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Abstract

Chronic hepatitis B remains a treatment challenge despite the availability of new nucleoside analogs. This is due to the persistence of

viral infection during therapy, which exposes the patient to the risk of developing antiviral drug resistance. Therefore, new

polymerase inhibitors are needed to manage resistance to currently available drugs and to design new trials of combination therapy

to delay drug resistance. In the future, antiviral agents targeting other steps of the viral life cycle will be needed to achieve antiviral

synergy and prevent antiviral drug resistance. Immune modulators are also expected to enhance antiviral response and to achieve

sustained response. Discovery of new antiviral drugs and design of new treatment strategies are therefore needed to manage this

disease which is still the main cause of cirrhosis and hepatocellular carcinoma worldwide.
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Background

Chronic hepatitis B virus infections remain a major public health problem worldwide. The main clinical outcome is the development

of chronic hepatitis, followed by liver cirrhosis and hepatocellular carcinoma. HBV is the first cause of hepatocellular carcinoma world

wide ( , ). HBV replication does not induce directly a cytopathic effect, liver damage is induced the specific anti-HBV immune1 2 

response against infected hepatocytes. Cohort studies have shown a clear link between the persistence of viral replication and the severity

of liver disease ( , ).3 4 

The hepatitis B vaccine was shown to be effective and cost-efficient. Several studies have shown that mass vaccination program,

especially when implemented in neonates or infants who are exposed to the highest risk of chronicity after HBV exposure, can decrease

dramatically the incidence of new infection cases, the prevalence of chronic carriers, and the incidence of hepatocellular carcinoma ( ).5 –7 

However, despite the existence of efficient vaccines, W.H.O estimates that there are still more than 350 million chronic carriers

worldwide, some of whom may need antiviral therapy to prevent the complications of the disease. Therefore, the treatment of chronci

hepatitis B remains a major public health concern.

Antiviral treatment strategies rely either on the stimulation of the specific anti-HBV immune response or on the inhibition of viral

replication ( ).Figure 1 

Interferon alpha based therapies show a direct antiviral effect as well as a stimulation of the anti-HBV immune response. These

treatments are associated with a sustained response in approximately 30  of patients, even with their pegylated forms ( , ). Because of% 8 9 

this non satisfactory response rate and the side effects associated with IFN therapy, alternative treatments based on nucleoside analogs

have been evaluated in clinical trials.

Despite the development of new nucleoside analogs that effectively inhibits hepatitis B virus (HBV) replication, antiviral therapy of

chronic hepatitis B remains a clinical challenge mainly because of the slow kinetics of viral clearance and the subsequent emergence of

drug resistant mutants. Nucleoside analogs mainly target the different viral polymerase activities, i.e. RNA dependent - DNA synthesis

(reverse transcription) and DNA dependent - DNA synthesis ( ). This results in the inhibition of infectious virion production and aFigure 2 

decreased rate of infection of new hepatocytes. However, none of the available polymerase inhibitors have been shown to prevent infection

of uninfected hepatocytes and the formation of covalently closed circular (ccc) DNA. Antivirals have a modest indirect effect onde novo 

cccDNA by inhibiting the intracellular recycling of nucleocapsids, but the long half-life of infected hepatocytes and cccDNA necessitates

very long duration of therapy placing patients at risk of developing HBV drug resistant mutants ( ).10 

Medical Need
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Chronic hepatitis B remains a treatment challenge because of the long-term endpoint of antiviral therapy. Since the complications of

the disease including cirrhosis decompensation and development of hepatocellular carcinoma (HCC) usually occur after 20 to 30 years of

infection, the decision of when to treat is important. Furthermore, it was shown that antiviral therapy in patients with compensated liver

cirrhosis provides a clear clinical benefit in terms of prevention of disease progression as compared to patients receiving placebo ( ). It is11 

therefore important to treat all patients with active disease who are at risk of liver disease progression. On the other hand, there is not yet a

large scale clinical study showing the benefit of long-term antiviral therapy in terms of HCC prevention, although it might be hypothesized

that early antiviral intervention may reduce the risk of HCC as suggested in the woodchuck model of hepadnavirus infection ( ).12 

There is clearly a need for improved antivirals with a better antiviral potency and a lower resistance rate to control viral replication and

the liver disease. Furthermore, in patients who have developped antiviral drug resistance, new antivirals that are active on the drug

resistant strains selected by the approved treatments are needed to combat treatment failure. It is now debated whether de novo

combination therapy or early add-on therapy is the best strategy for the management of antiviral drug resistance.

Existing Treatment and Therapeutic Class review

The main goal of antiviral therapy is to suppress HBV replication to induce the remission of liver disease activity. In addition, the

inhibition of HBV replication decreases patients  infectivity and the risk of HBV transmission. This is especially important in healthcare’
workers ( ) and in chronically HBV infected pregnant women in whom antiviral treatment during the last trimester of pregnancy13 

increases the protection of new-borns who receive Hepatitis B Immune Globulins and vaccine at birth ( ).14 

In the review of antiviral drug efficacy, it is important to distinguish the two main forms of chronic hepatitis B. In patients with wild

, the primary goal of antiviral therapy is to achieve seroconversion from HBeAg to thetype virus infection (HBeAg positive) 

homologous anti-HBe antibody (referred hereafter as ) as this immunologic event is associated with a reduction ofHBe seroconversion 

the risk of progression of the liver disease. Noteworthy, a prior decline in viral load is mandatory to obtain HBe seroconversion which is

subsequently required to achieve seroconversion from HBsAg to the homologous anti-HBs antibody (referred hereafter as HBs

).seroconversion 

In patients with an , available antiviral agents are effective in suppressing HBV replication butHBeAg negative chronic hepatitis B 

in most cases are not capable of eradicating the virus. Therefore, the main objective of therapy is to control viral replication to prevent

ALT flares and/or induce remission of disease. The only event marking a sustained response to therapy would be HBs seroconversion to

anti-HBs, but unfortunately this occurs only seldom.

The main treatment classes are presented in .Figure 3 

Indications of antiviral therapy

Based on the present knowledge of the natural history of chronic HBV hepatitis and on the efficacy of antiviral drugs, treatment is

indicated only in HBsAg carriers with liver disease, as this was recommended in the guidelines proposed by the different international

liver disease societies (AASLD, EASL, and APASL) ( ).15 –17 

HBsAg carriers with chronic hepatitis B who should be treated

Antiviral therapy of chronic HBV infection is indicated in patients with chronic hepatitis B in the immunoactive phase. As this phase

is characterized by high levels of viral replication and immunomediated damage of HBV containing hepatocytes, these HBsAg-positive

carriers usually have levels of viral DNA in serum higher than 10 4 copies/mL, and exhibit elevated serum ALT levels.E 

Liver histology usually shows inflammatory activity and variable degrees of liver fibrosis depending on the duration of the disease.

Since continuing HBV replication and elevation of ALT levels imply a significant risk of disease progression towards liver cirrhosis and

hepatocellular carcinoma ( , ), antiviral therapy is indicated to decrease viral load, normalize ALT levels and induce a remission of18 19 

the liver disease.

There are two main forms of chronic HBsAg positive hepatitis ( ). is associated with a so called wild20 The HBeAg positive form 

type virus infection, HBsAg and HBeAg positivity, high HBV DNA levels usually > 10 6 copies/mL and elevated ALT levels. E The

is associated with core promoter and/or pre-core mutant virus infection, HBsAg positivity and HBeAg negativityHBeAg negative form 

(most patients have anti-HBe antibody), HBV DNA levels that are fluctuating but usually > 10 4copies/mL and elevated ALT levels thatE 

may also be fluctuating over time. Treatment endpoints differ depending on the form of chronic hepatitis B.

Chronic HBsAg carriers who should not to be treated
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Patients with chronic HBV infection who are in the should not be treated. These individuals represents aimmunotolerance phase 

minority among chronic HBsAg carriers. They are defined serologically by HBsAg positivity, HBeAg positivity, high HBV DNA levels

(usually higher than 10 8 copies/mL), and normal serum ALT levels. They usually have no liver damage or only minimal liver disease atE 

liver biopsy examination, but they are highly infectious. The risk of disease progression is low as long as ALT levels remain within the

normal range. The results of clinical trials of interferon alpha or nucleoside analogs indicate that patients with high HBV DNA load and

normal ALT levels have almost no chance of responding to therapy, i.e. HBeAg seroconversion. However, patients should be monitored

carefully on a regular basis to diagnose a break in immune tolerance characterized by an elevation in ALT levels and a decline in viral

load. These events reflect the onset of liver damage and may represent an indication for antiviral therapy, unless HBeAg seroconversion

(which is the ultimate goal of therapy, see below) occurs spontaneously.

A 6 monthly analysis of ALT levels and HBV DNA is recommended in chronic carriers who are in the immunotolerance phase.

Patients  relatives and household contacts should be screened for HBV markers and vaccinated against HBV if not protected.’

The other category of patients with chronic HBV infection who should not be treated are the . TheseHBsAg inactive carriers 

individuals are the majority among HBsAg carriers. Their virologic profile is characterized by HBsAg positivity, HBeAg negativity,

anti-HBe antibody positivity, low HBV DNA levels (<10 4 copies/mL), and normal ALT levels. Liver histology usually shows no orE 

minimal damage and the risk of progressing liver disease is considered to be minimal as long as ALT levels remain normal and viremia

below 10 4 copies/mL. It is currently recommended that these patients should not be treated, but followed carefully to promptly diagnoseE 

reactivation of viral replication and ALT exacerbations, should these occur. A 6 monthly follow-up of ALT levels and HBV DNA is

suitable to make sure that the inactive state is maintained over time.

Treatment of HBeAg positive chronic hepatitis B

There are currently two treatment options: the use of a finite course of standard or pegylated IFN, or long-term therapy with nucleoside

analogs ( ). The choice depends on the evaluation of factors predictive of treatment response, and on the medical history of theFigure 1 

patient.

Results of pegylated IFN alpha administration

Phase III trials evaluating the antiviral effect of pegylated IFN alpha 2a or 2b administration for 48 weeks have shown HBe

seroconversion rates of approximately 30  6 months post-treatment ( , ). Interestingly, an HBs seroconversion rate of 3 5  was% 9 21 – %
observed at the end of follow-up, while clearance of HBsAg was observed in up to 7  of patients. Tolerance of pegylated IFN alpha was%
generally similar to that of standard IFN and side effects were also similar in nature and frequency. Flu like syndrome, inflammatory skin

reaction at the injection site and neutropenia were more frequent with pegylated than with standard IFN.

Results of lamivudine administration

Several phase III trials have evaluated the antiviral efficacy of lamivudine administration in patients with HBeAg positive chronic

hepatitis B ( ). Advantages of Lamivudine are the oral administation, an excellent safety profile, the rapid antiviral effect, and the22 –24 

relatively low cost of therapy. Viral load declines by 3 to 5 log10 copies/mL after a year of therapy compared to baseline values. The

antiviral effect is accompanied by a significant decrease in ALT levels, and an improvement in the histology inflammatory activity index

(HAI). An improvement of liver fibrosis has also been observed during lamivudine therapy ( ). However, the primary goal of therapy,25 

i.e. HBe seroconversion is obtained only in approximately 20  of patients after one year of treatment, which was nevertheless%
significantly higher than in patients receiving placebo (5 10 ). Continuous lamivudine therapy is indicated in the patients who do not– %
seroconvert. It avoids a rebound of viral replication and exacerbations of liver disease. Continuing lamivudine therapy is associated with a

progressive increase in the number of patients who undergo HBe seroconversion, reaching approximately 50  after 4 years of therapy (% 26 

). A factor influencing the durability of HBe seroconversion is the duration of lamivudine therapy after seroconversion.

The major problem of long-term lamivudine therapy is the occurrence of drug resistance. The spontaneous variability of HBV genome

and the slow kinetics of viral clearance, are the biological basis for the selection of drug resistant mutants. The results of phase III clinical

trials and of cohort studies have shown an incidence of lamivudine resistance of approximately 20  per year ( ). Lamivudine resistance% 27 

develops in up to 70  of patients after 4 years of therapy ( , ). Lamivudine resistance leads to an increase in viral load (viral% 28 29 

breakthrough) which is followed by an increase in ALT levels (biochemical breakthrough), a reduced HBe seroconversion rate, and a

progression of liver disease ( ). In some patients, especially those with liver cirrhosis or severe fibrosis, the biochemical breakthrough11 

that follows lamivudine resistance may cause a severe and acute exacerbation of liver disease which may precipitate liver failure ( , , 28 30 

). It is therefore necessary to make an early diagnosis of drug resistance to adapt rescue antiviral therapy prior to the degradation of31 

liver functions ( , ).31 32 

Results of combination therapy
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Several studies have evaluated the efficacy of a combination of pegIFN alpha 2a or 2b with lamivudine, in comparison with pegIFN

alone and/or lamivudine alone ( , ). Treatment was administered for 48 weeks and end points were analyzed 24 weeks post-treatment.9 21 

During therapy, the decline of viral load was higher in the combination group than in the single treatment group. The rate of lamivudine

resistance was lower in patients who received the combination of lamivudine with pegIFN by comparison with lamivudine monotherapy.

Twenty-four weeks post-therapy the rate of HBe seroconversion was similar, i.e. approximately 30 , both in patients who received%
pegIFN alone or the combination with lamivudine. The HBe seroconversion rate was lower in patients who received lamivudine

monotherapy, i.e. approximately 20 . In agreement with combination studies with standard IFN and lamivudine, these studies did not%
show an added benefit of the combination. However, the study design for such combination treatments might be improved in the future, as

in these previous trials a fixed course of lamivudine added to a fixed course of interferon was evaluated, while usually nucleoside analogs

are prescribed either undefinitely or until HBe or HBs seroconversion. Futhermore, delayed administration of interferon after prolonged

viral suppression induced by nucleoside analogs should be evaluated, as this treatment schedule may enhance the restoration of the specific

anti-HBV immune response.

Results of adefovir dipivoxil administration

A large phase III trial has evaluated the antiviral efficacy of adefovir dipivoxil administration in 515 patients with HBeAg positive

chronic hepatitis B ( ). After 48 weeks of therapy with a 10mg daily dose, the median viral load decline was approximately 3.5 log1033 

copies/ml by comparison with pre-treatment values. Noteworthy the 30mg daily dose of adefovir dipivoxil induced a better viral

suppression than with the 10mg dosing, but this higher dose was associated with kidney toxicity. The 10mg dosing was therefore used for

adefovir dipivoxil registration. HBe seroconversion was achieved only in a minority of patients, i.e. 14  in the group of patients receiving%
adefovir dipivoxil 10 mg daily versus 6  in the placebo group. ALT levels normalized in 48  of patients receiving adefovir, versus 16% % %
in the placebo group. Liver histology improved in 53  of patients, versus 25  in the placebo group. With a daily dose of 10 mg, tolerance% %
was comparable to placebo. Recent data of extended adefovir dipivoxil administration for 5 years showed probabilities of HBeAg loss of

60 , HBe seroconversion of 48 . Four patients (2 ) had an HBs seroconversion. HAI and fibrosis scores improved in 67  and 60  of% % % % %
patients, respectively. Adefovir resistance mutations were not observed after one year of treatment but developed in 20  of patients after 4%
years.

Results of entecavir administration

Entecavir was evaluated in phase II trials ( , ) and in 3 controlled phase III trials involving 1633 patients with chronic HBV34 35 

infection, detectable HBV DNA, persistently elevated ALT levels and chronic inflammation on liver biopsy. In 2 randomized studies

involving nucleoside naive patients (HBeAg positive or negative), entecavir administered 0.5 mg orally once daily for 52 weeks was

superior to lamivudine (100 mg orally once daily for 52 weeks) on the primary efficacy endpoint of histological improvement and on

secondary endpoints, such as the reduction in viral load and normalization of ALT ( ). After two years of treatment, 81  of patients36 –38 %
receiving entecavir had a viral load below 300 copies/mL versus only 39  of patients receiving lamivudine, 31  seronconverted to% %
anti-HBe versus 26  in the lamivudine group, and 5  showed a clearance of HBsAg versus 3  in lamivudine treated patients ( ).% % % 39 

Entecavir was approved, in 2005 by the US FDA and in 2006 by the EMEA, for the treatment of chronic HBV infection in adults with

evidence of active viral replication and either evidence of persistent elevation in serum ALT or histologically active disease. Entecavir

resistant mutants have been described mostly in patients treated for lamivudine resistance ( ). Approximately 38  of patients treated40 %
with entecavir for lamivudine failure develop resistance to entecavir after three years of therapy. The resistant mutants are then resistant to

both lamivudine and entecavir ( ). A recent study showed that entecavir was effective in lamivudine refractory patients, with resistant41 

sequences arising from a subset of patients harboring preexisting resistant variants and with approximately half of the patients

experiencing a virologic rebound ( ).42 –44 

Results of Telbivudine administration

The safety, antiviral activity, and pharmacokinetics of Telbivudine have been assessed in 43 adults with hepatitis B e antigen-positive

chronic hepatitis B ( ). This placebo-controlled dose-escalation trial investigated 6 telbivudine daily dosing levels (25, 50, 100, 200, 400,45 

and 800 mg/d); treatment was given for 4 weeks. Telbivudine was well tolerated at all dosing levels, with no dose-related or

treatment-related clinical or laboratory adverse events. Antiviral activity was dose-dependent, with a maximum at telbivudine doses of 400

mg/d or more. In the 800 mg/d cohort, the mean HBV DNA reduction was 3.75 log10 copies/mL at week 4, comprising a 99.98%
reduction in serum viral load. Subsequently, large phase III studies have shown the superority of telbivudine compared to lamivudine in

the suppression of viral load (by 6.5 log10 versus 5.5 log10) and improvement of liver histology ( ). Telbivudine resistance was46 

observed in approximately 5  of patients after one year of therapy and associated with a M204I mutation in the viral polymerase ( ).% 47 

When combining the whole cohort of HBeAg positive and negative patients who have received telbivudine for two years, the incidence of

resistance was 9  and 14  after one and two years, respectively. Telbivudine has been approved in the USA at the end of 2006, and% %
should be approved in 2007 in Europe.

Results of new drugs tenofovir, emtricitabine, clevudine
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Tenofovir is already approved for the treatment of HIV infection. Its anti-HBV activity has been studied mainly in HIV-HBV

co-infected patients. In this patient population, tenofovir administration significantly decreased HBV load both in lamivudine naive

patients and those with lamivudine resistant mutants ( ). Several non randomized studies suggest that tenofovir may be more potent48 –51 

than adefovir in reducing HBV load ( ). Ongoing phase III trials are comparing the anti-HBV activities of tenofovir and adefovir in52 

HBV mono-infected patients and in HIV-HBV co-infected patients ; the first results confirm the superiority of tenofovir over adefovir in

suppressing viral replication ( ).53 

Emtricitabine was evaluated in phase II and phase III trials. 98 patients were randomized to receive emtricitabine at 25mg, 100mg, or

200mg daily for 48 weeks and then 200mg until week 96. The dose of 200mg daily gave the best results. After 2 years, 53  patients had%
serum HBV DNA below 4700 copies/ml, 33  seroconverted to anti-HBe and 85  had normal ALT levels. HBV resistant mutants were% %
detected in 18  of patients after 96 weeks of therapy ( ).% 54 

Clevudine was assessed in clinical trials which showed its potent anti-HBV activity and lack of toxicity during the treatment period (

). Interestingly, the rebound of serum viral DNA after treatment withdrawal seems to follow slower kinetics than for other nucleoside55 

analogs. This was consistent with previous data obtained in WHV chronically infected woodchucks treated with clevudine ( , ). This56 57 

drug has been approved in Korea and is currently phase III trials in other countries.

Other nucleoside or nucleotide analogs, such as pradefovir, valtorcitabine, ANA 380/LB80380 and others, are in clinical development

; some of them have already shown clinical activity in early phase trials and may therefore represent interesting drugs for the future (58 –
). Publications of the results from phase II trials are urgently awaited.60 

Treatment of HBeAg negative chronic hepatitis

has been evaluated in patients with HBeAg negative chronic hepatitis B in randomized trials and inLamivudine administration 

cohort studies. Given at a dose of 100 150 mg daily for 52 weeks, lamivudine induces a marked suppression of serum HBV-DNA–
accompanied by normalization of ALT in approximately 80  of the patients, and by liver histology improvement. However, with a few%
exceptions, treated patients do not clear HBsAg and are subject to disease reactivation after discontinuing therapy ( ). Long-term therapy61 

is therefore recommended. Unfortunately, prolonged lamivudine administration is hampered by the emergence of drug resistance.

Long-term lamivudine studies have shown that after reaching a peak between 6 and 12 months of therapy, the response rate decreases

because of virological breakthroughs associated with the emergence of lamivudine-resistant HBV mutants. In a recent study, the

virological response diminished from 68  at month 12 and 24 to 52  and 41.6 , respectively at month 18 and 24 of therapy ( ). Long% % % 30 

term studies showed that the antiviral efficacy and histological improvement is progressively lost with time, as the prevalence of resistance

mutations is increasing ( ). After 3 to 4 years of therapy, the percentage of lamivudine resistance offsets the percentage of patients62 

initially responding ( ). ALT levels increase progressively with the duration of infection with the lamivudine resistant mutants : no63 –66 

patient who developed lamivudine resistance mutation for 24 months had normal ALT levels ( , ). In a retrospective nationwide64 65 

analysis of lamivudine therapy in Italy, the development of clinically important events after virologic breakthroughs depended on the

severity of the underlying liver disease; severe hepatitis flares at the emergence of lamivudine resistant mutants were noted in patients with

Child B and C cirrhosis but not in patients with non-cirrhotic chronic hepatitis ( ), in agreement with previous studies ( , ).63 30 31 

given for 48 weeks in HBeAg negative patients ( ) induced in 64  of patients an improvementAdefovir dipivoxil administration 67 %
of histologic liver abnormalities, compared with 33  of patients who received placebo (P<0.001). Serum HBV DNA levels were reduced%
to < 400 copies/mL in 51  of patients in the adefovir dipivoxil group (63 of 123) and in 0  in the placebo group (P<0.001). The median% %
decrease in log-transformed HBV DNA levels was greater with adefovir dipivoxil treatment than with placebo (3.91 vs. 1.35 log10

copies/mL, P<0.001). ALT levels had normalized at week 48 in 72  of patients receiving adefovir dipivoxil (84 of 116), compared with%
29  of those receiving placebo (17 of 59, P<0.001) ( ). A longer duration study for 144 weeks showed a median decrease in serum HBV% 68 

DNA of 3.47 log10 copies/ml at 96 weeks and 3.63 log10 copies/ml at week 144 ( ). HBV DNA was below 1000 copies/ml in 71  and68 %
79  patients after 96 and 144 weeks respectively. Interestingly, in the majority of patients who were switched from adefovir to placebo,%
the benefit of treatment was lost, indicating that antiviral therapy with nucleoside analogs has to be prolonged in this patient population to

avoid viral reactivation and ALT flares. Resistance mutations rtN236T and rtA181V were identified in 3  and 5.9  of patients after 96% %
and 144 weeks respectively. Side effects after 144 weeks were similar to those observed at week 48. Recent studies showed the clinical

response after 5 years of therapy : 70  of patients had a suppression of viral load below the limit of detection of PCR assay, which was%
accompanied by ALT normalization and histological improvement. Development of adefovir resistant mutations was observed in 29  of%
patients ( ).69 

in HBeAg negative chronic hepatitis. Among patients with HBeAg-negative chronic hepatitis B who hadEntecavir administration 

not previously been treated with a nucleoside analogue, the rates of histologic improvement, virologic response, and normalization of ALT

levels were significantly higher at 48 weeks with entecavir than with lamivudine ( ). The safety profile of the two agents was similar,36 

and there was no evidence of viral resistance to entecavir during the study period.
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A study evaluated the efficacy of a , in comparison with pegIFN alone andcombination of pegIFN alpha 2a with lamivudine 

lamivudine alone ( ). Treatment was administered for 48 weeks and end points were analyzed 24 weeks post-treatment. During therapy,8 

there was a greater benefit in the combination treatment by comparison with the single treatment in terms of viral load decline. The rate of

lamivudine resistance was lower in patients who received the combination of lamivudine with pegIFN by comparison with lamivudine

monotherapy. However, 24 weeks post-therapy, there was no difference in the rate of ALT normalization (approximately 60 ) or%
virologic response (approximately 20  of patients) between the groups who received pegIFN alone or in combination with lamivudine.%
The two groups of patients who received pegIFN had a better response rate 24 weeks post-therapy compared to the group who received

lamivudine alone. In view of the fluctuating nature of HBeAg-negative disease, long-term follow-up studies are necessary to determine

whether the response is indeed sustained.

Treatment of severe forms of chronic hepatitis B

In patients with advanced liver disease including cirrhosis and decompensation of liver disease, the use of standard interferon or its

pegylated form is limited by its side effects (including neutropenia and thrombopenia), and by the risk of hepatitis flare and liver failure by

the induction of the immune response. The use of nucleoside analogs has changed dramatically the management of these patients, as these

drugs induce a profound inhibition of viral replication accompanied by the improvement of liver functions allowing some patients to be

withdrawn from the liver transplantation list ( ).70 –72 

In the setting of liver transplantation, interferon alpha is usually contra-indicated because of the risk of liver graft rejection. The use of

nucleoside analogs in combination with Immune globulins has also improved dramatically the management of these patients by decreasing

the risk of HBV recurrence to below 10 . In patients who present an HBV recurrence on their lliver graft, early intervention with%
nucleoside analogs allows to control viral replication and prevent the accelerated progression of the disease in these immunosuppressed

patients. ( ).73 

Nucleoside analogs have also helped in the management of challenging patient populations such as those receiving chemotherapy,

bone marrow or kidney transplantation, or immunosuppressive treatments ( ).74 

Management of patients with Drug resistance

The rescue treatment of patients with drug resistance has improved significantly in recent years. New drugs are available, and the

knowledge of the in vitro cross-resistance profile has provided the rationale for their use in patients with treatment failure ( ). HBVTable 1 

resistance to antivirals can be defined at different levels ( ): 1) genotypic resistance is the detection of polymerase gene mutations known75 

to confer resistance to the drug, 2) virologic breakthrough is defined by an increase of at least one log copies/mL compared to the lowest10 

value during treatment, associated with the presence of resistance mutations ; it usually follows gentoypic resistance, 3) clinical failure is

defined by viral breakthrough and increase in ALT levels and subsequently progression of liver disease, including liver failure in some

patients.

Lamivudine resistance

Mutations conferring resistance to lamivudine are mainly located in the C domain of the reverse transcriptase within the YMDD motif,

leading to amino acid changes rtM204V or rtM204I, and may be associated with compensatory mutations in the C domain with the

rtV173L or rtL180M amino acid changes. After one year of treatment, lamivudine resistant mutants emerged in 22  of patients, increasing%
to 38  after 2 years, 53  after 3 years, and 66  after 4 years ( , ) ( ). The emergence of HBV drug resistant mutants can be% % % 28 29 Figure 4 

associated with severe ALT flares, disease progression, cirrhosis decompensation, liver failure and death, depending on the underlying

liver condition and on the rapidity of treatment adaptation ( , , ). In vitro studies showed that the main lamivudine resistance11 29 31 

mutants remain sensitive to adefovir and tenofovir and have a reduced susceptibility to entecavir ( , ). Adefovir has a proven clinical10 76 

benefit in the treatment of lamivudine resistance with a significant inhibition of viral mutant replication and improvement in liver function

after 1 year of therapy. Several studies compared the addition of adefovir to ongoing lamivudine and the switch from lamivudine to

adefovir ( , ). After 48 weeks of therapy there was no difference in viral load decline in these two treatment groups. Indeed, in most77 78 

clinical trials of adefovir administration for lamivudine failure, virogical endpoints were examined at week 48 of therapy, while adefovir

resistance starts to occur during the second year. Because of the lack of cross-resistance between the two drugs, there is now a consensus

among experts that adefovir should be added to lamivudine in patients with lamivudine failure, as early as possible to prevent or delay the

subsequent selection of new resistant mutants. It was shown in cohort studies that an early add-on therapy with adefovir and lamivudine

controlled viral replication and maintained normal ALT levels in the majority of patients ( , ).79 80 

Because of the reduced susceptibility of the lamivudine resistance mutant to entecavir , entecavir was given to patients within vitro 

lamivudine failure at a dose of 1mg daily instead of 0.5mg given to treatment na ve patients. In lamivudine refractory patients, entecavirï
administered at 1 mg once daily induced a significant viral load reduction and histological improvement, by comparison with the control

group treated with lamivudine ( ). Noteworthy, cases of entecavir resistance were described so far only in patients with lamivudine81 
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resistant HBV, suggesting that some level of cross-resistance between these two drugs is responsible for the selection of mutants resistant

to both drugs ( , ). Based on these findings, follow-up studies are required to better determine the indication of entecavir in patients40 82 

with prior lamivudine resistance.

Adefovir resistance

In patients treated continously with ADV 10 mg/day drug-resistant mutants emerge in 2 , 5.9 , 18 , and 29  of patients after 2, 3,% % % %
4, and 5 years respectively ( ). Resistance to adefovir dipivoxil is conferred by the selection of a rtN236T mutation in the DFigure 4 

domain of the HBV polymerase or a rtA181V mutation in the B domain of the polymerase ( ). This may be accompanied by liver83 –85 

failure ( ). In vitro, the rtN236T mutations is sensitive to both lamivudine and entecavir; the rtA181V showed a decreased susceptibility86 

to lamivudine. Few reports showed the benefit of lamivudine administration in patients adefovir resistance ( , ).85 86 

Entecavir resistance

Entecavir resistance was observed mostly during therapy of lamivudine refractory patients. The resistance rate appears to be

approximately 10  after two years in patients with lamivudine failure, and increases significantly with duration of treatment ( ) (% Figure 4 

). Recent reports suggest that entecavir resistant strains may also be selected in nucleoside naive patients treated with entecavir ( , 43 42 44 

). The main resistance mutations are rtT184G, rtS202I, rtM250V on a background of lamivudine resistance mutations ( , ). The40 43 

current concept is that these entecavir resistance mutants are selected in a stepwise manner with the first selection of mutants in the

YMDD motif of the reverse transcriptase (  primary resistance  mutations), followed by the addition of mutations conferring a high« »
replication advantage in the presence of entecavir (  secondary resistance  mutations) ( ). These mutants are resistant to lamivudine but« » 42 

appear to be susceptible to adefovir and tenofovir ( ). Clinical data are awaited to provide recommendation for the treatment ofin vitro 87 

entecavir resistant patients.

has been described in some patients who received sequential therapy with insufficient viral suppression ( , Multidrug resistance 82 88 

, ). The impact of cross-resistance testing is important in these situations to taylor antiviral therapy to the viral strains circulating in the89 

patients( ).90 

Current Research Goals

The current research goals follow several aspects with the definition of predictive factors of response or resistance during therapy, the

evaluation of combination therapy strategies to manage or prevent drug resistance, the evaluation of new nucleoside analogs and their

association with immune modulators (vaccine therapy etc ) to clear or control viral infection on the long term.…

Scientific Rationale
Evaluation of treatment strategies

Until now the improvement in liver histology parameters, as measured by different scores (Knodel, Ishak, or METAVIR scores), has

been used as the primary end-point in clinical trials ( , , , , ). All the results of these trials have shown a correlation between33 36 37 67 91 

viral load suppression and the improvement of liver histology parameters and/or the decreased risk of progression of liver disease as

compared to patients who received placebo ( ). It is therefore likely that viral suppression will become the primary end-point of clinical92 

trials as this is associated with an improvement of liver histology, an increased chance of HBe seroconversion and a lower risk of drug

resistance development ( ). Furthermore, as the future trials will not include placebo groups any more, it will be more difficult to show93 

differences in liver histology improvement when comparing potent antiviral drugs. The use on non-invasive markers of liver damage may

also be part of the assessment criteria ( ). In any case, the recent advances in this field will move towards the long-term evaluation of94 

viral load suppression and all additional relevant markers for the assessment of new drugs or new strategies.

Some groups also claim that with entecavir the risk of drug resistance is so low after three years of therapy, that monotherapy with this

drug should be the gold standard in nucleoside naive patients. However, data beyond one year of therapy have to be analyzed with caution

as the study protocol allowed only a selected proportion of patients to continue entecavir therapy beyond one year ( , ). It will be42 44 

interesting to see the results of long-term cohort studies in patients treated with such potent drugs with a relatively low risk of resistance,

i.e. entecavir and tenofovir.

With the development of new antiviral drugs with a more potent antiviral activity which are less prone to drug resistance at least on the

short-term, there is a debate on whether a de novo combination therapy with drugs lacking cross-resistance or an early add-on therapy

would be the best strategy to prevent or manage drug resistance and prevent the progression of liver disease. In this view, recent studies

have been performed and showed that the magnitude of viral load suppression during the first months of therapy may predict the

subsequent treatment outcome, i.e. seroconversion in patients with maximal viral suppression or emergence of drug resistance in patients
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with sub-optimal antiviral response ( ). Some authors recommend to start with a potent anti-HBV drug having a high genetic barrier for93 

resistance (i.e. resistance being the consequence of teh coexistence of multiple mutations) and evaluate antiviral response after 6 months of

therapy ; if viral load is not suppressed adequately, then a second drug lacking cross-resistance with the initial one is added.

However, one may argue that with such a strategy, the lack of viral suppression may already be an indicator of selection of drug

resistant strains that may then favor the emergence of multidrug resistant mutants when the second drug is added. The other approach

would be to start with two potent antiviral drugs lacking cross-resistance and exhibiting a high genetic barrier of resistance to combat the

drug resistant mutants that already pre-exist prior to therapy. With such an approach, the risk of selecting mutidrug resistant strains would

be lower, as already demonstrated in the case of HIV ( , ). Now that several anti-HBV agents have been approved and belong to these10 75 

categories of drugs with a good anti-HBV profile, it is becoming urgent to evaluate these two strategies, as only long-term studies will

provide a final answer.

Viral replication and new targets for antiviral therapy

HBV is a DNA virus that belongs to the hepadnavirus family and infects mainly hepatocytes, although other extrahepatic reservoirs

have been described. All the viruses of this family share the same replication strategy for more detail see ( , ) . The major[ 95 96 ]
characteristics of the replication cycle that are relevant to antiviral therapy are the following : i) HBV replication does not induce a

cytopathic effect in infected cells, which in turn is one of the factor involved in viral persistence ; ii) viral covalently closed circular DNA

(cccDNA), is the transcriptionally active form of viral genome and was shown to have a long half-life in infected cells ; iii) viral genome

replication occurs via a reverse transcription step that leads to the production of viral DNA genome within nucleocapsids which are then

enveloped prior to virion release. The reverse transcriptase activity also generates viral mutants at each replication cycle. Furthermore,

viral nucleocapsids may also be recycled back to the nucleus to initally amplify and then maintain a stable pool of viral cccDNA in the

liver. The viral polymerase has been the main target for the development of antivirals of the nucleoside analog family. Most of these

compounds inhibit the RNA-dependent DNA polymerase activity of the viral polymerase while other inhibitors are more specific for the

DNA-dependent DNA polymerase activity ( ). Although these agents are potent inhibitors of the viral polymerase activity, tissue culture97 

and experiments showed that their long-term administration does not lead to complete clearance of viral cccDNA from infectedin vivo 

cells ( , ). Other steps of the replication cycle are potentially relevant for the development of specific inhibitors such as viral entry98 99 

into the cell, the priming of reverse transcription, the RNAseH activity of the viral polymerase, nucleocapsi assembly, virus packaging and

morphogenesis, etc. (see ).Figure 2 

As the selection of drug resistant mutants is a major clinical concern, the search for new polymerase inhibitors with different

cross-resistance profile is still very important for the rescue of treatment failure and the development of combination therapy strategies (

). Other viral target for antiviral therapy should be evaluated as the combination of drugs with different mechanism of action may help100 

to obtain antiviral synergy and to prevent the selection of drug resistant mutants. Several viral targets are being evaluated in experimental

models with : 1) entry inhibitors, such as myristilated pre-S1 peptides that inhibit HBV infection in tissue culture and animal models (101 

), 2) agents that inihibit nucleocapsid assembly and/or pre-genomic RNA packaging ( , ), 3) compounds that inhibit viral102 103 

morphogenesis such as iminosugars which inhibit the glycosylation of viral envelope glycoproteins ( ).104 

Another challenging target for viral replication inhibition is the formation of the recalcitrant cccDNA. Indeed, cccDNA is one the

major determinants of viral persistence requiring long-term treatment and therefore exposing patients to the risk of drug resistance ( , 105 

). However, none of the approved nucleoside analogs has been shown to inhibit directly the formation of cccDNA from incoming106 

virions. These polymerase inhibitors have an indirect effect on cccDNA formation by inhibiting viral DNA synthesis and therefore

reducing nucleocapsid recycling to the nucleus and in turn cccDNA amplification. It is now possible to quantify cccDNA in liver biopsies

of patients undergoing antiviral therapy ( ) and to determine its transcriptional activity ( ). Efforts are still needed to find strategies107 108 

that can specifically inhibits its formation or its transition from an transcriptional inactive state to an a transcriptionally active state. The

persistence of low levels cccDNA in the liver of treated patients may not be deleterious if the residual viral replication is controlled by the

specific anti-HBV immune response, especially by the TH1 response ( ).109 –112 

The use of immune modulators in the therapy of chronic hepatitis B

The understanding of the mechanisms involved in the spontaneous viral clearance are critical for the design of new regimens or novel

concepts of antiviral therapy. In the transgenic mice and chimpanzee models, it was shown that a non cytolytic TH1 response decreases

viral replication and the number of cells supporting viral gene expression and replication. This antiviral effect is mediated by the in situ 

expression in the infected liver of cytokines such as interferon gamma, interleukine 12, and tumor necrosis factor alpha, leading to the

curing of infected cells ( ). On the other hand, in other hepadnavirus infection models, ie the duck and woodchuck models, it was113 –115 

shown that spontaneous and antiviral mediated viral clearance mainly involves the lysis of infected cells and cell turnover. The latter

generates non infected cells and dilutes the remaining infected cells ( ). It was also shown that the rapid resolution of viral116 –119 

infection involves the production of anti-envelope antibodies that may neutralize the circulating virions.
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Whether or not, the differences observed are due to the specific animal models that have been studied remains to be determined.

However, based on all these data as well as clinical observations, it seems that a concerted and timely action of a cytotoxic and non

cytotoxic CD8 response, with hepatocyte turn-over and production of neutralizing antibodies is required to clear acute viral infection from

the liver ( , ). In chronically infected patients, resolution of chronic hepatitis B likely represents a long-term host immune control115 118 

and not a cure or complete clearance of infection as viral cccDNA was shown to persist in serologically cured individuals ( , , 107 120 121 

). This may have important implications in terms of antiviral therapy of chronic hepatitis B in the clinical setting for the design of

improved protocols using nucleoside analogs or antiviral cytokines to achieve a sustained control of viral replication.

So far, the combination of polymerase inhibitors and interferon alpha (pegylated or not) has not proven to be more effective than either

regimen alone in terms of sustained virologic response ( , ). This may be due to the fact that the vigor and time of restoration of9 21 

immune response during nucleoside analog therapy may greatly vary from patient to patient and that interferon alpha may have not been

administered in a timely manner. Other approaches are under evaluation, such as the combination of nucleoside analogs and

immunomodulatory strategies based on vaccine therapy or the administration of TH1 cytokines. Interestingly, it was shown in

experimental models of HBV infection that envelope protein recombinant vaccine therapy may increase the rate of sustained

immunological response in woodchucks treated with clevudine ( ), and that a viral envelope expressing DNA vaccine administration122 

may enhance the antiviral activity of adefovir leading to an increased rate of viral clearance in the duck model ( , ). DNA vaccine123 124 

in a transgenic mouse model also induced a specific antiviral response : CD8  or CD4  T lymphocytes from immunocompetent+ +
DNA-immunized animals were sufficient to control viral gene expression in the livers of the recipient transgenic mice. This effect was

mediated by a cytokine-dependent mechanism common to both T cell subpopulations. This mechanism did not require cell lysis, but

involved the production of IFN-gamma by the activated T cells ( ). On the other hand, it was shown that the intrahepatic delivery of125 

IFN gamma, a TH1 cytokine, in woodchucks in which viral load was significantly decreased by a combination of two nucleoside analogs

(clevudine and emtricitabine), did not increase the rate of clearance of cccDNA and infected cells from the liver of these animals ( ).57 

However, in the woodchuck model, it was also shown by other investigators that IFN gamma does not deplete viral replicative

intermediates within infected cells ( ). Other studies using DNA based vaccine in the woodchuck model of hepadnavirus infection also126 

led to interesting results in terms of protective immunity but results in terms of therapeutic response in chronically infected animals are not

yet satisfactory ( , ). More studies are therefore required to gain more insight in the immunological response against HBV infected127 128 

cells and its therapeutic consequences.

Competitive Environment

There are now several cytokines and nucleoside analogs which are approved for the treatment of chronic hepatitis B. Other nucleoside

or nucleotide analogs are under experimental evaluation or in early stage of clinical trials. The novel immune modulation strategies rely

mainly on vaccine therapy, and several studies are ongoing. The main drugs or compounds commercially available or in development are

shown in .Figure 3 

Potential Development Issues

Chronic hepatitis B is a major disease which is the leading cause of liver cirrhosis and hepatocellular carcinoma worldwide. The

demonstration that the control of viral replication leads to an improved clinical outcome even in patients with advanced liver disease has

led to the development and approval of new drugs in the past 10 years. These new antiviral agents are most welcome because of the risk of

emergence of drug resistant mutants. It was also shown that the occurrence of antiviral drug resistance is associated with a worsening of

the liver disease. This is becoming a major concern as long-term therapy is needed for chronic hepatitis B. The availability of these new

drugs has been a major advance in this field as it is now possible to combat antiviral drug resistance at early stages and adapt antiviral

treatment to maintain patients in clinical remission. This allows to propose   la carte  therapy depending on the treatment history of the« à »
patients, and on the pattern of mutations in the circulating viral strains ( ). This is of particular importance, since several cohort studies75 

have shown that the development of liver cirrhosis and hepatocellular carcinoma is associated with high viremia levels.

The evaluation of nucleoside analog combinations is also discussed to prevent the development of drug resistance as the efficacy of the

newer drugs is increasing, indicating that long-term studies on large cohort of patients will be required to demonstrate the efficacy of the

combination therapy versus tailored add-on therapy incase of treatment failure. Furthermore, cost-effective analysis taking into account the

cost of several factors such as liver disease management, drugs, treatment monitoring, and the cost of drug resistance, are urgently needed.

On the long-term, the treatment of this disease will need novel antivirals as the risk of HBV drug resistant mutants is increasing with the

duration of therapy. These drugs will need to target other steps of the viral life cycle, i.e. different from the viral polymerase activity, and

to have an excellent safety profile since most patients will require long-term therapy. This should be kept in mind, with the Fialuridine

catastrophe which led to mitochondrial toxicity and the death of several patients with lactic acidosis ( , ). Another challenge will be129 130 

the development of novel approaches to stimulate the anti-HBV immune response and obtain a long-term control of viral replication after

treatment withdrawal ( ).109 
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Expert Opinion

Antiviral therapy of chronic hepatitis B remains a major challenge. The long-term control of viral replication will need more research

effort to better understand the viral life cycle and identify new targets for the inhibition of viral replication ( ). A more detailedFigure 2 

understanding of cccDNA formation and persistence is needed to determine whether specific inhibitors might be developed without

interfering with cellular functions. The role of the viral X protein which has been shown to be required for the establishment of viral

infection needs to be deciphered. Indeed, a better knowledge of its functions might lead to novel HBV inhibitors. Other targets are under

experimental investigation such as viral entry into the cell and viral morphogenesis. This may lead to new classes of antivirals which will

be important for the management of the disease. Indeed, the identification of new classes of inhibitors may help to obtain antiviral synergy

and prevent drug resistance.

The understanding of viral persistence and escape to the anti-HBV immune response is another key issue. Indeed, a better knowledge

of the innate and adaptive immune response against HBV might help to develop strategies to overcome the immune tolerance state which

is often associated with chronic hepatitis B and is one of the reason why long-term therapy with nucleoside analogs is required. However,

this will be a challenge as most chronic carriers have been infected for decades at the time of diagnosis and the chances to overcome

immune tolerance might be thin even with new approaches relying on DNA vaccine.

A goal that is realistically achievable in a near future is a prolonged control of viral replication using combination of antivirals in a

rational way. This implies a detailed knowledge of the cross-resistance profile of each antiviral available on the market and the

characterization of the viral strains circulating in the patients at the time of treatment adaptation ( ). In this respect, the developmentTable 1 

of robust genotypic and phenotypic assays will be more and more needed for the treatment of chronic hepatitis B. Furthermore,

standardization of definitions of treatment response and failure in clinical trials and in clinical practice is mandatory. Treatment

recommendations using algorithms based on in vitro data of the antiviral activity profile of the drugs and clinical experience are urgently

needed to guide clinicians in the treatment of patients at individual level.

Ackowledgements:

F. Zoulim receives grant from INSERM and the European Community (VIRGIL Network of Excellence, grant LSHM-CT-2004-503359).

References:
 1 .       Lee WM . Hepatitis B virus infection . N Engl J Med . 1997 ; 337 : 1733 - 1745
 2 .  Perz JF , Armstrong GL , Farrington LA , Hutin YJ , Bell BP . The contributions of hepatitis B virus and hepatitis C virus infections to cirrhosis and primary liver cancer

     worldwide . J Hepatol . 2006 ; 45 : 529 - 538
 3 .      Iloeje UH , Yang HI , Su J , Jen CL , You SL , Chen CJ . Predicting cirrhosis risk based on the level of circulating hepatitis B viral load . Gastroenterology . 2006 ; 130 :

 678 - 686
 4 .   Chen CJ , Yang HI , Su J , Jen CL , You SL , Lu SN , Huang GT . Risk of hepatocellular carcinoma across a biological gradient of serum hepatitis B virus DNA level .

    Jama . 2006 ; 295 : 65 - 73
 5 .  Stroffolini T , Mele A , Tosti ME , Gallo G , Balocchini E , Ragni P , Santonastasi F . The impact of the hepatitis B mass immunisation campaign on the incidence and risk

     factors of acute hepatitis B in Italy . J Hepatol . 2000 ; 33 : 980 - 985
 6 .       Lavanchy D . Hepatitis B virus epidemiology, disease burden, treatment, and current and emerging prevention and control measures . J Viral Hepat . 2004 ; 11 : 97 - 107
 7 .  Chang M-H , Chen C-J , Lai M-S , Hsu H-M , Wu T-C , Kong M-S , Liang D-C . Universal hepatitis B vaccination in Taiwan and the incidence of hepatocellular carcinoma

     in children . N Engl J Med . 1997 ; 336 : 1855 - 1859
 8 .  Marcellin P , Lau GK , Bonino F , Farci P , Hadziyannis S , Jin R , Lu ZM . Peginterferon alfa-2a alone, lamivudine alone, and the two in combination in patients with

     HBeAg-negative chronic hepatitis B . N Engl J Med . 2004 ; 351 : 1206 - 1217
 9 .  Lau GK , Piratvisuth T , Luo KX , Marcellin P , Thongsawat S , Cooksley G , Gane E . Peginterferon Alfa-2a, lamivudine, and the combination for HBeAg-positive chronic

     hepatitis B . N Engl J Med . 2005 ; 352 : 2682 - 2695
 10 .       Zoulim F . Mechanism of viral persistence and resistance to nucleoside and nucleotide analogs in chronic hepatitis B virus infection . Antiviral Res . 2004 ; 64 : 1 - 15
 11 .   Liaw YF , Sung JJ , Chow WC , Farrell G , Lee CZ , Yuen H , Tanwandee T . Lamivudine for patients with chronic hepatitis B and advanced liver disease . N Engl J Med 

    . 2004 ; 351 : 1521 - 1531
 12 .  Colonno RJ , Genovesi EV , Medina I , Lamb L , Durham SK , Huang ML , Corey L . Long-term entecavir treatment results in sustained antiviral efficacy and prolonged

     life span in the woodchuck model of chronic hepatitis infection . J Infect Dis . 2001 ; 184 : 1236 - 1245
 13 .  Puro V , De Carli G , Cicalini S , Soldani F , Balslev U , Begovac J , Boaventura L . European recommendations for the management of healthcare workers occupationally

     exposed to hepatitis B virus and hepatitis C virus . Euro Surveill . 2005 ; 10 : 260 - 264
 14 .  van Zonneveld M , van Nunen AB , Niesters HG , de Man RA , Schalm SW , Janssen HL . Lamivudine treatment during pregnancy to prevent perinatal transmission of

     hepatitis B virus infection . J Viral Hepat . 2003 ; 10 : 294 - 297
 15 .       Lok AS , McMahon BJ . Chronic hepatitis B . Hepatology . 2007 ; 45 : 507 - 539
 16 .  Liaw YF , Leung N , Guan R , Lau GK , Merican I , McCaughan G , Gane E . Asian-Pacific consensus statement on the management of chronic hepatitis B: a 2005 update

     . Liver Int . 2005 ; 25 : 472 - 489
 17 .  de Franchis R , Hadengue A , Lau G , Lavanchy D , Lok A , McIntyre N , Mele A . EASL International Consensus Conference on Hepatitis B. 13 14 September, 2002–

      Geneva, Switzerland. Consensus statement (long version) . J Hepatol . 2003 ; 39 : (Suppl 1 ) S3 - 25
 18 .      Yang HI , Lu SN , Liaw YF , You SL , Sun CA , Wang LY , Hsiao CK . Hepatitis B e antigen and the risk of hepatocellular carcinoma . N Engl J Med . 2002 ; 347 : 168 -

174
 19 .  Realdi G , Fattovich G , Hadzyiannis S , Schalm S , Almasio P , Sanchez-Tapias J , Christensen E . Survival and prognostic factors in 366 patients with compensated

     cirrhosis type B: a multicenter study . J Hepatol . 1994 ; 21 : 656 - 666
 20 .       Lok AS , McMahon BJ . Chronic hepatitis B . Hepatology . 2001 ; 34 : 1225 - 1241
 21 .  Janssen HL , van Zonneveld M , Senturk H , Zeuzem S , Akarca US , Cakaloglu Y , Simon C . Pegylated interferon alfa-2b alone or in combination with lamivudine for

     HBeAg-positive chronic hepatitis B: a randomised trial . Lancet . 2005 ; 365 : 123 - 129



Expert Opin Emerg Drugs . Author manuscript

Page /11 16

 22 .   Dienstag JL , Schiff ER , Wright TL , Perrillo RP , Hann HW , Goodman Z , Crowther L . Lamivudine as Initial Treatment for Chronic Hepatitis B in the United States . N
    Engl J Med . 1999 ; 341 : 1256 - 1263

 23 .       Lai CL , Chine RW , Leung NWY , Chang TT , Guan R , Tai DI , Ng KY . A one year trial of lamivudine for chronic hepatitis B . N Engl J Med . 1998 ; 339 : 61 - 68
 24 .       Zoulim F . A preliminary benefit-risk assessment of Lamivudine for the treatment of chronic hepatitis B virus infection . Drug Saf . 2002 ; 25 : 497 - 510
 25 .   Dienstag JL , Goldin RD , Heathcote EJ , Hann HW , Woessner M , Stephenson SL , Gardner S . Histological outcome during long-term lamivudine therapy .

    Gastroenterology . 2003 ; 124 : 105 - 117
 26 .  Leung NW , Lai CL , Chang TT , Guan R , Lee CM , Ng KY , Lim SG . Extended lamivudine treatment in patients with chronic hepatitis B enhances hepatitis B e antigen

     seroconversion rates: results after 3 years of therapy . Hepatology . 2001 ; 33 : 1527 - 1532
 27 .   Zoulim F , Poynard T , Degos F . A prospective study of the evolution of lamivudine resistance mutations in patients with chronic hepatitis B treated with lamivudine . J

  Viral Hepat . 2006 ; in press
 28 .  Lai CL , Dienstag J , Schiff E , Leung NW , Atkins M , Hunt C , Brown N . Prevalence and clinical correlates of YMDD variants during lamivudine therapy for patients

     with chronic hepatitis B . Clin Infect Dis . 2003 ; 36 : 687 - 696
 29 .   Lok AS , Lai CL , Leung N , Yao GB , Cui ZY , Schiff ER , Dienstag JL . Long-term safety of lamivudine treatment in patients with chronic hepatitis B .

    Gastroenterology . 2003 ; 125 : 1714 - 1722
 30 .  Hadziyannis SJ , Papatheodoridis GV , Dimou E , Laras A , Papaioannou C . Efficacy of long-term lamivudine monotherapy in patients with hepatitis B e antigen-negative

     chronic hepatitis B . Hepatology . 2000 ; 32 : 847 - 851
 31 .  Nafa S , Ahmed S , Tavan D , Pichoud C , Berby F , Stuyver L , Johnson M . Early Detection of Viral Resistance by Determination of Hepatitis B Virus Polymerase

     Mutations in Patients Treated by Lamivudine for Chronic Hepatitis B . Hepatology . 2000 ; 32 : 1078 - 1088
 32 .  Lampertico P , Vigano M , Manenti E , Iavarone M , Lunghi G , Colombo M . Adefovir rapidly suppresses hepatitis B in HBeAg-negative patients developing genotypic

     resistance to lamivudine . Hepatology . 2005 ; 42 : 1414 - 1419
 33 .  Marcellin P , Chang TT , Lim SG , Tong MJ , Sievert W , Shiffman ML , Jeffers L . Adefovir dipivoxil for the treatment of hepatitis B e antigen-positive chronic hepatitis

     B . N Engl J Med . 2003 ; 348 : 808 - 816
 34 .  Lai CL , Rosmawati M , Lao J , Van Vlierberghe H , Anderson FH , Thomas N , Dehertogh D . Entecavir is superior to lamivudine in reducing hepatitis B virus DNA in

     patients with chronic hepatitis B infection . Gastroenterology . 2002 ; 123 : 1831 - 1838
 35 .    Wolters LM , Hansen BE , Niesters HG , DeHertogh D , de Man RA . Viral dynamics during and after entecavir therapy in patients with chronic hepatitis B . J Hepatol .

   2002 ; 37 : 137 - 144
 36 .  Lai CL , Shouval D , Lok AS , Chang TT , Cheinquer H , Goodman Z , DeHertogh D . Entecavir versus lamivudine for patients with HBeAg-negative chronic hepatitis B .

    N Engl J Med . 2006 ; 354 : 1011 - 1020
 37 .   Chang TT , Gish RG , de Man R , Gadano A , Sollano J , Chao YC , Lok AS . A comparison of entecavir and lamivudine for HBeAg-positive chronic hepatitis B . N Engl

    J Med . 2006 ; 354 : 1001 - 1010
 38 .    Zoulim F . Entecavir: A new treatment option for chronic hepatitis B . J Clin Virol . 2006 ;
 39 .  Gish R , Chang TT , De Man RA . Entecavir results in substantial virologic and biochemical improvement and HBeAg seroconversion through 96 weeks of treatment in

      HBeAg( ) chronic hepatitis B patients + . Hepatology . 2005 ; 42 : (suppl1 ) A181 - 267A -

 40 .  Tenney DJ , Levine SM , Rose RE , Walsh AW , Weinheimer SP , Discotto L , Plym M . Clinical emergence of entecavir-resistant hepatitis B virus requires additional
     substitutions in virus already resistant to Lamivudine . Antimicrob Agents Chemother . 2004 ; 48 : 3498 - 3507

 41 .  Colonno RJ , Rose R , Levine S , Baldick J , Pokornowski K , Plym M , Yu CF . Entecavir two year resistance update: no resistance observed in nucleoside naive patients
      and low frequency resistance emergence in lamivudine refractory patients . Hepatology . 2005 ; 42 : (suppl1 ) A962 - 573A -

 42 .       Zoulim F . Hepatitis B virus resistance to entecavir in nucleoside naive patients: Does it exist? . Hepatology . 2006 ; 44 : 1404 - 1407
 43 .  Tenney DJ , Rose RE , Baldick CJ , Levine SM , Pokornowski KA , Walsh AW , Fang J . Two-year assessment of entecavir resistance in Lamivudine-refractory hepatitis

     B virus patients reveals different clinical outcomes depending on the resistance substitutions present . Antimicrob Agents Chemother . 2007 ; 51 : 902 - 911
 44 .    Colonno RJ , Rose R , Baldick CJ , Levine S , Pokornowski K , Yu CF , Walsh A . Entecavir resistance is rare in nucleoside naive patients with hepatitis B . Hepatology .

   2006 ; 44 : 1656 - 1665
 45 .  Lai CL , Lim SG , Brown NA , Zhou XJ , Lloyd DM , Lee YM , Yuen MF . A dose-finding study of once-daily oral telbivudine in HBeAg-positive patients with chronic

     hepatitis B virus infection . Hepatology . 2004 ; 40 : 719 - 726
 46 .      Lai C , Gane E , Liaw Y-F . Telbivudine versus lamivudine for chronic hepatitis B: first year results from the interantional phase III globe trial . Hepatology . 2005 ; 42 : (

  suppl1 ) LB01 - 748A -
 47 .  Lai CL , Leung N , Teo EK , Tong M , Wong F , Hann HW , Han S . A 1-year trial of telbivudine, lamivudine, and the combination in patients with hepatitis B e

     antigen-positive chronic hepatitis B . Gastroenterology . 2005 ; 129 : 528 - 536
 48 .  Bani-Sadr F , Palmer P , Scieux C , Molina JM . Ninety-six-week efficacy of combination therapy with lamivudine and tenofovir in patients coinfected with HIV-1 and

     wild-type hepatitis B virus . Clin Infect Dis . 2004 ; 39 : 1062 - 1064
 49 .       Benhamou Y , Tubiana R , Thibault V . Tenofovir disoproxil fumarate in patients with HIV and lamivudine-resistant hepatitis B virus . N Engl J Med . 2003 ; 348 : 177 -

178
 50 .  Lacombe K , Gozlan J , Boelle PY , Serfaty L , Zoulim F , Valleron AJ , Girard PM . Long-term hepatitis B virus dynamics in HIV-hepatitis B virus-co-infected patients

     treated with tenofovir disoproxil fumarate . Aids . 2005 ; 19 : 907 - 915
 51 .  Dore GJ , Cooper DA , Pozniak AL , DeJesus E , Zhong L , Miller MD , Lu B . Efficacy of tenofovir disoproxil fumarate in antiretroviral therapy-naive and -experienced

     patients coinfected with HIV-1 and hepatitis B virus . J Infect Dis . 2004 ; 189 : 1185 - 1192
 52 .  van Bommel F , Wunsche T , Mauss S , Reinke P , Bergk A , Schurmann D , Wiedenmann B . Comparison of adefovir and tenofovir in the treatment of

     lamivudine-resistant hepatitis B virus infection . Hepatology . 2004 ; 40 : 1421 - 1425
 53 .  Peters MG , Andersen J , Lynch P , Liu T , Alston-Smith B , Brosgart CL , Jacobson JM . Randomized controlled study of tenofovir and adefovir in chronic hepatitis B

     virus and HIV infection: ACTG A5127 . Hepatology . 2006 ; 44 : 1110 - 1116
 54 .  Gish RG , Trinh H , Leung N , Chan FK , Fried MW , Wright TL , Wang C . Safety and antiviral activity of emtricitabine (FTC) for the treatment of chronic hepatitis B

     infection: a two-year study . J Hepatol . 2005 ; 43 : 60 - 66
 55 .  Marcellin P , Mommeja-Marin H , Sacks SL , Lau GK , Sereni D , Bronowicki JP , Conway B . A phase II dose-escalating trial of clevudine in patients with chronic

     hepatitis B . Hepatology . 2004 ; 40 : 140 - 148
 56 .  Peek SF , Cote PJ , Jacob JR , Toshkov IA , Hornbuckle WE , Baldwin BH , Wells FV . Antiviral activity of clevudine L-FMAU, (1-(2-fluoro-5-methyl-beta,[

   L-arabinofuranosyl) uracil)  against woodchuck hepatitis virus replication and gene expression in chronically infected woodchucks (Marmota monax) ] . Hepatology . 2001 ; 33 :

 254 - 266
 57 .  Jacquard AC , Nassal M , Pichoud C , Ren S , Schultz U , Guerret S , Chevallier M . Effect of a combination of clevudine and emtricitabine with adenovirus-mediated

     delivery of gamma interferon in the woodchuck model of hepatitis B virus infection . Antimicrob Agents Chemother . 2004 ; 48 : 2683 - 2692
 58 .    Lin CC , Xu C , Teng A , Yeh LT , Peterson J . Pharmacokinetics of pradefovir and PMEA in healthy volunteers after oral dosing of pradefovir . J Clin Pharmacol . 2005 ;
  45 : 1250 - 1258
 59 .    Keeffe EB , Marcellin P . New and Emerging Treatment of Chronic Hepatitis B . Clin Gastroenterol Hepatol . 2007 ;
 60 .        Gish RG . Clinical trial results of new therapies for HBV: implications for treatment guidelines . Semin Liver Dis . 2005 ; 25 : (Suppl 1 ) 29 - 39
 61 .  Tassopoulos NC , Volpes R , Pastore G , Heathcote J , Buti M , Goldin RD , Hawley S . Efficacy of lamivudine in patients with hepatitis B e antigen- Negative/Hepatitis B

     virus DNA-positive (Precore mutant) chronic hepatitis B In Process Citation  [ ] . Hepatology . 1999 ; 29 : 889 - 896



Expert Opin Emerg Drugs . Author manuscript

Page /12 16

 62 .  Rizzetto M , Tassopoulos NC , Goldin RD , Esteban R , Santantonio T , Heathcote EJ , Lagget M . Extended lamivudine treatment in patients with HBeAg-negative
     chronic hepatitis B . J Hepatol . 2005 ; 42 : 173 - 179

 63 .  Di Marco V , Marzano A , Lampertico P , Andreone P , Santantonio T , Almasio PL , Rizzetto M . Clinical outcome of HBeAg-negative chronic hepatitis B in relation to
     virological response to lamivudine . Hepatology . 2004 ; 40 : 883 - 891

 64 .       Rizzetto M . Efficacy of lamivudine in HBeAg-negative chronic hepatitis B . J Med Virol . 2002 ; 66 : 435 - 451
 65 .  Papatheodoridis GV , Dimou E , Laras A , Papadimitropoulos V , Hadziyannis SJ . Course of virologic breakthroughs under long-term lamivudine in HBeAg-negative

     precore mutant HBV liver disease . Hepatology . 2002 ; 36 : 219 - 226
 66 .  Buti M , Cotrina M , Jardi R , de Castro EC , Rodriguez-Frias F , Sanchez-Avila F , Esteban R . Two years of lamivudine therapy in anti-HBe-positive patients with

     chronic hepatitis B . J Viral Hepat . 2001 ; 8 : 270 - 275
 67 .  Hadziyannis SJ , Tassopoulos NC , Heathcote EJ , Chang TT , Kitis G , Rizzetto M , Marcellin P . Adefovir dipivoxil for the treatment of hepatitis B e antigen-negative

     chronic hepatitis B . N Engl J Med . 2003 ; 348 : 800 - 807
 68 .  Hadziyannis SJ , Tassopoulos NC , Heathcote EJ , Chang TT , Kitis G , Rizzetto M , Marcellin P . Long-term therapy with adefovir dipivoxil for HBeAg-negative chronic

     hepatitis B . N Engl J Med . 2005 ; 352 : 2673 - 2681
 69 .  Hadziyannis SJ , Tassopoulos NC , Heathcote EJ , Chang TT , Kitis G , Rizzetto M , Marcellin P . Long-Term Therapy With Adefovir Dipivoxil for HBeAg-Negative

  Chronic Hepatitis B for up to 5 Years . Gastroenterology . 2006 ;
 70 .  Yao FY , Terrault NA , Freise C , Maslow L , Bass NM . Lamivudine treatment is beneficial in patients with severely decompensated cirrhosis and actively replicating

     hepatitis B infection awaiting liver transplantation: a comparative study using a matched, untreated cohort . Hepatology . 2001 ; 34 : 411 - 416
 71 .  Villeneuve JP , Condreay LD , Willems B , Pomier-Layrargues G , Fenyves D , Bilodeau M , Leduc R . Lamivudine treatment for decompensated cirrhosis resulting from

     chronic hepatitis B . Hepatology . 2000 ; 31 : 207 - 210
 72 .  Schiff ER , Lai CL , Hadziyannis S , Neuhaus P , Terrault N , Colombo M , Tillmann HL . Adefovir dipivoxil therapy for lamivudine-resistant hepatitis B in pre- and

     post-liver transplantation patients . Hepatology . 2003 ; 38 : 1419 - 1427
 73 .       Vierling JM . Management of HBV Infection in Liver Transplantation Patients . Int J Med Sci . 2005 ; 2 : 41 - 49
 74 .        Dore GJ , Guan R , Wasim Jafri SM , Sarin SV , Keeffe EB . Management of chronic hepatitis B in challenging patient populations . Liver Int . 2006 ; 26 : (Suppl 2 ) 38 -

46
 75 .       Zoulim F . Antiviral therapy of chronic hepatitis B . Antiviral Res . 2006 ; 71 : 206 - 215
 76 .       Zoulim F . Antiviral therapy of chronic hepatitis B: can we clear the virus and prevent drug resistance? . Antivir Chem Chemother . 2004 ; 15 : 299 - 305
 77 .  Perrillo R , Hann HW , Mutimer D , Willems B , Leung N , Lee WM , Moorat A . Adefovir dipivoxil added to ongoing lamivudine in chronic hepatitis B with YMDD

     mutant hepatitis B virus . Gastroenterology . 2004 ; 126 : 81 - 90
 78 .  Peters MG , Hann Hw H , Martin P , Heathcote EJ , Buggisch P , Rubin R , Bourliere M . Adefovir dipivoxil alone or in combination with lamivudine in patients with

     lamivudine-resistant chronic hepatitis B . Gastroenterology . 2004 ; 126 : 91 - 101
 79 .  Lampertico P , Vigano M , Manenti E , Iavarone M , Lunghi G , Colombo M . Adefovir rapidly suppresses hepatitis B in HBeAg-negative patients developing genotypic

     resistance to lamivudine . Hepatology . 2005 ; 42 : 1414 - 1419
 80 .  Lampertico P , Marzano A , Levrero M , Santantonio T , Di Marco V , Brunetto M , Andreone P . Adefovir and lamivudine combination therapy is superior to adefovir

     monotherapy for lamivudine-resistant patients with HBeAg-negative chronic hepatitis B . Hepatology . 2006 ; 44 : Abstract LB5 - 693A -
 81 .  Chang TT , Gish RG , Hadziyannis SJ , Cianciara J , Rizzetto M , Schiff ER , Pastore G . A dose-ranging study of the efficacy and tolerability of entecavir in

     Lamivudine-refractory chronic hepatitis B patients . Gastroenterology . 2005 ; 129 : 1198 - 1209
 82 .  Villet S , Ollivet A , Pichoud C , Barraud L , Villeneuve JP , Trepo C , Zoulim F . Stepwise process for the development of entecavir resistance in a chronic Hepatitis B

   virus infected patient . J Hepatol . 2007 ; in press
 83 .  Angus P , Vaughan R , Xiong S , Yang H , Delaney W , Gibbs C , Brosgart C . Resistance to adefovir dipivoxil therapy associated with the selection of a novel mutation

     in the HBV polymerase . Gastroenterology . 2003 ; 125 : 292 - 297
 84 .  Brunelle MN , Jacquard AC , Pichoud C , Durantel D , Carrouee-Durantel S , Villeneuve JP , Trepo C . Susceptibility to antivirals of a human HBV strain with mutations

     conferring resistance to both lamivudine and adefovir . Hepatology . 2005 ; 41 : 1391 - 1398
 85 .  Villeneuve JP , Durantel D , Durantel S , Westland C , Xiong S , Brosgart CL , Gibbs CS . Selection of a hepatitis B virus strain resistant to adefovir in a liver

     transplantation patient . J Hepatol . 2003 ; 39 : 1085 - 1089
 86 .  Fung SK , Andreone P , Han SH , Rajender Reddy K , Regev A , Keeffe EB , Hussain M . Adefovir-resistant hepatitis B can be associated with viral rebound and hepatic

     decompensation . J Hepatol . 2005 ; 43 : 937 - 943
 87 .  Villet S , Ollivet A , Pichoud C , Barraud L , Villeneuve JP , Trepo C , Zoulim F . Stepwise process for the development of entecavir resistance in a chronic hepatitis B

     virus infected patient . J Hepatol . 2007 ; 46 : 531 - 538
 88 .    Villet S , Pichoud C , Villeneuve JP , Trepo C , Zoulim F . Selection of a multiple drug-resistant hepatitis B virus strain in a liver-transplanted patient . Gastroenterology .

   2006 ; 131 : 1253 - 1261
 89 .  Brunelle MN , Jacquard AC , Pichoud C , Durantel D , Carrouee-Durantel S , Villeneuve JP , Trepo C . Susceptibility to antivirals of a human HBV strain with mutations

     conferring resistance to both lamivudine and adefovir . Hepatology . 2005 ; 41 : 1391 - 1398
 90 .  Durantel D , Carrouee-Durantel S , Werle-Lapostolle B , Brunelle MN , Pichoud C , Trepo C , Zoulim F . A new strategy for studying in vitro the drug susceptibility of

     clinical isolates of human hepatitis B virus . Hepatology . 2004 ; 40 : 855 - 864
 91 .   Lai CL , Chien RN , Leung NW , Chang TT , Guan R , Tai DI , Ng KY . A one-year trial of lamivudine for chronic hepatitis B. Asia Hepatitis Lamivudine Study Group .

    N Engl J Med . 1998 ; 339 : 61 - 68
 92 .  Mommeja-Marin H , Mondou E , Blum MR , Rousseau F . Serum HBV DNA as a marker of efficacy during therapy for chronic HBV infection: analysis and review of the

     literature . Hepatology . 2003 ; 37 : 1309 - 1319
 93 .  Di Bisceglie AM , Lai CL , Gane E , Chen Y-C , Thongsawat S , Wang Y , Chen Y . Telbivudine globe trial: maximal early HBV suppression id predictive of optimal

     two-year efficacy in nucleoside-treated hepatitis B patients . Hepatology . 2006 ; 44 : Abstract 112 - 230A -
 94 .  Poynard T , Zoulim F , Ratziu V , Degos F , Imbert-Bismut F , Deny P , Landais P . Longitudinal assessment of histology surrogate markers (FibroTest-ActiTest) during

     lamivudine therapy in patients with chronic hepatitis B infection . Am J Gastroenterol . 2005 ; 100 : 1970 - 1980
 95 .       Seeger C , Mason WS . Hepatitis B virus biology . Microbiol Mol Biol Rev . 2000 ; 64 : 51 - 68
 96 .       Ganem D , Prince AM . Hepatitis B virus infection--natural history and clinical consequences . N Engl J Med . 2004 ; 350 : 1118 - 1129
 97 .  Seigneres B , Pichoud C , Martin P , Furman P , Trepo C , Zoulim F . Inhibitory activity of dioxolane purine analogs on wild-type and lamivudine-resistant mutants of

     hepadnaviruses . Hepatology . 2002 ; 36 : 710 - 722
 98 .  Moraleda G , Saputelli J , Aldrich CE , Averett D , Condreay L , Mason WS . Lack of effect of antiviral therapy in nondividing hepatocyte cultures on the closed circular

     DNA of woodchuck hepatitis virus . J Virol . 1997 ; 71 : 9392 - 9399
 99 .       Mason WS , Cullen J , Moraleda G , Saputelli J , Aldrich CE , Miller DS , Tennant B . Lamivudine therapy of WHV-infected woodchucks . Virology . 1998 ; 245 : 18 - 32

 100 .  Jacquard AC , Brunelle MN , Pichoud C , Durantel D , Carrouee-Durantel S , Trepo C , Zoulim F . In vitro characterization of the anti-hepatitis B virus activity and
     cross-resistance profile of 2 ,3 -dideoxy-3 -fluoroguanosine ′ ′ ′ . Antimicrob Agents Chemother . 2006 ; 50 : 955 - 961

 101 .       Urban S , Gripon P . Inhibition of duck hepatitis B virus infection by a myristoylated pre-S peptide of the large viral surface protein . J Virol . 2002 ; 76 : 1986 - 1990
 102 .  Delaney WEt , Edwards R , Colledge D , Shaw T , Furman P , Painter G , Locarnini S . Phenylpropenamide derivatives AT-61 and AT-130 inhibit replication of

     wild-type and lamivudine-resistant strains of hepatitis B virus in vitro . Antimicrob Agents Chemother . 2002 ; 46 : 3057 - 3060
 103 .  Deres K , Schroder CH , Paessens A , Goldmann S , Hacker HJ , Weber O , Kramer T . Inhibition of hepatitis B virus replication by drug-induced depletion of

     nucleocapsids . Science . 2003 ; 299 : 893 - 896



Expert Opin Emerg Drugs . Author manuscript

Page /13 16

 104 .  Block TM , Lu X , Mehta AS , Blumberg BS , Tennant B , Ebling M , Korba B . Treatment of chronic hepadnavirus infection in a woodchuck animal model with an
     inhibitor of protein folding and trafficking . Nature Medicine . 1998 ; 4 : 610 - 614

 105 .       Zoulim F . New insight on hepatitis B virus persistence from the study of intrahepatic viral cccDNA . J Hepatol . 2005 ; 42 : 302 - 308
 106 .       Tuttleman JS , Pourcel C , Summers J . Formation of the pool of covalently closed circular viral DNA in hepadnavirus-infected cells . Cell . 1986 ; 47 : 451 - 460
 107 .  Werle-Lapostolle B , Bowden S , Locarnini S , Wursthorn K , Petersen J , Lau G , Trepo C . Persistence of cccDNA during the natural history of chronic hepatitis B and

     decline during adefovir dipivoxil therapy . Gastroenterology . 2004 ; 126 : 1750 - 1758
 108 .  Pollicino T , Belloni L , Raffa G , Pediconi N , Squadrito G , Raimondo G , Levrero M . Hepatitis B virus replication is regulated by the acetylation status of hepatitis B

     virus cccDNA-bound H3 and H4 histones . Gastroenterology . 2006 ; 130 : 823 - 837
 109 .       Bertoletti A , Naoumov NV . Translation of immunological knowledge into better treatments of chronic hepatitis B . J Hepatol . 2003 ; 39 : 115 - 124
 110 .  Webster GJ , Reignat S , Brown D , Ogg GS , Jones L , Seneviratne SL , Williams R . Longitudinal analysis of CD8  T cells specific for structural and nonstructural+

     hepatitis B virus proteins in patients with chronic hepatitis B: implications for immunotherapy . J Virol . 2004 ; 78 : 5707 - 5719
 111 .   Penna A , Artini M , Cavalli A , Levrero M , Bertoletti A , Pilli M , Chisari FV . Long-lasting memory T cell responses following self-limited acute hepatitis B . Journal

    of Clinical Investigation . 1996 ; 98 : 1185 - 1194
 112 .  Gehring AJ , Sun D , Kennedy PT , Nolte- t Hoen ‘ E , Lim SG , Wasser S , Selden C . The level of viral antigen presented by hepatocytes influences CD8 T-cell function .

    J Virol . 2007 ; 81 : 2940 - 2949
 113 .    Guidotti LG , Rochford R , Chung J , Shapiro M , Purcell R , Chisari FV . Viral clearance without destruction of infected cells during acute HBV infection . Science .
   1999 ; 284 : 825 - 829
 114 .       Cavanaugh VJ , Guidotti L , Chisari FV . Interleukine-12 inhibits hepatitis B virus replication in transgenic mice . J Virol . 1997 ; 71 : 3236 - 3243
 115 .  Wieland SF , Spangenberg HC , Thimme R , Purcell RH , Chisari FV . Expansion and contraction of the hepatitis B virus transcriptional template in infected

     chimpanzees . Proc Natl Acad Sci U S A . 2004 ; 101 : 2129 - 2134
 116 .  Fourel I , Cullen JM , Saputelli J , Aldrich CE , Schaffer P , Averett DR , Pugh J . Evidence that hepatocyte turnover is required for rapid clearance of Duck Hepatitis B

     Virus during antiviral therapy of chronically infected ducks . J Virol . 1994 ; 68 : 8321 - 8330
 117 .  Guo JT , Zhou H , Liu C , Aldrich C , Saputelli J , Whitaker T , Barrasa MI . Apoptosis and regeneration of hepatocytes during recovery from transient hepadnavirus

     infections In Process Citation  [ ] . J Virol . 2000 ; 74 : 1495 - 1505

 118 .   Summers J , Jilbert AR , Yang W , Aldrich CE , Saputelli J , Litwin S , Toll E . Hepatocyte turnover during resolution of a transient hepadnaviral infection . Proc Natl
    Acad Sci U S A . 2003 ; 100 : 11652 - 11659

 119 .       Summers J , Mason WS . Residual integrated viral DNA after hepadnavirus clearance by nucleoside analog therapy . Proc Natl Acad Sci U S A . 2004 ; 101 : 638 - 640
 120 .  Maynard M , Parvaz P , Durantel S , Chevallier M , Chevallier P , Lot M , Trepo C . Sustained HBs seroconversion during lamivudine and adefovir dipivoxil

     combination therapy for lamivudine failure . J Hepatol . 2005 ; 42 : 279 - 281
 121 .  Rehermann B , Ferrari C , Pasquinelli C , Chisari F . The hepatitis B virus persists for decades after patients  recovery from acute viral hepatitis despite active’

     maintenance of a cytotoxic T-lymphocyte response . Nature Medicine . 1996 ; 2 : 1104 - 1108
 122 .  Menne S , Roneker CA , Korba BE , Gerin JL , Tennant BC , Cote PJ . Immunization with surface antigen vaccine alone and after treatment with

  1-(2-fluoro-5-methyl-beta-L-arabinofuranosyl)-uracil (L-FMAU) breaks humoral and cell-mediated immune tolerance in chronic woodchuck hepatitis virus infection . J Virol .
   2002 ; 76 : 5305 - 5314
 123 .  Rollier C , Sunyach C , Barraud L , Madani N , Jamard C , Trepo C , Cova L . Protective and therapeutic effect of DNA-based immunization against hepadnavirus large

     envelope protein . Gastroenterology . 1999 ; 116 : 658 - 665
 124 .  Le Guerhier F , Thermet A , Guerret S , Chevallier M , Jamard C , Gibbs CS , Trepo C . Antiviral effect of adefovir in combination with a DNA vaccine in the duck

     hepatitis B virus infection model . J Hepatol . 2003 ; 38 : 328 - 334
 125 .  Mancini M , Hadchouel M , Tiollais P , Michel ML . Regulation of hepatitis B virus mRNA expression in a hepatitis B surface antigen transgenic mouse model by

     IFN-gamma-secreting T cells after DNA-based immunization . J Immunol . 1998 ; 161 : 5564 - 5570
 126 .  Lu M , Lohrengel B , Hilken G , Kemper T , Roggendorf M . Woodchuck gamma interferon upregulates major histocompatibility complex class I transcription but is

     unable to deplete woodchuck hepatitis virus replication intermediates and RNAs in persistently infected woodchuck primary hepatocytes . J Virol . 2002 ; 76 : 58 - 67
 127 .  Wang J , Gujar SA , Cova L , Michalak TI . Bicistronic woodchuck hepatitis virus core and gamma interferon DNA vaccine can protect from hepatitis but does not elicit

     sterilizing antiviral immunity . J Virol . 2007 ; 81 : 903 - 916
 128 .  Siegel F , Lu M , Roggendorf M . Coadministration of gamma interferon with DNA vaccine expressing woodchuck hepatitis virus (WHV) core antigen enhances the

     specific immune response and protects against WHV infection . J Virol . 2001 ; 75 : 5036 - 5042
 129 .  Mc Kenzie R , Fried M , Sallie R , Conjeevaram H , Di Bisceglie A , Park Y , Savarese B . Hepatic failure and lactic acidosis due to fialuridine (FIAU), an

     investigational nucleoside analogue for chronic hepatitis B . N Engl J Med . 1995 ; 333 : 1099 - 1105
 130 .  Lewis W , Levine E , Griniuvene B , Tankersley K , Colacino J , Sommadossi J , Watanabe K . Fialuridine and its metabolites inhibit DNA polymerase gamma at sites of

   multiple adjacent analog incorporation, decrease mtDNA abundance, and cause mitochondrial structural defects in cultured hepatoblasts . Proc Natl Acad Sci USA . 1996 ; 93 :
 3592 - 3597

 131 .  Colonno RJ , Rose R , Levine S , Baldick J , Pokornowski K , Plym M , Yu CF , Mazzucco C , Fang J , Hsu M , Walsh A , Eggers B , Thiry A , Tenney D . Entecavir
   two year resistance update: no resistance observed in nucleoside naive patients and low frequency resistance emergence in lamivudine refractory patients . Hepatology . 2005 ;

 42 : 573A -
 132 .       Zoulim F . In vitro models for studying hepatitis B virus drug resistance . Semin Liver Dis . 2006 ; 26 : 171 - 180
 133 .   Yang H , Westland C , Xiong S , Delaney WE . In vitro antiviral susceptibility of full-length clinical hepatitis B virus isolates cloned with a novel expression vector .

    Antiviral Res . 2004 ; 61 : 27 - 36
 134 .  Yang H , Qi X , Sabogal A , Miller M , Xiong S , Delaney WEt . Cross-resistance testing of next-generation nucleoside and nucleotide analogues against

     lamivudine-resistant HBV . Antivir Ther . 2005 ; 10 : 625 - 633
 135 .   Delaney WEt , Ray AS , Yang H , Qi X , Xiong S , Zhu Y , Miller MD . Intracellular metabolism and in vitro activity of tenofovir against hepatitis B virus . Antimicrob

    Agents Chemother . 2006 ; 50 : 2471 - 2477



Expert Opin Emerg Drugs . Author manuscript

Page /14 16

Figure 1
the main antiviral agents and their mode of action

Figure 2
the HBV life cycle and the main targets for antiviral therapy CccDNA : covalently closed circular DNA ; mRNA : messenger RNA ; pg RNA

: pregenomic RNA ; RC DNA : relaxed circular DNA.
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Figure 3
the main classes of antiviral agents and their chemical structures The structures can be found on the PubChem Compound website at 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi

Figure 4
the rate of resistance to antivirals in nucleoside naive patients, and in lamivudine refractory patients The resistance rates are derived from

published clinical studies ( , , , , , , )29 43 44 46 69 93 131 
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Table 1
Results of cross-resistance of hepatitis B virus mutants to antiviral agents.in vitro 

Resistance mutation

L180M  M204V+ M2041 N236T A181V S202G/I  M250I * + *

Drugs with reduced activity Lamivudine Lamivudine Adefovir Adefovir Entecavir
Emtricitabine Emtricitabine Lamivudine
Clevudine Telbivudine Telbivudine
Telbivudine
Elvucitabine

Drugs with intermediate activity Entecavir Entecavir Lamivudine
Drugs that remain active Adefovir Adefovir Lamivudine Tenofovir Adefovir

Tenofovir Tenofovir Emtricitabine Entecavir Tenofovir
Entecavir
Telbivudine

 * In the presence of primary resistance mutations (L180M  M204V).+
Results from phenotypic assays published in the literature allow drugs to be assigned as having reduced activity, intermediate activity or activity against the different hepatitis B virus mutants depending
on their relative activity as compared with wild-type virus , , , , . The thresholds to distinguish these different categories are still debated because phenotypic assays are not[40 43 82 87 –89 130 –133 ]
commercially available and may vary from one laboratory to another, and because the translation of results to the clinic also depends on the specific pharmacodynamics of each drug. Forin vitro 
instance, studies may show an intermediate activity against a given mutant, but the drug may still show antiviral efficacy in patients, at least initially; as we do not have a long-term clinical followin vitro 
up for all mutants and drugs, it is, therefore, difficult to know if such drugs with intermediate activity may then select these mutants or select even more complex mutants with secondaryin vivo 
mutations, or if the drug will overcome this intermediate activity by its antiviral potency in vivo.


