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Abstract
Chronic hepatitis C virus (HCV) infection can cause

WJH | www.wjgnet.com

JRaishideng®

liver cirrhosis and hepatocellular carcinoma (HCC).
Several studies have demonstrated that the eradication
of HCV reduces the occurrence of HCC. In Japan, as
many people live to an advanced age, HCV-infected
patients are also getting older, and the age at HCC
diagnosis has also increased. Although older HCV-infected
patients have a risk of developing HCC, the treatment
response to peginterferon-alpha plus ribavirin therapy is
relatively poor in these patients because of drop-out or
discontinuation of this treatment due to adverse events.
It is established that the mechanism of action between
interferon-alpha and interferon-beta is slightly different.
Short-term natural interferon-beta monotherapy is
effective for patients with acute hepatitis C and patients
infected with HCV genotype 2 and low viral loads.
Natural interferon-beta plus ribavirin for 48 wk or for
24 wk are also effective for some patients with HCV
genotype 1 or HCV genotype 2. Natural interferon-beta
plus ribavirin has been used for certain “difficult-to-
treat” HCV-infected patients. In the era of direct-acting
anti-virals, natural interferon-beta plus ribavirin may
be one of the therapeutic options for special groups
of HCV-infected patients. In the near future, signal
transduction pathways of interferon-beta will inform
further directions.

Key words: Hepatocellular carcinoma; Hepatitis C virus;
Interferon-beta; Interferon resistance; Ribavirin
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Core tip: The use of natural interferon-beta plus
ribavirin can eradicate hepatitis C virus (HCV) from
non-responders to peginterferon-alpha plus ribavirin
treatment. Some of these patients may have anti-
interferon-alpha neutralizing antibodies. In Japan,
natural interferon-beta plus ribavirin has been used for
certain “difficult-to-treat” HCV-infected patients such
as elderly patients, patients with mental disorders and
patients with lower platelet counts, before the era of
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interferon-free regimens. To eradicate hepatocellular
carcinoma and end-stage liver diseases associated with
HCV, the use of natural interferon-beta with or without
ribavirin should be one of the useful treatment options
for HCV-infected patients.

Sasaki R, Kanda T, Nakamoto S, Haga Y, Nakamura M, Yasui
S, Jiang X, Wu S, Arai M, Yokosuka O. Natural interferon-beta
treatment for patients with chronic hepatitis C in Japan. World
J Hepatol 2015; 7(8): 1125-1132 Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i8/1125.htm DOIL: http://
dx.doi.org/10.4254/wjh.v7.18.1125

CHRONIC HEPATITIS C VIRUS INFECTION
IS A RISK OF HEPATOCELLULAR
CARCINOMA

Chronic hepatitis C virus (HCV) infection is a major health
problem, and causes liver cirrhosis and hepatocellular
carcinoma (HCC)™™. Chronic HCV infection is the leading
cause of HCC in southern European countries, North
America and Japan'™’!. Despite the recent progress of
treatments for HCC'®”), the prognosis of HCV-positive
HCC patients is still poor without liver transplantation™*®,
It is known that the incubation period until HCC detection
is usually shorter when the liver fibrosis is more
advanced in patients infected with HCV®!, Interferon
therapy can reduce the risk for HCC'” and improve liver
fibrosis™! if patients with chronic hepatitis C achieve a
sustained virological response (SVR) to this therapy™>**,

In the direct-acting antivirals (DAAs) against HCV
era, peginterferon-alpha plus ribavirin therapy with or
without DAAs, as well as interferon-free regimens, led to
the higher SVR rates in patients infected with HCV!****),
However, these treatments also had disadvantages
due to specific adverse events. We should have more
additional therapeutic options for chronic hepatitis C
because standard of care treatments are not always
available according to the condition of the patients.
In this article, we discuss the recent trends in natural
interferon-beta treatment for patients with chronic
hepatitis C in Japan.

RECENT TRENDS IN HCV-INFECTED
PATIENTS IN JAPAN

There are an estimated 1 million HCV-infected patients
in Japan'*®*'’l, In Japan, as many people live to an
advanced age™®, HCV-infected patients are also growing
older™®'7**1 peginterferon-alpha plus ribavirin may
lead to a approximately 50% SVR and approximately
80% SVR, respectively, in HCV genotype 1 treated for
48-72 wk and genotype 2-infected Japanese patients
treated for 24 wk™, In male and female HCV genotype
1-infected patients aged = 65 years and treated
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with peginterferon-alpha plus ribavirin, an SVR was
achieved in 54.8% and 29.5%, respectively!'®’. In male
and female HCV genotype 2-infected patients aged
= 65 years and treated with peginterferon-alpha plus
ribavirin, an SVR was achieved in 54.5% and 66.6%,
respectively™™®. However, several contraindications exist
for these treatments involving peginterferon-alpha,
with an increasing number of contraindication in older
patients.

INTERFERON-BETA IS DIFFERENT FROM
INTERFERON-ALPHA

Interferon-alpha/-beta and related molecules are
classified as type I interferons, and two other types are
type II (interferon-gamma) and type I (interferon-
lambda)®. Type I interferons signal through a
ubiquitously expressed receptor composed of two chains:
interferon-alpha receptor 1 and interferon-alpha receptor
2% These receptors are linked to JAK-STAT pathways to
induce the expression of interferon-stimulated genes®®*2,
The interferon response to infection is rapid and these
cytokines serve as a first-line of defense against many
pathogens and diseases”. Whereas the murine
interferon-alpha gene subtypes have approximately 90%
homology, murine interferon-beta appears to be rather
more divergent, with only approximately 55% homology
to a murine interferon-alpha consensus sequence. It
is clinically established that interferon-alpha and natural
interferon-beta have different actions'*>?®. Although
these mechanisms may rely on differential signaling
pathways between interferon-alpha and interferon-beta,
it is possible that only interferon-beta is induced directly
by viral infection and that interferon-alpha induction is a
consequence of this initial interferon-beta expression***”,
Of interest, in mice, interferon-alpha can be induced by
interferon-beta, but interferon-beta cannot be induced by
interferon-alpha'®®.

NATURAL INTERFERON-BETA FOR
PATIENTS WITH ACUTE HEPATITIS C

In 1991, Omata et ai® reported that the intravenous
administration of natural interferon-beta may prevent
patients with acute hepatitis C from developing chronic
infection. The researchers performed a prospective
controlled trial in 25 patients; 11 were treated for an
average of 30 d, with a mean 52 megaunits of natural
interferon-beta and 14 patients without. The follow-
up at 3 years revealed that serum HCV RNA became
undetectable in 10 of 11 treated subjects and in only
1 of 12 untreated controls®. It was also reported that
a daily intravenous injection of natural interferon-beta
at a dosage of 6 million units for 8 wk eradicated HCV
RNA from a 29-year-old nurse with acute hepatitis C
genotype 1 caused by a needle-stick injury; she had
no severe adverse events®™, These studies suggested
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Table 1 Results of natural interferon-beta plus ribavirin for patients with chronic hepatitis C in Japan

Ref. G No. of patients Naive (%) Age (yr, mean + SD)/gender (male) (%) Formula of treatment SVR rates (%)
Katamura et al®” 1 11 4 (36) 57/(64) Natural interferon-beta plus ribavirin 27
for 48 wk
1 22 8 (36) 54/ (64) Peginterferon-alpha plus ribavirin for 41
48 wk
Arase et al™ 1 40 12 (30) 51.9 £10.0/(70) Natural interferon-beta plus ribavirin 38
for 48 wk
Arase et al™ 2 24 12 (50) 55.9 +£10.2/(46) Natural interferon-beta plus ribavirin 88
for 24 wk
Arase et al™” 1 14 0(0) 62.1+4.3/(43) Natural interferon-beta plus ribavirin 38
for 48 wk
Arase et al*! 1 23 11 (48) 68.1+£2.6/(30) Natural interferon-beta plus reduction- 39
dose-ribavirin for 48 wk
1 22 7 (32) 66.9 £3.0/(68) Natural interferon-beta plus standard- 27
dose-ribavirin for 48 wk
Arase et al” 2 33 20 (60) 70.4 £3.7/(24) Natural interferon-beta plus ribavirin 75
for 24 wk
Nomura et al®™ 1 21 21 (100) 71.8 £ 5.1/ (46) Natural interferon-beta plus ribavirin 29
2 18 18 (100) Natural interferon-beta plus ribavirin 72
1 21 21 (100) 69.1+3.5/(48) Peginterferon-alpha plus ribavirin 29
2 18 18 (100) Peginterferon-alpha plus ribavirin 86

HCV: Hepatitis C virus; G: HCV genotype; SVR: Sustained virological response.

that natural interferon-beta is a therapeutic option for
patients with acute hepatitis C, instead of peginterferon-
alpha'®", although there was a contrary opinion“2.

NATURAL INTERFERON-BETA FOR
PATIENTS WITH CHRONIC HEPATITIS C

Japan’s national health insurance approves natural
interferon-beta with or without ribavirin for treating
patients with chronic hepatitis C or compensated liver
cirrhosis, although the natural interferon-beta treatment
requires intravenous injection at least three times
weekly. It was reported that short-term treatment for
4 wk and low doses of natural interferon-beta has only
a temporary effect on controlling the disease activity
in patients with post-transfusion non-A, non-B chronic
active hepatitis™, However, it was reported that three
million units of intravenous natural interferon-beta twice
daily for 2 wk reduces the HCV RNA levels by 3 log IU/
mL which has a stronger effect against HCV, compared
with the combination of peginterferon-alpha plus
ribavirin, which reduces the HCV RNA levels by 1-2 log
IU/mLB%, Thus, it is possible that a 3-million-unit twice-
daily natural interferon-beta regimen is more effective
for reducing HCV RNA levels. However, the SVR rates of
patients infected with HCV genotype 1b and a high viral
load, who have been treated by natural interferon-beta
monotherapy, are 0% to 11%?>*,

Natural interferon-beta plus ribavirin for patients with
HCV genotype 1

Katamura et al®*” reported that treatment with natural
interferon-beta plus ribavirin for 48 wk leads to an SVR
in 27% (3/11) of Japanese patients infected with HCV
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genotype 1b and a high viral load; the researchers
also observed that during the treatment, the platelet
count increased above the baseline after week 4 in
this treatment group but not in the peginterferon-plus-
ribavirin group (Table 1). Among the 11 with HCV G1,
7 were re-treated patients, and in 4 of 7 a transient
virological response had been observed during the first
cycleP), By the end of the second cycle of therapy, a
sustained virological response was observed in 3 cases.
The study of Arase et al®® is retrospective, and the
40 patients treated with natural interferon-beta were
recruited over a period ranging from December 2004 to
May 2008. They" reported that treatment with natural
interferon-beta plus ribavirin for 48 wk led to an SVR in
38% (15/40) of patients infected with HCV genotype
1b and a high viral load; moreover, the SVR rate was
87% (13/15) in patients who were negative for HCV
RNA at 8 wk after the commencement of treatment
(Table 1). One patient discontinued the treatment due
to exacerbation of depression, and another patient
discontinued the treatment due to a skin rash®®®.

Natural interferon-beta plus ribavirin for patients with
HCV genotype 2

Arase et al® reported that treatment with natural
interferon-beta plus ribavirin for 24 wk led to an SVR in
88% (21/24) of patients infected with HCV genotype 2
and a high viral load, and that the SVR rate was 94%
(18/19) in patients who were negative for HCV RNA at 8
wk after the commencement of treatment (Table 1). No
patients discontinued the treatment due to treatment-
related adverse events®™. Arase et a/**” also reported
that treatment with natural interferon-beta for only 6-8
wk led to an SVR of 56% (14/25) in cirrhotic patients
infected with HCV genotype 2 and a low viral load.
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Natural interferon-beta monotherapy for 6-8 wk should
be sufficient to eradicate HCV in patients infected with
HCV genotype 2 at a low viral load (< 5000 IU/mL).

NATURAL INTERFERON-BETA FOR
"DIFFICULT-TO-TREAT" HCV-INFECTED
PATIENTS

Natural interferon-beta plus ribavirin for HCV-patients

previously treated by peginterferon-alpha plus ribavirin
Montalto et ai*! reported that natural interferon-beta is

well tolerated and yield modest results in white patients
with chronic hepatitis C who are non-responders to
interferon-alpha. Natural interferon-beta administration
was neither interrupted nor its dosage reduced due to
side effects'*!). We also observed a patient infected with
HCV genotype 1 who failed to respond to interferon
with or without ribavirin seven times but then achieved
a SVR using natural interferon-beta plus ribavirin for 48
wk™®l. Arase et al* observed that re-treatment with
natural interferon-beta plus ribavirin for 48 wk led to
an SVR in 38% (5/14) of previously treated-patients
infected with HCV genotype 1b and a high viral load;
moreover, the SVR rates were 100% (4/4) and 83%
(5/6) in patients who were negative for HCV RNA at 12
wk and 24 wk, respectively (Table 1).

It has recently been reported that anti-interferon-
alpha neutralizing antibody is associated with a non-SVR
to peginterferon-alpha plus ribavirin in chronic hepatitis
C patients™. The same researchers observed 19 non-
SVR patients who were positive for anti-interferon-alpha
neutralizing antibodies and found that no anti-interferon-
alpha neutralizing antibodies interfered with the antiviral
activity of natural interferon-beta; furthermore, the re-
treatment of patients carrying anti-interferon-alpha
neutralizing antibodies with natural interferon-beta plus
ribavirin led to the eradication of HCV'**.,

Natural interferon-beta plus ribavirin for elderly HCV-
infected patients

Arase et al*"! reported that the SVR rate was achieved by
natural interferon-beta plus reduction-dose or standard-
dose ribavirin, respectively, for 48 wk in 39% (9/23)
or 27% (6/22) of patients aged 65 years or older who
were infected with HCV genotype 1b and a high viral
load. They stressed that natural interferon-beta plus a
reduction-dose is a possible treatment for patients aged
65 years or older who are infected with HCV genotype
1b and a high viral load™“". In this study"*, the SVR
rates were 44% (15/34) and 0% (0/11) in patients
with interleukin-28B (IL28B) rs8099917TT and TG,
respectively. The IL28B genotype™®***®! is useful for
predicting the treatment results of natural interferon-beta
plus ribavirin. Arase et a”’ reported that the SVR rate
was achieved by natural interferon-beta plus reduction-
dose or standard-dose ribavirin, respectively, for 24 wk
in 72% (13/18) or 80% (12/15) of patients aged 65
years or older who were infected with HCV genotype 2
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and a high viral load; additionally, they found that natural
interferon-beta plus a reduction-dose is an optional
treatment for patients aged 65 years and older who were
infected with HCV genotype 2 and a high viral load™”.
Nomura et a*®! also reported that natural interferon-beta
plus ribavirin therapy is safe in elderly patients and that
the SVR rate is similar to that of peginterferon-alpha plus
ribavirin (Table 1), although this recent study is also a
retrospective, non-randomized trial. Among 66 recruited
to treatment with natural interferon-beta and ribavirin,
15 were side effect-related treatment discontinuation,
36 patients were available for final analysis according to
these figures, and 15 additional patients were lost during
the study™®. However, they observed in the group of
patients treated with peginterferon-alpha plus ribavirin,
the rates of patients who discontinued the treatment
for adverse effects is 66% (42/66). Thus, this study
in elderly patients exceeds the corresponding rate of
withdrawals reported in previous studies™*¥,

Natural interferon-beta plus ribavirin for HCV-infected
patients with mental disorders

Natural interferon-beta plus ribavirin has been available
for mild mental disorders such as mild depression and
interferon-induced depression in Japan”). Katamura et
al® used natural interferon-beta plus ribavirin for 48 wk
or for 24 wk, respectively, in 5 HCV genotype 1b and 3
HCV genotype 2 patients with mental disorders. Of the
5 HCV genotype 1b patients, 3 and 2 had depression
and interferon-induced depression, respectively, and
of the 3 patients infected with HCV genotype 2, 2 and
1 had depression and interferon-induced depression,
respectively. Only one of these patients withdrew from
treatment due to the exacerbation of depression at
week 32. Only one and all three patients with completed
treatment achieved an SVR for HCV genotype 1b and
genotype 2, respectively®™. Careful attention should
also be paid if clinicians use natural interferon-beta
plus ribavirin for HCV patients with mental disorders.
Consultations with the attending psychiatrist may
enable achieving a more successful treatment.

Natural interferon-beta plus ribavirin for HCV-infected

patients with lower platelet counts
To examine the effects of natural interferon-beta on

the platelet counts, the changes in platelet counts were
retrospectively analyzed after beginning treatment in 16
HCV-infected patients treated with natural interferon-
beta at Chiba University Hospital (Figure 1). In 3 patients
with < 50000/uL platelets, no reduction in the platelet
counts was observed. Katamura et a*”! also reported
that the platelet count during the administration of
natural interferon-beta plus ribavirin increased above the
baseline after 4 wk. These results indicate that natural
interferon-beta plus ribavirin is a therapeutic option for
HCV-infected patients with lower platelet counts. But
none of the studies regarding patients with chronic HCV
related hepatitis are prospective controlled trials.
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Figure 1 Changes in platelet counts after commencement of treatment
with natural interferon-beta in 16 hepatitis C virus-infected patients. This
study was approved by the Ethics Committee of Chiba University, School of
Medicine (No. 1462).

NATURAL INTERFERON BETA AND ITS
RISK FOR HCC

It is still controversy whether interferon-beta therapy can
improve the prognosis for HCC***®!, Combination therapy
of 5-fluorouracil and interferon-alpha or peginterferon-
alpha for advanced HCC still remains challenging®*>*.
It was previously reported that interferon-beta is more
potent than interferon-alpha in inhibition of human
hepatoma cell growth with or without combination with
anticancer drugs®™!. Further studies will be needed at
this point. In present, we should treat patients infected
with HCV as soon as possible, before the occurrence of
HCCP,

RECOMBINANT INTERFERON-BETA

Natural human interferon-beta is produced by human
fibroblasts, and is currently available in Japan. Recom-
binant human interferon-beta-1a and interferon-beta-
1b are produced in mammalian cells or Escherichia
coli, respectively™”, It was reported that recombinant
human interferon-beta-1a with or without ribavirin has
an excellent safety profile, and after 24-wk-treatment of
recombinant human interferon-beta-1a with or without
ribavirin, SVR was 21.6% and 27.4% in HCV genotype 1
and genotype 2 patients, respectively™ "), Peginterferon-
beta-1a may be beneficial for patients infected with
HCV[61'62].

CONCLUSION

During the preparation of this manuscript, in Japan,
since September 2014, interferon-free regimen with
daclatasvir plus asunaprevir for 24 wk has been available
for treatment of HCV genotype 1 patients who were
ineligible, intolerant, or had not responded to prior
interferon-based therapy'®”. In the near future, we might
be using all-oral DAAs and interferon-free regimens for
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the treatment of all HCV-infected patients!**.,

In summary, natural interferon-beta with or without
ribavirin is a treatment option for patients infected
with HCV, such as non-responders to peginterferon-
alpha plus ribavirin or patients who are unable to use
DAAs. In the DAA era, candidates for using natural
interferon-beta might exist among special groups, such
as “difficult-to-treat” HCV-infected patients including
elderly patients, patients with mental disorders and
in those with low platelet counts. Because these key
messages are supported by current weak data, we may
reconfirm this in the further clinical practice. Future
studies of the interferon-p signal transduction pathways
will inform further directions.
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