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Abstract

AIM: Before pegylated interferon alpha (IFN) was
introduced for the therapy of chronic hepatitis C virus
(HCV)-induced hepatitis, conventional thrice weekly IFN
therapy was supplemented by ribavirin. Also, at that time,
higher and more frequent doses of IFN were expected to
be more effective than the standard regimen of 3 MU
thrice weekly. As ribavirin significantly increases side
effects and negatively influences the quality of life
particularly in young patients, we started a prospective
non-randomized study with a daily IFN-2a monotherapy
as an initial treatment for chronic hepatitis C.

METHODS: Forty-six consecutive chronic HCV-infected
patients received 3 MU IFN-2a per day as an initial
treatment. Patients with genotype 2 or 3 (n = 12) were
treated for 24 wk, and patients with genotypes other
than 2 or 3 (n = 34) for 48 wk. Treatment outcome was
followed up for 48 wk after the end of treatment (EOT).
Virological response was defined as the absence of
detectable serum HCV-RNA. Patients without virological
response at 12 wk after the start of treatment received
low-dose ribavirin (10 mg(kg ¢ d)) additionally.

RESULTS: During treatment, three genotype 3 patients
were excluded from the study due to incompliance. The
remaining patients (n = 9) infected with genotype 2 or 3
showed an initial virological response rate of 100%. Six
patients (66.7%) were still found to be virus-free at the
end of follow-up period. In these patients, initial virological
response was evident already after 2 wk of treatment. In
contrast, initial virological response occurred first after
4 wk of treatment in the three patients who relapsed
(33.3%). In comparison, patients infected with genotypes
other than 2 or 3 (n = 34) showed an initial virological
response rate of only 23.5% (n = 8), and even in
combination with ribavirin a sustained virological response
(SVR) rate of only 11.8% (n = 4) could be achieved.

CONCLUSION: In chronic HCV-infected patients with

genotype 2 or 3, a SVR can be expected after 24 wk of
daily dose IFN-2a treatment without ribavirin, if initial
virological response develops early. This finding is worth
to be confirmed in a prospective randomized study with
pegylated IFN.
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INTRODUCTION

The hepatitis C virus (HCV) is the most common infectious
agent associated with post-transfusion and community-
acquired non-A-non-B hepatitis as well as cryptogenic
cirthosis!"?. Most of the patients with acute HCV infection
will develop chronic liver disease®. In studies with 10-20 years
of follow-up, cirrhosis secondary to chronic HCV infection
develops in 20-30%"™ and is the most common indication
for liver transplantation wotldwide!™. Also, patients with
HCV-associated cirrhosis have an increased risk for the
development of hepatocellular carcinoma, which is estimated
to be between 1% and 4% per year P,

Even before the discovery of HCV, introduction of
interferon alpha (IFN) for the treatment of non-A-non-B
hepatitis was an outstanding revolution in antiviral therapy
in 1986, Initial therapeutic regimen consisted of 3 MU
IFN thrice weekly (TIW) for 6 mo. The response rate at
the end of treatment (EOT) resulted in 29-32%"*, but the
sustained virological response (SVR) rate was only about
6-18%!"1%. Apart from extending the duration of IFN
monotherapy to 12 or 18 mo, higher doses of IFN TIW
failed to significantly increase virologic response rates at
EOT and SVR rates (range 13-20%) in most studies™'"'2.
Combination of IFN 3 MU TIW and ribavirin 1 000-1 200
mg/d for 6 mo was shown to increase the response rate
at EOT up to 53-57% and SVR rates up to 31-35%!"'2.
With the combination of IFN 3 MU TIW and ribavirin
1 000-1 200 mg/d for 12 mo, the response rates at EOT of
50-54% and SVR rates of 38-47% could be obtained™"*".
However, ribavirin can increase side effects (e.g., hemolysis
and renal dysfunction) and has been shown to have teratogenic
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and/or embryocidal effects!". Many HCV-infected
patients are either women at child bearing age or fertile
men. Thus, addition of ribavirin to IFN should be avoided
when possible. One of the reasons for marginal response
to IFN is its shott half-life of approximately 8 h!'"), which
leads to wide fluctuations in IFN plasma concentrations
during treatment. Among patients treated with IFN TIW,
an intermittent increase in viral load can be observed on
treatment-free days!'”. Daily dose IFN therapy might sustain
more stable IFN plasma concentrations, thus maintaining a
better antiviral effect on HCV. Viral kinetic studies suggest
that higher and more frequent doses of IFN may improve
the initial response rate and may be more effective in HCV
clearance!"!”). Therefore, we evaluated the efficacy, safety,
and tolerability of initial daily IFN monotherapy in naive
patients with chronic HCV-infection. This monocentric
non-randomized study was started before pegylated IFN
was introduced into the market.

MATERIALS AND METHODS

Selection of patients

Patients who were 18 years or older, with compensated
chronic HCV infection, not previously treated with IFN or
ribavirin were eligible for the study. Eligible patients had
persistent elevations of serum alanine aminotransferase
(ALT) and/or aspartate aminotransferase (AST) activities
for at least 6 mo before the start of treatment, a positive
third-generation anti-HCV test using an immunoblot
procedure (CHIRON RIBA HCV 3.0 SIA, Ortho Diagnostic
Systems Inc., Raritan, USA), and positive serum HCV RINA
by reverse transctiptase-polymerase chain reaction (RT-PCR).
Patients with decompensated liver disease, serum elevated
alpha-fetoprotein concentration, previous organ transplantation,
severe cardiac or chronic pulmonary disease, neoplastic
disease, seizure disease, hemoglobinopathies, pootly controlled
diabetes, severe retinopathy, autoimmune disorders, thyroid
gland alterations, active alcohol or injection drug abuse,
history of major psychiatric disease, pregnancy, unwillingness
to practice contraception, significant anemia (hemoglobin
<120 g/L), leukocytopenia (<3 000/puL) ot thrombocytopenia
(<50 000/uL) were not included. Active hepatitis A
virus, human immunodeficiency virus, hepatitis B virus,
cytomegalovirus or Ebstein-Barr virus infections were
excluded by conventional laboratory tests. Findings consistent
with a diagnosis of chronic hepatitis C were shown on liver
biopsy during the preceding year, as determined by a single
pathologist. The study was approved by the local ethics
committee and conformed to the ethical guidelines of the
1975 Declaration of Helsinki. Informed consent was
obtained from all treated patients.

Detection of serum HCV-specific RNA by RT-PCR

RNA was extracted from serum samples (140 pL) using
the QIAamp Viral RNA Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s protocol. One-fifth of the
extracted material from serum was subjected to a nested
RT-PCR procedure essentially as described™.

Quantification of serum HCV-specific RNA
The amount of serum HCV-RNA was determined by

using the AmpliSensor System according to the instruction
of the manufacturer (AmpliSensor System, BAG, Lich,
Germany).

Determination of HCV genotypes
HCV genotyping was performed using the Innolipa HCV
1T line probe assay (Innogenetics, Ghent, Belgium).

Treatment

Patients received subcutaneously 3 MU IFN-2a (Roferon-A,
F.Hoffmann-La Roche, Basel, Switzerland) daily. Patients
with genotype 2 or 3 were treated for 24 wk, and patients
with genotypes other than 2 or 3 for 48 wk. Follow-up
petiod was 48 wk after EOT. Virological response was
defined as non-detectability of serum HCV-RNA. Patients
who had no virological response after 12 wk of treatment
received ribavirin (10 mg/kg BW/day) additionally as
described previously®'l

Monitoring

All patients were assessed in an outpatient setting for safety,
tolerance, and efficacy at the end of weeks 2, 4, 6, 8, and
every further 4" wk during treatment. When treatment was
completed, patients were assessed at wk 4, 12, and 24, 36
and 48. Clinical examination, total blood cell counts and
routine biochemical tests were conducted at that time. Serum
was analyzed for the presence of HCV-RNA by RT-PCR
before treatment, and at wk 2, 4, 12, 24, 36, and 48 during
treatment for patients treated for 48 weeks and at wk 2, 4,
12, and 24 for patients treated 24 wk. During follow-up
period, serum was tested for the presence of HCV-RNA at
wk 4, 12, 24, 36 and 48.

RESULTS

Characteristics of the patients

Forty-six consecutive chronic HCV-infected patients (16
female, 30 male, mean age 42 years, ranging from 21 to
67 years) were enrolled. The cause for HCV transmission
could be identified as blood transfusions in 17.4% (» = 8)
and injection drug use in 39.1% (» = 18). Twenty patients
(43.5%) had other or unknown transmission of HCV
infection. Before treatment, AST levels were elevated with
a mean of 27.9 U/L ranging from 12 to 67 U/L, ALT
levels with a mean of 51.5 U/L ranging from 16 to 142 U/L,
and gamma glutamyl transpeptidase (gamma-GT) levels
with a mean of 34.5 U/L ranging from 5 to 288 U/L.
HCV genotypes were classified in 12 patients (26%) as la,
in 20 (43.5%) as 1b, in 1 (2.2%) as 1a and 1b, in 1 (2.2%)
as 2a and 2c, in 4 (8.7%) as 3a, in one (2.2%) as 3a and 3c,
in 6 (13%) as 3¢, and in 1 (2.2%) as 5a. Before treatment,
the mean serum HCV-RNA level was 4.87x10° copies/mL
ranging from 1X10° to 6.5X10° (SD 1.02X10%). Patients
showed histological diagnosis of mild chronic hepatitis
(39.1%, n = 18), moderate chronic hepatitis (37%, » = 17),
severe chronic hepatitis (8.7%, # = 4), cirthosis (8.7%, n = 4),
or unknown histology in 6.5% (7 = 3). All patients received
daily dose IFN-2a therapy as initial treatment.

Outcome of patients with genotype 2 or 3
Patients with genotype 2 or 3 (# = 12) showed an initial
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virological response rate of 100% under daily dose IFN-
2a treatment. During treatment, however, three
genotype 3 patients were excluded from the study due
to incompliance. Thus, at that time (two patients after
4 wk and one patient after 12 wk of treatment) the drop
outs were virological responders. All patients who
completed therapy (#» = 9) had a complete biochemical
and virological response at the end of 24-wk treatment.
During follow-up, after EOT three of nine patients (33.
3%) developed a relapse. In these patients, initial
virological response first occurred after 4 wk of treatment.
The remaining six patients (66.7%) sustainingly
eradicated the virus, i.e. serum viral RNA was non-
detectable for at least a 48-wk period after EOT. Data
of treatment response and follow-up are shown in Figure

1.

‘ Genotype 2 or 3 Excluded

n=12 (incompliance) n=3
Response
‘ N ‘ ‘ n =9 (100%) ‘
Foll Sustained response Relapse
oflow-up n=6 (66.7%) n =3 (33.3%)

Figure 1 Outcome of 12 HCV-infected patients with genotype 2 or 3 after the
end of treatment and follow-up. Abbreviations: EOT (end of treatment), IFN
(interferon alpha).

Outcome of patients with genotypes other than 2 or 3
Patients with genotypes other than 2 or 3 (# = 34) showed
an initial virological response rate of 23.5% (8/34) under
daily dose IFN-2a treatment. These 8/34 patients (23.5%)
were still virological responders at the end of 48 wk daily
dose IFN-2a treatment. Two of thirty-four patients (5.9%)
stopped IFN therapy due to alopecia (# = 1) and loss of
weight (# = 1). During follow-up, five patients (14.7%) who
had eliminated the virus at EOT relapsed, and three (8.8%)
had a SVR, 48 weeks after EOT.

Twenty-four of thirty-four patients (70.6%) failed to
develop an initial virological response under IFN-2a
monotherapy and were treated with ribavirin (10 mg/kg
BW/day) in combination as described previously”. Ten
patients (29.4%) showed a response and 13 (38.2%) a
non-response at the end of 48-wk treatment. One patient
(2.9%) stopped combination therapy due to hemolysis.
During follow-up, 9 (26.5%) patients with a response at
EOT relapsed and only one (2.9%) patient showed a SVR,
48 weeks after EOT.

Overall outcome

During treatment, three patients with genotype 3 had to be
excluded from the study due to incompliance. At the
completion of 24- and 48-wk treatment, 27 of 43 patients
(62.8%) showed a virological response and 13 of 43 patients
(30.2%) showed a virological non-response. In 3 of 43

patients (7%), treatment was discontinued due to alopecia
(n=1) and loss of weight (7 = 1) under IFN-2a monotherapy,
and due to hemolysis (# = 1) under combination therapy.
Forty-eight weeks after the end of 24- and 48-wk
treatment, 17 of 27 patients with a response at the end
of 24- and 48-wk treatment relapsed (63%). In summary,
the overall SVR rate was 23.3% (10 of 43 patients) 48
wk after EOT.

Side effects

Beside the 3/43 (7%) drop outs, daily dose IFN-2a therapy
(3 MU) was well tolerated. Monitoring of side effects by
questioning and clinical examination revealed flu-like
symptoms (e.g. pyrexia, myalgia and rigors) in one quart of
cases. Mild leukocytopenia (minimum 1 800/uL) and
thrombocytopenia (minimum 70 000/uL in a patient without
cirrhosis and 59 000/uL in a patient with cirrhosis) was
generally seen.

Side effects of additional ribavirin therapy were thyroid
gland alterations (two patients with hypothyroidism and one
with hyperthyroidism) and loss of weight (# = 1). Beside
the one drop out due to hemolysis (minimum hemoglobin
86 g/L), decrease in hemoglobin was generally seen to a
minimum of 98 g/L. There was no need of transfusion or
drug dose reduction. All side effects were completely
reversible within 1 mo after EOT.

DISCUSSION

In chronic HCV-infected patients, SVR rates range from
6-15% after a 6-mo course of IFN TIW to 13-25% after
12 mo of therapy!'". One of the reasons for marginal
response to IFN is its short half-life of approximately 8 h""’,
which leads to wide fluctuations in the plasma concentrations
of the drug during treatment period. Among patients treated
with IFN TIW, an intermittent increase in viral load can
be observed on treatment-free days!'l. In this prospective
monocentric non-randomized study, we report our experience
on 46 consecutive chronic HCV-infected patients who
received 3 MU IFN-2a daily as initial regimen. Patients
with genotype 2 or 3 were treated for 24 wk, and patients
with genotypes other than 2 and 3 for 48 wk. Three patients
with genotype 3 were excluded from the study due to
incompliance. At the end of 24-wk treatment, 17/43
(39.5%) of our patents including 9/9 (100%) with genotype
2 or 3 and 8/34 (23.5%) with genotypes other than 2 or 3
eliminated the virus below the limit of detectability. In
comparison, IFN 3 MU TIW for 24 wk resulted in
virological response rates of 29-32% at EOT™®. The rate
of complete responders (23.5%) was unchanged after 48
wk of treatment in our patients with genotypes other than
2 or 3. IFN 3 MU TIW for 48 wk can induce virological
response at EOT in 24-33%!""? of patients including
different genotypes. Also, a dose of IFN 6 MIU TIW for
12 wk followed by IFN 3 MIU TIW for the remaining
36 wk resulted in a complete response rate of 25% at EOT
in patients including different genotypes®™.

SVR, 48 wk after EOT resulted in 6/9 (66.7%) of our
patients with genotype 2 or 3 after 24 wk 3 MU IFN daily
therapy and 3/34 (8.8%) with genotypes other than 2 or 3
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after 48 wk 3 MU IFN daily therapy. Compared to our
results, IFN 3 MU TIW for 24 wk resulted in SVR in 2% of
patients with genotype 1 and in 16% with other genotypes!”.
IFN 3 MU TIW for 48 wk resulted in SVR in 7% of
patients with genotype 1 and in 29% with other
genotypesl. In the trial of Poynard ez /", a SVR after
IFN 3 MU TIW for 48 wk was observed in 33% of
patients with genotype 2 and 3 and in 11% with genotype
1, 4,5, and 6.

Combination of IFN 3 MU TIW with ribavirin at a
dosage of 1 000-1 200 mg/d for 24 wk is able to induce
response rates at EOT in 53-57%/'%. SVR was obsetved
in 18% of patients with genotype 1, 4, 5, or 6!'"? and in
16% of patients with genotype 17. Our results are difficult
to compare with these results, because we added ribavirin
in a lower dose (10 mg/kg BW/day) after 12 wk of daily
dose IFN-2a therapy in patients with genotype other than
2 or 3 who were virological non-responders at that time.
Howevet, addition of low-dose tibavirin (10 mg/kg BW/day)
is able to induce a response at 48-wk EOT in 10/24 (41.7%)
initial virological non-responders to a daily dose IFN-2a
monotherapy. But SVR 48 wk after EOT is low (1/10
patients), because relapse occurred in the other 9 patients.
Therefore, for patients with genotypes other than 2 or 3,
this regimen appears not to be sufficient. They need a
combination therapy from the beginning on for a longer
time or in higher dose.

Nowadays, data on pegylated IFN for treatment of
HCV-infected patients are available in the literature!™'**?,
Interestingly, pegylated IFN-2a monotherapy at a dosage
of 180 pg once a week for 48 wk can induce SVR rates of
45% in patients with genotype 2 and 3P?. Compared to
these results, daily dose IFN 3 MU for 24 wk is able to
induce 66.7% SVR rates in patients with genotype 2 and 3.
These patients with a SVR 48 wk after EOT showed an
initial virological response already after 2 wk daily dose
IFN-2a monotherapy, whereas patients who relapsed after
EOT showed the initial virological response first after 4 wk
daily dose IFN-2a treatment. Thus, avoidance of ribavirin
in a subgroup of patients with genotype 2 and 3 who showed
an initial virological response early after 2 wk of IFN
treatment might prevent drug associated adverse events
and potential teratogenic effect in patients at child bearing
agel”. This is of particular interest, because the majority
of treated patients in our study had a mean age of 42 years
and 41-44 years in studies using IFN TIW monotherapy,
pegylated IFN monotherapy, and combination with
ribavirin['*"*#, During and 6 mo after the administration
of ribavirin, at least two forms of effective contraception
are advised™. An additional economic fact is the increased
cost of ribavirin treatment in HCV patients.

Side effects are comparable with those reported for 3-6
MU TIW IFN therapy!™'>?2. None of our patients needed
dose modification due to adverse event or laboratory
abnormality, but in 7% of our patients IFN therapy was
discontinued due to alopecia (# = 1) and loss of weight
(n = 1), and ribavirin associated hemolysis (#z = 1). For
compatison of our results, meta-analysis of individual patient
data from European centers revealed approximately 10%
withdrawal of patients during treatment™). In studies with

3-6 MU IFN TIW, discontinuation from therapy ranges
from 10% to 14% of patients!"'**3. Daily dose IFN therapy
does not increase the discontinuation rate in comparison to
TIW IFN therapy.

In conclusion, the use of daily dose IFN-2a 3 MU for
HCV-infected patients is safe and well tolerated, but is able
to induce only similar SVR rates 48 wk after EOT compared
to IFN TIW for patients with genotypes other than 2 or 3.
Addition of low-dose ribavirin after 12 wk daily dose
IFN-2a monotherapy in virological non-responders at that
time can increase the initial response at EOT, but relapse
rate is high during follow-up. However, in patients with
genotype 2 or 3, SVR rates of 66.7% can be achieved
(48 wk after EOT with 3 MU IFN-2a monotherapy daily
for 24 wk). Thus, our regimen appears to be at least as
effective as pegylated IFN-2a for 48 wk*3. Noteworthy
is the finding that the development of a SVR seems to be
related to the time of the initial virological response. In all
cases, an early initial virological response after 2 wk of
IFN treatment was followed by a SVR after 24 wk daily
IFN monotherapy without tibavirin. A later initial virological
response after 4 wk was associated with a relapse after EOT.
In accordance with our results, Bekkering ez @/, retreated
11 non-responders to previous TIW IFN therapy with daily
dose IFN and found that all three sustained responders
(genotype 3 in two cases and genotype 1a in one case) had
undetectable plasma HCV RNA at d 14.

Recently, promising results in patients with genotype 2
and 3 treated with pegylated IFN and ribavirin combination
therapy have been published™?". Cornberg ez 2/, reduced
the duration of combination therapy with standard
weight-based dose of ribavirin (1 000-1 200 mg/d) from
48- to 24-wk treatment in patients with genotype 2 and 3.
This regimen resulted in a SVR of approximately 85%!*.
In March 2004, Hadziyannis ez a/."*%, published the
results of 1 311 patients treated with different regimens
of short- and long-term pegylated IFN-2a (24 or 48 wk) in
combination with low-dose tibavitin (800 mg/d) or standard
weight-based dose of ribavirin (1 000 or 1 200 mg/d).
Patients with genotype 2 or 3 were shown to be adequately
treated with low-dose ribavirin in combination with pegylated
IFN-2a for 24 wk®!. Furthermore, our data suggest that
there is a subgroup of patients with genotype 2 or 3 that
can clear the virus with IFN-2a alone. As a result of the
introduction of pegylated IFN, daily dosing of IFN has
become outdated and in patients with genotype 2 or 3
HCV-infection pegylated IFN should be used as primary
treatment for 24 wk with secondary addition of low-dose
ribavirin (after 2 wk) only in case of failure of initial
virological response 2 wk after initiation of therapy.
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