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Abstract
Chronic hepatitis B virus (HBV) infection is a major global health burden and cure is rarely achieved by current antiviral 
therapies. Therefore, there is an urgent need for new therapeutic options. Immune modulation with the goal to restore dys-
functional HBV-specific immunity is an interesting target for new therapeutic strategies. Based on the current evidence on 
immunology in resolving and persistent HBV infection, we will review the growing field of immunotherapeutic approaches 
for treatment of chronic HBV infection. We will also discuss the challenge of a heterogeneous patient population and per-
sonalized treatment as a possible key factor of success.
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Introduction

Despite the availability of a preventive vaccine, hepatitis B 
virus (HBV) infection is a major global health problem with 
over 250 million chronically infected individuals worldwide 
[69, 83]. The outcome of HBV infection is closely linked 
to age: 95% of infections acquired in adulthood are cleared 
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spontaneously, while 90% of perinatally infected children 
develop chronic infection. Severe consequences of chronic 
HBV infection include liver cirrhosis and hepatocellular car-
cinoma [29, 65].

In the natural course of chronic HBV infection, five not 
necessarily sequential clinical phases with different underly-
ing immunological activities can be defined [22]. They are 
illustrated in Fig. 1. Recently, transcriptome analysis of liver 
biopsies revealed distinct microRNA signatures in differ-
ent phases of chronic HBV infection providing a permissive 
environment for viral replication [73].

•	 HBeAg-positive chronic HBV infection is character-
ized by high viral load, the presence of HBeAg in the 
serum and persistently normal serum liver enzymes (e.g., 
alanine aminotransferase, ALT). This phase is common 
in young, perinatally infected patients and has been 
described as a state of “immunotolerance”. In the liver, 
this phase is correlated with low levels of inflammation 
and fibrosis but ongoing integration of HBV DNA into 
the hepatocyte genome. The phase is associated with pre-
served HBV-specific T-cell function [36].

•	 HBeAg-positive chronic hepatitis is characterized by 
the presence of serum HBeAg and an increase in serum 
liver enzymes. In the liver, this phase is correlated with 
increasing inflammation and progression to fibrosis that 
is most likely mediated by increased intrahepatic immu-
nity.

•	 HBeAg-negative chronic HBV infection, which has been 
previously known as “asymptomatic HBsAg carrier sta-
tus”, is thought to be a state of immune control of infec-
tion. It is characterized by the presence of serum anti-
bodies to HBeAg (anti-HBe), low viral load and serum 
liver enzymes persistently within the normal range. In 
the liver, this phase is correlated with absent or minimal 
inflammation und fibrosis.

•	 HBeAg-negative chronic hepatitis is characterized by the 
absence of serum HBeAg (usually with detectable anti-
HBe) and fluctuating levels of serum liver enzymes (e.g., 

ALT) and viral load. In the liver, this phase is associated 
with high levels of inflammation and fibrosis.

•	 HBsAg-negative phase is characterized by negative 
serum HBsAg with or without detectable antibodies to 
HBsAg (anti-HBs) and usually undetectable HBV DNA 
in the serum. This phase may be reached in the course of 
spontaneous viral clearance in a minority of patients and 
still bears risk of HBV reactivation under immunosup-
pressive conditions.

Therapeutic options for patients with chronic HBV infec-
tion are currently limited. Treatment with pegylated inter-
feron achieves viral clearance in about 10–20% of Caucasian 
and < 5% of Asian patients [14] while side effects are sig-
nificant. Treatment with nucleotide or nucleoside analogues 
(NA) leads to suppression of viral DNA and normalization 
of liver enzymes, while lifelong treatment is mostly required 
as HBsAg loss is rarely achieved. Therefore, there is an 
urgent need for new therapeutic approaches.

How is HBV “cure” defined?

While highly effective treatment options for other hepato-
tropic viruses such as hepatitis C virus (HCV) have emerged 
recently, HBV therapy remains challenging. This is partly 
due to the viral replication strategy of HBV. After infection 
of hepatocytes through the sodium taurocholate cotransport-
ing polypeptide (NTCP), viral DNA is transported to the 
nucleus and converted into a minichromosome (covalently 
closed circular DNA (cccDNA)) to serve as a template for 
viral transcription. Some parts of the viral DNA are even 
integrated into the genomic hepatocyte DNA. cccDNA as 
well as integrated viral DNA persist in the nucleus and rep-
resent a reservoir for reactivation even after spontaneous 
viral clearance [53]. Elimination of cccDNA and integrated 
viral DNA remain challenging and raise the question of the 
appropriate definition of HBV cure. Recently, consensus 

Fig. 1   Clinical phases of HBV 
infection (modified from [63])
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definitions have been proposed as treatment endpoints of 
new HBV therapies [44] illustrated in Fig. 2.

•	 “Partial cure” describes a state of persistent chronic 
infection with normalization of serum liver enzymes and 
low viral load. It resembles the phase of HBeAg-negative 
chronic HBV infection and is associated with a reduced 
risk of severe liver disease and hepatocellular carcinoma. 
Partial cure is the goal of current NA therapy.

•	 “Functional cure” is defined as a state of HBsAg loss 
and undetectable HBV DNA in the serum after a defini-
tive treatment, resembling the state of spontaneous viral 
clearance after acute infection. It has been proposed as a 
reasonable goal for future clinical trials. The significance 
of seroconversion to anti-HBs still needs to be deter-
mined. While there is evidence for an equal sustainability 
of HBsAg loss and seroconversion to anti-HBs [71, 89], 
the risk of HBV reactivation seems to be increased for 
anti-HBs-negative patients [70].

•	 “Complete cure” has been described as an additional 
complete eradication of HBV cccDNA from hepatocytes.

•	 “Sterilizing cure” was attributed to a situation of com-
plete eradication of HBV DNA from the liver (including 
integrated genomic DNA), with subsequential absence 
of the risk for HBV reactivation.

Lessons from natural cure

The majority of HBV infections acquired in adulthood are 
cleared spontaneously. This points towards an important role 
of the host immune responses for control of HBV infec-
tion. Development of chronic HBV infection is associated 
with failure of HBV-specific immune responses. Therefore, 
immune modulation with the goal to restore dysfunctional 
HBV-specific immunity is an interesting target for new ther-
apeutic strategies. The key players responsible for natural 
cure will be summarized in the following with a main focus 
on adaptive immunity.

Innate immunity

There is an ongoing debate regarding the importance of 
innate immunity for the natural cure of HBV infection. Evi-
dence supporting the thesis of HBV as a “stealth virus” and 
evidence showing activation of innate immunity are dis-
cussed in detail in the section “failure of natural cure”. There 
is growing evidence for an important role of different innate 
immune cells such as monocytes, NK cells, non-classical 
T cells and immature myeloid-derived cells regarding con-
trol of HBV infection but also regulation of immune action. 
Their function and biochemical relevance have recently been 
reviewed elsewhere [46]. Activation of NK cells has been 
demonstrated in patients with subclinical and acute HBV 
infection [20, 24]. Recently, activation of a subset of cytol-
ytic NK cells with intermediate CD56 expression was found 
to be associated with early HBsAg clearance [90].

CD8+ T cells

It is generally accepted that the adaptive immune response 
is required for HBV clearance and control. Indeed, the 
importance of CD8+ T cells for HBV clearance has been 
demonstrated by depletion studies in chimpanzees [75]. 
In patients, spontaneous viral clearance is associated 
with vigorous, multispecific CD8+ T-cell responses [48]. 
Longitudinal analysis of HBV-specific CD8+ T cells in 
patients with acute HBV infection revealed the emergence 
of CD127+ cells with a functional and phenotypical profile 
of antigen-specific CD8+ memory T cells upon spontane-
ous clearance of HBV infection [9]. Antiviral CD8+ T-cell 
activity is mediated via cytolytic and non-cytolytic effector 
functions. Killing of hepatocytes by FasL/Fas-interaction 
and secretion of perforin and granzymes have early been 
identified to be mediators of liver damage during acute 
hepatitis [4]. More recent data from the mouse model 
revealed a complex interplay and recruitment of antigen-
nonspecific cells and platelets to the liver, promoting cyto-
lytic activity of CD8+ T cells [32]. In co-culture experi-
ments of HBV-specific CD8+ T cells with HBV-infected 

Fig. 2   Different definitions of 
HBV cure as proposed by Lok 
et al. [44]
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HepG2 cells, direct cell contact and killing of hepatocytes 
were associated with the strongest decrease in HBV DNA 
compared to non-cytolytic pathways [30]. However, in 
chimpanzees with acute, spontaneously resolving HBV 
infection, the HBV DNA in serum and liver decreased 
weeks before the peak of liver damage underlining the 
importance of non-cytolytic antiviral pathways [27, 28]. 
Non-cytolytic CD8+ T-cell effector functions include 
the secretion of IFN-γ and TNF-α and are able to clear 
cccDNA from hepatocytes [86].

CD4+ T cells

CD4+ T cells also play an important but rather indi-
rect role in viral clearance during acute HBV infection. 
Indeed, in the chimpanzee model, it has been shown that 
the depletion of CD4+ T cells 6 weeks after infection did 
not impair HBV clearance [75], while CD4+ T-cell deple-
tion before infection leads to viral persistence most likely 
due to impaired induction of a virus-specific CD8+ T-cell 
response [3]. In patients, vigorous, multispecific HBV-
specific CD4+ T-cell responses are correlated with viral 
clearance. A possible mechanism shaping the CD4+ T-cell 
repertoire is genetic variability of HLA class II alleles 
involved in CD4+ T-cell antigen presentation, with some 
alleles showing an association with spontaneous clearance 
of HBV infection [19, 72]. Of note, in mice CD4+ follicu-
lar helper T-cell responses were also shown to be required 
for viral clearance [81].

B cells

A central role of B cells in HBV prevention has long been 
proven by the success of the recombinant HBsAg vaccine 
inducing seroprotection in > 96% of vaccinated persons 
[77]. In line with this, early data described the presence 
of antibodies reacting with Dane particles in patients with 
spontaneous resolving HBV infection, while these antibod-
ies were absent in patients with chronic HBV infection [2]. 
The importance of the humoral immune response for spon-
taneous clearance of HBV infection is further supported by 
the observation of HBV reactivation after B-cell depleting 
therapy with the recombinant CD20 antibody rituximab 
[23]. Interestingly, the risk of HBV reactivation in patients 
with resolved HBV infection is reduced by the presence of 
anti-HBs antibody compared to patients with antibody to 
hepatitis B core antigen only [58]. This finding suggests a 
possible difference regarding protective capacity for different 
antibody specificities in HBV infection and points towards 
an important role of anti-HBsAg for protection against HBV 
reactivation.

Failure of natural cure

About 90% of HBV infections acquired perinatally and 
5% of infections acquired in adulthood fail to be cleared 
spontaneously and persist instead [29]. Reasons for HBV 
persistence include host and viral factors. Of particu-
lar importance is the failure of HBV-specific immune 
responses.

Innate immunity

The role of innate immunity for chronic HBV infection is 
not well defined. HBV has been proposed to be a “stealth 
virus” [13] that does not cause the induction of an innate 
immune response. In support of this, a type I IFN response 
was not induced immediately after HBV infection in chim-
panzees [85]. The exact mechanisms of this “invisibility” 
of HBV to the innate immune system remain elusive and 
some research groups even suggested an active suppres-
sion of innate immunity by HBV proteins. Recently, data 
from cell culture and mouse model showed downregula-
tion of interferon-stimulated genes by epigenetic modi-
fication through HBx protein as a possible mechanism 
[41]. Other groups argue that HBV evades interferon 
induction as well as interferon-induced antiviral effects. 
A possible mechanism might be escape from DNA-sensing 
mediated by cyclic guanosine monophosphate–adenosine 
monophosphate synthase (cGAS) and the downstream 
adaptor protein stimulator of IFN genes (STING). Human 
and murine hepatocytes have been found to lack expres-
sion of STING possibly facilitating chronic HBV infec-
tion [76]. Recently, also inhibition of cGAS expression 
by HBV has been suggested as a potential evasion mecha-
nism from innate immunity [79]. In HCV-infected cells, 
however, HBV coinfection did not inhibit the interferon-
mediated suppression of HCV replication pointing towards 
evasion of innate immunity rather than active suppression 
by HBV [52]. In contrast, data mainly from cell culture 
and mouse models demonstrate a possible activation of an 
innate immunity, for example by RIG-I sensing and induc-
tion of type III interferons [66]. In line with this, the group 
of Protzer argued that early recognition of HBV infection 
is conducted by liver macrophages (Kupffer cells) and 
Interleukin-6 rather than interferon [31].

Studies on NK cells provide conflicting results with 
some studies claiming defective, others an enhanced NK-
cell function in patients with chronic HBV infection. Non-
cytolytic antiviral effector functions of NK cells seem to 
be impaired in chronic HBV infection [54]. At the same 
time, HBV-related liver damage seems to be exacerbated 
by enhanced cytolytic NK-cell-mediated effector functions 
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[78]. Possibly, NK-cell functions might be influenced dif-
ferentially by shifts of their complex inhibitory and acti-
vating receptors and by a different cytokine milieu. This 
may also explain the various reported antiviral and regula-
tory NK-cell functions (see review [46]).

CD8+ T cells

A hallmark of chronic HBV infection is CD8+ T-cell fail-
ure that is most likely caused by two main mechanisms: 
the emergence of viral escape mutations and CD8+ T-cell 
exhaustion. The role of viral escape in the context of HBV 
infection is controversial. Early studies suggested that viral 
escape is not common for a set of well-described HLA-
A2-restricted epitopes [62]. More recently, a study using 
a viral sequencing approach has found HLA-dependent 
sequence variations as evidence for T-cell selection pressure 
[18]. Subsequent functional analysis of the HLA-depend-
ent sequence variations confirmed the proposed CD8+ 
T-cell epitopes and demonstrated impaired recognition of 
the selected variants by HBV-specific CD8+ T cells [35]. 
A longitudinal analysis showing the appearance of escape 
mutations in the course of HBV infection, however, is still 
missing.

CD8+ T-cell exhaustion is a state of impaired effector 
functions and reduced proliferative capacity that is char-
acterized by the expression of inhibitory molecules (e.g., 
PD-1, CTLA-4, Tim3, Lag3, TIGIT) on the cell surface [10]. 
Driving factors of CD8+ T-cell exhaustion include high anti-
gen exposure [82], lack of T-cell help and the immunosup-
pressive liver environment characterized by the action of 
immunosuppressive cytokines (IL-10, TGF-β) mainly pro-
duced by regulatory T cells, B cells and stellate cells and 
the release of enzymes like arginase by damaged hepato-
cytes [6]. In the mouse model of LCMV, different subsets of 
exhausted CD8+ T cells characterized by distinct expression 
levels of surface receptors (PD-1) and transcription factors 
(T-bet, Eomesodermin/Eomes) have been found to represent 
different phases of exhaustion [56]. Terminally exhausted 
LCMV-specific CD8+ T cells were characterized by a high 
surface expression of PD-1, low expression of T-bet and high 
expression of Eomes. Less exhausted LCMV-specific CD8+ 
T cells with a partially retained potential of antiviral effec-
tor functions were characterized by an intermediate PD-1 
expression, a high expression of T-bet and a low expression 
of Eomes. The different subsets have been found to be dif-
ferentially responsive to blockade by inhibitory receptors 
[33]. While terminally exhausted CD8+ T cells were unre-
sponsive to PD-1 blockade, less exhausted CD8+ T cells 
could be rescued by PD-1 blockade (for an overview see 
review [84]). Reasons for the lack of full recovery include 
epigenetic alterations in exhausted CD8+ T cells that are 
only partially reversible by PD-1 blockade [57]. In patients, 

a detailed analysis of subsets of exhausted HBV-specific 
CD8+ T cells is not yet available. However, in vitro experi-
ments found a link between stage of CD8+ T-cell differentia-
tion and response to PD-1 blockade in patients with chronic 
HBV infection [5]. Transcriptome analysis of exhausted 
CD8+ T cells in patients with chronic HBV infection has 
also revealed substantial downregulation of mitochondrial 
function and cell metabolism [26]. Exhausted HBV-specific 
CD8+ T cells seem to be dependent on glycolysis and mito-
chondrial defects may limit their capacity to exploit alterna-
tive metabolic pathways [68].

CD4+ T cells

While the concept of CD8+ T-cell failure is well established, 
little is known about CD4+ T-cell function during chronic 
HBV infection. A study using a new HBV-specific MHC 
class II tetramer has shown weak CD4+ T-cell responses in 
patients with chronic HBV infection compared to patients 
with acute HBV infection. The HBV-specific CD4+ T cells 
present during chronic HBV infection showed a dysfunc-
tional phenotype characterized by upregulation of PD-1, 
while other coinhibitory receptors (CTLA-4, TIM-3, 
KLRG1 and CD244) were not significantly upregulated [61]. 
Recently, an impaired CD4+ follicular helper T-cell (Tfh 
cell) response against HBsAg has been reported in chronic 
HBV-infected patients [81]. Meanwhile, a subset of Treg-like 
Tfh cells was enriched and co-culture experiments suggested 
that this subset might mediate differentiation of immature 
IL-10 producing “regulatory B cells (Breg)” [80].

B cells

There is growing evidence that B-cell function might be 
impaired during chronic HBV infection. Early data found a 
reduced frequency of HBsAg-specific B cells in peripheral 
blood samples of patients with chronic compared to acute 
hepatitis B infection [8]. Also, antibodies and immune 
complexes have been detected with a higher frequency in 
patients who cleared HBV infection spontaneously com-
pared to chronic carriers [45]. More recent ex vivo analysis 
of B cells from the peripheral blood of patients with chronic 
hepatitis B infection showed an activated B-cell phenotype 
with defective proliferative capacity. Markers of terminal 
differentiation indicating exhaustion, however, were absent 
[55]. Data comparing B cell phenotype in different stages of 
infection indicate a possible negative correlation of activa-
tion markers with immune control of chronic HBV infection 
and spontaneous viral clearance [88].

In patients with chronic HBV infection, functional analy-
sis revealed the presence not only of antibody-producing, 
but also of immature IL-10 producing “regulatory B cells 
(Breg)”. In vitro blockade of IL-10 and depletion of Breg 
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enhanced full functionality of HBV-specific T cells. As 
supporting clinical evidence, a correlation between the fre-
quency of Breg and hepatic flares had been reported [16]. 
In co-culture experiments, Breg inhibited IFN γ and IL-17 
production of CD4+ T cells, while differentiation to Treg was 
enhanced [43].

While B cells seem to be reduced and potentially dysfunc-
tional in the peripheral blood of chronically HBV-infected 
patients analysis of liver biopsies showed the presence of 
CD20-positive B-cell aggregates in portal areas and diffuse 
infiltration of single cells in the lobules. Noteworthy, the 
extent of infiltration correlated with stage of liver inflam-
mation and fibrosis [51]. However, functional impact and 
significance of these intrahepatic B-cell aggregates require 
further research.

Lessons from current antiviral therapy

HBsAg loss occurs generally in about 1% of untreated 
chronically infected patients per year and is not common in 
patients undergoing NA therapy [49]. Usually, lifelong NA 
treatment is performed to ensure suppression of viremia, 

while discontinuation facilitates relapse of viremia and 
hepatitis. In a few patients, NA treatment discontinuation 
is not followed by flares and relapse illustrated in Fig. 3 
[15]. Current clinical and virological parameters do not 
allow patient selection for NA therapy discontinuation. As 
immune responses are mediators of viral control, recent 
studies have evaluated their use as possible novel biomark-
ers. A longitudinal analysis of T-cell responses in patients 
undergoing NA therapy now identified the presence of 
core- and polymerase-specific CD8+ T-cell responses as 
a possible biomarker for the safety of NA therapy dis-
continuation [64]. Analysis of HBV-specific CD8+ T-cell 
responses in patients after long-term NA therapy showed a 
restoration of proliferative capacity and effector functions 
compared to untreated chronically HBV-infected patients 
[11].

Interferon treatment achieves viral clearance in about 
10–20% of Caucasian and < 5% of Asian patients, some-
times years after treatment administration, while side- 
effects are significant [14]. There is evidence for both 
direct antiviral and immunomodulatory effects of IFN-α 
therapy, while the differential responsiveness of patients 
and the role of different molecular pathways is not well 
understood (see also [74]).

long-term
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Chronic HBeAg negative 
HBV infection
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HBV-specific CD8+ T cell
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Fig. 3   Possible restoration of HBV-specific CD8+ T cell funtion and 
proliferative activity after long-term NA therapy [11]. PD-1 and 
TIM-3 are upregulated on HBV-specific CD8+ T cells after long-
term NA therapy; core- and pol-specific T cell responses might rep-
resent novel biomarkers for the safety of treatment discontinuation 
after long-term NA therapy [64]. CTLA-4 cytotoxic T-lymphocyte-

associated protein 4, LAG-3 lymphocyte-activation gene 3, TIM-3 T 
cell immunoglobulin and mucin domain 3, PD-1 programmend death 
receptor 1, TNF-alpha tumor necrosis factor alpha, IFN-gamma inter-
feron gamma, IL-2 interleukin-2, TCR​ T cell receptor, MHC class I 
major histocompatibility complex class I, core HBV core protein, Pol 
HBV polymerase protein
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Immunotherapeutic perspectives

There is a broad field of new immunotherapeutic approaches 
and some have already shown promising results in animal 
models and early clinical trials. These approaches have dif-
ferent objectives (Fig. 4): (1) to restore dysfunctional HBV-
specific immune responses (e.g., TLR7 agonist and check-
point inhibitors); (2) to induce novel HBV-specific immune 
responses (e.g., therapeutic vaccination); (3) to replace host 
T-cell responses (e.g., T-cell engineering).

One promising immunotherapeutic candidate is patho-
gen-associated molecular pattern receptor TLR7 agonist 
vesatolimod (GS-9620). Indeed, treatment with vesatolimod 
led to a rapid virological response, clear reduction of risk for 
hepatocellular carcinoma and HBsAg loss in the woodchuck 
model of chronic viral hepatitis upon short-term adminis-
tration [50]. In chimpanzees, treatment with vesatolimod 
resulted in a sustained suppression of HBV DNA, induced 
interferon-stimulated genes and stimulated activity of NK 
cells and lymphocytes [38]. The sequential analysis of liver 
biopsies from chronically HBV-infected chimpanzees treated 
with TLR7 agonist revealed the presence of intrahepatic 
lymphoid structures consisting of B cells and T cells at the 
time of treatment response [40]. Further research is needed 
to clarify the relative contribution of different lymphocyte 
populations and molecular mechanisms of B cell–T cell 
communication in this setting. In patients, early clinical tri-
als have demonstrated safety of vesatolimod administration 
in humans. While the treatment with low doses showed no 
significant effect on viral DNA or serum HBsAg levels, the 
induction of T-cell and NK-cell responses as well as induc-
tion of interferon-stimulated genes was demonstrated [1, 12].

The concept of CD8+ T-cell exhaustion as an important 
mechanism of T-cell failure and viral persistence provides 
the rationale for the use of checkpoint inhibitors in HBV 
therapy. The most prominent exhaustion marker in the 
context of HBV infection is PD-1. Comparative analysis 
in vitro has shown a dominance of PD-1 expression on 
HBV-specific CD8+ T cells from patients with chronic 
HBV infection and the strongest increase in functional-
ity upon blockade compared to other inhibitory receptors 
[5]. In the woodchuck model of chronic viral hepatitis, 
PD-1 blockade in combination with entecavir and thera-
peutic vaccination led to virological response and sero-
conversion in 2 out of 3 woodchucks [42]. In patients with 
advanced hepatocellular carcinoma and HBeAg-negative 
chronic HBV infection, however, a phase 1/2 clinical trial 
showed limited antiviral activity of PD-1 blockade [21]. 
Recently, a phase 1 clinical trial of nivolumab in patients 
with HBeAg-negative chronic HBV infection (n = 20) 
demonstrated safety and modest decline of viral DNA; 
one patient showed seroconversion (Data presented at 
EASL 2017, http://www.natap​.org/2017/EASL/EASL_55.
htm). Other co-inhibitory molecules present on exhausted 
HBV-specific CD8+ T cells in chronic HBV infec-
tion include CTLA-4, CD244/2B4, Tim-3 and LAG-3 
(Table 1). In vitro studies have shown a restoration of 
function and proliferative capacity of peripheral blood 
and intrahepatic CD8+ T cells by blockade of CTLA-4 
and CD244/2B4 [5, 60, 67]. Case reports suggest a possi-
ble effect of CTLA-4 blockade with ipilimumab on HBV 
infection in patients with advanced melanoma [59]. Inter-
estingly, checkpoint inhibitors do not only affect CD8+ T 
cells but also influence other immune cells. Recently, in 

Fig. 4   Overview of new immu-
notherapeutic approaches for 
chronic HBV infection
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Abbreviations:
HBV = Hepatitis B virus
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an HBV mouse model, CTLA-4 blockade has been shown 
to block activity of regulatory T cells while activity of 
CD4+ Tfh cells was enhanced [81]. Further research will 
need to clarify the effect and possible therapeutic use 
of checkpoint inhibition in patients with chronic HBV 
infection.

A further immunotherapeutic approach is the induction 
of novel immune responses by therapeutic vaccination. 
While preclinical data showed promising results, clinical 
trials using HBsAg-based prophylactic vaccines failed to 
show lasting therapeutic effects [39, 87]. Currently, there 
is an increasing interest in the development of vaccines 
based on other hepatitis B viral antigens or the combina-
tion and sequential use of NA therapy with therapeutic 
vaccination and other immunotherapeutic strategies [17].

While the majority of immunotherapeutic concepts 
aim to reinforce the dysfunctional HBV-specific immune 
response of the host, T-cell engineering tries to artifi-
cially replace exhausted HBV-specific CD8+ T cells. 
Recently, data from the mouse model showed a significant 
antiviral effect of engineered CD8+ T cells transiently 
expressing HBV-specific T-cell receptors [34]. The group 
of Bertoletti was also able to produce “resting” HBV-
specific T cells that limited infection of HBV-infected 
human hepatocytes in mice mainly by non-cytolytic path-
ways [37]. Obstacles for a possible future clinical use of 
engineered T cells include the complex and costly pro-
duction as well as strict regulations concerning the use of 
genetically modified cells in humans. A comprehensive 
overview on T-cell therapy for chronic HBV infection is 
provided by Bertoletti et al [7].

Challenges

Although several new immunotherapeutic candidates are 
in the pipeline, the current state of virological and immu-
nological evidence suggests that HBV cure by one single 
substance will be difficult to achieve. Instead, a combina-
tion of different approaches and personalized treatment 
might be a key factor of success [47].

Data from the mouse model of LCMV showing dis-
tinct stages of T-cell exhaustion with differential restora-
tion capacity implicate that immune therapy in chronic 
infection might have to be individually tailored accord-
ing to CD8+ T-cell phenotype in different phases of 
infection (see section “failure of natural cure”/”CD8+ T 
cells”). In line with that, in vitro experiments showed a 
link between stage of HBV-specific CD8+ T-cell differ-
entiation and response to PD-1 blockade in patients with 
chronic HBV infection [5]. The exact characterization of 
CD8+ T-cell subpopulations in patients in different stages 
of HBV infection and their responsiveness to checkpoint 
inhibitors have yet to be performed. Noteworthy, one 
study analyzing CD8+ T-cell responses in the “immuno-
tolerant” HBeAg-positive chronic HBV infection of young 
patients found a less exhausted CD8+ T-cell phenotype 
compared to other stages of chronic HBV infection occur-
ring later in life [36]. This study challenges the concept 
of “immunotolerance” but rather suggests that immuno-
therapy should be considered early in life. In support of 
this, recent transcriptome analysis in untreated patients 
with chronic HBV infection revealed distinct blood gene 

Table 1   Inhibitory receptors as targets for checkpoint inhibitors

Inhibitory receptor Effect of blockade References

PD-1 Function and proliferative capacity of peripheral blood and intrahepatic CD8+ T cells can be restored 
by in vitro PD-1 blockade

[25]

Combination therapy of entecavir, therapeutic vaccination and PD-1 blockade led to virological 
response and seroconversion (2/3) in the woodchuck model of chronic viral hepatitis

[42]

Phase 1/2 clinical trial showed limited antiviral activity in patients with advanced hepatocellular 
carcinoma and HBeAg neg chronic HBV infection

[21]

Phase 1 clinical trial of Nivolumab in patients with HBeAg neg chronic HBV infection (n = 20) 
demonstrated safety and modest decline of viral DNA, 1 patient with seroconversion

http://www.natap​
.org/2017/
EASL/
EASL_55.htm

CTLA-4 Function and proliferative capacity of peripheral blood and intrahepatic CD8+ T cells can be restored 
by in vitro CTLA-4 blockade

[67]

in an HBV mouse model CTLA-4 blockade has been shown to block activity of regulatory T cells 
while activity of CD4+ Tfh cells was enhanced

[81]

Case series of 9 patients with melanoma and HBV or HCV treated with Ipilimumab showed fluctua-
tions in liver function in 2 patients and reduction in viral load in 2 patients

[59]

CD244/2B4 Function and proliferative capacity of peripheral blood and intrahepatic CD8+ T cells can be restored 
by in vitro CD244 blockade

[60]

http://www.natap.org/2017/EASL/EASL_55.htm
http://www.natap.org/2017/EASL/EASL_55.htm
http://www.natap.org/2017/EASL/EASL_55.htm
http://www.natap.org/2017/EASL/EASL_55.htm
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signatures during different phases of chronic HBV infec-
tion suggesting differential activation of B cells, T cells 
and NK cells. Immunoactivation of innate interferon and 
B-cell signatures during HBeAg-positive chronic HBV 
infection again challenges the concept of “immunotoler-
ance” [78]. Figure 5 summarizes possible concepts for the 
use of immunotherapy adapted to immunological phases 
of chronic HBV infection based on the limited evidence 
available to date. During all phases of chronic HBV infec-
tion with high antigen load, NA therapy that may lead 
to restoration of HBV-specific CD8+ T cells should be 
considered prior to immunotherapy. In HBeAg-positive 
chronic HBV infection, a low level of liver inflammation 
and partially preserved T-cell function might favor the 
use of either immunotherapeutic approaches that should 
restore the HBV-specific immune responses (e.g., check-
point inhibitors, TLR agonist) or approaches that induce 
new HBV-specific immune responses (e.g., therapeutic 
vaccination). In patients with HBeAg-positive chronic 
hepatitis with increased liver inflammation and higher 
level of CD8+ T-cell exhaustion, immunotherapies that 
restore the HBV-specific immune responses (e.g., check-
point inhibitors, TLR agonist) might be considered. The 
phase of HBeAg-negative chronic infection may be treated 
similarly to HBeAg-positive chronic infection with low 
level of liver inflammation and partially preserved T-cell 
function. During HBeAg-negative chronic hepatitis, high 
levels of liver inflammation and CD8+ T-cell exhaustion 
may favor the use of immunotherapeutic approaches that 
replace dysfunctional HBV-specific immune responses 
(e.g., T-cell engineering). The HBsAg-negative phase 

resembles functional cure and usually does not require 
treatment.

While immunotherapy provides promising approaches 
for the cure of HBV infection, future research needs to clar-
ify also possible risks and side effects. A major concern 
is a possible induction of autoimmunity or overwhelming 
immune responses.
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