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Add-on Therapy of Pitavastatin and
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Despite the use of pegylated-interferon (peg-
IFN) plus ribavirin combination therapy, many
patients infected with hepatitis C virus (HCV)-
1b remain HCV-positive. To determine whether
addition of pitavastatin and eicosapentaenoic
acid (EPA) is beneficial, the “add-on’’ therapy
option (add-on group) was compared retro-
spectively with unmodified peg-IFN/ribavirin
therapy (standard group). Association of host-
or virus-related factors with sustained virologi-
cal response was assessed. In HCV replicon
cells, the effects of pitavastatin and/or EPA
on HCV replication and expression of innate-
immunity- and lipid-metabolism-associated
genes were investigated. In patients infected
with HCV-1b, sustained virological response
rates were significantly higher in the add-on
than standard group. In both groups, sustained
virological response rates were significantly
higher in patients with genotype TT of IL-28B
(rs8099917) than in those with non-TT geno-
type. Among the patients with non-TT geno-
type, sustained virological response rates were
markedly higher in the add-on than standard
group. By multivariate analysis, genome varia-
tion of IL28B but not add-on therapy remained
as a predictive factor of sustained virological
response. In replicon cells, pitavastatin and
EPA suppressed HCV replication. Activation
of innate immunity was obvious in pitavasta-
tin-treated cells and EPA suppressed the
expression of sterol regulatory element bind-
ing protein-1c and low-density lipoprotein
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receptor. Addition of pitavastatin and EPA to
peg-IFN/ribavirin treatment improved sus-
tained virological response in patients infected
with HCV-1b. Genotype variation of IL-28B
is a strong predictive factor in add-on therapy.
J. Med. Virol. 85:250-260, 2013.
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Add-on Therapy for Chronic Hepatitis C
INTRODUCTION

Nearly, 170 million people are infected with hepati-
tis C virus (HCV) worldwide and natural history stud-
ies show that 5-20% of patients develop cirrhosis
after approximately 20 years of infection [Alter, 2005].
Currently, pegylated-interferon (peg-IFN) plus ribavi-
rin combination therapy has become the standard
care for chronic hepatitis C because it achieves high
rates of sustained virological response [Aghemo et al.,
2009]. However, in patients infected with genotype 1b
HCV (HCV-1b), at most, 50% of individuals achieve a
sustained virological response following combination
therapy, and HCV-1b in high viral loads (>5.0 log IU/
ml) accounts for >70% of patients with HCV infection
in Japan [Kumada et al., 2006]. The response to IFN-
based treatment is influenced by virus-related factors
including viral load and genotypes; host-related fac-
tors, such as sex, age, insulin resistance, staging of
the disease and responses to previous antiviral thera-
pies; as well as therapeutic factors, such as dose and
duration of treatment [Shiffman, 2002; Backus et al.,
2007; Kanwal et al., 2007; Bortoletto et al., 2010]. In
addition, as a critical genetic factor for governing the
outcomes of peg-IFN plus ribavirin combination thera-
py, genome variation of IL28B and inosine triphos-
phatase (ITPA) have been identified recently. At the
spot of rs8099917 in the IL28B region, patients
infected with HCV-1b with the major variation type
(T'T) show markedly higher sustained virological re-
sponse rates than those with the minor variation type
(TG + GG) [Ge et al.,, 2009; Suppiah et al., 2009;
Tanaka et al., 2009; Hayes et al., 2011]. Single nucleo-
tide polymorphism (SNP) variation of the ITPA gene
at rs1127354 is associated with anemia as an adverse
effect during peg-IFN plus ribavirin combination ther-
apy [Fellay et al., 2010; Azakami et al., 2011; Suzuki
et al., 2011; Thompson et al., 2011]. In patients who
have rs1127354 genotype CC (major type), ribavirin-
induced anemia is more frequent and forces a reduc-
tion in dose of ribavirin, which worsens the thera-
peutic outcome. Alternatively, viral amino acid
substitutions at core 70 and 91 are significant predic-
tors of treatment outcome. In particular, a point mu-
tation of core 70 from Arg to Gln is significantly
associated with non-sustained virological response in
patients infected with HCV-1b [Akuta et al., 2005,
2007; El-Shamy et al., 2012].

Investigation of patients treated by peg-IFN plus ri-
bavirin combination therapy has indicated that serum
cholesterol and statin use predict virological response
to therapy [Harrison et al., 2010]. Recent studies have
shown that virological response is improved by addi-
tion of fluvastatin or pitavastatin to peg-IFN and riba-
virin treatment [Bader et al., 2008; Sezaki et al.,
2009; Shimada et al., 2012]. Statins were associated
with a reduced risk of hepatocellular carcinoma in a
large cohort of patients with diabetes [El-Serag et al.,
2009]. In other studies, it has been demonstrated
that polyunsaturated fatty acids (PUFAs) inhibit HCV
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replication by a mechanism that is independent of
their roles in regulating lipogenesis [Leu et al., 2004;
Kapadia and Chisari, 2005; Huang et al., 2007].
Takaki et al. [2007] have reported that eicosapentae-
noic acid (EPA), a type of n-3 PUFA, allows mainte-
nance of the original ribavirin dose in chronic
hepatitis C patients during peg-IFN plus ribavirin
combination therapy. However, the effects of these lip-
id modulators on chronic hepatitis C patients with in-
tractable IL-28B allele remain unknown.

As a result of this experimental and therapeutic evi-
dence, a new antiviral strategy to improve treatment
outcome for chronic hepatitis C was designed, that is,
addition of pitavastatin and EPA to peg-IFN plus riba-
virin combination therapy (add-on therapy). The validi-
ty of the add-on therapy was evaluated by comparing
its effect on the final outcome (i.e., sustained virological
response) with that of unmodified peg-IFN plus
ribavirin combination therapy (standard therapy), and
pretreatment predictors of virological response were in-
vestigated. Additionally, the antiviral effect of pitavas-
tatin and/or EPA was estimated in HCV replicon cells.

MATERIALS AND METHODS
Study Patients

In Kyushu Medical Center, a standard protocol in
Japan (subcutaneous peg-IFNwa2a [180 pgl or peg-
IFNo2b [median dose of 1.5 pg/kg, range 1.3-1.7]
weekly, along with oral ribavirin daily for 48 weeks)
was adopted for chronic hepatitis C patients from
2005 to 2008. The dose of ribavirin was adjusted
according to body weight: 600 mg for patients weigh-
ing <60 kg, 800 mg for those weighing 60-80 kg, and
800 mg for those weighing >80 kg. From 2008, oral
pitavastatin (2 mg/day) and ethyl icosapentate
(1,800 mg/day) have been added to the standard pro-
tocol (add-on protocol). It has been shown that statins
contribute to improving the virological response
[Bader et al., 2008; Sezaki et al., 2009]. The add-on
protocol was expected to improve treatment, and was
applied to all patients after 2008 in Kyushu Medical
Center, but a randomized study could not be designed.
In these protocols, 48- and 24-week regimens were ap-
plied to patients infected with HCV-1b and HCV-2, re-
spectively. Patients who experienced previous therapy
using peg-IFN were excluded. Patients with cirrhosis
were not included. Because of the possibility that vita-
min E and bile acids including ursodeoxycholic acid
promote HCV replication [Chang and George, 2007;
Yano et al., 2007; Scholtes et al., 2008; Nakamura
et al., 2010], treatment with these agents was with-
drawn at least 1 month before the initiation of antivi-
ral treatment. The study protocol was approved by
the Ethics Committee of the National Hospital Orga-
nization, and written informed consent was obtained
from all patients. Finally, 238 patients (genotype 1b/
2 = 176/62) who were treated with the standard pro-
tocol (standard group) and 162 patients (genotype 1b/
2 = 101/61) who were treated with the add-on protocol
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