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Abstract

AIM: To investigate the therapeutic efficacy of short-
term, multiple daily dosing of intravenous interferon (IFN)
in patients with hepatitis B e antigen (HBeAg)-positive
chronic hepatitis B.

METHODS: IFN-B was intravenously administered at a
total dose of 102 million international units (MIU) over
a period of 28 d in 26 patients positive for HBeAg and
HBV-DNA. IFN-beta was administered at doses of 2 MIU
and 1 MIU on d 1, 3 MIU twice daily fromd 2 to d 7,
and 1 MIU thrice daily from d 8 to d 28. Patients were
followed up for 24 wk after the end of treatment.

RESULTS: Six months after the end of the treatment,
loss of HBV-DNA occurred in 13 (50.0%) of the 26
patients, loss of HBeAg in 9 (34.6%), development of
anti-HBe in 10 (38.5%), HBeAg seroconversion in 8
(30.8%), and normalization of alanine aminotransferase
(ALT) levels in 11 (42.0%).

CONCLUSION: This 4-wk long IFN-B therapy, which
was much shorter than conventional therapy lasting
12 wk or even more than 1 year, produced therapeutic
effects similar to those achieved by IFN-q, or pegylated-
IFN-o (peg-IFN). Fewer adverse effects, greater efficacy,
and a shorter treatment period led to an improvement
in patients’ quality of life. IFN-B is administered
intravenously, whereas IFN-o is administered
intramuscularly or subcutaneously. Because both
interferons are known to bind to an identical receptor
and exert antiviral effects through intracellular signal
transduction, the excellent results of IFN-f found in this
study may be attributed to the multiple doses allowed by
the intravenous route.
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INTRODUCTION

The increasing prevalence of chronic hepatitis caused by
hepatitis B or C virus infection represents a concern in
many regions worldwide. Interferons (IFN) are widely
used in the treatment of the disease. With the recent
launch of lamivudine, adefovir, and entecavir, the number
of treatment options for chronic hepatitis B has increased.
Treatment with these oral nucleoside analogues has setious
drawbacks, such as the development of resistant HBV
strains™? and the need for years of treatment™ or even
a lifetime therapy. Thus, a large number of patients still
require IFN therapy, which is effective in a relatively short
petiod of time. Recently, however, in some patients, the
treatment with IFN is often prolonged up to 24-48 wk to
improve efficacy””. TFN-q, is administered intramuscularly
or subcutaneously and may be associated with such adverse
effects as fatigue, insomnia, anorexia, and alopeciaw’S].
These effects presumably result from prolonged elevation
of blood IFN levels. Prolonged exposure to higher levels
of the circulating drug may produce a greater therapeutic
effect while inducing greater adverse effects™). Treatment
for a higher therapeutic effect without consideration of
the burden on patients is not a good therapeutic strategy.
In Japan, IFN preparations for the treatment
of hepatitis B include IFN-q for intramuscular or
subcutaneous administration and IFN-f for intravenous
administration . Both IFN-q, and IFN-B bind to the an
identical IFN receptor and induce PKR and other antiviral
proteins via intracellular signal transduction systems
represented by JAK/ STAT". Because of the intravenous
route, the blood concentration of IFN-f reaches its
peak immediately after infusion and then decreases
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rapidly"”, Decrease or loss of efficacy by receptor down-
regulation""'” and adverse effects with IFN therapy are
less likely to occur because blood level of IFN-f does not
maintain after signal transduction »ia the IFN receptor.
The receptor function is maintained, and thus frequent
dosing of IFN-B is likely to produce greater efficacy.
Indeed, in patients with hepatitis C, we found that IFN-3
in divided doses administered in the morning and evening
was more effective than that administered once daily at the
same total dose!"”

For the development of short-term IFN therapy for
hepatitis B, in the present study we investigated a 4-wk,
multiple daily dosing of intravenous IFN-f, a new regimen
that produced therapeutic effects similar to those achieved
by 24-wk or 1-year treatment with IFN-q.

MATERIALS AND METHODS

Patients

Among Japanese adult patients with chronic hepatitis
B who were positive for HBeAg and HBV-DNA and
presented at our hospital from 1996 to 2002, 26 patients
wete enrolled in this open-label study. The study was
conducted in accordance with the Declaration of
Helsinki, and the patients consented to the experimental
treatment of hepatitis B. Inclusion criteria were: age of
20 years or older, blood HBeAg positivity, blood HBV-
DNA positivity, and persistent abnormal elevation of
ALT levels. Exclusion criteria included: coinfection with
hepatitis C virus or HIV, presence of hepatocellular
carcinoma, symptoms caused by decompensated cirrhosis,
alcoholic, autoimmune, drug-induced, or other non-viral
liver disorders, and hypersensitivity to IFN-f. Any herbal
medicines were discontinued during the treatment with

IFN-B.

Treatment methods

Human fibroblast-derived natural IFN-B (FERON®,
Toray Industries Inc., Japan) was used; 1 to 3 MIU was
dissolved in 100 mL of 5% glucose ot isotonic saline
solution for injection and infused intravenously for about
10 minutes. The dosing schedule comprised 2 MIU in the
morning and 1 MIU in the evening (twice daily) at d 1 of
treatment, 3 MIU in the morning and evening (twice daily)
from d 2 through d 7, and 1 MIU each in the morning, in
the afternoon, and at bedtime (thrice daily) from d 8 to
d 28, with a total dose of 102 MIU administered over a
treatment period of 28 d. Patients were followed up for
24 wk after the end of the IFN-f therapy.

Laboratory methods

Blood samples were collected immediately before the
start of treatment, weekly during the treatment, and
monthly during the follow-up period. Biochemical and
hematological tests were performed each time. HBsAg was
measured by reversed passive hemagglutination (R-PHA),
anti-HBs was measured by passive hemagglutination
(PHA), HBeAg and anti-HBe were measured by
radioimmunoassay (RIA). HBV-DNA polymerase activity
was measured by radioassay. Serum HBV-DNA was

measured by branched DNA probe assay (Chiron Corp,
USA) with a detection sensitivity of 0.70 megaequivalents
(Meq) per milliliter. Anti-hepatitis C virus antibodies wete
measured by enzyme immunoassay (EIA). In addition,
2’-,5’-oligoadenylate synthetase (2-5AS), an indicator of
IEN activity, was quantitatively measured by RIA.

Statistical analysis

Values are given as either mean = SD or median and
range. For comparison, Student’s test or the Chi-square
test were used. Statistical tests were two-sided, and a
P value of less than 0.05 was considered as statistically
significant.

RESULTS

Patient population

Clinical characteristics of the 26 patients with HBeAg
positive chronic hepatitis B at beginning of the treatment
are shown in Table 1. All patients received a total dose
of 102 MIU of IFN-f over a period of 28 d, and none
of them dropped out because of adverse effects or other
reasons.

Clinical outcomes

Six months after the end of IFN administration, loss
of HBV-DNA occurred in 13 (50.0%) patients, loss of
HBeAg in 9 (34.6%), loss of HBV-DNA and HBeAg in
9 (34.6%), development of anti-HBe in 10 (38.5%), and
HBe seroconversion in 8 (30.8%). The last parameter is a
measure of the therapeutic effect, defined by the loss of
HBeAg and the subsequent development of anti-HBe.
ALT levels normalized in 11 (42.0%) of the 26 patients.
The percentage of patients, which became negative for
HBV-DNA, HBeAg, and the change in ALT levels
during/after the treatment are shown in Table 2 and
Figure 1, respectively.

Baseline HBV DNA polymerase activity and virological
response

Patients were stratified according to baseline DNA
polymerase activity (less than 1000 cpm »s 1000 cpm or
more), and virological responses were recorded. Among 15
patients with an activity lower than 1000 cpm, 11 (73.3%)
had a complete virological response, and 4 (26.7%) had
no response. Among the 11 patients with an activity of
1000 cpm or more, 2 (18.2%) had a complete virological
response, and 9 (81.8%) had no response.

2-5AS

Figure 2 shows the change in 2-5AS levels. The level of
2-5AS at baseline was 114.8 £ 102.1 (mean £ SD). The
levels at wk 1, 2, and at the end of treatment were 389.9 *
205.3,333.3 + 133.4, and 344.3 + 181.2, respectively.

Adverse effects

No patients discontinued treatment because of adverse
effects, with a treatment completion rate of 100%. Fever
was mild because antipyretic loxoprofen sodium was
administered before intravenous infusion to suppress IFN-
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Figure 2 Change in 2'5'AS levels during treatment.

induced fever. During treatment with IFN, no patients
experienced depression. There was no proteinuria, severe
thrombocytopenia or leukopenia (as shown in Figure 3).

DISCUSSION

Approximately 10 years ago, the IFN therapy for chronic
hepatitis B was administered for up to 4 wk in Japan.
However, a 24-wk regimen has been recently used because
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the response

a longer treatment seems to improve the efficacy. In
the present study, we used a short-term, intravenous
therapy of 4 wk, which seems to be against the recent
recommendations for long-term regimens. However,
4-wk multiple daily dosing of intravenous IFN-f used in
our study produced therapeutic effects similar to those
achieved by 12-wk or 24-wk IFN-q or 48-wk peg-IFN-q,
which are indicated by the American Association for the
Study of Liver Diseases' ', The HBe seroconversion rate
with IFN-f in this study was 31%, which was higher than
the reported 12-18% with IFN-¢/"**", lamivudine" ™, or
adefovir”*" and which was almost equal to that achieved
by a 48-wk therapy with peg-IFN-o*” (Table 3). In the
United States, the distribution of HBV genotypes was
reported as genotypes A (33%), B (21%), C (34%), D (9%,
E (1%), F (1%), and G (1%)®". Given that the majority
(about 80%) of Japanese patients infected with HBV has
IFN-resistant genotype C””, the multiple daily dosing
of intravenous IFN-f used in this study appears to be a
beneficial treatment.
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Figure 4 Typical pattern of clinical course with transient increase in ALT level after
treatment with interferon-3.

Our results suggest that HBV DNA polymerase activity
at baseline before the treatment may be used to predict
the therapeutic effect of IFN to some degree. Multiple
daily dosing of IFN- may be the regimen of first-line
choice in patients with baseline HBV DNA polymerase
activity less than 1000 cpm because 73.3% of those
patients had a complete virological response. We believe
that the direct antiviral effect of IFN on HBV is enough
to achieve a complete response in those patients, whereas
an appropriate host immune response are also needed in
patients with a polymerase activity of 1000 cpm or more
indicating rapid proliferation of HBV. A typical example
is shown in Figure 4. The patient had an HBV DNA
polymerase activity of 1338 cpm and an HBV-DNA level
of 710 Meq/mL before the IFN therapy. After the end
of IFN-f administration, an increase in HBV-DNA and
subsequent rapid increase in ALT levels (so-called Schub)
occurred, followed by the loss of HBeAg, HBV-DNA,
and DNA polymerase, normalization of ALT levels, and
development of anti-HB. The rapid increase in ALT levels
probably resulted from the host’s immune response to
the rapid increase in the HBV proliferation following the
regimen and the subsequent rapid elimination of infected
hepatocytes in an appropriate manner.

Our dosing regimen had a good safety profile with
a low incidence of mild adverse effects and no serious
adverse effects. This may be attributed to lower daily
doses of 3 MIU from d 8 onward and a short treatment
period of 1 mo. Although platelet and leukocyte counts
decreased at wk 1 compared with baseline levels, the
counts remained unchanged thereafter until the end of
treatment and almost returned to baseline levels after
completion of therapy. Our previous experience suggested
that thrombocytopenia and proteinuria should be closely
monitored during treatment with IFN-f3 at doses of 3
MIU twice daily. However, cytopenia did not worsen
because of switching to 1 MIU thrice daily from d 8. The
levels of 2-5AS in blood (mean * SD) at baseline and
wk 1, 2, and 4 of treatment were 133.9 + 122.2, 445.0 £
209.7, 335.0 £ 139.9, and 387.8 + 200.7, respectively, and

remained elevated during treatment, suggesting that the
dose regimen produced a potent and durable antiviral
effect despite a modest cytopenia.

In general, the pharmacokinetics of an intravenously
administered drug are characterized by a higher blood
elimination rate, higher peak blood concentration,
and greater tissue distribution than an intramuscularly
administered drug, and these are also true of IFN.
Different types of IFN formulations are available for
therapy, and human fibroblast IFN-f is applicable to
intravenous administration for the treatment of hepatitis
in Japan.

We chose intravenous administration and multiple
daily dosing because of the following three reasons.
First, intravenously administered IFN-f is rapidly
eliminated from the blood and below the detection
limit shortly after administration”, Compared with
intramuscularly or subcutaneously administered IFN-q,
IFN-B accumulates to a lesser degree and is likely to have
less adverse effects”™. Second, blood concentrations of
IFN administered intravenously in multiple daily doses
fluctuate with high blood levels and rapid elimination rates.
Accordingly, this regimen is likely to avoid persistently
elevated blood IFN levels and resultant downregulation
of the IFN receptor““q, which is likely to occur after
intramuscular ot subcutaneous administration. The
avoidance of the receptor downregulation allows effective
binding of IFN and its receptor, and triggers the host
defense mechanisms a few times a day to eliminate the
virus. Third, the drug administered intravenously is more
extensively distributed into organs than that administered
intramuscularly. For elimination of HBV present in
hepatocytes, intravenous dosing is considered as an
effective route of administration, which allows extensive
delivery of IFN to the liver. When IFN-q, which was
induced by treating human leukocytes with the Sendai
virus, was administered intravenously or intramuscularly
to rats, IFN-q, was detectable in the liver at 10 and 30 min
but not at 1 h after intravenous administration whereas
IFN levels remained below the detection limit for 4 h
in rats receiving an intramuscular administration””. In
patients with hepatitis, a transient increase in ALT levels is
often observed after intravenous administration of IFNP".
Because IFN distributes in the liver at high concentrations
after intravenous administration, extensive loss of infected
hepatocytes may occur, resulting in an increase in ALT
levels.

When IFN or any other cytokine that exerts a
pharmacological effect »ia receptor binding is administered,
it is important to choose an appropriate route of
administration that ensures effective delivery of the drug
to the target-cells. An ideal pharmacokinetic profile should
include a rapid increase to effective blood concentrations
and a rapid elimination after receptor binding to
avoid downregulation of the receptor. We believe that
intravenous IFN therapy can also be used effectively
for the treatment of other diseases including cancer,
infection with HIV, and SARS. However, intravenous IFN
is now available only in Japan. For further promotion of
research on the establishment of intravenous IFN therapy
as a convenient, general way of treating these diseases,
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intravenous IFN should preferably be available in other
countries.

Oral nucleoside analogues, such as lamivudine, adefovir,
and entecavir, have a potent effect in suppressing hepatitis
B virus; however, most patients relapse and become
positive for the virus after discontinuation of treatment.
Thus, these drugs should be taken for a few years or the
rest of patients’ lives. These agents also cause problems
including development of resistant strains and fetotoxicity,
which discourages physicians from administering these
agents in pregnant, parturient, and nursing women.
Meanwhile, IFN therapy tends to continue for more than
6 months, and increased adverse effects associated with
prolonged therapy have become a significant problem. In
Japan, both physicians and patients have great difficulty
coping with these problems and they are waiting for new
effective treatments that ensure improvement in the quality
of life for patients.

Short-term treatment with multiple daily dosing of
IFN-B used in the present pilot study has fewer adverse
effects, good therapeutic effects, and reproducibility to
some degree. Further studies and randomized clinical trials
are required to confirm our promising results.

COMMENTS

Background

Hepatitis B virus (HBV) is a major cause of liver disease worldwide, ranging from
acute and chronic hepatitis to cirrhosis and hepatocellular carcinoma. Therefore, in
order to improve the hepatitis and cirrhosis, and decrease the risk of hepatocellular
carcinoma on the patients of chronic hepatitis B, it is extremely important to
achieve sustained suppression of HBV replication, normalize serum alanine
aminotransferase (ATL) level, and induce seroconversion by therapies. Recently,
interferon (IFN)-o (conventional and pegylated) with or without nucleoside
analogues or nucleoside analogues only are used for therapy. However, available
therapies are suboptimal.

Research frontiers

Therapies using IFN-o. and/or nucleotide analogues are needed a long period to
treat. Furthermore, those therapies are associated with some side effects. So, the
authors tried to establish the new therapeutic protocol using IFN-B, because IFN-f
belongs to type I IFN family like IFN-o. and there were some reports that indicated
the treatment of IFN-f3 twice a day was more effective than that of IFN-c. or IFN-
once a day in chronic hepatitis C patients.

Innovations and breakthroughs

In this study, the author’s have evaluated the efficacy of a short term (4 wk),
multiple daily dosing therapeutic protocol using IFN-B for chronic hepatitis B
patients. As a result, the therapeutic efficacy of that regimen is similar to that of
PEG-IFN-o. treatment for 24 wk or 1 year. Furthermore, the side effects of IFN-f3
treatment in this study were less than those of PEG-IFN-o. or IFN-a. treatment
for 24 wk or 1 year. Therefore, this treatment method of IFN-f3 few times a day is
more effective than standard therapeutic protocols on chronic hepatitis B patients
for the first time.

Applications

In the present pilot study, the authors indicated that the treatment protocol of
IFN-B in this study could improve a rate of side effects compare with the standard
IFN-a or PEG-IFN-o treatment protocol without loss of therapeutic effects. Further
studies and randomized clinical trials are required to confirm the indication of short
term therapy for chronic hepatitis B.

Terminology
It has reported that the treatment of IFN- twice a day is more effective than that
of IFN-a. or IFN-f3 once a day in chronic hepatitis C patients. However, there is
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no investigation that described the efficacy of treatment of IFN-B twice a day on
chronic hepatitis B patients.

Peer review

The authors may want to provide end-of-treatment data as well, in addition to the
SVR data that they have provided. Overall, | feel this is a novel approach that
needs wider consideration.
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