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Abstract
BACKGROUND 
Entecavir (ETV) is a potent and selective nucleotide analog with significant activity against 
hepatitis B virus (HBV). ETV maleate is a derivative compound of ETV and was reported to have 
an efficacy and safety profile that is comparable to ETV (Baraclude) when used in Chinese patients 
with chronic hepatitis B (CHB) in phase III clinical trials (Clinical Trials.gov number, NCT-
01926288) at weeks 48, 96, and 144.

AIM 
To investigate the antiviral potency and safety of ETV maleate at week 192 in Chinese CHB 
patients predominantly genotyped B or C.

METHODS 
In this double-blind study, we randomly assigned patients to receive 0.5 mg/d ETV (Group A) or 
ETV maleate (Group B) (ratio, 1:1), each with a placebo tablet for 48 wk. Then, all patients received 
open-label treatment with 0.5 mg/d ETV maleate starting at week 49. The primary efficacy 
endpoint was the reduction in HBV DNA levels from baseline. Secondary endpoints included the 
proportion of patients with undetectable HBV DNA (< 20 IU/mL), serologic response, serum 
alanine aminotransferase (ALT) normalization and development of resistance mutations.

RESULTS 
Two hundred eighteen patients who were hepatitis B e antigen (HBeAg) positive and 57 who were 
HBeAg negative were analyzed and predominantly presented with genotype B (49.82%) or C 
(48.73%). For the HBeAg-positive CHB patients, the mean HBV DNA level decrease (6.61 Log10 
IU/mL vs 6.69 Log10 IU/mL, P > 0.05), viral suppression with HBV DNA < 20 IU/mL (83.33% vs 
79.17%, P > 0.05) and HBeAg seroconversion (28.77% vs 20.00%, P > 0.05) occurred similarly 
between Groups A and B at week 192. However, there was a significant difference in the pro-
portion of patients with normal ALT levels (91.14% vs 78.38%, P < 0.05). For the HBeAg-negative 
CHB patients, no significant difference was found between Groups A and B at week 192 in terms 
of reductions in HBV DNA levels from baseline (6.05 Log10 IU/mL vs 6.03 Log10 IU/mL, P > 0.05), 
percentages of patients who achieved undetectable HBV DNA (100% vs 100%, P > 0.05) and rates 
of ALT normalization (95.65% vs 100.00%, P > 0.05). Safety and adverse event profiles were similar 
between Groups A and B. Two HBeAg-positive patients in Group A and 5 in Group B developed 
genotypic resistance to ETV.

CONCLUSION 
Long-term ETV maleate treatment for up to 192 wk is effective and safe in Chinese CHB patients 
predominantly genotyped as B or C.

Key Words: Chronic hepatitis B; Entecavir maleate; Randomized controlled trial; Treatment outcome; 
Mutation; Genotype

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This randomized, double-blind, double-dummy, controlled, multicenter trial showed that long-
term treatment with entecavir (ETV) maleate provides safe, potent and reliable suppression of hepatitis B 
virus replication for 192 wk in Chinese chronic hepatitis B patients predominantly genotyped as B or C 
with little chance of developing ETV-resistant mutations.
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INTRODUCTION
Hepatitis B virus (HBV) infection remains a serious global public health concern due to its high 
prevalence, significant morbidity and mortality worldwide[1,2]. China is one of the Asia-Pacific 
countries with the highest prevalence of HBV infection. Of the 93 million chronic HBV carriers in China, 
more than 20 million develop chronic hepatitis B (CHB) and require effective and safe treatment[3,4], 
which places a heavy burden on the health care system for the Chinese government. It is critical to 
develop strong antiviral agents against CHB, especially those with high cost-effectiveness and easy 
availability.

Currently, entecavir (ETV), tenofovir disoproxil fumarate (TDF), and tenofovir alafenamide (TAF) 
have been recommended as first-line antiviral drugs for the treatment of CHB[4-7] and showed similar 
antiviral effect for CHB[8,9]. Although TDF has demonstrated potent antiviral effectiveness in patients 
with CHB infection with no resistance throughout 8 years of use, its long-term use is associated with 
reductions in mineral bone density, increases in markers of bone turnover[10], and adverse renal toxic 
effects[11,12]. TAF is a novel prodrug of TDF with similar efficacy and less impact on the bones and 
kidney than TDF[13-16], but TAF is much more expensive and is not yet available in most countries. 
ETV showed significant histologic, virologic, and biochemical responses in CHB patients with a safety 
profile and minimal resistance[17-20] and by far is the most widely used and cost-effective antiviral 
drug in China due to its easy access[21].

Entecavir maleate is a derivative compound of ETV and was reported to have efficacy and safety 
comparable to those of ETV (Baraclude) in Chinese patients with CHB in phase III clinical trials at weeks 
48, 96, and 144. The current article presents efficacy and safety reports for up to 192 wk of ETV maleate 
treatment in Chinese patients predominantly genotyped as B or C.

MATERIALS AND METHODS
Study design
This multicenter phase III clinical trial (NCT01926288) was conducted at 10 sites throughout China and 
can be divided into two stages. The first stage was a randomized, double-blind, double-dummy, 
controlled study. All subjects were stratified by hepatitis B e antigen (HBeAg) status before being 
randomly assigned (1:1) within 14 d of screening to receive ETV maleate (Jiangsu Chia-tai Tianqing 
Pharmaceutical Co., Ltd, Jiangsu Province, China) or ETV (Bristol-Myers Squibb Co., Ltd, Shanghai, 
China) 0.5 mg once daily for up to 48 wk. All patients received placebo tablets matching the alternative 
treatment (Supplementary Figure 1). The second stage was an open-label study, where all the patients 
received ETVM 0.5 mg once daily for up to 240 wk. More detailed information about the study design is 
described in the Supplementary material.

The study was designed by the Jiangsu Chia-tai Tianqing Pharmaceutical Company in collaboration 
with the study’s primary researchers and approved by the Ethics Committee of Peking University First 
Hospital, China. The study was conducted in accordance with the ethical principles of the Declaration of 
Helsinki and Good Clinical Practice. Written informed consent was obtained from all study participants.

Study population
In brief, eligible patients were aged 18-65 years with detectable HBsAg for at least 24 wk and were either 
HBeAg-positive with HBV DNA ≥ 2 × 104 IU/mL (1 × 105 copies/mL) or HBeAg-negative with HBV 
DNA ≥ 2 × 103 IU/mL (1 × 104 copies/mL). We excluded patients who received any interferon, thymosin 
or antiviral agents with activity against hepatitis B within 6 mo before screening. We also excluded 
patients who received prior antiviral therapy lasting more than 12 wk and patients showing signs of 
decompensation (i.e., clinical ascites, encephalopathy, or variceal hemorrhage), hepatocellular carcinoma 
or coinfection or superinfection of other viruses, such as hepatitis A virus, hepatitis C virus, hepatitis 
delta virus, hepatitis E virus, Epstein-Barr virus or cytomegalovirus. Finally, a total of 279 patients were 
enrolled between December 2001 and September 2002. Full eligibility criteria are provided in the 
supplementary information.

Efficacy end points
The primary efficacy endpoint was the reduction of HBV DNA levels from baseline. Secondary efficacy 
points included the proportion of patients achieving the following: Undetectable HBV DNA (< 20 
IU/mL), HBeAg loss, HBeAg seroconversion, and serum alanine aminotransferase (ALT) normalization.

Assay methods
Virological and serological tests were performed centrally in the viral laboratory of Peking University 
First Hospital. Serum HBV-DNA was assayed by a Roche Cobas Ampliprep/Cobas Taqman™ 
polymerase chain reaction (PCR) assay with a lower limit of detection (LLOD) of 20 IU/mL. Commer-
cially available chemiluminescence immunoassays (CLIA) (Abbott Laboratories, North Chicago, IL, 

https://f6publishing.blob.core.windows.net/3cd7373c-a94e-4573-93fe-75e63e41e9dd/WJCC-10-10085-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/3cd7373c-a94e-4573-93fe-75e63e41e9dd/WJCC-10-10085-supplementary-material.pdf
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United States) were used for the detection of serum HBsAg, anti-HBs, anti-HBc, HBeAg, and anti-HBe. 
Genotyping and resistance analysis were carried out using a direct-sequencing PCR method[22]. 
Reverse transcription region sequences of HBV were amplified with the following primers: P-F1: 
5′ACTCGTGGTGGACTTCTC3′ (254-271), P-R1: 5′AGGCAGGATADCCACATT3′ (D = T, A, G) (1053-
1036), and P-R2: 5′TAAAAGGGGCRGCAAASC3′ (R = A, G) (S = C, G) (1032-1015). All of the above 
primers were designed according to the GenBank sequence AY206384. The sense primer P-F1 and 
antisense primer P-R1 were used for the first-round amplification of P gene. The second round PCR was 
carried out by sense primer P-F1 and antisense primer P-R2. The PCR product was purified and 
sequenced directly by forward primer P-F1.

Safety analysis
All adverse events (AEs), including serious AEs (SAEs), laboratory abnormalities, discontinuation of the 
study drug due to adverse events, and deaths, were recorded and evaluated at every visit.

Resistance monitoring
LMV-associated resistance was defined as rtM204 V with or without rtL180 M. ADV-associated 
resistance was defined as rtA181T and/or rtN236T. Resistance to ETV was defined as an additional 
substitution (rtI169 or rtT184, rtS202, or rtM250) predicated on preexisting LMV-associated resistance 
substitutions. HBV polymerase/reverse transcriptase substitutions were analyzed for all patients at 
baseline, and patients who had HBV-DNA levels greater than 52 IU/mL at weeks 48, 96, 144, and 192 or 
experienced virological breakthrough during treatment.

Statistical analysis
HBV DNA levels were logarithmically transformed for analysis. Continuous variables were expressed 
as the mean ± SD or median (M) with interquartile range (Q) and were compared by t tests or Wilcoxon 
rank sum test where appropriate. Binary variables were summarized in counts and percentages and 
were compared using the chi-squared method or Fisher’s exact test where applicable. The cumulative 
probability of achieving virological response was estimated by Kaplan-Meier analysis. All reported P 
values were 2-sided and were not adjusted for multiple testing, with P < 0.05 considered statistically 
significant. Statistical analysis was performed using SPSS ver. 17.0 (SPSS, Chicago, IL, United States). 
For further details regarding the statistical analysis, please refer to the supplementary information.

RESULTS
Study population and characteristics
Of the 360 patients who were enrolled and screened, 58 didn’t meet the inclusion criteria, 22 refused to 
participate and 1 dropped out for personal reasons. A total of 279 patients were randomly assigned into 
two groups (138 in Group A and 141 in Group B) in a blinded way to receive 0.5 mg/d ETV (Group A) 
or ETV maleate (Group B). Four were excluded from the full analysis set (FAS) due to lower baseline 
HBV DNA levels than the inclusion criteria (Supplementary Figure 1). Accordingly, 275 patients were 
included in the FAS. In total, 67 patients discontinued therapy throughout the 192-wk study period for 
the following reasons: Lost-to-follow-up (40), withdrawal of consent (4), unwillingness to commit to 
long-term treatment (4), preparing for pregnancy (1), virological breakthrough (3), or overdose of study 
drug (1), baseline mutation and/or add-on ADV (14). No discontinuation due to AE or AR occurred. No 
deaths occurred. A total of 208 out of 275 patients remained in the cohort after 192 wk of treatment with 
ETV maleate monotherapy.

Baseline characteristics were comparable between the two groups (Supplementary Table 1). The 
majority of the patients were male. HBeAg-positive patients constituted 80.88% and 77.70% in Groups A 
and B, respectively. Three cases with LAM resistance and 4 with ADV resistance were identified at 
baseline.

Virological endpoints
The mean HBV DNA levels at weeks 168 and 192 were similar between the two groups (Table 1). For 
HBeAg-positive patients, the mean reductions in serum HBV DNA levels from baseline to week 168 
(6.44 vs 6.53 Log10 IU/mL, P > 0.05) and 192 (6.61 vs 6.69 Log10 IU/mL, P > 0.05) were similar in Groups 
A and B (Figure 1). For HBeAg-negative patients in Groups A and B, the mean decline in HBV DNA 
was comparable at week 168 (5.73 vs 5.99, log10 IU/mL, P > 0.05) and at week 192 (6.05 and 6.03 Log10 
IU/mL, P > 0.05) (Table 2). The undetectable HBV DNA rates for HBeAg-positive patients were 83.33% 
in Group A and 79.17% (P > 0.05) in Group B at week 192 (Table 2). The HBV DNA level in all of the 
HBeAg-negative patients remained undetectable (< 20 IU/mL) at weeks 168 and 192 (Figure 1).

The undetectable HBV DNA rates in patients with different baseline HBV DNA levels (classified into 
3 groups: 8 or more, 6-7.99, and 5.99 or less log10 IU/mL) at week 192 were 70.67%, 94.32%, and 97.30%, 
respectively (Figure 2). There was a significant difference in undetectable HBV DNA rates at week 192 

https://f6publishing.blob.core.windows.net/3cd7373c-a94e-4573-93fe-75e63e41e9dd/WJCC-10-10085-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/3cd7373c-a94e-4573-93fe-75e63e41e9dd/WJCC-10-10085-supplementary-material.pdf
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Table 1 Hepatitis B virus DNA levels in chronic hepatitis B patients at weeks 168 and 192 (mean  SD, log10IU/mL)

HBeAg-positive HBeAg-negative
Group

Baseline 168 wk 192 wk Baseline 168 wk 192 wk

A 7.64 ± 1.01 1.18 ± 0.86 0.9 ± 0.96 6.22 ± 1.25 0.62 ± 0.66 0.35 ± 0.59

B 7.65 ± 0.95 1.13 ± 0.82 1.02 ± 0.85 6.31 ± 1.37 0.36 ± 0.61 0.33 ± 0.57

P 0.937 0.728 0.560 0.798 0.150 0.867

CHB: Chronic hepatitis B; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus.

Table 2 Reduction of hepatitis B virus DNA levels of chronic hepatitis B patients at weeks 168 and 192 (mean  SD, log10IU/mL)

HBeAg-positive HBeAg-negative
Group

168 wk 192 wk 168 wk 192 wk

A 6.44 ± 1.39 6.61 ± 1.28 5.73 ± 1.25 6.05 ± 1.20

B 6.53 ± 1.24 6.69 ± 1.12 5.99 ± 1.47 6.03 ± 1.49

P 0.654 0.696 0.533 0.952

CHB: Chronic hepatitis B; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus.

Figure 1 Rates of patients with undetectable hepatitis B virus DNA through week 192. A: Proportion of patients with HBV DNA < 20 IU/mL in Group 
A and B in HBeAg positive (+) patients; B: Proportion of patients with HBV DNA < 20 IU/mL in Groups A and B in HBeAg negative (-) patients. HBeAg: Hepatitis B e 
antigen.

between patients with baseline HBV DNA levels ≥ 8 Log10 IU/mL and < 8 Log10 IU/mL [P < 0.05, OR = 
8.23, 95%CI (3.16, 21.48)], suggesting that patients with baseline HBV DNA levels < 8 Log10 IU/mL have 
an 8.23 times higher chance of achieving undetectable HBV DNA than patients with baseline HBV DNA 
levels ≥ 8 Log10 IU/mL after 4 years of treatment with entecavir or entecavir maleate. Twenty-four out of 
28 (85.56%) patients who did not achieve undetectable HBV DNA levels at week 192 had HBV DNA 
levels lower than 3 Log10 IU/mL.

Serological endpoints
No significant difference in the HBeAg loss rate was observed in Groups A and B of HBeAg-positive 
patients from week 48 to week 144. However, owing to the instability of HBeAg status at the early stage 
after HBeAg loss, 14 patients who experienced HBeAg loss at week 144 regained HBeAg at week 192. 
As a consequence, there was a significant difference in the HBeAg loss rate at week 192 between Groups 
A and B (50.63% vs 29.17%, P < 0.05) (Figure 3A and B). HBeAg seroconversion occurred in 28.77% and 
20.00% (P > 0.05), respectively, of the HBeAg-positive patients in Groups A and B (Figure 3A and B). No 
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Figure 2 Rates of undetectable hepatitis B virus DNA levels in patients with different baseline hepatitis B virus DNA levels from 48 wk to 
192 wk. HBV: Hepatitis B virus.

patient lost HBsAg after 4 years of treatment.

Biochemical endpoints
The rates of ALT normalization throughout the 192 wk of treatment are described in Figure 3C and D. 
Among HBeAg-positive patients, a significant difference was found in the ALT normalization rate at 
week 192 (91.14% vs 78.38%, P < 0.05). The ALT normalization rate was comparable (95.65% in Group A 
and 100% in Group B) in HBeAg-negative patients.

Resistance surveillance
None of the patients in the HBeAg-negative group developed genotypic resistance to ETV throughout 
the 192 wk of this study. One patient in the HBeAg-positive group developed genotypic resistance 
(rtL180 M-rtM204 V/I-rtM250 M/V) to ETV at week 96, and then ADV was added at week 100 as a 
rescue therapy. Subsequently, this patient experienced a DNA reduction from 7.81 Log10 IU/mL at week 
96.00 to 5.73 Log10 IU/mL at week 144 with a change of mutational pattern to rtV173 L-rtL180 M-rtM204 
V. In the end, serum HBV-DNA became undetectable (< 20 IU/mL) at week 192. Seven cases in the 
HBeAg-positive group (2 in Group A and 5 in Group B) had confirmed ETV resistance at week 144, and 
no additional cases were found from week 144 to week 192. Three out of the 7 patients were treatment-
naïve (all in Group B). The other four were nucleos(t)ide-experienced (one with LAM, three with both 
LAM and ADV) (Table 3). Among these four patients, baseline LMV resistance and ADV resistance 
were detected in one who was LAM-experienced and 3 who were LAM-and-ADV-experienced, 
respectively. ADV was added to 5 subjects, and a subsequent decrease in HBV DNA was achieved 
(Table 3).

Safety analysis
The safety analysis up to 144 wk showed no difference in the frequency of AEs in either group. From 
week 144 to week 192, the frequency of AEs was comparable between Groups A and B (9.3% vs 8.5%, P 
> 0.05). Two cases of SAE occurred, and both were judged to be unrelated to the study drug: one in 
Group A at week 169 caused by induced abortion and the other in Group B at week 168 due to the 
patient having to prepare for the pregnancy of his partner. Subject No. 358 in Group A had an adverse 
reaction (AR) of dull pain in the hepatic region, while No. 359 in Group B had both dull pain in the 
hepatic region and common cold, all of which were mild severity.

DISCUSSION
The results of this long-term, multicenter, prospective study show that ETV maleate treatment at the 
dosage of 0.5 mg/d for 192 wk is effective and safe in Chinese CHB patients predominantly genotyped 
as B and C.

The efficacy and safety of long-term ETV therapy has been clarified in many previous studies, but 
there are limitations in these reports, including the use of different dosages of ETV[23-25], high rates of 
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Table 3 Characteristics of seven patients developing genotypic mutations to entecavir

Group A (entecavir) Group B (entecavir maleate)

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

Age, yr 32 34 28 29 43 34 21

Sex Male Male Male Male Male Male Male

Prior LAM exposure Yes Yes No No Yes Yes No

Prior ADV exposure Yes Yes No No Yes No No

Baseline

HBeAg status Positive Positive Positive Positive Positive Positive Positive

HBV DNA, log10 IU/mL 6.69 7.99 8.06 5.32 7.77 7.47 7.81

LAM resistance No No No No No Yes No

ADV resistance Yes Yes No No Yes No No

At maximum viral suppression

wk 24 48 72 84 48 12 120

HBV DNA, log10 IU/mL 4.07 1.18 2.97 1.76 2.26 4.78 TND

At time of resistance confirmed

wk 144 144 144 144 144 144 144

HBV DNA, log10 IU/mL 6.91 6.04 4.41 1.73 6.73 4.96 1.79

Mutational pattern rtL180M rtL180M rtL180M rtL180M rtL180M rtL180M rtL180M

rtS202G rtS202G rtS202G rtV173L rtT184S rtS202G rtT184S

rtM204V rtM204V rtM204V rtM204V rtM204V rtM204V rtM204V

rtM250V

Addition of ADV Yes Yes Yes No Yes Yes No

HBV DNA, log10 IU/mL

Week 168 5.14 5.08 3.18 1.84 3.43 4.86 TND

Week 192 4.2 2.77 3.1 Missing 2.89 4.28 Missing

ADV: Adefovir dipivoxil; ETV: Entecavir; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; LAM: Lamivudine; TND: Target not detected.

loss to follow-up[26], low percentages of patients with genotype B or C, a small sample size[25] and the 
retrospective nature of the study[27]. To date, the longest prospective study of ETV treatment was 5 
years and was derived from the follow-up study of two phase III, registration trials[17,18]. Patients were 
first given entecavir 0.5 mg/d or lamivudine 100 mg/d for 96 wk. In the rollover study ETV-901, most 
patients were first given ETV 1 mg plus LAM 100 mg once daily for half a year and then changed to 
ETV 1 mg once daily for up to 5 years[19,20]. In another follow-up study of ETV for 3 years in China, 
patients received entecavir 0.5 mg/d or lamivudine 100 mg/d for 96 wk and then ETV 1 mg since week 
96[24]. In a large-scale study where CHB patients were treated with ETV 0.5 mg daily for only 3 years, 
more than half of the patients (101/222) discontinued treatment[26]. Of the 333 patients in a European 
cohort study of ETV for CHB patients, only 60 (22.6%) patients with genotype B or C were included in 
the study[28]. Another rollover study of ETV was conducted for 3 years on nucleoside-naïve Japanese 
patients with CHB and had a small sample size, as only 167 patients were enrolled in the study[25]. The 
ENUMERATE study was the largest and longest real-world study of ETV treatment, with 658 patients 
from 26 centers with a median duration of ETV of 4 (1.0-8.3) years; however, it was a retrospective study
[27]. Therefore, long-term and large prospective studies on the efficacy and safety of ETV 0.5 mg daily in 
CHB patients with genotype B or C are still needed.

The primary goal of antiviral treatment in CHB patients is sustained HBV suppression, and ETV 
maleate demonstrated excellent and strong viral suppression. The results at weeks 144 showed that ETV 
maleate had similar efficacy and safety to ETV. In the current study, after 192 wk of ETV maleate 
treatment, 83.33% and 79.17% of HBeAg-positive patients in Groups A and B, respectively, and 100% of 
HBeAg-negative patients achieved undetectable HBV DNA levels (< 20 IU/mL). The percentage of 
patients with HBV DNA < 52 IU/mL at weeks 192 reached up to 89.74% in Group A and 90.28% in 
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Figure 3 Rates of patients with hepatitis B e antigen loss and hepatitis B e antigen seroconversion, and alanine aminotransferase 
normalization through week 192. A: Percentage of patients with hepatitis B e antigen (HBeAg) loss in Groups A and B; B: Percentage of patients with HBeAg 
seroconversion in Groups A and B; C: Percentage of patients with alanine aminotransferase (ALT) normalization in Groups A and B in hepatitis B e antigen positive 
(+) patients; D: Percentage of patients with ALT normalization in Groups A and B in in HBeAg positive (+) patients. HBV: Hepatitis B virus; HBeAg: Hepatitis B e 
antigen; ALT: Alanine transaminase.

Groups B of HBeAg-positive patients (Supplementary Table 2). The mean decline in HBV DNA levels 
was 6.61 Log10 IU/mL and 6.69 Log10 IU/mL in Groups A and B of HBeAg-positive patients and 6.05 
Log10 IU/mL and 6.03 Log10 IU/mL in Groups A and B of HBeAg-negative patients, respectively. Based 
on previous studies, with 3-5 years of entecavir administration, the rates of serum HBV DNA-negative 
conversion were 89%-96%[19,24,25,29]. According to a multinational rollover study ETV-901 from Study 
ETV-022 up to 5 years, the mean change from baseline in HBV DNA at year 5 was-7.2 Log10 copies/mL
[19]. The difference in the results among these studies may be mainly due to the following reasons. First, 
and most importantly, at each laboratory, researchers employed different test agents with the LLOD of 
HBV-DNA varying from < 300 copies/mL to < 2000 copies/mL (approximately 400 IU/mL), while in 
our study, the PCR assay limit of detection of HBV DNA level was less than 20 IU/mL. Second, 
different sample sizes and study populations may also contribute to this difference in results to some 
extent. Finally, patient drop-out and missing data are common during long-term studies. In this study, 
67 patients had discontinued treatment prior to week 192, and 8 patients who were still receiving 
treatment at week 192 had missing HBV DNA measurements. An LOCF analysis was conducted since 
week 96, potentially leading to biased outcomes.

The rollover study ETV-901 reported that 33 (23%, 33/141) patients achieved HBeAg seroconversion 
on-treatment at year 5. In a 3-year single-center study of ETV in Hong Kong, the rate of HBeAg serocon-
version was as high as 43.9% (18/41) after 3 years of ETV treatment[26]. In our study, 21 (28.77%, 21/73) 
patients in Group A and 14 out of 70 (20.00%) in Group B of the HBeAg-positive patients achieved 
HBeAg seroconversion at week 192. The difference in the HBeAg seroconversion rate between different 
studies may be related to the proportion of HBV genotype C patients enrolled, which has previously 
been reported to be associated with delayed HBeAg seroconversion[30].

Other than durable and strong HBV suppression, ETV maleate showed minimal resistance and great 
safety. As reported, the resistance mutant emergence rate of ETV was reportedly 1.2% for 3-5 years for 
nucleoside treatment-naïve patients[19,20]. Consistent with previous studies, in our study, 1.44% 

https://f6publishing.blob.core.windows.net/3cd7373c-a94e-4573-93fe-75e63e41e9dd/WJCC-10-10085-supplementary-material.pdf
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(3/208) of NA-naïve CHB patients developed ETV resistance. In addition, no clinically serious AR 
related to the drug was found after 4 years of treatment.

This study is the largest prospective study focusing on a continuous daily dose of 0.5 mg ETV 
treatment, where patients from different geographical regions of China were followed closely for 5 
years. Another strength is that we employed highly sensitive tests with a LLOD of 20 IU/mL to measure 
the serum HBV levels and to detect potential entecavir resistance. Last but not the least, the follow-up 
rate was up to 75.64%, which guaranteed the quality of this study. However, our study has some 
limitations. First, the study population was predominant with genotype B and C. Second, only 57 
HBeAg-negative patients were included in the study. With a dropout rate for follow-up of 20%, the 
estimated sample size should be 60 in the HBeAg-negative group according to the previous literature
[18].Third, subjects received open-label entecavir maleate treatment after weeks 49, which made the 
comparative result questionable to a certain extent.

CONCLUSION
Long-term treatment with entecavir maleate provides safe, potent and reliable suppression of HBV 
replication for 4 years in Chinese CHB patients predominantly genotyped as B or C. Among those 
patients treated with entecavir maleate, the proportion with undetectable HBV DNA levels increased to 
83.33% of HBeAg-positive patients and 100% of HBeAg-negative patients with little chance of 
developing entecavir-resistant mutations. The safety profile of ETV maleate at week 192 was also 
promising.

ARTICLE HIGHLIGHTS
Research background
Entecavir maleate is a domestically developed antiviral drug against HBV derived from entecavir and it 
has efficacy and safety profiles similar to those of ETV (Baraclude) in Chinese patients with CHB at 
weeks 48, 96, and 144.

Research motivation
In China, there are more than 20 million patients with chronic hepatitis B (CHB) requiring effective and 
safe treatment, which places a heavy burden on the health care system for the Chinese government. 
Thus, it is necessary to develop strong antiviral agents against CHB with high cost-effectiveness and 
easy availability.

Research objectives
To report the antiviral potency and safety of ETV maleate at week 192 in Chinese CHB patients.

Research methods
In the first stage of this study, treatment assignments were allocated centrally on the basis of a permuted 
block. Patients, investigators, and all study personnel, including those assessing outcomes, were masked 
to treatment assignment throughout the 48 wk of the double-blind phase. During this stage, patients 
were randomly assigned to receive 0.5 mg/d ETV or ETV maleate (ratio, 1:1), each with a placebo tablet 
for 48 wk. Then, all patients received open-label treatment with 0.5 mg/d ETV maleate since week 49.

Research results
The present study demonstrated that ETV maleate has comparable antiviral activity and safety profiles 
in Chinese CHB patients with ETV.

Research conclusions
Long-term entecavir maleate treatment was effective and safe in Chinese CHB patients predominantly 
genotyped as B or C.

Research perspectives
The findings of this study provide an alternative effective drug with a low price and easy accessibility 
for Chinese CHB patients that lowers the financial burden on the Chinese medical system.
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