-positive cell population
increased exponentially and the maximum rate of
expansion was calculated as 2**/day. It is not clear why
HCV propagation reaches a plateau, but this observa-
tion, where HCV replication is limited in confluent cells,
has been made previously.” Possible explanations
include cell death due to over-confluence, depletion
of the nucleoside triphosphate pools in resting cells,
and/or cell cycle-dependent effects on virus RNA repli-
cation and translation.

Co-infection of the two virus clones, EYFP-JFH1 and
AsRed mutant JFH1, showed that viruses with impaired
particle secretion were able to replicate and expand
virus-infected cells (Fig. 3). Although we have found
no clear mechanism to explain those effects, we
speculate that the secretion-defective virus (JFH1-EYFP)
may assemble into infectious virus through trans-
complementation of virus proteins via co-infection in a
single cell or recombination of mutant and wild-type
virus genomic RNA. The co-infection experiment
showed that the increase of JFH1-AsRed mutant-positive
cells was slower than in the single clone infection experi-
ment (Fig. 2a). These findings suggest that viruses with
impaired particle secretion (JFH1-EYFP) partially sup-
pressed expansion of viruses with intact particle secre-
tion (JFH1-AsRed mutant) through trans-suppression of
cellular virus replication or competitive binding to cel-
lular virus entry receptors.

After the development of HCV-JFH1 cell culture,®
many variations of HCV cell culture systems have been
developed. Lindenbach et al. developed a genotype 2a
intragenotypic chimera, J6/JFH, in which the JFH1
structural region was replaced with that of J6, isolated

© 2011 The Japan Society of Hepatology
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from a patient with chronic hepatitis.”” The J6/JFH
chimera is able to produce virus particles more effi-
ciently than JFH1 but does not produce virus-induced
cytopathic effects (CPE). Several marker protein-tagged
viruses have been reported, in which viral infection
could be visualized readily in living cells. A subge-
nomic replicon that expressed an NS5A-GFP fusion
protein was reported first."? However, the clone lacked
the structural regions that are required for virus propa-
gation. Subsequently, full-length HCV reporter viruses
were developed in which the EGFP gene was inserted
into the NS5A-C-terminus of JFH1" or JC-1." Jones
et al. inserted the renilla luciferase gene into P7 of
J6/JFH.* Unfortunately, the efficiency of virus produc-
tion by the recombinant reporter viruses was greatly
reduced compared to wild-type viruses. Very recently, it
has been reported that a JFH1-based adaptive strain of
a HCV reporter virus can produce infectious HCV par-
ticles as robustly as the JFH1 wild-type strain.” This
virus system has overcome the serious limitations asso-
ciated with the use and application of other reporter
viruses.

Compared with the other HCV reporter viruses, the
JFH1-EYFP/AsRed mutant is capable of producing
amounts of HCV virus equivalent to that of the paren-
tal JFH1, which enables continuous passage of infec-
tion in cell culture and analyses using various research
modalities, including flow cytometry and live-cell
microcopy. Considering the current situation regarding
the lack of singly effective, proven antiviral agents
against HCV, other than IFN formulations, the search
for potential antiviral agents will continue to be a
dominant goal of research to improve clinical anti-
HCV chemotherapeutics. This tagged HCV culture
system may provide a very convenient tool for studies
of the complete virus life cycle in live cells and of
virus-host interactions, and it may be useful for high-
throughput screening of drugs.
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The aim of the present study was to clarify the
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. Substitutionsin ISDR (odds ratic =9.92,
P < 0.0001) and Core70 (odds ratio = 1.92, P =
0.01) predicted sustained virological 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 [SDR (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

© 2011 WILEY-LISS, INC.

HCV are significant predictors of response to
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.
Virol. 83:445-452, 2011.

© 2011 Wiley-Liss, Inc.
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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., 2008; 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., 2008; 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., 2010c]. 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
flowehart 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.

J. Med. Virol. DOI 10.1002/jmv

Kurosaki et al.

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), (8) no co-
infection with hepatitis B virus or human immunodefi-
ciency virus, (4) no other causes of liver disease, (5)
patients havingundergoneliver 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 transcription
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: FO (no fibrosis), F'1 (mild fibrosis}, F2 (mod-
erate fibrosis), F3 (severe fibrosis), and F4 (cirrhosis).
Activity of necroinflammation was graded on a scale of

- 940 -



Prediction of Response to PEG-Interferon RBV Therapy

TABLE I. Comparison of Pretreatment Factors Between Model Building and Validation

Patients
Model (n = 304) Validation (n = 201) P-value
Age (years) 35.6 (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 IU/L) 63.3 (45.6) 58.9 (46.4) 0.91
ALT IU/L) 78.7 (58.6) 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) 143 (1.4) 0.09
Platelets (10%1L) 164 (56) 172 (55) 0.68
HCVRNA (10° ITU/mD 1,859 (1,488) 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-glutamyliransferase;

Data expressed as mean (SD).

0--3: AQ (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 creatinine, 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 (55%) 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. Boxesindicate 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 8. LDL-C represents low-density lipoprotein cholesterol and Core70 represents amino

Kurosaki et al.

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%).

Amongthe 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 (r* = 0.94)
(Fig. 2).

J. Med. Virol. DOI 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. 8). 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 virclogical 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 caleulated 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-
ing 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 iree. 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 6}, 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 count, 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 IT). 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 RBYV, 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.

J. Med. Virol. DOI 10.10024mv
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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 vears); 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, taking into 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. 01 9.92 3.71-26.54 <0.0001
Core70 Wild vs. mutant 1.92 1.07-3.47 0.030

GGT, gamma-glutamyliransferase; LDL-C, low-density-lipoprotein-cholesterol; ISDR, interferon sensitivity-determining region.

J. Med. Virol. DOI 10.1002jmv
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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 factorsis not
available readily in clinical practice, but is of value for
improving the accuracy of pretreatment prediction of
sustained virological response.

Substitutionsin 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
deRueda et 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 [Kurosaki et al., 2010¢] 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
response.
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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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