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Approximately 350 million people worldwide are carriers of 
the hepatitis B virus (HBV).[1] The majority of these carriers 
acquired the infection at birth or in early childhood.[2] It is 
estimated that 50% of male and 14% of female carriers will 
die from chronic hepatitis B (CHB)-related complications 
such as hepatocellular carcinoma (HCC) or cirrhosis.[3] Since 
the introduction of routine vaccination against HBV for 

newborns in countries where the incidence of HBV-related 
complications are high, such as the Asia-Pacific region, 
there has been a significant decline in rates of CHB and 
HCC.[4]

Treatment with antiviral agents has improved the clinical 
outcomes of CHB patients by improving the functional 
capacity of remaining viable liver.[5] In recent years, the oral 
antiviral agents and interferon (IFN) have been the primary 
therapeutic choices for CHB patients.[6-8] There are currently 
five nucleos (t) ide (NUC) analogues that are commonly 
used in HBV infection. They are lamivudine (LAM), 
adefovir dipivoxil, entecavir (ETV), telbivudine (LDT), and 
tenofovir. In China, there are four agents that are widely 
available (Tenofovir is not widely available). Because of poor 
antiviral efficacy and adverse effects,[9-11] the use of adefovir 

ABSTRACT

Background/Aims: To assess the antiviral efficacy of lamivudine (LAM), entecavir (ETV), telbivudine (LDT), 
and lamivudine and adefovir dipivoxil (CLA) combination in previously untreated hepatitis B 
patients at different time points during a 52-week treatment period. Patients and Methods: A total of 
164 patients were included in this prospective, open-label, head-to-head study. Serum levels of alanine 
transaminase (ALT), hepatitis B virus (HBV) DNA, and hepatitis B e antigen (HBeAg) were measured 
at baseline, and at 12, 24, and 52 weeks of treatment. Results: Median reductions in serum HBV DNA 
levels at 52 weeks (log10 copies/mL) were as follows: LAM, 3.98; ETV, 3.89; LDT, 4.11; and CLA, 3.36. The 
corresponding HBV DNA undetectability rates were 83%, 96%, 91%, and 89%, respectively. These two 
measures showed no significant intergroup differences. Clinical efficacy appeared related to HBV DNA level 
reduction after 24 weeks of therapy. Patients were divided into three groups based on HBV DNA levels at 
week 24: Undetectable (<103 copies/mL), detectable but <104 copies/mL, and >104 copies/mL. Patients with 
levels below quantitation limit (QL) were analyzed at 52 weeks for HBV DNA undetectability rate (94%), 
ALT normalization rate (83%), and viral breakthrough rate (0%). The corresponding values in the QL-104 
copies/mL group were 50%, 75%, and 13%, whereas those in the above 104 copies/mL group were 53%, 
65%, and 18%. There were significant differences at week 52 for HBV DNA levels and viral breakthrough 
rate between the three groups. Conclusions: Different nucleos(t)ide (NUC) analogues tested exhibited no 
significant differences in effectiveness for Chinese NUC-naive HBV patients during 1-year treatment period.
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dipivoxil as a single agent has decreased. Lamivudine is the 
only drug for treating HBV in the national health insurance 
program in China. The combination of lamivudine and 
adefovir dipivoxil has a low incidence of drug resistance,[12] 
and is used for many CHB patients. The beneficial effects of 
these agents have been clearly demonstrated.[13-20] However, 
there has been no consensus on the best treatment for 
NUC-naive CHB patients at present. There is little data 
available on direct comparison of these different NUC 
analogues. Therefore, the purpose of this study was to 
compare antiviral efficacy of these four agents [LAM, 
ETV, LDT, and the combination of LAM and adefovir 
dipivoxil (CLA)] and to provide further recommendations 
for selection of oral agents in the treatment of NUC-naive 
CHB patients.

PATIENTS AND METHODS

Study population
For this open-label trial, patients were recruited From 
January 2011 to December 2013 at our hospital. 
One hundred sixty-four consecutive NUC treatment-naive 
patients with HBV were enrolled in this study. These 
patients were all  treatment naïve with regard to 
IFN or other immune or cytokine therapies. These 
patients tested negative for concurrent infectious with 
hepatitis A, C, D, E, and human immunodeficiency 
virus prior to acceptance into the trial. Patients were 
required to meet the Chinese National Program Chronic 
Hepatitis B Prevention and Control Guidelines criteria 
for HBV infection. The criteria are (1) hepatitis B e 
antigen	(HBeAg)	positive,	HBV	DNA	≥	105 copies/mL or 
HBeAg	negative,	HBV	DNA	≥	104 copies/mL; (2) alanine 
aminotransferase (ALT) levels greater than two times the 
upper limit of normal (ULN); (3) ALT < 2 times the ULN, 
but with liver histology showing Knodell histology activity 
index	≥	4,	or	 inflammation	and	necrosis	≥	grade	2,	or	
fibrosis	≥	grade	2.

Patients were excluded from this study if they met the following 
exclusion criteria: (1) autoimmune hepatitis or other diseases 
treated with corticosteroids, immunosuppressants, or 
chemotherapeutic agents; (2) a history of alcohol abuse; (3) a 
female with human chorionic gonadotropin (HCG)-positive 
pregnancy test; (4) evidence for or diagnosis of HCC before 
the start of the study.

The patients were divided into four groups for treatment 
with the four oral antiviral regimens. This open-label, 
head-to-head study was approved by Ethics Committee 
for Human Study of the First affiliated Hospital of Anhui 
Medical University and all patients provided written 
informed consent.

Follow‑up visits
The patients were scheduled to visit the clinic during 
weeks 12, 24, and 52 of treatment. At every visit, patients 
underwent routine general examination, along with 
biochemical (ALT), virologic (HBV DNA levels), and 
serologic (HBeAg) assays.

Endpoints
The primary endpoint of the study was clinical virologic 
response (VR), which was defined as 1 log10/mL decrease 
in the serum HBV DNA level at 12 weeks of treatment 
compared with baseline. Secondary endpoints were HBeAg 
seroconversion and ALT normalization.

Laboratory tests
Serum alanine transaminase (ALT) levels were measured 
using an automatic biochemical analyzer (Roche, 
Switzerland). HBeAg levels were detected using a 
commercially available enzyme-linked immunosorbent 
assay (Kehua Bio-Technology Co., Ltd. Shanghai, China). 
Serum HBV DNA levels were measured using a fluorogenic 
quantitative polymerase chain reaction (Zhijiang Technology 
Co., Ltd. Shanghai, China).

Further data analyses
After trial completion, further analyses were undertaken 
to explore potential relationships between early antiviral 
response and clinically important efficacy outcomes. Data 
from 164 treated patients were pooled, regardless of treatment 
arm. Patients were then classified according to their serum 
HBV DNA level at week 24: Undetectable (<103 copies/mL), 
detectable	but	≤104 copies/mL, and >104 copies/mL, similar 
to the categorical analysis previously reported for resistance 
to lamivudine.[21] Week 52 (one-year) clinical and virologic 
efficacy outcomes were then analyzed based on the week-24 
viral load categories.

Statistical analysis
Statistical analysis was performed using Statistical Package 
for the Social Sciences Version 13.0 (SPSS Inc., Chicago, 
IL, USA). Medians of four groups were compared using 
Mann–Whitney U test. The comparison of the rate 
used Chi-square test. A P < 0.05 was considered to be 
significant.

RESULTS

Enrolled patient population and patient 
management
A total of 164 patients participated in this trial. Of 
the 164 patients, nine discontinued prematurely and 
155 completed the study. The reasons for premature 
discontinuation from the trial included noncompliance (four 
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patients), pregnancy (two patients), and three patients were 
lost to follow-up.

The 164 patients with postbaseline data constitute 
the intent-to-treat population for the study, on which 
the primary study analyses were conducted. Enrolled 
patients were mostly men and ranged in age from 17 
to 70 years [Table 1]. Demographics across the four 
treatment groups were comparable with respect to 
age, duration of HBV infection, baseline HBV DNA 
levels, baseline ALT levels, and baseline hepatitis B 
serology [Table 1].

Virologic responses
Reductions in serum HBV DNA levels were observed after 
the start of treatment in all treatment groups. With extended 
treatment time, the rate of virologic response for the four 
groups gradually increased. Twelve, 24, and 52 weeks after 
LAM, ETV, LDT, and CLA treatment, virologic response 
rates at 12 weeks were LAM 74%, ETV 84%, LDT 70%, 
and CLA 78%. Response rates at 24 weeks were LAM 80%, 
ETV 96%, LDT 82%, and CLA 89%. Virologic response 
rates at 52 weeks were LAM 83%, ETV 96%, LDT 91%, and 
CLA 89% [Table 2]. There were no significant differences 
between the four treatment groups after 12, 24, or 52 weeks of 
treatment [Figure 1a]. At week 52, the median reductions in 
serum HBV DNA levels from baseline were LAM 3.98, ETV 

3.89, LDT 4.11, and CLA 3.36 log10 [Figure 1b]. There were 
no significant differences between the four treatment groups.

Biochemical responses
At 12 weeks, of treatment, biochemical responses (ALT 
normalization) rates were LAM 74%, ETV 64%, LDT 79%, 
and CLA 65%. Response rates at 24 weeks were LAM 75%, 
ETV 88%, LDT 73%, and CLA 78%. At 52 weeks, the 
response rates were LAM 75%, ETV 88%, LDT 91%, and 
CLA 76% [Table 2]. There were no statistically significant 
differences among the four groups.

HBeAg loss
After 12 weeks of treatment, HBeAg loss rates were LAM 
34%, ETV 39%, LDT 28%, and CLA 35%; HBeAg loss rates 
as 24 weeks were LAM 32%, ETV 28%, LDT 44%, and CLA 
19%. Loss rates at 52 weeks were LAM 36%, ETV 39%, LDT 
48%, and CLA 35% [Table 2]. There were no significant 
differences among the four groups.

Early antiviral response and its relationship to 
subsequent efficacy
At week 24, 131 patients had undetectable serum HBV 
DNA (<103 copies/mL) by the quantitative PCR assay. 
Serum HBV DNA levels were between the quantitation limit 
and 104

 copies/mL in eight patients, and > 104 copies/mL in 
17 patients. Response rates at week 52 on clinical and virologic 

Table 1: Patient baseline characteristics
Characteristics LAM ETV LDT CLA P value
No. of patients 69 25 33 37
Median (range) age at screening (year) 34 (18-70) 37 (22-52) 31 (17-56) 39 (20-64) 0.138
Gender (% male) 91 68 79 86 0.039
Median serum ALT (U/L) 198 122 155 204 0.675
Median (range) serum HBV DNA (log10 copies/mL) 7.1 (4.0-8.8) 6.9 (4.4-8.7) 7.2 (3.5-9.0) 6.4 (3.3-9.0) 0.899
HBeAg 0.633
Positive 44 18 25 26
Negative 25 7 8 11
LAM: Lamivudine, ETV: Entecavir, LDT: Telbivudine, CLA: Combination of lamivudine and adefovir dipivoxil, ALT: Alanine transaminase, HBV: Hepatitis B virus, 
HBeAg: Hepatitis B e antigen

Figure 1: (a) Different treatment group at 52 weeks of treatment. Serum samples were analyzed for HBV DNA levels by fluorescent quantitative 
PCR. Assay lower limit of detection is 103 copies/mL. (b) Reduction in serum HBV DNA levels from baseline. Data are plotted as log10 change 
from baseline values. LAM, lamivudine; ETV, entecavir; LDT, telbivudine; CLA, combination of lamivudine and adefovir dipivoxil

ba
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efficacy outcomes showed a close relationship with the degree 
of viral suppression at week 24, as shown in Table 3.

The difference in HBeAg loss rates, comparing the 
patients who had undetectable serum HBV DNA and 
those with residual viral load > 104 copies/mL at week 24, 
was more than sevenfold (46% vs 6%, respectively). The 
intermediate	patient	group	(≥103	and	≤	104 copies/mL) 
had intermediate HBeAg loss rates [Figure 2]. As shown 
in Table 3, for patients with undetectable serum HBV 
DNA at week 24, 94% of these patients maintained HBV 
DNA levels below the detection limit at week 52 [Table 3]. 
Differences in HBV DNA levels among the three groups 
were substantial.

The rate of ALT normalization at week 52 was 83% of patients 
who had undetectable serum HBV DNA at week 24, ranging 
down to 65% of patients with viral load > 104

 at week 24. 
However, there were no statistical differences among the 
three groups [Table 3].

No cases of viral breakthrough were seen at week 52 in 
patients with viral load below the detection limit at week 
24. In contrast, viral breakthrough rates of 13%–18% were 
seen at week 52 in patients with viral DNA levels above 

the quantitation limit [Table 3]. Chi-square analysis was 
performed to test for differences among the three HBV 
DNA groups and showed that these classes were significantly 
different at week 52 for viral breakthrough and HBV DNA 
PCR-negative (P < 0.05).

DISCUSSION

The results of this head-to-head, one-year trial allowed a 
direct comparison of these four different treatments LAM, 
ETV, LDT, and CLA. Antiviral effects were evident for 
all four treatment groups. At week 52, the percentage of 
patients with undetectable serum HBV DNA were LAM 
83%, ETV 96%, LDT 91%, and CLA 89%. HBeAg loss 
was proportionally greatest at one year for each therapy 
compared to previous time points (LAM 36%, EVT 39%, 
LDT 48%, and CLA 35%). At week 52, the median reduction 
in HBV DNA levels from baseline were (log10) LAM 3.98, 
ETV 3.89, LDT 4.11, and CLA 3.36. However, there were 
no significant differences among all four groups for any of 
these responses.

Short-term studies have shown that IFN-based therapy was 
modestly effective in inducing HBeAg loss or seroconversion 

Table 2: Virologic, biochemical, and serological responses to nucleos(t)ide treatment
Group No. of patients ALT normalization HBV DNA negative HBeAg loss

Total HBeAg (+) 12 wk 24 wk 52 wk 12 wk 24 wk 52 wk 12 wk 24 wk 52 wk
LAM 69 44 51 (73.9%) 52 (75.4%) 52 (75.3%) 51 (73.9%) 55 (79.7%) 57 (82.6%) 15 (34.1%) 14 (31.8%) 16 (36.4%)
ETV 25 18 16 (64.0%) 22 (88.0%) 22 (88.0%) 21 (84.0%) 24 (96.0%) 24 (96%) 7 (38.9%) 5 (27.8%) 7 (38.9%)
LDT 33 25 26 (78.8%) 24 (72.7%) 30 (90.9%) 23 (69.7%) 27 (81.8%) 30 (90.9%) 7 (28.0%) 11 (44.0%) 12 (48.0%)
CLA 37 26 24 (64.9%) 29 (78.4%) 28 (75.6%) 29 (78.4%) 33 (89.2%) 33 (89.2%) 9 (34.6%) 5 (19.2%) 9 (34.6%)
P value 0.469 0.531 0.181 0.606 0.207 0.299 0.898 0.288 0.755
LAM: Lamivudine, ETV: Entecavir, LDT: Telbivudine, CLA: Combination of lamivudine and adefovir dipivoxil, HBV: Hepatitis B virus, ALT: Alanine transaminase, 
HBeAg: Hepatitis B e antigen

Table 3: Efficacy responses at week 52 versus 
serum HBV DNA level at week 24

Serum HBV 
DNA at week 
24 (copies/mL)

No. of 
patients

Percent response at week 52 (%)
HBV DNA 

PCR‑ 
negativea

ALT 
normalization

Viral 
breakthrougha

Below QL 139 131 (94) 78 (83) 0 (0)
QL-4log 8 4 (50) 6 (75) 1 (13)
>4log 17 9 (53) 11 (65) 3 (18)
aData are from all study patients, regardless of treatment group, and classified 
as shown according to serum HBV DNA level at week 24. Within these 
categories, efficacy outcomes at week 52 were assessed for hepatitis B e antigen 
loss (Figure 2) and normalization of serum alanine aminotransferase levels, PCR 
nondetectability, and virologic breakthrough. Chi-square analysis was performed 
to test for differences among the 3 HBV DNA classes and showed that these 
groups were significantly different at week 52 for each parameter (*P<0.05). 
PCR: Polymerase chain reaction, HBV: Hepatitis B virus

Figure 2: Reduction in hepatitis B e antigen at 52 weeks in patients 
grouped by HBV DNA levels at 24 weeks of treatment. *P < 0.05 by 
Chi-square test. QL, quantitation limit, 103 copies/mL
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(30%–40%) in HBeAg-positive patients.[22,23] In therapy with 
direct antiviral NUC analogues, the serological response 
was lower than that of IFN-based therapy.[24] The predicted 
trends of our study were similar to the references,[25] but the 
response rates were higher.

The reasons for these differences may lie in the following 
factors: (1) The HBV DNA detection limit of our study was 
1000 copies/mL; however, the detection limit for the other 
studies was 300 copies/mL. (2) It may be due to differences 
in the Chinese HBV genotype from the genotypes in other 
populations. (3) The study was not randomized, so the 
baseline ALT values were higher than values in the other 
studies and the age range in this study included some 
younger patients. (4) The small sample size and short 
observation time in this study. The posttreatment durability 
of HBeAg responses observed during NUC analogue therapy 
is presently unknown. Current guidelines indicate that 
patients should receive a minimum of one year of NUC 
treatment and should be HBeAg negative for at least 
3–6 months before treatment is discontinued.[26,27] Ninety 
percent of patients in this trial were enrolled into a 2-year 
extension study, in which the posttreatment durability of 
the effects of different NUC analogues on HBeAg will be 
studied.

Although the HBV DNA levels were significantly decreased 
in all four groups of patients at 12, 24, and 52 weeks, there 
were no differences among the four groups. These results 
indicated that (1) LAM, ETV, LDT, and CLA exhibited 
similar potential in inhibiting HBV DNA replication in a 
one-year trial; and (2) the role of these four therapies in 
inhibiting HBV DNA replication caused a parallel change 
in loss of HBeAg. The rate of HBeAg seroconversion may 
decrease the morbidity and mortality associated with 
CHB. Loss of HBeAg and seroconversion to anti-HBeAg 
will ensure that these benefits are sustained even after 
therapy is discontinued. Therefore, a long posttreatment 
observation period for anti-HBeAg will be a valuable 
measure in evaluating the long-term antiviral efficacy of 
these agents.

The analyses of the patient response data from this study 
support the concept that in HBV patients, early viral 
suppression was linked to later clinical and virologic efficacy. 
Normalization of serum ALT levels and HBeAg clearance 
were greatest at one year in the group of patients who had 
the greatest antiviral responses at 6 months of treatment. In 
addition, viral breakthrough was zero at one year in patients 
with serum HBV DNA levels below the QL (<103 copies/mL) 
at week 24. Conversely, HBeAg clearance at one year was low, 
ALT normalization rate was modest, and viral breakthrough 
was most prevalent in the patient subgroup whose serum 
HBV DNA levels were above 104 at week 24. The clear 

relationship between degree of early HBV suppression and 
subsequent clinical efficacy supports an emerging rationale 
for maximizing early viral suppression as a strategy for 
optimizing longer-term clinical outcomes in HBV patients. 
Larger population studies will be needed to confirm these 
observations.

A significant advantage of this study was the direct 
comparison of the four treatments over a one-year period 
under the same conditions. However, we acknowledge that 
there were several limitations to this study, such as a small 
number of patients, a short observation period, and a lack 
of testing for drug resistance. This may limit the ability to 
extrapolate these results to larger or different populations of 
patients. In conclusion, all four treatments administered in 
this study (LAM, ETV, LDT, and CLA) showed no statistically 
significant differences when given to NUC-naïve patients.
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