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Abstract

AIM: To investigate the reduction in hepatitis B virus (HBV) covalently closed-circular DNA (cccDNA) with entecavir (ETV) or lamivudine (LAM). 

METHODS: This analysis included patients who had participated in the randomized Phase Ⅲ study ETV-022 comparing ETV vs LAM in nucleos(t)ide-naive, HBeAg-positive patients. Patients received ETV (0.5 mg daily) or LAM (100 mg daily) for a minimum of 52 wk. Patients were eligible to participate in this sub-study if they had paired biopsies at baseline and week 48 with evaluable measurements for hepatic HBV cccDNA and total hepatic HBV DNA. The main objective was to compare changes in hepatic HBV cccDNA and total hepatic HBV DNA at week 48 of ETV or LAM treatment, which was a secondary endpoint of study ETV-022. Additional post hoc analyses included linear regression analyses to assess associations of baseline levels and on-treatment changes of cccDNA with other baseline factors [sex, age, serum HBV DNA, alanine aminotransferase (ALT), Knodell necroinflammatory score, Ishak fibrosis score, total hepatic HBV DNA, and HBV genotype], or on-treatment factors (changes from baseline at week 48 in serum HBV DNA, ALT, Knodell necroinflammatory score, Ishak fibrosis score, total hepatic HBV DNA, and HBeAg loss at week 48).

RESULTS: Overall, 305 patients (ETV = 159; LAM = 146) of ETV-022 had paired baseline and week 48 liver biopsies with evaluable measurements for hepatic HBV cccDNA and total hepatic HBV DNA, and were included in this analysis. Baseline demographics and disease characteristics were comparable between the two arms. After 48 wk, ETV resulted in significantly greater reductions in hepatic HBV cccDNA [-0.9 log10 copies/human genome equivalent (HGEq) vs -0.7 log10 copies/HGEq; P = 0.0033] and total hepatic DNA levels (-2.1 log10 copies/HGEq vs -1.6 log10 copies/HGEq; P < 0.0001) than LAM. Virologic, biochemical, and histologic response rates at week 48 were also greater with ETV than with LAM. Baseline HBV cccDNA levels were positively associated with baseline levels of serum HBV DNA and total hepatic HBV DNA, and negatively associated with HBV genotype F. On-treatment changes in HBV cccDNA levels were negatively associated with baseline levels of serum HBV DNA and baseline ALT, and were positively associated with on-treatment changes in the levels of serum HBV DNA, total hepatic HBV DNA levels, and ALT, change in Knodell necroinflammatory score, and HBeAg loss.

CONCLUSION: Forty-eight weeks of ETV resulted in greater reductions in cccDNA and total hepatic HBV DNA than LAM, but long-term therapy may be needed for cccDNA elimination.
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INTRODUCTION

Worldwide, chronic hepatitis B (CHB) is the leading cause of cirrhosis and hepatocellular carcinoma (HCC), with around 50% of all HCC cases attributable to the hepatitis B virus (HBV)[1]. Persistence of HBV infection in CHB is due to a reservoir of covalently closed-circular HBV DNA (cccDNA) within the nuclei of infected hepatocytes, which serves as template for viral transcription[2-5]. Low levels of cccDNA can persist even after clinical resolution of the infection, thereby allowing HBV reactivation after hepatitis B surface antigen (HBsAg) clearance[6,7]. Although a direct causal relationship has not been shown, hepatic HBV cccDNA and chromosomal HBV integration-together with other factors such as immune-mediated liver inflammation-may also be associated with HCC development[8-10]. Reduction or elimination of cccDNA with anti-HBV therapy may provide important clinical benefits such as lower risks of HBV reactivation after seroclearance or HCC-associated liver resection or transplantation[11,12], as well as a potential decrease in the risk of HCC development[13-16].

Antiviral therapy with nucleos(t)ide analogs inhibits HBV DNA polymerase, thereby blocking synthesis of serum HBV DNA, but does not directly target cccDNA[17]. However, there is some evidence from small studies suggesting that cccDNA can be reduced with nucleos(t)ide analog treatment[7,15,18], but larger studies are needed to confirm these findings. 

Entecavir (ETV) is a potent antiviral nucleoside analog that demonstrated superior efficacy to lami​vudine (LAM) in virologic, biochemical, and histologic responses[19,20]. During long-term use, ETV maintained high rates of virologic suppression and a low rate of resistance with a favorable safety profile[21-24]. Long-term treatment with ETV has also been shown to reduce the risk of HBV-related HCC[25-29].

Here, we describe the results of an analysis of hepatic HBV cccDNA and total hepatic HBV DNA reductions in a large subgroup of nucleos(t)ide-naive hepatitis B e antigen-positive [HBeAg(+)] patients with paired liver biopsies before and after 48 wk of treatment with ETV or LAM. Patients included in this analysis represent a subset of a randomized sample of patients included in the ETV Phase Ⅲ study ETV-022, which assessed the efficacy of ETV vs LAM for virologic, biochemical, serologic, and histologic outcomes. 
MATERIALS AND METHODS
Study design, patients, and antiviral treatment

This report describes the results of a secondary endpoint analysis and an exploratory post hoc analysis of the Phase Ⅲ trial ETV-022. ETV-022 was a multi-center, double-blind, randomized, comparative trial of ETV (0.5 mg daily) vs LAM (100 mg daily) in nucleos(t)ide-naive, HBeAg(+) patients, the primary results of which have been previously described[20]. In ETV-022, patients received a minimum of 52 wk of treatment. At week 52, patients who achieved a protocol-defined response [HBV DNA < 0.7 mEq/mL by branched-chain DNA assay (about 0.7 × 106 copies/mL) and HBeAg loss] or a virologic non-response at week 48 discontinued study therapy; virologic responders (HBV DNA < 0.7 mEq/mL but without HBeAg loss) could continue blinded treatment for up to 44 additional weeks[20].

Patients who participated in study ETV-022 and had paired baseline and week 48 liver biopsies with evaluable measurements for hepatic HBV cccDNA and total hepatic HBV DNA were eligible for inclusion in this analysis. Therefore, patients included in this analysis represent a subset of the original randomized sample. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Declaration of Helsinki of 1975, as revised in 2008. Informed consent was obtained from all patients for being included in the study.

Analysis

The main objective of this analysis was to assess the mean changes from baseline in hepatic HBV cccDNA and total hepatic HBV DNA at week 48 of treatment, which were protocol-defined secondary endpoints in ETV-022. Furthermore, the following post hoc analyses were conducted for this sub-group of patients: proportion of patients at week 48 with HBV DNA < 50 IU/mL (approximately 300 copies/mL), alanine aminotransferase (ALT) normalization [ALT < 1.25 × upper limit of normal (ULN)], histologic improvement [≥ 2-point decrease in Knodell necroinflammatory score with no worsening (≥ 1-point increase from baseline) of Knodell fibrosis score], and with Ishak fibrosis score improvement (≥ 1-point decrease from baseline), as well as the mean changes from baseline at week 48 in serum HBV DNA, Knodell necroinflammatory score, and Ishak fibrosis score. In order to better understand how cccDNA relates to other measures, additional post hoc analyses involving linear regression analyses were performed to assess associations of baseline levels and on-treatment changes of cccDNA with other baseline or on-treatment factors. 

Serum HBV DNA was measured using the COBAS® AMPLICOR polymerase chain reaction (PCR) assay [version 2.0, Roche; lower limit of quantification: 300 copies/mL (57 IU/mL)]. Total hepatic HBV DNA was extracted from frozen liver biopsy samples (Master​Pure™ DNA Purification Kit, Epicentre Biotechnologies). Hepatic HBV cccDNA and total hepatic HBV DNA were quantified by real-time PCR (LightCycler®, Roche, Mannheim, Germany) as described elsewhere[30]. Copy numbers of hepatic HBV cccDNA and total hepatic HBV DNA per human genome equivalent (HGEq) were determined by normalizing samples to the cellular beta-globin gene (limit of detection: 0.002 copies/HGEq). Hepatic HBV cccDNA values < 0.002 copies/HGEq were replaced by a value of 0.0019 copies/HGEq, and hepatic HBV cccDNA values > 1000 copies/HGEq were replaced by a value of 1001 copies/HGEq. Beta-globin DNA was quantified using the LightCycler® Roche DNA control kit (Roche Diagnostic, Penzberg, Germany).

Statistical analysis

Differences (ETV vs LAM) in mean log10 changes in hepatic HBV cccDNA and total hepatic HBV DNA were estimated using linear regression adjusted for baseline levels. Binary endpoints are presented as non-completer = missing (NC = M) analyses. Associations of cccDNA with baseline factors (sex, age, serum HBV DNA, ALT, Knodell necroinflammatory score, Ishak fibrosis score, total hepatic HBV DNA, and HBV genotype), or on-treatment factors (changes from baseline at week 48 in serum HBV DNA, ALT, Knodell necroinflammatory score, Ishak fibrosis score, total hepatic HBV DNA, and HBeAg loss at week 48) were examined with linear regression analyses. HBV genotyping was conducted by Delft Diagnostic Laboratory, Delft, The Netherlands. 
RESULTS

Study population 

Overall, 709 patients were randomized and treated in study ETV-022; of these, 159 patients in the ETV arm and 146 patients in the LAM arm had paired baseline and week 48 liver biopsies with evaluable measurements for hepatic HBV cccDNA and total hepatic HBV DNA. Baseline demographics and disease characteristics were comparable between the two arms (Table 1).

Efficacy 

ETV treatment for 48 wk resulted in significantly greater reductions in hepatic HBV cccDNA and total hepatic HBV DNA levels than LAM (Figure 1). The mean change from baseline in hepatic HBV cccDNA at week 48 was -0.9 log10 copies/HGEq for ETV and -0.7 log10 copies/HGEq for LAM [difference estimate (adjusted for baseline hepatic cccDNA level) -0.2 log10 copies/HGEq; 95%CI: -0.3, -0.1; P = 0.0033]. For total hepatic HBV DNA, the mean change from baseline at week 48 was -2.1 log10 copies/HGEq for ETV, and -1.6 log10 copies/HGEq for LAM [difference estimate (adjusted for baseline total hepatic HBV DNA level) -0.5 log10 copies/HGEq; 95%CI: -0.6, -0.3; P < 0.0001].

The proportions of patients with total hepatic HBV DNA < 0.002 copies/HGEq (limit of quantification) at week 48 were 6% (10/159) with ETV and 5% (8/146) with LAM; one patient in each arm had HBV cccDNA < 0.002 copies/HGEq at week 48. 

Virologic, biochemical, and histologic response rates at week 48 were also greater with ETV than with LAM (Table 2 and Figure 2). The results for these endpoints in this cohort were comparable to those observed in the overall ETV-022 randomized samples[20].

Association of HBV cccDNA with baseline and on-treatment factors

In univariate linear regression analyses, baseline HBV cccDNA was significantly associated with baseline serum HBV DNA, baseline total hepatic HBV DNA, and HBV genotype F (Table 3). For baseline serum HBV DNA and total hepatic HBV DNA, an increase by 1 log10 IU/mL was associated with an increase in baseline cccDNA of 0.11 log10 copies/HGEq. In patients with HBV genotype F, baseline cccDNA levels were lower by 0.41 log10 copies/HGEq compared with non-F genotypes. Baseline HBV cccDNA was not associated with any of the other baseline factors (sex, age, ALT, Knodell necroinflammatory score, Ishak fibrosis score, or HBV genotypes A, B, C, D, or “other”).

HBV cccDNA reduction at week 48 was also significantly associated with baseline levels of serum HBV DNA and ALT, and with on-treatment changes in serum HBV DNA, total hepatic HBV DNA, Knodell necroinflammatory score, ALT, and HBeAg loss (Table 4), whereas there was no association with on-treatment improvement in Ishak fibrosis score. The significance among the on-treatment changes confirms the collinearity expected among response measures.

For baseline serum HBV DNA, every increase by 1 log10 IU/mL was associated with an on-treatment cccDNA reduction of 0.05 log10 copies/HGEq, whereas baseline ALT ≥ 2.6 × ULN was associated with a cccDNA reduction of 0.42 log10 copies/HGEq.

For on-treatment changes in serum HBV DNA and total hepatic DNA, a decline by 1 log10 IU/mL was associated with a cccDNA reduction of 0.11 and 0.35 log10 copies/HGEq, respectively. Similar associations were seen for on-treatment changes in Knodell score (1 unit reduction associated with a cccDNA decline by 0.04 log10 copies/HGEq) and ALT (1 IU/mL reduction associated with a cccDNA decline by 1.51 × 10-3 log10 copies/HGEq). Finally, HBeAg loss by week 48 was associated with a cccDNA reduction of 0.20 log10 copies/HGEq. 

DISCUSSION

In the present study, 48 wk of ETV treatment resulted in reductions of approximately 2 log10 copies/HGEq for hepatic HBV DNA, and approximately 1 log10 copies/HGEq for cccDNA. Both cccDNA and total hepatic HBV DNA reductions were significantly greater with ETV than with LAM. This finding can be explained by the greater potency of ETV vs LAM in suppressing viral replication. Nucleos(t)ide analogs inhibit HBV DNA polymerase, thereby reducing the levels of circulating virions carrying viral DNA that infect or re-infect hepatocytes; as a result, fewer copies of relaxed circular genomic HBV DNA are available that can be converted into cccDNA[13,14]. In addition, the greater treatment effect observed with ETV may also be a reflection of its higher barrier to resistance compared with LAM, which may contribute indirectly to cccDNA reduction by limiting the risk of virologic breakthrough in serum HBV DNA levels. In study ETV-022, 6 (2%) patients in the ETV group and 63 (18%) patients in the LAM group experienced virologic breakthrough during the first year of treatment; of these, none of the ETV-treated patients had evidence of emergent ETV resistance, whereas 45 (71%) of the LAM-treated patients had mutations in the YMDD motif[20]. Therefore, an antiviral agent that achieves greater suppression of HBV replication - through greater potency and a lower resistance rate - such as ETV, is expected to be more efficient in reducing cccDNA levels compared with an agent of lower potency and higher resistance rate such as LAM.

Despite substantial improvements in CHB mana​gement, HBV-associated HCC remains an important problem, as evidenced by increasing trends of HCC incidences recently reported in Western countries such as France, Australia, and the United States[31]. In clinical practice, surrogate markers for HCC risk are used that correlate with clinical outcomes and can be measured over short periods of time[14,32-34]. Among these, HBV cccDNA is one of the most important, as it is the stable template for all HBV transcripts, and is responsible for persistent infection of hepatocytes[14].

The effect of ETV vs other nucleos(t)ide analogs on HBV cccDNA levels has been assessed previously in a few small, single-center studies, which generally reported no differences in cccDNA reduction between ETV and other NUCs after 1 year. However, the numbers of patients in these studies may have been too small to see a significant difference[15,18,35]. For example, a sub-study of 39 patients participating in the Phase Ⅲ studies ETV-022 and ETV-027[19,20] at a single center in Hong Kong reported no difference between ETV and LAM after 48 wk[15]; however, the treatment effects for virologic and serologic endpoints were also not consistent between this cohort and the overall Phase Ⅲ study populations[15,19,20]. 

In studies assessing adefovir alone or combined with peg-interferon in HBeAg(+) patients, reductions of -1.63 to -2.69 log10 copies/cell for total hepatic HBV DNA and -0.80 to -1.03 log10 copies/cell for cccDNA were seen after 48 wk of therapy, with higher values achieved with the combined treatment[7,36].

In the present study, the reduction in cccDNA levels was considerably lower than the reduction in serum HBV DNA, an observation that has also been reported before[7,15,18,36,37], and which is probably related to the fact that the main, direct target of nucleos(t)ide analogs is the inhibition of HBV DNA polymerase, whereas the effect on cccDNA is indirect. However, levels of HBV cccDNA levels were positively associated with those of serum HBV DNA, consistent with previous reports showing a correlation between these two viral DNA species[7,30]. Baseline HBV cccDNA was also associated with HBV genotype F (in a negative fashion), but not with any of the other genotypes tested (although these results may need to be interpreted cautiously due to the relatively high number of statistical tests performed). Lower baseline cccDNA in HBV genotype F might be related to lower levels of serum HBV DNA; however there are currently no data on viral loads across HBV genotypes, including HBV genotype F. HBV genotype F is most prevalent in South America and the Arctic Circle; interestingly, it has been linked to a more aggressive course of liver disease and one of the highest (8 × higher) HCC risks compared with other genotypes[38].

The reduction in hepatic HBV cccDNA was greater among patients with higher baseline ALT and on-treatment improvements in Knodell necroinflammatory score and ALT. High baseline ALT is indicative of a high turnover of hepatocytes[39], and on-treatment ALT normalization and liver histology improvements are indicative of liver regeneration; these associations therefore suggest that cccDNA reduction also involves cytolytic destruction of infected hepatocytes, rather than just suppression of new cccDNA formation. 

The reduction in HBV cccDNA was also greater in patients who achieved HBeAg loss at week 48. Similar observations were made in studies assessing the impact of adefovir alone or combined with peg-interferon on cccDNA levels, which showed that patients who underwent HBeAg or HBsAg seroconversion at week 48 had lower baseline levels or on-treatment changes of cccDNA levels than patients who did not achieve these endpoints[7,36,37]. Further studies are needed to assess whether cccDNA reduction with nucleos(t)ide analog therapy is associated with achievement of a durable serologic response. 

A limitation of the exploratory analysis is that the patients included in this analysis were a subset of the originally randomized treatment arms of ETV-022, based on the logistic feasibility of performing cccDNA analysis on their biopsy material, and were therefore no longer balanced by stratification factors; however, baseline characteristics appeared to be balanced between ETV- and LAM-treated patients. A second limitation is the short duration of follow-up. Clearance of cccDNA shows considerably slower kinetics than serum HBV DNA clearance; therefore, a study with longer follow-up may show a greater reduction in cccDNA levels. Another limitation is that quantitative HBsAg (qHBsAg) levels, which reflect transcriptional activity of cccDNA[40], were not measured in this cohort. qHBsAg levels have been shown to correlate with intrahepatic cccDNA levels, and some studies described an association between cccDNA and qHBsAg reductions during nucleos(t)ide analog therapy[7,18]. Although this association has not been assessed in the present study, a separate sub-study of ETV-022 in patients with qHBsAg measurements through week 48 demonstrated that qHBsAg levels declined during 48 wk of ETV, in particular among patients who achieved seroclearance of HBsAg or HBeAg[41]. 
In conclusion, the results of this analysis, which was carried out as part of a large, multi-center, randomized, controlled trial, show that for patients with HBeAg(+) CHB, ETV resulted in a greater reduction in hepatic HBV cccDNA and total hepatic HBV DNA than LAM after 48 wk of treatment. Although cccDNA levels were reduced, they were still detectable after 48 wk of treatment in the majority of patients; this suggests that despite potent suppression of serum HBV DNA, short-term nucleos(t)ide analog therapy is not able to eliminate intrahepatic cccDNA. Further studies are needed to provide evidence on the long-term impact of nucleos(t)ide analog therapy on HBV cccDNA levels. In addition, the development of new CHB treatments, including new agents that directly degrade cccDNA or inhibit its formation[42,43], or combination therapies targeting multiple steps in the viral life cycle[14], might provide alternative treatment strategies with the potential of achieving a virologic cure of the infection, in which viral load, HBsAg, and cccDNA are durably suppressed[14]. 
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Background

Covalently closed-circular DNA (cccDNA) is the stable genetic form of hepatitis B virus (HBV) that serves as the template for viral transcription. It can persist within infected hepatocytes even after clinical resolution of the infection, thereby allowing HBV reactivation, and it may also be associated with the development of HBV-related hepatocellular carcinoma (HCC). Therefore, reduction or elimination of cccDNA may provide important clinical benefits. However, antiviral therapy with nucleos(t)ide analogs blocks the synthesis of serum HBV DNA but does not directly target cccDNA, making HBV cccDNA clearance a particular challenge in antiviral therapy.

Research frontiers

There is some evidence from small studies suggesting that HBV cccDNA can be reduced with nucleos(t)ide analog treatment, but larger studies are needed.

Innovations and breakthroughs

This analysis compared the impact of entecavir (ETV), a currently recommended first-line antiviral agent, vs lamivudine (LAM) on levels of HBV cccDNA and total intrahepatic HBV DNA. The analysis was carried out as part of a large, multi-center, randomized, controlled trial. This report also identified predictors of cccDNA baseline levels and on-treatment reduction.

Applications

The study shows that in HBeAg(+) patients, ETV resulted in a greater reduction in HBV cccDNA and total hepatic HBV DNA than LAM after 48 wk of treatment. Although cccDNA levels were reduced, they were still detectable after 48 wk of treatment in the vast majority of patients. Thus, despite potent suppression of serum HBV DNA, short-term nucleos(t)ide analog therapy is not able to eliminate intrahepatic cccDNA. Further studies are needed to provide evidence on the long-term impact of nucleos(t)ide analog therapy on HBV cccDNA levels. In addition, the development of new chronic hepatitis B treatments that directly target cccDNA might provide alternative treatment strategies with the potential of achieving a virologic cure of the infection, in which viral load, hepatitis B surface antigen, and cccDNA are durably suppressed.

Terminology

cccDNA is short for covalently closed-circular hepatitis B virus DNA. It is generated by filling in the gap in the relaxed, partially double-stranded viral DNA by the cellular replicative machinery, followed by ligation of both strand extremities and supercoiling of the viral DNA.

Peer-review

The present study opens a window to the possibility that cccDNA and hence the virus, can be eradicated. It is currently not known if the decrease in cccDNA has an influence on HCC development. As the authors stated in their conclusions, additional studies assessing long-term treatment and post-treatment outcomes are necessary.
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Figure Legends
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Figure 1  Change from baseline at week 48 in total hepatic hepatitis B virus DNA and hepatitis B virus covalently closed-circular DNA. 1Adjusted for baseline total hepatic HBV DNA level; 2Adjusted for baseline hepatic cccDNA level. BL: Baseline; CI: Confidence interval; HGEq: Human genome equivalent; SE: Standard error; CccDNA: Covalently closed-circular DNA; ETV: Entecavir; LAM: Lamivudin.
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Figure 2  Virologic, biochemical, and histologic efficacy at week 48 among treated patients with evaluable hepatic hepatitis B virus DNA pairs. 1ALT < 1.25 × upper limit of normal; 2≥ 2-point decrease in Knodell necroinflammatory score with no worsening (≥ 1-point increase from baseline) of Knodell fibrosis score; 3≥ 1-point decrease in Ishak fibrosis score from baseline.








Table 4  Significant associations of baseline and on-treatment factors with hepatic hepatitis B virus cccDNA change from baseline at week 48 in univariate linear regression analysis (adjusted for treatment)


�
Estimate1


�
95%CI


�
P value


�
�
Baseline


�
Serum HBV DNA, per 1 log10 IU/mL


�
-0.05


�
-0.08, -0.01


�
   0.0106


�
�
�
ALT ≥ 2.6 × ULN : < 2.6 × ULN


�
-0.42


�
-0.56, -0.28


�
< 0.0001


�
�
On-treatment


�
Serum HBV DNA, per 1 log10 IU/mL change from baseline at week 48


�
 0.11


�
0.08, 0.14 


�
< 0.0001


�
�
�
Total hepatic HBV DNA, per 1 log10 IU/mL change from baseline at week 48 


�
 0.35


�
0.28, 0.42


�
< 0.0001


�
�
�
Knodell necroinflammatory score, per 1 unit change from baseline at week 48 


�
 0.04


�
0.01, 0.06


�
   0.0062


�
�
�
ALT, per 1 U/L change from baseline at week 48


�
1.51 × 10-3 


�
0.98 × 10-3, 2.05 × 10-3


�
< 0.0001


�
�
�
No HBeAg loss at week 48 : HBeAg loss at week 48


�
-0.20


�
-0.38, -0.02


�
   0.0338


�
�
1log10 copies/HGEq. ULN: Upper limit of normal; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; ALT: Alanine aminotransferase.
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Table 3  Significant associations of baseline factors with baseline hepatic hepatitis B virus covalently closed-circular DNA in univariate linear regression analysis


�
Estimate1


�
95%CI


�
P value


�
�
Baseline serum HBV DNA, per 1 log10 IU/mL


�
 0.11


�
0.08, 0.13 


�
< 0.0001


�
�
Baseline total hepatic HBV DNA, per 1 log10 IU/mL


�
 0.11


�
0.07, 0.16


�
< 0.0001


�
�
HBV genotype F: Not F


�
-0.41 


�
-0.67, -0.15


�
0.0023


�
�
1log10 copies/HGEq. HBV: Hepatitis B virus.





Table 2  Virologic and histologic efficacy at week 48 among treated patients with evaluable hepatic hepatitis B virus DNA pairs


Week 48 efficacy (NC = M)


�
ETV (n = 159)


�
LAM (n = 146)


�
�
Serum HBV DNA, mean ± SE, change from baseline log10 IU/mL


�
-6.85 ± 0.16


�
-5.30 ± 0.22


�
�
Knodell necroinflammatory score, mean ± SE change from baseline 


�
  -3.4 ± 0.26


�
  -3.0 ± 0.29


�
�
Ishak fibrosis score, mean ± SE change from baseline 


�
  -0.5 ± 0.08


�
  -0.3 ± 0.08


�
�
NC = M: Non-completer = missing; ETV: Entecavir; LAM: Lamivudine.





Table 1  Patient demographics and disease characteristics  n (%)


Baseline


�
ETV (n = 159)


�
LAM (n = 146)


�
�
Age, mean ± SE, yr (range)


�
35 ± 1.1 (17-76)


�
34 ± 1.1 (16-71)


�
�
Male


�
  116 (73)


�
104 (71)


�
�
Race


�
�
�
�
   Asian


�
    92 (58)


�
  87 (60)


�
�
   White


�
    64 (40)


�
  53 (36)


�
�
HBV genotype


�
�
�
�
   A


�
    45 (28)


�
  41 (28)


�
�
   B


�
    28 (18)


�
  28 (19)


�
�
   C


�
    44 (28)


�
  36 (25)


�
�
   D


�
    18 (11)


�
  23 (16)


�
�
   F


�
  12 (8)


�
  5 (3)


�
�
   Mixed


�
    4 (3)


�
  3 (2)


�
�
   Indeterminate


�
    7 (4)


�
  8 (5)


�
�
   Missing


�
1 (< 1)


�
  2 (1)


�
�
Serum HBV DNA, mean ± SE, log10 IU/mL


�
9.52 ± 0.16


�
9.66 ± 0.16


�
�
Hepatic HBV cccDNA, mean ± SE, log10 copies/HGEq


�
1.90 ± 0.11


�
  2.0 ± 0.11


�
�
Hepatic HBV DNA, mean ± SE, log10 copies/HGEq


�
  0.3 ± 0.05


�
  0.4 ± 0.04


�
�
ALT (U/L)


�
�
�
�
   mean ± SE 


�
  134.9 (9.84)


�
  132.8 (10.07)


�
�
   Median (range)


�
96.0 (23.0-915.0)


�
90.0 (27.0-715.0)


�
�
International normalized ratio


�
      1.1 (0.01)


�
    1.1 (0.01)


�
�
Albumin (g/dL)


�
      4.3 (0.04)


�
    4.2 (0.04)


�
�
Total bilirubin (mg/dL)


�
      0.8 (0.03)


�
    0.8 (0.03)


�
�
Prothrombin time (s)


�
    13.2 (0.16)


�
  13.3 (0.16)


�
�
Knodell necroinflammatory score, mean ± SE


�
  7.8 ± 0.23


�
7.5 ± 0.24


�
�
Ishak fibrosis score, mean ± SE


�
  2.4 ± 0.11


�
2.1 ± 0.11


�
�
CccDNA: Covalently closed-circular DNA; ETV: Entecavir; LAM: Lamivudine; HGEq: Human genome equivalent.








