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Abstract

Chronic hepatitis B (CHB) virus infection is a global public health problem, affecting more than 400 million people worldwide. The clinical spectrum is wide, ranging from a subclinical inactive carrier state, to progressive chronic hepatitis, cirrhosis, decompensation, and hepatocellular carcinoma. However, complications of hepatitis B virus (HBV)-related chronic liver disease may be reduced by viral suppression. Current international guidelines recommend first-line treatment of CHB infection with pegylated interferon, entecavir, or tenofovir, but the optimal treatment for an individual patient is controversial. The indications for treatment are contentious, and increasing evidence suggests that HBV genotyping, as well as serial on-treatment measurements of hepatitis B surface antigen and HBV DNA kinetics should be used to predict antiviral treatment response. The likelihood of achieving a sustained virological response is also increased by extending treatment duration, and using combination therapy. Hence the paradigm for treatment of CHB is constantly evolving. This article summarizes the different indications for treatment, and systematically reviews the evidence for the efficacy of various antiviral agents. It further discusses the shortcomings of current guidelines, use of rescue therapy in drug-resistant strains of HBV, and highlights the promising clinical trials for emerging therapies in the pipeline. This concise overview presents an updated practical approach to guide the clinical management of CHB.
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Core tip: This article summarizes the different indications for treatment, and systematically reviews the evidence for the efficacy of various antiviral agents. It further discusses the shortcomings of current guidelines, use of rescue therapy in drug-resistant strains of hepatitis B virus, and highlights the promising clinical trials for emerging therapies in the pipeline. This concise overview presents an updated practical approach to guide the clinical management of chronic hepatitis B.

INTRODUCTION

An estimated 400 million people worldwide have chronic hepatitis B virus (HBV) infection, and more than 750000 deaths are attributed annually to HBV-related complications[1,2]. HBV carriers are not only predisposed to developing liver cirrhosis and hepatic decompensation, but also have a 100-fold increased risk of developing hepatocellular carcinoma (HCC)[3,4]. Hence early diagnosis and treatment of chronic hepatitis B (CHB) infection is crucial for reducing morbidity and mortality.

Management is guided by recommendations from the American Association for the Society of Liver Disease[5], Asian Pacific Association for the Study of Liver (APASL)[6], European Association for the Study of Liver[7], and the National Institute for Health and Care Excellence (NICE)[8]. Broadly, there are two different treatment strategies for patients with CHB infection: therapies of finite duration using immunomodulators such as standard or pegylated interferon-, as well as long-term treatment with the nucleos(t)ide analogues lamivudine, adefovir dipivoxil, entecavir, telbivudine, or tenofovir. Increasing rates of resistance to antiviral therapy however necessitates consideration of combination therapy, and research into novel treatments. The objective of this review is to provide an update on major advances in the field, addressing controversial areas of uncertainty to aid clinicians in selecting an appropriate therapeutic strategy.

LIFE CYCLE AND NATURAL HISTORY OF HBV

HBV is a small, partially double-stranded DNA virus that belongs to the family Hepadnaviridae[9]. The virion is comprised of a core particle containing the viral genome, nucleocapsid protein and polymerase, as well as a lipoprotein envelope composed of viral antigens. Broadly, HBV is classified into four serotypes (adr, adw, ayr and ayw) based on antigenic determinants of the hepatitis B surface antigen (HBsAg), and eight genotypes (A to H) based on its nucleotide sequence. The genotypes have distinct geographic distributions, and an increasing body of evidence suggests it may also influence disease severity and response to treatment (Table 1)[10].

The replication cycle of HBV begins with viral entry into hepatocytes, mediated by the binding of the pre-S1 region on the virion envelope to the cellular sodium taurocholate cotransporting polypeptide[11]. The virion is then uncoated, and transported into the nucleus. From a drug discovery point of view, two key events occur. One is the formation of covalently closed circular DNA (cccDNA) through covalent ligation[12]. This DNA intermediate is responsible for viral persistence, and is highly resistant to antiviral therapy. The second key event is viral genome replication by reverse transcription via pre-genomic RNA. The reverse transcriptase is inherently error prone, and is ultimately responsible for the emergence of nucleos(t)ide-resistant HBV quasispecies. The mature nucleocapsids may subsequently be recycled into the nucleus to mediate viral persistence, or secreted through exocytosis as Dane particles to infect other hepatocytes (Figure 1)[13]. A greater understanding of the viral cycle of HBV will enable new therapeutic strategies.

The natural history of CHB infection is dynamic, involving a complex interplay between the virus and the host immune system. Broadly, there are four stages of variable duration. The initial phase of infection is characterized by immune tolerance. Consequently, serum alanine transaminase (ALT) is normal and liver disease is minimal despite a high level of HBV DNA replication. Individuals, however, are e-antigen (HBeAg) positive and highly infectious. This phase is short when infection is acquired as an adult, but may persist for decades in patients infected perinatally. Nevertheless, tolerance is eventually lost. In the following immune clearance phase, the lysis of infected hepatocytes causes hepatitis, as evidenced by liver necroinflammation and fibrosis, as well as elevations in serum HBV DNA and ALT. The annual rate of HBeAg seroconversion and clearance is between 10% to 20%, and is dependent on factors including HBV genotype, and individuals’ age at acute infection[14,15]. Where 80% to 90% of infants infected will develop chronic infections, less than 5% of otherwise healthy adults who are infected will fail to spontaneously resolve an acute infection[16]. Since repeated exacerbations may occur before viral clearance, the cumulative risk of developing cirrhosis and HCC is increased. Following seroconversion, there is a decrease in viral replication, and remission of inflammation as evidenced by normalization of serum ALT. In contrast to the inactive carrier state, individuals with HBeAg-negative CHB continue to have moderate levels of HBV replication, and active liver disease. This stage may develop immediately after seroconversion, or following several years in the inactive carrier state. It is important to distinguish between inactive carriers and individuals with HBeAg-negative CHB, because the former has a favourable long-term outcome, whilst the latter is less responsive to treatment and associated with progressive liver disease[17]. Consequently, an understanding of the phases in chronic HBV infection is needed to risk stratify patients, and identify those whom would benefit from treatment.

IMMUNE SYSTEM IN PATHOGENESIS OF INFECTION

In patients with acute self-limiting HBV infection, the production of interferon gamma (IFN-) triggers the activation of natural killer cells, and induction of a robust T cell response. HBV-infected hepatocytes are subsequently cleared by CD8+ T cells through cytolytic, and non-cytolytic mechanisms[18]. Conversely, a weak and transient virus-specific T cell response is observed in patients with chronic HBV infection[19]. Potential causes of intrinsic T cell defects include up-regulation of Bcl2-interacting mediator (BIM), which causes deletion of HBV-specific CD8+ T cells[20]. T cell tolerance and exhaustion is perpetuated by an excess of co-inhibitory signals, including CTLA-4 and PD-L1[21], with the activity of remaining CD8+ T cells further suppressed by high levels of HBV DNA, microRNA-146a, and immunosuppressive cytokines such as interleukin-10[22,23]. More controversially, a tolerogenic liver environment, excessive immunosuppression by regulatory T cells[24], and dysfunction of dendritic cells[25] have been implicated in the impaired host immune response.

However, repeated attempts by the host immune system to control the infection causes hepatic injury. Natural killer cells may contribute to hepatocellular inflammation through expression of TNF-related apoptosis-inducing ligand[26], and induce apoptosis through the release of granzymes and perforins[27]. Recent research has also identified dense non-antigen specific T cell infiltration as a cause of hepatocyte lysis[28]. Critically, HBV is not directly cytopathic. Hence modulation of the host immune response may enable viral clearance in chronic HBV infection.

TREATMENT CRITERIA - WHO SHOULD WE TREAT?

The primary goal of CHB treatment is to reduce the risk of developing chronic liver disease associated complications. Longitudinal studies in large cohorts of chronically infected patients have revealed a 15% to 40% cumulative lifetime risk of developing cirrhosis, and amongst patients with established cirrhosis, an annual incidence rate of HCC between 2% to 5%[4]. Consequently, every patient would be a candidate for therapy if the virus could be eradicated. However, current therapeutic options only achieve a functional cure through viral suppression, and are associated with numerous adverse effects. Hence the decision on when to initiate treatment is controversial.

The indications for treatment are based on a combination of three criteria: levels of serum HBV DNA, serum ALT, and the severity of liver disease[7]. There is no significant distinction made between HBeAg positive and HBeAg negative infection. Current guidelines from NICE in the United Kingdom recommend the use of transient elastography as an initial test to assess the severity of liver disease, and need for treatment (Figure 2)[8]. For adults with a transient elastography score ≥ 11, there is a high likelihood of hepatic fibrosis, and treatment should be commenced irrespective of viral load to prevent further deterioration of liver function[29]. Similarly, all patients with a HBV DNA level > 20000 IU/mL are offered treatment due to a strong correlation between high viremia, cirrhosis, and HCC[30,31]. Cohort studies have also demonstrated a poorer prognosis in patients who had a prolonged immune clearance phase, with early clearance of HBeAg bringing about a 2.2-fold decrease in mortality[32]. Hence treatment is recommended for most individuals with a high HBV DNA and an elevated serum ALT.

The exception is for patients under 30 years of age with a normal liver biopsy. Whilst nucleos(t)ide therapy accelerates seroconversion, the risk of HBV reactivation is higher after nucleos(t)ide analogue induced seroconversion, as evidenced by an annual incidence of 12.0% compared to 2.9% following spontaneous seroconversion (P = 0.004)[33]. Hence close monitoring of young, non-cirrhotic, and compensated HBeAg positive patients may be more appropriate than immediate nucleos(t)ide analogue therapy. Treatment is also not recommended for patients who are in the immunotolerant (HBV DNA < 20000 IU/mL, normal serum ALT) or inactive carrier phase (HBV DNA < 2000 IU/mL, serum ALT normal) due to minimal liver disease[34]. Instead, patients should be monitored every 6 mo to diagnose a break in immune tolerance or reactivation of viral replication.

In the future, NICE guidelines should be revised to include levels of HBsAg as an indication for, and predictor of treatment response. In HBeAg negative patients with a low viral load (< 2000 IU/mL), multivariate analyses have showed that high levels of HBsAg (≥ 1000 IU/mL) increase the likelihood of developing cirrhosis and HCC[35,36]. Significantly, the adjusted hazard ratio for HCC in patients with levels of HBsAg ≥ 1000 IU/mL vs < 1000 IU/mL was 13.7[36]. Thus HBsAg is an independent predictor of outcome in patients with a low viral load. Emerging evidence also suggests increased mortality from liver disease in patients with ALT levels on the upper limit of normal[37]. Consequently, further research is needed to improve risk stratification, and identification of patients who would benefit from treatment.

TREATMENT OPTIONS - WHAT WEAPONS ARE IN OUR ARSENAL?

There are currently seven drugs approved for the treatment of CHB infection in Europe and the United States (Table 2). Broadly, nucleos(t)ide analogues have few side effects, and effectively suppress HBV DNA levels to cause clinical and histological improvements. However, long-term treatment is required to maintain virological control. Conversely, pegylated interferon (PEG-IFN) has a finite duration of treatment and is more likely to produce a sustained virological response. Its use, however, is limited by high costs and numerous associated side effects. Hence treatment must be optimized for each individual.

PEG-IFN

IFNs are cytokines which interfere with viral replication in host cells by inhibiting viral DNA synthesis, and enhancing the cellular immune response against HBV-infected hepatocytes. Its half-life and drug efficacy may be improved through pegylation. A study of a 24-wk course of weekly PEG-IFN--2a showed a higher combined response rate (HBeAg loss, HBV DNA suppression, and ALT normalization) than that achieved by conventional IFN--2a (24% vs 12%, P = 0.036), with no significant difference with respect to frequency and severity of adverse events[38]. Hence standard IFN is no longer used where PEG-IFN is available.

PEG-IFN not only offers a finite duration of therapy, but is also superior to lamivudine on the basis of HBeAg seroconversion, HBV DNA suppression, and HBsAg seroconversion in both HBeAg-positive and HBeAg-negative CHB[39,40]. At 6-mo post-treatment, HBeAg seroconversion was observed in 32% of patients treated with PEG-IFN, compared with 19% of patients on lamivudine therapy[40,41]. HBsAg seroconversion was also achieved in 16 patients on PEG-IFN therapy, as opposed to zero in the group receiving lamivudine alone (P = 0.001)[40]. Hence PEG-IFN induces a more durable virological response[42]. However, the response to IFN is relatively low, and its use is associated with numerous adverse phenomena including depression, paraesthesia, myelosuppression, and other influenza-like symptoms such as fatigue, headaches, and weight loss. Thus HBV genotype and pre-treatment HBV DNA levels must be used to determine the likelihood of patients deriving benefit from PEG-IFN treatment.

Entecavir

Entecavir is a guanosine analogue with potent activity against HBV through inhibition of DNA polymerase which has been evaluated in two large double-blinded phase Ⅲ clinical trials involving 715 HBeAg positive and 648 HBeAg negative nucleos(t)ide-naïve patients. Entecavir administered at a dose of 0.5 mg orally once daily was shown to be superior to lamivudine and adefovir[43-45]. Specifically, 80% and 87% of entecavir-treated vs 39% and 79% of lamivudine-treated patients achieved undetectable HBV DNA and ALT normalization through 96 wk respectively[46]. Long term follow-up of the same cohort revealed that an additional 23% achieved HBeAg seroconversion, and 1.4% lost HBsAg after 5 years of continuous entecavir therapy[47]. More importantly, entecavir-mediated viral suppression decreased the risk of decompensation, HCC, and death during a median of 20 mo of follow-up[48]. Long-term use of entecavir is not associated with any serious adverse effects, and development of resistance is rare in nucleos(t)ide-naïve patients[49]. Hence meta-analyses recommend entecavir and tenofovir as optimal antiviral agents in treatment-naïve individuals[50].

Tenofovir disoproxil fumarate

Tenofovir is the newest antiviral agent licensed for the treatment of CHB. In a phase Ⅲ clinical trial, tenofovir at a daily dose of 300 mg for 48 wk induced viral suppression with HBV DNA less than 400 copies/mL in 76% of HBeAg positive and 93% of HBeAg negative patients, as opposed to only 68% and 14% of patients treated with adefovir respectively[51]. 8% of HBeAg positive patients had loss of HBsAg after 3 years of tenofovir monotherapy[52]. Critically, follow-up of the same cohort after 4.5 years revealed that 87% had histological improvement, 51% had regression of fibrosis, and that 74% of patients with cirrhosis at baseline were no longer cirrhotic[53]. Virological breakthrough was infrequent, and there have been no reports of tenofovir resistance after 6 years of therapy[54].

Alternative treatments

Other pharmacological agents effective in CHB infection include thymosin-1, an immunomodulating agent which augments the host Th1 immune response[55]. In a meta-analysis including 353 patients from five randomized trials, the odds ratio for a virological response to thymosin-α1 over placebo at the end of treatment, 6 mo post-treatment, and 12 mo post-treatment were 0.56 (0.2-1.52), 1.67 (0.83-3.37), and 2.67 (1.25-5.68) respectively, with virological response increasing over time after cessation of thymosin treatment[56]. Subsequent clinical trials demonstrated that the odds of ALT normalization and negative HBV DNA at the end of follow-up (12 mo) was three-fold higher in the thymosin-1 than the IFN- group[57]. Hence thymosin 1 is approved in 35 different countries worldwide, and is recommended by the APASL as an option in treatment naïve patients[6].

Oxymatrine, an alkaloid extracted from Sophora alopecuraides L, has also been shown to effectively and safely suppress HBV replication[58]. It acts not only as an immunomodulator[59], but also induces cytochrome P450 to enhance degradation of HBV mRNA to inhibit viral replication[58]. In a randomized double-blind placebo-controlled trial, normalization of serum ALT and HBeAg seroconversion occurred in 83% and 40% of patients respectively - an efficacy comparable to that of IFN-[60]. Nevertheless, trials have been small, and larger studies are needed.

CURRENT TREATMENT GUIDELINES - WHERE DO THEY FALL SHORT?

In adults with compensated liver disease, current guidelines from the NICE advise first-line treatment with 48 wk of PEG-IFN--2a, because it results in the highest rate of off-treatment sustained response. Following 24 wk of therapy, HBV DNA should be measured to predict the likelihood of a sustained virological response. In patients with a suboptimal response, defined as a decrease in HBV DNA of less than 2 log10 IU/mL after 24 wk of therapy, and patients who do not undergo HBeAg seroconversion or a decrease in serum HBsAg after 48 wk of therapy, second line treatment with tenofovir should be offered. For HBeAg negative patients with detectable HBV DNA after 48 wk of treatment, consider switching from tenofovir to entecavir as third line treatment. For HBeAg positive patients where HBV DNA remains detectable at 96 wk with no history of lamivudine resistance, add lamivudine to tenofovir. Otherwise, consider combination therapy with entecavir and tenofovir (Table 3).

However, the paradigm of treatment for CHB is constantly evolving. Growing evidence suggests that the response rate to IFN therapy may vary amongst HBV genotypes. Studies have shown that the rates of HBeAg loss are significantly higher in patients with genotype B compared to genotype C[61,62]. The response to IFN therapy is also higher amongst patients with genotype A as opposed to those with genotype D, in both HBeAg positive (46% vs 24%), and HBeAg negative CHB (59% vs 29%)[63]. Moreover, numerous trials have demonstrated that PEG-IFN--2b is the best therapy for achieving HBsAg clearance and a sustained virological response in patients with genotype A[64,65]. Therefore, contrary to recommendations from NICE, we believe that routine genotyping is essential for all patients in whom IFN therapy is considered. The likelihood of achieving a sustained response should be predicted based on HBV genotype, ALT, and HBV DNA levels (Table 4)[66]. We advise that patients should only receive PEG-IFN as first-line treatment if the baseline probability of sustained virological response is greater than 30%, for only in this patient subgroup do the potential benefits outweigh the costs[66].

More recently, studies have shown that patients’ IL28B genotypes are significantly associated with the likelihood of HBeAg seroconversion, and HBsAg loss. In HBeAg negative patients, a retrospective analysis found that a sustained virological response with HBsAg seroconversion was more likely in the rs12979860 CC (vs CT/TT) genotype carriers (29% vs 13%, P < 0.039)[67]. Other multi-centre studies in HBeAg positive patients have demonstrated a favourable outcome, with an adjusted odds ratio for seroconversion following PEG-IFN treatment of 3.16 for AA vs AA/GG genotype carriers at rs12980275[68,69]. Hence genome sequencing for IL-28 polymorphisms may provide additional information on the probability of response to IFN therapy.

On-treatment monitoring of HBsAg kinetics may further optimize PEG-IFN treatment by identifying non-responders at an early stage. Broadly, serum HBsAg levels correlate with intrahepatic cccDNA, and low cccDNA levels are predictive of a sustained virological response. Retrospective analyses have demonstrated that 57% of patients with HBsAg levels < 1500 IU/mL after 12 wk of treatment achieved HBeAg seroconversion 6 mo post-treatment[70]. This is significantly higher than in patients with HBsAg 1500-20000 IU/mL or > 20000 IU/mL, where HBeAg seroconversion was attained in only 32% and 16% of cases respectively (P < 0.0001)[70]. The predictive power of early HBsAg levels was further emphasized by retrospective analysis of patients enrolled in the Neptune study, where no patients with HBsAg levels > 20000 IU/mL at week 12 on-treatment achieved HBeAg seroconversion[71]. Similarly in HBeAg negative patients, the PARC study found that a decrease in HBsAg of < 2 log10 IU/mL at week 12 was invariably associated with treatment failure[72]. Consequently, the cost-effectiveness of PEG-IFN therapy may be improved by using a response-guided approach based on HBsAg kinetics at 12 wk of treatment.

The recommended duration of PEG-IFN therapy should also be prolonged. Results from a recent clinical trial demonstrated that treatment extension from 48 to 96 wk improved clinical outcome, significantly increasing rates of viral suppression, ALT normalization, and HBsAg clearance[73]. Furthermore, discontinuation rates did not increase, implying that a prolonged course of treatment was equally well tolerated. Consequently, guidelines should be updated to recommend extension of PEG-IFN treatment to 96 wk.

In patients where IFN therapy is contraindicated, or where there was a suboptimal response, treatment with entecavir or tenofovir is recommended by numerous meta-analyses and international guidelines due to its high efficacy, high barrier to resistance, and favourable safety profile[50,74]. However, there is little evidence for the use of lamivudine and tenofovir combination therapy in treatment refractory patients. In a population of human immunodeficiency virus (HIV) co-infected patients, combination therapy with lamivudine and tenofovir did not increase the probability of HBV DNA suppression[75]. There is more evidence for the use of combination therapy in patients harbouring patterns of viral resistance. In a population with mixed patterns of nucleos(t)ide analogue resistance, the majority of patients treated with entecavir and tenofovir achieved undetectable HBV DNA levels[76]. However, tenofovir monotherapy is also highly effective in multi-drug resistant strains of HBV[77]. Consequently, further studies are needed to determine whether combination therapy offers any advantage over monotherapy alone.

The management guidelines differ for patients with decompensated liver disease. Notably, entecavir should be offered as first-line treatment instead of PEG-IFN, due to the high risk of serious infections and hepatic failure. PEG-IFN is also contraindicated in pregnancy due to teratogenic effects arising from inhibition of cell proliferation. Instead, the category B antiviral drugs lamivudine or tenofovir should be used to reduce vertical transmission[78]. Both topics have been extensively reviewed elsewhere.

COMBINATION THERAPY - IS TWO BETTER THAN ONE?

Combination therapy offers the potential of achieving long-term viral suppression whilst avoiding drug resistance, and has been shown to be beneficial in patients with HIV and chronic HCV. Consequently, numerous combinations of antivirals have been trialed in the treatment of CHB (Table 5). Current guidelines recommend first-line treatment of CHB/HIV co-infection with emtricitabine and tenofovir combination therapy[79]. However, the use of combination therapy de novo, or in cases where there is suboptimal response or drug resistance is more controversial and subject to ongoing studies.

At present, there is no evidence supporting de novo combination therapy with nucleos(t)ide analogues that have a high barrier of resistance. A large randomized-controlled trial found the antiviral efficacy of entecavir monotherapy to be comparable to that of entecavir plus tenofovir combination therapy in a mixed-population of nucleos(t)ide-naïve patients[80]. Where entecavir or tenofovir is not available as first-line treatment, the combination of lamivudine and adefovir may be used with similar efficacy[81].

The combination of nucleos(t)ide analogues with PEG-IFN therapy is a more promising strategy. In phase Ⅲ clinical trials, the combination of PEG-IFN and lamivudine induced a significantly greater decline in HBV DNA, as well as a higher rate of HBeAg and HBsAg seroconversion than lamivudine monotherapy[40,82]. In addition, there was a higher rate of sustained virological response, and lower rate of resistance when lamivudine was administered together with PEG-IFN, presumably because IFN is effective against HBV resistant mutants. Evidence also demonstrates that the de novo use of adefovir and PEG-IFN combination therapy lead to a greater decline in HBV DNA, HBsAg seroconversion, and intrahepatic cccDNA than PEG-IFN alone[83]. More importantly, a recent multi-centered randomized controlled study found that the use of entecavir, a nucleos(t)ide analogue recommended for first-line use by international guidelines, in combination with PEG-IFN--2a, increased clearance of HBeAg and HBsAg[84]. Hence combination therapy with nucleos(t)ide analogues and PEG-IFN may be an option for management in treatment-naïve patients.

In cases of inadequate HBV DNA suppression (> 2000 IU/mL), combination therapy may also be used to salvage treatment. One recent study demonstrated that the addition of lamivudine for 24 wk in patients with suboptimal response to adefovir monotherapy induced clearance of HBV DNA and HBeAg in approximately 35% of patients[85]. However, the addition of adefovir to entecavir, which has an inherently high barrier of resistance, did not increase virological response[86]. Given that all nucleos(t)ide analogues share the same viral target, the advantage of lamivudine and adefovir combination therapy is likely to be a consequence of reduced drug resistance. This hypothesis is supported by a 3-year study of 145 lamivudine-resistant patients, where treatment with the combination of adefovir and lamivudine induced clearance of HBV DNA in 80% of patients[87]. Moreover, all patients remained free of virological or clinical breakthroughs, with the 1-, 2-, 3- and 4-year cumulative rates of drug resistance at 1%, 2%, 4%, and 4% respectively[87]. Thus combination therapy is useful for rescuing therapy in patients with suboptimal treatment response or drug resistance.

DRUG RESISTANCE - THE NEED FOR RESCUE THERAPY

HBV reverse transcriptase is an error-prone enzyme - its low fidelity, and lack of proofreading activity leads to a mutation rate 10-fold higher than that of other DNA viruses[88]. This fact, together with its high rate of replication (1012 virions/d), may result in the selection of HBV quasispecies containing mutations conferring drug-resistance.

Currently, effective monotherapy has been made po-ssible with entecavir and tenofovir - two agents with high efficacy and low rates of resistance. Earlier use of less potent nucleos(t)ide analogues, however, has led to the emergence of multi-drug resistant strains of HBV. A summary of common mutation patterns, and the best available rescue treatment strategies is summarized in Table 6.

Presently, lamivudine resistance poses a major problem in the management of patients with CHB infection. Approximately 80% of patients develop lamivudine resistance after 5 years of therapy[89]. One retrospective review of various rescue strategies on patients with lamivudine resistance showed that switching to adefovir and entecavir combination therapy was the most effective, with 100% normalization in ALT, suppression of viral load, and no development of resistance[90]. In contrast, a switch to entecavir monotherapy was associated with drug resistance in 9% of patients after 2 years of therapy[91]. If costs prohibit the use of entecavir, add-on adefovir or oxymatrine may be considered as an alternative[90,92].

In patients with multi-drug resistant HBV, studies have demonstrated that tenofovir monotherapy is able to induce long-term viral suppression. A prospective multi-centre open-label study of 60 patients who previously failed serial lamivudine and adefovir switch or add-on therapy showed that 4 years of continuous tenofovir resulted in 63% (38/60) patients achieving viral suppression by intention-to-treat analysis[77]. However, in patients with HIV co-infection, HBV strains with rtL180M, rtA194T, and rtM204V mutations displayed a 10-fold increase in the IC50 value for tenofovir as compared with wildtype strains[93]. An early switch to combination therapy with tenofovir and emtricitabine, or tenofovir and entecavir, has been proven to be effective at inducing viral suppression in this difficult-to-treat population[76]. Moreover, patients should be investigated for drug compliance - recent studies have suggested that up to 40% of patients may not be fully adherent to their treatment regime, significantly influencing rates of viral suppression[94]. Consequently, all patients should be monitored closely for compliance, and development of resistance during antiviral therapy.

DEFINING TREATMENT ENDPOINTS - WHEN DO WE STOP?

The ideal treatment endpoint is clearance of cccDNA from hepatocytes, but eradication of HBV is rarely achieved with currently available treatment. Instead, various biochemical, virological, and histological markers including the suppression of HBV DNA, HBeAg seroconversion, loss of HBsAg, ALT normalization, and improvement of inflammation or fibrosis on liver biopsy are used as surrogate endpoints to measure the efficacy of antiviral therapy (Table 7).

In HBeAg positive patients without cirrhosis, current NICE guidelines suggest stopping nucleos(t)ide analogue therapy 12 mo after HBeAg seroconversion. Whilst spontaneous or treatment-induced HBeAg seroconversion is associated with improved survival, it may not be a sufficient therapeutic endpoint in Asian populations, in which risks for disease progression are strongly related to viremia independent of HBeAg status[95]. Hence complete suppression of HBV DNA may be a better endpoint.

In HBeAg negative patients without cirrhosis, the ideal treatment endpoint is considerably less clear. It is possible that nucleos(t)ide analogue therapy may be safely withdrawn after achieving complete HBV DNA suppression. However, studies have shown that 90% of patients relapse within a year of discontinuing nucleos(t)ide analogue therapy[96]. The rate of relapse may be reduced by prolonging antiviral consolidation therapy[97], or by continuing treatment indefinitely until HBsAg seroconversion is achieved. Interferon- and nucleos(t)ide analogue therapy-induced HBsAg seroclearance is durable after treatment discontinuation, with less than 5% of patients experiencing either virological or biochemical relapse[98]. Hence current NICE guidelines recommend stopping nucleos(t)ide treatment 12 mo after achieving both undetectable HBV DNA and HBsAg seroconversion in non-cirrhotic patients. But given only 5% of HBeAg negative patients clear HBsAg after 5 years of continuous therapy, life-long treatment is often required. Further research is needed to establish a safe and realistic endpoint for CHB therapy.

FUTURE TREATMENTS - IS A CURE ON THE HORIZON?

Current treatments for CHB infection based on nucleos(t)ide analogues effectively suppress viral replication to induce a functional cure. However, drug resistance is common, and life-long therapy is frequently required to prevent disease recurrence. Treatment with IFN- is more likely to produce a sustained virological response, but is associated with numerous side effects, and is contraindicated in many patient populations. We believe that improvements in drug delivery systems, and development of drugs with different mechanisms of action will prevent resistance and improve viral clearance.

From a drug discovery point of view, rational drug targets might include several steps of the HBV viral cycle, such as viral entry, formation of cccDNA, viral genome integration, capsid assembly, viral envelopment, and exocytosis. In particular, the clearance of cccDNA, which mediates viral persistence in hepatocytes, is critical for preventing viral reactivation and disease recurrence following cessation of antiviral therapy. Since maintenance of the cccDNA pool results from a weak HBV-specific immune response, research should also focus on the development of immunomodulators. A number of new drug delivery systems and antiviral agents are currently under development (Table 8).

Improvements in drug delivery systems

The efficacy of existing antiviral therapies is partly dependent on their pharmacokinetics. Hence implementation of liver-targeting drug delivery systems may improve drug efficacy by overcoming the development of resistance, and tolerability by promoting selective accumulation in the liver to limit systemic side effects. Dextran is a complex polysaccharide which may be used as a carrier molecule for tissue-specific delivery of drugs. Recently, it was reported that lamivudine-dextran conjugates selectively accumulate in hepatocytes and Kupffer cells, resulting in a seven-fold higher concentration compared to controls[99]. The inhibitory effects of adefovir loaded into nanoparticles on HBsAg, HBeAg, and serum HBV DNA levels in vitro were also significantly enhanced[100]. Nevertheless, these drugs do not eradicate cccDNA, which perpetuates infection. Consequently, liver-targeting drug delivery systems must be used in conjunction with new anti-HBV drug candidates to improve viral clearance.

New drugs to current targets

Emtricitabine is a nucleos(t)ide analogue approved for the treatment of HIV with clinical activity against HBV. It significantly suppresses viral replication and improves liver histology compared to placebo, but is not used as a monotherapy due to high rates of resistance[101]. Instead, dual therapy with tenofovir and emtricitabine was found to produce high rates of HBeAg seroconversion and HBsAg loss, improving clinical outcomes for patients with decompensated HBV cirrhosis[102]. It is also the treatment of choice in patients with HIV co-infection[103]. However, further studies are needed to establish whether tenofovir plus emtricitabine offers any advantage over tenofovir monotherapy in treatment-naïve patients (Table 8).

LB80380 is a nucleos(t)ide analogue prodrug which has potent anti-HBV activity in treatment-naïve patients[104], as well as in vitro activity against mutant strains resistant to lamivudine, adefovir, entecavir, and telbivudine[105]. Additionally, 90 mg and 150 mg of LB80380 daily were found to be non-inferior to entecavir 0.5 mg daily at 48-wk in a phase Ⅱb study of treatment-naïve CHB patients[106]. Results from a 96-wk extension study (NCT01242787) are awaited (Table 9). With its high potency, effectiveness in lamivudine-resistant patients[107], and good safety profile, LB80380 is a potential alternative agent for the treatment of CHB.

Clevudine is another nucleos(t)ide analogue which has potent antiviral activity against HBV[108]. Initial studies demonstrated that 24 wk of clevudine at 30 mg once daily achieved statistically significant differences in viral suppression and durability compared to placebo[109]. Clevudine was also found to be superior to lamivudine in suppressing HBV replication[110], but its efficacy is no higher than that of entecavir[111]. Long-term use is further limited by development of drug resistance[112], and drug-induced toxic myopathy due to depletion of mitochondrial DNA[113]. Clevudine is currently approved for treatment of CHB in South Korea and the Philippines, but given the safety concerns and availability of more effective alternatives, clevudine is unlikely to have a role in treatment where entecavir and tenofovir are available. Thus new therapeutic approaches are needed.

Emerging targets for HBV treatment

In developing novel anti-HBV therapies, many approaches including pharmacophore-based antiviral drug design and traditional high-throughput screening have been used. A number of lead compounds with new mechanisms of action are currently being evaluated in vitro, in animal models of CHB, and in clinical trials (Table 8).

The discovery of compounds which directly target cccDNA has been one of the major challenges to curing CHB infection. In an infected hepatocyte, HBV replication is regulated by the acetylation or methylation of histone proteins which surround the cccDNA minichromosome. The hSirt1/2 activator MC2791 and the JMJD3 inhibitor MC3119 suppressed both HBV replication and cccDNA transcription, providing a proof of concept that epigenetic modifiers may mediate persistent cccDNA silencing[114]. More recent data presented at the 2013 International Liver Congress suggests that antibody mediated stimulation of the lymphtoxin beta receptor in cell culture models exerts a strong and dose-dependent anti-HBV effect, including cccDNA in cells where HBV infection was established. In addition, zinc finger proteins designed to target the HBV enhancer region[115], and various small-molecule compounds including CCC-0975 and CCC-0346[116] have been identified as inhibitors of cccDNA formation in vitro. Other replicative intermediates may also be targeted in CHB therapy. ARC-520 is a liver-tropic cholesterol-conjugated small interfering RNA which targets conserved HBV sequences to knockdown expression of replicative intermediates. In a chimpanzee with CHB infection, a low dose of ARC-520 induced rapid and multi-log repression of viral RNA, DNA, and key viral antigens including HBsAg and HBeAg with long duration of effect[117]. Collectively, this preliminary data suggests that targeting replicative intermediates such as cccDNA may form the basis of a cure for CHB infection.

Another promising therapeutic approach is to inhibit HBV entry into the hepatocyte, as this not only prevents cell-to-cell spread in established infection, but can replace HBIg to prevent infection. Myrcludex-B is a synthetic lipopeptide derived from the HBV envelope protein which inactivates the HBV pre-S1 receptor at picomolar concentrations[118]. In immunodeficient chimeric mice reconstituted with human hepatocytes (uPA/SCID-mice), myrcludex-B not only prevented viral spreading in between hepatocytes, but also reduced levels of HBV DNA, HBsAg and cccDNA compared to untreated mice[119]. Results from a phase Ib/IIa clinical trial are expected at the end of 2013. Initial data for REP 9AC’, a nucleic acid-based polymer which clears serum HBsAg by blocking HBV subviral particle formation and release, is also promising. A proof-of-concept study in 8 patients demonstrated that REP 9AC’ reduced serum HBV DNA, inducing HBsAg seroclearance and development of anti-HBs to sustain virological response over 24 mo of follow-up off treatment. REP 9AC’ also potentiated the immunostimulatory effects of PEG-IFN-, generating anti-HBs titres comparable to those seen in healthy individuals with a strong vaccine response, raising the possibility of durable immunological control[120].

The immune system is inherently capable of controlling HBV infection, as evidenced by the 90% of adults who resolve acute HBV infection, and by the resolution of CHB following bone marrow transplantation from an immune donor[121]. An increasing emphasis is thus placed on developing immunomodulatory therapy. Immunotherapeutic strategies for CHB include exogenous administration of cytokines with antiviral activity, and stimulation of the host T cell immune response. However, the antiviral effects of therapeutic vaccines have been disappointing. S and pre-S antigen vaccines, as well as T cell specific vaccines have all failed to achieve significant viral clearance[122,123]. Greater success has been found with IFN- and GS-9620. IFN- has potent anti-HBV activity in vitro and in transgenic mice[124,125], and was shown in a phase IIb trial to cause significantly greater suppression of HBV DNA and HBsAg than IFN-[126]. Critically, it also has improved tolerability due to the limited distribution of λ receptors outside the liver[127]. GS-9620 is an orally bioavailable small-molecule which activates Toll-like receptor 7 signalling. Administration of GS-9620 thrice weekly for 4 wk at 1 mg/kg, followed by 2 mg/kg, resulted in a prolonged 2.2 log unit reduction in HBV DNA in all three chronically infected chimpanzees[128]. Clinical trials for both IFN- and GS-9620 are currently on going (Tables 8 and 9).

CONCLUSION

Patients with minimal disease should not be treated. Conversely, patients at risk of developing complications such as cirrhosis and HCC should receive antiviral therapy. In patients with predictive factors of favourable response, a finite course of PEG-IFN should be trialed as first-line treatment. However, the majority of patients still require life-long treatment with nucleos(t)ide analogues, which is associated with substantial costs and a high risk for developing antiviral resistance. In our opinion, further studies are required to identify mechanisms by which the low viral load in the persistent carrier state may be eliminated. New strategies will likely favour an immunomodulatory approach, and or involve eradication of the pool of cccDNA from infected hepatocytes.
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Figure 1  Hepatitis B viral replication cycle. The hepatitis B virus virion enters the hepatocyte via endocytosis. Viral nucleocapsids are uncoated and transported into the nucleus, where viral DNA is transformed into covalently closed circular DNA (cccDNA). Replication subsequently occurs through reverse transcription. The mature nucleocapsids are responsible for mediating viral persistence, and may be released to infect neighbouring hepatocytes. HBsAg: Hepatitis B surface antigen.
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Figure 2  National Institute for Health and Care Excellence algorithm for initiation of treatment in chronic hepatitis B infection. Current indications for treatment are based on a combination of levels of serum hepatitis B virus (HBV) DNA, serum alanine transaminase (ALT), and the severity of liver disease. Specifically, patients with a transient elastography score ≥ 11 kPa are likely to have cirrhosis and confirmation by liver biopsy is not needed. Abnormal ALT, measured by two consecutive tests conducted 3 mo apart, is defined as ≥ 30 IU/mL in males, and ≥ 19 IU/mL in females.
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Table 1  Geographic distribution of hepatitis B virus genotypes


  Genotypes�
Geographic distribution�
Tendency of chronicity�
Clinical outcome�
�
  A�
Europe, United States�
Higher�
Better�
�
  B�
Eastern Asia�
Lower�
Better�
�
  C�
Eastern Asia�
Higher�
Worse�
�
  D�
Southern Europe, North Africa, Middle East, Indian Sub-Continent�
Lower�
Worse�
�
  E�
Sub-Saharan Africa�
-�
-�
�
  F�
South America�
-�
-�
�
  G�
Europe, United States�
-�
-�
�
  H�
Central America�
-�
-�
�






Table 2  Comparison of antiviral agents for chronic hepatitis B


  Antiviral agents �
Immunomodulators�
Nucleos(t)ide analogues�
�
�
IFN-�
PEG-IFN-�
Thymosin�
Lamivudine�
Adefovir�
Entecavir�
Telbivudine�
Tenofovir�
�
  Route�
SC�
SC�
Oral�
Oral�
Oral�
Oral�
Oral�
Oral�
�
  Dose�
5-10 MIU tiw�
180 g qw�
1.6 mg biw�
100 mg od�
10 mg od�
0.5-1 mg od�
600 mg od�
300 mg od�
�
  Year approved�
1992�
2005�
Asia only�
1998�
2002�
2005�
2006�
2008�
�
  Antiviral effects�
�
     HBV DNA�
37�
30�
42�
36-40�
21�
67�
60�
76�
�
     HBsAg clearance�
++�
++�
N/A�
-�
-�
+�
-�
-�
�
     HBeAg seroconversion�
20-40�
27�
40�
18-20�
12�
21�
22�
21�
�
     ALT normalization�
�
39�
42�
62-77�
48�
68�
77�
68�
�
     Histological improvement�
�
38�
N/A�
56-62�
53�
72�
65�
74�
�
     Side effects�
Many�
Many�
Negligible�
Negligible�
Nephrotoxicity�
Negligible�
Negligible�
Nephrotoxicity�
�
     Contraindications�
Numerous�
Numerous�
Uncommon�
Uncommon�
Uncommon�
Uncommon�
Uncommon�
Uncommon�
�
  Drug resistance (treatment-naïve patients)�
�
     1 yr�
None, but non-response�
24�
None�
0�
4�
0�
�
     2 yr�
�
38�
  3�
  0.2�
25�
0�
�
     > 5 yr�
�
80�
29�
1�
N/A�
0�
�
  Drug resistance (LAM resistant patients)�
�
     2 yr�
None, but non-response�
N/A�
25�
9�
N/A�
0�
�
     4 yr�
�
N/A�
N/A�
39�
N/A�
0�
�
PEG-IFN: Pegylated interferon; SC: Subcutaneous; tiw: Three times a week; qw: Once a week; biw: Twice a week; od: Once daily; ALT: Alanine transaminase; ETV: Entecavir; LAM: Lamivudine; ADV: Adefovir; TBV: Telbivudine; TDF: Tenofovir disoproxil fumarate; N/A: Not applicable.





Table 3  National Institute for Health and Care Excellence treatment guidelines


  Guidelines �
HBeAg positive�
HBeAg negative�
Decompensated�
�
  1st line�
48-wk of PEG-IFN--2a�
48-wk of PEG-IFN--2a�
ETV or TDF (LAM resistance)�
�
  2nd line�
TDF or ETV (TDF contraindication)�
ETV or TDF�
�
�
  3rd line�
LAM + TDFor ETV + TDF (LAM resistance)�
ETV or TDF�
�
�
In adults with compensated liver disease, current guidelines advise first-line treatment with 48 wk of PEG-IFN--2a. If PEG-IFN--2a is contraindicated, tenofovir or entecavir should be trialed. PEG-IFN: Pegylated interferon; HBeAg: Hepatitis B e antigen; ETV: Entecavir; LAM: Lamivudine; TDF: Tenofovir disoproxil fumarate.





Table 4  Recommendations for the use of pegylated interferon as initial antiviral therapy


  HBV genotype�
General recommendations for HBeAg positive patients�
�
  A�
Either high ALT (≥ 2 × ULN) or low HBV DNA levels (< 9 log10 copies/mL)�
�
  B and C�
Both high ALT (≥ 2 × ULN) and low HBV DNA levels (< 9 log10 copies/mL)�
�
  D�
Not recommended�
�
HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; ALT: Alanine transaminase; ULN: Upper limit of normal.





Table 5   Comparison of de novo combination therapy and monotherapy


  Combination therapy


�
Monotherapy


�
HBeAg seroconversion


�
HBV DNA


�
HBsAg clearance


�
Histological improvement


�
Drug resistance


�
�
  LAM + ADV


�
LAM


�
=


�
=


�
N/A


�
=


�
↓


�
�
  LAM + ADV


�
ETV


�
N/A


�
=


�
N/A


�
N/A


�
N/A


�
�
  ETV + TDF


�
ETV


�
=


�
=


�
N/A


�
=


�
=


�
�
  LAM + PEG-IFN


�
LAM


�
↑


�
↓


�
↑


�
↑


�
↓


�
�
  ADV + PEG-IFN


�
PEG-IFN


�
N/A


�
↓


�
↑


�
N/A


�
N/A


�
�
  ETV + PEG-IFN


�
ETV


�
↑


�
↓


�
↑


�
N/A


�
N/A


�
�
In several randomized controlled trials, combination therapy with nucleos(t)ide analogues and PEG-IFN are superior to existing management options with regards to viral load, HBeAg seroconversion, and HBsAg clearance. HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; PEG-IFN: Pegylated interferon; ETV: Entecavir; LAM: Lamivudine; ADV: Adefovir; TBV: Telbivudine; TDF: Tenofovir disoproxil fumarate; N/A: Not applicable.





Table 6  Antiviral resistance patterns and rescue therapy


  Resistance


�
Mutation patterns


�
Treatment adaptation


�
�
  LAM�
M204V/I + L180M


M204I


M204V + L180M + V173L


M204I + L180I


Q215S + M204I/V + M204V


I169T + V173L + L180M + M204V


A181T


T184S + M204I/V + L180M


M204S + L180M�
Switch to TDF


or Switch to ETV + ADV combination therapy


or Add ADV if TDF 


or ETV unavailable�
�
  ADV�
A181V/T


N236T


A181V/T + N236T�
Switch to TDF and add ETV�
�
  ADV + LAM�
A181V/T + N236T


L80V/I�
Switch to TDF and add ETV�
�
  TBV�
M204I/V ± L180M


L80I/V ± L180M


A181T/V�
Switch to or add TDF�
�
  ETV�
L180M + M204V/I ± I169T ± M250V


L180M + M204V/I ± T184G ± S202I/G�
Switch to or add TDF�
�
  TDF�
No known mutations�
N/A�
�
Common mutation patterns, and rescue therapies suggested by the American Association for the Society of Liver Disease, Asian Pacific Association for the Study of Liver; European Association for the Study of Liver and National Institute for Health and Care Excellence. LAM: Lamivudine; ETV: Entecavir; ADV: Adefovir; TBV: Telbivudine; TDF: Tenofovir disoproxil fumarate.





Table 7  Treatment endpoints in clinical use


  Treatment�
Description�
�
  Biochemical�
Normalization of serum ALT�
�
  Virological�
�
�
     HBeAg-positive�
Loss of HBeAg, Anti-HBe antibodies, serum HBV-DNA < 2000 IU/mL�
�
     HBeAg-negative�
Serum HBV-DNA < 2000 IU/mL�
�
  Complete�
Biochemical and virological response with loss of serum HBsAg�
�
  Histological�
Decrease in necroinflammatory activity without worsening in fibrosis�
�
ALT: Alanine transaminase; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen.





Table 8  Emerging pipeline drugs for chronic hepatitis B virus infection


  Drug name�
Mechanism of action�
Status�
�
  Nucleos(t)ide analogues�
�
     Clevudine�
Inhibits DNA polymerase�
Partial approval�
�
     Emtricitabine�
Inhibits DNA polymerase�
FDA approved for HIV�
�
  Nucleos(t)ide analogue prodrugs�
�
     Amdoxovir�
Inhibits DNA polymerase�
Ⅱ (for HIV)�
�
     LB80380�
Inhibits DNA polymerase�
Ⅱb�
�
     Famciclovir�
Inhibits DNA polymerase�
Abandoned�
�
     Pradefovir�
Inhibits DNA polymerase�
Abandoned�
�
     Tenofovir      alafenamide (GS 7340)�
Inhibits DNA polymerase�
Ⅱ/Ⅲ�
�
     MIV-210�
Inhibits DNA polymerase�
Abandoned�
�
  Non-nucleos(t)ide antivirals�
�
     NOV-205 (BAM 205)�
Unknown�
Approved in Russia�
�
     Myrcludex-B�
Inhibits viral entry�
Ib/Ⅱa�
�
     Bay 41-4109�
Inhibits viral core formation�
Ⅰ�
�
     GLS4�
Inhibits HBV viral core assembly�
Pre-clinical�
�
     Rep 9 AC�
Blocks HBsAg release�
Ⅱ�
�
     NVR-1221�
Capsid inhibitor�
Pre-clinical�
�
  Immunomodulators�
�
     Pegylated interferon      lambda�
Cytokine modulating innate/adaptive immune response�
Ⅰ�
�
     GS-9620�
TLR-7 agonist�
Pre-clinical�
�
     Nitazoxanide�
Unknown�
Ⅱ�
�
     EHT899�
Immune enhancer�
Ⅱ�
�
  Therapeutic vaccines�
�
     HBV core antigen      vaccine�
Enhance T cell response�
I�
�
     HBV-EPV�
Immunogenic�
Withdrawn�
�
     ePA-44�
Immunogenic�
Ⅱ�
�
     HI-8 HBV�
Stimulates IFN- producing T cells�
Ⅱ�
�
  Others�
�
�
�
     -thujaplicinol�
Blocks viral ribonuclease H activity�
Pre-clinical�
�
     ARC520�
RNA interference�
Ⅰ�
�
     Herbal bushen      formula�
Down-regulate CD4+ and CD25+ T cells�
TCM�
�
HBV: Hepatitis B virus; TCM: Traditional chinese medicine; HBsAg: Hepatitis B surface antigen; HIV: Human immunodeficiency virus; FDA: Food and Drug Administration; IFN: Interferon.





Table 9  A partial list of ongoing clinical trials


  Phase�
Trial identifier�
Design�
Drugs�
Enrollment�
Expected end date�
�
  Ⅰ  �
NCT01872065�
Double-blind, randomized�
ARC520�
44�
October 2013�
�
�
NCT01590641�
Double-blind, randomized�
GS-9620�
48�
September 2013�
�
  Ⅱ�
NCT00524173�
Open-label, randomized�
TDF vs TDF + emtricitabine�
100�
January 2015�
�
�
NCT01204762�
Double-blind, randomized�
IFN- + ETV�
170�
July 2017�
�
�
NCT01242787�
Open-label, randomized�
LB80380�
115�
September 2012�
�
  Ⅲ�
NCT01595685�
Open-label, randomized�
TBV vs ETV�
184�
December 2014�
�
�
NCT01369199�
Open-label, randomized�
8 wk ETV followed by 40 wkPEG-IFN--2a + ETV�
250�
May 2016�
�
  Ⅳ�
NCT01804387�
Open-label, randomized�
TBV + ADV vs LAM + ADV�
60�
May 2014�
�
�
NCT01906580�
Open-label, randomized�
PEG-IFN--2a vs ETV�
105�
July 2014�
�
Full details of the clinical trials may be found on the United States National Institutes of Health. Available from: URL:  http://www.clinicaltrials.gov. LAM: Lamivudine; ETV: Entecavir; ADV: Adefovir; TBV: Telbivudine; TDF: Tenofovir disoproxil fumarate; PEG-IFN: Pegylated interferon.








