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Abstract Both optimism and frustration exist regarding

therapy for patients with chronic hepatitis B virus infection.

Due to the recent advent of several drugs with potent

antiviral capacities and comparatively low rates of adverse

effects, considerable optimism has developed regarding the

treatment of these patients. Chronic hepatitis B is now a

treatable disease, and suppression of hepatitis B virus

replication, normalization of alanine aminotransferase

levels, seronegativity/seroconversion of hepatitis B e anti-

gen and hepatitis B surface antigen, and decreased hepatic

inflammation and liver fibrosis have been documented in

chronic hepatitis B virus-infected patients treated with

antiviral therapy. In contrast, many frustrations regarding

antiviral therapy for chronic hepatitis B have arisen,

because the disease, although treatable, is not curable. The

present regimens of antiviral therapy modulate some

intermediate parameters or so-called surrogate markers in

chronic hepatitis B virus-infected patients, but usually fail

to improve all intermediate parameters or ultimate clinical

outcomes. In addition, major concerns remain about the

applicability and use of antiviral drugs in developing and

resource-constrained countries in which healthcare delivery

systems do not support the proper use of antiviral therapy.

New and more effective therapeutic regimens for chronic

hepatitis B patients are needed that take into account

potential surrogate markers of treatment outcomes and

allow for effective collaboration between resource-con-

strained and advanced countries.
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Introduction

Hepatitis B virus (HBV), a member of the family Hepa-

dnaviridae, is a non-cytopathic DNA virus. Worldwide,

nearly 2 billion people have been infected at some point in

their lives, and approximately 350–400 million people are

chronically infected, a condition that implies ongoing HBV

replication in infected hosts. Epidemiologic data indicate

that HBV accounts for 0.5–1.2 million deaths annually, and

approximately 15–25% of chronic hepatitis B patients will

eventually die of HBV-related liver disease [1].

Ideally, all patients with chronic hepatitis B should be

treated because they represent a permanent and living

reservoir of the virus and can transmit the virus to healthy

non-infected subjects. Even with the use of a potent pro-

phylactic vaccine against HBV for the past three decades

and the application of different public health measures to

contain the spread of HBV, chronic hepatitis B patients are

responsible for approximately 50 million new HBV

infections each year [2]. In addition, chronic hepatitis B

patients often develop complications that may compromise

their quality of life and cause early disability and death [3].

However, antiviral therapy is not recommended for all
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chronic HBV-infected subjects, primarily because these

drugs are not effective in patients without ongoing host

immunity, a fact manifested by evidence of liver inflam-

mation [4]. In addition, all patients with complications of

chronic HBV infection should receive antiviral therapy,

which aims to delay more severe complications such as

hepatic decompensation, cirrhosis of the liver, hepatocel-

lular carcinoma (HCC), and liver-related death. Much

optimism has surrounded the use of antiviral therapy

because the powerful drugs that have been developed

during the past decade can effectively block HBV repli-

cation in a considerable number of patients with chronic

hepatitis B. Furthermore, antiviral drugs lead to the nor-

malization of alanine aminotransferase (ALT) levels,

decrease liver inflammation and hepatic fibrosis, and

induce seronegativity and/or seroconversion of hepatitis B e

antigen (HBeAg) and hepatitis B surface antigen (HBsAg)

in many chronic hepatitis B patients [5–10]. Randomized

controlled trials (RCTs) with antiviral drugs in patients

with chronic hepatitis B have shown considerable

improvements in some intermediate parameters that have

long been regarded as surrogate markers of the clinical

outcome of HBV infection in these patients. However,

improvement in all intermediate parameters of treatment

outcome in chronic hepatitis B has not been achieved via

the use of antiviral drugs. In addition, there is a lack of

consensus regarding improvement of the clinical outcome

in chronic hepatitis B patients using antiviral drugs. Some

studies have reported some beneficial effects, whereas

others have not shown significant improvement of clinical

outcomes with antiviral drugs [11–17]. Furthermore, con-

cerns have been raised about the different surrogate

markers of outcome of antiviral therapy for chronic hepa-

titis B that have been used to assess the therapeutic efficacy

of the antiviral drugs.

In addition to concerns about the efficacy of antiviral

drugs, there are considerable reservations about the prac-

tical use of current antiviral regimens in developing and

resource-constrained countries. Most clinical trials and

RCTs with antiviral drugs in chronic hepatitis B have been

conducted in developed, wealthy, and advanced countries.

The inherent strength of developed and advanced countries

lies in the fact of their advanced healthcare systems, and

their socio-economic infrastructure allows for satisfactory

drug compliance, proper assessment of patients for treat-

ment, periodic assessment of viral and other markers that

herald adverse effects, and adequate tackling of adverse

effects [18, 19]. It is unclear whether chronic hepatitis B

patients in developing countries can be treated with anti-

viral drugs according to recommendations based on the

data from RCTs conducted in advanced countries [18–20].

Considering these facts, it appears that there are two

major challenges for the therapy of chronic hepatitis B.

One is a matter of science and is related to the development

of potent and evidence-based therapeutic regimens against

HBV. The second is a complex issue that is related to the

social, economic, and healthcare delivery systems of

developing countries that cannot be altered quickly [18–

20]. We assume that these issues can be addressed in a

scientific manner by creating real collaboration between

developed and developing countries. On the one hand,

scientific developments along with basic and clinical trials

in advanced countries would elucidate designs for inno-

vative and alternative therapeutic approaches for chronic

hepatitis B. However, considerable numbers of chronic

hepatitis B patients in advanced countries have already

been treated with antiviral drugs. In addition, more pow-

erful antiviral drugs would be used for treatment for

chronic hepatitis B in advanced and wealthy countries. This

might mean that there will be few cases of treatment-naı̈ve

chronic hepatitis B patients in developed countries in

whom to conduct clinical trials with new drugs or thera-

peutic approaches. In contrast, millions of treatment-naı̈ve

chronic hepatitis B patients are present in developing

countries. The real efficacy of the innovative and alterna-

tive therapies developed in advanced countries can only be

properly assessed in treatment-naı̈ve chronic hepatitis B

patients in developing countries after the proper assessment

of safety and efficacy in advanced countries. In addition,

the future of therapy for chronic HBV infection may

depend on the identification of surrogate markers of treat-

ment outcome for antiviral drugs and a proper under-

standing of the pathogenesis of chronic HBV infection.

Need for globally applicable therapeutic

recommendations for future treatment

of chronic hepatitis B

Patients with chronic hepatitis B are treated according to

therapeutic recommendations provided by different inter-

national and national liver organizations. The American

Association for the Study of the Liver (AASLD) [21], the

European Association for the Study of Liver Diseases

(EASL) [22], and the Asia–Pacific Association for the

Study of the Liver (APASL) [23] represent three major

liver-related professional organizations that provide thera-

peutic guidelines for treating chronic hepatitis B patients in

international arenas. In addition, different national liver

organizations also produce their own recommendations for

treating chronic hepatitis B patients, based on local scien-

tific and social realities. The liver organizations update their

recommendations from time to time on the basis of scien-

tific developments and transmit these to physicians, policy

makers, and patients. The scenario for therapeutic recom-

mendations in most developing and resource-constrained
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countries is different from that in advanced countries. Most

developing countries that harbor millions of HBV carriers

lack viable professional liver organizations. They rarely

develop therapeutic recommendations based on local

realities and constraints. In fact, recommendations pre-

pared by the AASLD, EASL, and APASL are partially

followed by physicians in developing countries [20]. In

fact, almost all types of drugs are available in these

countries and are used in chronic hepatitis B patients as

soon as professional associations, like the AASLD, EASL

or APASL, recommend them. If this trend continues, it will

be difficult to develop logical and rational treatment

approaches that take local factors into account in devel-

oping countries. Therapeutic recommendations provided

by the AASLD, EASL, and APASL have provided detailed

criteria about viral load, and the biochemical and histo-

logical aspects required to select patients for antiviral

therapy. However, there is a paucity of information about

criteria for starting therapy in developing countries. Con-

sidering the present realities, it seems that therapeutic

recommendations should include a note of caution indi-

cating that for patients who would not be able to continue

therapy due to economic and social factors, antiviral drugs

for chronic hepatitis B should be prescribed cautiously.

Physicians in developing countries should carefully coun-

sel their patients about their economic status before pre-

scribing antiviral drugs against HBV infection.

Ongoing regimens of antiviral therapy

against chronic hepatitis B

Standard interferon (IFN) and its pegylated form (Peg IFN)

have been used in chronic hepatitis B patients for the past

three decades. At present, hepatitis B treatments also

include nucleos(t)ide analogs (NAs) categorized as

L-nucleosides (lamivudine, emtricitabine, telbivudine, and

clevudine), acyclic phosphatases (adevovir and tenofovir),

and cyclopentanes (entecavir). These drugs are used as

monotherapy or in combination. IFN is usually given for a

finite duration. On the other hand, a long-term suppressive

course is used for NAs, with drugs being given for years.

Different regimens of antiviral therapy with different

combinations of drugs have been used in chronic hepatitis

B patients. The rationale for these different approaches is

to maximize therapeutic benefits while minimizing side

effects. The effect of antiviral drugs in chronic hepatitis B

patients is determined by the on-treatment effect or a sus-

tained response. Different RCTs have shown that antiviral

treatment leads to the improvement of one or more inter-

mediate parameters, also regarded as surrogate markers or

prognostic markers, in variable numbers of chronic hepa-

titis B patients; these parameters include decreased levels

of HBV DNA, normalization of ALT, seronegativity of

HBeAg, development of anti-HBe, clearance of HBsAg,

expression of anti-HBs, decreased liver inflammation, and

containment of liver fibrosis [5–10]. However, a conclusive

positive impact of antiviral drugs on all intermediate

parameters has not been shown. In addition, there is a lack

of consensus about the modulation of clinical outcomes by

antiviral therapy in chronic hepatitis B [11–17]. The

Minnesota Evidence-based Practice Center (EPC) for a

National Institutes of Health (NIH) Consensus Conference

related to the management of chronic hepatitis B analyzed

different RCTs of antiviral therapy in chronic hepatitis B

[24]. Their data show that antiviral drugs did not reduce

death, liver failure, or HCC in any credible study that they

included in the analyses [25, 26]. They also reported that

no single treatment improved all intermediate outcomes.

Furthermore, they indicated that there was insufficient

evidence to determine whether biochemical, viral, or his-

tological measures are valid surrogates of treatment effects

on mortality, liver failure, or HCC.

The apparent discrepancies regarding outcomes of

antiviral therapy in chronic hepatitis B patients in indi-

vidual RCTs may have been influenced by the nature of the

study, the number and type of patients, the drugs used, and

the method of assessment. On the other hand, the apparent

discrepancies among the outcomes and conclusions of

different meta-analyses may be attributable to: (1) the

number of studies included, (2) the number of studies

excluded, (3) the study size, (4) the quality of the studies,

(5) criteria for inclusion, (6) criteria for exclusion, and (7)

variability of follow-up duration. We are not going to

provide a detailed description of these meta-analyses and

will not comment on the quality of individual studies.

However, the importance of RCTs and meta-analyses is

immense in a global context because these studies provide

a rationale for designing therapeutic approaches in differ-

ent countries. The rest of this review focuses on two main

issues that seem to be vital for the development of future

therapy for HBV infection: (1) the use of surrogate markers

for determining the efficacy of antiviral treatment for

chronic hepatitis B and (2) the significance of HBV

reduction due to antiviral therapy versus that occurring

during the natural course of HBV infection, a factor that

would validate the use of an alternative therapeutic regi-

men, such as immune therapy, in chronic hepatitis B.

Use of surrogate markers for determining efficacy

of antiviral treatment for chronic hepatitis B

Antiviral drugs, especially NAs, cause a reduction of HBV

DNA. In addition, ALT normalization, HBeAg seronega-

tivity, anti-HBe seroconversion, HBsAg seronegativity,

anti-HBs seroconversion, and improvement of liver

J Gastroenterol (2011) 46:717–723 719

123



inflammation and fibrosis have been reported in some, but

not all, chronic hepatitis B patients after treatment with

antiviral drugs. In spite of improvements in virological,

biochemical, immunological, and histological parameters

with antiviral therapy, few studies show that antiviral drugs

significantly block or delay hepatic decompensation, the

occurrence of liver cirrhosis and HCC, and liver-related

death. It is controversial whether the HBV DNA load,

HBeAg, HBsAg, anti-HBe, anti-HBs, and liver histology

can be regarded as true surrogate markers of an efficient

therapeutic outcome of antiviral therapy in chronic hepa-

titis B patients [24–26]. A surrogate marker should be

strong enough to predict a final outcome. However,

because chronic hepatitis B progresses slowly, it will take

considerable time to determine viable surrogate markers of

therapeutic efficacy. Studies must be conducted for dec-

ades, and serial observations should be done regarding the

kinetics of different virological, biochemical, histological,

and immunological markers. As a result, one or more

surrogate markers may be determined, or, in contrast,

studies may determine that no surrogate marker is avail-

able. There is a paucity of studies that assess the final

outcome of antiviral therapy in chronic hepatitis B patients.

One study showed that the occurrence of HCC and liver

cancer was decreased in antiviral-treated chronic hepatitis

B patients. However, the study was not designed to provide

the kinetics of all surrogate markers of treatment outcome

[14]. It seems that HBV DNA levels and HBeAg sero-

conversion may not be true surrogate markers of the clin-

ical outcome of antiviral therapy for chronic hepatitis B

[24, 26]. However, assessment should be made regarding

the surrogacy of levels of HBsAg or covalently closed

circular DNA (cccDNA) in RCTs, because few reports

have examined the kinetics of these markers. The value of

a surrogate marker of efficacy has considerable influence

on antiviral therapy in a global context, and especially in

developing countries. Assessment of questionable surro-

gate markers may shatter the ultimate purpose of good

medical practice for treating chronic hepatitis B in devel-

oping countries. In these countries, improvement of any

surrogate marker of treatment outcome may be defined as a

better therapeutic outcome. The idea of using elusive sur-

rogate markers is counterproductive, and, in the long run,

compromises confidence in the health systems of devel-

oping countries. If surrogate markers are improperly

defined, this can negatively regulate different preventive

measures against HBV infection.

Significance of HBV reduction due to antiviral therapy

The development of evidence-based therapeutic approaches

against HBV infection is dependent on the proper under-

standing of different cellular and molecular events that

control HBV replication and liver damage. To develop

insights into these factors, we examined differences in HBV

control that occurs naturally versus that caused by antiviral

drugs. Almost all epidemiologic data have shown that a

high HBV load in patients with chronic hepatitis B has been

consistently associated with a poorer clinical outcome. This

is particularly relevant when patients with chronic HBV

infection with very low or undetectable levels of HBV DNA

are compared with patients with 105 or 106 copies/ml of

HBV DNA [27, 28]. However, considerable numbers of

HBV-infected patients do not develop complications and

exhibit natural control of HBV DNA replication without

any therapy [1, 3]. Progressive downregulation and nega-

tivity of HBV during natural infection is usually followed

by the resolution of hepatitis, disappearance of HBV-related

antigens, and expression of protective antibody like anti-

HBs. The picture is quite different in patients with chronic

hepatitis B treated with antiviral drugs. Although most

patients with chronic hepatitis B receiving antiviral drugs

show HBV DNA reduction, this is not usually followed by

the disappearance of all HBV-related antigens, appearance

of anti-HBs, or resolution of the disease. Although the

mechanisms underlying these differences have not been

properly elucidated, during the natural course of resolved

HBV infection, downregulation of HBV DNA may be

accomplished by the restoration of inherent host immunity.

Thus, HBV DNA reduction is usually accompanied by the

loss of HBeAg and HBsAg and the expression of anti-HBe

and ant-HBs in the sera. On the other hand, in patients in

whom antiviral therapy is used, downregulation of HBV

DNA is a result of the interplay between drugs and the HBV

replication system. This may be followed by the restoration

of host immunity in some patients [29–31], but questions

remain about the nature, magnitude, and sustainability of

host immunity following antiviral drug treatment in chronic

hepatitis B patients.

Future aspects of therapy for HBV

via modulation of host immunity

HBV therapy faces two major challenges in future. First,

more potent or alternative therapeutic approaches should

be developed to combat HBV infection. Second, thera-

peutic regimens should be applicable to people in devel-

oping and resource-constrained countries. This latter

challenge requires some type of meeting between science

and social factors.

Treatment of HBV infection would be drastically altered

if an antiviral drug capable of eradicating all forms of

HBV; replicating HBV DNA, cccDNA, and extrahepatic

HBV DNA, emerged. However, it is unknown whether

such a drug will ever be available.
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In this context, future attention should focus on devel-

oping alternative therapeutic approaches for HBV infec-

tion. Insights into prospective therapies have been gained

from studies of HBV replication and liver damage after

natural infection and after antiviral therapy. HBV is not a

cytotoxic virus, and liver damage and HBV-related com-

plications are mediated by the host immune responses. The

immune responses of chronic hepatitis B patients may be

broadly categorized into two types: one is protective

immunity that controls the virus and liver damage and the

other is of pathogenic nature, which induces liver damage

and may have not a role in virus control. It has been shown

that HBV-specific immune responses are usually protective

in chronic hepatitis B patients, whereas non-HBV-specific

immune responses cause liver damage [32–35]. Although

these facts provide a rationale for immune therapy as an

alternative therapeutic approach to chronic hepatitis B, the

limited efficacy of polyclonal immune modulators in

chronic hepatitis B patients is understandable because non-

HBV-specific immune therapy may not have proper ther-

apeutic efficacy. However, it is possible that HBV-specific

immune responses may be induced later by polyclonal

immune modulators, and this hypothesis needs to be

assessed in chronic hepatitis B patients [35]. Immune

therapy targeting natural killer cells, natural killer T cells,

cells of innate immunity, and other immunocytes could

provide important insights about the role of immune

modulation in patients with chronic hepatitis B. In addition,

cell-based immune therapy with bone marrow cells, den-

dritic cells, stem cells, and mesenchymal cells has shown

some promise in chronic hepatitis B, but there is limited

information about these studies. HBV-specific immune

therapy that uses antigenic epitopes of HBV, HBV-related

antigens, and HBV DNA may be effective. An HBsAg-

based vaccine has been widely used as an antigen-specific

therapy in chronic hepatitis B patients around the world.

However, the efficacy of this vaccine is not clear [36]. An

HBsAg-based vaccine has also been used in combination

with antiviral agents. Unfortunately, significantly better

efficacy of a combination of antiviral therapy and HBsAg-

based immune therapy versus monotherapy with antiviral

drugs could not be substantiated in an RCT [37].

In the meantime, it has become evident that hepatitis B

core antigen (HBcAg)-specific cytotoxic T lymphocytes

(CTL) are associated with the control of HBV replication

and minimizing liver damage in chronic hepatitis B [33,

34]. However, there is a paucity of information about

HBcAg-based therapeutic vaccine in chronic hepatitis B,

although investigators have highlighted its use [37].

Recently, preliminary data about the therapeutic efficacy of

a combination of HBsAg and HBcAg-based vaccine in

chronic hepatitis B patients, administered by mucosal

(nasal) and parenteral routes has been shown to lead to the

sustained control of HBV and ALT levels 1 year after the

discontinuation of therapy [38]; however, the authors of

this study enrolled only 18 patients with chronic hepatitis

B, and a larger study and prolonged follow up is warranted

before any claims can be made. Other strategies of immune

therapy using different immune modulators should also be

tried in chronic hepatitis B patients.

The next challenge is to implement a regimen of anti-

HBV therapy in developing countries. Antiviral agents

such as NAs are now widely used in developing countries,

but proper use of these agents cannot be expected due to

the inherent social and economic limitations of these

countries. As chronic hepatitis B progresses slowly, its

negative impact on a healthcare delivery system will take

time, and realization of the adverse effects of misusing

current therapies may not be noted until it is too late to

reverse them. In this context, attention should focus on

innovative and alternative therapeutic regimens against

chronic hepatitis B. As antigen-based vaccines are safe and

inexpensive, clinical trials with these vaccines may be

accomplished in developing countries with the active col-

laboration of developed countries. There are millions of

treatment-naı̈ve chronic hepatitis B patients in developing

countries. At the same time, physicians in developed

countries are highly experienced at conducting clinical

trials. If a credible collaboration can be developed among

physicians and hepatologists in developed and developing

countries, it may be possible to develop a better regimen of

HBV-specific immune therapy to treat chronic hepatitis B.

Conclusion

Future aspects of therapy for chronic hepatitis B virus

infection may show considerable heterogeneity in different

parts of the world if the present trends continue. More

potent NA drugs may be available in the near future, but

these drugs cannot be expected to improve clinical out-

comes drastically. In advanced countries, an atmosphere of

stagnation regarding treatment for chronic hepatitis B may

develop if we remain fully dependent on and solely com-

mitted to NAs. At the same time, developing countries may

become be filled with non-responders and partial

responders to NAs, with only a small group of patients

benefiting from therapy. Patients with mutant HBV would

constitute a major burden to the healthcare delivery sys-

tems of resource-constrained countries in the future. Sim-

ilarly, indiscriminant use of NAs in chronic hepatitis B

patients co-infected with other viruses, such as human

immune-deficiency virus (HIV), would create a more

complex situation for controlling both HBV and HIV. Free

drugs are available for HIV infection, but not for chronic

hepatitis B, although many HIV/HBV coinfected patients
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die due to HBV-related liver diseases as opposed to the

deaths being due to HIV. In addition, different doses of

NAs are prescribed for HIV and chronic hepatitis B, and

these drugs are not appropriately used in developing

countries. Alternative and innovative therapies constitute

some hope for a breakthrough in the treatment of chronic

hepatitis B patients. But several steps are needed to get any

real benefit from these therapeutic regimens. Vaccines

containing antigens, epitopes, and DNA or immune therapy

targeting different cells offer hope as alternative thera-

peutic strategies for chronic hepatitis B. The safety and

efficacy of alternative therapies in chronic hepatitis B

patients, determined by RCTs, could provide insights into

whether these therapies would be able to stand the test of

time. Finally, strong collaboration between developed and

developing countries would be required to obtain benefits

from new and innovative therapies.
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