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Hepatic steatosis in chronic hepatitis C is a significant risk
factor for developing hepatocellular carcinoma
independent of age, sex, obesity, fibrosis stage and

response to interferon therapy

Masayuki Kurosaki,' Takanori Hosokawa,' Kotaro Matsunaga,” Itsuko Hirayama,’
Tomohiro Tanaka,' Mitsuaki Sato,’ Yutaka Yasui,' Nobuharu Tamaki,' Ken Ueda,’
Kaoru Tsuchiya,' Teiji Kuzuya,' Hiroyuki Nakanishi,' June Itakura,’ Yuka Takahashi,’
Yasuhiro Asahina,’ Nobuyuki Enomoto® and Namiki lzumi'

Divisions of 'Gastroenterology and Hepatology, and *Pathology, Musashino Red Cross Hospital, Tokyo, and *First
Department of Internal Medicine, University of Yamanashi, Yamanashi, Japan

Aim: Hepatic steatosis is linked to development of hepato-
cellular carcinoma (HCC) in non-viral liver disease such as
non-alcoholic steatohepatitis. The present study aimed to
assess whether hepatic steatosis is associated with the devel-
opment of HCC in chronic hepatitis C.

Methods: We studied a retrospective cohort of 1279
patients with chronic hepatitis C who received interferon (IFN)
therapy between 1994 and 2005 at a single regional hospital
in Japan. Of these patients, 393 had a sustained virological
response (SVR) and 886 had non-SVR to IFN therapy. After IFN
therapy, these patients were screened for development of
HCC every 6 months. The average period of observation was
4.5 years.

Results: HCC developed in 68 patients. The annual incidence

of HCC was 2.73% for patients with a steatosis grade of 10% or
greater and 0.69% for patients with a steatosis grade of 0-9%.

On multivariate analysis, higher grade of steatosis was a sig-
nificant risk factor for HCC independent of older age, male
sex, higher body mass index (BMI), advanced fibrosis stage
and non-SVR to IFN therapy. The adjusted risk ratio of hepatic
steatosis was 3.04 (confidence interval 1.82-5.06, P < 0.0001),
which was higher than that of older age (1.09), male sex (2.12),
non-SVR to IFN (2.43) and higher BMI (1.69).

Conclusion: Hepatic steatosis is a significant risk factor for
development of HCC in chronic hepatitis C independent
of other known risk factors, which suggest the possibil-
ity that amelioration of hepatic steatosis may prevent
hepatocarcinogenesis.

Key words: hepatocellular carcinoma, interferon, steatosis,
virological response.

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is one of
the most common cancers worldwide and its inci-
dence has been increasing. This recent increase in
HCC incidence may likely be attributed to the higher
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prevalence of non-alcoholic fatty liver disease (NAFLD)
and hepatitis C virus (HCV) infection.’

Non-alcoholic fatty liver disease is characterized by
hepatic steatosis with or without inflammation in the
absence of excessive alcohol consumption. Several
studies have indicated the etiological association
between NAFLD and development of HCC.””* Other
studies have shown that obesity or diabetes, a common
etiology of non-alcoholic hepatic steatosis, is associated
with development of HCC.>”” Although the mechanism
of carcinogenesis in NAFLD has not been determined,
an animal model showed that obesity-related hepatic
steatosis leads to the development of hepatic

© 2010 The Japan Society of Hepatology
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hyperplasia, suggesting the possibility that hepatic ste-
atosis is a pre-malignant condition.®

Another important etiological agent for HCC is HCV
infection. Because steatosis is a common pathological
feature of HCV-infected patients,” the important ques-
tion is whether steatosis influences the progression of
liver disease in hepatitis C, by analogy with NAFLD.
Several studies, including ours' indicated that
hepatic steatosis promotes the progression of hepatic
fibrosis.''"'* The association between hepatic steatosis
and the development of HCC in chronic hepatitis C has
been proposed'® and was confirmed in two studies'”'®
while another study failed to show such an associa-
tion."” The present study was conducted to analyze the
association between hepatic steatosis and development
of HCC in a large cohort of chronic hepatitis C patients,
which enabled to adjust for known risk factors for HCC.

METHODS

Patients

TOTAL OF 1437 chronic hepatitis C patients were

treated with interferon (IFN) at Musashino Red
Cross Hospital between October 1994 and October
2005. Among them, 1279 patients who fulfilled the
following inclusion criteria were enrolled in this study:
(i) positive for HCV RNA by reverse-transcription poly-
merase chain reaction before IFN therapy; (ii) absence
of other causes of liver disease, such as co-infection with
hepatitis B virus, autoimmune hepatitis or primary
biliary cirrhosis; (iii) had undergone liver biopsy within
the 12 months prior to IFN treatment; (iv) were fol-
lowed for more than 1 year after the completion of IFN
therapy; and (v) absence of HCC during and within
1 year after the completion of therapy. A total of 158
patients were excluded: two patients who were positive
for hepatitis B surface antigen, 97 patients lacking liver
biopsy, 53 patients with less than 1 year's duration of
follow up, and six patients who developed HCC within
1 year of the completion of IFN therapy. The study pro-
tocol conformed to the ethical guidelines of the Decla-
ration of Helsinki and was approved by the institutional
ethics review committee.

Patients were followed up by regular visits to our
hospital every 1-3 months. Six patients died of liver-
unrelated disease (two patients with gastric cancer and
one patient each with lung cancer, colon cancer, pancre-
atic cancer and leukemia). There were 122 patients
who were lost to follow up because of relocation. We
included their data in the analysis, censored at the time

Steatosis and HCC in chronic hepatitis C 871

of their last visit. The start of follow up was defined as
the date of completion of first IFN therapy and the end
of follow up was defined as the date of diagnosis of HCC
or the date of the last visit. The average period of follow
up was 4.5 years.

Clinical characteristics and laboratory data were col-
lected at the most recent time point before liver biopsy.
Diabetes mellitus was diagnosed based on a fasting
plasma glucose concentration that exceeded 126 mg/dL,
a casual plasma glucose concentration that exceeded
200 mg/dL, or the need for insulin or oral anti-
hyperglycemic drugs. Information regarding alcohol
consumption was obtained through an interview. Body
mass index (BMI) was calculated using the following
formula: weight in kilograms/height in meters squared.
The baseline clinical features of patients at enrollment
are summarized in Table 1.

Histological examination

Liver biopsy specimens were obtained from all patients
before therapy. The median length of liver biopsy speci-
mens was 13 mm (range 10-42 mm) and median
number of portal tracts was 11 (range 4-30). Histologi-
cal findings were re-evaluated recently by three indepen-
dent pathologists who were blinded to the clinical
details to ensure consistency over time. Fibrosis and
activity were scored according to the METAVIR scoring
system.” Fibrosis was staged on a scale of 0-4: FO (no
fibrosis); F1 (mild fibrosis: portal fibrosis without
septa); F2 (moderate fibrosis: few septa); F3 (severe
fibrosis: numerous septa without cirrhosis); and F4 (cir-
rhosis). Activity of necroinflammation was graded on a
scale of 0-3: A0 (no activity); A1 (mild activity); A2
(moderate activity); and A3 (severe activity). Percentage
of steatosis was quantified by determining the average
proportion of hepatocytes affected by steatosis and
graded on a scale of 0%, 1-9%, 10-29% and 30% or
greater as reported previously.'” All three pathologists
assigned the same scale in 85% of cases for fibrosis
staging, 87% for inflammation grading and 95% for
steatosis grading. If there was discordance, the scores
assigned by two pathologists were used for the analysis.

Screening for HCC

At enrollment, no patient had HCC or any suspicious
lesion on abdominal ultrasonography or computed
tomography. Patients were examined for HCC by
abdominal ultrasonography or computed tomography
at least every 6 months. Suspicious lesions were exam-
ined further by a triphasic contrast-enhanced computer-
ized tomography or magnetic resonance imaging,

© 2010 The Japan Society of Hepatology
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Table 1 Clinical characteristics of patients

Male, n (%) 643 (50%)

Age (years) 5421119
BMI (kg/m’) 23.4+3.1
Alcohol consumption 220 g/day, n (%) 44 (3%)
Diabetes Mellitus, n (%) 197 (15%)
AST level (1U/L) 68.9+45.3
ALT level (ILI/L) 929%759
GGT level (1U/1) 41.2+38.2
Platelet count (x10''/L) 16.4+£5.2
HCV genotype, n (%)
1b 73 (68.2%)
2a 236 (18.4%)
2b 139 (10.9%)
3 2 (0.2%)
Not determined 29 (2.3%)
Histological findings
Grade of activity, n (%)
A0 154 (12%)
Al 574 (45%)
A2 441 (34%)
A3 110 (9%)
Stage of fibrosis, n (%)
FO 24 (2%)
F1 591 (46%)
F2 378 (30%)
F3 242 (19%)
I4 44 (3%)
Grade of steatosis, n (%)
0% 384 (30%)
1-9% 543 (42%)
10-29% 215 (17%)
>30% 137 (11%)
SVR to interferon therapy, n (%) 393 (31%)

Development of HCC, n (%) 68 (5%)

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
BMI, body mass index; GGT, y-glutamyltransferase; HCC,
hepatocellular carcinoma; SVR, sustained virological response.

angiography or tumor biopsy to confirm the diagnosis.
Diagnostic criteria of HCC on radiological findings were
hyper-vascularity at angiography or hyper-attenuation at
triphasic contrast-enhanced computerized tomography
or magnetic resonance imaging during the hepatic arte-
rial phase.

Statistical analysis

The SPSS software package ver. 15.0 was used for statis-
tical analysis. Categorical data were analyzed using Fish-
er’s exact test. Continuous variables were compared with
Student’s t-test. The time for the development of HCC
was defined as the time from the completion of IFN
therapy to the time of diagnosis. Annual incidence of

© 2010 The Japan Society of Hepatology

Hepatology Research 2010; 40: 870-877

HCC was calculated using the person-years method.
Effect of hepatic steatosis on time to development of
HCC was analyzed by the Kaplan-Meier method and
log-rank test, after stratification by age, sex, BMI, degree
of fibrosis and response to IFN therapy, as well as mul-
tivariate analysis using Cox proportional hazards regres-
sion analysis. A P-value of less than 0.05 was considered
statistically significant.

RESULTS

Background factors for steatosis

PA’[‘I ENTS WITH A steatosis grade of 10% or greater
were older (53.6+£12.6 vs 56.0£9.8, P=0.001),
had a higher BMI (23.0 £3.0 vs 24.6 £ 3.3, P < 0.0001),
higher frequency of diabetes (12% vs 24%, P<
0.0001), higher serum levels of aspartate amino-
transferase (AST) (66+46 vs 75+43, P=0.002),
v-glutamyltransferase (GGT) (37+£52 vs 52+33,
P <0.0001), total cholesterol (173 £32 vs 179 £33,
P=0.005), triglycerides (123 +56 vs 145+068, P<
0.0001), and a lower serum level of albumin (4.2 £0.3
vs 4.1+0.3, P=0.005) and lower platelet counts
(16.6 £5.2 vs 15.7 £ 5.1, P=0.007). Histological grade
of activity (A2-3: 39% vs 54%, P < 0.0001), and stage of
fibrosis (I'3-4: 18%vs 34%, P < 0.0001) were higher. The
proportion of non-sustained virological response (SVR)
to IFN also was higher (35% vs 19%, P < 0.0001). These
results indicate that hepatic steatosis in hepatitis C is
related to metabolic factors and associated with otherrisk
factors for the development of HCC such as older age,
advanced stage of fibrosis, and non-SVR to IFN therapy.

Factors associated with the development
of HCC

Hepatocellular carcinoma developed in 68 patients
during follow up. An overall annual incidence of HCC
development was 1.19% by person-years. The annual
incidence of HCC development by person-years was
higher in patients with higher grade of steatosis: 0.45%
for patients without steatosis, 0.78% for patients with
1-9% of steatosis, 2.30% for patients with 10-29% of
steatosis, and 3.56% for patients with 30% of steatosis.
The relative risk of hepatic steatosis (grade of 210%) for
HCC development was 4.39 (95% confidence interval
2.66-7.26, P < 0.0001). The difference remained signifi-
cant, even after stratification for other risk factors such as
IFN therapy, stage of fibrosis, age, sex and BMI (Fig. 1).
When analyzed by the multivariate Cox proportional
hazards regression method, a higher grade of steatosis,
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1 10 100 Odds ratio 95% C Pvalue
o Al W 44 27-7.3 <0.0001

Figure 1 Relative risk differences of )
hepatocellular  carcinoma  (HCC) Age <60 ° 123 4.1-37.3 <0.0001
among patients with and without ste- ~ Age 260 ——— 29 16-52 0.0006
atosis. The relative risk of hepatic Female B, S 47 2.1-105 0.0002
steatosis (grade 210%) for HCC devel- Male ———— 43 2.2-82 <0.0001
opment was analyzed, after stratifica- SVR . 159 3.1-80.8 0.0008
tion for other risk factors such as  Non-SVR 32 1.9-55 <0.0001
interferon (IFN) therapy, stage of fibro- FO-2 e e 4.7 2.1-10.3 0.0001

—_— »

sis, age, sex and body mass index F3-4 27 14-53 0.0041
BMI). SVR, sustained virological ~ BMI<23 T 49 2.0-11.9 0.0004
ﬁespo)n " 8 BMI 223 e 37 2.0-68 <0.0001

older age, male sex, higher BMI, an advanced stage of
fibrosis and non-SVR to 1FN therapy were independent
risk factors associated with the development of HCC
(Table 2). The adjusted risk ratio of hepatic steatosis was
3.04 (95% confidence interval 1.82-5.06, P < 0.0001).
The presence of diabetes and consumption of ethanol
were not significant. Figure 2(a) shows the Kaplan-
Meier curve of the time to development of HCC in the
entire cohort. The cumulative incidence of HCC was
significantly higher with hepatic steatosis of 10% or
greater. To adjust for other risk factors, patients were
stratified according to response to IFN therapy, stage of
fibrosis, age, sex and BMI. The difference remained sig-
nificant, even after stratification for these confounding
factors (Fig. 2b-f). Three patients died after the devel-
opment of HCC. All were over 60 years old, and had
significant steatosis. The impact of hepatic steatosis on
the survival rate could not be analyzed due to the small
number of death.

DISCUSSION

N THIS STUDY, we have shown that the presence of
significant steatosis is an independent risk factor for

the development of HCC in chronic hepatitis C. Our
study involved the largest number of patients, compared
to previous reports, and this enabled us to adjust for
other known risk factors for HCC. The impact of steato-
sis on HCC development remained significant even after
adjusting for other risk factors such as older age, male
sex, higher BMI, advanced fibrosis and non-SVR to IFN
therapy. These findings indicate the need of intensive
surveillance for HCC in patients with significant steato-
sis and provide an argument for therapeutic interven-
tions aimed at reducing steatosis, in order to reduce the
risk of HCC.

The association between hepatic steatosis and the
development of HCC in chronic hepatitis C has been
proposed and the possible mechanism has been dis-
cussed.' There are several cohort studies on this topic
but their results are conflicting. The first report
included 20 patients with SVR to IFN, 51 patients with
non-SVR to IFN and 90 patients who did not receive
IFN therapy." In this cohort of 161 patients, older age,
absence of IFN therapy, cirrhosis and steatosis were
associated with HCC development. Another study
involved 25 patients with HCC and an equal number
of patients who did not develop HCC, matched for

Table 2 Multivariate analysis of risk factors for hepatocellular carcinoma

Predictor Odds ratio (95% CI) P-value
Age By every 10 years 1.09 (1.05-1.13) <0.0001
Sex Male vs female 2.12 (1.28-3.51) 0.004
Stage of fibrosis F3-4 vs F0-2 4.30 (2.59-7.14) <0.0001
Grade of steatosis >10% vs <10% 3.04 (1.82-5.06) <0.0001
Response to IFN Non-SVR vs SVR 2.43 (1.13-5.23) 0.023
Diabetes Present vs absent 0.75 (0.42-1.33) 0319
Ethanol consumption (g/day) 220 vs <20 0.50 (0.07-3.60) 0478
BMI (kg/m2) 223 vs <23 1.69 (1.02-2.86) 0.043

BMI, body mass index; CI, confidence interval; IFN, interferon; SVR, sustained virological response.
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Figure 2 Cumulative incidence of hepatocellular carcinoma (HCC) among patients with steatosis (solid line) and without steatosis
(dotted line), stratified by other risk factors. The cumulative incidence of HCC was (a) significantly higher in patients with a
steatosis grade of 10% or greater (I’ < 0.0001 by the log-rank test), even after (b) stratification by the response to interferon therapy
(P < 0.0001 for sustained virological response [SVR] and non-8VR by the log-rank test), (c) stratification by the stage of fibrosis
(P < 0.0001 for FO-2 and P = 0.0036 for F3-4 by the log-rank test), (d) stratification by age (P = 0.0001 for age 260 and P < 0.0001
for age <60 by the log-rank test), (e) stratification by sex (P < 0.0001 for men and women by the log-rank test}, and (f) stratification
by body mass index (BMI) (P < 0.0001 for BMI 223 kg/m" and <23 kg/m’ by the log-rank test). The number of patients at risk is

shown below each graph.

age, sex, HCV genotype and stage of fibrosis."” In this
study, only ALT and albumin were identified as predic-
tors of HCC and steatosis was not. The authors
acknowledged the small size of the cohort as a limita-
tion and emphasized the need for larger cohort
studies. The third study analyzed explanted liver from
cirrhotic patients who underwent liver transplantation
and included 32 patients with HCC and 62 patients
without HCC." The authors found that older age,
higher o-fetoprotein levels and steatosis were signifi-
cantly associated with HCC. The major advantage of
this study was the standardization of fibrosis stage to
cirrthosis. On the other hand, a limitation was the ret-
rospective nature of the study; steatosis was evaluated
after the diagnosis of HCC, when cirrhosis already was
present (fibrosis stage F4). Because steatosis has been
reported to decrease once cirrhosis has developed, this
study may have underestimated the grade of steatosis
present prior to the development of HCC. Thus, we
cannot simply apply their findings to a clinical setting
where biopsies are usually obtained before the devel-
opment of cirrhosis and years before the development
of HCC. Based on that background, the principal aim
of this study was to analyze the association between
hepatic steatosis and the development of HCC in
chronic hepatitis C patients, adjusting for known risk
factors. We found that steatosis was an independent
risk factor by the multivariate Cox proportional
hazards regression analysis and by the Kaplan-Meier
method and log-rank test after stratification by other
risk factors. To our surprise, the adjusted risk ratio of
hepatic steatosis was higher than that of older age,
male sex, non-SVR to IFN and higher BMIL.

How steatosis contributes to the development of HCC
remains unclear. Several studies including ours," indi-
cated that hepatic steatosis promotes the progression of
hepatic fibrosis,’'-'* which potentiates the risk of HCC
indirectly. On the other hand, the ob/ob mouse model
of NAFLD showed that hepatic neoplasia developed in
the absence of advanced fibrosis, supporting the concept
that metabolic abnormalities related to obesity initiate

the neoplastic process.® Leptin, an adipocytokine related
to steatosis in chronic hepatitis C,?' was shown recently
to be mitogenic in human liver” and thus may be a link
between steatosis and HCC development. Otherwise,
steatosis may be responsible for increased lipid peroxi-
dation and reactive oxygen species which induce genetic
damage.”’-*> Another study showed that mice transgenic
for the HCV core gene developed hepatic steatosis early
in life and thereafter HCC which indicates that the HCV
core protein has a chief role in the development of both
steatosis and HCC development.”® The precise mecha-
nism of the association between steatosis and carcino-
genesis needs further investigation.

The higher incidence of HCC in patients with signifi-
cant steatosis has important clinical implications. The
most important question is whether therapeutic inter-
ventions aimed at reducing steatosis could reduce
the risk of HCC in chronic hepatitis C. Because the
adjusted risk ratio of hepatic steatosis was higher than
that of older age, male sex, non-SVR to IFN and higher
BMI, we hypothesize that modification of lifestyle and
the amelioration of hepatic steatosis may efficiently
prevent hepatocarcinogenesis in patients having con-
comitant risk factors. Apparently, further prospective
studies focusing on this point are necessary. Weight
reduction may provide an important treatment strategy
because one study indicated that weight reduction in
chronic hepatitis C leads to a reduction in steatosis and
an improvement in fibrosis despite the persistence of
HCV infection.”” Alternatively, insulin resistance may
be another target of therapy because a study showed
that the administration of pioglitazone led to meta-
bolic and histological improvement in subjects with
non-alcoholic steatohepatitis.® A limitation of the
present study was that data for the plasma insulin
concentration was not available and thus insulin
resistance could not be assessed. Whether insulin re-
sistance plays a role in hepatocarcinogenesis or its
amelioration could improve steatosis and ultimately
prevent development of HCC in chronic hepatitis C
awaits future investigation.

© 2010 The Japan Society of Hepatology
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Another important finding of the present study was
that steatosis was a significant risk factor for the devel-
opment of HCC in patients with SVR to IFN therapy.
Thus, steatosis may play a role in carcinogenesis in
patients who have cleared HCV. Several studies have
shown that the incidence of HCC is reduced but not
eliminated in those with SVR to IFN.”’""' Because the
predictors of HCC development in SVR patients have
not been established to date, steatosis may be used to
identify patients who need intensive surveillance and
long-term follow up, even after the clearance of HCV. In
conclusion, we showed that hepatic steatosis is signifi-
cantly associated with the development of HCC in
chronic hepatitis C independent of age, sex, BMI, degree
of fibrosis and response to previous IFN therapy. Steato-
sis may be a useful marker for identifying patients at
higher risk for HCC. Further studies are needed to evalu-
ate the hypothesis that therapeutic interventions aimed
at reducing steatosis may prevent hepatocarcinogenesis.
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Abstract

Background Pegylated-interferon-alpha 2b (PEG-IFN)
plus ribavirin (RBV) therapy is currently the de-facto
standard treatment for hepatitis C virus (HCV) infection.
The aims of this study were to analyze the clinical and
virological factors associated with a higher rate of response
in patients with HCV genotype 1b infection treated with
combination therapy.

Methods We analyzed, retrospectively, 239 patients with
chronic hepatitis C-1b infection who received 48 weeks of
combination therapy. We assessed clinical and laboratory
parameters, including age, gender, pretreatment hemoglo-
bin, platelet counts, HCV RNA titer, liver histology, the
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number of interferon sensitivity determining region (ISDR)
mutations and substitutions of the core amino acids 70 and
91. Drug adherence was monitored in each patient. We
carried out univariate and multivariate statistical analyses
of these parameters and clinical responses.

Results  On an intention-to-treat (ITT) analysis, 98 of the
239 patients (41%) had sustained virological responses
(SVRs). Patients with more than two mutations in the ISDR
had significantly higher SVR rates (P < 0.01). Univariate
analyses showed that stage of fibrosis, hemoglobin, platelet
counts, ISDR mutations, serum HCV RNA level, and
adherence to PEG-IFN plus RBV were significantly cor-
related with SVR rates. Multivariate analysis in subjects
with good drug adherence extracted the number of ISDR
mutations (two or more: odds ratio [OR] 5.181).
Conclusions The number of mutations in the ISDR
sequence of HCV-1b (>2) is the most effective parameter
predicting a favorable clinical outcome of 48-week PEG-
IFN plus RBV therapy in patients with HCV genotype 1b
infection.

Keywords Hepatitis C virus (HCV) - Chronic
hepatitis C - PEG-IFN plus RBV therapy -

Combination therapy - Interferon sensitivity determining
region (ISDR)

Abbreviations
HCV Hepatitis C virus
IFN Interferon

PEG Polyethylene glycol

PEG-IFN Pegylated-interferon-alpha 2b

RBV Ribavirin

ISDR Interferon sensitivity determining region
BMI Body mass index
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ALT Alanine transaminase
dM Double mutant

ITT analysis Intention-to-treat analysis
PP analysis  Per protocol analysis

SVR Sustained virological response

ETR End of treatment response

PKR Double stranded RNA-dependent protein
kinase

TLR Toll-like receptor

MyD88 Myeloid differentiation primary response
gene 88

Introduction

Hepatitis C virus (HCV) is one of the major pathogens
causing chronic hepatitis [1, 2] and eradication of the
virus by the host occurs infrequently during the natural
course of infection once it becomes chronic. Interferon
(IFN) has been used widely as the most effective antiviral
agent for chronic hepatitis C. Although ribavirin (RBV), a
synthetic guanosine analog, alone does not decrease the
serum HCV RNA level [3-5), it has been shown that
combination therapy with IFN-alpha (given 3 times
weekly) and daily RBV gives a higher sustained response
rate than IFN monotherapy [6-8]. Pegylation is the pro-
cess by which an inert molecule of polyethylene glycol
(PEG) is covalently attached to a protein, and the addition
of PEG to IFN produces a biologically active molecule
with a longer half-life and more favorable pharmacoki-
netics than the natural molecule. These characteristics
allow more convenient, once-weekly dosing [9]. Pegy-
lated (PEG)-IFN plus RBV is significantly more effective
than IFN plus RBV or PEG-IFN alone for the treatment
of chronic hepatitis C, with sustained virological response
rates of ~50% in patients infected with HCV genotype
1b [10].

We reported previously a close correlation between the
number of mutations in the nonstructural 5A (NSS5A)
region of the HCV genome encoding amino acids (aa) at
positions 2209-2248 |[the IFN sensitivity determining
region (ISDR)] and IFN efficacy in patients with HCV
genotype 1b infection [11-13]. The aims of this study
were to analyze clinical and virological factors associated
with a higher rate of response by patients with HCV
genotype b infection who were treated with combination
therapy with pegylated-IFN-alpha 2b (PEG-IFN) plus
RBV, and to clarify the relationship between ISDR
mutations and virological response to the combination
therapy.

_@_ Springer

Methods
Patients and methods

We analyzed, retrospectively, 239 patients with chronic
HCV-1b infection who received combination therapy with
PEG-IFN plus RBV between December 2004 and April
2008 at Tokyo Medical and Dental University Hospital
(Tokyo, Japan) and associated hospitals participating in the
Ochanomizu-Liver Conference Study Group. All patients
had histologically or clinically proven chronic active hep-
atitis and were positive for anti-HCV antibodies and serum
HCV RNA by reverse transcription polymerase chain
reaction (RT-PCR). Patients with a positive test for serum
hepatitis B surface antigen, coinfection with other HCV
genotypes, coinfection with human immunodeficiency
virus, other causes of hepatocellular injury (such as alco-
holism, autoimmune hepatitis, primary biliary cirrhosis, or
a history of treatment with hepatotoxic drugs), and a need
for hemodialysis were excluded.

The following factors were analyzed to determine whe-
ther they were related to the efficacy of combination therapy:
age; gender; body mass index (BMI); previous IFN therapy;
grade of inflammation and stage of fibrosis on liver biopsy;
pretreatment biochemical parameters, such as hemoglobin,
alanine transaminase (ALT) level, platelet count, low den-
sity lipoprotein (LDL) cholesterol, serum HCV RNA level
(Log IU/ml); and the amino acid sequence of the IFN sen-
sitivity determining region (aa 2209-2248, ISDR). Liver
biopsy specimens were evaluated according to the grade of
inflammation and the stage of fibrosis; this was done blindly
by an independent interpreter who was not aware of the
clinical data. Activity of inflammation was graded on a scale
of 0-3: A0 shows no activity, Al shows mild activity, A2
shows moderate activity, and A3 shows severe activity.
Fibrosis was staged on a scale of 0—4: FO shows no fibrosis,
F1 shows moderate fibrosis, F2 shows moderate fibrosis with
few septa, F3 shows severe fibrosis with numerous sepla
without cirrhosis, and F4 shows cirrhosis.

The study protocol conformed to the ethical guidelines
of the Declaration of Helsinki and was approved by the
ethics committee of our hospital, and informed written
consent was obtained from each patient.

Nucleotide sequencing of the NS5A gene

The serum samples were frozen at —80°C until use.
Extraction of RNA from serum and RT-PCR were per-
formed as described previously [i4). The PCR and
sequencing primers were synthesized with a DNA syn-
thesizer (model 391; Applied Biosystems Japan, Chiba,
Japan).
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To determine the nucleotide sequence of the NS5A
2209-2248 region, we amplified nucleotides (nt) 7296-
7320 of HCV complementary DNA by using the outer pair
of primers [5' outer primer, 5-TGG ATG GAG TGC GGT
TGC ACA GGT A-3' (nt 67036727 of HC-J4); 3’ outer
primer, 5’-TCT TTC TCC GTG GAG GTG GTA TTG C-3¥
(nt 7296-7320)]. We transferred 1 pl of the first PCR
product to the second PCR reaction along with the nested §'
and 3’ primers {5 inner primer, 5-TGT AAA ACG ACG
GCC AGT CAG GTA CGC TCC GGC GTG CA-3' (m
6722-6741), with the MI13 forward primer sequence
underlined; and 3’ inner primer, 5-CAG GAA ACA GCT
ATG ACC GGG GCC TTG GTA GGT GGC AA-3' (nt
7275-7294), with the MI13 reverse primer sequence
underlined]. An M13 forward primer and an M13 reverse
primer were attached to the 5’ terminal of the 5 and 3’
inner primers, respectively, to facilitate direct sequencing
with an_automated DNA sequencer (model 3735; Applied
Biosystems Japan).

Both strands of the PCR products were sequenced with
the PRISM dye termination kit (Applied Biosystems
Japan), according to the manufacturer’s instructions. The
sequencing primer was the M13 forward primer for the
sense strand and the M13 reverse primer for the antisense
strand. Deduced aa sequences of NS5A4 2209-2248 were
compared with the NS5A 2209-2248 sequences of HCV-]
[15], which are prototypic sequences of HCV-1b. The
results of the sequencing analysis were confirmed as con-
sistent for each sample by repeating the experiment twice
with different PCR products, to rule out the possibility of
selection and amplification of minor NS5A quasi species
variants in the low-titer specimens.

Nucleotide sequencing of the core gene

Substitutions of amino acids 70 and 91 in HCV-core region
were determined according to core sequences obtained as
described previously [16, 17]. The pattern of glutamine/
histidine (mutant) at aa 70 and methionine (mutant) at aa
91 was evaluated as the double-mutant (dM) type. while
the other patterns were non-double-mutant (non dM) type.
Two patterns of mutants and competitive were labeled as
non-wild. Wild at aa 70 and wild at aa 91 were evaluated as
double-wild-type (dW), while the other patterns were
considered non-double-wild-type (non dW).

Study design and treatment regimens

Patients were treated with combination therapy with PEG-
IFN (Peg-Intron; Schering-Plough Nordic Biotech, Stock-
holm, Sweden) 1.2-1.5 pg/kg subcutaneously and RBV
(Rebetol; Schering-Plough Nordic Biotech) (body weight
[b.w.] < 60 kg, 600 mg po daily; b.w. 60-80 kg, 800 mg

po daily; b.w. > 80 kg, 1000 mg po daily; in two divided
doses). The duration of the combination therapy was set at
a standard 48 weeks. Treatment reduction was permitted,
to escape side effects, but extended treatment of 72 weeks
is not included in this analysis. Achieved rates of PEG-IFN
and RBV administration were calculated as the percentage
of the actual total dose administered of a standard total
dose of 48 weeks according to body weight before therapy.
During treatment, patients were assessed as outpatients at
weeks 2, 4, 6, and 8, and then every 4 weeks for the
duration of treatment and at every 4 weeks after the end of
therapy. Biochemical and hematological testing was done
by a central laboratory. Serum HCV RNA was measured
before treatment, during treatment at 4-weekly intervals,
and after therapy at 4-weekly intervals for 24 weeks, by a
quantitative PCR assay with a sensitivity of 100 copies/ml
{(National Genetics Institute, Los Angeles, CA, USA).

Outcomes

The primary end point was a sustained biochemical and
virological response. Sustained virological response (SVR)
was defined as serum HCV RNA undetectable at 24 weeks
after the end of treatment. Secondary end points were end-
of-treatment virological responses (HCV RNA undetect-
able in serum). In addition, tolerability (adverse events)
and drug adherence were recorded and factors potentially
associated with virological response were explored.

Statistical analysis

SPSS software package (SPSS 12J for Windows; SPSS,
Chicago, IL, USA) was used for statistical analysis, which
was carried out using the z* or Fisher’s exact probability
test. Distributions of continuous variables were analyzed
by the Mann—Whitney U-test. Independent factors possibly
affecting response to combination therapy were examined
by stepwise multiple logistic-regression analysis. All P
values were two-tailed and those lessthan 0.05 were con-
sidered statistically significant.

Results
Clinical characteristics and response to therapy

The clinical characteristics of the 239 patients are sum-
marized in Table 1. On an intention-to-treat (ITT) analysis,
serum HCV RNA levels were undetectable by the end of
treatment in 172 of the 239 patients (72%) who were
treated with PEG-IFN plus RBV, and among them, 98
of the 239 patients (41%) had an SVR (Table 2). The
SVR rate decreased with drug discontinuation and dose
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Table 1 Baseline characteristics of participating patients infected
with HCV genotype 1b

Table 2 Sustained response rates to treatment according to drug
adherence

Total number 239

Age (years)” 57 (21-78)
Gender (male/female) 142/97

Body mass index (kg/m?)* 23.3 (15.3-31.0)
Previous interferon therapy (no/yes) 167/72

Histology at biopsy
Grade of inflammation

AO0/1/2/3 3/65/102/10
Stage of fibrosis

FO0/1/2/3/4 417315713719
Hemoglobin (g/dl)” 143+ 1.3
ALT (VL) 86 + 67
Platelet count (x 10%/pl)® 160 + 58
LDL cholesterol (mg/dh® 74 + 19
Serum HCV-RNA level (Log(lU/ml))"‘ © 6.1 £ 0.6
Type of mutations in the core (dM/non dM) 30/166
Type of mutations in the core (dW/non dW) 65/131
Type of ISDR sequence (0/1/2/3/4 or more) 126/45/11/5/18

HCV hepatitis C virus, LDL low density lipoprotein, ALT alanine
transaminase, ISDR interferon sensitivity determining region in NS5A
2209-2248, dM double mutant: dual substitutions at amino acids 70 and
91, non dM non-double mutant: wild type or substitution at either
amino acid 70 or 91, dW double wild: wild type at amino acids 70 and
91, non dW non-double wild: dual or substitution at either amino acid
70 or 91

* Median (range) values are shown
® Data are mean + SD
¢ Data are shown as Log(TU/ml)

reduction. The SVR rates of patients who received a total
cumulative treatment dose of PEG-IFN of more than 80%
were almost twice as high as the rates of patients who
received less than 80% (56%, 26%, and 9% with >80%,
60%-80% and <60% of the PEG-IFN dose, P < 0.001).
The SVR rates did not decrease with RBV reduction, as
long as the cumulative treatment dose of RBV was more
than 60%, but when the RBV reduction fell below 60%, the
SVR rates were significantly lower (56%, 38%, and 10%
with >80%, 60%-80%, and <60% of the RBV dose,
P < 0.001).

Factors associated with sustained virological response

Seven parameters that influenced the SVR rate were
identified by univariate analysis, including siage of fibrosis
at liver biopsy, hemoglobin, platelet count, serum HCV
RNA level, the type of ISDR sequence, and adherence to
PEG-IFN plus RBV (Table 3). On the other hand, the SVR
rate was not related to gender (P = 0.07), age or BMIL. The
amino acid substitution pattern was not significant in the
overall analysis, but female patients with dual substitutions
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Number/total
number (%)

Characteristic

Overall

End of treatment

End of follow up
PEG-interferon-a2b adherence

172/239 (72)
98/239 (41)

End of treatment

>80% 131/154 (85)
60-80% 19/27 (70)
<60% 22/58 (38)
End of follow up
>80% 86/154 (56)
60-80% 7/27 (26)
<60% 5/58 (9)
Ribavirin adherence
End of treatment
>80% 113/134 (84)
60-80% 37/46 (80)
<60% 22/59 (37)
End of follow up
>80% 74/133 (56)
60-80% 18/47 (38)
<60% 6/59 (10)
PEG pegylated

at amino acids 70 and 91 had a low tendency to achieve
SVR. As shown in Table 4, gender differences existed in
the mutations in ISDR and core regions based on thera-
peutic responses. Because there were rather fewer female
than male patients, the type of ISDR sequence did not
significantly influence the SVR in females. We also ana-
lyzed types of mutations in the core, and the amino acid
substitution pattern was not significant in the male patients,
but female patients with dual substitutions at amino acids
70 and 91 had a low tendency to achieve an SVR, as
mentioned above. We also compared results between
treatment-naive patients and those who had failed previous
IFN therapy (Table 5). As there were some differences in
stage of fibrosis, platelet count, grade of inflammation, and
gender in univariate analysis, treatment was comparably
effective in both groups.

Finally we performed multivariate analysis in subjects
with good drug adherence (Table 6), which identified only
one parameter that influenced the SVR rate independently
by variable selection: the number of mutations in the ISDR
sequence (two or more: odds ratio [OR] = 5.181,
P < 0.05). This regression model was always obtained
regardless of the variable selection method used, includ-
ing conditional parameter estimation, Wald statistic, and
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Table 3 Clinical and virological characteristics of 239 patients treated with PEG-IFN plus RBV therapy, based on therapeutic response

SVR (n =98) Non-SVR (n = 141) P value
Age (years)” 56 (27-69) 58 (23-72) NS
Gender (male/female) 65/33 7764 0.070
Previous interferon therapy (no/yes) 68/30 99/42 NS
Grade of inflammation (AQ-1/2-3) 31/50 37/62 NS
Stage of fibrosis (FO-2/3-4) 68/13 67/33 0.009
Body mass index (kg/m?y* 23.3 (15.5-28.1) 233 (153-31.0) NS
Pretreatment Hemoglobin (g/d1)® 146 + 1.1 140+ 14 <0.001
Pretreatment ALT (IU/ml)® 87 + 68 86 + 67 NS
Pretreatment platelet count (x 10°/ul)® 178 + 63 148 + 51 <0.001
Pretreatment LDL cholesterol (mg/dl)" 7821 72 £ 18 NS
Pretreatment serum HCV-RNA level (Log([U/ml))"‘ ¢ 59+ 0.7 62+ 04 <0.01
No. of mutations in the ISDR (0-1/2 or more) 66/23 105/11 0.002
Type of mutations in the core (dM/non dM) 9/76 21/90 NS
Type of mutations in the core (dW/non dW) 31/54 34777 NS
PEG-interferon adherence (>80/60-80/<60%) 85/7/6 68/20/53 <0.00]
Ribavirin adherence (>80/60-80/<60%) 7211917 60/28/53 <0.001

IFN interferon, RBV ribavirin, SVR sustained virological response, NS not significant, ALT alanine transaminase, ISDR interferon sensitivity
determining region in NS5A 5;09_2243, core substitution of amino acids 70 and 91, 4M double mutant: dual substitutions at amino acids 70 and 91,
non dM non-double mutant: wild type or substitution at either amino acid 70 or 91, dW double wild: wild type at amino acids 70 and 91, non dW

non-double wild: dual or substitution at either amino acid 70 or 91
* Median (range) values are shown

P Data are mean + SD

¢ Data are shown as Log(IU/ml)

Table 4 Mutations in the ISDR and core regions analyzed separately
for gender based on therapeutic response

SVR (n = 98) Non-SVR (n = 141) P value

No. of mutations in the ISDR (0-1/2 or more)

Male 36/21 56/8 0.002

Female 3072 49/3 NS
Type of mutations in the core (dM/non dM)

Male 8/46 11748 NS

Female 1/30 10/42 0.026
Type of mutations in the core (dW/non dW)

Male 18/36 16/43 NS

Female 13/18 18/34 NS

likelihood ratio statistic in combination with forward or
backward variabie selection methods.

Comparison of SVR rates according to the number
of mutations in the ISDR sequence

We analyzed first the percentage of patients with more than
two mutations in the ISDR among 762 patients who
received IFN therapy between December 2000 and April

2008 at Tokyo Medical and Dental University Hospital and
associated hospitals. The percentage of patients with more
than two mutations in the ISDR was between about 20%
and 30% for all ages (Fig. 1a).

Secondly, we analyzed responses to PEG-IFN plus RBV
treatment and serum levels of HCV RNA in relation to the
number of mutations in the ISDR. In Fig. 1b, patients with
SVR are indicated by open circles and those with non-
SVR, by closed circles. Although the rate of SVR tended to
be higher in patients with increasing numbers of mutations
in the ISDR, 5 patients with more than two mutations in the
ISDR who experienced drug discontinuation and dose
reduction resulted in non-SVR.

We confirmed changes over time in VR rates in patients
treated with PEG-IFN plus RBV (Fig. Ic). Patients with
more than two mutations in the ISDR are indicated in the
figure by open circles and those with none or one mutation
in the ISDR, by closed circles. The VR rates tended to be
high early in the treatment in patients with more than two
mutations in the ISDR.

Finally we compared the PEG-IFN plus RBV treatment
efficacy in two groups, divided based on ISDR mutations.
Patients with more than two mutations in the ISDR had a
significantly higher tendency to achieve SVR in both ITT
and per-protocol (PP) analyses (P < 0.01) (Fig. 1d), and
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Table 5 Clinical and virological characteristics of 239 patients treated with PEG-IFN plus RBV therapy, based on previous interferon therapy

Previous interferon therapy No (n = 167) Yes (n = 72) P value
Sustained response rates 68/167 (41) 30/72 (42) NS
Age (<65/>65) 127/40 5115 NS
Gender (male/female) 93/74 49/23 0.074
Grade of inflammation (A0-1/2-3) 55172 13/40 0.018
Stage of fibrosis (F0-2/3-4) 10324 32/21 0.003
Pretreatment hemoglobin (<14.5/>14.5) 93/74 41/31 NS
Pretreatment platelet count (<160/>160 x 10%) 84/83 50/22 0.006
Pretreatment Serum HCV RNA level® (<6/>6) 54/112 25/46 NS
No. of mutations in the ISDR (0-1/2 or more) 116/22 55/12 NS
PEG-interferon adherence (>80/60-80/<60%) 110/18/39 43/9/20 NS
Ribavirin adherence (>80/60-80/<60%) 97/30/40 35/17120 NS

“ Data are shown as Log(IU/ml)

Table 6 Multivariate analysis for the clinical and virological factors related to sustained response to PEG-IFN plus RBV therapy in 104 patients

who were not intolerant to PEG-IFN plus RBV therapy

Factor Category Odds ratio (95% CI) P value
(a) Five-factor model
Number of mutations in the ISDR Oorl 1
2 or more 4.486 (0.922-21.74) 0.063
Pretreatment Hemoglobin (g/dl) 1.250 (0.853-1.833) NS
Pretreatment Serum HCV RNA level® 0.510 (0.224-1.159) NS
Stage of fibrosis F 0/172 1
F 3/4 0.460 (0.153-1.382) NS
Pretreatment Platelet count (x l()‘/ul) 1.022 (0.949-1.101)
(b) Step-wise variable selection
Number of mutations in the ISDR Oorl 1
2 or more 5.181 (1.129-23.81) 0.034

CI confidence interval, ALT alanine transaminase, ISDR interferon sensitivity determining region in NS5A 2992248

¢ Data are shown as Log(IU/ml)

the SVR rates of the patients with good drug adherence was
80%.

Side effects

Side effects leading to treatment discontinuation occurred
in 53 patients (22%). Overall, 109 patients (46%) required
reduction of the dose of one or both drugs during the
treatment regimens (23% required PEG-IFN reduction and
35% required RBV reduction). The most common events
leading to drug withdrawal were general fatigue and
appetite loss (n = 15), hematologic abnormalities (n = 6),
dermatological symptoms (n = 5), retinopathy (n = 5),
neuro-psychiatric events (n = 4), and interstitial pneumo-
nia, including severe cough (n = 4).
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Discussion

Although the relationship between ISDR mutations and the
clinical efficacy of IFN has been conflicting in Western
countries [18-24], our results support previous studies
reporting a close correlation between the number of
mutations in the ISDR and IFN efficacy in patients with
chronic HCV-1b infection [11-13]. Because most patients
with 4 or more mutations in the ISDR (hereafter classified
as the mutant type) experienced SVR with conventional
IFN monotherapy, we reported previously that the number
of amino acid substitutions in the ISDR was an indepen-
dent predictor of the response to IFN therapy [12]. In the
present study, we demonstrate that ISDR mutations are the
most effective predictors of treatment outcome of 48-week
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PEG-IFN plus RBV therapy in patients with HCV geno-
type lbinfection.

In the present study, the SVR rate was not related to
gender, age, or previous IFN therapy by univariate analy-
sis. First of all, in regard to gender (P = 0.07), as male
patients had a higher tendency to achieve SVR than female
patients, further validation in larger-scale studies is
required to clarify the significance of gender. Secondly, in

<« Fig. 1 a The percentages of patients with more than two mutations in

the interferon sensitivity determining region in NSSA 25092045
(ISDR), according to age (horizontal axis) among 762 patients who
received interferon (IFN) therapy between December 2000 and April
2008 at Tokyo Medical and Dental University Hospital and associated
hospitals. b Responses to pegylated (PEG)-IFN plus ribavirin (RBV)
treatment and serum levels of hepatitis C virus (HCV) RNA in
relation to the number of mutations in the ISDR. Patients with
sustained virological response (SVR) are indicated by open circles and
those with non-SVR by closed circles. ¢ Changes over time in VR
rates in patients treated with PEG-IFN plus RBV. Patients with more
than two mutations in the ISDR are indicated by open circles and
those with no or one mutation in the ISDR by closed circles,
W weeks. d PEG-IFN plus RBV treatment efficacy divided into two
groups based on ISDR mutations. End-of-treatment response (ETR)
and SVR are shown in both intention-to-treat (ITT) analysis (/eft) and
per-protocol (PP) analysis (right)

regard to age. there was no relation to SVR in overall
analysis with continuous variables, but younger patients,
aged less than 65 years, had a higher rate of response than
those aged more than 65 years (P < 0.05, data not shown).
Actually there are some reports suggesting the relationship
of age and SVR [25. 26]. Finally, in regard to previous IFN
therapy, as shown in Table 5, treatment was comparably
effective in both groups; previous IFN therapy did not
affect the SVR rate. The reasons for equivalent response
rates in subjects with prior IFN history, which was not
expected, are unclear. In our study. the group with prior
IFN history had more advanced liver fibrosis and a low
platelet count, and stage of fibrosis was one of the factors
extracted by univariate analysis as a useful pretreatment
marker predicting SVR. We also analyzed the other three
parameters extracted by univariate analysis. Although there
was no difference in pretreatment hemoglobin, or number
of ISDR mutations. the group with prior IFN history tended
to have a low serum HCV-RNA level. Further, the group
with prior IFN history had a high proportion of male
patients. Although the SVR rate was not related to gender,
male subjects had a higher tendency to achieve SVR than
female subjects.

In our present study, the SVR rate was not related to
core mutations. As described in previous reports [17, 27, 28],
amino acid substitutions in the core region are regarded as
predictors of response to PEG-IFN plus RBV therapy in
Japanese patients infected with HCV genotype 1b. In the
present study, the SVR rate was not related to the pattern of
amino acid substitution in the overall analysis. The reasons
for these discrepant results are unclear, but females
with dual substitutions at amino acids 70 and 91 had a
lower tendency to achieve SVR. Further studies are
necessary to clarify the mechanism of action for amino acid
substitutions in the core region of HCV.

Recent studies suggest that the mutations in the ISDR
are associated with response to combination therapy with
IFN and RBV [29-32]. Most recently, it has been reported

@_ Springer



J Gastroenterol

that amino acid substitutions in the core and mutations in
the ISDR are predictive of virological response to the
combination therapy in patients with HCV genotype 1b and
a high viral load [28]. There are some reports suggesting
that the mutations in the ISDR may not serve as a predictor
for treatment outcome [33, 34], but as the numbers of
subjects in these studies were around 30, a number which is
not sufficient to evaluate the results, this factor may explain
these discrepant results.

The mechanisms of IFN sensitivity in relation to the
sequence of the HCV NS5A ;5002245 region are not clear.
However the “mutant-type” ISDR correlates with a low
viral load, as reported previously [12, 35, 36}; most patients
in the present study with two or more mutations in the
ISDR had high levels of virus. Furthermore, stepwise
multiple logistic regression analysis of the factors,
including substitution of the ISDR and the viral load,
revealed that both of them were independent predictive
variables of SVR, and the odds ratio of the number of
mutations in the ISDR was the highest in the pretreatment
factors associated with SVR by multivariate analysis. The
precise mechanism involved must be elucidaied in further
in vitro studies.

There have been several reports that suggest biological
roles of the ISDR in the response to IFN and in HCV
infection. Double-stranded RNA-dependent protein kinase
(PKR) is a critical component of the cellular antiviral
responses induced by IFN. Gale et al. [37, 38] have
reported that mutations within the PKR-binding region of
NS5A, including ISDR, can disrupt the NS5A-PKR
interaction, possibly rendering HCV sensitive to the anti-
viral effects of IFN. Toll-like receptor (TLR) has also been
reported to play various roles in many viral infections, and
it has been reported that NS5A bound MyDS88, a major
adaptor molecule of TLR-mediated signaling, and inhibited
the TLR-MyDB88 signaling pathway by a direct interaction
with the death domain of MyD88 through the ISDR [39].
Furthermore, it has been reported that the lipid droplet is an
important organelle for HCV production, and NS5A is a
key protein that recruits replication complexes to lipid
droplets for the production of infectious viral particles [40).
While the mechanism of action of the ISDR in the response
to IFN or viral replication remains to be proven, these
findings suggest new aspects of HCV infections.

In our previous report [12], patients with 4 or more
mutations in the ISDR experienced SVR with conven-
tional IFN monotherapy, but in more effective therapy
with PEG-IFN plus RBV combination therapy, the num-
ber of mutations as a predictor of SVR decreased from 4
to 2. Watanabe et al. [41] have also reported that the
number and position of mutations in the ISDR correlated
with IFN efficacy in HCV-1b infection. Moreover, it has
been reported that patients with viruses mutated at
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positions 2209, 2216, or 2227 more frequently experi-
enced SVR than did those without these mutations.
Another group has also reported regarding statistical
analysis, using a database of 675 individual ISDR
sequences in HCV-NSSA and the IFN response [42).
They have shown that IFN-sensitive viruses contain a
larger and more diverse collection of substitutions than
IFN-resistant viruses. While it remains unknown how the
numbers of mutations are involved in the biological role
of ISDR, or which sites of mutation and changes of amino
acid are also important for the response to IFN-based
treatment, it is thought that the functional importance of
numbers or sites of mutations can be explained in terms
of interaction between NS5A and some target molecules
such as PKR, MyD88, and lipid droplets.

In vitro studies have shown that the introduction of
NS5A mutations enables an HCV replicon to replicate
efficiently [10, 43, 44]. In our previous report, site-specific
mutation of the ISDR also modulated HCV replication
[45]). The ISDR was identified originally as the site that
determines the sensitivity of HCV to IFN [12]. This indi-
cates that the ISDR mutations are not lethal in vivo. Fur-
thermore, mutations in the ISDR are closely associated
clinically with decreased serum HCV RNA levels [42],
whereas ISDR mutations in the HCV replicon enhance
replication. While the explanation for this paradox has not
become clear, a big difference between the environment of
cultured cells and that in the human liver is thought con-
tribute to this phenomenon.

We found that the percentage of patients with more than
two mutations in the ISDR was between 20% and 30% for
all ages; thus, around one-fifth of patients are thought
likely to experience SVR. Indeed, the SVR rate among
patients with two or more mutations in the ISDR sequence
was 68% (ITT) and 80% (PP) compared to 39% (ITT) and
50% (PP) among those patients with no or one mutation in
the present study. Furthermore, predictive factors such as
serum HCV RNA level, stage of fibrosis, and hemoglobin
also aid in the assessments of treatment, and we can use
these parameters to develop a treatment strategy.

Several prospective randomized trials have shown that
72-week extended therapy improves SVR by 7.5%—12% in
late viral responders [46, 47]. One cohort study showed
that 72-week treatment for late viral responders achieved
an even higher SVR. of 67.1%, which was 21% higher than
the SVR achieved with 48-week treatment [48], These
reports demonstrate that tailoring of treatment duration by
on-treatment viral response can further improve the out-
comes of antiviral therapy. In our 48-week based treatment,
90% of patients with more than 2 ISDR mutations cleared
the virus within 12 weeks of treatment (early viral
response; EVR) and consequently achieved 30% higher
SVR than those with 1 or no ISDR mutation. These results



