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The aim of this study was to assess the association between liver stiffness measured by transient elastogra-
phy (FibroScan®) and the efficacy of pegylated interferon alpha-2b plus ribavirin combination treatment
for patients with chronic hepatitis C virus (HCV) infection. We prospectively studied 145 Japanese patients
with chronic HCV infection. FibroScan was done at baseline, at the end of treatment, and at 48 and 96
weeks after the end of treatment. The FibroScan values were significantly decreased for sustained virolog-
ransient elastography
epatitis C virus
egylated interferon alpha
ibavirin

ical response (SVR) patients (the mean rate of change; −16.2%, −32.2% and −43.5%) in comparison with
non-SVR patients (−7.2%, −2.1% and +17.3%) at the end of treatment (P = 0.0127), and 48 weeks (P < 0.0001)
and 96 weeks (P < 0.0001) after the end of treatment. Among the non-SVR patients, the FibroScan values
were significantly decreased for patients with biochemical response (BR) (−17.9%, −30.0% and −27.1%) in
comparison with non-BR (−4.1%, +6.4% and +30.6%) at the end of treatment (P = 0.0270), and 48 weeks
(P < 0.0001) and 96 weeks (P < 0.0001) after the end of treatment. The FibroScan values may predict a

al ou
progressively better clinic

. Introduction

Hepatitis C virus (HCV) infection is a main cause of chronic viral
epatitis worldwide. Chronic hepatitis can lead to cirrhosis and
epatocellular carcinoma (HCC) (Seeff, 2002; Hayashi et al., 2000).
ntiviral treatment with interferon (IFN) for chronic HCV infec-

ion can induce viral clearance and biochemical and histological
mprovement (Davis et al., 1989; Hayashi et al., 1994). Pegylated
nterferon (PEG-IFN) alpha in combination with ribavirin (RBV),

hich aims at viral eradication (Poynard et al., 2002a; Furusyo et
l., 2008), has contributed to a reduction in the relapse rate and
significant increase in the rate of sustained virological response

SVR) compared with standard IFN monotherapy (Hayashi et al.,
994; Zeuzem et al., 2000; Lindsay et al., 2001). IFN treatment has
een reported to be responsible for the regression of liver fibrosis
n patients with SVR (Shiratori et al., 2000; Furusyo et al., 1997).
ven if a virological response with IFN treatment was not obtained,
he deterioration of compensated cirrhosis was prevented and the
evelopment of HCC was inhibited (Nishiguchi et al., 1995; Veldt
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niversity Hospital, 3-1-1 Maidashi, Higashi-Ku, Fukuoka 812-8582, Japan.
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166-3542/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.antiviral.2009.04.002
tcome for patients with successful virological and biochemical responses.
© 2009 Elsevier B.V. All rights reserved.

et al., 2004; Kashiwagi et al., 2003), thereby increasing the survival
rate (Poynard et al., 2002a).

Liver biopsy had long remained the gold standard for staging
fibrosis. However, liver biopsy is no more considered as a per-
fect methodology because of the invasive nature of the procedure,
sampling error and inter-observer variability (Regev et al., 2002;
Manning and Afdhal, 2008). Therefore, further testing strategies
are needed for assessment of the liver status of patients with liver
diseases.

Transient elastography (FibroScan®; Echosens, Paris, France) has
been proposed as a promising, rapid, noninvasive and reproducible
method for measuring liver stiffness (Sandrin et al., 2002). We pre-
viously reported a clinical assessment of FibroScan among patients
with chronic hepatitis B and C (Ogawa et al., 2007). The values
measured by FibroScan (FibroScan values) have been significantly
correlated with histopathological staging of percutaneous liver
biopsy and have been shown to be more accurate than biochemi-
cal scores such as the aspartate aminotransferase (AST)-to-platelet
ratio (APRI) and markers of liver fibrosis (e.g. hyaluronic acid and
type IV collagen), which are products of the degradation or synthe-

sis of the extracellular matrix.

It has been repeatedly observed that at least two biomarkers
FibroTest® (Biopredictive, Paris, France) and FibroScan (Manning
and Afdhal, 2008; Calès et al., 2008; Friedrich-Rust et al., 2008;
Poynard et al., 2008; Shaheen et al., 2007) have the same

http://www.sciencedirect.com/science/journal/01663542
http://www.elsevier.com/locate/antiviral
mailto:hayashij@gim.med.kyushu-u.ac.jp
dx.doi.org/10.1016/j.antiviral.2009.04.002
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iagnostic value as a 20–25 mm liver biopsy. In case of discordance
etween FibroTest and liver biopsy, half of failures are attributable
o FibroTest and half to the biopsy (Poynard et al., 2004; Ngo et
l., 2006). Moreover, FibroTest has already demonstrated a simi-
ar prognostic value as biopsy (Ngo et al., 2006). In a few countries,
iomarkers are recommended by health authorities as first line test

n patients with chronic hepatitis C, and biopsy only if biomarkers
re not interpretable (Manning and Afdhal, 2008).

The aim of the present long-term prospective study was to eval-
ate the association between liver stiffness measured by FibroScan
nd the efficacy of combined PEG-IFN alpha-2b plus RBV treatment
or patients with chronic HCV infection.

. Materials and methods

.1. Patients

We prospectively studied a total of 145 patients infected with
hronic HCV infection. Of the 145 patients, 19 (13.1%) refused antivi-
al treatment because of financial problems or anxiety about the
ossibility of adverse effects and low initial fibrosis degree (low
ibroScan values); however, 4 (21.1%) of them underwent liver
iopsy. The 19 untreated patients were followed for the same 3-
ear period as the treated patients. Of the remaining 126 patients,
18 (93.7%) underwent liver biopsy, all of whom were treated with
EG-IFN alpha-2b plus RBV treatment between January 2005 and
uly 2006 and followed up for 2 years after the end of treatment.

All patients satisfied the following criteria: (1) chronically
nfected with HCV and (2) a history of an increased alanine amino-
ransferase (ALT) level for over 6 months. Exclusion criteria for the
tudy were: (1) positivity for antibody to human immunodeficiency
irus (HIV) or positivity for both hepatitis B surface antigen and
nti-HCV; (2) clinical or biochemical evidence of hepatic decom-
ensation; (3) excessive active alcohol (i.e. ethanol) consumption
>60 g/day) or drug abuse; (4) suspected hepatocellular carci-
oma; or (5) treatment with antiviral or immunosuppressive agents
rior to enrollment. Patients who fulfilled the above criteria were
ecruited at Kyushu University Hospital.

Informed consent was obtained from all patients before enroll-
ent. The study was conducted in accordance with the ethical

uidelines of the Declaration of Helsinki and the International Con-
erence on Harmonization of guidelines for good clinical practice.

.2. Clinical and laboratory assessment

Clinical parameters included aspartate aminotransferase, ALT,
latelet count, type IV collagen, prothrombin time, HCV genotype
nd HCV RNA. We also calculated APRI, using 45 IU/L as the upper
imit of the normal AST range (ULN), as previously recommended
or evaluating liver fibrosis (Wai et al., 2003):

PRI = AST (/ULN) × 100

platelet count (×109/L)

Body mass index (BMI) was calculated as weight in kilo-
rams/height in square meters. Serum levels of AST, ALT, type IV
ollagen and HCV RNA, platelet counts, prothrombin time and HCV
enotype were measured by standard laboratory techniques at a
ommercial laboratory (MBC Laboratory, Tokyo, Japan).

.3. Transient elastography (FibroScan)
FibroScan was done in the right lobe of the liver through the
ntercostal spaces with the patient lying in the dorsal decubitus
osition with the right arm in maximal position. The tip of the
robe transducer was covered with coupling gel and placed on
arch 83 (2009) 127–134

the skin, between the ribs at the level of the right lobe of the
liver. The operator, assisted by an ultrasonic time-motion image,
located a liver portion at least 6 cm thick and free of large vascu-
lar structures. Once the measurement area had been located, the
operator pressed the probe button to start acquisition. The elas-
ticity was automatically calculated by the apparatus and the data
were shown as kiloPascal (kPa). All examinations were performed
by four accomplished operators (EO, KT, HT, and SO) of our depart-
ment who individually experienced over 100 examinations. Only
liver stiffness measurements obtained with at least six success-
ful acquisitions and a success rate of at least 60% were considered
reliable. The validity of FibroScan values depends on an interquar-
tile range of all successful measurements (IQR/M) of less than 30%
of median values (Poynard et al., 2008; Lucidarme et al., 2008).
The mean IQR/M of the present study was 21.6% and no case with
IQR/M > 30% was found. The first measurement of liver stiffness
by FibroScan was performed within 2 weeks before liver biopsy
examination.

2.4. Liver histology and quantification of liver biopsy

Liver biopsy was done for 122 (84.1%) of the 145 chronic HCV
infected patients and was performed by experienced hepatologists
with a 16-G disposable needle (Bard® Monopty®; C.R. Bard, Coving-
ton, GA) under ultrasound guidance. The median liver biopsy length
was 18 mm (minimal length was 15 mm). Liver biopsy specimens
were fixed in formalin and paraffin was embedded. All biopsy spec-
imens were analyzed by two experienced pathologists who were
blinded to the clinical data. For each specimen, the stage of fibrosis
and the grade of activity were established according to the follow-
ing criteria (Bedossa and Poynard, 1996). Fibrosis was staged on
a 0–4 scale as follows: F0 = no fibrosis, F1 = portal fibrosis with-
out septa, F2 = portal fibrosis and few septa, F3 = numerous septa
without cirrhosis, and F4 = cirrhosis. The grading of activity, includ-
ing the intensity of the necroinflammation, was scored as follows:
A0 = no histological activity, A1 = mild activity, A2 = moderate activ-
ity, and A3 = severe activity.

2.5. Therapeutic protocol

All patients were treated with a weight-based, 1.5 �g/kg weekly
dose of subcutaneous PEG-IFN alpha-2b (PegIntron A®; Schering-
Plough, Osaka, Japan). In combination with PEG-IFN alpha-2b, RBV
(Rebetol®; Schering-Plough) was given orally at a daily dose of
600–1000 mg based on bodyweight (600 mg for patients weigh-
ing < 60 kg, 800 mg for those weighing 60–80 kg, and 1000 mg for
those weighing > 80 kg). The length of treatment was 48 weeks
for genotype 1b and 24 weeks for genotype 2. The above dura-
tions and dosages are those approved by the Japanese Ministry of
Health, Labor and Welfare. Patients were considered to have RBV-
induced anemia if the hemoglobin level decreased to < 100 g/L. In
such cases, a reduction in the dose of RBV was required. Some
patients also had PEG-IFN alpha-2b induced psychological adverse
effects or a decrease of white blood cell and platelet count. In
such cases, a reduction in the dosage of PEG-IFN alpha-2b was
required. Both PEG-IFN alpha-2b and RBV were discontinued if
the hemoglobin level, white blood cell count, or platelet count
fell below 85 g/L, 1 × 109/L, or 2.5 × 109/L, respectively. The treat-
ment was discontinued if severe general fatigue, hyperthyroidism,
interstitial pneumonia, or severe hemolytic problems developed,
continuation of treatment was judged not to be possible by the

attending physician, or the patient desired discontinuation of treat-
ment. All patients received at least 80% or more of the target dosage
of PEG-IFN alpha-2b and 60% or over of the RBV, because the condi-
tion under the sufficient dosage were needed to estimate between
treatment response and liver disease progression accurately.
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Table 1
Baseline characteristics of 145 patients with chronic HCV infection.

Characteristics Non-treated (n = 19) PEG-IFN alpha-2b combination with RBV treatment

SVR (n = 57) Non-SVR (n = 69) P-value*

Male/Female (n) 9/10 30/27 25/44 0.0655
Age (years) 63.8 ± 9.2 52.7 ± 13.2 60.3 ± 9.3 0.0003
Body mass index (kg/m2) 22.2 ± 3.4 23.1 ± 3.1 22.8 ± 3.1 0.5912
Aspartate aminotransferase (AST) (IU/L) 61.2 ± 29.5 65.0 ± 39.2 65.8 ± 42.4 0.9192
Alanine aminotransferase (IU/L) 69.7 ± 50.9 88.3 ± 73.7 72.7 ± 53.2 0.1962
Platelet count (109/L) 154 ± 52 155 ± 45 154 ± 51 0.9294
Type IV collagen (ng/mL) 180 ± 68 172 ± 69 192 ± 88 0.1750
AST/Platelet count 1.39 ± 0.89 1.37 ± 0.99 1.35 ± 1.19 0.9100
Prothrombin time (%) 94.4 ± 15.9 90.2 ± 8.7 88.2 ± 13.1 0.3414
HCV genotypes 1b/2 n 19/0 34/23 65/4 <0.0001
Serum HCV RNA level (kIU/mL) 3207 ± 1542 1565 ± 1645 2014 ± 1455 0.1062

Liver histology
Stage of fibrosis 0.7225

F0 (%) 1 (25.0) 7 (13.2) 7 (10.8)
F1 (%) 0 (0.0) 10 (18.9) 17 (26.2)
F2 (%) 1 (25.0) 19 (35.8) 16 (24.6)
F3 (%) 2 (50.0) 11 (20.8) 15 (23.1)
F4 (%) 0 (0.0) 6 (11.3) 10 (15.4)

Grade of activity 0.7243
A0 (%) 0 (0.0) 0 (0.0) 0 (0.0)
A1 (%) 1 (25.0) 17 (32.1) 21 (32.3)
A2 (%) 2 (50.0) 34 (64.2) 39 (60.0)
A3 (%) 1 (25.0) 2 (3.8) 5 (7.7)
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ata are shown by the mean ± standard deviation. PEG-IFN, pegylated interferon; R
* P-values were analyzed between SVR and non-SVR patients.

.6. Efficacy of treatment

SVR was defined as serum HCV RNA undetectable at 24 weeks
fter the end of treatment. This efficacy variable, SVR, was defined
s non-detectable HCV RNA as measured by the COBAS® Amplicor®

CV Monitor Test (version 2.0), and the results were labeled as
ositive or negative. The lower limit of detection was 50 IU/mL
0.5 kIU/mL) (Lee et al., 2000).

.7. Assessment of biochemical response (BR) among non-SVR
atients

We evaluated BR among non-SVR patients after the end of treat-
ent. Patients who had continuous ALT levels under 30 IU/L every
onth for 96 weeks after the end of treatment were defined as BR.

.8. Determination of HCV RNA level and HCV genotype

During the treatment period, HCV RNA was analyzed by the
OBAS® Amplicor® HCV Monitor assay (version 2.0; Roche Diag-
ostics, Tokyo, Japan), with a lower limit of quantitation of
000 IU/mL and an outer limit of quantitation of 5,100,000 IU
5100 kIU)/mL. The COBAS® Amplicor® HCV Monitor assay (ver-
ion 2.0) is a semi-automated nucleic acid amplification assay,
onsisting of manual sample preparation and automated reverse
ranscription (RT), amplification and detection steps on the COBAS®

mplicor® Analyzer. HCV genotype was determined by RT-PCR
sing universal and type-specific primers from the putative C gene
f the HCV genome, according to Okamoto et al. (1992) and the
enotype was classified into the type 1b or type 2a or 2b based on
immonds et al. (1994).
.9. Statistical analysis

Statistical analysis was done with BMDP statistical software
or the IBM 3090 system computer (BMBD Statistical Software,
4 4

avirin.

Inc., Los Angeles, CA). Continuous data were expressed as mean
values, mean ± standard deviation (SD) of the mean. The paired
t-test, unpaired t-test, Mann–Whitney U-test or Kruskal–Wallis
non-parametric analysis of variance was used for the analysis. The
area under the receiver operating characteristic curve (AUROC)
analysis was done to evaluate the relationship between histological
findings and FibroScan values. The cutoff values were selected from
the receiver operating characteristic (ROC) curve to maximize total
sensitivity and specificity. A P-value less than 0.05 was regarded as
statistically significant.

3. Results

3.1. Characteristics of patients

The major clinical and biochemical parameters of the patients
at entry (baseline) are summarized in Table 1. The mean FibroScan
values were significantly higher in the treated group (10.2 kPa)
than in the non-treated group (7.6 kPa) (P = 0.0406). Of the 126
treated patients, 57 (45.2%) achieved SVR. The median age was
significantly younger in the SVR group (52.7 years) than in the
non-SVR group (60.3 years) (P = 0.0003). The rate of SVR was higher
for patients with genotype 2 (85.2%) than for those with genotype
1b (34.3%) (P < 0.0001). No significant differences between the SVR
and non-SVR groups were found for gender, BMI, AST, ALT, platelet
count, type IV collagen, APRI, prothrombin time, or serum HCV RNA
level.

3.2. Relationship between liver fibrosis and FibroScan values

Fig. 1a and b shows the distribution of FibroScan values accord-

ing to fibrosis stage and activity grade, respectively. The median
values of the patients were 4.8 kPa, 7.1 kPa, 8.5 kPa, 12.8 kPa and
19.5 kPa for F0, F1, F2, F3 and F4, respectively. The FibroScan
values were significantly correlated with fibrosis stage (r = 0.807,
P < 0.0001) and were also significantly increased in accordance with
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Table 2
Optimal cutoff of FibroScan values for the determination of histological fibrosis stage in 122 biopsy-received patients with chronic HCV infection.

Histological fibrosis stage by liver biopsy

F = 1 (F0 vs. F1) F = 2 (F1 vs. F2) F = 3 (F2 vs. F3) F = 4 (F3 vs. F4)

Number 15/27 27/36 36/28 28/16
Cutoff valuea (kPa) 6.1 7.2 10.3 14.9
AUROC 0.81 0.66 0.88 0.94
Sensitivity (%) 63.0 66.7 89.3 100.0
Specificity (%) 86.7 66.7 77.8 82.1
Positive predictive value (%) 89.5 66.7 75.8 76.2
Negative predictive value (%) 56.5 60.0 90.3 100.0
P 2.00
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UROC, area under the receiver operating characteristic curve.
a The opitimal cutoff value is the one that gives the higher total sensitivity and sp

he grade of activity for the patients (r = 0.343, P < 0.0001). Table 2
hows the optimal liver stiffness cutoff values obtained for sen-
itivity and specificity. In analyses of adjacent fibrosis stages (F0
s. F1, F1 vs. F2, F2 vs. F3 and F3 vs. F4), four threshold FibroScan
alues were identified: ≥6.1 kPa for F1 (sensitivity 63.0%, speci-
city 86.7%); ≥7.2 kPa for F2 (sensitivity 66.7%, specificity 66.7%);
10.3 kPa for F3 (sensitivity 89.3%, specificity 77.8%) and 14.9 kPa for
4 (sensitivity 100%, specificity 82.1%). The corresponding AUROC
ere 0.81 for F0 vs. F1, 0.66 for F1 vs. F2, 0.88 for F2 vs. F3 and 0.94

or F3 vs. F4.

.3. The longitudinal FibroScan values for the PEG-IFN alpha-2b
lus RBV combination treatment (Fig. 2a and b)

The baseline mean FibroScan values were 10.3 ± 4.8 kPa,
0.0 ± 5.5 kPa, and 7.6 ± 3.9 kPa for SVR (n = 57), non-SVR (n = 69),
nd non-treated patients (n = 19), respectively. For SVR patients, the

ean FibroScan values were 8.3 kPa, 6.6 kPa and 5.4 kPa at week 0

nd at 48 and 96 weeks after the end of treatment, respectively. For
on-SVR patients, the mean FibroScan values were 9.0 kPa, 9.5 kPa
nd 11.4 kPa at week 0 and at 48 and 96 weeks after the end of
reatment, respectively.

able 3
ifferences of the mean rate of changes of FibroScan values after PEG-IFN alpha-2b plus R

n PEG-IFN alpha-2b combination with RBV

Week 0 P-value*

VR patients
Age group 0.7995

<60 years 22 −16.3
≥60 years 35 −15.9

Gender 0.4517
Men 30 −17.7
Women 27 −14.4

Fibrosis stage 0.6653
≤F2 36 −16.1
≥F3 17 −18.3

on-SVR patients
Age group 0.7995

<60 years 27 −6.4
≥60 years 42 −7.8

Gender 0.3218
Men 25 −10.8
Women 44 −5.3

Fibrosis stage 0.6720
≤F2 40 −7.3
≥F3 25 −9.7

EG-IFN, pegylated interferon; RBV, ribavirin; SVR, sustained vilorogical response; week
6 weeks after the end of treatment. The rates of changes of FibroScan values of each patie
alculated by the entry values as the estimated standard.

* P-values were analyzed at each point between age groups, between genders and betw
4.02 5.60

ity.

The changes of the FibroScan values of each patient at the end
of treatment, 48 weeks and 96 weeks after the end of treatment
were calculated with the entry values as the estimated standard.
Significant differences were found between SVR (−16.2%, −32.2%
and −43.5%) and non-SVR patients (−7.2%, −2.1% and +17.3%) in
the mean rate of change of FibroScan values between each test-
ing point (P = 0.0127, P < 0.0001 and P < 0.0001, respectively). For the
untreated patients, the mean FibroScan values increased to 8.3 kPa,
9.8 kPa and 10.6 kPa (+12.9%, +38.0% and +49.1%, respectively) at
each testing point. Significant differences were also found between
treated patients (SVR and non-SVR) and untreated patients in the
mean rate of change of FibroScan values.

3.4. The longitudinal FibroScan values classified according to the
BR and non-BR of non-SVR patients (Fig. 3a and b)

Of the 69 non-SVR group patients, 16 (23.2%) achieved BR.

The baseline mean FibroScan values were 9.3 ± 5.2 kPa and
10.2 ± 5.6 kPa for BR (n = 16) and non-BR (n = 53) patients, respec-
tively. For BR patients, the mean FibroScan values were 7.4 kPa,
6.2 kPa and 6.7 kPa at week 0 and at 48 and 96 weeks after the end
of treatment, respectively. For non-BR patients, the mean FibroScan

BV treatment, classified by age group and gender.

treatment

Week 48 P-value* Week 96 P-value*

0.4128 0.3874
−30.7 −42.1
−34.6 −45.9

0.6278 0.1740
−31.1 −46.3
−33.4 −40.5

0.2369 0.0927
−31.1 −42.0
−37.4 −50.0

0.3478 0.3998
−6.9 11.5

1.1 20.9

0.1625 0.4507
−9.7 11.8

2.3 20.4

0.4893 0.4309
−5.0 13.9

1.1 23.2

0, at the end of treatment; week 48, 48 weeks after the end of treatment; week 96,
nt at the end of treatment, 48 weeks and 96 weeks after the end of treatment were

een fibrosis stages.
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Fig. 1. FibroScan values for each fibrosis stage (a) and activity grade (b) of 122
biopsy-received patients with chronic hepatitis C virus infection. The vertical axis is
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Fig. 2. The longitudinal mean FibroScan values (a) and the mean rate of change of
FibroScan values (b) of 126 treated patients after pegylated interferon alpha-2b plus
ribavirin combination treatment and 19 non-treated patients. The rates of change of
the FibroScan values of each patient at the end of treatment and at 48 and 96 weeks
after the end of treatment were calculated using the entry values as the estimated
standard. The length of treatment was 48 and 24 weeks for HCV genotypes 1 and 2
patients, respectively. Weeks 0, 48 and 96 for the treated patients indicate the end
logarithmic scale. The bottom and the top boxes are the first and third quartiles,
espectively. The length of the box represents the interquartile range within which
0% of the values are located. The lines through the middle of the boxes represent
he median. The error bars are the minimum and maximum values.

alues were 9.5 kPa, 10.5 kPa and 12.8 kPa at week 0 and at 48 and
6 weeks after the end of treatment, respectively. For BR patients,
he mean rate of change of FibroScan values indicated improve-

ent (−17.9%, −30.0% and −27.1% at weeks 0, 48 and 96 after the
nd of treatment, respectively) with antiviral treatment, in spite
f there not being a virological effect. On the other hand, for non-
R patients, the mean rate of change of FibroScan values showed
orsening over time (−4.1%, +6.4% and +30.6% at weeks 0, 48 and
6 after the end of treatment, respectively). A significant difference
as found between BR and non-BR patients in the mean rate of

hange of FibroScan values in each period (P = 0.0270, P < 0.0001 and
< 0.0001, respectively). Moreover, although a significant differ-
nce was found between non-BR (+6.4%) and non-treated patients
+38.0%) at week 48 after the end of treatment (P < 0.0001), no
ignificant difference was found between non-BR (+30.6%) and non-
reated patients (+49.1%) at week 96 after the end of treatment
P = 0.0835) in the mean rate of change of FibroScan values. In other
nalyses, no significant difference was found between the longi-
udinal rate of change of FibroScan values and age (<60 and ≥60),
ender or fibrosis stage (≤F2 and ≥F3) for both SVR and non-SVR
atients, as shown in Table 3.

. Discussion
The present prospective study consists of a demonstration of
he association between liver stiffness measured by FibroScan and
he efficacy of PEG-IFN alpha-2b plus RBV treatment. Recent reports
ave shown that treatment for chronic hepatitis C is associated with
of treatment and 48 and 96 weeks after the end of treatment, respectively. Weeks
0, 48 and 96 for the non-treated patients indicate 48, 96 and 144 weeks from entry,
respectively. SVR, sustained virological response; AET, at the end of treatment.

an improvement of FibroScan values at the end of treatment and
6 months later, whatever the virological response (Vergniol et al.,
2008, 2009). However, we investigated the association between an
efficacy of the antiviral treatment and FibroScan values related to
both virological and biochemical response for a longer period after
the treatment than the previous reports. Consequently, we demon-
strated that the liver elasticity of SVR patients markedly improved
over time and that the liver elasticity of non-SVR patients with
biochemical response also improved.

In PEG-IFN alpha plus RBV treatment for chronic hepatitis C, we
previously reported that it was necessary to administer ≥80% of the

target dosage of PEG-IFN alpha-2b plus ≥60% of the target dosage
of RBV throughout the treatment in order to achieve virological
efficacy in Japanese patients (Furusyo et al., 2008). Each patient in
the present study was analyzed under this treatment dosage.
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Fig. 3. The longitudinal mean FibroScan values (a) and the mean rate of change
of FibroScan values (b) of the non-sustained virological response patients after
pegylated interferon alpha-2b plus ribavirin combination treatment, classified by
biological response (BR). The rates of change of the FibroScan values of each patient
at the end of treatment and at 48 and 96 weeks after the end of treatment were
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explain why the rate of development of HCC is lower in BR patients
alculated using the entry values as the estimated standard. Weeks 48 and 96 indi-
ate 48 and 96 weeks after the end of treatment, respectively. AET, at the end of
reatment.

FibroScan represents a novel clinical methodology based on
ltrasound. This can survey a larger sample of the liver parenchyma
han liver biopsy and thus more accurately estimates liver fibro-
is across a wide range of liver disorders (Ziol et al., 2005;
gawa et al., 2007). According to meta-analysis, FibroScan could be
erformed with excellent diagnostic accuracy at distinguishing

iver cirrhosis (F4) or no liver cirrhosis (≤F3), with a mean AUROC
f 0.94, and at distinguishing ≥F2 and ≤F1 with a mean AUROC
f 0.84 (Friedrich-Rust et al., 2008). The optimal cutoff values for
he diagnosis of F4 and ≥F2 suggested from the summary ROC are
3.01 kPa and 7.65 kPa, respectively (Friedrich-Rust et al., 2008).
hus, prior studies have already shown that FibroScan can dis-

inguish absent or mild fibrosis from advanced fibrosis in both
CV-mono-infected and HIV-/HCV-co-infected individuals, but it

eems to be less accurate at differentiating between intermediate
tages. However, Macías et al. (2008) suggested that the usefulness
arch 83 (2009) 127–134

of FibroScan could be enhanced using two different cutoff values
(6.0 kPa and 9.0 kPa) to identify with ≤F1 and ≥F2, respectively, in
HIV- and HCV-co-infected patients.

Biomarkers such as FibroTest demonstrated similar results as
FibroScan in patients treated with IFN and RBV (Poynard et al.,
2002b, 2003; Ngo et al., 2006; Patel et al., 2009) and the com-
bination of FibroTest and ActiTest® (which is a modification of
the FibroTest) give not only the fibrosis estimate but also the
activity estimate (Poynard et al., 2003). FibroScan has never been
demonstrated better than FibroTest for F4 vs. ≤F3 according to
evidence-based data (Castéra et al., 2005; Shaheen et al., 2007;
Manning and Afdhal, 2008; Poynard et al., 2008; Calès et al., 2008).

While natural history of liver fibrosis progression can vary
depending on gender and alcohol consumption, age is the main risk
factor for liver fibrosis (Poynard et al., 1997). We recommended that
all our patients stop drinking alcohol while under treatment and
during follow-up. In our study, the baseline mean value of FibroScan
was 7.6 kPa, almost the same as the F2 stage, with a value of 10.5 kPa,
nearly equal to the F3 stage, after 3 years in non-treated patients
(median age 63.8 years). Poynard et al. (1997) suggested that the
rate of liver fibrosis progression of untreated patients was highest
in individuals older than 50 years (at a rate of 0.333 stage/year). The
findings obtained in the present study were similar to those of the
above report.

Many previous reports have shown that IFN treatment achieves
biochemical and histological improvement with viral suppression
by patients with chronic hepatitis C (Poynard et al., 2002a; Furusyo
et al., 1997; Cammá et al., 1998; Bruno et al., 2007; Furusyo et
al., 2008). Several potential mechanisms have been hypothesized
for the anti-fibrotic effect of IFN, including that IFN alpha can
directly reduce fibrogenesis. Shiratori et al. (2000) showed that
the fibrosis stage improved from −0.60 at <3 years of follow-up
to −0.88 at >3 years follow-up (a rate of −0.28/years) for SVR
patients treated with non-pegylated IFN monotherapy. However,
Everson et al. (2008) showed that the fibrosis stage improved −1.00
between before treatment and 6 months after the end of treatment
of SVR patients receiving PEG-IFN alpha monotherapy. Poynard et
al. (2002a) showed that the mean fibrosis stage 6 months after
the end of treatment was 1.9 ± 0.9 (SD) for SVR patients with com-
pensated cirrhosis treated with PEG-IFN alpha monotherapy or in
combination with RBV. There was no significant difference between
PEG-IFN alpha plus RBV and PEG-IFN alpha alone for the 48-week
regimen as to an anti-fibrotic effect (Poynard et al., 2002a). There-
fore, PEG-IFN alpha itself may have a stronger anti-fibrotic effect
than non-pegylated IFN and RBV, due to a pharmaco-dynamic
advantage.

In the present study, we demonstrated a dramatic reduction of
FibroScan values in both SVR and BR patients. Firstly, our results
confirmed, from the viewpoint of liver fibrosis, that IFN treatment
is of long-term benefit for chronic hepatitis C patients. Moreover,
such reduction was observed at an early stage of PEG-IFN alpha plus
RBV treatment by SVR and BR patients. It is probable that such early
reduction of FibroScan values means not only the improvement of
fibrosis but also of inflammation in the liver as a result of treat-
ment, because FibroScan values were significantly correlated with
the grade of activity in the liver in the present study. Compared with
the rate of change of FibroScan values between non-advanced fibro-
sis (F ≤ 2) and advanced fibrosis (F ≥ 3), no significant differences
were found at each testing point. Secondly, another important result
was that FibroScan values decreased even for BR patients without
HCV clearance by treatment. The findings of the present study can
treated with IFN. Because HCC tends to develop in patients with
advanced liver fibrosis (cirrhosis), BR patients who have a reduction
of fibrosis probably will not as quickly develop HCC in the future.
Thirdly, although the virological treatment itself may produce good
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esults in terms of a short-term anti-fibrotic effect of the liver, the
ibroScan values of non-BR patients became progressively worse in
he long-term course after the antiviral treatment. In the case of a
igh serum ALT level for non-SVR patients, an additional antivi-
al retreatment has to be considered. In fact, we recommended
ntiviral treatment for the studied non-treated patients after the
ompletion of this study, and then most of them have started to
eceive IFN treatment. A long-term IFN treatment regimen was
ffective in a smaller trial of the anti-fibrotic effect (Arase et al.,
004); therefore, we believe that treatment with careful atten-
ion to IFN-related adverse effects could be usefully introduced
o help patients avoid progressing to liver fibrosis and HCC. Thus,
he FibroScan is a very interesting tool for the follow-up of chronic
CV carriers, as it is easier to use than liver biopsy in clinical set-

ings. These results are of great interest for the understanding of
he effects of IFN treatment and of HCV-related liver disease.

In conclusion, our study shows that transient elastography
FibroScan) is a useful tool for the longitudinal assessment of IFN
reatment of chronic hepatitis C patients.

cknowledgements

We greatly thank Drs. Yasunori Sawayama, Masayuki Murata,
oko Kanamoto, Mosaburo Kainuma, Shigeru Otaguro, Hiroaki
aniai, Haru Mukae, Hachiro Ohnishi, Tsunehisa Koga, Mami Unno,
unimitsu Eiraku, Takeshi Ihara, and Hiroaki Ikezaki of our depart-
ent for their clinical and research assistance with the present

tudy.

eferences

rase, Y., Ikeda, K., Tsubota, A., Suzuki, F., Suzuki, Y., Saitoh, S., Kobayashi, M., Akuta,
N., Someya, T., Hosaka, T., Sezaki, H., Kobayashi, M., Kumada, H., 2004. Interferon
therapy for 2 years or longer reduces the incidence of hepatocarcinogenesis in
patients with chronic hepatitis C viral infection. Intervirology 47, 355–361.

edossa, P., Poynard, T., 1996. An algorithm for the grading of activity in chronic
hepatitis C. The METAVIR Cooperative Study Group. Hepatology 24, 289–
293.

runo, S., Stroffolini, T., Colombo, M., Bollani, S., Benvegnù, L., Mazzella, G., Ascione,
A., Santantonio, T., Piccinino, F., Andreone, P., Mangia, A., Gaeta, G.B., Persico, M.,
Fagiuoli, S., Almasio, P.L., Italian Association of the Study of the Liver Disease
(AISF), 2007. Sustained virological response to interferon-alpha is associated
with improved outcome in HCV-related cirrhosis: a retrospective study. Hep-
atology 45, 579–587.

alès, P., Boursier, J., de Lédinghen, V., Halfon, P., Bacq, Y., Leroy, V., Dib, N., Oberti,
F., Sawadogo, A., Rousselet, M.C., Lunel, F., 2008. Evaluation and improvement
of a reliable diagnosis of cirrhosis by blood tests. Gastroenterol. Clin. Biol. 32,
1050–1060.

ammá, C., Di Marco, V., Lo Iacono, O., Almasio, P., Giunta, M., Fuschi, P., Vaccaro, A.,
Fabiano, C., Magrin, S., Di Stefano, R., Bonura, C., Pagliaro, L., Craxí, A., 1998. Long-
term course of interferon-treated chronic hepatitis C. J. Hepatol. 28, 531–537.

astéra, L., Vergniol, J., Foucher, J., Le Bail, B., Chanteloup, E., Haaser, M., Darriet,
M., Couzigou, P., de Lédinghen, V., 2005. Prospective comparison of transient
elastography, Fibrotest, APRI, and liver biopsy for the assessment of fibrosis in
chronic hepatitis C. Gastroenterology 128, 343–350.

avis, G.L., Balart, L.A., Schiff, E.R., Lindsay, K., Bodenheimer Jr., H.C., Perrillo, R.P.,
Carey, W., Jacobson, I.M., Payne, J., Dienstag, J.L., 1989. Treatment of chronic
hepatitis C with recombinant interferon alpha. A multicenter randomized,
controlled trial. Hepatitis Interventional Therapy Group. N. Engl. J. Med. 321,
1501–1506.

verson, G.T., Balart, L., Lee, S.S., Reindollar, R.W., Shiffman, M.L., Minuk, G.Y., Pock-
ros, P.J., Govindarajan, S., Lentz, E., Heathcote, E.J., 2008. Histological benefits
of virological response to peginterferon alpha-2a monotherapy in patients with
hepatitis C and advanced fibrosis or compensated cirrhosis. Aliment. Pharmacol.
Ther. 27, 542–551.

riedrich-Rust, M., Ong, M.F., Martens, S., Sarrazin, C., Bojunga, J., Zeuzem, S., Her-
rmann, E., 2008. Performance of transient elastography for the staging of liver
fibrosis: a meta-analysis. Gastroenterology 134, 960–974.

urusyo, N., Hayashi, J., Ueno, K., Sawayama, Y., Kawakami, Y., Kishihara, Y., Kashiwagi,
S., 1997. Human lymphoblastoid interferon treatment for patients with hepatitis

C virus-related cirrhosis. Clin. Ther. 19, 1352–1367.

urusyo, N., Kajiwara, E., Takahashi, K., Nomura, H., Tanabe, Y., Masumoto, A.,
Maruyama, T., Nakamuta, M., Enjoji, M., Azuma, K., Shimono, J., Sakai, H., Shi-
moda, S., Hayashi, J., Kyushu University Liver Disease Study (KULDS) Group, 2008.
Association between the treatment length and cumulative dose of pegylated
interferon alpha-2b plus ribavirin and their effectiveness as a combination treat-
arch 83 (2009) 127–134 133

ment for Japanese chronic hepatitis C patients: project of the Kyushu University
Liver Disease Study Group. J. Gastroenterol. Hepatol. 23, 1094–1104.

Hayashi, J., Ohmiya, M., Kishihara, Y., Tani, Y., Kinukawa, M., Ikematsu, H., Kashiwagi,
S., 1994. A statistical analysis of predictive factors of response to human lym-
phoblastoid interferon in patients with chronic hepatitis C. Am. J. Gastroenterol.
89, 2151–2156.

Hayashi, J., Furusyo, N., Ariyama, I., Sawayama, Y., Etoh, Y., Kashiwagi, S., 2000. A
relationship between the evolution of hepatitis C virus variants, liver damage,
and hepatocellular carcinoma in patients with hepatitis C viremia. J. Infect. Dis.
181, 1523–1527.

Kashiwagi, K., Furusyo, N., Kubo, N., Nakashima, H., Nomura, H., Kashiwagi, S.,
Hayashi, J., 2003. A prospective comparison of the effect of interferon-alpha and
interferon-beta treatment in patients with chronic hepatitis C on the incidence
of hepatocellular carcinoma development. J. Infect. Chemother. 9, 333–340.

Lee, S.C., Antony, A., Lee, N., Leibow, J., Yang, J.Q., Soviero, S., Gutekunst, K., Rosen-
straus, M., 2000. Improved version 2.0 qualitative and quantitative AMPLICOR
reverse transcription-PCR tests for hepatitis C virus RNA: calibration to interna-
tional units, enhanced genotype reactivity, and performance characteristics. J.
Clin. Microbiol. 38, 4171–4179.

Lindsay, K., Trepo, C., Heintges, T., Shiffman, M.L., Gordon, S.C., Hoefs, J.C., Schiff,
E.R., Goodman, Z.D., Laughlin, M., Yao, R., Albrecht, J.K., Hepatitis Interventional
Therapy Group, 2001. A randomized, double-blind trial comparing pegylated
interferon alfa-2b to interferon alfa-2b as initial treatment for chronic hepatitis
C. Hepatology 34, 395–403.

Lucidarme, D., Foucher, J., Le Bail, B., Vergniol, J., Castera, L., Duburque, C., Forzy, G.,
Filoche, B., Couzigou, P., de Lédinghen, V., 2008. Factors of accuracy of transient
elastography (fibroscan) for the diagnosis of liver fibrosis in chronic hepatitis C.
Hepatology 49, 1083–1089.

Macías, J., Recio, E., Vispo, E., Rivero, A., López-Cortés, L.F., Ríos, M.J., Merino, D.,
González, M., Barreiro, P., de Lédinghen, V., Quereda, C., Pineda, J.A., 2008. Appli-
cation of transient elastometry to differentiate mild from moderate to severe
liver fibrosis in HIV/HCV co-infected patients. J. Hepatol. 49, 916–922.

Manning, D.S., Afdhal, N.H., 2008. Diagnosis and quantitation of fibrosis. Gastroen-
terology 134, 1670–1681.

Ngo, Y., Munteanu, M., Messous, D., Charlotte, F., Imbert-Bismut, F., Thabut, D.,
Lebray, P., Thibault, V., Benhamou, Y., Moussalli, J., Ratziu, V., Poynard, T., 2006. A
prospective analysis of the prognostic value of biomarkers (FibroTest) in patients
with chronic hepatitis C. Clin. Chem. 52, 1887–1896.

Nishiguchi, S., Kuroki, T., Nakatani, S., Morimoto, H., Takeda, T., Nakajima, S., Shiomi,
S., Seki, S., Kobayashi, K., Otani, S., 1995. Randomised trial of effects of interferon-
alpha on incidence of hepatocellular carcinoma in chronic active hepatitis C with
cirrhosis. Lancet 346, 1051–1055.

Ogawa, E., Furusyo, N., Toyoda, K., Takeoka, H., Otaguro, S., Hamada, M., Murata, M.,
Sawayama, Y., Hayashi, J., 2007. Transient elastography for patients with chronic
hepatitis B and C virus infection: non-invasive, quantitative assessment of liver
fibrosis. Hepatol. Res. 37, 1002–1010.

Okamoto, H., Sugiyama, Y., Okada, S., Kurai, K., Akahane, Y., Sugai, Y., Tanaka, T., Sato,
K., Tsuda, F., Miyakawa, Y., Mayumi, M., 1992. Typing hepatitis C virus by poly-
merase chain reaction with type-specific primers: application to clinical surveys
and tracing infectious sources. J. Gen. Virol. 73, 673–679.

Patel, K., Benhamou, Y., Yoshida, E.M., Kaita, K.D., Zeuzem, S., Torbenson, M., Pulk-
stenis, E., Subramanian, G.M., McHutchison, J.G., 2009. An independent and
prospective comparison of two commercial fibrosis marker panels (HCV Fibro-
SURE and FIBROSpect II) during albinterferon alfa-2b combination therapy for
chronic hepatitis C. J. Viral Hepat. 16, 178–186.

Poynard, T., Bedossa, P., Opolon, P., 1997. Natural history of liver fibrosis progression
in patients with chronic hepatitis C. Lancet 349, 825–832.

Poynard, T., McHutchison, J., Manns, M., Trepo, C., Lindsay, K., Goodman, Z., Ling, M.H.,
Albrecht, J., 2002a. Impact of pegylated interferon alfa-2b and ribavirin on liver
fibrosis in patients with chronic hepatitis C. Gastroenterology 122, 1303–1313.

Poynard, T., Imbert-Bismut, F., Ratziu, V., Chevret, S., Jardel, C., Moussalli, J., Messous,
D., Degos, F., GERMED cyt04 Group, 2002b. Biochemical markers of liver fibrosis
in patients infected by hepatitis C virus: longitudinal validation in a randomized
trial. J. Viral Hepat. 9, 128–133.

Poynard, T., McHutchison, J., Manns, M., Myers, R.P., Albrecht, J., 2003. Biochem-
ical surrogate markers of liver fibrosis and activity in a randomized trial of
peginterferon alfa-2b and ribavirin. Hepatology 38, 481–492.

Poynard, T., Munteanu, M., Imbert-Bismut, F., Charlotte, F., Thabut, D., Le Calvez, S.,
Messous, D., Thibault, V., Benhamou, Y., Moussalli, J., Ratziu, V., 2004. Prospec-
tive analysis of discordant results between biochemical markers and biopsy in
patients with chronic hepatitis C. Clin. Chem. 50, 1344–1355.

Poynard, T., Ingiliz, P., Elkrief, L., Munteanu, M., Lebray, P., Morra, R., Messous, D.,
Bismut, F.L., Roulot, D., Benhamou, Y., Thabut, D., Ratziu, V., 2008. Concordance in
a world without a gold standard: a new non-invasive methodology for improving
accuracy of fibrosis markers. PLoS ONE 3, e3857.

Regev, A., Berho, M., Jeffers, L.J., Milikowski, C., Molina, E.G., Pyrsopoulos, N.T., Feng,
Z.Z., Reddy, K.R., Schiff, E.R., 2002. Sampling error and intraobserver variation
in liver biopsy in patients with chronic HCV infection. Am. J. Gastroenterol. 97,
2614–2618.

Sandrin, L., Tanter, M., Gennisson, J.L., Cathelilne, S., Fink, M., 2002. Shear elastic-

ity probe for soft tissues with 1-D transient elastography. IEEE Trans. Ultrason.
Ferroelectr. Freq. Control 49, 436–446.

Seeff, L.B., 2002. Natural history of chronic hepatitis C. Hepatology 36, S35–S46.
Shaheen, A.A., Wan, A.F., Myers, R.P., 2007. FibroTest and FibroScan for the prediction

of hepatitis C-related fibrosis: a systematic review of diagnostic test accuracy.
Am. J. Gastroenterol. 102, 2589–2600.



1 l Rese

S

S

V

V

34 E. Ogawa et al. / Antivira

hiratori, Y., Imazeki, F., Moriyama, M., Yano, M., Arakawa, Y., Yokosuka, O., Kuroki,
T., Nishiguchi, S., Sata, M., Yamada, G., Fujiyama, S., Yoshida, H., Omata, M., 2000.
Histologic improvement of fibrosis in patients with hepatitis C who have sus-
tained response to interferon therapy. Ann. Intern. Med. 132, 517–524.

immonds, P., Alberti, A., Alter, H.J., Bonino, F., Bradley, D.W., Brechot, C., Brouwer,
J.T., Chan, S.W., Chayama, K., Chen, D.S., Choo, Q.L., Colombo, M., Cuypers, H.T.M.,
Date, T., Dusheiko, G.M., Esteban, J.I., Fay, O., Hadzyannis, S.J., Han, J., Hatzakis,
A., Holmes, E.C., Hotta, H., Houghton, M., Irwine, B., Kohara, M., Kolberg, J.A.,
Kuo, G., Lau, J.Y.N., Lelie, P.N., Maertens, G., McOmish, F., Snedecar, G.W., 1994. A
proposed system for the nomenclature of hepatitis C viral genotypes. Hepatology
19, 1321–1324.
eldt, B.J., Saracco, G., Boyer, N., Cammà, C., Bellobuono, A., Hopf, U., Castillo, I., Wei-
land, O., Nevens, F., Hansen, B.E., Schalm, S.W., 2004. Long term clinical outcome
of chronic hepatitis C patients with sustained virological response to interferon
monotherapy. Gut 53, 1504–1508.

ergniol, J., Foucher, J., Mamou, K., Castéra, L., Bernard, P.H., Couzigou, P., de Léd-
inghen, V., 2008. Non-invasive evaluation of liver fibrosis using FibroScan in
arch 83 (2009) 127–134

long-term sustained-virological responder patients after HCV treatment. Gas-
troenterol. Clin. Biol. 32, 1061–1063.

Vergniol, J., Foucher, J., Castéra, L., Bernard, P.H., Tournan, R., Terrebonne, E.,
Chanteloup, E., Merrouche, W., Couzigou, P., de Lédinghen, V., 2009. Changes
of non-invasive markers and FibroScan values during HCV treatment. J. Viral
Hepat. 16, 132–140.

Wai, C.T., Greenson, J.K., Fontana, R.J., Kalbfleisch, J.D., Marrero, J.A., Conjeevaram,
H.S., Lok, A.S., 2003. A simple noninvasive index can predict both signifi-
cant fibrosis and cirrhosis in patients with chronic hepatitis C. Hepatology 38,
518–526.

Zeuzem, S., Feinman, S.V., Rasenack, J., Heathcote, E.J., Lai, M.Y., Gane, E., O’Grady,

J., Reichen, J., Diago, M., Lin, A., Hoffman, J., Brunda, M.J., 2000. Peginterferon
alfa-2a in patients with chronic hepatitis C. N. Engl. J. Med. 343, 1666–1672.

Ziol, M., Handra-Luca, A., Kettaneh, A., Christidis, C., Mal, F., Kazemi, F., de Lédinghen,
V., Marcellin, P., Dhumeaux, D., Trinchet, J.C., Beaugrand, M., 2005. Noninvasive
assessment of liver fibrosis by measurement of stiffness in patients with chronic
hepatitis C. Hepatology 41, 48–54.


	The longitudinal quantitative assessment by transient elastography of chronic hepatitis C patients treated with pegylated interferon alpha-2b and ribavirin
	Introduction
	Materials and methods
	Patients
	Clinical and laboratory assessment
	Transient elastography (FibroScan)
	Liver histology and quantification of liver biopsy
	Therapeutic protocol
	Efficacy of treatment
	Assessment of biochemical response (BR) among non-SVR patients
	Determination of HCV RNA level and HCV genotype
	Statistical analysis

	Results
	Characteristics of patients
	Relationship between liver fibrosis and FibroScan values
	The longitudinal FibroScan values for the PEG-IFN alpha-2b plus RBV combination treatment (Fig. 2a and b)
	The longitudinal FibroScan values classified according to the BR and non-BR of non-SVR patients (Fig. 3a and b)

	Discussion
	Acknowledgements
	References


