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Abstract
Background/Purpose: The long-term efficacy of Telbivudine (LdT) between patients with poor response to
interferon-alpha (IFN-α) therapy and those without antiviral history is unknown. Herein, we investigated and
compared the outcome of LdT therapy in these patients.
Methods: Two groups of Chinese patients who received LdT treatment were enrolled, one with poor response to
IFN-α and then switching to LdT (IFN-LdT group), and the other one without antiviral history (LdT group). The data
of biochemical, serological and virological responses within 36 months of treatment were collected.
Results: The cumulative probability of ALT normalization, HBV DNA undetectability, HBeAg or HBsAg loss, and
LdT-resistant mutation at 36 months was not found to be of significant difference between the two groups,
respectively. However, the cumulative probability of HBeAg seroconversion at 36 months was 61.55% in IFN-LdT
group, which was significantly higher than 40.68% in LdT group (p=0.047). There was significant difference in the
cumulative probability of serum HBeAg<100 S/CO (p=0.010) between the two groups. IFN-α treatment (p=0.042)
and serum HBeAg<300 S/CO (p=0.031) were identified as independent factors influencing serum HBeAg<100
S/CO.
Conclusions: This study revealed that LdT therapy produced a preferable efficacy in IFN-refractory patients than
in antiviral-naive patients.

Keywords: Hepatitis B; Chronic; Hepatitis B e Antigens;
Telbivudine; Interferon-alpha; Treatment outcome

Introduction
Chronic Hepatitis B virus (HBV) infection causes a substantial
burden of chronic liver disease, and is still a serious public health
problem. The clearance of Hepatitis B surface antigen (HBsAg)
predicts a resolved HBV infection, but which occurs very rarely in
patients with chronic Hepatitis B (CHB), so the duration of HBV
infection is almost lifelong. The loss of Hepatitis B e antigen (HBeAg)
in HBeAg-positive CHB patients reflects a significant improvement of
clinical outcome. Moreover, appearance of HBeAg seroconversion
(defined as HBeAg clearance and antibody to HBeAg development) is
more likely to be associated with the clearance of serum HBsAg [1,2],
and thus HBeAg seroconversion confers a favourable long-term
outcome with a very low risk of cirrhosis or hepatocellular carcinoma
(HCC) in the absolute majority of patients [3].
Currently, two main types of antiviral agents have been widely used
for the treatment of CHB: interferon-alpha (IFN-α, conventional or
pegylated) and nucleoside/nucleotide analogs (NAs), which include
lamivudine (LAM), adeforvir dipivoxil (ADV), entecavir, telbivudine
(LdT) and tenofovir, but any one of these agents is rarely effective to
eradicate HBV infection from the hosts completely.2 In order to
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improve antiviral efficacy, many kinds of therapeutic approaches such
as sequential therapy with IFN-α following a NA or vice versa, and
combination therapy with two NA have been studied. To some extent,
some satisfactory outcomes have been obtained but the contradictive
results have also been reported [4-10].
IFN-α is an immunomodulator that can stimulate the host
immunity, and can also suppress viral replication. A meta-analysis
from 15 randomized controlled studies showed that IFN-α therapy
had a significant effect on the development of HBeAg or HBsAg
seroconversion and on the normalization of ALT [11], but the
unsatisfactory effect could frequently be seen in real life practice. De
novo combination therapy with IFN-α plus a NA also did not produce
better results than monotherapy with IFN-α alone [12,13]. Therefore,
there still remains a challenge to treat the patients with IFN-refractory
CHB. Although some therapeutic strategies have been tried to improve
the outcome for these patients, a highly recommended therapy has not
been obtained yet.

Material and Methods
Enrollment of patients
This was a two-center retrospective study. The flow diagram of this
study was shown in Figure 1. The patients were selected from those
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with HBeAg-positive CHB who were treated with LdT therapy for at
least 12 months at the Affiliated Infectious Disease Hospital of
Soochow University and the Affiliated Wujiang Hospital of Nantong
University, Suzhou, China, between January 2008 and Febuary 2014.
All of them were NA treatment-naïve patients. They were divided into
two groups: one was composed of patients with poor response to prior
IFN-α therapy and then switching to LdT treatment (IFN-LdT group),
and the other one consisted of those receiving LdT without antiviral
history (LdT group). The patients with poor response to IFN-α
therapy was defined as those with HBV DNA load>4 log10 copies/ml,
abnormal ALT level (>40 IU/L) and without HBeAg loss during 6 to
12 months of IFN-α treatment. The data of biochemical, serological
and virological markers within 36 months of LdT treatment were
collected, but once a therapeutic regime was altered for a patient, for
example, whose LdT monotherapy was changed to ADV, entecavir, or
LdT plus ADV due to some certain reasons, the further data collection
would be stopped. The exclusion criteria were as follows: (1) Patients
with decompensated liver cirrhosis or HCC. (2) Patients coinfected
with Hepatitis A, C, delta, or E viruses, as well as human
immunodeficiency virus. (3) Patients with other liver diseases induced
by autoimmunity, drug abuse (including excessive alcohol
consumption) and so forth.

abdominal ultrasound examination were also checked once every 6-12
months. In addition, if a virological breakthrough developed (defined
as serum HBV DNA increasing by 1 log10 above nadir after achieving
virological response and with a good compliance during continued
treatment) in a patient, whose blood sample would be routinely
collected and YMDD (tyrosine-methionine-aspartate-aspartate) motif
mutation would be detected.

Routine laboratory tests
The routine biochemical markers, for example, liver function tests,
renal function tests, creatine phosphokinase (CK) and so on (Hitachi
Model 7600 Series Automatic Analyzer, Japan), HBV serological
markers (ARCHITECT i2000SR, Abbott Laboratories Ltd, USA), and
quantitative HBV DNA levels by real-time polymerase chain reaction
(LightCycler 480 System, Roche, Penzberg, Germany) were detected
for all patients before and after LdT treatment. In addition, the HBV
genotypes by fluorescence polymerase chain reaction (Applied
Biosystems 7300 Real-time PCR Systems, USA), other virological
Hepatitis markers such as Hepatitis A, B, C, Delta and E viruses
(ARCHITECT i2000SR, Abbott Laboratories Ltd, USA), as well as the
antibodies in autoimmune liver diseases were also examined before
treatment.

Statistical Analysis
All results were presented as mean ± standard deviation (SD),
median (range) or number (%). The normality of data distribution was
tested using the Kolmogorov-Smirnov test. Pearson chi-squared test
and independent-samples t test were used to compare the baseline
characteristics before LdT treatment. The cumulative probability of
treatment outcome and LdT-resistant mutation were calculated using
the Kaplan-Meier method and the differences between the curves were
tested using the log-rank (Mantel-cox) chi square test. The
multivariate analysis was tested using a stepwise Cox regression.
Statistical analyses were performed using IBM SPSS statistics 20.0, and
P<0.05 was considered as statistically significant.

Results
Figure 1: The flow diagram of this study.
This study was reviewed and approved by the Ethics Committee of
the Affiliated Infectious Disease Hospital of Soochow University and
the Affiliated Wujiang Hospital of Nantong University, Suzhou,
Jiangsu province, China. The code and date of ethical approval from
the two hospital was SZWY-2013-5 (November 2013) and
WJH-2014-2 (January 2014), respectively.

LdT therapy
All patients received oral LdT 600 mg once daily. The biochemical
markers were monitored monthly after the start of treatment and then
once every three months; HBV DNA loads and serological markers
were monitored once during the first three months of treatment and
then once every 3-6 months during treatment, according to Chinese
guideline of prevention and treatment for chronic Hepatitis B [14,15].
The patients were all routinely monitored for these tests during
treatment, and blood cell counts, alpha-fetoprotein, as well as
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Study patients
A total of 96 consecutive adult Chinese patients were enrolled into
this study, 52 of whom were in IFN-LdT group, who previously
received conventional IFN-α (39 cases), or pegylated IFN-α-2a or -2b
(13 cases) treatment for 6-12 months; and 44 of whom were in LdT
group. In IFN-LdT group, the therapy was directly switched to LdT
treatment following poor response to IFN-α in 32 patients, while the
other 20 patients were initiated on LdT therapy after discontinuation
of IFN-α for 1-3 months of drug-free period.
The baseline data in IFN-LdT group were gathered before the
initiation of LdT therapy. During LdT treatment, the median
observation time was 36.0 (12-36) months in IFN-LdT group, and 34.5
(12-36) months in LdT group, respectively.
There was no significant difference between the two groups
(p=0.089). Table 1 showed the baseline clinical data of the two groups,
and the differences were not significantly different between the two
groups, except for a higher level of HBV DNA at baseline in LdT
group.
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time to achieving HBeAg seroconversion was significantly shorter in
IFN-LdT group than in LdT group.

Characteristic

IFN-LdT
(n=52)

LdT (n=44)

p-value

Male, No. (%)

37(71.15)

30(68.18)

0.752*

Age, yr

29.8 ± 7.5

30.5 ± 7.6

0.639†

ALT normalization (<40 IU/L)

ALT, IU/L

152.5 ± 86.4

190.8 ± 157.6

0.135†

IFN-LdT

59.62

88.28

92.97

HBeAg, S/CO

455.4 ± 216.9

516.6 ± 236.7

0.190†

LdT

59.1

81.44

84.09

HBV DNA, log copies/ml

6.77 ± 0.64

7.08 ± 0.79

0.033†,‡

HBV DNA undetectability (<2.7 log copies/ml)

0.964*

IFN-LdT

65.38

87.69

95.08

52.27

76.25

90.95

HBV genotypes, No. (%)

12 months

24 months

36 months

p-value
0.248*

0.112*

Type B

22 (42.3)

19 (52.3)

LdT

Type C

27 (51.9)

23 (43.2)

HBeAg<100 (S/CO)

Other

3 (5.8)

2 (4.5)

IFN-LdT

51.92

87.35

89.46

Table 1: Baseline Clinical Characteristics of the Two Groups. Data are
presented as number (%) or mean ± SD. ALT, alanine
aminotransferase; HBeAg, Hepatitis B e antigen; HBV, Hepatitis B
virus; IFN, interferon; LdT, telbivudine. *Chi square test;
†Independent-samples t-test; ‡p<0.05.

LdT

22.73

65.25

83.71

Clinical course

HBeAg seroconversion

During the course of data collection, we followed up each patient
and found that 33 patients still maintained LdT treatment, 10 had
stopped the therapy, 3 had switched to Entecavir therapy, and 6 had
been given LdT or LAM plus ADV treatment in IFN-LdT group; and
there were 22, 7, 9 and 6 patients who maintained LdT, stopped the
therapy, switched to Entecavir or to ADV, and received LdT or LAM
plus ADV treatment in LdT group, respectively. There were 5 patients
in IFN-LdT group and 8 patients in LdT group who emerged LdTresistant mutation. In addition, 20 patients (38.46%) in IFN-LdT
group and 15 patients (34.09%) in LdT group experienced an elevated
CK level during the observation period, and the level decreased
spontaneously or with oral vitamin B complex treatment; this adverse
effect did not cause any clinical manifestations (such as myopathy,
peripheral neuritis and so on). There was no patient who developed
liver function decompensation or HCC during treatment.

IFN-LdT

13.66

36.67

61.55

LdT

18.18

23.49

40.68

0.010*†

HBeAg loss (<1 S/CO)

0.361*

IFN-LdT

21.15

41.81

69.34

LdT

13.64

33.08

54.89
0.047*,†

HBsAg loss (<0.05 IU/ml)

0.708*

IFN-LdT

0

2.22

10.22

LdT

0

2.5

6.93

Table 2: Cumulative Probabilities of Antiviral Response During LdT
Treatment. Data are presented in percent. ALT, alanine
aminotransferase; HBV, Hepatitis B virus; HBeAg, Hepatitis B e
antigen; HBsAg, Hepatitis B surface antigen; IFN, interferon; LdT,
telbivudine. *Log-rank (Mantel-cox) chi square test; †p<0.05.

Efficacy of LdT treatment
During an observation period of 36 months, the outcomes of LdT
treatment in the two groups were shown in Table 2. The cumulative
rate of ALT normalization and HBV DNA undetectability in IFN-LdT
group was respectively higher than that in LdT group at 12, 24 and 36
months, but the difference of cumulative probability was respectively
not statistically significant between the two groups (all p>0.05). The
cumulative probability of serum HBe Ag<100 S/CO was remarkably
higher in IFN-LdT group compared with that in LdT group (p=0.010,
Figure 2). However, although the cumulative rates of HBe Ag loss in
IFN-LdT group were also higher than those in LdT group at 12, 24 and
36 months, respectively, the cumulative probability did not reach to a
statistically significant difference between the two groups (p>0.05).
There were 29 patients in IFN-LdT group and 14 patients in LdT
group who obtained HBeAg seroconversion during the observation,
the cumulative rate of HBe Ag seroconversion at 12, 24 and 36 months
in IFN-LdT group was significantly higher than that in LdT group,
respectively, and the difference between the two groups was markedly
different (p=0.047, Figure 3). The result also demonstrated that the
J Gastrointest Dig Syst
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Figure 2: Comparison of cumulative probability of serum
HBeAg<100 s/co during 36 months of treatment between the two
groups.
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HBV DNA breakthrough and LdT-resistant mutation
There were 5 patients in IFN-LdT group and 8 patients in LdT
group who developed virological breakthrough during LdT continued
treatment, and all of 13 patients could be detected with genotypic
resistance to LdT. The cumulative probability of HBV YMDD
mutation at 12, 24 and 36 months in LdT group was nearly two times
greater than that in IFN-LdT group, respectively, but the difference
was not found to be statistically significant between the two groups
(p>0.05, Table 3).
12 months

24 months

36 months

YMDD motif mutation

Figure 3: Comparison of cumulative probability of HBeAg
seroconversion during 36 months of treatment between the two
groups.
Although the cumulative rate of HBsAg loss at 36 months was
10.22% in IFN-LdT group and 6.93% in LdT group, respectively, the
difference was not significantly different (p>0.05, Table 2).
Additionally, the differences of outcome of LdT treatment did not
exhibit statistically different between subgroups previously treated
with conventional (39 cases) and pegylated (13 cases) IFN-α therapy
(p>0.05), and between subgroups received LdT directly following IFNα (32 cases) and initiating a delayed therapy (20 cases) after IFN-α
discontinuation (p>0.05).

p-value
0.292*

IFN-LdT

1.92

5.97

13.1

LdT

4.55

10.01

22.73

Table 3: Cumulative Probability of LdT-resistant Mutation During
LdT Treatment. Data are presented in percent. YMDD, tyrosinemethionine-aspartate-aspartate; IFN, interferon. *Log-rank (Mantelcox) chi square test.

Baseline parameters associated with LdT efficacy
During LdT treatment, the COX regression analyses showed that
the ALT normalization, HBV DNA undetectability and HBeAg
seroconversion for all patients were not associated with age, gender,
baseline serum HBeAg level, HBV DNA load, ALT level, HBV
genotypes and prior IFN-α treatment (all p>0.05). Through further
analysis among the above variables, we found that two variables were
identified as independent factors influencing serum HBeAg<100
S/CO: IFN-α treatment (p=0.042) and baseline HBeAg level<300 S/CO
(p=0.031, Table 4).

Factors

Category

Exp (B)

95% CI

p-value

IFN therapy

1:IFN-experienced

0.624

0.390-1.000

0.042*,‡

1.887

1.059-3.364

0.031*,‡

2: IFN-free
Serum HBeAg (S/CO)

1: ≥300
2: <300

Table 4: Multivariate Analysis of Baseline Factors Associated With Serum HBeAg<100 (S/CO). †Baseline factors including: age, gender, ALT
level, HBV DNA level, serum HBeAg level, HBV genotype, and IFN therapy. HBeAg, Hepatitis B e antigen; IFN, interferon. *Cox regression
analysis; ‡p<0.05.

Discussion
The main advantages of IFN-α therapy include the finite duration
of treatment, absence of resistance, and higher rates of HBeAg and
HBsAg seroconversion with 12 months of therapy [2]. For patients not
responding to IFN-α, a sequential NA therapy is the best alternative in
the subsequent antiviral treatment [16]. Limited studies have been
conducted to evaluate the efficacy of LdT treatment for patients with
poor response to IFN-α therapy, and reported that LdT was efficient
and safe for these patients [17,18]. In the present study, we
investigated the outcome of LdT during 36 months of treatment in 52
Chinese patients who failed to respond to IFN-α, and compared with
the efficacy in 44 patients without a history of antiviral treatment. In
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addition, the clinical factors possibly influencing the efficacy of LdT
treatment were also analyzed.
Our results showed that the cumulative rates of biochemical,
serological and virological responses increased with treatment time.
The cumulative probability was 92.97% for ALT normalization,
95.08% for HBV DNA undetectability, 69.34% for HBeAg loss, 61.55%
for HBeAg seroconversion, and 10.22% for HBsAg loss at 36 months
in IFN-LdT group, respectively. The results suggested a similar clinical
significance like the reports performed in published studies [6,18].
Compared with the researches mentioned above, the duration of their
studies was not more than 1 year, but majority of our patients received
at least 36 months of LdT treatment, and thus a longer-term outcome
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could be observed and analyzed. In contrast to the biochemical,
serological and virological responses achieved in LdT group, we found
that the cumulative rates of treatment outcome in IFN-LdT group
were higher than those in LdT group. And more importantly, there
were significantly more patients who obtained lower level of serum
HBeAg (<100 S/CO) and HBeAg seroconversion in IFN-LdT group
than in LdT group during the observation period. The outcome
demonstrated that LdT was efficacious for the treatment of patients
who failed to IFN-α therapy, and the efficacy of LdT in IFNexperienced patients was obviously superior to that in antiviral naïve
patients.
Concerning to LdT-associated resistance mutation, our data
revealed that the cumulative rate of LdT resistance at 12, 24 and 36
months in LdT group was nearly two times greater than that in IFNLdT group at the corresponding time point. In other studies, the drugresistance rate ranged between 8.45% and 25.1% during 1 to 2 years of
LdT treatment for naïve HBeAg positive CHB patients [19,20].
Compared with those mentioned above, the virological resistances
whether in LdT group or in IFN-LdT group were obviously lower
during a 3-year observation period, which was probably, at least in
part, due to the mutation detected in patients with virological
breakthrough in this study. More importantly, the result seemed to
show that lower LdT resistance occurred in IFN-experienced patients
than in naïve cases, although the difference did not reach to statistical
significance. The similar result could also be seen in LMV study, the
emergence of LMV mutants could be prevented by pretreatment with
pegylated IFN-α-2a in LMV-naïve patients [21].
Based on the comparison of outcome between the two groups, it is
possible that the difference might result from the baseline clinical
characteristics, particularly the higher baseline HBV DNA level existed
in LdT group than in IFN-LdT group. Therefore, the association of
treatment outcome with baseline characteristics for all 96 patients was
analyzed. We found that none of these baseline clinical indicators was
significantly associated with ALT normalization, HBeAg loss, HBeAg
seroconversion, HBV DNA undetectability, HBsAg loss and LdT
resistance. However, two variables comprising previous IFN-α
treatment and serum HBeAg<300 S/CO were identified as
independent factors influencing the lower serum HBeAg level (<100
S/CO) achieved during treatment, suggesting that the inferior outcome
in LdT group was not due to a higher level of baseline HBV DNA. The
baseline HBV DNA level might possibly influence the outcome but a
highly potent HBV suppression with LdT therapy may eliminate the
difference for these NA-naïve patients. In addition, none of the
patients exhibited the status with detectable HBV DNA and
simultaneously with HBeAg loss or seroconversion, so the mutation of
HBV precore or basic core promoter region was not detected. The
results indicated that prior IFN-α treatment was more likely to exert
an influence on the efficacy of LdT therapy in IFN-experienced
patients.
To our knowledge, this was the first head-to-head retrospective
study comparing the outcome of LdT in patients with or without
previous IFN-α treatment. Our data demonstrated that switching to
LdT was significantly more efficient in patients who failed to IFN-α
therapy than in treatment-naive patients. The reason may be probably
due to the improvement of immunity obtained from prior IFN-α
therapy for IFN-experienced patients. A similar result indicated that
activated immunity could be obtained after withdrawal of IFN-α
therapy and sequential treatment with LAM could achieve a higher
HBeAg seroconversion [22]. Therefore, we speculated that the patients
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treated with IFN-α therapy, although with an unsatisfactory response,
might have an increased chance to achieve a high antiviral efficacy
after being switched to LdT in the subsequent treatment. Besides the
possible action of LdT on the immune system [23-26], the intrinsic
mechanism may to some extent involve in an immunity improvement
to HBV infection after receiving IFN-α treatment. In addition, a
delayed effect of IFN-α may also play a part.
In conclusion, our data demonstrated that the efficacy of switching
to LdT was efficient for the treatment of HBeAg-positive CHB patients
with poor response to IFN-α therapy, and the outcome was superior to
that in antiviral naïve patients. Therefore, switching to LdT might be a
preferable option in patients who failed to previous IFN-α treatment.
The safety profile of this switching, whether directly or indirectly, was
similar to that in LdT-naïve patients. However, this was a retrospective
study, the sample size was not large, and YMDD mutation was not
detected for all patients with detectable HBV DNA, so a randomized,
controlled trial with a larger sample would be needed to confirm the
outcome in this study.
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