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Abstract
The treatment of chronic hepatitis C (CHC) is still far 
from optimal, particularly for those subpopulations that 
do not respond to the standard combination therapy 
with Interferon-α (IFNα) plus ribavirin. Although 
in some cases the use of higher doses or longer 
treatment periods may be effective, these approaches 
are generally associated with a higher incidence of 
adverse events, which may either lead to a reduction 
in patient compliance or require drug withdrawal. IFNβ 
could represent an interesting alternative for treating 
CHC patients. Controversial data about IFNβ efficacy 
in CHC exist, the main reason being that many results 
stem from pilot studies with small cohorts of patients. 
However, promising results have been obtained in some 
subgroups of patients that fail to respond to IFNα. 
Additionally, the good tolerability of IFNβ represents an 
important advantage of the drug. The rates of dropouts 
in controlled clinical trials, as well as the need for dose 
reductions or treatment discontinuation are very low. It 
might be worth assessing the value of IFNβ plus ribavirin 
in randomized studies with a larger cohort of patients, 
not eligible or not tolerating standard therapy, and for 
non-responders.
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INTRODUCTION
In the absence of  antiviral treatment, chronic hepatitis C 
(CHC) is a liver disease characterized by the development 
of  necroinflammatory changes and progressive liver 
fibrosis leading to cirrhosis, end-stage liver disease and 
hepatocellular carcinoma. CHC represents a significant 
public health problem[1,2]. The objective of  treatment is to 
eradicate infection and prevent progression to cirrhosis 
and associated complications of  end-stage liver disease. 
According to the latest NIH Consensus Development 
Statement for the management of  CHC, all patients with 
CHC are potential candidates for antiviral therapy[2]. 
The therapeutic strategy to be followed is currently well 
defined, mainly due to the significant progress that has 
occurred since the initial availability of  Interferon-α 
(IFNα). The approval of  ribavirin in combination therapy 
regimens with IFNα has dramatically improved therapy. 
Another advance was the introduction of  pegylated IFNα, 
which allows a once-weekly subcutaneous administration 
and shows more favourable pharmacokinetics and greater 
efficacy. The highest sustained virological response (SVR) 
rates are attained with pegylated IFNα in combination 
with ribavirin[3]. Large randomised trials have shown 
efficacy of  this combination in approximately half  of  
the patients[4,5]. In spite of  these advances, a number 
of  patients do not respond to treatment with IFNα, or 
discontinue treatment due to the occurrence of  adverse 
events associated with therapy.
    IFNβ represents a potential therapeutic alternative 
for treatment of  chronic viral hepatitis. In fact, in some 
countries, mainly in Japan, IFNβ already plays a role in 
therapeutic protocols. IFNβ belongs to the same family of  
glycoproteins as IFNα. Although both cytokines present 
different physicochemical and biological properties in 
many respects, IFNβ shares with IFNα some of  the phar-
macological characteristics thus indicated for treatment of  
chronic hepatitis C infection[6,7].
    Three different types of  IFNβ are available[8]: (1) Natu-
ral human IFNβ (nIFNβ) is produced by human fibrob-
lasts, and is currently used in Japan for treating CHC; (2) 
Recombinant human IFNβ-1a (rhIFNβ-1a) is produced 
by mammalian cells and is identical to the IFNβ that oc-
curs naturally in humans; (3) Recombinant human IFNβ-
1b (IFNβ-1b) is produced by E-coli and has its cysteine 
at position 17 substituted by serine. RhIFNβ-1a has been 
reported to be less immunogenic and more potent than 
the other forms of  IFNβ[9]. IFNβ can be administered 
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intravenously (iv), intramuscularly (im) or subcutaneously 
(sc). Pharmacokinectic and pharmacodynamic studies[10] 
have shown that the extent and duration of  the clinical and 
biologic effects of  IFNβ are independent of  the route of  
administration.
    In this article we review the data currently available 
on the efficacy and safety of  IFNβ for the treatment of  
CHC. A number of  clinical trials have been conducted 
worldwide. However, many of  them are pilot studies with 
small cohorts of  patients targeting different subpopula-
tions, thus frequently leading to controversial results. As a 
result, one has to be cautious when extracting conclusions. 
Distinct factors have been reported to influence efficacy 
of  IFNβ in hepatitis C virus (HCV) infection, including 
the dose, frequency of  administration, the dynamics of  
HCV clearance in the initial phases of  treatment, patient 
age, pre-treatment viral load, HCV genotype and route of  
administration.
    Several studies have been conducted to investigate the 
most appropriate doses and regimens of  IFNβ for CHC 
showing, in general, that the highest doses did not have 
the greatest efficacy and result in poorer tolerability[11-14]. 
Generally, the intravenous administration achieved bet-
ter SVR rates than subcutaneous route (Figures 1 and 2); 
furthermore, intravenous IFNβ obtains better results 
than recombinant IFNα monotherapy in CHC patients 
with genotype 1[12,15-36]. Similarly to other therapies with 
recombinant IFNα, patients infected with HCV genotype 
no-1 obtain higher SVR rates (Figures 1 and 3)[17,18,21-23,37]. 
In a randomized study with 92 CHC patients, a better bio-
chemical response was observed in CHC patients treated 
with 6 million units (MIU) nIFNβ three times a week for 
12 mo than in those administered 3 MIU (21% vs 4.5%, re-
spectively)[12]. The frequency of  administration also seems 
to play a role in the effects of  IFNβ. Shiratori et al treated 
22 CHC patients with high viral load and HCV subtype 
1b with two different regimens of  IFNβ: 6 MIU once a 
day, or 3 MIU twice a day[13]. The efficacy of  the drug was 
higher with twice daily administration: negativity for HCV-
RNA occurred in 18%, 73% and 89% of  patients at 1, 2 
and 3 wk, respectively, in the twice-a-day group, in contrast 

to 0%, 0% and 18% in the once-a-day group. However, the 
incidences of  (a) reduced platelet counts and albumin lev-
els; (b) increased serum ALT/AST; and (c) renal toxicity, 
were higher for the twice-a-day group. A similar outcome 
in terms of  efficacy and safety was observed by Fujiwara et 
al in a randomized trial with 54 patients, treated either with 
6 MIU every 24 or with 3 MIU every 12[14]: serum HCV-
RNA disappeared in 95% of  the patients on the twice-dai-
ly regimen, as compared with 74% in the once-daily injec-
tion group. Tolerability to IFNβ (in terms of  proteinuria, 
thrombocytopenia and serum ALT levels elevation) was 
worse in patients receiving 3 MIU every 12 h. At the same 
time, in an other study, no differences between twice-daily 
and once-daily administrations were observed: Suzuki et al 
randomized 20 CHC patients with genotype 1b and high 
HCV-RNA level to receive either twice-daily 3 MIU IFNβ 
(group A) or once-daily 6 MIU IFNβ for 4 wk (group B)[24]. 
All patients then received a daily dose of  6 MIU IFNβ 
for 12 wk, followed by IFNα three times weekly for 16 
wk; the treatment of  group A was not superior to that of  
group B in terms of  sustained responses, while adverse ef-
fects were more frequent and pronounced in group A.
    The mechanisms underlying the possible enhanced an-

Figure 2 Sustained virological response rates in chronic hepatitis C genotype 
1 naïve patients: studies with subcutaneous IFN-β.1: Habersetzer et al[26]. 2: 
Andrade et al[27]. 3: Castro et al[28]. 4: Castro et al[29]. 5: Villa et al[30]. 6: Kakumu et 
al[31]. 7: Perez et al[32]. 8: Bernardinello et al[33]. 9: Frosi et al[34]. 10: Pellicano et al[35]. 
11: Nakamura et al[36]. 12: Fesce et al[12]. T: total [mean of studies].
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Figure 1 Sustained virological response rates in chronic hepatitis C naïve patients 
infected by genotype 1: studies with IFN-β administered intravenously. 1: Kainuma 
et al[16]. 2: Fukutomi et al[17]. 3: Kurosaki et al[18]. 4: Chemello et al[19]. 5: Kaito et 
al[20]. 6: Shiratori et al[21]. 7: Mochizuki et al[22]. 8: Kakizaki et al[23]. 9: Suzuki et al[24]. 
10: Enomoto et al[25]. T: total [mean of studies].
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Figure 3 Sustained virological response rates in chronic hepatitis C naïve patients 
infected by genotype no-1: studies with intravenous IFN-β. 1: Fukutomi et al[17]. 2: 
Kurosaki et al[18]. 3: Shiratori et al[21]. 4: Nakamura et al[37]. 5: Mochizuki et al[22]. 6: 
Kakizaki et al[23]. T: total [mean of studies].
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tiviral efficiency of  frequent dosing of  IFNβ were investi-
gated in another study: serum HCV dynamics and double-
stranded RNA-activated protein kinase (PKR) and MxA 
mRNA levels were monitored in peripheral blood mono-
nuclear cells (PBMC) of  140 CHC patients randomized 
to receive twice daily 3 MIU IFNβ or once daily 6 MIU/d 
IFNβ[38]. The twice-a-day administration reduced the ex-
pression level of  peak PKR and MxA gene expression in 
the first phase (4 h after single administration), although it 
was higher in the second phase. Furthermore, this regimen 
induced greater rates of  HCV decline in the second phase. 
This enhanced clearance of  HCV- infected cells probably 
represents the basis for the improved efficacy of  frequent 
administration of  IFNβ.
    Fukutomi et al also studied the relation of  HCV clear-
ance during the initial phases of   treatment with IFNβ 
with efficacy of  treatment[39]. They showed that the decay 
slope calculated from HCV-RNA levels determined at 0 
and 24 after the initiation of  IFNβ treatment of  CHC 
patients correlated with the proportion of  sustained re-
sponders. Based on these findings, the authors proposed 
that the decay slope of  viral clearance could be used as 
a predictor of  the efficacy of  therapy. However, further 
mechanistic data may be needed to confirm this possibility. 
Additional factors influencing sustained response to IFNβ 
have been identified[17]: in a study with 52 patients treated 
with 6 MIU/day IFNβ for 8 wk, the factors predicting ef-
ficacy of  the treatment were primarily younger age and low 
pre-treatment viral load, and secondarily, HCV genotype 
2a or 2b. The influence of  low viral load in the outcome 
of  therapy was further documented in a study in which 
112 CHC patients received 6 MIU/d intravenous natural 
IFNβ for 12 wk[21]. In this trial, 88% of  patients present-
ing a low pre-treatment viral load (< 6.3×105 copies/mL), 
experienced a virological sustained response, as compared 
with only 22% patients that had a high viral load (in spite 
of  the latter having the chance to receive an additional 
administration of  IFNβ three times weekly for subsequent 
14 wk at the patients’ request).
    Recently, Mochizuki et al have studied the effect of  “in 
vitro” IFNβ on HCV in PBMC analysing whether this 
effect was associated with clinical response to IFNβ[22]. 
Twenty-seven patients with CHC were enrolled into this 
study. They were given intravenous administration of  6 
MIU IFNβ daily for 6 wk followed by three times weekly 
for 20 wk. PBMC collected before IFNβ therapy were 
incubated with IFNβ and HCV-RNA in PMBC was 
semi-quantitatively determined. Eight patients (32%) had 
sustained loss of  serum HCV-RNA with normal serum 
ALT levels after IFN therapy. Multiple logistic regression 
analysis revealed that the decrease of  HCV-RNA amount 
in PBMC by IFNβ was the only independent predictor for 
complete response (P < 0.05). The authors proposed that 
the effect of  in vitro IFNβ on HCV in PBMC reflects clini-
cal response and would be taken into account as a predic-
tive marker of  IFNβ therapy for CHC.
    The route of  IFNβ administration might also influ-
ence the outcome of  treatment. Reports can be found in 
the literature describing intramuscular[12,29,30,32], subcutane-
ous[28,35,40] and intravenous injections[17,21,22,41-45]. Since there 

are no trials directly comparing the results of  one route 
vs the other, no clear recommendations exist. The most 
appropriate route shoud be selected in each case to grant 
sufficient bioavailability, reduced toxicity, comfortable ad-
ministration and adequate patient compliance.

Studies comparing the efficacy of IFNβ vs IFNα.
A number of  studies have evaluated the performance 
of  IFNβ v s IFNα in CHC pat ients [30,32,34,41,42,46,47]. 
Generally, IFNβ has led to poorer outcomes than 
IFNα, particularly when IFNβ was administered either 
through the intramuscular route[31,32] (probably due to 
low bioavailability or to insufficient dose levels), or with 
a once-daily regimen[46]. Only one small study reported a 
similar efficacy of  IFNβ and IFNα when both were given 
subcutaneously, at a dose of  3 MIU, three times weekly 
for 6 mo[3]. However, the good tolerability of  IFNβ in all 
studies suggests that further trials aimed at improving its 
clinical efficacy might produce interesting results. Asahina 
et al investigated the reason underlying the differences 
in clinical efficacy between both interferons by assessing 
HCV dynamics in serum and PBMC of  patients treated 
with IFNα (alone or in combination with ribavirin) and 
IFNβ (twice-a-day or once-a-day administration)[31]. 
Although improved viral clearance dynamics were 
observed with combination or twice-daily dosing regimens 
(leading to increased rates of  sustained eradication of  
HCV), no dramatic effects in the slopes of  HCV decline or 
in HCV half-lives in the second phase were seen between 
IFNα and IFNβ.

IFNβ for patients not responding to IFNα
An interesting opportunity for IFNβ is its use as an alter-
native in patients not responding to IFNα. A randomized 
study with 200 clinically nonresponding CHC patients 
analysed the efficacy of  intravenous IFNβ, in comparison 
with combination of  IFNα and ribavirin for 12 wk[42]. The 
short-term treatment outcome showed a biochemical and 
virological response in 42% of  patients treated with IFNβ 
vs 22% in patients treated with combination therapy. Sus-
tained response (as documented after a further 48 wk) was 
seen in 21% and 13% of  patients, respectively. These data 
indicate that, at least as a short-term therapy, IFNβ may 
offer a chance for sustained response in a subset of  IFNα 
non-responders.
    Cheng et al have evaluated the efficacy of  IFNβ-1a in 
the treatment of  CHC patients unresponsive to IFNα in 
a  multicentre, randomized study[48]. A total of  267 patients 
were randomized to one of  four groups: subcutaneous 
IFNβ-1a 12 MIU (44 µg) or 24 MIU (88 µg) administered 
3 times weekly or daily. Patients were treated for 48 wk 
and then followed up for an additional 24 wk. There was 
a tendency towards a dose-response relationship regard-
ing virological and biochemical response. Overall, 22 
patients (8.3%) had a virological response at the end of  
treatment; 9 patients (3.4%) had a sustained virological re-
sponse (SVR). Strikingly, 21.7% (5/23) of  Chinese patients 
achieved SVR. Univariate analysis revealed that race was 
the only variable related to SVR (odds ratio 16.6; 35% CI 4.1 
=  67.3; P  <  0.0001). The authors concluded that IFNβ-1a 



provided considerable clinical benefit in Chinese patients 
with CHC unresponsive to IFNα.
    A few more pilot studies (with cohorts of  between 10 
and 30 patients) have been conducted to evaluate the ef-
ficacy of  IFNβ in CHC non-responder patients[40,43,44,49]. 
Although these have confirmed that some patients may 
benefit from IFNβ therapy in terms of  early biochemical 
and viral responses (between 20% and 40%, depending on 
the doses and regimens), sustained responses have been 
very seldom observed. None of  the studies has shown a 
clear advantage for patients infected with any particular 
HCV genotype. Pellicano et al[40] treated 30 non-responders 
with 12 MIU subcutaneous IFNβ, three times weekly for 
3 mo. Patients responding were given 12 MIU IFNβ for a 
further 3 mo, and those showing no biochemical and viral 
improvement had their dose increased to 18 MIU for the 
same 3 mo. While 20% of  patients exhibited a response 
at the end of  treatment, only one patient presented a sus-
tained virological response at the end of  post-treatment 
follow-up. In relapser patients after IFNβ monotherpay, 
few studies exist. Nomura et al treated 43 relapser patients 
genotype 1 CHC after IFNβ monotherapy, with 6 MIU of  
IFNβ, achieving a sustained virological response of  21%. 
Authors also found that better results were obtained when 
therpay with IFNβ was given near relpase[50]. In summary, 
trials with IFNβ monotherapy for CHC patients resistant 
to IFNα have shown conflicting results. Tolerability was 
good in most cases, but further investigation on strategies 
to improve efficacy of  the drug are clearly needed.

Combination therapy: IFNβ plus ribavirin
There is limited information about the efficacy of  IFNβ 
in combination with ribavirin for the treatment of  CHC 
patients. In a pilot study, 27 patients were randomized to 
receive either 800-1000 mg/d ribavirin or IFNβ alone (3 
MIU, three times weekly), or combination of  the two for 
24 wk[31]. No significant differences in terms of  sustained 
viral response were observed between patients treated 
with IFNβ monotherapy or in combination with ribavirin 
(2 of  9 patients, respectively). Tolerability was good in all 
groups. The limited number of  patients included in the 
study hampers reaching conclusions about the benefits 
of  combination therapy. Pellicano et al[41] randomized 102 
naïve CHC patients to receive 6 MIU of  recombinant hu-
man IFNβ-1a subcutaneously every day for 24 wk alone or 
in combination with ribavirin (1000 mg/d in patients < 70 
kg and 1200 mg/d in patients > 70 kg).The end-of-treat-
ment virological response rate was 29.4% for monotherapy 
and 41.2% for combination therapy. After an additional 
24 wk follow-up period, the sustained virological response 
rate in both groups was 21.56% and 27.45%, respectively. 
Tolerability was good, without major differences between 
groups (except for 2 patients in the combination therapy 
group who had to stop therapy due to drug-related adverse 
events). These results suggest an improvement of  efficacy 
by combination therapy with respect to monotherapy. 
Other associations with IFNβ (amantadine, adelavin-9) do 
not obtain better results than those reached with ribavi-
rin[36,51,52].

Clinical trials of IFNβ in special subpopulations of patients
Acute hepatitis C. Several studies and case reports dealing 
with the efficacy and safety of  IFNβ in patients with acute 
hepatitis C have been published[45,53,54]. Omata et al rand-
omized 25 acute non-A, non-B hepatitis patients to receive 
or not an average of  52 MIU IFNβ for 30 d, and in those 
showing elevated serum aminotransferase concentrations 
after one year, a second course of  IFNβ was adminis-
trated[53]. Ten out of  11 treated patients showed normal-
ized serum aminotransferase and negative HCV RNA at 
3-years follow-up, as compared with 3 out of  14 untreated 
patients. Tadano and cols. Treated 97 non-A, non-B hepa-
titis cases with different regimens of  IFNβ, reporting a 
resolution rate of  32% among patients with positive HCV 
RNA[54]. The dose of  336 MIU produced the highest reso-
lution rate (83%; 10/12 of  patients treated with this sched-
ule). Lower doses of  IFNβ induced resolution rates of  0% 
to 38%. These data suggest that IFNβ may prevent the 
progression of  acute non-A, non-B hepatitis to chronically 
by eradicating HCV.
    Cirrhosis. According to the currently available data, 
IFNβ is not efficacious for the treatment of  patients 
with HCV-related cirrhosis. Sixty-one patients were ran-
domized to receive or not 6 MIU IFNβ twice-a-week for 
6 mo followed by 3 MIU/tiw for 6 mo, and followed-up 
for 5 years[33]. End-of-treatment biochemical and virologi-
cal responses were observed in 13% and 11% of  treated 
patients. At long-term follow-up, 16% of  treated and 17% 
of  untreated patients presented normalized serum alanine 
aminotransferase levels, whereas only 5% and 4% respec-
tively, presented a virological response. Additionally, no 
significant reduction of  cirrhosis-related clinical events 
(variceal bleeding, ascites, hepatic encephalopathy, pro-
gression to hepatocellular carcinoma), was associated with 
treatment.
    IFNβ for other chronic liver diseases. IFNβ might also 
represent an appropriate therapy for chronic hepatitis B 
patients not responding to IFNα. In a pilot study, Muñoz 
et al treated 29 such patients with 6 MIU IFNβ, five times a 
week for 24 wk, and followed-up the patients for 48 wk[55]. 
End-of-treatment biochemical and virological response 
was obtained in 38% of  patients and sustained virological 
response occurred in 21% of  patients. The therapy was 
well tolerated and safe. The results were particularly posi-
tive for patients with HbeAg-negative/HBV DNA-positive 
chronic hepatitis B.

Safety of IFNβ
As already mentioned throughout this review, IFNβ 
generally presents a good tolerability, even in combination 
with ribavirin. This constitutes one of  the main strengths 
of  this drug as an alternative to other CHC therapies. The 
fact that IFNβ is the treatment of  choice for relapsing-
remitting multiple sclerosis, a chronic disease requiring 
high doses and frequent administration for years, has 
resulted in the availability of  abundant information on this 
drug's safety. Severe side effects are unfrequent and several 
clinical studies in CHC patients report no requirement for 
treatment discontinuation and/or dose modifications. The 
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adverse effects most frequently encountered during IFNβ 
therapy are flu-like syndrome, fever, fatigue and injection-
site reactions. The drug seems to be equally well tolerated 
by responders and non-responders. The frequency of  
adverse events is also similar among subpopulations such 
as patients with genotype-1b HCV hepatitis unresponsive 
to IFNα treatment or with HCV-related cirrhosis and 
patients with acute viral hepatitis. The interested reader 
is referred to a recently published review updating the 
available information about safety of  IFNβ treatment for 
CHC[56].

SUMMARY
HCV infection remains an important health problem. 
Although the therapeutic options have experienced 
dramatic improvements during recent years, treatment 
of  the disease is still far from optimal, particularly for 
those subpopulations that do not respond to the standard 
combination therapy with IFNα and ribavirin. Although 
in some cases the use of  higher doses or longer treatment 
periods may be effective, these approaches are generally 
associated with a higher incidence of  adverse effects, 
which may either lead to a reduction in patient compliance 
or require drug withdrawal. IFNβ could represent an 
interesting alternative for treating CHC in these patients. 
A review of  the literature shows controversial data about 
IFNβ efficacy in CHC, the main reason being that many 
results stem from pilot studies with small cohorts of  
patients. However, promising results have been obtained in 
some subgroups of  patients that fail to respond to IFNα. 
Additionally, the good tolerability of  IFNβ represents an 
important advantage of  the drug. The rates of  dropouts 
in controlled clinical trials, as well as the need for dose 
reductions or treatment discontinuation are very low. All 
these data suggest that it might be worth assessing the 
value of  IFNβ in randomized studies with larger cohorts 
patients, with special emphasis on the combination with 
ribavirin. IFNβ may represent an efficacious and safe 
second-line therapy for those populations of  patients not 
eligible or not tolerating standard therapy, as well as for 
non-responders.
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