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Fig. 1. Changes over time in virological response rates were con-
firmed in patients treated with PEG-IFN plus RBV, and the time
courses were analyzed after separating the patients infected with
genotypes 2a and 2b. Patients with the IL28B major (TT allele) are
indicated in the figure by a continuous line and those with IL28B hetero
or minor (TG or GG), by a dotted line. IL28B-TG and -GG patients
showed significantly lower rates of rapid and sustained virological
response, compared to IL28B-TT patients. P-values were two-tailed
and those of leas than 0.05 were considered to be statistically signifi-
cant. *P < 0.01,

Among the eight patients who withdrew from both
drugs, four, including one who stopped at week 7, had
achieved a sustained virological response. Among four
patients who withdrew from RBV alone, three had
achieved a sustained virological response. The events
leading to drug withdrawal were HCC treatment
(n = 2), general fatigue (n = 2), retinopathy, neuro-psy-
chiatric event, severe dermatological symptoms sugges-
tive of the drug-induced hypersensitivity syndrome, and
arrhythmia,

DISCUSSION

Recent studies suggest that genetic variations in
IL.28B are strongly associated with response to therapy
of chronic HCV infection with genotype 1 [Ge et al., 2009;
Suppiah et al., 2009; Tanaka et al.,, 2009] and with
spontaneous HCV clearance [Thomas et al., 2009]. In
this study, univariate analyses showed that the sus-
tained virological response was correlated significantly
with IL28B polymorphism (rs8099917) as well as age,
adherence to RBV and rapid virological response, and
multiple logistic-regression analysis showed that only a
rapid virological response was associated with a sus-
tained virological response in all patients infected
with genotype 2 (Table V). Although the IL28B
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polymorphisms are not so useful for predicting the
clinical outcomes of PEG-IFN plus RBV combination
therapy among patients with genotype 2, compared to
genotype 1, IL28B polymorphism was predictive of PEG-
IFN plus RBV treatment outcomes among patients with
genotype 2 and, more remarkably, among patients with
genotype 2b in this study. Indeed, both rapid and sus-
tained virological response rates according to the
rs8099917 genotypes were different significantly in
patients with genotype 2b but not in patients with gen-
otype 2a. Furthermore, in the plot of virological response
(Fig. 1), a stronger effect of the IL28B allele was
observed in patients with genotype 2b than with geno-
type 2a.

It has been reported that there was no significant
association between genetic variation in IL28B and
response to therapy of HCV patients infected with gen-
otype 2 or 3, indicating that the prognostic value of the
risk allele for treatment response might be limited
to individuals with difficult-to-treat HCV genotypes
[Rauch et al., 2010]. This report lacks details of the
distribution of the various genotypes. The present study
agrees with a more recent report that the IL28B poly-
morphism was associated with a sustained virological
response in patients with chronic HCV infection with
genotype 2 or 8 who did not achieve a rapid virclogical
response [Mangia et al., 2010]. In Japan, the percentage
of HCV infection with genotype 1b is 70%, genotype 2a is
20% and genotype 2b is 10%, whilst other genotypes are
observed only rarely. In this study, the association of
IL.28B polymorphism with response to therapy was ana-
lyzed in more detail, considering the subtypes 2a and 2b,
and IL28B polymorphism (rs8099917) found to be linked
more closely to the virological response of patients
infected with genotype 2b than those with genotype
2a. A recent in vitro study, which constructed several
chimeric virus clones between HCV-2b and HCV-JFH1
(2a), also supported subgenotypic differences between
genotype 2a and 2b {Suda et al., 2010]. The authors
speculated that the prognostic value of the risk allele
for treatment response might be more pronounced in
individuals with difficult-to-treat HCV subgenotypes,
such as patients infected with genotype 2b, compared
with 2a. In addition, the prevalence of the IL.28B minor
allele is much higher in Caucasians and African Amer-
icans than in eastern Asian populations {Thomas et al.,
2009], which suggest that the effects of IL28B polymor-
phism could be more pronounced in non-Asian popu-
lations. In the present results, however, the sustained
virological response rate of patients infected with gen-
otype 2b was higher than that of patients with genotype
2a overall. We speculate that, among patients infected
with genotype 2b, only those with the IL28B minor
variant might be treatment-refractory. That possibility
might be validated further by a larger cohort study with
genotype 2b.

The sustained virological response rates decreased
significantly with failure of adherence to RBV
(Table III), which was extracted as a factor associated
with sustained virological response by univariate
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analysis (Table IV). Regardless of the drug adherence,
end of treatment response rates of patients infected with
genotype 2 were around 94-99%, but the sustained
virological response rates of the patients who received
a total cumulative treatment dose of RBV of <80% was
reduced significantly. As reported previously, increased
RBV exposure during the treatment phase was associ-
ated with an increased likelihood of a sustained virolog-
ical response [McHutchison et al, 2009] and these
results confirm the importance of RBV in order to
prevent relapse. Furthermore, host genetic variation
leading to inosine triphosphatase (ITPA) deficiency pro-
tects against hemolytic anemia in chronic hepatitis C
patients receiving RBV as revealed recently [Fellay
et al.,, 2010]. We have reported also that the ITPA
SNP, rs1127354, is confirmed to be a useful predictor
of RBV-induced anemia in Japanese patients and that
the incidence of early dose reduction was significantly
higher in patients with ITPA-mgjor (CC) variant as
expected and, more importantly, that a significant
higher sustained virological response rate was achieved
in patients with the ITPA-hetero/minor (CA/AA) variant
with non-genotype 1 or low viral loads [Sakamoto et al.,
2010].

A rapid virological response was extracted in this
study as a factor associated with sustained virological
responge only by multivariate analysis. It has heen
reported recently that a rapid virological response is
an important treatment predictor and that drug adher-
ence, which is reported to affect the therapeutic efficacy
in patients infected with genotype 1, had no impact on
the both sustained and rapid virological responses in
combination therapy for patients infected with genotype
2 [Inoue et al., 2010]. The reasons why several host
factors useful for predicting the response to therapy
in patients with genotype 1, such as gender, age, pro-
gression of liver fibrosis and IL28B polymorphism had
no influence on the efficacy in patients with genotype 2,
can be attributed to IFN-sensitive genotypes. Similarly,
the other viral factors useful for predicting the response
to therapy, such as viral load and amino acid substi-
tutions in the Core and NS5A regions had no influence
on treatment outcomes. In this study, patients who
achieved a rapid virological response had a high sus-
tained virological response rate, regardless of IL28B
polymorphism in patients with genotype 2a but, inter-
estingly, none of the IL28B-TG and -GG patients with
genotype 2b achieved a sustained virological response
(although there were nine IL28B-TG and -GG patients
with genotype 2b, two could not be determined as rapid
virological response because the times at which they
became HCV-negative were not recorded clearly, being
described as 4-8 weeks.) These results also suggest that
patients with both genotype 2b and IL28B minor allele
are refractory cases.

IL28B encodes a protein also known as IFN-A3
[O'Brien, 2009]. IL28A (IFN-A2) and IL29 (IFN-\1)
are found adjacent to IL28B on chromosome 19. These
three IFN-)\ cytokines, discovered in 2003 by two inde-
pendent groups [Kotenko et al., 2003; Sheppard et al.,
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2003] have been suggested to be involved in the sup-
pression of replication of a number of viruses, including
HCV [Robek et al., 2005; Marcello et al., 2006; Tanaka
et al., 2010]. Humans have these three genes for IFN-),
and this group of cytokines is now collectively referred to
as type III IFN [Zhou et al., 2007]. IFN-\ functionally
resembles type I IFN, inducing antiviral protection in
vitro [Kotenko et al., 2003; Sheppard et al., 2003] as well
as in vivo [Ank et al., 2006]. Type III IFN utilizes a
receptor complex different from that of type I IFN,
but both types of IFN induce STAT1, STAT2, and STAT3
activation by activation of a highly overlapping set of
transcription factors, and the two types of IFN seem to
have similar biological effects at a cellular level. Some in
vitro studies have suggested that IFN-o induces expres-
sion of IFN-\ genes [Siren et al., 2005). Other in vitro
studies also suggest that IFN-\ inhibits hepatitis C
virus replication through a pattern of signal transduec-
tion and regulation of interferon-stimulated genes that
is distinet from IFN-o and that the anti-HCV activity of
either IFN-a or IFN-\ is enhanced by a low dose of the
other [Marcello et al., 2006). A novel mechanism of the
interaction between IFN-a and IFN-\ may play a key
role in the suppression of HCV [O’Brien, 2009].

In conclusion, IL28B polymorphism is predictive of
PEG-IFN plus RBV treatment outcomes in patients
infected with genotype 2, and more remarkably with
genotype 2b. These results suggest that IL-28B poly-
morphism affects responses to IFN-based treatment in
more difficult-to-treat subpopulations of HCV patients,
and that intersubgenotypic differences between geno-
type 2a and 2b are revealed by responses to PEG-IFN
plus RBV treatment according to IL28B variants.
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Sequences in the Interferon Sensitivity-Determining
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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. Substitutions in ISDR (odds ratio =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 ISDR {0-1) but was 83% in
selected subgroups of younger patients (<60
years), wild-type sequence at Core70, and higher
level of low-density lipoprotein cholesterol
(LDL-C) (>120 mg/dl). Reproducibility of the
model was validated (r? = 0.94, P < 0.001). In
conclusion, substitutions in ISDR and Core70 of
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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.
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INTRODUCTION

The combination of pegylated-interferon (PEG-IFN)
plus ribavirin (RBV) is currently the most effective
therapy for chronic hepatitis C, but the rate of sustained
virological response after 48 weeks of therapy is about
50% in patients with HCV genotype 1b and a high HCV
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RNA titer [Manns et al., 2001; Fried et al., 2002]. The
most reliable means to predict sustained virological
response is to monitor the viral response during the
early weeks of treatment. The early virological response,
defined as undetectable HCV RNA at week 12, is associ-
ated with a high rate of sustained virological response
[Davis et al., 2003; Lee and Ferenci, 2008]). The rapid
virological response, defined as undetectable HCV RNA
at week 4 of therapy, is even more predictive of sustained
virological response than the early virological response
[Jensen et al., 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
asthe 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., 20071, and liver failure [Baquerizo
et al., 20038]. The major advantage of decision-tree
analysis over logistic regression analysis is that the
results of analysis are easy to understand. The simple
allocation of patients into subgroups by following the
flowchart form could define the predicted possibility of
outcome [LeBlane and Crowley, 1995].

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

MATERIALS AND METHODS
Patients

This multicenter retrospective cohort study included
505 chronic hepatitis C patients who were treated with
PEG-IFN alpha-2b and RBV at Musashino Red Cross
Hospital, Toranomon Hospital, Tokyo Medical and
Dental University, Osaka University, Nagoya City
University Graduate School of Medical Sciences,
Yamanashi University, Osaka City University, and their
related hospitals. The inclusion criteria were: (1) geno-
type 1b, (2) HCV RNA titer higher than 100 kIU/ml by
quantitative PCR (Cobas Amplicor HCV Meonitor v 2.0,
Roche Diagnostic Systems, Pleasanton, CA), (3) no co-
infection with hepatitis B virus or human immunodefi-
ciency virus, (4) no other causes of liver disease, (5)
patients havingundergone liver 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 png/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-
jonine was defined as the mutant type, as described
previously [Akuta et al., 2005]. Fibrosis and activity
were scored according to the METAVIR scoring system
[Bedossa and Poynard, 1996]. Fibrosis was staged on a
scale of 0—4: F0 (no fibrosis), F1 (mild fibrosis), F'2 (mod-
erate fibrosis), F3 (severe fibrosis), and F4 (cirrhosis).
Activity of necroinflammation was graded on a scale of
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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(0.8) 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 QU/L) 78.7 (58.6) 74.5 (67.5) 0.68
GGT dU/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 (10° 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-lipoprotein-cholesterol; ISDR, interferon sensitivity-determining region.

Data expressed as mean (SD).

0-3: AO (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. Boxes indicate the factors used for splitting and the cutoff value for the split.
Pie charts indicate the rate of sustained virological response for each group of patients after splitting.
Terminal subgroups of patients discriminated by the analysis are numbered from 1 to 7. The rate of
sustained virological response was >80% in subgroups 1 and 2, 64% in subgroup 3, and 31-36% in
subgroups 4, 5, and 6. LDL-C represents low-density lipoprotein cholesterol and Core70 represents amino
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acid substitution at position 70 of the core region.

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

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

Validation of the Decision-Tree Model

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

J. Med. Virol. 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. 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-
irzxg gati)set and the validation dataset (correlation coefficient:
r“ = 0.94).
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Fig. 3. Comparison of sustained virological response rates between
groups divided by the decision tree. The rate of sustained virological
response was compared between three groups of patients as divided by
the decision-tree analysis. Black, gray, and white boxes indicate the
low-probability group (subgroup 4, 5, and 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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450

100%

Kurosaki et al.

GO o i T s e . e

80%

[11 R SUS—

Rate of SVR (%)

40% - -

30% { -

20%

10% |-

0%

High Intermediate Low

PEGIFN280%
& RBV280%

High Intermediate Low

PEGIFN<80%
or RBV<80%

High Intermediate Low

PEGIFN<80%
& RBV<80%

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 hlgh—probabl.hty groups, respectively) were further
stratified according to cumulative drug exposure to PEG-IFN and RB

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
Sex Male vs. female 3.36 1.87-5.99 <0.0001
GGT (dU/L) <40 vs. >40 2.65 1.454.85 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



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.

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
deRuedaetal., 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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Abstract

Background  Although histopathological examination by
“invasive” liver biopsy remains the gold standard for
evaluating disease progression in chronic liver disease,
noninvasive tools have appeared and have led to great
progress in diagnosing the stage of hepatic fibrosis. The
aim of this study was to assess the value of real-time tissue
elastography, using an instrument made in Japan, for the
visible measurement of liver elasticity; in particular,
comparing the results with those of transient elastography
(Fibroscan).

Methods Real-time tissue elastography (RTE), transient
elastography (Fibroscan), liver biopsy, and routine labo-
ratory analyses were performed in 101 patients with
chronic hepatitis C. The values for tissue elasticity
obtained using novel software (Elasto_ver 1.5.1) connected
to RTE were transferred to four image features, Mean,
Standard Deviation (SD), Area, and Complexity. Their
association with the stage of fibrosis at biopsy and with
liver stiffness (kPa) obtained by Fibroscan was analyzed.

Results Colored images obtained by RTE were classified
into diffuse soft, intermediate, and patchy hard patterns and
the calculated elasticity differed significantly between
patients according to and correlated with the stages of
fibrosis (p < 0.0001). Mean, SD, Area, and Complexity
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showed significant differences between the stages of fibrosis
(Tukey—Kramer test, p < 0.05). In discriminating patients
with cirrhosis, the areas under the receiver operating char-
acteristic curves (AUC) were 0.91 for Mean, 0.84 for SD,
0.91 for Area, 0.93 for Complexity, and 0.95 for Fibroscan.
Conclusions RTE is a noninvasive instrument for the
colored visualization of liver elasticity in patients with
chronic liver disease.

Keywords Liver fibrosis - Transient elastography -
Ultrasound - Liver biopsy

Introduction

Hepatitis C virus (HCV) infects approximately 170 million
individuals worldwide, according to a report from the World
Health Organization [1]. Chronic liver damage attributable
to HCV infection results in hepatic fibrosis, which is char-
acterized by an unusual accumulation of extracellular matrix
materials produced by fibroblast-like cells including stellate
cells in the hepatic parenchyma. Hepatic fibrosis progresses
towards cirrhosis, an end-stage liver injury, leading to
hepatic failure, hepatocellular carcinoma, and finally death.
Thus, precise evaluation of the stage of chronic hepatitis C
with respect to fibrosis has become an important issue to
prevent the occurrence of cirrhosis and to initiate appropriate
therapeutic intervention such as viral eradication using
pegylated interferon (PEG-IFN) plus ribavirin [2].
Although liver biopsy is acknowledged as the gold stan-
dard for staging disease progression, there are some limita-
tions, including its invasiveness, risk of complications,
sampling error, variability in histopathological interpreta-
tion, and the reluctance of patients to submit to repeated
examinations [3]. Because of these disadvantages, there is a
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growing shift in clinical practice to utilize or develop ‘non-
invasive’ methodologies to reflect the stage of liver fibrosis.

Several noninvasive approaches have appeared, such as
serum fibrosis markers, transient elastography (Fibroscan®;
Echosens SA, Paris, France), and real-time tissue elasto-
graphy (RTE). Serum fibrosis markers include direct tests,
such as hyaluronic acid and type IV collagen, and indirect
approaches, which detect alterations in hepatic function but
do not directly reflect hepatic extracellular matrix metab-
olism; these include platelet counts, coagulation studies,
and hepatic transaminases, or their combinations in indices/
scores, such as the aspartate aminotransferase-to-platelet
ratio index (APRI) [4, 5].

Transient elastography, which has been developed for
the measurement of liver stiffness, is considered to reflect
more directly than other means the fibrotic evolution of
chronic liver trauma [6—10]. In 2005, Castera et al. and Ziol
et al. reported that liver stiffness measurements could be
useful in assessing the presence of significant fibrosis
(F2—4) and in suggesting the presence of cirrhosis in
cohorts of patients with chronic hepatitis C; the areas under
the receiver operating characteristic curves (AUCs) ranged
from 0.79 to 0.83 for the prediction of F2—4 and were over
0.95 for the identification of cirrhosis [11, 12]. Friedrich-
Rust et al. [13] assessed the overall performance of tran-
sient elastography for the diagnosis of liver fibrosis by a
meta-analysis which included fifty articles; the mean AUCs
for the diagnosis of significant fibrosis, severe fibrosis, and
cirrhosis were 0.84, 0.89, and 0.94, respectively. The lim-
itations of this method have also been discussed; intraob-
server agreement is influenced by variables such as body
mass index (BMI, particularly when >28), hepatic steato-
sis, and flares of transaminases [11-14].

RTE is a method developed in Japan for the visual
assessment of tissue elasticity integrated in a sonography
machine, based on a Combined Autocorrelation Method
that calculates the relative hardness of tissue rapidly from
the degree of tissue distortion and which displays this
information as a color image. The distortion of tissue is
color-coded according to its magnitude and superimposed
translucently on a conventional B-mode image. This
simultaneous display enables us to evaluate the anatomical
correspondence between tissue elasticity and B-mode
images. The RTE image is constructed by the amount of
displacement of the reflected ultrasound echoes under
compression. Ultrasound elastography does not demon-
strate physical elasticity directly, but shows the relative
degree of tissue strain when subtle compression is applied.
In hard tissue, the amount of displacement of the reflected
ultrasound echoes is low, whereas in soft tissue, the amount
of displacement is higher because soft tissue can be com-
pressed more than hard tissue [15, 16]. This technology has
already been proved to be diagnostically valuable in

detecting space-occupying lesions in the breast, prostate,
and pancreas [17-20]. Friedrich-Rust et al. [21] attempted
to determine the elasticity of liver tissue in 79 patients with
chronic viral hepatitis. They developed an elasticity score
from the color-coded bit-map image produced by the
computer program Mathlab version 6 (Math Works,
Natick, MA, US). However, the diagnostic accuracy of this
semi-quantitative assessment for the prediction of signifi-
cant fibrosis (METAVIR scoring system >F2), severe
fibrosis (>F3), and cirrhosis (F4) was not satisfactory; the
AUCs were 0.75, 0.73, and 0.69, respectively [21].

We report here an updated RTE system as a tool for the
noninvasive assessment of liver stiffness in patients with
chronic hepatitis C. In this new system, all pixel data in the
colored image were transformed into a histogram and a
binary image for more accurate quantification, using an
exclusive software program.

Methods
Patients

Ten healthy adult volunteers with no evident liver disease
were recruited after giving their oral informed consent. One
hundred and one patients with chronic hepatitis C, whose
disease was defined by the presence of serum anti-hepatitis
C virus (HCV) antibodies and serum HCV RNA, with
serum levels of alanine aminotransferase above the upper
limit of normal, were included in this study. Percutaneous
liver biopsy or laparoscopy was performed on the patients
within 1 week following Fibroscan and RTE analysis at the
Department of Hepatology, Osaka City University Hospi-
tal, between September 2007 and September 2009. The
study protocol accorded with the Helsinki Declaration and
was approved by the ethics committee of our institution.
Patients were enrolled and liver biopsy was performed after
informed consent was obtained.

Liver histology and quantification of liver fibrosis

Liver biopsy was carried out using a 15-gauge Tru-Cut
needle biopsy apparatus (Hakko, Tokyo, Japan). The
median length of liver samples obtained at biopsy was
18 mm (range 10-25 mm). Tissue specimens obtained by
liver biopsy were fixed immediately in 10% formalin
solution and embedded in paraffin. After cutting, sections
were stained with hematoxylin and eosin or Azan Mallory
and the stage of fibrosis and grade of inflammatory activity
in the liver were determined according to the METAVIR
scoring system [22, 23]. All biopsy specimens were
examined independently by two experienced pathologists
who were blinded to the clinical data and the measurements
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of liver stiffness. Fibrosis was staged on a 0—4 scale as
follows: FO, no fibrosis; F1, portal fibrosis without septa;
F2, portal fibrosis and few septa; F3, numerous septa
without cirrhosis; F4, cirrhosis. The chronic hepatitis
activity was graded as follows: AQ, none; Al, mild; A2,
moderate; and A3, severe.

Real-time elastography

We used ultrasonography (Hitachi EUB-8500; Hitachi
Medical, Chiba, Japan) and an EUP-L52 Linear probe
(3-7 MHz; Hitachi Medical) for real-time tissue elasto-
graphy (RTE). This system is commercially available
currently for the diagnosis of mammary neoplasms [17].
Patients were examined in a supine position with the
right arm elevated above the head, and were instructed to
hold their breath. The examination was performed on the
‘right lobe of the liver through the intercostals, because liver
biopsy and Fibroscan were also performed at the same site.
The RTE equipment displays two images simultaneously;
the RTE image showing the region of interest (ROI) as a
colored area and the conventional B-mode image (Fig. 1a).
An area was chosen where the tissue was free of large
vessels and near the biopsy point. The measurement was
fixed to a rectangle with 30 mm length x 20 mm breadth
placed 5 mm below the surface of the liver (Fig. 1a). The
color in the ROI was graded from blue to red (Fig. 1b). We
stored the RTE images as moving digital images for
2040 s. Then ten static images, captured by the observer
at random from the moving images, using AVI2JPG v6.10
converter software (Novo, Tokyo, Japan), were analyzed
using the novel software Elasto_ver 1.5.1 (which was
developed and donated by Hitachi Medical) on a personal
computer. Numerical values of pixels were from 0 to 255
(256 stepwise grading) according to color mapping from
blue (0) to red (255), and a histogram of the distribution was
generated (Fig. 1¢). The scale ranged from red for compo-
nents with the greatest strain (i.e., softest components) to
blue for those with no strain (i.e., hardest components).
Green indicated average strain in the ROI, and therefore
intact liver tissue displayed a diffuse homogeneous green
pattern. An appearance of unevenness in the color pattern
was considered to reflect a change in the liver stiffness. For
quantification, all pixel data in the colored image were
transformed into a histogram and binary image (Fig. lc, d).
Colored RTE images are usually classified into several
patterns in the diagnosis of breast disease [17]. In this
study, we evaluated liver fibrosis as three patterns: a diffuse
soft pattern, an intermediate pattern, and a patchy hard
pattern. The diffuse soft pattern was a relatively homo-
genecously spread, light-green colored image (Fig. 2a; the
corresponding histology is shown in Fig. 2d). The inter-
mediate pattern was typified by a partially mottled, dotted
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image with blue spots on a light green background
(Fig. 2b; the corresponding histology is shown in Fig. 2e).
The patchy hard pattern comprised mixed images with a
patchwork effect of light green, red, and blue (Fig. 2c; the
corresponding histology is shown in Fig, 2f).

Transient elastography

Liver stiffness was also measured by transient elastography
(Fibroscan®; Echosens SA, Paris, France). Briefly, patients
were placed on the bed in the horizontally supine position. A
probe was placed on the skin above the right intercostal
space. The velocity of shear waves, which were generated
temporarily and passed though the liver, was combined with
Young’s modulus for the automated calculation of elasticity
[9]. Ten successful acquisitions were performed on each
patient. The results that obtained ten valid measurements
with a success rate of at least 60% and an interquartile range
under 30% were considered successful. A median of 10 valid
measurements was regarded as the liver stiffness for a given
subject, and expressed in kilopascals (kPa).

APRI

The APRI was calculated as follows: aspartate amino-
transferase (/upper limit of normal) x 10/platelet count
(10%mm>).

Statistical analysis

Box plots were used to study the distribution of the RTE
values according to the stage of fibrosis. The trends were
evaluated using the Jonckheere-Terpstra test. The Tukey-
Kramer test was used to compare the data between the
groups. The diagnostic performance of RTE parameters
and transient elastography was assessed with receiver
operating characteristic (ROC) curves. The ROC curve is a
plot of the sensitivity versus 1-specificity for all possible
cutoff values. The most commonly used index of accuracy
is the area under the receiving operating characteristic
curve (AUC), with values close to 1.0 indicating high
diagnostic accuracy. Analyses were performed using JMP-
8 software (SAS Institute, Cary, USA).

Results
Patients
The characteristics of our 101 patients with chronic HCV
infection at the time of RTE and transient elastography are

summarized in Table 1. In 91 of them, liver biopsy was
performed successfully. Ten patients, who had no clinically
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Fig. 1 Procedure of image analyses for real-time tissue elastography
(RTE). a The region of interest (ROI) was fixed to a rectangle with
about 30 mm length x about 20 mm breadth with a 400-600 mm?
area placed 5 mm below the surface of the liver. b The color-coded
images from the ROI of RTE were analyzed by the software
Elasto_ver 1.5.1. The colors ranged from blue to red, indicating the
relative gradients from hardness to softness. ¢ Mean and Standard
Deviation were calculated by a histogram, which was generated by
256 stepwise grading derived from the color image obtained in
b. d Area and Complexity were calculated from the binary image.
Area was derived from the percentage of white regions (asterisks, i.c.,
hard area). Complexity was calculated by the following equation,
periphery?/Area. Median value of the data was kept as representative
of RTE parameters

overt sign of decompensated cirrhosis, were diagnosed
with cirrhosis (F4) by the appearance of the liver surface at
laparoscopy without liver biopsy. RTE was performed
successfully in all patients, but five patients (F1, 2; F3, 1;
F4, 2) failed to receive transient elastography measure-
ments due to obesity and liver atrophy.

Representative images of real-time tissue elastography

The results were described as the Mean, which indicates the
mean of the histogram and ranges from 73.0 to 139.8 (median
111.9), and Standard Deviation (SD), which indicates the
standard deviation of the histogram and ranges from 36.5 to
76.6 (median 60.8). In another analysis, the data were
transformed into a binary image and the results were
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Fig. 2 Representative colored images of real-time tissue elastogra-
phy. a A case of F1 whose histology is shown in d. Relatively
homogeneous image colored light green indicates a diffuse soft
pattern in RTE. Liver stiffness measured by transient elastography
(Fibroscan) was 4.1 kPa. b A case of F3 whose histology is shown in
e. Partially mottled and dotted image with blue and red spots in the
light green background indicates an intermediate pattern in RTE.
Liver stiffness measured by Fibroscan was 9.6 kPa. ¢ A case of F4
whose histology is shown in f. Mixed image with light green, blue,
and red colors indicates patchy hard pattern. Liver stiffness measured
by Fibroscan was 36.3 kPa. g Correlation of the averages of liver
stiffness measured by Fibroscan with the three patterns of RTE
images. The transition of these three patterns correlated positively
with the liver stiffness (p < 0.01). d—f H&E staining. Yellow bars
2 mm

described as Area, which indicates the percentage of hard
tissue and represents the hard tissue domain divided by the
ROI and ranges from 5.0 to 54.7% (median 24.8%), and
Complexity, which indicates the complex ratio of the shape
of an extracted hard tissue domain in the ROI and is calcu-
lated as periphery®/area of the hard tissue domain and ranges
from 15.9 to 40.21 (median 22.9) (Fig. 1d). The four image
features were calculated automatically by Elasto_ver 1.5.1
(Hitachi Medical). Mean, SD, and Complexity were descri-
bed in arbitrary units [a.u.].

The colored RTE images were classified into three patterns
according to their visual appearance. The values for liver
stiffness measurement by transient elastography (Fibroscan)
were 6.9 + 4.5, 10.9 + 6.8, and 26.0 & 15.8 kPa in the dif-
fuse soft pattern group, intermediate pattern group, and patchy
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Table 1 Characteristics of the patients at the time of real-time tissue
elastography examination

Characteristics Patients (n = 101)

Sex: male/female 43/58

Age (years) 54 + 13 (range 24-80)
BMI (kg/mz) 22.1 £ 3.1 (range 15.1-32.3)
Platelet count (x 10%/mm?) 16.4 £ 6.6
Total bilirubin (mg/dL) 09 + 04
Prothrombin time (INR) 1.02 £ 0.1
ALT (TU/L) 582 £ 41.2
Fibrosis stage
FO 6
F1 48
F2 15
F3 16
F4 16
Histological activity of 91 patients with liver biopsy
A0 2
Al 24
A2 45
A3 20

Values are means £ SEM
BMI body mass index, ALT alanine aminotransferase
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Fig. 3 Parameter analyses measured by real-time tissue elastography
(RTE) for each fibrosis stage. Box plots of each RTE value
corresponding to fibrosis stages F1—4 and the healthy volunteer
group (HV). The tops and bottoms of the boxes indicate the st and
3rd quartiles. The length of the box represents the interquartile range
within which 50% of values are located. The lines through the
middles of the boxes represent the medians. a Mean, b SD, ¢ Area,
and d Complexity. HV, n = 10. Fl4, n =95. *p <0.01, and
**p < 0.05
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Fig. 4 Correlation between liver stiffness measured by transient
elastography (Fibroscan) and the parameters of real-time tissue
elastography. a Mean was negatively correlated with liver stiffness
(kPa) (p < 0.01). Correlation coefficient was —0.585. b SD was
significantly correlated with liver stiffness (kPa) (p < 0.01). Corre-
lation coefficient was 0.425. ¢ Area was significantly correlated with
liver stiffness (kPa) (p < 0.01). Correlation coefficient was 0.590.
d Complexity was significantly correlated with liver stiffness (kPa)
(p < 0.01). Correlation coefficient was 0.532 (n = 96). a.u. arbitrary
units
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Fig. 5 Receiver operating characteristic curves of each parameter
obtained by RTE. a No significant fibrosis (FO-1). b Cirrhosis (F4).
a The areas under the receiver operating characteristic curves (AUC)
for no significant fibrosis (FO-1) were 0.89, 0.81, 0.87, 0.81, and 0.92
for Mean (red), SD (blue), Area (yellow), Complexity (pink), and
transient elastography (Fibroscan, black), respectively. b The AUCs
for cirrhosis were 0.91, 0.84, 0.91, 0.93, and 0.95 for Mean, SD, Area,
and Complexity, and transient elastography, respectively (n = 96)

hard pattern group, respectively. Thus, these three patterns
correlated significantly with the kPa values obtained
by transient elastography (Jonckheere-Terpstra test, p <
0.0001) (Fig. 2g).

Relationship between real-time tissue elastography
and histological parameters

Figure 3a—d shows box plots of the RTE values corre-
sponding to fibrosis stage and includes the healthy volunteer
(HV) group. The Mean decreased with increasing fibrosis
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score (Jonckheere-Terpstra test, p < 0.0001). SD, Area,
and Complexity increased with increasing fibrosis score
(Jonckheere-Terpstra test, p < 0.0001). The significant dif-
ferences between each fibrosis stage were as follows: HV
versus F3 and F4, F1 versus F3 and F4, and F2 versus F4 at
every parameter; HV versus F2 at Mean, SD, and Area; F1
versus F2 at Mean; F2 versus F3 at Mean; F3 versus F4 at
Complexity (Tukey—Kramer test, p < 0.05) No significant
difference was found between the chronic hepatitis activity
grades with same fibrosis stage at all parameters (Tukey—
Kramer test).

Relationship between real-time tissue elastography
and liver stiffness

Figure 4a—d, shows linear regression analysis of the values
obtained by RTE compared to the liver stiffness values
(kPa) obtained by transient elastography (Fibroscan).
Simple regression analyses indicated that Mean, SD, Area,
and Complexity were all significantly correlated with liver
stiffness measured by Fibroscan (Mean: r = —0.585,
p < 0.001; SD: r = 0.425, p <0.001; Area: r = 0.590,
p < 0.001; Complexity: r = 0.532, p < 0.001).

Relationship between real-time tissue elastography
and platelet count, APRI, and other laboratory
parameters

Simple regression analyses indicated that all Mean, SD,
Area, and Complexity values were significantly correlated
with the platelet count (Mean: r = 0.432, p < 0.001; SD:
r=—0.332, p =0.001; Area: r=—0.402, p < 0.001;
Complexity: r = —0.393, p < 0.001). In addition, simple
regression analyses indicated that Mean, SD, Area, and
Complexity were all significantly correlated with APRI
(Mean: r = —0.442, p < 0.001; SD: r = 0.373, p < 0.001;
Area: r = 0425, p<0.001; Complexity: r= 0418,
p < 0.001). Furthermore, the correlation coefficient was
significant for prothrombin time (Mean: r = —0.404,
p <0.001; SD: r = 0.343, p <0.005; Area: r = 0.435,
p < 0.001; Complexity: r = 0.440, p < 0.001), while no
significant correlation was found for the four image features
and total bilirubin, age, BMI, or alanine aminotransferase.

Diagnostic value of real-time tissue elastography
and transient elastography

Figure 5 shows the ROC curves of RTE parameters for no
significant fibrosis (FO-1) and cirrhosis (F4) in ninety-six
patients who were also examined successfully by transient
elastography. The AUCs for the stage of no significant
fibrosis (F0-1) were 0.89, 0.81, 0.87, and 0.81 for Mean,
SD, Area, and Complexity, respectively. The AUCs for

severe fibrosis (=F3) were 0.93, 0.84, 0.91, and 0.86 for
Mean, SD, Area, and Complexity, respectively. The AUCs
for cirrhosis (F4) were 0.91, 0.84, 0.91, and 0.93 for Mean,
SD, Area, and Complexity, respectively. In transient elas-
tography (Fibroscan), the AUCs were 0.92, 0.95, and 0.95
for stages FO-1, >F3s and F4, respectively. The corre-
sponding sensitivities, specificities, and positive and nega-
tive predictive values are detailed in Table 2.

Discussion

Recently, various techniques based on ultrasound or mag-
netic resonance imaging have been developed to quantify

Table 2 Cutoff values of real-time tissue elastography (image fea-
tures) and transient elastography for the diagnosis of fibrosis stages

F

F=0-1 F>3 F=4

Mean (AUC) . 0.89 0.93 0.91
Cutoff (a.u.) 110.1 106.9 101.5
Sensitivity (%) 84.1 82.8 85.7
Specificity (%) 82.7 85.1 829
Positive predictive value (%) 80.4 70.6 46.2
Negative predictive value (%) 86.0 91.9 97.1

SD (AUC) 0.81 0.84 0.84
Cutoff (a.u.) 61.2 63.0 65.7
Sensitivity (%) 70.5 759 78.6
Specificity (%) 73.1 77.6 793
Positive predictive value (%) 68.9 59.5 39.3
Negative predictive value (%) 74.5 88.1 95.6

Area (AUC) 0.87 091 0.91
Cutoff (%) 25.8 29.5 337
Sensitivity (%) 81.8 79.3 85.7
Specificity (%) 80.8 80.6 86.6
Positive predictive value (%) 78.3 63.9 522
Negative predictive value (%) 79.6 90.0 973

Complexity (AUC) 0.81 0.86 0.93
Cutoff (a.u.) 232 249 278
Sensitivity (%) 713 79.3 85.7
Specificity (%) 75.0 80.6 87.8
Positive predictive value (%) 72.3 63.9 54.5
Negative predictive value (%) 79.6 90.0 973

Transient elastography (AUC) 0.92 0.95 0.95
Cutoff (kPa) 10.1 13.3 16.3
Sensitivity (%) 88.6 89.7 85.7
Specificity (%) 86.5 86.6 85.4
Positive predictive value (%) 84.8 743 50.0
Negative predictive value (%) 90.0 95.1 97.2

AUC the area under the receiver operating characteristic curves,
a.u. arbitrary units
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liver stiffness, and thereby liver fibrosis, noninvasively.
Among them, transient elastography (Fibroscan) has been
used most frequently worldwide and has become estab-
lished in clinical practice to detect advanced fibrosis
without liver biopsy, although several limitations and dis-
advantages of the modality have been discussed [8, 24].
Another novel imaging modality is magnetic resonance
elastography (MRE). The technique typically is added to a
conventional MR examination of the upper abdomen [25].
A pneumatic or electromechanical driver is placed in
contact with the abdominal wall and is used to generate
propagating mechanical waves in the liver at frequencies
between 40 and 120 Hz. Although MRE was shown to be
superior to APRI and transient elastography for determin-
ing the stage of fibrosis in patients with various underlying
liver diseases [26], MRE cannot be performed on an iron-
overloaded liver because of noise. In addition, MRE takes a
longer time and costs more than the ultrasound-based
elastographies [2].

We paid attention in our analysis to the pattern change
of RTE color images according to the progression of
fibrosis. Normal or minimally fibrotic liver exhibited a
homogeneous RTE image that was colored light green
(Fig. 2a). According to the progression of liver fibrosis, the
homogeneous pattern transited to a patchy pattern con-
sisting of a blue-colored area (Fig. 2c), which may suggest
a collapse of homogeneity. In the present study, for semi-
quantification of the RTE image, we used a histogram and
binary image produced using an exclusive software pro-
gram that was developed by Hitachi Medical. This is the
first report demonstrating the utility of Mean, SD, Area,
and Complexity as RTE parameters. We speculate that
Mean and Area may directly represent liver elasticity,
while SD and Complexity may imply the collapse of the
uniform architecture of the liver parenchyma concomitant
with progressing hepatic fibrosis (Figs. 3, 5).

After the report by Friedrich-Rust et al. [21] other
investigators criticized the intraobserver variability and the
lack of interobserver agreement in hepatic RTE [27-29]. In
general practice, an operator presses lightly on the surface
of the liver through the skin with a transducer when the
elastogram is generated. Thus, the pressure generated by
the operator’s compression is assumed to influence both the
image of elasticity and the resulting elasticity score. To
avoid this source of error, we used here the latest and most
sensitive probe that was produced by Hitachi Medical and
did not require extra external stress. Accordingly, we were
able to improve the acquisition of the color image repre-
senting the distortion of liver tissue under the heartbeat or
abdominal aorta. We also adopted ten individual frames for
semi-quantitative analysis. On the other hand, Saftoiu et al.
and Gulizia et al. have proposed that the ROI should
include the surrounding tissues, such as adipose tissue,
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diaphragm, and intercostal muscles, in order to clearly
compare and distinguish the strain between the liver and
these organs [27, 30]. However, we placed the ROI inside
the liver at 5 mm below the surface of the liver, because the
new probe used in this study is sensitive and the deep
attenuation of the ultrasound image could be disregarded.
We avoided including the liver surface inside the ROI
because the liver surface is hard and therefore is assessed as
a harder area, influencing the histogram analysis. Recently,
Tatsumi et al. [31] also reported the results of RTE using the
ROI inside the liver in a similar fashion to our study.

We note that all four image features of RTE, comprising
Mean, SD, Area, and Complexity, were significantly cor-
related with the kPa value obtained by Fibroscan [8, 11-13].
In particular, Mean and Area had a high correlation. In
addition, the AUC values were similar between RTE and
Fibroscan. Mean and Area were highly accurate for the
diagnosis of significant fibrosis (i.e., >F0-1) and for the
diagnosis of cirrhosis (F4). Although the performance of
Fibroscan has been demonstrated in many studies to have
high accuracy [4, 8], the machine is used solely for elasticity
measurements. In contrast, with the new equipment used in
the present study, RTE can be used simultaneously with
conventional B-mode ultrasonography. Moreover, as
reported by Obara et al. [32], liver stiffness measurement by
Fibroscan was unsuccessful in 5.3% of Japanese cases of
chronic liver disease, similar to our experience in the
present study (5.0%). Thus, RTE is considered to be supe-
rior to Fibroscan at points where measurements by Fibro-
scan are difficult to perform in obese patients and are
impossible to perform in patients with ascites [32, 33], and
where RTE images are unaffected by steatosis, as suggested
previously by Friedrich-Rust et al. [29]. Furthermore,
because Fibroscan measures liver stiffness between 25 and
65 mm below the surface of the skin [10], knowledge of the
relative thickness of the liver is necessary for the
measurements.

The diagnostic performance of RTE is similar to that of
other noninvasive laboratory tests, such as the FibroTest
(BioPredictive, Paris, France), APRI, and the Forns score
reported in the literature [4, 8]. The FibroTest is based on
five serological parameters; bilirubin, gamma-glutamyl
transpeptidase (GGT), apolipoprotein Al, «2-macroglobu-
lin, and haptoglobin. While the diagnostic accuracy was
high (AUC 0.87) for significant fibrosis (METAVIR, >F2),
the FibroTest costs more than APRI and the Forns score,
and needs two uncommon parameters [34]. In APRI, using
the cutoffs proposed by Wai et al. [5], approximately 50%
of patients could be correctly classified as having cirrhosis
without a liver biopsy5. With the Forns’ index, the AUC for
the prediction of significant fibrosis (Scheuer classification,
>F2) was 0.86 in the test set and 0.81 in the validation set
[35]. It is, however, known that the determination of the
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severity of liver fibrosis by serum markers is confounded by
acute inflammation, hemolysis, cholestasis, and renal fail-
ure [4, 5, 34, 35]. Castera et al. [11] compared the perfor-
mance of transient elastography with that of the FibroTest,
APRI, and liver biopsy for the assessment of liver fibrosis in
a large number of patients with hepatitis C. Interestingly,
they reported that the best performance was achieved by a
combination of transient elastography with the FibroTest
[11]. Friedrich-Rust et al. reported that the best diagnostic
accuracy was obtained by combining the variables used for
the calculation of the RTE elasticity score with the platelet
count and GGT [18]. Thus, RTE, in combination with
serological parameters, can further improve the accuracy of
differentiating fibrosis stages.

One of the major limitations of the present study was
that the number of patients with F1 was higher than the
number of those with the other stages, because most of our
patients received liver biopsy prior to interferon treatment.
However, our study compared the performance of RTE
with that of transient elastography in the same patients.
Although the AUC for RTE in this study was higher than
that in the studies by Friedrich-Rust et al. [21, 29], the
AUC for transient elastography was approximately equi-
valent to that in one of these studies [29].

In the METAVIR and Desmet’s histological scoring
systems, cirrhosis is classified as a single category (i.e., F4)
[22, 23]. However, the degree of fibrosis; for example, the
content of collagen and extracellular matrix materials that
may be closely associated with the function of hepatocytes
and portal hypertension, may vary among patients with
cirrhosis. Foucher et al. [36] reported that the kPa mea-
sured by transient elastography in cirrhotic patients corre-
lated well with clinical parameters indicating the severity
of cirrhosis; 27.5 kPa was the cutoff value for the presence
of esophageal varices stage 2 or 3, 37.5 kPa for liver
function Child B or C, 49.1 kPa for a past history of
ascites, and 62.7 kPa for esophageal variceal bleeding.
Thus, because cirrhosis can be staged in greater detail with
clinical relevance based on liver stiffness with RTE, RTE
may be useful for this staging of cirrhosis and for detecting
and assessing the risk of cirrthotic complications [36].

In summary, we have shown a convenient and nonin-
vasive procedure, RTE, for the visual assessment of liver
stiffness. The performance of RTE compares favorably
with that of transient elastography (Fibroscan) for detecting
the presence of significant liver fibrosis in patients with
chronic hepatitis C. We suggest that RTE could be used as
a routine imaging method to evaluate the degree of liver
fibrosis in patients with liver disease. Future studies of
larger patient cohorts will be necessary for the validation of
the four RTE parameters, and the combination of these
parameters will enable improvement of accuracy in
assessing hepatic fibrosis.
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