
patient (5%) showed sustained virological response and 
only 2 patients (10%) showed sustained biochemical  
response. Two patients (10%) discontinued pegylated 
IFN both after 6 mo of treatment due to flu-like symp-
toms.

CONCLUSION: Pegylated IFNα-2b, when added to on-
going lamivudine therapy in patients with lamivudine-
resistant chronic hepatitis B, induces sustained responses 
only in a small minority of cases.

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Lamivudine has been a major breakthrough in the care 
of  patients with chronic hepatitis B (CHB). Nevertheless, 
almost all patients with HBeAg-negative CHB, which ac-
counts for the majority of  patients in Greece, require long-
term therapy with lamivudine to maintain a response[1,2]. 
This strategy is associated with the frequent emergence of  
viral resistance with reported rates of  10%-27% at 1 year, 
40%-56% at 2 years and 67% at 3 years of  treatment[3-7]; 
in a previous study in 77 patients with anti-HBe-positive 
CHB we have found resistance rates of  1.6% at 9 mo, 
3.3% at 12 mo, 12.7% at 15 mo, 15% at 18 mo and 31% at 
48 mo[8]. Once lamivudine resistance occurs, patients may 
experience an attenuation of  the initial clinical, virologic 
and histologic benefits of  therapy[9]. The wide use of  la-
mivudine in CHB during the last 5-6 years has resulted in 
the constant increase of  patients with lamivudine-resistant 
mutants. Their treatment may be the most pressing task 
for the current anti-HBV strategies in clinical practice[10]. 
Adefovir dipivoxil is the only approved agent that has been 
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Abstract
AIM: To investigate the role of pegylated-interferon (IFN) 
α-2b in the management of patients with lamivudine-
resistant chronic hepatitis B.

METHODS: Twenty consecutive anti-HBe positive pa-
tients were treated with pegylated IFN α-2b (100 μg 
sc once weekly) for 12 mo. There was no interruption 
in lamivudine therapy. Hematology, liver biochemistry, 
serum HBV DNA levels were detected by PCR, and vital 
signs were also assessed. Liver histology was assessed 
in some patients at entry and at wk 52 for comparison.

RESULTS: Nine patients (45%) had a partial viro-
logical end-treatment response; seven patients (35%) 
showed complete virological end-treatment response. 
Eight patients (40%) showed biochemical end-treatment 
response. There was a trend for higher virological re-
sponse rates in patients who had previously responded 
to IFN and relapsed compared to IFN non-responders 
(four out of seven patients vs  none out of six patients, 
respectively; P = 0.1). Patients without virological end-
treatment response showed significant worsening of 
fibrosis [median score 2 (range, 1 to 3) vs  median score 
3 (range, 1 to 4)], in the first and second biopsy respec-
tively (P = 0.014), whereas necroinflammatory activity 
was not significantly affected. Patients with complete or 
partial virological end-treatment response did not show 
any significant changes in histological findings, possibly 
due to the small number of patients with paired biopsies 
(n = 5). Nevertheless, after 12 mo of follow-up, only one 
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shown to be effective in this setting, whilst entecavir is 
also a potential candidate[11-13]. The efficacy of  interferon-α 
(IFN) therapy has not yet been evaluated in any well-
designed study in these patients, and therefore no conclu-
sions can be drawn.

IFN-α has a dual mode of  action, antiviral via inhi-
bition of  viral replication, and immunomodulatory via 
enhancement of  the immunological response of  the host 
against the virus[14]. Pegylation of  interferon leads to im-
proved pharmacokinetic and pharmacodynamic profiles, 
which translated to superior efficacy, compared with con-
ventional, nonpegylated IFN, in the treatment of  chronic 
hepatitis C, and more recently, CHB[15-20]. Two modulations 
of  pegylated IFN (PEG-IFN) are currently being used in 
clinical practice, namely PEG-IFN-α 2b and PEG-IFN-α 
2a. This study was designed to explore the role of  PEG-
IFN-α 2b in the management of  patients with CHB with 
lamivudine-resistant HBV.

MATERIALS AND METHODS
Subjects
Between November 1999 and February 2003, a total of  20 
consecutive anti-HBe positive patients [18 males (90%)], 
with a median age of  54 (range, 38-66) years, were enrolled 
in this prospective study. Patients eligible for the study 
were aged 18 years and older, hepatitis B surface anti-
gen (HBsAg) positive, and receiving ongoing lamivudine 
therapy for CHB for at least 6 mo at the time of  screening; 
median duration of  prior lamivudine therapy was 20 (range, 
8-41) mo. All patients were HBeAg negative and antiHBe 
positive (both at the beginning of  prior lamivudine therapy 
and at the beginning of  the present study), genotype D, 
and had confirmed HBV polymerase gene mutation within 
the YMDD motif  by DNA sequencing (Trugene HBV 
genotyping, Visible Genetics Inc); lamivudine resistance 
mutations are shown in Table 1. Patients were required to 

have a screening HBV DNA level >109 copies/L (Amplicor 
HBV-DNA Monitor Test; Roche Diagnostics, Branchburg, 
NJ, USA, with a sensitivity of  400 × 103 copies/L) as well 
as elevated serum alanine aminotransferase (ALT) levels 
>1.2 times the upper limit of  normal (ULN) on at least 2 
occasions at least 1 mo apart within the preceding 6 mo. 
The exclusion criteria are as follows: absolute neutrophil 
count ≤ 109 cells/L; hemoglobin ≤ 100 or  ≤ 90 g/L 
(males or females, respectively); platelet count < 50 ×109/L; 
prior treatment with interferon or other immunomodula-
tory therapies within the 6 mo preceding study screening; 
serious concurrent medical conditions, including other 
concurrent liver diseases; coinfection with hepatitis C virus 
or hepatitis delta virus or human immunodeficiency virus; 
current alcohol or substance use; and pregnancy and/or 
lactation. None of  the patients had liver cirrhosis.

Amongst the 20 patients enrolled, 7 (35%) were naive 
to IFN and 13 (65%) had been previously treated with 
IFN 5 MU sc three times weekly for at least 12 mo (before 
receiving lamivudine); six of  the latter had shown no 
response and seven had responded to IFN (i.e. had shown 
both reduction in serum HBV DNA level to <108 copies/
L and normalization of  ALT level at the end of  IFN 
administration) but relapsed after discontinuing therapy.

Methods
Patients were treated with pegylated interferon α-2b (100 
μg sc once weekly) for 12 mo. There was no interruption 
in lamivudine therapy, even after the cessation of  PEG-
IFN-α 2b. Patients were evaluated every month. At each 
visit, any untoward medical occurrences, regardless of  cau-
sality, were recorded as adverse events. Hematology, liver 
biochemistry, serum HBV DNA levels, and vital signs were 
also assessed. Liver histology was assessed in 13 patients at 
entry and at wk 52 for histological comparison; the rest of  
the patients denied a liver biopsy. A single pathologist, who 
was blinded to the sequence of  the biopsies, evaluated all 

Table 1 Baseline demographic and clinical features of the study population

No Sex Age t  (prior lamivudine
therapy) mo

Lamivudine resistance
mutation

HBV DNA level ALT level (times the 
ULN)(yr) (103 log10 copies/L)

1 M 53 26   L180M + M204V 9.36     1.3
2 M 55 14 L180M + M204I 6.56  6
3 M 63 18 L180M + M204I 7.23  7
4 M 53 25   L180M + M204V 6.68       2.75
5 F 55 19 M204I 6.57     8.5
6 M 63 11   L180M + M204V 6.58  9
7 M 62 10 M204I 8.16     1.3
8 M 47 24   L180M + M204V 7.23  2
9 M 53 18   L180M + M204V 6.86     2.5
10 M 46 16 L180M + M204I 7.98 10
11 M 66 24   L180M + M204V 6.00      1.5
12 F 48 22 L180M + M204I 7.60   3
13 M 54 21   L180M + M204V 9.30   7
14 M 60 41 L180M + M204I 7.51      3.8
15 M 38 29   L180M + M204V 6.26      2.5
16 M 61 22   L180M + M204V 6.57   5
17 M 42 8 M204I 7.43      3.5
18 M 61 25   L180M + M204V 6.98   7
19 M 65 12 L180M + M204I 7.26   5
20 M 54 12 M204I 7.55   2
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specimens. Inflammation and fibrosis were each classified 
into 4 stages according to the Scheuer system.

After the cessation of  PEG-IFN-α 2b, adefovir 
dipivoxil, 10 mg once daily, was given to patients who 
did not show a reduction in serum HBV DNA level 
to below 108 copies/L at wk 52 and to patients who 
demonstrated virologic breakthrough during follow-
up (defined as reappearance of  serum HBV DNA on 
two consecutive occasions, at least 3 mo apart, after its 
initial disappearance). The primary end point of  the 
study was a reduction in serum HBV DNA level (partial 
virological end-treatment response). This was assessed as 
the proportion of  patients with HBV DNA level <108 
copies/L at wk 52. Secondary end points included the 
proportion of  patients with undetectable HBV DNA 
at wk 52 (complete virological end-treatment response), 
the percentage of  patients with normalization of  ALT 
level at wk 52 (biochemical end-treatment response) and 
undetectable HBV DNA by PCR and normalization 
of  ALT level after 12 mo of  follow-up (virological and 
biochemical sustained response, respectively).

The study was approved by the ethics committee of  
our institution, and all patients provided written informed 
consent before screening. The study was performed in 
accordance with the principles of  the Declaration of  
Helsinki.

Statistical analysis
All data were analyzed using the statistical package SPSS 
(version 10.0; SPSS Inc., Chicago, IL). The population 
analyzed included all patients who received at least one 
dose of  study medication. The Mann-Whitney and Chi-
square tests were used for comparisons of  quantitative 
and qualitative variables respectively. The Wilcoxon Signed 
rank test was used to test the effect of  PEG-IFN-α 2b on 
histological findings in the patients who underwent paired 
liver biopsies. In all cases, a 2-tailed P value less than 0.05 
was considered statistically significant.

RESULTS
Baseline demographic and clinical features of  the study 
population are presented in detail in Table 1. At baseline, 
median HBV DNA level was 7230 log10 copies/L (range, 

6 000-9 360 log10 copies/L) and median ALT level was 3.5 
(range, 1.3-10) times the ULN. Changes in median HBV 
DNA titers during PEG-IFN-α 2b therapy are shown in 
Figure 1. After 52 wk of  treatment, 9 patients (45%) had 
a partial virological end-treatment response. The median 
change from baseline in serum HBV DNA levels was -7000 
(range, -9 400 to 7 600) log10 copies/L. Seven patients (35%) 
showed complete virological end-treatment response. In these 
patients HBV DNA became undetectable after a median of  9 
(range, 3 to 12) mo. Eight patients (40%) showed biochemical 
end-treatment response. In these patients normalization of  
ALT levels occurred after a median time of  9 (range, 3 to 12) 
mo (Figure 2). Overall, serum ALT level decreased over 52 
wk in 16 patients (80%). The median ALT level at baseline 
was 3.5 times the ULN; by wk 52, this had declined to 2.2 
times the ULN.

None of  the baseline demographic and clinical features 
predicted virological (partial or complete) or biochemical 
end-treatment responses. Nevertheless, it should be noted 
that none of  the six patients who had not responded to prior 
IFN treatment showed complete virological end-treatment 
response, while four out of  the seven patients who had 
relapsed after an initial response to IFN showed complete 
virological end-treatment response (P = 0.1). The findings in 
the 13 patients in whom biopsies were performed are shown 
in Table 2 and in Figure 3. Patients without virological end-
treatment response showed significant worsening of  fibrosis 
(P = 0.014) in the second biopsy, whereas necroinflammatory 
activity was not significantly affected. Patients with complete 
or partial virological end-treatment response did not show 
any significant changes in histological findings, possibly 
due to the small number of  patients with paired biopsies 
(n = 5). Likewise, patients without biochemical end-treatment 
response showed significant worsening of  fibrosis (P =0.014) 
in the second biopsy, whereas necroinflammatory activity 
was not significantly affected. Also, patients with biochemical 
end-treatment response did not show any significant changes 
in histological findings, possibly due to the small number of  
patients with paired biopsies (n = 3).

During follow up, HBV-DNA reappeared in six out of  
the seven patients who had shown complete virological end-
treatment response, giving an overall sustained virological 
response rate of  5%.  The median time to HBV-DNA re-
emergence was 5 (range, 1 to 12) mo. Changes in median 

Vassiliadis T et al. PEG-IFN in lamivudine-resistant CHB                                                                       2419

www.wjgnet.com

M
ed

ia
n 

AL
T/

U
LN

Figure 2 Median ALT values, expressed as multiples of ULN, during PEG-IFN-α 
2b therapy and during follow-up.

◆

▲

▲

▲
▲ ▲ ▲ ▲ ▲

▲

◆

◆ ◆

◆

◆

211815129630 24

4

3

2

1

0

5

▲

◆ Without biochemical
response (n  = 12)

With biochemical
response (n  = 8)

t  mo

◆

◆

◆ ◆ ◆

◆ ◆

◆

▲

▲

▲ ▲ ▲ ▲ ▲

▲

211815129630 24

8

6

4

2

0

No virological response (n  = 11)

t  mo

Partial or complete virological 
response (n  = 9)

▲

◆

M
ed

ia
n 

H
BV

 D
N

A 
(1

03 
lo

g1
0  

co
pi

es
/L

)

Figure 1 Median HBV DNA titers during PEG-IFN-α 2b therapy and during follow-
up.

▲



HBV DNA titers during follow-up are shown in Figure 1 
(patients’ data are censored at the time of  commencement 
of  treatment with adefovir dipivoxil). Two patients (10%) 
had a sustained biochemical response while in the remaining 
6 patients with biochemical end-treatment response, ALT 
became abnormal after a median of  4 (range, 1 to 12) 
mo. Changes in median ALT levels during follow-up are 
shown in Figure 2 (patients’ data are censored at the time 
of  commencement of  treatment with adefovir dipivoxil). 
Two patients (10%) discontinued PEG-IFN both after 6 mo 
of  treatment and both due to flu-like symptoms (fatigue, 
low-grade fever, arthralgia and headache). Neither of  these 
patients showed virological or biochemical end-treatment 
response; in fact, one of  them showed a rise in HBV-DNA 
levels and both showed a rise in ALT levels at 52 wk. PEG-
IFN was well-tolerated in all other patients and none of  them 
required dose reduction or interruption of  therapy. There 
were instances of  hepatic decompensation during the study.

DISCUSSION
Richman[21] has recently defined an antiviral drug as one 
that selects for resistance. Antiviral drug resistance depends 
on the viral mutation frequency, intrinsic mutability of  
the antiviral target site, the selective pressure exerted by 
the drug, and the magnitude and rate of  virus replication. 
In particular, lamivudine resistance is due to mutations 
within the YMDD motif  in the major catalytic region C of  
the HBV polymerase gene[22]. Viral resistance is clinically 
expressed by the virological breakthrough phenomenon, 
defined as the reappearance of  serum HBV DNA after 
an initial clearance of  viraemia despite the continuation 
of  therapy[10]. The emergence of  resistance has a negative 
impact on the efficacy of  therapy in CHB patients, since 
virological breakthroughs are almost invariably followed 
by increasing viraemia levels, culminating in biochemical 
breakthroughs, which ultimately have an adverse effect on 
liver histology[6].

It is clear that the possible adverse effects of  YMDD 
mutants do cast a concern. Rescue therapies for patients 
with worsening liver disease caused by lamivudine-
resistant mutants are being evaluated. Until recently, 
treatment options for these patients have been limited 
to continuation or cessation of  lamivudine therapy. 
Continuation of  lamivudine aims to further suppress or 
to prevent the return of  wild-type HBV which is more 

replicative competent than the YMDD mutant[23]. However, 
this strategy seems ineffective. Lamivudine withdrawal 
results in re-emergence of  wild-type HBV within 3–
4 mo[24]. Therefore, acute exacerbations of  liver disease 
might ensue and could, although uncommon, result in 
hepatic decompensation or acute liver failure[25]. Adefovir 
dipivoxil effectively inhibits replication of  YMDD mutants 
resistant to lamivudine and hence averts the resultant 
disease; entecavir has also shown promising results[11-13]. 
Nevertheless, neither of  these novel nucleoside analogues 
was licensed in Greece during the study period.

There is a paucity of  data regarding the role of  IFN in 
the treatment of  lamivudine-resistant HBV. Interferon-α 
has multiple sites of  action in the viral life cycle and may 
be effective against lamivudine-resistant virus[26]. Recently, 
lamivudine was found to restore cytotoxic T-cell responses 
in patients with CHB, and, therefore, it may augment the 
immunomodulatory activity of  IFN[27]. Hence, there would 
be a rationale in treating patients with lamivudine-resistant 
HBV mutants with IFN. Pegylation is the attachment of  
a polyethylene glycol (PEG) molecule to the base IFN 
molecule resulting in effective concentrations of  IFN 
throughout the dosing interval and substantially reduced 
peak-to-trough ratio, in contrast to conventional IFN, 
which yields only intermittent drug exposure; pegylation 
also allows for once weekly frequency of  administration[14]. 
Pegylated IFN has been shown to be highly active against 
wild-type HBV infection, both HBeAg-positive[15,17-19] and 
HBeAg-negative[20]. Complete virological end-treatment 
response was achieved by 35% of  our patients. Therefore, 
this study confirms that PEG-IFN-α 2b is also active 
against lamivudine-resistant HBV. Of  note, complete 
virological end-treatment response was achieved by 63% 
of  patients with wild-type HBeAg-negative CHB in a 
recent landmark study[20]. The small number of  patients 
included in the present report might per se preclude direct 
comparisons of  efficacy between these two studies; 
however, different patients’ characteristics might have also 
accounted for the apparently inferior results of  PEG-IFN 
therapy in our study. Even though no pretreatment factor 

Table 2 Histological findings in 13 patients with biopsy 
performed [median (range)]

Baseline biopsy End of treatment biopsy

Virological
end-treat-
ment 
response

Necroinflammatory Fibrosis Necroinflammatory Fibrosis
activity activity

  None 
    (n = 8)

3 2 2 3
(1-3) (1-3) (1-4) (1-4)

  Partial 
    (n = 2)

2.5 2.5 2.5 2.5
(2-3) (2-3) (2-3) (2-3)

  Complete 
    (n = 3)

2 2 1 1
(2-3) (2-2) (1-2) (1-2)
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Figure 3 Changes in median inflammation and fibrosis scores according to end of 
treatment virological response.
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has been found to be reliably associated with a response 
to IFN in HBeAg-negative CHB[1], it must be mentioned 
that our patients were older and had higher ALT and lower 
HBV-DNA levels at baseline than the patients in the afore-
mentioned study[20]. Of  course, it is also possible that 
PEG-IFN might not be as effective in lamivudine-resistant 
as in wild-type HBV strains, but this has to be investigated 
further in large-scale studies.

Patients with HBeAg-negative CHB receiving IFN 
retreatment respond as well as naive ones, irrespective 
of  the outcome of  the initial treatment[28]. In accordance 
with this, in our study, prior IFN treatment, as well as its 
outcome, was not associated with the efficacy of  PEG-
IFN-α 2b. Nevertheless, this could be attributed to the 
limited number of  patients studied, since there was a trend 
for higher virological response rates in patients who had 
previously responded to IFN and relapsed compared to 
IFN non-responders (P = 0.1).

In patients with HBeAg-negative CHB, the 12 mo 
sustained response rates to IFN treatment vary from 10% 
to 47% (average 24%)[1]; sustained 6 mo biochemical and 
complete virological response rates with PEG-IFN rise up 
to 59% and 19%, respectively[20]. The low percentage of  
sustained biochemical and complete virological response 
(10% and 5% respectively) in our patients is of  concern 
and renders PEG-IFN-α 2b rather unattractive for 
patients with lamivudine-resistant CHB. Nevertheless, the 
already mentioned differences in patients’ characteristics 
between studies and the inherent limitation of  the small 
number of  patients included in our report might have 
contributed to these discrepant findings. Furthermore, it 
must be pointed out that the time point of  evaluation of  
the sustained response in our study was at 12 mo after 
treatment completion compared to 6 mo in the wild-type 
HBV study[20], and this should be taken into account when 
comparing our results with the latter ones. However, the 
issue of  differing activity of  IFN in lamivudine-resistant 
compared to wild-type HBV strains definitely needs to be 
addressed.

In conclusion, this study shows that, 52 wk of  
treatment with PEG-IFN-α 2b, when added to ongoing 
lamivudine therapy in patients with lamivudine-resistant 
CHB, induces sustained responses only in a small minority 
of  cases. Therefore, other treatment strategies should be 
considered for these patients, possibly including more 
prolonged or earlier (when the viral load is less than 106 
copies/L) administration of  PEG-IFN-α 2b.
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