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SUMMARY. In primary interferon-o (IFN-o) nonresponders
with chronic hepatitis C, retreatment with IFN-a has only
limited efficacy with sustained response rates below 10%.
Therefore, the aims of the present study were to compare the
efficacy and safety of IFN-o alone or in combination with
amantadine sulphate in nonresponders to previous IFN-o
monotherapy. Fifty-five IFN-o nonresponders with chronic
hepatitis C (mean age: 46.6 years) received IFN-o0 6 MIU
thrice weekly for 24 weeks followed by 3 MIU thrice weekly
for additional 24 weeks. Amantadine sulphate (n = 26) or a
matched placebo (n = 29) was given orally twice daily for
48 weeks. Because of a low initial response rate at week 12
(13/55 patients) and a high breakthrough rate (8/13
patients) after [FN-a dose reduction in week 24, a virological
end-of-treatment response with undetectable serum HCV-
RNA (< 1000 copies/mL) was achieved in only five patients
(IFN-o/amantadine sulphate, one patient; IFN-o/placebo, four

patients). After 24 weeks follow-up a sustained virological
response was observed in only two patients receiving [FN-o
and placebo. Health-related quality-of-life analysis showed a
substantial improvement of the Profile of Mood States (POMS)
scale concerning the subscales fatigue (P < 0.05) and vigor
(P < 0.05) in patients receiving combined IFN-¢/amantadine
sulphate treatment compared with those treated with IFN-a
alone. IFN-o/amantadine sulphate combination therapy was
well tolerated without any serious adverse events. In con-
clusion, retreatment with IFN-« and amantadine sulphate
does not increase the low sustained virological response rates
of IFN-« therapy in primary [FN-« nonresponders with chro-
nic hepatitis C, but may lead to a sustained improvement of
health-related quality-of-life.
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interferon-«/amantadine retreatment.

INTRODUCTION

Hepatitis C virus (HCV) infection frequently leads to chronic
hepatitis and may progress to liver cirrhosis and possibly
hepatocellular carcinoma [1-4]. HCV-related end-stage liver
disease is currently one of the leading indications for liver
transplantation. Treatment with interferon-o (IFN-a) alone
leads only to a sustained viral clearance in approximately
15-20% of patients [5,6]. The addition of ribavirin to
standard interferon-o treatment improves the sustained
virological response rate to approximately 40% in previously
untreated patients [7,8].

Abbreviations: HCV, hepatitis C virus; IFN-z, interferon-o; IFN-x2a,
interferon-o2a.
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Several treatment strategies have been investigated in
patients with chronic hepatitis C not responding to previous
interferon-o monotherapy. However, retreatment of previous
interferon-a nonresponders with standard regimens of inter-
feron-o alone (3 x 3—6 MIU/week s.c.) or in combination
with ribavirin (1000-1200 mg/day orally) showed only
limited therapeutic efficacy with sustained viral response
rates below 10% [9,10].

Amantadine (1-aminoadamantanamine sulphate) is a
tricyclic, symmetric amine with an antiviral activity against
toga-, myxo-, arena-, flavi- and coronaviruses [11-15]. The
drug has been studied in detail in the influenza A virus
infection and the antiviral activity was found to be related to
inhibition of viral uncoating and viral budding by interac-
tion with the viral M2 protein [16-18]. The antiviral pro-
perties of amantadine have led to clinical trials evaluating
the potential therapeutic role of amantadine alone or in
combination with interferon-« in patients with chronic
hepatitis C [19-23]. For retreatment of previous interferon-o



nonresponders with chronic hepatitis C with the combina-
tion of interferon-o and amantadine, only data from a few
uncontrolled studies with inconsistent response rates are
available [24,25].

Therefore, the aims of the present study were to evaluate
the therapeutic efficacy, tolerability and health-related
quality of life of interferon-o2a (IFN-z2a) plus amantadine
sulphate in comparison with IFN-o2a plus placebo in
patients with chronic hepatitis C not responding to previous
IFN-o treatment.

PATIENTS AND METHODS

Patients

Patients with chronic hepatitis C not responding to
previous IFN-o monotherapy with a minimal total IFN-o
dose of 108 MIU and a treatment duration of at least
12 weeks were eligible for enrolment when they met all
of the following inclusion criteria: (1) nonresponse to
previous IFN-¢ monotherapy with persistence of serum
HCV-RNA and a treatment-free interval of at least
24 weeks; (2) elevated alanine aminotransferase (ALT)
levels; (3) a positive anti-HCV test; (4) detectable serum
HCV-RNA; (5) compensated liver disease; (6) leukocyte
count > 2500/ul, platelets count > 70000/uL; and (7)
aged between 18 and 70 years. Demographic, biochemical,
serological and virological pretreatment characteristics of
the 55 enrolled patients are summarized in Table 1. Exclu-
sion criteria were coinfection with hepatitis B virus or
human immunodeficiency virus types 1 and 2, concomitant
autoimmune disease, clinically significant cardiovascular,
metabolic, renal, haematological, rheumatological, neuro-
logical or psychiatric disease, organ grafts, systemic infec-
tions, bleeding disorders, anaphylactic reactions, a history
of neoplastic disease within the last 5 years, systemic
immunosuppressive treatment, average daily intake of
alcohol > 50 g, drug abuse within the previous year, preg-
nancy and lactation period. Liver biopsy was performed in
all patients 1-6 months before the initiation of the primary
IFN-o therapy. According to the study protocol, additional
liver biopsies before retreatment were not required for
enrolment in the present study.

Study design

In the present prospective, randomized, double-blind, pla-
cebo-controlled trial, which was conducted at the University
Hospitals of Berlin and Frankfurt, Germany, 55 eligible
patients were randomly assigned to treatment with either
the combination of IFN-z2a plus amantadine sulphate
(n = 26) or IFN-¢:2a plus placebo (n = 29). Randomization
was performed with a random number generator in fixed
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blocks of four with a ratio of 1 : 1. All patients were treated
with 6 MIU IFN-z2a (Roferon A®, Hoffmann La-Roche AG,
Grenzach-Wyhlen, Germany) thrice weekly subcutaneously
for 24 weeks followed by 3 MIU IFN-o2a thrice weekly
subcutaneously for additional 24 weeks (Fig. 1). A daily
dose of 200 mg amantadine sulphate (Infex®, Merz + Co.
GmbH & Co, Frankfurt/M., Germany) or matched placebo
were given orally twice daily for 48 weeks. Treatment was
continued only in patients with undetectable serum
HCV-RNA (Amplicor HCV™, Roche Diagnostic Systems,
Branchburg, NJ; lower detection limit: 1000 copies/mL) at
treatment week 12 [27]. The follow-up period was 24 weeks
in all patients. Clinical examination, haematological and
biochemical tests were performed within 2—12 weeks before
treatment, at initiation of treatment, every 2 weeks for the
first 8 weeks of treatment, and every 4 weeks thereafter
until the end of treatment. During the follow-up period
patients were evaluated 4, 12 and 24 weeks after the end of
treatment. Serum HCV-RNA was determined in all patients
quantitatively before treatment (Amplicor Monitor HCV™,
version 2.0, Roche Diagnostic Systems, Branchburg, NJ) and
thereafter qualitatively at treatment weeks 4, 12, 24 and 48,
and at the end of the follow-up period. Genotyping was
performed by a reverse hybridization assay (Inno LiPA HCV
II, Innogenetics, Gent, Belgium) [28].

Informed written consent was obtained from all patients
before enrolment. The study was approved by the local ethics
committees for medical research of the participating study
centres and performed according to the Declaration of Hel-
sinki, the German Drug Law, and the ICH guidelines of ‘Good
Clinical Practice’.

Assessment of health-related quality of live (HRQOL)

Individual emotional and psychological states were deter-
mined at baseline, at treatment week 16, and at the end of
the 24 weeks follow-up period by a German adapted and
validated Profile of Mood States (POMS) scale assessing four
factor scores for depression, fatigue, vigor and anger
[29,30]. At the same time points quality of life was evalu-
ated by an ‘Everyday Life’ questionnaire [31,32]. This
German-validated questionnaire, related to the SF-36 Health
Survey, assesses the following six subscales of health-related
quality-of-life for subjective health: body (e.g. make demands
on body, concentrate on a task), mind (e.g. cope with illness,
accept oneself), everyday life (e.g. solve daily problems,
personal hygiene), social activity (e.g. get along with family,
count on partner’s help), zest for life (e.g. enjoy life) and
medical treatment (e.g. believe in success of treatment). Sum
scores were determined for every patient. Missing items
were replaced by the mean for the nonmissing items of
the subscales. However, missing questionnaires were not
replaced.
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Table 1 Pretreatment demographic, biochemical, serological, molecular and histological characteristics of 55 patients
receiving retreatment with IFN-z2a with and without amantadine sulphate

IFN-o2a plus amantadine

sulphate (n = 26)

IFN-z2a plus
placebo (n = 29)

Demography

Sex
Male
Female
Age (years)*

Mode of transmission
Post-transfusional
Intravenous drug abuse
Post-transfusional/intravenous drug abuse
Occupational
Unknown

Previous IFN-« treatment
Cumulative IFN-o dose (MIU)*
Treatment duration (months)*

Estimated duration of HCV-infection (years)*

Biochemistry
ALT (U/L)*t
AST (U/L)*t
9—-GT (U/L)*f
Bilirubin (umol/L)*

Molecular
HCV genotype (1/non-1)
Pretreatment HCV-RNA (10° copies/mL)*

Histology
Inflammatory activity
Mild
Moderate
Severe
Fibrosis
None
Mild
Moderate
Severe

19 (73%)
7 (27%)
47.7 £ 10.5 (25-67)

9 (35%)
2 (8%)
1 (4%)

14 (54%)

415 £ 194 (216-900)
8§ + 4 (3-18)
10.9 £ 6.6 (1.5-25)

73 + 54 (22-277)

38 + 28 (15-132)

58 + 41 (17-192)
14.0 + 9.7 (5.1-49.6)

22/4
630 * 567 (2-2800)

14 (54%)
10 (38%)
2 (8%)

17 (59%)
12 (41%)
45.7 £ 10.3 (25-64)

9 (31%)
2 (7%)
2 (7%)
16 (55%)

375 £ 207 (216-1066)
7+4(3-17)
14.9 + 8.9 (2-37)

64 + 44 (22-236)

37 + 25 (13-111)

61 * 62 (12-222)
13.2 5.6 (3.4-29.1)

27/2
890 + 823 (37-4000)

8 (28%)
19 (65%)
2 (7%)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; y-GT, y-glutamyltransferase.
*Mean * SD. {Normal reference ranges: 0-23 U/L for ALT, 0-21 U/L for AST, 0-28 U/L for y-GT, and 0-25.7 umol/L for

bilirubin. IClassification according to Desmet et al. [26].

Definition of response and study endpoints

The primary efficacy endpoint of the present study was
defined as a sustained virological response with undetectable
serum HCV-RNA by qualitative serum HCV-RNA at the end
of the follow-up period. Secondary efficacy parameters
included the virological response at treatment weeks 12, 24
and 48 as well as the corresponding biochemical response
defined as a normalization of ALT. As an additional secon-
dary efficacy parameter changes of HRQOL during and after
treatment were evaluated.

Statistical analysis

Based on an intent-to-treat analysis, 55 primary IFN-o
nonresponders, who received at least one dose of the study
medication, were included in the primary statistical analysis.
Virological response rates of the two treatment arms were
compared with a one-tailed Fisher’s exact test on a signifi-
cance level of o = 10%. Corresponding biochemical response
rates were analysed with a two-tailed Mann—Whitney U-test
(. = 0.05). Statistical procedures were performed using SAS
procedures (version 6.12). For the evaluation of HRQOL, the
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Fig. 1 Study design.

differences of the sum scores between the two treatment
groups at treatment weeks 16 and 48, and at the end of
follow-up were compared with a two-tailed Wilcoxon rank
sum test (¢ = 0.05) using StatXact4.

RESULTS

Biochemical and virological response

An initial virological response with undetectable serum
HCV-RNA (< 1000 copies/mL) at treatment week 12 was
achieved in five of 26 (19%) and in eight of 29 (28%)
patients treated with IFN-z2a and amantadine sulphate or
placebo, respectively (Table 2). According to the protocol the
antiviral therapy was discontinued at treatment week 16 in
42 patients because of detectable serum HCV-RNA at
treatment week 12. Because of breakthrough events during
treatment weeks 1648, a virological end-of-treatment
response was found only in one of 26 (4%) patients receiving
combined IFN-¢2a/amantadine sulphate treatment and in
four of 29 (14%) patients on IFN-o2a and placebo. At the
end of follow-up, a sustained virological response was
observed in no patient treated with IFN-¢2a and amantadine
sulphate and in two patients treated with IFN-o2a plus
placebo.

Table 2 Virological and biochemical response rates during
treatment, end-of-treatment (week 48), and after the end of
the 24 weeks follow-up period. Responses are defined as
undetectable HCV-RNA by RT-PCR and normalized ALT,
respectively

IFN-a2a plus IFN-a2a
amantadine plus
sulphate placebo
(n=26) (n=29)
Virological response
Treatment week 12 5 (19%) 8 (28%)
Treatment week 24 3 (12%) 6 (21%)
End of treatment 1 (4%) 4 (14%)
End of follow-up 0 2 (7%)
Biochemical response
Treatment week 12 10 (38%) 11 (38%)
Treatment week 24 4 (14%) 7 (24%)
End of treatment 5(19%) 8 (28%)
End of follow-up 1 (4%) 4 (14%)

Initial biochemical responses with ALT values within the
normal range at treatment week 12 were comparable in both
groups (38% for each treatment arm, Table 2). A sustained
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Fig. 2 (a) Profile of Mood States scale at treatment week 16 and after the end of the 24-week follow-up period.
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biochemical response was achieved in only one of the
patients treated with IFN-z2a plus amantadine sulphate and
in four of 29 patients receiving IFN-z2a plus placebo.

Health-related quality of life (HRQOL)

According to the study protocol antiviral treatment was
discontinued at week 16 in 42 of 55 patients with detectable
serum HCV-RNA at treatment week 12. Therefore, health-
related quality of life during treatment was evaluated in all
patients at treatment week 16. Assessment of health-related
quality of live during treatment revealed a deterioration of
the mean of all four factor scores of the POMS scale in the
patients treated with IFN-o plus placebo and in three of the
four factor scores (depression, fatigue and anger) in patients
treated with combined IFN-o/amantadine sulphate (Fig. 2a).
The extent of the observed impairment of the POMS scale was
less pronounced for the subscales depression and fatigue in
patients treated with IFN-«2a plus amantadine sulphate. At
the end of follow-up, a sustained improvement of the mean
factor scores for depression (P = n.s.), fatigue (P = 0.023),
and vigor (P =0.025) in comparison with baseline levels
was observed only in patients receiving combined treatment
with IFN-«2a plus amantadine sulphate.

Irrespective of treatment, the evaluation of the ‘Everyday
Life’ questionnaire at treatment week 16 showed an
impairment in the means of most subscales in our patients
compared with the corresponding pretreatment scores
(Fig. 2b). At the end of the follow-up period, a sustained
improvement in the means of all subscales was observed
only in patients receiving treatment with IFN-o plus
amantadine sulphate. In the group of patients treated with
IFN-o plus placebo the means of all subscales at the end of
the follow-up period was worse than the corresponding
pretreatment scores.

Adverse events

Adverse events (n = 269) occurred in a similar frequency in
both treatment arms and were mostly related to IFN. The
spectrum and frequency of the observed adverse events in
relation to treatment are listed in detail in Table 3. Serious
adverse events were not observed in this study. However,
one patient treated with IFN-z2a plus placebo was discon-
tinued prematurely from antiviral treatment at week 20 due
to depression.

A slight decrease of mean leukocyte and thrombocyte
count was found in most patients irrespective of the treat-
ment group from baseline to treatment week 4 (5.8 + 1.6/
nL to 4.3 £ 1.4/nl,, and 197 £ 77/nL to 153 * 83/nL,
respectively). At the end of the follow-up period leukocyte
and thrombocyte counts returned to baseline levels with no
significant differences between the treatment groups.
Hyperthyroidism developed in one patient treated with
IFN-o2a alone and in five patients receiving IFN-o2a plus
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Table 3 Adverse events during treatment with IFN-z2a with
and without amantadine sulphate

IFN-o2a plus IFN-o2a
amantadine plus

sulphate placebo
(n=26)* (n=29)
Adverse events (number) 121 148
Flue-like symptoms 50 (41%) 49 (33%)
Chills and fever 24 24
Headache 3 7
Fatigue 16 11
Myalgia 2 1
Arthralgia 5 6
Gastrointestinal 14 (12%) 21 (14%)
Nausea 0 5
Loss of appetite 6 5
Abdominal pain 4 10
Vomiting 1 0
Diarrhoea 3 1
Central and peripheral 14 (12%) 16 (11%)
nervous system
Insomnia 7 10
Depression 1 2
Emotional lability 1 1
Impaired concentration 1 0
Weakness 0 1
Dizziness 3 2
Decreased libido 1 0
Dermatological 8 (7%) 14 (10%)
Alopecia 6 4
Pruritus 0 6
Rash 0 2
Dry skin/Sicca syndrome 2 2
Respiratory tract 3 (2%) 2 (1%)
Others 32 (26%) 46 (31%)

Two patients receiving [FN-z2a and amantadine sulphate
were excluded from the study due to violation of the
inclusion/exclusion criteria and withdrawal of informed
consent, respectively. Both patients are included in the safety
analysis, because the intake of study medication cannot be
excluded.

amantadine sulphate. In one patient, diabetes mellitus
developed and in another patient diabetes mellitus was
aggravated during treatment. Both patients received
IFN-o2a plus amantadine sulphate.

DISCUSSION

During the last decade IFN-o therapy has been established
as the standard treatment for chronic hepatitis C. Sustained
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viral clearance can be achieved by IFN-o monotherapy and
IFN-a/ribavirin combination therapy in 5-20% and 38-41%
of treatment naive patients, respectively [5—8]. With respect
to the low sustained response rates to retreatment with
IFN-o alone or in combination with ribavirin in IFN-o
nonresponder, the need for the development of alternative,
effective retreatment regimens in this subgroup of patients
became apparent. In a 1997 published pilot study, a bene-
ficial therapeutic effect of six months amantadine retreat-
ment in IFN-a nonresponders with chronic hepatitis C was
reported with a sustained biochemical and virological
response in four of 22 patients (18%) after a 24 week follow-
up period [19]. The postulated antiviral effect of amantadine
was supported in vitro by a dose-dependent decrease of HCV-
RNA in the supernatant of isolated blood mononuclear
cells from patients with chronic hepatitis C cultured with
amantadine [33]. However, in vivo determination of hepatitis
C viral load failed to show a direct synergistic antiviral effect
of amantadine sulphate during combined IFN-o/amantadine
treatment in previously untreated patients with chronic
hepatitis C [23].

Subsequently, mainly uncontrolled clinical trials of
amantadine monotherapy in small cohorts of nonresponders
with chronic hepatitis C showed conflicting results with
sustained virological response rates varying from 0% to
15%. As indicated by a recently published pilot study, the
combination of IFN-a with amantadine may lead to an
improvement of virological response rates in nonresponders
with chronic hepatitis C [25].

The present study is the first randomized, double-blind,
placebo-controlled trial evaluating the efficacy of retreatment
with IFN-o plus amantadine sulphate compared with IFN-«
alone in previous IFN-a nonresponders with chronic hepatitis
C. Considering the demographic, biochemical, virological and
histological patients’ characteristics, significant differences
between both treatment groups were not present. The
sustained virological response rates were similar in both
treatment groups. Thus, with respect to the results of the
present controlled study, the addition of amantadine sulphate
to IFN-« does not improve the sustained virological response
rates in nonresponders with chronic hepatitis C. These results
confirm a larger controlled trial in 119 treatment naive
patients with chronic hepatitis C which also showed no
beneficial virological effect of the addition of amantadine
sulphate to IFN-o treatment in these patients [23]. In contrast,
a recently published study in 60 nonresponders, treated with
IFN-«, ribavirin and amantadine or IFN-o and amantadine,
could demonstrate increased virological response rates in
nonresponders with chronic hepatitis C who received
amantadine [34]. However, these data have to be confirmed
by larger randomized, double-blind, placebo-controlled trials
in nonresponders with chronic hepatitis C.

Despite a similar number of adverse events in both treat-
ment groups, additional analysis of the individual emotional
and psychological state as well as the evaluation of health-

related quality of live revealed an improved outcome in
patients treated with the combination of IFN-¢ plus amant-
adine sulphate compared with those patients receiving IFN-o
alone. In the POMS scale all four subscores deteriorated
during treatment with IFN-a alone in comparison with the
corresponding baseline levels and remained impaired during
the follow-up period. The combined retreatment with TFN-o
plus amantadine sulphate led to a smaller reduction of three
of the four subscores, i.e. depression, vigor, and fatigue
during treatment and interestingly, to a sustained improve-
ment of the corresponding subscores in comparison with
baseline levels at the end of the 24 week follow-up period. A
similar improvement during amantadine sulphate treatment
has also been shown for patients with central nervous dis-
ease, including multiple sclerosis and Parkinson’s disease
[35]. In the present study, analysis of the SF-36 health-
related ‘Everyday Life’ questionnaire showed a sustained
improvement of all six subscores in the group of patients
treated with IFN-a plus amantadine sulphate at the end of
the follow-up period in comparison with the corresponding
baseline scores while five of six subscores remained impaired
in patients treated with IFN-a alone. A sustained improve-
ment for the POMS scale and the SF-36 health-related
‘Everyday Life’ questionnaire has also been reported in a
previously published study in naive patients with chronic
hepatitis C receiving IFN-o/amantadine sulphate combina-
tion therapy compared with those treated with IFN-o alone
[23].

In summary, retreatment with IFN-« in combination with
amantadine sulphate does not increase the low sustained
virological response rates of IFN-« monotherapy in primary
IFN-« nonresponders with chronic hepatitis C, but may lead
to a sustained improvement of health-related quality of life.
The recently suggested improved antiviral effect of triple
retreatment with IFN-g, ribavirin and amantadine in previ-
ous IFN-o nonresponders has to be confirmed in larger
randomized, double-blind, placebo-controlled trials.
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