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Abstract Chronic hepatitis B virus infection, a major

cause of end-stage liver disease and hepatocellular carci-

noma, is a worldwide health concern. While the past two

decades have brought major advances in the availability of

treatments to help delay or prevent these outcomes, treat-

ment of chronic hepatitis B remains a serious challenge,

not least due to the ability of the virus to remain in hepa-

tocyte nuclei as a source of potential reactivation—hence

the term chronic hepatitis B infection. This article reviews

the current treatments available and suggests a framework

for a rational approach to managing the disease.

Keywords Treatment options � Patient selection �
Immunomodulatory therapy � Antivirals � Sustained
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Abbreviations

ALT Alanine aminotransferase

CHB Chronic hepatitis B infection

HBV Hepatitis B virus

HBeAg Hepatitis B e antigen

HBsAg Hepatitis surface antigen

Infection with hepatitis B virus (HBV) can result in end-

stage liver disease and hepatocellular carcinoma, account-

ing for up to 1 million deaths per year [1]. Due to the

ability of the HBV genome to be maintained in the nuclei

of infected hepatocytes, infected patients have chronic

hepatitis B (CHB) and are at life-long risk of disease

reactivation. Thus patients should be regularly monitored

to detect active disease as a number of treatment options

for patients are available. Indeed, understanding the dy-

namic nature of chronic HBV infection is crucial in the

management of HBV carriers and highlights the need for

long-term monitoring [2]. However, many patients with

CHB do not receive routine monitoring, treatment or fol-

low-up. There are several possible reasons for this,

including a lack of knowledge about the disease and the

need for treatment, uncertainty about how to treat, or

insufficient appreciation of the severity of the disease and

its outcomes, both on the part of healthcare professionals

and patients. In addition, in many parts of the world where

HBV is endemic, there is lack of available resources to

diagnose and adequately treat. The frequently protracted

time course of the disease does not encourage the primary

See related article: DOI 10.1007/s12072-007-9005-6

Dr. Peters reports receiving consulting or lecture fees from Idenix,

Hoffman La Roche, Gilead Sciences; grant support from Achillion

Pharmaceuticals and serving on the data safety monitoring board for

Glaxo Smith Kline. Dr. Lau reports receiving consulting or lecture fees

from Hoffman La Roche and Novaritis; grant support from Hoffman

La Roche, Novarits, Bukwang and Gilead Sciences. Dr. Marcellin

reports receiving consulting or lecture fees from BMS, Coley Pharma,

Gilead, GSK, HGS, Idenix-Novartis, Roche, Schering Plough, Valeant

and Vertex and grant support from BMS, Gilead, GSK, HGS, Idenix-

Novartis, Roche, Schering Plough, Valeant and Vertex.

G. Lau

Department of Medicine, Queen Mary Hospital, The University

of Hong Kong, Hong Kong, China

e-mail: gkklau@netvigator.com

P. Marcellin
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care physician to monitor the apparently ‘healthy’ asymp-

tomatic carrier, or to seek referral to a liver specialist.

Several evidence-based treatment guidelines have been

devised for distinct geographical regions [3–6]. However,

despite geographical differences in prevalence of infecting

HBV genotype, the treatment strategy remains essentially

the same.

The aim of this article is to briefly review the global

burden of disease, the treatments and treatment guidelines

currently available and, finally, to provide an evidence-

based patient management rationale. It is our goal to pro-

vide guidance, applicable to all clinicians, to help them

select the most appropriate course of patient management

for individual patients. As physicians we try to provide

patients with the best possible treatment strategy, given

available resources, and educate our patients about these

while taking account of their individual needs and prefer-

ences.

Burden of disease

While prophylactic vaccination has significantly reduced

the incidence of de novo HBV infections among popula-

tions where it has been introduced [7], CHB remains a

serious global public health concern affecting 350 million

people [8, 9]. Although the minority (only 15–40%) of

infected individuals go on to develop cirrhosis, liver failure

and hepatocellular carcinoma (HCC), this results in an

estimated 0.5–1.2 million fatalities per year, ranking CHB

as the tenth leading cause of death worldwide [8, 9]. The

health hazards associated with this large pool of chroni-

cally infected individuals is reflected by the increased rates

of HCC monitored in the USA (almost doubling during a

15 year period) despite the declining incidence in HBV

infection [10]. A recent observational study of Taiwanese

patients over 30 years of age, has identified elevated serum

HBV DNA levels of ‡10,000 copies/ml (~2000 IU/ml) as a

strong risk predictor of HCC development independent of

HBV ‘e’ antigen (HBeAg) status, serum alanine amino-

transferase (ALT) level, and liver cirrhosis [11]. Perhaps

unsurprisingly then, HCC incidence has increased

throughout the world, ranking as the fifth most frequent

cancer, causing 300,000–500,000 deaths per annum [12].

Global mortality estimates for 2002 suggested that 328,000

liver cancer deaths were due to CHB, approximately dou-

ble the number caused by chronic hepatitis C [13]. In

addition, a study investigating all cause mortality,

excluding liver disease related death, suggested that age-

adjusted death rates are 3–3.6 times higher in those car-

rying the HBV surface antigen (HBsAg) compared with

uninfected individuals [14].

In endemic area, HBV is usually transmitted vertically

to newborns (e.g. the Pacific and Asia) or horizontally in

early childhood (e.g. sub-Saharan Africa), whereas in those

areas of relatively low-occurrence (e.g. Western Europe

and USA) horizontal infection is the norm among young

adults due to sexual contact and needle sharing amongst

injection drug-users [15]. Lack of universal vaccine cov-

erage among endemically infected populations and

increasing levels of migration into low-incidence countries

provide ample opportunity for continued HBV spread.

Serious consequences of CHB are noted in one third of

those who acquire infection in early life. In contrast, pa-

tients who contracted the disease later in life are less likely

to suffer serious sequelae (only ~20% develop cirrhosis or

HCC) since their disease has had a relatively shorter time

to progress. Despite geographic differences in genotypes

and in the prevalence of HBeAg-positive and -negative

disease [16–20] (Table 1), clinicians worldwide are now

more likely to encounter patients of all genotypes and both

HBeAg-positive and -negative disease during their practice

as a result of population migration, and consequently need

to know how to treat all types of patient appropriately.

Treatment goals and treatment options

The ultimate goal of treatment for CHB is improvement in

long-term survival with decreased progression of liver

disease to cirrhosis and liver failure or HCC. This goal has

many steps, including suppression of viral replication, de-

crease of HBV DNA, loss of HBeAg, acquisition of anti-

HBe and ultimately loss of HBsAg and acquisition of anti-

HBs. Data from multiple studies have shown that success

in all of the aforementioned steps has led to better survival

and decrease in HCC incidence. However, viral eradication

is unlikely due the pool of cccDNA residing in the nuclei of

infected hepatocytes, so remission of disease is a reason-

able goal. Immunological control of CHB (through the

development of anti-HBs antibodies, i.e. seroconversion) is

a similar state to that achieved in those who effectively

control HBV replication following acute infection and do

not progress to the chronic stage (so called past infection).

Loss of HBsAg is associated with improved survival [21].

In patients with HBeAg-positive CHB, immunological

control is also indicated by HBeAg seroconversion (ie. loss

of HBeAg from serum and development of anti-HBe

antibodies). HBeAg seroconversion is indicative of a

durable clinical response and is associated with improved

clinical outcome [22, 23]. As a result, HBeAg serocon-

version, or HBeAg loss, is often used as a marker of

treatment response in clinical trials. Sustained reduction in

HBV viral load, with corresponding ALT normalisation
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(£ 30 IU/l for men and <20 IU/l for women) and histo-

logical stabilisation or improvement, are considered

important treatment objectives in HBeAg-negative CHB in

which HBeAg loss cannot be used as a marker. Currently

there are up to seven approved agents for the treatment of

CHB, and these fall into two categories: (i) immunomod-

ulatory therapies, i.e. conventional interferon (IFN) alfa

and pegylated interferon (PEG-IFN) alfa-2a (ii) antiviral

agents (nucleos(t)ide analogues): lamivudine, adefovir,

entecavir, telbivudine and clevudine (in Korea).

Immunomodulatory therapy

Interferon has both antiviral and immunomodulatory

properties. The aim of treatment with IFN is to induce a

sustained response to treatment following a finite period of

therapy. Conventional IFN has been largely superseded by

PEG-IFN due to its improved administration schedule

(once weekly versus thrice weekly injection).

Conventional interferon

In patients with HBeAg-positive CHB, a meta-analysis of

15 trials of 12–24 weeks IFN treatment resulted in an

HBeAg seroconversion rate of 18% and virological re-

sponse with reduction in HBV DNA to £ 100,000 copies/

ml (~20,000 IU/ml) in 37% of patients compared with 17%

of those untreated [6, 24]. Rates of HBsAg loss have been

reported in 5–10% of European patients during 1 year of

treatment, increasing to 11–25% among sustained

responders over a 5-year follow-up period [20, 23, 25, 26].

Long-term follow-up of a group of HBeAg-positive pa-

tients who responded to IFN suggested that the remissions

induced are of long duration and were followed in most

cases by loss of HBsAg and lack of evidence of HBV

replication [27]. Until recently, most data on the efficacy of

IFN had come from European studies, however, a recent

study of Taiwanese patients treated with a finite course of

IFN therapy and followed up for a median of 6.8 years

showed that, compared to untreated controls with persistent

HBeAg positivity, HBeAg seroconversion in untreated and

IFN-treated patients resulted in a significantly lower inci-

dence of liver cirrhosis and cancer [28]. This further sup-

ports the use of HBeAg seroconversion as a measure of

treatment efficacy for HBeAg-positive CHB. As with

HBeAg-positive CHB, sustained response to IFN therapy

in patients with HBeAg-negative CHB is associated with

improved clinical outcome and increasing likelihood of

HBsAg loss. While IFN treatment in patients with HBeAg-

negative CHB appears to be less durable than that in

HBeAg-positive patients, with relapse rates of 40% [29],

improved response has been observed in patients treated

for >1 year.

Pegylated interferon

Due to its improved pharmacokinetic profile and results of

large multicentre trials [30, 31], conventional IFN has re-

cently been dropped from treatment recommendations for

CHB management in the USA, in favour of the pegylated

form [6]. A trial of PEG-IFN showed benefit over con-

ventional IFN in patients with HBeAg-positive CHB fol-

lowing treatment for 24 weeks [32]. Trials investigated the

efficacy of PEG-IFN, with and without the addition of

lamivudine, in comparison with lamivudine. In patients

with HBeAg-positive disease, a 48-week course of PEG-

IFN treatment produced significantly greater rates of

seroconversion, suppression of HBV DNA replication and

ALT normalisation compared with lamivudine, as mea-

sured 24 weeks post-treatment. Despite providing greater

on-treatment HBV DNA suppression, the addition of

lamivudine to PEG-IFN did not produce any advantage in

term of response rate 24 weeks post-treatment compared

with PEG-IFN monotherapy. A total of 8 patients in each

of the two PEG-IFN treatment arms achieved HBsAg

seroconversion 6 months post-treatment cessation, an

HBsAg seroconversion rate of 3% vs. 0% for those treated

with lamivudine alone. Longer-term follow-up of 172 pa-

tients treated with PEG-IFN monotherapy in the original

study, of whom 69 (40%) had HBeAg-seroconversion

6 months post-treatment, revealed that the response was

sustained in 91% of this group, and that an additional 15%

of patients developed a late serological response 6–

12 months after ending therapy [33]. Multivariate analysis

indicated that response to PEG-IFN was associated with

higher baseline ALT and lower HBV-DNA and HBeAg

level, but not with gender, age, race or body weight.

Genotype A infection was associated with a better response

(52%) compared to genotypes B (30%), C (31%) and D

(22%). Long-term sustained HBeAg-seroconversion was

associated with substantial HBV DNA reduction and ALT

normalisation, with 72% of patients having HBV DNA

Table 1 Prevalence of HBeAg-negative disease and distribution of

most common genotypes

Region Median prevalence of

HBeAg-negative CHB among

HBsAg-positive patients (%)

Predominant

genotype

Asia pacific 18–40 B, C

USA and

Northern

Europe

14 A, D

Mediterranean 33 D

Based on Refs. [16–20]
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levels <10,000 copies/ml (~2,000 IU/ml) and 82% having

normal ALT 1 year post-treatment. Studies of pegylated

interferon alfa-2b with or without lamivudine for 1 year

found that 35% of subjects had lost HBeAg at follow up;

that there was no benefit from the addition of lamivudine;

and that genotype A subjects had a better response [34].

In HBeAg-negative CHB, PEG-IFN was superior to

lamivudine monotherapy with statistically significantly

higher post-treatment response rates, both as monotherapy

and when used in combination with lamivudine in treat-

ment naı̈ve patients [30]. As with treatment of HBeAg-

positive disease, the addition of lamivudine to PEG-IFN

did not improve response rate 24 weeks post-treatment

compared with monotherapy. Longer-term follow-up of

patients originally treated with PEG-IFN monotherapy

(n = 116) and with the combination with lamivudine

(n = 114) has demonstrated that the responses are sustained

up to 2 years post-treatment in approximately two-thirds of

patients who had an initial response [35]. Treatment of

HBeAg-negative patients with PEG-IFN also induced

HBsAg seroconversion, which was maintained over

2 years of follow-up.

Nucleos(t)ide analogues: lamivudine, adefovir,

telbivudine, entecavir and clevudine

The nucleos(t)ide analogues lamivudine and adefovir,

originally developed for treatment of HIV, display potent

antiviral activity against HBV replication. Entecavir, tel-

bivudine and clevudine, the most recently licensed antivi-

rals for HBV, have no anti-HIV activity. All five agents

have similar modes of action, functioning as obligate HBV

DNA chain terminators and are administered orally with

few or no side effects, thus promoting good patient com-

pliance. However, they also have their limitations. They

usually require longer-term therapy because of their an-

tiviral mode of action; once stopped, viral rebound is

common. In addition, long-term use is associated with the

development of viral strains resistant to their action, which

increases over time. For lamivudine this reaches approxi-

mately 70% following 5 years of uninterrupted treatment

[36–41]. Viral resistance may not be benign, with con-

comitant rebound in HBV DNA and ALT levels toward

pre-treatment values; in some cases severe ALT flares and

rapid decompensation have been observed [37, 42].

Because of these limitations, lamivudine is not recom-

mended as first-line therapy CHB in recently published US

treatment guidelines [6].

Development of resistance to adefovir is less pro-

nounced and slower to emerge than for lamivudine,

reaching levels of 18% and 29% by 4 and 5 years of

treatment, respectively, in patients with HBeAg-negative

CHB [43, 44]. Treatment of patients with HBeAg-negative

CHB with adefovir induced ALT normalisation in 72% of

patients and HBV DNA suppression to <1,000 copies/ml

(~200 IU/ml) in 51% compared with 29% and 0% of pla-

cebo-treated controls at 1 year [45]. At 2 and 5 years, HBV

DNA suppression was 71% and 67%, with ALT normali-

sation of 73% and 69%, respectively [43, 46]. Liver his-

tology improved in 75–80% after 5 years of adefovir

therapy [46].

Entecavir has been demonstrated to be superior to

lamivudine in suppressing HBV DNA and improving liver

histology for both HBeAg-positive and -negative forms of

the disease in treatment-naı̈ve patients [47, 48] but showed

no difference in rates of HBeAg or HBsAg loss or sero-

conversion when compared with lamivudine treatment for

the same period [47]. Telbivudine also induces greater

suppression of HBV DNA than lamivudine in patients with

both HBeAg-positive and -negative disease, with 60% and

88% of individuals experiencing HBV DNA loss to unde-

tectable levels after 2 years, compared with 40% and 71%

of those treated with lamivudine, respectively. Telbivudine

treatment was also associated with fewer flares and lower

rates of resistance (2–3% vs. 7–8%) compared with lami-

vudine but demonstrated no significant difference in

HBeAg loss or seroconversion [49, 50]. Telbivudine has

also been demonstrated to be superior to adefovir in sup-

pressing HBV DNA but again no difference in the rates of

HBeAg loss were detected [50, 51]. Clevudine is a new

nucleoside analogue, so far approved for use only in Korea.

There is little information on efficacy beyond short-term

treatment [52, 53]. The emergence of resistance to ente-

cavir has not been noted in patients receiving up to

96 weeks of continuous therapy with entecavir in NA-na-

ı̈ve patients [54]. Pre-existing lamivudine mutations appear

to be necessary for clinical resistance to entecavir to de-

velop [55], developing in 9% of patients after 96 weeks

[54].

Higher baseline and on-therapy HBV DNA levels are

risk factors for the development of resistance nucleos(t)ide

analogues. When following an antiviral treatment strategy,

consideration of combination or add-on of further nucle-

os(t)ide analogues may be considered but is associated with

additional costs. Combination therapy with two nucle-

os(t)ide analogue drugs has been suggested and has been

shown to decrease the risk of resistance [56]. However,

there was no difference in control of HBV whether

sequential or combination therapy was used, although viral

resistance was lower with combination therapy. In addi-

tion, there is a higher incidence of viral resistance in pa-

tients with Lam-resistant HBV strains who received ADV,

entecavir or telbivudine monotherapy [57–59]. Current

data suggest that, although immunological control can be

achieved in some patients following treatment with nu-

cleos(t)ide analogues, in many patients the host is unable to
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mount an effective immune response despite adequate

suppression of viral replication. Interferon, which has

immunomodulatory as well as antiviral activity, appears to

achieve this more effectively, although only in one third of

subjects and the mechanism is, as yet, not fully elucidated.

Current treatment guidelines

Currently available guidelines provide valuable insights

into each type of therapy but they generally leave open the

choice of antiviral treatment with nucleos(t)ide analogues

or immunomodulatory therapy with conventional IFN or

PEG-IFN as preferred first-line treatment. Choices of

therapy depend on chance of response, severity of disease

and patients and provider preference.

Treatment recommendations

European guidelines recommend IFN as an initial first-line

treatment, with lamivudine or adefovir only if IFN is

ineffective, poorly tolerated or contraindicated [3]. All

three treatments are recommended as appropriate by the

AASLD [4] and APASL [5], whereas more recently, lam-

ivudine has been dropped in favour of entecavir and PEG-

IFN has been specifically recommended in an algorithm

strictly designed for treatment of patients in the USA [6].

In addition, elevated ALT accompanied by HBV DNA

>10,000 copies/ml or 2,000 IU/ml (rather than

>100,000 copies/ml or >20,000 IU/ml) have also recently

been recommended for treatment in patients with HBeAg-

negative disease [6]. The latest AASLD guidelines now

include telbivudine as a treatment option but due to the

high rate of resistance development and cross-reactivity

with resistance mutations conferring resistance to lamivu-

dine, this drug must be used with caution as monotherapy

in the treatment of CHB [4].

Efficacy in various categories

Duration of treatment

For the treatment of patients with HBeAg-positive CHB,

IFN treatment was recommended for 4–6 months [3, 5],

but more recently therapy for up to 1 year has been sug-

gested, as has the preferred use of PEG-IFN [4, 6]. Nu-

cleos(t)ide analogues should be given for at least 1 year,

and continued for an additional 6–12 months following

HBeAg seroconversion [3–5], or until HBV DNA reaches

stable undetectable levels [6].

The optimal duration of treatment in patients with

HBeAg-negative CHB remains unclear, but is generally

regarded as being longer than that for HBeAg-positive

CHB. The decision to stop treatment should be based on a

stable clinical response and the severity of underlying liver

disease. Treatment with nucleos(t)ide analogues may be

lifelong, whereas the use of conventional IFN or PEG-IFN

is for 1 year [4–6].

To summarise, current treatment guidelines were not

devised with the intention of providing hard and fast rules

to assist clinicians in deciding which treatment strategy

may be most appropriate for an individual patient. Indeed,

in a number of patients either treatment approach may be

appropriate, and the final decision is made by patient and

physician preference.

Towards a unified treatment management strategy

Much evidence has accrued for the efficacy of continuous

nucleot(s)ide therapy, providing highly effective HBV

suppression, ALT normalisation and improvement in liver

histology. On the other hand, HBsAg seroconversion is

rarely observed and, compared to IFN-based treatment,

sustained, off-therapy response is less common, especially

in HBeAg-negative CHB where cessation is more often

followed by relapse [31, 43].

Clearly we now have a number of agents at our disposal

to treat CHB, and newer nucleos(t)ide analogues are in

development [52, 53]. However, we need to use these agents

wisely and in patients where they are most likely to bring

benefit. Both immunomodulatory and nucleos(t)ide ana-

logues agents have their pros and cons (Table 2) and both

find application in patient management—but the treatment

strategy chosen must be one that considers all relevant

factors for each individual patient and balances the potential

benefits versus risks. Such factors include: patient age,

severity of liver disease, other co-morbidities if relevant,

preference and anticipated treatment duration. While

nucleos(t)ide analogues are the only available treatment for a

patient with decompensated cirrhosis (for whom IFN-based

therapy would be contraindicated), a course of PEG-IFN may

be the most appropriate first-line treatment strategy in a

young patient in order to give them a one in three overall

chance of sustained response. If seroconversion is not

achieved with PEG-IFN, longer-term treatment with nucle-

os(t)ide analogues could be a fall back strategy. Patients who

opt for a finite course of PEG-IFN must be made aware of the

side effects they are likely to encounter while those choosing

nucleos(t)ide analogue therapy must be made aware of the

necessity for longer-term treatment as well as the risk of

resistance development and its consequences.

Expense is a major consideration when selecting treat-

ments and it is an unfortunate fact that not all patients have

access to equivalent treatments. In many Asian and sub

Saharan countries, despite the high rate of resistance

development, lamivudine is frequently prescribed as a
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result of the cost savings compared to other nucleos(t)ide

analogues or IFN-based therapy. However, the higher ini-

tial cost of IFN-based treatments [6] may be considerably

offset against the sustained off-treatment responses that

have been observed, when compared with continuous

on-treatment therapy with nucleos(t)ide analogues, wherein

costs of potential combination therapy regimens may

approach that of IFNs. While a recent analysis suggested

that, entecavir may be the most cost-effective strategy for

HBeAg-positive patients over a 5-year perspective, its

higher cost being offset by decreased progression of dis-

ease, long-term efficacy and low-resistance rate remain

unproven [59]. Moreover, projection over a longer time

span improved the cost-effectiveness of an IFN regimen,

suggesting potential cost benefit particularly in younger

individuals [27]. The growing number of antiviral drugs

both approved for use and in development may allow for

effective management of CHB with either ‘add-on therapy’

or drug switching. However, with only the single viral

target of the HBV DNA polymerase, the potential for

development of cross-resistance becomes a real practical

problem. Hence careful planning of any nucleos(t)ide

analogue-based regimen should be an essential element in

CHB patient management, which will also require regular

monitoring for sustained HBV DNA suppression and viral

rebound and resistance. If HBV DNA does not decrease

within 12–24 weeks of initiation of therapy, clinicians

should add or change therapy as long-term viral suppres-

sion and HBeAg loss and seroconversion is uncommon and

there is an increased risk of resistance [44, 59].

Disease stage is a key factor in determining treatment

strategy (Fig. 1). Among those patients with CHB with

early cirrhosis who are immunocompetent and lack any

other serious illness, treatment should be aimed to achieve

sustained remission. On the other hand, for those patients

with advanced cirrhosis and decompensation, who may

be immunodeficient or have other serious disease, then

treatment should be aimed at achieving maintained

remission. Importantly, effective treatment with either

approach, providing either sustained or maintained re-

sponse, can achieve disease remission and thus prolong

life. A basic algorithm to improve clinical outcomes is

proposed in Fig. 2. In appropriately selected patients,

immunomodulatory therapy of finite duration with PEG-

IFN or conventional IFN should be the first-line treatment

of choice. For those who do not achieve sustained remis-

sion, treatment of longer duration with nucleos(t)ide ana-

logues should be instigated as second choice. However,

nucleos(t)ide analogue therapy may be the treatment of

choice for certain patient groups, such as the immuno-

compromised [60], those beginning chemotherapy [61], or

pregnant with high HBV viral loads (>1,000 million cop-

ies/ml or ~200 million IU/ml) [62] or those unwilling to

take IFN therapy. While genotype appears to influence the

rate of response to IFN therapies, with patients infected

with HBV genotype A responding best, the infecting

genotype has not yet been shown to have an effect on

response to nucleos(t)ide analogues. Thus genotype may

play a role in selecting first line therapy in areas where

genotype A or D are prevalent but does not influence

therapeutic decision where genotype B and C are common.

As well as deciding how to treat patients clinicians must

also consider whether treatment is absolutely necessary,

especially if resources are limited. Monitoring of patients,

especially those with HBeAg-positive CHB without

Table 2 Pros and cons of available treatment options

Nucleos(t)ide analogues Immunomodulatory

Oral administration Subcutaneous

Potent HBV DNA suppression Less potent HBV DNA

suppression

Not immunomodulatory Antiviral and

immunomodulatory

Few side effects Frequent side effects

Risk of resistance development No resistance

HBsAg seroconversion rare HBsAg seroconversion more

common

Long-term therapy—potential for

drug fatigue

Finite therapy duration

Chronic hepatitis
Early cirrhosis

immunocompetent
no serious other disease

Aim for
Sustained remission

Advanced cirrhosis
Decompensation
immunodeficiency

serious other disease 

Aim for
Maintained remission

Fig. 1 The severity and state of disease is a key factor in determining

strategy

1st choice
Aiming for sustained remission

Using a treatment of finite duration
eg pegylated or conventional IFNα

Sustained
remission

yes

no*

2nd choice
Maintained remission

Using a treatment of long-
term duration

eg nucleos(t)ide analogues

Survival

*or IFN contraindicated / not tolerated

Fig. 2 Proposed treatment algorithm to improve clinical outcomes
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evidence of jaundice, every 3–6 months is important—they

may not be in need of immediate treatment, since sponta-

neous HBeAg seroconversion can occur at a rate of ~10%

of patients per year. Current recommendations for therapy

of chronic hepatitis B are summarised in Table 3 and

modified from AASLD, EASL, APASL and expert treat-

ment guidelines [3–6]. However, defining strict indications

for initiating CHB treatment is problematic, due to the

frequently fluctuating nature of the disease, e.g. HBV DNA

<1,000 copies/ml (~200 IU/ml) may indicate inactive dis-

ease, whereas >100,000 copies/ml (~20,000 IU/ml) indi-

cates active infection, but this level of HBV DNA

accompanied by normal ALT and histology may indicate

an immunotolerant state in a young person. Persistently

elevated ALT levels, defined as ‡2 · upper limit of normal

(ULN) with HBV DNA >100,000 copies/ml (~20,000 IU/

ml) are accepted as strong evidence to start treatment

[3–6]. Elevated ALT levels plus HBV DNA levels of

10,000–100,000 copies/ml (~2,000–20,000 IU/ml) have

more recently been suggested as indication for treatment,

but preliminary liver biopsy to establish moderate to severe

inflammation or fibrosis is recommended before initiating

therapy on a case-by-case basis [1, 6, 63].

Timing of treatment can influence the likelihood of re-

sponse; high-baseline levels of ALT are known to be pre-

dictive of response to treatment both with IFN-based and

nucleos(t)ide analogue therapy [64, 65]. Similarly, low-

baseline HBV DNA levels have also been associated with

an improved rate of response to IFN-based therapy. A

‘watch and wait’ strategy may be preferable to initiating

immediate treatment, particularly in young patients who

may have many years of therapy ahead of them.

An important factor to remember when counselling

patients in need of anti-HBV therapy is the likelihood of

requirement for long-term therapy if nucleos(t)ide ana-

logues are initiated. Currently there are no evidence-based

recommendations regarding when to stop nucleos(t)ide

analogue therapy should HBeAg seroconversion occur,

although reports suggest that 6–12 months appears pru-

dent. It is also worth bearing in mind that HBeAg loss, used

as a measure of treatment success in many trials of nu-

cleos(t)ide analogues is not as stringent an outcome as

HBeAg seroconversion, which requires not only HBeAg

loss but also development of anti-HBe antibody. Although

add-on use of nucleos(t)ide analogues may be necessary

and beneficial in patients in whom nucleos(t)ide analogue-

resistant virus has developed, some experts suggest that de

novo use of nucleos(t)ide analogues in combination should

be used. A study by Yim et al. [66] found that mutations

conferring resistance to multiple antiviral agents co-locate

on the same viral genome, suggesting that combination

therapy directed against mutants resistant to each treatment

may not be adequate in suppressing multi-drug resistant T
a
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HBV; they conclude that de novo combination therapy may

be required to prevent the emergence of multi-drug resis-

tant mutants. Combination therapy with two nucleos(t)ide

analogue drugs (lamivudine and tenofovir) has been sug-

gested and has been shown to decrease the risk of resis-

tance to lamivudine [56], however, tenofovir is currently

licensed only for treatment of HIV infection and not for

CHB. Choice of combination will be important; for

example, a Phase II study of lamivudine in combination

with telbivudine showed that the combination was less

effective than lamivudine alone, suggesting an antagonistic

effect [67]. Further studies are required to elucidate the

long-term effects of resistance development.

In conclusion, we propose a unified treatment strategy

for the management of patients with CHB in order to make

best possible use of the resources currently available.

Education, both of physicians and patients, is a key factor

in combating CHB. Effective treatments for the manage-

ment of CHB are available; the basic algorithm for their

use suggested here should be regarded as an initial

framework for further development.
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