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Although the antiviral effects of amantadine sulphate (1-
aminoadamantan sulphate) have not been characterized for
the hepatitis C virus (HCV), previous pilot studies have
suggested promising results in patients with chronic hepa-
titis C. The aim of the present study was to compare the
efficacy, safety, and health-related quality of life (HRQOL)
of interferon alfa (IFN-a) alone or in combination with oral
amantadine for treatment of chronic hepatitis C. One hun-
dred nineteen previously untreated patients with chronic
hepatitis C were randomly allocated to treatment with IFN-
a2a at a dose of 6 megaunits 3 times a week subcutaneously
for 24 weeks, followed by 3 megaunits thrice weekly for an
additional 24 weeks plus amantadine sulphate administered
orally 100 mg twice a day for 48 weeks or the same IFN
regimen plus a matched placebo. The primary endpoint was
undectable serum HCV RNA (<1,000 copies/mL) at week
24 after treatment. At the end of treatment and the 24-week
follow-up period serum HCV RNA was undetectable in 20
(34%) and 6 (10%) of the 59 patients treated with the com-
bination IFN-a plus amantadine and in 20 (33%) and 13
(22%) of the 60 patients treated with IFN-a alone, respec-
tively (P 5 n.s.). Discontinuation of therapy for adverse
events was similar in both treatment groups. Although treat-
ment with IFN-a worsened HRQOL, combination with
amantadine showed a substantial trend to improve fatigue
and vigor. In conclusion, combination therapy IFN-a plus
amantadine is as effective as IFN-a monotherapy in previ-
ously untreated patients with chronic hepatitis C. (HEPATOLOGY

2000;32:835-841.)

Hepatitis C virus (HCV) infection often progresses to
chronic hepatitis, cirrhosis, and possibly hepatocellular carci-

noma.1 Chronic hepatitis C infection is a leading cause of
chronic liver disease and the most common indication for
liver transplantation. Treatment of HCV-infected patients
with interferon alfa (IFN-a) can achieve viral clearance and
improve histology and prognosis. However, the overall sus-
tained virologic response to IFN-a monotherapy is less than
20%.2,3 Recent studies investigating the efficacy of combina-
tion therapy with IFN-a and ribavirin in patients with chronic
hepatitis C, showed improved sustained virologic response
rates of approximately 40%.4,5 Nevertheless, further improve-
ments in the treatment of chronic hepatitis C are still needed.

Amantadine (1-aminoadamantan) is a tricyclic amine with
antiviral activity against toga-, myxo-, arena-, flavi-, and coro-
naviruses.6-10 Inhibition of influenza A virus replication by
amantadine is clinically well characterized.11 The molecular
mechanisms include inhibition of an early step in viral repli-
cation, most likely viral uncoating and interaction with the
viral M2 protein, which is a membrane-bound protein
thought to be important in virus budding.12,13 Although anti-
viral effects of amantadine have not been characterized for the
hepatitis C virus, promising results have been reported in
several pilot studies of HCV-infected patients treated with
amantadine alone14-16 or in combination with IFN-a.15,17

The aim of this study was to compare efficacy, safety, and
health-related quality of life (HRQOL) of therapy with IFN-
a2a alone and in combination with oral amantadine sulphate,
administered for 48 weeks for the treatment of chronic HCV
infection in patients who have not previously been treated
with IFN, ribavirin, and/or amantadine.

PATIENTS AND METHODS

Patients. Men and women aged 18 to 70 years with compensated
chronic HCV infection not previously treated with IFN, ribavirin,
and/or amantadine were eligible for enrollment. Eligible patients
tested positive for anti-HCV (second-generation enzyme immunoas-
say) and HCV RNA by reverse transcription-polymerase chain reac-
tion (RT-PCR), had a liver biopsy within a year of study entry show-
ing chronic hepatitis, and had elevated serum alanine transaminase
(ALT) levels for at least 6 months before initiation of treatment.
Entry leukocyte counts had to be at least 2,500/mL; the platelet
counts greater than 70,000/mL.

Patients with the following criteria were excluded: any other cause
of liver disease or other relevant disorders, including human immu-
nodeficiency or hepatitis B virus coinfection; evidence or history of
autoimmune disease; clinically significant hematologic, hepatic,
metabolic, renal, rheumatologic, anaphylactic reactions, neurologic
or psychiatric disease; clinically significant cardiac or cardiovascular
abnormalities, organ grafts, systemic bacterial or fungal infection;
clinically significant bleeding disorders; evidence of malignant neo-
plastic disease within 5 years; average daily intake of alcohol exceed-
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ing 50 g of ethanol; or drug abuse within the previous year. Further
exclusion criteria were pregnancy and lactation period.

Study Design. This study was a randomized, double-blind, place-
bo-controlled trial conducted at the university hospitals of Berlin and
Frankfurt, Germany. The patients were assigned to treatment with
either the combination of IFN-a2a plus amantadine sulphate or IFN-
a2a plus placebo. Randomization was performed with a random
number generator in fixed blocks of 4 with a ratio of 1:1. All patients
received IFN-a2a (Roferon A; Hoffmann-La Roche AG, Grenzach-
Wyhlen, Germany) at a dose of 6 megaunits 3 times per week sub-
cutaneously for 24 weeks, followed by 3 megaunits 3 times per week
for an additional 24 weeks. Amantadine sulphate (Infex; Merz 1 Co.
GmbH Co., Frankfurt a.M., Germany) or a matched placebo was
administered orally twice a day with a total dose of 200 mg for 48
weeks. Treatment was prematurely discontinued in patients with
detectable HCV RNA 20 weeks after initiation of therapy. The study
was approved by the ethics committees at the participating centers
and performed according to the Declaration of Helsinki, the German
Drug Law, and the ICH/CPMP guidelines “Good Clinical Practice.”
All patients gave written informed consent before enrollment.

All patients were evaluated as outpatients for safety, tolerance, and
efficacy at weeks 1, 2, 4, 8, and subsequently every 4 weeks during
treatment. When treatment was completed, patients were assessed at
weeks 4, 12, and 24. Hematologic and biochemical testing were per-
formed by local laboratories. Pretreatment serum HCV RNA was
quantified by a standardized RT-PCR assay (Amplicor Monitor HCV
version 2.0; Roche Diagnostic Systems, Branchburg, NJ). Qualitative
detection of HCV RNA was performed by RT-PCR (Amplicor HCV;
Roche Diagnostic Systems) in serum samples obtained at treatment
weeks 4, 12, 20, 36, and 48, as well as in week 24 of the follow-up
period. The lower detection limit of the qualitative assay is 1,000
copies/mL.18 Genotyping of HCV was performed by reverse hybrid-
ization assay (Inno LiPA HCV II; Innogenetics, Gent, Belgium).19 A
second liver biopsy was scheduled at the end of the 24-week fol-
low-up period.

Instruments Used for Assessment of HRQOL. Emotional and psycho-
logic states were measured at baseline, at weeks 24 and 48 of treat-
ment, and at the end of the 24-week follow-up period by a German
adapted and validated “Profile of Mood States scale,” which measures
4 factor scores for depression, fatigue, vigor, and anger.20,21 Further-
more, quality of life was assessed at the same time points by the
“Everyday Life” questionnaire (EDLQ), a German validated ques-
tionnaire related to the SF-36 Health Survey.22,23 The EDLQ assesses
the following 6 subscales of the HRQOL or 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 prob-
lems, perform personal hygiene); social activity (e.g., get along with
family, count on partner’s help); zest of life (e.g., enjoy life); and
medical treatment (e.g., believe in success of treatment).23 For every
patient a sum score of all items of the subscale was used; missing
items were replaced by the mean of the nonmissing items of the
subscales. However, missing questionnaires were not replaced.

Study End Points. The primary efficacy endpoint for this study was
defined as undetectable serum HCV RNA levels 24 weeks after treat-
ment. Patients who did not have a week-24 follow-up assessment for
serum HCV RNA were classified as nonresponders in the analysis.
Secondary efficacy parameters were the virologic response during
and at the end of treatment. As additional secondary endpoints, bio-
chemical and histologic responses were analyzed as well as changes
in adverse event load and HRQOL. Liver biopsy specimens were
assessed by an experienced pathologist who was unaware of clinical
and biochemical data as well as of treatment regimen and response.
Histologic results were classified according to internationally stan-
dardized criteria.24

Statistical Analysis. The required number of patients was estimated
as n 5 120 (60 in each group). The sample size estimation was based
on a type I error rate of a 5 .05 and a type II error rate of b 5 .05. The
sustained virologic response rate as primary end point was expected
to be 40% for combination treatment with IFN-a2a plus amantadine

and 12.5% for IFN-a2a monotherapy. The primary statistical analy-
sis of efficacy data is based on the intention-to-treat population of
119 patients, who were randomly assigned to treatment and received
at least one dose of medication. The differences between virologic
response rates were tested with a one-tailed Fisher exact test on a
significance level of a 5 .05. Analysis of biochemical response rates
was performed by two-tailed Mann-Whitney U test (a 5 .05). All
tests, except those for HRQOL, were done by SAS procedures (ver-
sion 6.12, SAS Institute Inc, Cary, NC). For HRQOL analysis, the
differences of sum scores at weeks 24 and 48 during treatment and
week 24 after treatment to baseline were tested by Wilcoxon rank
sum test using StatXact4 (Cytel Software Corp, Cambridge, MA).

RESULTS

Between March and October 1997, 120 patients were ran-
domized; however, one patient did not receive treatment (Fig.
1). Analysis is based on 59 and 60 patients assigned to IFN-
a2a plus amantadine sulphate or IFN-a2a plus placebo, re-
spectively, who received at least one dose of medication. The
baseline characteristics of the patients are summarized in Ta-
ble 1.

Biochemical and Virologic Response. An initial virologic re-
sponse with serum HCV RNA less than the detection limit of
1,000 copies/mL at week 4 of therapy was seen in 21 (36%)
and 22 (37%) patients treated with IFN-a and amantadine or
placebo, respectively. At week 20 the respective virologic re-
sponse rates were 32 (54%) and 31 (52%). Treatment of pa-

FIG. 1. Trial profile.

836 ZEUZEM ET AL. HEPATOLOGY October 2000



tients with detectable HCV RNA at week 20 was discontinued
(Fig. 1). At the end of treatment, HCV RNA was undetectable
in 20 (34%) and 20 (33%) patients treated with IFN-a and
amantadine or placebo, respectively. The primary endpoint, a
sustained virologic response at the end of a 24-week follow-up
period, was observed in 6 (10%) patients on IFN-a plus aman-
tadine and in 13 (22%) patients on IFN-a plus placebo (P 5
n.s.). Three and 4 patients treated with combination or mono-
therapy, respectively, were lost to follow-up. HCV RNA was
undetectable at the last visit in all 3 patients in the combina-
tion therapy group (week 4, n 5 1; week 12, n 5 2) and in 1
of the 4 patients in the monotherapy group (week 4). The
virologic together with the biochemical response rates are
summarized in Table 2.

A variety of virus- and host-related variables that have recently
been shown to predict virologic response4 were analyzed (Table
3). In the group of patients treated with IFN-a and amantadine,
only2of42patients (5%) infectedwithHCV-1and4of17patients
(24%) infected with HCV non-1 achieved a sustained virologic
response. In the IFN-a monotherapy group a sustained virologic
response was observed in 5 of 40 (13%) and 8 of 19 patients (42%)

infected with HCV-1 and HCV non-1, respectively. In relation to
pretreatment viremia, the sustained virologic response in patients
treated with IFN-a plus amantadine was 9% (#1 3 106 copies/
mL) and 14% (.1 3 106 copies/mL) and in patients treated with
IFN-a alone 25% (#1 3 106 copies/mL) and 0% (.1 3 106 cop-
ies/mL). Using logistic regression analysis for variables genotype,
viremia, age, sex, and fibrosis at baseline adjusted for medication
and center, only HCV genotype was associated with sustained vi-
rologic response (odds ratio [95% CI]: 4.9 [1.5; 15.8]; P 5 .01).

TABLE 1. Demographic, Biochemical, Serologic, Molecular, and Histologic
Profile of Patients With Chronic Hepatitis C at Baseline

Characteristics
IFN-a2a Plus
Amantadine

IFN-a2a Plus
Placebo

Demography
No. (M/F) 59 (37/22) 60 (36/24)
Body weight (kg)* 75.5 6 16.9 71.7 6 11.4
Mean age (yr)* 42.1 6 12.9 41.6 6 10.3
Risk factor for transmission

Transfusion-related 17 10
Intravenous drug abuse 21 24
Other (sexual, tattoo, occupational) 4 5
Unknown 17 21

Biochemistry*,†
ALT (U/L) 57.5 6 39.0 59.6 6 36.0
AST (U/L) 29.5 6 18.4 31.3 6 19.3
g-GT (U/L) 30.1 6 19.9 52.0 6 63.1
Bilirubin (mmol/L) 11.6 6 4.6 11.6 6 5.6
Prothrombin time (%) 102.0 6 11.0 106.2 6 12.4
g-Globulin (g/L) 19.2 6 3.7 18.7 6 3.4

Serology
HBsAg 0 0
Anti-HBc 21 32
Anti-HCV 59 60
Anti-HIV-1 and -2 0 0

Molecular
HCV genotype (1;2;3;4)‡ 42; 3; 13; 1 40; 3; 15; 1
Pretreatment HCV RNA*

(106 copies/mL) 7.8 6 8.5 7.4 6 9.8
Histology

Inflammatory activity (mild; moderate;
severe) 39;18;2 36;24;0

Fibrosis (none; mild; moderate; severe) 8;25;18;8 2;28;22;8

Abbreviations: AST, aspartate transaminase; g-GT, g-glutamyltransferase;
HBsAg, hepatitis B surface antigen; HBc, hepatitis B core; HIV, human immu-
nodeficiency virus.

* Mean 6 SD.
† Normal reference ranges: 4 to 23 U/L for ALT, 6 to 18 U/L for AST, 4 to 28

U/L for g-GT, 3.4 to 20.5 mmol/L for bilirubin, 70% to 100% for prothrombin
time, and 8.8 to 16.0 g/L for g-globulin.

‡ Genotyping was indeterminate in one patient treated with IFN-a plus
placebo.

TABLE 2. Virologic and Biochemical Responses During Treatment,
End of Treatment (Week 48), and End of Follow-Up Period

(Week 24 After the End of Treatment)

IFN-a2a Plus
Amantadine

N (%) [95% CI]

IFN-a2a Plus
Placebo

N (%) [95% CI]

Virologic response
Wk 4 21 (36%) 22 (37%)

[23.6%; 49.1%] [24.6%; 50.1%]
Wk 12 25 (42%) 32 (53%)

[29.6%; 55.9%] [40.0%; 66.3%]
Wk 20 32 (54%) 31 (52%)

[40.8%; 67.3%] [38.4%; 64.8%]
Wk 36 20 (34%) 21 (35%)

[22.1%; 47.4%] [23.1%; 48.4%]
End of treatment (week 48) 20 (34%) 20 (33%)

[22.1%; 47.4%] [21.7%; 46.7%]
Wk 24 of follow-up period 6 (10%) 13 (22%)

[3.8%; 20.8%] [12.1%; 34.2%]
Biochemical response

Wk 12 37(63%) 34 (57%)
[49.2%; 75.0%] [43.2%; 69.4%]

Wk 20 36(61%) 31 (52%)
[47.4%; 73.4%] [38.4%; 64.8%]

End of treatment (week 48) 22(37%) 21 (35%)
[25.0%; 50.9%] [23.1%; 48.4%]

Wk 24 of follow-up period 12(20%) 15 (25%)
[11.0%; 32.8%] [14.7%; 37.9%]

NOTE. Responses are defined as undetectable HCV RNA by RT-PCR and
normalized ALT, respectively.

TABLE 3. Sustained Virologic Response to Different Regimens According
to Baseline Characteristics

All Patients

IFN-a2a
Plus

Amantadine

IFN-a2a
Plus

Placebo

Genotype*
HCV-1 7/82 (9%) 2/42 (5%) 5/40 (13%)
HCV non-1 12/36 (33%) 4/17 (24%) 8/19 (42%)

Mean HCV RNA
#1 3 106 copies/mL 17/96 (18%) 4/45 (9%) 13/51 (25%)
.1 3 106 copies/mL 2/23 (9%) 2/14 (14%) 0/9 (0%)

Age
#40 yr 14/61 (23%) 4/30 (13%) 10/31 (32%)
.40 yr 5/58 (9%) 2/29 (7%) 3/29 (10%)

Sex
Male 12/73 (16%) 2/37 (5%) 10/36 (28%)
Female 7/46 (15%) 4/22 (18%) 3/24 (13%)

Fibrosis at baseline
None/mild/moderate 17/103 (17%) 6/51 (12%) 11/52 (21%)
Severe 2/16 (13%) 0/8 (0%) 2/8 (25%)

* Genotyping was indeterminate in one patient treated with IFN-a plus
placebo.
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Histology. Paired pre- and posttreatment liver biopsy spec-
imens were available in 16 of 59 patients treated with IFN-a
plus amantadine and in 11 of 60 patients treated with IFN-a
plus placebo. Pre- and posttreatment inflammatory activity
was mild in 13 and 14 and moderate in 3 and 2 of 16 patients
treated with combination therapy, respectively. Fibrosis was
absent (n 5 1), mild (n 5 10), moderate (n 5 4), or severe
(n 5 1) before therapy and absent (n 5 1), mild (n 5 10), or
moderate (n 5 5) after combination treatment. In the group of
patients with IFN-a monotherapy 8 patients showed mild and
3 of 11 patients moderate inflammatory activity in the pre-
treatment biopsy, whereas in the posttreatment biopsy all pa-
tients had only mild inflammatory activity. Fibrosis was mild
(n 5 7), moderate (n 5 3), or severe (n 5 1) before and mild
(n 5 6) or moderate (n 5 5) after IFN-a monotherapy. His-
tologic improvement of inflammatory activity was observed in
4 patients, of whom 1 patient was a sustained virologic re-
sponder (monotherapy) and 3 patients who became negative
for HCV RNA during treatment, but relapsed after treatment
was discontinued (1 and 2 patients with combination and
monotherapy, respectively).

Adverse Events. According to the protocol, treatment was
discontinued at week 24 in 23 and 21 patients treated with
IFN-a with and without amantadine, respectively, because of
detectable HCV RNA by RT-PCR 20 weeks after initiation of
therapy. In addition, 10 patients treated with combination
therapy and 7 patients treated with IFN-a monotherapy dis-
continued treatment (Fig. 1). In 6 of 17 patients treatment
discontinuation was related to adverse effects (concentration
impairment, weight loss, general flu-like symptoms in 3 pa-
tients receiving combination treatment; alcohol abuse and re-
current infections in 2 patients of the monotherapy group); a
71-year-old male patient treated with IFN-a and amantadine
experienced a serious adverse event. In week 31 of therapy the
patient developed angina and subsequently a myocardial in-
farction. After angioplasty the patient recovered uneventfully;
however, antiviral therapy was permanently discontinued. All
other adverse events reported in the combination and the
monotherapy group were mild or moderate. Overall, less ad-
verse events were reported by patients treated with than with-
out amantadine (327 vs. 405). However, the type and relative
frequency of adverse events were similar in both groups and
reflect the known safety profile of IFN-a (Table 4).

In patients treated with IFN-a plus amantadine or IFN-a
alone, leukocytes decreased from baseline to week 4 from
6.6 6 2.0/nL to 4.6 6 1.1/nL and from 6.1 6 2.0/nL to 4.4 6
1.4/nL, respectively. At the end of the follow-up period leu-
kocyte counts returned to normal in both groups (6.1 6
1.5/nL and 6.1 6 2.1/nL, respectively). Hemoglobin and
platelets decreased from baseline to week 4 from 14.5 6 1.3
g/dL to 14.1 6 1.4 g/dL, and from 211 6 60/nL to 161 6
44/nL, respectively. At the end of follow-up hemoglobin and
platelets returned to baseline levels (14.1 6 1.4 g/dL and
211 6 54/nL, respectively) with no significant differences be-
tween treatment groups. Hyperthyroidism developed in one
patient under combination therapy and in 3 patients treated
with IFN-a alone, while in both treatment groups hypothy-
roidism was observed in 3 patients.

HRQOL. The mean of the differences between the sum
scores of the POMS scale during therapy and follow-up period
compared with baseline are shown in Fig. 2A for the inten-
tion-to-treat population. In patients who were treated with

IFN-a plus amantadine compared with patients treated with
IFN-a alone, a significantly better depression (P , .05) and
fatigue score (P , .05) was observed at the end of the fol-
low-up period. Although, treatment with IFN-a worsened all
items, combination with amantadine showed a trend to im-
prove fatigue and vigor scores during therapy compared with
patients receiving IFN-a monotherapy. Similarly, in the
EDLQ a substantial trend for improving HRQOL during the
treatment period was observed for all subscales in patients
treated with IFN-a plus amantadine compared with patients
receiving IFN-a alone (Fig. 2B).

DISCUSSION

At the beginning of infection many viruses are taken into
endosomes, where their fusion glycoproteins are activated at
low pH to fuse virus and endosomal membranes, allowing the
genome-transcriptase complex to enter the cell. Later, newly
synthesized fusion glycoproteins and other virus membrane

TABLE 4. Rates of Discontinuation of Treatment, Dose Reductions, and
Adverse Events During Treatment

IFN-a2a Plus
Amantadine

IFN-a2a Plus
Placebo

Adverse events (No.) 327 405
Discontinuation of treatment for

adverse event 4 2
Dose reductions

IFN-a 1 5
Amantadine 0 0

Influenza-like symptoms 146/327 (44.6%) 165/405 (40.7%)
Chills and fever 52/146 (35.6%) 49/165 (29.7%)
Headache 27/146 (18.5%) 29/165 (17.6%)
Fatigue 43/146 (29.5%) 57/165 (34.5%)
Myalgia 17/146 (11.6%) 19/165 (11.5%)
Arthralgia 7/146 (4.8%) 11/165 (6.7%)

Central and peripheral nervous
system 79/327 (24.2%) 104/405 (25.7%)

Insomnia 20/79 (25.3%) 21/104 (20.2%)
Anxiety 0/79 (0%) 1/104 (1.0%)
Depression 20/79 (25.3%) 19/104 (18.3%)
Emotional lability 3/79 (3.8%) 8/104 (7.7%)
Impaired concentration 6/79 (7.6%) 11/104 (10.5%)
Irritability 3/79 (3.8%) 7/104 (6.7%)
Weakness 11/79 (13.9%) 8/104 (7.7%)
Dizziness 10/79 (12.7%) 11/104 (10.6%)
Decreased libido 0/79 (0%) 3/104 (2.9%)
Paresthesia 6/79 (7.6%) 15/104 (14.4%)

Dermatologic 44/327 (13.5%) 58/405 (14.3%)
Alopecia 21/44 (47.7%) 26/58 (44.8%)
Pruritus 5/44 (11.4%) 5/58 (8.6%)
Rash 4/44 (9.1%) 8/58 (13.8%)
Dry skin/Sicca syndrome 11/44 (25.0%) 17/58 (29.3%)
Inflammation at injection site 3/44 (6.8%) 2/58 (3.5%)

Gastrointestinal 36/327 (11.0%) 53/405 (13.1%)
Nausea 8/36 (22.2%) 6/53 (11.3%)
Loss of appetite 12/36 (33.3%) 16/53 (30.2%)
Abdominal pain 14/36 (38.9%) 21/53 (39.6%)
Vomiting 2/36 (5.6%) 3/53 (5.7%)
Diarrhea 0/36 (0%) 7/53 (13.2%)

Respiratory tract 5/327 (1.5%) 3/405 (0.7%)
Cough 2/5 (40.0%) 1/3 (33.3%)
Dyspnea 1/5 (20.0%) 1/3 (33.3%)
Pharyngitis 2/5 (40.0%) 0/3 (0%)
Sinusitis 0/5 (0%) 1/3 (33.3%)

Other 17/327 (5.2%) 22/405 (5.4%)
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proteins are transported to the cell surface through the acidic
trans-Golgi. Evidence suggests that the M2 protein of the in-
fluenza A virus functions as a channel in 2 stages: initially as a
virus membrane component, which allows acidification of the
virus core; subsequently as a trans-Golgi membrane compo-
nent, which relieves the pH gradient in this compartment. By
blocking M2 protein function, amantadine inhibits virion
core disassembly and maintains the trans-Golgi at its normally
low pH.25 The molecular mechanisms of amantadine against
other viruses are less well defined.6-10 Because of the lack of

appropriate in vitro models, potential (pH-dependent) mech-
anisms of HCV entry into cells, replication, and processing are
largely unknown.

Preliminary studies suggested that amantadine inhibits
dose-dependently HCV RNA content in cultured peripheral
blood mononuclear cells from hepatitis C virus infected pa-
tients.26 Recently, Smith14 reported promising results in a
small cohort of HCV-infected patients treated with amanta-
dine. In this trial, 22 patients with chronic hepatitis C, who
had previously failed a 24-week course of IFN-a, were treated

FIG. 2. Mean differences between the sum scores of (A) the “Profile of Mood States” scale and (B) the EDLQ during therapy (week 24 and 48) and week
24 of the follow-up period compared with baseline (intention-to-treat collective). (■) and (h) represent patients treated with IFN-a2a plus amantadine and
IFN-a2a plus placebo, respectively. The numbers above and below the bars represent the SD of the mean. *P , .05.
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with 200 mg amantadine orally per day for 24 weeks. After a
follow-up period of 24 weeks after cessation of amantadine
therapy, normalization of ALT levels and reduction in HCV-
RNA concentration to less than the detectable limit of the
branched DNA assay (200,000 genome equivalents per mL)
were observed in 6 of 22 patients (27%).14 Similar studies also
showed biochemical or biochemical and virologic effects of
amantadine in patients with chronic hepatitis C.15,16 These
results were challenged by other pilot trials showing no effect
of amantadine or rimantadine on transaminase or HCV RNA
levels in patients previously not responding to IFN-a.15,27

Additional data suggested that combination therapy of
chronic hepatitis C with IFN-a and amantadine may be supe-
rior to IFN-a monotherapy.17

The present study is a double-blind, randomized, placebo-
controlled multicenter trial comparing the efficacy of combi-
nation therapy IFN-a plus amantadine with IFN-a mono-
therapy in previously untreated patients with chronic
hepatitis C. The patients’ characteristics were similar among
groups. In both treatment groups no significantly different
biochemical and virologic response rates were observed at any
investigated time point during treatment and at the end of the
follow-up period. Almost identical virologic response rates
were observed in both groups at week 4, indicating no effect of
amantadine on initial viral kinetics. Thus, amantadine did not
reinforce the antiviral activity of IFN-a in patients with
chronic hepatitis C.

The number of adverse events reported was approximately
20% less in patients treated with than without amantadine. In
the “Profile of Mood States” scale, combination therapy IFN-a
plus amantadine showed a trend to improve fatigue and vigor
scores during therapy compared with patients receiving
IFN-a monotherapy. Similarly, in the SF-36 Health Survey-
related EDLQ a trend for improving HRQOL during the treat-
ment period was observed for all subscales in patients receiv-
ing combination therapy compared with patients treated with
IFN-a alone. Similar to the results of the present trial, aman-
tadine has previously also been shown to reduce fatigue in
patients with central nervous disease.28

An open pilot study in IFN-a nonresponders showed sig-
nificantly higher biochemical and virologic end-of-treatment
response rates in patients treated with IFN-a, ribavirin, and
amantadine compared with combination treatment IFN-a
and ribavirin. Six months after therapy a trend for the triple
therapy remained.29 These results were confirmed in a larger
open trial of 60 IFN-a nonresponders, in which 65% and 43%
of the triple therapy arm had virologic response at the end of
12-months treatment and a 6-months follow-up period, re-
spectively, compared with 10% and 5% in the double therapy
group.30 The data of the present study do not support IFN-a
synergistic antiviral activity of amantadine, and it appears un-
likely that this may be modified by the addition of ribavirin.
However, it is tempting to speculate that the enhanced viro-
logic response rates observed in these triple therapy trials may
be related to amantadine-induced improvement of HRQOL
during treatment leading to less side effects, higher patient
compliance, and better adherence to the trial regimen. Fur-
ther randomized and placebo-controlled trials, including as-
sessment of compliance and HRQOL, are required to address
this hypothesis.

When compared with IFN-a monotherapy, the combined
treatment of IFN-a plus amantadine does not improve bio-

chemical, virologic, or histologic responses in patients with
chronic infection with HCV, but it appears beneficial to re-
duce IFN-a related adverse effects and may improve HRQOL
in patients with chronic hepatitis C undergoing IFN-a ther-
apy. However, at present, the use of amantadine to impair
IFN-related side effects should not be encouraged unless fur-
ther studies support efficacy and safety of the drug in this
setting.
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