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TABLE I. 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 (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/dl) 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 (102 IU/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- hpoprotem-cholesterol ISDR, interferon sensitivity- deterrmmng 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 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
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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 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 (r? = 0.94)
(Fig. 2).
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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-
irzlg dataset and the validation dataset (correlation coefficient:
‘¥ = 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 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 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, 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
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.

J. Med. Virol. DOI 10.1002/jmv

— 498 —



Prediction of Response to PEG-Interferon RBV Therapy

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 Ruedaetal., 2008; Shirakawa et al., 2008; Ikeda et al.,
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., 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

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

. Methods: Data were collected from 496 patients with HCV geno-
type 1 treated with PEG-IFN/RBV at five hospitals and universities
in Japan. IL28B genotype and mutations in the core and IFN sen-
sitivity determining region (ISDR) of HCV were analyzed to pre-
dict response to therapy. The decision model was generated by
data mining analysis. 4
Results: The IL28B polymorphism correlated with early virologi-
cal response and predicted null virological response (NVR) (odds
ratio = 20.83, p <0.0001) and sustained virological response (SVR)
(odds ratio = 7.41, p <0.0001) independent of other covariates.
Mutations in the ISDR predicted relapse and SVR independent
of IL28B. The decision model revealed that patients with the
minor IL28B allele and low platelet counts had the highest NVR
(84%) and lowest SVR (7%), whereas those with the major IL28B
allele and mutations in the ISDR or high platelet counts had the
lowest NVR (0-17%) and highest SVR (61-90%). The model had
high reproducibility and predicted SVR with 78% specificity and
70% sensitivity. ‘
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Conclusions: The [L28B polymorphism and mutations in the ISDR
of HCV were significant pre-treatment predictors of response to
PEG-IFN/RBV. The decision model, including these host and viral
factors may support selection of optimum treatment strategy for
individual patients. '

© 2010 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction

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

Recently, it has been reported through a genome-wide associ-

. ation study (GWAS) of patients with genotype 1 HCV that single

nucleotide polymorphisms (SNPs) located near the IL28B gene are
strongly associated with a response to PEG-IFN/RBV therapy in
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Table 1. Baseline characteristics of all patients, and patients assigned to the model building or validation groups.' '

All patients Model group Validation group
n =496 n =331 n=165
S Gender: male 250 (50%) 170 (51%) 80 (48%)
Age (years) 571+99 56.8+9.7 57.5+10.2
AT (UL 78.6+60.8 78.1+614 79.7 £ 59.6
GGT (IULL) 59.3+63.6 58.9 +62.0 60.2 + 66.9
" Platelets (10°L) 154 + 53 153 + 52 154 + 56
Fibrosis: F3-4 121 (24%) 80 (24%) 41 (25%)
~ HCV-RNA: >600,000 1U/ml 409 (82%) 273 (82%) 136 (82%)
~ ISDR mutation: <1 220 (88%) 290 (88%) 145 (88%)
Core 70 (Arg/GIn or His) 293 (59%)/203 (41%) 197 (60%)/134 (40%) 96 (58%)/69 (42%)
Core 91 (Leu/Met) 299 (60%)/197 (40%) 200 (60%)/131 (40%) 99 (60%)/66 (40%)
“JL28B:Minorallele -~ 151(30%) 101 (31%) 50 (30%)
SVR - 194 (39%) 129 (39%) 65 (39%)
 Relapse SR ES 31 103 (31%) 49 (30%)
NVR 150 (30%) 99 (30%) 51 (31%)

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

Japanese [6], European [7], and a multi-ethnic population [8,9].
The last three studies focused on the association of SNPs in the
IL28B region with SVR [7-9] but we found a stronger association
with NVR [6]. In addition to these host genetic factors, we have
reported that mutations within a stretch of 40 amino acids in
the NS5A region of HCV, designated as the IFN sensitivity deter-
mining region (ISDR), are closely associated with the virological
response to IFN therapy: a lower number of mutations is associ-
ated with treatment failure [10-13]. Amino acid substitutions at
positions 70 and 91 of the HCV core region (Core70, Core91) also
have been reported to be associated with response to PEG-IFN/
RBV therapy: glutamine (GIn) or histidine (His) at Core70 and
methionine (Met) at Core91 are associated with treatment resis-
tance [4,14]. The importance of substitutions in the HCV core and
ISDR was confirmed recently by a Japanese multicenter study
[15]. How these viral factors contribute to response to therapy
is yet to be determined. For general application in clinical prac-
tice, host genetic factors and viral factors should be considered
together.

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

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

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

Materials and methods

Patients

This was a multicentre retrospective study supported by the Japanese Ministry of
Health, Labor and Welfare, Data were collected from a total of 496 chronic hep-
atitis C patients who were treated with PEG-IFN alpha and RBV at five hospitals
and universities throughout Japan. Of these, 98 patients also were included in
the original GWAS analysis [6]. The inclusion criteria in this study were as follows
(1) infection by genotype 1b, (2) lack of co-infection with hepatitis B virus or
human immunodeficiency virus, (3) lack of other causes of liver disease, such
as autoimmune hepatitis, and primary biliary cirrhosis, (4) completion of at least
24 weeks of therapy, (5) adherence of more than 80% to the planned dose of PEG-
IFN and RBV for the NVR patients, (6) availability of DNA for the analysis of the
genetic polymorphism of /[28B, and (7) availability of serum for the determina-
tion of mutations in the ISDR and substitutions of Core70 and Core91 of HCV.
Patients received PEG-IFN alpha-2a (180 pg) or 2b (1.5 pg/kg) subcutaneously
every week and were administered a weight adjusted dose of RBV (600 mg
for <60 kg, 800 mg for 60-80 kg, and 1000 mg for >80 kg daily) which is the rec-
ommended dosage in Japan. Written informed consent was obtained from each
patient and the study protocol conformed to the ethical guidelines of the Decla-
ration of Helsinki and was approved by the institutional ethics review committee.
The baseline characteristics are listed in Table 1. For the data mining analysis, 67%
of the patients (331 patients) were assigned randomly to the model building
group and 33% (165 patients) to the validation group. There were no significant
differences in the clinical backgrounds between these two groups.

Laboratory and histological tests

Blood samples were obtained before therapy and were analyzed for hematologic
tests and for blood chemistry and HCV-RNA. Sequences of ISDR and the core
region of HCV were determined by direct sequencing after amplification by
reverse-transcription and polymerase chain reaction as reported previously
[4,11]. Genetic polymorphism in one tagging SNP located near the IL28B gene
(rs8099917) was determined by the GWAS or DigiTag2 assay [27]. Homozygosity
(GG) or heterozygosity (TG) of the minor sequence was defined as having the
IL.28B minor allele, whereas homozygosity for the major sequence (TT) was
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Fig. 1. Association between the IL28B genotype (rs8099917) and treatment response. The rates of response to treatment are shown for each rs8099917 genotype. The
rate of null virological response (NVR), relapse, and sustained virological response (SVR) is shown. The p values are from Fisher's exact test. The rate of NVR was significantly
higher (p <0.0001) and the rate of SVR was significantly lower (p <0.0001) in patients with the IL28B minor allele compared to those with the major allele.

defined as having the IL28B major allele, In this study, NVR was defined as a less
than 2 log reduction of HCV-RNA at week 12 and detectable HCV-RNA by quali-
tative PCR with a lower detection limit of 50 IU/ml (Amplicor, Roche Diagnostic
systems, CA) at week 24 during therapy. RVR (rapid virological response) and
complete early virological response (cEVR) were defined as undetectable HCV-
RNA at 4 weeks and 12 weeks during therapy and SVR was defined as undetect-

able HCV-RNA 24 weeks after the completion of therapy. Relapse was defined as,

reappearance of HCV-RNA after the completion of therapy. The stage of liver
fibrosis was scored according to the METAVIR scoring system: FO (no fibrosis),
F1 (mild fibrosis: portal fibrosis without septa), F2 (moderate fibrosis: few septa),
F3 (severe fibrosis: numerous septa without cirrhosis) and F4 (cirrhosis). Percent-
age of steatosis was quantified in 111 patients by determining the average pro-
portion of hepatocytes affected by steatosis.

Statistical analysis

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

Results

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

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

Journal of Hepatology 2011 vol. 54 | 439-448

Effect of the 1L28B polymorphism, substitutions in the ISDR, Core70,
and Core91 of HCV on time-dependent clearance of HCV

Patients were stratified according to their IL28B allele type, the
number of mutations in the ISDR, the amino acid substitutions
in Core70 and Core91, and the rate of undetectable HCV-RNA at
4, 8,12, 24, and 48 weeks after the start of therapy were analyzed
(Fig. 2A-D). The rate of undetectable HCV-RNA was significantly
higher in patients with the IL28B major allele than the minor
allele, in patients with two or more mutations in the ISDR com-
pared to none or only one mutation, in patients with arginine
(Arg) at Core70 rather than Gln/His, and in patients with leucine
(Leu) at Core91 rather than Met. The difference was most signif-
icant when stratified by the IL28B allele type. The rate of RVR and
cEVR was significantly more frequent in patients with the I[28B
major allele compared with those with the I[28B minor allele:
9% vs. 3% for RVR (p<0.005) and 57% vs. 11% for cEVR
(p <0.0001). These findings suggest that IL28B has the greatest
impact on early virological response to therapy.

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

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

Factors associated with response by multivariate logistic regression
analysis

By univariate analysis, the minor allele of IL28B (p <0.0001), one
or no mutations in the ISDR (p=0.03), high serum level of
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Fig. 2. Effect of IL28B mutations in the ISDR, Core70, and Core91 of HCV on time-dependent clearance of HCV. The rate of undetectable HCV-RNA was plotted for serial
time points after the start of therapy (4, 8, 12, 24, and 48 weeks) and for 24 weeks after the completion of therapy. Patients were stratified according to (A) the IL28B allele
(minor allele vs. major allzle), (B) the number of mutations in the ISDR (0-1 mutation vs. 2 or more mutations), amino acid substitutions of (C) Core70 (GIn/His vs. Arg), and

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

HCV-RNA (p = 0.035), GIn or His at Core70 (p <0.0001), low plate-
let counts (p=0.009), and advanced fibrosis (p = 0.0002) were
associated with NVR. By multivariate analysis, the minor allele
of IL28B (OR = 20.83, 95%Cl = 11.63-37.04, p <0.0001) was associ-
ated with NVR independent of other covariates (Table 2). Notably,
mutations in the ISDR (p=0.707) and at amino acid Core70
(p=0.207) were not significant in multivariate analysis due to
the positive correlation with the I[28B polymorphism (p = 0.004
for ISDR and p <0.0001 for Core70, Fig. 4).

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

Factors associated with the IL28B polymorphism

Patients with the IL28B minor allele had significantly higher
serum level of gamma-glutamyltransferase (GGT) and a higher

frequency of hepatic steatosis (Table 4). When the association
between the IL28B polymorphism and HCV sequences was ana-
lyzed, Gln or His at Core70, that is linked to resistance to PEG-
IFN and RBV therapy [4,14,15], was significantly more frequent
in patients with the minor IL28B allele than in those with the
major allele (67% vs. 30%, p<0.0001) (Fig. 4). Other HCV
sequences with an IFN resistant phenotype also were more pre-
valent in patients with the minor IL28B allele than those with

~ the major allele: Met at Core91 (46% vs. 37%, p=0.047) and one

or no mutations in the ISDR (94% vs. 85%, p = 0.004) (Fig. 4).

Data mining analysis

Data mining analysis was performed to build a model for the pre-
diction of SVR and the result is shown in Fig. 5. The analysis
selected four predictive’variables. resulting in six subgroups of
patients. Genetic polymorphism of IL28B was selected as the best
predictor of SVR. Patients with the minor IL28B allele had a lower
probability of SVR and a higher probability of NVR than those
with the major [L28B allele (SVR: 14% vs. 50%, NVR: 72% vs.
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Fig. 3. Association between relapse and the IL28B allele or mutations in the

ISDR. The rate of relapse was calculated for patients who had undetectable HCV-
RNA at serial time points after the start of therapy (4, 8, 12, 24, and 48 weeks).
Patients were stratified according to (A) the [128B allele (minor allele vs. major
allele) and (B) the number of mutations in the ISDR (0-1 mutation vs. 2 or more
mutations). The p values are from Fisher's exact test.

12%). After stratification by the IL28B allele, patients with low
platelet counts (<140 x 10°/L) had a lower probability of SVR
and higher probability of NVR than those with high platelet
counts (>140 x 10°/L): for the minor IL28B allele, SVR was 7%
vs. 19%, and NVR was 84% vs. 62%, and for the major JL28B allele,
SVR was 32% vs. 66% and NVR was 16% vs. 8%. Among patients
with the major IL28B allele and low platelet counts, those with
two or more mutations in the ISDR had a higher probability of
SVR and lower probability of relapse than those with one or no
mutations in the ISDR (SVR: 75% vs. 27%, and relapse: 8% vs.
57%). Among patients with the major IL28B allele and high plate-
let counts, those with a low HCV-RNA titer (<600,000 IU/ml) had
a higher probability of SVR and lower probability of NVR and
relapse than those with a high HCV-RNA titer (SVR: 90% vs.
61%, NVR: 0% vs. 10%, and relapse: 10% vs. 29%). The sensitivity
and specificity of the decision tree were 78% and 70%, respec-
tively. The area under the receiver operating characteristic
(ROC) curve of the model was 0.782 (data not shown). The pro-
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portion of patients with advanced fibrosis (F3-4) was 39% (84/
217) in patients with low platelet counts (<140 x 10°/L) com-
pared to 13% (37/279) in those with high platelet counts
(>140 x 10°/L). :

Validation of the data mining analysis

The results of the data mining analysis were validated with 165
patients who differed from those used for model building. Each
patient was allocated to one of the six subgroups for the valida-
tion using the flow-chart form of the decision tree. The rate of

SVR and NVR in each subgroup was calculated. The rates of SVR

and NVR for each subgroup of patients were closely correlated
between the model building and the validation patients
(r*=0.99 and 0.98) (Fig. 6).

Discussion

The rate of NVR after 48 weeks of PEG-IFN/RBV therapy among
patients infected with HCV of genotype 1 is around 20-30%. Pre-
viously, there have been no reliable baseline predictors of NVR or
SVR. Because more potent therapies, such as protease and poly-
merase inhibitor of HCV [28,29] and nitazoxianide [30], are in
clinical trials and may become available in the ‘near future, a
pre-treatment prediction of the likelihood of response may be
helpful for patients and physicians, to support clinical decisions
about whether to begin the current standard of care or whether
to wait for emerging therapies. This study revealed that the
1128B polymorphism was the overwhelming predictor of NVR
and is independent of host factors and viral sequences reported
previously. The IL28B encodes a protein also known as IFN-
lambda 3, which is thought to suppress the replication of various
viruses including HCV [31,32]. The results of the current study
and the findings of the GWAS studies [6-9] may provide the
rationale for developing diagnostic testing or an IFN-lambda
based therapy for chronic hepatitis C in the future.
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Table 2. Factors associated with NVR analyzed by univariate and multivariate logistic regression analysis.

Univariate Multivariate
QOdds 95%Cl p value Odds 95%Cl p value
ratio ratio .
_ Gender: female Dhivee ot 067-145 0.938 129 0.75-2.23 0.363
Age 1.01 0.97-1.01 0.223 0.9 0.97-1.02 0679
AL 1.00 1.00-1.00 0.867 1.0 0.99-1.00 0580
GGT 1.004 1.00-1.01 0.029 1.00 1.00-1.00 0715
Phtelets t i 095 0.91-0.99 0.009 0.92 '0.87-0.98 0.006
Fibrosis: F3-4 ‘ 2.23 1.46-3.42 0.0002 1.97 1.09-3.57 0025
HCV-RNA: 2600,000 1U/ml 183 . 1.05-3.19 0.035 2.49 1.17-5.29 0.018
ISDR mutation: <1 2.14 1.08-4.22 0.030 0.96 0.78-1.18 . 0.707
 Core70(GinHis) 323 2.16-4.78 1<0.0001. . - 141 0.832.42 0.207
Core 91 (Met) 1.39 0.95-2.06 0.093 1.21 0.72-2.04 0.462
IL28B:Minoralele 1924 11.87-31.18 <0.0001 20.83 11.63-37.04 <0.0001

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

allele, heterozygote or homozygote of minor allele.

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

Univariate Multivariate
QOdds 95%ClI p value Odds 95%Cl p value
ratio ratio
Gender: female Eaeney 0.56-1.16 0.253 - 086 0.55-1.35 0.508
Age 0.97 0.95-0.99 0.0003 0.99 0.96-1.01 © 0.199
: s 1.00 1.00-1.00 0.337 1.00 1.00-1.01 , 0.108
1.00 1.00-1.00 0.273 1.00 1.00-1.00 0.797
i Aote <0.0001 113 1.08-1.19 <0.0001
2.64 1.65-4.22 <0.0001 1.87 1.07-3.28 0.029
 HCV-RNA:<600,000 1U/ml 249 = 155398 0.0001 275 ' - 155-4.90 0.001
ISDR mutation: 2< 3.78 2.14-6.68 <0.0001 2.1 1.06-4.18 0.033
<. Core70(Arg) el 4008 0.012 - 0.84 0.52-1.35 - 0470
Core 91 (Leu) 128 0.88-1.85 0.185 1.26 0.81-1.96 ©0.300
IL28B:Majorallele - 621 3751031 <0.0001 7.41 4.05-13.57 - <0.0001'

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

major allele.

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

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

The SVR rate in patients having the IL28B minor allele was 14%
in the present study while it was 23% in Caucasians and 9% in
African Americans in a study by McCarthy et al. [33]. On the other
hand, the SVR rate in patients having the [L28B minor allele was
28% in genotypes 1/4 compared to 80% in genotypes 2/3 in a
study by Rauch et al. [9]. These data imply that the impact of
the I128B polymorphism on response to therapy may be different
in terms of race, geographical areas, or HCV genotypes, and that
our data need to be validated in future studies including different
populations and geographical areas before generalization. '
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Table 4. Factors associated with IL28B genotype.
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IL28B major allele IL28B minor allele p value
n =345 n=151
Gender: male 166 (48%) - B4(56%)
Age (years) 57 £ 10 57+ 10
ALT (IUL) 79+ 60 78462
Platelets (10°/L) 153 + 54 155 £ 52
GGT (lUL) 51+45 78+ 91
Fibrosis: F3-4 76 (22%) 45 (30%)
. Steatosis: , ’ : 2 SR
>10% " 16/88 (18%) 13023 (57%)
- >30% . 6B 6123 (26%)
HCV-RNA: >600,000 1U/ml 284 (82%) 125 (83%) /

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase.

Four GWAS studies have shown the association between a
genetic polymorphism near the [[28B gene and response to
PEG-IFN plus RBV therapy. The SNPs that showed significant
association with response were rs12979860 [8] and rs8099917
[6,7,9]. There is a strong linkage-disequilibrium (LD) between
these two SNPs as well as several other SNPs near the [L28B gene
in Japanese patients [34] but the degree of LD was weaker in Cau-
casians and Hispanics [8]. Thus, the combination of SNPs is not
useful for predicﬁng response in Japanese patients but may
improve the predictive value in patients other than Japanese
who have weaker LD between SNPs.

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

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

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

To our surprise, these HCV sequences were associated with
the IL28B genotype: HCV sequences with an IFN resistant pheno-
type were more prevalent in patients with the minor IL28B allele
than those with the major allele. This was an unexpected finding,
as we initially thought that host genetics and viral sequences
were completely independent. A recent study reported that the
1128B polymorphism (rs12979860) was significantly associated
with HCV genotype: the IL28B minor allele was more frequent
in HCV genotype 1-infected patients compared to patients
infected with HCV genotype 2 or 3 [33]. Again, patients with
the IL28B minor allele (IFN resistant genotype) were infected with
HCV sequences that arelinked to an IFN resistant phenotype. The
mechanism for this association is unclear, but may be related to
an interaction between the IL28B genotype and HCV sequences in
the development of chronic HCV infection as discussed by McCar-
thy et al,, since the IL28B polymorphism was associated with the
natural clearance of HCV [44]. Alternatively, the HCV sequence
within the patient may be selected during the course of chronic
infection [45,46]. These hypotheses should be explored through
prospective studies of spontaneous HCV clearance or by testing
the time-dependent changes in the HCV sequence during the
course of chronic infection.

How these host and viral factors can be integrated to predict
the response to therapy in future clinical practice is an important
question. Because various host and viral factors interact in the
same patient, predictive analysis should consider these factors
in combination. Using the data mining analysis, we constructed
a simple decision tree model for the pre-treatment prediction
of SVR and NVR to PEG-IFN/RBV therapy. The classification of
patients based on the genetic polymorphism of IL28B, mutation
in the ISDR, serum levels of HCV-RNA, and platelet counts, iden-
tified subgroups of patients who have the lowest probabilities of
NVR (0%) with the highest probabilities of SVR (90%) as well as
those who have the highest probabilities of NVR (84%) with the
lowest probability of SVR (7%). The reproducibility of the model
was confirmed by the independent validation based on a second
group of patients. Using this model, we can rapidly develop an
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Fig. 5. -Decision tree for the prediction of response to therapy. The boxes indicate the factors used for splitting. Pie charts indicate the rate of response for each group of
patients after splitting. The rate of null virological response, relapse, and sustained virological response is shown.

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

[26]. The top factor selected as significant was the grade of stea-
tosis, followed by serum level of LDL cholesterol, age, GGT, and
blood sugar. The mechanism of association between these factors
and treatment response was not clear at that time. To our inter-
est, a recent study by Li et al. [47] has shown that high serum
level of LDL cholesterol was linked to the IL28B major allele (CC
in rs12979860). High serum level of LDL cholesterol was associ-
ated with SVR but it was no longer significant when analyzed
together with the IL28B genotype in multivariate analysis. Thus,
the association between treatment response and LDL cholesterol
levels may reflect the underlining link of LDL cholesterol levels to
IL28B genotype. Steatosis is reported to be correlated with low
lipid levels [48] which suggest that IL28B genotypes may be also
associated with steatosis. In fact, there were significant correla-
tions between the IL28B genotype and the presence of steatosis
in the present study (Table 4). In addition, the serum level of
GGT, another predictive factor in our previous study, was signif-
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Fig. 6. Validation of the CART analysis. Each patient in the validation group was
allocated to one of the six subgroups by following the flow-chart form of the
decision tree. The rate of (A) sustained virological response (SVR) and (B) null
virological response (NVR) in each subgroup was calculated and plotted. The X-
axis represents the rate of SVR or NVR in the model building patients and the Y-
axis represents those in the validation patients. The rate of SVR and NVR in each
subgroup of patients is closely correlated between the model building and the
validation patients (correlation coefficient: r? = 0.98-0.99).

icantly associated with IL28B genotype in the present study
(Table 4). The serum level of GGT was significantly associated
with NVR when examined independently but was no longer sig-
nificant when analyzed together with the IL28B genotype. These
observations indicate that some of the factors that we have pre-
viously identified may be associated with virological response to
therapy through the underlining link to the IL28B genotype.

In conclusion, the present study highlighted the impact of the
1128B polymorphism and mutation in the ISDR on the pre-treat-
ment prediction of response to PEG-IFN/RBV therapy. A decision
model including these host and viral factors has the potential to

JOURNAL OF HEPATOLOGY

support selection of the optimum treatment strategy for individ- -

ual patients, which may enable personalized treatment.
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Abstract

Background This study aimed to develop a model for the
pre-treatment prediction of sustained virological response
(SVR) to peg-interferon plus ribavirin therapy in chronic
hepatitis C.

Methods Data from 800 genotype 1b chronic hepatitis C
patients with high viral load (>100,000 IU/ml) treated by
peg-interferon plus ribavirin at 6 hospitals in Japan were
randomly assigned to a model building (n = 506) or an

internal validation (n = 294). Data from 524 patients’

treated at 29 hospitals in Japan were used for an external
validation. Factors predictive of SVR were explored using
data mining analysis.
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Results Age (<50 years), alpha-fetoprotein (AFP) (<8
ng/mL), platelet count (>120 x 10°/1), gamma-glutamyl-
transferase (GGT) (<40 IU/), and male gender were used
to build the decision tree model, which divided patients
into 7 subgroups with variable rates of SVR ranging from
22 to 77%. The reproducibility of the model was confirmed
by the internal and external validation (** = 0.92 and 0.93,
respectively). When reconstructed into 3 groups, the rate of
SVR was 75% for the high probability group, 44% for the
intermediate probability group and 23% for the low prob-
ability group. Poor adherence to drugs lowered the rate of
SVR in the low probability group, but not in the high
probability group.
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Conclusions A decision tree model that includes age,
gender, AFP, platelet counts, and GGT is useful for pre-
dicting the probability of response to therapy with peg-
interferon plus ribavirin and has the potential to support
clinical decisions regarding the selection of patients for
therapy.

Keywords Data mining - Decision tree -
Alpha-fetoprotein - HCV - Peg-interferon

Introduction

- The current standard therapy for genotype 1 chronic hep-
atitis C is 48 weeks of pegylated interferon (PEG-IFN) plus
ribavirin (RBV) [1]. Sustained vfrological response (SVR),
defined as undetectable HCVRNA post-treatment is
regarded as a cure of chronic hepatitis C. However, the rate
of SVR to this regimen is only 50% in patients with HCV
genotype 1b and a high HCVRNA titer [2, 3]. Since PEG-
IFN and RBV combination therapy is costly and accom-
panied by potential adverse effects, the ability to predict
the possibility of SVR before therapy may significantly
influence the selection of patients for therapy. A recent
report revealed that single nucleotide polymorphisms
located in the IL28B are strongly associated with a
response to PEG-IFN plus RBV therapy [4-6]. Besides, the
amino acid substitutions in the NS5A [7-9] or core region
of HCV were also associated with response to therapy [10,
11]. Unfortunately, these host genetic and viral factors are
not yet readily available for general application in actual
clinical practice. Fibrosis of the liver is also an important
predictor of response, but resources may be limited in some
countries. Clinical and non-invasive parameters may be
better suited for general practice, but there is no established
means by which the likelihood of a response can be pre-
dicted prior to therapy.

Data mining is a method of predictive analysis that
explores data, without setting the hypothesis, to discover

" hidden patterns and relationships in highly complex data-
sets and enables the development of predictive models.
Decision tree analysis is a core component of data mining
and predictive modeling [12], and it is utilized by decision
makers in various fields of business. Recent publications on
decision tree analysis indicate its usefulness for defining
prognostic factors in various diseases such as prostate
cancer [13], diabetes [14], melanoma [15, 16], colorectal
carcinoma [17, 18], and liver failure [19]. The results of the
analysis are presented as a tree structure, which is intuitive
and facilitates the allocation of patients into subgroups by
following the flow chart form [20]. We have recently
reported the usefulness of decision tree analysis for the
prediction of early virological response (undetectable
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HCVRNA within 12 weeks of therapy) to PEG-IFN and
RBV combination therapy in chronic hepatitis C [21].

In the present study, we used decision tree analysis to
explore baseline predictors of response to PEG-IFN/RBV
therapy so that a pre-treatment algorithm could be created
to discriminate chronic hepatitis C patients who are likely
to respond to PEG-IFN/RBYV therapy from those who are
not. For the purpose of use in general practice, only clinical
and non-invasive parameters were included in the analysis.

Materials and methods
Patients

This was a multicenter retrospective cohort study sup-
ported by the Japanese Ministry of Health, Labor and
Welfare. Data were collected from a total of 800 chronic
hepatitis C patients who received therapy for 48 weeks
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 Uni-
versity, and their related hospitals. The inclusion criteria to
be enrolled in this study were as follows (1) infection by
genotype 1b, (2) HCVRNA higher than 100,000 IU/ml by -
quantitative PCR (Cobas Amplicor HCV Monitor v 2.0,
Roche Diagnostic systems, CA), which is typically used for
the definition of high viral load in Japan, (3) lack of co-
infection with hepatitis B virus or human immunodefi-
ciency virus, (4) lack of other causes of liver disease such
as autoimmune hepatitis and primary biliary cirrhosis and
(5) completion of at least 12 weeks of therapy. Patients
received PEG-IFN alpha-2b (1.5 pg/kg) subcutaneously
every week and were administered a weight-adjusted dose
of RBV (600 mg for <60 kg, 800 mg for 60-80 kg, and
1,000 mg for >80 kg), which is the recommended dosage
in Japan. Patients who were treated for more than 49 weeks
were not included in the study. For the analysis, patients
were randomly assigned to either the model building
(n = 506) or the internal validation (n = 295) group.
Consent was obtained from each patient. The study pro-
tocol conformed to the ethical guidelines of the Declaration
of Helsinki and was approved by the institutional review
committee. The baseline characteristics and representative
laboratory test results are listed in Table 1. The overall rate
of SVR was 47% in the model building set and 49% in the
validation set. There were no significant differences in the
clinical backgrounds between these 2 groups.

For external validation of the model, we collaborated
with another study group supported by the Japanese Min-
istry of Health, Labor and Welfare. This multicenter study

- group consisted of 29 medical centers and hospitals
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Table I Comparison of pre-treatment factors between model build-
ing and internal validation patients

Model Validation

(n = 506) (n = 295)
Age (years) 56 (14-75) 55 (18-74)
Male gender® 261/506 (52%) 160/295 (54%)

Body mass index
(kg/m’)

22,9 (14.3-34.0) 23.2 (16.1-33.8)

Albumin (g/dl) 4 (2.7-5.0) 4 (2.8-4.9)
Creatinine (mg/dl) 0.7 (0.4-1.5) 0.7 (0.4-1.1)
AST (UM 60 (11-370) 62 (11-240)
ALT (IU/1) 73 (11-413) 73 (14-390)
GGT (1UNn) 56 (10-328) 55 (7-409)
Total cholesterol 173 (73-297) 171 (29-273)
(mg/dl)
Triglyceride 105 (33-474) 109 (32-372)
(mg/dl)

White blood cell count 4,745 (1,800-10,900) 4,823 (1,200-9,700)
(gny)

Neutrophil count
(ul)

Red blood cell
count (/ul)

Hemoglobin (g/dl)

Hematocrit (%)

Platelets (10°/1)

2,563 (667-1,870) 2,484 (508-7,579)

448 (313-577) 451 (313-574)

14.1 (9.4-18.3)
41.7 (13.3-53.7)
164 (52-380)

14.1 (10.0-18.0)
41.9 (15.5-52.7)
158 (43-312)

AFP (ng/ml) 14.7 (0.9-680) 13 (0.8-323)
HCVRNA 1,852 (100-5,100) 1,870 (100-5,100)
(10° TU/ml)

Fibrosis stage: F3—4 731417 (18%) 48/247 (19%)

Data expressed as median (range) unless otherwise indicated

AST aspartate aminotransferase, ALT alanine aminotransferase,
GGT gamma-glutamyltransferase, AFP alpha-fetoprotein

? Data expressed as number/available data (percentage)

belonging to the National Hospital Organization. A dataset
collected from 524 patients who were treated with PEG-
IFN alpha-2b/RBV was used as an external validation
dataset, i.e., completely independent from the dataset that
was used for model building.

Laboratory tests

Blood samples were obtained before therapy and at least
once every month during therapy, and were used for
hematologic tests, blood chemistry analysis and determi-
nation of HCV RNA. Pretreatment levels of HCV RNA were
quantified by Cobas Amplicor (Roche Diagnostic Systems,
Pleasanton, CA). SVR was defined as undetectable HCV
RNA at week 24 after completion of therapy, as determined
by qualitative PCR with a lower end detection limit of
50 [U/ml (Amplicor, Roche Diagnostic Systems). Liver
biopsy was available in 664 patients. Fibrosis and activity

were scored according to the METAVIR scoring system
[22]. Fibrosis was staged on a scale of 0—4: FO (no fibrosis),
F1 (mild fibrosis: portal fibrosis without septa), F2 (mod-
erate fibrosis: few septa), F3 (severe fibrosis: numerous
septa without cirrhosis) and F4 (cirrhosis). Activity of
necroinflammation was graded on a scale of 0-3: A0 (no
activity), Al (mild activity), A2 (moderate activity) and A3
(severe activity). ‘

Statistical analysis

A database of pretreatment variables was created contain-
ing 6 variables from hematological tests (red blood cells,
hemoglobin, hematocrit, white blood cells, neutrocytes and
platelets), 8 variables from the blood chemistry test [cre-
atinine, albumin, aspartate aminotransferase, alanine ami-
notransferase, gamma-glutamyltransferase (GGT), total
cholesterol, triglyceride and alpha-fetoprotein (AFP)],
serum level of HCV RNA and 3 variables for patient
characteristics (age, gender and body mass index). Based
on this database, the recursive partitioning analysis algo-
rithm referred to as decision tree analysis was implemented
to define meaningful subgroups of patients with respect to
the possibility of achieving SVR. .

Decision tree analysis is a family of nonparametric
regression methods. Software is used to automatically
explore the data to search for optimal split variables and to
build a decision tree structure [23]. For the analysis, the
entire study population was evaluated to determine which
variables and cutoff points yielded the most significant
division into 2 prognostic subgroups that were as homoge-
neous as possible for the probability of SVR. Thereafter, the
same analytic process was applied to all newly defined
subgroups. A restriction was imposed on the tree construc-
tion such that the procedure stopped when either no addi-
tional significant variable was detected or when the sample

. size was below 20. For this analysis, the data mining soft-

ware IBM SPSS Modeler 13 (IBM SPSS Inc., Chicago, IL)
was utilized. SPSS software v.15.0 (SPSS Inc., Chicago, IL)
was used for multivariate logistic regression analysis.

Results
Decision tree analysis

Decision tree analysis was carried out on the model building
dataset from 506 patients using 18 variables. Figure 1 shows
the results. The analysis automatically selected 5 predictive
variables to produce a total of 7 subgroups of patients. Age
was selected as the variable of initial split with an optimal
cutoff of 50 years. The possibility of achieving SVR was
41% for patients older than 50 compared to 70% for patients
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Fig. 1 Decision tree analysis. Boxes indicate the factors for splitting
and the cutoff value for the split. Pie charts indicate the rate of SVR
for each group. Terminal subgroups of patients discriminated by the

younger than 50. Among patients younger than 50, the level
of serum AFP, with an optimal cutoff of 8 ng/ml, was
selected as the variable of second split. Patients with lower
AFP levels had a higher probability of SVR (77 vs. 44%).
Among older patients, platelet count was selected as the
second variable of split, with an optimal cutoff of
120 x 10%1. Patients with higher platelet counts had a
higher probability of SVR (47 vs. 22%). Among patients
with platelet counts higher than 120 x 10%1, GGT was
selected as the third variable of split with an optimal cutoff
of 40 IU/L. Patients with a lower GGT level had a higher
probability of SVR (57 vs. 34%). Gender was selected as the
fourth variable of split, with male gender being a predictor of
a higher SVR probability (72 vs. 46% in patients with GGT
levels <40 IU/1 and 43 vs. 24% in those with GGT >40 IU/).
HCVRNA load was included in the analysis but was not
selected as a significant variable.

The probabilities of SVR for the 7 subgroups derived by
this process were highly variable. The subgroup of young
patients (<50 years) with low serum AFP (<8 ng/ml)
(subgroup 1) or the subgroup of older (=50 years) male
patients with high platelet counts (>120 x 10°/1) and low
serum GGT (<40 IU/) (subgroup 2) showed the highest
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Subgroup 3

41%

47%

240 U/
n=130 -

34%

46%

analysis are numbered from 1 to 7. AFP alpha-fetoprotein, GGT
gamma-glutamyltransferase

probability of SVR (72 and 77%), while the subgroup of
older (=50 years) patients with low platelet counts

(<120 x 10°71) (subgroup 7) and older (>50 years) female

patients with high serum GGT (subgroup 6) showed the
lowest probability of SVR (22 and 24%).

Validation of the decision tree

The results of the decision tree analysis were validated with

an internal validation dataset of 295 cases, which was
independent of the model building dataset. Each patient in
the validation set was allocated to subgroups 1-7 using the
flow-chart form of the decision tree. The rates of SVR were
77% for subgroup 1, 71% for subgroup 2, 55% for sub-
group 3, 44% for subgroup 4, 41% for subgroup 5, 17% for
subgroup 6, and 30% for subgroup 7. The rates of SVR for
each subgroup of patients were closely correlated between
the model building dataset and the internal validation
dataset (> = 0.925) (Fig. 2a).

To further confirm the universality of the results, data
collected from 524 patients by a collaborating study group
were used for external validation. Thus, the dataset used for
external validation was completely independent of the
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